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(57) ABSTRACT 

Compounds, compositions and methods are provided for 
modulating the expression of HIF1-beta. The compositions 
comprise oligonucleotides, targeted to nucleic acid encoding 
HIF1-beta. Methods of using these compounds for modula 
tion of HIF1-beta expression and for diagnosis and treatment 
of diseases and conditions associated with expression of 
HIF1-beta are provided. 
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MODULATION OF HIF1 BETA EXPRESSION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 12/578.468, filed Oct. 13, 2009, which is 
a continuation of U.S. patent application Ser. No. 1 1/213,593, 
filed Aug. 25, 2005, now U.S. Pat. No. 7,618,947, which 
claims the benefit of priority to U.S. provisional patent appli 
cation Ser. No. 60/604,190, filed Aug. 25, 2004, and U.S. 
provisional patent application Ser. No. 60/649,586, filed Feb. 
2, 2005, all of which are incorporated herein by reference in 
their entirety. 

FIELD OF THE INVENTION 

0002 The present invention provides compositions and 
methods for modulating the expression of HIF1-beta. In par 
ticular, this invention relates to antisense compounds, par 
ticularly oligonucleotide compounds, which, in preferred 
embodiments, hybridize with nucleic acid molecules encod 
ing HIF1-beta. Such compounds are shown herein to modu 
late the expression of HIF1-beta. 

BACKGROUND OF THE INVENTION 

0003 Oxygen homeostasis in mammals is tightly regu 
lated, necessitated by the need to maintain sufficient levels for 
critical oxygen-dependent processes while minimizing the 
production of oxygen reactive species that are capable of 
causing oxidative damage to DNA, lipids, and proteins. In a 
state of hypoxia, where oxygen demand exceeds Supply, a 
physiological response is mounted that increases the capacity 
of blood to carry oxygen to tissues and alters cellular metabo 
lism, such as facilitating ATP production by anaerobic glyco 
lysis. The hypoxia-inducible factors (HIFs) are key transcrip 
tional regulators of this hypoxic response. These factors have 
also been implicated in the pathology of many major human 
diseases, including cancer, myocardial infarction, ischemia 
and preeclampsia (Harris, Nat. Rev. Cancer, 2002, 2, 38–47); 
(Lee et al., NEngll JMed, 2000, 342, 626-633); (Aplin, J. Clin 
Invest, 2000, 105, 559-560)). Cells are typically cultured in 
the laboratory at an ambient oxygen concentration of 21%, 
but cells in the human body are exposed to much lower 
oxygen concentrations ranging from 16% in the lungs to less 
than 6% in most other organs of the body and often signifi 
cantly less in tumors (Semenza, Trends Mol Med, 2001, 7. 
345-350). 
0004. The HIF proteins are heterodimers consisting of 
HIF1-beta and one of three alpha subunits, HIF1-alpha, 
HIF2-alpha and HIF3-alpha (Safran and Kaelin, J. Clin. 
Invest., 2003, 111, 779-783). The discovery of the HIF pro 
teins was enabled by the identification of a minimal hypoxia 
responsive element (HRE) in the 3' enhancer of the erythro 
poietin gene (Wang and Semenza, Proc Natl AcadSci USA, 
1993,90,4304-4308). Subsequent analysis identified the HIF 
protein as a phosphorylation-dependent protein that binds 
DNA under hypoxic conditions (Wang and Semenza, J Biol 
Chem, 1993, 268, 21513-21518). Purification of this DNA 
binding factor revealed HIF was a heterodimeric complex 
consisting of a novel protein, HIF1-alpha, and the aryl hydro 
carbon nuclear translocator (ARNT, also termed HIF1-beta), 
previously identified as a binding partner of the dioxin/aryl 
hydrocarbon receptor (Wang and Semenza, J. Biol. Chem., 
1995, 270, 1230-1237.); (Hoffman et al., Science, 1991, 252, 
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954-958). HIF proteins belong to a class of transcription 
factors termed basic helix-loop-helix proteins, grouped by 
two conserved domains. The basic region consists of approxi 
mately 15 predominantly basic amino acids responsible for 
direct DNA binding. This region is adjacent to two amphip 
athic alpha helices, separated by a loop of variable length, 
which forms the primary dimerization interface between fam 
ily members (Moore et al., Proc Natl AcadSci USA, 2000,97, 
10436-10441). 
0005 HIF1-beta is a key player in two major signaling 
pathways, the hypoxic-response pathway and the aryl hydro 
carbon receptor (AHR) pathway. Since the discovery of 
HIF1-alpha/HIF1-beta involvement in erythropoietin tran 
scription, HIF activity has been detected in various non 
erythropoietin-producing cell lines cultured under hypoxic 
conditions (Wang and Semenza, Proc Natl Acad Sci USA, 
1993, 90, 4304-4308); (Maxwell et al., Proc Natl Acad Sci 
USA, 1993, 90,2423-2427), providing the first evidence that 
the HIF1 dimer not only activates the erythropoietin gene, but 
is part of a widespread oxygen-sensing and signal transduc 
tion mechanism. Under normoxic conditions, HIF1-alpha is 
rapidly degraded due to the oxygen-dependent hydroxylation 
of specific proline residues that mark the protein for protea 
somal degradation (Jewell et al., Faseb J. 2001, 15, 1312 
1314); (Gorlach et al., Biochim Biophys Acta, 2000, 1493, 
125-134). Under hypoxic conditions, this hydroxylation is 
reversed, and the protein is further stabilized by phosphory 
lation (Wang et al., Biochem Biophy's Res Commun, 1995, 
216,669-675). Subsequently, the proteinistranslocated to the 
nucleus, where it interacts with HIF1-beta to form a het 
erodimeric transcription factor (Kallio et al., Embo J, 1998, 
17, 6573-6586). Studies in HIF1-beta deficient cells revealed 
an absolute requirement for this dimerization step for the 
transcriptional activation of hypoxia response element genes 
(Wood et al., J Biol Chem, 1996,271, 15117-15123). Catego 
ries of genes that are activated by the HIF1 dimer include 
oxygen transport genes, such as erythropoietin (Semenza et 
al., J Biol Chem, 1994, 269, 23757-23763) and transferrin 
(Rolfs et al., J Biol Chem, 1997, 272, 20055-20062); genes 
involved in angiogenesis, such as VEGF (Levy et al., J Biol 
Chem, 1995, 270, 13333-13340); and genes involved in 
anaerobic metabolism, Such as glucose transporter 1 (Ebert et 
al., J Biol Chem, 1995, 270,29083-29089). Hypoxia-induced 
genes Such as VEGF are thought to play a role in promoting 
angiogenesis and Subsequent tumor growth (Harris, Nat. Rev. 
Cancer, 2002, 2, 38-47). 
0006 HIF transcriptional activity is precisely regulated by 
cellular oxygen concentration. Whereas changes in oxygen 
levels do no affect HIF1-beta protein levels, the abundance of 
the HIF-alpha subunits is markedly increased upon exposure 
of cells to hypoxia, primarily due to stabilization of the alpha 
subunits (Safran and Kaelin, J. Clin. Invest., 2003, 111, 779 
783). HIF2-alpha mRNA and protein is expressed at low 
levels in tissue culture cells, but protein expression is mark 
edly induced by exposure to 1% oxygen, a hypoxic state 
(Wiesener et al., Blood, 1998, 92, 2260-2268). The HIF2 
alpha/HIF1-beta heterodimer protein binds to the hypoxic 
response element, which contains the core recognition 
sequence 5'-TACGTG-3' and is found in the cis-regulatory 
regions of hypoxia-regulated genes (Ema et al., Proc. Natl. 
Acad. Sci. U.S.A., 1997, 94,4273-4278); (Hogeneschet al., J. 
Biol. Chem., 1997, 272, 8581-8593). Binding of the het 
erodimer to the HRE induces gene expression (Wiesener et 
al., Blood, 1998, 92,2260-2268). 
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0007. In contrast to the HIF-alpha subunits, HIF1-beta is 
stable under both hypoxic and normoxic conditions, and also 
participates in the arylhydrocarbon receptor (AHR) signaling 
pathway. AHR is a cytoplasmic receptor protein that translo 
cates to the nucleus after ligand binding. Ligands of AHR 
include 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), an 
environmental toxin that is a by-product of industrial pro 
cesses (Poland et al., J Biol Chem, 1976, 251, 4936-4946): 
polycylic aromatic hydrocarbons, found in cigarette Smoke 
and smog (Reisz-Porszasz et al., Mol Cell Biol, 1994, 14, 
6075-6086); and heterocyclic amines, found in some cooked 
meats (Reisz-Porszasz et al., Mol Cell Biol, 1994, 14, 6075 
6086). After ligand-binding and nuclear translocation, AHR 
forms a dimer with HIF1-beta, resulting in the activation of a 
number of genes involved in drug metabolism, Such as the 
cytochromes P450, CYP1A1, CYP1A2, and CYP1B1. AHR/ 
HIF1-beta dimers are capable of activating a range of other 
genes regulated by the dioxin response element (DRE), 
resulting in some of the toxic and carcinogenic effects asso 
ciated with many of the AHR ligands, such as immunotoxic 
ity, developmental and reproductive toxicity, disruption of 
endocrine pathways, a wasting syndrome, and tumor promo 
tion (Safe, Toxicol Lett, 2001, 120, 1-7). Ohtake and col 
leagues (Ohtake et al., Nature, 2003, 423, 545-550) demon 
strated that the AHR/HIF1-beta heterodimer directly 
associates with the estrogen receptors ER-alpha and ER-beta. 
They showed that this association results in the recruitment of 
unliganded estrogen receptor and coactivator p300 to estro 
gen-responsive gene promoters, leading to activation of tran 
Scription and estrogenic effects and giving rise to the adverse 
estrogen-related actions of dioxin-type environmental con 
taminants. 

0008. The role of HIF1-beta in both hypoxia-induced and 
AHR signaling pathways makes it an attractive therapeutic 
candidate, as both of these pathways have been linked to 
various forms of malignancies (Harris, Nat. Rev. Cancer, 
2002, 2, 38-47); (Safe, Toxicol Lett, 2001, 120, 1-7). The 
angiogenic promoting capabilities of HIF1-beta also mark 
this gene as a potential therapeutic target for a variety of 
angiogenic disorders, such as arthritis, cardiovascular dis 
eases, skin conditions, aberrant wound healing and ocular 
conditions (e.g., macular degeneration, diabetic retinopathy, 
diabetic macular edema and retinopathy of prematurity). 
0009 PCT publication WO 02/053735 discloses the use of 
an oligonucleotide 35 nucleotides in length as a PCR primer 
for amplification of the HIF1-beta sequence. 
0010 U.S. Pat. No. 6,352.829 discloses the use of an oli 
gonucleotide 26 nucleotides in length as a PCR primer for 
amplification of the HIF1-beta sequence. 
0011 U.S. pre-grant publication 2004-0152655 discloses 
antisense oligonucleotide compounds for inhibiting HIF1 
alpha. 
0012 U.S. pre-grant publication 2004–0096848 discloses 
oligomeric compounds directed against HIF1-alpha. 
0013 U.S. pre-grant publication 2005-0163781 discloses 
compounds for use as inhibitors of hypoxia-induced genes, 
such as HIF1-alpha and HIF2-alpha, to treat adhesion forma 
tion. 

0014 U.S. pre-grant publication 2004-0180357 discloses 
HIF1-alpha siRNA compounds for downregulating expres 
sion of HIF1-alpha and VEGF and inhibiting angiogenesis. 
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(0015 U.S. pre-grant publication 2005-0148496 discloses 
methods of treating inflammatory disorders such as rheuma 
toid arthritis using compounds that inhibit HIF1-alpha activ 
ity. 
(0016 U.S. pre-grant publication 2004-0086498 discloses 
methods for treating animals with advanced or large tumor 
burdens by administration of an immunotherapeutic agent 
and a tumor growth restricting agent, such as an expression 
vector encoding an antisense version of HIF1-alpha. 
(0017 U.S. pre-grant publication 2005-0070474 discloses 
methods of treating tumors using an agent to increase B7-H3 
in combination with an agent to inhibit HIF1-alpha, HIF2 
alpha or HIF3-alpha. 
0018 Currently, there are no known therapeutic agents 
which effectively inhibit the synthesis of HIF1-beta and to 
date, investigative strategies aimed at modulating the func 
tion of HIF1-beta have involved the use of antibodies and 
inactive mutants. Consequently, there remains a long felt 
need for additional agents capable of effectively inhibiting 
HIF1-beta function. 
0019 Antisense technology is an effective means for 
reducing the expression of specific gene products and may 
therefore prove to be uniquely useful in a number of thera 
peutic, diagnostic, and research applications for the modula 
tion of HIF1-beta expression. Provided herein are antisense 
compounds for inhibition of HIF1-beta expression. The dis 
closed compounds can used for treating or preventing condi 
tions associated with HIF1-beta, Such as cancer and angio 
genic disorders. 

SUMMARY OF THE INVENTION 

0020. The present invention is directed to antisense com 
pounds, especially nucleic acid and nucleic acid-like oligo 
mers, which are targeted to a nucleic acid encoding HIF1 
beta, and which modulate the expression of HIF1-beta. 
Pharmaceutical and other compositions comprising the com 
pounds of the invention and methods of treating an animal, 
particularly a human, Suspected of having or being prone to a 
disease or condition associated with expression of HIF1-beta 
are also set forth herein. 
0021 Provided herein are antisense oligonucleotides 
which are specifically hybridizable with a nucleic acid mol 
ecule encoding human HIF1-beta. The HIF1-beta antisense 
oligonucleotides comprise at least one internucleoside, Sugar 
or nucleobase modification. Contemplated are oligonucle 
otides 13 to 80, 13 to 50, 13 to 30, 20 to 30, 15 to 25 or 20 
nucleobases in length. In one embodiment, the internucleo 
side modification is a phosphorothioate. In one embodiment, 
the modified sugar moiety is a 2'-O-(2-methoxyethyl). In one 
embodiment, the modified nucleobase in a 5-methylcytosine. 
In some embodiments, the HIF1-beta antisense oligonucle 
otides further comprise a complementary Strand. Also pro 
vided are antisense oligonucleotides which specifically 
hybridize to a splice variant of human HIF1-beta. 
0022. In one embodiment, the antisense oligonucleotides 
comprise at least an 8-nucleobase portion of one of the illus 
trative antisense oligonucleotides provided herein. In one 
embodiment, the antisense oligonucleotide is specifically 
hybridizable with at least a portion of a start codon region of 
human HIF1-beta. In another embodiment, the antisense oli 
gonucleotide comprises at least an 8-nucleobase portion of 
SEQ ID NO: 30. In one embodiment, the antisense oligo 
nucleotide is specifically hybridizable with at least of portion 
of nucleotides 1876-1895 of a coding region of human HIF1 
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beta. In another embodiment, the antisense oligonucleotide 
comprises at least an 8-nucleobase portion of SEQID NO: 77. 
0023. Further provided are chimericantisense oligonucle 
otides which are specifically hybridizable with a nucleic acid 
molecule encoding human HIF1-beta. In one embodiment, 
the chimeric antisense oligonucleotides have a first region 
comprising deoxynucleotides and second and third regions 
flanking the first region comprising at least one 2'-O-(2-meth 
oxyethyl) nucleotide. In some embodiments, the first region 
is 10 deoxynucleotides in length and the second and third 
regions are each 5 nucleotides in length. The chimeric anti 
sense oligonucleotides provided herein may further comprise 
a phosphorothioate linkage at each position. 
0024. Also provided are pharmaceutical compositions 
comprising the antisense oligonucleotides of the invention 
and a pharmaceutically acceptable carrier or diluent. Pharma 
ceutical compositions further comprising a colloidal disper 
sion system are also provided. 
0025. The present invention also provides methods of 
inhibiting expression of human HIF1-beta in cells or tissues 
by contacting the cells or tissues with one or more of the 
compounds provided herein such that expression is inhibited. 
In one embodiment, HIF1-beta expression is inhibited by 
20%. In another embodiment, HIF1-beta expression is inhib 
ited by 40%. In another embodiment, HIF1-beta expression is 
inhibited by 50%. In another embodiment, HIF1-beta expres 
sion is inhibited by 60%. In another embodiment, HIF1-beta 
expression is inhibited by 70%. In another embodiment, 
HIF1-beta expression is inhibited by 80%. In one embodi 
ment, the compounds used to inhibit expression of human 
HIF1-beta comprise at least an 8-nucleobase portion of SEQ 
ID NO:30. In another embodiment, the compounds used to 
inhibit expression of human HIF1-beta comprise at least an 
8-nucleobase portion of SEQID NO: 77. 
0026. Also provided are methods of inhibiting expression 
of HIF1-beta regulated genes in cells or tissues by contacting 
the cells or tissues with one or more of the compounds pro 
vided herein. In one embodiment, the HIF1-beta regulated 
gene is VEGF. In another embodiment, the HIF1-beta regu 
lated gene is GLUT-1. In another embodiment, the HIF1-beta 
regulated gene is PGK-1. In another embodiment, the HIF1 
beta regulated gene is PAI-1. In yet another embodiment, the 
HIF1-beta regulated gene is Epo. 
0027. Further provided are methods of treating an animal 
having a disease or condition associated with HIF1-beta com 
prising administrating to the animal atherapeutically or pro 
phylactically effective amount of a composition comprising 
one of more of the antisense oligonucleotides provided 
herein. In one embodiment, the disease or condition associ 
ated with HIF1-beta is a hyperproliferative disorder. In one 
aspect, the hyperproliferative disorder is cancer. In another 
aspect, the hyperproliferative disorder is an angiogenic dis 
order. In further embodiments, the angiogenic disorder is an 
ocular disorder. Ocular disorders contemplated herein, 
include, but are not limited to macular degeneration, diabetic 
retinopathy, macular edema and retinopathy of prematurity. 
In one embodiment, the compounds used to treat the disease 
or disorder comprise at least an 8-nucleobase portion of SEQ 
ID NO:30. In another embodiment, the compounds used to 
treat the disease or disorder comprise at least an 8-nucleobase 
portion of SEQID NO: 77. 
0028. Also provided are methods of treating an animal 
having a disease or condition associated with a HIF1-beta 
regulated gene by administrating to the animal atherapeuti 
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cally or prophylactically effective amount of a composition 
comprising one or more of the HIF1-beta antisense oligo 
nucleotides provided herein. In one embodiment, the disease 
or condition is a hyperproliferative disorder. In a further 
embodiment, the hyperproliferative disorder is an angiogenic 
disorder. 
0029. The present invention also provides methods of pre 
venting or inhibiting aberrant angiogenesis in an animal, 
methods of inhibiting tumor growth in an animal and methods 
of preventing or inhibiting ocular neovascularization in an 
animal, comprising administering to said animal one or more 
of the antisense oligonucleotides provided herein. 
0030. In one embodiment of the methods, the antisense 
oligonucleotides comprise at least an 8-nucleobase portion of 
one of the illustrative antisense oligonucleotides provided 
herein. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0031 HIF1-beta is known to play an important role in 
cellular signaling pathways that can contribute to a number of 
medically-important pathologic conditions such as cancer 
and disorders arising from aberrant angiogenesis. To date, 
there are no effective means for inhibition of HIF1-beta 
expression. Thus, disclosed herein are antisense compounds 
for modulation of HIF1-beta expression. The compounds of 
the invention can be used, for example, to inhibit or prevent 
aberrant angiogenesis, inhibit tumor growth, or inhibit 
expression of HIF1-beta regulated genes. 
0032. As used herein, “aberrant angiogenesis” refers to 
unwanted or uncontrolled angiogenesis. 
0033. As used herein, “targeting or “targeted to refer to 
the process of designing an oligomeric compound Such that 
the compound hybridizes with a selected nucleic acid mol 
ecule or region of a nucleic acid molecule. 
0034. As used herein, “hybridization” means the pairing 
of complementary strands of oligomeric compounds. In the 
context of the present invention, an oligomeric compound is 
“specifically hybridizable' when there is a sufficient degree 
of complementarity to avoid non-specific binding of the oli 
gomeric compound to non-target nucleic acid sequences. One 
ofskill in the art will be able to determine when an oligomeric 
compound is specifically hybridizable. 
0035. As used herein, a “HIF1-beta regulated gene' is a 
gene whose expression is modulated by HIF1-beta gene prod 
uctS. 

0036. The present invention employs antisense com 
pounds, preferably oligonucleotides and similar species for 
use in modulating the function or effect of nucleic acid mol 
ecules encoding HIF1-beta. This is accomplished by provid 
ing oligonucleotides which specifically hybridize with one or 
more nucleic acid molecules encoding HIF1-beta. As used 
herein, the terms “target nucleic acid and “nucleic acid mol 
ecule encoding HIF1-beta' have been used for convenience to 
encompass DNA encoding HIF1-beta, RNA (including pre 
mRNA and mRNA or portions thereof) transcribed from such 
DNA, and also cDNA derived from such RNA. The hybrid 
ization of a compound of this invention with its target nucleic 
acid is generally referred to as “antisense'. Consequently, the 
preferred mechanism believed to be included in the practice 
of some preferred embodiments of the invention is referred to 
herein as “antisense inhibition.” Such antisense inhibition is 
typically based upon hydrogen bonding-based hybridization 
of oligonucleotide strands or segments such that at least one 
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Strand or segment is cleaved, degraded, or otherwise rendered 
inoperable. In this regard, it is presently preferred to target 
specific nucleic acid molecules and their functions for Such 
antisense inhibition. 

0037. The functions of DNA to be interfered with can 
include replication and transcription. Replication and tran 
Scription, for example, can be from an endogenous cellular 
template, a vector, a plasmid construct or otherwise. The 
functions of RNA to be interfered with can include functions 
such as translocation of the RNA to a site of protein transla 
tion, translocation of the RNA to sites within the cell which 
are distant from the site of RNA synthesis, translation of 
protein from the RNA, splicing of the RNA to yield one or 
more RNA species, and catalytic activity or complex forma 
tion involving the RNA which may be engaged in or facili 
tated by the RNA. One preferred result of such interference 
with target nucleic acid function is modulation of the expres 
sion of HIF1-beta. In the context of the present invention, 
“modulation' and “modulation of expression” mean eitheran 
increase (stimulation) or a decrease (inhibition) in the amount 
or levels of a nucleic acid molecule encoding the gene, e.g., 
DNA or RNA. Inhibition is often the preferred form of modu 
lation of expression and mRNA is often a preferred target 
nucleic acid. 
0038. In the context of this invention, “hybridization” 
means the pairing of complementary Strands of oligomeric 
compounds. In the present invention, the preferred mecha 
nism of pairing involves hydrogen bonding, which may be 
Watson-Crick, Hoogsteen or reversed Hoogsteen hydrogen 
bonding, between complementary nucleoside or nucleotide 
bases (nucleobases) of the strands of oligomeric compounds. 
For example, adenine and thymine are complementary 
nucleobases which pair through the formation of hydrogen 
bonds. Hybridization can occur under varying circumstances. 
0039. An antisense compound is specifically hybridizable 
when there is a Sufficient degree of complementarity to avoid 
non-specific binding of the antisense compound to non-target 
nucleic acid 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 under 
conditions in which assays are performed in the case of in 
vitro assays. 
0040. In the present invention, the phrase “stringent 
hybridization conditions' or “stringent conditions' refers to 
conditions under which a compound of the invention will 
hybridize to its target sequence, but to a minimal number of 
other sequences. Stringent conditions are sequence-depen 
dent and will be different indifferent circumstances and in the 
context of this invention, “stringent conditions’ under which 
oligomeric compounds hybridize to a target sequence are 
determined by the nature and composition of the oligomeric 
compounds and the assays in which they are being investi 
gated. 
0041) “Complementary, as used herein, refers to the 
capacity for precise pairing between two nucleobases of an 
oligomeric compound. For example, if a nucleobase at a 
certain position of an oligonucleotide (an oligomeric com 
pound), is capable of hydrogen bonding with a nucleobase at 
a certain position of a target nucleic acid, said target nucleic 
acid being a DNA, RNA, or oligonucleotide molecule, then 
the position of hydrogen bonding between the oligonucle 
otide and the target nucleic acid is considered to be a comple 
mentary position. The oligonucleotide and the DNA, RNA, or 
oligonucleotide molecule are complementary to each other 
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when a Sufficient number of complementary positions in each 
molecule are occupied by nucleobases which can hydrogen 
bond with each other. Thus, “specifically hybridizable' and 
“complementary are terms which are used to indicate a 
Sufficient degree of precise pairing or complementarity overa 
sufficient number of nucleobases such that stable and specific 
binding occurs between the oligonucleotide and a target 
nucleic acid. 

B. Compounds of the Invention 
0042. According to the present invention, antisense com 
pounds include antisense oligomeric compounds, antisense 
oligonucleotides, siRNAS, ribozymes, external guide 
sequence (EGS) oligonucleotides, alternate splicers and other 
oligomeric compounds which hybridize to at least a portion 
of the target nucleic acid. As such, these compounds may be 
introduced in the form of single-stranded, double-stranded, 
circular or hairpin oligomeric compounds and may contain 
structural elements such as internal or terminal bulges or 
loops. Once introduced to a system, the compounds of the 
invention may elicit the action of one or more enzymes or 
structural proteins to effect modification of the target nucleic 
acid. 
0043. One non-limiting example of such an enzyme is 
RNAse H, a cellular endonuclease which cleaves the RNA 
strand of an RNA:DNA duplex. It is known in the art that 
single-stranded antisense compounds which are “DNA-like' 
elicit RNAse H. Activation of RNase H, therefore, results in 
cleavage of the RNA target, thereby greatly enhancing the 
efficiency of oligonucleotide-mediated inhibition of gene 
expression. Similar roles have been postulated for other ribo 
nucleases such as those in the RNase III and ribonuclease L 
family of enzymes. 
0044) While the one 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. 
0045. The term "oligomeric compound” refers to a poly 
meric structure capable of hybridizing to a region of a nucleic 
acid molecule. This term includes oligonucleotides, oligo 
nucleosides, oligonucleotide analogs, oligonucleotide 
mimetics and chimeric combinations of these. Oligomeric 
compounds are routinely prepared linearly but can be joined 
or otherwise prepared to be circular. Moreover, branched 
structures are known in the art. An “antisense compound” or 
'antisense oligomeric compound” refers to an oligomeric 
compound that is at least partially complementary to the 
region of a nucleic acid molecule to which it hybridizes and 
which modulates (increases or decreases) its expression. 
Consequently, while all antisense compounds can be said to 
be oligomeric compounds, not all oligomeric compounds are 
antisense compounds. An “antisense oligonucleotide' is an 
antisense compound that is a nucleic acid-based oligomer. An 
antisense oligonucleotide can be chemically modified. Non 
limiting examples of oligomeric compounds include primers, 
probes, antisense compounds, antisense oligonucleotides, 
external guide sequence (EGS) oligonucleotides and alter 
nate splicers. In one embodiment, the oligomeric compound 
comprises an antisense Strand hybridized to a sense strand. 
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Oligomeric compounds can be introduced in the form of 
single-stranded, double-stranded, circular, branched or hair 
pins and can contain structural elements such as internal or 
terminal bulges or loops. Oligomeric double-stranded com 
pounds can be two strands hybridized to form double 
Stranded compounds or a single strand with Sufficient self 
complementarity to allow for hybridization and formation of 
a fully or partially double-stranded compound. 
0046. The oligomeric compounds in accordance with this 
invention comprise compounds from about 8 to about 80 
nucleobases (i.e. from about 8 to about 80 linked nucleo 
sides). One of ordinary skill in the art will appreciate that this 
comprehends antisense compounds of 8, 9, 10, 11, 12, 13, 14, 
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 
32,33,34, 35,36, 37,38,39, 40, 41, 42, 43,44, 45,46, 47, 48, 
49, 50, 51, 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, or 80 
nucleobases. 
0047. In one embodiment, the antisense compounds of the 
invention comprise 13 to 80 nucleobases. One having ordi 
nary skill in the art will appreciate that this embodies anti 
sense compounds of 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 
24, 25, 26, 27, 28, 29 30, 31, 32,33, 34,35, 36, 37,38, 39, 40, 
41,42, 43,44, 45,46, 47,48, 49, 50, 51, 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, or 80 nucleobases. 
0048. In one embodiment, the antisense compounds of the 
invention comprise 13 to 50 nucleobases. One having ordi 
nary skill in the art will appreciate that this embodies anti 
sense compounds of 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 
24, 25, 26, 27, 28, 29 30, 31, 32,33, 34,35, 36, 37,38, 39, 40, 
41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 nucleobases. 
0049. In one embodiment, the antisense compounds of the 
invention comprise 13 to 30 nucleobases. One having ordi 
nary skill in the art will appreciate that this embodies anti 
sense compounds of 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 
24, 25, 26, 27, 28, 29 or 30 nucleobases. 
0050. In one embodiment, the antisense compounds of the 
invention comprise 20 to 30 nucleobases. One having ordi 
nary skill in the art will appreciate that this embodies anti 
sense compounds of 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 
30 nucleobases. 
0051. In one embodiment, the antisense compounds of the 
invention comprise 15 to 25 nucleobases. One having ordi 
nary skill in the art will appreciate that this embodies anti 
sense compounds of 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 or 
25. 

0052. In one embodiment, the antisense compounds of the 
invention comprise 20 nucleobases. 
0053. In one embodiment, the antisense compounds of the 
invention comprise 19 nucleobases. 
0054. In one embodiment, the antisense compounds of the 
invention comprise 18 nucleobases. 
0055. In one embodiment, the antisense compounds of the 
invention comprise 17 nucleobases. 
0056. In one embodiment, the antisense compounds of the 
invention comprise 16 nucleobases. 
0057. In one embodiment, the antisense compounds of the 
invention comprise 15 nucleobases. 
0058. In one embodiment, the antisense compounds of the 
invention comprise 14 nucleobases. 
0059. In one embodiment, the antisense compounds of the 
invention comprise 13 nucleobases. 

Dec. 16, 2010 

0060 Antisense compounds 13-80 nucleobases in length 
comprising a stretch of at least eight (8) consecutive nucleo 
bases selected from within the illustrative antisense com 
pounds are considered to be suitable antisense compounds. 
Antisense compounds 13-80 nucleobases in length compris 
ing a stretch of at least eight (8) consecutive nucleobases 
selected from within the illustrative antisense compounds are 
considered to be suitable antisense compounds as well. 
0061 Compounds of the invention include oligonucle 
otide sequences that comprise at least the 8 consecutive 
nucleobases from the 5'-terminus of one of the illustrative 
antisense compounds (the remaining nucleobases being a 
consecutive stretch of the same oligonucleotide beginning 
immediately upstream of the 5'-terminus of the antisense 
compound which is specifically hybridizable to the target 
nucleic acid and continuing until the oligonucleotide contains 
about 13 to about 80 nucleobases). Other compounds are 
represented by oligonucleotide sequences that comprise at 
least the 8 consecutive nucleobases from the 3'-terminus of 
one of the illustrative antisense compounds (the remaining 
nucleobases being a consecutive stretch of the same oligo 
nucleotide beginning immediately downstream of the 3'-ter 
minus of the antisense compound which is specifically 
hybridizable to the target nucleic acid and continuing until the 
oligonucleotide contains about 13 to about 80 nucleobases). It 
is also understood that compounds may be represented by 
oligonucleotide sequences that comprise at least 8 consecu 
tive nucleobases from an internal portion of the sequence of 
an illustrative compound, and may extend in either or both 
directions until the oligonucleotide contains about 13 to about 
80 nucleobases. 
0062 One having skill in the art armed with the antisense 
compounds illustrated herein will be able, without undue 
experimentation, to identify further antisense compounds. 

C. Targets of the Invention 
0063 “Targeting an antisense compound to a particular 
nucleic acid molecule, in the context of this invention, can be 
a multistep process. The process usually begins with the 
identification of a target nucleic acid whose function is to be 
modulated. This target nucleic acid may be, for example, a 
cellular gene (or mRNA 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 nucleic acid encodes HIF1 
beta. 
0064. The targeting process usually also includes determi 
nation of at least one target region, segment, or site within the 
target nucleic acid for the antisense interaction to occur Such 
that the desired effect, e.g., modulation of expression, will 
result. Within the context of the present invention, the term 
“region' is defined as a portion of the target nucleic acid 
having at least one identifiable structure, function, or charac 
teristic. Within regions of target nucleic acids are segments. 
'Segments' are defined as Smaller or Sub-portions of regions 
within a target nucleic acid. “Sites, as used in the present 
invention, are defined as positions withina target nucleic acid. 
0065 Suitable target regions include, for example, 3' 
untranslated region (3'UTR), start codon region, coding 
region, stop codon region, 5' untranslated region (5' UTR), 5 
cap region, exons, introns, intron-exonjunctions and exon 
exonjunctions. 
0066. In the context of the invention, “start codon” and 
“translation initiation codon” refer to the codon or codons 
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that are used in vivo to initiate translation of an mRNA tran 
scribed from a gene, regardless of the sequence(s) of Such 
codons. The terms “start codon region' and “translation ini 
tiation codon region” refer to a portion of 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 nucleotides in either direction (i.e., 5' or 
3') from a translation termination codon. The open reading 
frame (ORF) or “coding region' is known in the art to refer to 
the region between the translation initiation codon and the 
translation termination codon. The 5' UTR refers to the por 
tion 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'UTR refers 
to the portion of an mRNA in the 3' direction from the trans 
lation termination codon, and thus including nucleotides 
between the translation termination codon and 3' end of an 
mRNA (or corresponding nucleotides on the gene). The 5' cap 
site 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' cap region of an mRNA is con 
sidered to include the 5' cap structure itself as well as the first 
50 nucleotides adjacent to the cap site. 
0067. 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 translated) regions 
are known as “exons' and are spliced together to form a 
continuous mRNA sequence, resulting in exon-exon junc 
tions at the sites where exons are joined. Targeting exon-exon 
junctions can be useful in situations where the overproduction 
of a normal splice product is implicated in disease, or where 
the overproduction of an aberrant splice product is implicated 
in disease. Targeting splice sites, i.e., intron-exonjunctions or 
exon-intronjunctions, may also be particularly useful in situ 
ations where aberrant splicing is implicated in disease, or 
where an overproduction of a particular splice product is 
implicated in disease. It is also known that introns can be 
effectively targeted using antisense compounds targeted to, 
for example, DNA or pre-mRNA. 
0068. It is also known in the art that alternative RNA 
transcripts can be produced from the same genomic region of 
DNA. These alternative transcripts are generally known as 
“variants'. More specifically, “pre-mRNA variants' are tran 
scripts produced from the same genomic DNA that differ 
from other transcripts produced from the same genomic DNA 
in either their start or stop position and contain both intronic 
and exonic sequence. 
0069. Upon excision of one or more exon or intron 
regions, or portions thereof during splicing, pre-mRNA vari 
ants produce smaller “mRNA variants”. Consequently, 
mRNA variants are processed pre-mRNA variants and each 
unique pre-mRNA variant must always produce a unique 
mRNA variant as a result of splicing. These mRNA variants 
are also known as 'alternative splice variants. If no splicing 
of the pre-mRNA variant occurs then the pre-mRNA variant 
is identical to the mRNA variant. 

0070. It is also known in the art that variants can be pro 
duced through the use of alternative signals to start or stop 
transcription and that pre-mRNAS and mRNAS can possess 

Dec. 16, 2010 

more that one start codon or stop codon. Variants that origi 
nate from a pre-mRNA or mRNA that use alternative start 
codons are known as “alternative start variants' of that pre 
mRNA or mRNA. Those transcripts that use an alternative 
stop codon are known as “alternative stop variants of that 
pre-mRNA or mRNA. One specific type of alternative stop 
variant is the “polyA variant' in which the multiple tran 
scripts produced result from the alternative selection of one of 
the “polyA stop signals' by the transcription machinery, 
thereby producing transcripts that terminate at unique polyA 
sites. Within the context of the invention, the types of variants 
described herein are also preferred target nucleic acids. 
0071. The locations on the target nucleic acid to which the 
preferred antisense compounds hybridize are referred to as 
“preferred target segments.” As used herein the term “pre 
ferred target segment' is defined as at least an 8-nucleobase 
portion of a target region to which an active antisense com 
pound is targeted. While not wishing to be bound by theory, it 
is presently believed that these target segments represent 
portions of the target nucleic acid which are accessible for 
hybridization. 
0072 Target segments 13-80 nucleobases in length com 
prising a stretch of at least eight (8) consecutive nucleobases 
selected from within a preferred target segment are consid 
ered to be suitable for targeting as well. 
0073 Target segments can include DNA or RNA 
sequences that comprise at least the 8 consecutive nucleo 
bases from the 5'-terminus of one of the illustrative preferred 
target segments (the remaining nucleobases being a consecu 
tive stretch of the same DNA or RNA beginning immediately 
upstream of the 5'-terminus of the target segment and con 
tinuing until the DNA or RNA contains about 13 to about 80 
nucleobases). Similarly preferred target segments are repre 
sented by DNA or RNA sequences that comprise at least the 
8 consecutive nucleobases from the 3'-terminus of one of the 
illustrative preferred target segments (the remaining nucleo 
bases being a consecutive stretch of the same DNA or RNA 
beginning immediately downstream of the 3'-terminus of the 
target segment and continuing until the DNA or RNA con 
tains about 13 to about 80 nucleobases). It is also understood 
that preferred antisense target segments may be represented 
by DNA or RNA sequences that comprise at least 8 consecu 
tive nucleobases from an internal portion of the sequence of 
an illustrative preferred target segment, and may extend in 
either or both directions until the oligonucleotide contains 
about 13 to about 80 nucleobases. One having skill in the art 
armed with the preferred target segments illustrated herein 
will be able, without undue experimentation, to identify fur 
ther preferred target segments. 
0074. Once one or more target regions, segments or sites 
have been identified, antisense compounds are chosen which 
are sufficiently complementary to the target, i.e., hybridize 
sufficiently well and with sufficient specificity, to give the 
desired effect. 
0075. The oligomeric antisense compounds can also be 
targeted to regions of a target nucleobase sequence. Such as 
those disclosed herein. 

D. Kits, Research Reagents, Diagnostics, and Therapeutics 
0076. The antisense compounds of the present invention 
can be utilized for diagnostics, therapeutics, prophylaxis and 
as research reagents and kits. Furthermore, antisense oligo 
nucleotides, which are able to inhibit gene expression with 
exquisite specificity, are often used by those of ordinary skill 
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to elucidate the function of particular genes or to distinguish 
between functions of various members of a biological path 
way. 
0077. For use in kits and diagnostics, the compounds of 
the present invention, either alone or in combination with 
other 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. 
0078. As one nonlimiting example, 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 path 
way, cellular localization, expression level, size, structure or 
function of the genes examined. These analyses can be per 
formed on stimulated or unstimulated cells and in the pres 
ence or absence of other compounds which affect expression 
patterns. 
0079. 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 expres 
sion) (Madden, et al., Drug Discov. Today, 2000, 5, 415-425), 
READS (restriction enzyme amplification of digested 
cDNAs) (Prashar and Weissman, Methods Enzymol., 1999, 
303, 258-72), TOGA (total gene expression analysis) (Sutc 
liffe, 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., Electrophoresis, 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, dif 
ferential display (DD) (Jurecic and Belmont, Curr. Opin. 
Microbiol., 2000, 3, 3.16-21), comparative genomic hybrid 
ization (Carulli, et al., J. Cell Biochem. Suppl., 1998, 31, 
286-96), FISH (fluorescent in situ hybridization) techniques 
(Going and Gusterson, Eur: J. Cancer, 1999, 35, 1895-904) 
and mass spectrometry methods (To, Comb. Chem. High 
Throughput Screen, 2000, 3, 235-41). 
0080. The antisense compounds of the invention are useful 
for research and diagnostics, because these compounds 
hybridize to nucleic acids encoding HIF1-beta and inhibit 
their function. The primers and probes disclosed herein are 
useful in methods requiring the specific detection of nucleic 
acid molecules encoding HIF1-beta and in the amplification 
of said nucleic acid molecules for detection or for use in 
further studies of HIF1-beta. Hybridization of the primers and 
probes with a nucleic acid encoding HIF1-beta can be 
detected by means known in the art. Such means may include 
conjugation of an enzyme to the primer or probe, radiolabel 
ing of the primer or probe or any other suitable detection 
means. Kits using such detection means for detecting the level 
of HIF1-beta in a sample may also be prepared. 
0081. The specificity and sensitivity of antisense is also 
harnessed by those of skill in the art for therapeutic uses. 
Antisense compounds are employed as therapeutic moieties 
in the treatment of disease states in animals, including 
humans. Antisense oligonucleotide drugs, including 
ribozymes, have been safely and effectively administered to 
humans and numerous clinical trials are presently underway. 
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It is thus established that antisense compounds are useful 
therapeutic modalities that can be configured to be useful in 
treatment regimes for the treatment of cells, tissues and ani 
mals, especially humans. 
I0082 For therapeutics, an animal, preferably a human, 
Suspected of having a disease or disorder which can be treated 
by modulating the expression of HIF1-beta is treated by 
administering antisense compounds in accordance with this 
invention. For example, in one non-limiting embodiment, the 
methods comprise the step of administering to the animal in 
need of treatment, a therapeutically effective amount of a 
HIF1-beta inhibitor. The HIF1-beta inhibitors of the present 
invention effectively inhibit the activity of the HIF1-beta 
protein or inhibit the expression of the HIF1-beta protein. In 
one embodiment, the activity or expression of HIF1-beta in an 
animal is inhibited by about 10%. Preferably, the activity or 
expression of HIF1-beta in an animal is inhibited by about 
25%. More preferably, the activity or expression of HIF1-beta 
in an animal is inhibited by 40% or more. Thus, the oligo 
meric antisense compounds modulate expression of HIF1 
beta mRNA by at least 10%, by at least 20%, by at least 25%, 
by at least 30%, by at least 40%, by at least 50%, by at least 
60%, by at least 70%, by at least 75%, by at least 80%, by at 
least 85%, by at least 90%, by at least 95%, by at least 98%, 
by at least 99%, or by 100%. 
I0083. For example, the reduction of the expression of 
HIF1-beta may be measured in serum, adipose tissue, liver or 
any other body fluid, tissue or organ of the animal. Preferably, 
the cells contained within said fluids, tissues or organs being 
analyzed contain a nucleic acid molecule encoding HIF1-beta 
protein and/or the HIF1-beta protein itself. 
I0084. The antisense compounds of the invention can be 
utilized in pharmaceutical compositions by adding an effec 
tive amount of a compound to a suitable pharmaceutically 
acceptable diluent or carrier. Use of the compounds and meth 
ods of the invention may also be useful prophylactically. 

E. Modifications 

I0085. As is known in the art, a nucleoside is a base-sugar 
combination. The base portion of the nucleoside is normally 
a heterocyclic base sometimes referred to as a “nucleobase' 
or simply a “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 nucleoside. 
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 oligonucleotides, 
the phosphate groups covalently link adjacent nucleosides to 
one another to form a linear polymeric compound. In turn, the 
respective ends of this linear polymeric compound can be 
further joined to form a circular compound, however, linear 
compounds are generally preferred. In addition, linear com 
pounds may have internal nucleobase complementarity and 
may therefore fold in a manner as to produce a fully or 
partially double-stranded compound. Within oligonucle 
otides, the phosphate groups are commonly referred to as 
forming the internucleoside backbone of the oligonucleotide. 
The normal linkage or backbone of RNA and DNA is a 3' to 
5' phosphodiester linkage. 

Modified Internucleoside Linkages (Backbones) 
I0086 Specific examples of oligomeric antisense com 
pounds useful in this invention include oligonucleotides con 
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taining modified e.g. non-naturally occurring internucleoside 
linkages. As defined in this specification, oligonucleotides 
having modified internucleoside linkages include inter 
nucleoside linkages that retain a phosphorus atom and inter 
nucleoside linkages that do not have a phosphorus atom. For 
the purposes of this specification, and as sometimes refer 
enced in the art, modified oligonucleotides that do not have a 
phosphorus atom in their internucleoside backbone can also 
be considered to be oligonucleosides. 
0087 Oligomeric compounds of the invention can have 
one or more modified internucleoside linkages. One phos 
phorus-containing modified internucleoside linkage is the 
phosphorothioate internucleoside linkage. Other modified 
oligonucleotide backbones containing a phosphorus atom 
therein include, for example, phosphorothioates, chiral phos 
phorothioates, phosphorodithioates, phosphotriesters, ami 
noalkylphosphotriesters, methyl and other alkyl phospho 
nates including 3'-alkylene phosphonates, 5'-alkylene 
phosphonates and chiral phospho-nates, phosphinates, phos 
phoramidates including 3'-amino phosphoramidate and ami 
noalkyl-phosphoramidates, thionophosphoramidates, thion 
oalkylphosphonates, thionoalkyl-phosphotriesters, 
phosphonoacetate and thiophosphonoacetate (see Sheehanet 
al., Nucleic Acids Research, 2003, 31(14), 4109-41 18 and 
Dellinger et al., J. Am. Chem. Soc., 2003, 125, 940-950), 
Selenophosphates and boranophosphates having normal 3'-5' 
linkages. 2'-5' linked analogs of these, and those having 
inverted polarity wherein one or more internucleotide link 
ages is a 3' to 3',5' to 5' or 2 to 2" linkage. Oligonucleotides 
having inverted polarity comprise a single 3' to 3' linkage at 
the 3'-most internucleotide 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. 
I0088 N3'-P5'-phosphoramidates have been reported to 
exhibit both a high affinity towards a complementary RNA 
Strand and nuclease resistance (Gryaznov et al., J. Am. Chem. 
Soc., 1994, 116, 3143-3144). N3'-P5'-phosphoramidates 
have been studied with some success in vivo to specifically 
down regulate the expression of the c-myc gene (Skorski et 
al., Proc. Natl. Acad. Sci., 1997, 94,3966-3971; and Faira et 
al., Nat. Biotechnol., 2001, 19, 40-44). 
0089 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; 5,721218: 5,672,697 and 5,625,050, each of 
which is herein incorporated by reference. 
0090. In some embodiments of the invention, oligomeric 
compounds may have one or more phosphorothioate and/or 
heteroatom internucleoside linkages, in particular —CH2— 
NH-O CH , —CH2—N(CH)—O—CH2—(known as 
a methylene (methylimino) or MMI backbone), —CH2— 
O N(CH) CH , —CH N(CH) N(CH)—CH 
and —O N(CH)—CH2—CH2— (wherein the native 
phosphodiester internucleotide linkage is represented as 
- O P(=O)(OH) O CH, ). The MMI type inter 
nucleoside linkages are disclosed in the above referenced 
U.S. Pat. No. 5,489,677. Amide internucleoside linkages are 
disclosed in the above referenced U.S. Pat. No. 5,602,240. 
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0091. Some oligonucleotide backbones that do not 
include a phosphorus atom therein have backbones that are 
formed by short chain alkyl or cycloalkyl internucleoside 
linkages, mixed heteroatom and alkyl or cycloalkyl inter 
nucleoside 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, Sulfox 
ide and sulfone backbones; formacetyl and thioformacetyl 
backbones; methylene formacetyl and thioformacetyl back 
bones; riboacetyl backbones; alkene containing backbones; 
Sulfamate backbones; methyleneimino and methylenehy 
drazino backbones; Sulfonate and Sulfonamide backbones; 
amide backbones; and others having mixed N, O, S and CH 
component parts. 
0092 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: 5489,677; 
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, each of which is herein incorporated by reference. 

Modified Sugar and Internucleoside Linkages (Mimetics) 
0093. Another group of oligomeric compounds amenable 
to the present invention includes oligonucleotide mimetics. 
The term mimetic as it is applied to oligonucleotides is 
intended to include oligomeric compounds wherein the fura 
nose ring or the furanose ring and the internucleotide linkage 
are replaced with novel groups, replacement of only the fura 
nose ring is also referred to in the art as being a Sugar Surro 
gate. The heterocyclic base moiety or a modified heterocyclic 
base moiety is maintained for hybridization with an appro 
priate target nucleic acid. 
0094. One such oligomeric compound, an oligonucleotide 
mimetic that has been shown to have excellent hybridization 
properties, is referred to as a peptide nucleic acid (PNA). 
Nielsen et al., Science, 1991, 254, 1497-1500. PNAS have 
favorable hybridization properties, high biological stability 
and are electrostatically neutral molecules. In one recent 
study PNA compounds were used to correctaberrant splicing 
in a transgenic mouse model (Sazani et al., Nat. Biotechnol., 
2002, 20, 1228-1233). In PNA oligomeric compounds, the 
Sugar-backbone of an oligonucleotide is replaced with an 
amide containing backbone, in particular an aminoethylgly 
cine backbone. The nucleobases are bound directly or indi 
rectly ( C(=O)—CH2—as shown below) to aza nitrogen 
atoms of the amide portion of the backbone. Representative 
United States patents that teach the preparation of PNA oli 
gomeric 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. PNA compounds can be 
obtained commercially from Applied Biosystems (Foster 
City, Calif., USA). Numerous modifications to the basic PNA 
backbone are known in the art; particularly useful are PNA 
compounds with one or more amino acids conjugated to one 
or both termini. In particular, 1-8 lysine or arginine residues 
are useful when conjugated to the end of a PNA molecule. 
0.095 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 
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reported that link the morpholino monomeric units in a mor 
pholino nucleic acid. One class of linking groups have been 
selected to give a non-ionic oligomeric compound. The non 
ionic morpholino-based oligomeric compounds 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. Bra 
asch and David R. Corey, Biochemistry, 2002, 41 (14), 4503 
4510). Morpholino-based oligomeric compounds have been 
studied in Zebrafish embryos (see: Genesis, volume 30, issue 
3, 2001 and Heasman, J., Dev. Biol., 2002, 243, 209-214). 
Further studies of morpholino-based oligomeric compounds 
have also been reported (see: Nasevicius et al., Nat. Genet., 
2000, 26, 216-220; and Lacerra et al., Proc. Natl. Acad. Sci., 
2000, 97, 9591-9596). Morpholino-based oligomeric com 
pounds are disclosed in U.S. Pat. No. 5,034,506, issued Jul. 
23, 1991. The morpholino class of oligomeric compounds 
have been prepared having a variety of different linking 
groups joining the monomeric Subunits. Linking groups can 
be varied from chiral to achiral, and from charged to neutral. 
U.S. Pat. No. 5,166.315 discloses linkages including—O—P 
(=O)(N(CH)) O : U.S. Pat. No. 5,034,506 discloses 
achiral intermorpholino linkages; and U.S. Pat. No. 5,185, 
444 discloses phosphorus containing chiral intermorpholino 
linkages. 
0096. A further class of oligonucleotide mimetic is 
referred to as cyclohexenyl nucleic acids (CeNA). The fura 
nose ring normally present in a DNA or RNA molecule is 
replaced with a cyclohenyl ring. CeNADMT protected phos 
phoramidite monomers have been prepared and used for oli 
gomeric compound synthesis following classical phosphora 
midite chemistry. Fully modified CeNA oligomeric 
compounds and oligonucleotides having specific positions 
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 tar 
geting RNA was stable to serum and able to activate E. coli 
RNase resulting in cleavage of the target RNA strand. 
0097. A further modification includes bicyclic sugar moi 
eties such as “Locked Nucleic Acids’ (LNAs) in which the 
2'-hydroxyl group of the ribosyl Sugar ring is linked to the 4 
carbon atom of the Sugar ring thereby forming a 2-C,4'-C- 
oxymethylene linkage to form the bicyclic Sugar moiety (re 
viewed in Elayadi et al., Curr: Opinion Invens. Drugs, 2001, 
2, 558-561; Braasch et al., Chem. Biol., 2001, 81-7; and 
Orum et al., Curr. Opinion Mol. Then, 2001, 3, 239-243; see 
also U.S. Pat. Nos. 6,268,490 and 6,670.461). The linkage 
can be a methylene (-CH2—) group bridging the 2' oxygen 
atom and the 4' carbonatom, for which the term LNA is used 
for the bicyclic moiety; in the case of an ethylene group in this 
position, the term ENATM is used (Singh et al., Chem. Com 
mun., 1998, 4, 455-456; ENATM: Morita et al., Bioorganic 
Medicinal Chemistry, 2003, 11, 2211-2226). LNA and other 
bicyclic Sugar analogs display very high duplex thermal sta 
bilities with complementary DNA and RNA (Tm=+3 to +10 
C), stability towards 3'-exonucleolytic degradation and good 
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solubility properties. LNAs are commercially available from 
ProLigo (Paris, France and Boulder, Colo., USA). 
0098. An isomer of LNA that has also been studied is 
W-L-LNA which has been shown to have superior stability 
against a 3'-exonuclease (Frieden et al., Nucleic Acids 
Research, 2003, 21, 6365-6372). The W-L-LNA's were incor 
porated into antisense gapmers and chimeras that showed 
potent antisense activity. 
0099. Another similar bicyclic sugar moiety that has been 
prepared and studied has the bridge going from the 3'-hy 
droxyl group via a single methylene group to the 4' carbon 
atom of the Sugar ring thereby forming a 3'-C,4'-C-Oxymeth 
ylene linkage (see U.S. Pat. No. 6,043,060). 
0100. 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 away as 
to introduce a higher population of the N-type conformation 
(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). 
0101 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 for 
mation 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 sec 
ondary structure of the LNA:RNA duplex. 
0102 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 Suggesting 
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 corre 
sponding unmodified reference strands. DNALNA chimeras 
have been shown to efficiently inhibit gene expression when 
targeted to a variety of regions (5'-untranslated region, region 
of the start codon or coding region) within the luciferase 
mRNA (Braasch et al., Nucleic Acids Research, 2002, 30, 
5160-5167). 
0103 Potent and nontoxicantisense oligonucleotides con 
taining 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 proper 
ties 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 sys 
tems 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 liv 
ing human breast cancer cells has also been accomplished. 
Further successful in vivo studies involving LNA's have 
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shown knock-down of the rat delta opioid receptor without 
toxicity (Wahlestedt et al., Proc. Natl. Acad. Sci., 2000, 97, 
5633-5638) and in another study showed a blockage of the 
translation of the large subunit of RNA polymerase II (Fluiter 
et al., Nucleic Acids Res., 2003, 31,953-962). 
0104. The synthesis and preparation of the LNA mono 
mers adenine, cytosine, guanine, 5-methyl-cytosine, thymine 
and uracil, along with their oligomerization, and nucleic acid 
recognition properties have been described (Koshkin et al., 
Tetrahedron, 1998, 54, 3607-3630). LNAs and preparation 
thereof are also described in WO 98/39352 and WO 
99/14226. 
0105. 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., WO 
99/14226). Furthermore, synthesis of 2'-amino-LNA, a novel 
conformationally restricted high-affinity oligonucleotide 
analog 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. 
010.6 Another oligonucleotide mimetic amenable to the 
present invention that has been prepared and studied is 
threose nucleic acid. This oligonucleotide mimetic is based 
on threose nucleosides instead of ribose nucleosides. Initial 
interest in (3',2)-W-L-threose nucleic acid (TNA) was 
directed to the question of whether a DNA polymerase 
existed that would copy the TNA. It was found that certain 
DNA polymerases are able to copy limited stretches of a TNA 
template (reported in C&EN/Jan. 13, 2003). In another study 
it was determined that TNA is capable of antiparallel Watson 
Crick base pairing with complementary DNA, RNA and TNA 
oligonucleotides (Chaput et al., J. Am. Chem. Soc., 2003, 125, 
856-857). 
0107. In one study (3',2)-W-L-threose nucleic acid was 
prepared and compared to the 2' and 3' amidate analogs (Wu 
et al., Organic Letters, 2002, 4(8), 1279-1282). The amidate 
analogs were shown to bind to RNA and DNA with compa 
rable strength to that of RNA/DNA. 
0108 Further oligonucleotide mimetics have been pre 
pared to include bicyclic and tricyclic nucleoside analogs (see 
Steffens et al., Helv. Chim. Acta, 1997, 80, 2426-2439; Stef 
fens et al., J. Am. Chem. Soc., 1999, 121, 3249-3255; Ren 
neberg et al., J. Am. Chem. Soc., 2002, 124, 5993-6002; and 
Renneberg et al., Nucleic acids res., 2002, 30, 2751-2757). 
These modified nucleoside analogs have been oligomerized 
using the phosphoramidite approach and the resulting oligo 
meric compounds containing tricyclic nucleoside analogs 
have shown increased thermal stabilities (Tms) when hybrid 
ized to DNA, RNA and itself. Oligomeric compounds con 
taining bicyclic nucleoside analogs have shown thermal sta 
bilities approaching that of DNA duplexes. 
0109 Another class of oligonucleotide mimetic is referred 
to as phosphonomonoester nucleic acids which incorporate a 
phosphorus group in the backbone. This class of oligonucle 
otide mimetic is reported to have useful physical and biologi 
cal and pharmacological properties in the areas of inhibiting 
gene expression (antisense oligonucleotides, ribozymes, 
sense oligonucleotides and triplex-forming oligonucle 
otides), as probes for the detection of nucleic acids and as 
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auxiliaries for use in molecular biology. Further oligonucle 
otide mimetics amenable to the present invention have been 
prepared wherein a cyclobutyl ring replaces the naturally 
occurring furanosyl ring. 

Modified Sugars 
0110 Oligomeric compounds may also contain one or 
more Substituted Sugar moieties. Suitable compounds can 
comprise one of the following at the 2' position: OH: F: O-, S 
or N-alkyl; O-, S-, or N-alkenyl; O-, S- or N-alkynyl; or 
O-alkyl-O-alkyl, wherein the alkyl, alkenyl and alkynyl may 
be substituted or unsubstituted C to Co alkyl or C to Co 
alkenyl and alkynyl. Particularly suitable are O((CH)O) 
CH, O(CH), OCH, O(CH), NH, O(CH2)CH, O(CH) 
ONH, and O(CH)ON(CH2)CH), where n and m are 
from 1 to about 10. Other oligonucleotides comprise one of 
the following at the 2' position: C to Co lower alkyl, substi 
tuted lower alkyl, alkenyl, alkynyl, alkaryl, aralkyl, O-alkaryl 
or O-aralkyl, SH, SCH, OCN, Cl, Br, CN, CF. OCF, 
SOCH, SOCH, ONO, NO, N, NH, heterocycloalkyl, 
heterocycloalkaryl, aminoalkylamino, polyalkylamino, Sub 
stituted silyl, an RNA cleaving group, a reporter group, an 
intercalator, a group for improving the pharmacokinetic prop 
erties of an oligonucleotide, or a group for improving the 
pharmacodynamic properties of an oligonucleotide, and 
other Substituents having similar properties. One modifica 
tion includes 2'-methoxyethoxy (2'-O-CHCHOCH, also 
known as 2'-O-(2-methoxyethyl) or 2-MOE) (Martin et al., 
Helv. Chim. Acta, 1995, 78, 486-504) i.e., an alkoxyalkoxy 
group. A further modification includes 2'-dimethylami 
nooxyethoxy, i.e., a O(CH2)2ON(CH) group, also known as 
2'-DMAOE, as described in examples herein below, and 
2'-dimethylaminoethoxyethoxy (also known in the art as 
2'-O-dimethyl-amino-ethoxy-ethyl or 2'-DMAEOE), i.e., 
2'-O CH, O CH N(CH), also described in 
examples herein below. 
0111. Other modifications include 2'-methoxy(2'-O- 
CH), 2-aminopropoxy(2'-OCH2CHCH-NH), 2-allyl (2'- 
CH-CH=CH-), 2'-O-allyl(2'-O CH-CH=CH-) and 
2'-fluoro (2'-F). The 2'-modification may be in the arabino 
(up) position or ribo (down) position. One 2'-arabino modi 
fication is 2'-F. Similar modifications may also be made at 
other positions on the oligonucleotide, particularly the 3' 
position of the sugar on the 3' terminal nucleotide or in 2'-5' 
linked oligonucleotides and the 5' position of 5' terminal 
nucleotide. Antisense compounds may also have Sugar 
mimetics such as cyclobutyl moieties in place of the pento 
furanosyl 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, 
each of which is herein incorporated by reference in its 
entirety. 
0112. In one aspect of the present invention oligomeric 
compounds include nucleosides synthetically modified to 
induce a 3'-endo Sugar conformation. A nucleoside can incor 
porate synthetic modifications of the heterocyclic base, the 
Sugar moiety or both to induce a desired 3'-endo Sugar con 
formation. These modified nucleosides are used to mimic 
RNA like nucleosides so that particular properties of an oli 
gomeric compound can be enhanced while maintaining the 



US 2010/0317718A1 

desirable 3'-endo conformational geometry. There is an 
apparent preference for an RNA type duplex (A form helix, 
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 sys 
tem. Properties that are enhanced by using more stable 
3'-endonucleosides include but are not 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 stability; 
modulation of the binding affinity and specificity of the oli 
gomer (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. 
0113 Nucleoside conformation is influenced by various 
factors including substitution at the 2',3' or 4'-positions of the 
pentofuranosyl Sugar. Electronegative Substituents generally 
prefer the axial positions, while sterically demanding Sub 
stituents generally prefer the equatorial positions (Principles 
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-O' kuru 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 (Ka 
wasaki et al., J. Med. Chem. (1993), 36, 831-841), which 
adopts the 3'-endo conformation positioning the electronega 
tive 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 modification to yield methanocarba nucleoside ana 
logs (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 conformation. Along similar lines, oligomeric trig 
gers 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.) 
0114. One conformation of modified nucleosides and their 
oligomers can be estimated by various methods such as 
molecular dynamics calculations, nuclear magnetic reso 
nance spectroscopy and CD measurements. Hence, modifi 
cations predicted to induce RNA like conformations, A-form 
duplex geometry in an oligomeric context, are selected for 
use in the modified oligonucleotides of the present invention. 
The synthesis of numerous of the modified nucleosides ame 
nable 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.) 
0115 The terms used to describe the conformational 
geometry of homoduplex nucleic acids are “A Form” for 
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RNA and “B Form” for DNA. The respective conformational 
geometry for RNA and DNA duplexes was determined 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 (Tms) than DNA:DNA duplexes 
(Sanger et al., Principles of Nucleic Acid Structure, 1984, 
Springer-Verlag; New York, N.Y.: Lesniket 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 (Searleet 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, deoxynucleic 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-Verlag, 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 con 
sidering the furanose conformations which give rise to 
B-form duplexes consideration should also be given to a 
O4'-endo pucker contribution. 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, 21, 2051-2056). The structure of a 
hybrid duplex is intermediate between A- and B-form geom 
etries, which may result in poor stacking interactions (Lane et 
al., Eur: J. Biochem., 1993, 215, 297-306; Fedoroffet al., J. 
Mol. Biol., 1993, 233, 509-523: Gonzalez et al., Biochemis 
try, 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 mechanisms require the binding of a synthetic oligomer 
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 oli 
gomer Strand and target mRNA strand will occur infre 
quently, resulting in decreased efficacy. 
0116. 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 dif 
ferent 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 popu 
lation (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%, respec 
tively. Furthermore, the effect of the 2'-fluoro group of 
adenosine dimers (2'-deoxy-2'-fluoroadenosine-2'-deoxy-2'- 
fluoro-adenosine) is further correlated to the stabilization of 
the stacked conformation. 



US 2010/0317718A1 

0117. 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 hypochro 
micity, circular dichroism, and HNMR 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-substituent 
on the 3'-terminus of a dinucleoside monophosphate is 
thought to exert a number of effects on the Stacking confor 
mation: Steric repulsion, furanose puckering preference, elec 
trostatic repulsion, hydrophobic attraction, and hydrogen 
bonding capabilities. These substituent effects are thought to 
be determined by the molecular size, electronegativity, and 
hydrophobicity of the substituent. Melting temperatures of 
complementary strands is also increased with the 2'-Substi 
tuted 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 (stacking) can be achieved 
with the 3'-endo conformation. 
0118 Increasing the percentage of C3'-endo Sugars in a 
modified oligonucleotide targeted to an RNA target strand 
should preorganize this strand for binding to RNA. Of the 
several Sugar modifications that have been reported and stud 
ied in the literature, the incorporation of electronegative Sub 
stituents such as 2'-fluoro or 2-alkoxy shift the sugar confor 
mation towards the 3' endo (northern) pucker conformation. 
This preorganizes an oligonucleotide that incorporates Such 
modifications to have an A-form conformational geometry. 
This A-form conformation results in increased binding affin 
ity of the oligonucleotide to a target RNA strand. 
0119 Representative 2-substituent groups amenable to 
the present invention that give A-form conformational prop 
erties (3'-endo) to the resultant duplexes include 2'-O-alkyl, 
2'-B-substituted alkyl and 2'-fluoro substituent groups. Suit 
able for the Substituent groups are various alkyl and aryl 
ethers and thioethers, amines and monoalkyl and dialkyl Sub 
stituted amines. It is further intended that multiple modifica 
tions can be made to one or more of the oligomeric com 
pounds of the invention at multiple sites of one or more 
monomeric Subunits (nucleosides are suitable) and or inter 
nucleoside linkages to enhance properties such as but not 
limited to activity in a selected application. 

Natural and Modified Nucleobases 

0120 Antisense compounds may also include nucleobase 
(often referred to in the art as heterocyclic base or simply as 
“base') 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 nucleo 
bases include other synthetic and natural nucleobases such as 
5-methylcytosine (5-me-C), 5-hydroxymethyl cytosine, xan 
thine, hypoxanthine, 2-aminoadenine, 6-methyl and other 
alkyl derivatives of adenine and guanine, 2-propyl and other 
alkyl derivatives of adenine and guanine, thiouracil, 2-thio 
thymine and 2-thiocytosine, 5-halouracil and cytosine, 5-pro 
pynyl (—C=C-CH-) uracil and cytosine and other alkynyl 
derivatives of pyrimidine bases, 6-azo uracil, cytosine and 
thymine, 5-uracil (pseudouracil), 4-thiouracil, 8-halo, 
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8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl and other 8-substi 
tuted adenines and guanines, 5-halo particularly 5-bromo, 
5-trifluoromethyl and other 5-substituted uracils and 
cytosines, 7-methylguanine and 7-methyladenine, 2-F-ad 
enine, 2-amino-adenine, 8-azaguanine and 8-azaadenine, 
7-deazaguanine and 7-deaZaadenine and 3-deazaguanine and 
3-deazaadenine. Further modified nucleobases include tricy 
clic pyrimidines Such as phenoxazine cytidine (1H-pyrimido 
5,4-b1,4)benzoxazin-2(3H)-one), phenothiazine cytidine 
(1H-pyrimido 5,4-b1,4)benzothiazin-2(3H)-one), 
G-clamps such as a Substituted phenoxazine cytidine (e.g. 
9-(2-aminoethoxy)-H-pyrimido 5,4-b1,4)benzoxazin-2 
(3H)-one), carbazole cytidine (2H-pyrimido-4,5-bindol-2- 
one), pyridoindole cytidine (H-pyrido3',":4.5 pyrrolo2,3-d 
pyrimidin-2-one). Modified nucleobases may also include 
those in which the purine or pyrimidine base is replaced with 
other heterocycles, for example 7-deaza-adenine, 7-deaza 
guanosine, 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 Englischet 
al., Angewandte Chemie, International Edition, 1991, 30. 
613, and those disclosed by Sanghvi, Y. S., Chapter 15, Anti 
sense 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 compounds of the invention. These include 
5-substituted pyrimidines, 6-azapyrimidines and N-2, N-6 
and O-6 Substituted purines, including 2-aminopropylad 
enine, 5-propynyluracil and 5-propynylcytosine. 5-methyl 
cytosine Substitutions have been shown to increase nucleic 
acid duplex stability by 0.6-1.2°C. and are presently pre 
ferred base Substitutions, even more particularly when com 
bined with 2'-O-methoxyethyl sugar modifications. 
I0121 Representative United States patents that teach the 
preparation of certain of the above noted modified nucleo 
bases as well as other modified nucleobases include, but are 
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; 5.457,187; 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; 5,830,653; 
5,763,588; 6,005,096; and 5,681,941, certain of which are 
commonly owned with the instant application, and each of 
which is herein incorporated by reference, and U.S. Pat. No. 
5,750,692, which is commonly owned with the instant appli 
cation and also herein incorporated by reference. 

Conjugates 

I0122) Another modification of the antisense compounds 
of the invention involves chemically linking to the antisense 
compound one or more moieties or conjugates which enhance 
the activity, cellular distribution or cellular uptake of the 
oligonucleotide. These moieties or conjugates can include 
conjugate groups covalently bound to functional groups such 
as primary or secondary hydroxyl groups. Conjugate groups 
of the invention include intercalators, reporter molecules, 
polyamines, polyamides, polyethylene glycols, polyethers, 
groups that enhance the pharmacodynamic properties of oli 
gomers, and groups that enhance the pharmacokinetic prop 
erties of oligomers. Typical conjugate groups include choles 
terols, lipids, phospholipids, biotin, phenazine, folate, 
phenanthridine, anthraquinone, acridine, fluoresceins, 
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rhodamines, coumarins, and dyes. Groups that enhance the 
pharmacodynamic properties, in the context of this invention, 
include groups that improve uptake, enhance resistance to 
degradation, and/or strengthen sequence-specific hybridiza 
tion with the target nucleic acid. Groups that enhance the 
pharmacokinetic properties, in the context of this invention, 
include groups that improve uptake, distribution, metabolism 
or excretion of the compounds of the present invention. Rep 
resentative conjugate groups are disclosed in International 
Patent Application PCT/US92/09196, filed Oct. 23, 1992, 
and U.S. Pat. No. 6,287,860, the entire disclosure of which 
are incorporated herein by reference. Conjugate moieties 
include but are not limited to lipid moieties such as a choles 
terol moiety, cholic acid, a thioether, e.g., hexyl-S-tritylthiol, 
a thiocholesterol, an aliphatic chain, e.g., dodecandiol or 
undecyl residues, a phospholipid, e.g., di-hexadecyl-rac 
glycerol or triethylammonium 1,2-di-O-hexadecyl-rac-glyc 
ero-3-H-phosphonate, a polyamine or a polyethylene glycol 
chain, or adamantane acetic acid, a palmityl moiety, or an 
octadecylamine or hexylamino-carbonyl-oxycholesterol 
moiety. Antisense compounds of the invention may also be 
conjugated to active drug Substances, for example, aspirin, 
warfarin, phenylbutaZone, ibuprofen, Suprofen, fenbufen, 
ketoprofen, (S)-(+)-pranoprofen, carprofen, dansylsarcosine, 
2,3,5-triiodo-benzoic acid, flufenamic acid, folinic acid, a 
benzothiadiazide, chlorothiazide, a diazepine, indo-methicin, 
a barbiturate, a cephalosporin, a Sulfa drug, an antidiabetic, an 
antibacterial or an antibiotic. Oligonucleotide-drug conju 
gates and their preparation are described in U.S. patent appli 
cation Ser. No. 09/334,130 (filed Jun. 15, 1999) which is 
incorporated herein by reference in its entirety. 
0123 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: 5,591,584; 5,109,124; 5,118,802: 
5,138,045; 5,414,077; 5,486,603: 5,512,439; 5,578,718; 
5,608,046; 4,587,044; 4,605,735; 4,667,025; 4,762,779; 
4,789,737; 4,824.941; 4,835,263; 4,876,335; 4,904,582: 
4,958,013; 5,082,830; 5,112,963: 5,214,136; 5,082,830; 
5,112,963: 5,214,136: 5,245,022: 5,254,469; 5,258,506; 
5,262,536; 5,272,250; 5,292,873; 5,317,098: 5,371,241, 
5,391,723; 5,416.203, 5,451,463: 5,510,475; 5,512,667; 
5,514,785: 5,565,552; 5,567,810; 5,574,142: 5,585,481; 
5,587,371; 5,595,726; 5,597,696; 5,599,923; 5,599,928 and 
5,688,941, certain of which are commonly owned with the 
instant application, and each of which is herein incorporated 
by reference. 
0124 Oligomeric compounds used in the compositions of 
the present invention can also be modified to have one or more 
stabilizing groups that are generally attached to one or both 
termini of oligomeric compounds to enhance properties Such 
as for example nuclease stability. Included in stabilizing 
groups are cap structures. By "cap structure or terminal cap 
moiety' is meant chemical modifications, which have been 
incorporated at either terminus of oligonucleotides (see for 
example Wincott et al., WO 97/26270, incorporated by ref 
erence herein). These terminal modifications protect the oli 
gomeric compounds having terminal nucleic acid molecules 
from exonuclease degradation, and can help in delivery and/ 
or localization within a cell. The cap can be present at the 
5'-terminus (5'-cap) or at the 3'-terminus (3'-cap) or can be 
present on both termini. In non-limiting examples, the 5'-cap 
includes inverted abasic residue (moiety), 4',5'-methylene 
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nucleotide: 1-(beta-D-erythrofuranosyl) nucleotide, 4'-thio 
nucleotide, carbocyclic nucleotide; 1.5-anhydrohexitol 
nucleotide; L-nucleotides; alpha-nucleotides; modified base 
nucleotide; phosphorodithioate linkage; threo-pentofurano 
Syl nucleotide; acyclic 3',4'-seco nucleotide; acyclic 3,4-di 
hydroxybutyl nucleotide; acyclic 3,5-dihydroxypentyl nucle 
otide, 3'-3'-inverted nucleotide moiety; 3'-3'-inverted abasic 
moiety; 3'-2'-inverted nucleotide moiety; 3'-2'-inverted aba 
sic moiety; 1,4-butanediol phosphate; 3'-phosphoramidate; 
hexylphosphate; aminohexyl phosphate; 3'-phosphate: 
3'-phosphorothioate; phosphorodithioate; or bridging or non 
bridging methylphosphonate moiety (for more details see 
Wincott et al., International PCT publication No. WO 
97/26270, incorporated by reference herein). 
0.125 Particularly preferred 3'-cap structures of the 
present invention include, for example 4.5'-methylene nucle 
otide: 1-(beta-D-erythrofuranosyl) nucleotide: 4'-thio nucle 
otide, carbocyclic nucleotide, 5'-amino-alkyl phosphate, 1.3- 
diamino-2-propyl phosphate, 3-aminopropyl phosphate: 
6-aminohexyl phosphate; 1,2-aminododecyl phosphate: 
hydroxypropyl phosphate, 1.5-anhydrohexitol nucleotide; 
L-nucleotide; alpha-nucleotide; modified base nucleotide; 
phosphorodithioate; threo-pentofuranosyl nucleotide; acy 
clic 3',4'-seco nucleotide; 3,4-dihydroxybutyl nucleotide: 
3,5-dihydroxypentyl nucleotide, 5'-5'-inverted nucleotide 
moiety; 5'-5'-inverted abasic moiety; 5'-phosphoramidate: 
5'-phosphorothioate: 1,4-butanediol phosphate: 5'-amino; 
bridging and/or non-bridging 5'-phosphoramidate, phospho 
rothioate and/or phosphorodithioate, bridging or non bridg 
ing methylphosphonate and 5'-mercapto moieties (for more 
details see Beaucage and Tyer, 1993, Tetrahedron 49, 1925; 
incorporated by reference herein). 
0.126 Further 3' and 5'-stabilizing groups that can be used 
to cap one or both ends of an oligomeric compound to impart 
nuclease stability include those disclosed in WO 03/004602 
published on Jan. 16, 2003. 

Chimeric Compounds 
I0127. It is not necessary for all positions in a given com 
pound to be uniformly modified, and in fact more than one of 
the aforementioned modifications may be incorporated in a 
single compound or even at a single nucleoside within an 
oligonucleotide. 
I0128. The present invention also includes antisense com 
pounds which are chimeric compounds. "Chimeric' anti 
sense compounds or "chimeras, in the context of this inven 
tion, are antisense compounds, particularly oligonucleotides, 
which contain two or more chemically distinct regions, each 
made up of at least one monomer unit, i.e., a nucleotide in the 
case of an oligonucleotide compound. Chimeric antisense 
oligonucleotides are thus a form of antisense compound. 
These oligonucleotides typically contain at least one region 
wherein the oligonucleotide is modified so as to confer upon 
the oligonucleotide increased resistance to nuclease degrada 
tion, increased cellular uptake, increased stability and/or 
increased binding affinity for the target nucleic acid. An addi 
tional region of the oligonucleotide 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 endonu 
clease 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 
oligonucleotide-mediated inhibition of gene expression. The 
cleavage of RNA:RNA hybrids can, in like fashion, be 
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accomplished through the actions of endoribonucleases, such 
as RNAse, which cleaves both cellular and viral RNA. 
Cleavage of the RNA target can be routinely detected by gel 
electrophoresis and, if necessary, associated nucleic acid 
hybridization techniques known in the art. 
0129 Chimeric antisense compounds of the invention 
may be formed as composite structures of two or more oligo 
nucleotides, modified oligonucleotides, oligonucleosides 
and/or oligonucleotide mimetics as described above. Chi 
meric antisense compounds can be of several different types. 
These include a first type wherein the 'gap' segment of linked 
nucleosides is positioned between 5' and 3’ “wing segments 
of linked nucleosides and a second "open end type wherein 
the 'gap' segment is located at either the 3' or the 5' terminus 
of the oligomeric compound. Oligonucleotides of the first 
type are also known in the art as 'gapmers' or gapped oligo 
nucleotides. Oligonucleotides of the second type are also 
known in the art as “hemimers' or “wingmers’. Such com 
pounds have also been referred to in the art as hybrids. In a 
gapmer that is 20 nucleotides in length, a gap or wing can be 
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17 or 18 
nucleotides in length. In one embodiment, a 20-nucleotide 
gapmer is comprised of a gap 8 nucleotides in length, flanked 
on both the 5' and 3' sides by wings 6 nucleotides in length. In 
another embodiment, a 20-nucleotide gapmer is comprised of 
a gap 10 nucleotides in length, flanked on both the 5' and 3' 
sides by wings 5 nucleotides in length. In another embodi 
ment, a 20-nucleotide gapmer is comprised of a gap 12 nucle 
otides in length flanked on both the 5' and 3' sides by wings 4 
nucleotides in length. In a further embodiment, a 20-nucle 
otide gapmer is comprised of a gap 14 nucleotides in length 
flanked on both the 5' and 3' sides by wings 3 nucleotides in 
length. In another embodiment, a 20-nucleotide gapmer is 
comprised of a gap 16 nucleotides in length flanked on both 
the 5' and 3' sides by wings 2 nucleotides in length. In a further 
embodiment, a 20-nucleotide gapmer is comprised of a gap 
18 nucleotides in length flanked on both the 5' and 3' ends by 
wings 1 nucleotide in length. Alternatively, the wings are of 
different lengths, for example, a 20-nucleotide gapmer may 
be comprised of a gap 10 nucleotides in length, flanked by a 
6-nucleotide wing on one side (5' or 3') and a 4-nucleotide 
wing on the other side (5' or 3'). 
0130. In a hemimer, an “open end chimeric antisense 
compound, 20 nucleotides in length, a gap segment, located at 
either the 5' or 3' terminus of the oligomeric compound, can 
be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 or 
19 nucleotides in length. For example, a 20-nucleotide 
hemimer can have a gap segment of 10 nucleotides at the 5' 
end and a second segment of 10 nucleotides at the 3' end. 
Alternatively, a 20-nucleotide hemimer can have a gap seg 
ment of 10 nucleotides at the 3' end and a second segment of 
10 nucleotides at the 5' end. 
0131 Representative 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. 

F. Formulations 

0132) The compounds of the invention may also be 
admixed, encapsulated, conjugated or otherwise associated 
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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. Represen 
tative United States patents that teach the preparation of such 
uptake, distribution and/or absorption-assisting formulations 
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. 
I0133. The antisense compounds of the invention encom 
pass any pharmaceutically acceptable salts, esters, or salts of 
Such esters, or any other compound which, upon administra 
tion 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, pharmaceutically accept 
able salts of Such prodrugs, and other bioeduivalents. 
I0134. 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 WO94/26764 and U.S. Pat. No. 5,770,713 to 
Imbach et al. 
0.135 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. For oligo 
nucleotides, preferred examples of pharmaceutically accept 
able salts and their uses are further described in U.S. Pat. No. 
6,287,860, which is incorporated herein in its entirety. 
0.136 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 num 
ber of ways depending upon whether local or systemic treat 
ment is desired and upon the area to be treated. 
Administration 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, Subcutane 
ous, intraperitoneal or intramuscular injection or infusion; or 
intracranial, e.g., intrathecal or intraventricular, administra 
tion. Oligonucleotides with at least one 2'-O-methoxyethyl 
modification are believed to be particularly useful for oral 
administration. Pharmaceutical compositions and formula 
tions for topical administration may include transdermal 
patches, ointments, lotions, creams, gels, drops, supposito 
ries, sprays, liquids and powders. Conventional pharmaceu 
tical 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. 
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0.137 The pharmaceutical formulations of the present 
invention, which may conveniently be presented in unit dos 
age form, may be prepared according to conventional tech 
niques well known in the pharmaceutical industry. Such tech 
niques 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 carriers or both, and 
then, if necessary, shaping the product. 
0.138. 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 Syr 
ups, soft gels, Suppositories, and enemas. The compositions 
of the present invention may also be formulated as Suspen 
sions 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. 
0139 Pharmaceutical compositions of the present inven 
tion include, but are not limited to, Solutions, emulsions, 
foams and liposome-containing formulations. The pharma 
ceutical compositions and formulations of the present inven 
tion may comprise one or more penetration enhancers, carri 
ers, excipients or other active or inactive ingredients. 
0140. The pharmaceutical formulations and compositions 
of the present invention may also include Surfactants. The use 
of Surfactants in drug products, formulations and in emul 
sions is well known in the art. Surfactants and their uses are 
further described in U.S. Pat. No. 6,287,860, which is incor 
porated herein in its entirety. 
0141. In one embodiment, the present invention employs 
various penetration enhancers to effect the efficient delivery 
of nucleic acids, particularly oligonucleotides. In addition to 
aiding the diffusion of non-lipophilic drugs across cell mem 
branes, penetration enhancers also enhance the permeability 
of lipophilic drugs. Penetration enhancers may be classified 
as belonging to one of five broad categories, i.e., Surfactants, 
fatty acids, bile salts, chelating agents, and non-chelating 
non-Surfactants. Penetration enhancers and their uses are fur 
ther described in U.S. Pat. No. 6,287,860, which is incorpo 
rated herein in its entirety. 
0142. One of skill in the art will recognize that formula 
tions are routinely designed according to their intended use, 
i.e. route of administration. 
0143. In another related embodiment, compositions of the 
invention may contain one or more antisense compounds, 
particularly oligonucleotides, targeted to a first nucleic acid 
and one or more additional antisense compounds targeted to 
a second nucleic acid target. Alternatively, compositions of 
the invention may contain two or more antisense compounds 
targeted to different regions of the same nucleic acid target. 
Numerous examples of antisense compounds are known in 
the art. Two or more combined compounds may be used 
together or sequentially. 

G. Dosing 
0144. The formulation of therapeutic compositions and 
their Subsequent administration (dosing) 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 
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the disease state is achieved. Such considerations are well 
known to those skilled in the art. 
0145 While the present invention has been described with 
specificity in accordance with certain of its preferred embodi 
ments, the following examples serve only to illustrate the 
invention and are not intended to limit the same. Each of the 
references, GenBank accession numbers, and the like recited 
in the present application is incorporated herein by reference 
in its entirety. 

EXAMPLES 

Example 1 
Synthesis of Nucleoside Phosphoramidites 

0146 The following compounds, including amidites and 
their intermediates were prepared as described in U.S. Pat. 
No. 6,426.220 and published PCT WO 02/36743; 5'-B- 
Dimethoxytrityl-thymidine intermediate for 5-methyl dC 
amidite, 5'-O-Dimethoxytrityl-2'-deoxy-5-methylcytidine 
intermediate for 5-methyl-dCamidite, 5'-O-Dimethoxytrityl 
2'-deoxy-N4-benzoyl-5-methylcytidine penultimate inter 
mediate for 5-methyl dC amidite, 5'-O-(4,4'-Dimethoxyt 
riphenylmethyl)-2'-deoxy-N-benzoyl-5-methylcytidin-3'- 
O-yl)-2-cyanoethyl-N,N-diisopropylphosphoramidite 
(5-methyl dCamidite), 2'-Fluorodeoxyadenosine, 2'-Fluoro 
deoxyguanosine, 2-Fluorouridine, 2-Fluorodeoxycytidine, 
2'-O-(2-Methoxyethyl) modified amidites. 2'-O-(2-methoxy 
ethyl)-5-methyluridine intermediate, 5'-O-DMT-2'-O-(2- 
methoxyethyl)-5-methyluridine penultimate intermediate, 
5'-O-(4,4'-Dimethoxytriphenylmethyl)-2'-O-(2-methoxy 
ethyl)-5-methyluridin-3'-O-yl)-2-cyanoethyl-N,N-diisopro 
pylphosphoramidite (MOE T amidite), 5'-O-Dimethoxytri 
tyl-2'-O-(2-methoxyethyl)-5-methylcytidine intermediate, 
5'-O-dimethoxytrityl-2'-O-(2-methoxyethyl)-N'-benzoyl-5- 
methyl-cytidine penultimate intermediate, 5'-O-(4,4'- 
Dimethoxytriphenylmethyl)-2'-O-(2-methoxyethyl)-N'- 
benzoyl-5-methylcytidin-3'-O-yl)-2-cyanoethyl-N,N- 
diisopropylphosphoramidite (MOE 5-Me-Camidite), 5'-O- 
(4,4'-Dimethoxytriphenylmethyl)-2'-O-(2-methoxyethyl)- 
N-benzoyladenosin-3'-O-yl)-2-cyanoethyl-N,N- 
diisopropylphosphoramidite (MOE A amdite), 5'-O-(4,4'- 
Dimethoxytriphenylmethyl)-2'-O-(2-methoxyethyl)-N'- 
isobutyrylguanosin-3'-O-yl)-2-cyanoethyl-N,N- 
diisopropylphosphoramidite (MOE G amidite), 2'-O- 
(Aminooxyethyl) nucleoside amidites and 2'-O- 
(dimethylaminooxy-ethyl) nucleoside amidites. 2'- 
(Dimethylaminooxyethoxy) nucleoside amidites, 5'-O-tert 
Butyldiphenylsilyl-O-2'-anhydro-5-methyluridine, 5'-O- 
tert-Butyldiphenylsilyl-2'-O-(2-hydroxyethyl)-5- 
methyluridine, 2'-O-(2-phthalimidoxy)ethyl-5'-t- 
butyldiphenylsilyl-5-methyluridine, 5'-O-tert 
butyldiphenylsilyl-2'-O-(2-formadoximinooxy)ethyl-5- 
methyluridine, 5'-O-tert-Butyldiphenylsilyl-2'-O-N,N 
dimethylaminooxyethyl-5-methyluridine, 2'-O-(dimethy 
laminooxyethyl)-5-methyluridine, 5'-O-DMT-2'-O-(dim 
ethylaminooxyethyl)-5-methyluridine, 5'-O-DMT-2'-O-(2- 
N,N-dimethylaminooxyethyl)-5-methyluridine-3'-(2- 
cyanoethyl)-N,N-diisopropylphosphoramidite, 2'- 
(Aminooxyethoxy) nucleoside amidites, N2-isobutyryl-6-O- 
diphenylcarbamoyl-2'-O-(2-ethylacetyl)-5'-O-(4,4'- 
dimethoxytrityl)guanosine-3'-(2-cyanoethyl)-N,N- 
diisopropylphosphoramidite, 
2'-dimethylaminoethoxyethoxy(2'-DMAEOE) nucleoside 
amidites. 2'-O-2(2-N,N-dimethylaminoethoxy)ethyl-5- 



US 2010/0317718A1 

methyl uridine, 5'-O-dimethoxytrityl-2'-O-2(2-N,N-dim 
ethyl-aminoethoxy)-ethyl)-5-methyl uridine and 5'-O- 
Dimethoxytrityl-2'-O-2(2-N,N-dimethylaminoethoxy)- 
ethyl)-5-methyluridine-3'-O-(cyanoethyl-N,N-diisopropyl) 
phosphoramidite. 

Example 2 
Oligonucleotide and Oligonucleoside Synthesis 

0147 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. 
Oligonucleotides 
0148 Unsubstituted and substituted phosphodiester 
(P=O) oligonucleotides are synthesized on an automated 
DNA synthesizer (Applied Biosystems model 394) using 
standard phosphoramidite chemistry with oxidation by 
iodine. 
0149 Phosphorothioates (P=S) are synthesized similar 
to phosphodiester oligonucleotides with the following excep 
tions: thiation was effected by utilizing a 10% w/v solution of 
3.H-1,2-benzodithiole-3-one 1,1-dioxide in acetonitrile for 
the oxidation of the phosphite linkages. The thiation reaction 
step time was increased to 180 sec and preceded by the 
normal capping step. After cleavage from the CPG column 
and deblocking in concentrated ammonium hydroxide at 55° 
C. (12-16 hr), the oligonucleotides were recovered by pre 
cipitating with >3 volumes of ethanol from a 1 MNHOAc 
Solution. Phosphinate oligonucleotides are prepared as 
described in U.S. Pat. No. 5,508,270, herein incorporated by 
reference. 
0150 Alkylphosphonate oligonucleotides are prepared as 
described in U.S. Pat. No. 4,469,863, herein incorporated by 
reference. 
0151 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. 
0152 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. 
0153. 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 incorporated by ref 
CCC. 

0154 3'-Deoxy-3'-amino phosphoramidate oligonucle 
otides are prepared as described in U.S. Pat. No. 5,476.925, 
herein incorporated by reference. 
0155 Phosphotriester oligonucleotides are prepared as 
described in U.S. Pat. No. 5,023.243, herein incorporated by 
reference. 
0156 Borano phosphate oligonucleotides are prepared as 
described in U.S. Pat. Nos. 5,130,302 and 5,177,198, both 
herein incorporated by reference. 
Oligonucleosides 
0157 Methylenemethylimino linked oligonucleosides, 
also identified as MMI linked oligonucleosides, methylene 
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dimethylhydrazo linked oligonucleosides, also identified as 
MDH linked oligonucleosides, and methylenecarbonylamino 
linked oligonucleosides, also identified as amide-3 linked 
oligonucleosides, and methyleneaminocarbonyl linked oli 
gonucleosides, also identified as amide-4 linked oligonucleo 
sides, as well as mixed backbone compounds having, for 
instance, alternating MMI and P=O or Pi—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. 
0158 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. 
0159. Ethylene oxide linked oligonucleosides are pre 
pared as described in U.S. Pat. No. 5,223,618, herein incor 
porated by reference. 

Example 3 

RNA Synthesis 

0160. In general, RNA synthesis chemistry is based on the 
selective incorporation of various protecting groups at Strate 
gic intermediary reactions. Although one of ordinary skill in 
the art will understand the use of protecting groups in organic 
synthesis, a useful class of protecting groups includes silyl 
ethers. In particular bulky silyl ethers are used to protect the 
5'-hydroxyl in combination with an acid-labile orthoester 
protecting group on the 2'-hydroxyl. This set of protecting 
groups is then used with standard solid-phase synthesis tech 
nology. It is important to lastly remove the acid labile orthoe 
sterprotecting group after all other synthetic steps. Moreover, 
the early use of the silyl protecting groups during synthesis 
ensures facile removal when desired, without undesired 
deprotection of 2 hydroxyl. 
0.161 Following this procedure for the sequential protec 
tion of the 5'-hydroxyl in combination with protection of the 
2'-hydroxyl by protecting groups that are differentially 
removed and are differentially chemically labile, RNA oligo 
nucleotides were synthesized. 
0162 RNA oligonucleotides are synthesized in a stepwise 
fashion. Each nucleotide is added sequentially (3'- to 5'-di 
rection) to a solid support-bound oligonucleotide. The first 
nucleoside at the 3'-end of the chain is covalently attached to 
a solid Support. The nucleotide precursor, a ribonucleoside 
phosphoramidite, and activator are added, coupling the sec 
ond base onto the 5'-end of the first nucleoside. The support is 
washed and any unreacted 5'-hydroxyl groups are capped 
with acetic anhydride to yield 5'-acetyl moieties. The linkage 
is then oxidized to the more stable and ultimately desired 
P(V) linkage. At the end of the nucleotide addition cycle, the 
5'-silyl group is cleaved with fluoride. The cycle is repeated 
for each Subsequent nucleotide. 
0163 Following synthesis, the methyl protecting groups 
on the phosphates are cleaved in 30 minutes utilizing 1 M 
disodium-2-carbamoyl-2-cyanoethylene-1,1-dithiolate tri 
hydrate (SNa) in DMF. The deprotection solution is washed 
from the Solid Support-bound oligonucleotide using water. 
The support is then treated with 40% methylamine in water 
for 10 minutes at 55° C. This releases the RNA oligonucle 
otides into Solution, deprotects the exocyclic amines, and 
modifies the 2-groups. The oligonucleotides can be analyzed 
by anion exchange HPLC at this stage. 
0164. The 2'-orthoester groups are the last protecting 
groups to be removed. The ethylene glycol monoacetate 
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orthoester protecting group developed by Dharmacon 
Research, Inc. (Lafayette, Colo.), is one example of a useful 
orthoester protecting group which, has the following impor 
tant properties. It is stable to the conditions of nucleoside 
phosphoramidite synthesis and oligonucleotide synthesis. 
However, after oligonucleotide synthesis the oligonucleotide 
is treated with methylamine which not only cleaves the oli 
gonucleotide from the Solid Support but also removes the 
acetyl groups from the orthoesters. The resulting 2-ethyl 
hydroxyl substituents on the orthoester are less electron with 
drawing than the acetylated precursor. As a result, the modi 
fied orthoester becomes more labile to acid-catalyzed 
hydrolysis. Specifically, the rate of cleavage is approximately 
10 times faster after the acetyl groups are removed. Therefore, 
this orthoester possesses sufficient stability in order to be 
compatible with oligonucleotide synthesis and yet, when Sub 
sequently modified, permits deprotection to be carried out 
under relatively mild aqueous conditions compatible with the 
final RNA oligonucleotide product. 
0.165 Additionally, methods of RNA synthesis are well 
known in the art (Scaringe, S. A. Ph.D. Thesis, University of 
Colorado, 1996; Scaringe, S.A., et al., J. Am. Chem. Soc., 
1998, 120, 11820-11821; Matteucci, M.D. and Caruthers, M. 
H.J. Am. Chem. Soc., 1981, 103,3185-3191; Beaucage, S. L. 
and Caruthers, M. H. Tetrahedron Lett., 1981, 22, 1859-1862; 
Dahl, B. J., et al., Acta Chem. Scand. 1990, 44, 639-641; 
Reddy, M. P. et al., Tetrahedron Lett., 1994, 25, 4311-4314: 
Wincott, F. et al., Nucleic Acids Res., 1995, 23, 2677-2684; 
Griffin, B.E., et al., Tetrahedron, 1967, 23, 2301-2313; Grif 
fin, B. E., et al., Tetrahedron, 1967, 23, 2315-2331). 
0166 RNA antisense compounds (RNA oligonucleotides) 
of the present invention can be synthesized by the methods 
herein or purchased from Dharmacon Research, Inc (Lafay 
ette, Colo.). Once synthesized, complementary RNA anti 
sense compounds can then be annealed by methods known in 
the art to form double stranded (duplexed) antisense com 
pounds. For example, duplexes can be formed by combining 
30 ul of each of the complementary strands of RNA oligo 
nucleotides (50 uM RNA oligonucleotide solution) and 15ul 
of 5x annealing buffer (100 mM potassium acetate, 30 mM 
HEPES-KOH pH 7.4.2 mM magnesium acetate) followed by 
heating for 1 minute at 90° C., then 1 hour at 37° C. The 
resulting duplexed antisense compounds can be used in kits, 
assays, Screens, or other methods to investigate the role of a 
target nucleic acid, or for diagnostic or therapeutic purposes. 

Example 4 
Synthesis of Chimeric Compounds 

0167 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' seg 
ment is located at either the 3' or the 5' terminus of the 
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’. 

2'-O-Me-2'-deoxy-2'-O-Mel Chimeric 
Phosphorothioate Oligonucleotides 

0168 Chimeric oligonucleotides having 2'-O-alkyl phos 
phorothioate and 2'-deoxy phosphorothioate oligonucleotide 
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segments are synthesized using an Applied Biosystems auto 
mated DNA synthesizer Model 394, as above. Oligonucle 
otides 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-phos 
phoramidite for 5' and 3' wings. The standard synthesis cycle 
is modified by incorporating coupling steps with increased 
reaction times for the 5'-dimethoxytrityl-2'-O-methyl-3-O- 
phosphoramidite. The fully protected oligonucleotide is 
cleaved from the Support and deprotected in concentrated 
ammonia (NH-OH) for 12-16 hr at 55° C. The deprotected 
oligo is then recovered by an appropriate method (precipita 
tion, column chromatography, Volume reduced in vacuo and 
analyzed spectrophotometrically for yield and for purity by 
capillary electrophoresis and by mass spectrometry. 

2'-O-(2-Methoxyethyl)-2'-deoxy-2'-O-(Methoxy 
ethyl) Chimeric Phosphorothioate Oligonucleotides 

0169. 2'-O-(2-methoxyethyl)-2'-deoxy--2'-O-(meth 
oxyethyl) chimeric phosphorothioate oligonucleotides 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 amidites. 

2'-O-(2-Methoxyethyl)Phosphodiester-2'-deoxy 
Phosphorothioate-2'-O-(2-Methoxyethyl) Phos 

phodiester Chimeric Oligonucleotides 
(0170 2'-O-(2-methoxyethyl phosphodiester-2'-deoxy 
phosphorothioate-2'-O-(methoxyethyl) phosphodiester 
chimeric oligonucleotides are prepared as per the above pro 
cedure for the 2'-O-methyl chimeric oligonucleotide with the 
substitution of 2'-O-(methoxyethyl)amidites for the 2'-O-me 
thyl amidites, oxidation with iodine to generate the phos 
phodiester 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) togen 
erate the phosphorothioate internucleotide linkages for the 
center gap. 
0171 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. 

Example 5 

Design and Screening of Duplexed Antisense Com 
pounds Targeting HIF1-Beta 

0172. In accordance with the present invention, a series of 
nucleic acid duplexes comprising the antisense compounds of 
the present invention and their complements can be designed 
to target HIF1-beta. The nucleobase sequence of the antisense 
Strand of the duplex comprises at least an 8-nucleobase por 
tion of an oligonucleotide in Table 1 or Table 2. 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 con 
tain 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. The 
antisense and sense strands of the duplex comprise from 
about 17 to 25 nucleotides, or from about 19 to 23 nucle 
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otides. Alternatively, the antisense and sense strands com 
prise 20, 21 or 22 nucleotides. 
0173 For example, a duplex comprising an antisense 
strand having the sequence CGAGAGGCGGACGGGACCG 
(SEQID NO: 187) and having a two-nucleobase overhang of 
deoxythymidine(dT) would have the following structure: 

cgagaggcggacggg accqTT Anti sense Strand 
(SEQ ID NO: 188) 

| | | | | | | | | | | | | | | | | | | | | 
TTgct ct cogcctg.ccctggc Sense Strand 

(SEQ ID NO: 189) 

0.174. Overhangs can range from 2 to 6 nucleobases and 
these nucleobases may or may not be complementary to the 
target nucleic acid. In another embodiment, the duplexes may 
have an overhang on only one terminus. 
0.175. In another embodiment, a duplex comprising an 
antisense strand having the same sequence CGAGAGGCG 
GACGGGACCG may be prepared with bluntends (no single 
Stranded overhang) as shown: 

cgagaggcggacgggaccg AntiSense Strand 
(SEO ID NO: 187) 

| | | | | | | | | | | | | | | | | | | 
gct Ctcc.gc.ctgcc ctggc Sense Strand 

(SEQ ID NO: 19 O) 

0176 The RNA duplex can be unimolecular or bimolecu 
lar; i.e., the two strands can be part of a single molecule or 
may be separate molecules. 
0177 RNA strands of the duplex can be synthesized by 
methods disclosed herein or purchased from Dharmacon 
Research Inc. (Lafayette, Colo.). Once synthesized, the 
complementary strands are annealed. The single Strands are 
aliquotted and diluted to a concentration of 50 uM. Once 
diluted, 30 ul, of each strand is combined with 15 L of a 5x 
solution 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 concentration of the dsRNA 
duplex is 20 uM. This solution can be stored frozen (-20°C.) 
and freeze-thawed up to 5 times. 
0178. Once prepared, the duplexed antisense compounds 
are evaluated for their ability to modulate HIF1-beta expres 
S1O. 

(0179 When cells reach 80% confluency, they are treated 
with duplexed antisense compounds of the invention. For 
cells grown in 96-well plates, wells are washed once with 200 
uL OPTI-MEM-1 reduced-serum medium (Gibco BRL) and 
then treated with 130 uL of OPTI-MEM-1 containing 12 
ug/mL LIPOFECTIN (Gibco BRL) and the desired duplex 
antisense compound at a final concentration of 200 nM. After 
5 hours of treatment, the medium is replaced with fresh 
medium. Cells are harvested 16 hours after treatment, at 
which time RNA is isolated and target reduction measured by 
RT-PCR. 

Example 6 
Oligonucleotide Isolation 

0180. After cleavage from the controlled pore glass solid 
Support and deblocking in concentrated ammonium hydrox 
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ide at 55° C. for 12-16 hours, the oligonucleotides or oligo 
nucleosides are recovered by precipitation out of 1 M 
NHOAc with >3 volumes of ethanol. Synthesized oligo 
nucleotides were analyzed by electrospray mass spectros 
copy (molecular weight determination) and by capillary gel 
electrophoresis and judged to be at least 70% full length 
material. The relative amounts of phosphorothioate and phos 
phodiester linkages obtained in the synthesis was determined 
by the ratio of correct molecular weight relative to the -16 
amu product (+/-32+/-48). For Some studies oligonucle 
otides 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 

Oligonucleotide Synthesis—96 Well Plate Format 
0181 Oligonucleotides were synthesized via solid phase 
P(III) phosphoramidite chemistry on an automated synthe 
sizer capable of assembling 96 sequences simultaneously in a 
96-well format. Phosphodiester internucleotide linkages 
were afforded by oxidation with aqueous iodine. Phospho 
rothioate internucleotide linkages were generated by Sulfur 
ization utilizing 3.H-1.2 benzodithiole-3-one 1, 1 dioxide 
(Beaucage Reagent) in anhydrous acetonitrile. Standard 
base-protected beta-cyanoethyl-diso-propyl phosphoramid 
ites were purchased from commercial vendors (e.g. PE-Ap 
plied Biosystems, Foster City, Calif., or Pharmacia, Piscat 
away, N.J.). Non-standard nucleosides are synthesized as per 
standard or patented methods. They are utilized as base pro 
tected beta-cyanoethyldiisopropyl phosphoramidites. 
0182 Oligonucleotides were cleaved from support and 
deprotected with concentrated NH-OH 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-suspended in 
sterile water to afford a master plate from which all analytical 
and test plate samples are then diluted utilizing robotic pipet 
tOrS. 

Example 8 
Oligonucleotide Analysis—96-Well Plate Format 

0183 The concentration of oligonucleotide in each well 
was assessed by dilution of samples and UV absorption spec 
troscopy. The full-length integrity of the individual products 
was evaluated by capillary electrophoresis (CE) in either the 
96-well format (Beckman P/ACETMMDQ) or, for individu 
ally prepared samples, on a commercial CE apparatus (e.g., 
Beckman P/ACETM 5000, ABI 270). Base and backbone 
composition was confirmed by mass analysis of the com 
pounds utilizing electrospray-mass spectroscopy. All assay 
test plates were diluted from the masterplate 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. 

Example 9 

Cell Culture and Oligonucleotide Treatment 

0.184 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, 
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PCR or Northern blot analysis. The following 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, ribo 
nuclease protection assays, or RT-PCR. 
0185 T-24 Cells: 
0186 The human transitional cell bladder carcinoma cell 
line T-24 was obtained from the AmericanType Culture Col 
lection (ATCC) (Manassas, Va.). T-24 cells were routinely 
cultured in complete McCoy's 5A basal media (Invitrogen 
Corporation, Carlsbad, Calif.) supplemented with 10% fetal 
bovine serum (Invitrogen Corporation, Carlsbad, Calif.), 
penicillin 100 units per mL, and streptomycin 100 micro 
grams per mL (Invitrogen Corporation, Carlsbad, Calif.). 
Cells were routinely passaged by trypsinization and dilution 
when they reached 90% confluence. Cells were seeded into 
96-well plates (Falcon-Primaria i353872) at a density of 
7000 cells/well for use in RT-PCR analysis. 
0187. A549 Cells: 
0188 The human lung carcinoma cell line A549 was 
obtained from the AmericanType Culture Collection (ATCC) 
(Manassas, Va.). A549 cells were routinely cultured in 
DMEM basal media (Invitrogen Corporation, Carlsbad, 
Calif.) supplemented with 10% fetal bovine serum (Invitro 
gen Corporation, Carlsbad, Calif.), penicillin 100 units per 
mL, and streptomycin 100 micrograms per mL (Invitrogen 
Corporation, Carlsbad, Calif.). Cells were routinely passaged 
by trypsinization and dilution when they reached 90% con 
fluence. 
0189 NHDF Cells: 
(0190. 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 Supplier. 
(0191) HEK Cells: 
0.192 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. 
0193 b.END Cells: 
0194 The mouse brain endothelial cell line b. END was 
obtained from Dr. Werner Risau at the Max Plank Institute 
(Bad Nauheim, Germany). b.END cells were routinely cul 
tured in DMEM, high glucose (Invitrogen Corporation, 
Carlsbad, Calif.) supplemented with 10% fetal bovine serum 
(Invitrogen Corporation, Carlsbad, Calif.). Cells were rou 
tinely passaged by trypsinization and dilution when they 
reached 90% confluence. Cells were seeded into 96-well 
plates (Falcon-Primaria #3872) at a density of 3000 cells/well 
for use in RT-PCR analysis. 
0.195 MCF7 Cells: 
0196. The human breast carcinoma cell line MCF-7 was 
obtained from the AmericanType Culture Collection (Manas 
sas, Va.). MCF-7 cells were routinely cultured in DMEM low 
glucose supplemented with 10% fetal bovine serum (Invitro 
gen Life Technologies, Carlsbad, Calif.). Cells were routinely 
passaged by trypsinization and dilution when they reached 
90% confluence. Cells were seeded into poly-D-lysine coated 
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96-well plates (Falcon-Primaria #3872) at a density of 8000 
cells/well for use in antisense oligonucleotide transfection. 
0197) PC3 Cells: 
0198 The human prostatic carcinoma cell line PC3 was 
obtained from the AmericanType Culture Collection (ATCC) 
(Manassas, Va.). PC3 cells were routinely cultured in Ham's 
F12K medium with 2 mM L-glutamine adjusted to contain 
1.5 g/L sodium bicarbonate supplemented with 10% fetal 
bovine serum (Invitrogen Life Technologies, Carlsbad, 
Calif.) and antibiotics (Invitrogen Life Technologies, Carls 
bad, Calif.). Cells were routinely passaged by trypsinization 
and dilution when they reached approximately 90% conflu 
ence. Cells were seeded into 96-well plates (Falcon-Primaria 
#353872) at a density of approximately 6000 cells/well for 
use in antisense oligonucleotide transfection. 
(0199 Hep3B Cells: 
(0200. The human hepatoma cell line Hep3B (Hep3B2.1- 
7) was obtained from the American Type Culture Collection 
(ATCC-ATCC Catalog # HB-8064) (Manassas, Va.). This 
cell line was initially derived from a hepatocellular carcinoma 
of an 8-yr-old black male. The cells are epithelial in morphol 
ogy and are tumorigenic in nude mice. Hep3B cells are rou 
tinely cultured in Minimum Essential Medium (MEM) with 
Earle's Balanced Salt Solution, 2 mM L-glutamine, 1.5 g/L 
sodium bicarbonate, 0.1 mM nonessential amino acids, 1.0 
mM sodium pyruvate (ATCC #20-2003, Manassas, Va.) and 
with 10% heat-inactivated fetal bovine serum (Invitrogen 
Life Technologies, Carlsbad, Calif.). Cells are routinely pas 
saged by trypsinization and dilution when they reach 90% 
confluence. 
0201 HeLa Cells: 
0202 The human epithelioid carcinoma cell line HeLa 
was obtained from the American TissueType Culture Collec 
tion (Manassas, Va.). HeLa cells were routinely cultured in 
DMEM, high glucose (Invitrogen Corporation, Carlsbad, 
Calif.) supplemented with 10% fetal bovine serum (Invitro 
gen Corporation, Carlsbad, Calif.). Cells were routinely pas 
saged by trypsinization and dilution when they reached 90% 
confluence. Cells were seeded into 24-well plates (Falcon 
Primaria#3846) at a density of 50,000 cells/wellor in 96-well 
plates at a density of 5,000 cells/well for use in RT-PCR 
analysis. For Northern blotting or other analyses, cells were 
harvested when they reached 90% confluence. 
0203 HuVEC Cells: 
0204. The human umbilical vein endothelial cell line 
HuVEC is obtained from Cascade Biologics (Portland, 
Oreg.). HuVEC cells are routinely cultured in EBM (Clonet 
ics Corporation Walkersville, Md.) supplemented with 
SingleCRuots supplements (Clonetics Corporation, Walkers 
ville, Md.). Cells are routinely passaged by trypsinization and 
dilution when they reach 90% confluence and are maintained 
for up to 15 passages. 
0205 Treatment with Antisense Compounds: 
(0206. When cells reached 65-75% confluency, they were 
treated with oligonucleotide. For cells grown in 96-well 
plates, wells were washed once with 100 uLOPTI-MEMTM-1 
reduced-serum medium (Invitrogen Corporation, Carlsbad, 
Calif.) and then treated with 130 uL of OPTI-MEMTM-1 
containing 3.75ug/mLLIPOFECTINTTM (Invitrogen Corpo 
ration, Carlsbad, Calif.) and the desired concentration of oli 
gonucleotide. Cells are treated and data are obtained in trip 
licate. After 4-7 hours of treatment at 37°C., the medium was 
replaced with fresh medium. Cells were harvested 16-24 
hours after oligonucleotide treatment. 
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0207. 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 oligo 
nucleotide is selected from either ISIS 13920 (TCCGT 
CATCGCTCCTCAGGG, SEQID NO: 1) which is targeted 
to human H-ras, or ISIS 18078, (GTGCGCGCGAGC 
CCGAAATC, SEQ ID NO: 2) which is targeted to human 
Jun-N-terminal kinase-2 (JNK2). Both controls are 2'-O- 
methoxyethyl gapmers (2'-O-methoxyethyls shown in bold) 
with a phosphorothioate backbone. For mouse or rat cells the 
positive control oligonucleotide is ISIS 15770 (ATGCAT 
TCTGCCCCCAAGGA, SEQ ID NO:3), a 2-f-methoxy 
ethyl 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 oligo 
nucleotide that results in 80% inhibition of c-H-ras (for ISIS 
13920), JNK2 (for ISIS 18078) 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% inhibition 
of c-H-ras, JNK2 or c-raf mRNA is then utilized as the oli 
gonucleotide screening concentration in Subsequent experi 
ments for that cell line. If 60% inhibition is not achieved, that 
particular cell line is deemed as unsuitable for oligonucle 
otide transfection experiments. The concentrations of anti 
sense oligonucleotides used herein are from 50 nM to 300 
nM 

0208 For Northern blotting or other analyses, cells may be 
seeded onto 100 mm or other standard tissue culture plates 
and treated similarly, using appropriate Volumes of medium 
and oligonucleotide. 

Example 10 

Analysis of Oligonucleotide Inhibition of HIF1-Beta 
Expression 

0209 Antisense modulation of HIF1-beta expression can 
be assayed in a variety of ways known in the art. For example, 
HIF1-beta 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. The preferred method of 
RNA analysis of the present invention is the use of total 
cellular RNA as described in other examples herein. Methods 
of RNA isolation are well known in the art. Northern blot 
analysis is also routine in the art. Real-time quantitative 
(PCR) can be conveniently accomplished using the commer 
cially available ABIPRISMTM 7600, 7700, or 7900 Sequence 
Detection System, available from PE-Applied Biosystems, 
Foster City, Calif. and used according to manufacturer's 
instructions. 

0210 Protein levels of HIF1-beta can be quantitated in a 
variety of ways well known in the art, Such as immunopre 
cipitation, Western blot analysis (immunoblotting), enzyme 
linked immunosorbent assay (ELISA) or fluorescence-acti 
vated cell sorting (FACS). Antibodies directed to HIF1-beta 
can be identified and obtained from a variety of sources, such 
as the MSRS catalog of antibodies (Aerie Corporation, Bir 
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mingham, Mich.), or can be prepared via conventional mono 
clonal or polyclonal antibody generation methods well 
known in the art. 

Example 11 
Design of Phenotypic Assays for the Use of HIF1 

Beta Inhibitors 

Phenotypic Assays 

0211. Once HIF1-beta inhibitors have been identified by 
the methods disclosed herein, the compounds are further 
investigated in one or more phenotypic assays, each having 
measurable endpoints predictive of efficacy in the treatment 
of a particular disease state or condition. 
0212 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 of HIF1-beta in health 
and disease. Representative phenotypic assays, which can be 
purchased from any one of several commercial vendors, 
include those for determining cell viability, cytotoxicity, pro 
liferation or cell survival (Molecular Probes, Eugene, Oreg.: 
PerkinElmer, Boston, Mass.), protein-based assays including 
enzymatic assays (Panvera, LLC, Madison, Wis.; BD Bio 
Sciences, 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 meta 
bolic assays (Chemicon International Inc., Temecula, Calif.; 
Amersham Biosciences, Piscataway, N.J.). 
0213. 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 obesity 
studies) are treated with HIF1-beta 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. 
0214 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. Measurements 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. 
0215. Analysis of the genotype of the cell (measurement 
of the expression of one or more of the genes of the cell) after 
treatment is also used as an indicator of the efficacy or 
potency of the HIF1-beta inhibitors. Hallmark genes, or those 
genes Suspected to be associated with a specific disease state, 
condition, or phenotype, are measured in both treated and 
untreated cells. 

Example 12 
RNA Isolation 

0216) Poly(A)+ mRNA. Isolation 
0217 Poly(A)-- mRNA was isolated according to Miura et 

al., (Clin. Chem., 1996, 42, 1758-1764). Other methods for 
poly(A)-- mRNA isolation are routine in the art. Briefly, for 
cells grown on 96-well plates, growth medium was removed 
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from the cells and each well was washed with 200 uL cold 
PBS. 60 uL lysis buffer (10 mM Tris-HCl, pH 7.6, 1 mM 
EDTA, 0.5 M NaCl, 0.5% NP-40, 20 mM vanadyl-ribo 
nucleoside complex) was added to each well, the plate was 
gently agitated and then incubated at room temperature for 
five minutes. 55 uL 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 uL 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 L 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 fresh96-well 
plate. 
0218 Cells grown on 100mm or other standard plates may 
be treated similarly, using appropriate Volumes of all Solu 
tions. 

Total RNA Isolation 

0219. Total RNA was isolated using an RNEASY96TM 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 uL cold PBS. 150 uL Buffer RLT was added to each well 
and the plate vigorously agitated for 20 seconds. 150 uL of 
70% ethanol was then added to each well and the contents 
mixed by pipetting three times up and down. The samples 
were then transferred to the RNEASY 96TM well plate 
attached to a QIAVACTM manifold fitted with a waste collec 
tion tray and attached to a vacuum source. Vacuum was 
applied for 1 minute. 500 uL of Buffer RW1 was added to 
each well of the RNEASY 96TM plate and incubated for 15 
minutes and the vacuum was again applied for 1 minute. An 
additional 500 uL of Buffer RW1 was added to each well of 
the RNEASY 96TM plate and the vacuum was applied for 2 
minutes. 1 mL of Buffer RPE was then added to each well of 
the RNEASY96TM plate and the vacuum applied for a period 
of 90 seconds. The Buffer RPE wash was then repeated and 
the vacuum was applied for an additional 3 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 con 
taining 1.2 mL collection tubes. RNA was then eluted by 
pipetting 140 uL of RNAse free water into each well, incu 
bating 1 minute, and then applying the vacuum for 3 minutes. 
0220. The repetitive pipetting and elution steps may be 
automated using a QIAGEN Bio-Robot 9604 (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 

Real-time Quantitative PCR Analysis of HIF1-beta 
mRNA Levels 

0221) Quantitation of HIF1-beta mRNA levels was 
accomplished by real-time quantitative PCR using the ABI 
PRISMTM 7600, 7700, or 7900 Sequence Detection System 
(PE-Applied Biosystems, Foster City, Calif.) according to 
manufacturer's instructions. This is a closed-tube, non-gel 
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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 com 
pleted, products in real-time quantitative PCR are quantitated 
as they accumulate. This is accomplished by including in the 
PCR reaction an oligonucleotide probe that anneals specifi 
cally between the forward and reverse PCR primers, and 
contains two fluorescent dyes. A reporter dye (e.g., FAM or 
JOE, obtained from either PE-Applied Biosystems, Foster 
City, Calif., Operon Technologies Inc., Alameda, Calif. or 
Integrated DNA Technologies Inc., Coralville, Iowa) is 
attached to the 5' end of the probe and a quencher dye (e.g., 
TAMRA, obtained from either PE-Applied Biosystems, Fos 
ter City, Calif., Operon Technologies Inc., Alameda, Calif. or 
Integrated DNA Technologies Inc., Coralville, Iowa) 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 generated. With each cycle, additional reporter dye mol 
ecules are cleaved from their respective probes, and the fluo 
rescence intensity is monitored at regular intervals by laser 
optics built into the ABI PRISMTM Sequence Detection Sys 
tem. In each assay, a series of parallel reactions containing 
serial dilutions of mRNA from untreated control samples 
generates a standard curve that is used to quantitate the per 
cent inhibition after antisense oligonucleotide treatment of 
test samples. 
0222 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 amplifi 
cation reaction. In multiplexing, both the target gene and the 
internal standard gene GAPDH are amplified concurrently 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 gener 
ated from both the single-plexed and multiplexed samples. If 
both the slope and correlation coefficient 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 multiplexable. Other methods of PCR are 
also known in the art. 

0223 Gene target quantities are obtained by real-time 
PCR. Prior to the real-time PCR, isolated RNA is subjected to 
a reverse transcriptase (RT) reaction, for the purpose of gen 
erating complementary DNA (cDNA). Reverse transcriptase 
and PCR reagents were obtained from Invitrogen Corpora 
tion, (Carlsbad, Calif.). RT, real-time PCR reactions were 
carried out by adding 20 uL PCR cocktail (2.5xPCR buffer 
minus MgCl, 6.6 mM MgCl, 375 uM each of dATP, dCTP, 
dCTP and dGTP,375 nM each of forward primer and reverse 
primer, 125 nM of probe, 4 Units RNAse inhibitor, 1.25 Units 
PLATINUM(R) Taq, 5 Units Mul V reverse transcriptase, and 
2.5.xROX dye) to 96-well plates containing 30 uL total RNA 
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solution (20-200 ng). 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 PLATINUM(R) Taq, 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). The method of obtaining gene target 
quantities by RT, real-time PCR is herein referred to as real 
time PCR. 

0224 Gene target quantities obtained by real-time PCR 
were normalized using either the expression level of GAPDH, 
a gene whose expression is constant, or by quantifying total 
RNA using RiboGreenTM (Molecular Probes, Inc. Eugene, 
Oreg.). GAPDH expression is quantified by real-time PCR by 
being run simultaneously with the target, multiplexing, or 
separately. Total RNA is quantified using RiboGreenTM RNA 
quantification reagent (Molecular Probes, Inc. Eugene, 
Oreg.). Methods of RNA quantification by RiboGreenTM are 
taught in Jones, L. J., et al. (Analytical Biochemistry, 1998, 
265, 368-374). 
0225. 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) was pipetted into a 96-well plate 
containing 30 uL purified, cellular RNA. The plate was read 
in a CytoFluor 4000 (PE Applied Biosystems) with excitation 
at 485 nm and emission at 530 nm. 

0226 Probes and primers to human HIF1-beta were 
designed to hybridize to a human HIF1-beta sequence, using 
published sequence information (Genbank accession number 
BC028362.1, incorporated herein as SEQ ID NO: 4). For 
human HIF1-beta the PCR primers were: 
forward primer: AGCAGAGGGTGTGGGTGTCT (SEQ ID 
NO:5) 
reverse primer: TGGCGGTTGTTGAACATGTT (SEQ ID 
NO: 6) and the PCR probe was: FAM-CCAGCAGCCTCAT 
CATCGTTCA-TAMRA 

(SEQ ID NO: 7) where FAM is the fluorescent dye and 
TAMRA is the quencher dye. For human GAPDH the PCR 
primers were: 
forward primer: GAAGGTGAAGGTCGGAGTC(SEQ ID 
NO:8) 
reverse primer: GAAGATGGTGATGGGATTTC (SEQ ID 
NO: 9) and the PCR probe was: 5'JOE-CAAGCTTCCCGT 
TCTCAGCC-TAMRA3' (SEQID NO: 10) where JOE is the 
fluorescent reporter dye and TAMRA is the quencher dye. 
0227 Probes and primers to mouse HIF1-beta were 
designed to hybridize to a mouse HIF1-beta sequence, using 
published sequence information (GenBank accession num 
ber BC012870.1, incorporated hereinas SEQID NO:11). For 
mouse HIF1-beta the PCR primers were: 
forward primer: GGCATCTCCTCCAGCACTGT (SEQ ID 
NO:12) 
reverse primer: GGTAAGACCACTATTCCTGAAAT 
TCTCT (SEQID NO: 13) and the PCR 
probe was: FAM-TCCCTCCTAACCCCCGGCCG-TAMRA 
(SEQ ID NO: 14) where FAM is the fluorescent reporter dye 
and TAMRA is the quencher dye. 
For mouse GAPDH the PCR primers were: 
forward primer: GGCAAATTCAACGGCACAGT (SEQ ID 
NO:15) 
reverse primer: GGGTCTCGCTCCTGGAAGAT (SEQ ID 
NO: 16) and the PCR probe was: 5' JOE-AAGGC 
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CGAGAATGGGAAGCTTGTCATC-TAMRA 3 (SEQ ID 
NO: 17) where JOE is the fluorescent reporter dye and 
TAMRA is the quencher dye. 

Example 14 

Northern Blot Analysis of HIF1-Beta mRNA Levels 
0228. Eighteen hours after antisense treatment, cell mono 
layers 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 (AM 
RESCO, Inc. Solon, Ohio). RNA was transferred from the gel 
to HYBONDTTM-N+ nylon membranes (Amersham Pharma 
cia Biotech, Piscataway, N.J.) by overnight capillary transfer 
using a Northern/Southern Transfer buffer system (TEL 
TEST “B” Inc., Friendswood, Tex.). RNA transfer was con 
firmed by UV visualization. Membranes were fixed by UV 
cross-linking using a STRATALINKERTTM UV Crosslinker 
2400 (Stratagene, Inc, LaJolla, Calif.) and then probed using 
QUICKHYBTM hybridization solution (Stratagene, La Jolla, 
Calif.) using manufacturer's recommendations for stringent 
conditions. 
0229. To detect human HIF1-beta, a human HIF1-beta 
specific probe was prepared by PCR using the forward primer 
AGCAGAGGGTGTGGGTGTCT (SEQ ID NO: 5) and the 
reverse primer TGGCGGTTGTTGAACATGTT (SEQ ID 
NO: 6). To normalize for variations in loading and transfer 
efficiency membranes were stripped and probed for human 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) RNA 
(Clontech, Palo Alto, Calif.). 
0230. To detect mouse HIF1-beta, amouse HIF1-beta spe 
cific probe was prepared by PCR using the forward primer 
GGCATCTCCTCCAGCACTGT (SEQ ID NO: 12) and the 
reverse primer GGTAAGACCACTATTCCTGAAAT 
TCTCT (SEQ ID NO: 13). To normalize for variations in 
loading and transfer efficiency membranes were stripped and 
probed for mouse glyceraldehyde-3-phosphate dehydroge 
nase (GAPDH) RNA (Clontech, Palo Alto, Calif.). 
0231 Hybridized membranes were visualized and quan 
titated using a PHOSPHORIMAGERTM and 
IMAGEQUANTTM Software V3.3 (Molecular Dynamics, 
Sunnyvale, Calif.). Data was normalized to GAPDH levels in 
untreated controls. 

Example 15 

Antisense Inhibition of Human HIF1-Beta Expres 
sion by Chimeric Phosphorothioate Oligonucleotides 

Having 2'-MOE Wings and a Deoxy Gap 

0232. In accordance with the present invention, a series of 
antisense compounds was designed to target different regions 
of the human HIF1-beta RNA, using published sequences 
(GenBank accession number BC028362.1, incorporated 
herein as SEQ ID NO: 4, nucleotides 336578 to 404364 of 
Genbank accession number NT 021907. 12, the comple 
ment of which is incorporated herein as SEQ ID NO: 18, 
GenBank accession number N728.08.1, incorporated herein 
as SEQ ID NO: 19, and GenBank accession number 
AL834279.1, incorporated herein as SEQID NO: 20). The 
compounds are shown in Table 1. “Target site' indicates the 
first (5'-most) nucleotide number on the particular target 
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sequence to which the compound binds. All compounds in 
Table 1 are chimeric oligonucleotides (“gapmers') 20 nucle 
otides in length, composed of a central 'gap' region consist 
ing often 2'-deoxynucleotides, which is flanked on both sides 
(5' and 3' directions) by five-nucleotide “wings'. The wings 
are composed of 2'-3-methoxyethyl nucleotides, also known 
as 2'-MOE nucleotides. The internucleoside (backbone) link 
ages are phosphorothioate (P=S) throughout the oligonucle 
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otide. All cytidine residues are 5-methylcytidines. The com 
pounds were analyzed for their effect on human HIF1-beta 
mRNA levels by quantitative real-time PCR as described in 
other examples herein. Data are averages from two experi 
ments in which T-24 cells were treated with 100 nM of anti 
sense oligonucleotides of the present invention. The positive 
control for each datapoint is identified in the table by 
sequence ID number. If present, “N.D.” indicates “no data”. 

TABLE 1. 

Inhibition of human HIF1-beta mRNA levels by chimeric 
phosphorothioate oligonucleotides having 2" - MOE wings 

and a deoxy clap 

TARGET 

SEO ID TARGET SEQUENCE 3. SEO ID CONTROL SEQ 
ISIS REGION NO SITE (5' to 3') INHIB NO ID NO 

311073 Intron 1 18 1578 acacacatat ct caaggcc c 65 21 2 

311074 Intron 1 18 10523 aagggagcagaggactic cct 6 22 2 

31.1075 Intron 1 18 15791 caagat caggctgggaalaca 25 23 2 

31.1076 Intron 2 18 23 O71 ccc.ctaatctggtcacctgt 71. 24 2 

31.1077 Intron 8: Exon 9 18 44 694 actgccacacctgtttcaag 51 25 2 
junction 

31.1078 Intron 13 18 52827 taggaataataact tatttic O 26 2 

31.1079 Exon 21 : Intron 18 63922 actict cittacctggaag acc 4. 27 2 
21 junction 

31.108O 5' UTR 4. 19 caagatggcggctt cagcag 3 28 2 

31.10815 UTR 4. 80 ggaaaagaaaggcc acticcic O 29 2 

311 O 82 Start Codon 4. 163 gcc.gc.catggcc.gcagatgc 87 3O 2 

31.1083 Coding 4. 199 ggta catctgatgtcatttic 38 31 2 

31.1084 Coding 4. 281 cittaatagoc ct ctdgacaa 29 32 2 

31.1085 Coding 4. 3O8 atcatcaaaatc.ca.gcc ctd 42 33 2 

311086 Coding 4. 388 toccacctggcaaaccoctic 52 34 2 

311087 Coding 4. 393 catcatc.cgacctggcaaac 17 35 2 

31.1088 Coding 4. 432 attitt.ccctggcaagttct ct 55 36 2 

31.1089 Coding 4. 472 ctgtcatc.ttgttc.cgt.cgc 69 37 2 

31.1090 Coding 4. 494 tctgacagttctgttgatgta 82 38 2 

311091 Coding 4. 527 titt.cgagc.cagggcactaca 83 39 2 

31.1092 Coding 4. 532 Ctggittitt cagcc agggca 76 4 O 2 

31.1093 Coding 4. 652 aatgttt cagttcc tdatca 56 41 2 

311094 Coding 4. 658 agat caaatgttt cagttcc 66 42 2 

31.1095 Coding 4. 663 citccaagatcaaatgtttca 43 43 2 

31.1096 Coding 4. 6 68 gctgcc tic caagat caaatg 55 44 2 

31.1097 Coding 4. 673 catctgctgcct coaagat c 73 45 2 

31.1098 Coding 4. 678 aaagccatctgctgcct coa 8O 46 2 

31.1099 Coding 4. 804 atcatctgggtgcacct gat 76 47 2 

31.11 OO Coding 4. 810 atccacat catctgggtgca 8O 48 2 
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and a deoxy gap 

IS S REGION 

O1 Coding 

O2 Coding 

O3 Coding 

O4 Coding 

O5 Coding 

O6 Coding 

O7 Coding 

08 Coding 

09 Coding 

O Coding 

1 Coding 

2 Coding 

3 Coding 

4 Coding 

5 Coding 

6 Coding 

7 Coding 

8 Coding 

9 Coding 

2O Coding 

21 Coding 

22 Coding 

23 Coding 

24 Coding 

25 Coding 

26 Coding 

27 Coding 

28 Coding 

29 Coding 

3 O Coding 

31 Coding 

32 Coding 

33 Coding 

34 Coding 

TABL 

24 

E 1 - continued 

Inhibition of human HIF1-beta mRNA levels by chimeric 
phosphorothioate oligonucleotides having 2" - MOE wings 

TARGET 

SEO ID TARGETSEQUENCE 
NO SITE 

815 

892 

9 OO 

906 

139 

2O5 

21 O 

215 

22 O 

251 

256 

261 

31 O 

315 

343 

405 

418 

423 

434 

551 

556 

706 

862 

871 

876 

881 

95.3 

958 

96.7 

990 

(5' to 3') 

agtttatcca catcatctgg 

c ctittitt cactgttccagtic 

ctgacct tcc tttitt cactg 

agactgctgacct tcc ttitt 

tcc attcctgcatctgttcc 

agccaagticcatt cct gcat 

gcct ctgggt catcatctgg 

gggagaactagttacctgca 

Cagttgggagaact agttac 

Ctgtacagttgggagalacta 

Catgtctgtacagttgggag 

ttact catgtctgtacagtt 

tcgggagatgaact ctgttg 

ttgttgtcgggagatgaactic 

Caatgttgttgtcgggagatg 

tagccaa.cagtagccacaca 

gctgg tagccaa.cagtag cc 

Ctgtggctgg tagg caac ag 

acaat attctitt cota agag 

attt cactacctgttggaag 

acttggc ctitttaattt cac 

acago acttggccttittaat 

gaacatgacaga cagc actt 

gttct tcacattggtgttgg 

ctagagttct tcacattggit 

c catctottcctgg taccat 

ttact ctdatcc.gcattgat 

gagatgcctt tact ctdatc 

tggaggagatgc ctitt actic 

agtgctggaggagatgcc tt 

gaaattctictg.ccggc.cggg 

titcctgaaattct citgcc.gg 

agaccactatt cotgaaatt 

ggacaatggitta Caggaggg 

s o 

INHIB 

43 

81 

68 

63 

53 

84 

79 

48 

43 

74 

34 

84 

65 

49 

48 

51 

52 

27 

67 

55 

63 

62 

68 

56 

77 

49 

67 

84 

70 

67 

15 

68 

SEO ID CONTROL SEQ 
NO 

49 

SO 

51 

52 

53 

54 

55 

56 

st 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71. 

72 

73 

74 

76 

77 

78 

79 

81 

82 

ID NO 
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TABL 

25 

E 1 - continued 

Inhibition of human HIF1-beta mRNA levels by chimeric 
phosphorothioate oligonucleotides having 2" - MOE wings 

and a deoxy gap 

Dec. 16, 2010 

TARGET 

SEO ID TARGETSEQUENCE 3. SEO ID CONTROL SEQ 
ISIS REGION NO SITE (5' to 3') INHIB NO ID NO 

3 35 Coding 4. 1995 tdgctggacaatggittacag 8O 83 2 

3 36 Coding 4. 2276 gtcticaggagcaaagttaga 48 84 2 

3 37 Coding 4. 2339 cactgtggccagacacccac 65 85 2 

3 38 Coding 4. 2349 citggc cctdccactgtggcc 42 86 2 

3 39 Coding 4. 2354 gotgctggc cctoccactg 85 87 2 

3 4 O Coding 4. 2507 ggaaacatagittagat cagg 66 88 2 

3 41 Stop Codon 4. 2531 caatagttct attctgaaaa 21 89 2 

3 42 Stop Codon 4. 2537 to accocaatagttctatto 27 90 2 

3 43 Stop Codon 4. 2542 tat cotcaccc.caatagttc 24 91 2 

3 44 3' UTR 4. 2616 agaggaacttittattotgtt 51 92 2 

3 4s 3' UTR 4. 2621 aagggagaggaacttittatt O 93 2 

3 463 UTR 4. 2873 atccaaggcaaacagtggat 66 94 2 

3 473'UTR 4. 3791 gtcCaggc.cc catctato at f 95 2 

3 48 3' UTR 4. 4 429 tdaaaatctittgctacatgt 72 96 2 

3 49 is 'UTR 19 231 C caggtggtcacatctggtc 33 97 2 

3 50 Exon1: Exon 1A 2O 162 tagt ccaagat Caggcggg 18 98 2 
junction 

0233. As shown in Table 1, the majority of antisense com 
pounds targeting human HIF1-beta resulted in inhibition of 
HIF1-beta mRNA levels. Treatment of cells with antisense 
compounds represented by SEQID NOS: 21, 23-25, 30-34, 
36-80, 82-92 and 94-97 resulted in at least 20% inhibition of 
HIF1-beta mRNA: SEQ ID NOs: 21, 24, 25, 30, 33, 34, 
36-58, 60-66, 68-80, 82-88, 92 and 94-96 resulted in at least 
40% inhibition of HIF1-beta mRNA: SEQ ID NOS: 21, 24, 
25, 30, 34, 36-42, 44-48, 50-55, 58, 60, 61, 63, 65, 66, 68-74, 
76-80, 82, 83,85, 87, 88,92 and 94-96 resulted in at least 50% 
inhibition of HIF1-beta mRNA: SEQ ID NOs: 21, 24, 30, 
37-40, 42, 45-48, 50-52, 54, 55, 58, 60, 61, 68, 70-72, 74, 
76-80, 82, 83, 85, 87, 88, 94 and 96 resulted in at least 60% 
inhibition of HIF1-beta mRNA: SEQID NOs: 24, 30, 38-40, 
45-48, 50, 54, 55, 58, 60, 74, 77-79, 83, 87 and 96 resulted in 
at least 70% inhibition of HIF1-beta mRNA; and SEQ ID 
NOs: 30, 38, 39, 46, 48, 50, 54, 60, 77,83 and 87 resulted in 
at least 80% inhibition of HIF1-beta mRNA. 

Example 16 

Antisense Inhibition of Mouse HIF1-Beta Expres 
sion by Chimeric Phosphorothioate Oligonucleotides 

Having 2'-MOE Wings and a Deoxy Gap 

0234. In accordance with the present invention, a second 
series of antisense compounds was designed to target differ 

ent regions of the mouse HIF1-beta RNA, using published 
sequences (GenBank accession number BC012870.1, incor 
porated herein as SEQ ID NO: 11, nucleotides 1145000 to 
1210000 of GenBank accession number NW 000199.1, 
incorporated herein as SEQID NO: 99, GenBank accession 
number AK04.0475.1, incorporated herein as SEQ ID NO: 
100, GenBank accession number AK028546.1, incorporated 
herein as SEQ ID NO: 101, GenBank accession number 
BG083773.1, incorporated herein as SEQ ID NO: 102, and 
GenBank accession number AK049738.1, incorporated 
herein as SEQ ID NO: 103). The compounds are shown in 
Table 2. “Target site' indicates the first (5'-most) nucleotide 
number on the particular target nucleic acid to which the 
compound binds. All compounds in Table 2 are chimeric 
oligonucleotides ('gapmers') 20 nucleotides in length, com 
posed of a central 'gap' region consisting of ten 2'-deoxy 
nucleotides, which is flanked on both sides (5' and 3' direc 
tions) by five-nucleotide “wings'. The wings are composed 
of 2'-O-methoxyethyl nucleotides, also known as 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 mouse HIF1-beta mRNA 
levels by quantitative real-time PCR as described in other 
examples herein. Data are averages from two experiments in 
which b.END cells were treated with 40 nM of antisense 
oligonucleotides of the present invention. The positive con 
trol for each datapoint is identified in the table by sequence ID 
number. If present, “N.D.” indicates “no data'. 
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TABLE 2 

Inhibition of mouse HIF1-beta mRNA levels by chimeric 
phosphorothioate oligonucleotides having 2" - MOE wings 

and a deoxy gap 

ISIS REGION 

34.7985 Intron 1 

34.7986 Intron 2 

34.7987 Intron 3: Exon 
4 junction 

34.7988 Exon 11: 
Intron 11 
junction 

34.7989 is 'UTR 

34799 O Start Codon 

347991 Start Codon 

347992 Coding 

347993 Coding 

347994 Coding 

347995 Coding 

347996 Coding 

347997 Coding 

347998 Coding 

347999 Coding 

348OOO Coding 

348001 Coding 

348002 Coding 

348003 Coding 

348004 Coding 

348005 Coding 

348006 Coding 

348007 Coding 

3480O8 Coding 

348009 Coding 

348O10 Coding 

348O11 Coding 

348O12 Coding 

34.8013 Coding 

348O14 Coding 

348O15 Coding 

348O16 Coding 

348O17 Coding 

98 

111 

121 

131 

163 

195 

221 

231 

241 

317 

327 

337 

355 

362 

367 

372 

414 

424 

477 

591 

622 

686 

763 

858 

929 

939 

949 

959 

TARGET 

SEO ID TARGETSEQUENCE 
NO SITE (5' to 3') 

99 12686 gattic cagcagaaacaagat 

99 2O2O8 agtaccataaccaggaagag 

99 28425 atcatcgcatctgaaaagaa 

99 51989 toatacttgcctgcagoctd 

agattaggcaccittaccgcc 

gcc.gc.catggtc.gagatggc 

gttagctgtagt cqc.cgc.ca 

t catttctgggittagctgta 

a catctgatgtcatttctgg 

titccagaa.gcaatggtggga 

agctic ctic caccittgaatcc 

cgt.cgcttaatagocctctg 

cagcc ctdaccgt.cgcttaa 

catcaaaatc.ca.gc.cctgac 

ctggcaaaccoct citttgtc 

atcatc.cgacctggcaaacc 

agctctgct catcatc.cgac 

gtct citctittatcc.gcagag 

ctggcaagttct citctittatc 

titt coctdgcaagt ct ct ct 

atgattitt coctdgcaagtic 

gtaagctgtcatcttgttcc 

gttctgtgatgtaagctgtc. 

tagcttgtctggittitt cag 

caaatgttt cagttcc tdat 

taalacagaaag.c catctgct 

tggttcaaaacgggagt cac 

gctgct ct cqaagtttatcc 

gcacatcct catggaagact 

tt catggaaacagggit coac 

gct cagtictatt catggaaa 

t cct caaaaagcticagticta 

ctgcatctgttcct caaaaa 

s o 

INHIB 

76 

82 

51 

59 

73 

88 

79 

69 

41 

81 

83 

29 

47 

85 

41 

89 

66 

56 

73 

49 

63 

82 

83 

39 

58 

9 O 

84 

76 

56 

86 

NO 

21 

22 

23 

24 

25 

26 

27 

28 

29 

3 O 

31 

32 

33 

34 

35 

36 

SEO ID CONTROL 
SEO ID NO 

2 
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and a deoxy gap 

ISIS REGION 

348018 Coding 

348O19 Coding 

348O2O Coding 

348021 Coding 

348022 Coding 

348O23 Coding 

348O24 Coding 

348O25 Coding 

348026 Coding 

348O27 Coding 

348028 Coding 

348O29 Coding 

348O3O Coding 

348031 Coding 

348O32 Coding 

34.8033 Coding 

348O34 Coding 

348035 Coding 

348O36 Coding 

348O37 Coding 

348O38 Coding 

348O39 Coding 

348040 Coding 

348041 Coding 

34.8042 Coding 

348043 Coding 

348044 Coding 

348045 Coding 

348046 Coding 

348047 Coding 

348048 Coding 

348049 Coding 

348050 Stop Codon 

34.80513 'UTR 

TABL 

27 

E 2 - continued 

Inhibition of mouse HIF1-beta mRNA levels by chimeric 
phosphorothioate oligonucleotides having 2" - MOE wings 

TARGET 

SEO ID TARGETSEQUENCE 
NO SITE 

O15 

1. Of 

119 

211 

241 

291 

312 

323 

333 

343 

408 

SO4 

550 

st 9 

651 

681 

719 

742 

855 

865 

906 

958 

211 O 

2219 

2287 

23.79 

2399 

2475 

2.538 

(5' to 3') 

tgcagtggactaccacaaag 

ggc.ca.gc.ctctgggtcatca 

cagaatttgctic ccct ggcc 

ggC Cactaggcaga atttgc 

cagcctgccaatggccacta 

gtgaatat coctitcaatgtt 

acagtagccacacaacgatg 

gacaaaattic tacaat attc 

gtc.tt caggatgacaaaatt 

gaagttgttggit ctitcagga 

gctgtct cittagaagttgtt 

cctgctgaaagctgtc.tc.tt 

aattt caccacctgctgaaa 

t catccacagcc attct cqg 

gtggttcCtggctagagttc 

gtcggacctagotgtgacct 

ctgtacccatct citagggat 

c cagoccatctott cotggit 

ggacagaaac Ctgggaatga 

gggcttgctgttgttctgatc 

aagagaccttctgactitctic 

Cctgggagaacagotgttgg 

aatgagctgc cctgggagaa 

gttaggagggaatgagctgc 

cactatt cct galaattct ct 

atctg.ccctgcagalagatga 

aagaacgagt cttggctgta 

tctgaaagttgttcacacca 

gtcticaggaggaaagttgga 

Cctgccactgtggc.calgaca 

ttcttgaaag acct caggct 

t ct cocagcatggacago at 

c caat agttctatt cqgaaa 

tctgtttacaaaagatttgc 

s o 

INHIB 

68 

89 

73 

79 

70 

74 

79 

53 

79 

65 

25 

76 

56 

58 

79 

23 

76 

70 

84 

83 

69 

65 

58 

70 

51 

88 

77 

52 

68 

87 

78 

SEO ID CONTROL 
NO 

37 

38 

39 

4 O 

41 

42 

43 

44 

45 

46 

47 

48 

49 

SO 

51 

52 

53 

54 

55 

56 

f 

58 

59 

6 O 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

SEO ID NO 
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TABLE 2 - continued 

Inhibition of mouse HIF1-beta mRNA levels by chimeric 
phosphorothioate oligonucleotides having 2" - MOE wings 

Dec. 16, 2010 

and a deoxy gap 

ISIS REGION 

34.8052 5' UTR 

34.8053 3'UTR 

34.8054 Coding 

34.8055 Coding 

34.8056 Coding 

348 Osts' UTR 

31.1090 Coding 

311091 Coding 

3111.12 Coding 

311129 Coding 

31.113 O Coding 

TARGET 

SEO ID TARGETSEQUENCE 
NO SITE (5' to 3') 

s o 

INHIB 
SEO ID CONTROL 

NO SEO ID NO 

0235 
pounds targeting mouse HIF1-beta resulted in inhibition of 
HIF1-beta mRNA levels. Treatment of cells with antisense 
compounds represented by SEQID NOs: 38, 39, 60, 77,78, 
104-153 and 155-176 resulted in at least 25% inhibition of 
HIF1-beta mRNA: SEQID NOs: 38,39, 60, 77,78, 104-113, 
115, 116, 119, 121-125, 127-129, 131-146, 148-153 and 155 
175 resulted in at least 50% inhibition of HIF1-beta mRNA: 
38, 39, 60, 77,78, 104,105, 108-113, 115, 116, 119, 121, 122, 
124, 125, 127-129, 132-134, 136-143, 145, 146, 148, 150, 
152, 153, 155, 156, 158-161, 163, 165, 166 and 168-resulted 
in at least 60% inhibition of HIF1-beta mRNA: SEQID NOs: 
38, 39, 60, 77,78, 104,105, 108-112, 115, 116, 119, 121, 124, 
125, 128, 129, 132-134, 136, 138-143, 145, 148, 150, 152, 
153, 155, 156, 158, 159, 163, 165, 166 and 169-173 resulted 
in at least 70% inhibition of HIF1-beta mRNA; and SEQID 
NOs: 39, 60, 105,108, 110, 115, 116, 119, 121, 128, 129, 132, 
133, 136, 138, 152, 158, 159, 165, 169, 171 and 172 resulted 
in at least 80% inhibition of HIF1-beta mRNA. 

Example 17 

Targeting of Individual Oligonucleotides to Specific 
Variants of Human HIF1-Beta 

0236 A search of the National Center for Biotechnology 
Information database revealed alternative mRNA variants of 
human HIF1-beta which are the result of alternative splicing. 
The sequence identified as Genbank accession number 
N72808.1 represents a variant of HIF1-beta designated herein 
as HIF1-beta-1 (incorporated herein as SEQID NO:19). The 
sequence identified as Genbank accession number 
AL834279.1 represents a variant of HIF1-beta designated 
herein as HIF1-beta-2 (incorporated herein as SEQ ID NO: 
20). 

1 OO 1O C9gaatcCaagatggcggac 88 171 2 

1 OO 2358 citccaaacaa.gc.ctgagacc 87 172 2 

1 O1 352 atgattitt coct ggcaaacc 79 173 2 

1 O1 2O31 ggcacctgggcggcaaagcc 6 O 174 2 

1 O2 608 agacttitt cocc cacatat c 67 17s 2 

103 50 taacctatgt attcagtgat 34 176 2 

11 431 totgacagttctgttgatgta 7s 38 2 

11 464 titt cq agc.cagggcactaca 82 39 2 

11 1157 titact catgtctgtacagtt 82 6 O 2 

11 2819 tdgaggagatgc ctitt actic 7s 77 2 

11 1824 agtgctggaggagatgcctt 78 78 2 

As shown in Table 1, the majority of antisense com- 0237. It is advantageous to selectively inhibit the expres 
sion of one or more variants of HIF1-beta. Consequently, in 
one embodiment of the present invention are oligonucleotides 
that selectively target, hybridize to, and specifically inhibit 
one or more, but fewer than all the variants of HIF1-beta. The 
oligonucleotides of the present invention that selectively tar 
get human HIF1-beta variants are presented in Table 4. 

TABLE 4 

Targeting of individual oligonucleotides to specific 
variants of human HIF1-beta 

SEQID Target SEQID 
ISIS if NO Target Site Target Variant NO 

311 149 97 231 HIF1-beta-1 19 
3311SO 98 162 HIF1-beta-2 2O 

Example 18 
Targeting of Individual Oligonucleotides to Specific 

Variants of Mouse HIF1-Beta 

0238 A search of the National Center for Biotechnology 
Information database revealed alternative mRNA variants of 
mouse HIF1-beta which are the result of alternative splicing. 
The sequence identified as Genbank accession number 
AKO40475.1 represents a variant of HIF1-beta designated 
herein as HIF1-beta-3 (incorporated herein as SEQ ID NO: 
100). The sequence identified as Genbank accession number 
AK028546.1 represents a variant of HIF1-beta designated 
herein as HIF1-beta-4 (incorporated herein as SEQ ID NO: 
101). The sequence identified as Genbank accession number 
BG083773.1 represents a variant of HIF1-beta designated 
herein as HIF1-beta-5 (incorporated herein as SEQ ID NO: 
102). The sequence identified as Genbank accession number 
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AK049738.1 represents a variant of HIF1-beta designated 
herein as HIF1-beta-6 (incorporated herein as SEQ ID NO: 
103). 
0239. It is advantageous to selectively inhibit the expres 
sion of one or more variants of HIF1-beta. Consequently, in 
one embodiment of the present invention are oligonucleotides 
that selectively target, hybridize to, and specifically inhibit 
one or more, but fewer than all the variants of mouse HIF1 
beta. The oligonucleotides of the present invention that selec 
tively target mouse HIF1-beta variants are presented in Table 
5. 

TABLE 5 

Targeting of individual oligonucleotides to specific 
variants of mouse HIF1-beta 

SEQID Target Target Target SEQ 
ISIS if NO Site Variant ID NO 

34.8052 171 10 HIF1-beta-3 100 
34.8053 172 2358 HIF1-beta-3 100 
34.8053 172 1543 HIF1-beta-6 103 
348.054 173 352 HIF1-beta-4 101 
348.054 173 149 HIF1-beta-5 102 
348OSS 174 2O31 HIF1-beta-4 101 
34.8056 175 608 HIF1-beta-5 102 
34.8057 176 50 HIF1-beta-6 103 

Example 19 

Expression of HIF1-Beta in Various Human Cell 
Lines 

0240 U87-MG human glioblastoma, PC-3 human pros 
tate cancer, JEG-3 human choriocarcinoma, HeLa human 
cervical cancer, SK-N-BE(2) neuroblastoma, MCF-7 human 
breast cancer, 786-O human clear-cell renal cell carcinoma, 
Calu-1 human lung cancer, and Hep3B human hepatocellular 
carcinoma cells were purchased from AmericanType Culture 
Collection (ATCC; Manassas, Va.) and cultured according to 
ATCC directions. Human umbilical endothelial cells (HU 
VEC) were obtained from Cascade Biologics (Portland, 
Oreg.). Hypoxic treatments of cells (0.5-0.8x10/60 mm dish 
or 1-2x10/100 mm dish) were performed at 1% O, in a 
chamber controlled by ProOx oxygen sensor (BioSpherix, 
Redfield, N.Y.) for 18 h. To achieve the optimal hypoxic 
induction, 2 or 5 ml of medium was used for 60 mm and 100 
mm culture dishes, respectively, during incubation. CoCl 
(150 uM) was added to the cells to mimic hypoxic condition 
in Some experiments. 
0241. After 18 h of culture at normoxia, hypoxia, or with 
CoCl2, cells were harvested and whole cell lysates prepared 
with RIPA buffer containing protease inhibitor cocktails 
(Roche), 0.5 mM sodium orthovanadate, 10 mM B-glycero 
phophate, 250 ng/ml ubiquitin aldehyde (Sigma-Aldrich), 
and 400 nM epoxomicin (Alexis). Lysates were separated on 
10% SDS-PAGE and transferred to PVDF membranes (Am 
ersham Biosciences). Immunoblotting was performed with 
the following antibodies and dilutions: anti-HIF1-beta (BD 
Transduction Laboratories) at 1:1000; anti-VHL (BD Trans 
duction Laboratories) at 1:500; anti-GLUT-1 (Alpha Diag 
nostic International) at 1:600, and anti-C-tubulin (Sigma) at 
1:2000. Antibodies were diluted in 0.05% Tween-20/Tris 
buffered saline (TTBS) blocking buffer containing 5% non 
fat skim milk and incubated with the PVDF membranes at 4° 
C. overnight, followed by washing with TTBS for 30 min. 
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Goat anti-mouse or rabbit IgGs coupled with HRP (BioRad) 
were used as secondary antibodies at 1:3000. Immunospe 
cific bands were detected by enhanced chemiluminescence 
plus (ECL-Plus) detection kit (Amersham Biosciences). 
0242 Expression of HIF1-beta was detected under both 
normoxic and hypoxic conditions; however, levels of expres 
sion of HIF1-beta varied among cell lines. HIF1-beta expres 
sion was induced under hypoxic conditions and in the pres 
ence of CoCl (which mimics hypoxia) in U87-MG human 
glioblastoma cells and MCF-7 human breast cancer cells. 
However, expression of HIF1-beta in JEG-3, PC-3, Hep3B, 
HeLa. 786-O, SK-N-BE(2), Calu-1 and HUVECs was not 
significantly altered by culturing under hypoxic conditions or 
in the presence of CoCl2. 

Example 20 

Antisense Modulation of HIF1-Beta mRNA Expres 
sion in Cancer Cells (Dose Response) 

0243 Hep3B or U87-MG cells were plated in 96-well 
plates (8-10,000/well) 16 hprior to transfection. Control oli 
gonucleotide ISIS 129688 (SEQ ID NO: 177) or HIF1-beta 
antisense oligonucleotides ISIS 311082 (SEQ ID NO:30) 
and ISIS 311 129 (SEQ ID NO: 77) at a concentration of 0, 
6.25 or 25 nM were delivered into cells by lipofectin (3 ug/ml 
per 100 nM oligonucleotide) in Opti-Mem media (Invitro 
gen). Both control and HIF1-beta antisense oligonucleotides 
are chimeric oligonucleotides ('gapmers') 20 nucleotides in 
length, composed of a central 'gap' region consisting often 
2'-deoxynucleotides, which is flanked on both sides (5' and 3' 
directions) by five-nucleotide “wings'. The wings are com 
posed of 2'-O-methoxyethyl nucleotides, also known as 
2'-MOE nucleotides. The internucleoside (backbone) link 
ages are phosphorothioate (P=S) throughout the oligonucle 
otide. All cytidine residues are 5-methylcytidines. 
0244. The transfection medium (120 ul/well) was 
switched to low-serum medium (0.1% FBS) 4 h after trans 
fection. Sixty microliters of medium was removed from the 
well 3 h after media switch and the cells were further incu 
bated at normoxia or hypoxia for 16-20h. 
0245 Total RNAs were isolated using RNeasy 96 BioRo 
bot 96.04 kit (Qiagen) according to the manufacturer's 
instructions. Quantitative real-time RT-PCR for detection of 
HIF1-beta mRNA was performed as described in other 
Examples herein by ABI Prism 7700 Sequence Detector (Ap 
plied Biosystems) in 25 or 50 ul reaction volumes. The level 
of mRNA for each gene was normalized to the amount of total 
RNA determined by RibogreenTM (Molecular Probes). 

TABLE 6 

HIF1-beta mRNA expression in hypoxic Hep3B cells treated with 
antisense oligonucleotide to HIF1-beta (shown as percent 

of untreated control cells at normoxia 

Percent expression of 
HIF1-beta mRNA after 

treatment with oligonucleotide 
at the concentrations shown: 

Oligonucleotide OnM 6.25 nM 25 nM 

129688 78 78 77 
31.1082 79 50 2O 
311129 77 70 30 
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TABLE 7 

HIF1-beta mRNA expression in hypoxic U87-MG cells treated 
with antisense oligonucleotide to HIF1-beta (shown as 

percent of untreated control cells at normoxia 

Percent expression of HIF1-beta 
mRNA after treatment with 

oligonucleotide at the 
concentrations shown: 

Oligonucleotide OnM 6.25 nM 25 nM 

129688 78 78 77 
31.1082 79 50 2O 
311129 77 70 2O 

0246 HIF1-beta antisense oligonucleotides ISIS 311082 
and ISIS 311 129 specifically inhibited mRNA expression of 
HIF1-beta in both Hep3B and U87-MG cells in a dose-de 
pendent manner. 

Example 21 

Antisense Modulation of HIF1-Beta Protein Expres 
sion 

0247 U87-MG cells were plated in 10 cm dishes (1-2x10 
cells/dish) 16 h prior to transfection. 100 nM control oligo 
nucleotide (ISIS 129688, SEQ ID NO: 177) or HIF1-beta 
antisense oligonucleotide (ISIS 311082, SEQ ID NO:30) 
were delivered into cells by lipofectin (3 ug/ml per 100 nM 
oligonucleotide) in Opti-Mem media (Invitrogen). 
0248. The transfection medium (10 ml/dish) was switched 

to low-serum medium (0.1% FBS) 4h after transfection. Five 
ml of medium was removed from the well 3 h after media 
switch and the cells were further incubated at normoxia or 
hypoxia for 16-20 h. 
0249 Following incubation at normoxia or hypoxia, trans 
fected cells were harvested and whole cell lysates prepared 
with RIPA buffer containing protease inhibitor cocktails 
(Roche), 0.5 mM sodium orthovanadate, 10 mM B-glycero 
phophate, 250 ng/ml ubiquitin aldehyde (Sigma-Aldrich), 
and 400 nM epoxomicin (Alexis). Lysates were separated on 
10% SDS-PAGE and transferred to PVDF membranes (Am 
ersham Biosciences). Immunoblotting was performed with 
the following antibodies and dilutions: anti-HIF1-BETA (BD 
Transduction Laboratories) at 1:1000; anti-GLUT1 (Alpha 
Diagnostic International) at 1:600, and anti-C-tubulin 
(Sigma) at 1:2000. Antibodies were diluted in 0.05% Tween 
20/Tris-buffered saline (TTBS) blocking buffer containing 
5% nonfat skim milk and incubated with the PVDF mem 
branes at 4°C. overnight, followed by washing with TTBS 
for 30 min. Goatanti-mouse or rabbit IgGs coupled with HRP 
(BioRad) were used as secondary antibodies at 1:3000. 
Immunospecific bands were detected by enhanced chemilu 
minescence plus (ECL-Plus) detection kit (Amersham Bio 
Sciences). 
0250. The results demonstrated that transfection with 
HIF1-beta antisense oligonucleotide inhibited HIF1-beta 
protein expression. Furthermore, protein expression of 
GLUT-1, a HIF1-beta-responsive gene, was induced under 
hypoxia in the absence of HIF1-beta antisense oligonucle 
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otide, but was nearly eliminated in hypoxic cells transfected 
with HIF1-beta antisense oligonucleotide. 

Example 22 
Expression HIF1-Beta-Regulated Genes in Cells 

Cultured Under Hypoxic Conditions 
0251 Genes whose products are significantly induced by 
hypoxia (or CoCl2, a mimic of hypoxia) include erythropoi 
etin (Epo), glucose transporter-1 (GLUT-1), Vascular endot 
helial growth factor (VEGF), phosphoglycerate kinase-1 
(PGK-1) and plasminogen activator inhibitor-1 (PAI-1). 
These genes are regulated by HIF1-beta and are induced 
under hypoxic conditions to varying extents in different cell 
lines. To determine mRNA expression levels of Epo, GLUT 
1, VEGF, PGK-1 and PAI-1 at normoxia (21% O), hypoxia 
(1% O) and in the presence of 150 uM CoCl2, in HeLa, 
Hep3B, U87-MG, PC-3 and 786-O cells, RT-PCR was per 
formed. Total RNA was isolated after 18h of culture using the 
RNeasy 96 BioRobot 9604 (Qiagen) according to the manu 
facturer's protocol. Quantitative real-time RT-PCR was per 
formed as described in other Examples herein by ABI Prism 
7700 Sequence Detector (Applied Biosystems) in 25 or 50 ul 
reaction volumes. The level of mRNA for each gene was 
normalized to the amount of total RNA determined by 
RibogreenTM (Molecular Probes). 

TABLE 8 

VEGF, GLUT-1, PGK-1, PAI-1 and Epo mRNA expression levels at 
normoxia, hypoxia and 150M CoCl2 (shown as 
fold-induction relative to HeLa cells at normoxia 

Gene Cell Type Normoxia Hypoxia CoCl2 

VEGF HeLa 3 2 
Hep3B 4 24 11 
U87-MG 17 46 28 
PC-3 2 2 
786-O 6 6 10 

GLUT1 HeLa 2.1 1.5 
Hep3B O.2 1 1 
U87-MG 2.5 3.1 5.3 
PC-3 4.1 3.7 
786-O 2.9 3.4 5.7 

PGK-1 HeLa 3 2 
Hep3B 4 24 10 
U87-MG 16 46 28 
PC-3 2 2 
786-O 6 6 9 

PAI-1 HeLa 1.5 1 
Hep3B .5 28 2 
U87-MG 9 24 32 
PC-3 3 4 3 
786-O 2 3 16 

Epo HeLa 1 1 
Hep3B 7 260 15 
U87-MG 1 1 
PC-3 1 1 
786-O 1 1 

0252 Although expression levels of the five genes under 
each condition varied widely among cell lines, VEGF, GLUT 
1, PGK-1, PAI-1 and Epo exhibited a trend of increased 
expression when cells were cultured under hypoxia or in the 
presence of 150 uM CoCl. As previously reported, hypoxia 
induced Epo expression occurred only in Hep3B cells. 

Example 23 
Antisense Inhibition of HIF1-Beta Target Genes 

(0253 Hep3B or U87-MG cells were plated in 96-well 
plates (8-10,000/well) 16 hprior to transfection. Control oli 
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gonucleotide ISIS 129688 (SEQ ID NO: 177) or HIF1-beta 
antisense oligonucleotides ISIS 311082 (SEQ ID NO:30) 
and ISIS 311 129 (SEQ ID NO: 77) at a concentration of 0, 
6.25 or 25 nM were delivered into cells by lipofectin (3 ug/ml 
per 100 nM oligonucleotide) in Opti-Mem media (Invitro 
gen). 
0254 The transfection medium (120 ul/well) was 
switched to low-serum medium (0.1% FBS) 4 h after trans 
fection. Sixty microliters of medium was removed from the 
well 3 h after media switch and the cells were further incu 
bated at normoxia or hypoxia for 16-20 h. 
0255 Total RNAs were isolated using RNeasy 96 BioRo 
bot 96.04 kit (Qiagen) according to the manufacturer's 
instructions. Quantitative real-time RT-PCR for detection of 
GLUT-1, VEGF or Epo mRNA was performed as described 
in other Examples herein by ABI Prism 7700 Sequence 
Detector (Applied Biosystems) in 25 or 50 ul reaction vol 
umes. The level of mRNA for each gene was normalized to 
the amount of total RNA determined by RibogreenTM (Mo 
lecular Probes). 

TABLE 9 

GLUT-1 mRNA expression in hypoxic Hep3B cells treated with antisense 
oligonucleotide to HIF1-beta (shown as percent of untreated control cells) 

Percent expression 
of GLUT-1 mRNA 

after treatment with 

oligonucleotide at 
the concentrations shown: 

Oligonucleotide OnM 6.25 nM 25 nM 

129688 100 85 83 

31.1082 100 72 34 

311129 100 74 79 

TABLE 10 

GLUT-1 mRNA expression in hypoxic U87-MG cells 
treated with antisense oligonucleotide to HIF1-beta 

(shown as percent of untreated control cells) 

Percent expression 
of GLUT-1 mRNA 

after treatment with 

oligonucleotide at 
the concentrations shown: 

Oligonucleotide OnM 6.25 nM 25 nM 

129688 100 1OO 102 

31.1082 100 76 28 

311129 100 83 40 
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TABLE 11 

VEGF mRNA expression in hypoxic U87-MG cells treated 
with antisense oligonucleotide to HIF1-beta 
shown as percent of untreated control cells 

Percent expression 
of VEGF mRNA after 

treatment with 
oligonucleotide at 

the concentrations shown: 

Oligonucleotide OnM 6.25 nM 25 nM 

129688 100 101 82 
31.1082 100 62 26 
311129 100 71 28 

TABLE 12 

Epo mRNA expression in hypoxic Hep3B cells 
treated with antisense oligonucleotide to HIF1-beta 

shown as percent of untreated control cells 

Percent expression of Epo 
mRNA after treatment 
with oligonucleotide at 

the concentrations shown: 

Oligonucleotide OnM 6.25 nM 25 nM 

129688 100 107 114 
31.1082 1OO 95 38 
311129 100 1OO 74 

0256. As shown in other Examples herein, GLUT-1, Epo 
and VEGF mRNA expression was induced under hypoxic 
conditions. HIF1-beta antisense oligonucleotides ISIS 
311082 and ISIS 311129 specifically inhibited mRNA 
expression of GLUT-1, Epo and VEGF in both Hep3B cells 
(GLUT-1 and Epo) and U87-MG cells (GLUT1 and VEGF). 

Example 24 

Antisense Inhibition of Protein Expression of HIF1 
Beta Downstream Targets 

(0257 U87-MG, HeLa or Hep3B cells were plated in 10 
cm dishes (1-2x10 cells/dish) 16 hprior to transfection. 100 
nM control oligonucleotide (ISIS 129688, SEQID NO: 177) 
or HIF1-beta antisense oligonucleotide (ISIS 311082, SEQ 
ID NO: 30) were delivered into cells by lipofectin (3 ug/ml 
per 100 nM oligonucleotide) in Opti-Mem media (Invitro 
gen). 
0258. The transfection medium (10 ml/well) was switched 
to low-serum medium (0.1% FBS) 4h after transfection. Five 
ml of medium was removed from the well 3 h after media 
switch and the cells were further incubated at normoxia or 
hypoxia. 
0259. After incubation at normoxia or hypoxia for 16 h, 
the media was removed and stored at -80° C. prior to use. 
Levels of VEGF protein in either U87-MG or HeLa cells was 
determined by Quantikine ELISA kit (R&D Systems) 
according to the manufacturer's protocol. To determine levels 
of Epo protein in Hep3B cells, cell culture media was con 
centrated up to 10% of the original volume by Amicon Ultra 
(Millipore) and Epo protein was quantitated by Quantikine 
IVD human Epo ELISA kit (R&D Systems). The obtained 
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values were normalized to the number of cells (VEGF) or the 
amount of total protein (Epo) used for the assay. 
0260 Under hypoxic conditions, VEGF protein produc 
tion in U87-MG cells treated with HIF1-beta antisense oli 
gonucleotide was significantly reduced (approximately 
4-fold) relative to cells treated with control oligonucleotide. 
In HeLa cells, VEGF protein levels were slightly reduced by 
treatment with HIF1-beta antisense oligonucleotide. In 
Hep3B cells treated with HIF1-beta antisense oligonucle 
otide, Epo protein levels were significantly reduced (approxi 
mately 15-fold) relative to cells treated with control oligo 
nucleotide. Thus, treatment with HIF1-beta antisense 
oligonucleotides not only inhibits expression of HIF1-beta, 
but also results in downregulation of HIF1-beta target genes. 

Example 25 

Hypoxia-Induced Binding of HIF1-Beta to Hypoxia 
Response Element (HRE) In Vivo 

0261) To demonstrate binding of HIF1-beta to the hypoxia 
response element (HRE) on the promoter region of the VEGF 
gene under hypoxic conditions, chromatin immunoprecipita 
tion (ChIP) assays were performed. U87-MG cells were 
plated in 10 cm dishes in complete growth media containing 
10% FBS at a density of 1x10° cells/dish. After 24 h, the 
media was replaced with low serum media (0.1% FBS) and 
the cells were incubated at either normoxia or hypoxia for 16 
h. After incubation, cells were cross-linked with a 1% form 
aldehyde solution for 10 min at 37°C. After two washes with 
cold PBS, cells were processed following the ChIP assay kit 
protocol (Upstate). For immunoprecipitation, protein extracts 
were incubated with antibodies to HIF1-beta (10 ug) and 
mouse IgG (10 ug) at 4°C. for 40h, followed by 2 h incuba 
tion with salmon sperm DNA/Protein Aagarose slurry. After 
extensive washing, the immune/DNA complex was eluted in 
500 ul of buffer (1% SDS, 0.1 M NaHCO), reverse 
crosslinked at 65°C. for 4h in the presence of 0.2 MNaCl and 
subjected to proteinase K (Ambion) digestion at 45° C. for 1 
h. Samples were extracted with phenol-chloroform-isoamy 
lalcohol, ethanol-precipitated overnight at -80° C. and the 
DNA was resuspended in water. 
0262 Samples were analyzed by PCR using Accuprime II 
(Invitrogen) Taq polymerase in the presence of P-dCTP. 
PCR products were separated on 6% Tris-borate-EDTA 
(TBE)-PAGE, dried and exposed to X-ray film at -80°C. The 
forward (F) and reverse (R) primers used for PCR are as 
follows: 

(SEO ID NO: 178) 
VEGF I (F) : CCTGGCAACATCTGGGGTTGG 

(SEO ID NO: 179) 
VEGF I (R) : CAACAGGCTGGAGTGACTGGGCTCC 

(SEQ ID NO: 180) 
WEGF II (F) ; GTGGAGACAGGACTAGTGCACGAATG 

(SEQ ID NO: 181) 
VEGF II (R) : CTGTGGAGGCATGGACTGAGAATGG 

(SEQ ID NO: 182) 
Epo (F) : CTGGGAACCTCCAAATCCCCTGGC 

(SEQ ID NO: 183) 
Epo (R): CTGGGCAGGGTTGGCAGCTGCCTTAC 
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0263 VEGFI primers amplify a region that includes the 
HRE. VEGF II primers amplify a promoter region upstream 
of the HRE, therefore this region serves as a negative control. 
The Epo gene also is a negative control since it is not 
expressed in U87-MG cells. 
0264 HIF1-beta was not detected on the VEGF HRE at 
normoxia. However, hypoxia induced the recruitment of 
HIF1-beta to the VEGF HRE (VEGFI). No binding of HIF1 
beta was detected to the regions amplified by the VEGF II or 
Epo primers. 

Example 26 

Inhibition of HIF1-Beta Expression. In Vivo 

0265 C57B1/6 mice are maintained on a standard rodent 
diet and are used as control animals. Seven-week old male 
C57B1/6 mice are injected subcutaneously with oligonucle 
otides at a dose of 25 mg/kg two times per week for 4 weeks. 
Saline-injected animals serve as a control. After the treatment 
period, mice are sacrificed and target levels are evaluated in 
liver, spleen, adipose and other tissues using RNA isolation 
and target mRNA expression level quantitation (RT-PCR) as 
described in other examples herein. 

Example 27 

Tube Formation Assay to Determine Effect of HIF1 
Beta Antisense Inhibitors on Angiogenesis 

0266 Angiogenesis is stimulated by numerous factors that 
promote interaction of endothelial cells with each other and 
with extracellular matrix molecules, resulting in the forma 
tion of capillary tubes. This process can be reproduced in 
tissue culture by the formation of tube-like structures by 
endothelial cells. Loss of tube formation in vitro has been 
correlated with the inhibition of angiogenesis in vivo (Car 
meliet et al., (2000) Nature 407:249-257; and Zhang et al., 
(2002) Cancer Research 62:2034-42), which supports the use 
of in vitro tube formation as an endpoint for angiogenesis. 
0267 Angiogenesis, or neovascularization, is the forma 
tion of new capillaries from existing blood vessels. In adult 
organisms this process is typically controlled and short-lived, 
for example in wound repair and regeneration. However, 
aberrant capillary growth can occur and this uncontrolled 
growth plays a causal and/or Supportive role in many patho 
logic conditions such as tumor growth and metastasis. In the 
context of this invention "aberrant angiogenesis' refers to 
unwanted or uncontrolled angiogenesis. Angiogenesis inhibi 
tors are being evaluated for use as antitumor drugs. Other 
diseases and conditions associated with angiogenesis include 
arthritis, cardiovascular diseases, skin conditions (e.g., pso 
riasis), and aberrant wound healing. Aberrant angiogenesis 
can also occur in the eye, causing loss of vision. Examples of 
ocular conditions involving aberrant angiogenesis include 
macular degeneration, diabetic retinopathy, diabetic macular 
edema and retinopathy of prematurity. 
0268. The tube formation assay is performed using an in 
vitro Angiogenesis Assay Kit (Chemicon International, 
Temecula, Calif.), or growth factor reduced Matrigel (BD 
Biosciences, Bedford, Mass.). HUVECs were plated at 4000 
cells/well in 96-well plates. One day later, cells were trans 
fected with antisense and control oligonucleotides according 
to standard published procedures (Monia et al., (1993) J Biol. 
Chem. 1993 Jul. 5; 268(19): 14514-22) using 75 nM oligo 
nucleotide in lipofectin (Gibco, Grand Island, N.Y.). Approxi 
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mately fifty hours post-transfection, cells were transferred to 
96-well plates coated with ECMatrixTM (Chemicon Inter 
national) or growth factor depleted Matrigel. Under these 
conditions, untreated HUVECs form tube-like structures. 
After an overnight incubation at 37°C., treated and untreated 
cells were inspected by light microscopy. Individual wells 
were assigned discrete scores from 1 to 5 depending on the 
extent of tube formation. A score of 1 refers to a well with no 
tube formation while a score of 5 is given to wells where all 
cells are forming an extensive tubular network. 
0269 ISIS 29848 is a control oligonucleotide containing 
an equal mixture of the bases A, C, G and T at every position. 
ISIS 175510 (TGAGCTGTCTGTGATCCAGC: SEQ ID 
NO: 184) is targeted to HIF1C.: ISIS 222035 (GCGCTGCTC 
CCAAGAACTCT: SEQ ID NO: 185) is targeted to HIF2C. 
ISIS 298697 (TCCTCATGGTCACATGGATG; SEQID NO: 
186) is a cross-HIF1C/HIF2C. oligonucleotide having perfect 
complementarity to HIF1C. target and imperfect complemen 
tarity (and thus less inhibitory effect) for HIF2C.: ISIS 311082 
(SEQ ID NO:30) is targeted to HIF1-beta. 

TABLE 13 

Effect of antisense oligonucleotides on angiogenic tube formation 

ISIS if Target Score 

Lipid control NA 4.7 
29848 Control 4.7 
175510 HIF1C 2.0 
222O3S HIF2C 1.O 
298.697 HIF1C2C. 3.0 
31.1082 HIF1-beta 2.0 

0270. As calculated from the assigned discrete scores, the 
results demonstrate that HUVEC tube formation is inhibited 
by treatment with antisense oligonucleotides targeting the Hif 
family. Thus, a reduction in HIF1-beta expression results in 
inhibition of angiogenic processes. 

Example 28 

HIF1-Beta Antisense Compounds in an Animal 
Model of Ocular Neovascularization 

0271 A pig model of ocular neovascularization, the 
branch retinal vein occlusion (BVO) model, is used to study 
ocular neovascularization. Male farm pigs (8-10 kg) are Sub 
jected to branch retinal vein occlusions (BVO) by laser treat 
ment in both eyes. The extent of BVO is determined by 
indirect opthalmoscopy after a 2 week period. Intravitreous 
injections (10 uM) of HIF1-beta antisense oligonucleotides 
and control oligonucleotides are started on the day of BVO 
induction and are repeated at weeks 2, 6 and 10 after BVO 
(Right eye-vehicle, Left eye-antisense oligonucleotide). 
Stereo fundus photography and fluorescein angiography are 
performed at baseline BVO and at weeks 1, 6 and 12 follow 
ing intravitreous injections to measure the neovascular 
response. In addition, capillary gel electrophoresis analysis of 
the eye sections containing Sclera, choroid, and the retina are 
performed to determine antisense concentrations, and gross 
and microscopic evaluations are performed to determine eye 
histopathology. 
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Example 29 

Matrix Metalloproteinase Activity Assay 

0272. During angiogenesis, endothelial cells need to be 
able to degrade the extracellular matrix (ECM). Endothelial 
cells secrete matrix metalloproteinases (MMPs) in order to 
accomplish this degradation. HIF1-beta antisense com 
pounds of the invention are evaluated for their effects on 
MMP activity in HUVECs. MMP activity is measured using 
the EnzChek Gelatinase/Collagenase Assay Kit (Molecular 
Probes, Eugene, Oreg.). In this assay, HUVECs are plated at 
approximately 4000 cells per well in 96-well plates and trans 
fected one day later. A 20-nucleotide oligomeric compound 
with a randomized sequence is used a negative control. An 
oligomeric compound targeted to integrin B3 is known to 
inhibit MMP activity and is used as a positive control. 
0273 Cells are transfected as described herein. Antisense 
compounds are mixed with LIPOFECTINTM in Opti-MEM to 
achieve a final concentration of 75 nMofantisense compound 
and 2.25ug/mL LIPOFECTINTTM. Antisense compounds of 
the invention and the positive control are tested in triplicate, 
and the negative control is tested in up to six replicates. 
Untreated control cells received LIPOFECTINTTM in Opti 
MEM only. 
0274 Approximately 50 hours after transfection, a p-ami 
nophenylmercuric acetate (APMA, Sigma-Aldrich, St. 
Louis, Mo.) solution is added to each well of a Corning 
Costar 96-well clear bottom plate (VWR International, Bris 
bane, Calif.). The APMA solution is used to promote cleavage 
of inactive MMP precursor proteins. Medium above the 
HUVECs is then transferred to the wells in the 96-well plate. 
After approximately 30 minutes, the quenched, fluorogenic 
MMP cleavage substrate is added, and baseline fluorescence 
is read immediately at 485 nm excitation/530 nm emission. 
Following an overnight incubation at 37°C. in the dark, plates 
are read again to determine the amount of fluorescence, which 
corresponds to MMP activity. Total protein from HUVEC 
lysates is used to normalize the readings, and MMP activity 
from cells treated with antisense compounds is normalized to 
that of untreated control cells. MMPactivities above or below 
100% are considered to indicate a stimulation or inhibition of 
MMP activity, respectively. HIF1-beta antisense compounds 
resulting in a decrease in MMP activity are candidate thera 
peutic agents for the inhibition of angiogenesis where Such 
activity is desired, for example, in the treatment of cancer, 
diabetic retinopathy, cardiovascular disease, rheumatoid 
arthritis and psoriasis. 
0275 Various modifications of the invention, in addition 
to those described herein, will be apparent to those skilled in 
the art from the foregoing description. Such modifications are 
also intended to fall within the scope of the appended claims. 
Each of the patents, applications, printed publications, and 
other published documents mentioned or referred to in this 
specification are herein incorporated by reference in their 
entirety. Those skilled in the art will appreciate that numerous 
changes and modifications may be made to the embodiments 
of the invention and that Such changes and modifications may 
be made without departing from the spirit of the invention. It 
is therefore intended that the appended claims cover all such 
equivalent variations as fall within the true spirit and scope of 
the invention. 
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< 16 Os 

<4 OOs, SEQUENCE: 

SEQ ID NO 1 
LENGTH: 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Compound 

1. 

tcc.gtcatcg CtcCtcaggg 

<4 OOs, SEQUENCE: 

SEQ ID NO 2 
LENGTH: 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Compound 

2 

gtgcgc.gcga gcc.cgaaatc 

SEQUENCE: 

SEQ ID NO 3 
LENGTH: 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Antisense Compound 

3 

atgcattctg ccc.ccaagga 

NUMBER OF SEO ID NOS: 19 O 

<210s, SEQ ID NO 4 
&211s LENGTH: 4504 
&212s. TYPE: DNA 

<213> ORGANISM: H. sapiens 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (175) . . . (2542) 

<4 OOs, SEQUENCE: 4 

agcgggggat gctgggggct gctgaagc.cg C catcttgga 

cggit caggcg cc.gcttctgg ggagtggcct ttcttitt coc 

ggcggctCct CCC actgggg gagggggtggc gcggcgg.cgg 

gcg 
Ala 

ggit 
Gly 

gga 
Gly 

gat 
Asp 
SO 

Cag 

gcg 
Ala 

CC a 

Pro 

gcc 
Ala 
35 

gat 
Asp 

atg 

act 
Thir 

gcc 
Ala 
2O 

att 
Ile 

gat 
Asp 

tot 

act 
Thir 

att 
Ile 

gt C 
Wall 

gga 
Gly 

aac 

gcc 
Ala 

gcc 
Ala 

Cag 
Glin 

gaa 
Glu 

gat 

aac 

Asn 

tot 
Ser 

agg 
Arg 

999 
Gly 
55 

aag 

c cc 

Pro 

gga 
Gly 

gct 
Ala 
4 O 

aac 

Asn 

gag 

gala 
Glu 

aac 

Asn 
25 

att 
Ile 

agt 
Ser 

cgg 

atg 
Met 
1O 

tot 
Ser 

aag 
Lys 

a.a.a. 

titt 

aca 

Thir 

gga 
Gly 

cgg 
Arg 

titt 
Phe 

gcc 

toa 
Ser 

cott 
Pro 

cga 
Arg 

ttg 
Luell 
6 O 

agg 

SEQUENCE LISTING 

CtcCCtc.ccg gttcggtggc 

34 

tggcatctgc ggcc 

gat 
Asp 

gga 
Gly 

C Ca 

Pro 
45 

agg 
Arg 

gta 
Wall 

att 
Ile 
3O 

999 
Gly 

tgt 
Cys 

gat 

CC a 

Pro 
15 

Cala 

Glin 

Ctg 
Luell 

gat 
Asp 

gat 

to a 
Ser 

ggt 
Gly 

gat 
Asp 

gat 
Asp 

gag 

atg 
Met 
1. 

Luell 

gga 
Gly 

titt 
Phe 

gat 
Asp 
65 

CaC 

6 O 

12 O 

177 

225 

273 

321 

369 

417 
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tgcaagactg agittaatgag aagatatatt aaatgtagt c at aggggact gaggagcaa.g 4 O22 

ggtggCCttg aagaggccaa aggaatgtcc atttgctgag titt CCCttcc titatgtctic C 4082 

agtctggtgc Cagg tagtgg agtaaaaaag gagacagttt atttittitt at tictatgtgca 4142 

cact tacagt atacatatat atttatat ca caatttacga aaccaaaaag titgagtttcc 42O2 

aatggaac cc ttgttttitta ataatcgact ttittaaatgt gat caag act ataat attgt 4262 

acagtt atta tagggcttitt ggggaagggg aggatagcga gaagatgct C tdggggittitt 4322 

gtttittgctt titcctt cagg gttittattitt tdactgttitt gttitt Cttgt toggccatttic 4.382 

tgtattgctg gCatctgtgc taagctttac agtggcaaaa ataatgacat gtagcaaaga 4 442 

ttittcaaaca aaatatttitt toctitttgta aaaaaaaaaa aaaaagaaaa aaaaaaaaaa 45O2 

a.a. 4504 

<210s, SEQ ID NO 5 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: PCR Primer 

<4 OOs, SEQUENCE: 5 

agcagagggit gtgggtgttct 2O 

<210s, SEQ ID NO 6 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: PCR Primer 

<4 OOs, SEQUENCE: 6 

tggcggttgt talacatgtt 2O 

<210s, SEQ ID NO 7 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: PCR Probe 

<4 OO > SEQUENCE: 7 

c cagcago: ct catcatcgtt ca 22 

<210s, SEQ ID NO 8 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: PCR Primer 

<4 OOs, SEQUENCE: 8 

galaggtgaag gttcggagtic 19 

<210s, SEQ ID NO 9 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: PCR Primer 
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<4 OOs, SEQUENCE: 9 

gaagatggtg atgggatttic 

<4 OOs, SEQUENCE: 

SEQ ID NO 10 
LENGTH: 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: PCR Probe 

10 

caagct tccc gttct cagcc 

<210s, SEQ ID NO 11 
&211s LENGTH: 2691 
&212s. TYPE: DNA 
<213s ORGANISM: M. musculus 
22 Os. FEATURE: 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (11O) . . . (2485) 

<4 OOs, SEQUENCE: 11 

gcggcggtaa ggtgcctaat Ctgcggagtg gct Cttic cct 

cggctgcc cc tcc caccgag ggtggcgcag ggacggtgcc 

act 

Thir 

a CC 

Thir 
2O 

gtt 
Wall 

gaa 
Glu 

tgt 
Cys 

gcg 
Ala 

cgg 
Arg 
1 OO 

gta 
Wall 

tta 
Lell 

a Ca 

Thir 

Ctg 
Lell 

aca 

Thir 

att 
Ile 

gta 
Wall 

gta 
Wall 

aat 
Asn 

gat 
Asp 
85 

cga 
Arg 

cott 
Pro 

cgc 
Arg 

tot 
Ser 

a.a.a. 

gct 
Ala 

gct 
Ala 

cag 
Glin 

gala 
Glu 

gac 
Asp 
70 

a.a.a. 

cgg 
Arg 

aca 

Thir 

atg 
Met 

act 
Thir 
15 O 

Cat 
His 

aac 

Asn 

tot 
Ser 

agg 
Arg 

gtg 
Wall 
55 

a.a.a. 

Lys 

gag 
Glu 

aac 

Asn 

tgt 
Cys 

gcc 
Ala 
135 

gat 
Asp 

ttg 
Luell 

C Ca 

Pro 

gga 
Gly 

gct 
Ala 
4 O 

aac 

Asn 

gag 
Glu 

aga 
Arg 

aag 
Lys 

agt 
Ser 
12O 

gtt 
Wall 

ggc 
Gly 

atc. 
Ile 

gaa 
Glu 

aac 

Asn 
25 

att 
Ile 

act 
Thir 

cgg 
Arg 

citt 
Lell 

atg 
Met 
105 

gcc 
Ala 

tot 
Ser 

t cc 
Ser 

ttg 
Lell 

atg 
Met 
10 

cott 
Pro 

aag 
Lys 

a.a.a. 

titt 
Phe 

gcc 
Ala 
9 O 

a Ca 

Thir 

Ctg 
Lell 

CaC 

His 

tac 

gag 
Glu 

aca 

Thir 

gga 
Gly 

cga 
Arg 

titt 
Phe 

gcc 
Ala 
7s 

agg 
Arg 

gct 
Ala 

gct 
Ala 

atg 
Met 

aag 
Lys 
155 

gca 
Ala 

to a 

Ser 

cott 
Pro 

cgg 
Arg 

ttg 
Luell 
60 

agg 
Arg 

gala 
Glu 

tac 

cga 
Arg 

aag 
Lys 
14 O 

CC a 

Pro 

gca 
Ala 

gat 
Asp 

999 
Gly 

to a 
Ser 
45 

aga 
Arg 

tog 
Ser 

aat 
Asn 

at C 
Ile 

a.a.a. 

Lys 
125 

to c 
Ser 

tot 
Ser 

gat 
Asp 

gta 
Wall 

att 
Ile 
3 O 

999 
Gly 

tgc 
Cys 

gat 
Asp 

Cat 
His 

aca 

Thir 
11O 

CCa 

Pro 

ttg 
Luell 

titc 
Phe 

ggc 
Gly 

39 

- Continued 

CCC ct cocc C agct cqgtgg 

atctogacc atg gC9 gog 
Met Ala Ala 

C Ca 

Pro 
15 

Cala 

Glin 

Ctg 
Lell 

gat 
Asp 

gat 
Asp 

agt 
Ser 
95 

gaa 
Glu 

gac 
Asp 

agg 
Arg 

citc. 
Lell 

titt 
Phe 

tcg 
Ser 

ggit 
Gly 

gat 
Asp 

gat 
Asp 

gag 
Glu 
8O 

gaa 
Glu 

Ctg 
Lell 

aag 
Lys 

gga 
Gly 

act 
Thir 
16 O 

Ctg 
Lell 

1. 

Ctg 
Luell 

gga 
Gly 

titt 
Phe 

gac 
Asp 
65 

cag 
Glin 

at a 
Ile 

to a 
Ser 

Cta 
Luell 

act 
Thir 
145 

gat 
Asp 

titt 
Phe 

ggt 
Gly 

gga 
Gly 

gat 
Asp 
SO 

cag 
Glin 

agc 
Ser 

gala 
Glu 

gac 
Asp 

acc 

Thir 
13 O 

ggc 
Gly 

cag 
Glin 

att 
Ile 

cc c 

Pro 

gct 
Ala 
35 

gat 
Asp 

atg 
Met 

tot 
Ser 

cgg 
Arg 

atg 
Met 
115 

at C 
Ile 

aac 

Asn 

gala 
Glu 

gt C 
Wall 

6 O 

118 

166 

214 

262 

31 O 

358 

454 

550 

598 

646 
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CCC titt to C gala tag alactattggg gtgaggataa gggtgggggg aaat cactgt 
Pro Phe Ser Glu 

79 O 

ttgtttittaa aagcaaatct tttgtaaa.ca gaataaaagt to citctic cct tcc ct tcc ct 

cacc cctdat atgtaccct t t ccaccc.ctt gacttgctga agaaacgitta tagaagaaat 

taaatgaatt toccaggcaa aaaaaaaaaa aaaaaaaaaa aaaaaa 

<210s, SEQ ID NO 12 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: PCR Primer 

<4 OOs, SEQUENCE: 12 

ggcatcto ct coagcactgt 

<210s, SEQ ID NO 13 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: PCR Primer 

< 4 OO > SEQUENCE: 13 

ggtaagacca citatt cct ga aattct ct 

<210s, SEQ ID NO 14 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: PCR Probe 

<4 OOs, SEQUENCE: 14 

t ccctic ctaa ccc.ccgg.ccg 

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

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: PCR Primer 

<4 OOs, SEQUENCE: 15 

ggcaaattica acggcacagt 

<210s, SEQ ID NO 16 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: PCR Primer 

<4 OOs, SEQUENCE: 16 

gggit ct cqct cctggalagat 

<210s, SEQ ID NO 17 
&211s LENGTH: 27 
&212s. TYPE: DNA 

2525 

2585 

2645 

2691 

28 
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ggtgaaac cc ct ct ctact aaaaatacaa agattagttg gacgtggtgg ttgttgcctg O98O 

tag taccagc tacttgggag gctgaggcag gagaattgct taac Ctggg aag cagaggt O4 O 

tgcagtgagc Cagat cacg C cactgcaca C cagcctggg caaaagagcg aagacitctgt 1OO 

citcaaaaaaa aaaaaaaaaa ctittggagta atgcc ttcaa aattctgagg gaaaataaat 16 O 

tctaatttag aatticcatag c taggcaaac tat caattag togaaatagaa gaaat attitt 22 O 

cata catcca aggcatttct tacaccctitt caggaatcca citagaagata ggctic tacca 28O 

gtaggagata gtaaac Caag aaagtggaga tacgaaatat aggaaat agg cagtatalaca 34 O 

cagaagaaaa atgaag catg tag tatgcat acattggtgt tagttitt cot gttitt cagta 4 OO 

cggg tocctic actitt cacct ttacgt.cgtg tt cactagac totaagacct ttgatttata 460 

Ctct coagag agtaaatctg. tcttittgaca gaatggagag ggg tagttgc Cttggittaga 52O 

aggaatagag aaaaggat ct aggaatcCat Ctctgtagta alacagatgct galactaattic 58 O 

t cct tattitt cactt cattc accct accct gcatacc cag agttacctgg act caccagc 64 O 

ttctgagact ttggggaatt coatagogta aattgagttg gttittctgct ttitt.ccc.ttg 7 OO 

t cagtttagg atttagttct tdtcgatcto coaaggcaat agt cc attitt atctotagitt 760 

tcaaaaaaat tattgct citt Cttct cittat t ctitt coat c cittgttggittt tatgtc.ttgt 82O 

gtaaaaattt ttgcttittaa aaattitttitt cotgtgttgttg agtgaagaga gaagagagta 88O 

gaaatagata gatacattta attcactato Cttacticaga agttgcatag tittaaaattit 94 O 

tagaagtaac taccttitt cq ttgtgc.catc ct catttagg cct titat cac cittgttttitt 2 OOO 

ttattaatct tdt citt cota cittct attac ttcaaactitt aaatctgtca gattaattitt 2O6 O 

aatttatatt ttcatc.ttgt tact cagact taaagttata totttgtc.tt tdttgaatct 212 O 

gatccaggtg titt catcgtg gcattcaaag ctittctic titg gttagcactt gacat cittac 218O 

cittittatagg totttittct t t citttitttitt tttittttittg atttaaagaa aaccattttg 224 O 

ttitt citt cag giggcaattitt tttitttacat tccaccacat attatttata tdtttat cat 23 OO 

atttcttitta tittatttatt tatttattta tittatttittt attatactitt aagttittagg 2360 

gtacatgtgc acattgttgca ggittagttac atatgtatac atgtgcc atg Ctggtgcgct 242 O 

gcacccacta actggit catc tag cattagg tatat ct coc aatgctatoc ctic cc cc ct c 248O 

cc.cccacc cc accacagt co coaga.gtgtg atatt cocct tcc tdtgtcc atgtgat citc 254 O 

attgttcagt toccaccitat gag tdagaat atgcggtgtt toggtttitttg atc.ttgcgat 26 OO 

agitt tact ga gaatgatgat titcca atttic gtc catgtcc ctacaaagga catgaactica 266 O 

t catttittta tdgctgcata gtatt coatg gtgtatatgt gccacattitt cittaatc.ca.g 272 O 

t citat cattgttggacattt gggttggttc caataggtot ttittctttac agct citt cac 2780 

agttgctgtt atgtgtcacc taatgacact ttggt catca aaggactgca totatgatgg 284 O 

tggit cocata agattataat ggagatgaaa aattic ctatt gcc cagtgac atcat agttg 29 OO 

t cataagg to ttagcacaac acattactitt ttctatottt agata cataa at agttacca 296 O 

Ctgagttata gttgcctaca gtatt cagta tagta acatgttgtacaggt tdggagtaat 3O2O 

aggctgttac tdgagtaat aggct acata tagg tatgta ggctatacac ctacatacct 3O8O 

aggtgttgtag toggctgtacc atctagattt gtgtaagtat act caatgat attcacacaa 314 O 

tgttgaaatc. tcc taatgac acatttctica gaa catat co citgttgttaa gtgatacata 32OO 
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acticagotgt tactaatggit tactgctggg ggatgagatt gaattggaag gagagaggag 782O 

aggtacgggg ggcaggaaag ggaga caata atgagggact ttcagttitta Ctttacatala 788 O 

ttittcttitta agtattggaa tittaggtgat ttitt cotttggggttittctg. tatttitccaa 794 O 

t cacaataaa taaaataagt tataaatatt tdttgcatga atgaaatgta taalacccatt 8 OOO 

tatgtatgta tttittittaaa attagtatat tattaagt ct atacaatatt agtatattgt 806 O 

tatgtatgta taagctttitt aacatgaagt ttgcagaata tag tact tct tccaaactict 812 O 

atgacatggg gggaactgaa gtatggggat atcttgt acc agtgtaagaa ttcaagaaga 818O 

gaccgtgtgt ggtggct cat gcctataatc C cagc actitt gggatgccaa agcaggatga 824 O 

t ct cittggag c tagg.cgttcaagaccagcc tdggcaa.cat atcaagaccc catct ctaaa 83OO 

aaaaaaaaaa aaaattaact gggtgtggta gtgcgggcct at agt cc tag ctatt CC aga 8360 

agctgaggtg ggaggattgc titgagcc.cag gagtttgagg Ctgtagtgac ctataccagt 842O 

gattatacca gtgcacticta gcc caggcaa cagagtgaga Cctggtctica aaaaaaaaaa 848 O 

aaaaaatcaa galaga.gcaat Ctggatatga gcatttggga tttittagcaa actgctgaga 854 O 

ttttgttctat agcttgaacc titt Cttt tag cta acttgat gat actgatg ataagcaagg 86OO 

actgtc.ttitt taaaaatgtt tactt catta ttitt cotgac agaaatgaca toagatgtac 866 O 

catcactggg to Cagc catt gcct ctggaa actctggacc tigaattcaa ggtggaggag 872O 

c cattgtcca gagggctatt aag.cggcgac Cagggtgagt ttgagtgtag tatgttatga 878 O. 

atat ct ct co tataaaccaa ctittagttgc tigaatttatt tagttgctga act cactitcg 884. O 

ctatt cotga ccatct cact tcaacttgat tact tactac act actgtca tataagttctic 89 OO 

cittagt ccct g tattitttgt titatgaagaa tttgtttitta t coaagtttic ccgtaag cag 896 O 

ttctttittitt aaaccaaaat titc.cgitaaga taaaggactg. tagctaagcc cagagattitt 9 O2O 

actatogcctg agaaaactgt ttgctgctitt cattaagctt tdtttctgtt titcc.caaaat 908 O 

cattttggta ggctgcttitt ctdaatttag agaatgctga gctictagaat agctgtc.ttic 914 O 

taagttattg atatgttgct toggtttggaa tdcagagtcc attcagotcc aaaagtattt 92OO 

attaaatticc taattagtgt tatggcattg togctgatt.cc aagtaggata caaagatgaa 926 O 

taagacacag to cittgtttc taagttggitt gtgttctgat agaaataatt attatacaca 932 O 

tgaatatatgatagaatatg cct agttttgttaggaacaa atttgatact atgtttittct 93.8 O 

gtgt atggaa atatgcattt gttggtaaag actgaga aaa gottcagaaa ggaggttgcc 944 O 

ttagagggg.c ctdgaagaat giggcactatt ttatt tactt tttgg tatta aattitt cott 95OO 

titt cottctt tttctttitta aaaattgttgc agctaattat aaccagt citt taagttttgt 956 O 

Cccaccalata gtaatggaag agtgatgctt gggttcagtg gta acatgag taa.cat atta 962O 

agacittgtta tatgttcagt agctttacag attittaacca tttgctgaag cataagctga 968 O 

ataagtaact ttctaagatt gtaaagctag taagtgtcag atataggata tdaacct tag 974. O 

gggtttagct ttgtagctta citctittaaac actgtgttat gtt tatgtac agtaacaaac 98OO 

aaaagt atta taaatat caa aattagggca toactitgaga aagt catagt at atttaaaa 986 O 

tggaatgcta totagittata agcgacaaat atgtttcagt gtagaaagat gttcacaatc 992 O 

tattaagaaa gottacagta ttatag tatt toactgtcaa aagatatgta taa catgitac 998 O 

ataggaaaaa actgaaagaa tatataccac atttctgggit aatag tatta tdggtgacitt 2004 O 
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caaagtgctg ggattatagg tdtgagccac cqcacccggc ctattittatt tttittgaga c 315 OO 

agagt ct cac to catcaccc atgctgtagt acagtggtgt aatct cqgct cactgta acc 31560 

tctgcct c ct gggttcaa.gc tigttct tcca cct cago citc cct agtagct gggaatatgg 3162O 

gcatttgcca ccatgcctag ctaatttittg taataattitt ttittagoaga gatggggittt 31680 

caccatgttg gcc aggcttg tot cqaactic ct cacct caa gcgatt cacc cacct cago c 3174 O 

t cccaaagtg ctgggattac aggtgtgagc cattgtgcct ggcct attat tittattittaa 318OO 

gatatgtata ttttittagag acattgttitt cattgttgttt cocaggctgg agtacagtgg 31860 

catgat cata gct cactgca gcct caaact c toggggitttc agtgatcctic ctacct cagc 31920 

titcc caaata ttgggattat atgcatagcc accatgcctg gttggtcct g tttittittaaa 3 198O 

aatgacagta agaggcgggg agtggtggca tatgcctgta atticcagcac tittgggaggc 3204 O 

agatgcaggt ggat cacttg agg to aggag ttcaaaacca gcctggccala catggtgaaa 32100 

c cc catct ct actaaaaata taaaaattag ccgggcatca toggtgggcac toataatcc c 3216 O 

agct acticta gaggctgagg catgagaatt gcatgagc.cc gggaggtgga ggttgcagtg 32220 

agcagagatg gcaccattgc act coagcct gggtgacagc aagattttgt gtcagaaaaa 3228O 

aaaaaaaaag acagtaagga aac agitttitt gtgacaagta gagttittgat tdaaaaaaac 3234 O 

ttaaatttgt ttaaattacc tat caagatg atgaaatata citttitttitta ttaaatt citt 324 OO 

aaatgtcagt tttcttittta gaaagtttitt attaaatatt aggcaataaa ttatttcttt 32460 

tittgaaaatt aagtttgtag ctacct caga aagatgaata attcqttatt toaaaatcca 3252O 

gtgattaact gag cact tag cacttagt at ttgttcgttg citgatgctic c togg to tcggg 3258O 

aacatactitt aagaac cott gatgtagaga gattagaaat at caggggaa gtagttaaaa 3264 O 

actatt ctogg agtggtgaga tigcaatct ca ggctittgaat tagagggitat tacataaaat 327 OO 

gcattgtagg gat atttctic togg taggagt tatagaattig attaaaggga tigg actgtta 3276 O 

gactgtaggg agg tagatag gaagctgttgaaataataag acagctataa aat catgagg 3282O 

gcctgggitta cagtggcagt ggtaa.cagga aaggagtgaa gttalagaggt ttittgaagaa 3288O 

taatttgttt atcgaalacta attgaaataa at atttgtaa agt ctittagg atgtgaacca 3294. O 

tctictaaaat gagaagittaa totatagatat ttggaggata gtttittcaag citt cattgaa 33 OOO 

aagt caggcc at cagttatt attggcagta t cittgatgaa atttcaaaaa gocatgaaaa 33 060 

catcgcatga atgattittgg ttitt catttgtcc tigcttaa totgcatata titt catt cag 3312 O 

aaat actgag gtggattagg gattgttggat Ctgtag tagt agtag tagta gaaatagga a 3318O 

ttittagatgc titaacttittt tittaaataac agaatt catt catatgatgt gttaagg tag 3324 O 

tgcc cct cac at atcc ticct togggatatag agggit cittaa aagctgaaaa cittcttgaaa 333 OO 

aacttittggg attatatgca tagccaccat gcc tiggittag toctogttctt ttaaaaatga 3336 O 

Cagtaagagg ccgggagtgg toggct tatgc ctgtaatticc agc actittgg gaggcagagg 3342O 

caaaagttgc ticaactttitt gaaaaaaaag aagtttgtag tttgttalagg aactatotag 3348 O 

aagaaataac ccaaggaatg taaaacticta aactgctgaa tat cact cag ttct c cttct 3354 O 

cittgtcatca gaatatatgc gtaaatttitt acatt cittct t cattgttac tdtgttattt 33 6OO 

tctgcc tatt gaccatttta taaaaacatt cocatatatt gataaggitta ttg tatttgt 33 660 

catttittaat agctaaataa tottttagct tdtta acctg. t catact tag acattt tatt 33.720 
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cagggcct ct titatictatat aaatatattt aaaatggaat tdacacatt c ctdacacaat 33 78O 

ggcc togccaa caccittgcta titt cotcagt togccacc cat cattacagta t ct cagttitt 3384 O 

ctagaaaaat ttagtgatgg ttctttgtat cottctic cag toggagaggga attgttactt 339 OO 

ttgatc catt cotgttgttggc tatactgcag agaaatggca aaaggacca atcaaagtta 3396 O 

ataattattt taggaacaaa totaataatag aagatatgcc agaaacctac ct cittagagt 34 O2O 

tatttatata atttct coag togaaatctgg ttggittattt togt cattgttg tdgcacgtgc 34 08O 

atgtgttgtt tdtgtgagag ggaga.gagat tatatttgtc at cacttgtt tdatagitat c 3414 O 

atctittaatg tactctgtct ttaatttctt cattatagaa tag cacatgt gigatat catt 342OO 

ttctitt coag attgggagca gtgcatgaaa atgg tatt co tdaattic cct tdgttggitt c 3426 O 

ttgttcagac totgtatat c tittggtcc ct acagagat.cg attggcaaaa togctttctgt 3432 O 

gtttagat.ca tdttaattta citatatattg gctittgcttt tatgttgacc tittat cittgt 3438 O 

aagttactitt ttctittatcc taacagatgg citttgtagag ttacaggcaa gottcct gcc 34440 

tataatticca ttt coctoct citcttctotg catctgttta gttctatat c cittittct ct c 34500 

ttct ttct co ttt tottt tt ttt to tcc ct coattitcc to tcc ct coctic ctitcotttitt 345.60 

toccitt cotc cct cocccct tcct tcct tc tttitt tattt taattittagc titagttcatt 3462O 

aattictattt ttaggit cqga tigatgagcag agctctg.cgg ataaagagag acttgcc agg 34 68O 

taggagaaca gtgtctttta gcatgatgaa goagatgatg Ctgctttitt C tat cottttt 34740 

cittact ctitt cittittctitcc cctitt ct citt td tatttitt.c cittatctgtg gcaa.gagagg 348 OO 

acaagattitt ttagaagttt gag td taa.ca ggaactittgg ctitcc cc cat cagaaagtgg 3486 O 

gtgagttgag ggaactittgc titagggattit aagaaattgc tattagttitt aagtttittitt 3492 O 

ttctttitt ct citt tatgtca gtactaagtt to acagaaca aaaagct citt agaaggaatg 3498O 

caac cqtgcc agttggtgct ttaac aggga aatactic titt titat cagaaa accaataaat 35040 

at atctgt at ttgttgattag titcc.cagtat ttaggcct ca gcatttactic cacacct cita 351OO 

ggaaact cac acct atttitc ctatogaagac toacagocta gattatt ct c acaacagaac 3516 O 

tagtgttgct ttggtgaccg aatcc tittct tdcgg tagtt ttctagaaaa gttittagttt 3522 O 

ccttgatgtg gctatttaaa agaccaggitt totgtactta cqtgtcagaa atctgtcaga 3528O 

tact aggaag atgagtgctt tatgtttgag aatagaattt tatgtct tag goaaagtgta 3534 O 

actaaatatg ggcctatotg gtgagaccct ttittgccatt tagaaaggag actictagaat 354OO 

t ct cittggga gactgttgtt totaatgtag aaatgctgca gaagaaatat gcatagacitt 3546 O 

ttctgtttitc tagtatctgt gatttggggg tact tagga aatagat cat tdatgccaat 3552O 

acccatttitt actatatt co coctitttitt c tact attitcc tictittaatct gggtcacaaa 3558O 

ct cattttgc tigc.cagttta act cqagctt ct tactalacc ctitt cactgt totagaaaatg 35 64 O 

gatttggcat gatgtggtgg agaaaacatt gtattgggaa gaga.gcagcc tigggaaagt 357OO 

cact taccta cittgacct co ctittgct citt ct cagaaaaa agagattitat gttagattitt 3576 O 

taattittctt actittcttitt ttttittggac aaagaactitt togttcaagta gaatt cittaa 3582O 

gtgg talacag aaataaataa aagagataaa gCaggc.cggg cqcagtggct catgcttgta 3588O 

accctagdac tittgggaggc cgaggcaggc agat cacgag gtcaa.gagat ggagaat at C 3594 O 

ctggccaact toggtgaaacc gcgtc.t.ctac taaaaataaa aaaaaaaaaa actggg.cgtg 36 OOO 







US 2010/0317718A1 Dec. 16, 2010 
61 

- Continued 

ttgttttitt c agagtaaaat attaacttct atttctttitt cittgcgcagg aactgaaaca 4062 O 

tittgat Cttg gaggcagcag atggctttct gtt tattgtc. t catgtgaga Caggcagggit 4O68O 

ggtg tatgtg totgactic cq togacticctgt tttgaac cag ccacagtctgaatggitttgg 40740 

cago acactic tatgat cagg togcacccaga tigatgtggat aaactitcgtg agcagctitt c 408 OO 

Cact tcagaa aatgcc ctga Caggtgagag titatgtgtat gggaaatgala tagaagttcc 4086 O 

tittcttgttt tttitcc tdag acttalagaga tigttittagct gttaaattgg tttgttgact 4092 O 

ctggcaaggc titcaagaatt ttctactitta atgaatatag toagttctitt titatic catat 4O98O 

gagattatct actttgtggc ticago cittag aaaat atttic attggtgata at attittaca 4104 O 

tittatc.ttaa tattggtata aatagaacag taaaa.gc.caa acctacaata ctitttitttitt 411 OO 

tcc.gttctaa aagaattatc catgtttitta t ct catttgt atggataatt atctgg tatt 41160 

ttittctacct c ct ggtgctt ggctttgttgc taggttcaat gataa.ca.gct ttittatt cita 41.22 O 

tagatatggit tattggtcaa totataaggt gttittctgtt gttgttgttg ttgttgtttg 4128O 

tatctgtact gttgttcttt ttittct cocc tattittatta togttcagtct tttggccaga 4134 O 

gtttggctag aggaaacaag toatat citat t cittgagcaa citctagaaaa aaatttaaag 414 OO 

tggaagicaga taaaaaaact gg tagttaaa atgcaagaaa tittcaatata ct cat attag 41460 

tgttgttgat ctittagttitt cotcc tttitt toccacccaa aaaagagaca gggtct citct 4152O 

Cttgcctagg Ctggagtacg gtggcacatc atagottact gtaatcttga acticttctgg 41580 

gcticagtaat citgcctgctt acagottctt gagtagctag gag tagttca tdt caccaca 4164 O 

cittgaccalat ttittaaattt tttgtagaga caggttctgt ctdttgcc.ca gactggit ct c 417OO 

aaactic ct gg cct tcago at tcc toctic cc atc.ttggctt citcaaagggc tigggattatc. 41760 

ggcatgagcc accacactitg accagtttitc ccctic ctitta tdtttittatg attt cattitt 4182O 

tctagttctt cottitt cocc aaaagttgtt citt cqtttct gtataataaa gaaga caaac 4.1880 

agat citat at gtttctataa catataaaat tacttggittt ttittctttitt aaaattittitt 41940 

Ctttittatt c titttittttitt ttittgaga.ca aggtottgct ttattgctgaggctagagta 42 OOO 

cagtgactict t cacaggcac agt catagca cactacagoc toaaact cot gcc ct caagc 42O6 O 

agtic ct cotg cct cagocto citgattagct gggactacag aaaagtactt gtttittcaac 4.212 O 

caatgacatt tactctgt at g tatgtctgt atgtgtatac agataat cag c tatgagaat 4218O 

atagocttgc ct cittgttitt c tact actac titt coactcc tacttitt cot togcacaatgt 4224 O 

tattittcaat gct gcc tittgaacttaagag tdagatt cat tdatgataat tdaag tattt 423 OO 

taggcttgaaaaaaaattica tot cotgctt ggit cagttct gttataag.ca aggagattaa. 4236 O 

gggcatgaat aggatgctta cittat ctittg cct tcagtat citctic cc cct citt coccaca 4242 O 

cacaaaaatg cacticcagac togct citt cac atct tcc titc aggg.cgitatic ctdgatctaa. 4248 O 

agactggaac agtgaaaaag galaggtoagc agt ct tccat gagaatgtgt atgggct caa 4254 O 

ggagat.cgtt tatttgc.cga atgaggtgag ttcaagctg aggattgttga tittggtatag 426 OO 

gaaggatcaa gagctgagag titt tatttct gtcagagitta agttggatta gct coagtgg 42 660 

attaaattta act ct c cata cccagatgga ttgta acaca gaataaagta tittggaaagg 4272O 

gaactaacgt ttctgaactt gccagacact atgataggtg ctittatat ct gttcatctitat 42780 

tittatcctica caattgcctt gtag totaag attgatggitt accattttgc agatggaaaa. 4284 O 
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Ctttitt cocc ttgtc.ttaat tittagctitta citatgcttaa ttittctattt coagttaatt 4746 O 

t cctittgc cc ctatacaaaa gaagaaagat cotttitcatt gtat cattac ctdactalaca 4752O 

atagaaaagt gigaattattt tdattittitt catalagtatag ataagtttct tdgttacttig 4758O 

taccatat ca acctgagtaa tdagttcago atago cagta totggattitt agattgaata 4764 O 

aactittatt c titactt tact aacttggtaa agtgtaaatg tatgggagca gagctag acc 477OO 

titatgc ctitg totgattgtg attgtcattt tttitt to citt tttggataaa atgtgaaagt 4776 O 

ttagaaagtic ctaaaactgg gaatct tatgtctatgcaaa agaccatgag gagataggaa. 4782O 

atacatctgt aaataatggt at cattttac ct catttitta t ct citt cact citcaggtaac 4788 O 

tagttct c cc aactgtacag acatgagtaa tdtttgtcaa cca acagagt totatic toccg 4794 O 

acacaa.catt gagggitat ct t cactitttgt gigatcaccgc tigtgtggcta citgttggcta 48 OOO 

c cagccacag gtgaggagct ggagcticcat taggcct coa ttittcctittg gctatgttga 48060 

cattatgtaa totatgtagtt cotaagacag ccaaaacata t caac ct cag ttaagaaaaa 48120 

gagatcatca tatt ctdtta gtacctaa.ca ttattitt cag citt cot atta ggactgtcat 4818O 

Ct catgtaga gaalatatggc titgtcaaacc aggtgggagc agcaggtaca aatatgtatt 4824 O 

tatttitttgttgttgatatt aatacagatg attcaaaggit act catatta attagittata 483 OO 

c cagtatago tacatttaga taatt catgt aattacctaa atgaataatg gcc cataaaa. 4836 O 

catgcagatt tag caccagt tattataatt tact catgca acagaccagt tagccatct c 4842O 

tgaattgacg cat catataa acttittaaaa citgttgttggg toggaaggac ttctggctgt 4848 O 

ggctatgtga aagaggttgg taaaaagag gtcttgaaaa Caaagaacaa agaga attta 4854. O 

cactacct ga ttcaac acta actataaag.c tattaccaag acactgtggit gttggtgtaa. 486OO 

ggatagatat atagat caat agaccagaat aaggit ctatt cittatacttg tcaactaatt 4.866 O 

ttcago: aaag gtgacaagac aattcaatgg ataaaataaa tatttctaac aaatggalaca 4872O 

attggatat c td tatgcaaa aaaaaaaaaa aacaaaaaaa aaaccacacc caaaaatgaa 48780 

aacacataga t cittacctica tacaatttac aaaaatcago ttagaggcct aaatgtgtaa. 4884 O 

gagctaaagt tacaaataaa citcc taggag aaaatctttgttgattittgag titaggcaaaa. 489 OO 

gatttcttac actaaaag.ca tdatt cacag aagaaaaaaa attataaatt ggatttaatt 48960 

gtaattaaaa tittgcc ct ct ttaaaggata ttattaagaa aatgaaaaga ccaga cataa. 4902O 

atggagagaa aatagittaca agt catatac ctdaaagagg atttgtacca ggaatatata 4908O 

aacaact cat taagacaaac agctggtaaa aaagagcata agacittgaca tttgactgaa. 4914 O 

gaataaatat gcatttatgc acatgaaaag atgct caa.ca totttitt acc attaggaaag 492 OO 

tgcaaattaa aat cacaatg agataccact atatacccac tagaatggct gtaatcaaaa 4926 O 

agtattggtgaaaatgtgta gaagctggaa gcaac cct ca tacattgct g ataga catgt 4932 O 

aaaatggitat agctactago tttgcaaaag cattttggca gtttcctaca aagttaalaca 4938O 

tact cittagc ctataaccta gcaattitt at tcc tigagtat citacctaaga gaaatgaaaa. 49440 

catgttcacc catagatttg tacacagttc at atctgitat tattoataat agccaaaaaa. 495OO 

atgaaaacta tittaaacgtc. cattalacatt ttgtaaatga atacacaact gtgttgtat c 4956 O 

catgtgagaa tact actgag cataaaaagg aataaactac tdataatgca gcc atgtaga 4962O 

tgaact tcaa aaatac catg ct caatgaaa gaa.gc.ca.gac ccaaaagacic acatatt atg 4968O 
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&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 22 

aagggagcag aggacticcict 

<210s, SEQ ID NO 23 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 23 

Caagat Cagg Ctgggaaa.ca 

<210s, SEQ ID NO 24 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 24 

cc cctaatct ggit cacctgt 

<210s, SEQ ID NO 25 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 25 

actgccacac ctdtttcaag 

<210s, SEQ ID NO 26 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 26 

taggaataat aacttattitc 

<210s, SEQ ID NO 27 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 27 

actic tottac ctdgaaga cc 

<210s, SEQ ID NO 28 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 
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<4 OOs, SEQUENCE: 28 

Caagatggcg gct tcagcag 

<210s, SEQ ID NO 29 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 29 

ggaaaagaaa ggc cactic cc 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 30 

gcc.gc.catgg cc.gcagatgc 

<210s, SEQ ID NO 31 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 31 

ggtacatctg atgtcatttic 

<210s, SEQ ID NO 32 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 32 

cittaatagcc citctggacaa 

<210s, SEQ ID NO 33 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 33 

atcatcaaaa to cago cctd 

<210s, SEQ ID NO 34 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 34 

tcc.gacctgg caaaccogctic 
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<210s, SEQ ID NO 35 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 35 

catcatc.cga cct ggcaaac 

<210s, SEQ ID NO 36 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 36 

attitt.ccctg gcaagt ct ct 

<210s, SEQ ID NO 37 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OO > SEQUENCE: 37 

ctgtcatctt gttc.cgt.cgc 

<210s, SEQ ID NO 38 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 38 

tctgacagtt ctdtgatgta 

<210s, SEQ ID NO 39 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 39 

titt.cgagcca gggcactaca 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 4 O 

Ctggittitt cq agcCagggca 

<210s, SEQ ID NO 41 
&211s LENGTH: 2O 
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&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 41 

aatgttt cag titcctgat ca 

<210s, SEQ ID NO 42 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 42 

agat caaatgttt cagttcc 

<210s, SEQ ID NO 43 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 43 

citccaagat.c aaatgtttca 

<210s, SEQ ID NO 44 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 44 

gctgcct coa agatcaaatg 

<210s, SEQ ID NO 45 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 45 

catctgctgc ctic caagatc 

<210s, SEQ ID NO 46 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 46 

aaagcc at cit gct gcc ticca 

<210s, SEQ ID NO 47 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 
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<4 OOs, SEQUENCE: 47 

atcatctggg to acctgat 

<210s, SEQ ID NO 48 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 48 

atccacat catctgggtgca 

<210s, SEQ ID NO 49 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 49 

agtttatcca catcatctgg 

<210s, SEQ ID NO 50 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 50 

c ctittitt cac togttccagtic 

<210s, SEQ ID NO 51 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 51 

ctgacct tcc tttitt cactg 

<210s, SEQ ID NO 52 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 52 

agactgctga cct tcc ttitt 

<210s, SEQ ID NO 53 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 53 

tccatt cotg catctgttcc 
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<210s, SEQ ID NO 54 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 54 

agccaagt cc attcctgcat 

<210s, SEQ ID NO 55 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OO > SEQUENCE: 55 

gcct Ctgggt catcatctgg 

<210s, SEQ ID NO 56 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 56 

gggagaacta gttacctgca 

<210s, SEQ ID NO 57 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OO > SEQUENCE: 57 

Cagttgggag alactagttac 

<210s, SEQ ID NO 58 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 58 

Ctgtacagtt gggagaacta 

<210s, SEQ ID NO 59 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OO > SEQUENCE: 59 

Catgtctgta Cagttgggag 

<210s, SEQ ID NO 60 
&211s LENGTH: 2O 
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&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 60 

ttact catgt ctd tacagtt 

<210s, SEQ ID NO 61 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 61 

tcgggagatgaactctgttg 

<210s, SEQ ID NO 62 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 62 

ttgttgtcggg agatgaactic 

<210s, SEQ ID NO 63 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 63 

Caatgttgttg tcgggagatg 

<210s, SEQ ID NO 64 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 64 

tagccaacag tagccacaca 

<210s, SEQ ID NO 65 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 65 

gctggtagcc aac agtagcc 

<210s, SEQ ID NO 66 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 
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<4 OOs, SEQUENCE: 66 

Ctgtggctgg tagcca acag 

<210s, SEQ ID NO 67 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OO > SEQUENCE: 67 

acaat attct titcctaagag 

<210s, SEQ ID NO 68 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 68 

attt cactac ctdttggaag 

<210s, SEQ ID NO 69 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 69 

acttggcctt ttaattt cac 

<210s, SEQ ID NO 70 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OO > SEQUENCE: 7 O 

acagcacttg gcc ttittaat 

<210s, SEQ ID NO 71 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 71 

gaacatgaca gacago actt 

<210s, SEQ ID NO 72 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 72 

gttctt caca ttggtgttgg 
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<210s, SEQ ID NO 73 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OO > SEQUENCE: 73 

ctagagttct tca cattggit 

<210s, SEQ ID NO 74 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 74 

c catct ctitc ctdgtaccat 

<210s, SEQ ID NO 75 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OO > SEQUENCE: 75 

ttactctgat cogcattgat 

<210s, SEQ ID NO 76 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OO > SEQUENCE: 76 

gagatgcctt tactctgatc 

<210s, SEQ ID NO 77 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OO > SEQUENCE: 77 

tggaggagat gcc titt actic 

<210s, SEQ ID NO 78 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OO > SEQUENCE: 78 

agtgctggag gagatgcctt 

<210s, SEQ ID NO 79 
&211s LENGTH: 2O 
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&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OO > SEQUENCE: 79 

gaaattct ct gcc.ggc.cggg 

<210s, SEQ ID NO 8O 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 80 

titcc tdaaat t citctg.ccgg 

<210s, SEQ ID NO 81 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 81 

agaccact at tcc tdaaatt 

<210s, SEQ ID NO 82 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 82 

ggacaatggit tacaggaggg 

<210s, SEQ ID NO 83 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 83 

tggctggaca atggittacag 

<210s, SEQ ID NO 84 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 84 

gtct Caggag caaagttaga 

<210s, SEQ ID NO 85 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 
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<4 OOs, SEQUENCE: 85 

Cactgtggcc agacacccac 

<210s, SEQ ID NO 86 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 86 

Ctggcc ctgc cactgtggcc 

<210s, SEQ ID NO 87 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OO > SEQUENCE: 87 

ggctgctggc cct gcc actg 

<210s, SEQ ID NO 88 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 88 

ggaalacatag ttagat Cagg 

<210s, SEQ ID NO 89 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 89 

caat agttct attctgaaaa 

<210s, SEQ ID NO 90 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 90 

t caccc caat agttct attc 

<210s, SEQ ID NO 91 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 91 

tatic ct cacc ccaatagttc 
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<210s, SEQ ID NO 92 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 92 

agaggaactt ttatt ctdtt 

<210s, SEQ ID NO 93 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 93 

aagggagagg aacttittatt 

<210s, SEQ ID NO 94 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 94 

atcCaaggca alacagtggat 

<210s, SEQ ID NO 95 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OO > SEQUENCE: 95 

gtcc aggc cc catctatoat 

<210s, SEQ ID NO 96 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 96 

tgaaaatctt togctacatgt 

<210s, SEQ ID NO 97 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OO > SEQUENCE: 97 

cCaggtggtc. acatctggtc 

<210s, SEQ ID NO 98 
&211s LENGTH: 2O 
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&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Antisense Compound 

<4 OOs, SEQUENCE: 98 

tgagtic caag at Caggcggg 2O 

<210s, SEQ ID NO 99 
&211s LENGTH: 65OO1 
&212s. TYPE: DNA 
<213s ORGANISM: M. musculus 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: 14965, 14966, 14967, 14968, 14969, 14970, 14971, 14972, 

14973, 14974, 14975, 14976, 14977, 14978, 14979, 1498O, 14981, 
14982, 14983, 14984, 14985, 14986, 14987, 14988, 14989, 
14990, 14991, 14992, 14993, 14994, 14995, 14996, 14997 

<223> OTHER INFORMATION: n = A, T, C or G 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: 14998, 14999, 15 OOO, 15 OO1, 15 OO2, 15 OO3, 15 OO4, 15005, 

15 OO6, 15 OO 7, 15 OO8, 15009, 15 O10, 15O11, 15O12, 15O13, 15014, 
15O15, 15O16, 15O17, 15O18, 15 O19, 15020, 15021, 15022, 
15O23, 15024, 15025, 15026, 15 O27, 15028, 15029, 15030 

<223> OTHER INFORMATION: n = A, T, C or G 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: 15031, 15 O32, 15033, 15034, 15035, 15036, 15037, 15038, 

15039, 1504 O 15041, 15042, 15043, 15044, 15045, 15046, 15047, 
15 O48, 15049, 15050, 15051, 15052, 15 O53, 15054, 15 O55, 
15056, 15057, 15058, 15059, 15 O60, 15061, 15062 15063 

<223> OTHER INFORMATION: n = A, T, C or G 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
&222s. LOCATION: 15064 

<223> OTHER INFORMATION: n = A, T, C or G 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: 14965, 14966, 14967, 14968, 14969, 14970, 14971, 14972, 

14973, 14974, 14975, 14976, 14977, 14978, 14979, 1498O, 14981, 
14982, 14983, 14984, 14985, 14986, 14987, 14988, 14989, 
14990, 14991, 14992, 14993, 14994, 14995, 14996, 14997 

<223> OTHER INFORMATION: n = A, T, C or G 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: 14998, 14999, 15 OOO, 15 OO1, 15 OO2, 15 OO3, 15 OO4, 15005, 

15 OO6, 15 OO 7, 15 OO8, 15009, 15 O10, 15O11, 15O12, 15O13, 15014, 
15O15, 15O16, 15O17, 15O18, 15 O19, 15020, 15021, 15022, 
15O23, 15024, 15025, 15026, 15 O27, 15028, 15029, 15030 

<223> OTHER INFORMATION: n = A, T, C or G 

<4 OOs, SEQUENCE: 99 

agataagggit cactggtgag cct tccaatt coggattgta gttcatt coa aatattgtca 6 O 

agttgacaac caggaatago cactacacat ggctttittitt act acatgat tataggtgta 12 O 

atcaacatgt ct attatata ctaaaaaaaa aaagtttitta accatgactt tttgtttggit 18O 

ttittcaacac at agtttctt tdtgttaatc atcctggctg ctittagatct taatttgtag 24 O 

acctggctgg catccaactic aaa.gagatco attggcct ct acctic ccaag tactgggatt 3OO 

aaaag.catgt aatgccagtgaactacaatt tottatatta aagtgtgcca tatagatgtc 360 

atgttttgtt ttgttttgtt ttgttitttgt aaatttgaca caa.gctaaga t catctgaga 42O 

ggaggaaaag C cattalaggc aatgcctic catcttggcata gtggtgc.ccc cct ttaatgc 48O 

cagdaaatga aagtgtgaaa goaggtggat ttctatotgt to acaactgt ttgaaacticc 54 O 

aggittaatgg gat ctittctt gttctgtctaa ttgttgttcca atact caggt gtactgacitt 6OO 








































































































