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WO Z811/666475 BCT/USZO10/058123
SIRNA COMPOUNDS COMPRISING TERMINAL SUBSTITUTIONS

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Applications Serial Nos.
61/264668, filed 26-Nov-2009, 61/295721 filed 17-Jar-2010 and 61/372072 filed 9-Aug-

2010, which are incorporated herein by reference in their entirety and for all purposes.

FIELD OF THE INVENTION

The present invention relates to modified siRNA compounds, pharmaceutical
compositions comprising same and methods of use thereof for the inhibition of gene
expression. The compounds and compositions exhibit beneficial properties including
knock down activity of target genes and are useful in the treatment of subjects suffering
from diseases or conditions and or symptoms associated with such diseases or conditions
or at nisk of contracting diseases or conditions in which gene expression has adverse

consequences.

BACKGROUND OF THE INVENTION

PCT Patent Publication Nos. WO 2008/104978 and WO 2009/044392 to the assignee of
the present invention and hereby mcorporated by reference m their entirety, disclose

novel sIRNA structures.

There remains a need for active and effective siRNA therapeutic agents which exhibit

enhanced knock down activity, increased stability and or reduced off target effects.

The double stranded RNA (dsRNA) compounds disclosed herein possess structures and
modifications which may, for example increase activity, increase stability, reduce
immunogenicity, enhance loading into the RISC complex, and or minimize toxicity; the
novel modifications of the siRNAg are beneficially applied to double stranded RNA

useful in preventing or attenuating target gene expression,



Provided herein are double stranded (duplex) ohigonucleotide compounds useful for the
down regulation of gene expression. The present disclosure is based in part on the
unexpected observation that a double stranded nucleic acid moiecule comprising 2 sense
strand and a complementary antisense strand and having a mismatch between the 5°
termimal nucleotide of the antisense strand and the nucleotide of the target RNA show
potent activity in down regulating target genes. In preferred embodiments the dsRNA
comprises an adenosine, deoxyadenosine, uridine, deoxyuridine, ribothymidine or
thymidine substituted at position 1 (5’ terminus) of the antisense strand rather in place of
a cytidine o1 guanine.

In the first aspect, there is provided a double-stranded nucleic acid having structure (A) set forth

below:

(A) 5 N'-(N)x-Z 3' (antisense strand)
30 Z-NA{Ny-z" 5 {sense strand)

wherein each of N, N and N' is an unmodified ribonuclaofide, a modified ribonucleotide, or an _
unconventional moiety;

wharein each of (N)x and (N)y is an oligonucieotide in which each consscutive N or N’ is joinad
ic the adjacent N or N' by a covalent bond, :

wherain x=y=18;
wherein the sequence of N*—{(N")y is fully complementary o the sequence of N'—{NJx and the

sequence of (N)x has compiementarity to a consecutive sequence in a target RNAS

wherain N’ is covalently bound to (N)x and not complementary ic the corresponding nucieotids
in the target RNA or is an unconventional moiety complementary to the {arget RNA;
wharein:

N'is selectad from the group consisting of adenosine and deoxyadenesing when ihe
corresponding nucisofids in the target RNA sequence Is adengsing: or

N'is selscted from the group consisting of adencsine, decxyadencsineg and deoxythymidine
when ihe corresponding nuclectide in the target RNA sequence is cyiiding; or

N'is salected from the group consisting of adenosine, deaxyadencsine and deoxythymidine
when the corresponding nucleotide in the target RNA sequence is guancsine; or

N'is salected from the group consisting of uridine and deoxyuridine when the corresponding
nucieotide in the targat RNA sequence is uriding;

wherain " may be present or absent, but if present is & capping moisty covalently attached at
the 5' tarminus of N*—{N'y; and ‘
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wherein each of Z and Z'is independently prasent or absent, but if present is independently 1-5
consacutive nuciectides, 1-5 conseculive non-nucisotide moieties or s combination of 1-5
nucleotides and non-nuclectide moleties, covalently attached at the 3 terminus of the strand in
which it is present:
or a phammaceutically acceptabig salt of the doubie stranded nuclieic acid.
In the second aspect there i1s provided a double-stranded nucleic acid having structure (A) set
forth below:

(A5 NT-{Nyx-Z 3 (anfisense  strand)

3 ZWNA(NDy-Z" 5 (sens& strand)

whereain sach of N°, N and N'is an unmodified ribonuclectide, a modified ribonuciectide, or an
unconventional moisty,

wherein sach of {(Nyx and (N')y is an oligonucleotide in which each consecutive N or N' is joined
to the adjacaent N ar N' by a covalent bond; '

wherein x=y=18,

wherein the sequence of N*—{N"y is fully compiemeantary 1o the sequence of N'—(N)x and the
sequance of (N)x has complemeantarity to a consecutive seguence in a targat RNA;
whergin N'is covalently bound fo (N)x and not compiementary to the corrasponding nuctestide
in the target RNA or is an unconventional moiely complementary to the targst RNA,

wharein N is selected from the group consisting of adenosine and deoxyadeanosing, and the
corresponding nucteotide in the target RNA is adenosing;

wherein z* may be present or absent, but if present is a capping moiety covalently attached at
the 5' terminus of N*—{N")y: and

whersin sach of Z and Z' is indepandently presant or absent, but if present is independeantly 1-5
consecutive nucieotides, 1-5 consecufive non-nuctaotide moisties or a combination of 1-5
nuciectides and non-nuclectide moiefies, covalently attached at the 3" ferminus of the sirand in
which it is present;

or a pharmaceutically acceptabie salt of the double stranded nucleic acid.

In the third aspect, there is provided a double-stranded nucleic acid having structure (A) set forth

below:

(A) S N'-(NWx-Z 3 (antisense sirand)
3 ZNA(NOy-z' 5'(sense strand)

wherein N, N', (Nix, (N, , y, Z' and z" are dafined in the second aspect;

wherein the sequence of Nzw—(N’}y is fully complemeantary to the sequance of N'—(Njx and the
sequence of (N)x has complementarily to consecutive sequence in a target RNA:
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wherein N'is covalently bound to (N)x and not complementary to the corresponding nucleotide
in the target RNA or is an unconventional moiety complementary to the target RNA:

wharein, Z' is absent or present, Z is present and comprises two alkyl moieties covalently linked
tc each other via a phosphodiester bond, wherein N? comprises uridine or deoxyuriding; and
wherein N' comprises adenosine when the corresponding nuclectide in the target RNA is
adenaosine, guancsine or cyfiding;

or a pharmaceautically acceptabie salt the doubie siranded nuclei acid.

in the fourth aspect, there is provided a double-stranded nucleic acid having structure (A) set
forth below:

(A) &' N'A(N)x-Z 3 (antisense strand)

3 ZN{N)-z"5 (sense strand)

wherein NN, N', (N)x, (N, %, v, Z, Z' and z" are as dafined in the second aspect:
whersin the sequence of N*—{N")y is fully complementary to the sequance of N'—{N)x and the
sequence of (N)x has complementarity to consecutive sequence in a target RNA;
wherein N'is covaiently bound to (N)x and not compiemeantary to the corresponding nucleotide
in the target RNA or is an unconventional moiety complementary to the target RNA:
wherein N'is selected from the group consisting of adenosine, deoxyadenosine and
deoxythymiding, when the corresponding nucicotide in the target RNA is cytidine;
or a pharmaceufically acceptabie salt of the double stranded nucleic acid.

in the fifth aspect, (here is provided & double-stranded nucleic acid having structure (A) set forth

below:

(A)5' N'{N)x-Z 3' (antisense  strand)
3 Z-NA(Ny-Z" 5 (sense  sirand)

wherein N2, N, N', (N)x, (N, x, v, Z, Z' and 2" are as defined in the second aspect;

wherein the sequence of NZ——(N’)y is fully compiementary o the seguence of N*-—-—(N)x and the
sequence of (N)x has compiementarity {o a consecutive segquence in a targaet RNA;

wherein N’ is covalently bound (N)x and not compiementary fo the corresponding nucleotide in
the farget RNA or is an unconventional moiety complementary io the target RNA wherein N' is
selected from the group consisiing of adencsing, deoxyadenosine and deoxythymidine whan
the corresponding nucieotide in the target RNA is guanosing;

or a pharmaceutically acceptable salt of the double stranded nucleic acid.

In the sixth aspect, there is provided a double-stranded nucleic acid having structure {A) set forth

below:

(A) 5' N-(N)x-Z Br(anﬁsense sirand)
3 ZNHNYy-z' 5 (sense strand)

wherein N°, N, N', (N)x, (N') y, x, y, Z, Z'and z" are s defined in the second aspect;
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wherein the sequence of N*—{N"y is fully complementary to the sequence of N'~(N)x and the

sequence of {N)x has complementarity io consecutive sequence in a target RNA;

wherein N is covalently bound to (N)x and not complementary to the corresponding nucleotide
in the target RNA or is an unconventional moiety complementary to the target RNA,;

wherein N'is uridine or deoxyuridine, when the corresponding nucleotide in the target RNA is

uridine; _
or a pharmaceutically accepiable salt of the double stranded nucleic acid.

According to one aspestembodiment provided are modified double stranded nucleic acid molecules

having structure (A) set forth below:
(A) 5 N-Nx-Z 3’ (antisense strand)
3 2NNy -2 57 (sense strand)

wherein each of N%, N and N’ is an unmodified or modified ribonucleotide, or an

unconventional moiety;

wherein each of {N)x and {N’)y is an cligonucieotide in which each consecutive N or N’

15 joined to the adjacent N or N° by a covalent bond;
wherein each of x and y is independently an integer between 17 and 39;

wherein the sequence of (N”)y has complementarity to the sequence of (N)x and (N)x has

complementarity to a consecutive sequence in a target RNA;

wherein N' is covalently bound fo (N)x and is mismatched to the target RNA or is a

complementary DNA moiety to the target RNA;

wherein N' is a moiety selected from the group consisting of natural or modified uridine,

deoxyribouridine, ribothymidine, deoxyribothymidine, adenosine or deoxyadenosine;

wherein z” may be present or absent, but if present is a capping moiety covalently

attached at the 5° terminus of N*- (N MYy and

wherein each of Z and Z’ is independently present or absent, but if present is
independently 1-5 consecutive nucleotides, consecutive non-nucleotide moieties or a
combination thereof covalently attached at the 3’ terminus of the strand in which it is

present.
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(N)x comprises an antisense that is substantially complementary to about 17 to about 39

consecutive nucleotides in a target mRNA. In some embodiments x=y=18.

According to certain preferred embodiments siRNA compounds comprising one or more
modified nucleotide, wherein the modified nucleotide possesses a modification in the

sugar moiety, in the base moiety or in the internucleotide linkage moiety are provided.

Structure (A) motif is useful with any oligonucleotide pair (sense and antisense strands) to
a mammalian or non-mammalian gene. In some embodiments the mammalian gene is a

human gene.

In some embodiments a modified siRNA compound having structure (A) exhibits
beneficial properties including enhanced activity (e.g. reduced IC50, increased knock
down, reduced residual mRNA) when compared to a contro! compound, i.e. an siRNA
compound wherein the antisense oligonucieotide is fully complementary (including 5 ’
terminal nucleotide base paired e.g. A-U, U-A, C-G, G-C) to & nucleotide sequence in a
target mRNA. In some embodiments the activity is enhanced by at least 5%, by at least

10%, by at least 20%, by at least 25% or more when compared to a control compound.

In another aspectembodiment the present inventiendisclosure provides a method of generating a double stranded

RNA molecule consisting of a sense strand and an antisense strand comprising the steps
of

a} selecting a consecutive 17 to 25 nucleotide sequence in a target RNA and synthesizing
an antisense strand comprising compiementarity to the consecutive 17 to 25 nucleotide
sequence of the target mRNA wherein the 5’ ferminal auncleotide of the antisense strand is
substituted with uridine, modified uridine, ribothymidine, deoxyribothymidine,
adenosine, modified adenosine, deoxyadenosine or modified deoxyadenosine, with the
proviso that a rG:rU wobble is not generated between the 5° terminal nucleotide of the

antisense strand and the 3’ terminal nucleotide of the target mRNA;

b) synthesizing a sense strand of 17 fo 25 nucleotides having complementarity to the
antisense strand, wherein the 3° terminal nucleotide of the sense strand forms a Watson

Crick base pair with the 57 terminal nucleotide of the guide strand; and

¢) annealing the antisense and sense strands; thereby generating a double stranded RNA

molecule.
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According to one aspestembodiment, the present #vventiendisclosure provides a method of generating a & doubie

stranded RNA molecule consisting of a sense strand and and an antisense strand
exhibiting enhanced RNAI activity when compared to an unmodified a double stranded

RNA molecule comprising the steps of

a) selecting a comsecutive 17 to 25 nucleotide sequence in a target mRNA and
synthesizing a sense strand comprising the consecutive 17 to 25 nucleotide sequence of
the target mRNA wherein the 3’ terminal nucleotide is substituted with adenosine,

modified adenosine, deoxyadenosine or modified deoxyadenosine;

b) synthesizing an antisense strand of 17 to 25 nucleotides having complementarity to the
sense strand wherein the 5’ terminal nucleotide comprises tibouridine, modified
ribouridine, deoxyribouridine or modified deoxyribouridine and base pairs with the 3’

terminal nucleotide of the passenger strand;
c) annealing the sense strand to the antisense strand;
thereby generating a double stranded RNA molecule having enhanced RNA{ activity. |

In some embodiments the modified double stranded RNA molecule exhibits enhanced
RNAI activity when compared to an unmodified siRNA duplex, i.e. a duplex having full

. match to the target mRNA.

According to another espestembodiment, the present isventiondisclosure provides a method of generating a
modified a double stranded RNA molecule consisting of a sense strand and and antisense
strand exhibiting enhanced RNAI activity when compared to an unmodified a double

stranded RNA molecule comprising the steps of

a) selecting a conmsecutive 17 to 25 nucleotide sequence in a target mRNA and
synthesizing a sense strand comprising the consecutive 17 to 25 nucieotide sequence of
the target mRNA wherein the 3 terminal nuclectide is substituted with adenosine,

modified adenosine, deoxyadenosine or modified deoxyadenosine;

b) synthesizing an antisense strand of 17 to 235 nucleotides having complementarity to the

-

sense strand wherein the 5 terminal nucleotide comprises ribouridine, modified
ribouridine, deoxyribouridine or modified deoxyribouridine and base pairs with the 3’

terminal nucleotide of the sense strand,
c) znneahing the sense strand to the antisense strand;
thereby generating & double stranded RNA molecule having enhanced RNAI activity.
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in some embodiments step a) includes selecting & consecutive 17 to 25 nuclectide, or 17,
18,19, 20, 21, 22, 23, 24 or 25 nucleotide sequence in a terget RNA in a farget ce
wherein the 3’ terminal nucieotide is other than ad=nosine.

In the seventh aspect, there is provided a composition comprising af least one double-stranded nucleic acid or

pharmaceutically acceptable salt of such double-stranded nucleic as defined above; and a pharmaceutically

scceptable camrier,

In another a{ﬁaeetembédiment provided is a pharmaccutical composition comprising a compound
according to Structure {A3, . an amount effective fo inhibit nammalian or non-
mammalian gene expression; anf & pharmaceutically acceptable carrier. In some
embodiments the mammalian gene 15 & human gene. In some embodiments the non-

mammalian gene is involved in a mammaliar disease, preferably human disease.

Further provided are methods for freating or preventing the incidence or severity of a
disease or condition and/or for reducing the risk or severity of z disease or condition in 2
subject in need thersof wherein the disease or condition and/or 2 symptom and/or risk
zssociated therewith is agsociated with expression of & mammalian or z nop-marmmalian

gene. In 2 preferred embodiment the subject is 2 hurman subject,

In some embodiments the disease or condifion is selected from the group hearing loss,
acute renal failure (ARF), Delayed Graft Function (DGF) after kidney transplantation,
. glaucoma, ocuiar ischemic conditions mmcluding anterior ischemic optic neuwropathy, age-
related macular degeneration (AMD), Ischemdc Optic Neuropathy (ION), dry eve
syndrome, acute respiratory distress syndrome (ARDS) and other acuie lmpg and
respiratory injuries, chronic obstructive pulmonary disease (COPD), primary graft failure,
ischemia-reperfusion mjury, reperfusion injury, reperfusion edema, allograft dysfunction,
pulmonary reimplantation response and/or primary graft dysfunction (PGD) after organ
transplantation, in particular in lung transplantafion, organ transpiantation including hmg,
Irver, heart, pancreas, and kodney trensplantation, nephro- and neurotoxicity, spinal cotd
injury, brain injury, neurodegenerative disease or condition, pressure sores, oral muCests
fibrotic conditions mchuding iver fibrosis, hmg fibrosis; and cancer. Suck methods
involve administering 10 2 mammal in need of such freatment a prophylacticaily or
thcrapeu‘cicaliﬁ; effective amount of one or more suck compounds, which inhibit or reduce

expression or activity of at least one such gene.

The comipounds, methods, materials, and exemples that will now be described are

illustrative only and are not intended to be limiting, materials and methods similar or



equivalent to those described herein can be used in practice or testing of the inventiondisclosure.

Other features and advantages of the inventiendisclosure will be apparent from the following

detailed description, and from the claims,
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CLAIMS:

1. A double-stranded nucteic acid having structure (A) set forth below:
{A) & N-(NX-Z 3 (antisense strand)
3 Z-NZ{NYy-2" 5 {(sense strand)
wherein each of N®, N and N'is an unmodified ribonuclectide, a modified ribonucleotide, or an
unconventional moisty;

wherein each of (N and {N'}y is an oligonucieoctide in which each consecutive N or N'is loined
o the adjacent N or N' by & covalent bond;

whersin x=y=18,
wherein the sequence of N>—(N")y is fully complementary to the sequence of N'—(N)x and the
sequence of (N)x has complementarity to a consecutive seguence in a target RNA,;

wherein N'is covalently bound to (N)x and not complementary to the corresponding nucleotide
in the target RNA or is an unconventional moiety complementary to the target RNA; '
wherein:

N'is selected from the group consisting of adencsine and deoxyadenosine when the
corresponding nuclectide in the target RNA sequence Is adenasine; or

N'is selected from the group consisting of adenosine, deoxyadenocsine and deoxythymidine
when the corresponding nucleotide in the target RNA sequence is cyiidine; or

N'is selected from the group consisting of adenosine, decxyadenosine and deoxythymidine
when the corresponding nucleotide in the targef RNA sequence is guancsine; or

N'is selected from the group consisting of uridine and deoxyuridine when the corresponding
nucleotide in the fargat RNA sequence is uridine;

~wherein 2" may be present or absent, but if present is a capping moiety covalently attached at
the 5' terminus of N*—(N"}y; and

wherein each of Z and Z' is independently present or ahsent, but if present is independently 1-5
consecutive nucieotides, 1-5 consecutive non-nuclectide moieties or a combination of 1-5
nucleotides and non-nucleotide moieties, covalently attached at the 3' terminus of the strand in
which it is present;

ot a pharmaceutically acceptable salt of the double stranded nucleic acid.
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2. A double-strandad nucleic acid having structure (A) set forth below:
(A} 5' N'-(N)x-Z 3 (antisense  strand)
3 ZNA(Ny-z" 5'(sense strand)

wherein each of N%, N and N' is an unmodified ribonuclectide, a modified ribonuciectide, or an
unconvantional moiety;

whersin each of {N)x and (N)y is an oligonuciectide in which each consecutive N or N' is joined
to the adjacent N or N' by a covalent bond;

wherein x=y=18;

wherein the sequence of N%—{Ny is fully complementary to the sequence of N'—{N)x and the
sequence of (N)x has complementarity to 2 consecutive sequence in a target RNA;

wherein N'is covalently bound to (N)x and not complementary to the corresponding nucleotide
in the target RNA or is an unconventional moiety complementary o the target RNA;

wherein N'is selected from the group consisting of adenosine and deoxyadenosine, and the
corresponding nucieotide in the target RNA Is adenosine;

wharain z° may be present or absent, but if present is a capping molety covalently attached at
the 5 terminus of N*—(N")y; and

wherein each of Z and 2’ is independently present or absent, but if present is independently 1-5
consecutive hucleotides, 1-5 consecutive non-nucieotide moieties or a combination of 1-5
nucleotides and non-nucleatide moieties, covalently aftached at the 3" terminus of the strand in
which if is present;

or & pharmaceutically acceptable salt of the double stranded nucleic acid.

3. The double-siranded nucleic acid of claim 2, wherein N1 is adenosine.

4. The double-stranded nucleic acid of claim 1 wherein " is present.

5. The double-siranded nucleic acid of claim 1, wherein Z and Z' are absent.

6. The double-stranded nucleic acid of claim 1, wherein one of Z or Z' is present.

7. The double-stranded nucleic acid of claim 6, wherein Z or Z' comprise non-nuclectide
moieties.
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8. The double-stranded nucleic acid of claim 1, wherein at least one of N or N' comprises a 2'0-
methyl sugar modified ribonucleotide.

9. The double-stranded nucieic acid of claim 8, wherein (N)x comprises 2'0O-methyl sugar
modified ribonucieotides.

~ 10. The double-stranded nucleic acid of claim 1, wherein the double-stranded nucleic acid is a
siRNA, siNA or a miRNA.

11. A double-stranded nucleic acid having structure (A} set forth below:
(A} 5' N-(N)x-Z  3'(antisense strand)
3 Z-N*<(N'ly-z"  5'(sense strand)

wherein N, N', (N)x, (N)y, x, v, Z" and z" are defined in claim 2;

wherein the sequence of N>—{N")y is fully complementary to the sequence of N'—{N)x and the
sequence of (N)x has complementarity to consecutive sequence in a target RNA,;

wherein N'is covalently bound to (N)x and not complementary to the corresponding nucleotide
in the target RNA or is an unconventional moiety complementary to the target RNA;

wherein, Z' is absent or present, Z is present and comprises two alkyl moieties covalently linked
to each other via a phosphodiester bond, wherein N? comprises uridine or deoxyuridine; and
wherein N' comprises adenosine when the corresponding nucleotide in the target RNA is
adenosing, guanosine%or cytidine;

or a pharmaceutically acceptable salt the double stranded nuclei acid.

12. The double-stranded nucleic acid of claim 1, wherein the target RNA is an mRNA encoded
by a mammalian gene.

13, The double-stranded nucleic acid of claim 12, wherein the target mRNA is an mRNA
encoded by a human gene.

14. A composition comprising at least one double-stranded nucleic acid or a pharmaceutically

acceptable salt of such doubie-stranded nucleic acid of claim 1; and a pharmaceutically
acceptable carrier.
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15. A double-stranded nucleic acid molecule having structure (A) set forth below:

(A) 5' N'-(N)x-Z 3"  (antisense strand)

3 Z'N*-(NVy-z' 5 (sense strand)

wherein N2, N, N, (N)x, (N, x, y, Z, Z' and z" are as defined in claim 2;
wherein the sequence of N>—(N')y is fully complementary to the sequence of N'—(N)x and the
sequence of (N)x has complementarity to consecutive sequence in a target RNA,
wherein N'is covalently bound to (N)x and not complementary to the corresponding nucleotide
in the target RNA or is an unconventional moiety complementary to the target RNA;
wherein N' is selected from the group consisting of adenosine, deoxyadenosine and
deoxythymidine, when the corresponding nucleotide in the target RNA is cytidine;
or a pharmaceutically acceptable salt of the double stranded nucleic acid.

16. A doubie-stranded nucleic acid molecule having structure (A) set forth below:
{A) & N'-(N)x-Z 3' (antisense strand)
3 Z-N*(N)y-z'5' (sense strand)

wherein N, N, N', (N)x, (N)y, x, v, Z, Z' and z" are as defined in claim 2;

wherein the sequence of N>—(N"y is fully complementary to the sequence of N'—(N)x and the
sequence of (N)x has complementarity to a consecutive sequence in a target RNA,;

wherein N'is covalently bound {N)x and not complementary fo the corresponding nucleotide in
the target RNA or is an unconventional moiety complementary to the target RNA wherein N'is
selected from the group consisting of adenosine, deoxyadenosine and deoxythymidine when
the corresponding nucleotide in the target RNA is guanosine;

or a pharmaceutically acceptable salt of the double stranded nucleic acid.

17. A double-stranded nucleic acid molecuie having structure (A) set forth beiow:
(A} 5' N'-(N)x-Z 3' (antisense  strand)
3 Z-N*{N%W-z' 5 (sense strand)

wherein N?, N, N', (N)x, (N y, x, y, Z, Z' and 2" are as defined in claim 2;

wherein the sequence of N*~(N")y is fully complementary to the sequence of N'—(N)x and the
sequence of (N)x has complementarity to consecutive sequence in a target RNA;

wherein N' is covalently bound to (N)x and not complementary to the corresponding nucleotide
in the target RNA or is an unconventional moiety complementary to the target RNA;

wherein N' is uridine or deoxyuridine, when the corresponding nuclectide in.the target RNA is
uridine;

or a pharmaceutically acceptable salt of the double stranded nucleic acid.
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CLAIVES

1. A double stranded nucleic acid molecule having structure (A) set forth below:
{A) 5 N-(N)x - Z 3*(antisense strand)
30 ZNE(Ny-z” 5’{sense strand)

wherein each of N°, N and N' is an unmodified or modified n’bonucleot' or an

unconventional moiety;

wherein each of (N)x and (N’)y 1s an oligonucleotide in which each copSecutive N or N’

is joined to the adjacent N or N’ by a covalent bond;
wherein each of x and y is independently an integer between 17 and 39;

wherein the sequence of (N')y has complementarity to fie sequence of (N)x and the

sequence of (N)x has complementarity to a consecutiyeé sequence in a target RNA;

wherein N is covalently bound to (N)x and forpfs a Watson-Crick base pair with N

wherein N' is not complementary to the correspénding nucleotide in the target RNA;
wherein

N' is selected from the group consigfing of natural or modified adenosine, and
deoxyadenosine when the correspdénding nucleotide in the target RNA sequence is
adenosine; or /

Nl 1s selected from the grofip consisting of natural or modified adenosine,
deoxyadenosine, deoxyptidine, deoxythymidine and ribothymidine when the
corresponding nuclegtide in the target RNA sequence is cytidine; or

N is selected frof 1 the group consisting of natural or modified adenosine,
deoxyadenosipe, uridine, deoxyuridine, ribothymidine and deoxythymidine when the
correspondjxg nucleotide in the target RNA sequence is guanosine; or

N'is sglected from the group consisting of natural or modified uridine, deoxyuridine,
u ymidine and deoxythymidine when the corresponding nucleotide in the target

'NA sequence is uridine;

wherein z” may be present or absent, but if present is a capping moiety covalently

attached at the 5° terminus of N*- (N")y; and

wherein each of Z and Z” is independently present or absent, but if present is
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independeptiy—l~5—consecutive-nucteotides;consecutive nomr=mcteotide moletics or 3
combination thereof covalently attached at the 3° terminus of the strand in which it is

present;

or a pharmaceutically acceptable salt of the double stranded nucleic acid molecule. _

2. The double stranded nucleic acid molecule of claim 1, wherein the sequer Ce of

(N)y 1s fully complementary to the sequence of (N)x.

3. The double stranded nucleic acid molecule of claim 1, wherein (N)x/Comprises an

antisense oligonucleotide that is fully complementary to about 17 to about 39 consecutive

nucleotides in a target RNA.
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antisense oligonucleotide that is substantially complementary to about 17 to about ‘;

consecutive nucleotides in a target RNA.

5. The double stranded nucleic acid molecule of any one of claims 1 to 4

x-y=18, x =y=19 or x=y=20.
6. The double stranded nucleic acid molecule of claim 5 wherein x=y=1§.

7. The double stranded nucleic acid molecule of any one of claims 140 6, wherein N
is selected from the group consisting of adenosine and deoxyadenosine, and the

corresponding nucleotide in the target RNA 1s adenosine.

8. The double stranded nucleic acid molecule of any _." claims 1 to 6, wherein
N! is selected from the group consisting of adenosine, dyadenosine, deoxyurnidine,
ribothymidine and deoxythymidine and the corresponding/ucleotide in the target RNA is

cytidine.

9, The double stranded nucleic acid molec?of claim 8, wherein N' is selected

from the group consisting of adenosine and deg&yadenosine.

10. The double stranded nucleic acid mofecule of any one of claims 1 to 6, wherein
N' is selected from the group consig of adenosine, deoxyadenosine, uridine,

deoxyuridine, ribothymidine and deoxythymidine and the corresponding nucleotide in the

target RNA is guanosine.
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from the group consisting of adenosine and deoxyadenosine.

12, The double stranded nucleic acid molecule of any one of claims 1 to 6, wherein N*
is selected from the group consisting of uridine, deoxyuridine, ribothymidine an

deoxythymidine and the corresponding nucleotide in the target RNA is uridine.

13. The double stranded nucleic acid molecule of claim 12, wherein N' s gelected

from the group consisting of uridine and deoxyuridine.

cxtin N' and N

adenosine.

14, The double stranded acid molecule of any one of claims 1 to 6, wh

form a base pair between uridine or deoxyuridine, and adenosine or deoxy

15. The double stranded acid molecule of any one of claims 1 to wherei.n N’ and N?

form a base pair between deoxyuridine and adenosine.

16, The double stranded acid molecule of any one of 1 to 15 wherein 27 is

present.

17. The double stranded nucleic acid molecule of gny one of claims 1 to 16, wherein

Z and 7’ are absent.

18, The double stranded nucleic acid molecdle of any one of claims 1 to 16, wherein

at least one of Z or Z’ is present.

19. The double stranded nucleic acid égécule of claims 1 to 18, wherein at least one

of Z or 7’ comprise non-nucleotide moieties.

20. The double stranded nucleit acid molecule of any one of claims 1 to 19, wherein

at least one of N or N” comprisgs a 2’OMe sugar-modified ribonucleotide.

21 The double stranded nucleic acid molecule of claim 20 wherein, N comprises

single alternating unmod{fied and 2’OMe sugar modified ribonucleotides.

22. The double sifanded nucleic acid molecule of any one of claims 1 to 21, wherein

N? comprises a 2/0OMe sugar-modified ribonucleotide.

23 The dotible stranded nucleic acid molecule of any one of claims 1 to 22, wherein

the double gtranded nucleic acid molecule is a siRNA, siNA or a miRNA.




e —Thre-double-stranded-nuecleie-acid-molecule-of-claim—I-whereinx=y=18,-Z-is

absent, Z is present and comprises two alkyl moieties covalently linked to each other via a

phosphodiester bond, N comprises adenosine and N’ comprises uridine.

25.  The double stranded nucleic acid molecule of claim 1 wherein x=y=18, Z’ #
5  absent, Z is present and comprises two alkyl moieties covalently linked to each other ia a

phosphodiester bond, N* comprises uridine or deoxyuridine and N! comprises adengfine.

26. The double stranded nucleic acid molecule of any one of claims 1§ to 75 wherein

the target RNA is an mRNA of a mammalian gene.

27, The double stranded nucleic acid molecule of claim 26 wherein e target mRNA

10 1s an mRNA of a human gene.

28. Use of the double stranded nucleic acid molecule of any’one of claims 1 to 27,
for the preparation of a medicament for use in therapy.
29. A pharmacentical composition comprising at leag " one double stranded nucleic

acid molecule of any one of claims 1 to 28; and a ph ceutically acceptable carrier.

15 30.  Use of the double stranded nucleic acid mo}ecule of any one of claims 1 to 27, or
the pharmaceutical composition of claim L;j,/f
ty

treating or preventing the incidence or sev

r the preparation of a medicament for
of a disease or condition in a subject in
need thereof, wherein the disease or Ahe condition and/or symptoms associated

therewith is selected from the group/consisting of hearing loss, acute renal failure

20 (ARF), Delayed Graft Function (DGF) after kidney transplantation, glaucoma, ocular

ischemic conditions, including ngh-arteric ischemic optic neuropathy (NAION), anterior

ischemic optic neuropathy, mrelated macular degeneration (AMD), Ischemic Optic
Neuropathy (ION) and dry/eye syndrome, acute respiratory distress syndrome (ARDS)
and other acute lung add respiratory injuries, chronic obstructive pulmonary disease
25 (COPD), primary 3 failure, ischemia-reperfusion injury, reperfusion injury,
reperfusion edem , allograft dysfunction, pulmonary reimplantation response and/or
primary graft dysfunction (PGD) after organ transplantation, in particular in fung
transplantatioh, organ transplantation including lung, liver, heart, pancreas, and kidney
transplangation, nephro- and neurotoxicity, spinal cord injury, brain injury,
30  neurodégenerative disease or condition, pressure sores, oral mucositis, fibrotic disorders

angscancer.

I
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strand and an antisense strand and exhibiting enhanced RNA1 activity when compared

to an unmodified dSRNA molecule comprising the steps of

a) selecting a consecutive 17 to 25 nucleotide sequence in a target RNA and synthesiZing

5  an anfisense strand comprising complementarity to the consecutive 17 to 25 nudleotide

sequence of the target mRNA, wherein the 5° terminal nucleotide of the antis
is substituted with uridine, modified uridine, ribothymidine, deoﬁ(yr' othymidinc,
adenosine, modified adenosine, deoxyadenosine or modified deoxyadefiosine, with the
proviso that a rG:rU wobble is not generated between the 5 termingl nucleotide of the

10 antisense strand and the 3’ terminal nucleotide of the target mRN

b) synthesizing a sense strand of 17 to 25 nucleotides having complementarity to the
antisense strand, wherein the 3’ terminal nucleotide of the gense strand forms a Watson

Crick base pair with the 5° terminal nucleotide of the antigense strand; and

¢) annealing the sense and antisense strands; thereby’ generating a double stranded RNA

15 molecule having enhanced RNAI activity.

32. A method of generating a modified siRNA duplex consisting of a sense strand and
and an antisense strand exhibiting enhaffced RNAI activity when compared to an

unmodified siRNA duplex comprising the steps of

a) selecting a consecutive 17 to25 nucleotide sequence in a target mRNA and
20  synthesizing a sense strand compfising the consecutive 17 to 25 nucleotide sequence of
the target mRNA wherein ;}9 3’ terminal nucleotide is substituted with adenosine,

modified adenosine, dei:? enosine or modified deoxyadenosine;

b) synthesizing an antiseiise strand of 17 to 25 nucleotides having complementarity to the

25 ribouridine, deox

sense strand wherein the 5° terminal nucleotide comprises ribouridine, modified
/r{;ouridine or modified deoxyribouridine and base pairs with the 3°

terminal nuc}f@iﬁde of the passenger strand;
¢) anneali the sense strand to the antisense strand;

thereby generating a siRNA duplex having enhanced RNA{ activity.




