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FIGURE 1. 

E?’ect of structural changes on e?icacy of siRNAs targeting p53:2I-mers vs. 27-mers with and without 3 '-de0xy TI overhangs. 
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FIGURE 18. 
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Effect of structural changes on the e?icacy of siRNAs targeting ?-3-integrin: ZJ-mer v. 27-mer. 
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FIGURE 2. 

E?ect of p53-targeted and non-targeted siRNAs on PKR expression in A549cells. 
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FIGURE 2B. 
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E?ect of ?-3-integn'n targeted 21-mer and 2 7-mers on PKR expression in HMVEC cells. 
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FIGURE 3. 

E?ect of 5 ’ vs. 3' modi?cation on activity. 
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FIGURE 5. 

E?'ect of 2 '-0-methyl modified siRNAs on p53 expression. 

(Left to right: ?rst three targeted, next three matched controls, then one targeted, and three additional controls.) 
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FIGURE 6. 

Inhibition of [.153 by 32- and 3 7-mer blunt-end siRNAs. 
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DOUBLE-STRANDED OLIGONUCLEOTIDES 

RELATED APPLICATIONS 

[0001] This application claims the priority of US. Provi 
sional Application Nos. 60/615,408, ?led on Sep. 30, 2004, 
and 60/540,552, ?led on Feb. 2, 2004. This application is 
also a continuation-in-part of US. Ser. Nos. 10/357,529, 
?led Feb. 3, 2003, and 10/357,826, ?led Oct. 2, 2003, both 
of Which claim priority to US. Provisional Application No. 
60/353,203, ?led on Feb. 1, 2002, 60/436,238, ?led Dec. 23, 
2002, 60/438,608, ?led Jan. 7, 2003, and 60/353,381, ?led 
Feb. 1, 2002. The entire contents of the aforementioned 
applications are hereby expressly incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] Complementary oligonucleotide sequences are 
promising therapeutic agents and useful research tools in 
elucidating gene function. HoWever, oligonucleotide mol 
ecules of the prior art are often subject to nuclease degra 
dation When applied to biological systems. Therefore, it is 
often dif?cult to achieve ef?cient inhibition of gene expres 
sion (including protein synthesis) using such compositions. 

[0003] In order to maximiZe the usefulness, such as the 
potential therapeutic activity and in vitro utility, of oligo 
nucleotides that are complementary to other sequences of 
interest, it Would be of great bene?t to improve upon the 
prior art oligonucleotides by designing improved oligo 
nucleotides having increased stability both against serum 
nucleases and cellular nucleases and nucleases found in 
other bodily ?uids. 

SUMMARY OF THE INVENTION 

[0004] The instant invention is based, at least in part, on 
the discovery that double-stranded oligonucleotides com 
prising an antisense oligonucleotide and a protector oligo 
nucleotide, are capable of inhibiting gene function. Thus, the 
invention improves the prior art antisense sequences, inter 
alia, by providing oligonucleotides Which are resistant to 
degradation by cellular nucleases. 

[0005] Accordingly, the invention provides optimiZed oli 
gonucleotide compositions and methods for making and 
using both in in vitro, and in vivo systems, e.g., therapeu 
tically. 
[0006] In one aspect, the invention pertains to a double 
stranded oligonucleotide composition having the structure: 

Antisense 

5'—oligo(N)-3' 

X < > Y 3'—oligo(N)-5' 

Sense oligo(N) : 

(N)12i40 

Where (1) N is a nucleomonomer in complementary oligo 
nucleotide strands of equal length and Where the sequence of 
Ns corresponds to a target gene sequence and (2) X and Y 
are each independently selected from a group consisting of 
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nothing; from about 1 to about 20 nucleotides of 5‘ over 
hang; from about 1 to about 20 nucleotides of 3‘ overhang; 
and a loop structure consisting from about 4 to about 20 
nucleomonomers, Where the nucleomonomers are selected 
from the group consisting of G and A. The invention further 
includes compositions such as reaction mixtures comprising 
such double-stranded oligonucleotides, as Well as methods 
for using such double-stranded oligonucleotides. 

[0007] An “overhang” is a relatively short single-stranded 
nucleotide sequence on the 5‘- or 3‘-hydroxyl end of a 
double-stranded oligonucleotide molecule (also referred to 
as an “extension,”“protruding end,” or “sticky end”). 

[0008] In one embodiment, the number of Ns in each 
strand of the duplex is betWeen about 12 and about 50. In 
other embodiments, the number of Ns in each strand of the 
duplex is betWeen about 12 and about 40 (i.e., in the 
structure above, oligo(N) has betWeen about 12 and about 50 
nucleomonomers); or betWeen about 15 and about 35; or 
more particularly betWeen about 20 and about 30; or even 
betWeen about 21 and about 25. 

[0009] In one embodiment, X is a sequence of about 4 to 
about 20 nucleomonomers Which form a loop, Wherein the 
nucleomonomers are selected from the group consisting of 
G and A. 

[0010] In one embodiment, tWo of the Ns are unlinked, 
i.e., there is no phosphodiester bond betWeen the tWo 
nucleomonomers. In one embodiment, the unlinked Ns are 
not in the antisense sequence. 

[0011] In one embodiment, the nucleotide sequence of the 
loop is GAAA. 

[0012] In another aspect, the invention pertains to a 
double-stranded oligonucleotide composition having the 
structure: 

Where (1) N is a nucleomonomer in complementary oligo 
nucleotide strands of equal length Where the sequence of Ns 
corresponds to a target gene sequence; and (2) Z is a 
nucleomonomer in complementary oligonucleotide strands 
of betWeen about 2 and about 8 nucleomonomers in length 
and Where the sequence of Z optionally corresponds to the 
target sequence; and (3) Where M is a nucleomonomer in 
complementary oligonucleotide strands of betWeen about 2 
and about 8 nucleomonomers in length and Where the 
sequence of Ms optionally corresponds to the target 
sequence. Although the sequences of N nucleomonomers 
should be of the same length, the sequences of Z and M 
nucleomonomers may optionally be of the same length. The 
invention further includes compositions such as reaction 
mixtures comprising such double-stranded oligonucleotides, 
as Well as methods for using such double-stranded oligo 
nucleotides. 

[0013] In one embodiment, Z and M are nucleomonomers 
selected from the group consisting of C and G. 



US 2006/0009409 A1 

[0014] In one embodiment, the sequence of Z or M is CC, 
GG, CG, GC, ccc, GGG, CGG, GCC, GCG, CGC, CGGG, 
GCCC, cccc, GGGG, GCGC, CGCG, GGGC, CCCG, 
CGGG, GCCC, GGCC, or CCGG. 

[0015] In another aspect, the invention pertains to a 
double-stranded oligonucleotide composition having the 
structure: 

Sense 

[0016] Where (1) N is a nucleomonomer in complementary 
oligonucleotide strands of equal length and Where the 
sequence of Ns corresponds to a target gene sequence and 
(2) X is selected from the group consisting of nothing; 1-20 
nucleotides of 5‘ overhang; 1-20 nucleotides of 3‘ overhang. 
The invention further includes compositions such as reaction 
mixtures comprising such double-stranded oligonucleotides, 
as Well as methods for using such double-stranded oligo 
nucleotides. 

[0017] In some embodiments, X is a loop structure con 
sisting of from about 4 to about 20 nucleomonomers, Where 
the nucleomonomers are selected from the group consisting 
of G and A. 

[0018] In the structure above, M is a nucleomonomer in 
complementary oligonucleotide strands of betWeen about 2 
and about 8 nucleomonomers in length Which optionally 
correspond to the target sequence. In one embodiment, M is 
a nucleomonomer selected from the group consisting of 
contain C and G. 

[0019] In one embodiment, the sequence of M is CC, GG, 
CG, GC, ccc, GGG, CGG, GCC, GCG, CGC, CGGG, 
GCCC, cccc, GGGG, GCGC, CGCG, GGGC, CCCG, 
CGGG, GCCC, GGCC, or CCGG. 

[0020] In another aspect, the invention pertains to a 
double-stranded oligonucleotide composition having the 
structure: 

Antisense 

5"(Z)2-s(N)12-40-3' 

> Y 
3"(Z)2-s(N)12-40-5 ' 

Sense 

[0021] Where (1) N is a nucleomonomer in complementary 
oligonucleotide strands of equal length and Which corre 
spond to a target gene sequence and (2) Y is selected from 
the group consisting of nothing; 1-20 nucleotides of 5‘ 
overhang; 1-20 nucleotides of 3‘ overhang; a loop consisting 
of a sequence of from about 4 to about 20 nucleomonomers, 
Where the nucleomonomers are all either G’s or A’s and (3) 
Where Z is a nucleomonomer in complementary oligonucle 
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otide strands of betWeen about 2 and about 8 nucleomono 
mers in length and Which comprise a sequence Which can 
optionally correspond to the target sequence. The invention 
further includes compositions such as reaction mixtures 
comprising such double-stranded oligonucleotides, as Well 
as methods for using such double-stranded oligonucleotides. 

[0022] In one embodiment, Zs are nucleomonomers 
selected from the group consisting of C and G. 

[0023] In one embodiment, the sequence of Z is CC, GG, 
CG, GC, ccc, GGG, CGG, GCC, GCG, CGC, CGGG, 
GCCC, cccc, GGGG, GCGC, CGCG, GGGC, CCCG, 
CGGG, GCCC, GGCC, or CCGG. 

[0024] In another aspect, the invention pertains to a 
method of regulating gene expression in a cell, comprising 
forming a double-stranded oligonucleotide composition as 
described herein and contacting a cell With the double 
stranded duplex, to thereby regulate gene expression in a 
cell. 

[0025] In one embodiment, the invention pertains to a 
method of increasing the nuclease resistance of an antisense 
sequence, comprising forming a double-stranded oligo 
nucleotide composition as described herein, such that a 
double-stranded duplex is formed, Wherein the nuclease 
resistance of the antisense sequence is increased compared 
to a double-stranded, unmodi?ed RNA molecule. 

[0026] In other embodiments, the invention includes 
methods for introducing one or more double-stranded 
nucleic acid molecule into cells (e.g., eukaryotic cells). In 
particular embodiments, such methods include those com 
prising contacting cells (e.g., eukaryotic cells) With one or 
more double-stranded nucleic acid molecule. In more spe 
ci?c embodiments, at least the ?rst tWo (e.g., the ?rst tWo, 
the ?rst three, the ?rst four, the ?rst ?ve, etc.) nucleotides at 
the 5‘ terminus of the ?rst strand of the one or more 
double-stranded nucleic acid molecule are chemically modi 
?ed at the 2‘ positions and/or at least the ?rst tWo nucleotides 
at the 5‘ terminus of the second strand of the one or more 
double-stranded nucleic acid molecule are chemically modi 
?ed at the 2‘ positions. In additional speci?c embodiments, 
the double-stranded nucleic acid molecule may be betWeen 
18 and 30, betWeen 20 and 30, or betWeen 22 and 30 
nucleosides in length. Further, the double-stranded nucleic 
acid molecule may be 25 nucleosides in length. The inven 
tion further includes compositions (e.g., double-stranded 
nucleic acid molecule, reaction mixtures, etc.) used in these 
methods. 

[0027] In various embodiments of the invention (e.g., 
those described in the preceding paragraph), the double 
stranded nucleic acid molecule may contain an overhang 
(e.g., a 3‘ overhang and/or a 5‘ overhang) of at least one (e.g., 
one, tWo, three, four, ?ve, etc.) nucleoside on at least one end 
(e.g., one end or both ends). Additionally, the nucleosides of 
the overhang(s) may be deoxy nucleosides such as deoxy-T. 
In speci?c embodiments, the overhang(s) may be or contain 
deoxy T-deoxy T. 

[0028] Further, When nucleic acid molecules in composi 
tions of the invention or used in methods of the invention are 
chemically modi?ed at one or more 2‘ position, the 2‘ 
chemical modi?cation(s) may be a 2‘-O-methyl modi?ca 
tion, a 2‘-O-propyl modi?cation, a 2‘-O-ethyl modi?cation, 
a 2‘-?uoro modi?cation, or a combination of such modi? 
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cations. Additionally, 2‘ chemical modi?cation on such 
nucleic acid molecules may be located on ribose sugars, 
deoxyribose sugars, or a combination of these sugars. 

[0029] Further, nucleic acid molecules of the invention 
may be combined With one or more transfection reagent to 
form a composition. Additionally, such compositions may be 
contacted With cells (e.g., eukaryotic cells). Transfection 
reagents used in such methods and compositions may com 
prise one or more cationic lipid. One example of a trans 
fection reagent Which may be used in the practice of the 
invention is LIPOFECTAMINE 2000TM. The invention thus 
includes methods Which employ and compositions Which 
contain transfection reagents. 

[0030] The invention additionally includes methods by 
Which nucleic acid molecules (e.g., double-stranded nucleic 
acid molecules) may be introduced into eukaryotic cells by 
electroporation. 

[0031] Further, When double-stranded nucleic acid mol 
ecules (e.g., double-stranded RNA molecules) are used in 
the practice of the invention, one strand of these double 
stranded nucleic acid molecules may be complementary to 
all or part of the nucleotide sequence of an RNA (e.g., an 
mRNA) Which is expressed in a cell (e.g., a eukaryotic cell 
into Which the double-stranded nucleic acid molecules are 
introduced). When the RNA is a mRNA, introduction of 
double-stranded nucleic acid molecules in cells may inhibit 
expression of protein from such RNA. Thus, the invention 
includes methods for inhibiting gene expression. 

[0032] Methods of stabiliZing oligonucleotides, particu 
larly antisense oligonucleotides, by formation of a oligo 
nucleotide compositions comprising at least 3 different 
oligonucleotides, are disclosed in co-pending application 
US. application Ser. No. 10/357,826. This application and 
all of its teachings is hereby expressly incorporated herein 
by reference in its entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 shoWs that the length of double-stranded 
oligonucleotides and the presence or absence of overhangs 
has no effect on function. 

[0034] FIG. 1B shoWs the effect of structural changes on 
the ef?cacy of siRNAs targeting [3-3-Integrin. 

[0035] FIG. 2 shoWs that there is no correlation Was 
observed betWeen the length of the double-stranded oligo 
nucleotide and the level of PKR induction for the given 
sequences. 

[0036] FIG. 2B shoWs effect of [3-3-Integrin targeted 
21-mers and 27-mers on PKR expression in HMVEC Cells. 

[0037] FIG. 3 shoWs the effect of 5‘ or 3‘ modi?cation on 
activity of double-stranded RNA duplexes. 

[0038] FIG. 4 shoWs the effect of the siZe of the modifying 
group on activity of the double-stranded RNA duplex. 

[0039] FIG. 5 shoWs the results of 2‘-O-methyl (also 
referred to herein as “2‘-O-Me”) modi?cations on the activ 
ity of double-stranded RNA duplexes. 

[0040] FIG. 6 shoWs the inhibition of p53 by 32- and 
37-mer blunt-end siRNAs. 
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[0041] FIG. 7 provides a schematic representation of a 
system for providing a product to a party such as a customer/ 
purchaser. 
[0042] FIG. 8 provides a schematic representation of a 
system for advising a party as to the availability of a product. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0043] The instant invention advances the prior art by 
providing double-stranded oligonucleotide compositions for 
use, both in vitro and in vivo, e.g., therapeutically, and by 
providing methods of making and using the double-stranded 
antisense oligomer compositions. 

Double-Stranded Oligonucleotide Compositions 

[0044] Double-stranded oligonucleotides of the invention 
are capable of inhibiting the synthesis of a target protein, 
Which is encoded by a target gene. The target gene can be 
endogenous or exogenous (e.g., introduced into a cell by a 
virus or using recombinant DNA technology) to a cell. As 
used herein, the term “target gene” includes polynucleotides 
comprising a region that encodes a polypeptide or poly 
nucleotide region that regulates replication, transcription, 
translation, or other process important in expression of the 
target protein; or a polynucleotide comprising a region that 
encodes the target polypeptide and a region that regulates 
expression of the target polypeptide; or non-coding regions 
such as the 5‘ or 3‘ UTR or introns. Accordingly, the term 
“target gene” as used herein may refer to, for example, an 
mRNA molecule produced by transcription from a gene of 
interest. Furthermore, the term “correspond,” as in “an 
oligomer corresponds to a target gene sequence,” means that 
the tWo sequences are complementary or homologous or 
bear such other biologically rational relationship to each 
other (e.g., based on the sequence of nucleomonomers and 
their base-pairing properties). 

[0045] The “target gene” to Which an RNA molecule of the 
invention is directed may be associated With a pathological 
condition. For example, the gene may be a pathogen 
associated gene, e.g., a viral gene, a tumor-associated gene, 
or an autoimmune disease-associated gene. The target gene 
may also be a heterologous gene expressed in a recombinant 
cell or a genetically altered organism. By determining or 
modulating (e.g., inhibiting) the function of such a gene, 
valuable information and therapeutic bene?ts in medicine, 
veterinary medicine, and biology may be obtained. 

[0046] The term “oligonucleotide” includes tWo or more 
nucleomonomers covalently coupled to each other by link 
ages (e.g., phosphodiesters) or substitute linkages. In one 
embodiment, it may be desirable to use a single-stranded 
nucleic acid molecule Which forms a duplex structure (e.g., 
as described in more detail beloW). For example, in one 
embodiment, the oligonucleotide can include a nick in either 
the sense of the antisense sequence. 

[0047] The term “antisense” refers to a nucleotide 
sequence that is inverted relative to its normal orientation for 
transcription and so expresses an RNA transcript that is 
complementary to a target gene mRNA molecule expressed 
Within the host cell (e.g., it can hybridiZe to the target gene 
mRNA molecule through Watson-Crick base pairing). An 
antisense strand may be constructed in a number of different 
Ways, provided that it is capable of interfering With the 
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expression of a target gene. For example, the antisense 
strand can be constructed by inverting the coding region (or 
a portion thereof) of the target gene relative to its normal 
orientation for transcription to allow the transcription of its 
complement, (e.g., RNAs encoded by the antisense and 
sense gene may be complementary). Furthermore, the anti 
sense oligonucleotide strand need not have the same intron 
or exon pattern as the target gene, and noncoding segments 
of the target gene may be equally effective in achieving 
antisense suppression of target gene expression as coding 
segments. 

[0048] Accordingly, one aspect of the invention is a 
method of inhibiting the activity of a target gene by intro 
ducing an RNAi, also referred to as RNA interference, agent 
into a cell, such that the dsRNA component of the RNAi 
agent is targeted to the gene. In one embodiment, an RNA 
oligonucleotide molecule may contain at least one nucle 
omonomer that is a modi?ed nucleotide analogue. The 
nucleotide analogues may be located at positions where the 
target-speci?c activity, e.g., the RNAi mediating activity is 
not substantially effected, e.g., in a region at the 5‘-end or the 
3‘-end of the double-stranded molecule, where the over 
hangs may be stabiliZed by incorporating modi?ed nucle 
otide analogues. 

[0049] In another aspect, double-stranded RNA molecules 
known in the art can be used in methods of the present 
invention. Double-stranded RNA molecules known in the art 
may also be modi?ed according to the teachings herein in 
conjunction with such methods, e.g., by using modi?ed 
nucleomonomers. For example, see U.S. Pat. No. 6,506,559; 
US. 2002/0,173,478 A1; U.S. 2002/0,086,356 A1; Shuey, et 
al., “RNAi: gene-silencing in therapeutic intervention.” 
Drug Discov. Today 2002 Oct. 15;7(20):1040-6; Aoki, et al., 
“Clin. Exp. Pharmacol. Physiol. 2003 Jan.;30(1-2):96-102; 
Cioca, et al., “RNA interference is a functional pathway with 
therapeutic potential in human myeloid leukemia cell lines. 
Cancer Gene Ther. 2003 Feb.; 10(2): 125-33. 

[0050] Further examples of double-stranded RNA mol 
ecules include those disclosed in the following references: 
Kawasaki, et al., “Short hairpin type of dsRNAs that are 
controlled by tRNA(Val) promoter signi?cantly induce 
RNAi-mediated gene silencing in the cytoplasm of human 
cells.” Nucleic Acids Res. 2003 Jan. 15;31(2):700-7; Cot 
trell, et al., “Silence of the strands: RNA interference in 
eukaryotic pathogens.” Trends Microbiol. 2003 
Jan.;11(1):37-43; Links, “Mammalian RNAi for the 
masses.” Trends Genet. 2003 Jan.;19(1):9-12; Hamada, et 
al., “Effects on RNA interference in gene expression (RNAi) 
in cultured mammalian cells of mismatches and the intro 
duction of chemical modi?cations at the 3‘-ends of siRN .” 
Antisense Nucleic Acid Drug Dev. 2002 Oct.;12(5):301-9; 
Links, “RNAi and related mechanisms and their potential 
use for therapy.” Curr. Opin. Chem. Biol. 2002 
Dec.;6(6):829-34; Kawasaki, et al., “Short hairpin type of 
dsRNAs that are controlled by tRNA(Val) promoter signi? 
cantly induce RNAi-mediated gene silencing in the cyto 
plasm of human cells.” Nucleic Acids Res. 2003 Jan. 
15;31(2):700-7). 
[0051] A nick is two non-linked nucleomonomers in an 
oligonucleotide. A nick can be included at any point along 
the sense or antisense nucleotide sequence. In a preferred 
embodiment, a nick is in the sense sequence. In another 
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preferred embodiment, the nick is at least about four nucle 
omonomers in from an end of the duplexed region of the 
oligonucleotide (e.g., is at least about four nucleomonomers 
away from the 5‘ or 3‘ end of the oligonucleotide or away 
from a loop structure. For example, in one embodiment, the 
nick is present in the middle of the sense strand of the duplex 
molecule (e.g., if the sense sequence of the duplex is 30 
nucleomonomers in length, nucleomonomers 14 and 15 or 
15 and 16 are unlinked). In an embodiment, a nick may 
optionally be ligated to form a circular nucleic acid mol 
ecule. 

[0052] For example, in the structure below, the indicated 
U nucleomonomer is not bonded to the neighboring nucle 
omonomer, e.g., by a phosphodiester bond. The 5‘ OH of the 
nick may optionally be phosphorylated to allow enZymatic 
ligation of the oligonucleotide into a circle. 

(SEQ ID NO: 1) 

5, 
A A 

A A \ G A 
G GGCCCUUCUC UCUUGAACAUGAGUU A 

A G CCGGGAAGACAGAACTTGTACTCAA G 
A A A A A 

[0053] As used herein, the term “nucleotide” includes any 
monomeric unit of DNA or RNA containing a sugar moiety 
(pentose), a phosphate, and a nitrogenous heterocyclic base. 
The base is usually linked to the sugar moiety via the 
glycosidic carbon (at the 1‘ carbon of pentose) and that 
combination of base and sugar is called a “nucleoside.” The 
base characteriZes the nucleotide with the four customary 
bases of DNA being adenine (A), guanine (G), cytosine (C) 
and thymine Inosine (I) is an example of a synthetic 
base that can be used to substitute for any of the four, 
naturally-occurring bases (A, C, G, or T). The four RNA 
bases are A, G, C, and uracil Accordingly, an oligo 
nucleotide may be a nucleotide sequence comprising a linear 
array of nucleotides connected by phosphodiester bonds 
between the 3‘ and 5‘ carbons of adjacent pentoses. Other 
modi?ed nucleosides/nucleotides are described herein and 
may also be used in the oligonucleotides of the invention. 

[0054] Oligonucleotides may comprise, for example, oli 
gonucleotides, oligonucleosides, polydeoxyribonucleotides 
(containing 2‘-deoxy-D-ribose) or modi?ed forms thereof, 
e.g., DNA, polyribonucleotides (containing D-ribose or 
modi?ed forms thereof), RNA, or any other type of poly 
nucleotide which is an N-glycoside or C-glycoside of a 
purine or pyrimidine base, or modi?ed purine or pyrimidine 
base. The term oligonucleotide includes compositions in 
which adjacent nucleomonomers are linked via phospho 
rothioate, amide or other linkages (e.g., Neilsen, P. E., et al. 
1991. Science. 254:1497). Generally, the term “linkage” 
refers to any physical connection, preferably covalent cou 
pling, between two or more nucleic acid components, e.g., 
catalyZed by an enZyme such as a ligase. 

[0055] In addition to its art-recogniZed meaning (e.g., a 
relatively short length single or double-stranded sequences 
of deoxyribonucleotides or ribonucleotides linked via phos 
phodiester bonds), the term “oligonucleotide” includes any 
structure that serves as a scaffold or support for the bases of 
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the oligonucleotide, Where the scaffold permits binding to 
the target nucleic acid molecule in a sequence-dependent 
manner. 

[0056] Oligonucleotides of the invention are isolated. The 
term “isolated” includes nucleic acid molecules Which are 
synthesiZed (e.g., chemically, enZymatically, or recombi 
nantly) or are naturally occurring but separated from other 
nucleic acid molecules Which are present in a natural source 
of the nucleic acid. Preferably, a naturally occurring “iso 
lated” nucleic acid molecule is free of sequences Which 
naturally ?ank the nucleic acid molecule (i.e., sequences 
located at the 5‘ and 3‘ ends of the nucleic acid molecule) in 
a nucleic acid molecule in an organism from Which the 
nucleic acid molecule is derived. 

[0057] The term “nucleomonomer” includes a single base 
covalently linked to a second moiety. Nucleomonomers 
include, for example, nucleosides and nucleotides. Nucle 
omonomers can be linked to form oligonucleotides that bind 
to target nucleic acid sequences in a sequence speci?c 
manner. 

[0058] In one embodiment, modi?ed (non-naturally occur 
ring) nucleomonomers can be used in the oligonucleotides 
described herein. For example, nucleomonomers may be 
based on bases (purines, pyrimidines, and derivatives and 
analogs thereof) bound to substituted and unsubstituted 
cycloalkyl moieties, e.g., cyclohexyl or cyclopentyl moi 
eties, and substituted and unsubstituted heterocyclic moi 
eties, e.g., 6-member morpholino moieties or, preferably, 
sugar moieties. 

[0059] Sugar moieties include natural, unmodi?ed sugars, 
e.g., monosaccharides (such as pentoses, e.g., ribose, deox 
yribose), modi?ed sugars and sugar analogs. Possible modi 
?cations of nucleomonomers, particularly of a sugar moiety, 
include, for example, replacement of one or more of the 
hydroxyl groups With a halogen, a heteroatom, an aliphatic 
group, or the functionaliZation of the hydroxyl group as an 

ether, an amine, a thiol, or the like. One particularly useful 
group of modi?ed nucleomonomers are 2‘-O-methyl nucle 
otides, especially When the 2‘-0-methyl nucleotides are used 
as nucleomonomers in the ends of the oligomers. Such 
2‘O-methyl nucleotides may be referred to as “methylated,” 
and the corresponding nucleotides may be made from unm 
ethylated nucleotides folloWed by alkylation or directly from 
methylated nucleotide reagents. Modi?ed nucleomonomers 
may be used in combination With unmodi?ed nucleomono 
mers. For example, an oligonucleotide of the invention may 
contain both methylated and unmethylated nucleomono 
mers. 

[0060] Some exemplary modi?ed nucleomonomers 
include sugar-or backbone-modi?ed ribonucleotides. Modi 
?ed ribonucleotides may contain a nonnaturally occurring 
base (instead of a naturally occurring base) such as uridines 
or cytidines modi?ed at the 5-position, e.g., 5-(2-amino)pro 
pyl uridine and S-bromo uridine; adenosines and guanosines 
modi?ed at the 8-position, e.g., 8-bromo guanosine; deaZa 
nucleotides, e.g., 7-deaZa-adenosine; and N-alkylated nucle 
otides, e.g., N6-methyl adenosine. Also, sugar-modi?ed 
ribonucleotides may have the 2‘-OH group replaced by a H, 
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alxoxy (or OR), R or alkyl, halogen, SH, SR, amino (such 
as NH2, NHR, NR2), or CN group, Wherein R is loWer alkyl, 
alkenyl, or alkynyl. 

[0061] Modi?ed ribonucleotides may also have the phos 
phoester group connecting to adjacent ribonucleotides 
replaced by a modi?ed group, e.g., of phosphothioate group. 
More generally, the various nucleotide modi?cations may be 
combined. 

[0062] In one embodiment, sense oligomers may have 2‘ 
modi?cations on the ends (1 on each end, 2 on each end, 3 
on each end, and 4 on each end, and so on; as Well as 1 on 

one end, 2 on one end, 3 on one end, and 4 on one end, and 
so on; and even unbalanced combinations such as 1 on one 

end and 2 on the other end, and so on). LikeWise, the 
antisense strand may have 2‘ modi?cations on the ends (I on 
each end, 2 on each end, 3 on each end, and 4 on each end, 
and so on; as Well as 1 on one end, 2 on one end, 3 on one 

end, and 4 on one end, and so on; and even unbalanced 
combinations such as 1 on one end and 2 on the other end, 
and so on). In preferred aspects, such 2‘-modi?cations are in 
the sense RNA strand or the sequences other than the 
antisense strand. 

[0063] To further maximiZe endo- and exonuclease resis 
tance, in addition to the use of 2‘ modi?ed nucleomonomers 
in the ends, inter-nucleomonomer linkages other than phos 
phodiesters may be used. For example, such end blocks may 
be used alone or in conjunction With phosphothioate link 
ages betWeen the 2‘-O-methly linkages. Preferred 2‘-modi 
?ed nucleomonomers are 2‘-modi?ed C and U bases. 

[0064] Although the antisense strand may be substantially 
identical to at least a portion of the target gene (or genes), at 
least With respect to the base pairing properties, the sequence 
need not be perfectly identical to be useful, e.g., to inhibit 
expression of a target gene’s phenotype. Generally, higher 
homology can be used to compensate for the use of a shorter 
antisense gene. In some cases, the antisense strand generally 
Will be substantially identical (although in antisense orien 
tation) to the target gene. 

[0065] One particular example of a composition of the 
invention has end-blocks on both ends of a sense oligo 
nucleotide and only the 3‘ end of an antisense oligonucle 
otide. Without Wishing to be bound by theory, the inventors 
believe that a 2‘-O-modi?ed sense strand Works less Well 
than unmodi?ed because it is not ef?ciently unWound. 
Accordingly, another embodiment of the invention includes 
duplexes in Which nucleomonomer-nucleomonomer mis 
matches are present in a sense 2‘-O-methyl strand (and are 
thought to be easier to unWind). 

[0066] Accordingly, for a given ?rst oligonucleotide 
strand, a number of complementary second oligonucleotide 
strands are permitted according to the invention. For 
example, in the folloWing Tables, a targeted and a non 
targeted oligonucleotide are illustrated With several possible 
complementary oligonucleotides. The individual nucle 
otides may be 2‘-OH RNA nucleotides (R) or the corre 
sponding 2‘-O-methyl nucleotides (M), and the oligonucle 
otides themselves may contain mismatched nucleotides 

(loWer case letters). 
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Targeted 
Oligonucleotide: 

First Strand: 

Second Strand: CTgATGTTCAAGACAGAAcGG (SEQ ID NO: 
(methyl groups —>) MMMMMMMW/MMMMMMMMMMMM 

CTgATGTTCAAGACAGAAcGG (SEQ ID NO: 
RRRRRRRRRRRRRRRRRRRDD 

CTCAUGUUCAAGACAGAAGGG (SEQ ID NO: 
RRRRRRMW/MW/IMMMRRRRRR 

CTCAUGUUCAAGACAGAAGGG (SEQ ID NO: 
MNMW/IMRRRRRRRRRMW/IMMM 

CTCAUGUUCAAGACAGAAGGG (SEQ ID NO: 

Non-Targeted 
Oligonucleotide: 

First Strand: 

Second Strand: 
(methyl groups —>) 
MMBMWWWMMWMBMWW 

GGGAAGACAGAACTTGTACTC (SEQ ID NO: 
RRRRRRMW/MW/IMMMRRRRRR 

GGGAAGACAGAACTTGTACTC (SEQ ID NO: 
MNMW/IMRRRRRRRRRMW/IMMM 

GGGAAGACAGAACTTGTACTC (SEQ ID NO: 

CCCUUCUGUCUUGAACAUGAG (SEQ ID NO: 

GAGTACAAGTTCTGTCTTCCC (SEQ ID NO: 

GGCAAGACAGAACTTGTAgTC (SEQ ID NO: 

2) 

3) 

4) 

5) 

6) 

1) 

8) 

9) 

11) 

12) 

[0067] Another example of further modi?cations that may 
be used in conjunction With 2‘-O-methyl nucleomonomers 
are modi?cation of the sugar residues themselves, for 
example alternating modi?ed and unmodi?ed sugars, par 
ticularly in the sense strand. 

[0068] The invention further includes double stranded 
nucleic acid molecules (e.g., RNA molecules) Which have 
structures de?ned by the following formula: 

First Strand 
Second Strand 

[0069] In the formula set out above, X, A, and B are 
nucleotides (e.g., A, G, C, U, etc.). Also, either of the ?rst 
strand or the second strand may be a sense strand. As a 

results, either of the ?rst strand or the second strand may be 
an antisense strand. Further, X is typically a nucleotide 
Which has no modi?cations on the base or sugar. Further, A 
and/or B are nucleotides Which may independently contain 
one or more base or sugar modi?cations. These modi?ca 

tions may be any modi?cations knoWn in the art or described 
elseWhere herein. Examples of sugar modi?cations include 
ribose modi?cations at the 2‘ position such as 2‘-O-propyl 

(P), 2‘-O-methyl (M), 2‘-O-ethyl (E), and 2‘-?uoro Generic examples of nucleic acid molecules of the invention 

include those With the folloWing: 

AAXXXXXXXXXXXXXBBBBB 
XXXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXXXX 
AAAAAAAXXXBBBBBBBBBB 

[0070] Examples of nucleic acid molecules of the inven 
tion Which contain speci?c modi?cations include those With 
the folloWing modi?cations, in Which X represents an 
unmodi?ed nucleotide, P represents 2‘-O-propyl, M repre 
sents 2‘-O-methyl, E represents 2‘-O-ethyl, and F represents 
2‘-?uoro: 

XXXXXXXXXXXXXXXXXXXXXXXXX 
PPMMXXXXXXXXXXXXXXXXEEMMM 
XXXXXXXXXXXXXXXXXXXXXXXXX 
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-continued 

EEEEXXXXXXXXXXXXXXXXEEMMM 

PPEEXXXXXXXXXXXXXXXXEEMMM 

EEEEEXXXXXXXXXXXXXXXEEEEE 

PPPPPPPXXXXXXXXXXXPPPPPPP 

FFPPPXXXXXXXXXXXXXXXPPPFF 

MPPPPPPPPPPPPPPPPXXXPPPPM 

FFFFFXXXXXXXXXXXXXXXFFFFF 

PEEPEEMPXXXXXXXXXPMEEPEEP 

MEXXXXXXXXXXXXXXMMMMMMMMM 

MXXXXXXXXXXXXXXXMMMMMMMMM 

EEXXXXXXXXXXXXXXXEEEEEEEE 

[0071] In some embodiments, the length of the sense 
strand can be 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, or 
18 nucleotides. Similarly, the length of the antisense strand 
can be 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, or 18 
nucleotides. Further, When a double-stranded nucleic acid 
molecule is formed from such sense and antisense mol 
ecules, the resulting duplex may have blunt ends or over 
hangs of 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, or 14 
nucleotides on one end or independently on each end. 
Further, double stranded nucleic acid molecules of the 
invention may be composed of a sense strand and an 
antisense strand Wherein these strands are of lengths 
described above, and are of the same or different lengths, but 
share only 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 
nucleotides of sequence complementarity. By Way of illus 
tration, in a situation Where the sense strand is 20 nucle 
otides in length and the antisense is 25 nucleotides in length 
and the tWo strands share only 15 nucleotides of sequence 
complementarity, a double stranded nucleic acid molecules 
may be formed With a 10 nucleotide overhang on one end 
and a 5 nucleotide overhang on the other end. 

[0072] Double-stranded oligonucleotides of the invention 
include STEALTHTM RNAs Which may be obtained from 
either Sequitur Inc. (Natick, Mass.), recently acquired by 
Invitrogen Corporation (Carlsbad, Calif.) or Invitrogen Cor 
poration directly. STEALTHTM RNAs are often synthesiZed 
based upon nucleotide sequence information provided by 
purchasers. In particular instances, purchasers may provide 
the nucleotide sequence of an RNA transcript for Which 
“knockdown” is desired and Invitrogen Corporation then 
selects suitable STEALTHTM RNA for the particular appli 
cation or purchasers may provide the actual sequence of the 
STEALTHTM RNAs to be used in the “knockdown” process. 
Typically, in the second instance, the nucleotide sequences 
provided by purchasers are betWeen 20 and 30 nucleotides 
in length. A more detailed description of business method 
aspects of the invention is set out elseWhere herein. HoW 
ever, these business methods typically include, in part, 
providing STEALTHTM RNA, as Well as protocols and 
additional reagents and compounds for purchasers to use the 
purchased STEALTHTM RNA for knocking doWn gene 
expression. 
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[0073] As a further example, the use of 2‘-O-methyl RNA 
may be used bene?cially in circumstances in Which it is 
desirable to minimiZe cellular stress responses. RNA having 
2‘-O-methyl nucleomonomers may not be recogniZed by 
cellular machinery that is thought to recogniZe unmodi?ed 
RNA. The use of 2‘-O-methylated or partially 2‘-O-methy 
lated RNA may avoid the interferon response to double 
stranded nucleic acids, While maintaining target RNA inhi 
bition. This RNAi (“stealth RNA”) is useful, for example, 
for avoiding the interferon or other cellular stress responses, 
both in short RNAi (e.g., siRNA) sequences that induce the 
interferon response, and in longer RNAi sequences that may 
induce the interferon response. 

[0074] An especially advantageous use of the present 
invention is in gene function studies in Which multiple RNAi 
sequences are used. According to present methods knoWn in 
the art, frequently there is no Way of predicting Which 
nucleic acid sequences might induce a stress response, 
including the interferon response, and in this regard the 
present invention signi?cantly advances the state of the art. 
For example, if all of the multiple sequences are partially 
2‘-O-methylated, the stress response, including interferon 
response, may be avoided, and thus avoid confounding 
results in Which some sequences affect cellular phenotype 
independent of the target gene inhibition. Other chemical 
modi?cations in addition to 2‘-O-methylation may also 
achieve this effect. 

[0075] For example, modi?ed sugars include D-ribose, 
2‘-O-alkyl (including 2‘-O-methyl and 2‘-O-ethyl), i.e., 
2‘-alkoxy, 2‘-amino, 2‘-S-alkyl, 2‘-halo (including 2‘-?uoro), 
2‘- methoxyethoxy, 2‘-allyloxy (—OCH2CH=CH2), 2‘-pro 
pargyl, 2‘-propyl, ethynyl, ethenyl, propenyl, and cyano and 
the like. In one embodiment, the sugar moiety can be a 
hexose and incorporated into an oligonucleotide as 
described (Augustyns, K., et al., Nucl. Acids. Res. 18:4711 
(1992)). Exemplary nucleomonomers can be found, e.g., in 
US. Pat. No. 5,849,902, incorporated by reference herein. 

[0076] The term “alkyl” includes saturated aliphatic 
groups, including straight-chain alkyl groups (e.g., methyl, 
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, 
decyl, etc.), branched-chain alkyl groups (isopropyl, tert 
butyl, isobutyl, etc.), cycloalkyl (alicyclic) groups (cyclo 
propyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl), 
alkyl substituted cycloalkyl groups, and cycloalkyl substi 
tuted alkyl groups. In certain embodiments, a straight chain 
or branched chain alkyl has 6 or feWer carbon atoms in its 
backbone (e.g., Cl-C6 for straight chain, C3-C6 for branched 
chain), and more preferably 4 or feWer. LikeWise, preferred 
cycloalkyls have from 3-8 carbon atoms in their ring struc 
ture, and more preferably have 5 or 6 carbons in the ring 
structure. The term Cl-C6 includes alkyl groups containing 
1 to 6 carbon atoms. 

[0077] Moreover, unless otherWise speci?ed, the term 
alkyl includes both “unsubstituted alkyls” and “substituted 
alkyls,” the latter of Which refers to alkyl moieties having 
independently selected substituents replacing a hydrogen on 
one or more carbons of the hydrocarbon backbone. Such 
substituents can include, for example, alkenyl, alkynyl, 
halogen, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, 
alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alky 
lcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbonyl, 
alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbo 
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nyl, alkoxyl, phosphate, phosphonato, phosphinato, cyano, 
amino (including alkyl amino, dialkylamino, arylamino, 
diarylamino, and alkylarylamino), acylamino (including 
alkylcarbonylamino, arylcarbonylamino, carbamoyl and 
ureido), amidino, imino, sulfhydryl, alkylthio, arylthio, thio 
carboxylate, sulfates, alkylsul?nyl, sulfonato, sulfamoyl, 
sulfonamido, nitro, tri?uoromethyl, cyano, aZido, heterocy 
clyl, alkylaryl, or an aromatic or heteroaromatic moiety. 
Cycloalkyls can be further substituted, e.g., With the sub 
stituents described above. An “alkylaryl” or an “arylalkyl” 
moiety is an alkyl substituted With an aryl (e.g., phenylm 
ethyl (benZyl)). The term “alkyl” also includes the side 
chains of natural and unnatural amino acids. The term 
“n-alkyl” means a straight chain (i.e., unbranched) unsub 
stituted alkyl group. 

[0078] The term “alkenyl” includes unsaturated aliphatic 
groups analogous in length and possible substitution to the 
alkyls described above, but that contain at least one double 
bond. For example, the term “alkenyl” includes straight 
chain alkenyl groups (e.g., ethylenyl, propenyl, butenyl, 
pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, 
etc.), branched-chain alkenyl groups, cycloalkenyl (alicy 
clic) groups (cyclopropenyl, cyclopentenyl, cyclohexenyl, 
cycloheptenyl, cyclooctenyl), alkyl or alkenyl substituted 
cycloalkenyl groups, and cycloalkyl or cycloalkenyl substi 
tuted alkenyl groups. In certain embodiments, a straight 
chain or branched chain alkenyl group has 6 or feWer carbon 
atoms in its backbone (e.g., C2-C6 for straight chain, C3-C6 
for branched chain). Likewise, cycloalkenyl groups may 
have from 3-8 carbon atoms in their ring structure, and more 
preferably have 5 or 6 carbons in the ring structure. The term 
C2-C6 includes alkenyl groups containing 2 to 6 carbon 
atoms. 

[0079] Moreover, unless otherWise speci?ed, the term 
alkenyl includes both “unsubstituted alkenyls” and “substi 
tuted alkenyls,” the latter of Which refers to alkenyl moieties 
having independently selected substituents replacing a 
hydrogen on one or more carbons of the hydrocarbon 
backbone. Such substituents can include, for example, alkyl 
groups, alkynyl groups, halogens, hydroxyl, alkylcarbony 
loxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbony 
loxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycar 
bonyl, aminocarbonyl, alkylaminocarbonyl, 
dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl, phos 
phate, phosphonato, phosphinato, cyano, amino (including 
alkyl amino, dialkylamino, arylamino, diarylamino, and 
alkylarylamino), acylamino (including alkylcarbonylamino, 
arylcarbonylamino, carbamoyl and ureido), amidino, imino, 
sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates, 
alkylsul?nyl, sulfonato, sulfamoyl, sulfonamido, nitro, trif 
luoromethyl, cyano, aZido, heterocyclyl, alkylaryl, or an 
aromatic or heteroaromatic moiety. 

[0080] The term “alkynyl” includes unsaturated aliphatic 
groups analogous in length and possible substitution to the 
alkyls described above, but Which contain at least one triple 
bond. For example, the term “alkynyl” includes straight 
chain alkynyl groups (e.g., ethynyl, propynyl, butynyl, pen 
tynyl, hexynyl, heptynyl, octynyl, nonynyl, decynyl, etc.), 
branched-chain alkynyl groups, and cycloalkyl or cycloalk 
enyl substituted alkynyl groups. In certain embodiments, a 
straight chain or branched chain alkynyl group has 6 or 
feWer carbon atoms in its backbone (e.g., C2-C6 for straight 
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chain, C3-C6 for branched chain). The term C2-C6 includes 
alkynyl groups containing 2 to 6 carbon atoms. 

[0081] Moreover, unless otherWise speci?ed, the term 
alkynyl includes both “unsubstituted alkynyls” and “substi 
tuted alkynyls,” the latter of Which refers to alkynyl moieties 
having independently selected substituents replacing a 
hydrogen on one or more carbons of the hydrocarbon 
backbone. Such substituents can include, for example, alkyl 
groups, alkynyl groups, halogens, hydroxyl, alkylcarbony 
loxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbony 
loxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycar 
bonyl, aminocarbonyl, alkylaminocarbonyl, 
dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl, phos 
phate, phosphonato, phosphinato, cyano, amino (including 
alkyl amino, dialkylamino, arylamino, diarylamino, and 
alkylarylamino), acylamino (including alkylcarbonylamino, 
arylcarbonylamino, carbamoyl and ureido), amidino, imino, 
sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates, 
alkylsul?nyl, sulfonato, sulfamoyl, sulfonamido, nitro, trif 
luoromethyl, cyano, aZido, heterocyclyl, alkylaryl, or an 
aromatic or heteroaromatic moiety. 

[0082] Unless the number of carbons is otherWise speci 
?ed, “loWer alkyl” as used herein means an alkyl group, as 
de?ned above, but having from one to ?ve carbon atoms in 
its backbone structure. “Lower alkenyl” and “loWer alkynyl” 
have chain lengths of, for example, 2-5 carbon atoms. 

[0083] The term “alkoxy” includes substituted and unsub 
stituted alkyl, alkenyl, and alkynyl groups covalently linked 
to an oxygen atom. Examples of alkoxy groups include 
methoxy, ethoxy, isopropyloxy, propoxy, butoxy, and pen 
toxy groups. Examples of substituted alkoxy groups include 
halogenated alkoxy groups. The alkoxy groups can be 
substituted With independently selected groups such as alk 
enyl, alkynyl, halogen, hydroxyl, alkylcarbonyloxy, arylcar 
bonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, car 
boxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, 
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, 
alkylthiocarbonyl, alkoxyl, phosphate, phosphonato, phos 
phinato, cyano, amino (including alkyl amino, dialkylamino, 
arylamino, diarylamino, and alkylarylamino), acylamino 
(including alkylcarbonylamino, arylcarbonylamino, car 
bamoyl and ureido), amidino, imino, sulffiydryl, alkylthio, 
arylthio, thiocarboxylate, sulfates, alkylsulfmyl, sulfonato, 
sulfamoyl, sulfonamido, nitro, tri?uoromethyl, cyano, aZido, 
heterocyclyl, alkylaryl, or an aromatic or heteroaromatic 
moieties. Examples of halogen substituted alkoxy groups 
include, but are not limited to, ?uoromethoxy, di?uo 
romethoxy, tri?uoromethoxy, chloromethoxy, dichlo 
romethoxy, trichloromethoxy, etc. 

[0084] The term “heteroatom” includes atoms of any 
element other than carbon or hydrogen. Preferred heteroat 
oms are nitrogen, oxygen, sulfur and phosphorus. 

[0085] The term “hydroxy” or “hydroxyl” includes groups 
With an —OH or —O' (With an appropriate counterion). 

[0086] The term “halogen” includes ?uorine, bromine, 
chlorine, iodine, etc. The term “perhalogenated” generally 
refers to a moiety Wherein all hydrogens are replaced by 
halogen atoms. 

[0087] The term “substituted” includes independently 
selected substituents Which can be placed on the moiety and 
Which alloW the molecule to perform its intended fuction. 
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[0088] The term “amine” or “amino” includes compounds 
or moieties in Which a nitrogen atom is covalently bonded to 
at least one carbon or heteroatom. The term “alkyl amino” 
includes groups and compounds Wherein the nitrogen is 
bound to at least one additional alkyl group. The term 
“dialkyl amino” includes groups Wherein the nitrogen atom 
is bound to at least tWo additional alkyl groups. 

[0089] The term “ether” includes compounds or moieties 
Which contain an oxygen bonded to tWo different carbon 
atoms or heteroatoms. For example, the term includes 
“alkoxyalkyl,” Which refers to an alkyl, alkenyl, or alkynyl 
group covalently bonded to an oxygen atom Which is 
covalently bonded to another alkyl group. 

[0090] The term “base” includes the knoWn purine and 
pyrimidine heterocyclic bases, deaZapurines, and analogs 
(including heterocyclic substituted analogs, e.g., aminoet 
hyoxy phenoxaZine), derivatives (e.g., 1-alkyl-, 1-alkenyl-, 
heteroaromatic- and 1-alkynyl derivatives) and tautomers 
thereof. Examples of purines include adenine, guanine, 
inosine, diaminopurine, and xanthine and analogs (e.g., 
8-oxo-N6-methyladenine or 7-diaZaxanthine) and deriva 
tives thereof. Pyrimidines include, for example, thymine, 
uracil, and cytosine, and their analogs (e.g., S-methylcy 
tosine, S-methyluracil, 5-(1-propynyl)uracil, 5-(1-propynyl 
)cytosine and 4,4-ethanocytosine). Other examples of suit 
able bases include non-purinyl and non-pyrimidinyl bases 
such as 2-aminopyridine and triaZines. 

[0091] In a preferred embodiment, the nucleomonomers of 
an oligonucleotide of the invention are RNA nucleotides. In 
another preferred embodiment, the nucleomonomers of an 
oligonucleotide of the invention are modi?ed RNA nucle 
otides. Thus, the oligunucleotides contain modi?ed RNA 
nucleotides. 

[0092] The term “nucleoside” includes bases Which are 
covalently attached to a sugar moiety, preferably ribose or 
deoxyribose. Examples of preferred nucleosides include 
ribonucleosides and deoxyribonucleosides. Nucleosides also 
include bases linked to amino acids or amino acid analogs 
Which may comprise free carboxyl groups, free amino 
groups, or protecting groups. Suitable protecting groups are 
Well knoWn in the art (see P. G. M. Wuts and T. W. Greene, 
“Protective Groups in Organic Synthesis”, 2nd Ed., Wiley 
Interscience, NeW York, 1999). 

[0093] The term “nucleotide” includes nucleosides Which 
further comprise a phosphate group or a phosphate analog. 

[0094] As used herein, the term “linkage” includes a 
naturally occurring, unmodi?ed phosphodiester moiety 
(—O—(PO2_)—O—) that covalently couples adjacent 
nucleomonomers. As used herein, the term “substitute link 
age” includes any analog or derivative of the native phos 
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phodiester group that covalently couples adjacent nucle 
omonomers. Substitute linkages include phosphodiester 
analogs, e.g., phosphorothioate, phosphorodithioate, and 
P-ethyoxyphosphodiester, P-ethoxyphosphodiester, P-alky 
loxyphosphotriester, methylphosphonate, and nonphospho 
rus containing linkages, e.g., acetals and amides. Such 
substitute linkages are knoWn in the art (e. g., Bj ergarde et al. 
1991. Nucleic Acids Res. 19:5843; Caruthers et al. 1991. 
Nucleosides Nucleotides. 10:47). 

[0095] In certain embodiments, oligonucleotides of the 
invention comprise 3‘ and 5‘ termini (except for circular 
oligonucleotides). In one embodiment, the 3‘ and 5‘ termini 
of an oligonucleotide can be substantially protected from 
nucleases e.g., by modifying the 3‘ or 5‘ linkages (e.g., US. 
Pat. No. 5,849,902 and WO 98/13526). For example, oli 
gonucleotides can be made resistant by the inclusion of a 
“blocking group.” The term “blocking group” as used herein 
refers to substituents (e.g., other than OH groups) that can be 
attached to oligonucleotides or nucleomonomers, either as 
protecting groups or coupling groups for synthesis (e.g., 
FITC, propyl (CH2—CH2—CH3), glycol (—O—CH2— 
CH2—O—)phosphate (PO32), hydrogen phosphonate, or 
phosphoramidite). “Blocking groups” also include “end 
blocking groups” or “exonuclease blocking groups” Which 
protect the 5‘ and 3‘ termini of the oligonucleotide, including 
modi?ed nucleotides and non-nucleotide exonuclease resis 
tant structures. 

[0096] Exemplary end-blocking groups include cap struc 
tures (e. g., a 7-methylguanosine cap), inverted nucleomono 
mers, e.g., With 3‘-3‘ or 5‘-5‘ end inversions (see, e.g., 
Ortiagao et al. 1992. Antisense Res. Dev. 2:129), meth 
ylphosphonate, phosphoramidite, non-nucleotide groups 
(e.g., non-nucleotide linkers, amino linkers, conjugates) and 
the like. The 3‘ terminal nucleomonomer can comprise a 
modi?ed sugar moiety. The 3‘ terminal nucleomonomer 
comprises a 3‘-O that can optionally be substituted by a 
blocking group that prevents 3‘-exonuclease degradation of 
the oligonucleotide. For example, the 3‘-hydroxyl can be 
esteri?ed to a nucleotide through a 3‘—>3‘ internucleotide 
linkage. For example, the alkyloxy radical can be methoxy, 
ethoxy, or isopropoxy, and preferably, ethoxy. Optionally, 
the 3‘Q3‘linked nucleotide at the 3‘ terminus can be linked 
by a substitute linkage. To reduce nuclease degradation, the 
5‘ most 3‘Q5‘ linkage can be a modi?ed linkage, e.g., a 
phosphorothioate or a P-alkyloxyphosphotriester linkage. 
Preferably, the tWo 5‘ most 3‘—>5‘ linkages are modi?ed 
linkages. Optionally, the 5‘ terminal hydroxy moiety can be 
esteri?ed With a phosphorus containing moiety, e.g., phos 
phate, phosphorothioate, or P-ethoxyphosphate. 

[0097] In one embodiment, the sense strand of an oligo 
nucleotide comprises a 5‘ group that alloWs for RNAi 
activity but Which renders the sense strand inactive in terms 
of gene targeting. Preferably, such a 5‘ modifying group is a 
phosphate group or a group larger than a phosphate group. 
Oligonucleotides of this type often exhibit increased speci 
?city for a target gene in a cell that corresponds to the 
nucleotide sequence of the antisense strand. This is because 
the sense strand in such an oligonucleotide is often rendered 
incapable of mediating cleavage of any nucleotide sequence 
it might bind to non-speci?cally and thus Will not inactivate 
any other genes in the cell. Thus, observed decrease in the 
expression of a gene Within a cell transfected With such an 
oligonucleotide Will often be attributed to the direct or 


































































































