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Figure 18
SENSE STRAND (SEQID NO 521)
ALLPOSITIONS RIBONUCLEOTIDE EXCEPT POSITIONS (NN)

A

5'3'-

B-N N N N N N N N N N N N N N N N N N N (NN)-B -3'
L-(NN) NNN N N N N N N N N N N N NNNNN
-5
ANTISENSE STRAND (SEQID NO 522)
ALLPOSITIONS RIBONUCLEOTIDE EXCEPT POSITIONS (NN)

SENSESTRAND (SEQID NO 523)

ALLPYRIMIDINES = 2'-FLUORO AND ALL PURINES = 2'-OM EXCEPT POSITIONS (NN)

5'-

B

3'-

NNNNNNNNNNNNNNNNNNN (NN)

L-(NN) NN N N N N N N N N N N N N NNNNN

-3'

-5

ANTISENSESTRAND (SEQID NO 524)
ALLPYRIMIDINES = 2'-FLUORO AND ALL PURINES = 2'-O-ME EXCEPT POSITIONS (NN)
SENSE STRAND (SEQID NO 525)

ALLPYRIMIDINES=2'-O-ME OR 2'-FLUORO EXCEPT POSITIONS (NN)

C

:

5'3'-

B-N N N N N N N N N N N N N N N N N N N (NN)-B
L-(NN) NNNNNNNNNNNNNNNNNNN

ANTISENSE STRAND (SEQID NO 526)

3.
5

s

ALLPYRIMIDINES = 2'-FLUORO EXCEPT POSITIONS (NN)

SENSE STRAND (SEQID NO 527)

ALL PYRIMIDINES = 2'-FLUORO EXCEPT POSITIONS (NN) AND ALL PURINES = 2-DEOXY

D

3'-

B-NNNNNNNNNNNNNNNNNNN (NN)-B -3'
5'
L-(NN) NN N N N N N N N N N N NNN NNNN
ANTISENSE STRAND (SEQID NO 528)

ALLPYRIMIDINES = 2'-FLUORO AND ALL PURINES = 2'-O-ME EXCEPT POSITIONS (NN)
SENSE STRAND (SEQID NO 529)
ALLPYRIMIDINES = 2'-FLUORO EXCEPT POSITIONS (NN)

5'-

B-NNNNNNNNNNNNNNNNNNN (NN)-B -3'

E - 3'- L-(NN) NNNNNNNNNNNNNNNNNNN

-5'

ANTISENSESTRAND (SEQID NO 530)
ALL PYRIMIDINES = 2'-FLUORO AND ALL PURINES = 2'-O-ME EXCEPT POSITIONS (NN)
SENSESTRAND (SEQID NO 527)
ALLPYRIMIDINES = 2'-FLUORO EXCEPT POSITIONS (NN) AND ALLPURINES = 2-DEOXY

F

5'3'-

B-N N N N N N N N N N N N N N N N N N N (NN)-B -3'
L-(NN) N N N N N N N N N N N N N N N N N NN
-5'
ANTISENSE STRAND (SEQ ID NO 531)

ALLPYRIMIDINES = 2'-FLUORO EXCEPT POSITIONS (NN) AND ALL PURINES = 2'-DEOXY

POSITIONS (NN) CAN COMPRISE ANY NUCLEOTIDE, SUCH AS DEOXYNUCLEOTIDES
(eg. THYMIDINE) OR UNIVERSAL BASES
B = ABASIC, INVERTEDABASIC, INVERTED NUCLEOTDE OR OTHER TERMINAL CAP
THAT IS OPTIONALLY PRESENT
L = GLYCERYL MOIETY THAT IS OPTIONALLY PRESENT
S = PHOSPHOROTHIOATE ORPHOSPHORODITHIOATE
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Figure 19
SENSE STRAND (SEQID NO 532)

A

5

3

iB-C C C C G G G A G G U C U C GUAGATTB

L-TsTGG G GCC CUC CAGA G CAU CU
ANTISENSE STRAND (SEQID NO 533)
SENSE STRAND (SEQID NO 534)

cc cc g g gaggu cu c guaga TT

B

L-TsTg g g g c cc u cca gag caucu
ANTISENSE STRAND (SEQID NO 535)

SENSESTRAND (SEQID NO 536)
iB-c cc c GGG A G Gu cu c Gu AGATT-iB

C

L-TsTGG G G cc cu cc AGAG cAu cu

ANTISENSE STRAND (SEQID NO 537)
SENSE STRAND (SEQD NO 538)

D

5

3

iB-cc cc GG G A G Gu cu c Gu A GATT-iB

L-TsTgg g g c cc u cc a gag caucu
ANTISENSE STRAND (SEQID NO 539)

SENSESTRAND (SEQID NO 540)

E

iB-cc cc GGG A G Gu cu c Gu AGATT-iB

L-TsTg g g g c c cu cc a gag caucu
ANTISENSE STRAND (SEQID NO 541)
SENSE STRAND (SEQID NO 538)

F

iB-cc cc GGGA G Gucu c Gu A GATTB

L-TsTGG G Gcc cu cc A GA G cAu cu

-5

ANTISENSE STRAND (SEQID NO 542)

lower case 2'-O-Methyl or 2'-deoxy-2'-fluoro ITALIC UPPERCASE DEoxy
italic lower case = 2'-deoxy-2'-fluoro

B as INVERTED DEOXYABASIC

underline = 2'-O-methyl

L = GLYCERYL MOIETY OPTIONALLY PRESENT
S = PHOSPHOROTHIOATE OR
PHOSPHORODTHOATE
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Figure 61: sinA Lipid Conjugates
5'-Lipid-W-CL
ap a

r P

8

3' (

SENSE

SENSE

ANTISENSE

5'SENSE) CL-W-Lipid
SENSE

a

3' ( . ANTISENSE
5'-Lipid-W-CL

SENSE

3' ( .IIIlfill
ANTISENSE

) CL-W-Lipid

SENSE)\ /

ill

3'-Lipid-W-CL- (
5"

3'-Lipid-W-CL().
p
\ /

ANTISENSE
SENSE) CL-W-Lipid

It
ANTISENSE

5'-Lipid-W-CLiN)-L-W-Lipid
3'-Lipid-W-CL- ().
ANTISENSE

CL=cleavable linker (e.g. A-dT, C-dT) that is optionally present
Lipid=Straight chain or branched alkyl or fatty acid, e.g. C18H3
W= linker molecule (see for example Formulae 48, 49, 64, or 65)
n = integer, e.g. 1, 2, or 3
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Figure 63: silv4 Galactosamine Conjugates
SENSE

5'-GAL-W-CL

3 ( | ||

||

} ANTISENSE

5

SENSE

Illi

CL-W-GAL

SENSE

) CL-W-GAL

ANTISENSE

5'-GAL-W-CL

() IIIANTISENSE
U. '

SENSE

3'-GAL-W-CL-

)

Illin
ANTISENSE I

5'SENSE) CL-W-GAL

3-GALW-CL- () III
ANTISENSE

5-GALW-CLiNE)-L-WGAL
I

3'-GAL-W-CL- ( }

ANTISENSE

CL=cleavable linker (e.g. A-dT, C-dT) that is optionally present
GAL=GALACTOSAMINE; e.g. compounds having Formulae 51-56, 86,92, 99, 100, 103,105,106
W= linker molecule (see for example Formulae 102 or 103)
in F integer, e.g. 1, 2, or 3
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Figure 65: Generalized sinA Conjugate Design
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CONJ-Fany biologically active molecule or conjugate as described herein
CLFcleavable linker (e.g. A-dT, C-dT) that is optionally present
W= linker molecule

n = integer, e.g. 1, 2, or 3
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RNA INTERFERENCE MEDIATED INHIBITION
OF GENE EXPRESSION USING CHEMICALLY
MODIFIED SHORT INTERFERING NUCLEC

ACID (SINA)

0001. This application is a division of U.S. patent appli
cation Ser. No. 10/444,853, filed May 23, 2003, which is a
continuation-in-part of U.S. patent application Ser. No.
10/417,012, filed Apr. 16, 2003, and a continuation-in-part
of International Patent Application No. PCT/US03/05346,
filed Feb. 20, 2003, and a continuation-in-part of Interna
tional Patent Application No. PCT/US03/05028, filed Feb.
20, 2003, which the International Patent Applications claim
the benefit of U.S. Provisional Application No. 60/358,580,
filed Feb. 20, 2002, U.S. Provisional Application No.
60/363,124, filed Mar. 11, 2002, U.S. Provisional Applica
tion No. 60/386,782, filed Jun. 6, 2002, U.S. Provisional

Application No. 60/406,784, filed Aug. 29, 2002, U.S.
Provisional Application No. 60/408,378, filed Sep. 5, 2002,
U.S. Provisional Application No. 60/409.293, filed Sep. 9,
2002, and U.S. Provisional Application No. 60/440,129,
filed Jan. 15, 2003. U.S. patent application Ser. No. 10/444,
853 is also a continuation-in-part of U.S. patent application
Ser. No. 10/427,160 filed Apr. 30, 2003 and International
Patent Application No. PCT/US02/15876 filed May 17,
2002. The instant application claims the benefit of all the
listed applications, which are hereby incorporated by refer
ence in their entireties, including the drawings.
FIELD OF THE INVENTION

0002 The present invention concerns methods and
reagents useful in modulating gene expression in a variety of
applications, including use in therapeutic, diagnostic, target
validation, and genomic discovery applications. Specifi
cally, the invention relates to synthetic Small nucleic acid
molecules, such as short interfering nucleic acid (siNA),
short interfering RNA (siRNA), double-stranded RNA
(dsRNA), micro-RNA (miRNA), and short hairpin RNA
(shRNA) molecules capable of mediating RNA interference
(RNAi).
BACKGROUND OF THE INVENTION

0003. The following is a discussion of relevant art per
taining to RNAi. The discussion is provided only for under
standing of the invention that follows. The Summary is not
an admission that any of the work described below is prior
art to the claimed invention. Applicant demonstrates herein
that chemically modified short interfering nucleic acids
possess the same capacity to mediate RNAi as do siRNA
molecules and are expected to possess improved stability
and activity in Vivo: therefore, this discussion is not meant
to be limiting only to siRNA and can be applied to siNA as
a whole.

0004 RNA interference refers to the process of sequence
specific post-transcriptional gene silencing in animals medi
ated by short interfering RNAs (siRNAs) (Fire et al., 1998,
Nature, 391, 806; Hamilton et al., 1999, Science, 286,

950-951). The corresponding process in plants is commonly
referred to as post-transcriptional gene silencing or RNA
silencing and is also referred to as quelling in fungi. The
process of post-transcriptional gene silencing is thought to
be an evolutionarily-conserved cellular defense mechanism
used to prevent the expression of foreign genes and is
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commonly shared by diverse flora and phyla (Fire et al.,
1999, Trends Genet., 15, 358). Such protection from foreign
gene expression may have evolved in response to the
production of double-stranded RNAs (dsRNAs) derived
from viral infection or from the random integration of
transposon elements into a host genome via a cellular
response that specifically destroys homologous single
stranded RNA or viral genomic RNA. The presence of
dsRNA in cells triggers the RNAi response though a mecha
nism that has yet to be fully characterized. This mechanism
appears to be different from the interferon response that
results from dsRNA-mediated activation of protein kinase
PKR and 2',5'-oligoadenylate synthetase resulting in non
specific cleavage of mRNA by ribonuclease L.
0005 The presence of long dsRNAs in cells stimulates
the activity of a ribonuclease III enzyme referred to as dicer.
Dicer is involved in the processing of the dsRNA into short
pieces of dsRNA known as short interfering RNAs (siRNAs)
(Hamilton et al., Supra; Berstein et al., 2001, Nature, 409,
363). Short interfering RNAs derived from dicer activity are
typically about 21 to about 23 nucleotides in length and
comprise about 19 base pair duplexes (Hamilton et al.,
supra; Elbashir et al., 2001, Genes Dev., 15, 188). Dicer has
also been implicated in the excision of 21- and 22-nucleotide
small temporal RNAs (stRNAs) from precursor RNA of
conserved structure that are implicated in translational con
trol (Hutvagner et al., 2001, Science, 293, 834). The RNAi
response also features an endonuclease complex, commonly
referred to as an RNA-induced silencing complex (RISC),
which mediates cleavage of single-stranded RNA having
sequence complementary to the antisense strand of the
siRNA duplex. Cleavage of the target RNA takes place in the
middle of the region complementary to the antisense strand
of the siRNA duplex (Elbashir et al., 2001, Genes Dev., 15,
188).
0006 RNAi has been studied in a variety of systems. Fire
et al., 1998, Nature, 391, 806, were the first to observe RNAi

in C. elegans. Bahramian and Zarbl., 1999, Molecular and
Cellular Biology, 19, 274-283 and Wianny and Goetz, 1999,
Nature Cell Biol., 2, 70, describe RNAi mediated by dsRNA
in mammalian systems. Hammond et al., 2000, Nature, 404,
293, describe RNAi in Drosophila cells transfected with
dsRNA. Elbashir et al., 2001, Nature, 411, 494, describe

RNAi induced by introduction of duplexes of synthetic
21-nucleotide RNAs in cultured mammalian cells including
human embryonic kidney and HeLa cells. Recent work in
Drosophila embryonic lysates (Elbashir et al., 2001, EMBO
J., 20, 6877) has revealed certain requirements for siRNA
length, structure, chemical composition, and sequence that
are essential to mediate efficient RNAi activity. These stud
ies have shown that 21-nucleotide siRNA duplexes are most
active when containing 3'-terminal dinucleotide overhangs.
Furthermore, complete substitution of one or both siRNA
strands with 2'-deoxy (2-H) or 2'-O-methyl nucleotides
abolishes RNAi activity, whereas substitution of the 3'-ter
minal siRNA overhang nucleotides with 2'-deoxy nucle
otides (2-H) was shown to be tolerated. Single mismatch
sequences in the center of the siRNA duplex were also
shown to abolish RNAi activity. In addition, these studies
also indicate that the position of the cleavage site in the
target RNA is defined by the 5'-end of the siRNA guide
sequence rather than the 3'-end of the guide sequence
(Elbashir et al., 2001, EMBO.J., 20, 6877). Other studies
have indicated that a 5'-phosphate on the target-complemen
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tary strand of a siRNA duplex is required for siRNA activity
and that ATP is utilized to maintain the 5'-phosphate moiety
on the siRNA (Nykanen et al., 2001, Cell, 107, 309).
0007 Studies have shown that replacing the 3'-terminal
nucleotide overhanging segments of a 21-mer siRNA duplex
having two-nucleotide 3'-overhangs with deoxyribonucle
otides does not have an adverse effect on RNAi activity.
Replacing up to four nucleotides on each end of the siRNA
with deoxyribonucleotides has been reported to be well
tolerated, whereas complete substitution with deoxyribo
nucleotides results in no RNAi activity (Elbashir et al., 2001,
EMBO.J., 20, 6877). In addition, Elbashir et al., supra, also
report that substitution of siRNA with 2'-O-methyl nucle
otides completely abolishes RNAi activity. Li et al., Inter
national PCT Publication No. WO 00/44914, and Beach et

al., International PCT Publication No. WO 01/68836 pre
liminarily suggest that siRNA may include modifications to
either the phosphate-Sugar backbone or the nucleoside to
include at least one of a nitrogen or Sulfur heteroatom,
however, neither application postulates to what extent Such
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chl et al., International PCT Publication No. WO 01/75164,

describe a Drosophila in vitro RNAi system and the use of
specific siRNA molecules for certain functional genomic
and certain therapeutic applications; although Tuschl, 2001,
Chem. Biochem., 2, 239-245, doubts that RNAi can be used

to cure genetic diseases or viral infection due to the danger
of activating interferon response. Liet al., International PCT
Publication No. WO 00/44914, describe the use of specific
dsRNAS for attenuating the expression of certain target
genes. Zernicka-Goetz et al., International PCT Publication
No. WO 01/36646, describe certain methods for inhibiting
the expression of particular genes in mammalian cells using
certain dsRNA molecules. Fire et al., International PCT

Publication No. WO99/32619, describe particular methods
for introducing certain dsRNA molecules into cells for use
in inhibiting gene expression. Plaetinck et al., International
PCT Publication No. WO 00/01846, describe certain meth

ods for identifying specific genes responsible for conferring
a particular phenotype in a cell using specific dsRNA
molecules. Mello et al., International PCT Publication No.

modifications would be tolerated in siRNA molecules, nor

WO 01/29058, describe the identification of specific genes
involved in dsRNA-mediated RNAi. Deschamps Depaillette

2,359,180, also describe certain chemical modifications for

describe specific compositions consisting of particular
dsRNA molecules combined with certain anti-viral agents.

provides any further guidance or examples of Such modified
siRNA. Kreutzer et al., Canadian Patent Application No.

use in dsRNA constructs in order to counteract activation of

double-stranded RNA-dependent protein kinase PKR, spe
cifically 2'-amino or 2'-O-methyl nucleotides, and nucle
otides containing a 2'-O or 4'-C methylene bridge. However,
Kreutzer et al. similarly fails to provide examples or guid
ance as to what extent these modifications would be toler
ated in siRNA molecules.

0008 Parrish et al., 2000, Molecular Cell, 6, 1077-1087,
tested certain chemical modifications targeting the unc-22
gene in C. elegans using long (>25 nt) siRNA transcripts.
The authors describe the introduction of thiophosphate resi
dues into these siRNA transcripts by incorporating thiophos
phate nucleotide analogs with T7 and T3 RNA polymerase
and observed that RNAs with two phosphorothioate modi
fied bases also had substantial decreases in effectiveness as

RNAi. Further, Parrish et al. reported that phosphorothioate
modification of more than two residues greatly destabilized
the RNAs in vitro such that interference activities could not

be assayed. Id. at 1081. The authors also tested certain
modifications at the 2'-position of the nucleotide Sugar in the
long siRNA transcripts and found that Substituting deoxy
nucleotides for ribonucleotides produced a substantial
decrease in interference activity, especially in the case of
Uridine to Thymidine and/or Cytidine to deoxy-Cytidine

et al., International PCT Publication No. WO 99/07409,
Waterhouse et al., International PCT Publication No.

99/53050, describe certain methods for decreasing the phe
notypic expression of a nucleic acid in plant cells using
certain dsRNAs. Driscollet al., International PCT Publica

tion No. WO 01/49844, describe specific DNA constructs
for use in facilitating gene silencing in targeted organisms.
0010. Others have reported on various RNAi and gene
silencing systems. For example, Parrish et al., 2000,
Molecular Cell, 6, 1077-1087, describe specific chemically
modified siRNA constructs targeting the unc-22 gene of C.
elegans. Grossniklaus, International PCT Publication No.
WO 01/38551, describes certain methods for regulating
polycomb gene expression in plants using certain dsRNAs.
Churikov et al., International PCT Publication No. WO

01/42443, describe certain methods for modifying genetic
characteristics of an organism using certain dsRNAs.
Cogoni et al. International PCT Publication No. WO
01/53475, describe certain methods for isolating a Neuro
spora silencing gene and uses thereof. Reed et al., Interna
tional PCT Publication No. WO 01/68836, describe certain

methods for gene silencing in plants. Honer et al., Interna

tional PCT Publication No. WO 01/70944, describe certain

substitutions. Id. In addition, the authors tested certain base

methods of drug screening using transgenic nematodes as
Parkinson's Disease models using certain dsRNAs. Deak et

strands of the siRNA, 4-thiouracil, 5-bromouracil, 5-iodou

describe certain Drosophila-derived gene products that may
be related to RNAi in Drosophila. Arndt et al., International

modifications, including Substituting, in sense and antisense

racil, and 3-(aminoallyl)uracil for uracil, and inosine for
guanosine. Whereas 4-thiouracil and 5-bromouracil substi
tution appeared to be tolerated, Parrish reported that inosine
produced a Substantial decrease in interference activity when
incorporated in either strand. Parrish also reported that
incorporation of 5-iodouracil and 3-(aminoallyl)uracil in the
antisense strand resulted in a substantial decrease in RNAi

activity as well.
0009. The use of longer dsRNA has been described. For
example, Beach et al., International PCT Publication No.
WO 01/68836, describes specific methods for attenuating
gene expression using endogenously-derived dsRNA. Tus

al., International PCT Publication No. WO 01/72774,

PCT Publication No. WO 01/92513 describe certain meth

ods for mediating gene Suppression by using factors that
enhance RNAi. Tuschl et al., International PCT Publication

No. WO 02/44321, describe certain synthetic siRNA con
structs. Pachuk et al., International PCT Publication No. WO
00/63364, and Satishchandran et al., International PCT
Publication No. WO 01/04313, describe certain methods and

compositions for inhibiting the function of certain poly
nucleotide sequences using certain dsRNAS. Echeverriet al.,

International PCT Publication No. WO 02/38805, describe

certain C. elegans genes identified via RNAi. Kreutzer et al.,
International PCT Publications Nos. WO 02/055692, WO
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02/055693, and EP 1144623 B1 describes certain methods

for inhibiting gene expression using RNAi. Graham et al.,

International PCT Publications Nos. WO99/49029 and WO

01/70949, and AU 4037501 describe certain vector

expressed siRNA molecules. Fire et al., U.S. Pat. No.
6,506,559, describe certain methods for inhibiting gene
expression in vitro using certain long dsRNA (greater than
25 nucleotide) constructs that mediate RNAi.
SUMMARY OF THE INVENTION

0011. This invention relates to compounds, compositions,
and methods useful for modulating RNA function and/or
gene expression in a cell. Specifically, the instant invention
features synthetic Small nucleic acid molecules, such as
short interfering nucleic acid (siNA), short interfering RNA
(siRNA), double-stranded RNA (dsRNA), micro-RNA
(miRNA), and short hairpin RNA (shRNA) molecules
capable of modulating gene expression in cells by RNA
inference (RNAi). The siNA molecules of the invention can
be chemically modified. The use of chemically modified
siNA can improve various properties of native siRNA mol
ecules through increased resistance to nuclease degradation
in vivo and/or improved cellular uptake. The chemically
modified siNA molecules of the instant invention provide
useful reagents and methods for a variety of therapeutic,
diagnostic, agricultural, target validation, genomic discov
ery, genetic engineering and pharmacogenomic applications.

0012. In a non-limiting example, the introduction of
chemically modified nucleotides into nucleic acid molecules
provides a powerful tool in overcoming potential limitations
of in vivo stability and bioavailability inherent to native
RNA molecules that are delivered exogenously. For
example, the use of chemically modified nucleic acid mol
ecules can enable a lower dose of a particular nucleic acid
molecule for a given therapeutic effect since chemically
modified nucleic acid molecules tend to have a longer
half-life in serum. Furthermore, certain chemical modifica

tions can improve the bioavailability of nucleic acid mol
ecules by targeting particular cells or tissues and/or improv
ing cellular uptake of the nucleic acid molecule. Therefore,
even if the activity of a chemically modified nucleic acid
molecule is reduced as compared to a native nucleic acid
molecule, for example when compared to an all RNA
nucleic acid molecule, the overall activity of the modified
nucleic acid molecule can be greater than the native mol
ecule due to improved stability and/or delivery of the
molecule. Unlike native unmodified siRNA, chemically
modified siNA can also minimize the possibility of activat
ing interferon activity in humans.
0013 In one embodiment, the nucleic acid molecules of
the invention that act as mediators of the RNA interference

gene silencing response are chemically modified double
stranded nucleic acid molecules. As in their native double

stranded RNA counterparts, these siNA molecules typically
consist of duplexes containing about 19 base pairs between
oligonucleotides comprising about 19 to about 25 nucle
otides. The most active siRNA molecules are thought to
have Such duplexes with overhanging ends of 1-3 nucle
otides, for example 21 nucleotide duplexes with 19 base
pairs and 2 nucleotide 3'-overhangs. These overhanging
segments are readily hydrolyzed by endonucleases in vivo.
Studies have shown that replacing the 3'-overhanging seg
ments of a 21-mer siRNA duplex having 2 nucleotide 3'

overhangs with deoxyribonucleotides does not have an
adverse effect on RNAi activity. Replacing up to 4 nucle
otides on each end of the siRNA with deoxyribonucleotides
has been reported to be well tolerated whereas complete
substitution with deoxyribonucleotides results in no RNAi
activity (Elbashir et al., 2001, EMBO J., 20, 6877). In
addition, Elbashir et al. Supra, also report that substitution of
siRNA with 2'-O-methyl nucleotides completely abolishes
RNAi activity. Li et al. International PCT Publication No.
WO 00/44914, and Beach et al., International PCT Publi

cation No. WO 01/68836 both suggest that siRNA may
include modifications to either the phosphate-sugar back
bone or the nucleoside to include at least one of a nitrogen
or sulfur heteroatom, however neither application teaches to
what extent these modifications are tolerated in siRNA

molecules nor provide any examples of Such modified
siRNA. Kreutzer and Limmer, Canadian Patent Application
No. 2,359,180, also describe certain chemical modifications
for use in dsRNA constructs in order to counteract activation

of double stranded-RNA-dependent protein kinase PKR,
specifically 2-amino or 2'-O-methyl nucleotides, and nucle
otides containing a 2'-O or 4'-C methylene bridge. However,
Kreutzer and Limmer similarly fail to show to what extent
these modifications are tolerated in siRNA molecules nor

provide any examples of such modified siRNA.
0014. In one embodiment, the invention features chemi
cally modified siNA constructs having specificity for target
nucleic acid molecules in a cell. Non-limiting examples of
such chemical modifications include without limitation

phosphorothioate internucleotide linkages. 2'-O-methyl
ribonucleotides,
2'-deoxy-2'-fluoro
ribonucleotides,
2'-deoxyribonucleotides, “universal base' nucleotides, 5-Cmethyl nucleotides, and inverted deoxyabasic residue incor
poration. These chemical modifications, when used in vari
ous siNA constructs, are shown to preserve RNAi activity in
cells while at the same time, dramatically increasing the
serum stability of these compounds. Furthermore, contrary
to the data published by Parrish et al., supra, applicant
demonstrates that multiple (greater than one) phospho
rothioate substitutions are well-tolerated and confer substan

tial increases in serum stability for modified siNA con
StructS.

0015. In one embodiment, the chemically-modified siNA
molecules of the invention comprise a duplex having two
strands, one or both of which can be chemically-modified,
wherein each strand is about 19 to about 29 (e.g., about 19,
20, 21, 22, 23, 24, 25, 26, 27, 28.or 29) nucleotides. In one
embodiment, the chemically-modified siNA molecules of
the invention comprise a duplex having two strands, one or
both of which can be chemically-modified, wherein each
strand is about 19 to about 23 (e.g., about 19, 20, 21, 22, or
23) nucleotides. In one embodiment, a siNA molecule of the
invention comprises modified nucleotides while maintaining
the ability to mediate RNAi. The modified nucleotides can
be used to improve in vitro or in Vivo characteristics such as
stability, activity, and/or bioavailability. For example, a
siNA molecule of the invention can comprise modified
nucleotides as a percentage of the total number of nucle
otides present in the siNA molecule. As such, a siNA
molecule of the invention can generally comprise modified
nucleotides from about 5 to about 100% of the nucleotide

positions (e.g., 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,

95% or 100% of the nucleotide positions). The actual
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percentage of modified nucleotides present in a given siNA
molecule depends on the total number of nucleotides present
in the siNA. If the siNA molecule is single stranded, the
percent modification can be based upon the total number of
nucleotides present in the single stranded siNA molecules.
Likewise, if the siNA molecule is double stranded, the

percent modification can be based upon the total number of
nucleotides present in the sense Strand, antisense strand, or
both the sense and antisense Strands. In addition, the actual

percentage of modified nucleotides present in a given siNA
molecule can also depend on the total number of purine and
pyrimidine nucleotides present in the siNA, for example,
wherein all pyrimidine nucleotides and/or all purine nucle
otides present in the siNA molecule are modified.
0016. The antisense region of a siNA molecule of the
invention can comprise a phosphorothioate internucleotide
linkage at the 3'-end of said antisense region. The antisense
region can comprise about one to about five phosphorothio
ate internucleotide linkages at the 5'-end of said antisense
region. The 3'-terminal nucleotide overhangs of a siNA
molecule of the invention can comprise ribonucleotides or
deoxyribonucleotides that are chemically-modified at a
nucleic acid Sugar, base, or backbone. The 3'-terminal nucle
otide overhangs can comprise one or more universal base
ribonucleotides. The 3'-terminal nucleotide overhangs can
comprise one-or more acyclic nucleotides.
0017. In one embodiment, a siNA molecule of the inven
tion comprises blunt ends, i.e., the ends do not include any
overhanging nucleotides. For example, a siNA molecule of
the invention comprising modifications described herein
(e.g., comprising nucleotides having Formulae I-VII or siNA
constructs comprising Stabl-Stab18 or any combination
thereof) and/or any length described herein can comprise
blunt ends or ends with no overhanging nucleotides.
0018. By “blunt ends” is meant symmetric termini or
termini of a double stranded siNA molecule having no
overhainging nucleotides. The two strands of a double
stranded siNA molecule align with each other without
over-hanging nucleotides at the termini. For example, a
blunt ended siNA construct comprises terminal nucleotides
that are complimentary between the sense and antisense
regions of the siNA molecule.
0019. In one embodiment, the invention features a
double-stranded short interfering nucleic acid (siNA) mol
ecule that down-regulates expression of a target gene,
wherein the siNA molecule comprises no ribonucleotides
and each strand of the double-stranded siNA comprises
about 19 to about 23 nucleotides.

0020. In one embodiment, one of the strands of a double
stranded siNA molecule of the invention comprises a nucle
otide sequence that is complementary to a nucleotide
sequence or a portion thereof of a target gene, and wherein
the second strand of a double-stranded siNA molecule

comprises a nucleotide sequence Substantially similar to the
nucleotide sequence or a portion thereof of the target gene.
0021. In one embodiment, a siNA molecule of the inven
tion comprises about 19 to about 23 nucleotides, and each
strand comprises at least about 19 nucleotides that are
complementary to the nucleotides of the other strand.
0022. In one embodiment, a siNA molecule of the inven
tion comprises an antisense region comprising a nucleotide

sequence that is complementary to a nucleotide sequence or
a portion thereof of a target gene, and the siNA further
comprises a sense region, wherein the sense region com
prises a nucleotide sequence Substantially similar to the
nucleotide sequence or a portion thereof of the target gene.
The antisense region and the sense region each comprise
about 19 to about 23 nucleotides, and the antisense region
comprises at least about 19 nucleotides that are complemen
tary to nucleotides of the sense region.
0023. In one embodiment, a siNA molecule of the inven
tion comprises a sense region and an antisense region,
wherein the antisense region comprises a nucleotide
sequence that is complementary to a nucleotide sequence or
a portion thereof of RNA encoded by a target gene and the
sense region comprises a nucleotide sequence that is
complementary to the antisense region.
0024. In one embodiment, a siNA molecule of the inven
tion is assembled from two separate oligonucleotide frag
ments wherein one fragment comprises the sense region and
the second fragment comprises the antisense region of the
siNA molecule. In another embodiment, the sense region is
connected to the antisense region via a linker molecule,
which can be a polynucleotide linker or a non-nucleotide
linker.

0025. In one embodiment, a siNA molecule of the inven
tion comprises a sense region and antisense region, wherein
pyrimidine nucleotides in the sense region compries 2'-Omethyl pyrimidine nucleotides and purine nucleotides in the
sense region comprise 2'-deoxy purine nucleotides. In one
embodiment, a siNA molecule of the invention comprises a
sense region and antisense region, wherein pyrimidine
nucleotides present in the sense region comprise 2'-deoxy
2'-fluoro pyrimidine nucleotides and wherein purine nucle
otides present in the sense region comprise 2'-deoxy purine
nucleotides.

0026. In one embodiment, a siNA molecule of the inven
tion comprises a sense region and antisense region, wherein
the pyrimidine nucleotides when present in said antisense
region are 2'-deoxy-2'-fluoro pyrimidine nucleotides and the
purine nucleotides when present in said antisense region are
2'-O-methyl purine nucleotides.
0027. In one embodiment, a siNA molecule of the inven
tion comprises a sense region and antisense region, wherein
the pyrimidine nucleotides when present in said antisense
region are 2'-deoxy-2'-fluoro pyrimidine nucleotides and
wherein the purine nucleotides when present in said anti
sense region comprise 2'-deoxy purine nucleotides.
0028. In one embodiment, a siNA molecule of the inven
tion comprises a sense region and antisense region, wherein
the sense region includes a terminal cap moiety at the 5'-end,
the 3'-end, or both of the 5' and 3' ends of the sense region.
In another embodiment, the terminal cap moiety is an
inverted deoxy abasic moiety.
0029. In one embodiment, a siNA molecule of the inven
tion has RNAi activity that modulates expression of RNA
encoded by a gene. Because many genes can share some
degree of sequence homology with each other, siNA mol
ecules can be designed to target a class of genes (and
associated receptor or ligand genes) or alternately specific
genes by selecting sequences that are either shared amongst
different gene targets or alternatively that are unique for a
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specific gene target. Therefore, in one embodiment, the siNA
molecule can be designed to target conserved regions of a
RNA sequence having homology between several genes so
as to target several genes or gene families (e.g., different
gene isoforms, splice variants, mutant genes etc.) with one
siNA molecule. In another embodiment, the siNA molecule

can be designed to target a sequence that is unique to a
specific RNA sequence of a specific gene due to the high
degree of specificity that the siNA molecule requires to
mediate RNAi activity.
0030. In one embodiment, nucleic acid molecules of the
invention that act as mediators of the RNA interference gene
silencing response are double-stranded nucleic acid mol
ecules. In another embodiment, the siNA molecules of the

invention consist of duplexes containing about 19 base pairs
between oligonucleotides comprising about 19 to about 25
(e.g., about 19, 20, 21, 22, 23, 24 or 25) nucleotides. In yet
another embodiment, siNA molecules of the invention com

prise duplexes with overhanging ends of about 1 to about 3
(e.g., about 1, 2, or 3) nucleotides, for example, about
21-nucleotide duplexes with about 19 base pairs and 3'-ter
minal mononucleotide, dinucleotide, or trinucleotide over
hangs.
0031. In one embodiment, the invention features one or
more chemically-modified siNA constructs having specific
ity for nucleic acid molecules that express or encode a
protein sequence. Such as RNA or DNA encoding a protein
sequence. Non-limiting examples of such chemical modifi
cations include without limitation phosphorothioate inter
nucleotide linkages. 2'-deoxyribonucleotides. 2'-O-methyl
ribonucleotides. 2'-deoxy-2'-fluoro ribonucleotides, “univer
sal base' nucleotides, “acyclic” nucleotides, 5-C-methyl
nucleotides, and terminal glyceryl and/or inverted deoxy
abasic residue incorporation. These chemical modifications,
when used in various siNA constructs, are shown to preserve
RNAi activity in cells while at the same time, dramatically
increasing the serum stability of these compounds.
0032. In one embodiment, a siNA molecule of the inven
tion does not contain any ribonucleotides. In another
embodiment, a siNA molecule of the invention comprises
one or more ribonucleotides.

0033. In one embodiment, the invention features the use
of compounds or compositions that inhibit the activity of
double stranded RNA binding proteins (dsRBPs, see for
example Silhavy et al., 2003, Journal of General Virology,
84, 975-980). Non-limiting examples of compounds and
compositions that can be used to inhibit the activity of
dsRBPs include but are not limited to small molecules and

nucleic acid aptamers that bind to or interact with the
dsRBPs and consequently reduce dsRBP activity and/or
siNA molecules that target nucleic acid sequences encoding
dsRBPs. The use of such compounds and compositions is
expected to improve the activity of siNA molecules in
biological systems in which dsRBPs can abrogate or Sup
press the efficacy of siNA mediated RNA interference, such
as where dsRBPs are expressed during viral infection of a
cell to escape RNAi surveillance. Therefore, the use of
agents that inhibit dsRBP activity is preferred in those
instances where RNA interference activity can be improved
via the abrogation or suppression of dsRBP activity. Such
anti-dsRBP agents can be administered alone or can be
co-administered with siNA molecules of the invention, or

can be used to pretreat cells or a subject before siNA
administration. In another embodiment, anti-dsRBP agents
are used to treat viral infection, such as HCV, HBV, or HIV
infection with or without siNA molecules of the invention.

0034. In one embodiment, the invention features a
double-stranded short interfering nucleic acid (siNA) mol
ecule that down-regulates expression -of a gene, wherein
one of the strands of the double-stranded siNA molecule

comprises a nucleotide sequence that is complementary to a
nucleotide sequence of the gene or RNA encoded by the
gene or a portion thereof, and wherein the second strand of
the double-stranded siNA molecule comprises a nucleotide
sequence Substantially similar to the nucleotide sequence of
the gene or RNA encoded by the gene or a portion thereof.
0035) In one embodiment, the invention features a
double-stranded short interfering nucleic acid (siNA) mol
ecule that down-regulates expression of a gene, wherein
each strand of the siNA molecule comprises about 19 to
about 23 nucleotides, and wherein each strand comprises at
least about 19 nucleotides that are complementary to the
nucleotides of the other strand.

0036). In one embodiment, the invention features a
double-stranded short interfering nucleic acid (siNA) mol
ecule that down-regulates expression of a gene, wherein the
siNA molecule comprises an antisense region comprising a
nucleotide sequence that is complementary to a nucleotide
sequence of the gene or RNA encoded by the gene or a
portion thereof, and wherein the siNA further comprises a
sense region, wherein the sense region comprises a nucle
otide sequence Substantially similar to the nucleotide
sequence of the gene or RNA encoded by the gene or a
portion thereof.
0037. In one embodiment, the invention features a
double-stranded short interfering nucleic acid (siNA) mol
ecule that inhibits the expression of a target gene by medi
ating RNA interference (RNAi) process, wherein the siNA
molecule comprises no ribonucleotides and wherein each
strand of the double-stranded siNA molecule comprises
about 21 nucleotides.

0038. In one embodiment, the invention features a
double-stranded short interfering nucleic acid (siNA) mol
ecule that inhibits the replication of a virus (e.g., as mam
malian virus, plant virus, hepatitis C virus, human immu
nodeficiency virus, hepatitis B virus, herpes simplex virus,
cytomegalovirus, human papilloma virus, respiratory Syn
cytial virus, or influenza virus), wherein the siNA molecule
does not require the presence of a ribonucleotide within the
siNA molecule for the inhibition of replication of the virus
and each strand of the double-stranded siNA molecule

comprises about 21 nucleotides.
0039. In one embodiment, the invention features a
double-stranded short interfering nucleic acid (siNA) mol
ecule that down-regulates expression of a gene, wherein the
siNA molecule comprises a sense region and an antisense
region and wherein the antisense region comprises a nucle
otide sequence that is complementary to a nucleotide
sequence or a portion thereof of RNA encoded by the gene
and the sense region comprises a nucleotide sequence that is
complementary to the antisense region, and wherein the
purine nucleotides present in the antisense region comprise
2'-deoxy-purine nucleotides. In another embodiment, the
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purine nucleotides present in the antisense region comprise
2'-O-methyl purine nucleotides. In either of the above
embodiments, the antisense region comprises a phospho
rothioate internucleotide linkage at the 3' end of the anti
sense region. In an alternative embodiment, the antisense
region comprises a glyceryl modification at the 3' end of the
antisense region. In another embodiment of any of the above
described siNA molecules, any nucleotides present in a
non-complementary region of the antisense strand (e.g.
overhang region) are 2'-deoxy nucleotides.
0040. In one embodiment, the invention features a
double-stranded short interfering nucleic acid (siNA) mol
ecule that down-regulates expression of a gene, wherein the
siNA molecule is assembled from two separate oligonucle
otide fragments each comprising 21 nucleotides, wherein
one fragment comprises the sense region and the second
fragment comprises the antisense region of the SiNA mol
ecule, and wherein about 19 nucleotides of each fragment of
the siNA molecule are base-paired to the complementary
nucleotides of the other fragment of the siNA molecule and
wherein at least two 3' terminal nucleotides of each fragment
of the siNA molecule are not base-paired to the nucleotides
of the other fragment of the siNA molecule. In one embodi
ment, each of the two 3' terminal nucleotides of each

fragment of the siNA molecule is a 2'-deoxy-pyrimidine,
such as 2'-deoxy-thymidine. In another embodiment, all 21
nucleotides of each fragment of the siNA molecule are
base-paired to the complementary nucleotides of the other
fragment of the siNA molecule. In another embodiment,
about 19 nucleotides of the antisense region are base-paired
to the nucleotide sequence or a portion thereof of the RNA
encoded by the gene. In another embodiment, 21 nucleotides
of the antisense region are base-paired to the nucleotide
sequence or a portion thereof of the RNA encoded by the
gene. In any of the above embodiments, the 5'-end of the
fragment comprising said antisense region can optionally
include a phosphate group.
0041. In one embodiment, the invention features a
double-stranded short interfering nucleic acid (siNA) mol
ecule that inhibits the expression of a RNA sequence (e.g.,
wherein said target RNA sequence is encoded by a gene or
a gene involved in a pathway of gene expression), wherein
the siNA molecule does not contain any ribonucleotides and
wherein each strand of the double-stranded siNA molecule

is about 21 nucleotides long.
0042. In one embodiment, the invention features a medi
cament comprising a siNA molecule of the invention.
0043. In one embodiment, the invention features an
active ingredient comprising a siNA molecule of the inven
tion.

0044) In one embodiment, the invention features the use
of a double-stranded short interfering nucleic acid (siNA)
molecule to down-regulate expression of a target gene,
wherein the siNA molecule comprises one or more chemical
modifications and each strand of the double-stranded siNA

is about 21 nucleotides long.
0045. The invention features a double-stranded short
interfering nucleic acid (siNA) molecule that inhibits
expression of a gene, wherein one of the Strands of the
double-stranded siNA molecule is an antisense strand which

comprises nucleotide sequence that is complementary to

Sep. 28, 2006
nucleotide sequence of a RNA encoded by the gene or a
portion thereof, the other strand is a sense strand which
comprises nucleotide sequence that is complementary to a
nucleotide sequence of the antisense Strand and wherein a
majority of the pyrimidine nucleotides present in the double
Stranded siNA molecule comprises a Sugar modification. In
one embodiment, the nucleotide sequence of the antisense
strand of the double-stranded siNA molecule is complemen
tary to the nucleotide sequence of a RNA which encodes a
protein or a portion thereof. In one embodiment, each strand
of the siNA molecule comprises about 19 to about 29
nucleotides, and each strand comprises at least about 19
nucleotides that are complementary to the nucleotides of the
other strand. In one embodiment, the siNA molecule is

assembled from two oligonucleotide fragments, wherein one
fragment comprises the nucleotide sequence of the antisense
Strand of the SiNA molecule and a second fragment com
prises nucleotide sequence of the sense region of the siNA
molecule. In another embodiment, the sense Strand is con
nected to the antisense strand via a linker molecule. Such as

a polynucleotide linker or a non-nucleotide linker. In one
embodiment, the pyrimidine nucleotides present in the sense
strand are 2'-deoxy-2'-fluoro pyrimidine nucleotides and the
purine nucleotides present in the sense region are 2'-deoxy
purine nucleotides. In another embodiment, the pyrimidine
nucleotides present in the sense strand are 2'-deoxy-2'-fluoro
pyrimidine nucleotides and the purine nucleotides present in
the sense region are 2'-O-methyl purine nucleotides. In one
embodiment, wherein the sense Strand comprises a 3'-end
and a 5'-end, a terminal cap moiety (e.g., an inverted deoxy
abasic moiety) is present at the 5'-end, the 3'-end, or both of
the 5' and 3' ends of the sense strand. In one embodiment, the

antisense strand comprises one or more 2'-deoxy-2'-fluoro
pyrimidine nucleotides and one or more 2'-O-methyl purine
nucleotides. In one embodiment, the pyrimidine nucleotides
present in the antisense strand are 2'-deoxy-2'-fluoro pyri
midine nucleotides and any purine nucleotides present in the
antisense strand are 2'-O-methyl purine nucleotides. In one
embodiment, the antisense Strand comprises a phospho
rothioate internucleotide linkage at the 3' end of the anti
sense strand. In another embodiment, the antisense Strand

comprises a glyceryl modification at the 3' end. In another
embodiment, the 5'-end of the antisense strand optionally
includes a phosphate group. In one embodiment, the inven
tion features a double-stranded short interfering nucleic acid
(siNA) molecule that down-regulates expression of a gene,
wherein one of the strands of the double-stranded siNA

molecule is an antisense strand which comprises nucleotide
sequence that is complementary to nucleotide sequence of
RNA encoded by a gene or a portion thereof, the other strand
is a sense Strand which comprises nucleotide sequence that
is complementary to a nucleotide sequence of the antisense
Strand and wherein a majority of the pyrimidine nucleotides
present in the double-stranded siNA molecule comprises a
Sugar modification, and wherein the nucleotide sequence of
the antisense Strand is complementary to a nucleotide
sequence of the 5'-untranslated region or a portion thereof of
the RNA. In another embodiment, the nucleotide sequence
of the antisense Strand is complementary to a nucleotide
sequence of the RNA or a portion thereof.
0046. In one embodiment, the invention features a
double-stranded short interfering nucleic acid (siNA) mol
ecule that inhibits expression of a gene, wherein one of the
strands of the double-stranded siNA molecule is an antisense
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Strand which comprises nucleotide sequence that is comple
mentary to nucleotide sequence of a RNA or a portion
thereof, the other Strand is a sense strand which comprises
nucleotide sequence that is complementary to a nucleotide
sequence of the antisense Strand and wherein a majority of
the pyrimidine nucleotides present in the double-stranded
siNA molecule comprises a Sugar modification, and wherein
each of the two strands of the siNA molecule comprises 21
nucleotides. In one embodiment, about 19 nucleotides of

each strand of the siNA molecule are base-paired to the
complementary nucleotides of the other strand of the siNA
molecule and at least two 3' terminal nucleotides of each

strand of the siNA molecule are not base-paired to the
nucleotides of the other strand of the siNA molecule. In one

embodiment, each of the two 3' terminal nucleotides of each

fragment of the siNA molecule are 2'-deoxy-pyrimidines,
Such as 2'-deoxy-thymidine. In another embodiment, each
strand of the siNA molecule is base-paired to the comple
mentary nucleotides of the other strand of the siNA mol
ecule. In one embodiment, about 19 nucleotides of the

antisense strand are base-paired to the nucleotide sequence
of the RNA or a portion thereof. In another embodiment, 21
nucleotides of the antisense Strand are base-paired to the
nucleotide sequence of the RNA or a portion thereof.
0047. In one embodiment, the invention features a com
position comprising a siNA molecule of the invention and a
pharmaceutically acceptable carrier or diluent.
0.048. In one embodiment, the invention features the use
of a double-stranded short interfering nucleic acid (siNA)
molecule that inhibits expression of a gene, wherein one of
the strands of the double-stranded siNA molecule is an

antisense Strand which comprises nucleotide sequence that is
complementary to nucleotide sequence of a RNA or a
portion thereof, the other strand is a sense strand which
comprises nucleotide sequence that is complementary to a
nucleotide sequence of the antisense Strand and wherein a
majority of the pyrimidine nucleotides present in the double
Stranded siNA molecule comprises a Sugar modification.
0049. In one embodiment, the invention features a short
interfering nucleic acid (siNA) molecule comprising a
double-stranded structure that down-regulates expression of
a target nucleic acid, wherein the siNA molecule does not
require a 2-hydroxyl group containing ribonucleotide, each
strand of the double-stranded structure of the siNA molecule

comprises about 21 nucleotides and the siNA molecule
comprises nucleotide sequence having complementarity to
nucleotide sequence of the target nucleic acid or a portion
thereof The target nucleic acid can be an endogenous gene,
an exogenous gene, a viral nucleic acid, or a RNA, such as
a mammalian gene, plant gene, Viral gene, fungal gene,
bacterial gene, plant viral gene, or mammalian viral gene.
Examples of mammalian viral gene include hepatitis C
virus, human immunodeficiency virus, hepatitis B virus,
herpes simplex virus, cytomegalovirus, human papilloma
virus, respiratory syncytial virus, influenza virus, and severe
acute respiratory syndrome virus (SARS).
0050. In one embodiment, a siNA molecule of the inven
tion comprises a sense region and an antisense region
wherein the antisense region comprises the nucleotide
sequence that is complementary to a nucleotide sequence or
a portion thereof of the target nucleic acid and the sense

region comprises a nucleotide sequence that is complemen
tary to nucleotide sequence of the antisense region or a
portion thereof.
0051. In one embodiment, a siNA molecule of the inven
tion is assembled from two separate oligonucleotide frag
ments wherein one fragment comprises the sense region and
the second fragment comprises the antisense region of the
siNA molecule. The sense region can be connected to the
antisense region via a linker molecule. Such as a polynucle
otide linker or non-nucleotide linker. In another embodi

ment, each sense region and antisense region comprise about
21 nucleotides in length. In another embodiment, about 19
nucleotides of each fragment of the siNA molecule are
base-paired to the complementary nucleotides of the other
fragment of the siNA molecule and at least two 3' terminal
nucleotides of each fragment of the siNA molecule are not
base-paired to the nucleotides of the other fragment of the
siNA molecule. In another embodiment, each of the two 3'

terminal nucleotides of each fragment of the siNA molecule
are 2'-deoxy-pyrimidines, such as the thymidine. In another
embodiment, all 21 nucleotides of each fragment of the siNA
molecule are base-paired to the complementary nucleotides
of the other fragment of the siNA molecule. In another
embodiment, about 19 nucleotides of the antisense region of
the siNA molecule are base-paired to the nucleotide
sequence or a portion thereof of the the target nucleic acid.
In another embodiment, 21 nucleotides of the antisense

region of the siNA molecule are base-paired to the nucle
otide sequence or a portion thereof of the target nucleic acid.
In another embodiment, the 5'-end of the fragment compris
ing the antisense region optionally includes a phosphate
group.

0052. In one embodiment, a siNA molecule of the inven
tion comprises nucleotide sequence having complementarity
to nucleotide sequence of RNA or a portion thereof encoded
by the target nucleic acid or a portion thereof.
0053. In one embodiment, a siNA molecule of the inven
tion comprises a sense region and an antisense region,
wherein the pyrimidine nucleotides when present in the
sense region are 2'-O-methyl pyrimidine nucleotides and
wherein the purine nucleotides when present in the sense
region are 2'-deoxy purine nucleotides.
0054. In one embodiment, a siNA molecule of the inven
tion comprises a sense region and an antisense region,
wherein the pyrimidine nucleotides when present in the
sense region are 2'-deoxy-2'-fluoro pyrimidine nucleotides
and wherein the purine nucleotides when present in the
sense region are 2'-deoxy purine nucleotides.
0055. In one embodiment, a siNA molecule of the inven
tion comprises a sense region and an antisense region,
wherein the sense region includes a terminal cap moiety at
the 5'-end, the 3'-end, or both of the 5' and 3' ends. The cap
moiety can be an inverted deoxy abasic moiety, an inverted
deoxy thymidine moiety, or a thymidine moiety.
0056. In one embodiment, a siNA molecule of the inven
tion comprises a sense region and an antisense region,
wherein the pyrimidine nucleotides when present in the
antisense region are 2'-deoxy-2'-fluoro pyrimidine nucle
otides and the purine nucleotides when present in the
antisense region are 2'-O-methyl purine nucleotides.
0057. In one embodiment, a siNA molecule of the inven
tion comprises a sense region and an antisense region,
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wherein the pyrimidine nucleotides when present in the
antisense region are 2'-deoxy-2'-fluoro pyrimidine nucle
otides and wherein the purine nucleotides when present in
the antisense region comprise 2'-deoxy-purine nucleotides.
0.058. In one embodiment, a siNA molecule of the inven
tion comprises a sense region and an antisense region,
wherein the antisense region comprises a phosphate back
bone modification at the 3' end of the antisense region. The
phosphate backbone modification can be a phosphorothio
ate.

0059. In one embodiment, a siNA molecule of the inven
tion comprises a sense region and an antisense region,
wherein the antisense region comprises a glyceryl modifi
cation at the 3' end of the antisense region.
0060. In one embodiment, a siNA molecule of the inven
tion comprises a sense region and an antisense region,
wherein each of sense and the antisense regions of the siNA
molecule comprise about 21 nucleotides.
0061. In a non-limiting example, the introduction of
chemically-modified nucleotides into nucleic acid molecules
provides a powerful tool in overcoming potential limitations
of in vivo stability and bioavailability inherent to native
RNA molecules that are delivered exogenously. For
example, the use of chemically-modified nucleic acid mol
ecules can enable a lower dose of a particular nucleic acid
molecule for a given therapeutic effect since chemically
modified nucleic acid molecules tend to have a longer
half-life in serum. Furthermore, certain chemical modifica

tions can improve the bioavailability of nucleic acid mol
ecules by targeting particular cells or tissues and/or improv
ing cellular uptake of the nucleic acid molecule. Therefore,
even if the activity of a chemically-modified nucleic acid
molecule is reduced as compared to a native nucleic acid
molecule, for example, when compared to an all-RNA
nucleic acid molecule, the overall activity of the modified
nucleic acid molecule can be greater than that of the native
molecule due to improved stability and/or delivery of the
molecule. Unlike native unmodified siNA, chemically
modified siNA can also minimize the possibility of activat
ing interferon activity in humans.
0062. In any of the embodiments of siNA molecules
described herein, the antisense region of a siNA molecule of
the invention can comprise a phosphorothioate internucle
otide linkage at the 3'-end of said antisense region. In any of
the embodiments of siNA molecules described herein, the

antisense region can comprise about one to about five
phosphorothioate internucleotide linkages at the 5'-end of
said antisense region. In any of the embodiments of siNA
molecules described herein, the 3'-terminal nucleotide over

hangs of a siNA molecule of the invention can comprise
ribonucleotides or deoxyribonucleotides that are chemi
cally-modified at a nucleic acid Sugar, base, or backbone. In
any of the embodiments of siNA molecules described
herein, the 3'-terminal nucleotide overhangs can comprise
one or more universal base ribonucleotides. In any of the
embodiments of siNA molecules described herein, the 3'-ter

minal nucleotide overhangs can comprise one or more
acyclic nucleotides.
0063. One embodiment of the invention provides an
expression vector comprising a nucleic acid sequence
encoding at least one siNA molecule of the invention in a

manner that allows expression of the nucleic acid molecule.
Another embodiment of the invention provides a mamma
lian cell comprising Such an expression vector. The mam
malian cell can be a human cell. The siNA molecule of the

expression vector can comprise a sense region and an
antisense region. The antisense region can comprise
sequence complementary to an RNA or DNA sequence
encoding a protein or polypeptide and the sense region can
comprise sequence complementary to the antisense region.
The siNA molecule can comprise two distinct Strands having
complementary sense and antisense regions. The siNA mol
ecule can comprise a single strand having complementary
sense and antisense regions.
0064. In one embodiment, the invention features a chemi
cally-modified short interfering nucleic acid (siNA) mol
ecule capable of mediating RNA interference (RNAi) inside
a cell or reconstituted in vitro system, wherein the chemical
modification comprises one or more (e.g., about 1, 2, 3, 4,
5, 6, 7, 8, 9, 10, or more) nucleotides comprising a backbone
modified internucleotide linkage having Formula I:

R-X-P-Y-R

0065 wherein each R1 and R2 is independently any
nucleotide, non-nucleotide, or polynucleotide which can be
naturally-occurring or chemically-modified, each X and Y is
independently O, S, N, alkyl, or substituted alkyl, each Zand
W is independently O, S, N, alkyl, substituted alkyl, O-alkyl,
S-alkyl, alkaryl, or aralkyl, and wherein W, X, Y, and Z are
optionally not all O.
0066. The chemically-modified internucleotide linkages
having Formula I, for example, wherein any Z, W, X, and/or
Yindependently comprises a Sulphur atom, can be present in
one or both oligonucleotide strands of the siNA duplex, for
example, in the sense Strand, the antisense strand, or both
strands. The siNA molecules of the invention can comprise
one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more)
chemically-modified internucleotide linkages having For
mula I at the 3'-end, the 5'-end, or both of the 3' and 5'-ends
of the sense Strand, the antisense strand, or both Strands. For

example, an exemplary siNA molecule of the invention can
comprise about 1 to about 5 or more (e.g., about 1, 2, 3, 4,
5, or more) chemically-modified internucleotide linkages
having Formula I at the 5'-end of the sense strand, the
antisense Strand, or both strands. In another non-limiting
example, an exemplary siNA molecule of the invention can
comprise one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10.
or more) pyrimidine nucleotides with chemically-modified
internucleotide linkages having Formula I in the sense
Strand, the antisense Strand, or both Strands. In yet another
non-limiting example, an exemplary siNA molecule of the
invention can comprise one or more (e.g., about 1, 2, 3, 4,
5, 6, 7, 8, 9, 10, or more) purine nucleotides with chemi
cally-modified internucleotide linkages having Formula I in
the sense strand, the antisense strand, or both Strands. In
another embodiment, a siNA molecule of the invention

having internucleotide linkage(s) of Formula I also com
prises a chemically-modified nucleotide or non-nucleotide
having any of Formulae I-VII.
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0067. In one embodiment, the invention features a chemi
cally-modified short interfering nucleic acid (siNA) mol
ecule capable of mediating RNA interference (RNAi) inside
a cell or reconstituted in vitro system, wherein the chemical
modification comprises one or more (e.g., about 1, 2, 3, 4,
5, 6, 7, 8, 9, 10, or more) nucleotides or non-nucleotides
having Formula II:

wherein each R3, R4, R5, R6, R7, R8, R10, R11 and R12 is

wherein each R3, R4, R5, R6, R7, R8, R10, R11 and R12 is

independently H, OH, alkyl, substituted alkyl, alkaryl or
aralkyl, F, Cl, Br, CN, CF3, OCF3, OCN, O-alkyl, S-alkyl,
N-alkyl, O-alkenyl, S-alkenyl, N-alkenyl, SO-alkyl, alkyl
OSH, alkyl-OH, O-alkyl-OH, O-alkyl-SH, S-alkyl-OH,
S-alkyl-SH, alkyl-S-alkyl, alkyl-O-alkyl, ONO2, NO2; N3,
NH2, aminoalkyl, aminoacid, aminoacyl, ONH2, O-ami
noalkyl, O-aminoacid, O-aminoacyl, heterocycloalkyl, het
erocycloalkaryl, aminoalkylamino, polyalklylamino, Substi
tuted silyl, or group having Formula I; R9 is O, S, CH2,
S=O, CHF, or CF2, and B is a nucleosidic base such as
adenine, guanine, uracil, cytosine, thymine, 2-aminoadenos
ine, 5-methylcytosine, 2,6-diaminopurine, or any other non
naturally occurring base that can be complementary or
non-complementary to target RNA or a non-nucleosidic base
Such as phenyl, naphthyl, 3-nitropyrrole, 5-nitroindole,
nebularine, pyridone, pyridinone, or any other non-naturally
occurring universal base that can be complementary or
non-complementary to target RNA.
0068 The chemically-modified nucleotide or non-nucle
otide of Formula II can be present in one or both oligo
nucleotide strands of the siNA duplex, for example in the
sense strand, the antisense strand, or both strands. The siNA

molecules of the invention can comprise one or more
chemically-modified nucleotide or non-nucleotide of For
mula II at the 3'-end, the 5'-end, or both of the 3' and 5'-ends
of the sense Strand, the antisense strand, or both Strands. For

example, an exemplary siNA molecule of the invention can
comprise about 1 to about 5 or more (e.g., about 1, 2, 3, 4,
5, or more) chemically-modified nucleotides or non-nucle
otides of Formula II at the 5'-end of the sense strand, the

antisense Strand, or both Strands. In anther non-limiting
example, an exemplary siNA molecule of the invention can
comprise about 1 to about 5 or more (e.g., about 1, 2, 3, 4,
5, or more) chemically-modified nucleotides or non-nucle
otides of Formula II at the 3'-end of the sense strand, the
antisense Strand, or both Strands.

0069. In one embodiment, the invention features a chemi
cally-modified short interfering nucleic acid (siNA) mol
ecule capable of mediating RNA interference (RNAi) inside
a cell or reconstituted in vitro system, wherein the chemical
modification comprises one or more (e.g., about 1, 2, 3, 4,
5, 6, 7, 8, 9, 10, or more) nucleotides or non-nucleotides
having Formula III:

independently H, OH, alkyl, substituted alkyl, alkaryl or
aralkyl, F, Cl, Br, CN, CF3, OCF3, OCN, O-alkyl, S-alkyl,
N-alkyl, O-alkenyl, S-alkenyl, N-alkenyl, SO-alkyl, alkyl
OSH, alkyl-OH, O-alkyl-OH, O-alkyl-SH, S-alkyl-OH,
S-alkyl-SH, alkyl-S-alkyl, alkyl-O-alkyl, ONO2, NO2, N3,
NH2, aminoalkyl, aminoacid, aminoacyl, ONH2, O-ami
noalkyl, O-aminoacid, O-aminoacyl, heterocycloalkyl, het
erocycloalkaryl, aminoalkylamino, polyalklylamino, Substi
tuted silyl, or group having Formula I; R9 is O, S, CH2,
S=O, CHF, or CF2, and B is a nucleosidic base such as

adenine, guanine, uracil, cytosine, thymine, 2-aminoadenos
ine, 5-methylcytosine, 2,6-diaminopurine, or any other non
naturally occurring base that can be employed to be comple
mentary or non-complementary to target RNA or a non
nucleosidic base such as phenyl, naphthyl, 3-nitropyrrole,
5-nitroindole, nebularine, pyridone, pyridinone, or any other
non-naturally occurring universal base that can be comple
mentary or non-complementary to target RNA.
0070 The chemically-modified nucleotide or non-nucle
otide of Formula III can be present in one or both oligo
nucleotide strands of the siNA duplex, for example, in the
sense strand, the antisense strand, or both strands. The siNA

molecules of the invention can comprise one or more
chemically-modified nucleotide or non-nucleotide of For
mula III at the 3'-end, the 5'-end, or both of the 3' and 5'-ends
of the sense Strand, the antisense strand, or both Strands. For

example, an exemplary siNA molecule of the invention can
comprise about 1 to about 5 or more (e.g., about 1, 2, 3, 4,
5, or more) chemically-modified nucleotide(s) or non-nucle
otide(s) of Formula III at the 5'-end of the sense strand, the
antisense Strand, or both Strands. In anther non-limiting
example, an exemplary siNA molecule of the invention can
comprise about 1 to about 5 or more (e.g., about 1, 2, 3, 4,
5, or more) chemically-modified nucleotide or non-nucle
otide of Formula III at the 3'-end of the sense strand, the
antisense Strand, or both Strands.

0071. In another embodiment, a siNA molecule of the
invention comprises a nucleotide having Formula II or III,
wherein the nucleotide having Formula II or III is in an
inverted configuration. For example, the nucleotide having
Formula II or III is connected to the siNA construct in a 3-3',

3'-2', 2'-3', or 5'-5' configuration, such as at the 3'-end, the
5'-end, or both of the 3' and 5'-ends of one or both siNA
Strands.

0072. In one embodiment, the invention features a chemi
cally-modified short interfering nucleic acid (siNA) mol
ecule capable of mediating RNA interference (RNAi) inside
a cell or reconstituted in vitro system, wherein the chemical
modification comprises a 5'-terminal phosphate group hav
ing Formula IV:
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X-P-Y-

wherein each X and Y is independently O, S, N, alkyl,
substituted alkyl, or alkylhalo; wherein each Z and W is
independently O, S, N, alkyl, substituted alkyl, O-alkyl,
S-alkyl, alkaryl, aralkyl, or alkylhalo; and wherein W, X, Y
and Z are not all O.

0073. In one embodiment, the invention features a siNA
molecule having a 5'-terminal phosphate group having For
mula IV on the target-complementary Strand, for example, a
strand complementary to a target RNA, wherein the siNA
molecule comprises an all RNA siNA molecule. In another
embodiment, the invention features a siNA molecule having
a 5'-terminal phosphate group having Formula IV on the
target-complementary strand wherein the siNA molecule
also comprises about 1 to about 3 (e.g., about 1, 2, or 3)
nucleotide 3'-terminal nucleotide overhangs having about 1
to about 4 (e.g., about 1, 2, 3, or 4) deoxyribonucleotides on
the 3'-end of one or both strands. In another embodiment, a

5'-terminal phosphate group having Formula IV is present
on the target-complementary strand of a siNA molecule of
the invention, for example a siNA molecule having chemical
modifications having any of Formulae I-VII.
0074. In one embodiment, the invention features a chemi
cally-modified short interfering nucleic acid (siNA) mol
ecule capable of mediating RNA interference (RNAi) inside
a cell or reconstituted in vitro system, wherein the chemical
modification comprises one or more phosphorothioate inter
nucleotide linkages. For example, in a non-limiting
example, the invention features a chemically-modified short
interfering nucleic acid (siNA) having about 1, 2, 3, 4, 5, 6,
7, 8 or more phosphorothioate internucleotide linkages in
one siNA strand. In yet another embodiment, the invention
features a chemically-modified short interfering nucleic acid
(siNA) individually having about 1, 2, 3, 4, 5, 6, 7, 8 or more
phosphorothioate internucleotide linkages in both siNA
Strands. The phosphorothioate internucleotide linkages can
be present in one or both oligonucleotide strands of the siNA
duplex, for example in the sense Strand, the antisense strand,
or both strands. The siNA molecules of the invention can

comprise one or more phosphorothioate internucleotide
linkages at the 3'-end, the 5'-end, or both of the 3'- and
5'-ends of the sense strand, the antisense strand, or both

strands. For example, an exemplary siNA molecule of the
invention can comprise about 1 to about 5 or more (e.g.,
about 1, 2, 3, 4, 5, or more) consecutive phosphorothioate
internucleotide linkages at the 5'-end of the sense strand, the
antisense Strand, or both strands. In another non-limiting
example, an exemplary siNA molecule of the invention can
comprise one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10.
or more) pyrimidine phosphorothioate internucleotide link
ages in the sense strand, the antisense Strand, or both strands.
In yet another non-limiting example, an exemplary siNA
molecule of the invention can comprise one or more (e.g.,
about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) purine phospho
rothioate internucleotide linkages in the sense Strand, the
antisense Strand, or both Strands.

0075. In one embodiment, the invention features a siNA
molecule, wherein the sense Strand comprises one or more,
for example, about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more
phosphorothioate internucleotide linkages, and/or one or
more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more) 2'-deoxy,
2'-O-methyl. 2'-deoxy-2'-fluoro, and/or about one or more
(e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more) universal base
modified nucleotides, and optionally a terminal cap mol
ecule at the 3'-end, the 5'-end, or both of the 3'- and 5'-ends
of the sense Strand; and wherein the antisense Strand com

prises about 1 to about 10 or more, specifically about 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, or more phosphorothioate internucle
otide linkages, and/or one or more (e.g., about 1, 2, 3, 4, 5,
6, 7, 8, 9, 10 or more) 2'-deoxy. 2'-O-methyl. 2'-deoxy-2'fluoro, and/or one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8,
9, 10 or more) universal base modified nucleotides, and
optionally a terminal cap molecule at the 3'-end, the 5'-end,
or both of the 3'- and 5'-ends of the antisense strand. In

another embodiment, one or more, for example about 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, or more, pyrimidine nucleotides of the
sense and/or antisense siNA strand are chemically-modified
with 2'-deoxy. 2'-O-methyl and/or 2'-deoxy-2'-fluoro nucle
otides, with or without one or more, for example about 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, or more, phosphorothioate internucle
otide linkages and/or a terminal cap molecule at the 3'-end,
the 5'-end, or both of the 3'- and 5'-ends, being present in the
same or different strand.

0076. In another embodiment, the invention features a
siNA molecule, wherein the sense strand comprises about 1
to about 5, specifically about 1, 2, 3, 4, or 5 phosphorothioate
internucleotide linkages, and/or one or more (e.g., about 1,
2, 3, 4, 5, or more) 2'-deoxy. 2'-O-methyl. 2'-deoxy-2'-fluoro,
and/or one or more (e.g., about 1, 2, 3, 4, 5, or more)
universal base modified nucleotides, and optionally a termi
nal cap molecule at the 3-end, the 5'-end, or both of the 3'and 5'-ends of the sense strand; and wherein the antisense

Strand comprises about 1 to about 5 or more, specifically
about 1, 2, 3, 4, 5, or more phosphorothioate internucleotide
linkages, and/or one or more (e.g., about 1, 2, 3, 4, 5, 6, 7,
8, 9, 10 or more) 2'-deoxy. 2'-O-methyl. 2'-deoxy-2'-fluoro,
and/or one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or
more) universal base modified nucleotides, and optionally a
terminal cap molecule at the 3'-end, the 5'-end, or both of the
3'- and 5'-ends of the antisense strand. In another embodi

ment, one or more, for example about 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, or more, pyrimidine nucleotides of the sense and/or
antisense siNA strand are chemically-modified with
2'-deoxy. 2'-O-methyl and/or 2'-deoxy-2'-fluoro nucleotides,
with or without about 1 to about 5 or more, for example
about 1, 2, 3, 4, 5, or more phosphorothioate internucleotide
linkages and/or a terminal cap molecule at the 3'-end, the
5'-end, or both of the 3'- and 5'-ends, being present in the
same or different strand.

0077. In one embodiment, the invention features a siNA
molecule, wherein the antisense Strand comprises one or
more, for example, about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more
phosphorothioate internucleotide linkages, and/or about one
or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more)
2'-deoxy. 2'-O-methyl. 2'-deoxy-2'-fluoro, and/or one or
more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more) universal
base modified nucleotides, and optionally a terminal cap
molecule at the 3'-end, the 5'-end, or both of the 3'- and
5'-ends of the sense strand; and wherein the antisense strand

comprises about 1 to about 10 or more, specifically about 1,
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2, 3, 4, 5, 6, 7, 8, 9, 10 or more phosphorothioate inter
nucleotide linkages, and/or one or more (e.g., about 1, 2, 3,
4, 5, 6, 7, 8, 9, 10 or more) 2'-deoxy. 2'-O-methyl. 2'-deoxy
2'-fluoro, and/or one or more (e.g., about 1, 2, 3, 4, 5, 6, 7,
8, 9, 10 or more) universal base modified nucleotides, and
optionally a terminal cap molecule at the 3'-end, the 5'-end,
or both of the 3'- and 5'-ends of the antisense strand. In

another embodiment, one or more, for example about 1, 2,
3, 4, 5, 6, 7, 8, 9, 10 or more pyrimidine nucleotides of the
sense and/or antisense siNA strand are chemically-modified
with 2'-deoxy. 2'-O-methyl and/or 2'-deoxy-2'-fluoro nucle
otides, with or without one or more, for example, about 1, 2,
3, 4, 5, 6, 7, 8, 9, 10 or more phosphorothioate internucle
otide linkages and/or a terminal cap molecule at the 3'-end,
the 5'-end, or both of the 3' and 5'-ends, being present in the
same or different strand.

0078. In another embodiment, the invention features a
siNA molecule, wherein the antisense strand comprises
about 1 to about 5 or more, specifically about 1, 2, 3, 4, 5 or
more phosphorothioate internucleotide linkages, and/or one
or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more)
2'-deoxy. 2'-O-methyl. 2'-deoxy-2'-fluoro, and/or one or
more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more) universal
base modified nucleotides, and optionally a terminal cap
molecule at the 3'-end, the 5'-end, or both of the 3'- and
5'-ends of the sense strand; and wherein the antisense strand

comprises about 1 to about 5 or more, specifically about 1,
2, 3, 4, 5 or more phosphorothioate internucleotide linkages,
and/or one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or
more) 2'-deoxy. 2'-O-methyl. 2'-deoxy-2'-fluoro, and/or one
or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more)
universal base modified nucleotides, and optionally a termi
nal cap molecule at the 3'-end, the 5'-end, or both of the 3'and 5'-ends of the antisense strand. In another embodiment,

one or more, for example about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10
or more pyrimidine nucleotides of the sense and/or antisense
siNA strand are chemically-modified with 2'-deoxy. 2'-Omethyl and/or 2'-deoxy-2'-fluoro nucleotides, with or with
out about 1 to about 5, for example about 1, 2, 3, 4, 5 or more
phosphorothioate internucleotide linkages and/or a terminal
cap molecule at the 3'-end, the 5'-end, or both of the 3'- and
5'-ends, being present in the same or different strand.
0079. In one embodiment, the invention features a chemi
cally-modified short interfering nucleic acid (siNA) mol
ecule having about 1 to about 5, specifically about 1, 2, 3, 4,
5 or more phosphorothioate internucleotide linkages in each
strand of the siNA molecule.

0080. In another embodiment, the invention features a
siNA molecule comprising 2'-5' internucleotide linkages.
The 2'-5' internucleotide linkage(s) can be at the 3'-end, the
5'-end, or both of the 3'- and 5'-ends of one or both siNA

sequence strands. In addition, the 2'-5' internucleotide link
age(s) can be present at various other positions within one or
both siNA sequence strands, for example, about 1, 2, 3, 4, 5,
6, 7, 8, 9, 10, or more including every internucleotide
linkage of a pyrimidine nucleotide in one or both Strands of
the siNA molecule can comprise a 2'-5' internucleotide
linkage, or about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more including
every internucleotide linkage of a purine nucleotide in one
or both strands of the siNA molecule can comprise a 2'-5'
internucleotide linkage.
0081. In another embodiment, a chemically-modified
siNA molecule of the invention comprises a duplex having

two strands, one or both of which can be chemically
modified, wherein each strand is about 18 to about 27 (e.g.,
about 18, 19, 20, 21, 22, 23, 24, 25, 26, or 27) nucleotides
in length, wherein the duplex has about 18 to about 23 (e.g.,
about 18, 19, 20, 21, 22, or 23) base pairs, and wherein the
chemical modification comprises a structure having any of
Formulae I-VII. For example, an exemplary chemically
modified siNA molecule of the invention comprises a duplex
having two strands, one or both of which can be chemically
modified with a chemical modification having any of For
mulae I-VII or any combination thereof, wherein each strand
consists of about 21 nucleotides, each having a 2-nucleotide
3'-terminal nucleotide overhang, and wherein the duplex has
about 19 base pairs. In another embodiment, a siNA mol
ecule of the invention comprises a single stranded hairpin
structure, wherein the siNA is about 36 to about 70 (e.g.,
about 36, 40, 45, 50, 55, 60, 65, or 70) nucleotides in length
having about 18 to about 23 (e.g., about 18, 19, 20, 21, 22.
or 23) base pairs, and wherein the siNA can include a
chemical modification comprising a structure having any of
Formulae I-VII or any combination thereof. For example, an
exemplary chemically-modified siNA molecule of the
invention comprises a linear oligonucleotide having about
42 to about 50 (e.g., about 42, 43, 44, 45, 46, 47, 48, 49, or
50) nucleotides that is chemically-modified with a chemical
modification having any of Formulae I-VII or any combi
nation thereof, wherein the linear oligonucleotide forms a
hairpin structure having about 19 base pairs and a 2-nucle
otide 3'-terminal nucleotide overhang. In another embodi
ment, a linear hairpin siNA molecule of the invention
contains a stem loop motif, wherein the loop portion of the
siNA molecule is biodegradable. For example, a linear
hairpin siNA molecule of the invention is designed such that
degradation of the loop portion of the siNA molecule in vivo
can generate a double-stranded siNA molecule with 3'-ter
minal overhangs, such as 3'-terminal nucleotide overhangs
comprising about 2 nucleotides.
0082 In another embodiment, a siNA molecule of the
invention comprises a hairpin structure, wherein the siNA is
about 25 to about 50 (e.g., about 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) nucleotides in length having about 3 to about
25 (e.g., about 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, or 25) base pairs, and wherein
the SiNA can include one or more chemical modifications

comprising a structure having any of Formulae I-VII or any
combination thereof. For example, an exemplary chemi
cally-modified siNA molecule of the invention comprises a
linear oligonucleotide having about 25 to about 35 (e.g.,
about 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, or 35)
nucleotides that is chemically-modified with one or more
chemical modifications having any of Formulae I-VII or any
combination thereof, wherein the linear oligonucleotide
forms a hairpin structure having about 3 to about 23 (e.g.,
about 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,15, 16, 17, 18, 19,

20, 21, 22, or 23) base pairs and a 5'-terminal phosphate
group that can be chemically modified as described herein
(for example a 5'-terminal phosphate group having Formula
IV). In another embodiment, a linear hairpin siNA molecule
of the invention contains a stem loop motif, wherein the loop
portion of the siNA molecule is biodegradable. In another
embodiment, a linear hairpin siNA molecule of the invention
comprises a loop portion comprising a non-nucleotide
linker.
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0083. In another embodiment, a siNA molecule of the
invention comprises an asymmetric hairpin structure,
wherein the siNA is about 25 to about 50 (e.g., about 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) nucleotides in length having
about 3 to about 20 (e.g., about 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, or 20) base pairs, and wherein the
siNA can include one or more chemical modifications com

prising a structure having any of Formulae I-VII or any
combination thereof. For example, an exemplary chemi
cally-modified siNA molecule of the invention comprises a
linear oligonucleotide having about 25 to about 35 (e.g.,
about 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, or 35)
nucleotides that is chemically-modified with one or more
chemical modifications having any of Formulae I-VII or any
combination thereof, wherein the linear oligonucleotide
forms an asymmetric hairpin structure having about 3 to
about 18 (e.g., about 3, 4, 5, 6, 7, 8, 9, 10, 11,12, 13, 14, 15,
16, 17 or 18) base pairs and a 5'-terminal phosphate group
that can be chemically modified as described herein (for
example a 5'-terminal phosphate group having Formula IV).
In another embodiment, an asymmetric hairpin siNA mol
ecule of the invention contains a stem loop motif, wherein
the loop portion of the siNA molecule is biodegradable. In
another embodiment, an asymmetric hairpin siNA molecule
of the invention comprises a loop portion comprising a

invention comprises a circular oligonucleotide having about
42 to about 50 (e.g., about 42, 43, 44, 45, 46, 47, 48, 49, or
50) nucleotides that is chemically-modified with a chemical
modification having any of Formulae I-VII or any combi
nation thereof, wherein the circular oligonucleotide forms a
dumbbell shaped structure having about 19 base pairs and 2
loops.
0086. In another embodiment, a circular siNA molecule
of the invention contains two loop motifs, wherein one or
both loop portions of the siNA molecule is biodegradable.
For example, a circular siNA molecule of the invention is
designed such that degradation of the loop portions of the
siNA molecule in vivo can generate a double-stranded siNA
molecule with 3'-terminal overhangs, such as 3'-terminal
nucleotide overhangs comprising about 2 nucleotides.
0087. In one embodiment, a siNA molecule of the inven
tion comprises at least one (e.g., about 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, or more) abasic moiety, for example a compound
having Formula V:

non-nucleotide linker.

0084. In another embodiment, a siNA molecule of the
invention comprises an asymmetric double stranded struc
ture having separate polynucleotide Strands comprising
sense and antisense regions, wherein the antisense region is
about 16 to about 25 (e.g., about 16, 17, 18, 19, 20, 21, 22.
23, 24, or 25) nucleotides in length, wherein the sense region
is about 3 to about 18 (e.g., about 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, or 18) nucleotides in length, wherein
the sense region the antisense region have at least 3 comple
mentary nucleotides, and wherein the SiNA can include one
or more chemical modifications comprising a structure hav
ing any of Formulae I-VII or any combination thereof. For
example, an exemplary chemically-modified siNA molecule
of the invention comprises an asymmetric double stranded
structure having separate polynucleotide Strands comprising
sense and antisense regions, wherein the antisense region is
about 18 to about 22 (e.g., about 18, 19, 20, 21, or 22)
nucleotides in length and wherein the sense region is about
3 to about 15 (e.g., about 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, or 15) nucleotides in length, wherein the sense region the
antisense region have at least 3 complementary nucleotides,

wherein each R3, R4, R5, R6, R7, R8, R10, R11, R12, and

R13 is independently H, OH, alkyl, substituted alkyl, alkaryl
or aralkyl, F, Cl, Br, CN, CF3, OCF3, OCN, O-alkyl,
S-alkyl, N-alkyl, O-alkenyl, S-alkenyl, N-alkenyl, SO-alkyl,
alkyl-OSH, alkyl-OH, O-alkyl-OH, O-alkyl-SH, S-alkyl
OH, S-alkyl-SH, alkyl-S-alkyl, alkyl-O-alkyl, ONO2, NO2,
N3, NH2, aminoalkyl, aminoacid, aminoacyl, ONH2,
O-aminoalkyl, O-aminoacid, O-aminoacyl, heterocy
cloalkyl, heterocycloalkaryl, aminoalkylamino, polyalkly
lamino, Substituted silyl, or group having Formula I; R9 is
O, S, CH2, S=O, CHF, or CF2.

0088. In one embodiment, a siNA molecule of the inven
tion comprises at least one (e.g., about 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, or more) inverted abasic moiety, for example a
compound having Formula VI:

and wherein the siNA can include one or more chemical

modifications comprising a structure having any of Formu
lae I-VII or any combination thereof. In another embodi
ment, the asymmetic double stranded SiNA molecule can
also have a 5'-terminal phosphate group that can be chemi
cally modified as described herein (for example a 5'-terminal
phosphate group having Formula IV).
0085. In another embodiment, a siNA molecule of the
invention comprises a circular nucleic acid molecule,
wherein the siNA is about 38 to about 70 (e.g., about 38.40,
45, 50, 55, 60, 65, or 70) nucleotides in length having about
18 to about 23 (e.g., about 18, 19, 20, 21, 22, or 23) base
pairs, and wherein the siNA can include a chemical modi
fication, which comprises a structure having any of Formu
lae I-VII or any combination thereof. For example, an
exemplary chemically-modified siNA molecule of the

wherein each R3, R4, R5, R6, R7, R8, R10, R11, R12, and

R13 is independently H, OH alkyl, substituted alkyl, alkaryl
or aralkyl, F, Cl, Br, CN, CF3, OCF3, OCN, O-alkyl,
S-alkyl, N-alkyl, O-alkenyl, S-alkenyl, N-alkenyl, SO-alkyl,
alkyl-OSH, alkyl-OH, O-alkyl-OH, O-alkyl-SH, S-alkyl
OH, S-alkyl-SH, alkyl-S-alkyl, alkyl-O-alkyl, ONO2, NO2,
N3, NH2, aminoalkyl, aminoacid, aminoacyl, ONH2,
O-aminoalkyl, O-aminoacid, O-aminoacyl, heterocy
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cloalkyl, heterocycloalkaryl, aminoalkylamino, polyalkly
lamino, Substituted silyl, or group having Formula I; R9 is
O, S, CH2, S=O, CHF, or CF2, and either R3, R5, R8 or

R13 serve as points of attachment to the siNA molecule of
the invention.

0089. In another embodiment, a siNA molecule of the
invention comprises at least one (e.g., about 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, or more) substituted polyalkyl moieties, for
example a compound having Formula VII:

-N1s.
R

wherein each n is independently an integer from 1 to 12,
each R1, R2 and R3 is independently H, OH, alkyl, substi
tuted alkyl, alkaryl or aralkyl, F, Cl, Br, CN, CF3, OCF3,
OCN, O-alkyl, S-alkyl, N-alkyl, O-alkenyl, S-alkenyl,
N-alkenyl, SO-alkyl, alkyl-OSH, alkyl-OH, O-alkyl-OH,
O-alkyl-SH, S-alkyl-OH, S-alkyl-SH, alkyl-S-alkyl, alkyl
O-alkyl, ONO2, NO2, N3, NH2, aminoalkyl, aminoacid,
aminoacyl, ONH2, O-aminoalkyl, O-aminoacid, O-aminoa
cyl, heterocycloalkyl, heterocycloalkaryl, aminoalkylamino,
polyalklylamino, Substituted silyl, or a group having For
mula I, and R1, R2 or R3 serves as points of attachment to
the siNA molecule of the invention.

0090. In another embodiment, the invention features a
compound having Formula VII, wherein R1 and R2 are
hydroxyl (OH) groups, n=1, and R3 comprises O and is the
point of attachment to the 3'-end, the 5'-end, or both of the
3' and 5'-ends of one or both strands of a double-stranded

siNA molecule of the invention or to a single-stranded siNA
molecule of the invention. This modification is referred to

herein as “glyceryl' (for example modification 6 in FIG.
22).
0091. In another embodiment, a moiety having any of
Formula V, VI or VII of the invention is at the 3'-end, the
5'-end, or both of the 3' and 5'-ends of a siNA molecule of

the invention. For example, a moiety having Formula V, VI
or VII can be present at the 3'-end, the 5'-end, or both of the
3' and 5'-ends of the antisense strand, the sense strand, or
both antisense and sense strands of the siNA molecule. In

addition, a moiety having Formula VII can be present at the
3'-end or the 5'-end of a hairpin siNA molecule as described
herein.

0092. In another embodiment, a siNA molecule of the
invention comprises an abasic residue having Formula V or
VI, wherein the abasic residue having Formula V or VI is
connected to the siNA construct in a 3-3', 3-2', 2-3', or 5-5'

configuration, such as at the 3'-end, the 5'-end, or both of the
3' and 5'-ends of one or both siNA strands.

0093. In one embodiment, a siNA molecule of the inven
tion comprises one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, or more) locked nucleic acid (LNA) nucleotides, for
example at the 5'-end, the 3'-end, both of the 5' and 3'-ends,
or any combination thereof, of the siNA molecule.
0094. In another embodiment, a siNA molecule of the
invention comprises one or more (e.g., about 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, or more) acyclic nucleotides, for example at the

5'-end, the 3'-end, both of the 5' and 3'-ends, or any com
bination thereof, of the siNA molecule.

0095. In one embodiment, the invention features a chemi
cally-modified short interfering nucleic acid (siNA) mol
ecule of the invention, wherein the chemically-modified
siNA comprises a sense region, where any (e.g., one or more
or all) pyrimidine nucleotides present in the sense region are
2'-deoxy-2'-fluoro pyrimidine nucleotides (e.g., wherein all
pyrimidine nucleotides are 2'-deoxy-2'-fluoro pyrimidine
nucleotides or alternately a plurality of pyrimidine nucle
otides are 2'-deoxy-2'-fluoro pyrimidine nucleotides), and
where any (e.g., one or more or all) purine nucleotides
present in the sense region are 2'-deoxy purine nucleotides
(e.g., wherein all purine nucleotides are 2'-deoxy purine
nucleotides or alternately a plurality of purine nucleotides
are 2'-deoxy purine nucleotides).
0096. In one embodiment, the invention features a chemi
cally-modified short interfering nucleic acid (siNA) mol
ecule of the invention, wherein the chemically-modified
siNA comprises a sense region, where any (e.g., one or more
or all) pyrimidine nucleotides present in the sense region are
2'-deoxy-2'-fluoro pyrimidine nucleotides (e.g., wherein all
pyrimidine nucleotides are 2'-deoxy-2'-fluoro pyrimidine
nucleotides or alternately a plurality of pyrimidine nucle
otides are 2'-deoxy-2'-fluoro pyrimidine nucleotides), and
where any (e.g., one or more or all) purine nucleotides
present in the sense region are 2'-deoxy purine nucleotides
(e.g., wherein all purine nucleotides are 2'-deoxy purine
nucleotides or alternately a plurality of purine nucleotides
are 2'-deoxy purine nucleotides), wherein any nucleotides
comprising a 3'-terminal nucleotide overhang that are
present in said sense region are 2'-deoxy nucleotides.
0097. In one embodiment, the invention features a chemi
cally-modified short interfering nucleic acid (siNA) mol
ecule of the invention, wherein the chemically-modified
siNA comprises a sense region, where any (e.g., one or more
or all) pyrimidine nucleotides present in the sense region are
2'-deoxy-2'-fluoro pyrimidine nucleotides (e.g., wherein all
pyrimidine nucleotides are 2'-deoxy-2'-fluoro pyrimidine
nucleotides or alternately a plurality of pyrimidine nucle
otides are 2'-deoxy-2'-fluoro pyrimidine nucleotides), and
where any (e.g., one or more or all) purine nucleotides
present in the sense region are 2'-O-methyl purine nucle
otides (e.g., wherein all purine nucleotides are 2'-O-methyl
purine nucleotides or alternately a plurality of purine nucle
otides are 2'-O-methyl purine nucleotides).
0098. In one embodiment, the invention features a chemi
cally-modified short interfering nucleic acid (siNA) mol
ecule of the invention, wherein the chemically-modified
siNA comprises a sense region, where any (e.g., one or more
or all) pyrimidine nucleotides present in the sense region are
2'-deoxy-2'-fluoro pyrimidine nucleotides (e.g., wherein all
pyrimidine nucleotides are 2'-deoxy-2'-fluoro pyrimidine
nucleotides or alternately a plurality of pyrimidine nucle
otides are 2'-deoxy-2'-fluoro pyrimidine nucleotides), and
where any (e.g., one or more or all) purine nucleotides
present in the sense region are 2'-O-methyl purine nucle
otides (e.g., wherein all purine nucleotides are 2'-O-methyl
purine nucleotides or alternately a plurality of purine nucle
otides are 2'-O-methyl purine nucleotides), wherein any
nucleotides comprising a 3'-terminal nucleotide overhang
that are present in said sense region are 2'-deoxynucleotides.
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0099. In one embodiment, the invention features a chemi
cally-modified short interfering nucleic acid (siNA) mol
ecule of the invention, wherein the chemically-modified
siNA comprises an antisense region, where any (e.g., one or
more or all) pyrimidine nucleotides present in the antisense
region are 2'-deoxy-2'-fluoro pyrimidine nucleotides (e.g.,
wherein all pyrimidine nucleotides are 2'-deoxy-2'-fluoro
pyrimidine nucleotides or alternately a plurality of pyrimi
dine nucleotides are 2'-deoxy-2'-fluoro pyrimidine nucle
otides), and wherein any (e.g., one or more or all) purine
nucleotides present in the antisense region are 2'-O-methyl
purine nucleotides (e.g., wherein all purine nucleotides are
2'-O-methyl purine nucleotides or alternately a plurality of
purine nucleotides are 2'-O-methyl purine nucleotides).
0100. In one embodiment, the invention features a chemi
cally-modified short interfering nucleic acid (siNA) mol
ecule of the invention, wherein the chemically-modified
siNA comprises an antisense region, where any (e.g., one or
more or all) pyrimidine nucleotides present in the antisense
region are 2'-deoxy-2'-fluoro pyrimidine nucleotides (e.g.,
wherein all pyrimidine nucleotides are 2'-deoxy-2'-fluoro
pyrimidine nucleotides or alternately a plurality of pyrimi
dine nucleotides are 2'-deoxy-2'-fluoro pyrimidine nucle
otides), and wherein any (e.g., one or more or all) purine
nucleotides present in the antisense region are 2'-O-methyl
purine nucleotides (e.g., wherein all purine nucleotides are
2'-O-methyl purine nucleotides or alternately a plurality of
purine nucleotides are 2'-O-methyl purine nucleotides),
wherein any nucleotides comprising a 3'-terminal nucleotide
overhang that are present in said antisense region are
2'-deoxy nucleotides.
0101. In one embodiment, the invention features a chemi
cally-modified short interfering nucleic acid (siNA) mol
ecule of the invention, wherein the chemically-modified
siNA comprises an antisense region, where any (e.g., one or
more or all) pyrimidine nucleotides present in the antisense
region are 2'-deoxy-2'-fluoro pyrimidine nucleotides (e.g.,
wherein all pyrimidine nucleotides are 2'-deoxy-2'-fluoro
pyrimidine nucleotides or alternately a plurality of pyrimi
dine nucleotides are 2'-deoxy-2'-fluoro pyrimidine nucle
otides), and where any (e.g., one or more or all) purine
nucleotides present in the antisense region are 2'-deoxy
purine nucleotides (e.g., wherein all purine nucleotides are
2'-deoxy purine nucleotides or alternately a plurality of
purine nucleotides are 2'-deoxy purine nucleotides).
0102) In one embodiment, the invention features a chemi
cally-modified short interfering nucleic acid (siNA) mol
ecule of the invention capable of mediating RNA interfer
ence (RNAi) inside a cell or reconstituted in vitro system
comprising a sense region and an antisense region. In one
embodiment, the sense region comprises one or more
2'-deoxy-2'-fluoro pyrimidine nucleotides.(e.g., wherein all
pyrimidine nucleotides are 2'-deoxy-2'-fluoro pyrimidine
nucleotides or alternately a plurality of pyrimidine nucle
otides are 2'-deoxy-2'-fluoro pyrimidine nucleotides), and
one or more 2'-deoxy purine nucleotides (e.g., wherein all
purine nucleotides are 2'-deoxy purine nucleotides or alter
nately a plurality of purine nucleotides are 2'-deoxy purine
nucleotides). The sense region can comprise inverted deoxy
abasic modifications that are optionally present at the 3'-end,
the 5'-end, or both of the 3' and 5'-ends of the sense region.
The sense region can optionally further comprise a 3'-ter
minal overhang having about 1 to about 4 (e.g., about 1, 2,

3, or 4) 2'-deoxyribonucleotides. The antisense region com
prises one or more 2'-deoxy-2'-fluoropyrimidine nucleotides
(e.g., wherein all pyrimidine nucleotides are 2'-deoxy-2'fluoro pyrimidine nucleotides or alternately a plurality of
pyrimidine nucleotides are 2'-deoxy-2'-fluoro pyrimidine
nucleotides), and one or more 2'-O-methyl purine nucle
otides (e.g., wherein all purine nucleotides are 2'-O-methyl
purine nucleotides or alternately a plurality of purine nucle
otides are 2'-O-methyl purine nucleotides). The antisense
region can comprise a terminal cap modification, such as any
modification described herein or shown in FIG. 22, that is

optionally present at the 3'-end, the 5'-end, or both of the 3'
and 5'-ends of the antisense sequence. The antisense region
optionally further comprises a 3'-terminal nucleotide over
hang having about 1 to about 4 (e.g., about 1, 2, 3, or 4)
2'-deoxynucleotides, wherein the overhang nucleotides can
further comprise one or more (e.g., 1, 2, 3, or 4) phospho
rothioate internucleotide linkages. Non-limiting examples of
these chemically-modified siNAs are shown in FIGS. 18
and 19 and Table IV herein.

0103) In another embodiment of the chemically-modified
short interfering nucleic acid comprising a sense region and
an antisense region, the sense region comprises one or more
2'-deoxy-2'-fluoro pyrimidine nucleotides (e.g., wherein all
pyrimidine nucleotides are 2'-deoxy-2'-fluoro pyrimidine
nucleotides or alternately a plurality of pyrimidine nucle
otides are 2'-deoxy-2'-fluoro pyrimidine nucleotides), and
one or more purine ribonucleotides (e.g., wherein all purine
nucleotides are purine ribonucleotides or alternately a plu
rality of purine nucleotides are purine ribonucleotides). The
sense region can also compriseinverted deoxy abasic modi
fications that are optionally present at the 3'-end, the 5'-end,
or both of the 3' and 5'-ends of the sense region. The sense
region optionally further comprises a 3'-terminal overhang
having about 1 to about 4 (e.g., about 1, 2, 3, or 4)
2'-deoxyribonucleotides. The antisense region comprises
one or more 2'-deoxy-2'-fluoro pyrimidine nucleotides (e.g.,
wherein all pyrimidine nucleotides are 2'-deoxy-2'-fluoro
pyrimidine nucleotides or alternately a plurality of pyrimi
dine nucleotides are 2'-deoxy-2'-fluoro pyrimidine nucle
otides), and one or more 2'-O-methyl purine nucleotides
(e.g., wherein all purine nucleotides are 2'-O-methyl purine
nucleotides or alternately a plurality of purine nucleotides
are 2'-O-methyl purine nucleotides). The antisense region
can also comprise a terminal cap modification, such as any
modification described herein or shown in FIG. 22, that is

optionally present at the 3'-end, the 5'-end, or both of the 3'
and 5'-ends of the antisense sequence. The antisense region
optionally further comprises a 3'-terminal nucleotide over
hang having about 1 to about 4 (e.g., about 1, 2, 3, or 4)
2'-deoxynucleotides, wherein the overhang nucleotides can
further comprise one or more (e.g., 1, 2, 3, or 4) phospho
rothioate internucleotide linkages. Non-limiting examples of
these chemically-modified siNAs are shown in FIGS. 18
and 19 and Table IV herein.

0104. In another embodiment of the chemically-modified
short interfering nucleic acid comprising a sense region and
an antisense region, the sense region comprises one or more
2'-deoxy-2'-fluoro pyrimidine nucleotides (e.g., wherein all
pyrimidine nucleotides are 2'-deoxy-2'-fluoro pyrimidine
nucleotides or alternately a plurality of pyrimidine nucle
otides are 2'-deoxy-2'-fluoro pyrimidine nucleotides), and
one or more purine nucleotides selected from the group
consisting of 2'-deoxy nucleotides, locked nucleic acid
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(LNA) nucleotides. 2'-methoxyethyl nucleotides, 4'-thio
nucleotides, and 2'-O-methyl nucleotides (e.g., wherein all
purine nucleotides are selected from the group consisting of
2'-deoxy nucleotides, locked nucleic acid (LNA) nucle
otides. 2'-methoxyethyl nucleotides, 4'-thionucleotides, and
2'-O-methyl nucleotides or alternately a plurality of purine
nucleotides are selected from the group consisting of
2'-deoxy nucleotides, locked nucleic acid (LNA) nucle
otides. 2'-methoxyethyl nucleotides, 4'-thionucleotides, and
2'-O-methyl nucleotides). The sense region can comprise
inverted deoxy abasic modifications that are optionally
present at the 3'-end, the 5'-end, or both of the 3' and 5'-ends
of the sense region. The sense region can optionally further
comprise a 3'-terminal overhang having about 1 to about 4
(e.g., about 1, 2, 3, or 4) 2'-deoxyribonucleotides. The
antisense region comprises one or more 2'-deoxy-2'-fluoro
pyrimidine nucleotides (e.g., wherein all pyrimidine nucle
otides are 2'-deoxy-2'-fluoro pyrimidine nucleotides or alter
nately a plurality of pyrimidine nucleotides are 2'-deoxy-2'fluoro pyrimidine nucleotides), and one or more purine
nucleotides selected from the group consisting of 2'-deoxy
nucleotides, locked nucleic acid (LNA) nucleotides,
2-methoxyethyl nucleotides, 4'-thionucleotides, and 2'-Omethyl nucleotides (e.g., wherein all purine nucleotides are
selected from the group consisting of 2'-deoxy nucleotides,
locked nucleic acid (LNA) nucleotides. 2'-methoxyethyl
nucleotides, 4'-thionucleotides, and 2'-O-methyl nucleotides
or alternately a plurality of purine nucleotides are selected
from the group consisting of 2'-deoxy nucleotides, locked
nucleic acid (LNA) nucleotides. 2'-methoxyethyl nucle
otides, 4'-thionucleotides, and 2'-O-methyl nucleotides). The
antisense can also comprise a terminal cap modification,
such as any modification described herein or shown in FIG.
22, that is optionally present at the 3'-end, the 5'-end, or both
of the 3' and 5'-ends of the antisense sequence. The antisense
region optionally further comprises a 3'-terminal nucleotide
overhang having about 1 to about 4 (e.g., about 1, 2, 3, or 4)
2'-deoxynucleotides, wherein the overhang nucleotides can
further comprise one or more (e.g., 1, 2, 3, or 4) phospho
rothioate internucleotide linkages.
0105. In another embodiment, any modified nucleotides
present in the siNA molecules of the invention, preferably in
the antisense strand of the siNA molecules of the invention,

but also optionally in the sense and/or both antisense and
sense strands, comprise modified nucleotides having prop
erties or characteristics similar to naturally occurring ribo
nucleotides. For example, the invention features siNA mol
ecules including modified nucleotides having a Northern
conformation (e.g., Northern pseudorotation cycle, see for
example Saenger, Principles of Nucleic Acid Structure,
Springer-Verlag, ed., 1984). As such, chemically modified
nucleotides present in the siNA molecules of the invention,
preferably in the antisense strand of the siNA molecules of
the invention, but also optionally in the sense and/or both
antisense and sense Strands, are resistant to nuclease degra
dation while at the same time maintaining the capacity to
mediate RNAi. Non-limiting examples of nucleotides hav
ing a northern configuration include locked nucleic acid
(LNA) nucleotides (e.g. 2'-O,4'-C-methylene-(D-ribofura
nosyl) nucleotides); 2'-methoxyethoxy (MOE) nucleotides:
2-methyl-thio-ethyl, 2'-deoxy-2'-fluoro nucleotides,
2'-deoxy-2'-chloro nucleotides, 2’-azido nucleotides, and
2'-O-methyl nucleotides.

0106. In one embodiment, the invention features a chemi
cally-modified short interfering nucleic acid molecule
(siNA) capable of mediating RNA interference (RNAi)
inside a cell or reconstituted in vitro system, wherein the
chemical modification comprises a conjugate attached to the
chemically-modified siNA molecule. The conjugate can be
attached to the chemically-modified siNA molecule via a
covalent attachment. In one embodiment, the conjugate is
attached to the chemically-modified siNA molecule via a
biodegradable linker. In one embodiment, the conjugate
molecule is attached at the 3'-end ofeither the sense strand,

the antisense strand, or both strands of the chemically
modified siNA molecule. In another embodiment, the con

jugate molecule is attached at the 5'-end of either the sense
Strand, the antisense Strand, or both strands of the chemi

cally-modified siNA molecule. In yet another embodiment,
the conjugate molecule is attached both the 3'-end and 5'-end
of either the sense strand, the antisense strand, or both

strands of the chemically-modified siNA molecule, or any
combination thereof. In one embodiment, the conjugate
molecule of the invention comprises a molecule that facili
tates delivery of a chemically-modified siNA molecule into
a biological system, Such as a cell. In another embodiment,
the conjugate molecule attached to the chemically-modified
siNA molecule is a poly ethylene glycol, human serum
albumin, or a ligand for a cellular receptor that can mediate
cellular uptake. Examples of specific conjugate molecules
contemplated by the instant invention that can be attached to
chemically-modified siNA molecules are described in Var
geese et al., U.S. Ser. No. 10/201,394, incorporated by
reference herein. The type of conjugates used and the extent
of conjugation of siNA molecules of the invention can be
evaluated for improved pharmacokinetic profiles, bioavail
ability, and/or stability of siNA constructs while at the same
time maintaining the ability of the siNA to mediate RNAi
activity. As such, one skilled in the art can screen siNA
constructs that are modified with various conjugates to
determine whether the siNA conjugate complex possesses
improved properties while maintaining the ability to mediate
RNAi, for example in animal models as are generally known
in the art.

0.107. In one embodiment, the invention features a chemi
cally-modified short interfering nucleic acid (siNA) mol
ecule of the invention capable of mediating RNA interfer
ence (RNAi) inside a cell or reconstituted in vitro system,
wherein the chemically-modified siNA comprises a sense
region, where one or more pyrimidine nucleotides present in
the sense region are 2'-deoxy-2'-fluoro pyrimidine nucle
otides (e.g., wherein all pyrimidine nucleotides are 2'-deoxy
2'-fluoro pyrimidine nucleotides or alternately a plurality of
pyrimidine nucleotides are 2'-deoxy-2'-fluoro pyrimidine
nucleotides), and where one or more purine nucleotides
present in the sense region are 2'-deoxy purine nucleotides
(e.g., wherein all purine nucleotides are 2'-deoxy purine
nucleotides or alternately a plurality of purine nucleotides
are 2'-deoxy purine nucleotides), and inverted deoxy abasic
modifications that are optionally present at the 3'-end, the
5'-end, or both of the 3' and 5'-ends of the sense region, the
sense region optionally further comprising a 3'-terminal
overhang having about 1 to about 4 (e.g., about 1, 2, 3, or 4)
2'-deoxyribonucleotides; and wherein the chemically-modi
fied short interfering nucleic acid molecule comprises an
antisense region, where one or more pyrimidine nucleotides
present in the antisense region are 2'-deoxy-2'-fluoro pyri
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midine nucleotides (e.g., wherein all pyrimidine nucleotides
are 2'-deoxy-2'-fluoro pyrimidine nucleotides or alternately
a plurality of pyrimidine nucleotides are 2'-deoxy-2'-fluoro
pyrimidine nucleotides), and wherein one or more purine
nucleotides present in the antisense region are 2'-O-methyl
purine nucleotides (e.g., wherein all purine nucleotides are
2'-O-methyl purine nucleotides or alternately a plurality of
purine nucleotides are 2'-O-methyl purine nucleotides), and
a terminal cap modification, such as any modification
described herein or shown in FIG. 22, that is optionally
present at the 3'-end, the 5'-end, or both of the 3' and 5'-ends
of the antisense sequence, the antisense region optionally
further comprising a 3'-terminal nucleotide overhang having
about 1 to about 4 (e.g., about 1, 2, 3, or 4) 2'-deoxynucle
otides, wherein the overhang nucleotides can further com
prise one or more (e.g., 1, 2, 3, or 4) phosphorothioate
internucleotide linkages. Non-limiting examples of these
chemically-modified siNAs are shown in FIGS. 18 and 19
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3'-end, the 5'-end, or both of the 3' and 5'-ends of the sense

ence (RNAi) inside a cell or reconstituted in vitro system,
wherein the SiNA comprises a sense region, where one or
more pyrimidine nucleotides present in the sense region are
2'-deoxy-2'-fluoro pyrimidine nucleotides (e.g., wherein all
pyrimidine nucleotides are 2'-deoxy-2'-fluoro pyrimidine
nucleotides or alternately a plurality of pyrimidine nucle
otides are 2'-deoxy-2'-fluoro pyrimidine nucleotides), and
where one or more purine nucleotides present in the sense
region are purine ribonucleotides (e.g., wherein all purine
nucleotides are purine ribonucleotides or alternately a plu
rality of purine nucleotides are purine ribonucleotides), and
inverted deoxy abasic modifications that are optionally
present at the 3'-end, the 5'-end, or both of the 3' and 5'-ends
of the sense region, the sense region optionally further
comprising a 3'-terminal overhang having about 1 to about
4 (e.g., about 1, 2, 3, or 4) 2'-deoxyribonucleotides; and
wherein the siNA comprises an antisense region, where one
or more pyrimidine nucleotides present in the antisense
region are 2'-deoxy-2'-fluoro pyrimidine nucleotides (e.g.,
wherein all pyrimidine nucleotides are 2'-deoxy-2'-fluoro
pyrimidine nucleotides or alternately a plurality of pyrimi
dine nucleotides are 2'-deoxy-2'-fluoro pyrimidine nucle
otides), and wherein any purine nucleotides present in the
antisense region are 2'-O-methyl purine nucleotides (e.g.,
wherein all purine nucleotides are 2'-O-methyl purine nucle
otides or alternately a plurality of purine nucleotides are
2'-O-methyl purine nucleotides), and a terminal cap modi
fication, such as any modification described herein or shown
in FIG. 22, that is optionally present at the 3'-end, the 5'-end,
or both of the 3' and 5'-ends of the antisense sequence, the
antisense region optionally further comprising a 3'-terminal
nucleotide overhang having about 1 to about 4 (e.g., about
1, 2, 3, or 4) 2'-deoxynucleotides, wherein the overhang
nucleotides can further comprise one or more (e.g., 1, 2, 3,
or 4) phosphorothioate internucleotide linkages. Non-lim
iting examples of these chemically-modified siNAs are

shown in FIGS. 18 and 19 and Table IV herein.

0110. In one embodiment, the invention features a chemi
cally-modified short interfering nucleic acid (siNA) mol
ecule of the invention capable of mediating RNA interfer
ence (RNAi) inside a cell or reconstituted in vitro system,
wherein the chemically-modified siNA comprises a sense
region, where one or more pyrimidine nucleotides present in
the sense region are 2'-deoxy-2'-fluoro pyrimidine nucle
otides (e.g., wherein all pyrimidine nucleotides are 2'-deoxy
2'-fluoro pyrimidine nucleotides or alternately a plurality of
pyrimidine nucleotides are 2'-deoxy-2'-fluoro pyrimidine
nucleotides), and for example where one or more purine
nucleotides present in the sense region are selected from the
group consisting of 2'-deoxy nucleotides, locked nucleic
acid (LNA) nucleotides. 2'-methoxyethyl nucleotides,
4'-thionucleotides, and 2'-O-methyl nucleotides (e.g.,
wherein all purine nucleotides are selected from the group
consisting of 2'-deoxy nucleotides, locked nucleic acid
(LNA) nucleotides. 2'-methoxyethyl nucleotides, 4'-thio
nucleotides, and 2'-O-methyl nucleotides or alternately a
plurality of purine nucleotides are selected from the group
consisting of 2'-deoxy nucleotides, locked nucleic acid
(LNA) nucleotides. 2'-methoxyethyl nucleotides, 4'-thio
nucleotides, and 2'-O-methyl nucleotides), and wherein
inverted deoxy abasic modifications are optionally present at

and Table IV herein.

0108. In one embodiment, the invention features a chemi
cally-modified short interfering nucleic acid (siNA) mol
ecule of the invention capable of mediating RNA interfer
ence (RNAi) inside a cell or reconstituted in vitro system,
wherein the chemically-modified siNA comprises a sense
region, where one or more pyrimidine nucleotides present in
the sense region are 2'-deoxy-2'-fluoro pyrimidine nucle
otides (e.g., wherein all pyrimidine nucleotides are 2'-deoxy
2'-fluoro pyrimidine nucleotides or alternately a plurality of
pyrimidine nucleotides are 2'-deoxy-2'-fluoro pyrimidine
nucleotides), and where one or more purine nucleotides
present in the sense region are 2'-O-methyl purine nucle
otides (e.g., wherein all purine nucleotides are 2'-O-methyl
purine nucleotides or alternately a plurality of purine nucle
otides are 2'-O-methyl purine nucleotides), and inverted
deoxy abasic modifications that are optionally present at the
region, the sense region optionally further comprising a
3'-terminal overhang having about 1 to about 4 (e.g., about
1, 2, 3, or 4) 2'-deoxyribonucleotides; and wherein the
chemically-modified short interfering nucleic acid molecule
comprises an antisense region, where one or more pyrimi
dine nucleotides present in the antisense region are 2'-deoxy
2'-fluoro pyrimidine nucleotides (e.g., wherein all pyrimi
dine nucleotides are 2'-deoxy-2'-fluoro pyrimidine
nucleotides or alternately a plurality of pyrimidine nucle
otides are 2'-deoxy-2'-fluoro pyrimidine nucleotides), and
wherein one or more purine nucleotides present in the
antisense region are 2'-O-methyl purine nucleotides (e.g.,
wherein all purine nucleotides are 2'-O-methyl purine nucle
otides or alternately a plurality of purine nucleotides are
2'-O-methyl purine nucleotides), and a terminal cap modi
fication, such as any modification described herein or shown
in FIG. 22, that is optionally present at the 3'-end, the 5'-end,
or both of the 3' and 5'-ends of the antisense sequence, the
antisense region optionally further comprising a 3'-terminal
nucleotide overhang having about 1 to about 4 (e.g., about
1, 2, 3, or 4) 2'-deoxynucleotides, wherein the overhang
nucleotides can further comprise one or more (e.g., 1, 2, 3,
or 4) phosphorothioate internucleotide linkages. Non-lim
iting examples of these chemically-modified siNAs are

0109. In one embodiment, the invention features a chemi
cally-modified short interfering nucleic acid (siNA) mol
ecule of the invention capable of mediating RNA interfer

shown in FIGS. 18 and 19 and Table IV herein.

the 3'-end, the 5'-end, or both of the 3' and 5'-ends of the

sense region, the sense region optionally further comprising
a 3'-terminal overhang having about 1 to about 4 (e.g., about
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1, 2, 3, or 4) 2'-deoxyribonucleotides; and wherein the
chemically-modified short interfering nucleic acid molecule
comprises an antisense region, where one or more pyrimi
dine nucleotides present in the antisense region are 2'-deoxy
2'-fluoro pyrimidine nucleotides (e.g., wherein all pyrimi
dine nucleotides are 2'-deoxy-2'-fluoro pyrimidine
nucleotides or alternately a plurality of pyrimidine nucle
otides are 2'-deoxy-2'-fluoro pyrimidine nucleotides), and
wherein one or more purine nucleotides present in the
antisense region are selected from the group consisting of
2'-deoxy nucleotides, locked nucleic acid (LNA) nucle
otides. 2'-methoxyethyl nucleotides, 4'-thionucleotides, and
2'-O-methyl nucleotides (e.g., wherein all purine nucleotides
are selected from the group consisting of 2'-deoxy nucle
otides, locked nucleic acid (LNA) nucleotides. 2'-methoxy
ethyl nucleotides, 4'-thionucleotides, and 2'-O-methyl nucle
otides or alternately a plurality of purine nucleotides are
selected from the group consisting of 2'-deoxy nucleotides,
locked nucleic acid (LNA) nucleotides. 2'-methoxyethyl
nucleotides, 4'-thionucleotides, and 2'-O-methyl nucle
otides), and a terminal cap modification, such as any modi
fication described herein or shown in FIG. 22, that is

optionally present at the 3'-end, the 5'-end, or both of the 3'
and 5'-ends of the antisense sequence, the antisense region
optionally further comprising a 3'-terminal nucleotide over
hang having about 1 to about 4 (e.g., about 1, 2, 3, or 4)
2'-deoxynucleotides, wherein the overhang nucleotides can
further comprise one or more (e.g., 1, 2, 3, or 4) phospho
rothioate internucleotide linkages.
0111. In one embodiment, the invention features a short
interfering nucleic acid (siNA) molecule of the invention,
wherein the siNA further comprises a nucleotide, non
nucleotide, or mixed nucleotide/non-nucleotide linker that

joins the sense region of the siNA to the antisense region of
the siNA. In one embodiment, a nucleotide linker of the

invention can be a linker of S2 nucleotides in length, for
example 3, 4, 5, 6, 7, 8, 9, or 10 nucleotides in length. In
another embodiment, the nucleotide linker can be a nucleic

acid aptamer. By “aptamer' or “nucleic acid aptamer as

used herein is meant a nucleic acid molecule that binds

specifically to a target molecule wherein the nucleic acid
molecule has sequence that comprises a sequence recog
nized by the target molecule in its natural setting. Alter
nately, an aptamer can be a nucleic acid molecule that binds
to a target molecule where the target molecule does not
naturally bind to a nucleic acid. The target molecule can be
any molecule of interest. For example, the aptamer can be
used to bind to a ligand-binding domain of a protein, thereby
preventing interaction of the naturally occurring ligand with
the protein. This is a non-limiting example and those in the
art will recognize that other embodiments can be readily
generated using techniques generally known in the art. (See,
for example, Gold et al., 1995, Annu. Rev. Biochem., 64.
763; Brody and Gold, 2000, J. Biotechnol., 74,5: Sun, 2000,
Curr. Opin. Mol. Then, 2, 100; Kusser, 2000, J. Biotechnol.,
74, 27; Hermann and Patel, 2000, Science, 287, 820; and

Jayasena, 1999, Clinical Chemistry, 45, 1628.)
0112 In yet another embodiment, a non-nucleotide linker
of the invention comprises abasic nucleotide, polyether,
polyamine, polyamide, peptide, carbohydrate, lipid, polyhy
drocarbon, or other polymeric compounds (e.g. polyethylene
glycols such as those having between 2 and 100 ethylene
glycol units). Specific examples include those described by
Seela and Kaiser, Nucleic Acids Res. 1990, 18:6353 and
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Nucleic Acids Res. 1987, 15:3113: Cload and Schepartz, J.
Am. Chem. Soc. 1991, 113:6324; Richardson and Schepartz,
J. Am. Chem. Soc. 1991, 113:5109; Ma et al., Nucleic Acids

Res. 1993, 21:2585 and Biochemistry 1993, 32: 1751:
Durand et al., Nucleic Acids Res. 1990, 18:6353; McCurdy
et al., Nucleosides & Nucleotides 1991, 10:287: Jschke et al.,

Tetrahedron Lett. 1993, 34:301: Ono et al., Biochemistry
1991, 30:9914; Arnold et al., International Publication No.
WO 89/02439; Usman et al., International Publication No.

WO95/06731; Dudycz et al., International Publication No.
WO95/11910 and Ferentz and Verdine, J. Am. Chem. Soc.

1991, 113:4000, all hereby incorporated by reference herein.
A "non-nucleotide’ further means any group or compound
that can be incorporated into a nucleic acid chain in the place
of one or more nucleotide units, including either Sugar
and/or phosphate Substitutions, and allows the remaining
bases to exhibit their enzymatic activity. The group or
compound can be abasic in that it does not contain a
commonly recognized nucleotide base. Such as adenosine,
guanine, cytosine, uracil or thymine, for example at the C1
position of the Sugar.
0113. In one embodiment, the invention features a short
interfering nucleic acid (siNA) molecule capable of medi
ating RNA interference (RNAi) inside a cell or reconstituted
in vitro system, wherein one or both strands of the siNA
molecule that are assembled from two separate oligonucle
otides do not comprise any ribonucleotides. For example, a
siNA molecule can be assembled from a single oligoncule
otide where the sense and antisense regions of the siNA
comprise separate oligonucleotides that do not have any
ribonucleotides (e.g., nucleotides having a 2'-OH group)
present in the oligonucleotides. In another example, a siNA
molecule can be assembled from a single oligonculeotide
where the sense and antisense regions of the siNA are linked
or circularized by a nucleotide or non-nucleotide linker as
described herein, wherein the oligonucleotide does not have
any ribonucleotides (e.g., nucleotides having a 2'-OH group)
present in the oligonucleotide. Applicant has surprisingly
found that the presense of ribonucleotides (e.g., nucleotides
having a 2'-hydroxyl group) within the siNA molecule is not
required or essential to Support RNAi activity. As such, in
one embodiment, all positions within the siNA can include
chemically modified nucleotides and/or non-nucleotides
Such as nucleotides and or non-nucleotides having Formula
I, II, III, IV, V, VI, or VII or any combination thereof to the
extent that the ability of the siNA molecule to support RNAi
activity in a cell is maintained.
0114. In one embodiment; a siNA molecule of the inven
tion is a single stranded siNA molecule that mediates RNAi
activity in a cell or reconstituted in vitro system, wherein the
siNA molecule comprises a single Stranded polynucleotide
having complementarity to a target nucleic acid sequence. In
another embodiment, the single stranded siNA molecule of
the invention comprises a 5'-terminal phosphate group. In
another embodiment, the single stranded siNA molecule of
the invention comprises a 5'-terminal phosphate group and
a 3'-terminal phosphate group (e.g., a 2',3'-cyclic phos
phate). In another embodiment, the single stranded siNA
molecule of the invention comprises about 19 to about 29
nucleotides. In yet another embodiment, the single stranded
siNA molecule of the invention comprises one or more
chemically modified nucleotides or non-nucleotides
described herein. For example, all the positions within the
siNA molecule can include chemically-modified nucleotides

