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(57) ABSTRACT 

Antisense sequences, including duplex RNAi compositions, 
Which possess improved properties over those taught in the 
prior art are disclosed. The invention provides optimized 
antisense oligomer compositions and method for making 
and using the both in in vitro systems and therapeutically. 
The invention also provides methods of making and using 
the improved antisense oligomer compositions. 
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FIGURE 1. E?‘ect of structural changes on e?icacy ofsiRNAs targeting p53 :21 -mers vs. 27-mers with and without 3 ’-de0xy T T overhangs. 
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FIGURE 6 
Inhibition of p5 3 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 patent application No. 60/353,203, ?led on Feb. 1, 
2002, application No. 60/436,238, ?led Dec. 23, 2002, and 
application No. 60/438,608, ?led Jan. 7, 2003. This appli 
cation also claims the priority of 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 
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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: 
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Antisense 

5'-0lig0(N)-3' 
X Y 

3'-0lig0(N)-5' 

Sense 0lig0(N) : 

(N) 12-40 

Figure 1. 
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[0007] 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 and Y are each independently selected from a group 
consisting of nothing; from about 1 to about 20 nucleotides 
of 5‘ overhang; 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. 

[0008] 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”). 

[0009] In one embodiment, the number of Ns in each 
strand of the duplex is betWeen about 12 and about 50 (i.e., 
in the ?gure above, oligo(N) has betWeen about 12 and about 
50 nucleomonomers). In other embodiments, the number of 
Ns in each strand of the duplex is betWeen about 12 and 
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about 40; or betWeen about 15 and about 35; or more 
particularly betWeen about 20 and about 30; or even betWeen 
about 21 and about 25. 

[0010] 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. 

[0011] 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. 

[0012] In one embodiment, the nucleotide sequence of the 
loop is GAAA. 

[0013] In another aspect, the invention pertains to a 
double-stranded oligonucleotide composition having the 
structure: 
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Antisense 

Sense 

Figure 2. 
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[0014] Where (1) N is a nucleomonomer in complementary 
oligonucleotide 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 Zs 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 
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should be of the same length, the sequences of Z and M 
nucleomonomers may optionally be of the same length. 

[0015] In one embodiment, Z and M are nucleomonomers 
selected from the group consisting of C and G. 

[0016] In one embodiment, the sequence of Zs or Ms is 
CC, GG, CG, GC, CCC, GGG, CGG, GCC, GCG, CGC, 
CGGG, GCCC, CCCC, GGGG, GCGC, CGCG, GGGC, 
CCCG, CGGG, GCCC, GGCC, or CCGG. 
[0017] In another aspect, the invention pertains to a 
double-stranded oligonucleotide composition having the 
structure: 
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Antisense 

5'-(N)15-40(M)2-8'3' 

3"(N)15-40(M)2-s'5' 

Sense 

Figure 3. 
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[0018] 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. 

[0019] 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. 

[0020] In the structure above, M is a nucleomonomer in 
complementary oligonucleotide strands of betWeen about 2 
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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. 

[0021] 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. 

[0022] In another aspect, the invention pertains to a 
double-stranded oligonucleotide composition having the 
structure: 
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Antisense 

Sense 

Figure 4. 
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[0023] 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 Gs or A’s and (3) 
Where Z is a nucleomonomer in complementary oligonucle 
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. 

[0024] In one embodiment, Zs are nucleomonomers 
selected from the group consisting of C and G. 

[0025] In one embodiment, the sequence of Zs is CC, GG, 
CG, GC, ccc, GGG, CGG, GCC, GCG, CGC, CGGG, 
GCCC, cccc, GGGG, GCGC, CGCG, GGGC, CCCG, 
CGGG, GCCC, GGCC, or CCGG. 

[0026] 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. 

[0027] 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. 

[0028] 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 no. 
US. Ser. No. , ?led on the same day as the present 
application, bearing attorney docket number “SRI-013,” and 
entitled “Oligonucleotide Compositions With Enhanced 
Ef?ciency.” This application and all of its teachings is 
hereby expressly incorporated herein by reference in its 
entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 shoWs that the length of double-stranded 
oligonucleotides and the presence or absence of overhangs 
has no effect on function. 

[0030] FIG. 1B shoWs the effect of structural changes on 
the ef?cacy of siRNAs targeting [3-3-Integrin. 

[0031] 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. 

[0032] FIG. 2B shoWs effect of [3-3-integrin targeted 
21-mer and 27-mers on PKR expression in HMVEC Cells. 

[0033] FIG. 3 shoWs the effect of 5‘ or 3‘ modi?cation on 
activity of double-stranded RNA duplexes. 

[0034] FIG. 4 shoWs the effect of the siZe of the modifying 
group on activity of the double-stranded RNA duplex. 
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[0035] FIG. 5 shoWs the results of 2‘-O-Me modi?cations 
on the activity of double-stranded RNA duplexes. 

[0036] FIG. 6 shoWs the inhibition of p53 by 32- and 
37-mer blunt-end siRNAs. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] 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. 

[0038] Double-Stranded Oligonucleotide Compositions 

[0039] 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 a gene of inter 
est. 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). 
[0040] 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. 

[0041] 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. 

[0042] 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 
expression of a target gene. For example, the antisense 
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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. 

[0043] Accordingly, one aspect of the invention is a 
method of inhibiting the activity of a target gene by intro 
ducing an RNAi agent into a cell, such that the dsRNA 
component of the RNAi agent is targeted to the gene. In one 
embodiment, an RNAoligonucleotide molecule may contain 
at least one nucleomonomer 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 overhangs may be stabiliZed by incor 
porating modi?ed nucleotide analogues. 

[0044] In another aspect, double-stranded RNA molecules 
known in the art can be used in the 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 US. Pat. No. 6,506,559; 
US. Pat. No. 2002/0,173,478 A1; US. Pat. No. 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. 
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[0045] 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 introduction of 
chemical modi?cations at the 3‘-ends of siRNAs.” 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 cytoplasm of human 
cells.” Nucleic Acids Res. 2003 Jan 15;31(2):700-7.) 
[0046] 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 
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. 

[0047] 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. 
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A A 5' A 
A _ b] ‘ G A 

G GGCCCUUCUG CUUGAACAUGAGUU 
A CCGGGAAGACAGAACTTGTACTCAA A A 
A G G 

A AA 

(SEQ ID NO: ##) 

Figure 5. 


























































































