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ABSTRACT 

AntiSense compounds, compositions and methods are pro 
Vided for modulating the expression of Superoxide dismu 
tase 1, Soluble. The compositions comprise antisense com 
pounds, particularly antisense oligonucleotides, targeted to 
nucleic acids encoding Superoxide dismutase 1, Soluble. 
Methods of using these compounds for modulation of Super 
oxide dismutase 1, Soluble expression and for treatment of 
diseases associated with expression of Superoxide dismutase 
1, Soluble are provided. 
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ANTISENSE MODULATION OF SUPEROXDE 
DISMUTASE 1, SOLUBLE EXPRESSION 

RELATED APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
application Ser. No. 10/633,843, filed Aug. 4, 2003, which 
is a continuation of U.S. application Ser. No. 09/888,360, 
filed Jun. 21, 2001. The entire contents of these priority 
documents are incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention provides compositions and 
methods for modulating the expression of Superoxide dis 
mutase 1, Soluble. In particular, this invention relates to 
compounds, particularly oligonucleotides, Specifically 
hybridizable with nucleic acids encoding Superoxide dismu 
tase 1, Soluble. Such compounds have been shown to 
modulate the expression of Superoxide dismutase 1, Soluble. 

BACKGROUND OF THE INVENTION 

0003) The Superoxide anion (O) is a potentially harmful 
cellular by-product produced primarily by errors of oxida 
tive phosphorylation in mitochondria (Cleveland and Liu, 
Nat. Med., 2000, 6, 1320-1321). Some of the targets for 
oxidation by Superoxide in biological Systems include the 
iron-Sulfur dehydratases, aconitase and fumarases. Release 
of Fe(II) from these Superoxide-inactivated enzymes results 
in Fenton-type production of hydroxyl radicals which are 
capable of attacking virtually any cellular target, most 
notably DNA (Fridovich, Annu. Rev. Biochem., 1995, 64, 
97-112). 
0004. The enzymes known as the Superoxide dismutases 
(SODS) provide defense against oxidative damage of bio 
molecules by catalyzing the dismutation of Superoxide to 
hydrogen peroxide (HO) (Fridovich, Annu. Rev. Biochem, 
1995, 64, 97-112). Two major classes of Superoxide dismu 
tases exist. One consists of a group of enzymes with active 
Sites containing copper and Zinc while the other class has 
either manganese or iron at the active site (Fridovich, Annu. 
Re: Biochem., 1995, 64, 97-112). 
0005 The soluble Superoxide dismutase 1 enzyme (also 
known as SOD1 and Cu/Zn superoxide dismutase) contains 
a zinc- and copper-type active site (Fridovich, Annu. Rev. 
Biochem., 1995, 64,97-112). Lee et al. reported the molecu 
lar cloning and high-level expression of human cytoplasmic 
Superoxide dismutase gene in E. coli in 1990 (Lee et al., 
Misaengmul Hakhoechi, 1990, 28, 91-97). 
0006 Mutations in the Superoxide dismutase 1 gene are 
asSociated with a dominantly-inherited form of amyotrophic 
lateral Sclerosis (ALS, also known as Lou Gehrig's disease) 
a disorder characterized by a Selective degeneration of upper 
and lower motor neurons (Cleveland and Liu, Nat. Med., 
2000, 6, 1320-1321). The deleterious effects of various 
mutations on Superoxide dismutase 1 are most likely medi 
ated through a gain of toxic function rather than a loSS of 
Superoxide dismutase 1 activity, as the complete absence of 
Superoxide dismutase 1 in mice neither diminishes life nor 
provokes overt disease (Al-Chalabi and Leigh, Curr. Opin. 
Neurol., 2000, 13, 397-405; Alisky and Davidson, Hum. 
Gene Ther, 2000, 11, 2315-2329). According to Cleveland 
and Liu, there are two models for mutant Superoxide dis 
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mutase 1 toxicity (Cleveland and Liu, Nat. Med., 2000, 6, 
1320-1321). The “oxidative hypothesis” ascribes toxicity to 
binding of aberrant Substrates Such as peroxynitrite or 
hydrogen peroxide which gain access to the catalytic copper 
ion through mutation-dependent loosening of the native 
Superoxide dismutase 1 protein conformation (Cleveland 
and Liu, Nat. Med., 2000, 6, 1320-1321). A second possible 
mechanism for mutant Superoxide dismutase 1 toxicity 
involves the misfolding and aggregation of mutant Super 
oxide dismutase 1 proteins (Cleveland and Liu, Nat. Med., 
2000, 6, 1320-1321). The idea that aggregates contribute to 
ALS has received major Support from the observation that 
murine models of Superoxide dismutase 1 mutant-mediated 
disease feature prominent intracellular inclusions in motor 
neurons and, in Some cases, in the astrocytes Surrounding 
them as well (Bruijn et al., Science, 1998, 281, 1851-1854). 
Furthermore, Brujin et al. also demonstrate that neither 
elimination nor elevation of wild-type Superoxide dismutase 
1 was found to affect disease induced by mutant Superoxide 
dismutase 1 in mice (Bruijn et al., Science, 1998, 281, 
1851-1854). 
0007. The Superoxide dismutase 1 gene is localized to 
chromosome 21q22.1 and has been found to be overex 
pressed in the brains of patients with Down Syndrome, 
possibly as a reflection of the trisomic State of chromosome 
21 (Gulesserian et al., J. Investig. Med., 2001, 49, 41-46). 
0008 Studies of transgenic mice carrying a mutant 
human Superoxide dismutase 1 gene have been used to 
evaluate potential therapies for ALS and one Such study has 
indicated that creatine produced a dose-dependent improve 
ment in motor performance and extended Survival in mice 
containing the glycine 93 to alanine mutation (Klivenyi et 
al., Nat. Med., 1999, 5, 347-350). Although creatine is 
currently Suggested as a dietary Supplement for patients with 
ALS, the protective effect of creatine in humans has yet to 
be confirmed (Rowland, J. Neurol. Sci., 2000, 180, 2-6). 
0009 Additional transgenic mice studies have led to the 
finding that oxidative reactions triggered by Superoxide 
dismutase 1 mutants result in inactivation of the glial 
glutamate transporter (Human GLUT1) which in turn, 
causes neuronal degeneration (Trotti et al., Nat. NeuroSci., 
1999, 2, 427-433). 
0010 Inhibition of Superoxide dismutase 1 through cop 
per chelation or Zinc Supplementation extends the life of 
mice that overexpress a mutant form Superoxide dismutase 
by 1 to 2 months (Hottinger et al., Eur: J. Neurosci., 1997, 
9, 1548-1551). As reviewed by Alisky and Davidson, a 
number of pharmacological agents have been used to inhibit 
the toxicity of Superoxide dismutase 1 mutants in the trans 
genic mouse model for human ALS, including: Vitamin E, 
riluzole, gabapentin, caspase inhibitors, nitric oxide Syn 
thase inhibitors, glutamate receptor inhibitors and glu 
tathione (Alisky and Davidson, Hum. Gene Ther, 2000, 11, 
2315-2329). In addition, investigational gene therapy for 
ALS has included overexpression of a number of genes 
which provide protection from Superoxide dismutase 1 
mutant toxicity (Alisky and Davidson, Hum. Gene Ther., 
2000, 11, 2315-2329). 
0011 Two abnormal Superoxide dismutase 1 mRNAS, 
exon 2-skipping and eXon 2 and 3-skipping Species, were 
identified from occipital brain tissue of ALS patients carry 
ing no mutations in the Superoxide dismutase 1 gene 
(Kawata et al., NeuroReport, 2000, 11, 2649-2653). 
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0012 Disclosed and claimed in PCT publication WO 
94/19493 are oligonucleotide sequences encoding SOD1 
and generally claimed is the use of an antisense DNA 
homolog of a gene encoding SOD1 in either mutant and 
wild-type forms in the preparation of a medicament for 
treating a patient with a disease (Brown et al., 1994). 
0013 The expression of Superoxide dismutase 1 in PC12 
rat pheochromocytoma neuronal cells was inhibited by 
either of two 1-mer antisense oligonucleotides targeting rat 
Superoxide dismutase 1 nucleotides 54-74 and 497-517, 
leading to cellular apoptosis. The progression of cellular 
death was reversed by treatment with antioxidants (Troy and 
Shelanski, Proc. Natl. Acad. Sci. U.S.A., 1994, 91, 6384 
6387). 
0.014. The method of delivery of the previously described 
oligonucleotides to the rat PC12 cells (Troy and Shelanski, 
Proc. Natl. Acad. Sci. U.S.A., 1994, 91, 6384-6387) was 
Subsequently improved by linking the oligonucleotides to a 
vector peptide via a disulfide bond (Troy et al., J. Neurosci, 
1996, 16, 253-261). 
0.015 Induction of apoptosis was also seen in studies 
using a 30-mer phosphorothioate oligonucleotide targeting 
the Start codon of Superoxide dismutase 1 in rat Spinal cord 
cultures in vitro (Rothstein et al., Proc. Natl. Acad. Sci. 
U.S.A., 1994, 91, 4155-4159). Mutations of the superoxide 
dismutase 1 gene have been unambiguously implicated in 
ALS. However, investigational therapies involving inhibi 
tion of these mutants have yet to be tested as therapeutic 
protocols. Furthermore, evidence Suggests that inhibition of 
the wild-type Superoxide dismutase gene is not deleterious 
to organisms (Bruijn et al., Science, 1998, 281, 1851-1854). 
Consequently there remains a long felt need for agents 
capable of effectively and Selectively inhibiting Superoxide 
dismutase 1 function. 

0016 Antisense technology is emerging as an effective 
means for reducing the expression of Specific gene products 
and may therefore prove to be uniquely useful in a number 
of therapeutic, diagnostic, and research applications for the 
modulation of Superoxide dismutase 1 expression. 
0.017. The present invention provides compositions and 
methods for modulating human Superoxide dismutase 1 
expression, including modulation of alternatively Spliced 
forms of Superoxide dismutase 1. 

SUMMARY OF THE INVENTION 

0.018. The present invention is directed to compounds, 
particularly antisense oligonucleotides, which are targeted to 
a nucleic acid encoding Superoxide dismutase 1, Soluble, and 
which modulate the expression of Superoxide dismutase 1, 
Soluble. Pharmaceutical and other compositions comprising 
the compounds of the invention are also provided. Further 
provided are methods of modulating the expression of 
Superoxide dismutase 1, Soluble in cells or tissues compris 
ing contacting Said cells or tissues with one or more of the 
antisense compounds or compositions of the invention. 
Further provided are methods of treating an animal, particu 
larly a human, Suspected of having or being prone to a 
disease or condition associated with expression of SuperOX 
ide dismutase 1, Soluble by administering a therapeutically 
or prophylactically effective amount of one or more of the 
antisense compounds or compositions of the invention. 

Jan. 27, 2005 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 FIG. 1 is a bar graph showing inhibition of Super 
oxide dismutase 1, soluble (SOD-1) mRNA in the rat 
cervical Spinal cord after intraventricular administration of 
ISIS 146192, a SOD-1 antisense oligonucleotide. Sod= 
SOD-1. PTEN was used to show that ISIS 146192 is specific 
for SOD-1 and does not decrease levels of PTEN mRNA. 
mRNA levels were normalized to ribogreen. 
0020 FIG. 2 is a bar graph showing inhibition of SOD-1 
mRNA in the rat cervical spinal cord after intraventricular 
administration of ISIS 146192. mRNA levels were normal 
ized to B-actin. 
0021 FIG.3 is a bar graph showing inhibition of SOD-1 
mRNA in the right temporal parietal section of the rat brain 
after intraventricular administration of ISIS 146192. mRNA 
levels were normalized to ribogreen. 
0022 FIG. 4 is a bar graph showing inhibition of SOD-1 
mRNA in the right temporal parietal section of the rat brain 
after intraventricular administration of ISIS 146192. mRNA 
levels were normalized to B-actin. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0023 The present invention employs oligomeric com 
pounds, particularly antisense oligonucleotides, for use in 
modulating the function of nucleic acid molecules encoding 
Superoxide dismutase 1, Soluble, ultimately modulating the 
amount of Superoxide dismutase 1, Soluble produced. This is 
accomplished by providing antisense compounds which 
Specifically hybridize with one or more nucleic acids encod 
ing Superoxide dismutase 1, Soluble. AS used herein, the 
terms “target nucleic acid” and “nucleic acid encoding 
Superoxide dismutase 1, Soluble' encompass DNA encoding 
Superoxide dismutase 1, Soluble, RNA (including pre 
mRNA and mRNA) transcribed from such DNA, and also 
cDNA derived from such RNA. The specific hybridization 
of an oligomeric compound with its target nucleic acid 
interferes with the normal function of the nucleic acid. This 
modulation of function of a target nucleic acid by com 
pounds which Specifically hybridize to it is generally 
referred to as “antisense”. The functions of DNA to be 
interfered with include replication and transcription. The 
functions of RNA to be interfered with include all vital 
functions Such as, for example, translocation of the RNA to 
the Site of protein translation, translation of protein from the 
RNA, splicing of the RNA to yield one or more mRNA 
Species, and catalytic activity which may be engaged in or 
facilitated by the RNA. The overall effect of such interfer 
ence with target nucleic acid function is modulation of the 
expression of Superoxide dismutase 1, Soluble. In the context 
of the present invention, "modulation' means either an 
increase (stimulation) or a decrease (inhibition) in the 
expression of a gene. In the context of the present invention, 
inhibition is the preferred form of modulation of gene 
expression and mRNA is a preferred target. 
0024. It is preferred to target specific nucleic acids for 
antisense. “Targeting an antisense compound to a particular 
nucleic acid, in the context of this invention, is a multistep 
process. The process usually begins with the identification of 
a nucleic acid Sequence whose function is to be modulated. 
This may be, for example, a cellular gene (or mRNA 
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transcribed from the gene) whose expression is associated 
with a particular disorder or disease State, or a nucleic acid 
molecule from an infectious agent. In the present invention, 
the target is a nucleic acid molecule encoding Superoxide 
dismutase 1, Soluble. The targeting process also includes 
determination of a Site or sites within this gene for the 
antisense interaction to occur Such that the desired effect, 
e.g., detection or modulation of expression of the protein, 
will result. Within the context of the present invention, a 
preferred intragenic Site is the region encompassing the 
translation initiation or termination codon of the open read 
ing frame (ORF) of the gene. Since, as is known in the art, 
the translation initiation codon is typically 5'-AUG (in 
transcribed mRNA molecules; 5'-ATG in the corresponding 
DNA molecule), the translation initiation codon is also 
referred to as the “AUG codon,” the “start codon” or the 
“AUG start codon’. A minority of genes have a translation 
initiation codon having the RNA sequence 5'-GUG, 5'-UUG 
or 5'-CUG, and 5'-AUA, 5'-ACG and 5'-CUG have been 
shown to function in vivo. Thus, the terms “translation 
initiation codon” and “start codon’ can encompass many 
codon Sequences, even though the initiator amino acid in 
each instance is typically methionine (in eukaryotes) or 
formylmethionine (in prokaryotes). It is also known in the 
art that eukaryotic and prokaryotic genes may have two or 
more alternative Start codons, any one of which may be 
preferentially utilized for translation initiation in a particular 
cell type or tissue, or under a particular Set of conditions. In 
the context of the invention, “start codon” and "translation 
initiation codon” refer to the codon or codons that are used 
in vivo to initiate translation of an mRNA molecule tran 
Scribed from a gene encoding Superoxide dismutase 1, 
Soluble, regardless of the Sequence(s) of Such codons. 
0.025. It is also known in the art that a translation termi 
nation codon (or "stop codon”) of a gene may have one of 
three sequences, i.e., 5'-UAA, 5'-UAG and 5'-UGA (the 
corresponding DNA sequences are 5'-TAA, 5'-TAG and 
5'-TGA, respectively). The terms “start codon region” and 
“translation initiation codon region” refer to a portion of 
Such an mRNA or gene that encompasses from about 25 to 
about 50 contiguous nucleotides in either direction (i.e., 5' or 
3") from a translation initiation codon. Similarly, the terms 
“Stop codon region' and "translation termination codon 
region” refer to a portion of Such an mRNA or gene that 
encompasses from about 25 to about 50 contiguous nucle 
otides in either direction (i.e., 5' or 3') from a translation 
termination codon. 

0026. The open reading frame (ORF) or “coding region,” 
which is known in the art to refer to the region between the 
translation initiation codon and the translation termination 
codon, is also a region which may be targeted effectively. 
Other target regions include the 5' untranslated region 
(5'UTR), known in the art to refer to the portion of an mRNA 
in the 5' direction from the translation initiation codon, and 
thus including nucleotides between the 5' cap Site and the 
translation initiation codon of an mRNA or corresponding 
nucleotides on the gene, and the 3' untranslated region 
(3'UTR), known in the art to refer to the portion of an mRNA 
in the 3' direction from the translation termination codon, 
and thus including nucleotides between the translation ter 
mination codon and 3' end of an mRNA or corresponding 
nucleotides on the gene. The 5' cap of an mRNA comprises 
an N7-methylated guanosine residue joined to the 5'-most 
residue of the mRNA via a 5'-5' triphosphate linkage. The 5' 
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cap region of an mRNA is considered to include the 5' cap 
structure itself as well as the first 50 nucleotides adjacent to 
the cap. The 5' cap region may also be a preferred target 
region. 

0027) Although some eukaryotic mRNA transcripts are 
directly translated, many contain one or more regions, 
known as “introns,” which are excised from a transcript 
before it is translated. The remaining (and therefore trans 
lated) regions are known as “exons' and are spliced together 
to form a continuous mRNA sequence. mRNA splice Sites, 
i.e., intron-exon junctions, may also be preferred target 
regions, and are particularly useful in Situations where 
aberrant Splicing is implicated in disease, or where an 
overproduction of a particular mRNA Splice product is 
implicated in disease. Aberrant fusion junctions due to 
rearrangements or deletions are also preferred targets. It has 
also been found that introns can also be effective, and 
therefore preferred, target regions for antisense compounds 
targeted, for example, to DNA or pre-mRNA. 

0028. Once one or more target sites have been identified, 
oligonucleotides are chosen which are Sufficiently comple 
mentary to the target, i.e., hybridize Sufficiently well and 
with Sufficient specificity, to give the desired effect. 

0029. In the context of this invention, “hybridization” 
means hydrogen bonding, which may be Watson-Crick, 
Hoogsteen or reversed Hoogsteen hydrogen bonding, 
between complementary nucleoside or nucleotide bases. For 
example, adenine and thymine are complementary nucleo 
bases which pair through the formation of hydrogen bonds. 
“Complementary,” as used herein, refers to the capacity for 
precise pairing between two nucleotides. For example, if a 
nucleotide at a certain position of an oligonucleotide is 
capable of hydrogen bonding with a nucleotide at the same 
position of a DNA or RNA molecule, then the oligonucle 
otide and the DNA or RNA are considered to be comple 
mentary to each other at that position. The oligonucleotide 
and the DNA or RNA are complementary to each other when 
a Sufficient number of corresponding positions in each 
molecule are occupied by nucleotides which can hydrogen 
bond with each other. Thus, “specifically hybridizable” and 
“complementary are terms which are used to indicate a 
Sufficient degree of complementarity or precise pairing Such 
that Stable and Specific binding occurs between the oligo 
nucleotide and the DNA or RNA target. It is understood in 
the art that the Sequence of an antisense compound need not 
be 100% complementary to that of its target nucleic acid to 
be specifically hybridizable. An antisense compound is 
specifically hybridizable when binding of the compound to 
the target DNA or RNA molecule interferes with the normal 
function of the target DNA or RNA to cause a loss of utility, 
and there is a Sufficient degree of complementarity to avoid 
non-specific binding of the antisense compound to non 
target Sequences under conditions in which specific binding 
is desired, i.e., under physiological conditions in the case of 
in Vivo assays or therapeutic treatment, and in the case of in 
Vitro assays, under conditions in which the assays are 
performed. 

0030 Antisense and other compounds of the invention 
which hybridize to the target and inhibit expression of the 
target are identified through experimentation, and the 
Sequences of these compounds are hereinbelow identified as 
preferred embodiments of the invention. The target sites to 
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which these preferred Sequences are complementary are 
hereinbelow referred to as “active sites” and are therefore 
preferred sites for targeting. Therefore another embodiment 
of the invention encompasses compounds which hybridize 
to these active Sites. 

0.031) Antisense compounds are commonly used as 
research reagents and diagnostics. For example, antisense 
oligonucleotides, which are able to inhibit gene expression 
with exquisite Specificity, are often used by those of ordinary 
skill to elucidate the function of particular genes. AntiSense 
compounds are also used, for example, to distinguish 
between functions of various members of a biological path 
way. AntiSense modulation has, therefore, been harnessed 
for research use. 

0.032 For use in kits and diagnostics, the antisense com 
pounds of the present invention, either alone or in combi 
nation with other antisense compounds or therapeutics, can 
be used as tools in differential and/or combinatorial analyses 
to elucidate expression patterns of a portion or the entire 
complement of genes expressed within cells and tissues. 
0.033 Expression patterns within cells or tissues treated 
with one or more antisense compounds are compared to 
control cells or tissues not treated with antisense compounds 
and the patterns produced are analyzed for differential levels 
of gene expression as they pertain, for example, to disease 
asSociation, Signaling pathway, cellular localization, eXpres 
Sion level, size, Structure or function of the genes examined. 
These analyses can be performed on stimulated or unstimu 
lated cells and in the presence or absence of other com 
pounds which affect expression patterns. 
0034) Examples of methods of gene expression analysis 
known in the art include DNA arrays or microarrays 
(Brazma and Vilo, FEBS Lett., 2000, 480, 17-24; Celis, et 
al., FEBS Lett., 2000, 480, 2-16), SAGE (serial analysis of 
gene expression)(Madden, et al., Drug Discov. Today, 2000, 
5, 415-425), READS (restriction enzyme amplification of 
digested cDNAs) (Prashar and Weissman, Methods Enzy 
mol., 1999, 303, 258-72), TOGA (total gene expression 
analysis) (Sutcliffe, et al., Proc. Natl. Acad. Sci. U.S.A., 
2000, 97, 1976-81), protein arrays and proteomics (Celis, et 
al., FEBS Lett., 2000, 480, 2-16; Jungblut, et al., Electro 
phoresis, 1999, 20, 2100-10), expressed sequence tag (EST) 
sequencing (Celis, et al., FEBS Lett., 2000, 480, 2-16; 
Larsson, et al., J. Biotechnol., 2000, 80, 143-57), subtractive 
RNA fingerprinting (SuRF) (Fuchs, et al., Anal. Biochem, 
2000, 286, 91-98; Larson, et al., Cytometry, 2000, 41, 
203-208), Subtractive cloning, differential display (DD) 
(Jurecic and Belmont, Curr. Opin. Microbiol., 2000, 3, 
3.16-21), comparative genomic hybridization (Carulli, et al., 
J. Cell Biochem. Suppl., 1998, 31, 286-96), FISH (fluores 
cent in situ hybridization) techniques (Going and Gusterson, 
Eur: J. Cancer, 1999, 35, 1895-904) and mass spectrometry 
methods (reviewed in (To, Comb. Chem. High Throughput 
Screen, 2000, 3, 235-41). 
0035. The specificity and sensitivity of antisense is also 
harnessed by those of skill in the art for therapeutic uses. 
AntiSense oligonucleotides have been employed as thera 
peutic moieties in the treatment of disease States in animals 
and man. AntiSense oligonucleotide drugs, including 
ribozymes, have been safely and effectively administered to 
humans and numerous clinical trials are presently underway. 
It is thus established that oligonucleotides can be useful 
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therapeutic modalities that can be configured to be useful in 
treatment regimes for treatment of cells, tissues and animals, 
especially humans. 

0036). In the context of this invention, the term “oligo 
nucleotide' refers to an oligomer or polymer of ribonucleic 
acid (RNA) or deoxyribonucleic acid (DNA) or mimetics 
thereof. This term includes oligonucleotides composed of 
naturally-occurring nucleobases, Sugars and covalent inter 
nucleoside (backbone) linkages as well as oligonucleotides 
having non-naturally-occurring portions which function 
Similarly. Such modified or Substituted oligonucleotides are 
often preferred over native forms because of desirable 
properties Such as, for example, enhanced cellular uptake, 
enhanced affinity for nucleic acid target and increased Sta 
bility in the presence of nucleases. 
0037. While antisense oligonucleotides are a preferred 
form of antisense compound, the present invention compre 
hends other oligomeric antisense compounds, including but 
not limited to oligonucleotide mimetics Such as are 
described below. The antisense compounds in accordance 
with this invention preferably comprise from about 8 to 
about 50 nucleobases (i.e. from about 8 to about 50 linked 
nucleosides). Particularly preferred antisense compounds 
are antisense oligonucleotides, even more preferably those 
comprising from about 12 to about 30 nucleobases. Anti 
Sense compounds include ribozymes, external guide 
Sequence (EGS) oligonucleotides (oligozymes), and other 
Short catalytic RNAS or catalytic oligonucleotides which 
hybridize to the target nucleic acid and modulate its expres 
SO. 

0038 While the preferred form of antisense compound is 
a single-Stranded antisense oligonucleotide, in many Species 
the introduction of double-Stranded Structures, Such as 
double-stranded RNA (dsRNA) molecules, has been shown 
to induce potent and Specific antisense-mediated reduction 
of the function of a gene or its associated gene products. This 
phenomenon occurs in both plants and animals and is 
believed to have an evolutionary connection to viral defense 
and transposon Silencing. 

0039. The first evidence that dsRNA could lead to gene 
Silencing in animals came in 1995 from work in the nema 
tode, Caenorhabditis elegans (Guo and Kempheus, Cell, 
1995, 81, 611-620). Montgomery et al. have shown that the 
primary interference effects of dsRNA are posttranscrip 
tional (Montgomery et al., Proc. Natl. Acad. Sci. USA, 1998, 
95, 15502-15507). The posttranscriptional antisense mecha 
nism defined in Caenorhabditis elegans resulting from 
exposure to double-stranded RNA (dsRNA) has since been 
designated RNA interference (RNAi). This term has been 
generalized to mean antisense-mediated gene Silencing 
involving the introduction of dsRNA leading to the 
Sequence-specific reduction of endogenous targeted mRNA 
levels (Fire et al., Nature, 1998, 391, 806-811). Recently, it 
has been shown that it is, in fact, the single-stranded RNA 
oligomers of antisense polarity of the dsRNAS which are the 
potent inducers of RNAi (Tijsterman et al., Science, 2002, 
295, 694-697). The use of these double stranded RNA 
molecules (short interfering RNA or siRNA) for targeting 
and inhibiting the expression of Superoxide dismutase 1, 
soluble mRNA is also contemplated. These double stranded 
RNA molecules target regions similar to those targeted by 
antisense oligocleotides and have similar effects. These 
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double stranded RNA molecules are generally 19-21 base 
pairs in length, but may range between 8 and 50 nucleo 
bases. The production of siRNA molecules is described in a 
general Sense in the examples provided below, but it will be 
appreciated that any desired siRNA targeted to Superoxide-1 
dismutase, Soluble may be Synthesized by conventional 
oligonucleotide Synthesis techniques. Once the Sequence of 
the antisense Strand is known, the complementary Sense 
Strand is Synthesized based on base pairing. The Sense and 
antisense strands are then combined to form the siRNA. 

0040. Oligomer and Monomer Modifications 
0041 AS is known in the art, a nucleoside is a base-sugar 
combination. The base portion of the nucleoside is normally 
a heterocyclic base. The two most common classes of Such 
heterocyclic bases are the purines and the pyrimidines. 
Nucleotides are nucleosides that further include a phosphate 
group covalently linked to the Sugar portion of the nucleo 
Side. For those nucleosides that include a pentofuranosyl 
Sugar, the phosphate group can be linked to either the 2',3' 
or 5’ hydroxyl moiety of the Sugar. In forming oligonucle 
otides, the phosphate groups covalently link adjacent 
nucleosides to one another to form a linear polymeric 
compound. In turn, the respective ends of this linear poly 
meric compound can be further joined to form a circular 
compound, however, linear compounds are generally pre 
ferred. In addition, linear compounds may have internal 
nucleobase complementarity and may therefore fold in a 
manner as to produce a fully or partially double-Stranded 
compound. Within oligonucleotides, the phosphate groups 
are commonly referred to as forming the internucleoside 
linkage or in conjunction with the Sugar ring the backbone 
of the oligonucleotide. The normal internucleoside linkage 
that makes up the backbone of RNA and DNA is a 3' to 5' 
phosphodiester linkage. 

Modified Internucleoside Linkages 
0.042 Specific examples of preferred antisense oligo 
meric compounds useful in this invention include oligo 
nucleotides containing modified e.g. non-naturally occurring 
internucleoside linkages. AS defined in this specification, 
oligonucleotides having modified internucleoside linkages 
include internucleoside linkages that retain a phosphorus 
atom and internucleoside linkages that do not have a phos 
phorus atom. For the purposes of this specification, and as 
Sometimes referenced in the art, modified oligonucleotides 
that do not have a phosphorus atom in their internucleoside 
backbone can also be considered to be oligonucleosides. 
0043. In the C. elegans system, modification of the 
internucleotide linkage (phosphorothioate) did not signifi 
cantly interfere with RNAi activity. Based on this observa 
tion, it is Suggested that certain preferred oligomeric com 
pounds of the invention can also have one or more modified 
internucleoside linkages. A preferred phosphorus containing 
modified internucleoside linkage is the phosphorothioate 
internucleoside linkage. 
0044 Preferred modified oligonucleotide backbones con 
taining a phosphorus atom therein include, for example, 
phosphorothioates, chiral phosphorothioates, phospho 
rodithioates, phosphotriesters, aminoalkylphosphotriesters, 
methyl and other alkyl phosphonates including 3'-alkylene 
phosphonates, 5'-alkylene phosphonates and chiral phos 
phonates, phosphinates, phosphoramidates including 
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3'-amino phosphoramidate and aminoalkylphosphorami 
dates, thionophosphoramidates, thionoalkylphosphonates, 
thionoalkylphosphotriesters, Selenophosphates and borano 
phosphates having normal 3'-5' linkages, 2'-5' linked analogs 
of these, and those having inverted polarity wherein one or 
more internucleotide linkages is a 3' to 3',5' to 5' or 2 to 2 
linkage. Preferred oligonucleotides having inverted polarity 
comprise a single 3' to 3' linkage at the 3'-most internucle 
otide linkage i.e. a single inverted nucleoside residue which 
may be abasic (the nucleobase is missing or has a hydroxyl 
group in place thereof). Various Salts, mixed salts and free 
acid forms are also included. 

0045 Representative United States patents that teach the 
preparation of the above phosphorus-containing linkages 
include, but are not limited to, U.S. Pat. Nos. 3,687,808; 
4,469,863; 4,476,301; 5,023,243; 5,177, 196; 5,188,897; 
5,264,423: 5,276,019; 5,278.302; 5,286,717; 5,321,131; 
5,399,676; 5,405,939; 5.453,496; 5.455,233; 5,466,677; 
5,476,925; 5,519,126; 5,536,821; 5,541,306; 5,550,111; 
5,563,253; 5,571,799; 5,587,361; 5,194.599; 5,565,555; 
5,527,899; 5,721,218; 5,672,697 and 5,625,050, certain of 
which are commonly owned with this application, and each 
of which is herein incorporated by reference. 

0046. In more preferred embodiments of the invention, 
oligomeric compounds have one or more phosphorothioate 
and/or heteroatom internucleoside linkages, in particular 
CH-NH-O-CH-, -CH-N(CH)-O-CH 

known as a methylene (methylimino) or MMI backbone), 
-CH-O-N(CH-)-CH-, -CH-N(CH-)- 
N(CH)-CH- and -O-N(CH)-CH-CH 
wherein the native phosphodiester internucleotide linkage 
is represented as -O-P(=O)(OH)-O-CH-). The 
MMI type internucleoside linkages are disclosed in the 
above referenced U.S. Pat. No. 5,489,677. Preferred amide 
internucleoside linkages are disclosed in the above refer 
enced U.S. Pat. No. 5,602,240. 

0047 Preferred modified oligonucleotide backbones that 
do not include a phosphorus atom therein have backbones 
that are formed by short chain alkyl or cycloalkyl inter 
nucleoside linkages, mixed heteroatom and alkyl or 
cycloalkyl internucleoside linkages, or one or more short 
chain heteroatomic or heterocyclic internucleoside linkages. 
These include those having morpholino linkages (formed in 
part from the Sugar portion of a nucleoside); siloxane 
backbones, Sulfide, Sulfoxide and Sulfone backbones, for 
macetyl and thioformacetyl backbones, methylene for 
macetyl and thioformacetyl backbones, riboacetyl back 
bones, alkene containing backbones, Sulfamate backbones, 
methyleneimino and methylenehydrazino backbones, Sul 
fonate and Sulfonamide backbones, amide backbones, and 
others having mixed N, O, S and CH component parts. 
0048 Representative United States patents that teach the 
preparation of the above oligonucleosides include, but are 
not limited to, U.S. Pat. Nos. 5,034,506; 5,166,315; 5,185, 
444; 5,214,134, 5,216,141, 5,235,033; 5,264,562; 5,264, 
564; 5,405,938; 5,434,257; 5,466,677; 5,470,967; 5,489, 
677; 5,541,307; 5,561.225; 5,596,086; 5,602,240; 5,610, 
289; 5,602,240; 5,608,046; 5,610,289; 5,618,704, 5,623, 
070; 5,663,312; 5,633,360; 5,677,437; 5,792,608; 5,646.269 
and 5,677,439, certain of which are commonly owned with 
this application, and each of which is herein incorporated by 
reference. 
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Oligomer Mimetics 

0049 Another preferred group of oligomeric compounds 
amenable to the present invention includes oligonucleotide 
mimetics. The term mimetic as it is applied to oligonucle 
otides is intended to include oligomeric compounds wherein 
only the furanose ring or both the furanose ring and the 
internucleotide linkage are replaced with novel groups, 
replacement of only the furanose ring is also referred to in 
the art as being a Sugar Surrogate. The heterocyclic base 
moiety or a modified heterocyclic base moiety is maintained 
for hybridization with an appropriate target nucleic acid. 
One Such oligomeric compound, an oligonucleotide mimetic 
that has been shown to have excellent hybridization prop 
erties, is referred to as a peptide nucleic acid (PNA). In PNA 
oligomeric compounds, the Sugar-backbone of an oligo 
nucleotide is replaced with an amide containing backbone, 
in particular an aminoethylglycine backbone. The nucleo 
bases are retained and are bound directly or indirectly to aza 
nitrogen atoms of the amide portion of the backbone. 
Representative United States patents that teach the prepara 
tion of PNA oligomeric compounds include, but are not 
limited to, U.S. Pat. Nos. 5,539,082; 5,714,331; and 5,719, 
262, each of which is herein incorporated by reference. 
Further teaching of PNA oligomeric compounds can be 
found in Nielsen et al., Science, 1991, 254, 1497-1500. 
0050. One oligonucleotide mimetic that has been 
reported to have excellent hybridization properties is peptide 
nucleic acids (PNA). The backbone in PNA compounds is 
two or more linked aminoethylglycine units which gives 
PNA an amide containing backbone. The heterocyclic base 
moieties are bound directly or indirectly to aza nitrogen 
atoms of the amide portion of the backbone. Representative 
United States patents that teach the preparation of PNA 
compounds include, but are not limited to, U.S. Pat. Nos. 
5,539,082; 5,714,331; and 5,719,262, each of which is 
herein incorporated by reference. Further teaching of PNA 
compounds can be found in Nielsen et al., Science, 1991, 
254, 1497-1500. 
0051 PNA has been modified to incorporate numerous 
modifications since the basic PNA structure was first pre 
pared. The basic structure is shown below: 

Bx Bx 

O O 
O O 

T Nulls Nulls n N N Ts 
H H 

0.052 wherein 
0053 Bx is a heterocyclic base moiety; 

0054 T is hydrogen, an amino protecting group, 
-C(O)Rs, Substituted or unsubstituted C-Co alkyl, 
Substituted or unsubstituted C-C alkenyl, Substi 
tuted or unsubstituted C-Co alkynyl, alkylsulfonyl, 
arylsulfonyl, a chemical functional group, a reporter 
group, a conjugate group, a D or L. C.-amino acid 
linked via the C-carboxyl group or optionally 
through the co-carboxyl group when the amino acid 
is aspartic acid or glutamic acid or a peptide derived 
from D, L or mixed D and L amino acids linked 
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through a carboxyl group, wherein the Substituent 
groups are Selected from hydroxyl, amino, alkoxy, 
carboxy, benzyl, phenyl, nitro, thiol, thioalkoxy, 
halogen, alkyl, aryl, alkenyl and alkynyl; 

0055 T5 is -OH, -N(Z)Z, Rs, D or L. C.-amino 
acid linked via the C-amino group or optionally 
through the co-amino group when the amino acid is 
lysine or ornithine or a peptide derived from D, L or 
mixed D and Lamino acids linked through an amino 
group, a chemical functional group, a reporter group 
or a conjugate group; 

0056 Z is hydrogen, C-C alkyl, or an amino 
protecting group; 

0057 Z is hydrogen, C-C alkyl, an amino pro 
tecting group, —C(=O)-(CH2)-J-Z, a D or L 
C.-amino acid linked via the C-carboxyl group or 
optionally through the ()-carboxyl group when the 
amino acid is aspartic acid or glutamic acid or a 
peptide derived from D, L or mixed D and L amino 
acids linked through a carboxyl group; 

0058 Z is hydrogen, an amino protecting group, 
-C-C alkyl, -C(=O)-CH, benzyl, benzoyl, or 
-(CH), N(H)Z; 

0059) each J is O, S or NH; 
0060 Rs is a carbonyl protecting group; and 
0061 n is from 2 to about 50. 

0062) Another class of oligonucleotide mimetic that has 
been Studied is based on linked morpholino units (mor 
pholino nucleic acid) having heterocyclic bases attached to 
the morpholino ring. A number of linking groups have been 
reported that link the morpholino monomeric units in a 
morpholino nucleic acid. A preferred class of linking groups 
have been Selected to give a non-ionic oligomeric com 
pound. The non-ionic morpholino-based oligomeric com 
pounds are less likely to have undesired interactions with 
cellular proteins. Morpholino-based oligomeric compounds 
are non-ionic mimics of oligonucleotides which are leSS 
likely to form undesired interactions with cellular proteins 
(Dwaine A. Braasch and David R. Corey, Biochemistry, 
2002, 41(14), 4503-4510). Morpholino-based oligomeric 
compounds are disclosed in U.S. Pat. No. 5,034,506, issued 
Jul. 23, 1991. The morpholino class of oligomeric com 
pounds have been prepared having a variety of different 
linking groups joining the monomeric Subunits. 
0063 Morpholino nucleic acids have been prepared hav 
ing a variety of different linking groups (L) joining the 
monomeric Subunits. The basic formula is shown below: 
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0064 wherein 
0065 T is hydroxyl or a protected hydroxyl; 
0066 T is hydrogen or a phosphate or phosphate 
derivative; 

0067 L is a linking group; and 
0068 n is from 2 to about 50. 

0069. A further class of oligonucleotide mimetic is 
referred to as cyclohexenyl nucleic acids (CeNA). The 
furanose ring normally present in an DNA/RNA molecule is 
replaced with a cyclohenyl ring. CeNA DMT protected 
phosphoramidite monomers have been prepared and used 
for oligomeric compound Synthesis following classical 
phosphoramidite chemistry. Fully modified CeNA oligo 
meric compounds and oligonucleotides having Specific posi 
tions modified with CeNA have been prepared and studied 
(see Wang et al., J. Am. Chem. Soc., 2000, 122,8595-8602). 
In general the incorporation of CeNA monomers into a DNA 
chain increases its stability of a DNA/RNA hybrid. CeNA 
oligoadenylates formed complexes with RNA and DNA 
complements with Similar Stability to the native complexes. 
The Study of incorporating CeNA structures into natural 
nucleic acid structures was shown by NMR and circular 
dichroism to proceed with easy conformational adaptation. 
Furthermore the incorporation of CeNA into a sequence 
targeting RNA was stable to Serum and able to activate E. 
Coli RNase resulting in cleavage of the target RNA strand. 
0070 The general formula of CeNA is shown below: 

0071 wherein 
0072) 
0073 T is hydroxyl or a protected hydroxyl; and 

each BX is a heterocyclic base moiety; 

0074 T is hydroxyl or a protected hydroxyl. 
0075) Another class of oligonucleotide mimetic (anhy 
drohexitol nucleic acid) can be prepared from one or more 
anhydrohexitol nucleosides (see, Wouters and Herdewijn, 
Bioorg. Med. Chem. Lett., 1999, 9, 1563-1566) and would 
have the general formula: 
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0076 A further preferred modification includes Locked 
Nucleic Acids (LNAS) in which the 2'-hydroxyl group is 
linked to the 4' carbon atom of the Sugar ring thereby 
forming a 2-C,4'-C-Oxymethylene linkage thereby forming 
a bicyclic Sugar moiety. The linkage is preferably a meth 
ylene (-CH2-), group bridging the 2' oxygen atom and the 
4' carbon atom wherein n is 1 or 2 (Singh et al., Chem. 
Commun., 1998, 4, 455-456). LNA and LNA analogs dis 
play very high duplex thermal Stabilities with complemen 
tary DNA and RNA (Tm=+3 to +10 C), stability towards 
3'-exonucleolytic degradation and good Solubility proper 
ties. The basic structure of LNA showing the bicyclic ring 
system is shown below: 

T-O 

0077. The conformations of LNAS determined by 2D 
NMR spectroscopy have shown that the locked orientation 
of the LNA nucleotides, both in single-stranded LNA and in 
duplexes, constrains the phosphate backbone in Such a way 
as to introduce a higher population of the N-type confor 
mation (Petersen et al., J. Mol. Recognit., 2000, 13, 44-53). 
These conformations are associated with improved Stacking 
of the nucleobases (Wengel et al., Nucleosides Nucleotides, 
1999, 18, 1365-1370). 
0078 LNA has been shown to form exceedingly stable 
LNA:LNA duplexes (Koshkin et al., J. Am. Chem. Soc., 
1998, 120, 13252-13253). LNA:LNA hybridization was 
shown to be the most thermally stable nucleic acid type 
duplex system, and the RNA-mimicking character of LNA 
was established at the duplex level. Introduction of 3 LNA 
monomers (T or A) significantly increased melting points 
(Tm=+15/+11) toward DNA complements. The universality 
of LNA-mediated hybridization has been stressed by the 
formation of exceedingly stable LNA:LNA duplexes. The 
RNA-mimicking of LNA was reflected with regard to the 
N-type conformational restriction of the monomers and to 
the secondary structure of the LNA:RNA duplex. 

0079 LNAS also form duplexes with complementary 
DNA, RNA or LNA with high thermal affinities. Circular 
dichroism (CD) spectra show that duplexes involving fully 
modified LNA (esp. LNA:RNA) structurally resemble an 
A-form RNA:RNA duplex. Nuclear magnetic resonance 
(NMR) examination of an LNA:DNA duplex confirmed the 
3'-endo conformation of an LNA monomer. Recognition of 
double-Stranded DNA has also been demonstrated Suggest 
ing strand invasion by LNA. Studies of mismatched 
sequences show that LNAS obey the Watson-Crick base 
pairing rules with generally improved Selectivity compared 
to the corresponding unmodified reference Strands. 
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0080 Novel types of LNA-oligomeric compounds, as 
well as the LNAS, are useful in a wide range of diagnostic 
and therapeutic applications. Among these are antisense 
applications, PCR applications, Strand-displacement oligo 
mers, Substrates for nucleic acid polymerases and generally 
as nucleotide based drugs. Potent and nontoxic antisense 
oligonucleotides containing LNAS have been described 
(Wahlestedt et al., Proc. Natl. Acad. Sci. U.S. A., 2000,97, 
5633-5638.) The authors have demonstrated that LNAS 
confer Several desired properties to antisense agents. LNA/ 
DNA copolymers were not degraded readily in blood serum 
and cell extracts. LNA/DNA copolymers exhibited potent 
antisense activity in assay Systems as disparate as G-protein 
coupled receptor Signaling in living rat brain and detection 
of reporter genes in Escherichia coli. Lipofectin-mediated 
efficient delivery of LNA into living human breast cancer 
cells has also been accomplished. 

0081. The synthesis and preparation of the LNA mono 
merS adenine, cytosine, guanine, 5-methyl-cytosine, thym 
ine and uracil, along with their oligomerization, and nucleic 
acid recognition properties have been described (Koshkin et 
al., Tetrahedron, 1998, 54, 3607-3630). LNAS and prepara 
tion thereof are also described in WO 98/39352 and WO 
99/14226. 

0082 The first analogs of LNA, phosphorothioate-LNA 
and 2'-thio-LNAS, have also been prepared (Kumar et al., 
Bioorg. Med. Chem. Lett., 1998, 8,2219-2222). Preparation 
of locked nucleoside analogs containing oligodeoxyribo 
nucleotide duplexes as Substrates for nucleic acid poly 
merases has also been described (Wengel et al., PCT Inter 

Application WO 98-DK393 19980914). 
Furthermore, synthesis of 2'-amino-LNA, a novel confor 
mationally restricted high-affinity oligonucleotide analog 
with a handle has been described in the art (Singh et al., J. 
Org. Chem., 1998, 63, 10035-10039). In addition, 2-Amino 
and 2'-methylamino-LNA's have been prepared and the 
thermal stability of their duplexes with complementary RNA 
and DNA strands has been previously reported. 

national 

0.083. Further oligonucleotide mimetics have been pre 
pared to include bicyclic and tricyclic nucleoside analogs 
having the formulas (amidite monomers shown): 
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-continued 

DMTO 

0084 (see Steffens et al., Helv. Chim. Acta, 1997, 80, 
2426-2439; Steffens et al., J. Am. Chem. SOc., 1999, 121, 
3249-3255; and Renneberg et al., J. Am. Chem. Soc., 2002, 
124, 5993-6002). These modified nucleoside analogs have 
been oligomerized using the phosphoramidite approach and 
the resulting oligomeric compounds containing tricyclic 
nucleoside analogs have shown increased thermal Stabilities 
(Tm's) when hybridized to DNA, RNA and itself. Oligo 
meric compounds containing bicyclic nucleoside analogs 
have shown thermal stabilities approaching that of DNA 
duplexes. 

0085 Another class of oligonucleotide mimetic is 
referred to as phosphonomonoester nucleic acids incorpo 
rate a phosphorus group in a backbone the backbone. This 
class of olignucleotide mimetic is reported to have useful 
physical and biological and pharmacological properties in 
the areas of inhibiting gene expression (antisense oligo 
nucleotides, ribozymes, Sense oligonucleotides and triplex 
forming oligonucleotides), as probes for the detection of 
nucleic acids and as auxiliaries for use in molecular biology. 

0086) The general formula (for definitions of Markush 
variables see: U.S. Pat. Nos. 5,874,553 and 6,127,346 herein 
incorporated by reference in their entirety) is shown below. 

B 
Z 1." z A1 

Rs R5 G 
O P L G ne1 O' 

S-N- N1N N D x1 Y 
R6 R6 

0087 Another oligonucleotide mimetic has been reported 
wherein the furanosyl ring has been replaced by a cyclobutyl 
moiety. 

Modified Sugars 

0088 Oligomeric compounds of the invention may also 
contain one or more Substituted Sugar moieties. Preferred 
oligomeric compounds comprise a Sugar Substituent group 
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selected from: OH; F; O-, S-, or N-alkyl; O-, S-, or N-alk 
enyl; O-, S- or N-alkynyl; or O-alkyl-O-alkyl, wherein the 
alkyl, alkenyl and alkynyl may be Substituted or unsubsti 
tuted C to Co alkyl or C to Co alkenyl and alkynyl. 
Particularly preferred C O(CH), OCH, 
O(CH), OCH, O(CH), NH. O(CH), CH, 
O(CH), ONH, and O(CH), ON(CH), CHI 2 where n 
and m are from 1 to about 10. Other preferred oligonucle 
otides comprise a Sugar Substituent group Selected from: C 
to Co lower alkyl, Substituted lower alkyl, alkenyl, alkynyl, 
alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCH, OCN, 
Cl, Br, CN, CF, OCF, SOCH, SOCH, ONO, NO, N, 
NH2, heterocycloalkyl, heterocycloalkaryl, aminoalky 
lamino, polyalkylamino, Substituted Sillyl, an RNA cleaving 
group, a reporter group, an intercalator, a group for improv 
ing the pharmacokinetic properties of an oligonucleotide, or 
a group for improving the pharmacodynamic properties of 
an oligonucleotide, and other Substituents having Similar 
properties. A preferred modification includes 2'-methoxy 
ethoxy (2'-O-CHCHOCH, also known as 2'-O-(2-meth 
oxyethyl) or 2'-MOE) (Martin et al., Hell: Chim. Acta, 1995, 
78,486-504) i.e., an alkoxyalkoxy group. A further preferred 
modification includes 2-dimethylaminooxyethoxy, i.e., a 
O(CH).ON(CH4), group, also known as 2'-DMAOE, as 
described in examples hereinbelow, and 2'-dimethylamino 
ethoxyethoxy (also known in the art as 2'-O-dimethyl 
amino-ethoxy-ethyl or 2-DMAEOE), i.e., 2'-O-CH 
O-CH-N(CH)." 
0089. Other preferred sugar Substituent groups include 
methoxy (-O-CH), aminopropoxy 
(-OCHCHCH-NH), allyl (-CH-CH=CH-), -O- 
allyl (-O-CH-CH=CH-) and fluoro (F). 2'-Sugar Sub 
Stituent groups may be in the arabino (up) position or ribo 
(down) position. A preferred 2'-arabino modification is 2'-F. 
Similar modifications may also be made at other positions 
on the oligomeric compound, particularly the 3' position of 
the Sugar on the 3' terminal nucleoside or in 2'-5" linked 
oligonucleotides and the 5' position of 5' terminal nucle 
otide. Oligomeric compounds may also have Sugar mimetics 
Such as cyclobutyl moieties in place of the pentofuranosyl 
Sugar. Representative United States 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, certain of 
which are commonly owned with the instant application, 
and each of which is herein incorporated by reference in its 
entirety. 

0090. Further representative sugar substituent groups 
include groups of formula I or II: 

Ia 
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-continued 

Rosa R. f 

Rh 

R1 -/ 

IIa 

0.091 wherein: 
0092 R is O, S or NH; 
0.093 R is a single bond, O, S or C(=O); 
0094) R is C-C alkyl, N(R)(R), N(R)(R), 
N=C(R)(R), N=C(R)(R.) or has formula III; 

IIIa 
N-R 
M 

- N - C 

| \ 
Rs -R, 

Ry 

(0095) R, and Rare each independently hydrogen or 
C-Clio alkyl, 

(0096) R, is -R-R; 
0097 each Rs, R, R and R is, independently, 
hydrogen, C(O)R, Substituted or unsubstituted 
C-Clio alkyl, Substituted or unsubstituted C-Co 
alkenyl, Substituted or unsubstituted C-Co alkynyl, 
alkylsulfonyl, arylsulfonyl, a chemical functional 
group or a conjugate group, wherein the Substituent 
groups are Selected from hydroxyl, amino, alkoxy, 
carboxy, benzyl, phenyl, nitro, thiol, thioalkoxy, 
halogen, alkyl, aryl, alkenyl and alkynyl; 

0098 or optionally, R and R, together form a 
phthalimido moiety with the nitrogen atom to which 
they are attached; 

0099 each R is, independently, Substituted or 
unsubstituted C-Co alkyl, trifluoromethyl, cyano 
ethyloxy, methoxy, ethoxy, t-butoxy, allyloxy, 
9-fluorenylmethoxy, 2-(trimethylsilyl)-ethoxy, 2,2,2- 
trichloroethoxy, benzyloxy, butyryl, iso-butyryl, 
phenyl or aryl; 

0100 R is hydrogen, a nitrogen protecting group or 
-R-R: X y? 

?olo is hydrogen, a nitrogen protecting group or 
-K-Ky; 

0102 R is a bond or a linking moiety; 

(0103) R, is a chemical functional group, a conjugate 
group or a Solid Support medium; 

0104 each R, and R is, independently, H, a nitro 
gen protecting group, Substituted or unsubstituted 
C-Clio alkyl, Substituted or unsubstituted C-Co 
alkenyl, Substituted or unsubstituted C-Co alkynyl, 
wherein the Substituent groups are Selected from 
hydroxyl, amino, alkoxy, carboxy, benzyl, phenyl, 
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nitro, thiol, thioalkoxy, halogen, alkyl, aryl, alkenyl, 
alkynyl; NH", N(R)(R), guanidino and acyl where 
Said acyl is an acid amide or an ester; 

0105 or R, and R, together, are a nitrogen protect 
ing group, are joined in a ring Structure that option 
ally includes an additional heteroatom Selected from 
N and O or are a chemical functional group; 

0106 R is OR, SR, or N(R); 
0107 each R is, independently, H, C-C alkyl, 
C-Cs haloalkyl, C(=NH)N(H)R, C(=O)N(H)R, 
or OC(=O)N(H)R; 

0108) R, R and R, comprise a ring system having 
from about 4 to about 7 carbon atoms or having from 
about 3 to about 6 carbon atoms and 1 or 2 heteroa 
toms wherein Said heteroatoms are Selected from 
oxygen, nitrogen and Sulfur and wherein Said ring 
System is aliphatic, unsaturated aliphatic, aromatic, 
or Saturated or unsaturated heterocyclic; 

0109) R, is alkyl or haloalkyl having 1 to about 10 
carbon atoms, alkenyl having 2 to about 10 carbon 
atoms, alkynyl having 2 to about 10 carbon atoms, 
aryl having 6 to about 14 carbon atoms, 
N(R)(R)OR, halo, SR or CN; 

0110 m, is 1 to about 10; 
0111 each mb is, independently, 0 or 1; 

0112 mc is 0 or an integer from 1 to 10; 

0113 md is an integer from 1 to 10; 

0114 me is from 0, 1 or 2; and 

?oils provided that when mc is 0, md is greater than 

0116 Representative substituents groups of Formula I are 
disclosed in U.S. patent application Ser. No. 09/130,973, 
filed Aug. 7, 1998, entitled “Capped 2'-Oxyethoxy Oligo 
nucleotides,” hereby incorporated by reference in its 
entirety. 

0117 Representative cyclic substituent groups of For 
mula II are disclosed in U.S. patent application Ser. No. 
09/123,108, filed Jul. 27, 1998, entitled “RNA Targeted 
2'-Oligomeric compounds that are Conformationally Preor 
ganized,” hereby incorporated by reference in its entirety. 
0118 Particularly preferred sugar Substituent groups 
include O(CH), OCH, O(CH), OCH, O(CH), NH, 
O(CH), CH, O(CH), ONH, and O(CH), ON 
(CH),CH), where n and m are from 1 to about 10. 
0119 Representative guanidino Substituent groups that 
are shown in formula III and IV are disclosed in co-owned 
U.S. patent application Ser. No. 09/349,040, entitled “Func 
tionalized Oligomers', filed Jul. 7, 1999, hereby incorpo 
rated by reference in its entirety. 
0120 Representative acetamido Substituent groups are 
disclosed in U.S. Pat. No. 6,147,200 which is hereby incor 
porated by reference in its entirety. Representative dimethy 
laminoethyloxyethyl Substituent groups are disclosed in 
International Patent Application PCT/US99/17895, entitled 
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“2'-O-Dimethylaminoethyloxyethyl-Oligomeric CO 
pounds”, filed Aug. 6, 1999, hereby incorporated by refer 
ence in its entirety. 
0121 Modified 
Nucleobases 

Nucleobases/Naturally Occurring 

0.122 Oligomeric compounds may also include nucleo 
base (often referred to in the art simply as “base” or 
“heterocyclic base moiety') modifications or substitutions. 
AS used herein, “unmodified” or “natural nucleobases 
include the purine bases adenine (A) and guanine (G), and 
the pyrimidine bases thymine (T), cytosine (C) and uracil 
(U). Modified nucleobases also referred herein as heterocy 
clic base moieties include other Synthetic and natural 
nucleobases Such as 5-methylcytosine (5-me-C), 5-hy 
droxymethyl cytosine, Xanthine, hypoxanthine, 2-aminoad 
enine, 6-methyl and other alkyl derivatives of adenine and 
guanine, 2-propyl and other alkyl derivatives of adenine and 
guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine, 
5-halouracil and cytosine, 5-propynyl (-C=C-CH-) uracil 
and cytosine and other alkynyl derivatives of pyrimidine 
bases, 6-azouracil, cytosine and thymine, 5-uracil (pseudou 
racil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 
8-hydroxyl and other 8-Substituted adenines and guanines, 
5-halo particularly 5-bromo, 5-trifluoromethyl and other 
5-Substituted uracils and cytosines, 7-methylguanine and 
7-methyladenine, 2-F-adenine, 2-amino-adenine, 8-azagua 
nine and 8-azaadenine, 7-deazaguanine and 7-deaZaadenine 
and 3-deazaguanine and 3-deazaadenine. 
0123. Heterocyclic base moieties may also include those 
in which the purine or pyrimidine base is replaced with other 
heterocycles, for example 7-deaza-adenine, 7-deazagua 
nosine, 2-aminopyridine and 2-pyridone. Further nucleo 
bases include those disclosed in U.S. Pat. No. 3,687,808, 
those disclosed in The Concise Encyclopedia Of Polymer 
Science And Engineering, pages 858-859, Kroschwitz, J. I., 
ed. John Wiley & Sons, 1990, those disclosed by Englisch 
et al., Angewandte Chemie, International Edition, 1991, 30, 
613, and those disclosed by Sanghvi, Y. S., Chapter 15, 
Antisense Research and Applications, pages 289-302, 
Crooke, S.T. and Lebleu, B. ed., CRC Press, 1993. Certain 
of these nucleobases are particularly useful for increasing 
the binding affinity of the oligomeric compounds of the 
invention. These include 5-Substituted pyrimidines, 6-aza 
pyrimidines and N-2, N-6 and O-6 substituted purines, 
including 2-aminopropyl-adenine, 5-propynyluracil and 
5-propynylcytosine. 5-methylcytosine Substitutions have 
been shown to increase nucleic acid duplex Stability by 
0.6-1.2 C. (Sanghvi, Y. S., Crooke, S. T. and Lebleu, B., 
eds., AntiSense Research and Applications, CRC Press, Boca 
Raton, 1993, pp. 276-278) and are presently preferred base 
Substitutions, even more particularly when combined with 
2'-O-methoxyethyl Sugar modifications. 
0.124. In one aspect-of the present invention oligomeric 
compounds are prepared having polycyclic heterocyclic 
compounds in place of one or more heterocyclic base 
moieties. A number of tricyclic heterocyclic compounds 
have been previously reported. These compounds are rou 
tinely used in antisense applications to increase the binding 
properties of the modified Strand to a target Strand. The most 
Studied modifications are targeted to guanosines hence they 
have been termed G-clamps or cytidine analogs. Many of 
these polycyclic heterocyclic compounds have the general 
formula: 
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R12 

R11 R13 

NH R14 

R10 N21 

0.125 Representative cytosine analogs that make 3 
hydrogen bonds with a guanosine in a Second Strand include 
1,3-diazaphenoxazine-2-one (RO, R-R=H) Kur 
chavov, et al., Nucleosides and Nucleotides, 1997, 16, 
1837-1846), 1,3-diazaphenothiazine-2-one (Ro-S, R 
R=H), Lin, K.-Y.; Jones, R. J.; Matteucci, M. J. Am. 
Chem. Soc. 1995, 117,3873-3874) and 6,7,8,9-tetrafluoro 
1,3-diazaphenoxazine-2-one (Ro-O, R-R =F) Wang, J.; 
Lin, K.-Y., Matteucci, M. Tetrahedron Lett. 1998, 39,8385 
8388). Incorporated into oligonucleotides these base modi 
fications were shown to hybridize with complementary 
guanine and the latter was also shown to hybridize with 
adenine and to enhance helical thermal stability by extended 
Stacking interactions (also see U.S. patent application 
entitled “Modified Peptide Nucleic Acids” filed May 24, 
2002, Ser. No. 10/155,920; and U.S. patent application 
entitled “Nuclease Resistant Chimeric Oligonucleotides’ 
filed May 24, 2002, Ser. No. 10/013,295, both of which are 
commonly owned with this application and are herein incor 
porated by reference in their entirety). 

0.126 Further helix-stabilizing properties have been 
observed when a cytosine analog/Substitute has an amino 
ethoxy moiety attached to the rigid 1,3-diazaphenoxazine 
2-one Scaffold (Ro-O, R=-O-(CH2)-NH2, R2 = 
H) Lin, K.-Y.; Matteucci, M.J. Am. Chem. Soc. 1998, 120, 
8531-8532). Binding studies demonstrated that a single 
incorporation could enhance the binding affinity of a model 
oligonucleotide to its complementary target DNA or RNA 
with a AT of up to 18 relative to 5-methyl cytosine 
(dC5"), which is the highest known affinity enhancement 
for a single modification, yet. On the other hand, the gain in 
helical Stability does not compromise the Specificity of the 
oligonucleotides. The T data indicate an even greater 
discrimination between the perfect match and mismatched 
Sequences compared to dC5". It was Suggested that the 
tethered amino group Serves as an additional hydrogen bond 
donor to interact with the Hoogsteen face, namely the O6, of 
a complementary guanine thereby forming 4 hydrogen 
bonds. This means that the increased affinity of G-clamp is 
mediated by the combination of extended base Stacking and 
additional Specific hydrogen bonding. 

0127. Further tricyclic heterocyclic compounds and 
methods of using them that are amenable to the present 
invention are disclosed in U.S. Pat. Ser. No. 6,028,183, 
which issued on May 22, 2000, and U.S. patent Ser. No. 
6,007,992, which issued on Dec. 28, 1999, the contents of 
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both are commonly assigned with this application and are 
incorporated herein in their entirety. 

0128. The enhanced binding affinity of the phenoxazine 
derivatives together with their uncompromised Sequence 
Specificity makes them valuable nucleobase analogs for the 
development of more potent antisense-based drugs. In fact, 
promising data have been derived from in Vitro experiments 
demonstrating that heptanucleotides containing phenox 
azine Substitutions are capable to activate RNaseH, enhance 
cellular uptake and exhibit an increased antisense activity 
Lin, K-Y; Matteucci, M. J. Am. Chem. Soc. 1998, 120, 
8531-8532). The activity enhancement was even more pro 
nounced in case of G-clamp, as a Single Substitution was 
shown to significantly improve the in Vitro potency of a 
20mer 2'-deoxyphosphorothioate oligonucleotides Flana 
gan, W. M.; Wolf, J. J.; Olson, P.; Grant, D.; Lin, K.-Y.; 
Wagner, R. W.; Matteucci, M. Proc. Natl. Acad. Sci. USA, 
1999, 96, 3513-3518). Nevertheless, to optimize oligonucle 
otide design and to better understand the impact of these 
heterocyclic modifications on the biological activity, it is 
important to evaluate their effect on the nuclease Stability of 
the oligomers. 

0129. Further modified polycyclic heterocyclic com 
pounds useful as heterocycleic bases are disclosed in but not 
limited to, the above noted U.S. Pat. No. 3,687,808, as well 
as U.S. Pat. Nos. 4,845,205; 5,130,302; 5,134,066; 5,175, 
273; 5,367,066; 5,432,272; 5.434,257; 5.457,187; 5.459, 
255; 5,484,908; 5,502,177; 5,525,711; 5,552,540; 5,587, 
469; 5,594,121, 5,596,091; 5,614,617; 5,645,985; 5,646, 
269; 5,750,692; 5,830,653; 5,763,588; 6.005,096; and 
5,681,941, and U.S. patent application Ser. No. 09/996,292 
filed Nov. 28, 2001, certain of which are commonly owned 
with the instant application, and each of which is herein 
incorporated by reference. 

0.130. The oligonucleotides of the present invention also 
include variants in which a different base is present at one or 
more of the nucleotide positions in the oligonucleotide. For 
example, if the first nucleotide is an adenosine, variants may 
be produced which contain thymidine, guanosine or cytidine 
at this position. This may be done at any of the positions of 
the oligonucleotide. Thus, a 20-mer may comprise 60 varia 
tions (20 positionsX3 alternates at each position) in which 
the original nucleotide is substituted with any of the three 
alternate nucleotides. These oligonucleotides are then tested 
using the methods described herein to determine their ability 
to inhibit expression of HCV mRNA and/or HCV replica 
tion. 

Conjugates 

0131) A further preferred substitution that can be 
appended to the oligomeric compounds of the invention 
involves the linkage of one or more moieties or conjugates 
which enhance the activity, cellular distribution or cellular 
uptake of the resulting oligomeric compounds. In one 
embodiment Such modified oligomeric compounds are pre 
pared by covalently attaching conjugate groups to functional 
groupS Such as hydroxyl or amino groups. Conjugate groups 
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of the invention include intercalators, reporter molecules, 
polyamines, polyamides, polyethylene glycols, polyethers, 
groups that enhance the pharmacodynamic properties of 
oligomers, and groups that enhance the pharmacokinetic 
properties of oligomers. Typical conjugates groups include 
cholesterols, lipids, phospholipids, biotin, phenazine, folate, 
phenanthridine, anthraquinone, acridine, fluores-ceins, 
rhodamines, coumarins, and dyes. Groups that enhance the 
pharmacodynamic properties, in the context of this inven 
tion, include groups that improve oligomer uptake, enhance 
oligomer resistance to degradation, and/or strengthen 
sequence-specific hybridization with RNA. Groups that 
enhance the pharmacokinetic properties, in the context of 
this invention, include groups that improve oligomer uptake, 
distribution, metabolism or excretion. Representative con 
jugate groups are disclosed in International Patent Applica 
tion PCT/US92/09196, filed Oct. 23, 1992 the entire disclo 
Sure of which is incorporated herein by reference. Conjugate 
moieties include but are not limited to lipid moieties Such as 
a 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 (Ober 
hauser et al., Nucl. Acids Res., 1992, 20, 533-538), an 
aliphatic chain, e.g., dodecandiol or undecyl residues (Sai 
son-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 triethylammonium 1,2-di-O- 
hexadecyl-rac-glycero-3-H-phosphonate (Manoharan et al., 
Tetrahedron Lett., 1995, 36, 3651-3654; Shea et al., Nucl. 
Acids Res., 1990, 18, 3777-3783), a polyamine or a poly 
ethylene glycol chain (Manoharan et al., Nucleosides & 
Nucleotides, 1995, 14,969-973), or adamantane 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. Pharma 
col. Exp. Ther, 1996, 277, 923-937. 
0132) The oligomeric compounds of the invention may 
also be conjugated to active drug Substances, for example, 
aspirin, warfarin, phenylbutaZone, ibuprofen, Suprofen, fen 
bufen, ketoprofen, (S)-(+)-pranoprofen, carprofen, dansyl 
Sarcosine, 2,3,5-triiodobenzoic acid, flufenamic acid, folinic 
acid, a benzothiadiazide, chlorothiazide, a diazepine, 
indomethicin, a barbiturate, a cephalosporin, a Sulfa drug, an 
antidiabetic, an antibacterial or an antibiotic. Oligonucle 
otide-drug conjugates and their preparation are described in 
U.S. patent application Ser. No. 09/334,130 (filed Jun. 15, 
1999) which is incorporated herein by reference in its 
entirety. 
0.133 Representative United States patents that teach the 
preparation of Such 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; 
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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, certain of which are commonly 
owned with the instant application, and each of which is 
herein incorporated by reference. 

Chimeric Oligomeric Compounds 
0.134. It is not necessary for all positions in an oligomeric 
compound to be uniformly modified, and in fact more than 
one of the aforementioned modifications may be incorpo 
rated in a single oligomeric compound or even at a single 
monomeric Subunit Such as a nucleoside within a oligomeric 
compound. The present invention also includes oligomeric 
compounds which are chimeric oligomeric compounds. 
“Chimeric' oligomeric compounds or “chimeras,” in the 
context of this invention, are oligomeric compounds that 
contain two or more chemically distinct regions, each made 
up of at least one monomer unit, i.e., a nucleotide in the case 
of a nucleic acid based oligomer. 
0.135 Chimeric oligomeric compounds typically contain 
at least one region modified So as to confer increased 
resistance to nuclease degradation, increased cellular 
uptake, and/or increased binding affinity for the target 
nucleic acid. An additional region of the oligomeric com 
pound may serve as a Substrate for enzymes capable of 
cleaving RNA:DNA or RNA:RNA hybrids. By way of 
example, RNase H is a cellular endonuclease which cleaves 
the RNA strand of an RNA:DNA duplex. Activation of 
RNase H, therefore, results in cleavage of the RNA target, 
thereby greatly enhancing the efficiency of inhibition of 
gene expression. Consequently, comparable results can 
often be obtained with Shorter oligomeric compounds when 
chimeras are used, compared to for example phosphorothio 
ate deoxyoligonucleotides hybridizing to the same target 
region. Cleavage of the RNA target can be routinely detected 
by gel electrophoresis and, if necessary, associated nucleic 
acid hybridization techniques known in the art. 
0.136 Chimeric oligomeric compounds of the invention 
may be formed as composite Structures of two or more 
oligonucleotides, oligonucleotide analogs, oligonucleosides 
and/or oligonucleotide mimetics as described above. Such 
oligomeric compounds have also been referred to in the art 
as hybrids hemimers, gapmerS or inverted gapmerS. Repre 
Sentative United States patents that teach the preparation of 
such hybrid structures include, but are not limited to, U.S. 
Pat. Nos. 5,013,830; 5,149,797; 5,220,007: 5,256,775; 
5,366,878; 5,403,711; 5,491,133; 5,565,350; 5,623,065; 
5,652,355; 5,652,356; and 5,700,922, certain of which are 
commonly owned with the instant application, and each of 
which is herein incorporated by reference in its entirety. 
0137 3'-endo Modifications 
0.138. In one aspect of the present invention oligomeric 
compounds include nucleosides Synthetically modified to 
induce a 3'-endo Sugar conformation. A nucleoside can 
incorporate Synthetic modifications of the heterocyclic base, 
the Sugar moiety or both to induce a desired 3'-endo Sugar 
conformation. These modified nucleosides are used to 
mimic RNA like nucleosides So that particular properties of 
an oligomeric compound can be enhanced while maintaining 
the desirable 3'-endo conformational geometry. There is an 
apparent preference for an RNA type duplex (A form helix, 
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predominantly 3'-endo) as a requirement (e.g. trigger) of 
RNA interference which is supported in part by the fact that 
duplexes composed of 2'-deoxy-2'-F-nucleosides appears 
efficient in triggering RNAi response in the C. elegans 
System. Properties that are enhanced by using more stable 
3'-endo nucleosides include but arent limited to modulation 
of pharmacokinetic properties through modification of pro 
tein binding, protein off-rate, absorption and clearance; 
modulation of nuclease Stability as well as chemical Stabil 
ity; modulation of the binding affinity and Specificity of the 
oligomer (affinity and specificity for enzymes as well as for 
complementary Sequences); and increasing efficacy of RNA 
cleavage. The present invention provides oligomeric triggers 
of RNAi having one or more nucleosides modified in Such 
a way as to favor a C3'-endo type conformation. 

Es 

3ax 1ax 
C2'-endo/Southern C3'-endo/Northern 

0139 Nucleoside conformation is influenced by various 
factors including substitution at the 2',3' or 4-positions of 
the pentofuranosyl Sugar. Electronegative Substituents gen 
erally prefer the axial positions, while Sterically demanding 
Substituents generally prefer the equatorial positions (Prin 
ciples of Nucleic Acid Structure, Wolfgang Sanger, 1984, 
Springer-Verlag.) Modification of the 2' position to favor the 
3'-endo conformation can be achieved while maintaining the 
2'-OH as a recognition element, as illustrated in FIG. 2, 
below (Gallo et al., Tetrahedron (2001), 57, 5707-5713. 
Harry-Okuru et al., J. Org. Chem., (1997), 62(6), 1754 
1759 and Tang et al., J. Org. Chem. (1999), 64, 747-754) 
Alternatively, preference for the 3'-endo conformation can 
be achieved by deletion of the 2'-OH as exemplified by 
2'deoxy-2 F-nucleosides (Kawasaki et al., J. Med. Chem. 
(1993), 36, 831-841), which adopts the 3'-endo conforma 
tion positioning the electronegative fluorine atom in the 
axial position. Other modifications of the ribose ring, for 
example substitution at the 4'-position to give 4'-F modified 
nucleosides (Guillerm et al., Bioorganic and Medicinal 
Chemistry Letters (1995), 5, 1455-1460 and Owen et al., J. 
Org. Chem. (1976), 41, 3010-3017), or for example modi 
fication to yield methanocarba nucleoside analogs (Jacobson 
et al., J. Med. Chem. Lett. (2000), 43,2196-2203 and Lee et 
al., Bioorganic and Medicinal Chemistry Letters (2001), 11, 
1333-1337) also induce preference for the 3'-endo confor 
mation. Along Similar lines, oligomeric triggers of RNAi 
response might be composed of one or more nucleosides 
modified in Such a way that conformation is locked into a 
C3'-endo type conformation, i.e. Locked Nucleic Acid 
(LNA, Singh et al, Chem. Commun. (1998), 4, 455-456), 
and ethylene bridged Nucleic Acids (ENA, Morita et al., 
Bioorganic & Medicinal Chemistry Letters (2002), 12, 
73-76.) Examples of modified nucleosides amenable to the 
present invention are shown below in Table I. These 
examples are meant to be representative and not exhaustive. 
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0140. The preferred conformation of modified nucleo 
Sides and their oligomers can be estimated by various 
methods Such as molecular dynamics calculations, nuclear 
magnetic resonance SpectroScopy and CD measurements. 
Hence, modifications predicted to induce RNA like confor 
mations, A-form duplex geometry in an oligomeric context, 
are Selected for use in the modified oligoncleotides of the 
present invention. The Synthesis of numerous of the modi 
fied nucleosides amenable to the present invention are 
known in the art (see for example, Chemistry of Nucleosides 
and Nucleotides Vol 1-3, ed. Leroy B. Townsend, 1988, 
Plenum press., and the examples Section below.) Nucleo 
sides known to be inhibitors/substrates for RNA dependent 
RNA polymerases (for example HCV NS5B 
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0.141. In one aspect, the present invention is directed to 
oligonucleotides that are prepared having enhanced proper 
ties compared to native RNA against nucleic acid targets. A 
target is identified and an oligonucleotide is Selected having 
an effective length and Sequence that is complementary to a 
portion of the target Sequence. Each nucleoside of the 
Selected Sequence is Scrutinized for possible enhancing 
modifications. A preferred modification would be the 
replacement of one or more RNA nucleosides with nucleo 
Sides that have the same 3'-endo conformational geometry. 
Such modifications can enhance chemical and nuclease 
stability relative to native RNA while at the same time being 
much cheaper and easier to Synthesize and/or incorporate 
into an oligonulceotide. The Selected Sequence can be fur 
ther divided into regions and the nucleosides of each region 
evaluated for enhancing modifications that can be the result 
of a chimeric configuration. Consideration is also given to 
the 5' and 3'-termini as there are often advantageous modi 
fications that can be made to one or more of the terminal 
nucleosides. The oligomeric compounds of the present 
invention include at least one 5'-modified phosphate group 
on a single Strand or on at least one 5'position of a double 
Stranded Sequence or Sequences. Further modifications are 
also considered Such as internucleoside linkages, conjugate 
groups, Substitute SugarS or bases, Substitution of one or 
more nucleosides with nucleoside mimetics and any other 
modification that can enhance the Selected Sequence for its 
intended target. The terms used to describe the conforma 
tional geometry of homoduplex nucleic acids are "A Form' 
for RNA and “B Form” for DNA. The respective confor 
mational geometry for RNA and DNA duplexes was deter 
mined from X-ray diffraction analysis of nucleic acid fibers 
(Arnott and Hukins, Biochem. Biophys. Res. Comm., 1970, 
47, 1504.) In general, RNA:RNA duplexes are more stable 
and have higher melting temperatures (Tm's) than 
DNA:DNA duplexes (Sanger et al., Principles of Nucleic 
Acid Structure, 1984, Springer-Verlag, New York, N.Y.; 
Lesnik et al., Biochemistry, 1995, 34, 10807-10815; Conte 
et al., Nucleic Acids Res., 1997, 25, 2627-2634). The 
increased stability of RNA has been attributed to several 
Structural features, most notably the improved base Stacking 
interactions that result from an A-form geometry (Searle et 
al., Nucleic Acids Res., 1993, 21, 2051-2056). The presence 
of the 2' hydroxyl in RNA biases the Sugar toward a C3' endo 
pucker, i.e., also designated as Northern pucker, which 
causes the duplex to favor the A-form geometry. In addition, 
the 2' hydroxyl groups of RNA can form a network of water 
mediated hydrogen bonds that help stabilize the RNA duplex 
(Egli et al., Biochemistry, 1996, 35, 8489-8494). On the 
other hand, deoxy nucleic acids prefer a C2' endo Sugar 
pucker, i.e., also known as Southern pucker, which is 
thought to impart a less stable B-form geometry (Sanger, W. 
(1984) Principles of Nucleic Acid Structure, Springer-Ver 
lag, New York, N.Y.). As used herein, B-form geometry is 
inclusive of both C2'-endo pucker and O4'-endo pucker. This 
is consistent with Berger, et. al., Nucleic Acids Research, 
1998, 26, 2473-2480, who pointed out that in considering 
the furanose conformations which give rise to B-form 
duplexes consideration should also be given to a O4'-endo 
pucker contribution. 
0142 DNA:RNA hybrid duplexes, however, are usually 
less stable than pure RNA:RNA duplexes, and depending on 
their Sequence may be either more or leSS Stable than 
DNA:DNA duplexes (Searle et al., Nucleic Acids Res., 1993, 
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21, 2051-2056). The structure of a hybrid duplex is inter 
mediate between A- and B-form geometries, which may 
result in poor Stacking interactions (Lane et al., Eur: J. 
Biochem., 1993, 215, 297-306; Fedoroff et al., J. Mol. Biol., 
1993,233, 509-523; Gonzalez et al., Biochemistry, 1995,34, 
4969-4982; Horton et al., J. Mol. Biol., 1996, 264,521-533). 
The stability of the duplex formed between a target RNA and 
a Synthetic Sequence is central to therapies Such as but not 
limited to antisense and RNA interference as these mecha 
nisms require the binding of a Synthetic oligonucleotide 
Strand to an RNA target Strand. In the case of antisense, 
effective inhibition of the mRNA requires that the antisense 
DNA have a very high binding affinity with the mRNA. 
Otherwise the desired interaction between the synthetic 
oligonucleotide Strand and target mRNA Strand will occur 
infrequently, resulting in decreased efficacy. 
0.143 One routinely used method of modifying the Sugar 
puckering is the Substitution of the Sugar at the 2'-position 
with a Substituent group that influences the Sugar geometry. 
The influence on ring conformation is dependant on the 
nature of the substituent at the 2'-position. A number of 
different Substituents have been studied to determine their 
Sugar puckering effect. For example, 2-halogens have been 
studied showing that the 2'-fluoro derivative exhibits the 
largest population (65%) of the C3'-endo form, and the 
2'-iodo exhibits the lowest population (7%). The populations 
of adenosine (2'-OH) versus deoxyadenosine (2'-H) are 36% 
and 19%, respectively. Furthermore, the effect of the 
2'-fluoro group of adenosine dimers (2'-deoxy-2'-fluoroad 
enosine-2'-deoxy-2'-fluoro-adenosine) is further correlated 
to the Stabilization of the Stacked conformation. 

0144. As expected, the relative duplex stability can be 
enhanced by replacement of 2'-OH groups with 2'-F groups 
thereby increasing the C3'-endo population. It is assumed 
that the highly polar nature of the 2'-F bond and the extreme 
preference for C3'-endo puckering may stabilize the Stacked 
conformation in an A-form duplex. Data from UV hypo 
chromicity, circular dichroism, and "H NMR also indicate 
that the degree of Stacking decreases as the electronegativity 
of the halo Substituent decreases. Furthermore, steric bulk at 
the 2'-position of the Sugar moiety is better accommodated 
in an A-form duplex than a B-form duplex. Thus, a 2-sub 
Stituent on the 3'-terminus of a dinucleoside monophosphate 
is thought to exert a number of effects on the Stacking 
conformation: Steric repulsion, furanose puckering prefer 
ence, electrostatic repulsion, hydrophobic attraction, and 
hydrogen bonding capabilities. These Substituent effects are 
thought to be determined by the molecular size, electrone 
gativity, and hydrophobicity of the Substituent. Melting 
temperatures of complementary Strands is also increased 
with the 2'-Substituted adenosine diphosphates. It is not clear 
whether the 3'-endo preference of the conformation or the 
presence of the Substituent is responsible for the increased 
binding. However, greater overlap of adjacent bases (stack 
ing) can be achieved with the 3'-endo conformation. 
0145 One synthetic 2'-modification that imparts 
increased nuclease resistance and a very high binding affin 
ity to nucleotides is the 2-methoxyethoxy (2-MOE, 
2'-OCHCHOCH) side chain (Baker et al., J. Biol. Chem., 
1997, 272, 11944-12000). One of the immediate advantages 
of the 2'-MOE substitution is the improvement in binding 
affinity, which is greater than many similar 2" modifications 
Such as O-methyl, O-propyl, and O-aminopropyl. Oligo 
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nucleotides having the 2'-O-methoxyethyl substituent also 
have been shown to be antisense inhibitors of gene expres 
sion with promising features for in vivo use (Martin, P., 
Hell: Chim. Acta, 1995, 78, 486-504; Altmann et al., 
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). Relative to DNA, the 
oligonucleotides having the 2'-MOE modification displayed 
improved RNA affinity and higher nuclease resistance. Chi 
meric oligonucleotides having 2'-MOE substituents in the 
wing nucleosides and an internal region of deoxy-phospho 
rothioate nucleotides (also termed a gapped oligonucleotide 
or gapmer) have shown effective reduction in the growth of 
tumors in animal models at low doses. 2'-MOE Substituted 
oligonucleotides have also shown outstanding promise as 
antisense agents in Several disease States. One Such MOE 
Substituted oligonucleotide is presently being investigated in 
clinical trials for the treatment of CMV retinitis. 

0146) Chemistries Defined 
0147 Unless otherwise defined herein, alkyl means 
C-C2, preferably C-Cs, and more preferably C-C, 
Straight or (where possible) branched chain aliphatic hydro 
carbyl. 

0148 Unless otherwise defined herein, heteroalkyl 
means C-C2, preferably C-Cs, and more preferably 
C-C, Straight or (where possible) branched chain aliphatic 
hydrocarbyl containing at least one, and preferably about 1 
to about 3, hetero atoms in the chain, including the terminal 
portion of the chain. Preferred heteroatoms include N, O and 
S. 

0149. Unless otherwise defined herein, cycloalkyl means 
C-C2, preferably C-Cs, and more preferably C-C, ali 
phatic hydrocarbyl ring. 

0150. Unless otherwise defined herein, alkenyl means 
C-C2, preferably C-Cs, and more preferably C-C alk 
enyl, which may be straight or (where possible) branched 
hydrocarbyl moiety, which contains at least one carbon 
carbon double bond. 

0151. Unless otherwise defined herein, alkynyl means 
C-C, preferably C-C, and more preferably C-C alky 
nyl, which may be straight or (where possible) branched 
hydrocarbyl moiety, which contains at least one carbon 
carbon triple bond. 
0152 Unless otherwise defined herein, heterocycloalkyl 
means a ring moiety containing at least three ring members, 
at least one of which is carbon, and of which 1, 2 or three 
ring members are other than carbon. Preferably the number 
of carbon atoms varies from 1 to about 12, preferably 1 to 
about 6, and the total number of ring members varies from 
three to about 15, preferably from about 3 to about 8. 
Preferred ring heteroatoms are N, O and S. Preferred het 
erocycloalkyl groups include morpholino, thiomorpholino, 
piperidinyl, piperazinyl, homopiperidinyl, homopiperazinyl, 
homomorpholino, homothiomorpholino, pyrrolodinyl, tet 
rahydrooxazolyl, tetrahydroimidazolyl, tetrahydrothiazolyl, 
tetrahydroisoxazolyl, tetrahydropyrrazolyl, furanyl, pyranyl, 
and tetrahydroisothiazolyl. 

0153. Unless otherwise defined herein, aryl means any 
hydrocarbon ring structure containing at least one aryl ring. 
Preferred aryl rings have about 6 to about 20 ring carbons. 
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Especially preferred aryl rings include phenyl, napthyl, 
anthracenyl, and phenanthrenyl. 

0154) Unless otherwise defined herein, hetaryl means a 
ring moiety containing at least one fully unsaturated ring, the 
ring consisting of carbon and non-carbon atoms. Preferably 
the ring System contains about 1 to about 4 rings. Preferably 
the number of carbon atoms varies from 1 to about 12, 
preferably 1 to about 6, and the total number of ring 
members varies from three to about 15, preferably from 
about 3 to about 8. Preferred ring heteroatoms are N, O and 
S. Preferred hetaryl moieties include pyrazolyl, thiophenyl, 
pyridyl, imidazolyl, tetrazolyl, pyridyl, pyrimidinyl, purinyl, 
quinazolinyl, quinoxalinyl, benzimidazolyl, benzothiophe 
nyl, etc. 
O155 Unless otherwise defined herein, where a moiety is 
defined as a compound moiety, Such as hetarylalkyl (hetaryl 
and alkyl), aralkyl (aryl and alkyl), etc., each of the Sub 
moieties is as defined herein. 

0156 Unless otherwise defined herein, an electron with 
drawing group is a group, Such as the cyano or isocyanato 
group that draws electronic charge away from the carbon to 
which it is attached. Other electron withdrawing groups of 
note include those whose electronegativities exceed that of 
carbon, for example halogen, nitro, or phenyl Substituted in 
the Ortho- or para-position with one or more cyano, isothio 
cyanato, nitro or halo groups. 
O157. Unless otherwise defined herein, the terms halogen 
and halo have their ordinary meanings. Preferred halo (halo 
gen) Substituents are Cl, Br, and I. 
0158. The aforementioned optional substituents are, 
unless otherwise herein defined, Suitable Substituents 
depending upon desired properties. Included are halogens 
(C1, Br, I), alkyl, alkenyl, and alkynyl moieties, NO, NH 
(Substituted and unsubstituted), acid moieties (e.g. -COH, 
-OSOH, etc.), heterocycloalkyl moieties, hetaryl moi 
eties, aryl moieties, etc. 
0159. In all the preceding formulae, the squiggle (-) 
indicates a bond to an oxygen or Sulfur of the 5'-phosphate. 
0160 Phosphate protecting groups include those 
described in U.S. patents No. U.S. Pat. No. 5,760,209, U.S. 
Pat. No. 5,614,621, U.S. Pat. No. 6,051,699, U.S. Pat. No. 
6,020,475, U.S. Pat. No. 6,326,478, U.S. Pat. No. 6,169,177, 
U.S. Pat. No. 6,121,437, U.S. Pat. No. 6,465,628 each of 
which is expressly incorporated herein by reference in its 
entirety. 

0.161 The oligonucleotides in accordance with this 
invention (single Stranded or double Stranded) preferably 
comprise from about 8 to about 80 nucleotides, more pref 
erably from about 12-50 nucleotides and most preferably 
from about 15 to 30 nucleotides. AS is known in the art, a 
nucleotide is a base-Sugar combination Suitably bound to an 
adjacent nucleotide through a phosphodiester, phospho 
rothioate or other covalent linkage. 
0162 The oligonucleotides of the present invention also 
include variants in which a different base is present at one or 
more of the nucleotide positions in the oligonucleotide. For 
example, if the first nucleotide is an adenosine, variants may 
be produced which contain thymidine, guanosine or cytidine 
at this position. This may be done at any of the positions of 
the oligonucleotide. Thus, a 20-mer may comprise 60 varia 
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tions (20 positionsX3 alternates at each position) in which 
the original nucleotide is substituted with any of the three 
alternate nucleotides. These oligonucleotides are then tested 
using the methods described herein to determine their ability 
to inhibit expression of Superoxide dismutase-1, Soluble 
mRNA. 

0163 The antisense compounds used in accordance with 
this invention may be conveniently and routinely made 
through the well-known technique of Solid phase Synthesis. 
Equipment for Such synthesis is Sold by Several vendors 
including, for example, Applied BioSystems (Foster City, 
Calif.). Any other means for Such synthesis known in the art 
may additionally or alternatively be employed. It is well 
known to use Similar techniques to prepare oligonucleotides 
Such as the phosphorothioates and alkylated derivatives. 

0164. The antisense compounds of the invention are 
Synthesized in vitro and do not include antisense composi 
tions of biological origin, or genetic vector constructs 
designed to direct the in Vivo Synthesis of antisense mol 
ecules. 

0.165. The compounds of the invention may also be 
admixed, encapsulated, conjugated or otherwise associated 
with other molecules, molecule Structures or mixtures of 
compounds, as for example, liposomes, receptor targeted 
molecules, oral, rectal, topical or other formulations, for 
assisting in uptake, distribution and/or absorption. Repre 
Sentative United States patents that teach the preparation of 
Such uptake, distribution and/or absorption assisting formu 
lations include, but are not limited to, U.S. Pat. Nos. 
5,108,921; 5,354,844; 5,416,016; 5,459,127; 5,521,291; 
5,543,158; 5,547,932, 5,583,020; 5,591,721; 4,426,330; 
4,534,899; 5,013,556; 5,108,921; 5,213,804, 5,227,170; 
5,264,221; 5,356,633; 5,395,619; 5,416,016; 5,417,978; 
5,462,854; 5,469,854; 5,512,295; 5,527.528; 5,534,259; 
5,543,152; 5,556,948; 5,580,575; and 5,595,756, each of 
which is herein incorporated by reference. 
0166 The antisense compounds of the invention encom 
pass any pharmaceutically acceptable Salts, esters, or Salts of 
Such esters, or any other compound which, upon adminis 
tration 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 prodrugs and pharmaceutically 
acceptable Salts of the compounds of the invention, phar 
maceutically acceptable Salts of Such prodrugs, and other 
bioeduivalents. 
0167 The term “prodrug” indicates a therapeutic agent 
that is prepared in an inactive form that is converted to an 
active form (i.e., drug) within the body or cells thereof by the 
action of endogenous enzymes or other chemicals and/or 
conditions. In particular, prodrug versions of the oligonucle 
otides of the invention are prepared as SATE (S-acetyl-2- 
thioethyl) phosphate derivatives according to the methods 
disclosed in WO93/24510 to Gosselin et al., published Dec. 
9, 1993 or in WO 94/26764 and U.S. Pat. No. 5,770,713 to 
Imbach et al. 

0168 The term “pharmaceutically acceptable salts' 
refers to physiologically and pharmaceutically acceptable 
Salts of the compounds of the invention: i.e., Salts that retain 
the desired biological activity of the parent compound and 
do not impart undesired toxicological effects thereto. 
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0169 Pharmaceutically acceptable base addition salts are 
formed with metals or amines, Such as alkali and alkaline 
earth metals or organic amines. Examples of metals used as 
cations are Sodium, potassium, magnesium, calcium, and the 
like. Examples of suitable amines are N,N'-dibenzylethyl 
enediamine, chloroprocaine, choline, diethanolamine, dicy 
clohexylamine, ethylenediamine, N-methylglucamine, and 
procaine (see, for example, Berge et al., “Pharmaceutical 
Salts.”J. of Pharma Sci., 1977, 66, 1-19). The base addition 
Salts of Said acidic compounds are prepared by contacting 
the free acid form with a Sufficient amount of the desired 
base to produce the Salt in the conventional manner. The free 
acid form may be regenerated by contacting the Salt form 
with an acid and isolating the free acid in the conventional 
manner. The free acid forms differ from their respective salt 
forms Somewhat in certain physical properties Such as 
solubility in polar solvents, but otherwise the salts are 
equivalent to their respective free acid for purposes of the 
present invention. AS used herein, a “pharmaceutical addi 
tion Salt' includes a pharmaceutically acceptable Salt of an 
acid form of one of the components of the compositions of 
the invention. These include organic or inorganic acid Salts 
of the amines. Preferred acid salts are the hydrochlorides, 
acetates, Salicylates, nitrates and phosphates. Other Suitable 
pharmaceutically acceptable Salts are well known to those 
skilled in the art and include basic salts of a variety of 
inorganic and organic acids, Such as, for example, with 
inorganic acids, Such as for example hydrochloric acid, 
hydrobromic acid, Sulfuric acid or phosphoric acid; with 
organic carboxylic, Sulfonic, Sulfo or phospho acids or 
N-Substituted Sulfamic acids, for example acetic acid, pro 
pionic acid, glycolic acid, Succinic acid, maleic acid, 
hydroxymaleic acid, methylmaleic acid, fumaric acid, malic 
acid, tartaric acid, lactic acid, Oxalic acid, gluconic acid, 
glucaric acid, glucuronic acid, citric acid, benzoic acid, 
cinnamic acid, mandelic acid, Salicylic acid, 4-aminoSali 
cylic acid, 2-phenoxybenzoic acid, 2-acetoxybenzoic acid, 
embonic acid, nicotinic acid or isonicotinic acid; and with 
amino acids, Such as the 20 alpha-amino acids involved in 
the Synthesis of proteins in nature, for example glutamic acid 
or aspartic acid, and also with phenylacetic acid, methane 
Sulfonic acid, ethaneSulfonic acid, 2-hydroxyethaneSulfonic 
acid, ethane-1,2-disulfonic acid, benzeneSulfonic acid, 
4-methylbenzeneSulfonic acid, naphthalene-2-Sulfonic acid, 
naphthalene-1,5-disulfonic acid, 2- or 3-phosphoglycerate, 
glucose-6-phosphate, N-cyclohexylsulfamic acid (with the 
formation of cyclamates), or with other acid organic com 
pounds, Such as ascorbic acid. Pharmaceutically acceptable 
Salts of compounds may also be prepared with a pharma 
ceutically acceptable cation. Suitable pharmaceutically 
acceptable cations are well known to those skilled in the art 
and include alkaline, alkaline earth, ammonium and quater 
nary ammonium cations. Carbonates or hydrogen carbonates 
are also possible. 
0170 For oligonucleotides, preferred examples of phar 
maceutically acceptable Salts include but are not limited to 
(a) Salts formed with cations Such as Sodium, potassium, 
ammonium, magnesium, calcium, polyamines Such as Sper 
mine and Spermidine, etc.; (b) acid addition Salts formed 
with inorganic acids, for example hydrochloric acid, hydro 
bromic acid, Sulfuric acid, phosphoric acid, nitric acid and 
the like; (c) Salts formed with organic acids Such as, for 
example, acetic acid, Oxalic acid, tartaric acid, Succinic acid, 
maleic acid, fumaric acid, gluconic acid, citric acid, malic 



US 2005/0019915 A1 

acid, ascorbic acid, benzoic acid, tannic acid, palmitic acid, 
alginic acid, polyglutamic acid, naphthaleneSulfonic acid, 
methaneSulfonic acid, p-toluenesulfonic acid, naphthalene 
disulfonic acid, polygalacturonic acid, and the like; and (d) 
Salts formed from elemental anions Such as chlorine, bro 
mine, and iodine. 

0171 The antisense compounds of the present invention 
can be utilized for diagnostics, therapeutics, prophylaxis and 
as research reagents and kits. For therapeutics, an animal, 
preferably a human, Suspected of having a disease or dis 
order which can be treated by modulating the expression of 
Superoxide dismutase 1, Soluble is treated by administering 
antisense compounds in accordance with this invention. The 
compounds of the invention can be utilized in pharmaceu 
tical compositions by adding an effective amount of an 
antisense compound to a Suitable pharmaceutically accept 
able diluent or carrier. Use of the antisense compounds and 
methods of the invention may also be useful prophylacti 
cally, e.g., to prevent or delay infection, inflammation or 
tumor formation, for example. 

0172 The antisense compounds of the invention are 
useful for research and diagnostics, because these com 
pounds hybridize to nucleic acids encoding Superoxide 
dismutase 1, Soluble, enabling Sandwich and other assays to 
easily be constructed to exploit this fact. Hybridization of 
the antisense oligonucleotides of the invention with a 
nucleic acid encoding Superoxide dismutase 1, Soluble can 
be detected by means known in the art. Such means may 
include conjugation of an enzyme to the oligonucleotide, 
radiolabelling of the oligonucleotide or any other Suitable 
detection means. Kits using Such detection means for detect 
ing the level of Superoxide dismutase 1, Soluble in a Sample 
may also be prepared. 

0173 The present invention also includes pharmaceutical 
compositions and formulations which include the antisense 
compounds of the invention. The pharmaceutical composi 
tions of the present invention may be administered in a 
number of ways depending upon whether local or Systemic 
treatment is desired and upon the area to be treated. Admin 
istration may be topical (including ophthalmic and to 
mucous membranes including vaginal and rectal delivery), 
pulmonary, e.g., by inhalation or insufflation of powders or 
aeroSols, including by nebulizer, intratracheal, intranasal, 
epidermal and transdermal), oral or parenteral. Parenteral 
administration includes intravenous, intraarterial, Subcuta 
neous, intraperitoneal or intramuscular injection or infusion; 
or intracranial, e.g., intrathecal or intraventricular, adminis 
tration. Oligonucleotides with at least one 2'-O-methoxy 
ethyl modification are believed to be particularly useful for 
oral administration. 

0.174 Pharmaceutical compositions and formulations for 
topical administration may include transdermal patches, 
ointments, lotions, creams, gels, drops, Suppositories, 
Sprays, liquids and powders. Conventional pharmaceutical 
carriers, aqueous, powder or oily bases, thickeners and the 
like may be necessary or desirable. Coated condoms, gloves 
and the like may also be useful. Preferred topical formula 
tions include those in which the oligonucleotides of the 
invention are in admixture with a topical delivery agent Such 
as lipids, liposomes, fatty acids, fatty acid esters, Steroids, 
chelating agents and Surfactants. Preferred lipids and lipo 
somes include neutral (e.g. dioleoylphosphatidyl DOPE 
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ethanolamine, dimyristoylphosphatidylcholine DMPC, dis 
tearolyphosphatidyl choline) negative (e.g. dimyris 
toylphosphatidyl glycerol DMPG) and cationic (e.g. dio 
leoyltetramethylaminopropyl DOTAP and 
dioleoylphosphatidyl ethanolamine DOTMA). Oligonucle 
otides of the invention may be encapsulated within lipo 
Somes or may form complexes thereto, in particular to 
cationic liposomes. Alternatively, oligonucleotides may be 
complexed to lipids, in particular to cationic lipids. Preferred 
fatty acids and esters include but are not limited arachidonic 
acid, oleic acid, eicosanoic acid, lauric acid, caprylic acid, 
capric acid, myristic acid, palmitic acid, Stearic acid, linoleic 
acid, linolenic acid, dicaprate, tricaprate, monoolein, dilau 
rin, glyceryl 1-monocaprate, 1-dodecylazacycloheptan-2- 
one, an acylcarnitine, an acylcholine, or a Co alkyl ester 
(e.g. isopropylmyristate IPM), monoglyceride, diglyceride 
or pharmaceutically acceptable Salt thereof. Topical formu 
lations are described in detail in U.S. patent application Ser. 
No. 09/315,298 filed on May 20, 1999 which is incorporated 
herein by reference in its entirety. 
0.175 Compositions and formulations for oral adminis 
tration include powders or granules, microparticulates, 
nanoparticulates, Suspensions or Solutions in water or non 
aqueous media, capsules, gel capsules, Sachets, tablets or 
minitablets. Thickeners, flavoring agents, diluents, emulsi 
fiers, dispersing aids or binders may be desirable. Preferred 
oral formulations are those in which oligonucleotides of the 
invention are administered in conjunction with one or more 
penetration enhancers surfactants and chelators. Preferred 
Surfactants include fatty acids and/or esters or Salts thereof, 
bile acids and/or salts thereof. Prefered bile acids/salts 
include chenodeoxycholic acid (CDCA) and ursodeoxy 
chenodeoxycholic acid (UDCA), cholic acid, dehydrocholic 
acid, deoxycholic acid, glucholic acid, glycholic acid, gly 
codeoxycholic acid, taurocholic acid, taurodeoxycholic 
acid, Sodium tauro-24,25-dihydro-fusidate, Sodium glycodi 
hydrofusidate, Prefered fatty acids include arachidonic acid, 
undecanoic acid, oleic acid, lauric acid, caprylic acid, capric 
acid, myristic acid, palmitic acid, Stearic acid, linoleic acid, 
linolenic acid, dicaprate, tricaprate, monoolein, dilaurin, 
glyceryl 1-monocaprate, 1-dodecylazacycloheptan-2-one, 
an acylcarnitine, an acylcholine, or a monoglyceride, a 
diglyceride or a pharmaceutically acceptable Salt thereof 
(e.g. Sodium). Also prefered are combinations of penetration 
enhancers, for example, fatty acids/salts in combination with 
bile acids/salts. A particularly prefered combination is the 
Sodium salt of lauric acid, capric acid and UDCA. Further 
penetration enhancers include polyoxyethylene-9-lauryl 
ether, polyoxyethylene-20-cetyl ether. Oligonucleotides of 
the invention may be delivered orally in granular form 
including Sprayed dried particles, or complexed to form 
micro or nanoparticles. Oligonucleotide complexing agents 
include poly-amino acids, polyimines, polyacrylates, poly 
alkylacrylates, polyoxethanes, polyalkylcyanoacrylates, cat 
ionized gelatins, albumins, Starches, acrylates, polyethyl 
eneglycols (PEG) and Starches; polyalkylcyanoacrylates; 
DEAE-derivatized polyimines, pollulans, celluloses and 
Starches. Particularly preferred complexing agents include 
chitosan, N-trimethylchitosan, poly-L-lysine, polyhistidine, 
polyornithine, polyspermines, protamine, polyvinylpyri 
dine, polythiodiethylamino-methylethylene P(TDAE), 
polyaminostyrene (e.g. p-amino), poly(methylcyanoacry 
late), poly(ethylcyanoacrylate), poly(butylcyanoacrylate), 
poly(isobutylcyanoacrylate), poly(isohexylcynaoacrylate), 
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DEAE-methacrylate, DEAE-hexylacrylate, DEAE-acryla 
mide, DEAE-albumin and DEAE-dextran, polymethylacry 
late, polyhexylacrylate, poly(D.L-lactic acid), poly(DL-lac 
tic-co-glycolic acid (PLGA), alginate, and 
polyethyleneglycol (PEG). Oral formulations for oligo 
nucleotides and their preparation are described in detail in 
U.S. application Ser. Nos. 08/886,829 (filed Jul. 1, 1997), 
09/108,673 (filed Jul. 1, 1998), 09/256,515 (filed Feb. 23, 
1999), 09/082,624 (filed May 21, 1998) and 09/315,298 
(filed May 20, 1999) each of which is incorporated herein by 
reference in their entirety. 
0176 Compositions and formulations for parenteral, 
intrathecal or intraventricular administration may include 
Sterile aqueous Solutions which may also contain buffers, 
diluents and other Suitable additives such as, but not limited 
to, penetration enhancers, carrier compounds and other 
pharmaceutically acceptable carriers or excipients. 
0177 Pharmaceutical compositions of the present inven 
tion include, but are not limited to, Solutions, emulsions, and 
liposome-containing formulations. These compositions may 
be generated from a variety of components that include, but 
are not limited to, preformed liquids, Self-emulsifying Solids 
and Self-emulsifying Semisolids. 
0.178 The pharmaceutical formulations of the present 
invention, which may conveniently be presented in unit 
dosage form, may be prepared according to conventional 
techniques well known in the pharmaceutical industry. Such 
techniques include the step of bringing into association the 
active ingredients with the pharmaceutical carrier(s) or 
excipient(s). In general the formulations are prepared by 
uniformly and intimately bringing into association the active 
ingredients with liquid carriers or finely divided Solid car 
riers or both, and then, if necessary, Shaping the product. 
0179 The compositions of the present invention may be 
formulated into any of many possible dosage forms Such as, 
but not limited to, tablets, capsules, gel capsules, liquid 
Syrups, Soft gels, Suppositories, and enemas. The composi 
tions of the present invention may also be formulated as 
Suspensions in aqueous, non-aqueous or mixed media. 
Aqueous Suspensions may further contain Substances which 
increase the Viscosity of the Suspension including, for 
example, Sodium carboxymethylcellulose, Sorbitol and/or 
dextran. The Suspension may also contain Stabilizers. 
0180. In one embodiment of the present invention the 
pharmaceutical compositions may be formulated and used as 
foams. Pharmaceutical foams include formulations Such as, 
but not limited to, emulsions, microemulsions, creams, 
jellies and liposomes. While basically similar in nature these 
formulations vary in the components and the consistency of 
the final product. The preparation of Such compositions and 
formulations is generally known to those skilled in the 
pharmaceutical and formulation arts and may be applied to 
the formulation of the compositions of the present invention. 

0181 Emulsions 
0182. The compositions of the present invention may be 
prepared and formulated as emulsions. Emulsions are typi 
cally heterogenous Systems of one liquid dispersed in 
another in the form of droplets usually exceeding 0.1 um in 
diameter. (Idson, in Pharmaceutical Dosage Forms, Lieber 
man, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., 
New York, N.Y., volume 1, p. 199; Rosoff, in Pharmaceu 
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tical DOSage Forms, Lieberman, Rieger and Banker (Eds.), 
1988, Marcel Dekker, Inc., New York, N.Y., Volume 1, p. 
245; Block in Pharmaceutical Dosage Forms, Lieberman, 
Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New 
York, N.Y., volume 2, p. 335; Higuchi et al., in Remington's 
Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa., 
1985, p. 301). Emulsions are often biphasic systems com 
prising of two immiscible liquid phases intimately mixed 
and dispersed with each other. In general, emulsions may be 
either water-in-oil (w/o) or of the oil-in-water (o/w) variety. 
When an aqueous phase is finely divided into and dispersed 
as minute droplets into a bulk oily phase the resulting 
composition is called a water-in-oil (w/o) emulsion. Alter 
natively, when an oily phase is finely divided into and 
dispersed as minute droplets into a bulk aqueous phase the 
resulting composition is called an oil-in-water (o/w) emul 
Sion. Emulsions may contain additional components in 
addition to the dispersed phases and the active drug which 
may be present as a Solution in either the aqueous phase, oily 
phase or itself as a separate phase. Pharmaceutical excipients 
Such as emulsifiers, Stabilizers, dyes, and anti-oxidants may 
also be present in emulsions as needed. Pharmaceutical 
emulsions may also be multiple emulsions that are com 
prised of more than two phases Such as, for example, in the 
case of oil-in-water-in-oil (o/w/o) and water-in-oil-in-water 
(w/o/w) emulsions. Such complex formulations often pro 
vide certain advantages that Simple binary emulsions do not. 
Multiple emulsions in which individual oil droplets of an 
o/w emulsion enclose Small water droplets constitute a 
W/o/w emulsion. Likewise a System of oil droplets enclosed 
in globules of water Stabilized in an oily continuous provides 
an O/w/o emulsion. 

0183 Emulsions are characterized by little or no thermo 
dynamic Stability. Often, the dispersed or discontinuous 
phase of the emulsion is well dispersed into the external or 
continuous phase and maintained in this form through the 
means of emulsifiers or the Viscosity of the formulation. 
Either of the phases of the emulsion may be a semisolid or 
a Solid, as is the case of emulsion-style ointment bases and 
creams. Other means of Stabilizing emulsions entail the use 
of emulsifiers that may be incorporated into either phase of 
the emulsion. Emulsifiers may broadly be classified into four 
categories: Synthetic Surfactants, naturally occurring emul 
sifiers, absorption bases, and finely dispersed Solids (Idson, 
in Pharmaceutical DOSage Forms, Lieberman, Rieger and 
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., 
volume 1, p. 199). 
0.184 Synthetic surfactants, also known as surface active 
agents, have found wide applicability in the formulation of 
emulsions and have been reviewed in the literature (Rieger, 
in Pharmaceutical DOSage Forms, Lieberman, Rieger and 
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., 
volume 1, p. 285; Idson, in Pharmaceutical Dosage Forms, 
Lieberman, Rieger and Banker (Eds.), Marcel Dekker, Inc., 
New York, N.Y., 1988, volume 1, p. 199). Surfactants are 
typically amphiphilic and comprise a hydrophilic and a 
hydrophobic portion. The ratio of the hydrophilic to the 
hydrophobic nature of the surfactant has been termed the 
hydrophile/lipophile balance (HLB) and is a valuable tool in 
categorizing and Selecting Surfactants in the preparation of 
formulations. Surfactants may be classified into different 
classes based on the nature of the hydrophilic group: non 
ionic, anionic, cationic and amphoteric (Rieger, in Pharma 
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ceutical DOSage Forms, Lieberman, Rieger and Banker 
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 
1, p. 285). 
0185 Naturally occurring emulsifiers used in emulsion 
formulations include lanolin, beeswax, phosphatides, leci 
thin and acacia. Absorption bases possess hydrophilic prop 
erties Such that they can Soak up water to form w/o emul 
Sions yet retain their Semisolid consistencies, Such as 
anhydrous lanolin and hydrophilic petrolatum. Finely 
divided Solids have also been used as good emulsifiers 
especially in combination with Surfactants and in Viscous 
preparations. These include polar inorganic Solids, Such as 
heavy metal hydroxides, nons welling clayS. Such as bento 
nite, attapulgite, hectorite, kaolin, montmorillonite, colloidal 
aluminum Silicate and colloidal magnesium aluminum sili 
cate, pigments and nonpolar Solids Such as carbon or glyc 
eryl tristearate. 
0186. A large variety of non-emulsifying materials are 
also included in emulsion formulations and contribute to the 
properties of emulsions. These include fats, oils, waxes, 
fatty acids, fatty alcohols, fatty esters, humectants, hydro 
philic colloids, preservatives and antioxidants (Block, in 
Pharmaceutical DOSage Forms, Lieberman, Rieger and 
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., 
volume 1, p. 335; Idson, in Pharmaceutical Dosage Forms, 
Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, 
Inc., New York, N.Y., volume 1, p. 199). 
0187 Hydrophilic colloids or hydrocolloids include natu 
rally occurring gums and Synthetic polymerS Such as 
polysaccharides (for example, acacia, agar, alginic acid, 
carrageenan, guar gum, karayagum, and tragacanth), cellu 
lose derivatives (for example, carboxymethylcellulose and 
carboxypropylcellulose), and Synthetic polymers (for 
example, carbomers, cellulose ethers, and carboxyvinyl 
polymers). These disperse or swell in water to form colloidal 
Solutions that Stabilize emulsions by forming Strong inter 
facial films around the dispersed-phase droplets and by 
increasing the Viscosity of the external phase. 

0188 Since emulsions often contain a number of ingre 
dients Such as carbohydrates, proteins, Sterols and phos 
phatides that may readily Support the growth of microbes, 
these formulations often incorporate preservatives. Com 
monly used preservatives included in emulsion formulations 
include methyl paraben, propyl paraben, quaternary ammo 
nium Salts, benzalkonium chloride, esters of p-hydroxyben 
Zoic acid, and boric acid. Antioxidants are also commonly 
added to emulsion formulations to prevent deterioration of 
the formulation. Antioxidants used may be free radical 
ScavengerS Such as tocopherols, alkyl gallates, butylated 
hydroxyanisole, butylated hydroxytoluene, or reducing 
agents Such as ascorbic acid and Sodium metabisulfite, and 
antioxidant Synergists Such as citric acid, tartaric acid, and 
lecithin. 

0189 The application of emulsion formulations via der 
matological, oral and parenteral routes and methods for their 
manufacture have been reviewed in the literature (Idson, in 
Pharmaceutical DOSage Forms, Lieberman, Rieger and 
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., 
volume 1, p. 199). Emulsion formulations for oral delivery 
have been very widely used because of reasons of ease of 
formulation, efficacy from an absorption and bioavailability 
standpoint. (Rosoff, in Pharmaceutical Dosage Forms, Lie 
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berman, Rieger and Banker (Eds.), 1988, Marcel Dekker, 
Inc., New York, N.Y., volume 1, p. 245; Idson, in Pharma 
ceutical DOSage Forms, Lieberman, Rieger and Banker 
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 
1, p. 199). Mineral-oil base laxatives, oil-soluble vitamins 
and high fat nutritive preparations are among the materials 
that have commonly been administered orally as O/W emul 
SOS. 

0190. In one embodiment of the present invention, the 
compositions of oligonucleotides and nucleic acids are for 
mulated as microemulsions. A microemulsion may be 
defined as a System of water, oil and amphiphile which is a 
Single optically isotropic and thermodynamically stable liq 
uid solution (Rosoff, in Pharmaceutical Dosage Forms, 
Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, 
Inc., New York, N.Y., volume 1, p. 245). Typically micro 
emulsions are Systems that are prepared by first dispersing 
an oil in an aqueous Surfactant Solution and then adding a 
Sufficient amount of a fourth component, generally an inter 
mediate chain-length alcohol to form a transparent System. 
Therefore, microemulsions have also been described as 
thermodynamically stable, isotropically clear dispersions of 
two immiscible liquids that are stabilized by interfacial films 
of Surface-active molecules (Leung and Shah, in: Controlled 
Release of Drugs. Polymers and Aggregate Systems, Rosoff, 
M., Ed., 1989, VCH Publishers, New York, pages 185-215). 
Microemulsions commonly are prepared via a combination 
of three to five components that include oil, water, Surfac 
tant, coSurfactant and electrolyte. Whether the microemul 
Sion is of the water-in-oil (w/o) or an oil-in-water (o/w) type 
is dependent on the properties of the oil and Surfactant used 
and on the Structure and geometric packing of the polar 
heads and hydrocarbon tails of the Surfactant molecules 
(Schott, in Remington's Pharmaceutical Sciences, Mack 
Publishing Co., Easton, Pa., 1985, p. 271). 
0191 The phenomenological approach utilizing phase 
diagrams has been extensively Studied and has yielded a 
comprehensive knowledge, to one skilled in the art, of how 
to formulate microemulsions (Rosoff, in Pharmaceutical 
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, 
Marcel Dekker, Inc., New York, N.Y., volume 1, p. 245; 
Block, in Pharmaceutical Dosage Forms, Lieberman, 
Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New 
York, N.Y., volume 1, p. 335). Compared to conventional 
emulsions, microemulsions offer the advantage of Solubiliz 
ing water-insoluble drugs in a formulation of thermody 
namically stable droplets that are formed Spontaneously. 
0.192 Surfactants used in the preparation of microemul 
Sions include, but are not limited to, ionic Surfactants, 
non-ionic Surfactants, Brij96, polyoxyethylene oleyl ethers, 
polyglycerol fatty acid esters, tetraglycerol monolaurate 
(ML310), tetraglycerol monooleate (MO310), hexaglycerol 
monooleate (PO310), hexaglycerol pentaoleate (PO500), 
decaglycerol monocaprate (MCA750), decaglycerol 
monooleate (MO750), decaglycerol sequioleate (SO750), 
decaglycerol decaoleate (DAO750), alone or in combination 
with coSurfactants. The coSurfactant, usually a short-chain 
alcohol Such as ethanol, 1-propanol, and 1-butanol, Serves to 
increase the interfacial fluidity by penetrating into the Sur 
factant film and consequently creating a disordered film 
because of the Void Space generated among Surfactant mol 
ecules. Microemulsions may, however, be prepared without 
the use of coSurfactants and alcohol-free Self-emulsifying 
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microemulsion Systems are known in the art. The aqueous 
phase may typically be, but is not limited to, water, an 
acqueous solution of the drug, glycerol, PEG300, PEG400, 
polyglycerols, propylene glycols, and derivatives of ethyl 
ene glycol. The oil phase may include, but is not limited to, 
materials such as Captex 300, Captex 355, Capmul MCM, 
fatty acid esters, medium chain (C8-C12) mono, di, and 
tri-glycerides, polyoxyethylated glyceryl fatty acid esters, 
fatty alcohols, polyglycolized glycerides, Saturated polyg 
lycolized C8-C10 glycerides, vegetable oils and Silicone oil. 
0193 Microemulsions are particularly of interest from 
the Standpoint of drug Solubilization and the enhanced 
absorption of drugs. Lipid based microemulsions (both O?w 
and w/o) have been proposed to enhance the oral bioavail 
ability of drugs, including peptides (Constantinides et al., 
Pharmaceutical Research, 1994, 11, 1385-1390; Ritschel, 
Meth. Find. Exp. Clin. Pharmacol., 1993, 13, 205). Micro 
emulsions afford advantages of improved drug Solubiliza 
tion, protection of drug from enzymatic hydrolysis, possible 
enhancement of drug absorption due to Surfactant-induced 
alterations in membrane fluidity and permeability, ease of 
preparation, ease of oral administration over Solid dosage 
forms, improved clinical potency, and decreased toxicity 
(Constantinides et al., Pharmaceutical Research, 1994, 11, 
1385; Ho et al., J. Pharm. Sci., 1996, 85, 138-143). Often 
microemulsions may form Spontaneously when their com 
ponents are brought together at ambient temperature. This 
may be particularly advantageous when formulating ther 
molabile drugs, peptides or oligonucleotides. Microemul 
sions have also been effective in the transdermal delivery of 
active components in both cosmetic and pharmaceutical 
applications. It is expected that the microemulsion compo 
Sitions and formulations of the present invention will facili 
tate the increased Systemic absorption of oligonucleotides 
and nucleic acids from the gastrointestinal tract, as well as 
improve the local cellular uptake of oligonucleotides and 
nucleic acids within the gastrointestinal tract, vagina, buccal 
cavity and other areas of administration. 
0194 Microemulsions of the present invention may also 
contain additional components and additives Such as Sorbi 
tan monostearate (Grill 3), Labrasol, and penetration 
enhancers to improve the properties of the formulation and 
to enhance the absorption of the oligonucleotides and 
nucleic acids of the present invention. Penetration enhancers 
used in the microemulsions of the present invention may be 
classified as belonging to one of five broad categories 
Surfactants, fatty acids, bile Salts, chelating agents, and 
non-chelating non-Surfactants (Lee et al., Critical Reviews in 
Therapeutic Drug Carrier Systems, 1991, p. 92). Each of 
these classes has been discussed above. 

0195 Liposomes 
0196. There are many organized surfactant structures 
besides microemulsions that have been Studied and used for 
the formulation of drugs. These include monolayers, 
micelles, bilayerS and vesicles. Vesicles, Such as lipoSomes, 
have attracted great interest because of their specificity and 
the duration of action they offer from the standpoint of drug 
delivery. AS used in the present invention, the term "lipo 
Some” means a vesicle composed of amphiphilic lipids 
arranged in a spherical bilayer or bilayers. 

0.197 Liposomes are unilamellar or multilamellar 
vesicles which have a membrane formed from a lipophilic 
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material and an aqueous interior. The aqueous portion con 
tains the composition to be delivered. Cationic liposomes 
possess the advantage of being able to fuse to the cell wall. 
Non-cationic liposomes, although not able to fuse as effi 
ciently with the cell wall, are taken up by macrophages in 
WVO. 

0198 In order to cross intact mammalian skin, lipid 
vesicles must pass through a Series of fine pores, each with 
a diameter less than 50 nm, under the influence of a Suitable 
transdermal gradient. Therefore, it is desirable to use a 
liposome which is highly deformable and able to pass 
through Such fine pores. 
0199 Further advantages of liposomes include; lipo 
Somes obtained from natural phospholipids are biocompat 
ible and biodegradable, liposomes can incorporate a wide 
range of water and lipid Soluble drugs, lipoSomes can protect 
encapsulated drugs in their internal compartments from 
metabolism and degradation (Rosoff, in Pharmaceutical 
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, 
Marcel Dekker, Inc., New York, N.Y., volume 1, p. 245). 
Important considerations in the preparation of liposome 
formulations are the lipid Surface charge, Vesicle size and the 
aqueous Volume of the liposomes. 
0200 Liposomes are useful for the transfer and delivery 
of active ingredients to the Site of action. Because the 
liposomal membrane is structurally similar to biological 
membranes, when liposomes are applied to a tissue, the 
liposomes start to merge with the cellular membranes. As the 
merging of the lipoSome and cell progresses, the liposomal 
contents are emptied into the cell where the active agent may 
act. 

0201 Liposomal formulations have been the focus of 
extensive investigation as the mode of delivery for many 
drugs. There is growing evidence that for topical adminis 
tration, liposomes present Several advantages over other 
formulations. Such advantages include reduced Side-effects 
related to high Systemic absorption of the administered drug, 
increased accumulation of the administered drug at the 
desired target, and the ability to administer a wide variety of 
drugs, both hydrophilic and hydrophobic, into the skin. 
0202 Several reports have detailed the ability of lipo 
Somes to deliver agents including high-molecular weight 
DNA into the skin. Compounds including analgesics, anti 
bodies, hormones and high-molecular weight DNAS have 
been administered to the Skin. The majority of applications 
resulted in the targeting of the upper epidermis. 

0203 Liposomes fall into two broad classes. Cationic 
liposomes are positively charged liposomes which interact 
with the negatively charged DNA molecules to form a stable 
complex. The positively charged DNA/lipoSome complex 
binds to the negatively charged cell Surface and is internal 
ized in an endosome. Due to the acidic pH within the 
endoSome, the liposomes are ruptured, releasing their con 
tents into the cell cytoplasm (Wang et al., Biochem. BiophyS. 
Res. Commun., 1987, 147, 980-985). 
0204 Liposomes which are pH-sensitive or negatively 
charged, entrap DNA rather than complex with it. Since both 
the DNA and the lipid are similarly charged, repulsion rather 
than complex formation occurs. Nevertheless, some DNA is 
entrapped within the aqueous interior of these lipoSomes. 
pH-sensitive liposomes have been used to deliver DNA 
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encoding the thymidine kinase gene to cell monolayers in 
culture. Expression of the exogenous gene was detected in 
the target cells (Zhou et al., Journal of Controlled Release, 
1992, 19, 269-274). 
0205 One major type of liposomal composition includes 
phospholipids other than naturally-derived phosphatidyl 
choline. Neutral lipoSome compositions, for example, can be 
formed from dimyristoyl phosphatidylcholine (DMPC) or 
dipalmitoyl phosphatidylcholine (DPPC). Anionic liposome 
compositions generally are formed from dimyristoyl phos 
phatidylglycerol, while anionic fusogenic liposomes are 
formed primarily from dioleoyl phosphatidylethanolamine 
(DOPE). Another type of liposomal composition is formed 
from phosphatidylcholine (PC) Such as, for example, Soy 
bean PC, and egg PC. Another type is formed from mixtures 
of phospholipid and/or phosphatidylcholine and/or choles 
terol. 

0206. Several studies have assessed the topical delivery 
of liposomal drug formulations to the skin. Application of 
liposomes containing interferon to guinea pig Skin resulted 
in a reduction of skin herpes Sores while delivery of inter 
feron via other means (e.g. as a Solution or as an emulsion) 
were ineffective (Weiner et al., Journal of Drug Targeting, 
1992, 2, 405-410). Further, an additional study tested the 
efficacy of interferon administered as part of a liposomal 
formulation to the administration of interferon using an 
aqueous System, and concluded that the liposomal formula 
tion was Superior to aqueous administration (du Plessis et 
al., Antiviral Research, 1992, 18, 259-265). 
0207. Non-ionic liposomal systems have also been exam 
ined to determine their utility in the delivery of drugs to the 
skin, in particular Systems comprising non-ionic Surfactant 
and cholesterol. Non-ionic liposomal formulations compris 
ing Novasome"M I (glyceryl dilaurate/cholesterol/polyoxy 
ethylene-10-stearyl ether) and Novasome"M II (glyceryl 
distearate/cholesterol/polyoxyethylene-10-Stearyl ether) 
were used to deliver cyclosporin-A into the dermis of mouse 
skin. Results indicated that Such non-ionic liposomal Sys 
tems were effective in facilitating the deposition of 
cyclosporin-A into different layers of the skin (Hu et al. 
S.T.P.Pharma. Sci., 1994, 4, 6, 466). 
0208 Liposomes also include “sterically stabilized' lipo 
Somes, a term which, as used herein, refers to liposomes 
comprising one or more Specialized lipids that, when incor 
porated into liposomes, result in enhanced circulation life 
times relative to liposomes lacking Such specialized lipids. 
Examples of Sterically Stabilized liposomes are those in 
which part of the vesicle-forming lipid portion of the lipo 
Some (A) comprises one or more glycolipids, Such as 
monosialoganglioside GM, or (B) is derivatized with one or 
more hydrophilic polymers, Such as a polyethylene glycol 
(PEG) moiety. While not wishing to be bound by any 
particular theory, it is thought in the art that, at least for 
Sterically Stabilized liposomes containing gangliosides, Sph 
ingomyelin, or PEG-derivatized lipids, the enhanced circu 
lation half-life of these sterically stabilized liposomes 
derives from a reduced uptake into cells of the reticuloen 
dothelial system (RES) (Allen et al., FEBS Letters, 1987, 
223, 42; Wu et al., Cancer Research, 1993, 53, 3765). 
Various lipoSomes comprising one or more glycolipids are 
known in the art. Papahadjopoulos et al. (Ann. N.Y. Acad. 
Sci., 1987, 507, 64) reported the ability of monosialogan 
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glioside GM, galactocerebroside Sulfate and phosphatidyli 
nositol to improve blood half-lives of liposomes. These 
findings were expounded upon by Gabizon et al. (Proc. Natl. 
Acad. Sci. U.S.A., 1988, 85,6949). U.S. Pat. No. 4.837,028 
and WO 88/04924, both to Allen et al., disclose liposomes 
comprising (1) Sphingomyelin and (2) the ganglioside GM 
or a galactocerebroside sulfate ester. U.S. Pat. No. 5,543,152 
(Webb et al.) discloses liposomes comprising sphingomy 
elin. Liposomes comprising 1,2-Sn-dimyristoylphosphati 
dylcholine are disclosed in WO 97/13499 (Lim et al.). 
0209 Many liposomes comprising lipids derivatized with 
one or more hydrophilic polymers, and methods of prepa 
ration thereof, are known in the art. Sunamoto et al. (Bull. 
Chem. Soc. Jpn., 1980, 53, 2778) described liposomes 
comprising a nonionic detergent, 2C15G, that contains a 
PEG moiety. Illum et al. (FEBS Lett., 1984, 167, 79) noted 
that hydrophilic coating of polystyrene particles with poly 
meric glycols results in Significantly enhanced blood half 
lives. Synthetic phospholipids modified by the attachment of 
carboxylic groups of polyalkylene glycols (e.g., PEG) are 
described by Sears (U.S. Pat. Nos. 4,426,330 and 4,534, 
899). Klibanov et al. (FEBS Lett., 1990, 268,235) described 
experiments demonstrating that lipoSomes comprising phos 
phatidylethanolamine (PE) derivatized with PEG or PEG 
Stearate have significant increases in blood circulation half 
lives. Blume et al. (Biochimica et Biophysica Acta, 1990, 
1029,91) extended such observations to other PEG-deriva 
tized phospholipids, e.g., DSPE-PEG, formed from the 
combination of distearoylphosphatidylethanolamine 
(DSPE) and PEG. Liposomes having covalently bound PEG 
moieties on their external Surface are described in European 
Patent No. EPO 445 131 B1 and WO 90/04384 to Fisher. 
Liposome compositions containing 1-20 mole percent of PE 
derivatized with PEG, and methods of use thereof, are 
described by Woodle et al. (U.S. Pat. Nos. 5,013,556 and 
5,356,633) and Martin et al. (U.S. Pat. No. 5,213,804 and 
European Patent No. EP 0 496 813 B1). Liposomes com 
prising a number of other lipid-polymer conjugates are 
disclosed in WO 91/05545 and U.S. Pat. No. 5,225,212 
(both to Martin et al.) and in WO94/20073 (Zalipsky et al.) 
Liposomes comprising PEG-modified ceramide lipids are 
described in WO 96/10391 (Choi et al.). U.S. Pat. Nos. 
5,540,935 (Miyazaki et al.) and 5,556,948 (Tagawa et al.) 
describe PEG-containing liposomes that can be further 
derivatized with functional moieties on their Surfaces. 

0210. A limited number of liposomes comprising nucleic 
acids are known in the art. WO 96/40062 to Thierry et al. 
discloses methods for encapsulating high molecular weight 
nucleic acids in liposomes. U.S. Pat. No. 5,264.221 to 
Tagawa et al. discloses protein-bonded liposomes and 
asserts that the contents of Such liposomes may include an 
antisense RNA. U.S. Pat. No. 5,665,710 to Rahman et al. 
describes certain methods of encapsulating oligodeoxy 
nucleotides in liposomes. WO 97/04787 to Love et al. 
discloses liposomes comprising antisense oligonucleotides 
targeted to the raf gene. 
0211 Transfersomes are yet another type of liposomes, 
and are highly deformable lipid aggregates which are attrac 
tive candidates for drug delivery vehicles. TransferSomes 
may be described as lipid droplets which are So highly 
deformable that they are easily able to penetrate through 
pores which are Smaller than the droplet. TransferSomes are 
adaptable to the environment in which they are used, e.g. 
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they are Self-optimizing (adaptive to the shape of pores in 
the skin), Self-repairing, frequently reach their targets with 
out fragmenting, and often Self-loading. To make transfer 
Somes it is possible to add Surface edge-activators, usually 
Surfactants, to a Standard liposomal composition. Transfer 
Somes have been used to deliver Serum albumin to the skin. 
The transfersome-mediated delivery of serum albumin has 
been shown to be as effective as Subcutaneous injection of 
a Solution containing Serum albumin. 
0212 Surfactants find wide application in formulations 
Such as emulsions (including microemulsions) and lipo 
Somes. The most common way of classifying and ranking 
the properties of the many different types of Surfactants, both 
natural and Synthetic, is by the use of the hydrophile/ 
lipophile balance (HLB). The nature of the hydrophilic 
group (also known as the “head') provides the most useful 
means for categorizing the different Surfactants used in 
formulations (Rieger, in Pharmaceutical Dosage Forms, 
Marcel Dekker, Inc., New York, N.Y., 1988, p. 285). 
0213 If the Surfactant molecule is not ionized, it is 
classified as a nonionic Surfactant. Nonionic Surfactants find 
wide application in pharmaceutical and cosmetic products 
and are usable over a wide range of pH values. In general 
their HLB values range from 2 to about 18 depending on 
their structure. Nonionic Surfactants include nonionic esters 
Such as ethylene glycol esters, propylene glycol esters, 
glyceryl esters, polyglyceryl esters, Sorbitan esters, Sucrose 
esters, and ethoxylated esters. Nonionic alkanolamides and 
etherS Such as fatty alcohol ethoxylates, propoxylated alco 
hols, and ethoxylated/propoxylated block polymers are also 
included in this class. The polyoxyethylene Surfactants are 
the most popular members of the nonionic Surfactant class. 
0214) If the Surfactant molecule carries a negative charge 
when it is dissolved or dispersed in water, the Surfactant is 
classified as anionic. Anionic Surfactants include carboxy 
lates Such as Soaps, acyl lactylates, acyl amides of amino 
acids, esters of Sulfuric acid Such as alkyl Sulfates and 
ethoxylated alkyl Sulfates, Sulfonates Such as alkylbenzene 
Sulfonates, acyl isethionates, acyl taurates and SulfoSucci 
nates, and phosphates. The most important members of the 
anionic Surfactant class are the alkyl Sulfates and the Soaps. 
0215. If the surfactant molecule carries a positive charge 
when it is dissolved or dispersed in water, the Surfactant is 
classified as cationic. Cationic Surfactants include quater 
nary ammonium Salts and ethoxylated amines. The quater 
nary ammonium Salts are the most used members of this 
class. 

0216) If the surfactant molecule has the ability to carry 
either a positive or negative charge, the Surfactant is clas 
sified as amphoteric. Amphoteric Surfactants include acrylic 
acid derivatives, substituted alkylamides, N-alkylbetaines 
and phosphatides. 

0217. The use of surfactants in drug products, formula 
tions and in emulsions has been reviewed (Rieger, in Phar 
maceutical Dosage Forms, Marcel Dekker, Inc., New York, 
N.Y., 1988, p. 285). 
0218 Penetration Enhancers 
0219. In one embodiment, the present invention employs 
various penetration enhancers to effect the efficient delivery 
of nucleic acids, particularly oligonucleotides, to the skin of 
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animals. Most drugs are present in Solution in both ionized 
and nonionized forms. However, usually only lipid soluble 
or lipophilic drugs readily croSS cell membranes. It has been 
discovered that even non-lipophilic drugs may croSS cell 
membranes if the membrane to be crossed is treated with a 
penetration enhancer. In addition to aiding the diffusion of 
non-lipophilic drugs acroSS cell membranes, penetration 
enhancers also enhance the permeability of lipophilic drugs. 

0220 Penetration enhancers may be classified as belong 
ing to one of five broad categories, i.e., Surfactants, fatty 
acids, bile Salts, chelating agents, and non-chelating non 
surfactants (Lee et al., Critical Reviews in Therapeutic Drug 
Carrier Systems, 1991, p.92). Each of the above mentioned 
classes of penetration enhancers are described below in 
greater detail. 

0221) Surfactants: In connection with the present inven 
tion, Surfactants (or "Surface-active agents') are chemical 
entities which, when dissolved in an aqueous Solution, 
reduce the Surface tension of the Solution or the interfacial 
tension between the aqueous Solution and another liquid, 
with the result that absorption of oligonucleotides through 
the mucosa is enhanced. In addition to bile Salts and fatty 
acids, these penetration enhancers include, for example, 
Sodium lauryl Sulfate, polyoxyethylene-9-lauryl ether and 
polyoxyethylene-20-cetyl ether) (Lee et al., Critical Reviews 
in Therapeutic Drug Carrier Systems, 1991, p. 92); and 
perfluorochemical emulsions, Such as FC-43. Takahashi et 
al., J. Pharm. Pharmacol., 1988, 40, 252). 
0222 Fatty acids: Various fatty acids and their deriva 
tives which act as penetration enhancers include, for 
example, oleic acid, lauric acid, capric acid (n-decanoic 
acid), myristic acid, palmitic acid, Stearic acid, linoleic acid, 
linolenic acid, dicaprate, tricaprate, monoolein (1-mo 
nooleoyl-rac-glycerol), dilaurin, caprylic acid, arachidonic 
acid, glycerol 1-monocaprate, 1-dodecylazacycloheptan-2- 
one, acylcarnitines, acylcholines, Co alkyl esters thereof 
(e.g., methyl, isopropyl and t-butyl), and mono- and di 
glycerides thereof (i.e., oleate, laurate, caprate, myristate, 
palmitate, Stearate, linoleate, etc.) (Lee et al., Critical 
Reviews in Therapeutic Drug Carrier Systems, 1991, p.92; 
Muranishi, Critical Reviews in Therapeutic Drug Carrier 
Systems, 1990, 7, 1-33; El Hariri et al., J. Pharm. Pharma 
col., 1992, 44, 651-654). 
0223 Bile salts: The physiological role of bile includes 
the facilitation of dispersion and absorption of lipids and 
fat-soluble vitamins (Brunton, Chapter 38 in: Goodman & 
Gilman's The Pharmacological Basis of Therapeutics, 9th 
Ed., Hardman et al. Eds., McGraw-Hill, New York, 1996, 
pp. 934-935). Various natural bile salts, and their synthetic 
derivatives, act as penetration enhancers. Thus the term “bile 
Salts' includes any of the naturally occurring components of 
bile as well as any of their synthetic derivatives. The bile 
Salts of the invention include, for example, cholic acid (or its 
pharmaceutically acceptable Sodium salt, Sodium cholate), 
dehydrocholic acid (Sodium dehydrocholate), deoxycholic 
acid (Sodium deoxycholate), glucholic acid (Sodium glucho 
late), glycholic acid (Sodium glycocholate), glycodeoxy 
cholic acid (Sodium glycodeoxycholate), taurocholic acid 
(Sodium taurocholate), taurodeoxycholic acid (Sodium tau 
rodeoxycholate), chenodeoxycholic acid (Sodium chenode 
oxycholate), urSodeoxycholic acid (UDCA), Sodium tauro 
24,25-dihydro-fusidate (STDHF), Sodium 
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glycodihydrofusidate and polyoxyethylene-9-lauryl ether 
(POE) (Lee et al., Critical Reviews in Therapeutic Drug 
Carrier Systems, 1991, page 92; Swinyard, Chapter 39 In. 
Remington's Pharmaceutical Sciences, 18th Ed., Gennaro, 
ed., Mack Publishing Co., Easton, Pa., 1990, pages 782-783; 
Muranishi, Critical Reviews in Therapeutic Drug Carrier 
Systems, 1990, 7, 1-33; Yamamoto et al., J. Pharm. Exp. 
Ther, 1992, 263, 25; Yamashita et al., J. Pharm. Sci., 1990, 
79,579-583). 
0224 Chelating Agents: Chelating agents, as used in 
connection with the present invention, can be defined as 
compounds that remove metallic ions from Solution by 
forming complexes there with, with the result that absorption 
of oligonucleotides through the mucosa is enhanced. With 
regards to their use as penetration enhancers in the present 
invention, chelating agents have the added advantage of also 
serving as DNase inhibitors, as most characterized DNA 
nucleaseS require a divalent metal ion for catalysis and are 
thus inhibited by chelating agents (Jarrett, J. Chromatogr., 
1993, 618, 315-339). Chelating agents of the invention 
include but are not limited to disodium ethylenediaminetet 
raacetate (EDTA), citric acid, Salicylates (e.g., Sodium sali 
cylate, 5-methoxysalicylate and homoVanilate), N-acyl 
derivatives of collagen, laureth-9 and N-amino acyl deriva 
tives of beta-diketones (enamines) (Lee et al., Critical 
Reviews in Therapeutic Drug Carrier Systems, 1991, page 
92; Muranishi, Critical Reviews in Therapeutic Drug Car 
rier Systems, 1990, 7, 1-33; Buur et al., J. Control Rel, 
1990, 14, 43-51). 
0225. Non-chelating non-surfactants: As used herein, 
non-chelating non-Surfactant penetration enhancing com 
pounds can be defined as compounds that demonstrate 
insignificant activity as chelating agents or as Surfactants but 
that nonetheless enhance absorption of oligonucleotides 
through the alimentary mucosa (Muranishi, Critical Reviews 
in Therapeutic Drug Carrier Systems, 1990, 7, 1-33). This 
class of penetration enhancers include, for example, unsat 
urated cyclic ureas, 1-alkyl- and 1-alkenylazacyclo-al 
kanone derivatives (Lee et al., Critical Reviews in Thera 
peutic Drug Carrier Systems, 1991, page 92); and non 
Steroidal anti-inflammatory agents Such as diclofenac 
Sodium, indomethacin and phenylbutaZone (Yamashita et 
al., J. Pharm. Pharmacol., 1987, 39, 621-626). 
0226 Agents that enhance uptake of oligonucleotides at 
the cellular level may also be added to the pharmaceutical 
and other compositions of the present invention. For 
example, cationic lipids, Such as lipofectin (Junichi et al., 
U.S. Pat. No. 5,705,188), cationic glycerol derivatives, and 
polycationic molecules, Such as polylysine (Lolo et al., PCT 
Application WO97/30731), are also known to enhance the 
cellular uptake of oligonucleotides. 

0227 Other agents may be utilized to enhance the pen 
etration of the administered nucleic acids, including glycols 
Such as ethylene glycol and propylene glycol, pyrrols Such 
as 2-pyrrol, azones, and terpenes Such as limonene and 
menthone. 

0228 Carriers 
0229 Certain compositions of the present invention also 
incorporate carrier compounds in the formulation. AS used 
herein, “carrier compound” or “carrier' can refer to a nucleic 
acid, or analog thereof, which is inert (i.e., does not possess 
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biological activity perse) but is recognized as a nucleic acid 
by in vivo processes that reduce the bioavailability of a 
nucleic acid having biological activity by, for example, 
degrading the biologically active nucleic acid or promoting 
its removal from circulation. The coadministration of a 
nucleic acid and a carrier compound, typically with an 
excess of the latter Substance, can result in a Substantial 
reduction of the amount of nucleic acid recovered in the 
liver, kidney or other extracirculatory reservoirs, presum 
ably due to competition between the carrier compound and 
the nucleic acid for a common receptor. For example, the 
recovery of a partially phosphorothioate oligonucleotide in 
hepatic tissue can be reduced when it is coadministered with 
polyinosinic acid, dextran Sulfate, polycytidic acid or 4-ac 
etamido-4'isothiocyano-stilbene-2,2'-disulfonic acid (Miyao 
et al., Antisense ReS. Dev., 1995, 5, 115-121; Takakura et al., 
Antisense & Nucl. Acid Drug Dev, 1996, 6, 177-183). 
0230. Excipients 

0231. In contrast to a carrier compound, a “pharmaceu 
tical carrier' or “excipient' is a pharmaceutically acceptable 
Solvent, Suspending agent or any other pharmacologically 
inert vehicle for delivering one or more nucleic acids to an 
animal. The excipient may be liquid or Solid and is Selected, 
with the planned manner of administration in mind, So as to 
provide for the desired bulk, consistency, etc., when com 
bined with a nucleic acid and the other components of a 
given pharmaceutical composition. Typical pharmaceutical 
carriers include, but are not limited to, binding agents (e.g., 
pregelatinized maize Starch, polyvinylpyrrollidone or 
hydroxypropyl methylcellulose, etc.); fillers (e.g., lactose 
and other Sugars, microcrystalline cellulose, pectin, gelatin, 
calcium Sulfate, ethyl cellulose, polyacrylates or calcium 
hydrogen phosphate, etc.), lubricants (e.g., magnesium 
Stearate, talc, Silica, colloidal Silicon dioxide, Stearic acid, 
metallic Stearates, hydrogenated vegetable oils, corn Starch, 
polyethylene glycols, Sodium benzoate, Sodium acetate, 
etc.); disintegrants (e.g., Starch, Sodium Starch glycolate, 
etc.); and Wetting agents (e.g., Sodium lauryl Sulphate, etc.). 
0232 Pharmaceutically acceptable organic or inorganic 
excipient Suitable for non-parenteral administration which 
do not deleteriously react with nucleic acids can also be used 
to formulate the compositions of the present invention. 
Suitable pharmaceutically acceptable carriers include, but 
are not limited to, water, Salt Solutions, alcohols, polyeth 
ylene glycols, gelatin, lactose, amylose, magnesium Stearate, 
talc, Silicic acid, Viscous paraffin, hydroxymethylcellulose, 
polyvinylpyrrollidone and the like. 

0233 Formulations for topical administration of nucleic 
acids may include Sterile and non-Sterile aqueous Solutions, 
non-aqueous Solutions in common Solvents Such as alcohols, 
or Solutions of the nucleic acids in liquid or Solid oil bases. 
The Solutions may also contain buffers, diluents and other 
Suitable additives. Pharmaceutically acceptable organic or 
inorganic excipients Suitable for non-parenteral administra 
tion which do not deleteriously react with nucleic acids can 
be used. 

0234 Suitable pharmaceutically acceptable excipients 
include, but are not limited to, water, Salt Solutions, alcohol, 
polyethylene glycols, gelatin, lactose, amylose, magnesium 
Stearate, talc, Silicic acid, Viscous paraffin, hydroxymethyl 
cellulose, polyvinylpyrrollidone and the like. 
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0235) Other Components 

0236. The compositions of the present invention may 
additionally contain other adjunct components convention 
ally found in pharmaceutical compositions, at their art 
established usage levels. Thus, for example, the composi 
tions may contain additional, compatible, pharmaceutically 
active materials. Such as, for example, antipruritics, 
astringents, local anesthetics or anti-inflammatory agents, or 
may contain additional materials useful in physically for 
mulating various dosage forms of the compositions of the 
present invention, Such as dyes, flavoring agents, preserva 
tives, antioxidants, opacifiers, thickening agents and Stabi 
lizers. However, Such materials, when added, should not 
unduly interfere with the biological activities of the com 
ponents of the compositions of the present invention. The 
formulations can be Sterilized and, if desired, mixed with 
auxiliary agents, e.g., lubricants, preservatives, Stabilizers, 
wetting agents, emulsifiers, Salts for influencing OSmotic 
preSSure, buffers, colorings, flavorings and/or aromatic Sub 
stances and the like which do not deleteriously interact with 
the nucleic acid(s) of the formulation. 
0237 Aqueous Suspensions may contain Substances 
which increase the Viscosity of the Suspension including, for 
example, Sodium carboxymethylcellulose, Sorbitol and/or 
dextran. The Suspension may also contain Stabilizers. 

0238 Certain embodiments of the invention provide 
pharmaceutical compositions containing (a) one or more 
antisense compounds and (b) one or more other chemothera 
peutic agents which function by a non-antisense mechanism. 
Examples of Such chemotherapeutic agents include but are 
not limited to daunorubicin, daunomycin, dactinomycin, 
doxorubicin, epirubicin, idarubicin, eSorubicin, bleomycin, 
mafosfamide, ifosfamide, cytosine arabinoside, bis-chloro 
ethylnitroSurea, buSulfan, mitomycin C, actinomycin D, 
mithramycin, prednisone, hydroxyprogesterone, testoster 
one, tamoxifen, dacarbazine, procarbazine, hexameth 
ylmelamine, pentamethylmelamine, mitoxantrone, amsa 
crine, chlorambucil, methylcyclohexylnitroSurea, nitrogen 
mustards, melphalan, cyclophosphamide, 6-mercaptopurine, 
6-thioguanine, cytarabine, 5-azacytidine, hydroxyurea, 
deoxycoformycin, 4-hydroxyperoxycyclophosphoramide, 
5-fluorouracil (5-FU), 5-fluorodeoxyuridine (5-FUdR), 
methotrexate (MTX), colchicine, taxol, Vincristine, vinblas 
tine, etoposide (VP-16), trimetrexate, irinotecan, topotecan, 
gemcitabine, teniposide, cisplatin and diethylstilbestrol 
(DES). See, generally, The Merck Manual of Diagnosis and 
Therapy, 15th Ed. 1987, pp. 1206-1228, Berkow et al., eds., 
Rahway, N.J. When used with the compounds of the inven 
tion, Such chemotherapeutic agents may be used individu 
ally (e.g., 5-FU and oligonucleotide), Sequentially (e.g., 
5-FU and oligonucleotide for a period of time followed by 
MTX and oligonucleotide), or in combination with one or 
more other Such chemotherapeutic agents (e.g., 5-FU, MTX 
and oligonucleotide, or 5-FU, radiotherapy and oligonucle 
otide). Anti-inflammatory drugs, including but not limited to 
nonsteroidal anti-inflammatory drugs and corticosteroids, 
and antiviral drugs, including but not limited to ribivirin, 
Vidarabine, acyclovir and ganciclovir, may also be combined 
in compositions of the invention. See, generally, The Merck 
Manual of Diagnosis and Therapy, 15th Ed., Berkow et al., 
eds., 1987, Rahway, N.J., pages 2499-2506 and 46-49, 
respectively). Other non-antisense chemotherapeutic agents 
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are also within the scope of this invention. Two or more 
combined compounds may be used together or Sequentially. 
0239). In another related embodiment, compositions of 
the invention may contain one or more antisense com 
pounds, particularly oligonucleotides, targeted to a first 
nucleic acid and one or more additional antisense com 
pounds targeted to a Second nucleic acid target. Numerous 
examples of antisense compounds are known in the art. Two 
or more combined compounds may be used together or 
Sequentially. 

0240 The formulation of therapeutic compositions and 
their subsequent administration is believed to be within the 
skill of those in the art. Dosing is dependent on Severity and 
responsiveness of the disease State to be treated, with the 
course of treatment lasting from Several days to Several 
months, or until a cure is effected or a diminution of the 
disease State is achieved. Optimal dosing Schedules can be 
calculated from measurements of drug accumulation in the 
body of the patient. Persons of ordinary skill can easily 
determine optimum dosages, dosing methodologies and 
repetition rates. Optimum dosages may vary depending on 
the relative potency of individual oligonucleotides, and can 
generally be estimated based on ECsoS found to be effective 
in in vitro and in Vivo animal models. In general, dosage is 
from 0.01 ug to 100 g per kg of body weight, and may be 
given once or more daily, weekly, monthly or yearly, or even 
once every 2 to 20 years. Persons of ordinary skill in the art 
can easily estimate repetition rates for dosing based on 
measured residence times and concentrations of the drug in 
bodily fluids or tissues. Following Successful treatment, it 
may be desirable to have the patient undergo maintenance 
therapy to prevent the recurrence of the disease State, 
wherein the oligonucleotide is administered in maintenance 
doses, ranging from 0.01ug to 100g per kg of body weight, 
once or more daily, to once every 20 years. 
0241 While the present invention has been described 
with Specificity in accordance with certain of its preferred 
embodiments, the following examples Serve only to illus 
trate the invention and are not intended to limit the same. 

EXAMPLES 

Example 1 

0242) Nucleoside Phosphoramidites for Oligonucleotide 
Synthesis Deoxy and 2'-alkoxy amidites 
0243 2'-Deoxy and 2'-methoxy beta-cyanoethyldiisopro 
pyl phosphoramidites were purchased from commercial 
Sources (e.g. Chemgenes, Needham Mass. or Glen Research, 
Inc. Sterling Va.). Other 2'-O-alkoxy substituted nucleoside 
amidites are prepared as described in U.S. Pat. No. 5,506, 
351, herein incorporated by reference. For oligonucleotides 
Synthesized using 2-alkoxy amidites, the Standard cycle for 
unmodified oligonucleotides was utilized, except the wait 
Step after pulse delivery of tetrazole and base was increased 
to 360 seconds. 

0244 Oligonucleotides containing 5-methyl-2'-deoxycy 
tidine (5-Me-C) nucleotides were Synthesized according to 
published methods Sanghvi, et. al., Nucleic Acids 
Research, 1993, 21, 3197-3203 using commercially avail 
able phosphoramidites (Glen Research, Sterling Va. or 
ChemGenes, Needham Mass.). 
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0245 2'-Fluoro amidites 
0246 2'-Fluorodeoxyadenosine amidites 
0247 2'-fluoro oligonucleotides were synthesized as 
described previously Kawasaki, et. al., J. Med. Chem., 
1993, 36, 831-841) and U.S. Pat. No. 5,670,633, herein 
incorporated by reference. Briefly, the protected nucleoside 
N6-benzoyl-2'-deoxy-2'-fluoroadenosine was synthesized 
utilizing commercially available 9-beta-D-arabinofuranosy 
ladenine as Starting material and by modifying literature 
procedures whereby the 2'-alpha-fluoro atom is introduced 
by a SN2-displacement of a 2'-beta-trityl group. Thus 
N6-benzoyl-9-beta-D-arabinofuranosyladenine was selec 
tively protected in moderate yield as the 3',5'-ditetrahydro 
pyranyl (THP) intermediate. Deprotection of the THP and 
N6-benzoyl groups was accomplished using Standard meth 
odologies and Standard methods were used to obtain the 
5'-dimethoxytrityl-(DMT) and 5'-DMT-3'-phosphoramidite 
intermediates. 

0248 2'-Fluorodeoxyguanosine 
0249. The synthesis of 2'-deoxy-2'-fluoroguanosine was 
accomplished using tetraisopropyldisiloxanyl (TPDS) pro 
tected 9-beta-D-arabinofuranosylguanine as Starting mate 
rial, and conversion to the intermediate diisobutyryl-ara 
binofuranosylguanosine. Deprotection of the TPDS group 
was followed by protection of the hydroxyl group with THP 
to give diisobutyryl di-THP protected arabinofuranosylgua 
nine. Selective O-deacylation and triflation was followed by 
treatment of the crude product with fluoride, then deprotec 
tion of the THP groups. Standard methodologies were used 
to obtain the 5'-DMT and 5'-DMT-3'-phosphoramidites. 

0250) 2'-Fluorouridine 
0251 Synthesis of 2'-deoxy-2'-fluorouridine was accom 
plished by the modification of a literature procedure in 
which 2,2'-anhydro-1-beta-D-arabinofuranosyluracil was 
treated with 70% hydrogen fluoride-pyridine. Standard pro 
cedures were used to obtain the 5'-DMT and 5'-DMT 
3'phosphoramidites. 
0252) 2'-Fluorodeoxycytidine 
0253 2'-deoxy-2'-fluorocytidine was synthesized via 
amination of 2'-deoxy-2'-fluorouridine, followed by selec 
tive protection to give N4-benzoyl-2'-deoxy-2'-fluorocyti 
dine. Standard procedures were used to obtain the 5'-DMT 
and 5'-DMT-3'phosphoramidites. 

0254) 2'-O-(2-Methoxyethyl) Modified Amidites 
0255 2'-O-Methoxyethyl-substituted nucleoside amid 
ites are prepared as follows, or alternatively, as per the 
methods of Martin, P., Helvetica Chinica Acta, 1995, 78, 
486-504. 

0256 2,2'-Anhydro1-(beta-D-arabinofuranosyl)-5-me 
thyluridine 
0257 5-Methyluridine (ribosylthymine, commercially 
available through Yamasa, Choshi, Japan) (72.0 g, 0.279M), 
diphenylcarbonate (90.0 g, 0.420 M) and sodium bicarbon 
ate (2.0 g, 0.024 M) were added to DMF (300 mL). The 
mixture was heated to reflux, with Stirring, allowing the 
evolved carbon dioxide gas to be released in a controlled 
manner. After 1 hour, the Slightly darkened Solution was 
concentrated under reduced pressure. The resulting Syrup 
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was poured into diethylether (2.5 L), with stirring. The 
product formed a gum. The ether was decanted and the 
residue was dissolved in a minimum amount of methanol 
(ca. 400 mL). The solution was poured into fresh ether (2.5 
L) to yield a stiff gum. The ether was decanted and the gum 
was dried in a vacuum oven (60° C. at 1 mm Hg for 24 h) 
to give a Solid that was crushed to a light tan powder (57 g, 
85% crude yield). The NMR spectrum was consistent with 
the Structure, contaminated with phenol as its Sodium Salt 
(ca.5%). The material was used as is for further reactions (or 
it can be purified further by column chromatography using 
a gradient of methanol in ethyl acetate (10-25%) to give a 
white solid, mp 222-4° C). 
0258 2'-O-Methoxyethyl-5-methyluridine 

0259 2,2'-Anhydro-5-methyluridine (195 g, 0.81 M), 
tris(2-methoxyethyl)borate (231 g, 0.98 M) and 2-methoxy 
ethanol (1.2 L) were added to a 2 L Stainless Steel pressure 
vessel and placed in a pre-heated oil bath at 160° C. After 
heating for 48 hours at 155-160 C., the vessel was opened 
and the Solution evaporated to dryneSS and triturated with 
MeOH (200 mL). The residue was suspended in hot acetone 
(1 L). The insoluble salts were filtered, washed with acetone 
(150 mL) and the filtrate evaporated. The residue (280 g) 
was dissolved in CHCN (600 mL) and evaporated. A silica 
gel column (3 kg) was packed in CHCl/acetone/MeOH 
(20:5:3) containing 0.5% EtNH. The residue was dissolved 
in CHCl (250 mL) and adsorbed onto silica (150g) prior 
to loading onto the column. The product was eluted with the 
packing solvent to give 160 g (63%) of product. Additional 
material was obtained by reworking impure fractions. 
0260 2'-O-Methoxyethyl-5'-O-dimethoxytrityl-5-methy 
luridine 

0261) 2'-O-Methoxyethyl-5-methyluridine (160 g, 0.506 
M) was co-evaporated with pyridine (250 mL) and the dried 
residue dissolved in pyridine (1.3 L). A first aliquot of 
dimethoxytrityl chloride (94.3 g, 0.278 M) was added and 
the mixture Stirred at room temperature for one hour. A 
second aliquot of dimethoxytrityl chloride (94.3 g, 0.278M) 
was added and the reaction Stirred for an additional one hour. 
Methanol (170 mL) was then added to stop the reaction. 
HPLC showed the presence of approximately 70% product. 
The solvent was evaporated and triturated with CHCN (200 
mL). The residue was dissolved in CHCl (1.5 L) and 
extracted with 2x500 mL of saturated NaHCO and 2x500 
mL of Saturated NaCl. The organic phase was dried over 
NaSO, filtered and evaporated. 275 g of residue was 
obtained. The residue was purified on a 3.5 kg Silica gel 
column, packed and eluted with EtOAc/hexane/acetone 
(5:5:1) containing 0.5% Et-NH. The pure fractions were 
evaporated to give 164 g of product. Approximately 20 g 
additional was obtained from the impure fractions to give a 
total yield of 183 g (57%). 
0262 3'-O-Acetyl-2'-O-methoxyethyl-5'-O-dimethox 
ytrityl-5-methyluridine 
0263. 2'-O-Methoxyethyl-5'-O-dimethoxytrityl-5-methy 
luridine (106 g., 0.167 M), DMF/pyridine (750 mL of a 3:1 
mixture prepared from 562 mL of DMF and 188 mL of 
pyridine) and acetic anhydride (24.38 mL, 0.258 M) were 
combined and stirred at room temperature for 24 hours. The 
reaction was monitored by TLC by first quenching the TLC 
sample with the addition of MeOH. Upon completion of the 
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reaction, as judged by TLC, MeOH (50 mL) was added and 
the mixture evaporated at 35 C. The residue was dissolved 
in CHCl (800 mL) and extracted with 2x200 mL of satu 
rated Sodium bicarbonate and 2x200 mL of Saturated NaCl. 
The water layers were back extracted with 200 mL of 
CHCls. The combined organics were dried with sodium 
Sulfate and evaporated to give 122 g of residue (approx. 90% 
product). The residue was purified on a 3.5 kg Silica gel 
column and eluted using EtOAC/hexane(4:1). Pure product 
fractions were evaporated to yield 96 g (84%). An additional 
1.5 g was recovered from later fractions. 
0264. 3'-O-Acetyl-2'-O-methoxyethyl-5'-O-dimethox 
ytrityl-5-methyl-4-triazoleuridine 
0265 A first solution was prepared by dissolving 3'-O- 
acetyl-2'-O-methoxyethyl-5'-O-dimethoxytrityl-5-methylu 
ridine (96 g., 0.144M) in CHCN (700 mL) and set aside. 
Triethylamine (189 mL, 1.44M) was added to a solution of 
triazole (90 g, 1.3 M) in CHCN (1 L), cooled to -5°C. and 
stirred for 0.5 h using an overhead stirrer. POC1 was added 
dropwise, over a 30 minute period, to the Stirred Solution 
maintained at 0-10 C., and the resulting mixture stirred for 
an additional 2 hours. The first Solution was added dropwise, 
over a 45 minute period, to the latter Solution. The resulting 
reaction mixture was Stored overnight in a cold room. Salts 
were filtered from the reaction mixture and the Solution was 
evaporated. The residue was dissolved in EtOAc (1 L) and 
the insoluble solids were removed by filtration. The filtrate 
was washed with 1x300 mL of NaHCO and 2x300 mL of 
saturated NaCl, dried over sodium sulfate and evaporated. 
The residue was triturated with EtOAc to give the title 
compound. 
0266 2'-O-Methoxyethyl-5'-O-dimethoxytrityl-5-meth 
ylcytidine 
0267 A solution of 3'-O-acetyl-2'-O-methoxyethyl-5'-O- 
dimethoxytrityl-5-methyl-4-triazoleuridine (103 g, 0.141 
M) in dioxane (500 mL) and NHOH (30 mL) was stirred at 
room temperature for 2 hours. The dioxane Solution was 
evaporated and the residue azeotroped with MeOH (2x200 
mL). The residue was dissolved in MeOH (300 mL) and 
transferred to a 2 liter stainless steel pressure vessel. MeOH 
(400 mL) saturated with NH3 gas was added and the vessel 
heated to 100° C. for 2 hours (TLC showed complete 
conversion). The vessel contents were evaporated to dryness 
and the residue was dissolved in EtOAc (500 mL) and 
washed once with saturated NaCl (200 mL). The organics 
were dried over Sodium Sulfate and the Solvent was evapo 
rated to give 85 g (95%) of the title compound. 
0268 N4-Benzoyl-21-O-methoxyethyl-5'-O-dimethox 
ytrityl-5-methylcytidine 
0269) 2'-O-Methoxyethyl-5'-O-dimethoxytrityl-5-me 
thyl-cytidine (85 g, 0.134 M) was dissolved in DMF (800 
mL) and benzoic anhydride (37.2 g, 0.165 M) was added 
with stirring. After stirring for 3 hours, TLC showed the 
reaction to be approximately 95% complete. The solvent 
was evaporated and the residue azeotroped with MeOH (200 
mL). The residue was dissolved in CHCl (700 mL) and 
extracted with saturated NaHCO (2x300 mL) and saturated 
NaCl (2x300 mL), dried over MGSO and evaporated to 
give a residue (96 g). The residue was chromatographed on 
a 1.5 kg Silica column using EtOAc/hexane (1:1) containing 
0.5% EtNH as the eluting solvent. The pure product frac 
tions were evaporated to give 90 g (90%) of the title 
compound. 
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0270 N4-Benzoyl-2'-O-methoxyethyl-51-O-dimethox 
ytrityl-5-methylcytidine-3'-amidite 
0271 N4-Benzoyl-2'-O-methoxyethyl-5'-O-dimethox 
ytrityl-5-methylcytidine (74 g., 0.10 M) was dissolved in 
CHCl2 (1L). Tetrazole diisopropylamine (7.1 g) and 2-cya 
noethoxy-tetra-(isopropyl)phosphite (40.5 mL, 0.123 M) 
were added with Stirring, under a nitrogen atmosphere. The 
resulting mixture was stirred for 20 hours at room tempera 
ture (TLC showed the reaction to be 95% complete). The 
reaction mixture was extracted with Saturated NaHCO 
(1x300 mL) and saturated NaCl (3x300 mL). The aqueous 
washes were back-extracted with CHCl (300 mL), and the 
extracts were combined, dried over MgSO and concen 
trated. The residue obtained was chromatographed on a 1.5 
kg Silica column using EtOAc/hexane (3:1) as the eluting 
solvent. The pure fractions were combined to give 90.6 g. 
(87%) of the title compound. 
0272 2'-O-(Aminooxyethyl) nucleoside amidites and 
2'-O-(dimethylaminooxyethyl)nucleoside Amidites 
0273 2'-(Dimethylaminooxyethoxy) nucleoside amidites 
0274) 2'-(Dimethylaminooxyethoxy) nucleoside amidites 
also known in the art as 2'-O-(dimethylaminooxyethyl) 
nucleoside amidites are prepared as described in the fol 
lowing paragraphs. Adenosine, cytidine and guanosine 
nucleoside amidites are prepared Similarly to the thymidine 
(5-methyluridine) except the exocyclic amines are protected 
with a benzoyl moiety in the case of adenosine and cytidine 
and with isobutyryl in the case of guanosine. 
0275 5'-O-tert-Butyldiphenylsilyl-O-21-anhydro-5-me 
thyluridine 
0276 O’-2'-anhydro-5-methyluridine (Pro. Bio. Sint., 
Varese, Italy, 100.0 g, 0.416 mmol), dimethylaminopyridine 
(0.66 g., 0.013 eq, 0.0054 mmol) were dissolved in dry 
pyridine (500 ml) at ambient temperature under an argon 
atmosphere and with mechanical Stirring. tert-Butyldiphe 
nylchlorosilane (125.8 g., 119.0 mL, 1.1 eq, 0.458 mmol) 
was added in one portion. The reaction was stirred for 16 h 
at ambient temperature. TLC (Rf 0.22, ethyl acetate) indi 
cated a complete reaction. The Solution was concentrated 
under reduced pressure to a thick oil. This was partitioned 
between dichloromethane (1 L) and Saturated Sodium bicar 
bonate (2x1 L) and brine (1 L). The organic layer was dried 
over Sodium Sulfate and concentrated under reduced pres 
Sure to a thick oil. The oil was dissolved in a 1:1 mixture of 
ethyl acetate and ethyl ether (600 mL) and the solution was 
cooled to 

0277 -10° C. The resulting crystalline product was col 
lected by filtration, washed with ethyl ether (3x200 mL) and 
dried (40° C., 1 mm Hg, 24 h) to 149 g (74.8%) of white 
solid. TLC and NMR were consistent with pure product. 
0278) 5'-O-tert-Butyldiphenylsilyl-2'-O-(2-hydroxy 
ethyl)-5-methyluridine 
0279. In a 2 L stainless steel, unstirred pressure reactor 
was added borane in tetrahydrofuran (1.0 M, 2.0 eq, 622 
mL). In the fume hood and with manual stirring, ethylene 
glycol (350 mL, excess) was added cautiously at first until 
the evolution of hydrogen gas subsided. 5'-O-tert-Butyl 
diphenylsilyl-O-2'-anhydro-5-methyluridine (149 g, 0.311 
mol) and sodium bicarbonate (0.074g, 0.003 eq) were added 
with manual Stirring. The reactor was Sealed and heated in 
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an oil bath until an internal temperature of 160° C. was 
reached and then maintained for 16 h (pressure-100 psig). 
The reaction vessel was cooled to ambient and opened. TLC 
(Rf 0.67 for desired product and Rf 0.82 for ara-T side 
product, ethyl acetate) indicated about 70% conversion to 
the product. In order to avoid additional Side product for 
mation, the reaction was stopped, concentrated under 
reduced pressure (10 to 1 mm Hg) in a warm water bath 
(40-100° C.) with the more extreme conditions used to 
remove the ethylene glycol. Alternatively, once the low 
boiling Solvent is gone, the remaining Solution can be 
partitioned between ethyl acetate and water. The product 
will be in the organic phase. The residue was purified by 
column chromatography (2 kg Silica gel, ethyl acetate 
hexanes gradient 1:1 to 4:1). The appropriate fractions were 
combined, Stripped and dried to product as a white crisp 
foam (84g, 50%), contaminated Starting material (17.4 g) 
and pure reusable Starting material 20g. The yield based on 
Starting material leSS pure recovered Starting material was 
58%. TLC and NMR were consistent with 99% pure prod 
uct. 

0280 2'-O-(2-phthalimidoxy)ethyl-5'-t-butyldiphenyl 
silyl-5-methyluridine 

0281 5'-O-tert-Butyldiphenylsilyl-2'-O-(2-hydroxy 
ethyl)-5-methyluridine (20g, 36.98 mmol) was mixed with 
triphenylphosphine (11.63 g, 44.36 mmol) and N-hydrox 
yphthalimide (7.24 g., 44.36 mmol). It was then dried over 
POs under high vacuum for two days at 40°C. The reaction 
mixture was flushed with argon and dry THF (369.8 mL, 
Aldrich, Sure Seal bottle) was added to get a clear Solution. 
Diethyl-azodicarboxylate (6.98 mL, 44.36 mmol) was added 
dropwise to the reaction mixture. The rate of addition is 
maintained Such that resulting deep red coloration is just 
discharged before adding the next drop. After the addition 
was complete, the reaction was stirred for 4 hrs. By that time 
TLC showed the completion of the reaction (ethylacetate 
:hexane, 60:40). The solvent was evaporated in vacuum. 
Residue obtained was placed on a flash column and eluted 
with ethyl acetate:hexane (60:40), to get 2'-O-(2-phthalimi 
doxy)ethyl-5'-t-butyldiphenylsilyl-5-methyluridine S 
white foam (21.819 g, 86%). 
0282 5'-O-tert-butyldiphenylsilyl-2'-O-(2-formadox 
iminooxy)ethyl-5-methyluridine 
0283 2'-O-(2-phthalimidoxy)ethyl-5'-t-butyldiphenyl 
silyl-5-methyluridine (3.1 g, 4.5 mmol) was dissolved in dry 
CHCl (4.5 mL) and methylhydrazine (300 mL, 4.64 
mmol) was added dropwise at -10°C. to 0°C. After 1 h the 
mixture was filtered, the filtrate was washed with ice cold 
CHCl, and the combined organic phase was washed with 
water, brine and dried over anhydrous NaSO. The solution 
was concentrated to get 2'-O-(aminooxyethyl) thymidine, 
which was then dissolved in MeOH (67.5 mL). To this 
formaldehyde (20% aqueous Solution, W/w, 1.1 eq.) was 
added and the resulting mixture was strirred for 1 h. Solvent 
was removed under vacuum, residue chromatographed to 
get 5'-O-tert-butyldiphenylsilyl-2'-O-(2-formadoximi 
nooxy) ethyl-5-methyluridine as white foam (1.95 g, 78%). 
0284 5'-O-tert-Butyldiphenylsilyl-2'-O-N,N-dimethy 
laminooxyethyl-5-methyluridine 
0285) 5'-O-tert-butyldiphenylsilyl-2'-O-(2-formadox 
iminooxy)ethyl-5-methyluridine (1.77 g, 3.12 mmol) was 
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dissolved in a solution of 1M pyridinium p-toluenesulfonate 
(PPTS) in dry MeOH (30.6 mL). Sodium cyanoborohydride 
(0.39 g, 6.13 mmol) was added to this solution at 10° C. 
under inert atmosphere. The reaction mixture was Stirred for 
10 minutes at 10 C. After that the reaction vessel was 
removed from the ice bath and Stirred at room temperature 
for 2 h, the reaction monitored by TLC (5% MeOH in 
CHCl). Aqueous NaHCO solution (5%, 10 mL) was 
added and extracted with ethyl acetate (2x20 mL). Ethyl 
acetate phase was dried over anhydrous Na2SO, evaporated 
to dryness. Residue was dissolved in a solution of 1M PPTS 
in MeOH (30.6 mL). Formaldehyde (20% w/w, 30 mL, 3.37 
mmol) was added and the reaction mixture was stirred at 
room temperature for 10 minutes. Reaction mixture cooled 
to 10° C. in an ice bath, sodium cyanoborohydride (0.39 g, 
6.13 mmol) was added and reaction mixture stirred at 10° C. 
for 10 minutes. After 10 minutes, the reaction mixture was 
removed from the ice bath and Stirred at room temperature 
for 2 hrs. To the reaction mixture 5% NaHCO (25 mL) 
solution was added and extracted with ethyl acetate (2x25 
mL). Ethyl acetate layer was dried over anhydrous NaSO 
and evaporated to dryneSS. The residue obtained was puri 
fied by flash column chromatography and eluted with 5% 
MeOH in CHCl to get 5'-O-tert-butyldiphenylsilyl-2'-O- 
N,N-dimethylaminooxyethyl-5-methyluridine as a white 
foam (14.6 g., 80%). 
0286 2'-O-(dimethylaminooxyethyl)-5-methyluridine 
0287 Triethylamine trihydrofluoride (3.91 mL, 24.0 
mmol) was dissolved in dry THF and triethylamine (1.67 
mL, 12 mmol, dry, kept over KOH). This mixture of 
triethylamine-2HF was then added to 5'-O-tert-butyldiphe 
nylsilyl-2'-O-N,N-dimethylaminooxyethyl-5-methyluri 
dine (1.40g, 2.4 mmol) and stirred at room temperature for 
24 hrs. Reaction was monitored by TLC (5% MeOH in 
CHCl). Solvent was removed under vacuum and the 
residue placed on a flash column and eluted with 10% 
MeOH in CHC1 to get 2'-O-(dimethylaminooxyethyl)-5- 
methyluridine (766 mg, 92.5%). 
0288 5'-O-DMT-2'-(dimethylaminooxyethyl)-5-methy 
luridine 

0289 2'-O-(dimethylaminooxyethyl)-5-methyluridine 
(750 mg, 2.17 mmol) was dried over P.O. under high 
vacuum overnight at 40 C. It was then co-evaporated with 
anhydrous pyridine (20 mL). The residue obtained was 
dissolved in pyridine (11 mL) under argon atmosphere. 
4-dimethylaminopyridine (26.5 mg, 2.60 mmol), 4,4'- 
dimethoxytrityl chloride (880 mg, 2.60 mmol) was added to 
the mixture and the reaction mixture was stirred at room 
temperature until all of the Starting material disappeared. 
Pyridine was removed under vacuum and the residue chro 
matographed and eluted with 10% MeOH in CHC1 (con 
taining a few drops of pyridine) to get 5'-O-DMT-2'-O- 
(dimethylamino-oxyethyl)-5-methyluridine (1.13 g, 80%). 
5'-O-DMT-2'-O-(2-N,N-dimethylaminooxyethyl)-5-methy 
luridine-3'-(2-cyanoethyl)-N,N-diisopropylphosphoramid 
ite 5'-O-DMT-2'-O-(dimethylaminooxyethyl)-5-methyluri 
dine (1.08 g, 1.67 mmol) was co-evaporated with toluene 
(20 mL). To the residue N,N-diisopropylamine tetrazonide 
(0.29 g, 1.67 mmol) was added and dried over POs under 
high vacuum overnight at 40 C. Then the reaction mixture 
was dissolved in anhydrous acetonitrile (8.4 mL) and 2-cya 
noethyl-N,N,N',N'-tetraisopropylphosphoramidite (2.12 
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mL, 6.08 mmol) was added. The reaction mixture was 
Stirred at ambient temperature for 4 hrs under inert atmo 
sphere. The progress of the reaction was monitored by TLC 
(hexane:ethyl acetate 1:1). The Solvent was evaporated, then 
the residue was dissolved in ethyl acetate (70 mL) and 
washed with 5% aqueous NaHCO (40 mL). Ethyl acetate 
layer was dried over anhydrous Na2SO and concentrated. 
Residue obtained was chromatographed (ethyl acetate as 
eluent) to get 5'-O-DMT-2'-O-(2-N,N-dimethylaminooxy 
ethyl)-5-methyluridine-3'-(2-cyanoethyl)-N,N-diisopropy 
lphosphoramidite as a foam (1.04 g, 74.9%). 
0290 2'-(Aminooxyethoxy) nucleoside amidites 
0291 2'-(Aminooxyethoxy) nucleoside amidites also 
known in the art as 2'-O-(aminooxyethyl) nucleoside amid 
ites are prepared as described in the following paragraphs. 
Adenosine, cytidine and thymidine nucleoside amidites are 
prepared similarly. 
0292 N2-isobutyryl-6-O-diphenylcarbamoyl-2'-O-(2- 
ethylacetyl)-5'-O-(4,4'-dimethoxytrityl)guanosine-3'-(2- 
cyanoethyl)-N,N-diisopropylphosphoramidite 
0293. The 2'-O-aminooxyethylguanosine analog may be 
obtained by selective 2'-O-alkylation of diaminopurine ribo 
Side. Multigram quantities of diaminopurine riboside may be 
purchased from Schering AG (Berlin) to provide 2'-O-(2- 
ethylacetyl) diaminopurine riboside along with aminor 
amount of the 3'-O-isomer. 2'-O-(2-ethylacetyl) diaminopu 
rine riboside may be resolved and converted to 2'-O-(2- 
ethylacetyl)guanosine by treatment with adenosine deami 
nase. (McGee, D. P. C., Cook, P. D., Guinosso, C. J., WO 
94/02501 A1 940203.) Standard protection procedures 
should afford 2'-O-(2-ethylacetyl)-5'-O-(4,4'-dimethoxytri 
tyl)guanosine and 2-N-isobutyryl-6-O-diphenylcarbamoyl 
2'-O-(2-ethylacetyl)-5'-O-(4,4'-dimethoxytrityl)guanosine 
which may be reduced to provide 2-N-isobutyryl-6-O- 
diphenylcarbamoyl-2'-O-(2-hydroxyethyl)-5'-O-(4,4'- 
dimethoxytrityl)guanosine. AS before the hydroxyl group 
may be displaced by N-hydroxyphthalimide via a Mit 
Sunobu reaction, and the protected nucleoside may phosphi 
tylated as usual to yield 2-N-isobutyryl-6-O-diphenylcar 
bamoyl-2'-O-(2-phthalmidoxyethyl)-5'-O-(4,4'- 
dimethoxytrityl)guanosine-3'-(2-cyanoethyl)-N,N- 
diisopropylphosphoramidite. 
0294 2'-dimethylaminoethoxyethoxy 
nucleoside amidites 

(2-DMAEOE) 

0295 2'-dimethylaminoethoxyethoxy nucleoside amid 
ites (also known in the art as 2'-O-dimethylaminoethoxy 
ethyl, i.e., 2'-O-CH-O-CH-N(CH) or 
2'-DMAEOE nucleoside amidites) are prepared as follows. 
Other nucleoside amidites are prepared similarly. 
0296 2'-O-2(2-N,N-dimethylaminoethoxy)ethyl-5-me 
thyluridine 

0297 22-(Dimethylamino)ethoxyethanol (Aldrich, 
6.66 g, 50 mmol) is slowly added to a solution of borane in 
tetra-hydrofuran (1 M, 10 mL, 10 mmol) with stirring in a 
100 mL bomb. Hydrogen gas evolves as the solid dissolves. 
O-2'-anhydro-5-methyluridine (1.2g, 5 mmol), and Sodium 
bicarbonate (2.5 mg) are added and the bomb is Sealed, 
placed in an oil bath and heated to 155 C. for 26 hours. The 
bomb is cooled to room temperature and opened. The crude 
Solution is concentrated and the residue partitioned between 
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water (200 mL) and hexanes (200 mL). The excess phenol 
is extracted into the hexane layer. The aqueous layer is 
extracted with ethyl acetate (3x200 mL) and the combined 
organic layers are washed once with water, dried over 
anhydrous Sodium Sulfate and concentrated. The residue is 
columned on Silica gel using methanol/methylene chloride 
1:20 (which has 2% triethylamine) as the eluent. As the 
column fractions are concentrated a colorless Solid forms 
which is collected to give the title compound as a white 
solid. 5'-O-dimethoxytrityl-2'-O-2(2-N,N-dimethylamino 
ethoxy)-ethyl)-5-methyluridine 
0298 To 0.5 g (1.3 mmol) of 2'-O-2(2-N,N-dimethy 
laminoethoxy)ethyl)-5-methyl uridine in anhydrous pyri 
dine (8 mL), triethylamine (0.36 mL) and dimethoxytrityl 
chloride (DMT-C1, 0.87 g, 2 eq) are added and stirred for 
1 hour. The reaction mixture is poured into water (200 mL) 
and extracted with CHCl (2x200 mL). The combined 
CHCl layers are washed with saturated NaHCO, solution, 
followed by saturated NaCl solution and dried over anhy 
drous sodium sulfate. Evaporation of the solvent followed 
by silica gel chromatography using MeOH:CHCl2: Et N 
(20:1, V/V, with 1% triethylamine) gives the title compound. 
0299 5'-O-Dimethoxytrityl-2'-O-2(2-N,N-dimethylami 
noethoxy)ethyl)-5-methyl uridine-3'-O-(cyanoethyl-N,N- 
diisopropyl)phosphoramidite 
0300 Diisopropylaminotetrazolide (0.6 g) and 2-cyano 
ethoxy-N,N-diisopropyl phosphoramidite (1.1 mL, 2 eq.) 
are added to a solution of 5'-O-dimethoxytrityl-2'-O-2(2- 
N,N-dimethylaminoethoxy)ethyl)-5-methyluridine (2.17 g, 
3 mmol) dissolved in CHCl (20 mL) under an atmosphere 
of argon. The reaction mixture is Stirred overnight and the 
Solvent evaporated. The resulting residue is purified by Silica 
gel flash column chromatography with ethyl acetate as the 
eluent to give the title compound. 

Example 2 
0301 Oligonucleotide Synthesis 
0302 Unsubstituted and substituted phosphodiester 
(P=O) oligonucleotides are Synthesized on an automated 
DNA synthesizer (Applied Biosystems model 380B) using 
Standard phosphoramidite chemistry with oxidation by 
iodine. 

0303 Phosphorothioates (P=S) are synthesized as for 
the phosphodiester oligonucleotides except the Standard 
oxidation bottle was replaced by 0.2 M solution of 3H-1,2- 
benzodithiole-3-one 1,1-dioxide in acetonitrile for the step 
wise thiation of the phosphite linkages. The thiation wait 
step was increased to 68 sec and was followed by the 
capping Step. After cleavage from the CPG column and 
deblocking in concentrated ammonium hydroxide at 55 C. 
(18 h), the oligonucleotides were purified by precipitating 
twice with 2.5 volumes of ethanol from a 0.5 M NaCl 
Solution. Phosphinate oligonucleotides are prepared as 
described in U.S. Pat. No. 5,508,270, herein incorporated by 
reference. 

0304 Alkyl phosphonate oligonucleotides are prepared 
as described in U.S. Pat. No. 4,469,863, herein incorporated 
by reference. 
0305 3'-Deoxy-3'-methylene phosphonate oligonucle 
otides are prepared as described in U.S. Pat. No. 5,610,289 
or 5,625,050, herein incorporated by reference. 
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0306 Phosphoramidite oligonucleotides are prepared as 
described in U.S. Pat. No. 5,256,775 or U.S. Pat. No. 
5,366,878, herein incorporated by reference. 
0307 Alkylphosphonothioate oligonucleotides are pre 
pared as described in published PCT applications PCT/ 
US94/00902 and PCT/US93/06976 (published as WO 
94/17093 and WO94/02499, respectively), herein incorpo 
rated by reference. 
0308 3'-Deoxy-3'-amino phosphoramidate oligonucle 
otides are prepared as described in U.S. Pat. No. 5,476,925, 
herein incorporated by reference. 
0309 Phosphotriester oligonucleotides are prepared as 
described in U.S. Pat. No. 5,023,243, herein incorporated by 
reference. 

0310 Borano phosphate oligonucleotides are prepared as 
described in U.S. Pat. Nos. 5,130,302 and 5,177,198, both 
herein incorporated by reference. 

Example 3 

0311 Oligonucleoside Synthesis 
0312 Methylenemethylimino linked oligonucleosides, 
also identified as MMI linked oligonucleosides, methylene 
dimethylhydrazo linked oligonucleosides, also identified as 
MDH linked oligonucleosides, and methylenecarbony 
lamino linked oligonucleosides, also identified as amide-3 
linked oligonucleosides, and methyleneaminocarbonyl 
linked oligonucleosides, also identified as amide-4 linked 
oligonucleosides, as well as mixed backbone compounds 
having, for instance, alternating MMI and P=O or P=S 
linkages are prepared as described in U.S. Pat. Nos. 5,378, 
825, 5,386,023, 5,489,677, 5,602,240 and 5,610,289, all of 
which are herein incorporated by reference. 
0313 Formacetal and thioformacetal linked oligonucleo 
sides are prepared as described in U.S. Pat. Nos. 5,264,562 
and 5,264,564, herein incorporated by reference. 
0314 Ethylene oxide linked oligonucleosides are pre 
pared as described in U.S. Pat. No. 5,223,618, herein incor 
porated by reference. 

Example 4 

03.15 PNA Synthesis 
0316 Peptide nucleic acids (PNAS) are prepared in 
accordance with any of the various procedures referred to in 
Peptide Nucleic Acids (PNA): Synthesis, Properties and 
Potential Applications, Bioorganic & Medicinal Chemistry, 
1996, 4, 5-23. They may also be prepared in accordance with 
U.S. Pat. Nos. 5,539,082, 5,700,922, and 5,719,262, herein 
incorporated by reference. 

Example 5 

0317 Synthesis of Chimeric Oligonucleotides 
0318 Chimeric oligonucleotides, oligonucleosides or 
mixed oligonucleotides/oligonucleosides of the invention 
can be of several different types. These include a first type 
wherein the 'gap' Segment of linked nucleosides is posi 
tioned between 5' and 3"wing” segments of linked nucleo 
Sides and a Second "open end type wherein the 'gap' 
segment is located at either the 3' or the 5' terminus of the 
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oligomeric compound. Oligonucleotides of the first type are 
also known in the art as "gapmers' or gapped oligonucle 
otides. Oligonucleotides of the Second type are also known 
in the art as “hemimers' or “wingmers”. 
0319 2'-O-Mell-2'-deoxy--2'-O-Me 
Phosphorothioate Oligonucleotides 

Chimeric 

0320 Chimeric oligonucleotides having 2'-O-alkyl phos 
phorothioate and 2'-deoxy phosphorothioate oligonucleotide 
Segments are Synthesized using an Applied BioSystems 
automated DNA synthesizer Model 380B, as above. Oligo 
nucleotides are Synthesized using the automated Synthesizer 
and 2'-deoxy-5'-dimethoxytrityl-3'-O-phosphoramidite for 
the DNA portion and 5'-dimethoxytrityl-2'-O-methyl-3-O- 
phosphoramidite for 5' and 3' wings. The standard synthesis 
cycle is modified by increasing the wait Step after the 
delivery of tetrazole and base to 600s repeated four times 
for RNA and twice for 2'-O-methyl. The fully protected 
oligonucleotide is cleaved from the Support and the phos 
phate group is deprotected in 3:1 ammonia/ethanol at room 
temperature overnight then lyophilized to dryneSS. Treat 
ment in methanolic ammonia for 24 hrs at room temperature 
is then done to deprotect all bases and Sample was again 
lyophilized to dryness. The pellet is resuspended in 1M 
TBAF in THF for 24 hrs at room temperature to deprotect 
the 2' positions. The reaction is then quenched with 1M 
TEAA and the sample is then reduced to /3 volume by 
rotovac before being desalted on a G25 size exclusion 
column. The oligo recovered is then analyzed spectropho 
tometrically for yield and for purity by capillary electro 
phoresis and by mass spectrometry. 

0321) 2'-O-(2-Methoxyethyl)-2'-deoxy-2'-O- 
(Methoxyethyl) Chimeric Phosphorothioate Oligonucle 
otides 

0322 2'-O-(2-methoxyethyl)-2'-deoxy---2'-O- 
(methoxy-ethyl) chimeric phosphorothioate oligonucle 
otides were prepared as per the procedure above for the 
2'-O-methyl chimeric oligonucleotide, with the Substitution 
of 2'-O-(methoxyethyl) amidites for the 2'-O-methyl amid 
ites. 

0323 2'-O-(2-Methoxyethyl)Phosphodiester--2'- 
deoxy Phosphorothioate-2'-O-(2-Methoxyethyl) Phos 
phodiester Chimeric Oligonucleotides 

0324 2'-O-(2-methoxyethyl phosphodiester--2'-deoxy 
phosphorothioate-2'-O-(methoxyethyl) phosphodiester 
chimeric oligonucleotides are prepared as per the above 
procedure for the 2'-O-methyl chimeric oligonucleotide with 
the substitution of 2'-O-(methoxyethyl) amidites for the 
2'-O-methyl amidites, oxidization with iodine to generate 
the phosphodiester internucleotide linkages within the wing 
portions of the chimeric Structures and Sulfurization utilizing 
3.H-1,2 benzodithiole-3-one 1,1 dioxide (Beaucage 
Reagent) to generate the phosphorothioate internucleotide 
linkages for the center gap. 

0325 Other chimeric oligonucleotides, chimeric oligo 
nucleosides and mixed chimeric oligonucleotides/oligo 
nucleosides are Synthesized according to U.S. Pat. No. 
5,623,065, herein incorporated by reference. 
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Example 6 

0326 Oligonucleotide Isolation 

0327. After cleavage from the controlled pore glass col 
umn (Applied BioSystems) and deblocking in concentrated 
ammonium hydroxide at 55 C. for 18 hours, the oligonucle 
otides or oligonucleosides are purified by precipitation twice 
out of 0.5 M NaCl with 2.5 volumes ethanol. Synthesized 
oligonucleotides were analyzed by polyacrylamide gel elec 
trophoresis on denaturing gels and judged to be at least 85% 
full length material. The relative amounts of phosphorothio 
ate and phosphodiester linkages obtained in Synthesis were 
periodically checked by 'P nuclear magnetic resonance 
Spectroscopy, and for Some Studies oligonucleotides were 
purified by HPLC, as described by Chiang et al., J. Biol. 
Chem. 1991, 266, 18162-18171. Results obtained with 
HPLC-purified material were similar to those obtained with 
non-HPLC purified material. 

Example 7 

0328 Oligonucleotide Synthesis-96 Well Plate Format 

0329 Oligonucleotides were synthesized via solid phase 
P(III) phosphoramidite chemistry on an automated synthe 
sizer capable of assembling 96 sequences simultaneously in 
a standard 96 well format. Phosphodiester internucleotide 
linkages were afforded by oxidation with aqueous iodine. 
Phosphorothioate internucleotide linkages were generated 
by Sulfurization utilizing 3.H-1,2 benzodithiole-3-one 1,1 
dioxide (Beaucage Reagent) in anhydrous acetonitrile. Stan 
dard base-protected beta-cyanoethyldiisopropyl phosphora 
midites were purchased from commercial vendors (e.g. 
PE-Applied Biosystems, Foster City, Calif., or Pharmacia, 
Piscataway, N.J.). Non-Standard nucleosides are Synthesized 
as per known literature or patented methods. They are 
utilized as base protected beta-cyanoethyldiisopropyl phoS 
phoramidites. 

0330. Oligonucleotides were cleaved from support and 
deprotected with concentrated NHOH at elevated tempera 
ture (55-60° C.) for 12-16 hours and the released product 
then dried in vacuo. The dried product was then re-SuS 
pended in Sterile water to afford a master plate from which 
all analytical and test plate Samples are then diluted utilizing 
robotic pipettors. 

Example 8 

0331 Oligonucleotide Analysis-96 Well Plate Format 

0332 The concentration of oligonucleotide in each well 
was assessed by dilution of Samples and UV absorption 
Spectroscopy. The full-length integrity of the individual 
products was evaluated by capillary electrophoresis (CE) in 
either the 96 well format (Beckman P/ACETM MDQ) or, for 
individually prepared Samples, on a commercial CE appa 
ratus (e.g., Beckman P/ACETM 5000, ABI 270). Base and 
backbone composition was confirmed by mass analysis of 
the compounds utilizing electrospray-mass Spectroscopy. 
All assay test plates were diluted from the master plate using 
Single and multi-channel robotic pipettors. Plates were 
judged to be acceptable if at least 85% of the compounds on 
the plate were at least 85% full length. 
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Example 9 

0333 Cell Culture and Oligonucleotide Treatment 
0334. The effect of antisense compounds on target 
nucleic acid expression can be tested in any of a variety of 
cell types provided that the target nucleic acid is present at 
measurable levels. This can be routinely determined using, 
for example, PCR or Northern blot analysis. The following 
4 cell types are provided for illustrative purposes, but other 
cell types can be routinely used, provided that the target is 
expressed in the cell type chosen. This can be readily 
determined by methods routine in the art, for example 
Northern blot analysis, Ribonuclease protection assays, or 
RT-PCR. 

0335 T-24 cells: 
0336. The human transitional cell bladder carcinoma cell 
line T-24 was obtained from the American Type Culture 
Collection (ATCC) (Manassas, Va.). T-24 cells were rou 
tinely cultured in complete McCoy's 5A basal media 
(Gibco/Life Technologies, Gaithersburg, Md.) Supple 
mented with 10% fetal calf serum (Gibco/Life Technologies, 
Gaithersburg, Md.), penicillin 100 units per mL, and Strep 
tomycin 100 micrograms per mL (Gibco/Life Technologies, 
Gaithersburg, Md.). Cells were routinely passaged by 
trypsinization and dilution when they reached 90% conflu 
ence. Cells were seeded into 96-well plates (Falcon-Primaria 
#3872) at a density of 7000 cells/well for use in RT-PCR 
analysis. 

0337 For Northern blotting or other analysis, cells may 
be seeded onto 100 mm or other standard tissue culture 
plates and treated Similarly, using appropriate Volumes of 
medium and oligonucleotide. 

0338 A549 Cells: 
0339. The human lung carcinoma cell line A549 was 
obtained from the American Type Culture Collection 
(ATCC) (Manassas, Va.). A549 cells were routinely cultured 
in DMEM basal media (Gibco/Life Technologies, Gaithers 
burg, Md.) Supplemented with 10% fetal calf serum (Gibco/ 
Life Technologies, Gaithersburg, Md.), penicillin 100 units 
per mL, and streptomycin 100 micrograms per mL (Gibco/ 
Life Technologies, Gaithersburg, Md.). Cells were routinely 
passaged by trypsinization and dilution when they reached 
90% confluence. 

0340 NHDF Cells: 
0341 Human neonatal dermal fibroblast (NHDF) were 
obtained from the Clonetics Corporation (Walkersville Md.). 
NHDFs were routinely maintained in Fibroblast Growth 
Medium (Clonetics Corporation, Walkersville Md.) Supple 
mented as recommended by the Supplier. Cells were main 
tained for up to 10 passages as recommended by the Sup 
plier. 

0342 HEK Cells: 
0343 Human embryonic keratinocytes (HEK) were 
obtained from the Clonetics Corporation (Walkersville Md.). 
HEKs were routinely maintained in Keratinocyte Growth 
Medium (Clonetics Corporation, Walkersville Md.) formu 
lated as recommended by the Supplier. Cells were routinely 
maintained for up to 10 passages as recommended by the 
Supplier. 
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0344) Treatment With Antisense Compounds: 
0345 When cells reached 80% confluency, they were 
treated with oligonucleotide. For cells grown in 96-well 
plates, wells were washed once with 200 till OPTI 
MEMTM-1 reduced-serum medium (Gibco BRL) and then 
treated with 130 ul of OPTI-MEMTM-1 containing 3.75 
ug/mL LIPOFECTINTM (Gibco BRL) and the desired con 
centration of oligonucleotide. After 4-7 hours of treatment, 
the medium was replaced with fresh medium. Cells were 
harvested 16-24 hours after oligonucleotide treatment. 
0346) The concentration of oligonucleotide used varies 
from cell line to cell line. To determine the optimal oligo 
nucleotide concentration for a particular cell line, the cells 
are treated with a positive control oligonucleotide at a range 
of concentrations. For human cells the positive control 
oligonucleotide is ISIS 13920, TCCGTCATCGCTCCT. 
CAGGG, SEQ ID NO: 1, a 2'-O-methoxyethyl gapmer 
(2'-O-methoxyethyls shown in bold) with a phosphorothio 
ate backbone which is targeted to human H-ras. For mouse 
or rat cells the positive control oligonucleotide is ISIS 
15770, ATGCATTCTGCCCCCAAGGA, SEQ ID NO: 2, a 
2'-O-methoxyethyl gapmer (2'-O-methoxyethyls shown in 
bold) with a phosphorothioate backbone which is targeted to 
both mouse and rat c-raf. The concentration of positive 
control oligonucleotide that results in 80% inhibition of 
c-Ha-ras (for ISIS 13920) or c-raf (for ISIS 15770) mRNA 
is then utilized as the Screening concentration for new 
oligonucleotides in Subsequent experiments for that cell line. 
If 80% inhibition is not achieved, the lowest concentration 
of positive control oligonucleotide that results in 60% inhi 
bition of H-ras or c-raf mRNA is then utilized as the 
oligonucleotide Screening concentration in Subsequent 
experiments for that cell line. If 60% inhibition is not 
achieved, that particular cell line is deemed as unsuitable for 
oligonucleotide transfection experiments. 

Example 10 
0347 Analysis of Oligonucleotide Inhibition of Super 
oxide Dismutase 1, Soluble Expression 
0348 Antisense modulation of Superoxide dismutase 1, 
Soluble expression can be assayed in a variety of ways 
known in the art. For example, Superoxide dismutase 1, 
soluble mRNA levels can be quantitated by, e.g., Northern 
blot analysis, competitive polymerase chain reaction (PCR), 
or real-time PCR (RT-PCR). Real-time quantitative PCR is 
presently preferred. RNA analysis can be performed on total 
cellular RNA or poly(A)+ mRNA. Methods of RNA isola 
tion are taught in, for example, Ausubel, F. M. et al., Current 
Protocols in Molecular Biology, Volume 1, pp. 4.1.1-4.2.9 
and 4.5.1-4.5.3, John Wiley & Sons, Inc., 1993. Northern 
blot analysis is routine in the art and is taught in, for 
example, Ausubel, F. M. et al., Current Protocols in Molecu 
lar Biology, Volume 1, pp. 4.2.1-4.2.9, John Wiley & Sons, 
Inc., 1996. Real-time quantitative (PCR) can be conve 
niently accomplished using the commercially available ABI 
PRISMTM 7700 Sequence Detection System, available from 
PE-Applied Biosystems, Foster City, Calif. and used accord 
ing to manufacturers instructions. 
0349 Protein levels of Superoxide dismutase 1, soluble 
can be quantitated in a variety of ways well known in the art, 
Such as immunoprecipitation, Western blot analysis (immu 
noblotting), ELISA or fluorescence-activated cell Sorting 
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(FACS). Antibodies directed to superoxide dismutase 1, 
soluble can be identified and obtained from a variety of 
sources, such as the MSRS catalog of antibodies (Aerie 
Corporation, Birmingham, Mich.), or can be prepared via 
conventional antibody generation methods. Methods for 
preparation of polyclonal antisera are taught in, for example, 
Ausubel, F. M. et al., Current Protocols in Molecular 
Biology, Volume 2, pp. 11.12.1-11.12.9, John Wiley & Sons, 
Inc., 1997. Preparation of monoclonal antibodies is taught 
in, for example, Ausubel, F. M. et al., Current Protocols in 
Molecular Biology, Volume 2, pp. 11.4.1-11.11.5, John 
Wiley & Sons, Inc., 1997. 
0350 Immunoprecipitation methods are standard in the 
art and can be found at, for example, AuSubel, F. M. et al., 
Current Protocols in Molecular Biology, Volume 2, pp. 
10.16.1-10.16.11, John Wiley & Sons, Inc., 1998. Western 
blot (immunoblot) analysis is standard in the art and can be 
found at, for example, Ausubel, F. M. et al., Current Pro 
tocols in Molecular Biology, Volume 2, pp. 10.8.1-10.8.21, 
John Wiley & Sons, Inc., 1997. Enzyme-linked immunosor 
bent assays (ELISA) are standard in the art and can be found 
at, for example, Ausubel, F. M. et al., Current Protocols in 
Molecular Biology, Volume 2, pp. 11.2.1-11.2.22, John 
Wiley & Sons, Inc., 1991. 

Example 11 
0351 Poly(A)-- mRNA isolation Poly(A)+mRNA was 
isolated according to Miura et al., Clin. Chem., 1996, 42, 
1758-1764. Other methods for poly(A)+ mRNA isolation 
are taught in, for example, AuSubel, F. M. et al., Current 
Protocols in Molecular Biology, Volume 1, pp. 4.5.1-4.5.3, 
John Wiley & Sons, Inc., 1993. Briefly, for cells grown on 
96-well plates, growth medium was removed from the cells 
and each well was washed with 200 till cold PBS. 60 till lysis 
buffer (10 mM Tris-HCl, pH 7.6, 1 mM EDTA, 0.5 M NaCl, 
0.5% NP-40, 20 mM vanadyl-ribonucleoside complex) was 
added to each well, the plate was gently agitated and then 
incubated at room temperature for five minutes. 55 it of 
lysate was transferred to Oligo d(T) coated 96-well plates 
(AGCT Inc., Irvine Calif.). Plates were incubated for 60 
minutes at room temperature, washed 3 times with 200 till 
of wash buffer (10 mM Tris-HCl pH 7.6, 1 mM EDTA, 0.3 
MNaCl). After the final wash, the plate was blotted on paper 
towels to remove excess wash buffer and then air-dried for 
5 minutes. 60 lull of elution buffer (5 mM Tris-HCl pH 7.6), 
preheated to 70° C. was added to each well, the plate was 
incubated on a 90° C. hot plate for 5 minutes, and the eluate 
was then transferred to a fresh 96-well plate. 
0352 Cells grown on 100 mm or other standard plates 
may be treated Similarly, using appropriate Volumes of all 
Solutions. 

Example 12 

0353 Total RNA Isolation 
0354) Total RNA was isolated using an RNEASY 96TM 
kit and buffers purchased from Qiagen Inc. (Valencia Calif.) 
following the manufacturer's recommended procedures. 
Briefly, for cells grown on 96-well plates, growth medium 
was removed from the cells and each well was washed with 
200 ulcold PBS. 100 uL Buffer RLT was added to each well 
and the plate vigorously agitated for 20 Seconds. 100 till of 
70% ethanol was then added to each well and the contents 
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mixed by pipetting three times up and down. The Samples 
were then transferred to the RNEASY 96TM well plate 
attached to a OIAVACTM manifold fitted with a waste 
collection tray and attached to a vacuum Source. Vacuum 
was applied for 15 seconds. 1 mL of Buffer RW1 was added 
to each well of the RNEASY 96TM plate and the vacuum 
again applied for 15 seconds. 1 mL of Buffer RPE was then 
added to each well of the RNEASY 96TM plate and the 
vacuum applied for a period of 15 seconds. The Buffer RPE 
wash was then repeated and the vacuum was applied for an 
additional 10 minutes. The plate was then removed from the 
QIAVACTM manifold and blotted dry on paper towels. The 
plate was then re-attached to the QIAVACTM manifold fitted 
with a collection tube rack containing 1.2 mL collection 
tubes. RNA was then eluted by pipetting 60 u water into 
each well, incubating 1 minute, and then applying the 
vacuum for 30 seconds. The elution step was repeated with 
an additional 60 lull water. 
0355 The repetitive pipetting and elution steps may be 
automated using a QIAGEN Bio-Robot 96.04 (Qiagen, Inc., 
Valencia Calif.). Essentially, after lysing of the cells on the 
culture plate, the plate is transferred to the robot deck where 
the pipetting, DNase treatment and elution Steps are carried 
Out. 

Example 13 

0356 Real-Time Quantitative PCR Analysis of Superox 
ide Dismutase 1, Soluble mRNA Levels 
0357 Quantitation of Superoxide dismutase 1, soluble 
mRNA levels was determined by real-time quantitative PCR 
using the ABI PRISMTM 7700 Sequence Detection System 
(PE-Applied Biosystems, Foster City, Calif.) according to 
manufacturers instructions. This is a closed-tube, non-gel 
based, fluorescence detection System which allows high 
throughput quantitation of polymerase chain reaction (PCR) 
products in real-time. AS opposed to Standard PCR, in which 
amplification products are quantitated after the PCR is 
completed, products in real-time quantitative PCR are quan 
titated as they accumulate. This is accomplished by includ 
ing in the PCR reaction an oligonucleotide probe that 
anneals specifically between the forward and reverse PCR 
primers, and contains two fluorescent dyes. A reporter dye 
(e.g., JOE, FAM, or VIC, obtained from either Operon 
Technologies Inc., Alameda, Calif. or PE-Applied Biosys 
tems, Foster City, Calif.) is attached to the 5' end of the probe 
and a quencher dye (e.g., TAMRA, obtained from either 
Operon Technologies Inc., Alameda, Calif. or PE-Applied 
Biosystems, Foster City, Calif.) is attached to the 3' end of 
the probe. When the probe and dyes are intact, reporter dye 
emission is quenched by the proximity of the 3' quencher 
dye. During amplification, annealing of the probe to the 
target Sequence creates a Substrate that can be cleaved by the 
5'-exonuclease activity of Taq polymerase. During the 
extension phase of the PCR amplification cycle, cleavage of 
the probe by Taq polymerase releases the reporter dye from 
the remainder of the probe (and hence from the quencher 
moiety) and a sequence-specific fluorescent signal is gener 
ated. With each cycle, additional reporter dye molecules are 
cleaved from their respective probes, and the fluorescence 
intensity is monitored at regular intervals by laser optics 
built into the ABI PRISMTM 7700 Sequence Detection 
System. In each assay, a Series of parallel reactions contain 
ing serial dilutions of mRNA from untreated control samples 
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generates a Standard curve that is used to quantitate the 
percent inhibition after antisense oligonucleotide treatment 
of test Samples. 
0358 Prior to quantitative PCR analysis, primer-probe 
Sets Specific to the target gene being measured are evaluated 
for their ability to be “multiplexed” with a GAPDH ampli 
fication reaction. In multiplexing, both the target gene and 
the internal standard gene GAPDH are amplified concur 
rently in a Single Sample. In this analysis, mRNA isolated 
from untreated cells is serially diluted. Each dilution is 
amplified in the presence of primer-probe Sets Specific for 
GAPDH only, target gene only (“single-plexing”), or both 
(multiplexing). Following PCR amplification, standard 
curves of GAPDH and target mRNA signal as a function of 
dilution are generated from both the Single-plexed and 
multiplexed Samples. If both the Slope and correlation coef 
ficient of the GAPDH and target signals generated from the 
multiplexed samples fall within 10% of their corresponding 
values generated from the Single-plexed Samples, the 
primer-probe Set specific for that target is deemed multi 
plexable. Other methods of PCR are also known in the art. 
0359 PCR reagents were obtained from PE-Applied Bio 
systems, Foster City, Calif. RT-PCR reactions were carried 
out by adding 25 ul PCR cocktail (1xTAQMANTM buffer 
A, 5.5 mM MgCl, 300 uM each of DATP, dCTP and dGTP, 
600 uM of dUTP, 100 nM each of forward primer, reverse 
primer, and probe, 20 Units RNASe inhibitor, 1.25 Units 
AMPLITAO GOLDTM, and 12.5 Units Mul V reverse 
transcriptase) to 96 well plates containing 25ul total RNA 
solution. The RT reaction was carried out by incubation for 
30 minutes at 48 C. Following a 10 minute incubation at 
95° C. to activate the AMPLITAQ GOLDTM, 40 cycles of a 
two-step PCR protocol were carried out: 95 C. for 15 
seconds (denaturation) followed by 60° C. for 1.5 minutes 
(annealing/extension). 
0360 Gene target quantities obtained by real time RT 
PCR are normalized using either the expression level of 
GAPDH, a gene whose expression is constant, or by quan 
tifying total RNA using RiboGreenTM (Molecular Probes, 
Inc. Eugene, Oreg.). GAPDH expression is quantified by 
real time RT-PCR, by being run simultaneously with the 
target, multiplexing, or Separately. Total RNA is quantified 
using RiboGreenTM RNA quantification reagent from 
Molecular Probes. Methods of RNA quantification by 
RiboGreenTM are taught in Jones, L. J., et al., Analytical 
Biochemistry, 1998, 265, 368-374. 
0361). In this assay, 175 uL of RiboGreenTM working 
reagent (RiboGreenTM reagent diluted 1:2865 in 10 mM 
Tris-HCl, 1 mM EDTA, pH 7.5) is pipetted into a 96-well 
plate containing 25 uL purified, cellular RNA. The plate is 
read in a CytoFluor 4000 (PE Applied Biosystems) with 
excitation at 480 nm and emission at 520 nm. 

0362 Probes and primers to human Superoxide dismutase 
1, Soluble were designed to hybridize to a human Superoxide 
dismutase 1, Soluble Sequence, using published Sequence 
information (GenBank accession number X02317, incorpo 
rated herein as SEQ ID NO:3). For human Superoxide 
dismutase 1, Soluble the PCR primers were: 

0363 forward primer: CGTGGCCTAGCGAGT. 
TATGG (SEQ ID NO: 4) 

0364 reverse primer: GAAATTGATGATGCCCT 
GCA (SEQ ID NO: 5) and the 
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0365 PCR probe was: FAM-ACGAAGGCCGTGT. 
GCGTGCTG-TAMRA (SEQ ID NO: 6) where FAM 
(PE-Applied Biosystems, Foster City, Calif.) is the 
fluorescent reporter dye) and TAMRA (PE-Applied 
Biosystems, Foster City, Calif.) is the quencher dye. 
For human GAPDH the PCR primers were: 

0366 forward primer: GAAGGTGAAGGTCG 
GAGTC (SEQ ID NO: 7) 

0367 reverse primer: GAAGATGGTGATGG 
GATTTC (SEQ ID NO: 8) and the 

0368 PCR probe was: 5' JOE-CAAGCTTCCCGT. 
TCTCAGCC - TAMRA 3' (SEQ ID NO: 9) where 
JOE (PE-Applied Biosystems, Foster City, Calif.) is the 
fluorescent reporter dye) and TAMRA (PE-Applied 
Biosystems, Foster City, Calif.) is the quencher dye. 

Example 14 
0369 Northern Blot Analysis of Superoxide Dismutase 1, 
Soluble mRNA Levels 

0370. Eighteen hours after antisense treatment, cell 
monolayers were washed twice with cold PBS and lysed in 
1 mL RNAZOLTM (TEL-TEST “B” Inc., Friendswood, 
Tex.). Total RNA was prepared following manufacturer's 
recommended protocols. Twenty micrograms of total RNA 
was fractionated by electrophoresis through 1.2% agarose 
gels containing 1.1% formaldehyde using a MOPS buffer 
system (AMRESCO, Inc. Solon, Ohio). RNA was trans 
ferred from the gel to HYBONDTM-N+ nylon membranes 
(Amersham Pharmacia Biotech, Piscataway, N.J.) by over 
night capillary transfer using a Northern/Southern Transfer 
buffer system (TEL-TEST “B” Inc., Friendswood, Tex.). 
RNA transfer was confirmed by UV visualization. Mem 
branes were fixed by UV cross-linking using a 
STRATALINKERTM UV Crosslinker 2400 (Stratagene, Inc, 
La Jolla, Calif.) and then robed using QUICKHYBTM 
hybridization Solution (Stratagene, La Jolla, Calif.) using 
manufacturer's recommendations for Stringent conditions. 
0371 To detect human Superoxide dismutase 1, Soluble, 
a human Superoxide dismutase 1, Soluble specific probe was 
prepared by PCR using the forward primer CGTGGC 
CTAGCGAGTTATGG (SEQ ID NO: 4) and the reverse 
primer GAAATTGATGATGCCCTGCA (SEQ ID NO: 5). 
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To normalize for variations in loading and transfer efficiency 
membranes were Stripped and probed for human glyceral 
dehyde-3-phosphate dehydrogenase (GAPDH) RNA (Clon 
tech, Palo Alto, Calif.). 
0372 Hybridized membranes were visualized and quan 
titated using PHOSPHORIMAGERTM and 
IMAGEQUANTTM Software V3.3 (Molecular Dynamics, 
Sunnyvale, Calif.). Data was normalized to GAPDH levels 
in untreated controls. 

Example 15 

0373 Antisense Inhibition of Human Superoxide Dismu 
tase 1, Soluble Expression by Chimeric Phosphorothioate 
Oligonucleotides Having 2'-MOE Wings and a Deoxy Gap 

0374. In accordance with the present invention, a series 
of oligonucleotides was designed to target different regions 
of the human Superoxide dismutase 1, Soluble RNA, using 
published sequences (GenBank accession number X02317, 
incorporated herein as SEQ ID NO: 3, genomic sequence 
representing residues 15001-26000 of GenBank accession 
number APO00213.1, incorporated herein as SEQ ID NO: 
10, GenBank accession number AIO85992, an EST suggest 
ing a splice variant of Superoxide dismutase 1, Soluble 
lacking eXon 2, the complement of which is incorporated 
herein as SEQ ID NO: 11, and GenBank accession number 
N28535 which extends SEQ ID NO:3 in the 5' direction, 
incorporated herein as SEQ ID NO: 12). The oligonucle 
otides are shown in Table 1. “Target site' indicates the first 
(5'-most) nucleotide number on the particular target 
Sequence to which the oligonucleotide binds. All compounds 
in Table 1 are chimeric oligonucleotides ("gapmers') 20 
nucleotides in length, composed of a central 'gap' region 
consisting of ten 2'-deoxynucleotides, which is flanked on 
both sides (5' and 3' directions) by five-nucleotide “wings”. 
The wings are composed of 2'-methoxyethyl (2'-MOE 
)nucleotides. The internucleoside (backbone) linkages are 
phosphorothioate (P=S) throughout the oligonucleotide. 
All cytidine residues are 5-methylcytidines. The compounds 
were analyzed for their effect on human Superoxide dismu 
tase 1, soluble mRNA levels by quantitative real-time PCR 
as described in other examples herein. Data are averages 
from two experiments. If present, “N.D.” indicates “no 
data'. 

TABLE 1. 

Inhibition of human superoxide dismutase 1 soluble mRNA 
levels by chimeric phosphorothioate oligonucleotides 

having 2'-MOE wings and a deoxy gap 

ISIS # REGION 

146143 Coding 

1461.44 Coding 

1461.45 Coding 

15 O437 5' UTR 

15 O438 5' UTR 

15 O439 5' UTR 

TARGET 

SEQ ID TARGET SEQ ID 
NO SITE SEQUENCE : INHIB NO 

3 73 toag cacgcacacggcctitc 95 13 

3 78 goccittcagdacgcacacgg O 14 

3 81 gtc.gc.ccittcago acgcaca 97 15 

3 14 cqaggactgcaacggaalacc O 16 

3 19 ggttcc gaggactgcaacgg 87 17 

3 23 to citggttcc gagg actgca 84 18 
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TABLE 1-continued 

Inhibition of human superoxide dismutase 1, 
levels by chimeric phosphorothioate oligonucleotides 

34 

soluble mRNA 

having 2'-MOE wings and a deoxy gap 

504 40 

5 O 441 

504 42 

504 43 

504 44 

50.445 

504. 46 

50.447 

504 48 

504. 49 

5 O450 

5 O 451 

50452 

50453 

50454 

5 O455 

50456 

50457 

5 O458 

5 O459 

504 60 

50.461 

50.462 

50.463 

50464 

5 O465 

504 66 

5 O467 

50468 

50.469 

5 O470 

5 O471 

5 O472 

SIS # REGION 

5' UTR 

5' UTR 

Start 
Codon 

Coding 

Coding 

Coding 

Coding 

Coding 

Coding 

Coding 

Coding 

Coding 

Coding 

Coding 

Coding 

Coding 

Coding 

Coding 

Coding 

Coding 

Coding 

Coding 

Coding 

Coding 

Stop 
Codon 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

TARGET 

SEQ ID TARGET 
NO SITE SEQUENCE 

27 

38 

53 

96 

106 

135 

142 

144 

161 

173 

174 

212 

221 

309 

335 

337 

340 

343 

404 

4.09 

410 

504 

517 

535 

556 

625 

658 

667 

670 

671 

gaggtoctogttc.cgaggac 

taggcc acgcc gaggtoctd 

gtc.gc.cataactc.gctaggc 

gcc.ctgcactggg.ccg.tc.gc 

aattgatgatgcc citgcact 

cactgg to cattacttitcct 

acaccittcactgg to catta 

ccacaccittcactggtocat 

agtcctittaatgctitcc.cca 

aggccttcagtcagtcctitt 

caggcc titcagtcagtc.citt 

tatctocaaactcatgaaca 

gctgitattatctocaaactic 

gtacagoctogctgtattatc 

tgcc caagtc.tccaa.catgc 

cacattgcc.caagttctocaa 

toggccacaccatctttgtc 

catcggccacaccatctittg 

acacatcggcc acac catct 

tag acacatcggccacacca 

accaccagtgtgcggccaat 

catggaccaccagtgtgcgg 

to atggaccaccagtgtgcg 

ggcgatcc caattacaccac 

ggaatgtttattggg.cgatc 

ccitcagacitacatccaaggg 

gata acagatgagttaaggg 

cacaattacacttittaagat 

agtcacacaattacacttitt 

citcactacagg tactittaaa 

aatcagtttct cactacagg 

ataaatcagtttctoactac 

cataaatcagtttctoacta 

: INHIB 

84 

94 

62 

91 

93 

86 

29 

9 O 

68 

9 O 

69 

89 

22 

85 

94 

86 

87 

21 

75 

59 

94 

91 

37 

61 

21 

5 O 

46 

47 

SEQ ID 
NO 

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 

5 O 

51 
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TABLE 1-continued 

Inhibition of human superoxide dismutase 1, 
levels by chimeric phosphorothioate oligonucleotides 

35 

soluble mRNA 

having 2'-MOE wings and a deoxy gap 

5 O473 

5 O474 

5 O475 

5 O476 

5 O477 

5 O478 

5 O479 

504.80 

504 81 

504.82 

50 483 

504.84 

5 O485 

504.86 

504.87 

50 488 

50489 

5 O490 

5 O491 

5 O492 

5 O493 

5 O494 

5 O495 

5 O496 

5 O497 

5 O498 

5 O499 

505 OO 

505 O1. 

505 O2 

505 O3 

505 O4. 

SIS # REGION 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

Intron: 
Exon 
Junction 

Intron 1 

Intron 1 

Intron 2 

Intron 2 

Intron: 
Exon 
Junction 

TARGET 

SEQ ID TARGET 
NO 

10 

10 

10 

10 

10 

10 

SITE 

686 

691 

707 

710 

721 

727 

729 

736 

761 

769 

771 

787 

795 

801 

805 

812 

814 

818 

820 

825 

829 

832 

833 

835 

843 

849 

790 

384.5 

4.738 

6248 

7023 

7397 

SEQUENCE 

aatctitccaagtgat cataa 

at acaaatctitccaagtgat 

tgagttittataaaactatac 

aactgagttittataaaacta 

acagacattittaactgagtt 

attgaaacaga cattittaac 

to attgaaacagacattitta 

at acaggtoattgaaacaga 

ccatctgtgatttaagttctg 

tittaataccoatctgttgatt 

agtttaatacccatctgtga 

caaagaaattctgacaagtt 

ttgaatgacaaagaaattct 

acaggcttgaatgacaaaga 

attcacaggcttgaatgaca 

ggtttittattoac aggcttg 

agggitttittattoac aggct 

atacagggitttittatto aca 

ccatacagggitttittattoa 

aagtgc catacagggitttitt 

taataagtgccatacagggit 

toataataagtgc catacag 

ct cataataagtgccataca 

gcct cataataagtgccata 

ttittaatagoctoataataa 

ggattattittaatagoctoa 

cagoccittgccttctgctcg 

agtagctgggactac aggCg 

cattacttitcctittaagaaa 

aagatcactaaatgcaactt 

caggagaatc.gcttgaacct 

citggtacagoctatttataa 

: INHIB 

55 

48 

23 

49 

45 

41 

66 

58 

5 O 

43 

44 

53 

34 

63 

44 

4 O 

27 

52 

47 

31 

38 

86 

63 

57 

65 

SEQ ID 
NO 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71. 

72 

73 

74 

75 

76 

77 

78 

79 

81 

82 

83 
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TABLE 1-continued 
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Inhibition of human superoxide dismutase 1 soluble mRNA 
levels by chimeric phosphorothioate oligonucleotides 

having 2'-MOE wings and a deoxy gap 

TARGET 

SEQ ID TARGET SEQ ID 
SIS # REGION NO SITE SEQUENCE : INHIB NO 

505 05 Intron 3 10 8053 gottcacgtotacacactaa 28 84 

505 O6 Intron 10 8206 to caacatgcctaataatga 36 85 
Exon 
Junction 

505 Of mRNA 11 30 to gtacagocttctgctic ga O 86 

505 O8 5' UTR 12 20 taggccagaccitcc.gc.gc.ct O 87 

505 O9 5' UTR 12 26 actittataggccagaccitcc O 88 

50510 5' UTR 12 56 gacgcaaaccago acco cqt 29 89 

505 11 5' UTR 12 73 acgctgcaggagacitacgac 81 9 O 

0375. As shown in Table 1, SEQ ID NOs 13, 15, 17, 18, 0379. In accordance with the present invention, a second 
20, 22, 23, 24, 25, 27, 29, 30, 31, 32,33,35,36, 37,38, 40, 
41, 42, 43, 45, 48, 52, 59, 60, 61, 67, 69,74, 78,80, 81, 83 
and 90 demonstrated at least 50% inhibition of human 
Superoxide dismutase 1, Soluble expression in this assay and 
are therefore preferred. The target sites to which these 
preferred Sequences are complementary are herein referred 
to as “active sites” and are therefore preferred sites for 
targeting by compounds of the present invention. 

Example 16 
0376 Western Blot Analysis of Superoxide Dismutase 1, 
Soluble Protein Levels 

0377 Western blot analysis (immunoblot analysis) was 
carried out using standard methods. Cells (A549 and rat 
A10) were harvested 16-20h after oligonucleotidetreatment, 
washed once with PBS, suspended in Laemmli buffer (100 
ul/well), boiled for 5 minutes and loaded on a 16% SDS 
PAGE gel. Superoxide dismutase 1, Soluble oligonucleotides 
used were ISIS 146144 and ISIS 1461.45. A Scrambled 
Superoxide dismutase 1, Soluble oligonucleotide was used as 
a negative control, as were cells not treated with oligonucle 
otide (untreated control). Gels are run for 1.5 hours at 150 
V, and transferred to membrane for western blotting. Appro 
priate primary antibody directed to Superoxide dismutase 1, 
soluble was used, with a radiolabelled or fluorescently 
labeled Secondary antibody directed against the primary 
antibody species. Bands were visualized using a PHOS 
PHORIMAGERTM (Molecular Dynamics, Sunnyvale 
Calif.). ISIS 146144 and 146145 each inhibited production 
of Superoxide dismutase 1, soluble by >75%, while the 
Scrambled control oligonucleotide had no effect on levels 
Superoxide dismutase 1, Soluble. The untreated control cells 
also showed no reduction in levels of Superoxide dismutase 
1, Soluble. 

Example 17 
0378 Chimeric Phosphorothioate Oligonucleotides Tar 
geted to Human Superoxide Dismutase 1, Soluble Having 
2'-MOE Wings and a deoxy gap 

Series of oligonucleotides was designed to target different 
regions of the human Superoxide dismutase 1, Soluble RNA, 
using published sequences (GenBank accession number 
X02317, incorporated herein as SEQ ID NO. 3). The oli 
gonucleotides are shown in Table 2. “Target Site” indicates 
the first (5'-most) nucleotide number on the particular target 
Sequence to which the oligonucleotide binds. All compounds 
in Table 2 are chimeric oligonucleotides ("gapmers') 20 
nucleotides in length, composed of a central 'gap' region 
consisting of ten 2'-deoxynucleotides, which is flanked on 
both sides (5' and 3' directions) by five-nucleotide “wings”. 
The wings are composed of 2'-methoxyethyl (2'-MOE 
)nucleotides. The internucleoside (backbone) linkages are 
phosphorothioate (P=S) throughout the oligonucleotide. 
All cytidine residues are 5-methylcytidines. 

TABLE 2 

Chimeric phosphorothioate oligonucleotides 
targeted to human superoxide dismutase 1, 
soluble having 2'-MOE winds and a deoxy gap 

TARGET SEQ 
SEQ ID TARGET ID 

ISIS # REGION NO SITE SEQUENCE NO 

33 1678 start 3 66 GCACACGGCCTTCGTCGCCA 91 

333605 coding 3 74 TTCAGCACGCACACGGCCTT 92 

33.3606 coding 3 76 CCTTCAGCACGCACACGGCC 93 

3336O7 coding 3 77 CCCTTCAGCACGCACACGGC 94. 

33.3608 coding 3 79 CGCCCTTCAGCACGCACACG 95 

333609 coding 3 80 TCGCCCTTCAGCACGCACAC 96 

333610 coding 3 82 CGTCGCCCTTCAGCACGCAC 97 

333611 coding 3 83 CCGTCGCCCTTCAGCACGCA 98 

333612 coding 3 292 CAACAGCCTCTCTTCATCC 99 
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TABLE 2-continued 

Chimeric phosphorothioate oligonucleotides 
targeted to human superoxide dismutase 1, 
soluble having 2'-MOE wings and a deoxy gap 

TARGET SEQ 
SEQ ID TARGET ID 

ISIS # REGION NO SITE SEQUENCE NO 

333613 coding 3 293 CCAACAGCCTCTCTCATC 1 OO 

333614 coding 3 294 TCCAACAGCCTCTCTTCAT 101 

333615 coding 3 295 CTCCAACAGCCTCTCTCA 1.02 

333616 coding 3 296 TCTCCAACAGCCTCTCTTC 103 

333617 coding 3 297 GTCTCCAACAGCCTCTCTT 104 

333618 coding 3 373 CTCCTGAGAGTGAGATCACA 105 

333619 coding 3 374, TCTCCTGAGAGTGAGATCAC 106 

333620 coding 3 436 CACCTTTGCCCAAGTCATCT 107 

333621 coding 3 437 CCACCTTTGCCCAAGTCATC 108 

333622 coding 3 438 CCACCTTTGCCCAAGTCAT 109 

333623 coding 3 439 TTCCACCTTGCCCAAGTCA 110 

333625 coding 3 441 ATTTCCACCTTGCCCAAGT 1 

333626 coding 3 4 42 CATTTCCACCTTTGCCCAAG 112 

333627 coding 3 443 TCATTTCCACCTTGCCCAA 113 

333628 coding 3 444 TTCATTTCCACCTTGCCCA 114 

333629 coding 3 445 CTTCATTTCCACCTTTGCCC 115 

333630 coding 3 446 TCTTCATTTCCACCTTTGCC 6 

333631 coding 3 447 TTCTTCATTTCCACCTTTGC 7 

333632 coding 3 448 TTTCTTCATTTCCACCTTTG 118 

333633 coding 3 449 CTTTCTTCATTTCCACCTTT 9 

333634 coding 3 450 ACTTTCTTCATTTCCACCTT 120 

333635 coding 3 451. TACTTTCTTCATTTCCACCT 121 

333636 coding 3 452 GTACTTTCTTCATTTCCACC 122 

333637 coding 3 453 TGTACTTTCTTCATTTCCAC 123 

333638 coding 3 454 TGTACTTTCTTCATTTCCA 124 

333639 coding 3 455 TTTGTACTTTCTTCATTTCC 125 

333640 coding 3 456 CTTTGTACTTTCTTCATTTC 126 

333641 coding 3 457 TCTTTGTACTTTCTTCATTT 127 

333642 coding 3 4.58 GTCTTTGTACTTTCTTCATT 128 

Example 18 
0380 Phosphorothioate Oligodeoxynucleotides Targeted 
to Human Superoxide Dismutase 1, Soluble 
0381. In a further embodiment of the present invention, a 
third Series of oligonucleotides was designed to target dif 
ferent regions of the human Superoxide dismutase 1, Soluble 
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RNA, using published sequences (GenBank accession num 
ber X2317, incorporated herein as SEQ ID NO: 3; genomic 
sequence representing nucleotides 15001 to 26000 of Gen 
Bank accession number AP000213.1, incorporated herein as 
SEQ ID NO: 10). The oligonucleotides are shown in Table 
3. “Target site” indicates the first (5'-most) nucleotide num 
ber on the particular target Sequence to which the oligo 
nucleotide binds. All compounds in Table 3 are oligodeoxy 
nucleotides 20 nucleotides in length. The internucleoside 
(backbone) linkages are phosphorothioate (P=S) through 
out the oligonucleotide. All cytidine residues are 5-methyl 
cytidines. 

TABLE 3 

Phosphorothioate oligodeoxynucleotides 
targeted to human superoxide dismutase 1, 

soluble 

TARGET SEQ 
SEQ ID TARGET ID 

ISIS # REGION NO SITE SEQUENCE NO 

336629 coding 3 127 CATTACTTTCCTTCTG 129 
CTCG 

336631 coding 3 294 CCAACAGCCTCTC 13 O 
TCAT 

336633 intron: exon O 4738 CATTACTTTCCTTTAA 131 
GAAA 

336635 exon: intron O 4835 CAACACCCACCTGCTG 132 
TATT 

336637 intron O 7397 CTGGTACAGCCTATTT 133 
ATAA 

336639 exon: intron O 74.68 CATCTTGACCTCTC 134 
TTCA 

336641 intron: exon O 82O6. TCCAACATGCCTAATA 135 
ATGA 

336 643 exon O 8324 GAAAACTTACCACCAG 136 
TGTG 

336645 intron: exon O 942O TTTTCATGGACCTGTA 137 
AAAA 

336647 3' UTR 3 849 GGATTCTTTTAATAGC 138 
CTCA 

0382. In addition to targeting human Superoxide dismu 
tase 1, soluble mRNA, SEQ ID NO: 130 also targets rat 
Superoxide dismutase 1, Soluble. 
0383. In a further embodiment of the present invention, a 
fourth Series of oligonucleotides was designed to target 
different regions of the human Superoxide dismutase 1, 
Soluble RNA, using published sequences (GenBank acces 
sion number X02317, incorporated herein as SEQ ID NO:3; 
genomic sequence representing nucleotides 15001 to 26000 
of GenBank accession number AP000213.1, incorporated 
herein as SEQ ID NO: 10). The oligonucleotides are shown 
in Table 4. “Target site' indicates the first (5'-most) nucle 
otide number on the particular target Sequence to which the 
oligonucleotide binds. All compounds in Table 4 are oli 
godeoxynucleotides 15 nucleotides in length. The inter 
nucleoside (backbone) linkages are phosphorothioate 
(P=S) throughout the oligonucleotide. All cytidine residues 
are 5-methylcytidines. 
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TABLE 4 

Phosphorothioate oligodeoxynucleotides 
targeted to human superoxide dismutase 1, 

soluble 

TARGET SEQ 
SEQ ID TARGET ID 

ISIS # REGION NO SITE SEQUENCE NO 

336630 coding 3 129 TACTTTCCTTCTGCT 39 

336632 coding 3 296 AACAGCCTCTCTTC 40 

336634 intron: exon 10 474. O TACTTTCCTTTAAGA 41 

336636 exon: intron 10 483 CACCCACCTGCTGTA 42 

336638 intron: exon 10 7399 GTACAGCCTATTTAT 43 

336640 exon: intron 10 7470 CTTGTTACCTCTCTT 44 

336642 intron 10 82O8 AACATGCCTAATAAT 45 

336644 exon: intron 10 8326 AACTTACCACCAGTG 46 

336646 intron: exon 10 94.22 TCATGGACCTGTAAA 47 

336 648 exon 10 9858 TTCTTTTAATAGCCT 48 

0384. In addition to targeting human Superoxide dismu 
tase 1, soluble mRNA, SEQ ID NO: 140 also targets rat 
superoxide dismutase 1, soluble. 

Example 19 

0385 Antisense Inhibition of Rat Superoxide Dismutase 
1, Soluble Expression by Chimeric Phosphorothioate Oli 
gonucleotides Having 2'-MOE wings and a Deoxy Gap 

0386. In accordance with the present invention, a series 
of oligonucleotides was designed to target different regions 
of the rat Superoxide dismutase 1, Soluble RNA, using 
published Sequences (GenBank accession number 
Y00404.1, incorporated herein as SEQ ID NO: 149; Gen 
Bank accession number Z21917.1, incorporated herein as 
SEQ ID NO: 150; GenBank accession number Z21918.1, 
incorporated herein as SEQ ID NO: 151; GenBank acces 
sion number X54986.1, incorporated herein as SEQ ID NO: 
152; GenBank accession number Z21919.1, incorporated 
herein as SEQ ID NO: 153; GenBank accession number 
Z21920.1, incorporated herein as SEQ ID NO: 154; Gen 
Bank accession number Z21924.1, incorporated herein as 
SEQ ID NO: 155; GenBank accession number X55397.1, 
incorporated herein as SEQ ID NO: 156). The oligonucle 
otides are shown in Table 5. “Target site' indicates the first 
(5'-most) nucleotide number on the particular target 
Sequence to which the oligonucleotide binds. All compounds 
in Table 5 are chimeric oligonucleotides (“gapmers”) 20 
nucleotides in length, composed of a central 'gap' region 
consisting of ten 2'-deoxynucleotides, which is flanked on 
both sides (5' and 3' directions) by five-nucleotide “wings”. 
The wings are composed of 2'-methoxyethyl (2'-MOE 
)nucleotides. The internucleoside (backbone) linkages are 
phosphorothioate (P=S) throughout the oligonucleotide. 
All cytidine residues are 5-methylcytidines. 
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0387. The compounds were analyzed for their effect on 
rat Superoxide dismutase 1, Soluble in primary rat hepato 
cytes. Primary rat hepatocytes were prepared from Sprague 
Dawley rats purchased from Charles River Labs (Wilming 
ton, Mass.) and were routinely cultured in DMEM, high 
glucose (Gibco/Life Technologies, Gaithersburg, Md.) 
supplemented with 10% fetal bovine serum (Gibco/Life 
Technologies, Gaithersburg, Md.), 100 units per ml penicil 
lin, and 100 micrograms per ml Streptomycin (Gibco/Life 
Technologies, Gaithersburg, Md.). 

0388 Cells were seeded into 96-well plates (Falcon 
Primaria #353047, BD Biosciences, Bedford, Mass.) at a 
density of 4000-6000 cells/well for use in antisense oligo 
nucleotide transfection. For cells grown in 96-well plates, 
cells were treated with 100 uL of OPTI-MEM-1 containing 
2.5ug/mLLIPOFECTIN (Invitrogen Corporation, Carlsbad, 
Calif.) and the desired concentration of oligonucleotide. 
Cells were treated and data are obtained in triplicate. After 
4 hours of treatment at 37 C., the medium was replaced 
with fresh medium. Cells were harvested 16-24 hours after 
oligonucleotide treatment. 

0389) ISIS 18078 was used as a control oligonucleotide. 
ISIS 18078 (GTGCGCGCGAGCCCGAAATC, SEQ ID 
NO: 157) is a chimeric oligonucleotide (“gapmers”) 20 
nucleotides in length, composed of a central 'gap' region 
consisting of ten 2'-deoxynucleotides, which is flanked on 
both sides (5' and 3' directions) by five-nucleotide “wings”. 
The wings are composed of 2'-methoxyethyl (2'-MOE 
)nucleotides. The internucleoside (backbone) linkages are 
phosphorothioate (P=S) throughout the oligonucleotide. 
All cytidine residues are 5-methylcytidines. 

0390 The compounds were analyzed for their effect on 
rat Superoxide dismutase 1, Soluble mRNA levels in rat 
hepatocytes by quantitative real-time PCR as described in 
other examples herein. Probes and primers to mouse Super 
oxide dismutase 1 were designed to hybridize to a rat 
Superoxide dismutase 1, Soluble Sequence, using published 
sequence information (incorporated herein as SEQ ID NO: 
149). For rat Superoxide dismutase 1, soluble the PCR 
primers were: forward primer: TGCTGAAGGGCGACGG 
(SEQ ID NO: 159) reverse primer: GTTCACCGCTTGC 
CTTCTG (SEQ ID NO: 160) and the PCR probe was: 
FAM-CCGGTGCAGGGCGTCATTCACTTTAMRA 

(SEQ ID NO: 161) where FAM is the fluorescent reporter 
dye and TAMRA is the quencher dye. Gene target quantities 
obtained by real time RT-PCR are normalized by quantifying 
total RNA using RiboGreenTM (Molecular Probes, Inc. 
Eugene, Oreg.). In this assay, 170 ul of RiboGreenTM 
working reagent (RiboGreenTM reagent diluted 1:350 in 10 
mM Tris-HCl, 1 mM EDTA, pH 7.5) is pipetted into a 
96-well plate containing 30 till purified, cellular RNA. The 
plate is read in a CytoFluor 4000 (PE Applied Biosystems) 
with excitation at 485 nm and emission at 530 nm. 

0391 Data are averages from two experiments in which 
primary rat hepatocytes were treated with the antisense 
oligonucleotides of the present invention at a dose of 150 
nM. If present, “N.D.” indicates “no data”. 
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Inhibition of rat superoxide dismutase 1 

having 2'-MOE wings and a deoxy gap 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

TABL 5 

39 

soluble mRNA 
levels by chimeric phosphor othioate oligonucleotides 

SIS # REGION 

5' UTR 

5' UTR 

5' UTR 

5' UTR 

5' UTR 

start 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

TARGET 

SEQ ID TARGET 
NO SITE SEQUENCE 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

4 

49 

85 

91 

94 

10 

15 

43 

51 

56 

61 

66 

83 

88 

92 

208 

217 

225 

244 

249 

278 

284 

289 

334 

337 

359 

364 

367 

369 

374 

379 

CGCAGGAAACGAAGGTGCAA 

GCCGCAGGAAACGAAGGTGC 

CTCGGAACCTGGGAGAGCAA 

TTCACGCCATGCTTCCCCG 

ACGGCCTTCACGCCATGCT 

CACACGGCCTTCATCGCCAT 

TCAGCACGCACACGGCCTTC 

GCCCTTCAGCACGCACACGG 

GTCGCCCTTCAGCACGCACA 

GGACCGTCGCCCTTCAGCAC 

CTGCTCGAAGTGAATGACGC 

CTTGCCTTCGCTCGAAGTG 

CACCGCTTGCCTTCTGCTCG 

TGGTTCACCGCTTGCCTTCT 

ACAACTGGTTCACCGCTTGC 

TAATCTGTCCTGACACCACA 

TCCTGTAATCGTCCTGACA 

TTAATCCTGTAATCGTCCT 

CCATGCTCGCCTTCAGTAA 

ACATGGAACCCATGCTCGCC 

ATTGATGGACATGGAACCCA 

CCTTGTGTATTGTCCCCATA 

TACAGCCTTGTGTATTGTCC 

GTGAGGATTAAAATGAGGTC 

CTTAGAGTGAGGATTAAAAT 

TGTTTCTTAGAGTGAGGATT 

TTGCCCAGGTCTCCAACATG 

ACATTGCCCAGGTCTCCAAC 

CACACCGTCCTTTCCAGCAG 

TGGCCACACCGTCCTTTCC 

ACATTGGCCACACCGTCCTT 

ACACATTGGCCACACCGTCC 

AATGGACACATTGGCCACAC 

TCTTCAATGGACACATTGGC 

SEQ 
; ID 

INHIB NO 

82 62 

88 63 

40 64 

79 65 

88 66 

79 67 

83 68 

95 69 

91 70 

97 71. 

97 72 

89 73 

92 74 

78 75 

9 O 76 

83 77 

84 78 

85 79 

8O 8O 

82 81 

87 82 

86 83 

77 84 

70 85 

69 86 

72 87 

79 88 

78 89 

82 9 O 

82 91 

74 92 

84 93 

82 94 

78 95 
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46 

46 

46 

Inhibition of rat superoxide dismutase 1 

having 2'-MOE wings and a deoxy gap 

71. 

72 

73 

74 

75 

76 

77 

78 

79 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

462 00 

4 6201 

4 6204 

TABL 5-continued 

40 

soluble mRNA 
levels by chimeric phosphor othioate oligonucleotides 

SIS # REGION 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

3'UTR 

intron 

intron 

exon: intron 

exon: intron 

intron 

exon: intron 

intron 

intron 

intron 

intron 

intron 

TARGET 

SEQ ID TARGET 
NO 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

50 

50 

51 

52 

52 

53 

53 

53 

53 

53 

53 

SITE 

384 

387 

389 

421 

426 

439 

442 

505 

510 

516 

522 

532 

535 

539 

553 

559 

563 

567 

583 

586 

592 

595 

622 

1996 

2002 

521 

235 

280 

321 

594 

659 

714. 

743 

764 

SEQUENCE 

CACGATCTTCAATGGACACA 

TCACACGATCTTCAATGGAC 

GATCACACGATCTTCAATGG 

CGGCCAATGATGGAATGCTC 

TAGTACGGCCAATGATGCAA 

TCGTGGACCACCATAGTACG 

TTCTCGTGGACCACCATAGT 

CGGCTCCAGCATTTCCAGT 

CCAAGCGGCTTCCAGCATTT 

CACAAGCCAAGCGGCTTCCA 

TCACACCACAAGCCAAGCGG 

GCAATCCCAATCACACCACA 

TGGGCAATCCCAATCACACC 

TTATTGGGCAATCCCAATCA 

CACATAGGGAATGTTTATTG 

TCAGACCACATAGGGAATGT 

AGACTCAGACCACATAGGGA 

TCTGAGACTCAGACCACATA 

CAGGACAGCAGATGAGTCTG 

TAGCAGGACAGCAGATGAGT 

ACAGTTTAGCAGGACAGCAG 

TCTACAGTTTAGCAGGACAG 

GATTACAGTTTAATGGTTTG 

TAGCGATGCAAACTGCTCTC 

ATAGGATAGCGATGCAAACT 

TAGGACCACCTTGTGTATT 

TAAG ACTTACCTTGTGTATT 

ACTCTGACCCATTCACTCA 

GCTGCTCACCTCTCTTCATC 

TTGCTAGTGACGTGATAGTA 

ATACAAACGGAATCTCAACT 

CTCCAGCTCATTCAAAGAGC 

AGTATGCAGCTCCTGATTAC 

GAAGGCACTTCGAGGTTACG 

SEQ 
; ID 

INHIB NO 

86 196 

76. 197 

88 1.98 

85 199 

87 20 O 

8, 201 

84 202 

77 203 

76. 204 

77 205 

74. 206 

76 2O7 

82 208 

87 209 

81. 210 

71. 211 

64 212 

83 213 

82 214 

89 215 

9 O 216 

91. 217 

57 218 

O 219 

38 220 

19 221 

11 222 

55 223 

52 224 

51 225 

57 226 

21 227 

24, 228 

45 229 

Jan. 27, 2005 
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TABL 5-continued 

Inhibition of rat superoxide dismutase 1 

41 

soluble mRNA 
levels by chimeric phosphor othioate oligonucleotides 

having 2'-MOE wings and a deoxy gap 

TARGET 

SEQ ID TARGET 
SIS # REGION NO SITE SEQUENCE 

46205 exon: intron 54 142 GGAAACTTACCACCATAGTA 

46206 exon: intron 54 145 TATGGAAACTTACCACCATA 

46207 intron 54 305 GCAAATAATTCTTTACTAT 

462 08 intron 54 391 GTATCCTCAACTCAGATCCA 

462 09 intron: exon 55 154. TCTCGTGGACCTTTGAAAAG 

46210 intron 56 33 AGCAGACTACTAAGTGTTTC 

46211 intron 56 52 TTTTATGCTATCAGCTAAAA 

46212 intron 56 69 TAAATCAATAAGCTAATTTT 

46213 intron 56 84 GTTCAAATCTATTAGTAAAT 

46214 intron: exon 56 187 CTCGTGGACCTTTGAAAAGA 

0392. In addition to targeting rat Superoxide dismutase 1, 
soluble mRNA, SEQ ID Nos 168, 169 and 170 also target 
human Superoxide dismutase 1, soluble. As shown in Table 
5, SEQ ID Nos 162, 163, 165, 166, 167, 168, 169, 170, 171, 
172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 
184, 185, 186,187, 188, 189, 190, 191, 192, 193, 194, 195, 
196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 
208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 231, 233, 
234 and 239 demonstrated at least 60% inhibition of rat 
Superoxide dismutase 1, Soluble expression in this assay and 
are therefore preferred. More preferred are SEQ ID NOS: 
217, 216, and 215. The target sites to which these preferred 
Sequences are complementary are herein referred to as 
“active sites” and are therefore preferred sites for targeting 
by compounds of the present invention. 

Example 20 

0393 Chimeric Phosphorothioate Oligonucleotides Tar 
geted to Rat Superoxide Dismutase 1, Soluble Having 
2'-MOE Wings and a Deoxy Gap 

0394. In a further embodiment of the present invention, a 
Second Series of oligonucleotides was designed to target 
different regions of the rat Superoxide dismutase 1, Soluble 
RNA, using published sequences (GenBank accession num 
ber Y00404.1, incorporated herein as SEQID NO: 149). The 
oligonucleotides are shown in Table 6. “Target site' indi 
cates the first (5'-most) nucleotide number on the particular 
target Sequence to which the oligonucleotide binds. All 
compounds in Table 6 are chimeric oligonucleotides ("gap 
mers') 20 nucleotides in length, composed of a central 'gap' 
region consisting of ten 2'-deoxynucleotides, which is 
flanked on both sides (5' and 3’ directions) by five-nucleotide 
“wings”. The wings are composed of 2'-methoxyethyl (2'- 
MOE)nucleotides. The internucleoside (backbone) linkages 
are phosphorothioate (P=S) throughout the oligonucle 
otide. All cytidine residues are 5-methylcytidines. 

SEQ 
; ID 

INHIB NO 

46 230 

66 231 

20 232 

79 233 

62 234 

44, 235 

27 236 

9 237 

36 2.38 

79 239 

Jan. 27, 2005 

TABLE 6 

Chimeric phosphorothioate oligonucleotides 
targeted to rat superoxide dismutase 1, 

soluble having 2'-MOE wings and a deoxy gap 

TARGET 

SEQ ID TARGET 
SIS # REGION NO 

957 43 5' UTR 49 

957 44 5' UTR 49 

957 45 5' UTR 49 

95.74 6 5' UTR 49 

957 47 5' UTR 49 

95.748 5' UTR 49 

95.749 5' UTR 49 

95.750 5' UTR 49 

95.751 5' UTR 49 

95.752 coding 49 

95753 coding 49 

95754 coding 49 

95.755 coding 49 

95756 coding 49 

95757 coding 49 

95758 coding 49 

95759 coding 49 

SITE SEQUENCE 

40 

45 

51 

53 

55 

77 

81 

83 

88 

99 

104 

145 

149 

153 

158 

168 

170 

TGGGAGAGCAAAAAGCAAGG 

GAACCTGGGAGAGCAAAAAG 

GCCTCGGAACCTGGGAGAGC 

CGGCCTCGGAACCTGGGAGA 

GGCGGCCTCGGAACCTGGGA 

CATGCTTCCCCGGGAGACGC 

TCGCCATGCTTCCCCGGGAG 

CATCGCCATGCTTCCCCGGG 

GCCTTCACGCCAGCTTCC 

GCACGCACACGGCCTTCATC 

CTTCAGCACGCACACGGCCT 

TTCTGCTCGAAGTGAATGAC 

TGCCTTCTGCTCGAAGTGAA 

CGCTTGCCTTCGCTCGAAG 

TTCACCGCTTGCCTTCTGCT 

CCACAACTGGTTCACCGCTT 

CACCACAACTGGTTCACCGC 

SEQ 
ID 
NO 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

25 O 

251 

252 

253 

254 

255 

256 
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TABLE 6-continued 

Chimeric phosphorothioate oligonucleotides 
targeted to rat superoxide dismutase 1, 

soluble having 2'-MOE wings and a deoxy gap 

95.760 

95.761 

95.762 

95.763 

95.764 

95.765 

95.766 

95.767 

95.768 

95.769 

95770 

95771. 

95772 

95773 

95774 

95775 

95776 

95777 

95778 

95779 

95.78O 

95781 

95.782 

95.783 

95.784 

95.785 

95.786 

95787 

95.788 

95.789 

95790 

95791 

95792 

95.793 

SIS # REGION 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

coding 

TARGET 

SEQ ID TARGET 
NO 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

SITE SEQUENCE 

178 

18O 

185 

190 

194 

196 

210 

215 

219 

223 

228 

230 

232 

234 

236 

241 

246 

286 

291 

293 

297 

299 

301 

303 

305 

3 Of 

309 

313 

315 

339 

341 

353 

356 

371 

TGTCCTGACACCACAACTGG 

TCTGTCCTGACACCACAACT 

TGTAATCTGTCCTGACACCA 

AATCCTGTAATCTGTCCTGA 

AGTTAATCCTGTAATCTGTC 

TCAGTTAATCCTGAACTG 

ACCCATGCTCGCCTTCAGTT 

ATGGAACCCATGCTCGCCTT 

GGACATGGAACCCATGCTCG 

TGATGGACATGGAACCCATG 

CATATTGATGGACATGGAAC 

CCCATATTGATGGACATGGA 

TCCCCATATTGATGGACATG 

TGTCCCCATATTGATGGACA 

ATTGTCCCCATATTGATGGA 

TGTGTATTGTCCCCATATTG 

AGCCTTGTGTATTGTCCCCA 

TTCTTAGAGTGAGGATTAAA 

CATGTTTCTTAGAGTGAGGA 

GCCATGTTTCTTAGAGTGAG 

GACCGCCATGTTTCTTAGAG 

TGGACCGCCATGTTTCTTAG 

GCTGGACCGCCATGTTTCTT 

CCGCTGGACCGCCATGTTTC 

ATCCGCTGGACCGCCATGTT 

TCATCCGCTGGACCGCCATG 

CTTCATCCGCTGGACCGCCA 

CTCTCTCATCCGCTGGACC 

GCCTCTCTCATCCGCTGGA 

CCACATTGCCCAGGTCTCCA 

AGCCACATTGCCCAGGTCTC 

GTCCTTTCCAGCAGCCACAT 

ACCGTCCTTTCCAGCAGCCA 

GGACACATTGGCCACACCGT 

SEQ 
ID 
NO 

257 

258 

259 

260 

261 

262 

263 

264 

265 

266 

267 

268 

269 

27 O 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 

281 

282 

283 

284 

285 

286 

287 

288 

289 

29 O 
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TABLE 6-continued 

Chimeric phosphorothioate oligonucleotides 
targeted to rat superoxide dismutase 1, 

soluble having 2'-MOE wings and a deoxy gap 

TARGET SEQ 
SEQ ID TARGET ID 

SIS # REGION NO SITE SEQUENCE NO 

95794 coding 49 377 TTCAATGGACACATTGGCCA 291 

95795 coding 49 423 TACGGCCAATGATGGAATGC 292 

95.796 coding 49 437 GTGGACCACCATAGTACGGC 293 

95797 coding 49 5 O3 GCTCCAGCATTTCCAGTC 294 

95798 coding 49 512 AGCCAAGCGGCTTCCAGCAT 295 

95799 coding 49 518 ACCACAAGCCAAGCGGCTTC 296 

958 OO stop 49 537 ATTGGGCAATCCCAATCACA 297 

958 01 stop 49 541 GTTTATTGGGCAATCCCAAT 298 

958 02 stop 49 555 ACCACATAGGGAATGTTTAT 299 

958 03 stop 49 557 AGACCACATAGGGAATGTTT 300 

958 O4 3'UTR 49 561 ACTCAGACCACATAGGGAAT 301 

958 O5 3'UTR 49 565 TGAGACCAGACCACATAGG 302 

958 O6 3'UTR 49 571 TGAGTCTGAGACTCAGACCA 303 

958 Of 3' UTR 49 53 GATGAGTCTGAGACTCAGAC 304 

958 O8 3'UTR 49 575 CAGATGAGTCTGAGACTCAG 305 

958 O9 3'UTR 49 577 AGCAGATGAGTCTGAGACTC 306 

958 10 3'UTR 49 581 GGACAGCAGATGAGTCTGAG 307 

958 11 3'UTR 49 588 TTTAGCAGGACAGCAGATGA 308 

958 12 3'UTR 49 590 AGTTTAGCAGGACAGCAGAT 309 

958 13 3'UTR 49 597 TTTCACAGTTTAGCAGGAC 310 

9581 4 3'UTR 49 599 TTTTTCACAGTTTAGCAGG 311 

958.15 3'UTR 49 626 TTAAGATTACAGTTTAATGG 312 

958 16 3'UTR 49 628 TGTTAAGATTACAGTTTAAT 313 

333624 coding 49 469 TTTCCACCTTGCCCAAGTC 314 

0395. In addition to targeting rat Superoxide dismutase 1, 
soluble mRNA, SEQID Nos 250 and 314 also target human 
Superoxide dismutase 1, Soluble. 

0396. In a further embodiment of the present invention, 
an oligonucleotide was designed to target the rat Superoxide 
dismutase 1, Soluble RNA, using published Sequences (Gen 
Bank accession number Y004.04.1, incorporated herein as 
SEQ ID NO: 149). This compound consists of the sequence 
CTTCAGCACGCACGGC (SEQ ID NO: 315). This com 
pound is a chimeric oligonucleotide ("gapmers') 18 nucle 
otides in length, composed of a central 'gap' region con 
Sisting of ten 2'-deoxynucleotides, which is flanked on both 
sides (5' and 3’ directions) by four-nucleotide “wings”. The 
wings are composed of 2'-methoxyethyl (2'-MOE)nucle 
otides. The internucleoside (backbone) linkages are phos 
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phorothioate (P=S) throughout the oligonucleotide. All 
cytidine residues are 5-methylcytidines. The “target site', 
which indicates the first (5'-most) nucleotide number on the 
particular target Sequence to which the oligonucleotide 
binds, is nucleotide 105 of SEQ ID NO: 149. 

Example 21 

0397) Phosphorothioate Oligodeoxynucleotides Targeted 
to Rat Superoxide Dismutase 1, Soluble 

0398. In a further embodiment of the present invention, a 
third Series of oligonucleotides was designed to target dif 
ferent regions of the rat Superoxide dismutase 1, Soluble 
RNA, using published sequences (GenBank accession num 
ber Y00404.1, incorporated herein as SEQ ID NO: 149; 
GenBank accession number Z21924.1, incorporated herein 
as SEQ ID NO: 155; GenBank accession number Z21920.1, 
incorporated herein as SEQ ID NO: 154; GenBank acces 
sion number NM 017050.1, incorporated herein as SEQ ID 
NO: 316; genomic Sequence representing nucleotides 
59.65000 to 5972000 of GenBank accession number 
NW 042743.1, incorporated herein as SEQ ID NO: 317). 
The oligonucleotides are shown in Table 7. “Target site' 
indicates the first (5'-most) nucleotide number on the par 
ticular target Sequence to which the oligonucleotide binds. 
All compounds in Table 7 are oligodeoxynucleotides 20 
nucleotides in length. The internucleoside (backbone) link 
ages are phosphorothioate (P=S) throughout the oligo 
nucleotide. All cytidine residues are 5-methylcytidines. 

TABLE 7 

Phosphorothioate oligodeoxynucleotides 
targeted to rat superoxide dismutase 1, 

soluble 

TARGET SEQ 
SEQ ID TARGET ID 

ISIS # REGION NO SITE SEQUENCE NO 

336 649 coding 149 156 CACCGCTTGCCTTCTG 318 
CTCG 

336651 coding 316 44.1 TCTCGTGGACCACCAT 319 
AGTA 

336653 intron 317 636 TGCAAAACGAGGGCCC 320 
AGCG 

336655 exon: intron 317 8 O2 GGGCCTTGCCTTCTGC 321 
TCGA 

336657 intron: exon 317 2598 CACCGCTTGCCTTTAT 322 
TTAA 

336659 exon: intron 317 2696 TAAGACTTACCTTGT 323 
GTAT 

336661 intron: exon 317 41.91 GTGGTACAGCCTATTT 324 
ACCA. 

336663 exon: intron 317 4261 GCGCTCACCTCTCT 325 
TCAT 

336665 intron: exon 317 4949 TCCAACATGCCTAACA 326 
TTAA 

336667 exon: intron 154 142 GGAAACTTACCACCAT 327 
AGTA 

Jan. 27, 2005 

TABLE 7-continued 

Phosphorothioate oligodeoxynucleotides 
targeted to rat superoxide dismutase 1, 

soluble 

TARGET SEQ 
SEQ ID TARGET ID 

ISIS # REGION NO SITE SEQUENCE NO 

336669 intron 154 154. TCTCGTGGACCTTGA 328 
AAAG 

0399. In a further embodiment of the present invention, a 
third Series of oligonucleotides was designed to target dif 
ferent regions of the rat Superoxide dismutase 1, Soluble 
RNA, using published sequences (GenBank accession num 
ber Y00404.1, incorporated herein as SEQ ID NO: 149; 
GenBank accession number Z21920.1, incorporated herein 
as SEQ ID NO: 154, GenBank accession number Z21924.1, 
incorporated herein as SEQ ID NO: 155; GenBank acces 
sion number NM 017050.1, incorporated herein as SEQ ID 
NO: 316; genomic Sequence representing nucleotides 
5965000 to 5972000 of GenBank accession number 
NW 042743.1, incorporated herein as SEQ ID NO: 317). 
The oligonucleotides are shown in Table 8. “Target site' 
indicates the first (5'-most) nucleotide number on the par 
ticular target sequence to which the oligonucleotide binds. 
All compounds in Table 8 are oligodeoxynucleotides 15 
nucleotides in length. The internucleoside (backbone) link 
ages are phosphorothioate (P=S) throughout the oligo 
nucleotide. All cytidine residues are 5-methylcytidines. 

TABLE 8 

Phosphorothioate oligodeoxynucleotides 
targeted to rat superoxide dismutase 1, 

soluble 

TARGET SEQ 
SEQ ID TARGET ID 

ISIS # REGION NO SITE SEQUENCE NO 

336650 coding 316 158 CGCTTGCCTTCTGCT 329 

336652 coding 316 443 CGTGGACCACCATAG 330 

336654 intron 317 638 AAAACGAGGGCCCAG 331 

336656 exon: intron 317 804. CCTTGCCTTCTGCTC 332 

336.658 intron: exon 317 2600 CGCTTGCCTTTATTT 333 

336660 exon: intron 317 2698 AGACTTACCTTGTGT 334 

336.662 intron: exon 317 4.193 GTACAGCCTATTTAC 335 

336664 exon: intron 317 4263 GCTCACCTCTCTC 336 

336.666 intron: exon 317 4951. AACATGCCTAACATT 337 

336668 exon: intron 317 5069 AACTTACCACCATAG 338 

336670 intron: exon 317 6O17 CGTGGACCTTTGAAA 339 

0400. In addition to targeting rat Superoxide dismutase 1, 
soluble mRNA, SEQ ID NO: 130 also targets human Super 
oxide dismutase 1, Soluble. 
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Example 22 

04.01 Inhibition of Superoxide Dismutase 1, Soluble 
mRNA in Rat Brain Following Intraventricular Administra 
tion. 

0402 Oligonucleotides that target the expression of pro 
teins in the brain represent a potential means of treating 
degenerative neurologic disorders associated with aberrant 
proteins Such as Superoxide dismutase 1, Soluble that are 
associated with familial ALS. To be effective in ALS, they 
would need to reach affected tissues. 

0403 Superoxide dismutase 1, soluble mRNA levels 
were measured in rat brain following intraventricular admin 
istration. Superoxide dismutase 1, Soluble levels were mea 
Sured in both rat Spinal cord and rat brain following admin 
istration of ISIS 146192. Administration was performed 
daily at either 33 ug/day or 50 tug/day for 14 days. The 
results are shown in FIGS. 1-4. There are two sets of bars 
for each dose since duplicate treatment groups of 6 per group 
were used. Expression is relative to PTEN mRNA to dem 
onstrate Specificity. mRNA was normalized to ribogreen or 
beta-actin. 

04.04 The results show that intraventricular administra 
tion of ISIS 146.192 significantly reduced Superoxide dis 
mutase 1, soluble mRNA levels in both the spinal cord and 
right temporal parietal Section of the brain. Thus, oligo 
nucleotides are preferentially taken up by motor neurons in 
the brain stem and spinal cord, Suggesting that cell barriers 
are not an obstacle. Thus, intraventricular administration of 
Superoxide dismutase 1, Soluble antisense oligonucleotides 
has therapeutic implications in treatment of ALS and other 
neurodegenerative disorders. 

Example 23 

04.05 Design and Screening of Duplexed Antisense 
Compounds Targeting Superoxide Dismutase-1, Soluble 
0406. In accordance with the present invention, a series 
of nucleic acid duplexes comprising the antisense com 
pounds of the present invention and their complements can 
be designed to target Superoxide dismutase-1, Soluble. The 
nucleobase Sequence of the antisense Strand of the duplex 
comprises at least a portion of an oligonucleotide to Super 
oxide dismutase-1, Soluble as described herein. The ends of 
the strands may be modified by the addition of one or more 
natural or modified nucleobases to form an overhang. The 
Sense Strand of the dsRNA is then designed and Synthesized 
as the complement of the antisense Strand and may also 
contain modifications or additions to either terminus. For 
example, in one embodiment, both strands of the dsRNA 
duplex would be complementary over the central nucleo 
bases, each having overhangs at one or both termini. For 
example, a duplex comprising an antisense Strand having the 
sequence CGAGAGGCGGACGGGACCG and having a 
two-nucleobase overhang of deoxythymidine(dT) would 
have the following Structure: 

cga gaggcggacgg gacc gTT Antisense Strand 

TTgctcitcc.gc.ctg.ccctggc Complement 

04.07 RNA strands of the duplex can be synthesized by 
methods disclosed herein or purchased from Dharmacon 
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Research Inc., (Lafayette, Colo.). Once Synthesized, the 
complementary Strands are annealed. The Single Strands are 
aliquoted and diluted to a concentration of 50 uM. Once 
diluted, 30 uL of each strand is combined with 15 uL of a 
5xsolution of annealing buffer. The final concentration of 
said buffer is 100 mM potassium acetate, 30 mM HEPES 
KOH pH 7.4, and 2 mM magnesium acetate. The final 
volume is 75 uL. This solution is incubated for 1 minute at 
90° C. and then centrifuged for 15 seconds. The tube is 
allowed to sit for 1 hour at 37 C. at which time the dsRNA 
duplexes are used in experimentation. The final concentra 
tion of the dsRNA duplex is 20 uM. This solution can be 
stored frozen (-20° C.) and freeze-thawed up to 5 times. 
0408. Once prepared, the duplexed antisense compounds 
are evaluated for their ability to modulate Superoxide dis 
mutase-1, Soluble expression according to the protocols 
described herein. 

Example 26 

04.09. Design of Phenotypic Assays and In Vivo Studies 
for the Use of Superoxide Dismutase-1, Soluble Inhibitors 
Phenotypic ASSayS 

0410. Once Superoxide dismutase-1, Soluble inhibitors 
have been identified by the methods disclosed herein, the 
compounds are further investigated in one or more pheno 
typic assays, each having measurable endpoints predictive 
of efficacy in the treatment of a particular disease State or 
condition. Phenotypic assays, kits and reagents for their use 
are well known to those skilled in the art and are herein used 
to investigate the role and/or association Superoxide dismu 
tase-1, Soluble in health and disease. Representative pheno 
typic assays, which can be purchased from any one of 
Several commercial vendors, include those for determining 
cell viability, cytotoxicity, proliferation or cell Survival 
(Molecular Probes, Eugene, Oreg.; PerkinElmer, Boston, 
Mass.), protein-based assays including enzymatic assays 
(Panvera, LLC, Madison, Wis.; BD Biosciences, Franklin 
Lakes, N.J., Oncogene Research Products, San Diego, 
Calif.), cell regulation, signal transduction, inflammation, 
oxidative processes and apoptosis (ASSay Designs Inc., Ann 
Arbor, Mich.), triglyceride accumulation (Sigma-Aldrich, 
St. Louis, Mo.), angiogenesis assays, tube formation assays, 
cytokine and hormone assays and metabolic assays (Chemi 
con International Inc., Temecula, Calif.; Amersham Bio 
Sciences, Piscataway, N.J.). 
0411. In one non-limiting example, cells determined to be 
appropriate for a particular phenotypic assay (i.e., MCF-7 
cells Selected for breast cancer Studies, adipocytes for obe 
sity Studies) are treated with Superoxide dismutase-1, 
Soluble inhibitors identified from the in vitro studies as well 
as control compounds at optimal concentrations which are 
determined by the methods described above. At the end of 
the treatment period, treated and untreated cells are analyzed 
by one or more methods specific for the assay to determine 
phenotypic outcomes and endpoints. 
0412 Phenotypic endpoints include changes in cell mor 
phology over time or treatment dose as well as changes in 
levels of cellular components Such as proteins, lipids, 
nucleic acids, hormones, Saccharides or metals. Measure 
ments of cellular status which include pH, Stage of the cell 
cycle, intake or excretion of biological indicators by the cell, 
are also endpoints of interest. Analysis of the genotype of the 
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cell (measurement of the expression of one or more of the inhibitors. Hallmark genes, or those genes Suspected to be 
genes of the cell) after treatment is also used as an indicator asSociated with a Specific disease State, condition, or phe 
of the efficacy or potency of Superoxide dismutase-1, Soluble notype, are measured in both treated and untreated cells. 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 339 

<210> SEQ ID NO 1 
&2 11s LENGTH 20 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 1 

to cqtcatcg citcct caggg 2O 

<210> SEQ ID NO 2 
&2 11s LENGTH 20 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 2 

atgcattctg. cc cccaagga 2O 

<210> SEQ ID NO 3 
&2 11s LENGTH 874 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 
&22O > FEATURE 
&22O > FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (65) . . . (529) 

<400 SEQUENCE: 3 

citgcagogtc. toggggtttcc gttgcagtoc toggalaccag gaccitcggcg togcctagog 60 

agtt at g gC g acg aag gcc gtg togc gtg citg aag ggC gaC ggC cca gtg 109 
Met Ala Thr Lys Ala Val Cys Val Lieu Lys Gly Asp Gly Pro Wall 

1 5 10 15 

cag g g c atc atc aat titc gag cag aag gaa agt aat gga cca gtg aag 157 
Glin Gly Ile Ile Asn. Phe Glu Glin Lys Glu Ser Asn Gly Pro Wall Lys 

20 25 30 

gtg togg gga agc att aaa gga citg act gaa ggc citg cat gga titc cat 2O5 
Val Trp Gly Ser Ile Lys Gly Leu Thr Glu Gly Leu. His Gly Phe His 

35 40 45 

gtt cat gag titt gga gat aat aca gca ggc tdt acc agit gca ggit cott 253 
Val His Glu Phe Gly Asp Asn Thr Ala Gly Cys Thr Ser Ala Gly Pro 

50 55 60 

cac titt aat cott cita toc aga aaa cac ggt ggg coa aag gat gaa gag 301 
His Phe Asn Pro Leu Ser Arg Lys His Gly Gly Pro Lys Asp Glu Glu 

65 70 75 
agg cat gtt gga gac ttg ggc aat gtg act gct gac aaa gat ggt gtg 349 
Arg His Val Gly Asp Leu Gly Asn Val Thr Ala Asp Lys Asp Gly Val 
8O 85 9 O 95 

gcc gat gtg tot att gala gat tot gtg atc. tca citc. tca gga gac cat 397 
Ala Asp Wal Ser Ile Glu Asp Ser Val Ile Ser Lieu Ser Gly Asp His 

100 105 110 

tgc atc att ggc cqc aca citg gtg gtc. cat gala aaa goa gat gac ttg 4 45 
Cys Ile Ile Gly Arg Thr Lieu Val Val His Glu Lys Ala Asp Asp Lieu 
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ggC aaa gqt 
Gly Lys Gly 

130 
cgt ttg got 
Arg Lieu Ala 

145 

ggatgtag to 

gataaacatt 

taaagtacct 

aaactcagtt 

gg tattaaac 

cactitatitat 

115 
gga aat gala 
Gly Asn. Glu 

tgt ggt gta 
Cys Gly Val 

tgaggc.ccct 

aaacactgta atcittaaaag 

gtagtgagaa act gattitat 

aaaatgtctg tittcaatgac 

ttgtcagaat 

gaggct atta aaagaatcca 

<210> SEQ ID NO 4 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

gaa 
Glu 

att 
Ile 
15 O 

agt 
Ser 
135 
ggg 
Gly 

talacticatct 

ttctttgtca 

120 
aca aag aca 
Thr Lys Thr 

atc goc caa 
Ile Ala Glin 

154 

gttatcctg.c 

tgtaattgtg 

gatcacttgg 

citgitattittg 

aattic 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 4 

cgtggcctag cgagittatgg 

<210 SEQ ID NO 5 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 5 

gaaattgatg atgcc.ctgca 

<210> SEQ ID NO 6 
<211& LENGTH 21 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION PCR Probe 

<400 SEQUENCE: 6 

acga aggcc.g 

<210 SEQ ID NO 7 
&2 11s LENGTH 19 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 7 

galaggtgaag gtoggagtic 

<210 SEQ ID NO 8 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

46 

-continued 

125 
gga aac got gga agt 
Gly Asn Ala Gly Ser 

1 4 0 
tala acattcc.citt 

tagct gtaga aatgitat cot 

tgactittittc agagttgctt 

aag atttgta tagttittata 

ccagacittaa atcacagatg 

tgaataaaaa ccctgitatgg 

493 

539 

599 

659 

719 

779 

839 

874 

20 

20 

21 

19 
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-continued 

attgttagtc gcggtttcta aagatccaga taalactotac ttgcagttca aattaggaaa 84 60 

agcaattitta ttggacaatt acggtgaaaa taattattt tat citagg to agittaagaac 852O 

actgttctgc taagatgcag taaaaag.cag gttacatttg accatattag atctgagttt 858O 

ggaaaacaga agtagt ctitt agttittaaaa togccagatt ttcttgc.cag gattgggttt 864. O 

citcacttgtt aaacagaa.ca ttttgttalag tittaaaacct gggatgg act taagtatto a 87 OO 

tgttcattca tottcattca ggactgcagg ttatcatgac ttgttta act totgggaagc 876O 

tgttgtc.cca agittatcc to gggaactgca totggttctt gcaaaac acc aagtag acag 882O 

gctcitcttitt accitcc cctt gaggg catta acattcagta gtcactitcca ttcagttaac 888O 

cctittattitt tatggitttitt cittgagcc at agttgtaaag cagaaaaatc atttataaag 894 O 

gtttgttgaa caaaattcaa aatactgttg cittaaagtat taagatttitt taggattata 9 OOO 

ccttactitat agg.ccc.gtca ttcatttggc atgaaattitt gagttittatt cactittcact 9 O60 

titcc titttitt to caaa.gcaa ttaaaaaaac toccaaagta agagtgact g c ggaactaag 912 O 

gttact gtaa cittaccatgg aggattaagg gtagcgtgtg gtggtotaca acatagittat 918O 

ttgg gttitta gtatttcatt tag acagdaa cacttaccta atgtttaaag gtaatgtctt 924 O 

tgcaa.cacca agaaaaagct ttgagtagta gtttctactt ttaaactact aaatattagt 93OO 

atatotctdt actaggatta atgttattitt totaatatta to aggttctt aaacatctitt 936 O 

tggg tattgttgg gaggagg tagtgattac ttgacago.cc aaagttatct tcttaaaatt 9420 

ttttacaggit coatgaaaaa goagatgact toggcaaagg toggaaatgaa gaaagtacaa 94.80 

agacaggaaa cqctggaagt c gtttggctt gtggtgtaat toggatcgcc caataaacat 954. O 

toccittggat gtag totgag gocccittaac tocatctgtta toctoctago totagaaatg 96.OO 

tatcctgata aac attaaac act gtaatct taaaagtgta attgttgttgac tttitt cagag 9 660 

ttgctittaaa gtacct gtag tagaaactg atttatgatc acttggaaga tttgtatagt 972 O 

tittataaaac toagittaaaa tdtctgtttcaatgacctgt attittgccag acttaaatca 978O 

cagatgggta ttaaacttgt cagaatttct ttgtcattca agcctgttgaa taaaaaccot 984 O 

gtatgg cact tattat gagg citattaaaag aatccaaatt caaactaaat tag citctgat 9900 

acttatttat ataaac agct tcagtggaac agatttagta atactaa.cag tdatago att 996 O 

ttattittgaa agtgttittga gaccatcaaa atgcatactt taaaa.cago a ggtottt tag OO20 

citaaaactaa cacaactctg. cittagacaaa taggctdtcc tittgaaagct ttagg galaat OO8O 

gttcctgctt agtcatttta gcattttgat tcataaagta cotccitcatt ttaaaaagac O 140 

attatgatgt aagaga.gc.ca tttgataact ttittagt gag citttgaaagg caagttacag O2OO 

ccitcagotag citagtaag at tat citacct g c cagaatggc acaaatticta cattcaaggg O260 

tagacgctgg cacaacctac ttacagatta gcc ctittaaa goaatctgta gcattagaag O320 

atggalaccala ggaaatgttt gactgtgggit totggctgtt gagaaataat ttacacaccg O38O 

aattagtgaa atgagt cact ttctottaat gtatttatgt acct gagaga atgcttittca 04 40 

atgtta acct aactcaggitt to actaaatt attcaattgg aaattgtaga atattatttc O5 OO 

tgataalacca gaaataagtg aaatgctgtt tottcataaa tatgtactitt atcaaatgta O560 

ggagagat.ca tittaggagag gaaaagctaa attggaagac aaatctgtag tdtttccaaa O 620 

gttittaaaat tatggtaaac alacagtatgttcacagtaag togttaaaac alaccattctt O 680 
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-continued 

<400 SEQUENCE: 13 

totagdacgca cacggc ctitc 

<210> SEQ ID NO 14 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 14 

gcc.cittcago acgcacacgg 

<210 SEQ ID NO 15 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 15 

gtogcc ctitc agcacgcaca 

<210> SEQ ID NO 16 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 16 

c gaggactgc aacggaalacc 

<210 SEQ ID NO 17 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 17 

ggttcc gagg actgcaa.cgg 

<210> SEQ ID NO 18 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 18 

to citggttcc gaggacitgca 

<210 SEQ ID NO 19 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 19 

gaggtoctog titc.cgaggac 

20 

20 

20 

20 

20 

20 

20 
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<400 

54 

-continued 

SEQ ID NO 20 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 20 

taggcc acgc cqaggtocto 

<400 

SEQ ID NO 21 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 21 

gtogccataa citc.gctaggc 

<400 

SEQ ID NO 22 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 22 

gcc.ctgcact g g gcc.gtc.gc 

<400 

SEQ ID NO 23 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 23 

aattgatgat gcc ct cact 

<400 

SEQ ID NO 24 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 24 

cactggtoca ttacttitcct 

<400 

SEQ ID NO 25 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 25 

acaccittcac togtocatta 

SEQ ID NO 26 
LENGTH 2.0 
TYPE DNA 

20 

20 

20 

20 

20 

20 
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55 

-continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 26 

ccacacctitc actggtocat 

<210 SEQ ID NO 27 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 27 

agtcctittaa tactitccc.ca 

<210> SEQ ID NO 28 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 28 

aggccttcag toagtcctitt 

<210 SEQ ID NO 29 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 29 

caggcctt.ca gtcagtccitt 

<210 SEQ ID NO 30 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 30 

tatctocaaa citcatgaaca 

<210> SEQ ID NO 31 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 31 

gctgitattat citccaaactc 

<210> SEQ ID NO 32 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

20 

20 

20 

20 

20 

20 
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56 

-continued 

<400 SEQUENCE: 32 

gtacagocto citgitattatc 

<210 SEQ ID NO 33 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 33 

tgcc caagtc. tccaa.catgc 

<210> SEQ ID NO 34 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 34 

cacattgccc aagttctocaa 

<210 SEQ ID NO 35 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 35 

toggccacac catctttgtc 

<210 SEQ ID NO 36 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 36 

catcggccac accatctittg 

<210 SEQ ID NO 37 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 37 

acacatcggc cacaccatct 

<210 SEQ ID NO 38 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 38 

tag acacatc ggccacacca 

20 

20 

20 

20 

20 

20 

20 
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<400 

57 

-continued 

SEQ ID NO 39 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 39 

accaccagtg togcggccaat 

<400 

SEQ ID NO 40 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 40 

catggaccac cagtgtgcgg 

<400 

SEQ ID NO 41 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 41 

to atggacca ccagtgtgcg 

<400 

SEQ ID NO 42 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 42 

ggcgatcc.ca attacaccac 

<400 

SEQ ID NO 43 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 43 

ggaatgttta ttgggc gatc 

<400 

SEQ ID NO 44 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 44 

ccitcagacita catcca aggg 

SEQ ID NO 45 
LENGTH 2.0 
TYPE DNA 

20 

20 

20 

20 

20 

20 
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58 

-continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 45 

gata acagat gagitta aggg 

<210> SEQ ID NO 46 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 46 

cacaattaca cittittaag at 

<210> SEQ ID NO 47 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 47 

agtcacacaa ttacacttitt 

<210> SEQ ID NO 48 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 48 

citcactacag gtactittaaa 

<210 SEQ ID NO 49 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 49 

aatcagtttc. tcactacagg 

<210 SEQ ID NO 50 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 50 

ataaatcagt ttctoactac 

<210 SEQ ID NO 51 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

20 

20 

20 

20 

20 

20 
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-continued 

<400 SEQUENCE: 51 

cataaatcag tittctoacta 

<210> SEQ ID NO 52 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 52 

aatctitccaa gtgatcataa 

<210 SEQ ID NO 53 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 53 

atacaaatct tccaagtgat 

<210> SEQ ID NO 54 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 54 

tgagttittat aaaactatac 

<210 SEQ ID NO 55 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 55 

aactgagttt tataaaacta 

<210 SEQ ID NO 56 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 56 

acagacattt taactgagtt 

<210 SEQ ID NO 57 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 57 

attgaaacag acattittaac 

20 

20 

20 

20 

20 

20 

20 
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<400 

60 

-continued 

SEQ ID NO 58 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 58 

toattgaaac agacatttta 

<400 

SEQ ID NO 59 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 59 

atacaggtoa ttgaaacaga 

<400 

SEQ ID NO 60 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 60 

ccatctgtga tittaagttctg 

<400 

SEQ ID NO 61 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 61 

tittaatacco atctgtgatt 

<400 

SEQ ID NO 62 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 62 

agtttaatac ccatctgtga 

<400 

SEQ ID NO 63 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 63 

caaagaaatt citgacaagtt 

SEQ ID NO 64 
LENGTH 2.0 
TYPE DNA 

20 

20 

20 

20 

20 

20 
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61 

-continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 64 

ttgaatgaca aagaaattct 

<210 SEQ ID NO 65 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 65 

acaggcttga atgacaaaga 

<210 SEQ ID NO 66 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 66 

attcacaggc titgaatgaca 

<210 SEQ ID NO 67 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 67 

ggitttittatt cacaggcttg 

<210 SEQ ID NO 68 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 68 

agggitttitta ttcacaggct 

<210 SEQ ID NO 69 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 69 

atacagggitt tittattocaca 

<210 SEQ ID NO 70 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

20 

20 

20 

20 

20 

20 
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62 

-continued 

<400 SEQUENCE: 70 

ccatacaggg tttittattoa 

<210 SEQ ID NO 71 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 71 

aagtgc cata cagggitttitt 

<210 SEQ ID NO 72 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 72 

taataagtgc catacagggit 

<210 SEQ ID NO 73 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 73 

toataataag toccatacag 

<210> SEQ ID NO 74 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 74 

citcataataa gtgccataca 

<210 SEQ ID NO 75 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 75 

gcct cataat aagtgc cata 

<210 SEQ ID NO 76 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 76 

ttittaatago citcataataa 

20 

20 

20 

20 

20 

20 

20 
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<400 

63 

-continued 

SEQ ID NO 77 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 77 

ggattattitt aatagoctoa 

<400 

SEQ ID NO 78 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 78 

cagoccittgc cittctgctcg 

<400 

SEQ ID NO 79 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 79 

agtagctggg act acaggcg 

<400 

SEQ ID NO 80 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 80 

cattacttitc ctittaagaaa 

<400 

SEQ ID NO 81 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 81 

aagatcacta aatgcaactt 

<400 

SEQ ID NO 82 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 82 

caggagaatc gcttgaac ct 

SEQ ID NO 83 
LENGTH 2.0 
TYPE DNA 

20 

20 

20 

20 

20 

20 
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64 

-continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 83 

citggtacago citatttataa 

<210> SEQ ID NO 84 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 84 

gcttcacg to tacacactaa 

<210 SEQ ID NO 85 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 85 

to caa.catgc ctaataatga 

<210 SEQ ID NO 86 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 86 

tggtacagoc ttctgctoga 

<210 SEQ ID NO 87 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 87 

taggccagac citcc.gc.gc.cit 

<210 SEQ ID NO 88 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 88 

actittatagg cca gacctico 

<210 SEQ ID NO 89 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

20 

20 

20 

20 

20 

20 
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-continued 

<400 SEQUENCE: 89 

gacgcaaacc agc accocgt. 

<210 SEQ ID NO 90 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 90 

acgctgcagg agacitacgac 

<210 SEQ ID NO 91 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 91 

gcacacggcc titcgtogc.ca 

<210 SEQ ID NO 92 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 92 

ttcago acgc acacggccitt 

<210 SEQ ID NO 93 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 93 

ccttcago ac goacacggcc 

<210 SEQ ID NO 94 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 94 

cc ctitcagoa cqcacacggc 

<210 SEQ ID NO 95 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 95 

cgcc ctitcag cacgcacacg 

20 

20 

20 

20 

20 

20 

20 
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<400 

66 

-continued 

SEQ ID NO 96 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 96 

togcc.cittca gcacgcacac 

<400 

SEQ ID NO 97 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 97 

cgtogcc.citt cago acgcac 

<400 

SEQ ID NO 98 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 98 

cc.gtc.gc.cct tcago acgca 

<400 

SEQ ID NO 99 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 99 

caacatgcct citcttcatcc 

<400 

SEQ ID NO 100 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 100 

ccaacatgcc totcttcatc 

<400 

SEQ ID NO 101 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 101 

tdcaacatgc citctottcat 

SEQ ID NO 102 
LENGTH 2.0 
TYPE DNA 

20 

20 

20 

20 

20 

20 
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-continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 102 

citccaacatg cctotcittca 

<210> SEQ ID NO 103 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 103 

totccaacat gccitctottc 

<210> SEQ ID NO 104 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 104 

gtotccaaca tacctotcitt 

<210 SEQ ID NO 105 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 105 

citcc to agag tdagat caca 

<210> SEQ ID NO 106 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 106 

totcct gaga gtgagatcac 

<210 SEQ ID NO 107 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 107 

caccitttgcc caagttcatct 

<210 SEQ ID NO 108 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

20 

20 

20 

20 

20 

20 
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-continued 

<400 SEQUENCE: 108 

ccacctittgc ccaagttcatc 

<210 SEQ ID NO 109 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 109 

tdcaccitttg cccaagttcat 

<210> SEQ ID NO 110 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 110 

titccacctitt gcc caagttca 

<210> SEQ ID NO 111 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 111 

attitccacct ttgcc.caagt 

<210> SEQ ID NO 112 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 112 

catttccacc tittgcc caag 

<210> SEQ ID NO 113 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 113 

toattitccac ctittgcc.caa 

<210> SEQ ID NO 114 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 114 

ttcatttcca cotttgcc.ca 

20 

20 

20 

20 

20 

20 

20 
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69 

-continued 

SEQ ID NO 115 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 115 

cittcatttcc acctttgccc 

<400 

SEQ ID NO 116 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 116 

tottcatttc. cacctttgcc 

<400 

SEQ ID NO 117 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 117 

ttcttcattt coacctittgc 

<400 

SEQ ID NO 118 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 118 

tittctitcatt tocaccitttg 

<400 

SEQ ID NO 119 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 119 

citttctitcat titccacctitt 

<400 

SEQ ID NO 120 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 120 

actittctitca titt.ccaccitt 

SEQ ID NO 121 
LENGTH 2.0 
TYPE DNA 

20 

20 

20 

20 

20 

20 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 121 

tactittctitc attitccacct 

<210> SEQ ID NO 122 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 122 

gtactittctt catttccacc 

<210> SEQ ID NO 123 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 123 

tgtactittct tcatttccac 

<210> SEQ ID NO 124 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 124 

ttgtacttitc titcatttcca 

<210> SEQ ID NO 125 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 125 

tttgtactitt cittcatttcc 

<210> SEQ ID NO 126 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 126 

citttgtactt tottcatttc 

<210> SEQ ID NO 127 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

20 

20 

20 

20 

20 

20 
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<400 SEQUENCE: 127 

totttgtact ttctitcattt 

<210> SEQ ID NO 128 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 128 

gtotttgtac tittcttcatt 

<210> SEQ ID NO 129 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 129 

cattacttitc cittctgctcg 

<210> SEQ ID NO 130 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 130 

tdcaacatgc citctottcat 

<210> SEQ ID NO 131 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 131 

cattacttitc ctittaagaaa 

<210> SEQ ID NO 132 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 132 

caacaccoac citgctgitatt 

<210> SEQ ID NO 133 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 133 

citggtacago citatttataa 

20 

20 

20 

20 

20 

20 

20 
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72 

-continued 

SEQ ID NO 134 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 134 

catcttgtta cotctottca 

<400 

SEQ ID NO 135 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 135 

to caa.catgc ctaataatga 

<400 

SEQ ID NO 136 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 136 

gaaaacttac caccagtgtg 

<400 

SEQ ID NO 137 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 137 

ttitt catgga cct gtaaaaa 

<400 

SEQ ID NO 138 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 138 

ggattattitt aatagoctoa 

<400 

SEQ ID NO 139 
LENGTH 15 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 139 

tactitt.ccitt citgct 

SEQ ID NO 140 
LENGTH 15 
TYPE DNA 

20 

20 

20 

20 

20 

15 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 140 

aacatgccitc. tctitc 

<210> SEQ ID NO 141 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 141 

tacttitccitt taaga 

<210> SEQ ID NO 142 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 142 

cacccaccitg citgita 

<210> SEQ ID NO 143 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 143 

gtacagocta tittat 

<210> SEQ ID NO 144 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 144 

cittgttacct citctt 

<210> SEQ ID NO 145 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 145 

aacatgccita ataat 

<210> SEQ ID NO 146 
&2 11s LENGTH 15 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

15 

15 

15 

15 

15 

15 
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SEQUENCE: 146 

aacttaccac cagtg 

<400 

SEQ ID NO 147 
LENGTH 15 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

74 

-continued 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 147 

to atgg acct gtaaa 

<400 

SEQ ID NO 148 
LENGTH 15 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 148 

ttcttittaat agcct 

<400 

gttittgcacc titcgtttcct gcgg.cggctt citgtcgtotc cittgctttitt gctcitcc.cag 

gttc.cgaggc cqc.cgc.gc.gt Citc.ccgggga agc atg gC g atg aag gCC gtg togC 
Met Ala Met Lys Ala Val Cys 

SEQ ID NO 149 
LENGTH 650 
TYPE DNA 

ORGANISM: R. norvegicus 
FEATURE: 
NAME/KEY: CDS 
LOCATION: (94) . . . (558) 

SEQUENCE: 149 

gtg Ctg aag ggc gaC ggt CC g 
Val Lieu Lys Gly Asp Gly Pro 

10 

aag goa agc ggit gaa cca gtt 
Lys Ala Ser Gly Glu Pro Wal 

25 30 

act gala ggc gag cat ggg titc 
Thr G 
40 

u Gly Glu His Gly Phe 
45 

caa ggc tot acc act gca gga 
Glin G y Cys Thr Thr Ala Gly 

60 

Cat ggc ggit CC a gcq gat gala 
His G y Gly Pro Ala Asp Glu 

75 

gtg gct gct gga aag gaC ggit 
Val Ala Ala Gly Lys Asp Gly 

9 O 

gtg atc. tca citc. tca gga gag 
Wall I e Ser Lieu Ser Gly Glu 

O5 110 

gto: cac gag aaa caa gat gac 
Val His Glu Lys Glin Asp Asp 
120 125 

gtg 
Wall 
15 

gtg 
Wall 

cat 
His 

cost 
Pro 

gag 
Glu 

gtg 
Wall 
95 

cat 
His 

ttg 
Telu 

1 

Cag ggc 
Glin Gly 

gtg to a 
Wal Ser 

gtc. cat 
Wal His 

cat titt 
His Phe 

65 

agg cat 
Arg His 
8O 

gcc aat 
Ala Asn 

to c atc. 
Ser Ile 

ggC aaa. 
Gly Lys 

gto 
Wall 

gga 
Gly 

Cala 

Glin 
50 

aat 
Asn 

gtt 
Wall 

gtg 
Wall 

att 
Ile 

ggit 
Gly 
130 

att 
Ile 

Cag 
Glin 
35 

tat 

cost 
Pro 

gga 
Gly 

too 
Ser 

ggC 
Gly 
115 

gga 
Gly 

cac 

His 
20 

att 
Ile 

ggg 
Gly 

cac 

His 

gac 
Asp 

att 
Ile 
100 

cgt. 
Arg 

aat 
Asn 

5 

titc. 
Phe 

aca 

Thr 

gac 
Asp 

tot 
Ser 

citg 
Telu 
85 

gaa 
Glu 

act 
Thr 

gaa 
Glu 

gag 
Glu 

gga 
Gly 

aat 
Asn 

aag 
Lys 
70 

ggC 
Gly 

gat 
Asp 

atg 
Met 

gaa 
Glu 

Cag 
Glin 

tta 
Telu 

aca 

Thr 
55 

a.a.a. 

aat 
Asn 

cgt. 
Arg 

gtg 
Wall 

agt 
Ser 
135 

15 

15 

15 

60 

114 

162 

210 

258 

306 

354 

4 O2 

450 

498 
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agaaac atgg cqgtocagog gatgaagaga ggtgagcago attct citcat gcatggtggit 360 

ggagaggggit citgtggaaaa cacctgaaga cagaact gag togtotcact gccttitt citt 420 

ttgtatgttt coattcacco aactcccaca tocccaagta citggaatagt ttatattggg 480 

tgaaggagct gacaaatgttg gactcittaag tatttagtt ttgtag catt tattgaagat 540 

galactaatac aagtgccaaa aggaaccalat acagaaaata totatogataa cagtact atc 600 

acgtcactag caaaggtaaa to attgtata atato attaa to Cagattaa taaaaactag 660 

ttgagatticc gtttgtatgt galaccittagg aagttcct tca tattalagagg ctagotctitt 720 

gaatgagctg gag caaacct tcgtaatcag gagctgcata citt.cgta acc togaagtgcc 78O 

ttcttctaga gcagagtga 799 

<210> SEQ ID NO 154 
&2 11s LENGTH 476 
&212> TYPE DNA 
<213> ORGANISM: R. norvegicus 

<400 SEQUENCE: 154 

attaga catt agatcc citat gattgggaaa taggcatgtt goagacctgg gcaatgtggc 60 

tgctggaaag gacggtgtgg ccaatgttgtc. cattgaagat cqtgtgatct cactcitcagg 120 

agag cattcc atcattggcc gtactatogt ggtaagtttc catatagtag tagatgtagg 18O 

atttcttcta acatagittat gtacctttcc atgactitcgt ggtggtggitt aaactagttc 240 

citaaaagatc acataaattg gtaagatgtt cagaatagga aaaaatatta ttittattgga 3OO 

tgtaatagta aagaattaat ttgcc tag to agittaagaac gotcgttctg. citcgaagtgc 360 

tggtagaaag citggittacat ttgat cagac toggatctgag titgaggatac aatagtctitt 420 

agtttaaaac agctggattt tottgccatg attgccc.cct tacagttaat catttc 476 

<210 SEQ ID NO 155 
&2 11s LENGTH 630 
&212> TYPE DNA 
<213> ORGANISM: R. norvegicus 

<400 SEQUENCE: 155 

cittagtag to tacttittag citgatggcaa aaaattagct tattgattta citaatagatt 60 

tgaacattitt citaatataca togtoctittg aagtattgct gggaagaagit gctaattact 120 

tacttgatca cagaaaccita aatgttctta attcttittca aaggtocacg agaaacaaga 18O 

tgacittgggc aaaggtggaa atgaagaaag tacaaag act ggaaatgct g gaag.ccgctt 240 

ggcttgttggt gtgattggga ttgcc caata aac attccct atgttggtotg agt citcagac 3OO 

to atctgctg. tcc toctaaa citgtagaaac caaac catta aactgtaatc tta acagttg 360 

titccaatgtg totgcatc.cc tittgcttact gctaagg cat cogtgagtga gaggtgctac 420 

gagtag gttt gagg tatgt ggttgacaat toctogaatgt gtacaactct tagaactaaa 480 

tagtgttgtt ttctgtgc.cc agacccitcac toggtggttt aagctgaaat ttctotttca 540 

agccitctotc. tctictotgtg tdtgttgttctg totgttgttgttg totgtgttgttg tdtgttgttgtg 600 

agagagagag act gag actt atttagagct 630 

<210 SEQ ID NO 156 
&2 11s LENGTH 544 
&212> TYPE DNA 
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-continued 

<213> ORGANISM: R. norvegicus 

<400 SEQUENCE: 156 

ttagtattoa totagaaata gcc acgagca aggaaac act tagtagt citg cittittagctg 60 

atag cataaa aattagctta ttgatttact aatagatttgaacattttct aatatacatg 120 

gtoctittgaa gtattgctgg gaagaagtgc taattactitg atcaccgaaa cctaaatgtt 18O 

cittaattctt ttcaaagg to cac gagaaac aagatgacitt goggcaaaggt ggaaatgaag 240 

aaagtacaaa gacitggaaat gctggaagcc gcttggcttg togtotgatt goggattgcc.c 3OO 

aataaacatt coccitat gtgg totgagtc.tc agact catct gctgtcc toc taaactgtag 360 

aaaaaaacca aaccattaaa citgtaatctt alacagttgtt aactotgtga citcctittgac 420 

ttgctotalag gacittgcagt gag aggtgac tacgatgtt toggaggatgt gtagaacttic 480 

citgaatgtgt acaact catt galactaaaat citgttgtttctgtgc.ca.gac citcactggtg 540 

taag 544 

<210 SEQ ID NO 157 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400> SEQUENCE: 157 

gtgcgc.gc.ga gcc.cgaaatc 20 

<210 SEQ ID NO 158 
&220s FEATURE 

<400 SEQUENCE: 158 

OOO 

<210 SEQ ID NO 159 
&2 11s LENGTH 16 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 159 

tgctgaaggg C gacgg 16 

<210> SEQ ID NO 160 
&2 11s LENGTH 19 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 160 

gttcaccgct td.ccttctg 19 

<210> SEQ ID NO 161 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
&223> OTHER INFORMATION PCR Probe 
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<400 SEQUENCE: 161 

cc.ggtgcagg gcgtoattca citt 

<210> SEQ ID NO 162 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 162 

C gCaggaaac galaggtgcaa. 

<210> SEQ ID NO 163 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 163 

gcc.gcaggaa acgalaggtgc 

<210> SEQ ID NO 164 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 164 

Ctcggalacct gggaga.gcaa. 

<210 SEQ ID NO 165 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 165 

ttcatc.gc.ca tactitccc.cg 

<210> SEQ ID NO 166 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 166 

acggcctt.ca togccatgct 

<210 SEQ ID NO 167 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 167 

cacacggcct tcatc.gc.cat 

23 

20 

20 

20 

20 

20 

20 
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-continued 

SEQ ID NO 168 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 168 

totagdacgca cacggc ctitc 

<400 

SEQ ID NO 169 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 169 

gcc.cittcago acgcacacgg 

<400 

SEQ ID NO 170 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 170 

gtogcc ctitc agcacgcaca 

<400 

SEQ ID NO 171 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 171 

ggaccgtogc cct tcago ac 

<400 

SEQ ID NO 172 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 172 

citgcto gaag togaatgacgc 

<400 

SEQ ID NO 173 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 173 

cittgccttct gcticgaagtg 

SEQ ID NO 174 
LENGTH 2.0 
TYPE DNA 

20 

20 

20 

20 

20 

20 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 174 

caccgcttgc cittctgctcg 

<210 SEQ ID NO 175 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 175 

tggttcaccg cittgccttct 

<210 SEQ ID NO 176 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 176 

acaactggitt caccgcttgc 

<210 SEQ ID NO 177 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 177 

taatctgtcc tdacaccaca 

<210 SEQ ID NO 178 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 178 

toctgtaatc tdtcctgaca 

<210 SEQ ID NO 179 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 179 

ttaatcctgt aatctgtc.ct 

<210 SEQ ID NO 18O 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

20 

20 

20 

20 

20 

20 
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<400 SEQUENCE: 18O 

ccatgctogc ctitcagttaa 

<210> SEQ ID NO 181 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 181 

acatggalacc catgctic goc 

<210> SEQ ID NO 182 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 182 

attgatggac atggalacc ca 

<210 SEQ ID NO 183 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 183 

ccttgttgtat tigtocc cata 

<210> SEQ ID NO 184 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 184 

tacagocttg totattgtcc 

<210 SEQ ID NO 185 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 185 

gtgaggatta aaatgaggto 

<210 SEQ ID NO 186 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 186 

cittagagtga ggattaaaat 

20 

20 

20 

20 

20 

20 

20 

Jan. 27, 2005 



US 2005/0019915 A1 

<400 

83 

-continued 

SEQ ID NO 187 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 187 

tgtttcttag agtgaggatt 

<400 

SEQ ID NO 188 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 188 

ttgcc.caggit citccaa.catg 

<400 

SEQ ID NO 189 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 189 

acattgcc.ca ggtotccaac 

<400 

SEQ ID NO 190 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 190 

cacaccgt.cc titt.ccagoag 

<400 

SEQ ID NO 191 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 191 

ttggccacac cqtcctttcc 

<400 

SEQ ID NO 192 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 192 

acattggcca caccgtccitt 

SEQ ID NO 193 
LENGTH 2.0 
TYPE DNA 

20 

20 

20 

20 

20 
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-continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 193 

acacattggc cacaccgtcc 

<210> SEQ ID NO 194 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 194 

aatggacaca ttggcc acac 

<210 SEQ ID NO 195 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 195 

tottcaatgg acacattggc 

<210 SEQ ID NO 196 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 196 

cacgatcttcaatggacaca 

<210 SEQ ID NO 197 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 197 

to acac gatc ttcaatggac 

<210 SEQ ID NO 198 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 198 

gatcacacga tottcaatgg 

<210 SEQ ID NO 199 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

20 

20 

20 

20 

20 
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SEQUENCE: 199 

cggccaatga tiggaatgcto 

<400 

SEQ ID NO 200 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 200 

tagtacggcc aatgatggaa 

<400 

SEQ ID NO 201 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 201 

togtggacca ccatagtacg 

<400 

SEQ ID NO 202 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 202 

ttct cqtgga ccaccatagt 

<400 

SEQ ID NO 203 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 203 

cggctt.ccag catttccagt 

<400 

SEQ ID NO 204 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 204 

ccaag.cggct tccago attt 

<400 

SEQ ID NO 205 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 205 

cacaagccaa goggct tcca 

20 

20 

20 

20 
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86 

-continued 

SEQ ID NO 206 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 206 

to acaccaca agccaag.cgg 

<400 

SEQ ID NO 207 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 207 

gcaatc.ccaa toacaccaca 

<400 

SEQ ID NO 208 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 208 

tgggcaatcc caatcacacic 

<400 

SEQ ID NO 209 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 209 

ttattgggca atc.ccaatca 

<400 

SEQ ID NO 210 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 210 

cacataggga atgtttattg 

<400 

SEQ ID NO 211 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 211 

totag accaca tagggaatgt 

SEQ ID NO 212 
LENGTH 2.0 
TYPE DNA 

20 

20 

20 

20 
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-continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 212 

agacitcagac cacataggga 

<210> SEQ ID NO 213 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 213 

totgagacitc agaccacata 

<210> SEQ ID NO 214 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 214 

caggacagoa gatgagtctg 

<210> SEQ ID NO 215 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 215 

tagcaggaca gcagatgagt 

<210> SEQ ID NO 216 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 216 

acagtttagc aggacagoag 

<210> SEQ ID NO 217 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 217 

totacagttt agcaggacag 

<210> SEQ ID NO 218 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

20 

20 

20 

20 

20 
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<400 SEQUENCE: 218 

gattacagtt taatggtttg 

<210> SEQ ID NO 219 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 219 

tagc gatgca aactgctotc 

<210> SEQ ID NO 220 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 220 

ataggatago gatgcaaact 

<210> SEQ ID NO 221 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 221 

tagg acctac cittgttgtatt 

<210> SEQ ID NO 222 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 222 

taag acttac cittgttgtatt 

<210> SEQ ID NO 223 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 223 

actctgacco attcatctoa 

<210> SEQ ID NO 224 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 224 

gctgctcacc totcttcatc 

20 

20 

20 

20 
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-continued 

SEQ ID NO 225 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 225 

ttgctagtga C gtgatagta 

<400 

SEQ ID NO 226 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 226 

atacaaacgg aatctoaact 

<400 

SEQ ID NO 227 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 227 

citccagotca ttcaaagagc 

<400 

SEQ ID NO 228 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 228 

agtatgcago toc to attac 

<400 

SEQ ID NO 229 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 229 

gaaggc actt cqaggttacg 

<400 

SEQ ID NO 230 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 230 

ggaaacttac caccatagta 

SEQ ID NO 231 
LENGTH 2.0 
TYPE DNA 

20 

20 

20 

20 

20 
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-continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 231 

tatggaaact taccaccata 

<210> SEQ ID NO 232 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 232 

gcaaattaat tctttacitat 

<210> SEQ ID NO 233 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 233 

gtatccitcaa citcagatcca 

<210> SEQ ID NO 234 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 234 

totcgtggac ctittgaaaag 

<210 SEQ ID NO 235 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 235 

agcagacitac taagtgtttc 

<210> SEQ ID NO 236 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 236 

ttittatgcta toag.ctaaaa 

<210 SEQ ID NO 237 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

20 

20 

20 

20 

20 

20 
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-continued 

SEQUENCE: 237 

taaatcaata agctaattitt 

<400 

SEQ ID NO 238 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 238 

gttcaaatct attagtaaat 

<400 

SEQ ID NO 239 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 239 

citcgtggacc tittgaaaaga 

<400 

SEQ ID NO 240 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 240 

tgggaga.gca aaaa.gcaagg 

<400 

SEQ ID NO 241 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 241 

galacctggga gag caaaaag 

<400 

SEQ ID NO 242 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 242 

gCCtcggaac Ctgggaga gC 

<400 

SEQ ID NO 243 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 243 

CggCCtcgga acctgggaga 

20 

20 

20 
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-continued 

SEQ ID NO 244 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 244 

ggcggCCtcg galacctggga 

<400 

SEQ ID NO 245 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 245 

catgct tccc cqggagacgc 

<400 

SEQ ID NO 246 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 246 

togc catgct tcc.ccgggag 

<400 

SEQ ID NO 247 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 247 

catcgc.catg citt.ccc.cggg 

<400 

SEQ ID NO 248 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 248 

gcctitcatcg ccatgctitcc 

<400 

SEQ ID NO 249 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 249 

gcacgcacac ggc citt catc 

SEQ ID NO 250 
LENGTH 2.0 
TYPE DNA 

20 

20 

20 

20 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 250 

cittcago acg cacacggcct 

<210> SEQ ID NO 251 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 251 

ttctgctoga agtgaatgac 

<210> SEQ ID NO 252 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 252 

tgccittctgc ticgaagtgaa 

<210 SEQ ID NO 253 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 253 

cgcttgccitt citgctogaag 

<210> SEQ ID NO 254 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 254 

ttcaccgctt gccttctgct 

<210 SEQ ID NO 255 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 255 

ccacaactgg titcaccgctt 

<210 SEQ ID NO 256 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

20 

20 

20 

20 

20 
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<400 SEQUENCE: 256 

caccacaact g gttcaccgc 

<210 SEQ ID NO 257 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 257 

tgtc.ctgaca ccacaactgg 

<210 SEQ ID NO 258 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 258 

totgtc.ctga caccacaact 

<210 SEQ ID NO 259 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 259 

tgtaatctgt catgacacca 

<210> SEQ ID NO 260 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 260 

aatcctgtaa totgtc.ctga 

<210> SEQ ID NO 261 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 261 

agittaatcct gtaatctgtc 

<210> SEQ ID NO 262 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Antisense Oligonucleotide 

<400 SEQUENCE: 262 

toagittaatc citgitaatctg 

20 
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-continued 

SEQ ID NO 263 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 263 

accoatgcto gocttcagtt 

<400 

SEQ ID NO 264 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 264 

atggalacc ca togctogccitt 

<400 

SEQ ID NO 265 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 265 

ggacatggaa cccatgctic g 

<400 

SEQ ID NO 266 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 266 

tgatggacat ggalacc catg 

<400 

SEQ ID NO 267 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 267 

catattgatg gacatggaac 

<400 

SEQ ID NO 268 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Oligonucleotide 

SEQUENCE: 268 

cc catattga tiggacatgga 

SEQ ID NO 269 
LENGTH 2.0 
TYPE DNA 

20 

20 

20 

20 
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