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COMPOSITIONS AND METHODS FOR 
MODULATION OF SMN2 SPLICING IN A 

SUBJECT 

SEQUENCE LISTING 
0001. The present application is being filed along with a 
Sequence Listing in electronic format. The Sequence Listing 
is provided as a file entitled BIOLO245WOSEQ ST25.txt, 
created Apr. 3, 2015, which is 44 Kb in size. The information 
in the electronic format of the sequence listing is incorpo 
rated herein by reference in its entirety. 

FIELD 

0002 Provided herein are methods, compounds, and 
compositions for modulation of SMN2 splicing in a subject. 

BACKGROUND 

0003 Newly synthesized eukaryotic mRNA molecules, 
known as primary transcripts or pre-mRNA are processed 
before translation. Processing of the pre-mRNAs includes 
addition of a 5' methylated cap and an approximately 
200-250 base poly(A)tail to the 3' end of the transcript. 
Processing of mRNA from pre-mRNA also frequently 
involves splicing of the pre-mRNA, which occurs in the 
maturation of 90-95% of mammalian mRNAs. Introns (or 
intervening sequences) are regions of a pre-mRNA (or the 
DNA encoding it) that are not included in the coding 
sequence of the mature mRNA. Exons are regions of a 
primary transcript that remain in the mature mRNA. The 
exons are spliced together to form the mature mRNA 
sequence. Splice junctions are also referred to as splice sites 
with the 5' side of the junction often called the “5' splice 
site, or “splice donor site' and the 3' side the '3' splice site' 
or “splice acceptor site. In splicing, the 3' end of an 
upstream exon is joined to the 5' end of the downstream 
exon. Thus the unspliced pre-mRNA has an exon/intron 
junction at the 5' end of an intron and an intron/exonjunction 
at the 3' end of an intron. After the intron is removed, the 
exons are contiguous at what is sometimes referred to as the 
exon/exon junction or boundary in the mature mRNA. 
Cryptic splice sites are those which are less often used but 
may be used when the usual splice site is blocked or 
unavailable. Alternative splicing, defined as the splicing 
together of different combinations of exons, often results in 
multiple mRNA transcripts from a single gene. 
0004 Up to 50% of human genetic diseases resulting 
from a point mutation result in aberrant pre-mRNA process 
ing. Such point mutations can either disrupt a current splice 
site or create a new splice site, resulting in mRNA transcripts 
comprised of a different combination of exons or with 
deletions in exons. Point mutations also can result in acti 
Vation of a cryptic splice site or disrupt regulatory cis 
elements (i.e. splicing enhancers or silencers) (Cartegni et 
al., Nat. Rev. Genet., 2002, 3, 285-298; Drawczak et al., 
Hum. Genet., 1992, 90, 41-54). Antisense oligonucleotides 
have been used to target mutations that lead to aberrant 
splicing in several genetic diseases in order to redirect 
splicing to give a desired splice product (Kole, Acta Bio 
chimica Polonica, 1997, 44, 231-238). 
0005 Antisense compounds have also been used to alter 
the ratio of naturally occurring alternate splice variants such 
as the long and short forms of Bcl-X pre-mRNA (U.S. Pat. 
No. 6,172.216; U.S. Pat. No. 6.214,986: Taylor et al., Nat. 
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Biotechnol. 1999, 17, 1097-1100) or to force skipping of 
specific exons containing premature termination codons 
(Wilton et al., Neuromuscul. Disord., 1999, 9, 330-338). 
U.S. Pat. No. 5,627,274 and WO 94/26887 disclose com 
positions and methods for combating aberrant splicing in a 
pre-mRNA molecule containing a mutation using antisense 
oligonucleotides which do not activate RNAse H. 
0006 Proximal spinal muscular atrophy (SMA) is a 
genetic, neurodegenerative disorder characterized by the 
loss of spinal motor neurons. SMA is an autosomal recessive 
disease of early onset and is currently the leading cause of 
death among infants. The severity of SMA varies among 
patients and has thus been classified into three types. Type 
ISMA is the most severe form with onset at birth or within 
6 months and typically results in death within 2 years. 
Children with type ISMA are unable to sit or walk. Type II 
SMA is the intermediate form and patients are able to sit, but 
cannot stand or walk. Patients with type III SMA, a chronic 
form of the disease, typically develop SMA after 18 months 
of age (Lefebvre et al., Hum. Mol. Genet., 1998, 7, 1531 
1536). 
0007. The molecular basis of SMA is caused by the loss 
of both copies of survival motor neuron gene 1 (SMN1), 
which may also be known as SMN Telomeric, a protein that 
is part of a multi-protein complex thought to be involved in 
SnRNP biogenesis and recycling. A nearly identical gene, 
SMN2, which may also be known as SMN Centromeric, 
exists in a duplicated region on chromosome 5q13 and 
modulates disease severity. Expression of the normal SMN1 
gene results solely in expression of Survival motor neuron 
(SMN) protein. Although SMN1 and SMN2 have the poten 
tial to code for the same protein, SMN2 contains a transla 
tionally silent mutation at position +6 of exon 7, which 
results in inefficient inclusion of exon 7 in SMN2 transcripts. 
Thus, the predominant form of SMN2 is a truncated version, 
lacking exon 7, which is unstable and inactive (Cartegni and 
Krainer, Nat. Genet., 2002, 30, 377–384). Expression of the 
SMN2 gene results in approximately 10-20% of the SMN 
protein and 80-90% of the unstable/non-functional SMN 
delta7 protein. SMN protein plays a well-established role in 
assembly of the spliceosome and may also mediate mRNA 
trafficking in the axon and nerve terminus of neurons. 
0008 Antisense technology is an effective means for 
modulating the expression of one or more specific gene 
products, including alternative splice products, and is 
uniquely useful in a number of therapeutic, diagnostic, and 
research applications. The principle behind antisense tech 
nology is that an antisense compound, which hybridizes to 
a target nucleic acid, modulates gene expression activities 
Such as transcription, splicing or translation through one of 
a number of antisense mechanisms. The sequence specificity 
of antisense compounds makes them extremely attractive as 
tools for target validation and gene functionalization, as well 
as therapeutics to selectively modulate the expression of 
genes involved in disease. 
0009 Certain antisense compounds complementary to 
SMN2 are known in the art. See for example, WO 2007/ 
002390; U.S. 61/168,885; Hua et al., American J. of Human 
Genetics (April 2008) 82, 1-15; Singh et al., RNA Bio. 6:3, 
1-10 (2009). Certain antisense compounds and methods 
disclosed herein posses desirable characteristics compared 
to such compounds and methods known in the art. Chimeric 
peptide nucleic acid molecules designed to modulate splic 
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ing of SMN2 have been described (WO 02/38738; Cartegni 
and Krainer, Nat. Struct. Biol., 2003, 10, 120-125). 

SUMMARY 

0010. In certain embodiments, the present invention pro 
vides methods comprising administering to a subject an 
antisense compound comprising an antisense oligonucle 
otide complementary to intron 7 of a nucleic acid encoding 
human SMN2 pre-mRNA, wherein the antisense compound 
is administered into the cerebrospinal fluid. In certain 
embodiments, the administration is into the intrathecal 
space. In certain embodiments, the administration is into the 
cerebrospinal fluid in the brain. In certain embodiments, the 
administration comprises a bolus injection. In certain 
embodiments, the administration comprises infusion with a 
delivery pump. 
0011. In certain embodiments, the antisense compound is 
administered at a dose from 0.01 to 10 milligrams of 
antisense compound per kilogram of body weight of the 
subject. In certain embodiments, the dose is from 0.01 to 10 
milligrams of antisense compound per kilogram of body 
weight of the Subject. In certain embodiments, the dose is 
from 0.01 to 5 milligrams of antisense compound per 
kilogram of body weight of the subject. In certain embodi 
ments, the dose is from 0.05 to 1 milligrams of antisense 
compound per kilogram of body weight of the Subject. In 
certain embodiments, the dose is from 0.01 to 0.5 milligrams 
of antisense compound per kilogram of body weight of the 
subject. In certain embodiments, the dose is from 0.05 to 0.5 
milligrams of antisense compound per kilogram of body 
weight of the subject. 
0012. In certain embodiments, the dose is administered 
daily. In certain embodiments, the dose is administered 
weekly. In certain embodiments, the antisense compound is 
administered continuously and wherein the dose is the 
amount administered per day. In certain embodiments, the 
method comprises administering at least one induction dose 
during an induction phase and administering at least one 
maintenance dose during a maintenance phase. In certain 
embodiments, the induction dose is from 0.05 to 5.0 milli 
grams of antisense compound per kilogram of body weight 
of the Subject. In certain embodiments, the maintenance 
dose is from 0.01 to 1.0 milligrams of antisense compound 
per kilogram of body weight of the Subject. In certain 
embodiments, the duration of the induction phase is at least 
1 week. In certain embodiments, the duration of the main 
tenance phase is at least 1 week. In certain embodiments, 
each induction dose and each maintenance dose comprises a 
single injection. In certain embodiments, each induction 
dose and each maintenance dose independently comprise 
two or more injections. In certain embodiments, antisense 
compound is administered at least 2 times over a treatment 
period of at least 1 week. In certain embodiments, the 
treatment period is at least one month. In certain embodi 
ments, the treatment period is at least 2 months. In certain 
embodiments, the treatment period is at least 4 months. In 
certain embodiments, the induction dose is administered by 
one or more bolus injections and the maintenance dose is 
administered by an infusion pump. 
0013. In certain embodiments, the method comprises 
assessing the tolerability and/or effectiveness of the anti 
sense compound. In certain embodiments, dose amount or 
frequency of antisense compound is reduced following an 
indication that administration of the antisense compound is 
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not tolerated. In certain embodiments, the dose amount or 
frequency of antisense compound is maintained or reduced 
following an indication that administration of the antisense 
compound is effective. In certain embodiments, the dose of 
antisense compound is increased following an indication 
that administration of the antisense compound is not effec 
tive. In certain embodiments, frequency of administration of 
antisense compound is reduced following an indication that 
administration of the antisense compound is effective. In 
certain embodiments, frequency of administration of anti 
sense compound is increased following an indication that 
administration of the antisense compound is not effective. 
0014. In certain embodiments, the methods comprise 
co-administration of the antisense compound and at least 
one other therapy. In certain embodiments, an antisense 
compound and at least one other therapy are co-administered 
at the same time. In certain embodiments, an antisense 
compound is administered prior to administration of the at 
least one other therapy. In certain embodiments, an antisense 
compound is administered after administration of the at least 
one other therapy. In certain embodiments, the at least one 
other therapy comprises administration of one or more of 
valproic acid, riluzole, hydroxyurea, and a butyrate. In 
certain embodiments, at least one other therapy comprises 
administration of trichostatin-A. In certain embodiments, 
the at least one other therapy comprises administration of 
stem cells. In certain embodiments, at least one other 
therapy is gene therapy. In certain embodiments, gene 
therapy is administered to the CSF and an antisense com 
pound is administered systemically. In certain embodiments, 
gene therapy is administered to the CSF and an antisense 
compound is administered systemically and to the CSF. In 
certain embodiments, the invention provides treatment regi 
mens where initially, an antisense compound is administered 
to the CSF and systemically, followed by gene therapy 
administration to the CSF and systemic administration of 
antisense compound. In certain such embodiments, the Sub 
ject is an infant at the time of initial treatment. In certain 
Such embodiments, the Subject is less that 2 years old. In 
certain embodiments, antisense compound is administered 
to the CNS of a subject until the subject is old enough for 
gene therapy. In certain such embodiments, antisense com 
pound is administered systemically throughout. 
0015. In certain embodiments, the antisense compound is 
administered at a concentration of about 0.01 mg/ml, about 
0.05 mg/ml, about 0.1 mg/ml, about 0.5 mg/ml, about 1 
mg/ml, about 5 mg/ml, about 10 mg/ml, about 50 mg/ml, or 
about 100 mg/ml. 
0016. In certain embodiments, inclusion of exon 7 of 
SMN2 mRNA in a motoneuron in the subject is increased. 
In certain embodiments, inclusion of exon 7 amino acids in 
SMN2 polypeptide in a motoneuron in the subject is 
increased. 

0017. In certain embodiments, the invention provides 
methods of increasing inclusion of exon 7 of SMN2 mRNA 
in a motoneuron in a Subject comprising administering to the 
Subject an antisense compound comprising an antisense 
oligonucleotide complementary to intron 7 of a nucleic acid 
encoding human SMN2 and thereby increasing inclusion of 
exon 7 of SMN2 mRNA in the motoneuron in the subject. 
0018. In certain embodiments, the invention provides 
methods of increasing inclusion of exon 7 amino acids in 
SMN2 polypeptide in a motoneuron in a subject comprising 
administering to the Subject an antisense compound com 
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prising an antisense oligonucleotide complementary to 
intron 7 of a nucleic acid encoding human SMN2 and 
thereby increasing inclusion of exon 7 amino acids in SMN2 
polypeptide in the motoneuron in the Subject. 
0019. In certain embodiments, the subject has SMA. In 
certain embodiments, the subject has type ISMA. In certain 
embodiments, the subject has type II SMA. In certain 
embodiments, the subject has type III SMA. 
0020. In certain embodiments, a first dose is administered 
in utero. In certain embodiments, the first dose is adminis 
tered prior to complete formation of the blood-brain-barrier. 
In certain embodiments, a first dose is administered within 
1 week of birth of the subject. In certain embodiments, a first 
dose is administered within 1 month of birth of the subject. 
In certain embodiments, a first dose is administered within 
3 months of birth of the subject. In certain embodiments, a 
first dose is administered within 6 months of birth of the 
Subject. In certain embodiments, a first dose is administered 
when the Subject is from 1 to 2 years of age. In certain 
embodiments, a first dose is administered when the subject 
is from 1 to 15 years of age. In certain embodiments, a first 
dose is administered when the subject is older than 15 years 
of age. 
0021. In certain embodiments, the subject is a mammal. 
In certain embodiments, the Subject is a human. 
0022. In certain embodiments, the methods comprise 
identifying a subject having SMA. In certain embodiments, 
the subject is identified by measuring electrical activity of 
one or more muscles of the subject. In certain embodiments, 
the subject is identified by a genetic test to determine 
whether the subject has a mutation in the subjects SMN1 
gene. In certain embodiments, the Subject is identified by 
muscle biopsy. 
0023. In certain embodiments, administering the anti 
sense compound results in an increase in the amount of 
SMN2 mRNA having exon 7 of at least 10%. In certain 
embodiments, the increase in the amount of SMN2 mRNA 
having exon 7 is at least 20%. In certain embodiments, the 
increase in the amount of SMN2 mRNA having exon 7 is at 
least 50%. In certain embodiments, the amount of SMN2 
mRNA having exon 7 is at least 70%. 
0024. In certain embodiments, administering of the anti 
sense compound results in an increase in the amount of 
SMN2 polypeptide having exon 7 amino acids of at least 
10%. In certain embodiments, wherein the increase in the 
amount of SMN2 polypeptide having exon 7 amino acids is 
at least 20%. In certain embodiments, the increase in the 
amount of SMN2 polypeptide having exon 7 amino acids is 
at least 50%. In certain embodiments, the increase in the 
amount of SMN2 polypeptide having exon 7 amino acids is 
at least 70%. 
0025. In certain embodiments, the administering of the 
antisense compound ameliorates at least one symptom of 
SMA in the subject. In certain embodiments, the adminis 
tering of the antisense compound results in improved motor 
function in the Subject. In certain embodiments, the admin 
istering of the antisense compound results in delayed or 
reduced loss of motor function in the subject. In certain 
embodiments, administering of the antisense compound 
results in improved respiratory function. In certain embodi 
ments, the administering of the antisense compound results 
in improved survival. 
0026. In certain embodiments, at least one nucleoside of 
the antisense oligonucleotide comprises a modified Sugar 
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moiety. In certain embodiments, at least one modified Sugar 
moiety comprises a 2'-methoxyethyl Sugar moiety. In certain 
embodiments, essentially each nucleoside of the antisense 
oligonucleotide comprises a modified Sugar moiety. In cer 
tain embodiments, the nucleosides comprising a modified 
Sugar moiety all comprise the same Sugar modification. In 
certain embodiments, wherein each modified Sugar moiety 
comprises a 2'-methoxyethyl Sugar moiety. In certain 
embodiments, each nucleoside of the antisense oligonucle 
otide comprises a modified Sugar moiety. In certain embodi 
ments, the nucleosides all comprise the same Sugar modi 
fication. In certain embodiments, each modified Sugar 
moiety comprises a 2'-methoxyethyl Sugar moiety. In certain 
embodiments, at least one internucleoside linkage is a phos 
phorothioate internucleoside linkage. In certain embodi 
ments, each internucleoside linkage is a phosphorothioate 
internucleoside linkage. 
0027. In certain embodiments, the antisense oligonucle 
otide consists of 10 to 25 linked nucleosides. In certain 
embodiments, the antisense oligonucleotide consists of 12 to 
22 linked nucleosides. In certain embodiments, the antisense 
oligonucleotide consists of 15 to 20 linked nucleosides. In 
certain embodiments, the antisense oligonucleotide consists 
of 18 linked nucleosides. 
0028. In certain embodiments, the antisense oligonucle 
otide is at least 90% complementary to the nucleic acid 
encoding human SMN2. In certain embodiments, the anti 
sense oligonucleotide is fully complementary to the nucleic 
acid encoding human SMN2. In certain embodiments, the 
oligonucleotide has a nucleobase sequence comprising at 
least 10 contiguous nucleobases of the nucleobase sequence 
SEQID NO: 1. In certain embodiments, the oligonucleotide 
has a nucleobase sequence comprising at least 15 contiguous 
nucleobases of the nucleobase sequence SEQ ID NO: 1. In 
certain embodiments, the oligonucleotide has a nucleobase 
sequence comprising the nucleobase sequence SEQID NO: 
1. In certain embodiments, the oligonucleotide has a nucle 
obase sequence consisting of the nucleobase sequence SEQ 
ID NO: 1. 

0029. In certain embodiments, the antisense compound 
comprises a conjugate group or terminal group. 
0030. In certain embodiments, the antisense compound 
consists of the antisense oligonucleotide. 
0031. In certain embodiments, the antisense compound is 
also administered systemically. In certain embodiments, the 
systemic administration is by intravenous or intraperitoneal 
injection. In certain embodiments, systemic administration 
and the administration into the central nervous system are 
performed at the same time. In certain embodiments, sys 
temic administration and the administration into the central 
nervous system are performed at different times. 
0032. In certain embodiments, the invention provides 
systemic administration of antisense compounds, either 
alone or in combination with delivery into the CSF. In 
certain embodiments, pharmaceutical compositions are 
administered systemically. In certain embodiments, pharma 
ceutical compositions are administered Subcutaneously. In 
certain embodiments, pharmaceutical compositions are 
administered intravenously. In certain embodiments, phar 
maceutical compositions are administered by intramuscular 
injection. 
0033. In certain embodiments, pharmaceutical composi 
tions are administered both directly to the CSF (e.g., IT 
and/or ICV injection and/or infusion) and systemically. 



US 2017/0044538 A1 

0034. In certain embodiments, the invention provides 
methods of administering to a subject having at least one 
symptom associated with SMA, at least one dose of an 
antisense compound comprising an oligonucleotide consist 
ing of 15 to 20 linked nucleosides and having a nucleobase 
sequence which is 100% complementary to SEQ ID NO. 7 
over its entire length, and wherein each nucleoside is a 
2'-MOE modified nucleoside; and wherein at least one dose 
is between 0.1 mg/kg and 5 mg/kg administered to the CSF. 
In certain Such embodiments, the dose is between 0.5 mg/kg 
and 2 mg/kg. In certain embodiments, at least one dose is 
administered by bolus injection. In certain Such embodi 
ments, the dose is administered by bolus intrathecal injec 
tion. In certain embodiments, at least one second dose is 
administered. In certain Such embodiments, the second dose 
is administered at least 2 weeks after the first dose. In certain 
embodiments, the second dose is administered at least 4 
weeks after the first dose. In certain embodiments, the 
second dose is administered at least 8 weeks after the first 
dose. In certain embodiments, the second dose is adminis 
tered at least 12 weeks after the first dose. In certain 
embodiments, the second dose is administered at least 16 
weeks after the first dose. In certain embodiments, the 
second dose is administered at least 20 weeks after the first 
dose. In certain embodiments, the Subject is under 2 years 
old at the time of the first dose. In certain embodiments, the 
subject is between 2 and 15 years old. In certain embodi 
ments, the subject is between 15 and 30 years old. In certain 
embodiments, the subject is older than 30 years old. In 
certain embodiments, at least one symptom associated with 
SMA is reduced its progression has slowed. In certain 
embodiments, the oligonucleotide is ISIS396443. 
0035. In certain embodiments, the invention provides 
methods of administering to a subject having at least one 
symptom associated with SMA, at least one dose of an 
antisense compound comprising an oligonucleotide consist 
ing of 15 to 20 linked nucleosides and having a nucleobase 
sequence comprising which is 100% complementary to SEQ 
ID NO. 7 over its entire length, and wherein each nucleoside 
is a 2'-MOE modified nucleoside; and wherein at least one 
dose is administered systemically. In certain such embodi 
ments, at least one dose is administered by bolus injection. 
In certain such embodiments, the dose is administered by 
bolus Subcutaneous injection. In certain embodiments, the 
dose administered is between 0.5 mg/kg and 50 mg/kg. In 
certain embodiments, the dose is between 1 mg/kg and 10 
mg/kg. In certain embodiments, the dose is between 1 mg/kg 
and 5 mg/kg. In certain embodiments, the dose is between 
0.5 mg/kg and 1 mg/kg. In certain embodiments, at least one 
second dose is administered. In certain Such embodiments, 
the second dose is administered at least 2 weeks after the 
first dose. In certain embodiments, the second dose is 
administered at least 4 weeks after the first dose. In certain 
embodiments, the second dose is administered at least 8 
weeks after the first dose. In certain embodiments, the 
second dose is administered at least 12 weeks after the first 
dose. In certain embodiments, the second dose is adminis 
tered at least 16 weeks after the first dose. In certain 
embodiments, the second dose is administered at least 20 
weeks after the first dose. In certain embodiments, the 
subject is under 2 years old at the time of the first dose. In 
certain embodiments, the subject is between 2 and 15 years 
old. In certain embodiments, the subject is between 15 and 
30 years old. In certain embodiments, the subject is older 
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than 30 years old. In certain embodiments, at least one 
symptom associated with SMA is reduced its progression 
has slowed. In certain embodiments, the oligonucleotide is 
ISIS396443. 

0036. In certain embodiments, the invention provides 
methods of administering to a subject having at least one 
symptom associated with SMA, at least one dose to the CSF 
and at least one systemic dose of an antisense compound 
comprising an oligonucleotide consisting of 15 to 20 linked 
nucleosides and having a nucleobase sequence which is 
100% complementary to SEQ ID NO. 7 over its entire 
length, and wherein each nucleoside is a 2-MOE modified 
nucleoside. In certain such embodiments, the CSF dose is 
between 0.1 mg/kg and 5 mg/kg. In certain embodiments, 
the systemic dose is between 0.5 mg/kg and 50 mg/kg. In 
certain embodiments, at least one CSF dose is administered 
by bolus injection. In certain Such embodiments, at least one 
CSF dose is administered by bolus intrathecal injection. In 
certain embodiments, at least one systemic dose is admin 
istered by bolus injection. In certain Such embodiments, at 
least one systemic dose is administered by Subcutaneous 
injection. In certain embodiments, the CSF dose and the 
systemic dose are administered at the same time. In certain 
embodiments, the CSF dose and the systemic dose are 
administered at different times. In certain embodiments, the 
subject is under 2 years old at the time of the first dose. In 
certain embodiments, the subject is between 2 and 15 years 
old. In certain embodiments, the subject is between 15 and 
30 years old. In certain embodiments, the subject is older 
than 30 years old. In certain embodiments, at least one 
symptom associated with SMA is reduced its progression 
has slowed. In certain embodiments, the oligonucleotide is 
ISIS396443. 

0037. In certain embodiments, the invention provides 
methods of administering to a subject having at least one 
symptom associated with SMA, at least one systemic dose 
of an antisense compound comprising an oligonucleotide 
consisting of 15 to 20 linked nucleosides and having a 
nucleobase sequence which is 100% complementary to SEQ 
ID NO. 7 over its entire length, and wherein each nucleoside 
is a 2'-MOE modified nucleoside; and at least one dose of a 
gene therapy agent. In certain embodiments, the systemic 
dose is between 0.5 mg/kg and 50 mg/kg. In certain embodi 
ments, at least one systemic dose is administered by bolus 
injection. In certain Such embodiments, at least one systemic 
dose is administered by Subcutaneous injection. In certain 
embodiments, the systemic dose and the gene therapy agent 
are administered at the same time. In certain embodiments, 
the systemic dose and the gene therapy agent are adminis 
tered at different times. In certain embodiments, the gene 
therapy agent is administered to the CSF. In certain such 
embodiments, the gene therapy agent is administered by 
intrathecal injection and/or infusion. In certain such embodi 
ments, the gene therapy agent is administered by intracere 
broventricular injection and/or infusion. In certain embodi 
ments, the subject is under 2 years old at the time of the first 
dose. In certain embodiments, the subject is between 2 and 
15 years old. In certain embodiments, the subject is between 
15 and 30 years old. In certain embodiments, the subject is 
older than 30 years old. In certain embodiments, at least one 
symptom associated with SMA is reduced or its progression 
has slowed. In certain embodiments, the oligonucleotide is 
ISIS396443. 
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0038. In certain embodiments, the invention provides 
methods of selecting a subject having at least one symptom 
associated with SMA and administering an antisense com 
pound according to any of the methods above. In certain 
Such embodiments, at least one symptom of SMA is assessed 
after administration. In certain such embodiments, at least 
one symptom of SMA is improved. In certain such embodi 
ments, at least one symptom of SMA does not progress or 
progresses more slowly compared to a subject who has not 
received administration of antisense compound. 
0039. In certain embodiments, the invention provides an 
antisense compound comprising an antisense oligonucle 
otide complementary to intron 7 of a nucleic acid encoding 
human SMN2, for use in any of the above methods. In 
certain embodiments, the invention provides Such a com 
pound for use in treating a disease or condition associated 
with survival motor neuron 1 (SMN1). 
0040. In certain embodiments, the invention provides use 
of an antisense compound comprising an antisense oligo 
nucleotide complementary to intron 7 of a nucleic acid 
encoding human SMN2 in the manufacture of a medicament 
for use in any of the above methods. In certain embodiments, 
the medicament is for treating a disease or condition asso 
ciated with survival motor neuron 1 (SMN1). 
0041. In certain embodiments, the present invention pro 
vides methods comprising administering to a subject an 
antisense compound comprising an antisense oligonucle 
otide complementary to intron 7 of a nucleic acid encoding 
human SMN2 pre-mRNA, wherein the antisense compound 
is administered into the cerebrospinal fluid. In certain 
embodiments, the administration is into the intrathecal 
space. In certain embodiments, the administration is into the 
cerebrospinal fluid in the brain. In certain embodiments, the 
administration comprises a bolus injection. In certain 
embodiments, the administration comprises infusion with a 
delivery pump. 
0042. The present disclosure provides the following non 
limiting numbered embodiments: 

Embodiment 1 

0043. A compound comprising a modified oligonucle 
otide consisting of 16-20 linked nucleosides, wherein the 
modified oligonucleotide is complementary to SMN2; and 
wherein each internucleoside linkage is either phosphoroth 
ioate or phosphodiester and at least one internucleoside 
linkage is phosphorothioate and at least one internucleoside 
linkage is phosphodiester. 

Embodiment 2 

0044. A compound comprising a modified oligonucle 
otide consisting of 16-20 linked nucleosides, wherein the 
modified oligonucleotide has a nucleobase sequence 
selected from any one of SEQID NOs: 1, 2, 3, 4, 5, 6, 7, 8, 
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 
24 and having 6 or more phosphodiester internucleoside 
linkages, wherein each internucleoside linkage that is not a 
phosphodiester internucleoside linkage is a phosphorothio 
ate internucleoside linkage. 

Embodiment 3 

0.045. A compound comprising a modified oligonucle 
otide, wherein the modified oligonucleotide has the nucle 
obase sequence of SEQ ID NO.: 1, wherein the modified 
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oligonucleotide has 6 or more phosphodiester internucleo 
side linkages, and wherein each internucleoside linkage that 
is not a phosphodiester internucleoside linkage is a phos 
phorothioate internucleoside linkage. 

Embodiment 4 

0046. A compound comprising a modified oligonucle 
otide, wherein the modified oligonucleotide has the nucle 
obase sequence of SEQ ID NO.: 7, wherein the modified 
oligonucleotide has 6 or more phosphodiester internucleo 
side linkages, and wherein each internucleoside linkage that 
is not a phosphodiester internucleoside linkage is a phos 
phorothioate internucleoside linkage. 

Embodiment 5 

0047 A compound comprising a modified oligonucle 
otide, wherein the modified oligonucleotide has the nucle 
obase sequence of SEQ ID NO. 2, wherein the modified 
oligonucleotide has 6 or more phosphodiester internucleo 
side linkages, and wherein each internucleoside linkage that 
is not a phosphodiester internucleoside linkage is a phos 
phorothioate internucleoside linkage. 

Embodiment 6 

0048. The compound of any of embodiments 1 to 5, 
having 7 or more phosphodiester internucleoside linkages, 
wherein each internucleoside linkage that is not a phos 
phodiester internucleoside linkage is a phosphorothioate 
internucleoside linkage. 

Embodiment 7 

0049. The compound of any of embodiments 1 to 5, 
having 8 or more phosphodiester internucleoside linkages, 
wherein each internucleoside linkage that is not a phos 
phodiester internucleoside linkage is a phosphorothioate 
internucleoside linkage. 

Embodiment 8 

0050. The compound of any of embodiments 1 to 5, 
having 9 or more phosphodiester internucleoside linkages, 
wherein each internucleoside linkage that is not a phos 
phodiester internucleoside linkage is a phosphorothioate 
internucleoside linkage. 

Embodiment 9 

0051. The compound of any of embodiments 1 to 5, 
having 10 or more phosphodiester internucleoside linkages, 
wherein each internucleoside linkage that is not a phos 
phodiester internucleoside linkage is a phosphorothioate 
internucleoside linkage. 

Embodiment 10 

0.052 The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNsNoNoNoNsNsN 
SNONONONONONONONSNSN internucleoside motif, 
wherein each 'N' represents a nucleobase, each “s' repre 
sents a phosphorothioate internucleoside linkage, and each 
o' represents a phosphodiester internucleoside linkage. 
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Embodiment 11 

0053. The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNsNoNoNoNoNoNoN 
oNsNsNsNoNoNoNsNsN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 12 

0054 The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNsNoNsNsNsNoNsN 
sNsNoNsNsNsNoNsNsN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 13 

0055. The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNsNoNsNsNoNsN 
sNoNsNsNoNsNsNoNsNSN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 14 

0056. The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNsNsNoNsNoN snoN 
sNoNsNoNsNoNsNsNsN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 15 

0057 The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNoNoNoNsNsNsNsN 
sNsNsNsNoNoNoNsNsN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 16 

0058. The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNsNoNsNoN snoN 
sNoNsNoNsNoNsNoNsNsN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 17 

0059. The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNsNoNsNoN snoN 
SNONSNONSNONONONSNSN internucleoside motif, 
wherein each 'N' represents a nucleobase, each “s' repre 
sents a phosphorothioate internucleoside linkage, and each 
o' represents a phosphodiester internucleoside linkage. 

Embodiment 18 

0060. The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNoNoNsNoNoNsNoN 
oNsNoNoNsNoNoNsNsN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
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phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 19 

0061 The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNoNoNoNoNsNsNsN 
sNsNsNsNoNoNoNsNSN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 20 

0062. The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNoNoNoNoNsNsNsN 
sNsNsNoNoNoNoNsNsN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 21 

0063. The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNoNoNoNoNoNsNsN 
sNsNsNoNoNoNoNsNsN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 22 

0064. The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNoNoNoNoNoNsNsN 
sNsNoNoNoNoNoNsNsN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 23 

0065. The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNsNsNoNoNoNoNoN 
oNoNoNoNoNoNsNsNSN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 24 

0066. The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNsNsNsNoNoNoNoN 
oNoNoNoNoNoNsNsNSN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 25 

0067. The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNsNsNsNoNoNoNoN 
oNoNoNoNoNsNsNsNsN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 
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Embodiment 26 

0068. The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNsNsNsNsNoNoNoN 
oNoNoNoNoNsNsNsNsN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 27 

0069. The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNsNsNsNsNoNoNoN 
oNoNoNoNsNsNsNsNsN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 28 

0070 The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNsNsNsNsNsNoNoN 
oNoNoNoNsNsNsNsNsN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 29 

0071. The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNsNsNsNsNsNoNoN 
oNoNoNsNsNsNsNsNsN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 30 

0072 The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNoNoNoNsNsNsNsN 
sNsNsNsNsNoNoNsNsN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 31 

0073. The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNsNoNoNoNoNoNoN 
oNoNoNoNoNoNoNsNsN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 32 

0074 The compound of embodiment 3, wherein the 
modified oligonucleotide has an NsNoNsNoNsNoNsNoN 
sNoNsNoNsNoNsNoNsN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

Embodiment 33 

0075. The compound of embodiment 4, wherein the 
modified oligonucleotide has an NsNoNsNoNsNoNsNoN 
sNoNsNoNsNoNsNoNoNsNSN internucleoside motif, 
wherein each 'N' represents a nucleobase, each “s' repre 
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sents a phosphorothioate internucleoside linkage, and each 
o' represents a phosphodiester internucleoside linkage. 

Embodiment 34 

0076. The compound of embodiment 4, wherein the 
modified oligonucleotide has an NsNoNoNsNoNsNsNoN 
sNsNoNsNsNoNsNoNoNsNsN internucleoside motif, 
wherein each 'N' represents a nucleobase, each “s' repre 
sents a phosphorothioate internucleoside linkage, and each 
o' represents a phosphodiester internucleoside linkage. 

Embodiment 35 

0077. The compound of embodiment 4, wherein the 
modified oligonucleotide has an NsNoNsNsNoNsNsNoN 
sNsNoNsNsNoNsNoNoNsNsN internucleoside motif, 
wherein each 'N' represents a nucleobase, each “s' repre 
sents a phosphorothioate internucleoside linkage, and each 
o' represents a phosphodiester internucleoside linkage. 

Embodiment 36 

0078. The compound of embodiment 4, wherein the 
modified oligonucleotide has an NsNoNsNsNoNsNsNoN 
sNsNoNsNsNoNsNsNoNsNSN internucleoside motif, 
wherein each 'N' represents a nucleobase, each “s' repre 
sents a phosphorothioate internucleoside linkage, and each 
o' represents a phosphodiester internucleoside linkage. 

Embodiment 37 

007.9 The compound of embodiment 4, wherein the 
modified oligonucleotide has an NsNoNsNsNoNsNsN 
sNoNsNsNsNoNsNsNsNoNsNSN internucleoside motif, 
wherein each 'N' represents a nucleobase, each “s' repre 
sents a phosphorothioate internucleoside linkage, and each 
o' represents a phosphodiester internucleoside linkage. 

Embodiment 38 

0080. The compound of embodiment 4, wherein the 
modified oligonucleotide has an NsNoNsNsNsNsNoNsN 
sNsNsNoNsNsNsNsNoNsNSN internucleoside motif, 
wherein each 'N' represents a nucleobase, each “s' repre 
sents a phosphorothioate internucleoside linkage, and each 
o' represents a phosphodiester internucleoside linkage. 

Embodiment 39 

I0081. The compound of embodiment 5, wherein the 
modified oligonucleotide has an NsNoNsNoNsNoNsNoN 
sNoNsNoNsNsN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

Embodiment 40 

I0082. The compound of embodiment 5, wherein the 
modified oligonucleotide has an NsNsNoNsNsNoNsN 
sNoNsNoNoNsNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 
phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 
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Embodiment 41 

0083. The compound of embodiment 5, wherein the 
modified oligonucleotide has an NsNsNoNsNsNoNsN 
sNoNsNsNoNsNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 

& G phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 

Embodiment 42 

0084. The compound of embodiment 5, wherein the 
modified oligonucleotide has an NsNsNsNoNsNsNsNoN 
sNsNsNoNsNSN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

Embodiment 43 

0085. The compound of embodiment 5, wherein the 
modified oligonucleotide has an NsNsNsNsNoNsNsNsN 
sNoNsNsNsNSN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

Embodiment 44 

I0086. The compound of any of embodiments 1 to 43, 
wherein each nucleoside of the modified oligonucleotide 
comprises a modified Sugar moiety, and wherein each modi 
fied Sugar moiety comprises a 2'-methoxyethyl modification. 

Embodiment 45 

0087. A pharmaceutical composition comprising the 
compound of any of embodiments 1 to 44. 

Embodiment 46 

0088 A method of promoting inclusion of exon 7 in 
SMN2 transcripts in a cell, tissue or organ, comprising 
contacting said cell, tissue or organ with the compound of 
any of embodiments 1 to 44 or the composition of embodi 
ment 45. 

Embodiment 47 

0089. A method of treating Spinal Muscular Atrophy 
Type I, comprising administering the compound of any of 
embodiments 1 to 44 or the composition of embodiment 45 
to a patient in need thereof. 

Embodiment 48 

0090. A method of treating Spinal Muscular Atrophy 
Type II, comprising administering the compound of any of 
embodiments 1 to 44 or the composition of embodiment 45 
to a patient in need thereof. 

Embodiment 49 

0091. A method of treating Spinal Muscular Atrophy 
Type III, comprising administering the compound of any of 
embodiments 1 to 44 or the composition of embodiment 45 
to a patient in need thereof. 
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Embodiment 50 

0092. A method of treating Spinal Muscular Atrophy 
Type IV, comprising administering the compound of any of 
embodiments 1 to 44 or the composition of embodiment 45 
to a patient in need thereof. 

Embodiment 51 

0093. An antisense oligonucleotide of any of embodi 
ments 1 to 44 or the composition of embodiment 45 for use 
in therapy. 

Embodiment 52 

0094. Use of an antisense oligonucleotide of any of 
embodiments 1 to 44 or the composition of embodiment 45 
for the preparation of a medicament for the treatment of 
Spinal Muscular Atrophy Type I. 

Embodiment 53 

0.095 Use of an antisense oligonucleotide of any of 
embodiments 1 to 44 or the composition of embodiment 45 
for the preparation of a medicament for the treatment of 
Spinal Muscular Atrophy Type II 

Embodiment 54 

0096 Use of an antisense oligonucleotide of any of 
embodiments 1 to 44 or the composition of embodiment 45 
for the preparation of a medicament for the treatment of 
Spinal Muscular Atrophy Type III. 

Embodiment 55 

0097. Use of an antisense oligonucleotide of any of 
embodiments 1 to 44 or the composition of embodiment 45 
for the preparation of a medicament for the treatment of 
Spinal Muscular Atrophy Type IV. 

Embodiment 56 

0098. Use of an antisense oligonucleotide of any of 
embodiments 1 to 45 for the preparation of a medicament for 
the treatment of spinal muscular atrophy. 

DETAILED DESCRIPTION 

0099. It is to be understood that both the foregoing 
general description and the following detailed description 
are exemplary and explanatory only and are not restrictive of 
the invention, as claimed. Herein, the use of the singular 
includes the plural unless specifically stated otherwise. As 
used herein, the use of “or” means “and/or unless stated 
otherwise. Furthermore, the use of the term “including as 
well as other forms, such as “includes” and “included, is 
not limiting. Also, terms such as “element” or “component' 
encompass both elements and components comprising one 
unit and elements and components that comprise more than 
one subunit, unless specifically stated otherwise. 
0100. The section headings used herein are for organiza 
tional purposes only and are not to be construed as limiting 
the subject matter described. All documents, or portions of 
documents, cited in this application, including, but not 
limited to, patents, patent applications, articles, books, and 
treatises, are hereby expressly incorporated by reference in 
their entirety for any purpose. 
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I. DEFINITIONS 

0101 Unless specific definitions are provided, the 
nomenclature utilized in connection with, and the proce 
dures and techniques of analytical chemistry, synthetic 
organic chemistry, and medicinal and pharmaceutical chem 
istry described herein are those well known and commonly 
used in the art. Standard techniques may be used for 
chemical synthesis, and chemical analysis. Certain Such 
techniques and procedures may be found for example in 
“Carbohydrate Modifications in Antisense Research Edited 
by Sangvi and Cook, American Chemical Society, Wash 
ington D.C., 1994: “Remington’s Pharmaceutical Sciences.” 
Mack Publishing Co., Easton, Pa., 18th edition, 1990; and 
"Antisense Drug Technology, Principles, Strategies, and 
Applications' Edited by Stanley T. Crooke, CRC Press, 
Boca Raton, Fla.; and Sambrook et al., “Molecular Cloning, 
A laboratory Manual,” 2" Edition, Cold Spring Harbor 
Laboratory Press, 1989, which are hereby incorporated by 
reference for any purpose. Where permitted, all patents, 
applications, published applications and other publications 
and other data referred to throughout in the disclosure herein 
are incorporated by reference in their entirety. 
0102 Unless otherwise indicated, the following terms 
have the following meanings: 
0103 "Nucleoside” means a compound comprising a 
heterocyclic base moiety and a Sugar moiety. Nucleosides 
include, but are not limited to, naturally occurring nucleo 
sides, modified nucleosides, and nucleosides having 
mimetic bases and/or Sugar groups. Nucleosides may be 
modified with any of a variety of substituents. 
0104 “Sugar moiety' means a natural or modified sugar 
or Sugar Surrogate. 
0105. “Natural sugar means a ribofuranose moiety of 
DNA (2'-H) or RNA (2'-OH). 
0106 “Modified sugar means a ribofuranose moiety 
comprising at least one Substituent other than that of a 
natural Sugar. 
0107 “Sugar surrogate’ means a structure other than a 
ribofuranose ring which is capable of substituting for the 
Sugar of a nucleoside. Examples of Sugar Surrogates include, 
but are not limited to, open ring systems, 6-membered rings, 
Sugars in which the oxygen is replace with, for example, 
Sulfur or nitrogen. For example, Sugar Surrogates include, 
but are not limited to morpholinos and 4'-thio-containing 
Sugars. 
0108 “Nucleobase' means the heterocyclic base portion 
of a nucleoside. Nucleobases may be naturally occurring or 
may be modified. In certain embodiments, a nucleobase may 
comprise any atom or group of atoms capable of hydrogen 
bonding to a nucleobase of another nucleic acid. 
0109 "Nucleotide' means a nucleoside comprising a 
phosphate linking group. As used herein, nucleosides 
include nucleotides. 
0110 “Modified nucleoside a nucleoside comprising at 
least one modification compared to naturally occurring RNA 
or DNA nucleosides. Such modification may be at the sugar 
moiety and/or at the nucleobase. 
0111. “Bicyclic nucleoside' or “BNA” means a nucleo 
side wherein the Sugar moiety of the nucleoside comprises 
a bridge connecting two carbon atoms of the Sugar ring, 
thereby forming a bicyclic Sugar moiety. 
0112 “4'-2' bicyclic nucleoside” means a bicyclic nucleo 
side comprising a furanose ring comprising a bridge con 
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necting two carbon atoms of the furanose ring connects the 
2 carbon atom and the 4' carbon atom of the Sugar ring. 
0113 ''2'-modified’ or "2"-substituted” means a nucleo 
side comprising a Sugar comprising a Substituent at the 2 
position other than H or OH. 
0114 “2'-OMe" or “2'-OCH,” or “2'-O-methyl” each 
means a nucleoside comprising a Sugar comprising an 
—OCH group at the 2' position of the Sugar ring. 
0115 “MOE or “2-MOE” or “2'-OCHCHOCH,” or 
'2'-O-methoxyethyl each means a nucleoside comprising a 
Sugar comprising a —OCHCHOCH group at the 2' posi 
tion of the Sugar ring. 
0116 “Oligonucleotide' means a compound comprising 
a plurality of linked nucleosides. In certain embodiments, 
one or more of the plurality of nucleosides is modified. In 
certain embodiments, an oligonucleotide comprises one or 
more ribonucleosides (RNA) and/or deoxyribonucleosides 
(DNA). 
0117 “Oligonucleoside” means an oligonucleotide in 
which none of the internucleoside linkages contains a phos 
phorus atom. As used herein, oligonucleotides include oli 
gonucleosides. 
0118 “Modified oligonucleotide' means an oligonucle 
otide comprising at least one modified nucleoside and/or at 
least one modified internucleoside linkage. 
0119) “Internucleoside linkage” means a covalent linkage 
between adjacent nucleosides of an oligonucleotide. 
I0120 “Naturally occurring internucleoside linkage' 
means a 3' to 5' phosphodiester linkage. 
I0121 “Modified internucleoside linkage” means any 
internucleoside linkage other than a naturally occurring 
internucleoside linkage. 
0.122 “Oligomeric compound' means a compound com 
prising an oligonucleotide. In certain embodiments, an oli 
gomeric compound consists of an oligonucleotide. In certain 
embodiments, an oligomeric compound further comprises 
one or more conjugate and/or terminal groups. 
0123 “Antisense compound' means an oligomeric com 
pound, at least a portion of which is at least partially 
complementary to a target nucleic acid to which it hybrid 
izes, wherein Such hybridization results at least one anti 
sense activity. 
0.124 “Antisense oligonucleotide' means an antisense 
compound wherein the oligomeric compound consists of an 
oligonucleotide. 
0.125 “Antisense activity” refers to any detectable and/or 
measurable effect attributable to the hybridization of an 
antisense compound to its target nucleic acid. In certain 
embodiments, such antisense activity is an increase or 
decrease in an amount of a nucleic acid or protein. In certain 
embodiments. Such antisense activity is a change in the ratio 
of splice variants of a nucleic acid or protein. In certain 
embodiments. Such antisense activity is a phenotypic change 
in a cell and/or subject. 
0.126 “Detecting or “measuring of antisense activity 
may be direct or indirect. For example, in certain embodi 
ments, antisense activity is assessed by detecting and/or 
measuring the amount of target nucleic acid or protein or the 
relative amounts of splice variants of a target nucleic acid or 
protein. In certain embodiments, antisense activity is 
detected by observing a phenotypic change in a cell or 
animal. In connection with any activity, response, or effect, 
the terms “detecting and “measuring,” indicate that a test 
for detecting or measuring is performed. Such detection 
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and/or measuring may include values of Zero. Thus, if a test 
for detection or measuring results in a finding of no activity 
(activity of Zero), the step of detecting or measuring the 
activity has nevertheless been performed. 
0127. “Target nucleic acid refers to any nucleic acid 
molecule the expression, amount, or activity of which is 
capable of being modulated by an antisense compound. 
012.8 “Target mRNA' means a pre-selected RNA mol 
ecule that encodes a protein. 
0129. “Target pre-mRNA' means a pre-selected RNA 
transcript that has not been fully processed into mRNA. 
Notably, pre-mRNA includes one or more intron. 
0130 “Target protein’ means a protein encoded by a 
target nucleic acid. 
0131 “Modulation' means to a perturbation of function 
or activity. In certain embodiments, modulation means an 
increase in gene expression. In certain embodiments, modu 
lation means a decrease in gene expression. 
0132) “Expression” means any functions and steps by 
which a gene's coded information is converted into struc 
tures present and operating in a cell. 
0.133 "Nucleobase sequence” means the order of con 
tiguous nucleobases, in a 5' to 3' orientation, independent of 
any Sugar, linkage, and/or nucleobase modification. 
0134) “Contiguous nucleobases’ means nucleobases 
immediately adjacent to each other in a nucleic acid. 
0135 "Nucleobase complementarity” means the ability 
of two nucleobases to pair non-covalently via hydrogen 
bonding. 
0.136 “Complementary' means that a first nucleic acid is 
capable of hybridizing to a second nucleic acid under 
stringent hybridization conditions. For example, an anti 
sense compound is complementary to its target nucleic acid 
if it is capable of hybridizing to the target nucleic acid under 
stringent hybridization conditions. 
0.137 “Fully complementary' means each nucleobase of 
a first nucleic acid is capable of pairing with a nucleobase at 
each corresponding contiguous position in a second nucleic 
acid. 
0138 “Percent complementarity of an antisense com 
pound means the percentage of nucleobases of the antisense 
compound that are complementary to an equal-length por 
tion of a target nucleic acid. Percent complementarity is 
calculated by dividing the number of nucleobases of the 
antisense oligonucleotide that are complementary to nucle 
obases at corresponding contiguous positions in the target 
nucleic acid by the total length of the antisense compound. 
0.139. “Percent identity” means the number of nucle 
obases in first nucleic acid that are identical to nucleobases 
at corresponding positions in a second nucleic acid, divided 
by the total number of nucleobases in the first nucleic acid. 
0140) "Hybridize” means the annealing of complemen 
tary nucleic acids that occurs through nucleobase comple 
mentarity. 
0141 'Mismatch' means a nucleobase of a first nucleic 
acid that is not capable of pairing with a nucleobase at a 
corresponding position of a second nucleic acid. 
0142 “Identical nucleobase sequence” means having the 
same nucleobase sequence, independent of any chemical 
modifications to the nucleosides. 
0143 “Different modifications” or “differently modified” 
refer to nucleosides or internucleoside linkages that have 
different nucleoside modifications or internucleoside link 
ages than one another, including absence of modifications. 
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Thus, for example, a MOE nucleoside and an unmodified 
DNA nucleoside are “differently modified, even though the 
DNA nucleoside is unmodified. Likewise, DNA and RNA 
are “differently modified, even though both are naturally 
occurring unmodified nucleosides. Nucleosides that are the 
same but for comprising different nucleobases are not dif 
ferently modified, unless otherwise indicated. For example, 
a nucleoside comprising a 2'-OMe modified Sugar and an 
adenine nucleobase and a nucleoside comprising a 2'-OMe 
modified Sugar and a thymine nucleobase are not differently 
modified. 
0.144 “The same modifications’ refer to nucleosides and 
internucleoside linkages (including unmodified nucleosides 
and internucleoside linkages) that are the same as one 
another. Thus, for example, two unmodified DNA nucleo 
side have “the same modification,” even though the DNA 
nucleoside is unmodified. 
(0145 “Type of modification” or nucleoside of a “type” 
means the modification of a nucleoside and includes modi 
fied and unmodified nucleosides. Accordingly, unless oth 
erwise indicated, a “nucleoside having a modification of a 
first type' may be an unmodified nucleoside. 
0146 “Separate regions of an oligonucleotide means a 
portion of an oligonucleotide wherein the nucleosides and 
internucleoside linkages within the region all comprise the 
same modifications; and the nucleosides and/or the inter 
nucleoside linkages of any neighboring portions include at 
least one different modification. 
0147 “Motif' means a pattern of modified and/or 
unmodified nucleobases, Sugars, and/or internucleoside link 
ages in an oligonucleotide. 
0148 “Fully modified oligonucleotide' means each 
nucleobase, each Sugar, and/or each internucleoside linkage 
is modified. 
0149 “Uniformly modified oligonucleotide' means each 
nucleobase, each Sugar, and/or each internucleoside linkage 
has the same modification throughout the modified oligo 
nucleotide. 
0150 “Alternating motif' means an oligonucleotide or a 
portion thereof, having at least four separate regions of 
modified nucleosides in a pattern (AB),A, where A repre 
sents a region of nucleosides having a first type of modifi 
cation; B represent a region of nucleosides having a different 
type of modification; n is 2-15; and m is 0 or 1. Thus, in 
certain embodiments, alternating motifs include 4, 5, 6, 7, 8, 
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 or more 
alternating regions. In certain embodiments, each. A region 
and each B region independently comprises 1-4 nucleosides. 
0151. “Subject’ means a human or non-human animal 
selected for treatment or therapy. 
0152 “Subject in need thereof means a subject identi 
fied as in need of a therapy or treatment. In Such embodi 
ments, a Subject has one or more indications of having or 
developing SMA. 
0153 “Administering means providing a pharmaceuti 
cal agent or composition to a subject, and includes, but is not 
limited to, administering by a medical professional and 
self-administering. 
0154 “Parenteral administration,” means administration 
through injection or infusion. Parenteral administration 
includes, but is not limited to, Subcutaneous administration, 
intravenous administration, or intramuscular administration. 
0155 “Systemic administration' means administration to 
an area other than the intended locus of activity. Examples 
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or systemic administration are subcutaneous administration 
and intravenous administration, and intraperitoneal admin 
istration. 
0156 “Subcutaneous administration” means administra 
tion just below the skin. 
O157. “Intravenous administration” means administration 
into a vein. 
0158 “Cerebrospinal fluid” or “CSF means the fluid 
filling the space around the brain and spinal cord. 
0159) “Administration into the cerebrospinal fluid 
means any administration that delivers a Substance directly 
into the CSF. 
(0160 “Intracerebroventricular or “ICV mean adminis 
tration into the ventricular system of the brain. 
0161 “Intrathecal' or "IT" means administration into the 
CSF under the arachnoid membrane which covers the brain 
and spinal cord. IT injection is performed through the theca 
of the spinal cord into the Subarachnoid space, where a 
pharmaceutical agent is injected into the sheath Surrounding 
the spinal cord. 
0162 “Induction phase' means a dosing phase during 
which administration is initiated and steady state concen 
trations of active pharmaceutical agent are achieved in a 
target tissue. For example, an induction phase is a dosing 
phase during which steady state concentrations of antisense 
oligonucleotide are achieved in liver. 
0163 “Maintenance phase” means a dosing phase after 
target tissue steady state concentrations of drug have been 
achieved. 
0164 “Duration” means the period of time during which 
an activity or event continues. For example, the duration of 
an induction phase is the period of time during which 
induction doses are administered. 
0165 “Maintenance dose” means a dose administered at 
a single administration during the maintenance phase. As 
used herein, “induction dose” means a dose administered at 
a single administration during the induction phase. 
0166 “Co-administration” means administration of two 
or more pharmaceutical agents to a subject. The two or more 
pharmaceutical agents may be in a single pharmaceutical 
composition, or may be in separate pharmaceutical compo 
sitions. Each of the two or more pharmaceutical agents may 
be administered through the same or different routes of 
administration. Co-administration encompasses administra 
tion in parallel or sequentially. 
0167 “Therapy’ means a disease treatment method. In 
certain embodiments, therapy includes, but is not limited to 
Surgical therapies, chemical therapies, and physical inter 
ventions, such as assisted respiration, feeding tubes, and 
physical therapy for the purpose of increasing strength. 
0168 “Treatment’ means the application of one or more 
specific procedures used for the cure or amelioration of a 
disease. In certain embodiments, the specific procedure is 
the administration of one or more pharmaceutical agents. 
0169. “Amelioration' means a lessening of severity of at 
least one indicator of a condition or disease. In certain 
embodiments, amelioration includes a delay or slowing in 
the progression of one or more indicators of a condition or 
disease. The severity of indicators may be determined by 
subjective or objective measures which are known to those 
skilled in the art. 
(0170 “Prevent the onset of means to prevent the devel 
opment a condition or disease in a Subject who is at risk for 
developing the disease or condition. In certain embodiments, 
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a Subject at risk for developing the disease or condition 
receives treatment similar to the treatment received by a 
Subject who already has the disease or condition. 
0171 “Delay the onset of means to delay the develop 
ment of a condition or disease in a Subject who is at risk for 
developing the disease or condition. 
0172 "Slow the progression of means that the severity 
of at least one symptom associated with a disease or con 
dition worsens less quickly. 
0.173) “Exon 7 amino acids’ means the portion of an 
SMN protein that correspond to exon 7 of the SMN RNA. 
Exon 7 amino acids are present in SMN protein expressed 
from SMN RNA where exon 7 was not excluded during 
splicing. 
0.174 “SMN protein’ means normal full length survival 
motor neuron protein. SMN may be expressed from either an 
SMN1 gene or from an SMN2 gene, provided that exon 7 is 
present in the mature mRNA and the exon 7 amino acids are 
present in the SMN protein. 
0.175 “Dose” means a specified quantity of a pharma 
ceutical agent provided in a single administration or over a 
specified amount of time. In certain embodiments, a dose 
may be administered in two or more boluses, tablets, or 
injections. For example, in certain embodiments, where 
subcutaneous or inrathecal or ICV administration is desired, 
the desired dose requires a volume not easily accommodated 
by a single injection. In Such embodiments, two or more 
injections may be used to achieve the desired dose. In the 
setting of continuous infusion, dose may be expressed as the 
quantity of a pharmaceutical agent delivered per unit of 
time. 
0176 “Dosage unit’ means a form in which a pharma 
ceutical agent is provided. In certain embodiments, a dosage 
unit is a vial containing lyophilized oligonucleotide. In 
certain embodiments, a dosage unit is a vial containing 
reconstituted oligonucleotide. 
0177. “Therapeutically effective amount’ means an 
amount of a pharmaceutical agent that provides a therapeutic 
benefit to an animal. 
0.178 “Pharmaceutical composition” means a mixture of 
Substances suitable for administering to an individual that 
includes a pharmaceutical agent. For example, a pharma 
ceutical composition may comprise a modified oligonucle 
otide and a sterile aqueous Solution. 
0179. “Acceptable safety profile” means a pattern of side 
effects that is within clinically acceptable limits. 
0180 “Side effect” means a physiological response 
attributable to a treatment other than desired effects. 

1. Certain Modified Oligonucleotides 

0181. In certain embodiments, the present invention pro 
vides methods and compositions involving antisense oligo 
nucleotides comprising one or more modification compared 
to oligonucleotides of naturally occurring oligomers, such as 
DNA or RNA. Such modified antisense oligonucleotides 
may possess one or more desirable properties. Certain Such 
modifications alter the antisense activity of the antisense 
oligonucleotide, for example by increasing affinity of the 
antisense oligonucleotide for its target nucleic acid, increas 
ing its resistance to one or more nucleases, and/or altering 
the pharmacokinetics or tissue distribution of the oligonucle 
otide. In certain embodiments, such modified antisense 
oligonucleotides comprise one or more modified nucleo 
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sides and/or one or more modified nucleoside linkages 
and/or one or more conjugate groups. 
0182 a. Certain Modified Nucleosides 
0183 In certain embodiments, antisense oligonucleotides 
comprise one or more modified nucleosides. Such modified 
nucleosides may include a modified Sugar and/or a modified 
nucleobase. In certain embodiments, incorporation of Such 
modified nucleosides in an oligonucleotide results in 
increased affinity for a target nucleic acid and/or increased 
stability, including but not limited to, increased resistance to 
nuclease degradation, and or improved toxicity and/or 
uptake properties of the modified oligonucleotide. 
0184 i. Certain Nucleobases 
0185. The naturally occurring base portion of nucleosides 
are heterocyclic base, typically purines and pyrimidines. In 
addition to “unmodified’ or “natural nucleobases such as 
the purine nucleobases adenine (A) and guanine (G), and the 
pyrimidine nucleobases thymine (T), cytosine (C) and uracil 
(U), many modified nucleobases or nucleobase mimetics 
known to those skilled in the art are amenable to incorpo 
ration into the compounds described herein. In certain 
embodiments, a modified nucleobase is a nucleobase that is 
fairly similar in structure to the parent nucleobase, such as 
for example a 7-deaza purine, a 5-methyl cytosine, or a 
G-clamp. In certain embodiments, nucleobase mimetic 
include more complicated structures, such as for example a 
tricyclic phenoxazine nucleobase mimetic. Methods for 
preparation of the above noted modified nucleobases are 
well known to those skilled in the art. 
0186 ii. Certain Modified Sugars and Sugar Surrogates 
0187 Antisense oligonucleotides of the present invention 
can optionally contain one or more nucleosides wherein the 
Sugar moiety is modified, compared to a natural Sugar. 
Oligonucleotides comprising Such Sugar modified nucleo 
sides may have enhanced nuclease stability, increased bind 
ing affinity or some other beneficial biological property. 
Such modifications include without limitation, addition of 
Substituent groups, bridging of non-geminal ring atoms to 
form a bicyclic nucleic acid (BNA), replacement of the 
ribosyl ring oxygen atom with S. N(R), or C(R)(R) (R—H. 
C-C alkyl or a protecting group) and combinations of 
these such as for example a 2'-F-5'-methyl substituted 
nucleoside (see PCT International Application WO 2008/ 
101157 Published on Aug. 21, 2008 for other disclosed 
5'2'-bis substituted nucleosides) or replacement of the ribo 
syl ring oxygen atom with S with further substitution at the 
2'-position (see published U.S. Patent Application US2005 
0130923, published on Jun. 16, 2005) or alternatively 
5'-substitution of a BNA (see PCT International Application 
WO 2007/134181 Published on Nov. 22, 2007 wherein LNA 
is substituted with for example a 5'-methyl or a 5'-vinyl 
group). 
0188 Examples of nucleosides having modified sugar 
moieties include without limitation nucleosides comprising 
5'-vinyl, 5'-methyl (R or S), 4-S, 2'-F, 2'-OCH and 2'-O 
(CH2)2OCH substituent groups. The substituent at the 2 
position can also be selected from allyl, amino, azido, thio. 
O-allyl, O C-C alkyl, OCF. O(CH2)SCH, O(CH) 

O—N(R)(R), and O—CH2—C(=O)—N(R)(R), 
where each R, and R, is, independently, H or substituted or 
unsubstituted C-Co alkyl. 
0189 Examples of bicyclic nucleic acids (BNAS) include 
without limitation nucleosides comprising a bridge between 
the 4' and the 2' ribosyl ring atoms. In certain embodiments, 
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antisense compounds provided herein include one or more 
BNA nucleosides wherein the bridge comprises one of the 
formulas: 4'-B-D-(CH2)—O-2 (B-D-LNA); 4'-(CH2)—S-2'; 
4'-O-L-(CH)—O-2 (CL-L-LNA); 4'-(CH), O-2 (ENA); 
4'-C(CH), O-2 (see PCT/US2008/068922); 4'-CH 
(CH)–O-2 and 4'-C H(CHOCH) O-2 (see U.S. Pat. 
No. 7,399,845, issued on Jul. 15, 2008): 4'-CH N(OCH)- 
2' (see PCT/US2008/064591); 4'-CH. O. N(CH)-2' (see 
published U.S. Patent Application US2004-0171570, pub 
lished Sep. 2, 2004); 4'-CH N(R)-O-2 (see U.S. Pat. 
No. 7,427,672, issued on Sep. 23, 2008): 4'-CH C(CH)- 
2" and 4'-CH C(=CH-)-2' (see PCT/US2008/066154); 
and wherein R is, independently, H. C-C alkyl, or a 
protecting group. 
0190. In certain embodiments, the present invention pro 
vides modified nucleosides comprising modified Sugar moi 
eties that are not bicyclic Sugar moieties. Certain Such 
modified nucleosides are known. In certain embodiments, 
the Sugar ring of a nucleoside may be modified at any 
position. Examples of Sugar modifications useful in this 
invention include, but are not limited to compounds com 
prising a Sugar Substituent group selected from: OH. F. 
O-alkyl, S-alkyl, N-alkyl, or O-alkyl-O-alkyl, wherein the 
alkyl, alkenyl and alkynyl may be substituted or unsubsti 
tuted C to Co alkyl or C to Coalkenyl and alkynyl. In 
certain Such embodiments, such Substituents are at the 2 
position of the Sugar. 
(0191 In certain embodiments, modified nucleosides 
comprise a substituent at the 2' position of the Sugar. In 
certain embodiments, such Substituents are selected from 
among: a halide (including, but not limited to F), allyl, 
amino, azido, thio, O-allyl, O-C-Cio alkyl, —OCF, 
O—(CH), O CH, 2'-O(CH2)SCH, O (CH) 
O N(R)(R), or O CH2-C(=O)—N(R)(R), where 
each R, and R is, independently, H or substituted or 
unsubstituted C-Co alkyl. 
0.192 In certain embodiments, modified nucleosides suit 
able for use in the present invention are: 2-methoxyethoxy, 
2'-O-methyl (2'-O-CH), 2'-fluoro (2'-F). 
0193 In certain embodiments, modified nucleosides hav 
ing a Substituent group at the 2'-position selected from: 
O(CH), OCH, O(CH), NH, O(CH2)CH, O(CH) 
ONH, OCHC(=O)N(H)CH, and O(CH)ON(CH) 
CH, where n and mare from 1 to about 10. Other 2'-sugar 
Substituent groups include: C to Co alkyl, Substituted alkyl, 
alkenyl, alkynyl, alkaryl, aralkyl, O-alkaryl or O-aralkyl, 
SH, SCH, OCN, Cl, Br, CN, CF. OCF, SOCH, SOCH, 
ONO., NO, N, NH, heterocycloalkyl, heterocycloalkaryl, 
aminoalkylamino, polyalkylamino, Substituted silyl, an 
RNA cleaving group, a reporter group, an intercalator, a 
group for improving pharmacokinetic properties, or a group 
for improving the pharmacodynamic properties of an oligo 
meric compound, and other Substituents having similar 
properties. 
0.194. In certain embodiments, modified nucleosides 
comprise a 2'-MOE side chain (Baker et al., J. Biol. Chem. 
1997, 272, 11944-12000). Such 2-MOE substitution have 
been described as having improved binding affinity com 
pared to unmodified nucleosides and to other modified 
nucleosides, such as 2'-O-methyl, O-propyl, and O-amino 
propyl. Oligonucleotides having the 2'-MOE substituent 
also have been shown to be antisense inhibitors of gene 
expression with promising features for in vivo use (Martin, 
P., Helv. Chim. Acta, 1995, 78, 486-504; Altmann et al., 
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Chimia, 1996, 50, 168-176: Altmann et al., Biochem. Soc. 
Trans., 1996, 24, 630-637; and Altmann et al., Nucleosides 
Nucleotides, 1997, 16,917-926). 
0.195. In certain embodiments, 2-sugar substituent 
groups are in either the arabino (up) position or ribo (down) 
position. In certain Such embodiments, a 2-arabino modifi 
cation is 2'-Farabino (FANA). Similar modifications can 
also be made at other positions on the Sugar, particularly the 
3' position of the sugar on a 3' terminal nucleoside or in 2'-5' 
linked oligonucleotides and the 5' position of 5' terminal 
nucleotide. 

0196. In certain embodiments, nucleosides suitable for 
use in the present invention have Sugar Surrogates such as 
cyclobutyl in place of the ribofuranosyl Sugar. Representa 
tive U.S. patents that teach the preparation of such modified 
sugar structures include, but are not limited to, U.S. Pat. 
Nos. 4,981,957; 5,118,800; 5,319,080; 5,359,044: 5,393, 
878; 5,446,137; 5,466,786; 5,514,785: 5,519,134: 5,567, 
811; 5,576.427: 5,591,722; 5,597,909; 5,610,300; 5,627, 
053: 5,639,873; 5,646,265; 5,658,873; 5,670,633; 5,792, 
747; and 5,700,920, each of which is herein incorporated by 
reference in its entirety. 
0197) In certain embodiments, the present invention pro 
vides nucleosides comprising a modification at the 2'-posi 
tion of the Sugar. In certain embodiments, the invention 
provides nucleosides comprising a modification at the 5'-po 
sition of the Sugar. In certain embodiments, the invention 
provides nucleosides comprising modifications at the 2'-po 
sition and the 5'-position of the sugar. In certain embodi 
ments, modified nucleosides may be useful for incorporation 
into oligonucleotides. In certain embodiment, modified 
nucleosides are incorporated into oligonucleosides at the 
5'-end of the oligonucleotide. 
0198 
0199 Antisense oligonucleotides of the present invention 
can optionally contain one or more modified internucleoside 
linkages. The two main classes of linking groups are defined 
by the presence or absence of a phosphorus atom. Repre 
sentative phosphorus containing linkages include, but are 
not limited to, phosphodiesters (P=O), phosphotriesters, 
methylphosphonates, phosphoramidate, and phosphorothio 
ates (P=S). Representative non-phosphorus containing 
linking groups include, but are not limited to, methylenem 
ethylimino (—CH2-N(CH3)-O CH2-), thiodiester (—O— 
C(O)—S—), thionocarbamate (—O C(O)(NH)—S ); 
siloxane ( O—Si(H)2-O ); and N,N-dimethylhydrazine 
(—CH2-N(CH3)-N(CH3)-). Oligonucleotides having non 
phosphorus linking groups are referred to as oligonucleo 
sides. Modified linkages, compared to natural phosphodies 
terlinkages, can be used to alter, typically increase, nuclease 
resistance of the oligonucleotides. In certain embodiments, 
linkages having a chiral atom can be prepared as racemic 
mixtures, as separate enantiomers. Representative chiral 
linkages include, but are not limited to, alkylphosphonates 
and phosphorothioates. Methods of preparation of phospho 
rous-containing and non-phosphorous-containing linkages 
are well known to those skilled in the art. 

0200. The antisense oligonucleotides described herein 
contain one or more asymmetric centers and thus give rise 
to enantiomers, diastereomers, and other Stereoisomeric 
configurations that may be defined, in terms of absolute 
Stereochemistry, as (R) or (S). Such as for Sugar anomers, or 
as (D) or (L) such as for amino acids et al. Included in the 
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antisense compounds provided herein are all such possible 
isomers, as well as their racemic and optically pure forms. 
0201 In certain embodiments, antisense oligonucleotides 
have at least one modified internucleoside linkage. In certain 
embodiments, antisense oligonucleotides have at least 2 
modified internucleoside linkages. In certain embodiments, 
antisense oligonucleotides have at least 3 modified inter 
nucleoside linkages. In certain embodiments, antisense oli 
gonucleotides have at least 10 modified internucleoside 
linkages. In certain embodiments, each internucleoside link 
age of an antisense oligonucleotide is a modified inter 
nucleoside linkage. In certain embodiments, such modified 
internucleoside linkages are phosphorothioate linkages. 
0202 c. Certain Internucleoside Linkage Motifs 
0203. In certain embodiments, oligonucleotides comprise 
modified internucleoside linkages arranged along the oligo 
nucleotide or region thereof in a defined pattern or modified 
internucleoside linkage motif. 
0204. In certain embodiments, oligonucleotides comprise 
a region having an alternating internucleoside linkage motif. 
In certain embodiments, oligonucleotides of the present 
invention comprise a region of uniformly modified inter 
nucleoside linkages. In certain Such embodiments, the oli 
gonucleotide comprises a region that is uniformly linked by 
phosphorothioate internucleoside linkages. In certain 
embodiments, the oligonucleotide is uniformly linked by 
phosphorothioate. In certain embodiments, each inter 
nucleoside linkage of the oligonucleotide is selected from 
phosphodiester and phosphorothioate. In certain embodi 
ments, each internucleoside linkage of the oligonucleotide is 
selected from phosphodiester and phosphorothioate and at 
least one internucleoside linkage is phosphorothioate. 
0205. In certain embodiments, the oligonucleotide com 
prises at least 5 phosphorothioate internucleoside linkages. 
In certain embodiments, the oligonucleotide comprises at 
least 6 phosphorothioate internucleoside linkages. In certain 
embodiments, the oligonucleotide comprises at least 7 phos 
phorothioate internucleoside linkages. In certain embodi 
ments, the oligonucleotide comprises at least 8 phosphoro 
thioate internucleoside linkages. In certain embodiments, 
the oligonucleotide comprises at least 9 phosphorothioate 
internucleoside linkages. In certain embodiments, the oli 
gonucleotide comprises at least 10 phosphorothioate inter 
nucleoside linkages. In certain embodiments, the oligo 
nucleotide comprises at least 11 phosphorothioate 
internucleoside linkages. In certain embodiments, the oli 
gonucleotide comprises at least 12 phosphorothioate inter 
nucleoside linkages. 
0206. In certain embodiments, the oligonucleotide com 
prises at least one block of at least 2 consecutive phospho 
rothioate internucleoside linkages. In certain embodiments, 
the oligonucleotide comprises at least one block of at least 
3 consecutive phosphorothioate internucleoside linkages. In 
certain embodiments, the oligonucleotide comprises at least 
one block of at least 4 consecutive phosphorothioate inter 
nucleoside linkages. In certain embodiments, the oligo 
nucleotide comprises at least one block of at least 5 con 
secutive phosphorothioate internucleoside linkages. In 
certain embodiments, the oligonucleotide comprises at least 
one block of at least 6 consecutive phosphorothioate inter 
nucleoside linkages. In certain embodiments, the oligo 
nucleotide comprises at least one block of at least 7 con 
secutive phosphorothioate internucleoside linkages. In 
certain embodiments, the oligonucleotide comprises at least 
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one block of at least 8 consecutive phosphorothioate inter 
nucleoside linkages. In certain such embodiments, at least 
one such block is located at the 3' end of the oligonucleotide. 
In certain such embodiments, at least one such block is 
located within 3 nucleosides of the 3' end of the oligonucle 
otide. 

0207. In certain embodiments, the oligonucleotide com 
prises at least one block of at least 2 consecutive phospho 
rothioate internucleoside linkages. In certain embodiments, 
the oligonucleotide comprises at least one block of at least 
3 consecutive phosphorothioate internucleoside linkages. In 
certain embodiments, the oligonucleotide comprises at least 
one block of at least 4 consecutive phosphorothioate inter 
nucleoside linkages. In certain embodiments, the oligo 
nucleotide comprises at least one block of at least 5 con 
secutive phosphorothioate internucleoside linkages. In 
certain embodiments, the oligonucleotide comprises at least 
one block of at least 6 consecutive phosphorothioate inter 
nucleoside linkages. In certain embodiments, the oligo 
nucleotide comprises at least one block of at least 7 con 
secutive phosphorothioate internucleoside linkages. In 
certain embodiments, the oligonucleotide comprises at least 
one block of at least 8 consecutive phosphorothioate inter 
nucleoside linkages. In certain such embodiments, at least 
one such block is located at the 3' end of the oligonucleotide. 
In certain such embodiments, at least one such block is 
located within 3 nucleosides of the 3' end of the oligonucle 
otide. 

0208. In certain embodiments, the oligonucleotide com 
prises at least one block of at least 2 consecutive phosphodi 
ester internucleoside linkages. In certain embodiments, the 
oligonucleotide comprises at least one block of at least 3 
consecutive phosphodiester internucleoside linkages. In cer 
tain embodiments, the oligonucleotide comprises at least 
one block of at least 4 consecutive phosphodiester inter 
nucleoside linkages. In certain embodiments, the oligo 
nucleotide comprises at least one block of at least 5 con 
secutive phosphodiester internucleoside linkages. In certain 
embodiments, the oligonucleotide comprises at least one 
block of at least 6 consecutive phosphodiester internucleo 
side linkages. In certain embodiments, the oligonucleotide 
comprises at least one block of at least 7 consecutive 
phosphodiester internucleoside linkages. In certain embodi 
ments, the oligonucleotide comprises at least one block of at 
least 8 consecutive phosphodiester internucleoside linkages. 
In certain such embodiments, at least one such block is 
located at the 3' end of the oligonucleotide. In certain such 
embodiments, at least one such block is located within 3 
nucleosides of the 3' end of the oligonucleotide. 
0209. In certain embodiments, the oligonucleotide com 
prises at least one block of at least 2 consecutive phosphodi 
ester internucleoside linkages, wherein the remainder of the 
internucleoside linkages in the oligonucleotide comprise 
phosphorothioate internucleoside linkages. In certain 
embodiments, the oligonucleotide comprises at least one 
block of at least 3 consecutive phosphodiester internucleo 
side linkages, wherein the remainder of the internucleoside 
linkages in the oligonucleotide comprise phosphorothioate 
internucleoside linkages. In certain embodiments, the oli 
gonucleotide comprises at least one block of at least 4 
consecutive phosphodiester internucleoside linkages, 
wherein the remainder of the internucleoside linkages in the 
oligonucleotide comprise phosphorothioate internucleoside 
linkages. In certain embodiments, the oligonucleotide com 
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prises at least one block of at least 5 consecutive phosphodi 
ester internucleoside linkages, wherein the remainder of the 
internucleoside linkages in the oligonucleotide comprise 
phosphorothioate internucleoside linkages. In certain 
embodiments, the oligonucleotide comprises at least one 
block of at least 6 consecutive phosphodiester internucleo 
side linkages, wherein the remainder of the internucleoside 
linkages in the oligonucleotide comprise phosphorothioate 
internucleoside linkages. In certain embodiments, the oli 
gonucleotide comprises at least one block of at least 7 
consecutive phosphodiester internucleoside linkages, 
wherein the remainder of the internucleoside linkages in the 
oligonucleotide comprise phosphorothioate internucleoside 
linkages. In certain embodiments, the oligonucleotide com 
prises at least one block of at least 8 consecutive phosphodi 
ester internucleoside linkages, wherein the remainder of the 
internucleoside linkages in the oligonucleotide comprise 
phosphorothioate internucleoside linkages. In certain Such 
embodiments, at least one such block is located at the 3' end 
of the oligonucleotide. In certain such embodiments, at least 
one such block is located within 3 nucleosides of the 3' end 
of the oligonucleotide. In certain such embodiments, at least 
one such block is located at the center of the oligonucleotide. 
0210. In certain embodiments, it is desirable to arrange 
the number of phosphorothioate internucleoside linkages 
and phosphodiester internucleoside linkages to maintain 
nuclease resistance. In certain embodiments, it is desirable 
to arrange the number and position of phosphorothioate 
internucleoside linkages and the number and position of 
phosphodiester internucleoside linkages to maintain nucle 
ase resistance. In certain embodiments, the number of phos 
phorothioate internucleoside linkages may be decreased and 
the number of phosphodiester internucleoside linkages may 
be increased. In certain embodiments, the number of phos 
phorothioate internucleoside linkages may be decreased and 
the number of phosphodiester internucleoside linkages may 
be increased while still maintaining nuclease resistance. In 
certain embodiments it is desirable to decrease the number 
of phosphorothioate internucleoside linkages while retaining 
nuclease resistance. In certain embodiments it is desirable to 
increase the number of phosphodiester internucleoside link 
ages while retaining nuclease resistance. 
0211. In certain embodiments, an oligomeric compound 
has an internucleoside linkage motif selected from the table 
below, wherein each 'N' represents a nucleoside, each 
subscript “s' represents a phosphorothioate internucleoside 
linkage, and each Subscript 'o' represents a phosphodiester 
internucleoside linkage: 

Internucleoside Linkage Motifs 
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- Continued 

Internucleoside Linkage Motifs 
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0212. In certain embodiments, the inclusion of 3, 4, 5, 6, 
7, 8, or 9 phosphodiester internucleoside linkages into a 
modified oligonucleotide improves therapeutic index. In 
certain embodiments, pharmaceutical compositions having 
3, 4, 5, 6, 7, 8, or 9 phosphodiester internucleoside linkages 
have improved therapeutic indices. In certain embodiments, 
pharmaceutical compositions having 3, 4, 5, 6, 7, 8, or 9 
phosphodiester internucleoside linkages and having 
improved therapeutic indices allows one having skill in the 
art to administer the pharmaceutical compositions of the 
present disclosure more infrequently. In certain embodi 
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ments, pharmaceutical compositions of the present disclo 
Sure having improved therapeutic indices allows one having 
skill in the art to allow longer intervals between the first dose 
and the second dose. 

0213. In certain embodiments, the inclusion of 3, 4, 5, 6, 
7, 8, or 9 phosphodiester internucleoside linkages into a 
modified oligonucleotide, wherein the modified oligonucle 
otide has the nucleobase sequence of SEQID NO.: 1, allows 
one having skill in the art to administer the modified 
oligonucleotide or a pharmaceutical composition thereof at 
infrequent intervals. In certain embodiments, the inclusion 
of 3, 4, 5, 6, 7, 8, or 9 phosphodiester internucleoside 
linkages into a modified oligonucleotide, wherein the modi 
fied oligonucleotide has the nucleobase sequence of SEQID 
NO.: 1, allows one having skill in the art to administer the 
modified oligonucleotide or a pharmaceutical composition 
thereof at greater than 3 month intervals. In certain embodi 
ments, the inclusion of 3, 4, 5, 6, 7, 8, or 9 phosphodiester 
internucleoside linkages into a modified oligonucleotide, 
wherein the modified oligonucleotide has the nucleobase 
sequence of SEQID NO.: 1, allows one having skill in the 
art to administer the modified oligonucleotide or a pharma 
ceutical composition thereof at greater than 4 month inter 
vals. In certain embodiments, the inclusion of 3, 4, 5, 6, 7, 
8, or 9 phosphodiester internucleoside linkages into a modi 
fied oligonucleotide, wherein the modified oligonucleotide 
has the nucleobase sequence of SEQID NO.: 1, allows one 
having skill in the art to administer the modified oligonucle 
otide or a pharmaceutical composition thereofat greater than 
5 month intervals. In certain embodiments, the inclusion of 
3, 4, 5, 6, 7, 8, or 9 phosphodiester internucleoside linkages 
into a modified oligonucleotide, wherein the modified oli 
gonucleotide has the nucleobase sequence of SEQ ID NO.: 
1, allows one having skill in the art to administer the 
modified oligonucleotide or a pharmaceutical composition 
thereof at greater than 6 month intervals. In certain embodi 
ments, the inclusion of 3, 4, 5, 6, 7, 8, or 9 phosphodiester 
internucleoside linkages into a modified oligonucleotide, 
wherein the modified oligonucleotide has the nucleobase 
sequence of SEQID NO.: 1, allows one having skill in the 
art to administer the modified oligonucleotide or a pharma 
ceutical composition thereof at greater than 7 month inter 
vals. 

0214. In certain embodiments, the inclusion of 3, 4, 5, 6, 
7, 8, or 9 phosphodiester internucleoside linkages into a 
modified oligonucleotide, wherein the modified oligonucle 
otide has the nucleobase sequence of SEQ ID NO. 2 or 7. 
allows one having skill in the art to administer the modified 
oligonucleotide or a pharmaceutical composition thereof at 
infrequent intervals. In certain embodiments, the inclusion 
of 3, 4, 5, 6, 7, 8, or 9 phosphodiester internucleoside 
linkages into a modified oligonucleotide, wherein the modi 
fied oligonucleotide has the nucleobase sequence of SEQID 
NO. 2 or 7, allows one having skill in the art to administer 
the modified oligonucleotide or a pharmaceutical composi 
tion thereof at greater than 3 month intervals. In certain 
embodiments, the inclusion of 3, 4, 5, 6, 7, 8, or 9 phos 
phodiester internucleoside linkages into a modified oligo 
nucleotide, wherein the modified oligonucleotide has the 
nucleobase sequence of SEQ ID NO. 2 or 7, allows one 
having skill in the art to administer the modified oligonucle 
otide or a pharmaceutical composition thereofat greater than 
4 month intervals. In certain embodiments, the inclusion of 
3, 4, 5, 6, 7, 8, or 9 phosphodiester internucleoside linkages 
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into a modified oligonucleotide, wherein the modified oli 
gonucleotide has the nucleobase sequence of SEQ ID NO.: 
2 or 7, allows one having skill in the art to administer the 
modified oligonucleotide or a pharmaceutical composition 
thereof at greater than 5 month intervals. In certain embodi 
ments, the inclusion of 3, 4, 5, 6, 7, 8, or 9 phosphodiester 
internucleoside linkages into a modified oligonucleotide, 
wherein the modified oligonucleotide has the nucleobase 
sequence of SEQID NO. 2 or 7, allows one having skill in 
the art to administer the modified oligonucleotide or a 
pharmaceutical composition thereof at greater than 6 month 
intervals. In certain embodiments, the inclusion of 3, 4, 5, 6, 
7, 8, or 9 phosphodiester internucleoside linkages into a 
modified oligonucleotide, wherein the modified oligonucle 
otide has the nucleobase sequence of SEQ ID NO. 2 or 7. 
allows one having skill in the art to administer the modified 
oligonucleotide or a pharmaceutical composition thereof at 
greater than 7 month intervals. 
0215. In certain embodiments, the inclusion of 6 phos 
phodiester internucleoside linkages into a modified oligo 
nucleotide, wherein the modified oligonucleotide has the 
nucleobase sequence of SEQ ID NO.: 1, allows one having 
skill in the art to administer the modified oligonucleotide or 
a pharmaceutical composition thereof at infrequent inter 
vals. In certain embodiments, the inclusion of 6 phosphodi 
ester internucleoside linkages into a modified oligonucle 
otide, wherein the modified oligonucleotide has the 
nucleobase sequence of SEQ ID NO.: 1, allows one having 
skill in the art to administer the modified oligonucleotide or 
a pharmaceutical composition thereof at greater than 3 
month intervals. In certain embodiments, the inclusion of 6 
phosphodiester internucleoside linkages into a modified 
oligonucleotide, wherein the modified oligonucleotide has 
the nucleobase sequence of SEQ ID NO.: 1, allows one 
having skill in the art to administer the modified oligonucle 
otide or a pharmaceutical composition thereofat greater than 
4 month intervals. In certain embodiments, the inclusion of 
6 phosphodiester internucleoside linkages into a modified 
oligonucleotide, wherein the modified oligonucleotide has 
the nucleobase sequence of SEQ ID NO.: 1, allows one 
having skill in the art to administer the modified oligonucle 
otide or a pharmaceutical composition thereofat greater than 
5 month intervals. In certain embodiments, the inclusion of 
6 phosphodiester internucleoside linkages into a modified 
oligonucleotide, wherein the modified oligonucleotide has 
the nucleobase sequence of SEQ ID NO.: 1, allows one 
having skill in the art to administer the modified oligonucle 
otide or a pharmaceutical composition thereofat greater than 
6 month intervals. In certain embodiments, the inclusion of 
6 phosphodiester internucleoside linkages into a modified 
oligonucleotide, wherein the modified oligonucleotide has 
the nucleobase sequence of SEQ ID NO.: 1, allows one 
having skill in the art to administer the modified oligonucle 
otide or a pharmaceutical composition thereofat greater than 
7 month intervals. 

0216. In certain embodiments, the inclusion of 7 phos 
phodiester internucleoside linkages into a modified oligo 
nucleotide, wherein the modified oligonucleotide has the 
nucleobase sequence of SEQ ID NO.: 1, allows one having 
skill in the art to administer the modified oligonucleotide or 
a pharmaceutical composition thereof at infrequent inter 
vals. In certain embodiments, the inclusion of 7 phosphodi 
ester internucleoside linkages into a modified oligonucle 
otide, wherein the modified oligonucleotide has the 
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nucleobase sequence of SEQ ID NO.: 1, allows one having 
skill in the art to administer the modified oligonucleotide or 
a pharmaceutical composition thereof at greater than 3 
month intervals. In certain embodiments, the inclusion of 7 
phosphodiester internucleoside linkages into a modified 
oligonucleotide, wherein the modified oligonucleotide has 
the nucleobase sequence of SEQ ID NO.: 1, allows one 
having skill in the art to administer the modified oligonucle 
otide or a pharmaceutical composition thereofat greater than 
4 month intervals. In certain embodiments, the inclusion of 
7 phosphodiester internucleoside linkages into a modified 
oligonucleotide, wherein the modified oligonucleotide has 
the nucleobase sequence of SEQ ID NO.: 1, allows one 
having skill in the art to administer the modified oligonucle 
otide or a pharmaceutical composition thereofat greater than 
5 month intervals. In certain embodiments, the inclusion of 
7 phosphodiester internucleoside linkages into a modified 
oligonucleotide, wherein the modified oligonucleotide has 
the nucleobase sequence of SEQ ID NO.: 1, allows one 
having skill in the art to administer the modified oligonucle 
otide or a pharmaceutical composition thereofat greater than 
6 month intervals. In certain embodiments, the inclusion of 
7 phosphodiester internucleoside linkages into a modified 
oligonucleotide, wherein the modified oligonucleotide has 
the nucleobase sequence of SEQ ID NO.: 1, allows one 
having skill in the art to administer the modified oligonucle 
otide or a pharmaceutical composition thereofat greater than 
7 month intervals. 

0217. In certain embodiments, the inclusion of 8 phos 
phodiester internucleoside linkages into a modified oligo 
nucleotide, wherein the modified oligonucleotide has the 
nucleobase sequence of SEQ ID NO.: 1, allows one having 
skill in the art to administer the modified oligonucleotide or 
a pharmaceutical composition thereof at infrequent inter 
vals. In certain embodiments, the inclusion of 8 phosphodi 
ester internucleoside linkages into a modified oligonucle 
otide, wherein the modified oligonucleotide has the 
nucleobase sequence of SEQ ID NO.: 1, allows one having 
skill in the art to administer the modified oligonucleotide or 
a pharmaceutical composition thereof at greater than 3 
month intervals. In certain embodiments, the inclusion of 8 
phosphodiester internucleoside linkages into a modified 
oligonucleotide, wherein the modified oligonucleotide has 
the nucleobase sequence of SEQ ID NO.: 1, allows one 
having skill in the art to administer the modified oligonucle 
otide or a pharmaceutical composition thereofat greater than 
4 month intervals. In certain embodiments, the inclusion of 
8 phosphodiester internucleoside linkages into a modified 
oligonucleotide, wherein the modified oligonucleotide has 
the nucleobase sequence of SEQ ID NO.: 1, allows one 
having skill in the art to administer the modified oligonucle 
otide or a pharmaceutical composition thereofat greater than 
5 month intervals. In certain embodiments, the inclusion of 
8 phosphodiester internucleoside linkages into a modified 
oligonucleotide, wherein the modified oligonucleotide has 
the nucleobase sequence of SEQ ID NO.: 1, allows one 
having skill in the art to administer the modified oligonucle 
otide or a pharmaceutical composition thereofat greater than 
6 month intervals. In certain embodiments, the inclusion of 
8 phosphodiester internucleoside linkages into a modified 
oligonucleotide, wherein the modified oligonucleotide has 
the nucleobase sequence of SEQ ID NO.: 1, allows one 
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having skill in the art to administer the modified oligonucle 
otide or a pharmaceutical composition thereofat greater than 
7 month intervals. 

0218. In certain embodiments, the inclusion of 9 phos 
phodiester internucleoside linkages into a modified oligo 
nucleotide, wherein the modified oligonucleotide has the 
nucleobase sequence of SEQ ID NO.: 1, allows one having 
skill in the art to administer the modified oligonucleotide or 
a pharmaceutical composition thereof at infrequent inter 
vals. In certain embodiments, the inclusion of 9 phosphodi 
ester internucleoside linkages into a modified oligonucle 
otide, wherein the modified oligonucleotide has the 
nucleobase sequence of SEQ ID NO.: 1, allows one having 
skill in the art to administer the modified oligonucleotide or 
a pharmaceutical composition thereof at greater than 3 
month intervals. In certain embodiments, the inclusion of 9 
phosphodiester internucleoside linkages into a modified 
oligonucleotide, wherein the modified oligonucleotide has 
the nucleobase sequence of SEQ ID NO.: 1, allows one 
having skill in the art to administer the modified oligonucle 
otide or a pharmaceutical composition thereofat greater than 
4 month intervals. In certain embodiments, the inclusion of 
9 phosphodiester internucleoside linkages into a modified 
oligonucleotide, wherein the modified oligonucleotide has 
the nucleobase sequence of SEQ ID NO.: 1, allows one 
having skill in the art to administer the modified oligonucle 
otide or a pharmaceutical composition thereofat greater than 
5 month intervals. In certain embodiments, the inclusion of 
3, 4, 5, 6, 7, 8, or 9 phosphodiester internucleoside linkages 
into a modified oligonucleotide, wherein the modified oli 
gonucleotide has the nucleobase sequence of SEQ ID NO.: 
1, allows one having skill in the art to administer the 
modified oligonucleotide or a pharmaceutical composition 
thereof at greater than 6 month intervals. In certain embodi 
ments, the inclusion of 9 phosphodiester internucleoside 
linkages into a modified oligonucleotide, wherein the modi 
fied oligonucleotide has the nucleobase sequence of SEQID 
NO.: 1, allows one having skill in the art to administer the 
modified oligonucleotide or a pharmaceutical composition 
thereof at greater than 7 month intervals. 
0219 d. Lengths 
0220. In certain embodiments, the present invention pro 
vides antisense oligonucleotides of any of a variety of ranges 
of lengths. In certain embodiments, the invention provides 
antisense compounds or antisense oligonucleotides compris 
ing or consisting of X-Y linked nucleosides, where X and Y 
are each independently selected from 8, 9, 10, 11, 12, 13, 14, 
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 
47, 48, 49, and 50; provided that X-Y. For example, in 
certain embodiments, the invention provides antisense com 
pounds or antisense oligonucleotides comprising or consist 
ing of: 8-9, 8-10, 8-11, 8-12, 8-13, 8-14, 8-15, 8-16, 8-17, 
8-18, 8-19, 8-20, 8-21, 8-22, 8-23, 8-24, 8-25, 8-26, 8-27, 
8-28, 8-29, 8-30, 9-10, 9-11, 9-12, 9-13, 9-14, 9-15, 9-16, 
9-17, 9-18, 9-19, 9-20, 9-21, 9-22, 9-23, 9-24, 9-25, 9-26, 
9-27, 9-28, 9-29, 9-30, 10-11, 10-12, 10-13, 10-14, 10-15, 
10-16, 10-17, 10-18, 10-19, 10-20, 10-21, 10-22, 10-23, 
10-24, 10-25, 10-26, 10-27, 10-28, 10-29, 10-30, 11-12, 
11-13, 11-14, 11-15, 11-16, 11-17, 11-18, 11-19, 11-20, 
11-21, 11-22, 11-23, 11-24, 11-25, 11-26, 11-27, 11-28, 
11-29, 11-30, 12-13, 12-14, 12-15, 12-16, 12-17, 12-18, 
12-19, 12-20, 12-21, 12-22, 12-23, 12-24, 12-25, 12-26, 
12-27, 12-28, 12-29, 12-30, 13-14, 13-15, 13-16, 13-17, 
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13-18, 13-19, 13-20, 13-21, 13-22, 13–23, 13-24, 13-25, 
13-26, 13-27, 13-28, 13-29, 13-30, 14-15, 14-16, 14-17, 
14-18, 14-19, 14-20, 14-21, 14-22, 14-23, 14-24, 14-25, 
14-26, 14-27, 14-28, 14-29, 14-30, 15-16, 15-17, 15-18, 
15-19, 15-20, 15-21, 15-22, 15-23, 15-24, 15-25, 15-26, 
15-27, 15-28, 15-29, 15-30, 16-17, 16-18, 16-19, 16-20, 
16-21, 16-22, 16-23, 16-24, 16-25, 16-26, 16-27, 16-28, 
16-29, 16-30, 17-18, 17-19, 17-20, 17-21, 17-22, 17-23, 
17-24, 17-25, 17-26, 17-27, 17-28, 17-29, 17-30, 18-19, 
18-20, 18-21, 18-22, 18-23, 18-24, 18-25, 18-26, 18-27, 
18-28, 18-29, 18-30, 19-20, 19-21, 19-22, 19-23, 19-24, 
19-25, 19-26, 19-29, 19-28, 19-29, 19-30, 20-21, 20-22, 
20-23, 20-24, 20-25, 20-26, 20-27, 20-28, 20-29, 20-30, 
21-22, 21-23, 21-24, 21-25, 21-26, 21-27, 21-28, 21-29, 
21-30, 22-23, 22-24, 22-25, 22-26, 22-27, 22-28, 22-29, 
22-30, 23-24, 23-25, 23-26, 23-27, 23-28, 23-29, 23-30, 
24-25, 24-26, 24-27, 24-28, 24-29, 24–30, 25-26, 25-27, 
25-28, 25-29, 25-30, 26-27, 26-28, 26-29, 26-30, 27-28, 
27-29, 27-30, 28-29, 28-30, or 29-30 linked nucleosides. 
0221. In certain embodiments, antisense compounds or 
antisense oligonucleotides of the present invention are 15 
nucleosides in length. In certain embodiments, antisense 
compounds or antisense oligonucleotides of the present 
invention are 16 nucleosides in length. In certain embodi 
ments, antisense compounds or antisense oligonucleotides 
of the present invention are 17 nucleosides in length. In 
certain embodiments, antisense compounds or antisense 
oligonucleotides of the present invention are 18 nucleosides 
in length. In certain embodiments, antisense compounds or 
antisense oligonucleotides of the present invention are 19 
nucleosides in length. In certain embodiments, antisense 
compounds or antisense oligonucleotides of the present 
invention are 20 nucleosides in length. 
0222 e. Certain Oligonucleotide Motifs 
0223) In certain embodiments, antisense oligonucleotides 
have chemically modified subunits arranged in specific 
orientations along their length. In certain embodiments, 
antisense oligonucleotides of the invention are fully modi 
fied. In certain embodiments, antisense oligonucleotides of 
the invention are uniformly modified. In certain embodi 
ments, antisense oligonucleotides of the invention are uni 
formly modified and each nucleoside comprises a 2'-MOE 
Sugar moiety. In certain embodiments, antisense oligonucle 
otides of the invention are uniformly modified and each 
nucleoside comprises a 2'-OMe Sugar moiety. In certain 
embodiments, antisense oligonucleotides of the invention 
are uniformly modified and each nucleoside comprises a 
morpholino Sugar moiety. 
0224. In certain embodiments, oligonucleotides of the 
invention comprise an alternating motif. In certain Such 
embodiments, the alternating modification types are selected 
from among 2'-MOE, 2'-F, a bicyclic sugar-modified nucleo 
side, and DNA (unmodified 2'-deoxy). In certain such 
embodiments, each alternating region comprises a single 
nucleoside. 
0225. In certain embodiments, oligonucleotides of the 
invention comprise one or more block of nucleosides of a 
first type and one or more block of nucleosides of a second 
type. 
0226. In certain embodiments, one or more alternating 
regions in an alternating motif include more than a single 
nucleoside of a type. For example, oligomeric compounds of 
the present invention may include one or more regions of 
any of the following nucleoside motifs: 
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0227 Nu Nui Nui Nu Nui Nu; 
0228 Nu Nui Nui Nu Nui Nu; 
0229. Nu Nui Nui Nu Nui Nu; 
0230 Nu Nu, Nu, Nu, Nu, Nu, Nu Nui Nu; 
0231 Nu Nui Nu Nui Nui Nu; 
0232) Nu Nui Nu Nui Nu Nui Nu; 
0233 Nu Nui Nu Nui Nui Nu; 
0234 Nu Nui Nu Nui Nu Nui Nu Nui Nu Nui Nu. 
Nu Nui; 
0235 Nu, Nu Nui Nu Nui Nu Nui Nu Nui Nu. 
Nu Nui Nui Nu; or 
0236. Nu NuNu Nui Nu Nui Nu Nui Nu Nui Nu. 
Nu Nui Nui Nu; 
wherein Nu is a nucleoside of a first type and Nu is a 
nucleoside of a second type. In certain embodiments, one of 
Nu and Nu is a 2-MOE nucleoside and the other of Nu 
and Nu is a selected from: a 2'-OMe modified nucleoside, 
BNA, and an unmodified DNA or RNA nucleoside. 

2. Oligomeric Compounds 

0237. In certain embodiments, the present invention pro 
vides oligomeric compounds. In certain embodiments, oli 
gomeric compounds are comprised only of an oligonucle 
otide. In certain embodiments, an oligomeric compound 
comprises an oligonucleotide and one or more conjugate 
and/or terminal group. Such conjugate and/or terminal 
groups may be added to oligonucleotides having any of the 
chemical motifs discussed above. Thus, for example, an 
oligomeric compound comprising an oligonucleotide having 
region of alternating nucleosides may comprise a terminal 
group. 
0238 a. Certain Conjugate Groups 
0239. In certain embodiments, oligonucleotides of the 
present invention are modified by attachment of one or more 
conjugate groups. In general, conjugate groups modify one 
or more properties of the attached oligomeric compound 
including but not limited to, pharmacodynamics, pharma 
cokinetics, stability, binding, absorption, cellular distribu 
tion, cellular uptake, charge and clearance. Conjugate 
groups are routinely used in the chemical arts and are linked 
directly or via an optional conjugate linking moiety or 
conjugate linking group to a parent compound Such as an 
oligomeric compound. Such as an oligonucleotide. Conju 
gate groups includes without limitation, intercalators, 
reporter molecules, polyamines, polyamides, polyethylene 
glycols, thioethers, polyethers, cholesterols, thiocholes 
terols, cholic acid moieties, folate, lipids, phospholipids, 
biotin, phenazine, phenanthridine, anthraquinone, adaman 
tane, acridine, fluoresceins, rhodamines, coumarins and 
dyes. Certain conjugate groups have been described previ 
ously, for example: cholesterol moiety (Letsinger et al., 
Proc. Natl. Acad. Sci. USA, 1989, 86, 6553-6556), cholic 
acid (Manoharan et al., Bioorg. Med. Chem. Let., 1994, 4, 
1053-1060), a thioether, e.g., hexyl-S-tritylthiol (Manoharan 
et al., Ann. N.Y. Acad. Sci., 1992, 660, 306-309; Manoharan 
et al., Bioorg. Med. Chem. Let., 1993, 3, 2765-2770), a 
thiocholesterol (Oberhauser et al., Nucl. Acids Res., 1992, 
20, 533-538), an aliphatic chain, e.g., do-decan-diol or 
undecyl residues (Saison-Behmoaras et al., EMBO.J., 1991, 
10, 1111-1118; Kabanov et al., FEBS Lett., 1990, 259, 
327-330; Svinarchuk et al., Biochimie, 1993, 75, 49-54), a 
phospholipid, e.g., di-hexadecyl-rac-glycerol or triethyl-am 
monium 1,2-di-O-hexadecyl-rac-glycero-3-H-phosphonate 
(Manoharan et al., Tetrahedron Lett., 1995, 36, 3651-3654; 
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Shea et al., Nucl. Acids Res., 1990, 18, 3777-3783), a 
polyamine or a polyethylene glycol chain (Manoharan et al., 
Nucleosides & Nucleotides, 1995, 14,969-973), or adaman 
tane acetic acid (Manoharan et al., Tetrahedron Lett., 1995, 
36, 3651-3654), a palmityl moiety (Mishra et al., Biochim. 
Biophys. Acta, 1995, 1264. 229-237), or an octadecylamine 
or hexylamino-carbonyl-oxycholesterol moiety (Crooke et 
al., J. Pharmacol. Exp. Ther., 1996, 277, 923-937). 
0240. In certain embodiments, a conjugate group com 
prises an active drug Substance, for example, aspirin, war 
farin, phenylbutaZone, ibuprofen, Suprofen, fen-bufen, keto 
profen, (S)-(+)-pranoprofen, carprofen, dansylsarcosine, 
2,3,5-triiodobenzoic acid, flufenamic acid, folinic acid, a 
benzothiadiazide, chlorothiazide, a diazepine, indo-methi 
cin, a barbiturate, a cephalosporin, a Sulfa drug, an antidi 
abetic, an antibacterial or an antibiotic. Oligonucleotide 
drug conjugates and their preparation are described in U.S. 
patent application Ser. No. 09/334,130. 
0241 Representative U.S. patents that teach the prepara 
tion of oligonucleotide conjugates include, but are not 
limited to, U.S. Pat. Nos. 4,828,979: 4,948,882: 5,218, 105; 
5,525,465; 5,541,313; 5,545,730; 5,552,538; 5,578,717, 
5,580,731: 5,580,731: 5,591584; 5,109,124; 5,118,802: 
5,138,045; 5,414,077; 5,486,603: 5,512,439; 5,578,718; 
5,608,046; 4,587,044; 4,605,735; 4,667,025; 4,762,779; 
4,789,737; 4,824.941; 4,835,263; 4,876,335; 4,904,582: 
4,958,013; 5,082,830; 5,112,963: 5,214,136; 5,082,830; 
5,112,963: 5,214,136; 5,245,022: 5,254,469: 5,258,506; 
5,262,536; 5,272,250; 5,292,873; 5,317,098: 5,371,241, 
5,391,723; 5,416.203, 5,451,463, 5,510,475; 5,512,667; 
5,514,785: 5,565,552; 5,567,810; 5,574,142: 5,585,481; 
5,587,371; 5,595,726; 5,597,696; 5,599,923; 5,599,928 and 
5,688,941. 
0242 Conjugate groups may be attached to either or both 
ends of an oligonucleotide (terminal conjugate groups) 
and/or at any internal position. 
0243 b. Terminal Groups 
0244. In certain embodiments, oligomeric compounds 
comprise terminal groups at one or both ends. In certain 
embodiments, a terminal group may comprise any of the 
conjugate groups discussed above. In certain embodiments, 
terminal groups may comprise additional nucleosides and/or 
inverted abasic nucleosides. In certain embodiments, a ter 
minal group is a stabilizing group. 
0245. In certain embodiments, oligomeric compounds 
comprise one or more terminal stabilizing group that 
enhances properties such as for example nuclease stability. 
Included in stabilizing groups are cap structures. The terms 
“cap structure' or “terminal cap moiety, as used herein, 
refer to chemical modifications, which can be attached to 
one or both of the termini of an oligomeric compound. 
Certain Such terminal modifications protect the oligomeric 
compounds having terminal nucleic acid moieties from 
exonuclease degradation, and can help in delivery and/or 
localization within a cell. The cap can be present at the 
5'-terminus (5'-cap) or at the 3'-terminus (3'-cap) or can be 
present on both termini. (for more details see Wincott et al., 
International PCT publication No. WO97/26270; Beaucage 
and Tyer, 1993, Tetrahedron 49, 1925: U.S. Patent Applica 
tion Publication No. US 2005/0020525; and WO 03/004602. 
0246. In certain embodiments, one or more additional 
nucleosides is added to one or both terminal ends of an 
oligonucleotide of an oligomeric compound. Such additional 
terminal nucleosides are referred to herein as terminal-group 
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nucleosides. In a double-stranded compound, Such terminal 
group nucleosides are terminal (3' and/or 5') overhangs. In 
the setting of double-stranded antisense compounds, Such 
terminal-group nucleosides may or may not be complemen 
tary to a target nucleic acid. In certain embodiments, the 
terminal group is a non-nucleoside terminal group. Such 
non-terminal groups may be any terminal group other than 
a nucleoside. 
0247 c. Oligomeric Compound Motifs 
In certain embodiments, oligomeric compounds of the pres 
ent invention comprise a motif: 
T-(Nul)-(Nul).2-(Nul)-(Nul)-(Nui).s-T2, wherein: 

0248 Nu, is a nucleoside of a first type: 
0249 Nu, is a nucleoside of a second type: 
0250 each of n1 and n5 is, independently from 0 to 3: 
0251 the sum of n2 plus na is between 10 and 25; 
0252 n3 is from 0 and 5; and 
0253) each T and T is, independently, H, a hydroxyl 
protecting group, an optionally linked conjugate group 
or a capping group. 

In certain Such embodiments, the sum of n2 and na is 13 or 
14; n1 is 2; n3 is 2 or 3; and n5 is 2. In certain such 
embodiments, oligomeric compounds of the present inven 
tion comprise a motif selected from Table A. 

TABLE A 

n1 n2 n3 n4 nS 

2 16 O O 2 
2 2 3 11 2 
2 5 3 8 2 
2 8 3 5 2 
2 11 3 2 2 
2 9 3 4 2 
2 10 3 3 2 
2 3 3 10 2 
2 4 3 9 2 
2 6 3 7 2 
2 7 3 6 2 
2 8 6 2 2 
2 2 2 12 2 
2 3 2 11 2 
2 4 2 10 2 
2 5 2 9 2 
2 6 2 8 2 
2 7 2 7 2 
2 8 2 6 2 
2 9 2 5 2 
2 10 2 4 2 
2 11 2 3 2 
2 12 2 2 2 

0254 Table A is intended to illustrate, but not to limit the 
present invention. The oligomeric compounds depicted in 
Table A each comprise 20 nucleosides. Oligomeric com 
pounds comprising more or fewer nucleosides can easily by 
designed by selecting different numbers of nucleosides for 
one or more of n1-n5. In certain embodiments, Nu and Nu 
are each selected from among: 2'-MOE, 2'-OMe, DNA, and 
a bicyclic nucleoside. 

3. Antisense 

0255. In certain embodiments, oligomeric compounds of 
the present invention are antisense compounds. Accordingly, 
in Such embodiments, oligomeric compounds hybridize with 
a target nucleic acid, resulting in an antisense activity. 
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(0256 a. Hybridization 
0257. In certain embodiments, the invention provides 
antisense compounds that specifically hybridize to a target 
nucleic acid when there is a Sufficient degree of comple 
mentarity to avoid non-specific binding of the antisense 
compound to non-target nucleic acid sequences under con 
ditions in which specific binding is desired, i.e., under 
physiological conditions in the case of in vivo assays or 
therapeutic treatment, and under conditions in which assays 
are performed in the case of in vitro assays. 
0258 Thus, “stringent hybridization conditions” or 
'stringent conditions' means conditions under which an 
antisense compounds hybridize to a target sequence, but to 
a minimal number of other sequences. Stringent conditions 
are sequence-dependent and will be different in different 
circumstances, and “stringent conditions’ under which anti 
sense oligonucleotides hybridize to a target sequence are 
determined by the nature and composition of the antisense 
oligonucleotides and the assays in which they are being 
investigated. 
0259. It is understood in the art that incorporation of 
nucleotide affinity modifications may allow for a greater 
number of mismatches compared to an unmodified com 
pound. Similarly, certain nucleobase sequences may be more 
tolerant to mismatches than other nucleobase sequences. 
One of ordinary skill in the art is capable of determining an 
appropriate number of mismatches between oligonucle 
otides, or between an antisense oligonucleotide and a target 
nucleic acid, Such as by determining melting temperature 
(Tm). Tm or ATm can be calculated by techniques that are 
familiar to one of ordinary skill in the art. For example, 
techniques described in Freier et al. (Nucleic Acids 
Research, 1997, 25, 22: 4429-4443) allow one of ordinary 
skill in the art to evaluate nucleotide modifications for their 
ability to increase the melting temperature of an RNA:DNA 
duplex. 
0260 b. pre-mRNA Processing 
0261. In certain embodiments, antisense compounds pro 
vided herein are complementary to a pre-mRNA. In certain 
embodiments, such antisense compounds alter splicing of 
the pre-mRNA. In certain such embodiments, the ratio of 
one variant of a mature mRNA corresponding to a target 
pre-mRNA to another variant of that mature mRNA is 
altered. In certain Such embodiments, the ratio of one variant 
of a protein expressed from the target pre-mRNA to another 
variant of the protein is altered. Certain oligomeric com 
pounds and nucleobase sequences that may be used to alter 
splicing of a pre-mRNA may be found for example in U.S. 
Pat. No. 6,210,892; U.S. Pat. No. 5,627,274; U.S. Pat. Nos. 
5,665,593; 5,916,808; U.S. Pat. No. 5,976,879; US2006/ 
0172962; US2007/002390; US2005/0074801; US2007/ 
0105807; US2005/0054836; WO 2007/090073; WO2007/ 
047913, Hua et al., PLoS Biol 5(4):e73; Vickers et al., J. 
Immunol. 2006 Mar. 15; 176(6):3652-61; and Hua et al., 
American J. of Human Genetics (April 2008) 82, 1-15, each 
of which is hereby incorporated by reference in its entirety 
for any purpose. In certain embodiments antisense 
sequences that alter splicing are modified according to 
motifs of the present invention. 
0262 Antisense is an effective means for modulating the 
expression of one or more specific gene products and is 
uniquely useful in a number of therapeutic, diagnostic, and 
research applications. Provided herein are antisense com 
pounds useful for modulating gene expression via antisense 
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mechanisms of action, including antisense mechanisms 
based on target occupancy. In one aspect, the antisense 
compounds provided herein modulate splicing of a target 
gene. Such modulation includes promoting or inhibiting 
exon inclusion. Further provided herein are antisense com 
pounds targeted to cis splicing regulatory elements present 
in pre-mRNA molecules, including exonic splicing enhanc 
ers, exonic splicing silencers, intronic splicing enhancers 
and intronic splicing silencers. Disruption of cis splicing 
regulatory elements is thought to alter splice site selection, 
which may lead to an alteration in the composition of splice 
products. 
0263. Processing of eukaryotic pre-mRNAs is a complex 
process that requires a multitude of signals and protein 
factors to achieve appropriate mRNA splicing. Exon defi 
nition by the spliceosome requires more than the canonical 
splicing signals which define intron-exon boundaries. One 
Such additional signal is provided by cis-acting regulatory 
enhancer and silencer sequences. Exonic splicing enhancers 
(ESE), exonic splicing silencers (ESS), intronic splicing 
enhancers (ISE) and intron splicing silencers (ISS) have 
been identified which either repress or enhance usage of 
splice donor sites or splice acceptor sites, depending on their 
site and mode of action (Yeo et al. 2004, Proc. Natl. Acad. 
Sci. U.S.A. 101 (44): 15700-15705). Binding of specific pro 
teins (trans factors) to these regulatory sequences directs the 
splicing process, either promoting or inhibiting usage of 
particular splice sites and thus modulating the ratio of 
splicing products (Scamborova et al. 2004, Mol. Cell. Biol. 
24(5):1855-1869: Hovhannisyan and Carstens, 2005, Mol. 
Cell. Biol. 25(1):250-263; Minovitsky et al. 2005, Nucleic 
Acids Res. 33(2):714-724). 

4. Pharmaceutical Compositions 
0264. In certain embodiments, the present invention pro 
vides pharmaceutical compositions comprising one or more 
antisense compound. In certain embodiments. Such pharma 
ceutical composition comprises a sterile Saline solution and 
one or more antisense compound. In certain embodiments, 
Such pharmaceutical composition consists of a sterile saline 
Solution and one or more antisense compound. 
0265. In certain embodiments, antisense compounds may 
be admixed with pharmaceutically acceptable active and/or 
inert Substances for the preparation of pharmaceutical com 
positions or formulations. Compositions and methods for the 
formulation of pharmaceutical compositions depend on a 
number of criteria, including, but not limited to, route of 
administration, extent of disease, or dose to be administered. 
0266. In certain embodiments antisense compounds, can 
be utilized in pharmaceutical compositions by combining 
Such oligomeric compounds with a suitable pharmaceuti 
cally acceptable diluent or carrier. A pharmaceutically 
acceptable diluent includes phosphate-buffered saline 
(PBS). PBS is a diluent suitable for use in compositions to 
be delivered parenterally. Accordingly, in certain embodi 
ments, employed in the methods described herein is a 
pharmaceutical composition comprising an antisense com 
pound and a pharmaceutically acceptable diluent. In certain 
embodiments, the pharmaceutically acceptable diluent is 
PBS. 
0267 Pharmaceutical compositions comprising antisense 
compounds encompass any pharmaceutically acceptable 
salts, esters, or salts of Such esters. In certain embodiments, 
pharmaceutical compositions comprising antisense com 

20 
Feb. 16, 2017 

pounds comprise one or more oligonucleotide which, upon 
administration to an animal, including a human, is capable 
of providing (directly or indirectly) the biologically active 
metabolite or residue thereof. Accordingly, for example, the 
disclosure is also drawn to pharmaceutically acceptable salts 
of antisense compounds, prodrugs, pharmaceutically accept 
able salts of Such prodrugs, and other bioeduivalents. Suit 
able pharmaceutically acceptable salts include, but are not 
limited to, Sodium and potassium salts. 
0268 A prodrug can include the incorporation of addi 
tional nucleosides at one or both ends of an oligomeric 
compound which are cleaved by endogenous nucleases 
within the body, to form the active antisense oligomeric 
compound. 
0269 Lipid-based vectors have been used in nucleic acid 
therapies in a variety of methods. For example, in one 
method, the nucleic acid is introduced into preformed lipo 
Somes or lipoplexes made of mixtures of cationic lipids and 
neutral lipids. In another method, DNA complexes with 
mono- or poly-cationic lipids are formed without the pres 
ence of a neutral lipid. 
0270 Certain preparations are described in Akinc et al., 
Nature Biotechnology 26, 561-569 (1 May 2008), which is 
herein incorporated by reference in its entirety. 

5. Administration to a Subject 
0271 In certain embodiments, pharmaceutical composi 
tions comprising one or more antisense compound are 
administered to a subject. In certain embodiments, such 
pharmaceutical compositions are administered by injection. 
In certain embodiments, such pharmaceutical compositions 
are administered by infusion. 
0272. In certain embodiments, pharmaceutical composi 
tions are administered by injection or infusion into the CSF. 
In certain Such embodiments, pharmaceutical compositions 
are administered by direct injection or infusion into the 
spine. In certain embodiments, pharmaceutical compositions 
are administered by injection or infusion into the brain. In 
certain embodiments, pharmaceutical compositions are 
administered by intrathecal injection or infusion rather than 
into the spinal cord tissue itself. Without being limited as to 
theory, in certain embodiments, the antisense compound 
released into the Surrounding CSF and may penetrate into 
the spinal cord parenchyma. An additional advantage of 
intrathecal delivery is that the intrathecal route mimics 
lumbar puncture administration (i.e., spinal tap) already in 
routine use in humans. 
0273. In certain embodiments, pharmaceutical composi 
tions are administered by intracerebroventricular (ICV) 
injection or infusion. Intracerebroventricular, or intraven 
tricular, delivery of a pharmaceutical composition compris 
ing one or more antisense compounds may be performed in 
any one or more of the brain's ventricles, which are filled 
with cerebrospinal fluid (CSF). CSF is a clear fluid that fills 
the Ventricles, is present in the Subarachnoid space, and 
surrounds the brain and spinal cord. CSF is produced by the 
choroid plexuses and via the weeping or transmission of 
tissue fluid by the brain into the ventricles. The choroid 
plexus is a structure lining the floor of the lateral ventricle 
and the roof of the third and fourth ventricles. Certain 
studies have indicated that these structures are capable of 
producing 400-600 ccs of fluid per day consistent with an 
amount to fill the central nervous system spaces four times 
in a day. In adult humans, the volume of this fluid has been 
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calculated to be from 125 to 150 ml (4-5 oz). The CSF is in 
continuous formation, circulation and absorption. Certain 
studies have indicated that approximately 430 to 450 ml 
(nearly 2 cups) of CSF may be produced every day. Certain 
calculations estimate that production equals approximately 
0.35 ml per minute in adults and 0.15 per minute in infant 
humans. The choroid plexuses of the lateral ventricles 
produce the majority of CSF. It flows through the foramina 
of Monro into the third ventricle where it is added to by 
production from the third ventricle and continues down 
through the aqueduct of Sylvius to the fourth ventricle. The 
fourth ventricle adds more CSF; the fluid then travels into 
the Subarachnoid space through the foramina of Magendie 
and Luschka. It then circulates throughout the base of the 
brain, down around the spinal cord and upward over the 
cerebral hemispheres. The CSF empties into the blood via 
the arachnoid villi and intracranial vascular sinuses. 
0274. In certain embodiments, such pharmaceutical com 
positions are administered systemically. In certain embodi 
ments, pharmaceutical compositions are administered Sub 
cutaneously. In certain embodiments, pharmaceutical 
compositions are administered intravenously. In certain 
embodiments, pharmaceutical compositions are adminis 
tered by intramuscular injection. 
0275. In certain embodiments, pharmaceutical composi 
tions are administered both directly to the CSF (e.g., IT 
and/or ICV injection and/or infusion) and systemically. 
0276. In certain embodiments, an antisense compound 
administered systemically enters neurons. In certain 
embodiments, systemically administered antisense com 
pounds may penetrate the blood-brain barrier, particularly in 
young subjects where the blood-brain barrier is not fully 
formed (e.g., in Subjects in eutero and/or in newborn Sub 
jects). In certain embodiments, some amount of systemically 
administered antisense compound may be taken up by nerve 
cells, even in subjects in which the blood-brain barrier is 
fully formed. For example, antisense compounds may enter 
a neuron at or near the neuromuscular junction (retrograde 
uptake). In certain embodiments, such retrograde uptake 
results in antisense activity inside the neuron, including, but 
not limited to, a motor neuron, and provides a therapeutic 
benefit by antisense activity inside the neuron. 
0277. In certain embodiments, systemic administration 
provides therapeutic benefit by antisense activity occurring 
in cells and/or tissues other than neurons. While evidence 
Suggests that functional SMN inside neurons is required for 
normal neuron function, the consequence of reduced func 
tional SMN in other cells and tissues is not well character 
ized. In certain embodiments, antisense activity in non 
neuronal cells results in restoration of SMN function in 
those non-neuronal cells, which in turn results in therapeutic 
benefit. 

0278. In certain embodiments, improved SMN function 
in non-neuronal cells provides improved neuronal cell func 
tion, whether or not SMN function inside neurons is 
improved. For example, in certain embodiments, systemic 
administration of pharmaceutical compositions of the pres 
ent invention results in antisense activity in muscle cells. 
Such antisense activity in muscle cells may provide a benefit 
to the motor-neurons associated with that muscle cell or to 
neurons generally. In such embodiments, the muscle cell 
having restored SMN function may provide a factor that 
improves neuronal viability and/or function. In certain 
embodiments. Such antisense activity is independent of 
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benefit from antisense activity occurring from antisense 
compounds inside neurons. In certain embodiments, sys 
temic administration of pharmaceutical compositions of the 
present invention results in antisense activity in other non 
neuronal cells, including cells not in immediate association 
with neurons. Such antisense activity in non-neuronal cells 
may improve function of neurons. For example, antisense 
activity in a non-neuronal cell (e.g., liver cell) may result in 
that cell producing a factor that improves function of neu 
rons. Note: since the term “antisense activity” includes 
direct and indirect activities, a benefit to neuronal function 
is an “antisense activity” even if no antisense compound 
enters the neuron. 

0279. In certain embodiments, systemic administration of 
a pharmaceutical composition results in therapeutic benefit 
independent of direct or indirect antisense activities in 
neurons. Typically, in the setting of SMA, neuronal function 
is diminished, resulting in significant symptoms. Additional 
symptoms may result from diminished SMN activity in 
other cells. Certain Such symptoms may be masked by the 
relative severity of symptoms from diminished neuronal 
function. In certain embodiments, systemic administration 
results in restored or improved SMN function in non 
neuronal cells. In certain Such embodiments, such restored 
or improved SMN function in non-neuronal cells has thera 
peutic benefit. For example, in certain instances, Subjects 
having SMA have reduced growth. Such reduced growth 
may not result from diminished function in neuronal cells. 
Indeed, reduced growth may be related to impaired function 
of cells in another organ, such as the pituitary gland, and/or 
may be the result of SMN deficiencies throughout the cells 
of the body. In Such embodiments, systemic administration 
may result in improved SMN activity in pituitary cells 
and/or other cells, resulting in improved growth. In certain 
instances, administration to the CSF restores sufficient neu 
ronal function to allow a subject to live longer, however one 
or more symptoms previously unknown because Subjects 
typically died before such symptoms appeared emerges, 
because the Subject lives longer. Certain such emergent 
symptoms may be lethal. In certain embodiments, emergent 
symptoms are treated by Systemic administration. Regard 
less of mechanism, in certain embodiments, a variety of 
symptoms of SMA, including, but not limited to symptoms 
previously masked by more severe symptoms associated 
with impaired neuronal function, may be treated by systemic 
administration. 

0280. In certain embodiments, systemic administration of 
pharmaceutical compositions of the present invention result 
in increased SMN activity in muscle cells. In certain 
embodiments, such improved SMN activity in muscle cells 
provides therapeutic benefit. Improved SMN activity in 
muscle alone has been reported to be insufficient to provide 
therapeutic benefit (e.g., Gravrilina, et al., Hum Mol Genet 
2008 17(8):1063-1075). In certain embodiments, the present 
invention provides methods that result improve SMN func 
tion in muscle and do provide therapeutic benefit. In certain 
instances, therapeutic benefit may be attributable to 
improved SMN function in other cells (alone or in combi 
nation with muscle cells). In certain embodiments, improved 
SMN function in muscle alone may provide benefit. 
0281. In certain embodiments, systemic administration 
results in improved survival. 
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6. Spinal Muscular Atrophy (SMA) 
0282. SMA is a genetic disorder characterized by degen 
eration of spinal motor neurons. SMA is caused by the 
homozygous loss of both functional copies of the SMN1 
gene. However, the SMN2 gene has the potential to code for 
the same protein as SMN1 and thus overcome the genetic 
defect of SMA patients. SMN2 contains a translationally 
silent mutation (C->T) at position+6 of exon 7, which 
results in inefficient inclusion of exon 7 in SMN2 transcripts. 
Therefore, the predominant form of SMN2, one which lacks 
exon 7, is unstable and inactive. Thus, therapeutic com 
pounds capable of modulating SMN2 splicing such that the 
percentage of SMN2 transcripts containing exon 7 is 
increased, would be useful for the treatment of SMA. 
0283. In certain embodiments, the present invention pro 
vides antisense compounds complementary to a pre-mRNA 
encoding SMN2. In certain such embodiments, the antisense 
compound alters splicing of SMN2. Certain sequences and 
regions useful for altering splicing of SMN2 may be found 
in PCT/US06/024469, which is hereby incorporated by 
reference in its entirety for any purpose. In certain embodi 
ments, oligomeric compounds having any motif described 
herein have a nucleobase sequence complementary to intron 
7 of SMN2. Certain such nucleobase sequences are exem 
plified in the non-limiting table below. 

Sequence Length SEQ ID 

TGCTGGCAGACTTAC 5 3 

CATAATGCTGGCAGA 5 4. 

TCATAATGCTGGCAG 5 5 

TTCATAATGCTGGCA 5 6 

TTTCATAATGCTGGC 5 2 

ATTCACTTTCATAATGCTGG 2O 7 

TCACTTTCATAATGCTGG 8 1. 

CTTTCATAATGCTGG 5 8 

TCATAATGCTGG 2 9 

ACTTTCATAATGCTG 5 O 

TTCATAATGCTG 2 1. 

CACTTTCATAATGCT 5 2 

TTTCATAATGCT 2 3 

TCACTTTCATAATGC 5 4. 

CTTTCATAATGC 2 5 

TTCACTTTCATAATG 5 6 

ACTTTCATAATG 2 7 

ATTCACTTTCATAAT 5 8 

CACTTTCATAAT 2 9 

GATTCACTTTCATAA 5 2O 

TCACTTTCATAA 2 21 

TTCACTTTCATA 2 22 
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- Continued 

Sequence Length SEQ ID 

ATTCACTTTCAT 12 23 

AGTAAGATTCACTTT 15 24 

0284 Antisense compounds of the present invention can 
be used to modulate the expression of SMN2 in a subject, 
Such as a human. In certain embodiments, the Subject has 
spinal muscular atrophy. In certain such subjects, the SMN1 
gene is absent or otherwise fails to produce Sufficient 
amounts of functional SMN protein. In certain embodi 
ments, the antisense compounds of the present invention 
effectively modulate splicing of SMN2, resulting in an 
increase in exon 7 inclusion in SMN2 mRNA and ultimately 
in SMN2 protein that includes the amino acids correspond 
ing to exon 7. Such alternate SMN2 protein resembles 
wild-type SMN protein. Antisense compounds of the present 
invention that effectively modulate expression of SMN2 
mRNA or protein products of expression are considered 
active antisense compounds. 
0285 Modulation of expression of SMN2 can be mea 
Sured in a bodily fluid, which may or may not contain cells; 
tissue; or organ of the animal. Methods of obtaining samples 
for analysis, Such as body fluids (e.g., sputum, serum, CSF), 
tissues (e.g., biopsy), or organs, and methods of preparation 
of the samples to allow for analysis are well known to those 
skilled in the art. Methods for analysis of RNA and protein 
levels are discussed above and are well known to those 
skilled in the art. The effects of treatment can be assessed by 
measuring biomarkers associated with the target gene 
expression in the aforementioned fluids, tissues or organs, 
collected from an animal contacted with one or more com 
pounds of the invention, by routine clinical methods known 
in the art. 
0286 Methods whereby bodily fluids, organs or tissues 
are contacted with an effective amount of one or more of the 
antisense compounds or compositions of the invention are 
also contemplated. Bodily fluids, organs or tissues can be 
contacted with one or more of the compounds of the 
invention resulting in modulation of SMN2 expression in the 
cells of bodily fluids, organs or tissues. An effective amount 
can be determined by monitoring the modulatory effect of 
the antisense compound or compounds or compositions on 
target nucleic acids or their products by methods routine to 
the skilled artisan. 
0287. The invention also provides an antisense com 
pound as described herein, for use in any of the methods as 
described herein. For example, the invention provides an 
antisense compound comprising an antisense oligonucle 
otide complementary to a nucleic acid encoding human 
SMN2, for use in treating a disease or condition associated 
with survival motor neuron protein (SMN), such as spinal 
muscular atrophy (SMA). As a further example, the inven 
tion provides an antisense compound comprising an anti 
sense oligonucleotide complementary to a nucleic acid 
encoding human SMN2, for use in treating a disease or 
condition associated with Survival motor neuron protein 
(SMN) by administering the antisense compound directly 
into the central nervous system (CNS) or CSF. 
0288 The invention also provides the use of an antisense 
compound as described herein in the manufacture of a 
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medicament for use in any of the methods as described 
herein. For example, the invention provides the use of an 
antisense compound comprising an antisense oligonucle 
otide complementary to a nucleic acid encoding human 
SMN2 in the manufacture of a medicament for treating a 
disease or condition associated with Survival motor neuron 
protein (SMN), such as spinal muscular atrophy (SMA). As 
a further example, the invention provides the use of an 
antisense compound comprising an antisense oligonucle 
otide complementary to a nucleic acid encoding human 
SMN2 in the manufacture of a medicament for treating a 
disease or condition associated with Survival motor neuron 
protein (SMN) by administration of the medicament directly 
into the central nervous system (CNS) or CSF. 
0289. In certain embodiments, oligomeric compounds 
having any motif described herein have a nucleobase 
sequence complementary to exon 7 of SMN2. 
0290. In certain embodiments, oligomeric compounds 
having any motif described herein have a nucleobase 
sequence complementary to intron 6 of SMN2. 
0291. In certain embodiments, an antisense compound 
comprises an antisense oligonucleotide having a nucleobase 
sequence comprising at least 10 nucleobases of the 
sequence: TCACTTTCATAATGCTGG (SEQID NO: 1). In 
certain embodiments, an antisense oligonucleotide has a 
nucleobase sequence comprising at least 11 nucleobases of 
Such sequence. In certain embodiments, an antisense oligo 
nucleotide has a nucleobase sequence comprising at least 12 
nucleobases of such sequence. In certain embodiments, an 
antisense oligonucleotide has a nucleobase sequence com 
prising at least 13 nucleobases of Such sequence. In certain 
embodiments, an antisense oligonucleotide has a nucleobase 
sequence comprising at least 14 nucleobases of Such 
sequence. In certain embodiments, an antisense oligonucle 
otide has a nucleobase sequence comprising at least 15 
nucleobases of Such sequence. In certain embodiments, an 
antisense oligonucleotide has a nucleobase sequence com 
prising at least 16 nucleobases of Such sequence. In certain 
embodiments, an antisense oligonucleotide has a nucleobase 
sequence comprising at least 17 nucleobases of Such 
sequence. In certain embodiments, an antisense oligonucle 
otide has a nucleobase sequence comprising the nucleobases 
of Such sequence. In certain embodiments, an antisense 
oligonucleotide has a nucleobase sequence consisting of the 
nucleobases of Such sequence. In certain embodiments, an 
antisense oligonucleotide consists of 10-18 linked nucleo 
sides and has a nucleobase sequence 100% identical to an 
equal-length portion of the sequence: TCACTTTCATAAT 
GCTGG (SEQ ID NO: 1). 
0292. In certain embodiments, a compound comprises a 
modified oligonucleotide having a nucleobase sequence that 
consists of SEQ ID NO: 1. In certain embodiments, a 
compound comprises a modified oligonucleotide having a 
nucleobase sequence that consists of SEQ ID NO: 2. In 
certain embodiments, a compound comprises a modified 
oligonucleotide having a nucleobase sequence that consists 
of SEQ ID NO: 3. In certain embodiments, a compound 
comprises a modified oligonucleotide having a nucleobase 
sequence that consists of SEQID NO: 4. In certain embodi 
ments, a compound comprises a modified oligonucleotide 
having a nucleobase sequence that consists of SEQID NO: 
5. In certain embodiments, a compound comprises a modi 
fied oligonucleotide having a nucleobase sequence that 
consists of SEQ ID NO: 6. In certain embodiments, a 
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compound comprises a modified oligonucleotide having a 
nucleobase sequence that consists of SEQ ID NO: 7. In 
certain embodiments, a compound comprises a modified 
oligonucleotide having a nucleobase sequence that consists 
of SEQ ID NO: 8. In certain embodiments, a compound 
comprises a modified oligonucleotide having a nucleobase 
sequence that consists of SEQID NO: 9. In certain embodi 
ments, a compound comprises a modified oligonucleotide 
having a nucleobase sequence that consists of SEQID NO: 
10. In certain embodiments, a compound comprises a modi 
fied oligonucleotide having a nucleobase sequence that 
consists of SEQ ID NO: 11. In certain embodiments, a 
compound comprises a modified oligonucleotide having a 
nucleobase sequence that consists of SEQ ID NO: 12. In 
certain embodiments, a compound comprises a modified 
oligonucleotide having a nucleobase sequence that consists 
of SEQ ID NO: 13. In certain embodiments, a compound 
comprises a modified oligonucleotide having a nucleobase 
sequence that consists of SEQ ID NO: 14. In certain 
embodiments, a compound comprises a modified oligo 
nucleotide having a nucleobase sequence that consists of 
SEQ ID NO: 15. In certain embodiments, a compound 
comprises a modified oligonucleotide having a nucleobase 
sequence that consists of SEQ ID NO: 16. In certain 
embodiments, a compound comprises a modified oligo 
nucleotide having a nucleobase sequence that consists of 
SEQ ID NO: 17. In certain embodiments, a compound 
comprises a modified oligonucleotide having a nucleobase 
sequence that consists of SEQ ID NO: 18. In certain 
embodiments, a compound comprises a modified oligo 
nucleotide having a nucleobase sequence that consists of 
SEQ ID NO: 19. In certain embodiments, a compound 
comprises a modified oligonucleotide having a nucleobase 
sequence that consists of SEQ ID NO. 20. In certain 
embodiments, a compound comprises a modified oligo 
nucleotide having a nucleobase sequence that consists of 
SEQ ID NO: 21. In certain embodiments, a compound 
comprises a modified oligonucleotide having a nucleobase 
sequence that consists of SEQ ID NO: 22. In certain 
embodiments, a compound comprises a modified oligo 
nucleotide having a nucleobase sequence that consists of 
SEQ ID NO. 23. In certain embodiments, a compound 
comprises a modified oligonucleotide having a nucleobase 
sequence that consists of SEQ ID NO: 24. In certain 
embodiments, a compound comprises a modified oligo 
nucleotide having a nucleobase sequence that consists of 
SEQ ID NO: 26. In certain embodiments, a compound 
comprises a modified oligonucleotide having a nucleobase 
sequence that consists of SEQ ID NO: 27. 
0293. A compound comprising Isis 449320. A compound 
comprising Isis 4493.23. A compound comprising Isis 
605918. A compound comprising Isis 605919. A compound 
comprising Isis 663006. A compound comprising Isis 
663007. A compound comprising Isis 663008. A compound 
comprising Isis 663009. A compound comprising Isis 
663010. A compound comprising Isis 663011. A compound 
comprising Isis 663012. A compound comprising Isis 
663013. A compound comprising Isis 663014. A compound 
comprising Isis 663015. A compound comprising Isis 
663016. A compound comprising Isis 663017. A compound 
comprising Isis 663018. A compound comprising Isis 
663019. A compound comprising Isis 669541. A compound 
comprising Isis 710554. A compound comprising Isis 
710555. A compound comprising Isis 710556. A compound 
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comprising Isis 710557. A compound comprising Isis 
710558. A compound comprising Isis 449321. A compound 
comprising Isis 449322. A compound comprising Isis 
710543. A compound comprising Isis 710544. A compound 
comprising Isis 710548. A compound comprising Isis 
710549. A compound comprising Isis 710550. A compound 
comprising Isis 710551. A compound comprising Isis 
710552. A compound comprising Isis 710553. A compound 
comprising Isis 758133. A compound comprising Isis 
758134. A compound comprising Isis 758135. A compound 
comprising Isis 758136. A compound comprising Isis 
758137. A compound comprising Isis 758138. A compound 
comprising Isis 758.139. A compound comprising Isis 
758140. A compound comprising Isis 494323. 
0294. A compound consisting of Isis 449320. A com 
pound consisting of Isis 4493.23. A compound consisting of 
Isis 605918. A compound consisting of Isis 605919. A 
compound consisting of Isis 663006. A compound consist 
ing of Isis 663007. A compound consisting of Isis 663008. 
A compound consisting of Isis 663009. A compound con 
sisting of Isis 663010. A compound consisting of Isis 
663011. A compound consisting of Isis 663012. A com 
pound consisting of Isis 663013. A compound consisting of 
Isis 663014. A compound consisting of Isis 663015. A 
compound consisting of Isis 663016. A compound consist 
ing of Isis 663017. A compound consisting of Isis 663018. 
A compound consisting of Isis 663019. A compound con 
sisting of Isis 669541. A compound consisting of Isis 
710554. A compound consisting of Isis 710555. A com 
pound consisting of Isis 710556. A compound consisting of 
Isis 710557. A compound consisting of Isis 710558. A 
compound consisting of Isis 449321. A compound consist 
ing of Isis 449322. A compound consisting of Isis 710543. 
A compound consisting of Isis 710544. A compound con 
sisting of Isis 710548. A compound consisting of Isis 
710549. A compound consisting of Isis 710550. A com 
pound consisting of Isis 710551. A compound consisting of 
Isis 710552. A compound consisting of Isis 710553. A 
compound consisting of Isis 758133. A compound consist 
ing of Isis 758134. A compound consisting of Isis 758135. 
A compound consisting of Isis 758.136. A compound con 
sisting of Isis 758137. A compound consisting of Isis 
758138. A compound consisting of Isis 758 139. A com 
pound consisting of Isis 758.140. A compound consisting of 
Isis 494323. 

7. Certain Subjects 
0295. In certain embodiments, a subject has one or more 
indicator of SMA. In certain embodiments, the subject has 
reduced electrical activity of one or more muscles. In certain 
embodiments, the subject has a mutant SMN1 gene. In 
certain embodiment, the subjects SMN1 gene is absent or 
incapable of producing functional SMN protein. In certain 
embodiments, the Subject is diagnosed by a genetic test. In 
certain embodiments, the subject is identified by muscle 
biopsy. In certain embodiments, a Subject is unable to sit 
upright. In certain embodiments, a subject is unable to stand 
or walk. In certain embodiments, a Subject requires assis 
tance to breathe and/or eat. In certain embodiment, a subject 
is identified by electrophysiological measurement of muscle 
and/or muscle biopsy. 
0296. In certain embodiments, the subject has SMA type 

I. In certain embodiments, the subject has SMA type II. In 
certain embodiments, the subject has SMA type III. In 
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certain embodiments, the Subject is diagnosed as having 
SMA in utero. In certain embodiments, the subject is diag 
nosed as having SMA within one week after birth. In certain 
embodiments, the Subject is diagnosed as having SMA 
within one month of birth. In certain embodiments, the 
Subject is diagnosed as having SMA by 3 months of age. In 
certain embodiments, the Subject is diagnosed as having 
SMA by 6 months of age. In certain embodiments, the 
Subject is diagnosed as having SMA by 1 year of age. In 
certain embodiments, the Subject is diagnosed as having 
SMA between 1 and 2 years of age. In certain embodiments, 
the subject is diagnosed as having SMA between 1 and 15 
years of age. In certain embodiments, the Subject is diag 
nosed as having SMA when the subject is older than 15 years 
of age. 
0297. In certain embodiments, the first dose of a phar 
maceutical composition according to the present invention is 
administered in utero. In certain such embodiments, the first 
dose is administered before complete development of the 
blood-brain-barrier. In certain embodiments, the first dose is 
administered to the Subject in utero systemically. In certain 
embodiments, the first dose is administered in utero after 
formation of the blood-brain-barrier. In certain embodi 
ments, the first dose is administered to the CSF. 
0298. In certain embodiments, the first dose of a phar 
maceutical composition according to the present invention is 
administered when the subject is less than one week old. In 
certain embodiments, the first dose of a pharmaceutical 
composition according to the present invention is adminis 
tered when the subject is less than one month old. In certain 
embodiments, the first dose of a pharmaceutical composition 
according to the present invention is administered when the 
Subject is less than 3 months old. In certain embodiments, 
the first dose of a pharmaceutical composition according to 
the present invention is administered when the Subject is less 
than 6 months old. In certain embodiments, the first dose of 
a pharmaceutical composition according to the present 
invention is administered when the Subject is less than one 
year old. In certain embodiments, the first dose of a phar 
maceutical composition according to the present invention is 
administered when the subject is less than 2 years old. In 
certain embodiments, the first dose of a pharmaceutical 
composition according to the present invention is adminis 
tered when the subject is less than 15 years old. In certain 
embodiments, the first dose of a pharmaceutical composition 
according to the present invention is administered when the 
subject is older than 15 years old. 

8. Certain Doses 

0299. In certain embodiments, the present invention pro 
vides dose amounts and frequencies. In certain embodi 
ments, pharmaceutical compositions are administered as a 
bolus injection. In certain Such embodiments, the dose of the 
bolus injection is from 0.01 to 25 milligrams of antisense 
compound per kilogram body weight of the Subject. In 
certain Such embodiments, the dose of the bolus injection is 
from 0.01 to 10 milligrams of antisense compound per 
kilogram body weight of the Subject. In certain embodi 
ments, the dose is from 0.05 to 5 milligrams of antisense 
compound per kilogram body weight of the Subject. In 
certain embodiments, the dose is from 0.1 to 2 milligrams of 
antisense compound per kilogram body weight of the Sub 
ject. In certain embodiments, the dose is from 0.5 to 1 
milligrams of antisense compound per kilogram body 
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weight of the Subject. In certain embodiments, such doses 
are administered twice monthly. In certain embodiments, 
Such doses are administered every month. In certain embodi 
ments, such doses are administered every 2 months. In 
certain embodiments, such doses are administered every 6 
months. In certain embodiments, such doses are adminis 
tered by bolus injection into the CSF. In certain embodi 
ments, such doses are administered by intrathecal bolus 
injection. In certain embodiments, such doses are adminis 
tered by bolus systemic injection (e.g., Subcutaneous, intra 
muscular, or intravenous injection). In certain embodiments, 
subjects receive bolus injections into the CSF and bolus 
systemic injections. In such embodiments, the doses of the 
CSF bolus and the systemic bolus may be the same or 
different from one another. In certain embodiments, the CSF 
and systemic doses are administered at different frequencies. 
In certain embodiments, the invention provides a dosing 
regimen comprising at least one bolus intrathecal injection 
and at least one bolus Subcutaneous injection. 
0300. In certain embodiments, pharmaceutical composi 
tions are administered by continuous infusion. Such con 
tinuous infusion may be accomplished by an infusion pump 
that delivers pharmaceutical compositions to the CSF. In 
certain embodiments, such infusion pump delivers pharma 
ceutical composition IT or ICV. In certain such embodi 
ments, the dose administered is between 0.05 and 25 milli 
grams of antisense compound per kilogram body weight of 
the Subject per day. In certain embodiments, the dose admin 
istered is from 0.1 to 10 milligrams of antisense compound 
per kilogram body weight of the Subject per day. In certain 
embodiments, the dose administered is from 0.5 to 10 
milligrams of antisense compound per kilogram body 
weight of the Subject per day. In certain embodiments, the 
dose administered is from 0.5 to 5 milligrams of antisense 
compound per kilogram body weight of the Subject per day. 
In certain embodiments, the dose administered is from 1 to 
5 milligrams of antisense compound per kilogram body 
weight of the Subject per day. In certain embodiments, the 
invention provides a dosing regimen comprising infusion 
into the CNS and at least one bolus systemic injection. In 
certain embodiments, the invention provides a dosing regi 
men comprising infusion into the CNS and at least one bolus 
Subcutaneous injection. In certain embodiments, the dose, 
whether by bolus or infusion, is adjusted to achieve or 
maintain a concentration of antisense compound from 0.1 to 
100 microgram per gram of CNS tissue. In certain embodi 
ments, the dose, whether by bolus or infusion, is adjusted to 
achieve or maintain a concentration of antisense compound 
from 1 to 10 microgram per gram of CNS tissue. In certain 
embodiments, the dose, whether by bolus or infusion, is 
adjusted to achieve or maintain a concentration of antisense 
compound from 0.1 to 1 microgram per gram of CNS tissue. 
0301 In certain embodiments, dosing a subject is divided 
into an induction phase and a maintenance phase. In certain 
Such embodiments, the dose administered during the induc 
tion phase is greater than the dose administered during the 
maintenance phase. In certain embodiments, the dose 
administered during the induction phase is less than the dose 
administered during the maintenance phase. In certain 
embodiments, the induction phase is achieved by bolus 
injection and the maintenance phase is achieved by continu 
ous infusion. 

0302) In certain embodiments, the invention provides 
systemic administration of antisense compounds, either 
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alone or in combination with delivery into the CSF. In 
certain embodiments, the dose for systemic administration is 
from 0.1 mg/kg to 200 mg/kg. In certain embodiments, the 
dose for systemic administration is from 0.1 mg/kg to 100 
mg/kg. In certain embodiments, the dose for systemic 
administration is from 0.5 mg/kg to 100 mg/kg. In certain 
embodiments, the dose for systemic administration is from 
1 mg/kg to 100 mg/kg. In certain embodiments, the dose for 
systemic administration is from 1 mg/kg to 50 mg/kg. In 
certain embodiments, the dose for systemic administration is 
from 1 mg/kg to 25 mg/kg. In certain embodiments, the dose 
for systemic administration is from 0.1 mg/kg to 25 mg/kg. 
In certain embodiments, the dose for systemic administra 
tion is from 0.1 mg/kg to 10 mg/kg. In certain embodiments, 
the dose for systemic administration is from 1 mg/kg to 10 
mg/kg. In certain embodiments, the dose for systemic 
administration is from 1 mg/kg to 5 mg/kg. In certain 
embodiments comprising both systemic and CSF delivery, 
the doses for those two routes are independently determined. 
O303 
0304. In certain embodiments, the subject is a human. In 
certain embodiments, a human dose is calculated or esti 
mated from data from animal experiments. Such as those 
described herein. In certain embodiments, a human dose is 
calculated or estimated from data from monkey and/or 
mouse experiments, such as those described herein. In 
certain embodiments, a human dose is calculated or esti 
mated from data from mouse experiments, such as those 
described herein. In certain embodiments, appropriate 
human doses can be calculated using pharmacokinetic data 
from mouse along with knowledge of brain weight and/or 
cerebrospinal fluid (CSF) turnover rates. For example, the 
mouse brain weight is approximately 0.4 g, which is 
approximately 2% of its body weight. In humans, the 
average brain weight is 1.5 kg which is approximately 2.5% 
of body weight. In certain embodiments, administration into 
the CSF results in elimination of a portion of the compound 
through uptake in brain tissue and Subsequent metabolism. 
By using the ratio of human to mouse brain weight as a 
Scaling factor an estimate of the elimination and clearance 
through the brain tissue can be calculated. Additionally, the 
CSF turnover rate can be used to estimate elimination of 
compound from the CSF to blood. Mouse CSF turnover rate 
is approximately 10-12 times per day (0.04 mL produced at 
0.325 ul/min). Human CSF turnover rate is approximately 4 
times per day (100-160 mL produced at 350-400 ul/min). 
Clearance, and therefore dosing requirements, can be based 
on brain weight elimination scaling, and/or the CSF turnover 
Scaling. The extrapolated human CSF clearance can be used 
to estimate equivalent doses in humans that approximate 
doses in mice. In this way, human doses can be estimated 
that account for differences in tissue metabolism based on 
brain weight and CSF turnover rates. Such methods of 
calculation and estimate are known to those skilled in the art. 

0305. By way of non-limiting example, in certain 
embodiments, an equivalent human dose can be estimated 
from a desired mouse dose by multiplying the mg/kg mouse 
dose by a factor from about 0.25 to about 1.25 depending on 
the determined clearance and elimination of a particular 
compound. Thus, for example, in certain embodiments, a 
human dose equivalent of a 0.01 mg dose for a 20 g mouse 
will range from about 8.75 mg to about 43.75 mg total dose 
for a 70 kg human. Likewise, in certain embodiments, a 
human dose equivalent of a 0.01 mg dose for a 4 g newborn 

a. Calculation of Appropriate Human Doses 



US 2017/0044538 A1 

mouse will range from about 1.9 mg to about 9.4 mg total 
dose for a 3 kg newborn human. These example doses are 
merely to illustrate how one of skill may determine an 
appropriate human dose and are not intended to limit the 
present invention. 
0306 In certain embodiments, a human dose for systemic 
delivery (whether administered alone or in combination with 
CSF delivery) is calculated or estimated from data from 
animal experiments, such as those described herein. Typi 
cally, an appropriate human dose (in mg/kg) for systemic 
dose is between 0.1 and 10 times an effective dose in 
animals. Thus, Solely for example, a Subcutaneous dose of 
50 ug in a 2 g newborn mouse is a dose of 25 mg/kg. The 
corresponding dose for a human is predicted to be between 
2.5 mg/kg and 250 mg/kg. For a 3 kilogram infant, the 
corresponding dose is between 7.5 mg and 750 mg. For a 25 
kg child, the corresponding dose is from 62.5 mg to 6250 
ng. 

9. Treatment Regimens 

0307. In certain embodiments, the above dose amounts, 
dose frequencies, routes of administration, induction and 
maintenance phases, and timing of first dose are combined 
to provide dosing regimens for Subjects having SMA. Such 
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embodiments, administration of pharmaceutical composi 
tions, particularly by continuous infusion, presents particu 
lar challenges. Accordingly, in certain embodiments, the 
present invention provides for administration of pharmaceu 
tical compositions by bolus administration while the subject 
is in utero or very young, followed by continuous infusion 
via an implanted infusion pump when the Subject is older 
and placement of Such pump is more practical. Further, in 
certain embodiments, as a subject grows, the absolute dose 
is increased to achieve the same or similar dose:body-weight 
ratio. 
0308. In certain embodiments, pharmaceutical composi 
tions of the present disclosure have improved therapeutic 
indices. In certain embodiments, pharmaceutical composi 
tions of the present disclosure having improved therapeutic 
indices allows one having skill in the art to administer the 
pharmaceutical compositions of the present disclosure more 
infrequently. In certain embodiments, pharmaceutical com 
positions of the present disclosure having improved thera 
peutic indices allows one having skill in the art to allow 
longer intervals between the first dose and the second dose. 
0309 The following table is intended to exemplify treat 
ment regimens and is not intended to limit the possible 
combinations of treatments which will be easily accom 
plished by one of skill in the art. 

Dosing period First Second Third Fourth Fifth 

Regimen 1 

Subject Age In utero, prior In utero, after >1 week 6 months 1.5 years 
to formation formation of 
of blood- blood-brain 

brain-barrier barrier 
Dose Amount 50 g 50 g 100 g 10 Ig day 50 g/clay 
Frequency Single admin Single admin Monthly Continuous Continuous 
Route of Systemic IT injection IT injections IT infusion IT infusion 
Administration injection 
Duration NA NA 6 months 1 year Ongoing 

Regimen 2 

Subject Age In utero, after >1 week 6 months 1.5 years NA 
formation of 
blood-brain 

barrier 
Dose Amount 50 g 100 g 5 mg/day 10 mg/day NA 
Frequency Single admin Monthly Continuous Continuous NA 
Route of ICV injection ICV injection ICV infusion ICV infusion NA 
Administration 
Duration NA 6 months 1 year Ongoing NA 

Regimen 3 

Subject Age >-1 week 6 months 1.5 years 2.5 years 
Dose Amount 100 g 500 g/day 20 mg/day 20 mg/day 100 mg 
Frequency 2xMonthly Continuous Continuous Continuous 2xMonthly 
Route of ICV injection ICV infusion ICV infusion ICV infusion IP 
Administration 
Duration 6 months 1 year 1 year Ongoing Ongoing 

*Note: 

the 4 dosing period in regimen3 exemplifies continuous CSF infusion combined with periodic systemic administration, 
These treatment regimens are intended to exemplify and not to limit the present invention. 

dosing regimens may be selected and adjusted to provide 0310. In certain embodiments, the dosing regimen com 
amelioration of one or more symptom of SMA and/or to prises a systemic administration, either alone or in combi 
reduce or avoid toxicity or side effects attributable to the 
administration of the pharmaceutical composition. In certain 
embodiments, subjects are in utero or newborn. In Such 

nation with administration into the CSF (for example regi 
men 3, above). The table, below further exemplifies such 
regimens. 
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Systemic administration 

Dose Route Frequency Dose Route 

1-5 mg/kg Subcutaneous weekly 5-10 mg/kg bolus IT 
1-5 mg/kg Subcutaneous monthly 1-5 mg/kg bolus ICW 

10-50 mg/kg Subcutaneous monthly 0.5-1 mg/kg bolus IT 
0.5-25 mg/kg Subcutaneous monthly 10 mg/kg/day IT infusion 

0.1-10 mg/kg Subcutaneous monthly Ole 
Ole 0.5-1 mg/kg bolus IT 

These treatment regimens are intended to exemplify and not 
to limit the present invention. One of skill in the art will be 
able to select an appropriate combination of the doses and 
deliveries in view of the present disclosure and based on a 
variety of factors, such as the severity of the condition and 
the overall health and age of the subject. 

10. Co-Administration 

0311. In certain embodiments, pharmaceutical composi 
tions of the present invention are co-administered with at 
least one other pharmaceutical composition for treating 
SMA and/or for treating one or more symptom associated 
with SMA. In certain embodiments, such other pharmaceu 
tical composition is selected from trichostatin-A, Valproic 
acid, riluzole, hydroxyurea, and a butyrate or butyrate 
derivative. In certain embodiments, pharmaceutical compo 
sitions of the present invention are co-administered with 
trichoStatin A. In certain embodiments, pharmaceutical com 
positions of the present invention are co-administered with 
a derivative of quinazoline, for example as described in 
Thurmond, et al., J. Med Chem. 2008, 51, 449-469. In 
certain embodiments, a pharmaceutical composition of the 
present invention and at least one other pharmaceutical 
composition are co-administered at the same time. In certain 
embodiments, a pharmaceutical composition of the present 
invention and at least one other pharmaceutical composition 
are co-administered at different times. 
0312. In certain embodiments, pharmaceutical composi 
tions of the present invention are co-administered with a 
gene therapy agent. In certain Such embodiments, the gene 
therapy agent is administered to the CSF and the pharma 
ceutical composition of the present invention is administered 
systemically. In certain Such embodiments, the gene therapy 
agent is administered to the CSF and the pharmaceutical 
composition of the present invention is administered to the 
CSF and systemically. In certain embodiments, a pharma 
ceutical composition of the present invention and a gene 
therapy agent are co-administered at the same time. In 
certain embodiments, a pharmaceutical composition of the 
present invention and a gene therapy agent are co-adminis 
tered at different times. Certain gene therapy approaches to 
SMA treatment have been reported (e.g., Coady et al., PLoS 
ONE 2008 3(10): e3468; Passini et al., J. Clin Invest 2010 
Apr. 1, 120(4): 1253-64). 
0313. In certain embodiments, pharmaceutical composi 
tions of the present invention are co-administered with at 
least one other therapy for SMA. In certain embodiments, 
such other therapy for SMA is surgery. In certain embodi 
ments, such other therapy is physical therapy, including, but 
not limited to exercises designed to strengthen muscles 
necessary for breathing, such as cough therapy. In certain 

CSF administration 

Frequency 

monthly 
2 months 
6 months 
continuous for 
7 days every 6 
months 

6 months 

embodiments, other therapy is a physical intervention, Such 
as a feeding tube or device for assisted breathing. 
0314. In certain embodiments, pharmaceutical composi 
tions of the present invention are co-administered with one 
or more other pharmaceutical compositions that reduce an 
undesired side-effect of the pharmaceutical compositions of 
the present invention. 

11. Phenotypic Effects 
0315. In certain embodiments, administration of at least 
one pharmaceutical composition of the present invention 
results in a phenotypic change in the Subject. In certain 
embodiments, such phenotypic changes include, but are not 
limited to: increased absolute amount of SMN mRNA that 
includes exon 7; increase in the ratio SMN mRNA that 
includes exon 7 to SMN mRNA lacking exon 7; increased 
absolute amount of SMN protein that includes exon 7; 
increase in the ratio SMN protein that includes exon 7 to 
SMN protein lacking exon 7; improved muscle strength, 
improved electrical activity in at least one muscle; improved 
respiration; weight gain; and Survival. In certain embodi 
ments, at least one phenotypic change is detected in a 
motoneuron of the Subject. In certain embodiments, admin 
istration of at least one pharmaceutical composition of the 
present invention results in a subject being able to sit-up, to 
stand, and/or to walk. In certain embodiments, administra 
tion of at least one pharmaceutical composition of the 
present invention results in a Subject being able to eat, drink, 
and/or breathe without assistance. In certain embodiments, 
efficacy of treatment is assessed by electrophysiological 
assessment of muscle. In certain embodiments, administra 
tion of a pharmaceutical composition of the present inven 
tion improves at least one symptom of SMA and has little or 
no inflammatory effect. In certain Such embodiment, 
absence of inflammatory effect is determined by the absence 
of significant increase in Aifl levels upon treatment. 
0316. In certain embodiments, administration of at least 
one pharmaceutical composition of the present invention 
delays the onset of at least one symptom of SMA. In certain 
embodiments, administration of at least one pharmaceutical 
composition of the present invention slows the progression 
of at least one symptom of SMA. In certain embodiments, 
administration of at least one pharmaceutical composition of 
the present invention reduces the severity of at least one 
symptom of SMA. 
0317. In certain embodiments, administration of at least 
one pharmaceutical composition of the present invention 
results in an undesired side-effect. In certain embodiments, 
a treatment regimen is identified that results in desired 
amelioration of symptoms while avoiding undesired side 
effects. 
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12. Dosage Units 
0318. In certain embodiments pharmaceutical composi 
tions of the present invention are prepared as dosage units 
for administration. Certain such dosage units are at concen 
trations selected from 0.01 mg to 100 mg. In certain such 
embodiments, a pharmaceutical composition of the present 
invention comprises a dose of antisense compound selected 
from 0.01 mg, 0.1 mg, 0.5 mg, 1 mg, 5 mg, 10 mg, 20 mg. 
25 mg, 50 mg, 75 mg, 100 mg, 150 mg, and 200 mg. In 
certain embodiments, a pharmaceutical composition is com 
prises a dose of oligonucleotide selected from 0.1 mg, 0.5 
mg, 1 mg, 5 mg, 10 mg, 25 mg, and 50 mg. 

13. Kits 

0319. In certain embodiments, the present invention pro 
vides kits comprising at least one pharmaceutical composi 
tion. In certain embodiments, such kits further comprise a 
means of delivery, for example a syringe or infusion pump. 

Nonlimiting Disclosure and Incorporation by Reference 
0320 While certain compounds, compositions and meth 
ods described herein have been described with specificity in 
accordance with certain embodiments, the following 
examples serve only to illustrate the compounds described 
herein and are not intended to limit the same. Each of the 
references, GenBank accession numbers, and the like recited 
herein is hereby incorporated by reference in its entirety. 
0321 Although the sequence listing accompanying this 
filing identifies each sequence as either “RNA or “DNA as 
required, in reality, those sequences may be modified with 
any combination of chemical modifications. One of skill in 
the art will readily appreciate that Such designation as 
“RNA” or “DNA” to describe modified oligonucleotides is, 
in certain instances, arbitrary. For example, an oligonucle 
otide comprising a nucleoside comprising a 2'-OH Sugar 
moiety and a thymine base could be described as a DNA 
having a modified sugar (2'-OH for the natural 2'-H of DNA) 
or as an RNA having a modified base (thymine (methylated 
uracil) for natural uracil of RNA). 
0322. Accordingly, nucleic acid sequences provided 
herein, including, but not limited to those in the sequence 
listing, are intended to encompass nucleic acids containing 
any combination of natural or modified RNA and/or DNA, 
including, but not limited to such nucleic acids having 
modified nucleobases. By way of further example and 
without limitation, an oligomeric compound having the 
nucleobase sequence “ATCGATCG’ encompasses any oli 
gomeric compounds having such nucleobase sequence, 
whether modified or unmodified, including, but not limited 
to. Such compounds comprising RNA bases, such as those 
having sequence “AUCGAUCG” and those having some 
DNA bases and Some RNA bases Such as “AUCGATCG’ 
and oligomeric compounds having other modified bases, 
such as “AT"CGAUCG,” wherein "C indicates a cytosine 
base comprising a methyl group at the 5-position. 

EXAMPLES 

0323. The following examples illustrate certain embodi 
ments of the present disclosure and are not limiting. More 
over, where specific embodiments are provided, the inven 
tors have contemplated generic application of those specific 
embodiments. For example, disclosure of an oligonucleotide 

28 
Feb. 16, 2017 

having a particular motif provides reasonable Support for 
additional oligonucleotides having the same or similar 
motif. And, for example, where a particular high-affinity 
modification appears at a particular position, other high 
affinity modifications at the same position are considered 
suitable, unless otherwise indicated. 

Example 1 

Effect of Antisense Oligonucleotides Targeting 
Human SMN2 in an SMA Type III Mice Model 

0324 Taiwan strain of SMA type III mice were obtained 
from The Jackson Laboratory (Bar Harbor, Me...). These mice 
lack mouse SMN and are homozygous for human SMN2 
(mSMN -/-; hSMN2+/+). These mice have been described 
in Hsieh-Li H M, et al., Nature Genet. 24, 66-70 2000. 
Antisense oligonucleotides targeting human SMN2 were 
designed and tested in these mice. 
0325 The newly designed antisense oligonucleotides in 
the Table below were designed as uniform 2'-MOE oligo 
nucleotides with mixed backbone chemistry. Each antisense 
oligonucleotide is 18 nucleosides in length and each nucleo 
side has a 2-MOE sugar modification. The internucleoside 
linkages throughout each gapmer are either phosphodiester 
or phosphorothioate linkages. The internucleoside linkages 
of each oligonucleotide is denoted in the Backbone Chem 
istry column, where 'o' indicates a phosphodiester linkage 
and 's' indicates a phosphorothioate linkage. All cytosine 
residues throughout each oligonucleotide are 5-methylcyto 
sines. Each antisense oligonucleotide listed in the Table 
below is targeted to the human SMN2 genomic sequence, 
designated herein as SEQ ID NO: 25 (GENBANK Acces 
sion No. NT 006713.14 truncated from nucleotides 
19939708 to Ser. No. 19/967,777) at the target region 
27062-27079. 

TABLE 1. 

Modified oligonucleotides targeting human 
SMN2 with mixed backbone chemistry 

ISIS Backbone SEQ 
No Sequence Chemistry ID NO 

4 4932 O TCACTTTCATAATGCTGGssoooooooooooooss 1. 

4 49323 TCACTTTCATAATGCTGG isosososososososos 1. 

6 O5918 TCACTTTCATAATGCTGGsssosososososos ss 1. 

6 O5919 TCACTTTCATAATGCTGG sodossssssssoodss 1. 

Treatment 

0326 Mice were administered 500 ug of ISIS oligonucle 
otide by intracerebroventricular (ICV) bolus injection. Con 
trol mice were administered PBS alone (dose of 0). 

Tolerability Assay 

0327. At 3 hours post injection, each mouse was evalu 
ated according to 7 different criteria. The 7 criteria are (1) 
the mouse was bright, alert, and responsive; (2) the mouse 
was standing or hunched without stimuli; (3) the mouse 
shows any movement without stimuli (4) the mouse dem 
onstrates forward movement after its lifted; (5) the mouse 
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demonstrates any movement after its lifted; (6) the mouse 
responds to a tail pinch; (7) regular breathing. For each of 
the 7 different criteria, each mouse was given a sub-score of 
0 if it met the criteria or 1 if it did not. After all of the 7 
criteria were evaluated, the sub-scores were summed for 
each mouse and then averaged for each group. For example, 
if a mouse was bright, alert, and responsive 3 hours after the 
ICV dose, and met all other criteria, it would get a summed 
score of 0. If another mouse was not bright, alert, and 
responsive 3 hours after the ICV dose but met all other 
criteria, it would receive a score of 1. Saline treated mice 
generally receive a score of 0. As presented in the Table 
below, the ISIS oligonucleotides were deemed tolerable in 
the transgenic mice. 

TABLE 2 

Scoring for tolerability to ISIS oligonucleotides 
in SMA Type III mice 

ISIS No 3 hr Score 

44932O O 
449323 O 
605918 3 
605919 O 

Exon 7 Splicing 
0328 Animals were sacrificed 2 weeks after the injection 
and brain and lumbar sections of the spinal cords were 
collected from each animal. Real time PCR was performed 
on each sample to determine the amount of human SMN2 
message including exon 7 (exon 7) and the amount of 
human SMN2 message lacking exon 7(exon 7). Expression 
levels for exon 7" and exon 7 were normalized to total 
SMN2 levels. The data presented in the Table below are 
expressed as exon 7" and exon 7 levels divided by total 
SMN levels, and were further normalized to the levels 
obtained in the PBS control group (designated as 1). 
0329 Administration of ISIS oligonucleotides targeting 
SEQ ID NO: 25 at start site 27062, but with different 
backbone chemistries, all resulted in a striking increase in 
inclusion of exon 7. 

TABLE 3 

Effect of ISIS oligonucleotides targeting 
SMN2 on Splicing in SMA Type III Mice 

Brain Lumbar Cord 

exon 7 exon 7 exon 7 exon 7 

PBS 1.O 1.O 1.O 1.O 
44932O 2.4 O.60 2.7 O.66 
449323 4.3 O.24 4.5 O.33 
605918 4.4 O.23 4.5 O.28 
605919 4.2 O.26 4.0 O.38 

Example 2 
Effect of Antisense Oligonucleotides Targeting 
Human SMN2 in SMA Type III Mice and WT 

Mice 

0330. Additional antisense oligonucleotides targeting 
human SMN2 were designed and tested in SMA Type III 
mice or a WT (C57BL/6) strain. 
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0331. The newly designed antisense oligonucleotides in 
the Table below were designed as uniform 2'-MOE oligo 
nucleotides with mixed backbone chemistry. Each antisense 
oligonucleotide is 18 nucleosides in length wherein each 
nucleoside has a 2-MOE sugar modification. The inter 
nucleoside linkages throughout each gapmer are either phos 
phodiester or phosphorothioate linkages. The internucleo 
side linkages of each oligonucleotide is denoted in the 
Backbone Chemistry column, where 'o' indicates a phos 
phodiester linkage and 's' indicates a phosphorothioate 
linkage. All cytosine residues throughout each oligonucle 
otide are 5-methylcytosines. Each antisense oligonucleotide 
listed in the Table below is targeted to the human SMN2 
genomic sequence, designated herein as SEQ ID NO: 25 
(GENBANK Accession No. NT 006713.14 truncated from 
nucleotides 19939708 to Ser. No. 197967,777) at the target 
region 27062-27079. 

TABLE 4 

Modified oligonucleotides targeting 
human SMN2 with mixed backbone chemistry 

ISIS Backbone SEQ 
No Sequence chemistry ID NO 

6 O5918 TCACTTTCATAATGCTGGsssosososososos ss 

6 O5919 TCACTTTCATAATGCTGG sodossssssssoodss 

663 OO6. TCACTTTCATAATGCTGGssosososososososs 

663 OOf TCACTTTCATAATGCTGGssosososososocoss 

663 OO8 TCACTTTCATAATGCTGG sodsodsod sodsooss 

663 OO9 TCACTTTCATAATGCTGG soodosssssssoodss 

663 O1 O TCACTTTCATAATGCTGG soodossssssoodoss 

663 O11 TCACTTTCATAATGCTGG sododosssssoodoss 

663 O12 TCACTTTCATAATGCTGG sododossssoodooss 

663 O13 TCACTTTCATAATGCTGGss soooooooooods ss 

663 O14 TCACTTTCATAATGCTGGssssooooooooods ss 

663 O15 TCACTTTCATAATGCTGGssssoooooooodssss 

663 O16 TCACTTTCATAATGCTGGsssssooooooodssss 

663 O17 TCACTTTCATAATGCTGGsssssooooooosssss 

663 O18 TCACTTTCATAATGCTGGsssssscododosssss 

663 O19 TCACTTTCATAATGCTGGssssssoodoossssss 

6695.41 TCACTTTCATAATGCTGG sodosssssssssooss 

Treatment 

0332 SMA Type III mice were administered 35 ug of 
ISIS oligonucleotide by intracerebroventricular (ICV) bolus 
injection. WT mice were administered 700 ug of ISIS 
oligonucleotide by intracerebroventricular (ICV) bolus 
injection. Control mice in each strain were administered 
PBS alone (dose of 0). 
Tolerability Assay 
0333. At 3 hours post injection, each mouse was evalu 
ated according to 7 different criteria. The 7 criteria are (1) 
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the mouse was bright, alert, and responsive; (2) the mouse 
was standing or hunched without stimuli; (3) the mouse 
shows any movement without stimuli (4) the mouse dem 
onstrates forward movement after its lifted; (5) the mouse 
demonstrates any movement after its lifted; (6) the mouse 
responds to a tail pinch; (7) regular breathing. For each of 
the 7 different criteria, each mouse was given a sub-score of 
0 if it met the criteria or 1 if it did not. After all of the 7 
criteria were evaluated, the sub-scores were summed for 
each mouse and then averaged for each group. For example, 
if a mouse was bright, alert, and responsive 3 hours after the 
ICV dose, and met all other criteria, it would get a summed 
score of 0. If another mouse was not bright, alert, and 
responsive 3 hours after ICV dose but met all other criteria, 
it would receive a score of 1. Saline treated mice generally 
receive a score of 0. As presented in the Table below, the 
ISIS oligonucleotides were deemed tolerable in the mice. 

TABLE 5 

Scoring for tolerability to ISIS oligonucleotides in SMA 
Type III mice dosed with 35 Lig of ISIS Oligonucleotide 

ISIS No 3 hr Score 

605918 
605919 
663 OO6 
663OO7 
663008 
663 O09 
663O10 
663O11 
663O12 
663O13 
663O14 
66.301S 
663O16 
663O17 
66.3018 
66.3019 
669S41 

TABLE 6 

Scoring for tolerability to ISIS oligonucleotides in 
WT nice dosed with 700 Lig of ISIS Oligonucleotide 

ISIS No 3 hr Score 

605918 
605919 
663 OO6 
663OO7 
663008 
663 O09 
663O10 
663O11 
663O12 
663O13 
663O14 
66.301S 
663O16 
663O17 
66.3018 
66.3019 
669S41 

3 

5 

5 

7 5 

Exon 7 Splicing 
0334] Animals were sacrificed 2 weeks after the injection 
and brain and lumbar sections of the spinal cords were 
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collected from each animal. Real time PCR was performed 
on each sample to determine the amount of human SMN2 
message including exon 7 (exon 7) and the amount of 
human SMN2 message lacking exon 7(exon 7). Expression 
levels for exon 7" and exon 7 were normalized to total 
SMN2 levels. The data presented in the Table below exon 7" 
and exon 7 levels divided by total SMN levels, and were 
further normalized to the levels obtained in the PBS control 
group (designated as 1). 
0335 Administration of many of the ISIS oligonucle 
otides targeting SEQID NO: 25 around target region 27062 
27079, but with different backbone chemistries, resulted in 
an increase in inclusion of exon 7. 

TABLE 7 

Effect of ISIS oligonucleotides targeting 
SMN2 on Splicing in SMA Type III Mice 

Brain Lumbar Cord 

exon 7 exon 7 exon 7 exon 7 

PBS O 1.O O 1.O 
605918 2.0 O.6 9 O6 
605919 .6 0.7 3 O.8 
663 OO6 .5 O.8 .6 O.8 
663OO7 .2 O.8 .2 O.9 
663008 .4 O.8 3 O.9 
663 O09 3 O.8 .4 0.7 
66.3010 O O.8 .2 O.8 
66.3011 .2 0.7 .1 O.8 
663O12 .3 O.8 .1 O.8 
663O13 .1 O.9 O O.8 
663O14 .4 0.7 .1 O.8 
66.301S 3 0.7 .1 O.8 
663O16 .2 0.7 .2 0.7 
66.3017 .5 O.8 3 0.7 
66.3018 .6 O.6 3 0.7 
66.3019 .4 0.7 .4 0.7 
669S41 9 O.S 2.0 O.S 

Example 3 

Design of Antisense Oligonucleotides Targeting 
Human SMN2 

0336 Additional antisense oligonucleotides targeting 
human SMN2 were designed targeting the human SMN2 
genomic sequence, designated herein as SEQ ID NO: 25 
(GENBANK Accession No. NT 006713.14 truncated from 
nucleotides 19939708 to Ser. No. 19/967,777) around target 
region 27062-27079. 
0337 The newly designed antisense oligonucleotides in 
the Table below were designed as uniform 2-MOE oligo 
nucleotides with mixed backbone chemistry. Each antisense 
oligonucleotide is 15, 18, or 20 nucleosides in length 
wherein each nucleoside has a 2'-MOE sugar modification. 
The internucleoside linkages throughout each gapmer are 
either phosphodiester or phosphorothioate linkages. The 
internucleoside linkages of each oligonucleotide is denoted 
in the Backbone Chemistry column, where 'o' indicates a 
phosphodiester linkage and s indicates a phosphorothioate 
linkage. All cytosine residues throughout each oligonucle 
otide are 5-methylcytosines. “Start site' indicates the 
5'-most nucleoside to which the gapmer is targeted in the 
human gene sequence. "Stop site' indicates the 3'-most 
nucleoside to which the gapmer is targeted human gene 
Sequence. 



US 2017/0044538 A1 

TABLE 8 
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Modified oligonucleotides targeting human SMN2 with mixed backbone chemistry 

Start Stop SEQ 
OligoID Site Site OligoSeq Backbone Chemistry ID NO 

71Oss4 27O61. 27 Ofs TTTCATAATGCTGGC SCSCSC) So SCSCSS 2 

71 Ossis 27O61. 27 Ofs TTTCATAATGCTGGC SSCSSC SS CSCCSS 2 

71 OS 6 27O61. 27 Ofs TTTCATAATGCTGGC SSCSSC SS CSSCSS 2 

71Ossf 27O61. 27 Ofs TTTCATAATGCTGGC SSSC SSSC SSSCSS 2 

71Oss8 27O61. 27 Ofs TTTCATAATGCTGGC SSSSCS SSSC SSSS 2 

4 49321. 27062 27 Of TCACTTTCATAATGCTGG SSOCCSSS CCCCCCCSS 1. 

4 49322 27O62 27 Of TCACTTTCATAATGCTGG SS.CCCCCC) CSSSOCCSS 1. 

71Os43 27O62 27 O79 TCACTTTCATAATGCTGG SSC SSSCS SSC SSSC SS 1. 

71 OS44. 27O62 27 O79 TCACTTTCATAATGCTGG SSCSSC SS CSSCSSC SS 1. 

71,0548 27O62 27 O81 ATTCACTTTCATAATGCTGG SCSCSC) So SCSCSCSCCSS 7 

71.0549 27O62 27 O81 ATTCACTTTCATAATGCTGG SCCSC)SSC SSCSSCSCCSS 7 

71 Oss O 27O62 27 OB1 ATTCACTTTCATAATGCTGG SCSSCSSC SSCSSCSCCSS 7 

71Oss1 27O62 27 OB1 ATTCACTTTCATAATGCTGG SCSSCSSC SSCSSC)SSC SS 7 

71OSs2 27O62 27 OB1 ATTCACTTTCATAATGCTGG SC SSC SSS CSSSC SSSC SS 7 

71Oss3 27O62 27 OB1 ATTCACTTTCATAATGCTGG SC SSSSCS SSSCS SSSC SS 7 

Example 4 

Design of Antisense Oligonucleotides Targeting 
Human SMN2 

0338. Additional antisense oligonucleotides targeting 
human SMN2 were designed targeting the human SMN2 
genomic sequence, designated herein as SEQ ID NO: 25. 
0339. The newly designed antisense oligonucleotides in 
the Table below were designed as uniform 2-MOE oligo 
nucleotides with mixed backbone chemistry. Each antisense 
oligonucleotide is 18 nucleosides in length wherein each 

nucleoside has a 2-MOE sugar modification. The inter 
nucleoside linkages throughout each gapmer are either phos 
phodiester or phosphorothioate linkages. The internucleo 
side linkages of each oligonucleotide is denoted in the 
Backbone Chemistry column, where 'o' indicates a phos 
phodiester linkage and 's' indicates a phosphorothioate 
linkage. All cytosine residues throughout each oligonucle 
otide are 5-methylcytosines. “Start site' indicates the 
5'-most nucleoside to which the gapmer is targeted in the 
human gene sequence. "Stop site' indicates the 3'-most 
nucleoside to which the gapmer is targeted human gene 
Sequence. 

TABLE 9 

Modified oligonucleotides targeting human SMN2 with mixed backbone chemistry 

Start Stop SEQ 
Oligo ID Site Site OligoSeq Backbone Chemistry ID NO 

7581.33 27O6O 27 O77 ACTTTCATAATGCTGGCA SSC SSSCSSSCSSSC SS 26 

758134 27O6O 27 O77 ACTTTCATAATGCTGGCA SSCSSC SSCSSC)SSC SS 26 

758135 27O6O 27 O77 ACTTTCATAATGCTGGCA SSSCSC) So SCSCSCSSS 26 

7581.36 27O6O 27 O77 ACTTTCATAATGCTGGCA SSCSCSCSCSCSCSC SS 26 

78137 27O61. 27 O78 CACTTTCATAATGCTGGC SSOSSSOSSSOSSSOSS 27 

7581.38 27O61. 27 O78 CACTTTCATAATGCTGGC SSOSSOSSOSSOSSOSS 27 

758139 27O61. 27 O78 CACTTTCATAATGCTGGC SSSOSOSOSOSOSOSSS 27 

75814 O 27O61. 27 O78 CACTTTCATAATGCTGGC SSOSOSOSOSOSOSOSS 27 
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Example 5 TABLE 11 

Effect of Antisense Oligonucleotides Targeting Scoring for tolerability of ISIS oligonucleotides in SMA 
Human SMN2 in an SMA Type III Mice Model Type III mice dosed with 35 g of ISIS Oligonucleotide 

0340 Groups of 3 to 4 wild type and SMN transgenic 
ISIS No 3 hr Score mice were treated and analyzed as described in Example 2. 

The antisense oligonucleotides that were administered to the 494323 O 
mice are listed in the tables below. The results are presented, 710543 O 
as described in Example 2, in the tables below. 71 OS44 O 

71 OS48 O 
TABLE 10 71 OS49 O 

Scoring for tolerability of ISIS oligonucleotides in 710550 O 
WT nice dosed with 700 Lig of ISIS Oligonucleotide 710551 O 

710552 O 
ISIS No 3 hr Score 710553 O 

494323 O 
710543 2 
710544 1 
71 OS48 O TABLE 12 
710549 O 
710550 1 Effect of 35 g of ISIS Oligonucleotide 
710551 O targeting SMN2 on Splicing in SMA Type III Mice 
710552 1 
710553 O Brain Lumbar Cord 
710554 O 
710555 O Isis No. exon 7 exon 7 exon 7 exon 7 
710556 O 
710557 O PBS 1.O 1.O 1.O 1.O 
710558 O 494323 2.6 O.9 2.0 O.8 
758133 O 710543 2.7 0.7 2.1 0.7 
758134 O 710544 2.5 O.9 1.9 0.7 
758135 O 710548 2.1 1.O 1.4 O.8 
758136 2 710549 2.4 O.8 1.7 0.7 
758137 O 710550 2.4 O.9 1.9 0.7 
758138 O 710551 2.4 O.8 2.1 0.7 
758139 O 710552 2.4 O.8 1.9 0.7 
758140 O 710553 3.1 O.8 2.0 0.7 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 27 

<21 Os SEQ ID NO 1 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs SEQUENCE: 1 

toactitt cat aatgctgg 18 

<21 Os SEQ ID NO 2 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs SEQUENCE: 2 

titt cataatg ctggc 15 

<21 Os SEQ ID NO 3 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
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- Continued 

22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 3 

tgctggcaga Cttac 

<210s, SEQ ID NO 4 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 4 

Cataatgctg gCaga 

<210s, SEQ ID NO 5 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 5 

t cataatgct ggcag 

<210s, SEQ ID NO 6 
& 211 LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 6 

tt cataatgc tiggca 

<210s, SEQ ID NO 7 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OO > SEQUENCE: 7 

att cactitt cataatgctgg 

<210s, SEQ ID NO 8 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 8 

ctitt cataat gctgg 

<210s, SEQ ID NO 9 
&211s LENGTH: 12 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 9 

15 

15 

15 

15 

15 

Feb. 16, 2017 
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t cataatgct gg 

<210s, SEQ ID NO 10 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 10 

actitt cataa togctg 

<210s, SEQ ID NO 11 
&211s LENGTH: 12 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 11 

tt cataatgc tig 

<210s, SEQ ID NO 12 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 12 

cactitt cata atgct 

<210s, SEQ ID NO 13 
&211s LENGTH: 12 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 13 

titt cataatg ct 

<210s, SEQ ID NO 14 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 14 

t cactitt cat aatgc 

<210s, SEQ ID NO 15 
&211s LENGTH: 12 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 15 

ctitt cataat gc 

12 

15 

12 

15 

12 

15 

12 

Feb. 16, 2017 
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<210s, SEQ ID NO 16 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 16 

ttcactitt ca taatg 

<210s, SEQ ID NO 17 
&211s LENGTH: 12 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 17 

actitt cataa td 

<210s, SEQ ID NO 18 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 18 

attcactet tec attaat 

<210s, SEQ ID NO 19 
&211s LENGTH: 12 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 19 

CaCttt cata at 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 2O 

gatt cactitt cataa 

<210s, SEQ ID NO 21 
&211s LENGTH: 12 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 21 

toactitt Cat aa 

<210s, SEQ ID NO 22 
&211s LENGTH: 12 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 

15 

12 

15 

12 

15 

12 
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tittagttaat gaaatttggg atatagt citt titatgattga aataattittg ctaaatagac 944 O 

tgtc.tctgat ttattaggta at caccactic titattttgtt ttact tcctt aatgtctaca 95OO 

tagaaaggaa atgagaaaaa ticcagaggitt gtcatttgac titatgagtct gtttgacttic 956 O 

aggatttggit acatgaaatt to acttaatc tttittgatat gtataaaa.ca aatatt ctogg 962O 

gtaattattt ttatcc ttitt ggttittgagt cctttittatt cot at catat tdaaattggit 968 O 

aagttaattt toctittgaaa tatt cott at agc.caggtot aaaattcaat gg.cccaccac 974. O 

cgccaccgcc accaccacca ccc cacttac tat catgctg gctgcct coa titt cottctg 98OO 

gaccaccagt aagtaaaaaa gagtataggit tagattittgc titt cacatac aatttgataa 986 O 

ttagcagaat agaggattgt aaaatgtcat tdtagaacat ccc.ttgggcc agattictaat 992 O 

ggg tagaaat ttgaactaaa cct citgggitt ttgtttgttt ttaatgcct t t ctdttaccc 998 O 

agatgcagtig citcttgtagt cccaagticta agctic taggit togc ctitctitt cotggcagaa 2004 O 

gttggtgtct atgccataag gagg tagttc ctdttagaag ggatttaatt ataccttata 2010 O 

taaggaatta gtgtttgc cc ttctaggitat agttggatgt tagcttctga tigtaaactgg 2016 O 

atttctttitt ctittct ct ct ctitttitttitt ttttgttittg gaggcagagt tttgc ccttg 2022 O 

taccc.caggc tiggagtgcag ttgttgatc. tcagct caca gcaac ct cog cct Cotgggt 2028O 

t caa.gcaatt ctdcct cqgc ctic ccaagta gctgggatta cagg.cgact g c caccacacc 2034 O 

Cggctaattt ttgttt tatt agtagagatg gggttt Cacic atgttggcca gaCtgat Ctt 204 OO 

gaactic ct ga cct caggtga t coaccc.gcc ttggcct coc aaag.cgctgg gattacaggc 20460 

gtgagctgcc gcacccagct gtaaactgga tittctaatgg tagatttitta ggt attaa.ca 2052O 

atagataaaa agatacttitt toatactg tdt attggga tiggggittaga acaggtgtt C 2058O 

tacccaagac atttacttaa aatcgc.cctic gaaatgctat gtgagctgtg tdtgtgttgttg 2064 O 

tgttgttgttgttg tdt attaagg aaaag catga aag tattitat gcttgattitt tttitttittac 207OO 

t catagctitc at agtggaac agata catag totaaatcaa aatgtttaaa cittitt tatgt 2076 O 

cacttgctgt cittitt.cgt.cc ticgittaaatt taattttgtt ggit ctitttgt tdttattggt 2082O 

tggttittctic caaatgctag c tatgttaag aaatttalagg ccagg tacag toggct catgc 2O88O 

Ctgtaatc.cc ggcattt tag aaggctgagg caggaggat.c acttgagctic aggagtttga 2094. O 

gaccagtctg ggcaa.catag caagacct cq t Ctttgttta ggggaaaaaa aagaaattta 21 OOO 

agtaggagat tatataagca aaaatacaat taattitccag cattcactat ataatataaa 2106 O 

tctic cagact ttactitttitt gtt tactgga tataaacaat atc.tttittct gtc. tccagat 2112 O 

aatticc ccca ccacct coca tatgtc.ca.ga ttct cittgat gatgctgat g c tittgggaag 2118O 

tatgttaatt to atgg taca tdagtggcta t catactggc tattatatgg taagtaatca 2124 O 

cticago atct titt cotgaca atttittttgt agittatgtga citttgttittg taaatttata 213 OO 

aaatac tact togcttctic to ttitat attac taaaaaataa aaataaaaaa atacaactgt 21360 

ctgaggctta aattact citt gcattgtc.cc taagtataat tittagittaat tittaaaaagc 2142O 

titt catgcta ttgttagatt attittgatta tacacttittgaattgaaatt at actttitt c 21480 

taaataatgt tittaatct ct gatttgaaat tdattgtagg gaatggaaaa gatgggataa 2154 O 

tttitt cataa atgaaaaatgaaatticttitt tttittttittt tttitttittga gacggagtct 216OO 

tgct Ctgttg CCC aggctgg agtgcaatgg C9tgat Cttg gct cacagca agctctgcct 21660 
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agct cactgc agccttgacc ticcagggctic aag cagt cct ct cacct cag titt cocq agt 2628O 

agctgggact acagtgataa togccactgca cct ggctaat ttittatttitt atttattitat 2634 O 

tttitttittga gacagagt ct togctctgtca cccaggctgg agtgcagtgg totaaatct c 264 OO 

agct cactgc agcctic cqcc ticcitgggttcaagtgattct c ct gcct caa cct cocaagt 2646 O 

agctgggatt agaggit coccaccaccatgc ctdgctaatt ttttgtact t t cagtagaaa 2652O 

cggggttittg C catgttggC Caggctgttc ticgaact cot gagct Caggit gatccaactg. 2658O 

tctcggcct C C Caaagtgct gggattacag gcgtgagcca Ctgtgcc tag cctgagccac 26.64 O 

cacgc.cggcc taatttittaa atttitttgta gagacagggit ct cattatgt togcc.cagggit 2 6700 

ggtgtcaa.gc ticcaggtotc aagtgatc cc cctacct cog cct cocaaag ttgtgggatt 2676 O 

gtaggcatga gcc actgcaa gaaaacctta actgcagcct aataattgtt ttctittggga 2682O 

taacttittaa agtacattaa aagacitatica acttaattitc tdatcatatt ttgttgaata 2688O 

aaataagtaa aatgtc.ttgt gaaacaaaat gctttittaac atc catataa agctatotat 2694. O 

atatagctat citatat citat atagot attt tttittaactt cctittattitt cottacaggg 27 OOO 

ttittagacaa aatcaaaaag aaggaaggtg ct cacattcc ttaaattaag gagtaagtict 27O6 O 

gccago atta tdaaagtgaa tot tacttitt gtaaaactitt atggtttgtg gaaaacaaat 2712 O 

gtttittgaac atttaaaaag titcagatgtt agaaagttga aaggittaatg taaaacaat c 2718O 

aat attaaag aattittgatg ccaaaact at tagataaaag gttaatctac atc cc tact a 2724 O 

gaattct cat acttaactgg ttggttgttgt gigaagaaaca tactitt caca ataaagagct 273 OO 

ttaggatatg atgccatttt at at cactag taggcagacic agcagactitt tttittattgt 2736 O 

gatatgggat aacctaggca tactgcactg tacactctga catatgaagit gctictagt ca 2742O 

agtttaactg gtgtccacag aggacatggit tta actggaa titcgt caagc citctggttct 2748 O 

aatttct cat ttgcaggaaa togctggcata gag cago act aaatgacacic act aaagaaa 2754 O 

cgat cagaca gatctggaat gtgaag.cgitt atagaagata actggcctica tttcttcaaa 276OO 

at at Caagtg ttgggaaaga aaaaaggaag taatgggit aacticttctt gattaaaagt 27660 

tatgtaataa ccaaatgcaa tdtgaaat at titt actggac totattittga aaaac catct 2772O 

gtaaaagact gaggtggggg togaggcca gcacggtggit gaggcagttg agaaaatttg 2778O 

aatgtggatt agattittgaa tdatattgga taattattgg taattittatg agctgtgaga 2784 O 

agggtgttgt agtttataaa agactgtc.tt aatttgcata cittaa.gcatt taggaatgaa 279 OO 

gtgttagagt gtc.ttaaaat gtttcaaatg gtttaacaaa atgitatgtgaggcg tatgtg 27960 

gcaaaatgtt acagaatcta actggtggac atggctgttc attgtactgt ttttitt citat 28 O2O 

cittctatatgtttaaaagta tataataaaa at atttaatt ttitttittaaa 28 Of O 

<210s, SEQ ID NO 26 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 26 

actitt cataa togctggca 18 
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- Continued 

<210s, SEQ ID NO 27 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 27 

cactitt cata atgctggc 

What is claimed is: 
1. A compound comprising a modified oligonucleotide 

consisting of 16-20 linked nucleosides, wherein the modi 
fied oligonucleotide is complementary to SMN2; and 
wherein each internucleoside linkage is either phosphoroth 
ioate or phosphodiester and at least one internucleoside 
linkage is phosphorothioate and at least one internucleoside 
linkage is phosphodiester. 

2. A compound comprising a modified oligonucleotide 
consisting of 16-20 linked nucleosides, wherein the modi 
fied oligonucleotide has a nucleobase sequence selected 
from any one of SEQ ID NOs: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 and 
having 6 or more phosphodiester internucleoside linkages, 
wherein each internucleoside linkage that is not a phos 
phodiester internucleoside linkage is a phosphorothioate 
internucleoside linkage. 

3. A compound comprising a modified oligonucleotide, 
wherein the modified oligonucleotide has the nucleobase 
sequence of SEQ ID NO.: 1, wherein the modified oligo 
nucleotide has 6 or more phosphodiester internucleoside 
linkages, and wherein each internucleoside linkage that is 
not a phosphodiester internucleoside linkage is a phospho 
rothioate internucleoside linkage. 

4. A compound comprising a modified oligonucleotide, 
wherein the modified oligonucleotide has the nucleobase 
sequence of SEQ ID NO.: 7, wherein the modified oligo 
nucleotide has 6 or more phosphodiester internucleoside 
linkages, and wherein each internucleoside linkage that is 
not a phosphodiester internucleoside linkage is a phospho 
rothioate internucleoside linkage. 

5. A compound comprising a modified oligonucleotide, 
wherein the modified oligonucleotide has the nucleobase 
sequence of SEQ ID NO. 2, wherein the modified oligo 
nucleotide has 6 or more phosphodiester internucleoside 
linkages, and wherein each internucleoside linkage that is 
not a phosphodiester internucleoside linkage is a phospho 
rothioate internucleoside linkage. 

6. The compound of any of claims 1 to 5, having 7 or more 
phosphodiester internucleoside linkages, wherein each inter 
nucleoside linkage that is not a phosphodiester internucleo 
side linkage is a phosphorothioate internucleoside linkage. 

7. The compound of any of claims 1 to 5, having 8 or more 
phosphodiester internucleoside linkages, wherein each inter 
nucleoside linkage that is not a phosphodiester internucleo 
side linkage is a phosphorothioate internucleoside linkage. 

8. The compound of any of claims 1 to 5, having 9 or more 
phosphodiester internucleoside linkages, wherein each inter 
nucleoside linkage that is not a phosphodiester internucleo 
side linkage is a phosphorothioate internucleoside linkage. 

9. The compound of any of claims 1 to 5, having 10 or 
more phosphodiester internucleoside linkages, wherein each 
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internucleoside linkage that is not a phosphodiester inter 
nucleoside linkage is a phosphorothioate internucleoside 
linkage. 

10. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNsNoNoNoNsNsNsNoNoNoN 
oNoNoNoNsNSN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

11. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNsNoNoNoNoNoNoNoNsNsN 
sNoNoNoNsNsN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

12. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNsNoNsNsNsNoNsNsNsNoNsN 
sNsNoNsNsN internucleoside motif, wherein each “N' rep 
resents a nucleobase, each's represents a phosphorothioate 
internucleoside linkage, and each 'o' represents a phos 
phodiester internucleoside linkage. 

13. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNsNoNsNsNoNsNsNoNsNsNoN 
sNsNoNsNsN internucleoside motif, wherein each “N' rep 
resents a nucleobase, each's represents a phosphorothioate 
internucleoside linkage, and each 'o' represents a phos 
phodiester internucleoside linkage. 

14. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNsNsNoNsNoNsNoNsNoN 
sNoNsNoNsNsNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 
phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 

15. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNoNoNoNsNsNsNsNsNsNsN 
sNoNoNoNsNsN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

16. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNsNoNsNoNsNoNsNoNsNoN 
sNoNsNoNsNsN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

17. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNsNoNsNoNsNoNsNoNsNoN 
sNoNoNoNsNsN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 
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18. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNoNoNsNoNoNsNoNoNsNoN 
oNsNoNoNSNSN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

19. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNoNoNoNoNsNsNsNsNsNsN 
sNoNoNoNsNsN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

20. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNoNoNoNoNsNsNsNsNsN 
sNoNoNoNoNsNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 
phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 

21. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNoNoNoNoNoNsNsNsNsN 
sNoNoNoNoNsNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 
phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 

22. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNoNoNoNoNoNsNsNsNsNoN 
oNoNoNoNsNSN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

23. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNsNsNoNoNoNoNoNoNoNoN 
oNoNoNsNSNSN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

24. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNsNsNsNoNoNoNoNoNoNoN 
oNoNoNsNSNSN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

25. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNsNsNsNoNoNoNoNoNoNoN 
oNoNsNsNsNsN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

26. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNsNsNsNsNoNoNoNoNoNoN 
oNoNsNsNsNsN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

27. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNsNsNsNsNoNoNoNoNoNoN 
oNsNsNsNsNsN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

28. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNsNsNsNsNsNoNoNoNoNoN 
oNsNsNsNsNsN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
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thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

29. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNsNsNsNsNsNoNoNoNoNoN 
sNsNsNsNsNSN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

30. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNoNoNoNsNsNsNsNsNsNsNsN 
sNoNoNsNsN internucleoside motif, wherein each “N' rep 
resents a nucleobase, each's represents a phosphorothioate 
internucleoside linkage, and each 'o' represents a phos 
phodiester internucleoside linkage. 

31. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNsNoNoNoNoNoNoNoNoNoN 
oNoNoNoNsNSN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

32. The compound of claim 3, wherein the modified 
oligonucleotide has an NsNoNsNoNsNoNsNoNsNoN 
sNoNsNoNsNoNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 
phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 

33. The compound of claim 4, wherein the modified 
oligonucleotide has an NsNoNsNoNsNoNsNoNsNoN 
sNoNsNoNsNoNoNsNsN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

34. The compound of claim 4, wherein the modified 
oligonucleotide has an NsNoNoNsNoNsNsNoNsNsNoN 
sNsNoNsNoNoNsNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 
phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 

35. The compound of claim 4, wherein the modified 
oligonucleotide has an NsNoNsNsNoNsNsNoNsNsNoNsN 
sNoNsNoNoNsNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 
phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 

36. The compound of claim 4, wherein the modified 
oligonucleotide has an NsNoNsNsNoNsNsNoNsNsNoNsN 
sNoNsNsNoNsNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 
phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 

37. The compound of claim 4, wherein the modified 
oligonucleotide has an NsNoNsNsNoNsNsNsNoNsNsN 
sNoNsNsNsNoNsNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 
phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 

38. The compound of claim 4, wherein the modified 
oligonucleotide has an NsNoNsNsNsNsNoNsNsNsNsNoN 
sNsNsNsNoNsNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 
phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 

39. The compound of claim 5, wherein the modified 
oligonucleotide has an NsNoNsNoNsNoNsNoNsNoN 
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sNoNsNsN internucleoside motif, wherein each 'N' repre 
sents a nucleobase, each 's' represents a phosphorothioate 
internucleoside linkage, and each 'o' represents a phos 
phodiester internucleoside linkage. 

40. The compound of claim 5, wherein the modified 
oligonucleotide has an NsNsNoNsNsNoNsNsNoNsNoN 
oNsNsN internucleoside motif, wherein each 'N' represents 
a nucleobase, each 's' represents a phosphorothioate inter 
nucleoside linkage, and each 'o' represents a phosphodies 
ter internucleoside linkage. 

41. The compound of claim 5, wherein the modified 
oligonucleotide has an NsNsNoNsNsNoNsNsNoNsNsNoN 
sNsN internucleoside motif, wherein each 'N' represents a 
nucleobase, each 's' represents a phosphorothioate inter 
nucleoside linkage, and each 'o' represents a phosphodies 
ter internucleoside linkage. 

42. The compound of claim 5, wherein the modified 
oligonucleotide has an NsNsNsNoNsNsNsNoNsNsNsNoN 
sNsN internucleoside motif, wherein each 'N' represents a 
nucleobase, each 's' represents a phosphorothioate inter 
nucleoside linkage, and each 'o' represents a phosphodies 
ter internucleoside linkage. 

43. The compound of claim 5, wherein the modified 
oligonucleotide has an NsNsNsNsNoNsNsNsNsNoNsNsN 
sNsN internucleoside motif, wherein each 'N' represents a 
nucleobase, each 's' represents a phosphorothioate inter 
nucleoside linkage, and each 'o' represents a phosphodies 
ter internucleoside linkage. 

44. The compound of any of claims 1 to 43, wherein each 
nucleoside of the modified oligonucleotide comprises a 
modified Sugar moiety, and wherein each modified Sugar 
moiety comprises a 2-methoxyethyl modification. 

45. A pharmaceutical composition comprising the com 
pound of any of claims 1 to 44. 

46. A method of promoting inclusion of exon 7 in SMN2 
transcripts in a cell, tissue or organ, comprising contacting 
said cell, tissue or organ with the compound of any of claims 
1 to 44 or the composition of claim 45. 

47. A method of treating Spinal Muscular Atrophy Type I, 
comprising administering the compound of any of claims 1 
to 44 or the composition of claim 45 to a patient in need 
thereof. 

48. A method of treating Spinal Muscular Atrophy Type 
II, comprising administering the compound of any of claims 
1 to 44 or the composition of claim 45 to a patient in need 
thereof. 

49. A method of treating Spinal Muscular Atrophy Type 
III, comprising administering the compound of any of 
claims 1 to 44 or the composition of claim 45 to a patient in 
need thereof. 

50. A method of treating Spinal Muscular Atrophy Type 
IV, comprising administering the compound of any of claims 
1 to 44 or the composition of claim 45 to a patient in need 
thereof. 

51. An antisense oligonucleotide of any of claims 1 to 44 
or the composition of claim 45 for use in therapy. 

52. Use of an antisense oligonucleotide of any of claims 
1 to 44 or the composition of claim 45 for the preparation of 
a medicament for the treatment of Spinal Muscular Atrophy 
Type I. 

53. Use of an antisense oligonucleotide of any of claims 
1 to 44 or the composition of claim 45 for the preparation of 
a medicament for the treatment of Spinal Muscular Atrophy 
Type II 
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54. Use of an antisense oligonucleotide of any of claims 
1 to 44 or the composition of claim 45 for the preparation of 
a medicament for the treatment of Spinal Muscular Atrophy 
Type III. 

55. Use of an antisense oligonucleotide of any of claims 
1 to 44 or the composition of claim 45 for the preparation of 
a medicament for the treatment of Spinal Muscular Atrophy 
Type IV. 

56. Use of an antisense oligonucleotide of any of claims 
1 to 45 for the preparation of a medicament for the treatment 
of spinal muscular atrophy. 

57. A compound comprising a modified oligonucleotide 
consisting of 16-20 linked nucleosides, wherein the modi 
fied oligonucleotide has a nucleobase sequence selected 
from any one of SEQ ID NOs: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 26, or 
27 and having 6 or more phosphodiester internucleoside 
linkages, wherein each internucleoside linkage that is not a 
phosphodiester internucleoside linkage is a phosphorothio 
ate internucleoside linkage. 

58. The compound of claim 57, having 7 or more phos 
phodiester internucleoside linkages, wherein each inter 
nucleoside linkage that is not a phosphodiester internucleo 
side linkage is a phosphorothioate internucleoside linkage. 

59. The compound of claim 57, having 8 or more phos 
phodiester internucleoside linkages, wherein each inter 
nucleoside linkage that is not a phosphodiester internucleo 
side linkage is a phosphorothioate internucleoside linkage. 

60. The compound of claim 57, having 9 or more phos 
phodiester internucleoside linkages, wherein each inter 
nucleoside linkage that is not a phosphodiester internucleo 
side linkage is a phosphorothioate internucleoside linkage. 

61. The compound of claim 57, having 10 or more 
phosphodiester internucleoside linkages, wherein each inter 
nucleoside linkage that is not a phosphodiester internucleo 
side linkage is a phosphorothioate internucleoside linkage. 

62. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNsNoNoNoNsNsNsNoNoNoN 
oNoNoNoNsNSN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

63. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNsNoNoNoNoNoNoNoNsNsN 
sNoNoNoNsNsN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

64. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNsNoNsNsNsNoNsNsNsNoNsN 
sNsNoNsNsN internucleoside motif, wherein each “N' rep 
resents a nucleobase, each's represents a phosphorothioate 
internucleoside linkage, and each 'o' represents a phos 
phodiester internucleoside linkage. 

65. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNsNoNsNsNoNsNsNoNsNsNoN 
sNsNoNsNsN internucleoside motif, wherein each “N' rep 
resents a nucleobase, each's represents a phosphorothioate 
internucleoside linkage, and each 'o' represents a phos 
phodiester internucleoside linkage. 

66. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNsNsNoNsNoNsNoNsNoN 
sNoNsNoNsNsNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 
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phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 

67. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNoNoNoNsNsNsNsNsNsNsN 
sNoNoNoNsNsN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

68. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNsNoNsNoNsNoNsNoNsNoN 
sNoNsNoNsNsN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

69. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNsNoNsNoNsNoNsNoNsNoN 
sNoNoNoNsNsN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

70. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNoNoNsNoNoNsNoNoNsNoN 
oNsNoNoNSNSN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

71. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNoNoNoNoNsNsNsNsNsNsN 
sNoNoNoNsNsN internucleoside motif, wherein each 'N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

72. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNoNoNoNoNsNsNsNsNsN 
sNoNoNoNoNsNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 
phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 

73. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNoNoNoNoNoNsNsNsNsN 
sNoNoNoNoNsNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 
phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 

74. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNoNoNoNoNoNsNsNsNsNoN 
oNoNoNoNsNSN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

75. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNsNsNoNoNoNoNoNoNoNoN 
oNoNoNsNSNSN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

76. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNsNsNsNoNoNoNoNoNoNoN 
oNoNoNsNSNSN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

77. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNsNsNsNoNoNoNoNoNoNoN 
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oNoNsNsNsNsN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

78. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNsNsNsNsNoNoNoNoNoNoN 
oNoNsNsNsNsN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

79. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNsNsNsNsNoNoNoNoNoNoN 
oNsNsNsNsNsN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

80. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNsNsNsNsNsNoNoNoNoNoN 
oNsNsNsNsNsN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

81. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNsNsNsNsNsNoNoNoNoNoN 
sNsNsNsNsNSN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

82. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNoNoNoNsNsNsNsNsNsNsNsN 
sNoNoNsNsN internucleoside motif, wherein each “N' rep 
resents a nucleobase, each's represents a phosphorothioate 
internucleoside linkage, and each 'o' represents a phos 
phodiester internucleoside linkage. 

83. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNsNoNoNoNoNoNoNoNoNoN 
oNoNoNoNsNSN internucleoside motif, wherein each “N' 
represents a nucleobase, each 's' represents a phosphoro 
thioate internucleoside linkage, and each 'o' represents a 
phosphodiester internucleoside linkage. 

84. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNoNsNoNsNoNsNoNsNoN 
sNoNsNoNsNoNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 
phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 

85. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNoNsNoNsNoNsNoNsNoN 
sNoNsNoNsNoNoNsNsN internucleoside motif, wherein 
each 'N' represents a nucleobase, each “s' represents a 
phosphorothioate internucleoside linkage, and each 'o' rep 
resents a phosphodiester internucleoside linkage. 

86. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNoNoNsNoNsNsNoNsNsNoN 
sNsNoNsNoNoNsNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 
phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 

87. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNoNsNsNoNsNsNoNsNsNoNsN 
sNoNsNoNoNsNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 
phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 
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88. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNoNsNsNoNsNsNoNsNsNoNsN 
sNoNsNsNoNsNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 
phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 

89. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNoNsNsNoNsNsNsNoNsNsN 
sNoNsNsNsNoNsNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 
phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 

90. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNoNsNsNsNsNoNsNsNsNsNoN 
sNsNsNsNoNsNsN internucleoside motif, wherein each 
“N represents a nucleobase, each “s' represents a phos 
phorothioate internucleoside linkage, and each 'o' repre 
sents a phosphodiester internucleoside linkage. 

91. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNoNsNoNsNoNsNoNsNoN 
sNoNsNsN internucleoside motif, wherein each 'N' repre 
sents a nucleobase, each 's' represents a phosphorothioate 
internucleoside linkage, and each 'o' represents a phos 
phodiester internucleoside linkage. 

92. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNsNoNsNsNoNsNsNoNsNoN 
oNsNsN internucleoside motif, wherein each 'N' represents 
a nucleobase, each 's' represents a phosphorothioate inter 
nucleoside linkage, and each 'o' represents a phosphodies 
ter internucleoside linkage. 

93. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNsNoNsNsNoNsNsNoNsNsNoN 
sNsN internucleoside motif, wherein each 'N' represents a 
nucleobase, each 's' represents a phosphorothioate inter 
nucleoside linkage, and each 'o' represents a phosphodies 
ter internucleoside linkage. 

94. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNsNsNoNsNsNsNoNsNsNsNoN 
sNsN internucleoside motif, wherein each 'N' represents a 
nucleobase, each 's' represents a phosphorothioate inter 
nucleoside linkage, and each 'o' represents a phosphodies 
ter internucleoside linkage. 

95. The compound of claim 57, wherein the modified 
oligonucleotide has an NsNsNsNsNoNsNsNsNsNoNsNsN 
sNsN internucleoside motif, wherein each 'N' represents a 
nucleobase, each 's' represents a phosphorothioate inter 
nucleoside linkage, and each 'o' represents a phosphodies 
ter internucleoside linkage. 
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96. The compound of any of claims 57 to 95, wherein 
each nucleoside of the modified oligonucleotide comprises a 
modified Sugar moiety, and wherein each modified Sugar 
moiety comprises a 2-methoxyethyl modification. 

97. A pharmaceutical composition comprising the com 
pound of any of claims 57 to 96. 

98. A method of promoting inclusion of exon 7 in SMN2 
transcripts in a cell, tissue or organ, comprising contacting 
said cell, tissue or organ with the compound of any of claims 
57 to 95 or the composition of claim 96. 

99. A method of treating Spinal Muscular Atrophy Type I, 
comprising administering the compound of any of claims 57 
to 95 or the composition of claim 96 to a patient in need 
thereof. 

100. A method of treating Spinal Muscular Atrophy Type 
II, comprising administering the compound of any of claims 
57 to 95 or the composition of claim 96 to a patient in need 
thereof. 

101. A method of treating Spinal Muscular Atrophy Type 
III, comprising administering the compound of any of 
claims 57 to 95 or the composition of claim 96 to a patient 
in need thereof. 

102. A method of treating Spinal Muscular Atrophy Type 
IV, comprising administering the compound of any of claims 
57 to 95 or the composition of claim 96 to a patient in need 
thereof. 

103. An antisense oligonucleotide of any of claims 57 to 
95 or the composition of claim 96 for use in therapy. 

104. Use of an antisense oligonucleotide of any of claims 
57 to 95 or the composition of claim 96 for the preparation 
of a medicament for the treatment of Spinal Muscular 
Atrophy Type I. 

105. Use of an antisense oligonucleotide of any of claims 
57 to 95 or the composition of claim 96 for the preparation 
of a medicament for the treatment of Spinal Muscular 
Atrophy Type II 

106. Use of an antisense oligonucleotide of any of claims 
57 to 95 or the composition of claim 96 for the preparation 
of a medicament for the treatment of Spinal Muscular 
Atrophy Type III. 

107. Use of an antisense oligonucleotide of any of claims 
57 to 95 or the composition of claim 96 for the preparation 
of a medicament for the treatment of Spinal Muscular 
Atrophy Type IV. 

108. Use of an antisense oligonucleotide of any of claims 
57 to 96 for the preparation of a medicament for the 
treatment of spinal muscular atrophy. 
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