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ABSTRACT 

Compositions and methods for the treatment and diagnosis 
of diseases or conditions amenable to treatment through 
modulation of expression of a gene encoding a p38 mitogen 
activated protein kinase (p38 MAPK) are provided. Methods 
for the treatment and diagnosis of diseases or conditions 
associated With aberrant expression of one or more p38 
MAPKs are also provided. 
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ANTISENSE MODULATION OF P38 MITOGEN 
ACTIVATED PROTEIN KINASE EXPRESSION 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 10/238,442, ?led Sep. 9, 2002, 
Which is a continuation of US. patent application Ser. No. 
09/640,101 ?led Aug. 15, 2000, noW issued as US. Pat. No. 
6,448,079, Which is a continuation-in-part of US. patent 
application Ser. No. 09/286,904, ?led Apr. 6, 1999, noW 
issued as US. Pat. No. 6,140,124. 

FIELD OF THE INVENTION 

[0002] This invention relates to compositions and methods 
for modulating expression of p38 mitogen activated protein 
kinase genes, a family of naturally present cellular genes 
involved in signal transduction, and in?ammatory and apo 
ptotic responses. This invention is also directed to methods 
for inhibiting in?ammation or apoptosis; these methods can 
be used diagnostically or therapeutically. Furthermore, this 
invention is directed to treatment of diseases or conditions 
associated With expression of p38 mitogen activated protein 
kinase genes. 

BACKGROUND OF THE INVENTION 

[0003] Cellular responses to external factors, such as 
groWth factors, cytokines, and stress conditions, result in 
altered gene expression. These signals are transmitted from 
the cell surface to the nucleus by signal transduction path 
Ways. Beginning With an external factor binding to an 
appropriate receptor, a cascade of signal transduction events 
is initiated. These responses are mediated through activation 
of various enZymes and the subsequent activation of speci?c 
transcription factors. These activated transcription factors 
then modulate the expression of speci?c genes. 

[0004] The phosphorylation of enZymes plays a key role in 
the transduction of extracellular signals into the cell. Mito 
gen activated protein kinases (MAPKs), enZymes Which 
effect such phosphorylations are targets for the action of 
groWth factors, hormones, and other agents involved in 
cellular metabolism, proliferation and differentiation (Cobb 
et al., J. Biol. Chem., 1995, 270, 14843). Mitogen activated 
protein kinases Were initially discovered due to their ability 
to be tyrosine phosphorylated in response to exposure to 
bacterial lipopolysaccharides or hyperosmotic conditons 
(Han et al, Science, 1994, 265, 808). These conditions 
activate in?ammatory and apoptotic responses mediated by 
MAPK. In general, MAP kinases are involved in a variety of 
signal transduction pathWays (sometimes overlapping and 
sometimes parallel) that function to convey extracellular 
stimuli to protooncogene products to modulate cellular 
proliferation and/or differentiation (Seger et al., FASEB J ., 
1995, 9, 726; Cano et al., Trends Biochem Sci, 1995, 20, 
117). 
[0005] One of the MAPK signal transduction pathWays 
involves the MAP kinases p38ot and p386 (also knoWn as 
CSaids Binding Proteins, CSBP). These MAP kinases are 
responsible for the phosphorylation of AT F-2, MEFC2 and 
a variety of other cellular effectors that may serve as 
substrates for p38 MAPK proteins (Kummer et al, J. Biol. 
Chem., 1997, 272, 20490). Phosphorylation of p38 MAPKs 
potentiates the ability of these factors to activate transcrip 
tion (Raingeaud et al, Mol. Cell Bio., 1996, 16, 1247; Han 
et al, Nature, 1997, 386, 296). Among the genes activated by 
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the p38 MAPK signaling pathWay is IL-6 (De Cesaris, P., et 
al., J. Biol. Chem., 1998, 273, 7566-7571). 

[0006] Besides p38ot and p386, other p38 MAPK family 
members have been described, including p38y (Li et al, 
Biochem Biophys. Res. Commun., 1996, 228, 334), and 
p386 (Jiang et al, J. Biol. Chem, 1997, 272, 30122). The 
term “p38” as used herein shall mean a member of the p38 
MAPK family, including but not limited to p38ot, p386, 
p38y and p386, their isoforms (Kumar et al, Biochem 
Biophys. Res. Commun., 1997, 235, 533) and other members 
of the p38 MAPK family of proteins Whether they function 
as p38 MAP kinases per se or not. 

[0007] Modulation of the expression of one or more p38 
MAPKs is desirable in order to interfere With in?ammatory 
or apoptotic responses associated With disease states and to 
modulate the transcription of genes stimulated by ATF-2, 
MEFC2 and other p38 MAPK phosphorylation substrates. 

[0008] Inhibitors of p38 MAPKs have been shoWn to have 
ef?cacy in animal models of arthritis (Badger, A. M., et al., 
J. Pharmacol. Exp. Ther., 1996, 279, 1453-1461) and angio 
genesis (Jackson, J. R., et al., J. Pharmacol. Exp. Then, 
1998, 284, 687-692). MacKay, K. and Mochy-Rosen, D. (J. 
Biol. Chem., 1999, 274, 6272-6279) demonstrate that an 
inhibitor of p38 MAPKs prevents apoptosis during ischemia 
in cardiac myocytes, suggesting that p38 MAPK inhibitors 
can be used for treating ischemic heart disease. p38 MAPK 
also is required for T-cell HIV-1 replication (Cohen et al, 
Mol. Med, 1997, 3, 339) and may be a useful target for 
AIDS therapy. Other diseases believed to be amenable to 
treatment by inhibitors of p38 MAPKs are disclosed in US. 
Pat. No. 5,559,137, herein incorporated by reference. 

[0009] Therapeutic agents designed to target p38 MAPKs 
include small molecule inhibitors and antisense oligonucle 
otides. Small molecule inhibitors based on pyridinyl imida 
Zole are described in US. Pat. Nos. 5,670,527; 5,658,903; 
5,656,644; 5,559,137; 5,593,992; and 5,593,991. WO 
98/27098 and WO 99/00357 describe additional small mol 
ecule inhibitors, one of Which has entered clinical trials. 
Other small molecule inhibitors are also knoWn. 

[0010] Antisense therapy represents a potentially more 
speci?c therapy for targeting p38 MAPKs and, in particular, 
speci?c p38 MAPK isoforms. Nagata, Y., et al. (Blood, 
1998, 6, 1859-1869) disclose an antisense phosphothioester 
oligonucleotide targeted to the translational start site of 
mouse p38b (p386). Aoshiba, K., et al. (J. Immunol, 1999, 
162, 1692-1700) and Cohen, P. S., et al. (Mol. Med., 1997, 
3, 339-346) disclose a phosphorothioate antisense oligo 
nucleotide targeted to the coding regions of human p38ot, 
human p386 and rat p38. 

[0011] There remains a long-felt need for improved com 
positions and methods for modulating the expression of p38 
MAP kinases. 

SUMMARY OF THE INVENTION 

[0012] The present invention provides antisense com 
pounds Which are targeted to nucleic acids encoding a p38 
MAPK and are capable of modulating p38 MAPK expres 
sion. The present invention also provides oligonucleotides 
targeted to nucleic acids encoding a p38 MAPK. The present 
invention also comprises methods of modulating the expres 
sion of a p38 MAPK, in cells and tissues, using the oligo 
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nucleotides of the invention. Methods of inhibiting p38 
MAPK expression are provided; these methods are believed 
to be useful both therapeutically and diagnostically. These 
methods are also useful as tools, for example, for detecting 
and determining the role of p38 MAPKs in various cell 
functions and physiological processes and conditions and for 
diagnosing conditions associated With expression of p38 
MAPKs. 

[0013] The present invention also comprises methods for 
diagnosing and treating in?ammatory diseases, particularly 
rheumatoid arthritis and asthma. These methods are believed 
to be useful, for example, in diagnosing p38 MAPK-asso 
ciated disease progression. These methods employ the oli 
gonucleotides of the invention. These methods are believed 
to be useful both therapeutically, including prophylactically, 
and as clinical research and diagnostic tools. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIGS. 1A-1B are graphs shoWing the effect of 
inhaled p38ot MAP kinase antisense oligonucleotide ISIS 
101757 (ASO, FIG. 1A) and mismatched control oligo 
nucleotide ISIS 101758 (MM ASO, FIG. 1B) on ovalbumin 
(OVA)-induced airWay hyperresponsiveness in a murine 
asthma model. 

[0015] FIG. 2 is a graph shoWing that inhaled ISIS 101757 
increases the provocation concentration of methacholine 
required to achieve doubling of airWay reactivity (PC200) in 
OVA-challenged mice. 

[0016] FIGS. 3A-3B are graphs shoWing the effect of 
inhaled ISIS 101757 (FIG. 3A) and 101758 (FIG. 3B) on 
immune cells in broncheolar lavage (BAL) ?uid of OVA 
challenged mice. EOS=eosinpophils, NEU=neutrophils, 
MAC=macrophages, LYM=lymphocyes. 
[0017] FIG. 4 is a graph shoWing aerosoliZed ISIS 101757 
concentration in mouse lung vs. dose. 

[0018] FIG. 5 is a graph shoWing dose-dependent inhibi 
tion of the penh response to methacholine (50 mg/ml) 
challenge by ISIS 101757. ISIS 101757 doses are in mg/kg 
ot-axis). 
[0019] FIG. 6 is a graph shoWing ISIS 101757 concen 
tration (ug/g) in the lungs vs. dose (intratracheal adminis 
tration). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] p38 MAPKs play an important role in signal trans 
duction in response to cytokines, groWth factors and other 
cellular stimuli. Speci?c responses elicited by p38 include 
in?ammatory and apoptotic responses. Modulation of p38 
may be useful in the treatment of in?ammatory diseases, 
such as rheumatoid arthritis. 

[0021] The present invention employs antisense com 
pounds, particularly oligonucleotides, for use in modulating 
the function of nucleic acid molecules encoding a p38 
MAPK, ultimately modulating the amount of a p38 MAPK 
produced. This is accomplished by providing oligonucle 
otides Which speci?cally hybridiZe With nucleic acids, pref 
erably mRNA, encoding a p38 MAPK. 

[0022] The antisense compounds may be used to modulate 
the function of a particular p38 MAPK isoform, eg for 
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research purposes to determine the role of a particular 
isoform in a normal or disease process, or to treat a disease 

or condition that may be associated With a particular iso 
form. It may also be desirable to target multiple p38 MAPK 
isoforms. In each case, antisense compounds can be 
designed by taking advantage of sequence homology 
betWeen the various isoforms. If an antisense compound to 
a particular isoform is desired, then the antisense compound 
is designed to a unique region in the desired isoform’s gene 
sequence. With such a compound, it is desirable that this 
compound does not inhibit the expression of other isoforms. 
Less desirable, but acceptable, are compounds that do not 
“substantially” inhibit other isoforms. By “substantially”, it 
is intended that these compounds do not inhibit the expres 
sion of other isoforms greater than 25%; more preferred are 
compounds that do not inhibit other isoforms greater than 
10%. If an antisense compound is desired to target multiple 
p38 isoforms, then regions of signi?cant homology betWeen 
the isoforms can be used. 

[0023] This relationship betWeen an antisense compound 
such as an oligonucleotide and its complementary nucleic 
acid target, to Which it hybridiZes, is commonly referred to 
as “antisense”. “Targeting” an oligonucleotide to a chosen 
nucleic acid target, in the context of this invention, is a 
multistep process. The process usually begins With identi 
fying a nucleic acid sequence Whose function is to be 
modulated. This may be, as examples, a cellular gene (or 
mRNA made from the gene) Whose expression is associated 
With a particular disease state, or a foreign nucleic acid from 
an infectious agent. In the present invention, the target is a 
nucleic acid encoding a p38 MAPK; in other Words, a p38 
MAPK gene or RNA expressed from a p38 MAPK gene. 
p38 MAPK mRNA is presently the preferred target. The 
targeting process also includes determination of a site or 
sites Within the nucleic acid sequence for the antisense 
interaction to occur such that modulation of gene expression 
Will result. 

[0024] In accordance With this invention, persons of ordi 
nary skill in the art Will understand that messenger RNA 
includes not only the information to encode a protein using 
the three letter genetic code, but also associated ribonucle 
otides Which form a region knoWn to such persons as the 
5‘-untranslated region, the 3‘-untranslated region, the 5‘ cap 
region and intron/exon junction ribonucleotides. Thus, oli 
gonucleotides may be formulated in accordance With this 
invention Which are targeted Wholly or in part to these 
associated ribonucleotides as Well as to the informational 
ribonucleotides. The oligonucleotide may therefore be spe 
ci?cally hybridiZable With a transcription initiation site 
region, a translation initiation codon region, a 5‘ cap region, 
an intron/exon junction, coding sequences, a translation 
termination codon region or sequences in the 5‘- or 3‘-un 
translated region. Since, as is knoWn in the art, the transla 
tion initiation codon is typically 5‘-AUG (in transcribed 
mRNA molecules; 5‘-ATG in the corresponding DNA mol 
ecule), the translation initiation codon is also referred to as 
the “AUG codon,” the “start codon” or the “AUG start 
codon.” A minority of genes have a translation initiation 
codon having the RNA sequence 5‘-GUG, 5‘-UUG or 
5‘-CUG, and 5‘-AUA, 5‘-ACG and 5‘-CUG have been shoWn 
to function in vivo. Thus, the terms “translation initiation 
codon” and “start codon” can encompass many codon 
sequences, even though the initiator amino acid in each 
instance is typically methionine (in eukaryotes) or formyl 
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methionine (prokaryotes). It is also known in the art that 
eukaryotic and prokaryotic genes may have tWo or more 
alternative start codons, any one of Which may be prefer 
entially utilized for translation initiation in a particular cell 
type or tissue, or under a particular set of conditions. In the 
context of the invention, “start codon” and “translation 
initiation codon” refer to the codon or codons that are used 
in vivo to initiate translation of an mRNA molecule tran 
scribed from a gene encoding p38, regardless of the 
sequence(s) of such codons. It is also knoWn in the art that 
a translation termination codon (or “stop codon”) of a gene 
may have one of three sequences, i.e., 5‘-UAA, 5‘-UAG and 
5‘-UGA (the corresponding DNA sequences are 5‘-TAA, 
5‘-TAG and 5‘-TGA, respectively). The terms “start codon 
region” and “translation initiation codon region” refer to a 
portion of such an mRNA or gene that encompasses from 
about 25 to about 50 contiguous nucleotides in either 
direction (i.e., 5‘ or 3‘) from a translation initiation codon. 
This region is a preferred target region. Similarly, the terms 
“stop codon region” and “translation termination codon 
region” refer to a portion of such an mRNA or gene that 
encompasses from about 25 to about 50 contiguous nucle 
otides in either direction (i.e., 5‘ or 3‘) from a translation 
termination codon. This region is a preferred target region. 
The open reading frame (ORF) or “coding region,” Which is 
knoWn in the art to refer to the region betWeen the translation 
initiation codon and the translation termination codon, is 
also a region Which may be targeted effectively. Other 
preferred target regions include the 5‘ untranslated region 
(S‘UTR), knoWn in the art to refer to the portion of an mRNA 
in the 5‘ direction from the translation initiation codon, and 
thus including nucleotides betWeen the 5‘ cap site and the 
translation initiation codon of an mRNA or corresponding 
nucleotides on the gene) and the 3‘ untranslated region 
(3‘UTR), knoWn in the art to refer to the portion of an mRNA 
in the 3‘ direction from the translation termination codon, 
and thus including nucleotides betWeen the translation ter 
mination codon and 3‘ end of an mRNA or corresponding 
nucleotides on the gene). mRNA splice sites may also be 
preferred target regions, and are particularly useful in situ 
ations Where aberrant splicing is implicated in disease, or 
Where an overproduction of a particular mRNA splice prod 
uct is implicated in disease. Aberrant fusion junctions due to 
rearrangements or deletions may also be preferred targets. 

[0025] Once the target site or sites have been identi?ed, 
oligonucleotides are chosen Which are suf?ciently comple 
mentary to the target, i.e., hybridize suf?ciently Well and 
With sufficient speci?city, to give the desired modulation. 

[0026] “Hybridization”, in the context of this invention, 
means hydrogen bonding, also knoWn as Watson-Crick base 
pairing, betWeen complementary bases, usually on opposite 
nucleic acid strands or tWo regions of a nucleic acid strand. 
Guanine and cytosine are examples of complementary bases 
Which are knoWn to form three hydrogen bonds betWeen 
them. Adenine and thymine are examples of complementary 
bases Which form tWo hydrogen bonds betWeen them. 

[0027] “Speci?cally hybridizable” and “complementary” 
are terms Which are used to indicate a suf?cient degree of 
complementarity such that stable and speci?c binding occurs 
betWeen the DNA or RNA target and the oligonucleotide. 

[0028] It is understood that an oligonucleotide need not be 
100% complementary to its target nucleic acid sequence to 
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be speci?cally hybridizable. An oligonucleotide is speci? 
cally hybridizable When binding of the oligonucleotide to 
the target interferes With the normal function of the target 
molecule to cause a loss of utility, and there is a suf?cient 
degree of complementarity to avoid non-speci?c binding of 
the oligonucleotide to non-target sequences under condi 
tions in Which speci?c binding is desired, i.e., under physi 
ological conditions in the case of in vivo assays or thera 
peutic treatment and, in the case of in vitro assays, under 
conditions in Which the assays are conducted. 

[0029] Hybridization of antisense oligonucleotides With 
mRNA interferes With one or more of the normal functions 
of mRNA. The functions of mRNA to be interfered With 
include all vital functions such as, for example, translocation 
of the RNA to the site of protein translation, translation of 
protein from the RNA, splicing of the RNA to yield one or 
more mRNA species, and catalytic activity Which may be 
engaged in by the RNA. 

[0030] The overall effect of interference With mRNA 
function is modulation of p38 MAPK expression. In the 
context of this invention “modulation” means either inhibi 
tion or stimulation; i.e., either a decrease or increase in 
expression. This modulation can be measured in Ways Which 
are routine in the art, for example by Northern blot assay of 
mRNA expression as taught in the examples of the instant 
application or by Western blot or ELISA assay of protein 
expression, or by an immunoprecipitation assay of protein 
expression, as taught in the examples of the instant appli 
cation. Effects on cell proliferation or tumor cell groWth can 
also be measured, as taught in the examples of the instant 
application. 

[0031] The oligonucleotides of this invention can be used 
in diagnostics, therapeutics, prophylaxis, and as research 
reagents and in kits. Since the oligonucleotides of this 
invention hybridize to nucleic acids encoding a p38 MAPK, 
sandWich, calorimetric and other assays can easily be con 
structed to exploit this fact. Furthermore, since the oligo 
nucleotides of this invention hybridize speci?cally to nucleic 
acids encoding particular isoforms of p38 MAPK, such 
assays can be devised for screening of cells and tissues for 
particular p38 MAPK isoforms. Such assays can be utilized 
for diagnosis of diseases associated With various p38 MAPK 
isoforms. Provision of means for detecting hybridization of 
oligonucleotide With a p38 MAPK gene or mRNA can 
routinely be accomplished. Such provision may include 
enzyme conjugation, radiolabelling or any other suitable 
detection systems. Kits for detecting the presence or absence 
of p38 MAPK may also be prepared. 

[0032] The present invention is also suitable for diagnos 
ing abnormal in?ammatory states in tissue or other samples 
from patients suspected of having an in?ammatory disease 
such as rheumatoid arthritis. The ability of the oligonucle 
otides of the present invention to inhibit in?ammation may 
be employed to diagnose such states. A number of assays 
may be formulated employing the present invention, Which 
assays Will commonly comprise contacting a tissue sample 
With an oligonucleotide of the invention under conditions 
selected to permit detection and, usually, quantitation of 
such inhibition. In the context of this invention, to “contact” 
tissues or cells With an oligonucleotide or oligonucleotides 
means to add the oligonucleotide(s), usually in a liquid 
carrier, to a cell suspension or tissue sample, either in vitro 
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or ex vivo, or to administer the oligonucleotide(s) to cells or 
tissues Within an animal. Similarly, the present invention can 
be used to distinguish p38 MAPK-associated diseases, from 
diseases having other etiologies, in order that an ef?cacious 
treatment regime can be designed. 

[0033] The oligonucleotides of this invention may also be 
used for research purposes. Thus, the speci?c hybridiZation 
exhibited by the oligonucleotides may be used for assays, 
puri?cations, cellular product preparations and in other 
methodologies Which may be appreciated by persons of 
ordinary skill in the art. 

[0034] In the context of this invention, the term “oligo 
nucleotide” refers to an oligomer or polymer of ribonucleic 
acid or deoxyribonucleic acid. This term includes oligo 
nucleotides composed of naturally-occurring nucleobases, 
sugars and covalent intersugar (backbone) linkages as Well 
as oligonucleotides having non-naturally-occurring portions 
Which function similarly. Such modi?ed or substituted oli 
gonucleotides are often preferred over native forms because 
of desirable properties such as, for example, enhanced 
cellular uptake, enhanced binding to target and increased 
stability in the presence of nucleases. 

[0035] The antisense compounds in accordance With this 
invention preferably comprise from about 5 to about 50 
nucleobases. Particularly preferred are antisense oligonucle 
otides comprising from about 8 to about 30 nucleobases (i.e. 
from about 8 to about 30 linked nucleosides). Preferred 
embodiments comprise at least an 8-nucleobase portion of a 
sequence of an antisense compound Which inhibits the 
expression of a p38 mitogen activated kinase. As is knoWn 
in the art, a nucleoside is a base-sugar combination. The base 
portion of the nucleoside is normally a heterocyclic base. 
The tWo most common classes of such heterocyclic bases 
are the purines and the pyrimidines. Nucleotides are nucleo 
sides that further include a phosphate group covalently 
linked to the sugar portion of the nucleoside. For those 
nucleosides that include a pentofuranosyl sugar, the phos 
phate group can be linked to either the 2=, 3=or 5=hydroxyl 
moiety of the sugar. In forming oligonucleotides, the phos 
phate groups covalently link adjacent nucleosides to one 
another to form a linear polymeric compound. In turn the 
respective ends of this linear polymeric structure can be 
further joined to form a circular structure, hoWever, open 
linear structures are generally preferred. Within the oligo 
nucleotide structure, 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. 

[0036] While the preferred form of antisense compound is 
a single-stranded antisense oligonucleotide, in many species 
the introduction of double-stranded structures, such as 
double-stranded RNA (dsRNA) molecules, has been shoWn 
to induce potent and speci?c 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. 

[0037] The ?rst evidence that dsRNA could lead to gene 
silencing in animals came in 1995 from Work in the nema 
tode, Caenorhabditis elegans (Guo and Kempheus, Cell, 
1995, 81, 611-620). Montgomery et al. have shoWn that the 
primary interference effects of dsRNA are posttranscrip 
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tional (Montgomery et al., Proc. Natl. Acad. Sci. USA, 1998, 
95, 15502-15507). The posttranscriptional antisense mecha 
nism de?ned in Caenorhabditis elegans resulting from 
exposure to double-stranded RNA (dsRNA) has since been 
designated RNA interference (RNAi). This term has been 
generaliZed to mean antisense-mediated gene silencing 
involving the introduction of dsRNA leading to the 
sequence-speci?c reduction of endogenous targeted mRNA 
levels (Fire et al., Nature, 1998, 391, 806-811). Recently, it 
has been shoWn that it is, in fact, the single-stranded RNA 
oligomers of antisense polarity of the dsRNAs Which are the 
potent inducers of RNAi (Tijsterman et al., Science, 2002, 
295, 694-697). Single stranded and double stranded RNA 
(RNAi) inhibition of human p38 MAP kinase is also Within 
the scope of the present invention. 

[0038] Oligomer and Monomer Modi?cations 

[0039] As is knoWn in the art, a nucleoside is a base-sugar 
combination. The base portion of the nucleoside is normally 
a heterocyclic base. The tWo most common classes of such 
heterocyclic bases are the purines and the pyrimidines. 
Nucleotides are nucleosides that further include a phosphate 
group covalently linked to the sugar portion of the nucleo 
side. For those nucleosides that include a pentofuranosyl 
sugar, the phosphate group can be linked to either the 2‘, 3‘ 
or 5‘ hydroxyl moiety of the sugar. In forming oligonucle 
otides, the phosphate groups covalently link adjacent 
nucleosides to one another to form a linear polymeric 
compound. In turn, the respective ends of this linear poly 
meric compound can be further joined to form a circular 
compound, hoWever, linear compounds are generally pre 
ferred. In addition, linear compounds may have internal 
nucleobase complementarity and may therefore fold in a 
manner as to produce a fully or partially double-stranded 
compound. Within oligonucleotides, the phosphate groups 
are commonly referred to as forming the internucleoside 
linkage or in conjunction With the sugar ring the backbone 
of the oligonucleotide. The normal internucleoside linkage 
that makes up the backbone of RNA and DNA is a 3‘ to 5‘ 
phosphodiester linkage. 

[0040] Modi?ed Internucleoside Linkages 

[0041] Speci?c examples of preferred antisense oligo 
meric compounds useful in this invention include oligo 
nucleotides containing modi?ed e.g. non-naturally occurring 
internucleoside linkages. As de?ned in this speci?cation, 
oligonucleotides having modi?ed internucleoside linkages 
include internucleoside linkages that retain a phosphorus 
atom and internucleoside linkages that do not have a phos 
phorus atom. For the purposes of this speci?cation, and as 
sometimes referenced in the art, modi?ed oligonucleotides 
that do not have a phosphorus atom in their internucleoside 
backbone can also be considered to be oligonucleosides. 

[0042] In the C. elegans system, modi?cation of the 
internucleotide linkage (phosphorothioate) did not signi? 
cantly interfere With RNAi activity. Based on this observa 
tion, it is suggested that certain preferred oligomeric com 
pounds of the invention can also have one or more modi?ed 
internucleoside linkages. Apreferred phosphorus containing 
modi?ed internucleoside linkage is the phosphorothioate 
internucleoside linkage. 

[0043] Preferred modi?ed oligonucleotide backbones con 
taining a phosphorus atom therein include, for example, 
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phosphorothioates, chiral phosphorothioates, phosphoro 
dithioates, phosphotriesters, aminoalkylphosphotriesters, 
methyl and other alkyl phosphonates including 3‘-alkylene 
phosphonates, 5 ‘-alkylene phosphonates and chiral phospho 
nates, phosphinates, phosphoramidates including 3‘-amino 
phosphoramidate and aminoalkylphosphoramidates, thiono 
phosphoramidates, thionoalkylphosphonates, thionoalky 
lphosphotriesters, selenophosphates and borano-phosphates 
having normal 3‘-5‘ linkages, 2‘-5‘ linked analogs of these, 
and those having inverted polarity Wherein one or more 
internucleotide linkages is a 3‘ to 3‘, 5‘ to 5‘ or 2‘ to 2‘ linkage. 
Preferred oligonucleotides having inverted polarity com 
prise 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. 

[0044] Representative United States patents that teach the 
preparation of the above phosphorus-containing linkages 
include, but are not limited to, US. Pat. Nos. 3,687,808; 
4,469,863; 4,476,301; 5,023,243; 5,177,196; 5,188,897; 
5,264,423; 5,276,019; 5,278,302; 5,286,717; 5,321,131; 
5,399,676; 5,405,939; 5,453,496; 5,455,233; 5,466,677; 
5,476,925; 5,519,126; 5,536,821; 5,541,306; 5,550,111; 
5,563,253; 5,571,799; 5,587,361; 5,194,599; 5,565,555; 
5,527,899; 5,721,218; 5,672,697 and 5,625,050, certain of 
Which are commonly oWned With this application, and each 
of Which is herein incorporated by reference. 

[0045] In more preferred embodiments of the invention, 
oligomeric compounds have one or more phosphorothioate 
and/or heteroatom internucleoside linkages, in particular 
—CH2—NH—O—CH2—, —CH2—N(CH3)—O—CH2— 
[knoWn as a methylene (methylimino) or MMI backbone], 
—CH2—O—N(CH3)—CH2—, —CH2—N(CH3)— 
N(CH3)—CH2— and —O—N(CH3)—CH2—CH2— 
[Wherein the native phosphodiester internucleotide linkage 
is represented as —O—P(=O)(OH)—O—CH2—]. The 
MMI type internucleoside linkages are disclosed in the 
above referenced US. Pat. No. 5,489,677. Preferred amide 
internucleoside linkages are disclosed in the above refer 
enced US. Pat. No. 5,602,240. 

[0046] Preferred modi?ed oligonucleotide backbones that 
do not include a phosphorus atom therein have backbones 
that are formed by short chain alkyl or cycloalkyl inter 
nucleoside linkages, miXed heteroatom and alkyl or 
cycloalkyl internucleoside linkages, or one or more short 
chain heteroatomic or heterocyclic internucleoside linkages. 
These include those having morpholino linkages (formed in 
part from the sugar portion of a nucleoside); siloXane 
backbones; sul?de, sulfoXide and sulfone backbones; for 
macetyl and thioformacetyl backbones; methylene for 
macetyl and thioformacetyl backbones; riboacetyl back 
bones; alkene containing backbones; sulfamate backbones; 
methyleneimino and methylenehydraZino backbones; sul 
fonate and sulfonamide backbones; amide backbones; and 
others having miXed N, O, S and CH2 component parts. 

[0047] Representative United States patents that teach the 
preparation of the above oligonucleosides include, but are 
not limited to, US. Pat. Nos. 5,034,506; 5,166,315; 5,185, 
444; 5,214,134; 5,216,141; 5,235,033; 5,264,562; 5,264, 
564; 5,405,938; 5,434,257; 5,466,677; 5,470,967; 5,489, 
677; 5,541,307; 5,561,225; 5,596,086; 5,602,240; 5,610, 
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289; 5,602,240; 5,608,046; 5,610,289; 5,618,704; 5,623, 
070; 5,663,312; 5,633,360; 5,677,437; 5,792,608; 5,646,269 
and 5,677,439, certain of Which are commonly oWned With 
this application, and each of Which is herein incorporated by 
reference. 

[0048] Oligomer Mimetics 

[0049] Another preferred group of oligomeric compounds 
amenable to the present invention includes oligonucleotide 
mimetics. The term mimetic as it is applied to oligonucle 
otides is intended to include oligomeric compounds Wherein 
only the furanose ring or both the furanose ring and the 
internucleotide linkage are replaced With novel groups, 
replacement of only the furanose ring is also referred to in 
the art as being a sugar surrogate. The heterocyclic base 
moiety or a modi?ed heterocyclic base moiety is maintained 
for hybridiZation With an appropriate target nucleic acid. 
One such oligomeric compound, an oligonucleotide mimetic 
that has been shoWn to have eXcellent hybridiZation prop 
erties, is referred to as a peptide nucleic acid (PNA). In PNA 
oligomeric compounds, the sugar-backbone of an oligo 
nucleotide is replaced With an amide containing backbone, 
in particular an aminoethylglycine backbone. The nucleo 
bases are retained and are bound directly or indirectly to aZa 
nitrogen atoms of the amide portion of the backbone. 
Representative United States patents that teach the prepara 
tion of PNA oligomeric compounds include, but are not 
limited to, US. Pat. Nos. 5,539,082; 5,714,331; and 5,719, 
262, each of Which is herein incorporated by reference. 
Further teaching of PNA oligomeric compounds can be 
found in Nielsen et al., Science, 1991, 254, 1497-1500. 

[0050] One oligonucleotide mimetic that has been 
reported to have excellent hybridiZation properties is peptide 
nucleic acids (PNA). The backbone in PNA compounds is 
tWo or more linked aminoethylglycine units Which gives 
PNA an amide containing backbone. The heterocyclic base 
moieties are bound directly or indirectly to aZa nitrogen 
atoms of the amide portion of the backbone. Representative 
United States patents that teach the preparation of PNA 
compounds include, but are not limited to, US. Pat. Nos. 
5,539,082; 5,714,331; and 5,719,262, each of Which is 
herein incorporated by reference. Further teaching of PNA 
compounds can be found in Nielsen et al., Science, 1991, 
254, 1497-1500. 

[0051] PNA has been modi?ed to incorporate numerous 
modi?cations since the basic PNA structure Was ?rst pre 
pared. The basic structure is shoWn beloW: 

BX BX 

O O 
O O 

\ N N T5 
H H n 

[0052] Wherein 

[0053] BX is a heterocyclic base moiety; 

[0054] T4 is hydrogen, an amino protecting group, 
—C(O)R5, substituted or unsubstituted C1-C1O alkyl, 
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substituted or unsubstituted C2-C1O alkenyl, substi 
tuted or unsubstituted C2-C1O alkynyl, alkylsulfonyl, 
arylsulfonyl, a chemical functional group, a reporter 
group, a conjugate group, a D or L ot-amino acid 

linked via the ot-carboxyl group or optionally 
through the uu-carboxyl group When the amino acid 
is aspartic acid or glutamic acid or a peptide derived 
from D, L or mixed D and L amino acids linked 
through a carboxyl group, Wherein the substituent 
groups are selected from hydroxyl, amino, alkoxy, 
carboxy, benZyl, phenyl, nitro, thiol, thioalkoxy, 
halogen, alkyl, aryl, alkenyl and alkynyl; 

[0055] T5 is —OH, —N(Z1) Z2, R5, D or L ot-amino 
acid linked via the ot-amino group or optionally 
through the uu-amino group When the amino acid is 
lysine or ornithine or a peptide derived from D, L or 
mixed D and L amino acids linked through an amino 
group, a chemical functional group, a reporter group 
or a conjugate group; 

[0056] Z1 is hydrogen, C1-C6 alkyl, or an amino 
protecting group; 

[0057] Z2 is hydrogen, C1-C6 alkyl, an amino pro 
tecting group, —C(=O)n—(CH2)n-J-Z3, a D or L 
ot-amino acid linked via the ot-carboxyl group or 
optionally through the uu-carboxyl group When the 
amino acid is aspartic acid or glutamic acid or a 
peptide derived from D, L or mixed D and L amino 
acids linked through a carboxyl group; 

[0058] Z3 is hydrogen, an amino protecting group, 
—C1-C6 alkyl, —C(=O)—CH3, benZyl, benZoyl, or 
—(CHZ)D—N(H)Z1; 

[0059] each J is O, S or NH; 

[0060] R5 is a carbonyl protecting group; and 

[0061] n is from 2 to about 50. 

[0062] Another class of oligonucleotide mimetic that has 
been studied is based on linked morpholino units (mor 
pholino nucleic acid) having heterocyclic bases attached to 
the morpholino ring. A number of linking groups have been 
reported that link the morpholino monomeric units in a 
morpholino nucleic acid. Apreferred class of linking groups 
have been selected to give a non-ionic oligomeric com 
pound. The non-ionic morpholino-based oligomeric com 
pounds are less likely to have undesired interactions With 
cellular proteins. Morpholino-based oligomeric compounds 
are non-ionic mimics of oligonucleotides Which are less 
likely to form undesired interactions With cellular proteins 
(DWaine A. Braasch and David R. Corey, Biochemistry, 
2002, 41 (14), 4503-4510). Morpholino-based oligomeric 
compounds are disclosed in US. Pat. No. 5,034,506, issued 
Jul. 23, 1991. The morpholino class of oligomeric com 
pounds have been prepared having a variety of different 
linking groups joining the monomeric subunits. 

[0063] Morpholino nucleic acids have been prepared hav 
ing a variety of different linking groups (L2) joining the 
monomeric subunits. The basic formula is shoWn beloW: 
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T1 01/ BX 
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1'52 n 01/ BX 
N 

| 
T5 

[0064] Wherein 

[0065] T1 is hydroxyl or a protected hydroxyl; 

[0066] T5 is hydrogen or a phosphate or phosphate 
derivative; 

[0067] L2 is a linking group; and 

[0068] n is from 2 to about 50. 

[0069] A further class of oligonucleotide mimetic is 
referred to as cyclohexenyl nucleic acids (CeNA). The 
furanose ring normally present in an DNA/RNA molecule is 
replaced With a cyclohenyl ring. CeNA DMT protected 
phosphoramidite monomers have been prepared and used 
for oligomeric compound synthesis folloWing classical 
phosphoramidite chemistry. Fully modi?ed CeNA oligo 
meric compounds and oligonucleotides having speci?c posi 
tions modi?ed 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 
dichrdism to proceed With easy conformational adaptation. 
Furthermore the incorporation of CeNA into a sequence 
targeting RNA Was stable to serum and able to activate E. 
Coli RNase resulting in cleavage of the target RNA strand. 

[0070] The general formula of CeNA is shoWn beloW: 

[0071] Wherein 

[0072] each Bx is a heterocyclic base moiety; 

[0073] T1 is hydroxyl or a protected hydroxyl; and 

[0074] T2 is hydroxyl or a protected hydroxyl. 

[0075] Another class of oligonucleotide mimetic (anhy 
drohexitol nucleic acid) can be prepared from one or more 
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anhydrohexitol nucleosides (see, Wouters and HerdeWijn, 
Bioorg. Med. Chem. Lett., 1999, 9, 1563-1566) and Would 
have the general formula: 

[0076] A further preferred modi?cation includes Locked 
Nucleic Acids (LNAs) in Which the 2‘-hydroxyl group is 
linked to the 4‘ carbon atom of the sugar ring thereby 
forming a 2‘-C,4‘-C-oxymethylene linkage thereby forming 
a bicyclic sugar moiety. The linkage is preferably a meth 
ylene (—CH2—)n group bridging the 2‘ oxygen atom and the 
4‘ carbon atom Wherein n is 1 or 2 (Singh et al., Chem. 
Commun., 1998, 4, 455-456). LNA and LNA analogs dis 
play very high duplex thermal stabilities With complemen 
tary DNA and RNA (Tm=+3 to +10 C), stability toWards 
3‘-exonucleolytic degradation and good solubility proper 
ties. The basic structure of LNA shoWing the bicyclic ring 
system is shown below: 

[0077] The conformations of LNAs determined by 2D 
NMR spectroscopy have shoWn that the locked orientation 
of the LNA nucleotides, both in single-stranded LNA and in 
duplexes, constrains the phosphate backbone in such a Way 
as to introduce a higher population of the N-type confor 
mation (Petersen et al., J. Mol. Recognit., 2000, 13, 44-53). 
These conformations are associated With improved stacking 
of the nucleobases (Wengel et al., Nucleosides Nucleotides, 
1999, 18, 1365-1370). 

[0078] LNA has been shoWn to form exceedingly stable 
LNAzLNA duplexes (Koshkin et al., J. Am. Chem. Soc., 
1998, 120, 13252-13253). LNAzLNA 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) signi?cantly increased melting points 
(Tm=+15/+11) toWard DNA complements. The universality 
of LNA-mediated hybridiZation has been stressed by the 
formation of exceedingly stable LNAzLNA duplexes. The 
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RNA-mimicking of LNA Was re?ected With regard to the 
N-type conformational restriction of the monomers and to 
the secondary structure of the LNAzRNA duplex. 

[0079] LNAs also form duplexes With complementary 
DNA, RNA or LNA With high thermal af?nities. Circular 
dichroism (CD) spectra shoW that duplexes involving fully 
modi?ed LNA (esp. LNA:RNA) structurally resemble an 
A-form RNA:RNA duplex. Nuclear magnetic resonance 
(NMR) examination of an LNAzDNA duplex con?rmed the 
3‘-endo conformation of an LNA monomer. Recognition of 
double-stranded DNA has also been demonstrated suggest 
ing strand invasion by LNA. Studies of mismatched 
sequences shoW that LNAs obey the Watson-Crick base 
pairing rules With generally improved selectivity compared 
to the corresponding unmodi?ed reference strands. 

[0080] Novel types of LNA-oligomeric compounds, as 
Well as the LNAs, are useful in a Wide range of diagnostic 
and therapeutic applications. Among these are antisense 
applications, PCR applications, strand-displacement oligo 
mers, substrates for nucleic acid polymerases and generally 
as nucleotide based drugs. Potent and nontoxic antisense 
oligonucleotides containing LNAs have been described 
(Wahlestedt et al., Proc. Natl. Acad. Sci. US. A., 2000, 97, 
5633-5638.) The authors have demonstrated that LNAs 
confer several desired properties to antisense agents. LNA/ 
DNA copolymers Were not degraded readily in blood serum 
and cell extracts. LNA/DNA copolymers exhibited potent 
antisense activity in assay systems as disparate as G-protein 
coupled receptor signaling in living rat brain and detection 
of reporter genes in Escherichia coli. Lipofectin-mediated 
ef?cient delivery of LNA into living human breast cancer 
cells has also been accomplished. 

[0081] The synthesis and preparation of the LNA mono 
mers adenine, cytosine, guanine, 5-methyl-cytosine, thym 
ine and uracil, along With their oligomeriZation, and nucleic 
acid recognition properties have been described (Koshkin et 
al., Tetrahedron, 1998, 54, 3607-3630). LNAs and prepara 
tion thereof are also described in WO 98/39352 and W0 
99/ 14226. 

[0082] The ?rst analogs of LNA, phosphorothioate-LNA 
and 2‘-thio-LNAs, have also been prepared (Kumar et al., 
Bioorg. Med. Chem. Lett., 1998, 8, 2219-2222). Preparation 
of locked nucleoside analogs containing oligodeoxyribo 
nucleotide duplexes as substrates for nucleic acid poly 
merases has also been described (Wengel et al., PCT Inter 
national Application WO 98-DK393 19980914). 
Furthermore, synthesis of 2‘-amino-LNA, a novel confor 
mationally restricted high-af?nity oligonucleotide analog 
With a handle has been described in the art (Singh et al., J. 
Org. Chem., 1998, 63, 10035-10039). In addition, 2‘-Amino 
and 2‘-methylamino-LNA’s have been prepared and the 
thermal stability of their duplexes With complementary RNA 
and DNA strands has been previously reported. 

[0083] Further oligonucleotide mimetics have been pre 
pared to include bicyclic and tricyclic nucleoside analogs 
having the formulas (amidite monomers shoWn): 
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[0084] (see Steffens et al., Helv. Chim. Acta, 1997, 80, 
2426-2439; Steffens et al., J. Am. Chem. Soc, 1999, 121, 
3249-3255; and Renneberg et al., J. Am. Chem. Soc, 2002, 
124, 5993-6002). These modi?ed nucleoside analogs have 
been oligomeriZed using the phosphoramidite approach and 
the resulting oligomeric compounds containing tricyclic 
nucleoside analogs have shoWn increased thermal stabilities 
(Tm’s) When hybridized to DNA, RNA and itself. Oligo 
meric compounds containing bicyclic nucleoside analogs 
have shoWn thermal stabilities approaching that of DNA 
duplexes. 

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

[0086] The general formula (for de?nitions of Markush 
variables see: US. Pat. Nos. 5,874,553 and 6,127,346 herein 
incorporated by reference in their entirety) is shoWn beloW. 

[0087] Another oligonucleotide mimetic has been reported 
Wherein the furanosyl ring has been replaced by a cyclobutyl 
moiety. 
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[0088] Modi?ed Sugars 

[0089] Oligomeric compounds of the invention may also 
contain one or more substituted sugar moieties. Preferred 
oligomeric compounds comprise a sugar substituent group 
selected from: 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 C1 to C10 alkyl or C2 to C10 alkenyl and 
alkynyl. Particularly preferred are O[(CH2)nO]mCH3, 
O(CH2)nOCH3, O(CH2)nNH2, O(CH2)nCH3, 
O(CH2)nONH2, and O(CH2)nON[(CH2)nCH3]2, Where n 
and m are from 1 to about 10. Other preferred oligonucle 
otides comprise a sugar substituent group selected from: C1 
to C10 loWer alkyl, substituted loWer alkyl, alkenyl, alkynyl, 
alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCH3, OCN, 
Cl, Br, CN, CF3, OCF3, SOCH3, SO2CH3, ONO2, N02, N3, 
NH2, heterocycloalkyl, heterocycloalkaryl, aminoalky 
lamino, polyalkylamino, substituted silyl, an RNA cleaving 
group, a reporter group, an intercalator, a group for improv 
ing the pharmacokinetic properties of an oligonucleotide, or 
a group for improving the pharmacodynamic properties of 
an oligonucleotide, and other substituents having similar 
properties. A preferred modi?cation includes 2‘-methoxy 
ethoxy (2‘-C—CH2CH2OCH3, also knoWn as 2‘-O-(2-meth 
oxyethyl) or 2‘-MOE) (Martin et al.,Helv. Chim. Acta, 1995, 
78, 486-504) i.e., an alkoxyalkoxy group. Afurther preferred 
modi?cation includes 2‘-dimethylaminooxyethoxy, i.e., a 
O(CH2)2ON(CH3)2 group, also knoWn as 2‘-DMAOE, as 
described in examples hereinbeloW, and 2‘-dimethylamino 
ethoxyethoxy (also knoWn in the art as 2‘-O-dimethyl 
amino-ethoxy-ethyl or 2‘-DMAEOE), i.e., 2‘-O—CH2— 
O—CH2—N(CH3)2. 
[0090] Other preferred sugar substituent groups include 
methoxy (—O—CH3), aminopropoxy 
(—OCH2CH2CH2NH2), allyl (—CH2—CH=CH2), —O 
allyl (—O—CH2—CH=CH2) and ?uoro 2‘-Sugar sub 
stituent groups may be in the arabino (up) position or ribo 
(doWn) position. Apreferred 2‘-arabino modi?cation is 2‘-F. 
Similar modi?cations may also be made at other positions 
on the oligomeric compound, particularly the 3‘ position of 
the sugar on the 3‘ terminal nucleoside or in 2‘-5‘ linked 
oligonucleotides and the 5‘ position of 5‘ terminal nucle 
otide. Oligomeric compounds may also have sugar mimetics 
such as cyclobutyl moieties in place of the pentofuranosyl 
sugar. Representative United States patents that teach the 
preparation of such modi?ed sugar structures include, but 
are not limited to, US. Pat. Nos. 4,981,957; 5,118,800; 
5,319,080; 5,359,044; 5,393,878; 5,446,137; 5,466,786; 
5,514,785; 5,519,134; 5,567,811; 5,576,427; 5,591,722; 
5,597,909; 5,610,300; 5,627,053; 5,639,873; 5,646,265; 
5,658,873; 5,670,633; 5,792,747; and 5,700,920, certain of 
Which are commonly oWned With the instant application, 
and each of Which is herein incorporated by reference in its 
entirety. 

[0091] Further representative sugar substituent groups 
include groups of formula Ia or 11,: 

Rk 
| 

— Rb (CH2)ma — O N mb (CH2)md _ Rd _ Re 
1110 
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-continued 
Ha 

[0092] 
[0093] Rb is O, S or NH; 

[0094] Rd is a single bond, O, S or C(=O); 

[0095] Re is C1-C1O alkyl, N(Rk) (Rm), N(Rk) (Rn), 
N=C(Rp) (Rq), N=C(Rp) (RT) or has formula III,; 

wherein: 

[0096] Rp and Rq are each independently hydrogen or 
C1-C1O alkyl; 

[0098] each R5, Rt, Ru and RV is, independently, 
hydrogen, C(O)RW, substituted or unsubstituted 
C1-C1O alkyl, substituted or unsubstituted C2-C1O 
alkenyl, substituted or unsubstituted C2-C1O alkynyl, 
alkylsulfonyl, arylsulfonyl, a chemical functional 
group or a conjugate group, Wherein the substituent 
groups are selected from hydroXyl, amino, alkoXy, 
carboXy, benZyl, phenyl, nitro, thiol, thioalkoXy, 
halogen, alkyl, aryl, alkenyl and alkynyl; 

[0099] or optionally, Ru and RV, together form a 
phthalimido moiety With the nitrogen atom to Which 
they are attached; 

[0100] each RW is, independently, substituted or 
unsubstituted C1-C1O alkyl, tri?uoromethyl, cyano 
ethyloXy, methoXy, ethoXy, t-butoXy, allyloXy, 
9-?uorenylmethoXy, 2-(trimethylsilyl)-ethoXy, 2,2,2 
trichloroethoXy, benZyloXy, butyryl, iso-butyryl, 
phenyl or aryl; 

[0101] Rk is hydrogen, a nitrogen protecting group or 
—R —R ' X y7 

[0102] R15 is hydrogen, a nitrogen protecting group or 
_ X_ y; 

[0103] RX is a bond or a linking moiety; 

[0104] Ry is a chemical functional group, a conjugate 
group or a solid support medium; 

[0105] each Rrn and RD is, independently, H, a nitro 
gen protecting group, substituted or unsubstituted 
C1-C1O alkyl, substituted or unsubstituted C2-C1O 
alkenyl, substituted or unsubstituted C2-C1O alkynyl, 
Wherein the substituent groups are selected from 
hydroXyl, amino, alkoXy, carboXy, benZyl, phenyl, 
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nitro, thiol, thioalkoXy, halogen, alkyl, aryl, alkenyl, 
alkynyl; NH3+, N(Ru) (RV), guanidino and acyl 
Where said acyl is an acid amide or an ester; 

[0106] or Rrn and Rn, together, are a nitrogen protect 
ing group, are joined in a ring structure that option 
ally includes an additional heteroatom selected from 
N and O or are a chemical functional group; 

[0107] Ri is ORZ, SR2, or N(RZ)2; 

[0108] each RZ is, independently, H, CjL-C8 alkyl, 
C1-C8 haloalkyl, C(=NH)N(H)RU, C(=O)N(H)Ru 
or OC(=O)N(H)RU; 

[0109] Rf, Rg and Rh comprise a ring system having 
from about 4 to about 7 carbon atoms or having from 
about 3 to about 6 carbon atoms and 1 or 2 heteroa 
toms Wherein said heteroatoms are selected from 
oXygen, nitrogen and sulfur and Wherein said ring 
system is aliphatic, unsaturated aliphatic, aromatic, 
or saturated or unsaturated heterocyclic; 

[0110] R]- is alkyl or haloalkyl having 1 to about 10 
carbon atoms, alkenyl having 2 to about 10 carbon 
atoms, alkynyl having 2 to about 10 carbon atoms, 
aryl having 6 to about 14 carbon atoms, N(Rk) (Rm) 
ORk, halo, SRk or CN; 

[0111] m8 is 1 to about 10; 

[0112] each mb is, independently, 0 or 1; 

[0113] mc is 0 or an integer from 1 to 10; 

[0114] md is an integer from 1 to 10; 

[0115] me is from 0, 1 or 2; and 

[01116] provided that When mc is 0, md is greater than 

[0117] Representative substituents groups of Formula I are 
disclosed in United States patent application Ser. No. 
09/130,973, ?led Aug. 7, 1998, entitled “Capped 2‘-OXy 
ethoXy Oligonucleotides,” hereby incorporated by reference 
in its entirety. 

[0118] Representative cyclic substituent groups of For 
mula II are disclosed in US. patent application Ser. No. 
09/123,108, ?led Jul. 27, 1998, entitled “RNA Targeted 
2‘-Oligomeric compounds that are Conformationally Preor 
ganiZed,” hereby incorporated by reference in its entirety. 

[0119] Particularly preferred sugar substituent groups 
include O[(CH2)nO]mCH3, O(CH2)nOCH3, O(CH2)nNH2, 
O(CH2)nCH3, O(CH2)nONH2, and O(CH2)nON 
[(CH2)nCH3)]2, Where n and m are from 1 to about 10. 

[0120] Representative guanidino substituent groups that 
are shoWn in formula III and IV are disclosed in co-oWned 
US. patent application Ser. No. 09/349,040, entitled “Func 
tionaliZed Oligomers”, ?led Jul. 7, 1999, hereby incorpo 
rated by reference in its entirety. 

[0121] Representative acetamido substituent groups are 
disclosed in US. Pat. No. 6,147,200 Which is hereby incor 
porated by reference in its entirety. 

[0122] Representative dimethylaminoethyloXyethyl sub 
stituent groups are disclosed in International Patent Appli 
cation PCT/US99/17895, entitled “2‘-O-Dimethylaminoet 
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hyloXyethyl-Oligomeric compounds”, ?led Aug. 6, 1999, 
hereby incorporated by reference in its entirety. 

[0123] Modi?ed 
Nucleobases 

Nucleobases/Naturally Occurring 

[0124] Oligomeric compounds may also include nucleo 
base (often referred to in the art simply as “base” or 
“heterocyclic base moiety”) modi?cations or substitutions. 
As used herein, “unmodi?ed” or “natural” nucleobases 
include the purine bases adenine (A) and guanine (G), and 
the pyrimidine bases thymine (T), cytosine (C) and uracil 
(U). Modi?ed nucleobases also referred herein as heterocy 
clic base moieties include other synthetic and natural 
nucleobases such as 5-methylcytosine (5-me-C), 5-hy 
droXymethyl cytosine, Xanthine, hypoXanthine, 2-aminoad 
enine, 6-methyl and other alkyl derivatives of adenine and 
guanine, 2-propyl and other alkyl derivatives of adenine and 
guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine, 
5 -halouracil and cytosine, 5-propynyl (—CEC—CH3) uracil 
and cytosine and other alkynyl derivatives of pyrimidine 
bases, 6-aZo uracil, cytosine and thymine, 5-uracil (pseudou 
racil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 
8-hydroXyl and other 8-substituted adenines and guanines, 
5-halo particularly 5-bromo, 5-tri?uoromethyl and other 
5-substituted uracils and cytosines, 7-methylguanine and 
7-methyladenine, 2-F-adenine, 2-amino-adenine, 8-aZagua 
nine and 8-aZaadenine, 7-deaZaguanine and 7-deaZaadenine 
and 3-deaZaguanine and 3-deaZaadenine. 

[0125] Heterocyclic base moieties may also include those 
in Which the purine or pyrimidine base is replaced With other 
heterocycles, for eXample 7-deaZa-adenine, 7-deaZagua 
nosine, 2-aminopyridine and 2-pyridone. Further nucleo 
bases include those disclosed in US. Pat. No. 3,687,808, 
those disclosed in The Concise Encyclopedia Of Polymer 
Science And Engineering, pages 858-859, KroschWitZ, J. 1., 
ed. John Wiley & Sons, 1990, those disclosed by Englisch 
et al.,Angewandte Chemie, International Edition, 1991, 30, 
613, and those disclosed by Sanghvi, Y. 5., Chapter 15, 
Antisense Research and Applications, pages 289-302, 
Crooke, S. T. and Lebleu, B., ed., CRC Press, 1993. Certain 
of these nucleobases are particularly useful for increasing 
the binding af?nity of the oligomeric compounds of the 
invention. These include 5-substituted pyrimidines, 6-aZa 
pyrimidines and N-2, N-6 and 0-6 substituted purines, 
including 2-aminopropyladenine, 5-propynyluracil and 
5-propynylcytosine. 5-methylcytosine substitutions have 
been shoWn to increase nucleic acid duplex stability by 
0.6-1.2° C. (Sanghvi, Y. S., Crooke, S. T. and Lebleu, B., 
eds.,Antisense Research andApplications, CRC Press, Boca 
Raton, 1993, pp. 276-278) and are presently preferred base 
substitutions, even more particularly When combined With 
2‘-O-methoXyethyl sugar modi?cations. 

[0126] In one aspect of the present invention oligomeric 
compounds are prepared having polycyclic heterocyclic 
compounds in place of one or more heterocyclic base 
moieties. A number of tricyclic heterocyclic compounds 
have been previously reported. These compounds are rou 
tinely used in antisense applications to increase the binding 
properties of the modi?ed strand to a target strand. The most 
studied modi?cations are targeted to guanosines hence they 
have been termed G-clamps or cytidine analogs. Many of 
these polycyclic heterocyclic compounds have the general 
formula: 
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R11 R13 

NH R14 

[0127] Representative cytosine analogs that make 3 
hydrogen bonds With a guanosine in a second strand include 
1,3-diaZaphenoXaZine-2-one (R1O=O, R11—R14=H) [Kur 
chavov, et al., Nacleosides and Nucleotides, 1997, 16, 
1837-1846], 1,3-diaZaphenothiaZine-2-one (R1O=S, R11— 
R14=H), [Lin, K.-Y.; Jones, R. J.; Matteucci, M. J. Am. 
Chem. Soc. 1995, 117, 3873-3874] and 6,7,8,9-tetra?uoro 
1 ,3 -diaZaphenoXaZine-2-one (R 10:0, R11—R14=F) 
[Wang, J .; Lin, K.-Y., Matteucci, M. Tetrahedron Lett. 1998, 
39, 8385-8388]. Incorporated into oligonucleotides these 
base modi?cations Were shoWn to hybridiZe With comple 
mentary guanine and the latter Was also shoWn to hybridiZe 
With adenine and to enhance helical thermal stability by 
extended stacking interactions (also see US. Patent Appli 
cation entitled “Modi?ed Peptide Nucleic Acids” ?led May 
24, 2002, Ser. No. 10/155,920; and US. Patent Application 
entitled “Nuclease Resistant Chimeric Oligonucleotides” 
?led May 24, 2002, Ser. No. 10/013,295, both of Which are 
commonly oWned With this application and are herein incor 
porated by reference in their entirety). 

[0128] Further heliX-stabiliZing properties have been 
observed When a cytosine analog/substitute has an amino 
ethoXy moiety attached to the rigid 1,3-diaZaphenoXaZine 
2-one scaffold (R1O=O, R11=—O—(CH2)2—NH2, R12_ 
14=H) [Lin, K.-Y.; Matteucci, M. J. Am. Chem. Soc. 1998, 
120, 8531-8532]. Binding studies demonstrated that a single 
incorporation could enhance the binding affinity of a model 
oligonucleotide to its complementary target DNA or RNA 
With a ATrn of up to 18° relative to 5-methyl cytosine 
(dC5me), Which is the highest knoWn af?nity enhancement 
for a single modi?cation, yet. On the other hand, the gain in 
helical stability does not compromise the speci?city of the 
oligonucleotides. The Trn data indicate an even greater 
discrimination betWeen the perfect match and mismatched 
sequences compared to dC5me. It Was suggested that the 
tethered amino group serves as an additional hydrogen bond 
donor to interact With the Hoogsteen face, namely the O6, of 
a complementary guanine thereby forming 4 hydrogen 
bonds. This means that the increased af?nity of G-clamp is 
mediated by the combination of eXtended base stacking and 
additional speci?c hydrogen bonding. 
[0129] Further tricyclic heterocyclic compounds and 
methods of using them that are amenable to the present 
invention are disclosed in Us. Pat. Ser. No. 6,028,183, 
Which issued on May 22, 2000, and Us. Pat. Ser. No. 
6,007,992, Which issued on Dec. 28, 1999, the contents of 
both are commonly assigned With this application and are 
incorporated herein in their entirety. 
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[0130] The enhanced binding af?nity of the phenoXaZine 
derivatives together With their uncompromised sequence 
speci?city makes them valuable nucleobase analogs for the 
development of more potent antisense-based drugs. In fact, 
promising data have been derived from in vitro experiments 
demonstrating that heptanucleotides containing phenoX 
aZine substitutions are capable to activate RNaseH, enhance 
cellular uptake and eXhibit an increased antisense activity 
[Lin, K-Y; Matteucci, M. J. Am. Chem. Soc. 1998, 120, 
8531-8532]. The activity enhancement Was even more pro 
nounced in case of G-clamp, as a single substitution Was 
shoWn to signi?cantly improve the in vitro potency of a 
20mer 2‘-deoXyphosphorothioate oligonucleotides [Flana 
gan, W. M.; Wolf, J. J.; Olson, P.; Grant, D.; Lin, K.-Y.; 
Wagner, R. W.; Matteucci, M. Proc. Natl. Acad. Sci. USA, 
1999, 96, 3513-3518]. Nevertheless, to optimiZe oligonucle 
otide design and to better understand the impact of these 
heterocyclic modi?cations on the biological activity, it is 
important to evaluate their effect on the nuclease stability of 
the oligomers. 

[0131] Further modi?ed polycyclic heterocyclic com 
pounds useful as heterocyclcic bases are disclosed in but not 
limited to, the above noted US. Pat. No. 3,687,808, as Well 
as US. Pat. Nos. 4,845,205; 5,130,302; 5,134,066; 5,175, 
273; 5,367,066; 5,432,272; 5,434,257; 5,457,187; 5,459, 
255; 5,484,908; 5,502,177; 5,525,711; 5,552,540; 5,587, 
469; 5,594,121, 5,596,091; 5,614,617; 5,645,985; 5,646, 
269; 5,750,692; 5,830,653; 5,763,588; 6,005,096; and 
5,681,941, and US. patent application Ser. No. 09/996,292 
?led Nov. 28, 2001, certain of Which are commonly oWned 
With the instant application, and each of Which is herein 
incorporated by reference. 

[0132] The oligonucleotides of the present invention also 
include variants in Which a different base is present at one or 
more of the nucleotide positions in the oligonucleotide. For 
eXample, if the ?rst nucleotide is an adenosine, variants may 
be produced Which contain thymidine, guanosine or cytidine 
at this position. This may be done at any of the positions of 
the oligonucleotide. Thus, a 20-mer may comprise 60 varia 
tions (20 positions><3 alternates at each position) in Which 
the original nucleotide is substituted With any of the three 
alternate nucleotides. These oligonucleotides are then tested 
using the methods described herein to determine their ability 
to inhibit eXpression of HCV mRNA and/or HCV replica 
tion. 

[0133] Conjugates 

[0134] A further preferred substitution that can be 
appended to the oligomeric compounds of the invention 
involves the linkage of one or more moieties or conjugates 
Which enhance the activity, cellular distribution or cellular 
uptake of the resulting oligomeric compounds. In one 
embodiment such modi?ed oligomeric compounds are pre 
pared by covalently attaching conjugate groups to functional 
groups such as hydroXyl or amino groups. Conjugate groups 
of the invention include intercalators, reporter molecules, 
polyamines, polyamides, polyethylene glycols, polyethers, 
groups that enhance the pharmacodynamic properties of 
oligomers, and groups that enhance the pharmacokinetic 
properties of oligomers. Typical conjugates groups include 
cholesterols, lipids, phospholipids, biotin, phenaZine, folate, 
phenanthridine, anthraquinone, acridine, ?uoresceins, 
rhodamines, coumarins, and dyes. Groups that enhance the 
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pharmacodynamic properties, in the conteXt of this inven 
tion, include groups that improve oligomer uptake, enhance 
oligomer resistance to degradation, and/or strengthen 
sequence-speci?c hybridiZation With RNA. Groups that 
enhance the pharmacokinetic properties, in the conteXt of 
this invention, include groups that improve oligomer uptake, 
distribution, metabolism or excretion. Representative con 
jugate groups are disclosed in International Patent Applica 
tion PCT/US92/09196, ?led Oct. 23, 1992 the entire disclo 
sure of Which is incorporated herein by reference. Conjugate 
moieties include but are not limited to lipid moieties such as 
a cholesterol moiety (Letsinger et al., Proc. Natl. Acad. Sci. 
USA, 1989, 86, 6553-6556), cholic acid (Manoharan et al., 
Bioorg. Med. Chem. Let., 1994, 4, 1053-1060), a thioether, 
e.g., heXyl-S-tritylthiol (Manoharan et al., Ann. NY Acad. 
Sci., 1992, 660, 306-309; Manoharan et al., Bioorg. Med. 
Chem. Let., 1993, 3, 2765-2770), a thiocholesterol (Ober 
hauser et al., Nucl. Acids Res., 1992, 20, 533-538), an 
aliphatic chain, e.g., dodecandiol or undecyl residues (Sai 
son-Behmoaras et al., EMBO J., 1991, 10, 1111-1118; 
Kabanov et al., FEBS Lett., 1990, 259, 327-330; Svinarchuk 
et al., Biochimie, 1993, 75, 49-54), a phospholipid, e.g., 
di-heXadecyl-rac-glycerol or triethyl-ammonium 1,2-di-o 
heXadecyl-rac-glycero-3-H-phosphonate (Manoharan et al., 
Tetrahedron Lett., 1995, 36, 3651-3654; Shea et al., Nucl. 
Acids Res., 1990, 18, 3777-3783), a polyamine or a poly 
ethylene glycol chain (Manoharan et al., Nacleosides & 
Nucleotides, 1995, 14, 969-973), or adamantane acetic acid 
(Manoharan et al., Tetrahedron Lett., 1995, 36, 3651-3654), 
a palmityl moiety (Mishra et al., Biochim. Biophys. Acta, 
1995, 1264, 229-237), or an octadecylamine or heXylamino 
carbonyl-oXycholesterol moiety (Crooke et al., J. Pharma 
col. Exp. Ther, 1996, 277, 923-937. 

[0135] The oligomeric compounds of the invention may 
also be conjugated to active drug substances, for eXample, 
aspirin, Warfarin, phenylbutaZone, ibuprofen, suprofen, fen 
bufen, ketoprofen, (S)-(+)-pranoprofen, carprofen, dansyl 
sarcosine, 2,3,5-triiodobenZoic acid, ?ufenamic acid, folinic 
acid, a benZothiadiaZide, chlorothiaZide, a diaZepine, 
indomethicin, a barbiturate, a cephalosporin, a sulfa drug, an 
antidiabetic, an antibacterial or an antibiotic. Oligonucle 
otide-drug conjugates and their preparation are described in 
United States patent application Ser. No. 09/334,130 (?led 
Jun. 15, 1999) Which is incorporated herein by reference in 
its entirety. 

[0136] Representative United States patents that teach the 
preparation of such oligonucleotide conjugates include, but 
are not limited to, US. 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. 
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[0137] Chimeric Oligomeric Compounds 

[0138] It is not necessary for all positions in an oligomeric 
compound to be uniformly modi?ed, and in fact more than 
one of the aforementioned modi?cations may be incorpo 
rated in a single oligomeric compound or even at a single 
monomeric subunit such as a nucleoside Within a oligomeric 
compound. The present invention also includes oligomeric 
compounds Which are chimeric oligomeric compounds. 
“Chimeric” oligomeric compounds or “chimeras,” in the 
context of this invention, are oligomeric compounds that 
contain tWo or more chemically distinct regions, each made 
up of at least one monomer unit, i.e., a nucleotide in the case 
of a nucleic acid based oligomer. 

[0139] Chimeric oligomeric compounds typically contain 
at least one region modi?ed so as to confer increased 
resistance to nuclease degradation, increased cellular 
uptake, and/or increased binding af?nity for the target 
nucleic acid. An additional region of the oligomeric com 
pound may serve as a substrate for enZymes capable of 
cleaving RNAzDNA or RNA:RNA hybrids. By Way of 
example, RNase H is a cellular endonuclease Which cleaves 
the RNA strand of an RNAzDNA duplex. Activation of 
RNase H, therefore, results in cleavage of the RNA target, 
thereby greatly enhancing the ef?ciency of inhibition of 
gene expression. Consequently, comparable results can 
often be obtained With shorter oligomeric compounds When 
chimeras are used, compared to for example phosphorothio 
ate deoxyoligonucleotides hybridiZing to the same target 
region. Cleavage of the RNAtarget can be routinely detected 
by gel electrophoresis and, if necessary, associated nucleic 
acid hybridiZation techniques knoWn in the art. 

[0140] Chimeric oligomeric compounds of the invention 
may be formed as composite structures of tWo or more 
oligonucleotides, oligonucleotide analogs, oligonucleosides 
and/or oligonucleotide mimetics as described above. Such 
oligomeric compounds have also been referred to in the art 
as hybrids hemimers, gapmers or inverted gapmers. Repre 
sentative United States patents that teach the preparation of 
such hybrid structures include, but are not limited to, US. 
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. 

[0141] 3‘-Endo Modi?cations 

[0142] In one aspect of the present invention oligomeric 
compounds include nucleosides synthetically modi?ed to 
induce a 3‘-endo sugar conformation. A nucleoside can 
incorporate synthetic modi?cations of the heterocyclic base, 
the sugar moiety or both to induce a desired 3‘-endo sugar 
conformation. These modi?ed nucleosides are used to 
mimic RNA like nucleosides so that particular properties of 
an oligomeric compound can be enhanced While maintaining 
the desirable 3‘-endo conformational geometry. There is an 
apparent preference for an RNA type duplex (A form helix, 
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 
ef?cient in triggering RNAi response in the C. elegans 
system. Properties that are enhanced by using more stable 
3‘-endo nucleosides include but aren’t limited to modulation 
of pharmacokinetic properties through modi?cation of pro 
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tein binding, protein off-rate, absorption and clearance; 
modulation of nuclease stability as Well as chemical stabil 
ity; modulation of the binding af?nity and speci?city of the 
oligomer (affinity and speci?city for enZymes as Well as for 
complementary sequences); and increasing ef?cacy of RNA 
cleavage. The present invention provides oligomeric triggers 
of RNAi having one or more nucleosides modi?ed in such 
a Way as to favor a C3‘-endo type conformation. 

Zeq 
4ecl 

33X 13X 

C2'-endo/Southern C3'-endo/Northern 

[0143] Nucleoside conformation is in?uenced by various 
factors including substitution at the 2‘, 3‘ or 4‘-positions of 
the pentofuranosyl sugar. Electronegative substituents gen 
erally prefer the axial positions, While sterically demanding 
substituents generally prefer the equatorial positions (Prin 
ciples of Nucleic Acid Structure, Wolfgang Sanger, 1984, 
Springer-Verlag.) Modi?cation 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., Tetrahedronl (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 exempli?ed by 
2‘deoxy-2‘ F-nucleosides (Kawasaki et al., J. Med. Chel . 
(1993), 36, 831-841), Which adopts the 3‘-endo conforma 
tion positioning the electronegative ?uorine atom in the 
axial position. Other modi?cations of the ribose ring, for 
example substitution at the 4‘-position to give 4‘-F modi?ed 
nucleosides (Guillerm et al., Bioorganic and Medicinal 
Chemistry Lettersl (1995), 5, 1455-1460 and OWen et al., J. 
Org. Chem . (1976), 41, 3010-3017), or for example modi 
?cation to yield methanocarba nucleoside analogs (Jacobson 
et al., J. Med. Chem. Lett . (2000), 43, 2196-2203 and Lee 
et al., Bioorganic and Medicinal Chemistry Letters (2001), 
11, 1333-1337) also induce preference for the 3‘-endo con 
formation. Along similar lines, oligomeric triggers of RNAi 
response might be composed of one or more nucleosides 
modi?ed in such a Way that conformation is locked into a 
C3‘-endo type conformation, i.e. Locked Nucleic Acid 
(LNA, Singh et al, Chem. Commun. (1998), 4, 455-456), 
and ethylene bridged Nucleic Acids (ENA, Morita et al, 
Bioorganic & Medicinal Chemistry Letters (2002), 12, 
73-76.) Examples of modi?ed nucleosides amenable to the 
present invention are shoWn beloW in Table I. These 
examples are meant to be representative and not exhaustive. 
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[0144] The preferred conformation of modi?ed nucleo 
sides and their oligomers can be estimated by various 
methods such as molecular dynamics calculations, nuclear 
magnetic resonance spectroscopy and CD measurements. 
Hence, modi?cations predicted to induce RNA like confor 
mations, A-form duplex geometry in an oligomeric context, 
are selected for use in the modi?ed oligoncleotides of the 
present invention. The synthesis of numerous modi?ed 
nucleosides amenable to the present invention are knoWn in 
the art (see for example, Chemistry of Nucleosides and 
Nucleotides Vol 1-3, ed. Leroy B. ToWnsend, 1988, Plenum 
press., and the examples section beloW.) 

[0145] In one aspect, the present invention is directed to 
oligonucleotides that are prepared having enhanced proper 
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ties compared to native RNA against nucleic acid targets. A 
target is identi?ed and an oligonucleotide is selected having 
an effective length and sequence that is complementary to a 
portion of the target sequence. Each nucleoside of the 
selected sequence is scrutiniZed for possible enhancing 
modi?cations. A preferred modi?cation Would be the 
replacement of one or more RNA nucleosides With nucleo 
sides that have the same 3‘-endo conformational geometry. 
Such modi?cations can enhance chemical and nuclease 
stability relative to native RNA While at the same time being 
much cheaper and easier to synthesiZe and/or incorporate 
into an oligonulceotide. The selected sequence can be fur 
ther divided into regions and the nucleosides of each region 
evaluated for enhancing modi?cations that can be the result 
of a chimeric con?guration. Consideration is also given to 
the 5‘ and 3‘-termini as there are often advantageous modi 
?cations that can be made to one or more of the terminal 
nucleosides. The oligomeric compounds of the present 
invention include at least one 5‘-modi?ed phosphate group 
on a single strand or on at least one 5‘-position of a double 
stranded sequence or sequences. Further modi?cations are 
also considered such as internucleoside linkages, conjugate 
groups, substitute sugars or bases, substitution of one or 
more nucleosides With nucleoside mimetics and any other 
modi?cation that can enhance the selected sequence for its 
intended target. The terms used to describe the conforma 
tional geometry of homoduplex nucleic acids are “A Form” 
for RNA and “B Form” for DNA. The respective confor 
mational geometry for RNA and DNA duplexes Was deter 
mined from X-ray diffraction analysis of nucleic acid ?bers 
(Arnott and Hukins, Biochem. Biophys. Res. Comm, 1970, 
47, 1504.) In general, RNA:RNA duplexes are more stable 
and have higher melting temperatures (Tm’s) than 
DNA:DNA duplexes (Sanger et al., Principles of Nucleic 
Acid Structure, 1984, Springer-Verlag; NeW York, NY; 
Lesnik et al., Biochemistry, 1995, 34, 10807-10815; Conte 
et al., Nucleic Acids Res., 1997, 25, 2627-2634). The 
increased stability of RNA has been attributed to several 
structural features, most notably the improved base stacking 
interactions that result from an A-form geometry (Searle et 
al., Nucleic Acids Res., 1993, 21, 2051-2056). The presence 
of the 2‘ hydroxyl in RNA biases the sugar toWard a C3‘ endo 
pucker, i.e., also designated as Northern pucker, Which 
causes the duplex to favor the A-form geometry. In addition, 
the 2‘ hydroxyl groups of RNA can form a netWork of Water 
mediated hydrogen bonds that help stabiliZe the RNA duplex 
(Egli et al., Biochemistry, 1996, 35, 8489-8494). On the 
other hand, deoxy nucleic acids prefer a C2‘ endo sugar 
pucker, i.e., also knoWn as Southern pucker, Which is 
thought to impart a less stable B-form geometry (Sanger, W. 
(1984) Principles of Nucleic Acid Structure, Springer-Ver 
lag, NeW York, As used herein, B-form geometry is 
inclusive of both C2‘-endo pucker and O4‘-endo pucker. This 
is consistent With Berger, et. al., Nucleic Acids Research, 
1998, 26, 2473-2480, Who pointed out that in considering 
the furanose conformations Which give rise to B-form 
duplexes consideration should also be given to a O4‘-endo 
pucker contribution. 

[0146] 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.,NucleicAcia's Res., 1993, 
21, 2051-2056). The structure of a hybrid duplex is inter 
mediate betWeen A- and B-form geometries, Which may 














































































































































































