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(57) ABSTRACT 

Compounds, compositions and methods are provided for 
modulating the expression and function of small non-coding 
RNAs. The compositions comprise oligomeric compounds, 
targeted to small non-coding RNAs. Methods of using these 
compounds for modulation of small non-coding RNAs as 
Well as downstream targets of these RNAs and for diagnosis 
and treatment of disease associated With small non-coding 
RNAs are also provided. 
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METHOD FOR INHIBITING THE ACTIVITY 
OF MIR-155 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. Ser. No. 
10/909,125 ?led Jul. 30, 2004, Which claims priority to US. 
provisional application Ser. No. 60/492,056 ?led Jul. 31, 
2003, Ser. No. 60/516,303 ?led Oct. 31, 2003, Ser. No. 
60/531,596 ?led Dec. 19, 2003, and Ser. No. 60/562,417 ?led 
Apr. 14, 2004, each Which is incorporated herein by reference 
in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention provides compositions and 
methods for modulation of small non-coding RNAs. In par 
ticular, this invention relates to compounds, particularly oli 
gomeric compounds, Which, in some embodiments, hybrid 
iZe With or sterically interfere With nucleic acid molecules 
comprising or encoding small non-coding RNA targets. Such 
compounds are shoWn herein to modulate the levels of small 
non-coding RNAs. The oligomeric compounds of the inven 
tion may include one or more modi?cations thereon resulting 
in differences in physical or chemical properties compared to 
unmodi?ed nucleic acids. These modi?ed oligomeric com 
pounds are used as single compounds or in compositions to 
modulate or mimic the targeted nucleic acid comprising or 
encoding the small non-coding RNA. In some embodiments 
of the invention, modi?cations include chemical modi?ca 
tions that improve activity of the oligomeric compound. In 
some embodiments, the modi?cations include moieties that 
modify or enhance the pharmacokinetic or pharmacodynamic 
properties, stability or nuclease resistance of the oligomeric 
compound. In some embodiments, the modi?cations render 
the oligomeric compounds capable of sterically interfering 
With the natural processing of the nucleic acids comprising or 
encoding the small non-coding RNA targets. 

BACKGROUND OF THE INVENTION 

[0003] RNA genes Were once considered relics of a primor 
dial “RNA World” that Was largely replaced by more e?icient 
proteins. More recently, hoWever, it has become clear that 
non-coding RNA genes produce functional RNA molecules 
With important roles in regulation of gene expression, devel 
opmental timing, viral surveillance, and immunity. Not only 
the classic transfer RNAs (tRNAs) and ribosomal RNAs (rR 
NAs), but also small nuclear RNAs (snRNAs), small nucle 
olar RNAs (snoRNAs), small interfering RNAs (siRNAs), 
tiny non-coding RNAs (tncRNAs), repeat-associated small 
interfering RNAs (rasiRNAs) and microRNAs (miRNAs) are 
noW believed to act in diverse cellular processes such as 
chromosome maintenance, gene imprinting, pre-mRNA 
splicing, guiding RNA modi?cations, transcriptional regula 
tion, and the control of mRNA translation (Eddy, Nat. Rev. 
Genet., 2001, 2, 919-929; Kawasaki and Taira, Nature, 2003, 
423, 838-842; Aravin, et al., Dev. Cell, 2003, 5, 337-350). 
RNA-mediated processes are noW also believed to direct het 
erochromatin formation, genome rearrangements, and DNA 
elimination (Cerutti, Trends Genet., 2003, 19, 39-46; CouZin, 
Science, 2002, 298, 2296-2297). 
[0004] The recently described phenomenon knoWn as RNA 
interference (RNAi) is involves the processing of double 
stranded RNA into siRNAs by an RNase III-like dsRNA 
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speci?c enZyme knoWn as Dicer (also knoWn as helicase 
moi) Which are then incorporated into a ribonucleoprotein 
complex, the RNA-induced silencing complex (RISC). RISC 
is believed to use the siRNA molecules as a guide to identify 
complementary RNAs, and an endoribonuclease (to date uni 
denti?ed) cleaves these target RNAs, resulting in their deg 
radation (Cerutti, Trends Genet., 2003, 19, 39-46; Grishok et 
al., Cell, 2001, 106, 23-34). In addition to the siRNAs, a large 
class of small non-coding RNAs knoWn as microRNAs (miR 
NAs, originally termed stRNA for “short temporal RNAs”) is 
believed to play a role in regulation of gene expression 
employing some of the same players involved in the RNAi 
pathWay (ovina and Sharp, Nature, 2004, 430, 161-164). 
[0005] Like siRNAs, miRNAs are believed to be processed 
endogenously by the Dicer enzyme, and are approximately 
the same length, and possess the characteristic 5'-phosphate 
and 3'-hydroxyl termini. The miRNAs are also incorporated 
into a ribonucleoprotein complex, the miRNP, Which is simi 
lar, and may be identical to the RISC (Bartel and Bartel, Plant 
Physiol., 2003, 132, 709-717). More than 200 different miR 
NAs have been identi?ed in plants and animals (Ambros et 
al., Curr. Biol., 2003, 13, 807-818). 
[0006] In spite of their biochemical and mechanistic simi 
larities, there are also some differences betWeen siRNAs and 
miRNAs, based on unique aspects of their biogenesis. siR 
NAs are generated from the cleavage of long exogenous or 
possibly endogenous dsRNA molecules, such as very long 
hairpins or bimolecular duplexed dsRNA, and numerous siR 
NAs accumulate from both strands of dsRNA precursors. In 
contrast, mature miRNAs appear to originate from long 
endogenous primary miRNA transcripts (also knoWn as pri 
miRNAs, pri-mirs or pri-pre-miRNAs) that are often hun 
dreds of nucleotides in length (Lee, et al., EMBO 1., 2002, 
21(17), 4663-4670). 
[0007] The current model of miRNA processing involves 
primary miRNA transcripts being processed by a nuclear 
enZyme in the RNase III family knoWn as Drosha, into 
approximately 70 nucleotide-long pre-miRNAs (also knoWn 
as stem-loop structures, hairpins, pre-mirs or foldback 
miRNA precursors) Which are subsequently processed by the 
Dicer RNase into mature miRNAs, approximately 21-25 
nucleotides in length. It is believed that, in processing the 
pri -miRNA into the pre-miRNA, the Drosha enZyme cuts the 
pri-miRNA at the base of the mature miRNA, leaving a 2-nt 3' 
overhang (Ambros et al., RNA, 2003, 9, 277-279; Bartel and 
Bartel, Plant Physiol., 2003, 132, 709-717; Shi, Trends 
Genet., 2003, 19, 9-12; Lee, et al., EMBO J., 2002, 21(17), 
4663-4670; Lee, et al., Nature, 2003, 425, 415-419). The 3' 
tWo-nucleotide overhang structure, a signature of RNaseIII 
cleavage, has been identi?ed as a critical speci?city determi 
nant in targeting and maintaining small RNAs in the RNA 
interference pathWay (Murchison, et al., Curr. Opin. Cell 
Biol., 2004, 16, 223-9). Both the primary RNA transcripts 
(pri-miRNAs) and foldback miRNA precursors (pre-miR 
NAs) are believed to be single-stranded RNA molecules With 
at least partial double-stranded character, often containing 
smaller, local internal hairpin structures. Primary miRNA 
transcripts may be processed such that one single-stranded 
mature miRNA molecule is generated from one arm of the 
hairpin-like structure of the pri-miRNA. Alternatively, a 
polycistronic pri-miRNA may contain multiple pre-miRNAs, 
each processed into a different, single-stranded mature 
miRNA. 
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[0008] Naturally occurring miRNAs are characterized by 
imperfect complementarity to their target sequences. Arti? 
cially modi?ed miRNAs With sequences completely comple 
mentary to their target RNAs have been designed and found to 
function as double stranded siRNAs that inhibit gene expres 
sion by reducing RNA transcript levels. Synthetic hairpin 
RNAs that mimic siRNAs and miRNA precursor molecules 
Were demonstrated to target genes for silencing by degrada 
tion and not translational repression (McManus et al., RNA, 
2002, 8, 842-850). 
[0009] Tiny non-coding RNA (tncRNA), one class of small 
non-coding RNAs (Ambros et al., Curr. Biol., 2003, 13, 807 
818) produce transcripts similar in length (20-21 nucleotides) 
to miRNAs, and are also thought to be developmentally regu 
lated but, unlike miRNAs, tncRNAs are reportedly not pro 
cessed from short hairpin precursors and are not phylogeneti 
cally conserved. Although none of these tncRNAs are 
reported to originate from miRNA hairpin precursors, some 
are predicted to form potential foldback structures reminis 
cent of pre-miRNAs; these putative tncRNA precursor struc 
tures deviate signi?cantly from those of pre-miRNAs in key 
characteristics, i.e., they exhibit excessive numbers of bulged 
nucleotides in the stem or have feWer than 16 base pairs 
involving the small RNA (Ambros et al., Curr. Biol., 2003, 13, 
807-81 8). 
[0010] Recently, another class of small non-coding RNAs, 
the repeat-associated small interfering RNAs (rasiRNAs) has 
been isolated from Drosophila melanogasler. The rasiRNAs 
are associated With repeated sequences, transposable ele 
ments, satellite and microsatellite DNA, and Suppressor of 
Stellate repeats, suggesting that small RNAs may participate 
in de?ning chromatin structure (Aravin, et al., Dev. Cell, 
2003, 5, 337-350). 
[0011] A total of 201 different expressed RNA sequences 
potentially encoding novel small non-messenger species (sm 
RNAs) has been identi?ed from mouse brain cDNA libraries. 
Based on sequence and structural motifs, several of these 
have been assigned to the snoRNA class of nucleolar local 
iZed molecules knoWn to act as guide RNAs for rRNA modi 
?cation, Whereas others are predicted to direct modi?cation 
Within the U2, U4, or U6 small nuclear RNAs (snRNAs). 
Some of these neWly identi?ed smRNAs remained unclassi 
?ed and have no identi?ed RNA targets. It Was suggested that 
some of these RNA species may have novel functions previ 
ously unknown for snoRNAs, namely the regulation of gene 
expression by binding to and/or modifying mRNAs or their 
precursors via their antisense elements (Huttenhofer et al., 
Embo J., 2001, 20, 2943-2953). 
[0012] To date, the binding and regulatory sites Within 
nucleic acid targets of the small non-coding RNAs are largely 
unknoWn, although a feW putative motifs have been suggested 
to exist in the 3'UTR of certain genes (Lai and Posakony, 
Development, 1997, 124, 4847-4856; Lai, et al., Develop 
ment, 2000, 127, 291-306; Lai, Nat. Genet. 2002, 30(4), 
363-364). 
[0013] One miRNA is also believed to act as a cell death 
regulator, implicating it in mechanisms of human disease 
such as cancer. Recently, the Drosophila mir-14 miRNA Was 
identi?ed as a suppressor of apoptotic cell death and is 
required for normal fat metabolism. (Xu et al., Curr. Biol., 
2003, 13, 790-795). 
[0014] DoWnregulation or deletion of other miRNAs has 
been associated With B-cell chronic lymphocytic leukemia 
(B-CLL) (Calin et al., Proc. Natl. Acad. Sci. USA, 2002, 99, 
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15524-15529), and human homologues of the murine mir 
143 and mir-145 mature miRNAs Were recently reported to 
be expressed and processed at reduced steady-state levels at 
the adenomatous and cancerous stages of colorectal neoplasia 
(Michael, et al., Mol. Cancer. Res., 2003, 1, 882-891). 
[0015] Expression of the human mir-30 miRNA speci? 
cally blocked the translation in human cells of an mRNA 
containing arti?cial mir-30 target sites. In these studies, puta 
tive miRNAs Were excised from transcripts encompassing 
arti?cial miRNA precursors and could inhibit the expression 
of mRNAs containing a complementary target site. These 
data indicate that novel miRNAs can be readily produced in 
vivo and can be designed to speci?cally inactivate the expres 
sion of selected target genes in human cells (Zeng et al., Mol. 
Cell, 2002, 9, 1327-1333). 
[0016] Disclosed and claimed in PCT Publication WO 
03/029459 are miRNAs from several species, or a precursor 
thereof, a nucleotide sequence Which is the complement of 
saidnucleotide sequence Which has an identity of at least 80% 
to said sequence; and a nucleotide sequence Which hybridiZes 
under stringent conditions to said sequence. Also claimed is a 
pharmaceutical composition containing as an active agent at 
least one of said nucleic acid and optionally a pharrnaceuti 
cally acceptable carrier, and a method of identifying 
microRNA molecules or precursor molecules thereof com 
prising ligating 5'- and 3'-adapter molecules to the ends of a 
size-fractionated RNA population, reverse transcribing said 
adapter containing RNA population and characterizing the 
reverse transcription products (Tuschl et al., Genes Dev., 
1999, 13, 3191-3197). 
[0017] Small non-coding RNA-mediated regulation of 
gene expression is an attractive approach to the treatment of 
diseases as Well as infection by pathogens such as bacteria, 
viruses and prions and other disorders associated With RNA 
expression or processing. 
[0018] Consequently, there remains a long-felt need for 
agents that regulate gene expression via the mechanisms 
mediated by small non-coding RNAs. Identi?cation of modi 
?ed miRNAs or miRNA mimics that can increase or decrease 
gene expression or activity is therefore desirable. 
[0019] The present invention therefore provides oligomeric 
compounds and methods useful for modulating gene levels, 
expression, function or pathWays, including those relying on 
mechanisms of action such as RNA interference and dsRNA 
enZymes, as Well as antisense and non-antisense mechanisms. 
One having skill in the art, once armed With this disclosure 
Will be able, Without undue experimentation, to identify com 
pounds, compositions and methods for these uses. 

SUMMARY OF THE INVENTION 

[0020] The present invention provides oligomeric com 
pounds, especially nucleic acid and nucleic acid-like oligo 
mers, Which are targeted to or mimic nucleic acids compris 
ing or encoding small non-coding RNAs, and Which act to 
modulate the levels of small non-coding RNAs, or interfere 
With their function. 
[0021] The present invention also provides oligomeric 
compounds comprising a ?rst strand and a second strand 
Wherein at least one strand contains a modi?cation and 
Wherein a portion of one of the oligomeric compound strands 
is capable of hybridiZing to a small non-coding RNA target 
nucleic acid. 
[0022] The present invention also provides oligomeric 
compounds comprising a ?rst region and a second region and 
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optionally a third region wherein at least one region contains 
a modi?cation and Wherein a portion of the oligomeric com 
pound is capable of hybridizing to a small non-coding RNA 
target nucleic acid. 
[0023] The present invention also provides oligomeric 
compounds, especially nucleic acid and nucleic acid-like oli 
gomers, Which are targeted to a nucleic acid encoding human 
Dicer, and Which act to modulate the levels of the human 
Dicer RNase III enzyme and interfere With its function, as 
Well as modulating the levels of small non-coding RNAs. 
[0024] Pharmaceutical and other compositions comprising 
the compounds of the invention are also provided. 
[0025] Also provided are methods of screening for modu 
lators of small non-coding RNAs and methods of modulating 
the levels of small non-coding RNAs in cells, tissues or ani 
mals comprising contacting said cells, tissues or animals With 
one or more of the compounds or compositions of the inven 
tion. 
[0026] Methods of treating an animal, particularly a 
human, suspected of having or being prone to a disease or 
condition associated With expression of small non-coding 
RNAs are also set forth herein. Such methods comprise 
optionally identifying such an animal, and administering a 
therapeutically or prophylactically effective amount of one or 
more of the compounds or compositions of the invention to 
the animal or person. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 shoWs the interaction of the mir-143 miRNA 
With three novel binding sites in the ERK5 mRNA coding 
sequence (GenBank Accession NMi139032. 1) identi?ed 
herein, along With their bimolecular hybridiZation free ener 
gies. 

DETAILED DESCRIPTION OF THE INVENTION 

[0028] The present invention provides oligomeric com 
pounds useful in, for example, the modulation of expression, 
endogenous levels or the function of small non-coding RNAs. 
As used herein, the term “small non-coding RN ” is used to 
encompass, Without limitation, a polynucleotide molecule 
ranging from about 17 to about 450 nucleotides in length, 
Which can be endogenously transcribed or produced exog 
enously (chemically or synthetically), but is not translated 
into a protein. Small non-coding RNAs may include isolated 
single-, double-, or multiple-stranded molecules, any of 
Which may include regions of intrastrand nucleobase comple 
mentarity, said regions capable of folding and forming a 
molecule With fully or partially double-stranded or multiple 
stranded character based on regions of perfect or imperfect 
complementarity. Examples of small non-coding RNAs 
include, but are not limited to, primary miRNA transcripts 
(also knoWn as pri-pre-miRNAs, pri-mirs and pri-miRNAs, 
Which range from around 70 nucleotides to about 450 nucle 
otides in length and often taking the form of a hairpin struc 
ture); pre-miRNAs (also knoWn as pre-mirs and foldback 
miRNA precursors, Which range from around 50 nucleotides 
to around 110 nucleotides in length); miRNAs (also knoWn as 
microRNAs, Mirs, miR5, mirs, and mature miRNAs, and 
generally refer either to double-stranded intermediate mol 
ecules around 17 to about 25 nucleotides in length, or to 
single-stranded miRNAs, Which may comprise a bulged 
structure upon hybridiZation With a partially complementary 
target nucleic acid molecule); or mimics of pri-miRNAs, 
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pre-miRNAs or miRNAs. Small non-coding RNAs can be 
endogenously transcribed in cells, or can be synthetic oligo 
nucleotides, in vitro transcribed polynucleotides or nucleic 
acid oligomeric compounds expressed from vectors. Pri 
miRNAs and pre-miRNAs, or mimics thereof, may be pro 
cessed into smaller molecules. 

[0029] As used herein, the term “miRNA precursor” is used 
to encompass, Without limitation, primary RNA transcripts, 
pri-miRNAs and pre-miRNAs. 
[0030] In some embodiments, pri-miRNAs, or mimics 
thereof, are 70 to 450 nucleobases in length. One having 
ordinary skill in the art Will appreciate that this embodies 
oligomeric compounds of 70, 71, 72, 73, 74, 75, 76, 77, 78, 
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 
96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 
109,110,111,112,113,114,115,116,117,118,119,120, 
121,122,123,124,125,126,127,128,129,130,131,132, 
133,134,135,136,137,138,139,140,141,142,143,144, 
145,146,147,148,149,150,151,152,153,154,155,156, 
157,158,159,160,161,162,163,164,165,166,167,168, 
169,170,171,172,173,174,175,176,177,178,179,180, 
181,182,183,184,185,186,187,188,189,190,191,192, 
193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 
205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 
217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 
229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 
241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 
253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 
265, 266, 267, 268, 269, 270, 271, 272, 273, 274, 275, 276, 
277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 
289, 290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 
301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 
313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 324, 
325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 
337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 
349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359, 360, 
361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 
373, 374, 375, 376, 377, 378, 379, 380, 381, 382, 383, 384, 
385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 
397, 398, 399, 400, 401, 402, 403, 404, 405, 406, 407, 408, 
409, 410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 420, 
421, 422, 423, 424, 425, 426, 427, 428, 429, 430, 431, 432, 
433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 444, 
445, 446, 447, 448, 449 or 450 nucleobases in length, or any 
range thereWithin. 

[0031] In some embodiments, pri-miRNAs, or mimics 
thereof, are 110 to 430 nucleobases in length. One having 
ordinary skill in the art Will appreciate that this embodies 
oligomeric compounds of110,111,112,113,114,115,116, 
117,118,119,120,121,122,123,124,125,126,127,128, 
129,130,131,132,133,134,135,136,137,138,139,140, 
141,142,143,144,145,146,147,148,149,150,151,152, 
153,154,155,156,157,158,159,160,161,162,163,164, 
165,166,167,168,169,170,171,172,173,174,175,176, 
177,178,179,180,181,182,183,184,185,186,187,188, 
189,190,191,192,193,194,195,196,197,198,199,200, 
201, 202,203, 204, 205,206, 207, 208,209,210, 211,212, 
213, 214,215, 216, 217,218, 219, 220,221,222, 223,224, 
225, 226,227, 228, 229,230, 231, 232,233,234, 235,236, 
237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 
249, 250,251, 252, 253,254, 255, 256,257,258, 259,260, 
261, 262,263, 264, 265,266, 267, 268,269,270, 271,272, 
273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 
285, 286,287, 288, 289,290, 291, 292,293,294, 295,296, 
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297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 
309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 
321, 322, 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 
333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 
345, 346, 347, 348, 349, 350, 351, 352, 353, 354, 355, 356, 
357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 
369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 380, 
381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 
393, 394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 
405, 406, 407, 408, 409, 410, 411, 412, 413, 414, 415, 416, 
417, 418, 419, 420, 421, 422, 423, 424, 425, 426, 427, 428, 
429 or 430 nucleobases in length, or any range thereWithin. 

[0032] In some embodiments, pri-miRNAs, or mimics 
thereof, are 110 to 280 nucleobases in length. One having 
ordinary skill in the art Will appreciate that this embodies 
oligomeric compounds of110,111,112,113,114,115,116, 
117,118,119,120,121,122,123,124,125,126,127,128, 
129, 130,131,132, 133, 134,135, 136, 137,138, 139, 140, 
141,142,143,144,145,146,147,148,149,150,151,152, 
153,154,155,156,157,158,159,160,161,162,163,164, 
165,166,167,168,169,170,171,172,173,174,175,176, 
177,178,179,180,181,182,183,184,185,186,187,188, 
189,190,191,192,193,194,195,196,197,198,199,200, 
201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 
213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 
225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 
237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 
249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 
261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271, 272, 
273, 274, 275, 276, 277, 278, 279 or 280 nucleobases in 
length, or any range thereWithin. 

[0033] In some embodiments, pre-miRNAs, or mimics 
thereof, are 50 to 110 nucleobases in length. One having 
ordinary skill in the art Will appreciate that this embodies 
oligomeric compounds of 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, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 
93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 
107, 108, 109 or 110 nucleobases in length, or any range 
thereWithin. In some embodiments, pre-miRNAs, or mimics 
thereof, are 60 to 80 nucleobases in length. One having ordi 
nary skill in the art Will appreciate that this embodies oligo 
meric compounds of60, 61, 62, 63, 64, 65, 66, 67, 68, 69,70, 
71, 72, 73, 74, 75, 76, 77, 78, 79, or 80 nucleobases in length, 
or any range thereWithin. 

[0034] In some embodiments, miRNAs, or mimics thereof, 
are 15 to 49 nucleobases in length. One having ordinary skill 
in the art Will appreciate that this embodies oligomeric com 
pounds of15, 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 or 49 nucleobases in length, or any range there 
Within. In some embodiments, miRNAs, or mimics thereof, 
are 17 to 25 nucleobases in length. One having ordinary skill 
in the art Will appreciate that this embodies oligomeric com 
pounds of17, 18, 19, 20, 21, 22, 23, 24 or 25 nucleobases in 
length, or any range thereWithin. 

[0035] Oligomeric compounds of the invention modulate 
the levels, expression or function of small non-coding RNAs 
by hybridizing to a nucleic acid comprising or encoding a 
small non-coding RNA nucleic acid target resulting in alter 
ation of normal function by, for example, facilitating destruc 
tion of the small non-coding RNA through cleavage, by 
sequestration, or by sterically occluding the function of the 
small non-coding RNA. Further, modi?ed synthetic oligo 
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meric compounds of the present invention may be designed to 
mimic endogenous small non-coding RNAs. These modi? 
cations include, but are not limited to, improved pharmaco 
kinetic or pharmacodynamic properties, binding a?inity, sta 
bility, charge, localiZation or uptake. Synthetic mimics can 
therefore act as replacements for small non-coding RNAs, as 
competitive inhibitors of naturally occurring small non-cod 
ing RNAs or as delivery systems Wherein the mimic construct 
contains one or more functional components. 

[0036] As used herein, the terms “target nucleic acid,” “tar 
get RN ,” “target RNA transcript” or “nucleic acid target” 
are used to encompass any nucleic acid capable of being 
targeted including, Without limitation, RNA (including 
microRNAs, stRNAs, small nuclear RNAs, small nucleolar 
RNAs, small ribosomal RNAs, small hairpin RNAs, endog 
enous antisense RNAs, guide RNAs, tiny noncoding RNAs, 
small single or double stranded RNAs that are encoded by 
heterochromatic repeats at centromeres or other chromo 

somal origin, and any precursors thereof). These nucleic acid 
targets can be coding or non-coding sequences; pre-mRNAs 
or mRNAs; single- or double-stranded, or single-stranded 
With partial double-stranded character; may occur naturally 
Within introns or exons of messenger RNAs (mRNAs), ribo 
somal RNAs (rRNAs), or transfer RNAs (tRNAs); and can be 
endogenously transcribed or exogenously produced. 
[0037] In some embodiments of this invention, modulation 
of small non-coding RNA levels, expression or function is 
achieved via oligomeric compounds Which target a further 
RNA associated With the particular small non-coding RNA. 
This association can be a physical association betWeen that 
RNA and the particular small non-coding RNA such as, but 
not limited to, in an RNA or ribonucleoprotein complex. This 
association can also be Within the context of a biological 
pathWay, such as but not limited to, the regulation of levels, 
expression or function of a protein-encoding mRNA or its 
precursor by a small non-coding RNA. As such, the invention 
provides for modulation of the levels, expression or function 
of a target nucleic acid Where the target nucleic acid is a 
messenger RNA Whose expression levels and/ or function are 
associated With one or more small non-coding RNAs. The 
messenger RNA function or processing may be disrupted by 
degradation through an antisense mechanism, including but 
not limited to, RNA interference, or RNase H, as Well as other 
mechanisms Wherein double stranded nucleic acid structures 
are recogniZed and degraded, cleaved, sterically occluded, 
sequestered or otherWise rendered inoperable. 
[0038] The compounds or compositions of the present 
invention may also interfere With the function of endogenous 
RNA molecules. The functions of RNA to be interfered With 
can include, for example, nuclear events such as replication or 
transcription as the compounds of the present invention could 
target or mimic small non-coding RNAs in these cellular 
processes. Replication and transcription, 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 cytoplasmic events such as translocation of 
the RNA to a site of protein translation, 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, RNA signaling 
and regulatory activities, and catalytic activity or complex 
formation involving the RNA Which may be engaged in or 
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facilitated by the RNA as the compounds of the present inven 
tion could target or mimic small non-coding RNAs in these 
cellular processes. 
[0039] In the context of the present invention, “modula 
tion” and “modulation of expres sion” mean either an increase 
(stimulation) or a decrease (inhibition) in the amount or levels 
of a small non-coding RNA, nucleic acid target, an RNA or 
protein associated With a small non-coding RNA, or a doWn 
stream target of the small non-coding RNA (e.g., a mRNA 
representing a protein-coding nucleic acid that is regulated by 
a small non-coding RNA). Inhibition is a suitable form of 
modulation and small non-coding RNA is a suitable target 
nucleic acid. 
[0040] In the context of the present invention, “modulation 
of function” means an alteration in the function of the small 
non-coding RNA or an alteration in the function of any cel 
lular component With Which the small non-coding RNA has 
an association or doWnstream effect. 

[0041] The present invention provides, inter alia, oligo 
meric compounds and compositions containing the same 
Wherein the oligomeric compound includes one or more 
modi?cations that render the compound capable of support 
ing modulation of the levels, expression or function of the 
small non-coding RNA by a degradation or cleavage mecha 
nism. 
[0042] The present invention also provides methods of 
maintaining a pluripotent stem cell comprising contacting the 
cell With an effective amount of an oligomeric compound 
targeting human Dicer. The pluripotent stem cell can be 
present in a sample of cord blood or bone marroW, or may be 
present as part of a cell line. In addition, the pluripotent stem 
cell can be an embryonic stem cell. 
[0043] The present invention also provides oligomeric 
compounds and compositions containing the same Wherein 
the oligomeric compound includes one or more modi?cations 
that render the compound capable of blocking or interfering 
With the levels, expression or function of one or more small 
non-coding RNAs by steric occlusion. 
[0044] The present invention also provides oligomeric 
compounds and compositions containing the same Wherein 
the oligomeric compound includes one or more modi?cations 
or structural elements or motifs that render the compound 
capable of mimicking or replacing one or more small non 
coding RNAs. 

Oligomeric Compounds 

[0045] In the context of the present invention, the term 
“oligomeric compound(s)” refers to polymeric structures 
Which are capable of hybridizing to at least a region of a small 
non-coding RNA molecule or a target of small non-coding 
RNAs, or polymeric structures Which are capable of mimick 
ing small non-coding RNAs. The term “oligomeric com 
pound” includes, but is not limited to, compounds comprising 
oligonucleotides, oligonucleosides, oligonucleotide analogs, 
oligonucleotide mimetics and combinations of these. Oligo 
meric compounds also include, but are not limited to, anti 
sense oligomeric compounds, antisense oligonucleotides, 
siRNAs, alternate splicers, primers, probes and other com 
pounds that hybridize to at least a portion of the target nucleic 
acid. Oligomeric compounds are routinely prepared linearly 
but can be joined or otherWise prepared to be circular and may 
also include branching. Separate oligomeric compounds can 
hybridiZe to form double stranded compounds that can be 
blunt-ended or may include overhangs on one orboth termini. 
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In general, an oligomeric compound comprises a backbone of 
linked monomeric subunits Where each linked monomeric 
subunit is directly or indirectly attached to a heterocyclic base 
moiety. The linkages joining the monomeric subunits, the 
sugar moieties or sugar surrogates and the heterocyclic base 
moieties can be independently modi?ed giving rise to a plu 
rality of motifs for the resulting oligomeric compounds 
including hemimers, gapmers and chimeras. 
[0046] As is knoWn in the art, a nucleoside is a base-sugar 
combination. The base portion of the nucleoside is normally 
a heterocyclic base moiety. The tWo most common classes of 
such heterocyclic bases are purines and pyrimidines. Nucle 
otides 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. The 
respective ends of this linear polymeric structure can be 
joined to form a circular structure by hybridization or by 
formation of a covalent bond. 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 structure. Within the oligonucleotide struc 
ture, the phosphate groups are commonly referred to as form 
ing the intemucleoside linkages of the oligonucleotide. The 
normal internucleoside linkage of RNA and DNA is a 3' to 5' 
phosphodiester linkage. 
[0047] In the context of this invention, the term “oligo 
nucleotide” refers generally to an oligomer or polymer of 
ribonucleic acid (RNA) or deoxyribonucleic acid (DNA). 
This term includes oligonucleotides composed of naturally 
occurring nucleobases, sugars and covalent intemucleoside 
linkages. The term “oligonucleotide analog” refers to oligo 
nucleotides that have one or more non-naturally occurring 
portions Which function in a similar manner to oligonucle 
otides. Such non-naturally occurring oligonucleotides are 
often selected over naturally occurring forms because of 
desirable properties such as, for example, enhanced cellular 
uptake, enhanced a?inity for other oligonucleotides or 
nucleic acid targets and increased stability in the presence of 
nucleases. 

[0048] In the context of this invention, the term “oligo 
nucleoside” refers to nucleosides that are joined by inter 
nucleoside linkages that do not have phosphorus atoms. Inter 
nucleoside linkages of this type include short chain alkyl, 
cycloalkyl, mixed heteroatom alkyl, mixed heteroatom 
cycloalkyl, one or more short chain heteroatomic and one or 
more short chain heterocyclic. These intemucleoside link 
ages include but are not limited to siloxane, sul?de, sulfoxide, 
sulfone, acetyl, formacetyl, thioformacetyl, methylene for 
macetyl, thioformacetyl, alkeneyl, sulfamate; methylene 
imino, methylenehydraZino, sulfonate, sulfonamide, amide 
and others having mixed N, O, S and CH2 component parts. In 
addition to the modi?cations described above, the nucleo 
sides of the oligomeric compounds of the invention can have 
a variety of other modi?cations. Additional nucleosides ame 
nable to the present invention having altered base moieties 
and or altered sugar moieties are disclosed in Us. Pat. No. 
3,687,808 and PCT application PCT/US89/02323. 
[0049] For nucleotides that are incorporated into oligo 
nucleotides of the invention, these nucleotides can have sugar 
portions that correspond to naturally occurring sugars or 
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modi?ed sugars. Representative modi?ed sugars include car 
bocyclic or acyclic sugars, sugars having substituent groups 
at one or more of their 2', 3' or 4' positions and sugars having 
substituents in place of one or more hydrogen atoms of the 
sugar. 
[0050] Altered base moieties or altered sugar moieties also 
include other modi?cations consistent With the spirit of this 
invention. Such oligomeric compounds are best described as 
being structurally distinguishable from, yet functionally 
interchangeable With, naturally occurring or synthetic 
unmodi?ed oligonucleotides. All such oligomeric com 
pounds are comprehended by this invention so long as they 
function effectively to mimic the structure or function of a 
desired RNA or DNA oligonucleotide strand. 
[0051] A class of representative base modi?cations include 
tricyclic cytosine analog, termed “G clamp” (Lin, et at., J. Am. 
Chem. Soc. 1998, 120, 8531). This analog can form four 
hydrogenbonds With a complementary guanine (G) by simul 
taneously recognizing the Watson-Crick and Hoogsteen faces 
of the targeted G. This G clamp modi?cation When incorpo 
rated into phosphorothioate oligomeric compounds, dramati 
cally enhances potencies as measured by target reduction in 
cell culture. The oligomeric compounds of the invention also 
can include phenoXaZine-substituted bases of the type dis 
closed by Flanagan, et al., Nat. Biotechnol. 1999, 17(1), 
48-52. 

[0052] The oligomeric compounds in accordance With this 
invention comprise from about 8 to about 80 monomeric 
subunits (i.e. from about 8 to about 80 linked nucleosides). 
One of ordinary skill in the art Will appreciate that the inven 
tion embodies oligomeric 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 
subunits in length, or any range thereWithin. 
[0053] In one embodiment, the oligomeric compounds of 
the invention are 12 to 50 monomeric subunits in length. One 
having ordinary skill in the art Will appreciate that this 
embodies oligomeric compounds of12, 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 
subunits in length, or any range thereWithin. 
[0054] In one embodiment, the oligomeric compounds of 
the invention are 13 to 80 monomeric subunits in length. One 
having ordinary skill in the art Will appreciate that this 
embodies oligomeric compounds of13, 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 subunits in length, or 
any range thereWithin. 
[0055] In one embodiment, the oligomeric compounds of 
the invention are 15 to 30 monomeric subunits in length. One 
having ordinary skill in the art Will appreciate that this 
embodies oligomeric compounds of 1 5, 16, 17, 18, 19, 20, 21, 
22,23, 24, 25, 26, 27, 28, 29, or 30 subunits in length, or any 
range thereWithin. 
[0056] In one embodiment, the oligomeric compounds of 
the invention are 70 to 450 monomeric subunits in length. 
One having ordinary skill in the art Will appreciate that this 
embodies oligomeric compounds of70, 71, 72, 73, 74, 75, 76, 
77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 
94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 
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108,109,110,111,112,113,114,115,116,117,118,119, 
120,121,122,123,124,125,126,127,128,129,130,131, 
132,133,134,135,136,137,138,139,140,141,142,143, 
144,145,146,147,148,149,150,151,152,153,154,155, 
156,157,158,159,160,161,162,163,164,165,166,167, 
168, 169,170, 171, 172,173, 174, 175,176,177, 178,179, 
180,181,182,183,184,185,186,187,188,189,190,191, 
192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 
204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 
216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 
228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 
240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 251, 
252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 
264, 265, 266, 267, 268, 269, 270, 271, 272, 273, 274, 275, 
276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 
288, 289, 290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 
300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 
312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323, 
324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335, 
336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 
348, 349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359, 
360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 
372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382, 383, 
384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 
396, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406, 407, 
408, 409, 410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 
420, 421, 422, 423, 424, 425, 426, 427, 428, 429, 430, 431, 
432, 433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 
444, 445, 446, 447, 448, 449 or 450 subunits in length, or any 
range thereWithin. 

[0057] In one embodiment, the oligomeric compounds of 
the invention are 110 to 430 monomeric subunits in length. 
One having ordinary skill in the art Will appreciate that this 
embodies oligomeric compounds of 1 10, 111, 112, 113, 114, 
115,116,117,118,119,120,121,122,123,124,125,126, 
127,128,129,130,131,132,133,134,135,136,137,138, 
139,140,141,142,143,144,145,146,147,148,149,150, 
151,152,153,154,155,156,157,158,159,160,161,162, 
163,164,165,166,167,168,169,170,171,172,173,174, 
175,176,177,178,179,180,181,182,183,184,185,186, 
187,188,189,190,191,192,193,194,195,196,197,198, 
199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 
211, 212,213, 214, 215,216, 217, 218,219,220, 221,222, 
223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 
235, 236,237, 238, 239,240, 241, 242,243,244, 245,246, 
247, 248,249, 250, 251,252, 253, 254,255,256, 257,258, 
259, 260,261, 262, 263,264, 265, 266,267,268, 269,270, 
271, 272,273, 274, 275,276, 277, 278,279,280, 281,282, 
283, 284,285, 286, 287,288, 289, 290,291,292, 293,294, 
295, 296,297, 298, 299,300, 301, 302,303,304, 305,306, 
307, 308,309, 310, 311,312, 313, 314,315,316, 317,318, 
319, 320,321, 322, 323,324, 325, 326,327,328, 329,330, 
331, 332,333, 334, 335,336, 337, 338,339,340, 341,342, 
343, 344,345, 346, 347,348, 349, 350,351,352, 353,354, 
355, 356,357, 358, 359,360, 361, 362,363,364, 365,366, 
367, 368,369, 370, 371,372, 373, 374,375,376, 377,378, 
379, 380,381, 382, 383,384, 385, 386,387,388, 389,390, 
391, 392,393, 394, 395,396, 397, 398,399,400, 401,402, 
403, 404,405, 406, 407,408, 409, 410,411,412, 413,414, 
415, 416,417, 418, 419,420, 421, 422,423,424, 425,426, 
427, 428, 429 or 430 subunits in length, or any range there 
Within. 

[0058] In one embodiment, the oligomeric compounds of 
the invention are 110 to 280 monomeric subunits in length. 
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One having ordinary skill in the art Will appreciate that this 
embodies oligomeric compounds of 1 10, 111, 112, 113, 114, 
115,116,117,118,119,120,121,122,123,124,125,126, 
127,128,129,130,131,132,133,134,135,136,137,138, 
139,140,141,142,143,144,145,146,147,148,149,150, 
151,152,153,154,155,156,157,158,159,160,161,162, 
163,164,165,166,167,168,169,170,171,172,173,174, 
175,176,177,178,179,180,181,182,183,184,185,186, 
187,188,189,190,191,192,193,194,195,196,197,198, 
199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 
211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 
223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 
235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 
247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 
259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 
271, 272, 273, 274, 275, 276, 277, 278, 279 or 280 subunits in 
length, or any range thereWithin. 
[0059] In one embodiment, the oligomeric compounds of 
the invention are 50 to 110 monomeric subunits in length. 
One having ordinary skill in the art Will appreciate that this 
embodies oligomeric compounds of50, 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, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 
91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 
106, 107, 108, 109 or 110 subunits in length, or any range 
thereWithin. 
[0060] In one embodiment, the oligomeric compounds of 
the invention are 60 to 80 monomeric subunits in length. One 
having ordinary skill in the art Will appreciate that this 
embodies oligomeric compounds of60, 61, 62, 63, 64, 65, 66, 
67, 68, 69, 70, 71,72, 73, 74, 75,76, 77, 78, 79,or 80 subunits 
in length, or any range thereWithin. 
[0061] In one embodiment, the oligomeric compounds of 
the invention are 15 to 49 monomeric subunits in length. One 
having ordinary skill in the art Will appreciate that this 
embodies oligomeric compounds of15, 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 or 49 subunits in length, 
or any range thereWithin. 

[0062] In one embodiment, the oligomeric compounds of 
the invention are 17 to 25 subunits in length. One having 
ordinary skill in the art Will appreciate that this embodies 
oligomeric compounds of 17, 18, 19, 20, 21, 22, 23, 24 or 25 
subunits in length, or any range thereWithin. 
[0063] In accordance With the present invention, oligo 
meric compounds designed to mimic pri-miRNAs are from 
about 70 to about 450 monomeric subunits in length, or from 
about 110 to 430 subunits in length. Oligomeric compounds 
of the invention designed to mimic pre-miRNAs are from 
about 50 to about 110 monomeric subunits in length, or from 
about 60 to about 80 subunits in length. Oligomeric com 
pounds of the invention designed to mimic mature miRNAs 
are from about 17 to about 25 monomeric subunits in length, 
and can be single- or double-stranded With either or both 
strands comprising from about 17 to about 25 subunits. 
[0064] As used herein, the term “about” means:5% of the 
variable thereafter. 
[0065] The siZe or length of any oligomeric compound of 
the present invention, Within any range cited herein, can be 
determined as folloWs: 

[0066] Let R(m, n+m-1) be a region from a target nucleo 
base sequence, Where “n” is the 5'-most nucleobase position 
of the region, Where “n+m- 1 ” is the 3'-most nucleobase posi 
tion of the region and Where “m” is the length of the region. A 

Feb. 9, 2012 

set “S(m)”, of regions of length “m” is de?ned as the regions 
Where n ranges from 1 to L—m+1, Where L is the length of the 
target nucleic acid sequence and L>m. A set, “A”, of all 
regions can be constructed as a union of the sets of regions for 
each length from Where m is greater than or equal to a loWer 
limit of any recited range (8 in this example) and is less than 
or equal to the upper limit of any recited range (80 in this 
example). 
[0067] This set of regions can be represented using the 
folloWing mathematical notation: 

and 

[0068] 
that”, 
[0069] Where the mathematical operator 6 indicates “a 
member of a set” (e.g. yeZ indicates that element y is a 
member of set Z), 
[0070] Where x is a variable, 
[0071] Where N indicates all natural numbers, de?ned as 
positive integers, 
[0072] and Where the mathematical operator U indicates 
“the union of sets”. 
[0073] For example, the set of regions for m equal to 8, 20 
and 80 can be constructed in the folloWing manner. The set of 
regions, each 8 monomeric subunits in length, S (m:8), in a 
target nucleic acid sequence 100 subunits in length (L:100), 
beginning at position 1 (n:1) of the target nucleic acid 
sequence, can be created using the folloWing expression: 

Where the mathematical operator | indicates “such 

and describes the set of regions comprising nucleobases 1-8, 
2-9, 3-10, 4-11, 5-12, 6-13, 7-14, 8-15, 9-16, 10-17,11-18, 
12-19, 13-20, 14-21, 15-22, 16-23, 17-24, 18-25, 19-26, 
20-27, 21-28, 22-29, 23-30, 24-31, 25-32, 26-33, 27-34, 
28-35, 29-36, 30-37, 31-38, 32-39, 33-40, 34-41, 35-42, 
36-43, 37-44, 38-45, 39-46, 40-47, 41-48, 42-49, 43-50, 
44-51, 45-52, 46-53, 47-54, 48-55, 49-56, 50-57, 51-58, 
52-59, 53-60, 54-61, 55-62, 56-63, 57-64, 58-65, 59-66, 
60-67, 61-68, 62-69, 63-70, 64-71, 65-72, 66-73, 67-74, 
68-75, 69-76, 70-77, 71-78, 72-79, 73-80, 74-81, 75-82, 
76-83, 77-84, 78-85, 79-86, 80-87, 81-88, 82-89, 83-90, 
84-91, 85-92, 86-93, 87-94, 88-95, 89-96, 90-97, 91-98, 
92-99, 93-100. 
[0074] An additional set for regions 20 monomeric sub 
units in length, in a target sequence 100 subunits in length, 
beginning at position 1 of the target nucleic acid sequence, 
can be described using the folloWing expression: 

and describes the set of regions comprising nucleobases 1-20, 
2-21, 3-22, 4-23, 5-24, 6-25, 7-26, 8-27, 9-28, 10-29, 11-30, 
12-31, 13-32, 14-33, 15-34, 16-35, 17-36, 18-37, 19-38, 
20-39, 21-40, 22-41, 23-42, 24-43, 25-44, 26-45, 27-46, 
28-47, 29-48, 30-49, 31-50, 32-51, 33-52, 34-53, 35-54, 
36-55, 37-56, 38-57, 39-58, 40-59, 41-60, 42-61, 43-62, 
44-63, 45-64, 46-65, 47-66, 48-67, 49-68, 50-69, 51-70, 
52-71, 53-72, 54-73, 55-74, 56-75, 57-76, 58-77, 59-78, 
60-79, 61-80, 62-81, 63-82, 64-83, 65-84, 66-85, 67-86, 
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68-87, 69-88, 70-89, 71-90, 72-91, 73-92, 74-93, 75-94, 
76-95, 77-96, 78-97, 79-98, 80-99, 81-100. 
[0075] An additional set for regions 80 monomeric sub 
units in length, in a target sequence 100 subunits in length, 
beginning at position 1 of the target nucleic acid sequence, 
can be described using the folloWing expression: 

and describes the set of regions comprising nucleobases 1-80, 
2-81, 3-82, 4-83, 5-84, 6-85, 7-86, 8-87, 9-88, 10-89, 11-90, 
12-91, 13-92, 14-93, 15-94, 16-95, 17-96, 18-97, 19-98, 
20-99, 21-100. 
[0076] The union of these aforementioned example sets 
and other sets for lengths from 10 to 19 and 21 to 79 can be 
described using the mathematical expression 

A = US(m) 

Where U represents the union of the sets obtained by combin 
ing all members of all sets. 
[0077] Thus, in this example, A Would include regions 1-8, 
2-9, 3-10 . . . 93-100, 1-20, 2-21, 3-22 . . . 81-100, 1-80, 2-81, 

3-82 . . . 21-100. 

[0078] The mathematical expressions described herein 
de?ne all possible target regions in a target nucleic acid 
sequence of any length L, Where the region is of length m, and 
Where m is greater than or equal to the loWer limit and less 
than or equal to the upper limit of monomeric units, and 
Where m is less than L, and Where n is less than L—m+1. 
[0079] In the context of this invention, “hybridization” 
means the pairing of complementary strands of oligomeric 
compounds. In the present invention, the mechanism of pair 
ing 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 nucleo 
bases that pair through the formation of hydrogen bonds. 
Hybridization can occur under varying circumstances. 
[0080] An oligomeric compound of the invention is “spe 
ci?cally hybridizable” When association of the compound 
With the target nucleic acid interferes With the normal func 
tion of the target nucleic acid to alter the activity, disrupt the 
function, or modulate the level of the target nucleic acid, and 
there is a su?icient degree of complementarity to avoid non 
speci?c binding of the oligomeric compound to non-target 
nucleic acid sequences under conditions in Which speci?c 
hybridization is desired, i.e., under physiological conditions 
in the case of in vivo assays or therapeutic treatment, and 
under standard assay conditions in the case of in vitro assays. 
[0081] In the present invention the phrase “stringent 
hybridization conditions” or “stringent conditions” refers to 
conditions under Which an oligomeric compound of the 
invention Will hybridize to its target sequence, but to a mini 
mal number of other sequences. Stringent conditions are 
sequence-dependent and Will vary With different circum 
stances and in the context of this invention; “stringent condi 
tions” 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 investigated. One having ordinary skill in the art Will 
understand variability in the experimental protocols and be 
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able to determine When conditions are optimal for stringent 
hybridization With minimal non-speci?c hybridization 
events. 

[0082] “Complementary,” as used herein, refers to the 
capacity for precise pairing of tWo monomeric subunits 
regardless of Where in the oligomeric compound or target 
nucleic acid the tWo are located. For example, if a monomeric 
subunit at a certain position of an oligomeric compound is 
capable of hydrogen bonding With a monomeric subunit at a 
certain position of a target nucleic acid, then the position of 
hydrogen bonding betWeen the oligomeric compound and the 
target nucleic acid is considered to be a complementary posi 
tion. The oligomeric compound and the target nucleic acid are 
“substantially complementary” to each other When a su?i 
cient number of complementary positions in each molecule 
are occupied by monomeric subunits that can hydrogen bond 
With each other. Thus, the term “substantially complemen 
tary” is used to indicate a su?icient degree of precise pairing 
over a su?icient number of monomeric subunits such that 
stable and speci?c binding occurs betWeen the oligomeric 
compound and a target nucleic acid. 

[0083] Generally, an oligomeric compound is “antisense” 
to a target nucleic acid When, Written in the 5' to 3' direction, 
it comprises the reverse complement of the corresponding 
region of the target nucleic acid. “Antisense compounds” are 
also often de?ned in the art to comprise the further limitation 
of, once hybridized to a target, being able to induce or trigger 
a reduction in target gene expression. 

[0084] It is understood in the art that the sequence of the 
oligomeric compound need not be 100% complementary to 
that of its target nucleic acid to be speci?cally hybridizable. 
Moreover, an oligomeric compound may hybridize over one 
or more segments such that intervening or adjacent segments 
are not involved in the hybridization (e.g., a bulge, a loop 
structure or a hairpin structure). 

[0085] In some embodiments of the invention, the oligo 
meric compounds comprise at least 50%, at least 60%, at least 
70%, at least 75%, at least 80%, or at least 85% sequence 
complementarity to a target region Within the target nucleic 
acid. In other embodiments of the invention, the oligomeric 
compounds comprise at least 90% sequence complementarity 
to a target region Within the target nucleic acid. In other 
embodiments of the invention, the oligomeric compounds 
comprise at least 95% or at least 99% sequence complemen 
tarity to a target region Within the target nucleic acid. For 
example, an oligomeric compound in Which 18 of 20 nucleo 
bases of the oligomeric compound are complementary to a 
target sequence Would represent 90 percent complementarity. 
In this example, the remaining noncomplementary nucleo 
bases may be clustered or interspersed With complementary 
nucleobases and need not be contiguous to each other or to 
complementary nucleobases. As such, an oligomeric com 
pound Which is 18 nucleobases in length having 4 (four) 
noncomplementary nucleobases Which are ?anked by tWo 
regions of complete complementarity With the target nucleic 
acid Would have 77.8% overall complementarity With the 
target nucleic acid and Would thus fall Within the scope of the 
present invention. Percent complementarity of an oligomeric 
compound With a region of a target nucleic acid can be deter 
mined routinely using BLAST programs (basic local align 
ment search tools) and PoWerBLAST programs knoWn in the 
art (Altschul et al., J. Mol. Biol., 1990, 215, 403-410; Zhang 
and Madden, Genome Res., 1997, 7, 649-656). 



US 2012/0035248 A9 

[0086] In some embodiments of the invention, the oligo 
meric compounds act as mimics or replacements for small 
non-coding RNAs. In this case, the oligomeric compounds of 
the invention can comprise at least 70% sequence identity to 
a small non-coding RNA or a region thereof. In some embodi 
ments the oligomeric compounds of the invention can com 
prise at least 90% sequence identity and in some embodi 
ments can comprise at least 95% sequence identity to a small 
non-coding RNA or a region thereof. 

[0087] “Targeting” an oligomeric compound to a particular 
nucleic acid molecule, in the context of this invention, can be 
a multistep process. The process usually begins With the 
identi?cation of a target nucleic acid Who se levels, expression 
or function is to be modulated. This target nucleic acid may 
be, for example, a mRNA transcribed from a cellular gene 
Whose expression is associated With a particular disorder or 
disease state, a small non-coding RNA or its precursor, or a 
nucleic acid molecule from an infectious agent. 

[0088] The targeting process usually also includes determi 
nation of at least one target region, segment, or site Within the 
target nucleic acid for the interaction to occur such that the 
desired effect, e. g., modulation of levels, expression or func 
tion, Will result. Within the context of the present invention, 
the term “region” is de?ned as a portion of the target nucleic 
acid having at least one identi?able sequence, structure, func 
tion, or characteristic. Within regions of target nucleic acids 
are segments. “Segments” are de?ned as smaller or sub 
portions of regions Within a target nucleic acid. “Sites,” as 
used in the present invention, are de?ned as speci?c positions 
Within a target nucleic acid. The terms region, segment, and 
site can also be used to describe an oligomeric compound of 
the invention such as for example a gapped oligomeric com 
pound having three separate segments. 
[0089] Targets of the present invention include both coding 
and non-coding nucleic acid sequences. For coding nucleic 
acid sequences, the translation initiation codon is typically 
5'-AUG (in transcribed mRNA molecules; 5'-ATG in the cor 
responding DNA molecule), the translation initiation codon 
is also referred to as the “AUG codon,” the “start codon” or the 
“AUG start codon.” A minority of genes have a translation 
initiation codon having the RNA sequence 5'-GUG, 5'-UUG 
or 5'-CUG, and 5'-AUA, 5'-ACG and 5'-CUG have been 
shoWn to function in vivo. Thus, the terms “translation initia 
tion codon” and “start codon” can encompass many codon 
sequences, even though the initiator amino acid in each 
instance is typically methionine (in eukaryotes) or formylme 
thionine (in prokaryotes). It is also knoWn in the art that 
eukaryotic and prokaryotic genes may have tWo or more 
alternative start codons, any one of Which may be preferen 
tially 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 transcribed from a gene 
encoding a nucleic acid target, 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). 
[0090] The terms “start codon region” and “translation ini 
tiation 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 
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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. Consequently, the 
“start codon region” (or “translation initiation codon region”) 
and the “stop codon region” (or “translation termination 
codon region”) are all regions Which may be targeted effec 
tively With the oligomeric compounds of the present inven 
tion. 
[0091] 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. 
Within the context of the present invention, a further suitable 
region is the intragenic region encompassing the translation 
initiation or termination codon of the open reading frame 
(ORF) of a gene. 
[0092] Other target regions include the 5' untranslated 
region (5'UTR), knoWn in the art to refer to the portion of an 
mRNA in the 5' direction from the translation initiation 
codon, and thus including nucleotides betWeen the 5' cap site 
and the translation initiation codon of an mRNA (or corre 
sponding 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 
termination codon and 3' end of an mRNA (or corresponding 
nucleotides on the gene). The 5' cap site of an mRNA com 
prises 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 considered to include the 5' 
cap structure itself as Well as the ?rst 50 nucleotides adjacent 
to the cap site. It is also suitable to target the 5' cap region. 
[0093] 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. Targeting splice sites, i.e., 
intron-exon junctions or exon-intron junctions, may also be 
particularly useful in situations Where aberrant splicing is 
implicated in disease, or Where an overproduction of a par 
ticular splice product is implicated in disease. Aberrant fusion 
junctions due to rearrangements or deletions are also target 
sites. mRNA transcripts produced via the process of splicing 
of tWo (or more) mRNAs from different gene sources are 
knoWn as “fusion transcripts.” It is also knoWn that introns 
can be effectively targeted using oligomeric compounds tar 
geted to, precursor molecules for example, pre-mRNA. 
[0094] 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 speci?cally, “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 sequences. 
[0095] 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 
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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. 

[0096] 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 
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 speci?c 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 target nucleic acids. 

[0097] Certain non-coding RNA genes are known to pro 
duce functional RNA molecules with important roles in 
diverse cellular processes. Such non-translated, non-coding 
RNA molecules can include ribosomal RNAs, tRNAs, snR 
NAs, snoRNAs, tncRNAs, rasiRNAs, short hairpin RNAs 
(shRNAs), short temporal RNAs (stRNAs), short hairpin 
RNAs (shRNAs), siRNAs, miRNAs and smnRNAs. These 
non-coding RNA genes and their products are also suitable 
targets of the compounds of the invention. Such cellular pro 
cesses include transcriptional regulation, translational regu 
lation, developmental timing, viral surveillance, immunity, 
chromosome maintenance, ribosomal structure and function, 
gene imprinting, subcellular compartmentaliZation, pre 
mRNA splicing, and guidance of RNA modi?cations. RNA 
mediated processes are now also believed to direct hetero 
chromatin formation, genome rearrangements, cellular 
differentiation and DNA elimination. 

[0098] A total of 201 different expressed RNA sequences 
potentially encoding novel small non-messenger species (sm 
nRNAs) has been identi?ed from mouse brain cDNA librar 
ies. Based on sequence and structural motifs, several of these 
have been assigned to the snoRNA class of nucleolar local 
iZed molecules known to act as guide RNAs for rRNA modi 
?cation, whereas others are predicted to direct modi?cation 
within the U2, U4, or U6 small nuclear RNAs (snRNAs). 
Some of these newly identi?ed smnRNAs remained unclas 
si?ed and have no identi?ed RNA targets. It was suggested 
that some of these RNA species may have novel functions 
previously unknown for snoRNAs, namely the regulation of 
gene expression by binding to and/or modifying mRNAs or 
their precursors via their antisense elements (Huttenhofer et 
al., Embo 1., 2001, 20, 2943-2953). Therefore, these smRNAs 
are also suitable targets for the compounds of the present 
invention. 

[0099] The locations on the target nucleic acid to which 
compounds and compositions of the invention hybridiZe are 
herein referred to as “suitable target segments.” As used 

cgagaggcggacgggaccgTT 
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herein the term “suitable target segment” is de?ned as at least 
an 8-nucleobase portion of a target region to which oligo 
meric compound is targeted. 
[0100] Once one or more targets, target regions, segments 
or sites have been identi?ed, oligomeric compounds are 
designed to be suf?ciently complementary to the target, i.e., 
hybridiZe suf?ciently well and with suf?cient speci?city, to 
give the desired effect. The desired effect may include, but is 
not limited to modulation of the levels, expression or function 
of the target. 
[0101] In accordance with the present invention, a series of 
single stranded oligomeric compounds can be designed to 
target or mimic one or more speci?c small non-coding RNAs. 
These oligomeric compounds can be of a speci?ed length, for 
example from 8 to 80, 12 to 50, 13 to 80, 15 to 30, 70 to 450, 
110 to 430,110to 280, 50 to 110, 60 to 80, 15 to 49, 17 to 25 
or 19 to 23 nucleotides long and have one or more modi?ca 
tions. 
[0102] In accordance with one embodiment of the inven 
tion, a series of double-stranded oligomeric compounds (du 
plexes) comprising, as the antisense strand, the single 
stranded oligomeric compounds of the present invention, and 
the fully or partially complementary sense strand, can be 
designed to modulate the levels, expression or function of one 
or more small non-coding RNAs or small non-coding RNA 
targets. One or both termini of the duplex strands may be 
modi?ed by the addition of one or more natural or modi?ed 

nucleobases to form an overhang. The sense strand of the 

duplex may be designed and synthesiZed as the complement 
of the antisense strand and may also contain modi?cations or 
additions to either terminus. For example, in one embodi 
ment, both strands of the duplex would be complementary 
over the central region of the duplex, each having overhangs 
at one or both termini. 

[0103] For the purposes of this invention, the combination 
of an antisense strand and a sense strand, each of which can be 
of a speci?ed length, for example from 8 to 80, 12 to 50, 13 to 
80, 15 to 30, 15 to 49, 17 to 25 or 19 to 23 subunits long, is 
identi?ed as a complementary pair of oligomeric compounds. 
This complementary pair of oligonucleotides can include 
additional nucleotides on either of their 5' or 3' ends. They can 
include other molecules or molecular structures on their 3' or 

5' ends, such as a phosphate group on the 5' end, or non 
nucleic acid moieties conjugated to either terminus of either 
strand or both strands. One group of compounds of the inven 
tion includes a phosphate group on the 5' end of the antisense 
strand compound. Other compounds also include a phosphate 
group on the 5' end of the sense strand compound. Some 
compounds include additional nucleotides such as a two base 
overhang on the 3' end as well as those lacking overhangs. 
[0104] For example, a complementary pair of oligomeric 
compounds may comprise an antisense strand oligomeric 
compound having the sequence CGAGAGGCGGACGG 
GACCG (SEQ ID NO:2181), having a two-nucleobase over 
hang of deoxythymidine (dT) and its complement sense 
strand. This complementary pair of oligomeric compounds 
would have the following structure: 

Antisense Strand (SEQ ID NO: 2182) 

TTgctctccgcctgccctggc Complement Sense Strand (SEQ ID NO: 2183) 
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[0105] In some embodiments, a single-stranded oligomeric 
compound may be designed comprising the antisense portion 
as a ?rst region and the sense portion as a second region. The 
?rst and second regions can be linked together by either a 
nucleotide linker (a string of one or more nucleotides that are 
linked together in a sequence) or by a non-nucleotide linker 
region or by a combination of both a nucleotide and non 
nucleotide structure. In any of these structures, the oligomeric 
compound, When folded back on itself, Would form at least a 
partially complementary structure at least betWeen a portion 
of the ?rst region, the antisense portion, and a portion of the 
second region, the sense portion. 
[0106] In one embodiment, the invention includes an oli 
gomeric compound/protein composition. This composition 
has both an oligomeric compound component and a protein 
component. The oligomeric compound component com 
prises at least one oligomeric compound, either the antisense 
or the sense oligomeric compound but preferably the anti 
sense oligomeric compound (the oligomeric compound that 
is antisense to the target nucleic acid). The protein component 
of the composition comprises at least one protein that forms a 
portion of the RNA-induced silencing complex, i.e., the RISC 
complex. The oligomeric compound component can also 
comprise both antisense and sense strand oligomeric com 
pounds. 
[0107] RISC is a ribonucleoprotein complex that contains 
proteins of the Argonaute family of proteins. While not Wish 
ing to be bound by theory, it is believed that the Argonaute 
proteins are a class of proteins, some of Which have been 
shoWn to contain a PAZ and/or a PiWi domain and that have 
been implicated in processes previously linked to posttran 
scriptional silencing. The Argonaute family of proteins 
includes, but depending on species, is not necessary limited to 
e1F2C1 and e1F2C2. It is also believed that at least the 
antisense strand of double-stranded compounds shoWn to act 
as siRNAs is bound to one of the protein components that 
form the RISC complex, and that the RISC complex interacts 
With the ribosomes or polyribosome complexes Which may 
contain small non-coding RNA molecules amenable to tar 
geting With the oligomeric compounds of the present inven 
tion. Consequently, one embodiment of the invention 
includes oligomeric compounds that mimic RNA compo 
nents of the RISC complex. 
[0108] In one embodiment, the oligomeric compounds of 
the invention are designed to exert their modulatory effects 
via mimicking or targeting small non-coding RNAs associ 
ated With cellular factors such as transporters or chaperones. 
These cellular factors can be protein, lipid or carbohydrate 
based and can have structural or enzymatic functions that may 
or may not require the complexation of one or more metal 
10115. 

[0109] Furthermore, the oligomeric compounds of the 
invention can have one or more moieties bound or conjugated, 

Which facilitates the active or passive transport, localiZation, 
or compartmentaliZation of the oligomeric compound. Cel 
lular localiZation includes, but is not limited to, localiZation to 
Within the nucleus, the nucleolus, or the cytoplasm. Compart 
mentaliZation includes, but is not limited to, any directed 
movement of the oligonucleotides of the invention to a cel 
lular compartment including the nucleus, nucleolus, mito 
chondrion, or imbedding into a cellular membrane. 

[0110] In some embodiments of the invention, the oligo 
meric compounds are designed to exert their modulatory 
effects via mimicking or targeting small non-coding RNAs 
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associated With cellular factors that affect gene expression, 
more speci?cally those involved in RNA or DNA modi?ca 
tions. These modi?cations include, but are not limited to, 
posttranscriptional or chromosomal modi?cations such as 
methylation, acetylation, pseudouridylation or amination. 
[0111] Furthermore, the oligomeric compounds of the 
invention comprise one or more conjugate moieties Which 
facilitate posttranscriptional modi?cation. 
[0112] The oligomeric compounds of the invention may be 
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 oligomeric compounds of the 
invention may elicit the action of one or more enZymes or 

proteins to effect modulation of the levels, expression or 
function of the target nucleic acid. 

[0113] One non-limiting example of such a protein is the 
Drosha RNase III enZyme. Drosha is a nuclear enZyme that 
processes long primary RNA transcripts (pri-miRNAs) from 
approximately 70 to 450 nucleotides in length into pre-miR 
NAs (from about 50 to about 80 nucleotides in length) Which 
are exported from the nucleus to encounter the human Dicer 
enZyme Which then processes pre-miRNAs into miRNAs. It 
is believed that, in processing the pri-miRNA into the pre 
miRNA, the Drosha enZyme cuts the pri-miRNA at the base 
of the mature miRNA, leaving a 2-nt 3' overhang (Lee, et al., 
Nature, 2003, 425, 415-419). The 3' tWo -nucleotide overhang 
structure, a signature of RNaseIII enzymatic cleavage, has 
been identi?ed as a critical speci?city determinant in target 
ing and maintaining small RNAs in the RNA interference 
pathWay (Murchison, et al., Curr. Opin. Cell Biol., 2004, 16, 
223-9). 
[0114] A further non-limiting example involves the 
enZymes of the RISC complex. Use of the RISC complex to 
effect cleavage of RNA targets thereby greatly enhances the 
ef?ciency 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. 
[0115] Oligomeric compounds or compositions of the 
invention are used to induce potent and speci?c modulation of 
gene function through interactions With or mimicry of small 
non-coding RNAs that are processed by the RISC complex. 
These compounds include single-stranded oligomeric com 
pounds that bind in a RISC complex, double-stranded anti 
sense/ sense pairs of oligomeric compounds, or single 
stranded oligomeric compounds that include both an 
antisense portion and a sense portion. 

General Oligomer Synthesis: 

[0116] OligomeriZation of modi?ed and unmodi?ed 
nucleosides is performed according to literature procedures 
for DNA like compounds (Protocols for Oligonucleotides and 
Analogs, Ed. AgraWal (1993), Humana Press) and/or RNA 
like compounds (Scaringe, Methods (2001), 23, 206-217. 
Gait et al., Applications of Chemically synthesiZed RNA in 
RNAzProtein Interactions, Ed. Smith (1998), 1-36. Gallo et 
al., Tetrahedron (2001), 57, 5707-5713) synthesis as appro 
priate. In addition, speci?c protocols for the synthesis of 
oligomeric compounds of the invention are illustrated in the 
examples beloW. 
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[0117] RNA oligomers can be synthesized by methods dis 
closed herein or purchased from various RNA synthesis com 
panies such as for example Dharmacon Research Inc., 
(Lafayette, Colo.). 
[0118] Irrespective of the particular protocol used, the oli 
gomeric 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. 

Synthesis of Nucleoside Phosphoramidites: 

[0119] The following compounds, including amidites and 
their intermediates Were prepared as described in Us. Pat. 
No. 6,426,220 and published PCT WO 02/36743; 5'-O 
Dimethoxytrityl-thymidine intermediate for 5-methyl dC 
amidite, 5'-O-Dimethoxytrityl-2'-deoxy-5-methylcytidine 
intermediate for 5-methyl-dC amidite, 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-N4-benZoyl-5-methylcytidin-3' 
O-yl)-2-cyanoethyl-N,N-diisopropylphosphoramidite 
(5-methyl dC amidite), 2'-Fluorodeoxyadenosine, 2'-Fluoro 
deoxyguanosine, 2'-Fluorouridine, 2'-Fluorodeoxycytidine, 
2'-O-(2-Methoxyethyl) modi?ed 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)-N4-benZoyl-5 
methyl-cytidine penultimate intermediate, (5'-O-(4,4' 
Dimethoxytriphenylmethyl)-2'-O-(2-methoxyethyl)-N4 
benZoyl-5-methylcytidin-3'-O-yl)-2-cyanoethyl-N,N 
diisopropylphosphoramidite (MOE 5-Me-C amidite), (5'-O 
(4,4'-Dimethoxytriphenylmethyl)-2'-O-(2-methoxyethyl) 
N6-benZoyladenosin-3'-O-yl)-2-cyanoethyl-N,N 
diisopropylphosphoramidite (MOE A amdite), (5'-O-(4,4' 
Dimethoxytriphenylmethyl)-2'-O-(2-methoxyethyl)-N4 
isobutyrylguanosin-3'-O-yl)-2-cyanoethyl-N,N 
diisopropylphosphoramidite (MOE G amidite), 2'-O 
(Aminooxyethyl) nucleoside amidites and 2'-O 
(dimethylaminooxyethyl) nucleoside amidites, 2' 
(Dimethylaminooxyethoxy) nucleoside amidites, 5'-O-tert 
Butyldiphenylsilyl-O2-2'-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'-Oi(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 
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methyl uridine, 5'-O-dimethoxytrityl-2'-O-(2(2-N,N-dim 
ethylaminoethoxy)-ethyl))-5-methyl uridine and 5'-O 
Dimethoxytrityl-2'-O-(2(2-N,N-dimethylaminoethoxy) 
ethyl))-5-methyl uridine-3'-O-(cyanoethyl-N,N-diisopropyl) 
phosphoramidite. 

Oligonucleotide and Oligonucleoside Synthesis: 

[0120] Oligonucleotides: Unsubstituted and substituted 
phosphodiester (P:O) oligonucleotides are synthesiZed on 
an automated DNA synthesizer (Applied Biosystems model 
394) using standard phosphoramidite chemistry With oxida 
tion by iodine. 
[0121] 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 M NH4OAc 
solution. Phosphinate oligonucleotides are prepared as 
described in Us. Pat. No. 5,508,270, herein incorporated by 
reference. 
[0122] Alkyl phosphonate oligonucleotides are prepared as 
described in Us. Pat. No. 4,469,863, herein incorporated by 
reference. 
[0123] 3'-Deoxy-3'-methylene phosphonate oligonucle 
otides are prepared as described in Us. Pat. No. 5,610,289 or 
5,625,050, herein incorporated by reference. 
[0124] Phosphoramidite oligonucleotides are prepared as 
described in Us. Pat. No. 5,256,775 or U.S. Pat. No. 5,366, 
878, herein incorporated by reference. 
[0125] Alkylphosphonothioate oligonucleotides are pre 
pared as described in published PCT applications PCT/US94/ 
00902 and PCT/US93/06976 (published as W0 94/ 17093 
and WO 94/02499, respectively), herein incorporated by ref 
erence. 

[0126] 3'-Deoxy-3'-amino phosphoramidate oligonucle 
otides are prepared as described in Us. Pat. No. 5,476,925, 
herein incorporated by reference. 
[0127] Phosphotriester oligonucleotides are prepared as 
described in Us. Pat. No. 5,023,243, herein incorporated by 
reference. 
[0128] Borano phosphate oligonucleotides are prepared as 
described in Us. Pat. Nos. 5,130,302 and 5,177,198, both 
herein incorporated by reference. 
[0129] Oligonucleosides: Methylenemethylimino linked 
oligonucleosides, also identi?ed as MMl linked oligonucleo 
sides, methylenedimethylhydraZo linked oligonucleosides, 
also identi?ed as MDH linked oligonucleosides, and methyl 
enecarbonylamino linked oligonucleosides, also identi?ed as 
amide-3 linked oligonucleo sides, and methyleneaminocarbo 
nyl linked oligonucleosides, also identi?ed as amide-4 linked 
oligonucleosides, as Well as mixed backbone oligomeric 
compounds having, for instance, alternating MMl and P:O 
or P:S linkages are prepared as described in Us. 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. 
[0130] Formacetal and thioformacetal linked oligonucleo 
sides are prepared as described in Us. Pat. Nos. 5,264,562 
and 5,264,564, herein incorporated by reference. 
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[0131] Ethylene oxide linked oligonucleosides are pre 
pared as described in US. Pat. No. 5,223,618, herein incor 
porated by reference. 

RNA Synthesis: 

[0132] 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 
ster protecting 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. 
[0133] 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. 
[0134] 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 ?rst 
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 ?rst 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 ?uoride. The cycle is repeated 
for each subsequent nucleotide. 
[0135] 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 (S2Na2) 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 
modi?es the 2'-groups. The oligonucleotides can be analyZed 
by anion exchange HPLC at this stage. 
[0136] The 2'-orthoester groups are the last protecting 
groups to be removed. The ethylene glycol monoacetate 
orthoester protecting group developed by Dharmacon 
Research, Inc. (Lafayette, C010), 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 
?ed orthoester becomes more labile to acid-catalyZed 
hydrolysis. Speci?cally, the rate of cleavage is approximately 
10 times faster after the acetyl groups are removed. Therefore, 
this orthoester possesses suf?cient stability in order to be 
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compatible With oligonucleotide synthesis and yet, When sub 
sequently modi?ed, permits deprotection to be carried out 
under relatively mild aqueous conditions compatible With the 
?nal RNA oligonucleotide product. 
[0137] Additionally, methods of RNA synthesis are Well 
knoWn in the art (Scaringe, S. A. PhD. Thesis, University of 
Colorado, 1996; Scaringe, S. A., et al., .1. Am. Chem. Soc, 
1998, 120, 11820-11821; Matteucci,M. D.andCaruthers,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; 
Gri?in, B. E., et al., Tetrahedron, 1967, 23, 2301-2313; Grif 
?n, B. E., et al., Tetrahedron, 1967, 23, 2315-2331). 
[0138] The present invention is also useful for the prepara 
tion of oligomeric compounds incorporating at least one 2'-O 
protected nucleoside. After incorporation and appropriate 
deprotection the 2'-O-protected nucleoside Will be converted 
to a ribonucleoside at the position of incorporation. The num 
ber and position of the 2-ribonucleoside units in the ?nal 
oligomeric compound can vary from one at any site or the 
strategy can be used to prepare up to a full 2'-OH modi?ed 
oligomeric compound. All 2'-O-protecting groups amenable 
to the synthesis of oligomeric compounds are included in the 
present invention. 
[0139] In general a protected nucleoside is attached to a 
solid support by for example a succinate linker. Then the 
oligonucleotide is elongated by repeated cycles of deprotect 
ing the 5'-terminal hydroxyl group, coupling of a further 
nucleoside unit, capping and oxidation (alternatively sulfur 
iZation). In a more frequently used method of synthesis the 
completed oligonucleotide is cleaved from the solid support 
With the removal of phosphate protecting groups and exocy 
clic amino protecting groups by treatment With an ammonia 
solution. Then a further deprotection step is normally 
required for the more specialiZed protecting groups used for 
the protection of 2'-hydroxyl groups Which Will give the fully 
deprotected oligonucleotide. 
[0140] A large number of 2'-O-protecting groups have been 
used for the synthesis of oligoribonucleotides but over the 
years more effective groups have been discovered. The key to 
an effective 2'-O-protecting group is that it is capable of 
selectively being introduced at the 2'-O-position and that it 
can be removed easily after synthesis Without the formation 
of unWanted side products. The protecting group also needs to 
be inert to the normal deprotecting, coupling, and capping 
steps required for oligoribonucleotide synthesis. Some of the 
protecting groups used initially for oligoribonucleotide syn 
thesis included tetrahydropyran-1-yl and 4-methoxytetrahy 
dropyran-4-yl. These tWo groups are not compatible With all 
5'-O-protecting groups so modi?ed versions Were used With 
5'-DMT groups such as 1-(2-?uorophenyl)-4-methoxypip 
eridin-4-yl (Fpmp). Reese has identi?ed a number of piperi 
dine derivatives (like Fpmp) that are useful in the synthesis of 
oligoribonucleotides including 1-((chloro-4-methyl)phenyl) 
4'-methoxypiperidin-4-yl (Reese et al, Tetrahedron Lett, 
1986, (27), 2291). Another approach Was to replace the stan 
dard 5'-DMT (dimethoxytrityl) group With protecting groups 
that Were removed under non-acidic conditions such as 
levulinyl and 9-?uorenylmethoxycarbonyl. Such groups 
enable the use of acid labile 2'-protecting groups for oligori 
bonucleotide synthesis. Another more Widely used protecting 
group initially used for the synthesis of oligoribonucleotides 
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Was the t-butyldimethylsilyl group (Ogilvie et al, Tetrahedron 
LeZL, 1974, 2861; Hakimelahi et al, Tetrahedron LeZL, 1981, 
(22), 2543; and Jones et at., J. Chem. Soc. Perkin 1., 2762). 
The 2'-O-protecting groups can require special reagents for 
their removal such as for example the t-butyldimethylsilyl 
group is normally removed after all other cleaving/deprotect 
ing steps by treatment of the oligomeric compound With 
tetrabutylammonium ?uoride (TBAF). 
[0141] One group of researchers examined a number of 
2'-O-protecting groups (Pitsch, S., Chimia, 2001, (55), 320 
324.) The group examined ?uoride labile and photolabile 
protecting groups that are removed using moderate condi 
tions. One photolabile group that Was examined Was the (2 
(nitrobenZyl)oxy)methyl (nbm) protecting group (Schwartz 
et al, Bioorg. Med. Chem. LeZL, 1992, (2), 1019.) Other 
groups examined included a number structurally related 
formaldehyde acetal-derived, 2'-O-protecting groups. Also 
prepared Were a number of related protecting groups for 
preparing 2'-O-alkylated nucleoside phosphoramidites 
including 2'-O-((triisopropylsilyl)oxy)methyl (2'-O4CH2i 
OiSi(iPr)3, TOM). One 2'-O-protecting group that Was pre 
pared to be used orthogonally to the TOM group Was 2'-O 
((R)- 1 -(2-nitrophenyl)ethyloxy)methyl) ((R)-mnbm). 
[0142] Another strategy using a ?uoride labile 5'-O-pro 
tecting group (non-acid labile) and an acid labile 2'-O-pro 
tecting group has been reported (Scaringe, StephenA., Meth 
ods, 2001, (23) 206-217). A number of possible silyl ethers 
Were examined for 5'-O-protection and a number of acetals 
and orthoesters Were examined for 2'-O-protection. The pro 
tection scheme that gave the best results Was 5'-O-silyl ether 
2'-ACE (5'-O-bis(trimethylsiloxy)cyclododecyloxysilyl 
ether (DOD)-2'-O-bis(2-acetoxyethoxy)methyl (ACE). This 
approach uses a modi?ed phosphoramidite synthesis 
approach in that some different reagents are required that are 
not routinely used for RNA/ DNA synthesis. 
[0143] Although a lot of research has focused on the syn 
thesis of oligoribonucleotides the main RNA synthesis strat 
egies that are presently being used commercially include 
5'-O-DMT-2'-O-t-butyldimethylsilyl (TBDMS), 5'-O-DMT 
2'-O-(1(2-?uorophenyl)-4-methoxypiperidin-4-yl) (FPMP), 
2'-O-((triisopropylsilyl)oxy)methyl (2'-OiCH2iOiSi 
(iPr)3 (TOM), and the 5'-O-silyl ether-2'-ACE (5'-O-bis(tri 
methylsiloxy)cyclododecyloxysilyl ether (DOD)-2'-O-bis(2 
acetoxyethoxy)methyl (ACE). A current list of some of the 
major companies currently offering RNA products include 
Pierce Nucleic Acid Technologies, Dharmacon Research 
Inc., Ameri Biotechnologies Inc., and Integrated DNA Tech 
nologies, Inc. One company, Princeton Separations, is mar 
keting an RNA synthesis activator advertised to reduce cou 
pling times especially With TOM and TBDMS chemistries. 
Such an activator Would also be amenable to the present 
invention. 

[0144] The structures corresponding to these protecting 
groups are shoWn beloW. 

[0145] TBDMS:5'-O-DMT-2'-O-t-butyldimethylsilyl; 
[0146] TOM:2'-O-((triisopropylsilyl)oxy)methyl; 
[0147] DOD/ACE:(5'-O-bis(trimethylsiloxy)cyclodode 
cyloxysilyl ether-2'-O-bis(2-acetoxyethoxy)methyl 
[0148] FPMP:5'-O-DMT-2'-O-(1(2-?uorophenyl)-4 
methoxypiperidin-4-yl) 
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-continued 
CH3 

[0149] All of the aforementioned RNA synthesis strategies 
are amenable to the present invention. Strategies that Would 
be a hybrid of the above e. g. using a 5'-protecting group from 
one strategy With a 2'-O-protecting from another strategy is 
also amenable to the present invention. 
[0150] The preparation of ribonucleotides and oligomeric 
compounds having at least one ribonucleoside incorporated 
and all the possible con?gurations falling in betWeen these 
tWo extremes are encompassed by the present invention. The 
corresponding oligomeric compounds can be hybridized to 
further oligomeric compounds including oligoribonucle 
otides having regions of complementarity to form double 
stranded (duplexed) oligomeric compounds. 
[0151] The methods of preparing oligomeric compounds of 
the present invention can also be applied in the areas of drug 
discovery and target validation. 

Oligonucleotide Isolation: 

[0152] After cleavage from the controlled pore glass solid 
support and deblocking in concentrated ammonium hydrox 
ide at 55° C. for 12-16 hours, the oligonucleotides or oligo 
nucleosides are recovered by precipitation out of 1 M 
NH4OAc 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 pho sphorothioate 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 puri?ed by HPLC, as described by Chiang et at., 
J. Biol. Chem. 1991, 266, 18162-18171. Results obtained 
With HPLC-puri?ed material Were similar to those obtained 
With non-HPLC puri?ed material. 

Oligonucleotide Synthesis-96 Well Plate Format: 

[0153] Oligonucleotides Were synthesiZed via solid phase 
P(lll) 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 
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iZation utiliZing 3,H-1,2 benZodithiole-3 -one 1,1 dioxide 
(Beaucage Reagent) in anhydrous acetonitrile. Standard 
base-protected beta-cyanoethyl-diiso-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. 
[0154] Oligonucleotides Were cleaved from support and 
deprotected With concentrated NH4OH 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. 

Oligonucleotide Analysisi96-Well Plate Format: 

[0155] 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/ACETM MDQ) or, for individu 
ally prepared samples, on a commercial CE apparatus (e.g., 
Beckman P/ACETM 5000, ABI 270). Base and backbone 
composition Was con?rmed by mass analysis of the oligo 
meric compounds utiliZing electrospray-mass spectroscopy. 
All assay test plates Were diluted from the master plate using 
single and multi-channel robotic pipettors. Plates Were 
judged to be acceptable if at least 85% of the oligomeric 
compounds on the plate Were at least 85% full length. 
[0156] For double-stranded compounds of the invention, 
once synthesiZed, the complementary strands are annealed. 
The single strands are aliquoted and diluted to a concentration 
of 50 nM. Once diluted, 30 pL of each strand is combined 
With 15 pL of a 5x solution of annealing buffer. The ?nal 
concentration of the buffer is 100 mM potassium acetate, 30 
mM HEPES-KOH pH 7.4, and 2 mM magnesium acetate. 
The ?nal volume is 75 ML. 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 
double-stranded compounds are used in experimentation. 
The ?nal concentration of the duplexed compound is 20 nM. 
This solution can be stored froZen (—20° C.) and freeZe 
thaWed up to 5 times. 
[0157] Once prepared, the double-stranded compounds are 
evaluated for their ability to modulate target levels, expres 
sion or function. When cells reach 80% con?uency, they are 
treated With synthetic double-stranded compounds compris 
ing at least one oligomeric compound of the invention. For 
cells groWn in 96-Well plates, Wells are Washed once With 200 
pL OPTl-MEMTM-1 reduced-serum medium (Gibco BRL) 
and then treated With 130 pL of OPTl-MEMTM-1 containing 
12 ug/mL LIPOFECTINTM (lnvitrogen Corporation, Carls 
bad, Calif.) and the desired double stranded compound at a 
?nal 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 real-time RT-PCR. 
[0158] Speci?c examples of oligomeric compounds useful 
in this invention include oligonucleotides 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 link 
ages that retain a phosphorus atom and internucleoside link 
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ages that do not have a phosphorus 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 consid 
ered to be oligonucleosides. 
[0159] In the C. elegans system, modi?cation of the inter 
nucleotide linkage (phosphorothioate) did not signi?cantly 
interfere With RNAi activity. Based on this observation, it is 
suggested that certain oligomeric compounds of the invention 
can also have one or more modi?ed internucleoside linkages. 
A suitable phosphorus-containing modi?ed internucleoside 
linkage is the phosphorothioate internucleoside linkage. 
[0160] Modi?ed oligonucleotide backbones (intemucleo 
side linkages) containing a phosphorus atom therein include, 
for example, phosphorothioates, chiral phosphorothioates, 
phosphorodithioates, phosphotriesters, aminoalkylphospho 
triesters, methyl and other alkyl phosphonates including 
3'-alkylene phosphonates, 5'-alkylene phosphonates and 
chiral phosphonates, phosphinates, phosphoramidates 
including 3'-amino phosphoramidate and aminoalkylphos 
phoramidates, thionophosphoramidates, thionoalkylphos 
phonates, thionoalkylphosphotriesters, selenophosphates 
and boranophosphates having normal 3'-5' linkages, 2'-5' 
linked analogs of these, and those having inverted polarity 
Wherein one or more intemucleotide linkages is a 3' to 3', 5' to 
5' or 2' to 2' linkage. Oligonucleotides having inverted polar 
ity comprise a single 3' to 3' linkage at the 3'-most internucle 
otide linkage i.e. a single inverted nucleoside residue Which 
may be abasic (the nucleobase is missing or has a hydroxyl 
group in place thereof). Various salts, mixed salts and free 
acid forms are also included. 

[0161] Representative U.S. patents that teach the prepara 
tion of the above pho sphorus-containing linkages include, but 
are not limitedto, U.S. Pat. Nos. 3,687,808; 4,469,863; 4,476, 
301; 5,023,243; 5,177,196; 5,188,897; 5,264,423; 5,276,019; 
5,278,302; 5,286,717; 5,321,131; 5,399,676; 5,405,939; 
5,453,496; 5,455,233; 5,466,677; 5,476,925; 5,519,126; 
5,536,821; 5,541,306; 5,550,111; 5,563,253; 5,571,799; 
5,587,361; 5,194,599; 5,565,555; 5,527,899; 5,721,218; 
5,672,697 and 5,625,050, certain of Which are commonly 
oWned With this application, and each of Which is herein 
incorporated by reference. 
[0162] In other embodiments of the invention, oligomeric 
compounds have one or more phosphorothioate and/or het 
eroatom internucleoside linkages, in particular 4CH2i 
NHiO%H2i, %H2iN(CH3 )iO%H2i (knoWn as 
a methylene (methylimino) or MMI backbone), 4CH2i 
OiN(CH3)%H2i, iCH2iN(CH3)iN(CH3)%H2i 
and 4OiN(CH3)4CH24CH2i (Wherein the native 
phosphodiester internucleotide linkage is represented as 
iOiP(:O)(OH)4OiCH2i). 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. 

[0163] Modi?ed oligonucleotide backbones (intemucleo 
side linkages) 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 internucleoside linkages, or one or more 
short chain heteroatomic or heterocyclic intemucleo side link 
ages. These include those having morpholino linkages 
(formed in part from the sugar portion of a nucleoside); silox 
ane backbones; sul?de, sulfoxide and sulfone backbones; 
formacetyl and thioforrnacetyl backbones; methylene for 
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macetyl and thioforrnacetyl 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. 
[0164] Representative U.S. patents that teach the prepara 
tion 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; 5,610,289; 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. 
[0165] 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 only the 
furano se ring or both the furanose ring and the intemucleotide 
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 hetero 
cyclic base moiety is maintained for hybridiZation With an 
appropriate target nucleic acid. One such oligomeric com 
pound, an oligonucleotide mimetic that has been shoWn to 
have excellent hybridization properties, is referred to as a 
peptide nucleic acid (PNA). 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 retained and are bound 
directly or indirectly to aZa nitrogen atoms of the amide 
portion of the backbone. Representative U.S. patents that 
teach the preparation 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 ref 
erence. Teaching of PNA oligomeric compounds can be 
found in Nielsen et al, Science, 1991, 254, 1497-1500. 
[0166] 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: 

Wherein 

[0167] 
[0168] T4 is hydrogen, an amino protecting group, 4C(O) 
R5, substituted or unsubstituted Cl-Cl0 alkyl, substituted or 
unsubstituted C2-Cl0 alkenyl, substituted or unsubstituted 
C2-C 1O alkynyl, alkylsulfonyl, arylsulfonyl, a chemical func 
tional 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, 

Bx is a heterocyclic base moiety; 
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amino, alkoxy, carboxy, benZyl, phenyl, nitro, thiol, thio 
alkoxy, halogen, alkyl, aryl, alkenyl and alkynyl; 
[0169] T5 is iOH, iN(Zl)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; 

[0170] Z 1 is hydrogen, C l-C6 alkyl, or an amino protecting 
group; 
[0171] Z2 is hydrogen, Cl-C6 alkyl, an amino protecting 
group, iC(:O)i(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; 
[0172] Z3 is hydrogen, an amino protecting group, iCl-C6 
alkyl, 4C(:O)iCH3, benZyl, benZoyl, or i(CH2)niN 
(H)Z1; 
[0173] each J is O, S or NH; 
[0174] R5 is a carbonyl protecting group; and 
[0175] n is from 2 to about 450. 
[0176] 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 mor 
pholino nucleic acid. A suitable 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 (DWaineA. Bra 
asch and David R. Corey, Biochemistry, 2002, 41 (14), 4503 
4510). Morpholino-based oligomeric compounds are dis 
closed in Us. Pat. No. 5,034,506, issued Jul. 23, 1991. The 
morpholino class of oligomeric compounds have been pre 
pared having a variety of different linking groups joining the 
monomeric subunits. 
[0177] 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: 

T 1 01/ BX 

T 
L2 01/ BX 

N 

| 
T5 

Wherein 
[0178] T 1 is hydroxyl or a protected hydroxyl; 
[0179] T5 is hydrogen or a phosphate or phosphate deriva 
tive; 
[0180] L2 is a linking group; and 
[0181] n is from 2 to about 450. 
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[0182] Another 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 com 
pound synthesis folloWing classical phosphoramidite chem 
istry. Fully modi?ed CeNA oligomeric compounds and oli 
gonucleotides having speci?c positions modi?ed With CeNA 
have been prepared and studied (see Wang et al., J. Am. 
Chem. Soc., 2000, 122, 8595-8602). In general the incorpo 
ration 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 incor 
porating CeNA structures into natural nucleic acid structures 
Was shoWn by NMR and circular dichroism to proceed With 
easy conformational adaptation. Furthermore the incorpora 
tion 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. 
[0183] The general formula of CeNA is shoWn beloW: 

Wherein 
[0184] each Bx is a heterocyclic base moiety; 
[0185] T l is hydroxyl or a protected hydroxyl; 
[0186] T2 is hydroxyl or a protected hydroxyl; 
[0187] L3 is a linking group; and 
[0188] n is from 2 to about 450. 
[0189] Another class of oligonucleotide mimetic (anhydro 
hexitol nucleic acid) can be prepared from one or more anhy 
drohexitol nucleosides (see, Wouters and HerdeWijn, Bioorg. 
Med. Chem. Lett., 1999, 9, 1563-1566) and Would have the 
general formula: 

T1 0 Bx 

O Bx 
L Y! 

T2 

[0190] Another group of modi?cations includes nucleo 
sides having sugar moieties that are bicyclic thereby locking 
the sugar conformational geometry. The mo st studied of these 
nucleosides is a bicyclic sugar moiety having a 4'-CH24O-2' 
bridge. As can be seen in the structure beloW the 2'-Oi has 
been linked via a methylene group to the 4' carbon. This 
bridge attaches under the sugar as shoWn forcing the sugar 
ring into a locked 3'-endo conformation geometry. The V-L 
nucleoside has also been reported Wherein the linkage is 
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above the ring and the heterocyclic base is in the V rather than 
the El-conformation (see US. Patent Application Publication 
No.: Application 2003/0087230). The xylo analog has also 
been prepared (see US. Patent Application Publication No.: 
2003/0082807). The preferred bridge for a locked nucleic 
acid (LNA) is 4'i(4CH2i)n4O-2' Whereinn is 1 or 2. The 
literature is confusing When the term locked nucleic acid is 
used but in general locked nucleic acids refers to n:1, ENATM 
refers to n:2 (Kaneko et al., US. Patent Application Publi 
cation No.: US 2002/0147332, Singh et al., Chem. Commun., 
1998, 4, 455-456, also see US. Pat. Nos. 6,268,490 and 
6,670,461 and US. Patent Application Publication No.: US 
2003/0207841). HoWever the term locked nucleic acids can 
also be used in a more general sense to describe any bicyclic 
sugar moiety that has a locked conformation. 
[0191] ENATM along With LNA (n:1) have been studied 
more than the myriad of other analogs. Oligomeric com 
pounds incorporating LNA and ENA analogs display very 
high duplex thermal stabilities With complementary DNA and 
RNA (Tm:+3 to +10 C), stability toWards 3'-exonucleolytic 
degradation and good solubility properties. 
[0192] The basic structure of LNA shoWing the bicyclic 
ring system is shoWn beloW: 

T1 

Wherein 

[0193] each Bx is a heterocyclic base moiety; 
[0194] each L1 is an intemucleoside linking group; 
[0195] T l is hydroxyl or a protected hydroxyl; 

[0196] T2 is hydroxyl or a protected hydroxyl, and 
[0197] n is from 1 to about 80. 

[0198] 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 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). 
[0199] 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 for 
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mation of exceedingly stable LNAzLNA duplexes. The RNA 
mimicking of LNA Was re?ected With regard to the N-type 
conformational restriction of the monomers and to the sec 

ondary structure of the LNAzRNA duplex. 

[0200] LNAs also form duplexes With complementary 
DNA, RNA or LNA With high thermal a?inities. Circular 
dichroism (CD) spectra shoW that duplexes involving fully 
modi?ed LNA (esp. LNAzRNA) structurally resemble an 
A-form RNAzRNA duplex. Nuclear magnetic resonance 
(N MR) examination of an LNAzDNA duplex con?rmed 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 unmodi?ed reference strands. 

[0201] 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 applica 
tions, PCR applications, strand-displacement oligomers, sub 
strates for nucleic acid polymerases and generally as nucle 
otide based drugs. 

[0202] Potent and nontoxic antisense oligonucleotides con 
taining LNAs have been described (Wahlestedt et al., Proc. 
Natl. Acad. Sci. USA, 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. LlPOFECTlNTM-mediated e?icient delivery of LNA 
into living human breast cancer cells has also been accom 
plished. 
[0203] 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 W0 
99/ 14226. 

[0204] 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 lntema 
tional Application WO 98-DK393 19980914). Furthermore, 
synthesis of 2'-amino-LNA, a novel conformationally 
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'-me 
thylamino -LNA’s have been prepared and the thermal stabil 
ity of their duplexes With complementary RNA and DNA 
strands has been previously reported. 
[0205] Some oligonucleotide mimetics have been prepared 
to incude bicyclic and tricyclic nucleoside analogs having the 
formulas (amidite monomers shoWn): 
















































































































































































































































































































































































































