77095387 A2 I 10 0 00O 0O A A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization | ‘1”1‘

) IO O T O 00

International Bureau

(43) International Publication Date
23 August 2007 (23.08.2007)

(10) International Publication Number

WO 2007/095387 A2

(51) International Patent Classification: Not classified

(21) International Application Number:
PCT/US2007/004223

(22) International Filing Date:

16 February 2007 (16.02.2007)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

60/774,350 17 February 2006 (17.02.2006) US
60/826,702 22 September 2006 (22.09.2006) US
60/865,508 13 November 2006 (13.11.2006) US
60/870,815 19 December 2006 (19.12.2006) US

(71) Applicant (for all designated States except US): DHAR-
MACON, INC. [US/US]; 2650 Crescent Drive, Suite 100,
Lafayette, CO 80026 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): VERMEULEN,
Annaleen [US/US]; 2967 N. 107th Street, Lafayette,
CO 80026 (US). ROBERTSON, Barbara [US/US]J;
55 Hawthorn Avenue, Boulder, CO 80304 (US).
BASKERVILLE, Scott [US/US]; 493 Eisenhower,
Louisville, CO 80027 (US). YAMADA, Christina

[US/US]; 3640 Aspen Court, Boulder, CO 80404 (US).
LEAKE, Devin [US/US]; 2631 Clinton Way, Denver,
CO 80238 (US). FEDOROY, Yuriy [US/US]; 2405
Andrew Drive, Superior, CO 80027 (US). KARPILOW,
Jon [US/US]; 3851 Orion Court, Boulder, CO 80304
(US). KHVOROVA, Anastasia [RU/RU]; 4450 Squires,
Boulder, CO 80305 (US).

Agents: STRINGHAM, John, C. et al.; WORKMAN
NYDEGGER, 1000 Eagle Gate Tower, 60 East South Tem-
ple, Salt Lake City, UT 84111 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,

(74)

(81)

(34)

[Continued on next page]

(54) Title: COMPOSITIONS AND METHODS FOR INHIBITING GENE SILENCING BY RNA INTERFERENCE

miRNA Gene

Cytoplasm Nucleus

A

gradation

D000 —> Pﬁ_miRNAgi

-~ MRNA ~
A s

DROSHA

2
Pre-miRNA Crbe

mRNA Translational
Repression

(57) Abstract: The present invention provides compositions and methods for inhibiting gene silencing by the RNAi pathway. The
RNAI inhibitors of the invention have a reverse complement (RC) region to the target molecule of interest (e.g., miRNA) in associa-
& tion with at least one flanking region coupled to either at the 3’ or 5’end of the RC region. The flanking regions can be single-stranded
& or can have one or more regions of double stranded nucleic acid with or without a hairpin loop. The RNAi inhibitors described herein
can inhibit endogenous targets, including but not limited to microRNAs, or piRNAs, or can be used to inhibit the effects of exoge-
nously introduced molecules, such as synthetic siRNAs, siRNAs expressed from vector constructs (e.g., viral expression systems),
or siRNAs generated by enzymatic methods. Inhibition is specific, potent, prolonged, and can be performed on a single target or

multiple targets simultaneously.



WO 2007/095387 A2 | NI DA 000 0T 000 000 000 0 O

RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, For two-letter codes and other abbreviations, refer to the "Guid-
GN, GQ, GW, ML, MR, NE, SN, TD, TG). ance Notes on Codes and Abbreviations” appearing at the begin-
Published: ning of each regular issue of the PCT Gagzette.
—  without international search report and to be republished
upon receipt of that report



WO 2007/095387 PCT/US2007/004223

COMPOSITIONS AND METHODS FOR INHIBITING GENE SILENCING
BY RNA INTERFERENCE

CROSS-REFERENCE TO RELATED APPLICATIONS
This PCT patent application claims benefit of U.S. Provisional Serial No.
60/870,815, which was filed on December 19, 2006, U.S. Provisional Serial No.
60/865,508, which was filed on November 13, 2006, U.S. Provisional Serial No.
60/826,702, which was filed on September 22, 2006, and U.S. Provisional Serial No.
60/774,350, which was filed on February 17, 2006, wherein such provisional patent

applicatioris are each incorporated in their entirety by specific reference.

FIELD OF THE INVENTION

The present invention relates to the field of modified polynucleotides
configured to inhibit gene silencing by RNA interference. More particularly, the
present invention relates to polynucleotides that can interact with target miRNA or

siRNA so as to inhibit silencing of a target gene.

BACKGROUND

RNA interference (RNAi) is a near-ubiquitous pathway involved in post-
transcriptional gene modulation. The key effector molecule of RNAI is the microRNA
(miRNA or miR). These small, non-coding RNAs are transcribed as primary
miRNAs (pri-miRNA, Figure 1) and processed in the nucleus by Drosha (e.g., Type
III ribonuclease) to generate pre-miRNAs. The resulting hairpin molecules are then
transported to the cytoplasm and processed by a second nuclease (Dicer) before being
incorporated into the RNA Induced Silencing Complex (RISC). Interactions between
the mature miRNA-RISC complex and messenger RNA (mRNA), particularly
between the seed region of the miRNA guide strand (e.g., 5° nucleotides 2-7) leads to
gene knockdown by transcript cleavage and/or translation attenuation. While study of
native substrates (e.g., miRNA) has garnered considerable interest in recent yeafs, the
RNAIi pathway has also been recognized as a powerful research tool. Small double
stranded RNAs (e.g., small interfering RNAs or siRNA) generated by synthetic

chemistries or enzymatic methods can enter the pathway and target specific gene
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transcripts for degradation. As such, the RNAi pathway serves as a potent tool in the
investigation of gene function, pathway analysis, and drug discovery.

To better understand the mechanism of RNAI, the targets of microRNAs, and
the roles that miRNAs and their targets play in disease, cellular differentiation and
homeostasis, development of molecular tools, such as miRNA inhibitors and mimics,
are valuable. Inhibitors should be potent, stable, highly specific, and easily introduced
into cells under in vivo (e.g., whole animal and in culture), and induce silencing for
extended periods of times. ‘

Several groups have previously described a class of miRNA inhibitors (see
Meister, G. et al, (2004) RNA 10(3):544-50; Hutvagner, G. et al. (2004) PLoS Biol.
Apr;2(4):E98. Epub 2004 Feb 24). These molecules are single stranded, range in size .
from 21-31 nucleotides (nts) in length, and contain O-methyl substitutions at the 2
position of the ribose ring. More recently, a variant of this original design called
“antagomirs” were developed and include the addition of a cholesterol to single
stranded 21-23 nt inhibitors (Krutzfeldt, J. et al (2005) Nature 438:685-689), and
novel designs that include the incorporation of locked nucleic acids (LNAs, see Orom
et al, (2006) Gene 372:137-141).

Short, single stranded RNAI1 inhibitors and single stranded RNAI inhibitors
conjugated to cholesterol suffer from dissimilar shortcomings. The short single
stranded molecules described by Hutvagner (2004) and Meister (2004) are as a whole
fairly ineffectual in inhibiting the intended target. As shown in Figure 2, inhibitors of
this design predominantly induce low to moderate (e.g., 0-30%) levels of silencing
when transfected at moderate (e.g., 25-50nM) concentrations and sustain silencing for
limited periods (e.g., about 1-3 days). While conjugation of cholesterol to single
stranded 21-23 nt inhibitors (e.g., antagomirs) alters pharmacokinetic behavior and
secures some degree of functionality in vivo in mouse livers, the manufacturing of
these molecules is tedious. Specifically, due to the single stranded nature of the
antagomir design, each of the hundreds of sequences must be synthesized individually
and separately conjugated with cholesterol. For these reasons, designs that exhibit
enhanced activity and allow for streamlined manufacturing procedures are highly

desirable.
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SUMMARY OF THE INVENTION

To address the shortcomings of the currently available miRNA inhibitors, the
inventors have identified two new general designs that greatly enhance the overall
performance of RNAI inhibitors. The first design is a modified, single stranded
inhibitor in which the length of the molecule has been greatly extended. These long,
single stranded inhibitors more closely mimic the natural targets (e.g., messenger
RNA) and represent improved substrates for the RNAi pathway. The second design
represents a double stranded RNAI inhibitor that significantly enhances overall
functionality. Incorporation of regions of double stranded oligonucleotides into the
inhibitor design greatly increases overall potency and longevity of the molecules
without altering specificity. In addition, the second design is compatible with
manufacturing processes that greatly minimize the complications associated with
previous designs. The polynucleotides of the double stranded inhibitors can be
modified or unmodified.

In the most general of terms, the molecules of the invention can be used to
inhibit gene silencing by the RNA1 pathway. The inhibitors described herein can
inhibit endogenous targets, including but not limited to microRNAs, or piRNAs, or
can be used to inhibit the effects of exogenously introduced molecules, such as
synthetic siRNAs, siRNAs expressed from vector constructs (e.g., viral expression
systems), or siRNAs generated by enzymatic methods. In addition, the molecules of
the invention can be used to inhibit microRNAs that are expressed by pathogens.
Inhibition is specific, potent, prolonged, and can be performed on a single target or
multiple targets simultaneously.

The inhibitor molecules of the invention comprise any design that includes a
reverse complement (RC) nucleotide sequence to the target molecule of interest (e.g.,
miRNA) in association with either: (1) an extended flanking region(s) that is single
stranded, or (2) a flanking region(s) having double stranded nucleic acid. Thus, for
instance, in the case of double stranded (ds) inhibitors, the double stranded region can
result from a hairpin associated with the 5* and/or 3” terminus of the RC region, or
from the annealing of a second or third oligonucleotide to regions that flank the 5’
and/or 3° terminus of the RC. In yet another variant, the double stranded region can
result from 5’ and 3’ regions flanking the RC annealing together. The molecules of
the invention can be RNA, modified RNA, DNA, modified DNA, or any combination

thereof. Nucleotide modifications applicable for the inhibitors of the invention are
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disclosed in W02005/097992 and W02005/078094. In addition, the molecules of the
invention can be conjugated to one or more molecules that enhance cellular delivery.
This conjugate can be attached directly to the inhibitor or associated through a linker
molecule. _

More specifically, the single stranded inhibitors of the invention comprise a
modified oligonucleotide that contains three domains (e.g., a 5’ flanking domain, a
central domain, and a 3’ flanking domain) and ranges in length between 41 and 68
nucleotides (nts). An embodiment of a single stranded inhibitor can inclﬁde the
following:

1. The central region ranges in length between about 17 and about 32 nucleotides
and is substantially similar to the reverse complement of the mature, RISC-entering
strand of the miRNA and regions bordering the mature strand.

2. The 5 flanking region is: (1) about 12 to about 20 nucleotides in length; (2) is
not rich in pyrimidines (e.g., preferably not more than about 70%, more preferably not
more than about 60%, even more preferably not more than about 50%, still more
preferably not more than about 40%, and most preferably less than about 30%
pyrimidines); (3) is 5’ of the central region; and (4) has minimal complementarity
with the primary miRNA sequence that is 3° of the mature miRNA sequence.

3. The 3’ flanking region is: (1) about 12 to about 20 nucleotides in length; (2) is
not rich in pyrimidines (e.g., preferably not more than about 70%, more preferably not
more than about 60%, even more preferably not more than about 50%, still more
preferably not more than about 40%, and most preferably less than about 30%
pynmidines); (3) is 3’ of the central region; and (4) has minimal complementarity
with the primary miRNA sequence that is 5’ of the mature miRNA sequence.

In addition, the inhibitors of the present invention having double stranded
region(s) comprise one or more of the following:

1. A first oligonucleotide comprising:

a. A central region ranging in length between about 6 to about 37
nucleotides that contains sequences that are substantially similar to the reverse
complement of the mature, RISC-entering strand of a miRNA, or the mature strand
plus regions bordering the mature strand of a pri-miRNA or the RISC entering strand
of an siRNA, or piRNA.

b. A 5° flanking region, about 10 to about 40 nucleotides in length, is 5’

of the central region, and is capable of: (1) annealing to itself to create a duplex
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region, (2) annealing to the 3” flanking region to create a duplex region, (3) annealing
to a second oligonucleotide, which may also be referred to as a first enhancer
sequence, to create a 5° double stranded region, or (4) has little or no secondary
structure.

c. A 3’ flanking region that is about 10 to about 40 nucleotides in length,
is 3” of the central region, and is capable of: (1) annealing to itself to create a hairpin
structure, (2) annealing to the 5’ flanking region, (3) annealing to a third
oligonucleotide, which may also be referred to as the second enhancer sequence, to
create a 3> double stranded region, or (4) has little or no secondary structure at all.

2. A second oligonucleotide (i.e., first enhancer sequence or oligonucleotide)
that is substantially complementary to, and capable of annealing with, all or portions
of the 5’ flanking region. '

3. A third oligonucleotide (i.e., second enhancer sequence or oligonucleotide)
that is substantially complementary to, and capable of annealing with, all or portions
of the 3’ flanking region.

Alternatively, the double stranded inhibitors can comprise:

a. A central region ranging in length between about 17 and about 37 nucleotides
that contains sequences that are substantially similar to the reverse complement of the
mature, RISC-entering strand of a miRNA, or the mature strand plus regions
bordering the mature strand of a pri-miRNA or the RISC entering strand of an siRNA,
or piRNA.

b. A fourth oligonucleotide that is substantially complementary to and capable of
annealing with all or portions of the central region.

In one embodiment, one or more of the nucleotides of the inhibitor molecule
of the invention are modified and/or contain a conjugate. The preferred modifications
include: (a) 2’-O-alkyl modifications; (b) 2’-orthoester modifications, and/or (c) 2°-
ACE (ie., 2’-O-acetoxyethoxy) modifications of the ribose ring of some or all
nucleotides. Preferably, the oligonucleotide(s) are modified polyribonucleotides, and
the conjugates are hydrophobic molecules. More preferably, the modification is a 2’-
O-alkyl modification of the ribose ring of some or all nucleotides and the éonjugatc is
cholesterol. Conjugates can be attached directly to the 5° end, 3’ end, or internal
regions of any of the oligonucleotides or be attached through a linker molecule
associated with the 5’ end, 3’ end, and/or internal regions of any of the

oligonucleotides of the invention.
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According to another embodiment, the invention describes methods of
inhibiting the ability of an miRNA, a piRNA, or siRNA to modulate gene expression
using compositions described in the previous embodiments.

The present invention also provides kits and pharmaceutical compositions

containing the inventive inhibitors.
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BRIEF DESCRIPTION OF THE FIGURES AND TABLES
The preferred embodiments of the present invention have been chosen for
purposes of illustration and description, but are not intended to restrict the scope of
the invention in any way. The benefits of the preferred embodiments of certain

aspects of the invention are shown in the accompanying figures, wherein:
Figure 1 is a diagram showing some of the underlying steps in the RNA1i pathway.

Figure 2 is a bar graph showing the performance of single stranded, 21 nucleotide, 2’-
O-methyl modified inhibitor molecules targeting let-7c, AmiR21, and miR22.
Sequences used in these studies include: let-7c: 5’-
AACCAUACAACCUACUACCUCA (SEQ ID NO: 1); miR-21: 5°-
UCAACAUCAGUCUGAUAAGCUA (SEQ ID NO: 2); and miR-22: 5°-
ACAGUUCUUCAACUGGCAGCUU (SEQ ID NO: 3) inhibitors. All sequences
used in this study were fully 2°-O-methylated.

Figure 3 is a depiction of the single stranded inhibitor design of the invention as it
relates to primary miR sequence and structure. Box indicates the position of the
mature miRNA. Central, 5° flanking, and 3’ flanking regions are indicated as dotted

line.

Figure 4A shows schematic illustrations of embodiments of various inhibitors of the
present invention that contain double stranded regions. All of the diagrammed
structures contain 2’-O-methyl modifications and can be modified with one or more
conjugates. (A) an inhibitor molecule that has an RC region and hairpin structures in
both the 5’ and 3’ flanking regions, (B) an inhibitor molecule with an RC region and a
hairpin structure in the 5 flanking regions and an unstructured (not duplexed) 3’
flanking region, (C) an inhibitor molecule with an RC region and a hairpin structure
in the 3’ flanking regions and an unstructured 5’ flanking region, (D) an inhibitor
molecule that has an RC region and forms a double stranded region by having the 5’
and 3’ flanking regions anneal together, (E) an inhibitor molecule that has an RC
region and a hairpin structure in the 3’ flanking region, but no 5 flanking region, (F)
an inhibitor molecule that has an RC region and a double stranded region in the 3’

flanking region resulting from annealing to a complementary sequence, but no 5’
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flanking region, (G) an inhibitor molecule that has an RC region, a hairpin structure in
the 5° flanking region, but no 3’ flanking region, (H) an inhibitor molecule that has an
RC region and double stranded regions in the 5’ and 3’ flanking regions resulting
from addition of second and third oligonucleotides that anneal to the flanks, (I) an
inhibitor molecule that has an RC region, a 5’ flanking region, and a double stranded
3’ flanking region resulting from addition of a complementary oligonucleotide, (J) an
inhibitor molecule that has an RC region, a 3’ flanking region, and a double stranded
5’ flanking region resulting from addition of a cbmplementary oligonucleotide, (K) an
inhibitor with an RC region, a double stranded 5’ flanking region resulting from
addition of a complementary oligonucleotide, and a 3’ flanking region that contains a
hairpin, (L) an inhibitor with an RC region, a double stranded 3’ flanking region
resulting from addition of a complementary oligonucleotide, and a 5” flanking region
that contains a hairpin, and (M) an inhibitor molecule that contains an RC region and
a double stranded 5’ flanking region resulting from addition of a complementary
oligonucleotide, but no 3’ flanking region. In all cases, RC region is synonymous

with *“central region”. The vertical lines demark the boundaries between regions.

Figure 4B is an illustration of an embodiment of an inhibitor having a conjugate

linked to an oligonucleotide through a linker.

Figures S5A-5B are graphs showing that overall length of 2'-O-methylated miRNA
inhibitors affects functionality. Inhibitors targeting let-7c (Figure 5A) and miR-21
(Figure 5B) were assayed by co-transfecting into Hel.a cells with reporters at 25
(open circles) and 50 nM (filled circles) concentrations. The dual luciferase ratio was
measured 48 hrs post-transfection to determine the effectiveness of each design. The

experiment demonstrates a strong correlation between functionality and length.

Figures 6A-6B are graphs showing the effects of adding flanking sequences to
varying positions. Accordingly, Figures 6A-6B depict the effectiveness Aof Let-7¢
(Figure 6A) and miR-21 (Figure 6B) 2’-O-methyl modified inhibitors that have 1)
sequences complementary to the mature miRNA, plus 2) sequences complementary to
regions bordering the mature miRNA sequence, attached on the 5’ (circles), 3’
(triangles), and 5° and 3’ ends (squares). Results demonstrate that the 16 + RC + 16

design consistently provides superior performance.
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Figures 7A-7B are graphs showing the effect of inhibitor flanking sequence

composition on inhibitor functionality.

Figure 7C is a graph showing the effect of inhibitor flanking sequence composition on
inhibitor functionality.

Figure 8 is a graph showing the effect of multi-miRNA targeting with long and short
single stranded inhibitors. The graph shows the differences in the ability of 21 nts 2°- |
O-methyl inhibitors and 56 nts 2’-O-methyl modified inhibitors (e.g., 28 nts central
region, 14 nts 5° flanking region (5’~AGCUCUCAUCCAUG; SEQ ID NO: 4) and 14
nts 3’ flanking regions (5’-GUACCUACUCUCGA,; SEQ ID NO: 5)) targeting miR-
18, miR-22, and Let-7c to simultaneously inhibit multiple miRNAs.

Figure 9 compares the effectiveness of 2°-ACE and 2’-O-Me modified 31 nts

inhibitors in preventing the cleavage of an artificial substrate.

Figures 10A-10B are bar graphs showing the performance of five different inhibitor
designs at 50 and 25 nM and targeting: A) miR21, and B) let7c miRNAs. “Strucl” =
57 and 3’ flanking region hairpins. “Struc2” = 5° flanking region hairpin, 3’ flanking
region unstructured. “Struc3” = 5§’ ﬂénking region unstructured, 3’ flanking region
hairpin. “ARB” = unstructured 5’ and 3’ flanking regions. “RC” = short (21 nt)
reverse complement. The study shows that incorporation of double stranded regions in

inhibitor design enhances functionality.

Figures 11A-11B are bar graphs showing the performance of three different inhibitor
designs targeting: A) miR21, and B) let7c miRNAs at 50 and 25 nM. “Struc4”
represents inhibitor designs that include 5’ and 3’ flanking region annealing (also
referred to as “lollipop” designs). “ARB” represents inhibitors of equivalent length
that do not form lollipop structures. “RC” = short 21 nt reverse complement. The
study demonstrates that in the absence of RC secondary structures, incorporation of
double stranded regions into inhibitor design by this method can enhance

functionality.
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Figure 11C is a schematic repre.sentation of a predicted folding structure of an
embodiment of a Let7c inhibitor (5°-
UCGAGAGUAGGUACAAAACCAACAACCUACUACCUCAUUGUACCUA_CUC |
UCGA,; SEQ ID NO: 6). Highlighted regions represent the position of the critical

reverse complement.

Figure 11D is a schematic representation of a predicted folding structure of the miR21
inhibitor | Ol
UCGAGAG_UAGGUACAAUCAACAUCAGUCUGAUAAGCUAUUGUACCUAC

UCUCGA,; SEQ ID NO: 7). Highlighted regions represent the position of the critical

reverse complement.

Figures 12A-12B are bar graphs showing the performance of four different inhibitor
designs targeting: A) miR21 (Figure 12A), and B) let7c miRNAs (Figure 12B).
“SpARM?” represents inhibitor designs that include a first oligonucleotide coﬁtaining a
central region, a 5’ flanking region, and a 3’ flanking region plus a ﬁrst enhancer
sequence capable of annealing to the 5° flanking region. “3pARM” represents
inhibitor designs that include a first oligonucleotide containing a central region, a 5’
flanking region, and a 3’ flanking region plus a second enhancer sequence capable of
annealing to the 3’ flanking region. “SpARM+3pARM?” represents inhibitor designs
that include a first oligonucleotide (containing a central region, a 5° flanking region,
and a 3’ flanking region) plus a first enhancer sequence capable of annealing to the 5
flanking region, and a second enhancer sequence capable of annealing to the 3’
flanking region. “miRIDIAN” represents single stranded (1% oligonucleotide)
inhibitors of equivalent length and sequence. Study demonstrates the enhanced

potency of inhibitors having double stranded structures.

Figure 13 is a bar graph showing the performance of five different inhibitor designs
targeting miR21. From left to right: 1) a truncated inhibitor consisting of 5 flanking
region-a central region plus an enhancer sequence annealed to the 5° flank
(ds16 AR+RC); 2) a truncated inhibitor consisting of a central region & a 3’ flanking
region plus an enhancer sequence annealed to the 3° flank (RC + ds16AR); 3) an
inhibitor consisting of 5 flanking region-a central region-a 3’ flanking region plus an

enhancer sequence annealed to the 5° and 3° flanking regions
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(ds16AR+RC+ds16AR); 4) a short, 21 nt single stranded reverse complement (RC);
and 5) a long single stranded inhibitor containing a 5° flanking region, a central
region, and a 3’ flanking region (16AR+RC+16AR). Study demonstrates the
enhanced potency of double stranded inhibitors. ’

Figures 14A-14B are schematic representations of embodiments of inhibitors having

conjugate structures that were tested in Example 10.

Figures 14C-14F are bar graphs showing the performance of multiple double stranded
inhibitor designs conjugated to cholesterol (C and D), or Cy3 (E and F). All designs
were tested for efficacy against let-7¢ and miRZl. For the cholesterol experiments,
long single stranded inhibitors (5’ flanking region-central region-3’ flanking region,
miRIDIAN), were compared to double stranded inhibitors conjugated to cholesterol
including those that contain: 1) a first oligonucleotide plus a 5° enhancer sequence
with a 5° cholesterol modification (SpArm_5pChl), 2) a first oligonucleotide plus a 5’
enhancer sequence with a 3’ cholesterol modification (5SpArm_3pChl), 3) a first
oligonucleotide plus a 3’ enhancer sequence with a 5’ cholesterol modification
(3pArm_5pChl), 4) a first oligonucleotide plus a 3’ enhancer sequence with a 3’
cholesterol modification (3pArm_3pChl), 5) a first oligonucleotide plus a 3° enhancer
sequence with a 5° cholesterol modification plus a 5’ enhancer
sequence(SpArm+3pAmSpChl), 6) a first oligonucleotide plﬁs a 5’ enhancer
sequence with a 5’ cholesterol modification plus a 3’ enhancer sequence
(5pArm5pChl+3pArm), and 7) a first oligonucleotide plus both 3” and 5 enhancer
sequences, both of which are modified with a 5° cholesterol modification. For the Cy3
experiments, simple, single stranded (miRIDIAN) designs were compared with
double stranded designs having 5’ flanking regions- central regions- 3’ flanking
regions plus enhancer sequences anncaled to both flanks (SpArm-3pArm), and the
same double stranded designs having Cy3 conjugates, including: 1) 5° flanking
regions- central regions- 3’ flanking regions plus enhancer sequences annealed to both
flanks with the first enhancer sequenée having a Cy3 on the 5’ terminus
(5pArm5pr3+3pArm), or 2) 5’ flanking regions- central region- 3’ flanking regions
plus enhancer sequences annealed to both flanks with the second enhancer sequence
having a Cy3 on the 5’ terminus (SpArm+3pArmSpCy3). Study demonstrates the

superior performance of double stranded inhibitors and double stranded inhibitors
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with cholesterol or Cy3 conjugates.

Figure 15A is a bar graph comparing the performance of simple single stranded
miR21-targeting inhibitor designs having: 1) 8 polypyrimidine nucleotide flanks
(8Y+RC+8Y), or 2) 16 polypyrimidine nucleotide flanks (16Y+RC+16Y), with 3)
double stranded polypyrimidine flanks having stem-loop structures containing 8
polypyrimidine base pairs in the stems (8Yhp+RC+8Yhp), or 4) 16 polypyrimidine
flanks with complementary enhancer sequences (16Yds+RC+16Yds). The graph
demonstrates the superior performance and sequence independence of double

stranded inhibitor designs.

Figure 15B is a bar graph comparing the performance of simple single stranded
inhibitor designs having: 1) 8 arbitrary nucleotide flanks (8A+RC+8A), or 2) 16
arbitrary nucleotide flanks (16A+RC+16A), with 3) double stranded arbitrary flanks
having stem-loop structures containing 8 érbitrary base pairs in the stems
(8Ahp+RC+8Ahp), or 4) 16 double stranded arbitrary flanks resulting from addition
of enhancer sequences (16Ads+RC+16Ads). The graph demonstrates the superior

performance and sequence independence of double stranded inhibitor designs.

Figure 16 is a graph of a comparison between short 21 nt single stranded inhibitors,
long single stranded inhibitors, and double stranded (hairpin) inhibitors in multi-miR
studies. The study demonstrates that unlike single stranded inhibitor designs, double

stranded inhibitors of the invention are capable of multi-miR knockdown.

Figure 17 is a graph of a comparison study to test the performanée of double stranded
inhibitors containing mixtures of modified and unmodified nucleotides. miR21-
targeting inhibitors in which: 1) the 3” flanking region was altered so as to promote
annealing with the 5’ flanking region (structure 4), or 2) the 5° flanking region was
altered so as to promote annealing with the 3’ flanking region (structure S), were
designed. Both designs were tested as: 1) fully 2’-O-methylated double stranded
inhibitors, or 2) partially 2’-O-methylated double stranded inhibitors. Short single
stranded, fully 2’-O-methylated inhibitors, targeting miR21 were incorporated in the
experiment for comparison. Results demonstrate that both fully and partially modified

double stranded inhibitor designs exhibit superior performance to short, single-
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stranded 21 nucleotide designs.

Figure 18A is a schematic representation of the reporter plasmid used in the

experiments that generated the data shown in the graphs of Figures 18B-18C.

Figure 18B is a graph showing a comparison of the affects of short single stranded
inhibitors and double stranded inhibitors on reporter constructs containing: 1) é single
cleavage site, 2) a single attenuation site, or 3) three attenuation sites, as measured by
branched DNA assays. “mir21-strucl” represents the double stranded inhibitor
design tested in these studies. “Inmir2]_RC” represents the short single stranded
inhibitor design used in these studies. Results demonstrate the enhanced potency of

double stranded inhibitors in both assays.

Figure 18C is a graph showing a comparison of the effects of short single stranded
inhibitors and double stranded inhibitors on reporter constructs containing 1) a single
cleavage site, 2) a single attenuation site, or 3) three attenuation sites, as measured by
the dual luciferase assay. “mir21-strucl” represents the double stranded inhibitor
design tested in these studies. “Inmir21_RC” represents the short single stranded
inhibitor design used in these studies. Results demonstrate the enhanced potency of

double stranded inhibitors in both assays.

Figures 19A-19B are graphs showing a study of the longevity of silencing by
comparing simple RC and double stranded inhibitor designs. Study examines the
relative longevity of silencing by short, single-stranded 21 nucleotide 2’-O-Me
modified inhibitors (Figure 19A), and double stranded inhibitors of the invention
having hairpins in the flanking regions targeting let-7 (Figure 19B). Results show the

enhance longevity of inhibition by double stranded inhibitors.

Figure 20A is a schematic representation of a design of the cholesterol modified
double stranded inhibitor used in Example 16. The long oligonucleotide described by
“hPPIB3_miR inhib_56" has a polynucleotide sequence | of 5’-
AGCUCUCAUCCAUGAAAAACAGCAAAUUCCAUCGUGUAAUCAGUACCU

ACUCUCGA (SEQ ID NO: B8). The short oligonucleotide described by
“S5pmiR_arm RC C5 chol FM” has a polynucleotide sequence of 5’-
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CAUGGAUGAGAGCU (SEQ ID NO: 9). The short oligonucleotide described by
“3pMIRidian_arm_RC_” has a polynucleotide sequence of 5-
UCGAGAGUAGGUAC (SEQ ID NO: 10).

Figure 20B is a graph that demonstrates the utility of multiple cholesterol modified
double stranded inhibitor designs. In particular, these experiments demonstrate that in
the absence of the inhibitor molecule, the siRNA knocks down its respective target by
greater than 90% (see lane 1). Addition of the cholesterol conjugated inhibitor
molecule (with or without the optional phosphorothioate modification) severely limits
the ability of the siRNA to act (see lanes 2 and 3). Similar experiments with control,
non-targeting inhibitors, or targeting inhibitors that are un-conjugated to cholesterbl,

fail to prevent the siRNA from knocking down its target.

Figure 21A is a schematic representation of double stranded inhibitor designs that
were tested for compatibility with passive delivery. The long oligonucleotide
described by “hDBI-inhib” has a polynucleotide sequence of 5°-
AGCUCUCAUCCAUGUGGAAUGAGCUGAAAGGGACUUCCAAGUGUACCU
ACUCUCGA (SEQ ID NO: 11). The short oligonucleotide described by
“5pmiR_arm RC C5 chol FM” has a polynucleotide sequence of 5°-
CAUGGAUGAGAGCU (SEQ ID NO: 9). The short oligonucleotide described by
“3pMIRidian_arm_RC_” has a polynucleotide sequence of 5’-
UCGAGAGUAGGUAC (SEQ ID NO: 10).

Figure 21B is a schematic representation of a protocol that was used to test passive

delivery of cholesterol modified double stranded inhibitors.

Figure 21C is a graph illustrating the results from passive delivery of two double
stranded inhibitors. Findings demonstrate that inhibitors comprised of a cholesterol,
modified first oligonucleotide, and a cholesterol modified 3™ oligonucleotide provide

strong inhibition of the hairpin design targeting DBI.

Figure 22 is a graph illustrating the results of short double stranded inhibitor designs
having cholesterol conjugates that were tested for the ability to inhibit RNAi.
Findings show that inhibitors built around this design provide strong inhibition of
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shRNAs targeting the DBI gene by passive delivery.

Figure 23A is a schematic representation of a cluster of microRNA that is

coexpressed on chromosome 13 (miR~17~18a~19a~20~19b~92).

Figure 23B is a bar graph illustrating results of double stranded inhibitors that were
tested for the ability to simultaneously target six distinct miRNAs. The results of these
experiments are shown in Figure 23B and demonstrate that only the double stranded

inhibitors are potent enough to simultaneously target all of the molecules.

Table 1 represents a list of preferred inhibitor sequences targeting miRNAs from the
human, mouse, and rat genomes. The sequences consist of the central or reverse
complement (RC) region and can be associated with either the single stranded or
double stranded designs. For long single stranded inhibitors, the full inhibitor
sequences contain the central region, as well as common 5’ flanking (5’ ) and 3’
flanking (3°) regions. In this case, all of the nucleotides in the inhibitor central‘ and
flanking sequences are O-methylated at the 2’ carbon of the ribose ring. Table 1 also
provides the accession number of the mature and precursor miR to which each

inhibitor targets.

Table 2 provides the list of sequences that were tested to determine the optimal length

of the inhibitors.

Table 3 provides the list of sequences that were tested to determine the optimal

position of flanking sequences.

Table 4 provides a list of sequences that were used to test the importance of flanking

sequence content.

Table 5 provides the list of sequences that were used 1n these studies to test the

efficacy of different double stranded inhibitor designs.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention will now be described in connection with preferred
embodiments. These embodiments are presented to aid in an understanding of the
present invention and are not intended, and should not be construed, to limit the
invention in any way. All alternatives, modifications and equivalents that may
become apparent to those of ordinary skill upon reading this disclosure are included
within the spirit and scope of the present invention. This disclosure is not a pﬁmer on
compositions and methods for performing RNA interference. Basic concepts known
to those skilled in the art have previously been set forth in detail.

The present invention is directed to compositions and methods for inhibiting
RNA interference, including siRNA, piRNA, and miRNA-induced gene silencing.
Through the use of the present invention, modified polynucleotides, and derivatives
thereof, one may improve the efficacy of RNA interference applications.

Unless stated otherwise, the following terms and phrases have the meanings
provided below:

As used herein, “alkyl” refers to a hydrocarbyl moiety that can be saturated or
unsaturated, and substituted or unsubstituted. It may comprise moieties that are
linear, branched, cyclic and/or heterocyclic, and contain functional groups such as
ethers, ketones, aldehydes, carboxylates, etc. Unless otherwise specified, alkyl groups
are not cyclic, heferocyclic, or comprise functional groups. Exemplary alkyl groups
include but are not limited to substituted and unsubstituted groups of methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,- ;
tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, eicosyl and alkyl
groups of higher number of carbons, as well as 2-methylpropyl, 2-methyl-4-
ethylbutyl, 2 ,4-diethylpropyl, 3-propylbutyl, 2 8-dibutyldecyl, 6,6-dimethyloctyl, 6-
propyl-6-butyloctyl, 2-methylbutyl, 2-methylpentyl, 3-methylpentyl, and 2-
ethylhexyl. The term alkyl also encompasses alkenyl groups, such as vinyl, allyl,
aralkyl and alkynyl groups. Unless otherwise specified, alkyl groups are not
substituted.

Substitutions within alkyl groups, when specified as present, can include any
atom or group that can be tolerated in the alkyl moiety, including but not limited to
halogens, sulfurs, thiols, thioethers, thioesters, amines (primary, secondary, or
tertiary), amides, ethers, esters, alcohols and oxygen. The alkyl groups can by way of

example also comprise modifications such as azo groups, keto groups, aldehyde
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groups, carboxyl groups, nitro, nitroso or nitrile groups, heterocycles such as
imidazole, hydrazino or hydroxylamino groups, isocyanate or cyanate groups, and
sulfur containing groups such as sulfoxide, sulfone, sulfide, and disulfide. Unless
otherwise specified, alkyl groups do not comprise halogens, sulfurs, thiols, thioethers,
thioesters, amines, amides, ethers, esters, alcohols, oxygen, or the modifications listed
above. ‘

Further, alkyl groups may also contain hetero substitutions, which are
substitutions of carbon atoms, by for example, nitrogen, oxygen or sulfur.
Heterocyclic substitutions refer to alkyl rings having one or more heteroatoms.
Examples of heterocyclic moieties include but are not limited to morpholino,
imidazole, and pyrrolidino. Unless otherwise specified, alkyl groups do not contain
hetero substitutions or alkyl rings with one or more heteroatoms (i.e., heterocyclic
substitutions). The preferred alkyl group for a 2” modification is a methyl group with
an O-linkage to the 2’ carbon of a ribosyl moiety (i.e., a 2°-O-alkyl that comprises a
2’-O-methyl group).

As used herein, “2’-O-alkyl ‘modified nucleotide” refers to a nucleotide unit
having a sugar moiety, for example a deoxyribosyl moiety that is modified at the 2’
position such that an oxygen atom is attached both to the carbon atom located at the 2’
position of the sugar and to an alkyl group. In various embodiments', the alkyl moiety
consists essentially of carbons and hydrogens. A particularly preferred embodiment is
one wherein the alkyl moiety is methyl moiety.

As used herein, “antisense strand” as used herein, refers to a polynucleotide
or region of a polynucleotide that is substantially (e.g., 80% or more) or completely
(100%) complementary to a target nucleic acid of interest. An antisense strand may
be comprised of a polynucleotide region that is RNA, DNA or chimeric RNA/DNA.
For example, an antisense strand may be complementary, in whole or in part, to a
molecule of messenger RNA, an RNA sequence that is not mRNA (e.g., tRNA, rRNA
and hnRNA) or a sequence of DNA that is either coding, non-coding, transcribed, or
untranscribed. The phrase “antisense strand” includes the antisense region of the
polynucleotides that are formed from two separate strands, as well as unimolecular
siRNAs that are capable of forming hairpin structures. The phrases "antisense strand"
and "antisense region" are intended to be equivalent and are used interchangeably.
The antisense strand can be modified with a diverse group of small molecules and/or

conjugates.
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As used herein, “complementary” and “complementarity” are interchangeable
-and refer to the ability of polynucleotides to form base pairs with one another. Base
pairs are typically formed by hydrogen bonds between nucleotide units in antiparallel
polynucleotide strands or regions. Complementary polynucleotide strands or regions
can base pair in the Watson-Crick manner (e.g., A to T, A to U, C to G). Perfect
complementarity or 100% complementarity refers to the situation in which each
nucleotide unit of one polynucleotide strand or region can hydrogen bond with each
nucleotide unit of a second polynucleotide strand or region. Less than perfect
complementarity refers to the situation in which some, but not all, nucleotide units of
two strands or two regions can hydrogen bond with each other. Substantial
complementarity refers to polynucleotide strands or regions exhibiting 80% or greater
complementarity.

As used herein, “central region” refers to the area or region of an inhibitor
molecule of the invention that is the reverse complement (RC) of mature miRNA, a
piRNA, or an siRNA. When prescribed, the central region can also refer to the area
or region of an inhibitor molecule of the invention that is the reverse complement of a
mature miRNA and regions that border the mature miRNA in e.g. the primary
miRNA. Preferably, the central region of inhibitors are substantially complementary
to the mature miRNA or mature miRNA and regions that border the mature miRNA
in the primary miRNA, or piRNA. More preferably, the central region of inhibitors
are 100% complementary to the mature miRNA or mature miRNA and regions that
border the mature miRNA in the primary miRNA.

As used herein, “duplex” and “duplex region™ are interchangeable and refer to
structures that are formed when two regions of one or more oligonucleotides,
modified oligonucleotides, or modified and conjugated oligonucleotides anneal
together.

As used herein, “enhancer sequence” and “enhancer oligonucleotide” are
interchangeable and refer to oligonucleotides that can anneal to the 5° and/or 3’
flanking regions of the first oligonucleotide.

As used herein, “flanking region™ refers to one or more regions of the first
oligonucleotide of the invention that borders the central region which is the reverse
complement to a mature miRNA, a mature miRNA and regions that border the mature
miRNA in the primary miRNA, or the RISC entering strand of a piRNA.

As used herein, “hairpin” refers a stem-loop structure. The stem results from
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two sequences of nucleic acid or modified nucleic acid annealing together to generate
a duplex. The loop is a single stranded region that lies between the two strands
comprising the stem.

As used herein, “mature strand” refers to the strand of a fully processed
rﬁiRNA, a piRNA, or an siRNA that enters RISC. In some cases, miRNAs have a
single mature strand that can vary in length between about 17-28 nucleotides in
length. In other instances, miRNAs can have two mature strands, and again, the length
of the strands can vary between about 17 and 28 nucleotides.

As used herein, “microRNA”, “miRNA”, and “MiR” are interchangeable and
refer to endogenous or synthetic non-coding RNAs that are capable of entering the
RNAIi pathway and regulating gene expression. “Primary miRNAs” or “pri-miRNA”
represent the non-coding transcript prior to Drosha processing and include the
hairpin(s) structure as well as 5” and 3’ sequences. “Pre-miRNA” represent the non-
coding transcript after Drosha processing of the pri-miRNA. The term “mature
miRNA” can refer to the double stranded product resulting from Dicer proéessing of
pre-miRNA or the single stranded product that is introduced into RISC following
Dicer processing. In some cases, only a single strand of an pre-miRNA enters the
RNAI pathway. In other cases, each strand of a pre-miRNA are capable of entering
the RNAi1 pathway. In addition, piRNAs are a recently discovered small
ribonucleotides that also play a role in regulating genes. The inhibitor designed
described in this application are expected to work equally well to inhibit the function
of these molecules.

As _used herein, “microRNA inhibitor”, “miR inhibitor”, and “inhibitor” are
interchangeable and refer to polynucleotides or modified polynucleotides that
interfere with thé ability of specific miRNAs, piRNAs, or siRNAs to silence their
intended targets. The mechanism(s) of action of an inhibitor are not limited and may
include acting as an artificial substrate, inhibition of RISC action, inhibition of Drosha
action, and/or inhibition of one or more additional steps associated with the RNAi
pathway.

As used herein, “micro RNA reporter”, “miR reporter”, and “reporter” are
interchangeable and refer to a vector or plasmid construct that encodes one or more
reporter genes including but not limited to firefly luciferase, Renilla luciferase,
secreted alkaline phosphatase, green fluorescent protein, yellow fluorescent protein,

or others, and has miRNA target sites (also referred to as “miRNA recognition
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elements (MREs), piRNA recognition sites (PREs), or siRNA recognition elements
(SREs) inserted into the 5° UTR, ORF, and/or 3’UTR of one or more.of the reporter
genes.

As used herein, “nucleotide” refers to a ribonucleotide or a
deoxyribonucleotide or modified form thereof, as well as an analog thereof.
Nucleotides include species that comprise purines, e.g., adenine, hypoxanthine,
guanine, and their derivatives and analogs, as well as pyrimidines, e.g., cytosine,
uracil, thymine, and their derivatives and analogs. Preferably, a “nucleotide”
comprises a cytosine, uracil, thymine, adenine, or guanine moiety.

Nucleotide analogs include nucleotides having modifications in the chemical
structure of the base, sugar and/or phosphate, including, but not limited to, 5-position
pyrimidine modifications, 8-position purine modifications, modifications at cytosine
exocyclic amines, and substitution of 5-bromo-uracil; and 2’-position sugar
modifications, including but not limited to, sugar-modified ribonucleotides in which
the 2°-OH or —H is replaced by a group such as an OR, R, halo, SH, SR, NH;, NHR,
NRj, or CN, wherein R is an alkyl moiety as defined herein. Nucleotide analogs are
also meant to include nucleotides with bases such as inosine, queuosine, xanthine,
sugars such as 2’-methyl ribose, non-natural phosphodiester linkages such as
methylphosphonates, phosphorothioates and peptides.

Modified bases refer to nucleotide bases such as, for example, adenine,
guanine, cytosine, thymine, and uracil, xanthine, inosine, and queuosine that have
been modified by the replacement or addition of one or more atoms or groups. Some
examples of types of modifications that can comprise nucleotides that are modified
with respect to the base moieties, include but are not lirﬁited to, alkylated,
halogenated, thiolated, aminated, amidated, or acetylated bases, in various
combinations. More specific modified bases include, for example, 5-propynyluridine,
5-propynylcytidine, 6-methyladenine, 6-methylguanine, N,N,-dimethyladenine, 2-
propyladenine, 2-propylguanine, 2-aminoadenine, 1-methylinosine, 3-methyluridine,
S-methylcytidine, 5-methyluridine and other nucleotides having a modification at the
5 position, 5-(2-amino)propyl uridine, S-halocytidine, 5-halouridine, 4-acetylcytidine,
I-methyladenosine, 2-methyladenosine, 3-methylcytidine, 6-methyluridine, 2-
methylguanosine, 7-methylguanosine, 2,2-dimethylguanosine, 5-
methylaminoethyluridine, 5-methyloxyuridine, deazanucleotides such as 7-deaza-

adenosine, 6-azouridine, 6-azocytidine, 6-azothymidine, S-methyl-2-thiouridine, other
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thio bases such as 2-thiouridine and 4-thiouridine and 2-thiocytidine, dihydrouridine,
pseudouridine, queuosine, archaeosine, naphthyl and substituted naphthyl groups, any
O- and N-alkylated purines and pyrimidines such as N6-methyladenosine, 5-
methylcarbonylmethyluridine, uridine 5-oxyacetic acid, pyridine-4-one, pyridine-2-
one, phenyl and modified phenyl groups such as arﬁinophenol or 2,4,6-trimethoxy
benzene, modified cytosines that act as G-clamp nucleotides, 8-substituted adenines
and guanines, S-substituted uracils and thymines, azapyrimidines,
carboxyhydroxyalkyl nucleotides, carboxyalkylaminoalkyl nucleotides, and
alkylcarbonylalkylated nucleotides. Modified nucleotides also include those
nucleotides that are modified with respect to the sugar moiety, as well as nucleotides
having sugars or analogs thereof that are not ribosyl. For example, the sugar moieties
may be, or be based on, mannoses, arabinoses, glucopyranoses, galactopyranoses, 4’-
thioribose, and other sugars, heterocycles, or carbocycles. The term nucleotide is also
meant to include what are known in the art as universal bases. By way of example,
universal bases include but are not limited to 3-nitropyrrole, 5-nitroind01e, or
nebularine. Further, the term nucleotide also includes those species that have a
detectable label, such as for example a radioactive or fluorescent moiety, or mass
label attached to the nucleotide.

As used herein, “polynucleotide” refers to polymers of nucleotides, and
includes but is not limited to DNA, RNA, DNA/RNA hybrids and modifications of
these kinds of polynucleotides wherein the attachment of various entities or moieties
to the nucleotide units at any position are included. Unless otherwise specified, or
clear from context, the term “polynucleotide” includes both unimolecular siRNAs,
piRNAs, and miRNAs and siRNAs, miRNAs, and piRNAs comprised of two separate
strands.

As used herein, “piRNAs” refers to Piwi-interacting RNAs, a class of small
RNAs th‘at are believed to be involved in transcriptional silencing (see Lau, N.C. et al
(2006) Science, 313:305-306). .

As used herein, the “reverse complement” of an oligonucleotide sequence is a
sequence that will anneal/basepair or substantially anneal/basepair to a second
oligonucleotide according to the rules defined by Watson-Crick base pairing and the
antiparallel nature of the DNA-DNA, RNA-RNA, and RNA-DNA double helices.
Thus, as an example, the reverse complement of the RNA sequence 5’-AAUUUGC
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would be 5>-GCAAAUU. Alternative base pairing schemes including but not limited
to G-U pairings can also be included in reverse complements.

As used herein, "RISC" refers to the set of proteins that complex with single-
stranded polynucleotides such as mature miRNA, piRNA, or siRNA, to target nucleic
acid molecules (e.g. mRNA) for cleavage, translation attenuation, methylation, and/or
other alterations. Known, non-limiting components of RISC include Dicer, R2D2 and
the Argonaute family of proteins, as well as strands of siRNAs, piRNAs, and
miRNAs. ‘

As used herein, “RNA interference” and “RNAi” are interchangeable and refer
to the process by which a polynucleotide (e.g., an miRNA, a piRNA, or siRNA)
comprising at least one ribonucleotide unit exerts an effect on a biological process.
The process includes, but is not limited to, gene silencing by degrading mRNA,
attenuating translation, interactions with tRNA, rRNA, hnRNA, cDNA and genomic
DNA, as well as methylation of DNA with ancillary proteins.

As used herein, “sense strand” refers to a polynucleotide or region that has the
same nucleotide sequence, in whole or in part, as a target nucleic acid such as a
messenger RNA or a sequence of DNA. The phrase “sense strand” includes the sense
region of both polynucleotides that are formed from two separate strands, as well as
unimolecular siRNAs that are capable of forming hairpin structures. When a
sequence is provided, by convention, unless otherwise indicated, it is thé sense strand
(or region), and the presence of the complementary antisense strand (or region) is
implicit. The phrases “sense strand” and “sense region™ are intended to be equivalent
and are used interchangeably. )

As used herein, “siRNA” and “short interfering RNA” are interchangeable and
refer to unimolecular nucleic acids and to nucleic acids comprised of two separate
strands that are capable of performing RNAI1 and that have a duplex region that is
between 18 and 30 base pairs in length. Additionally, the term siRNA and the phrase
“short interfering RNA” include nucleic actds that also contain moieties other than
ribonucleotide moieties, including, but not limited to, modified nucleotides, modified
internucleotide linkages, non-nucleotides, deoxynucleotides and analogs of the
aforementioned nucleotides. siRNAs can be duplexes, and .can also comprise short
hairpin RNAs, RNAs with loops as long as, for example, 4 to 23 or more nucleotides,
RNAs with stem loop bulges, micro-RNAs, and short temporal RNAs. RNAs having

loops or. hairpin loops can include structures where the loops are connected to the
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stem by linkers such as flexible linkers. Flexible linkers can be comprised of a wide
variety of chemical structures, as long as they are of sufficient length and materials to
enable effective intramolecular hybridization of the stem elements. Typically, the
length to be spanned is at least about 10—24 atoms. When the siRNAs are hairpins,
the sense strand and antisense strand are part of one longer molecule.

As used herein, “target” refers to a range of molecules including but not'
limited to an miRNA, an siRNA, a piRNA, an mRNA, rRNA, tRNA, hnRNA, cDNA
and genomic DNA

I. Single Stranded RN Ai Inhibitors

In one embodiment, the present invention is directed to a composition
comprising single stranded RNAI inhibitors. As such, the RNAIi inhibitor can be a
modified or unmodified oligonucleotide that contains three domains (e.g., a 5’
flanking domain, a central domain, and a 3’ flanking domain) and ranges in length
between about 41 and about 68 nucleotides. The three domains can be as described
below.
1. The central region ranges in length between about 17 and about 32 nucleotides
and is substantially similar to the reverse complement of the mature, RISC-entering
strand of the miRNA and regions bordering the mature strand. More preferably, the
central region ranges from about 22 to about 28 nucleotides. Most preferably, the
central region ranges from about 25 to about 28 nucleotides.
2. The 5° flanking region is: (1) is about 12 to about 20 nucleotides in length; (2)
is not rich in pyrimidines (e.g., preferably not more than about 70%, more preferably
not more than about 60%, even more preferably not more than about 50%, still more
preferably not more than about 40%, and most preferably less than about 30%
pyrimidines); (3) is 5’ of the central region; and (4) has minimal complementarity
with the primary miRNA sequence that is 3’ of the mature miRNA sequence. In one
instance, the 5’ flanking region does not interact with the miRNA.
3. The 3’ flanking region is: (1) is about 12 to about 20 nucleotides in length; (2)
is not rich in pyrimidines (e.g., preferably not more than about 70%, more preferably
not more than about 60%, even more preferably not more than about 50%, still more
preferably not more than about 40%, and most preferably less than about 30%
pyrimidines); (3) is 3’ of the central region; and (4) has minimal complementarity

with the primary miRNA sequence that is 5’ of the mature miRNA sequence. In one
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instance, the 3’ flanking region does not interact with the miRNA. Furthermore, the
preferred modifications of the oligonucleotide of the invention are: (a) 2’ O-alkyl
modification, and/or (b) 2’-ACE (i.e., 2°-O- acetoxyethoxy) modifications of the

ribose ring of all nucleotides.

1. The Central Region of Single Stranded Inhibitors

The sequences of the central region of miRNA inhibitors are the reverse
complement of mature miRNA. Alternatively, the sequence of the central region of
an miRNA inhibitor of the invention comprise those that are the reverse complement
of the mature miRNA plus about 1 to about 5 additional nucleotides associated with
the 5° and 3’ ends of the sequence that are the reverse complement to the mature
miRNA and are complementary to the 3’ and 5’ regions that border the mature
miRNA sequence. Preferably, the central region of an miRNA inhibitor of the
invention has substantial (e.g., about 80% or greater) complementarity to the mature
strand and/or the mature strand and regions that border the mature strand in the pri-
miRNA. More preferably, the central region of an miRNA inhibitor of the invention
has greater than about 90% complementanty to the mature strand and/or the mature
strand and regions that border the mature strand in the pri-miRNA. Most preferably,
the central region of an miRNA inhibitor of the invention has about 100%
complementarity to the mature strand and/or the mature strand and regions that border
the mature strand in the pri-miRNA. Addition of sequences that are complementary to
regions of the primary miRNA that border the mature sequence can disrupt Drosha
processing, and further enhance the inhibitory properties of the molecules of the
invention. Moreover, the authors of the invention recognize that cloning is an
imperfect science and that on infrequently occasions; the true length and sequence of
the mature miRNA is miscalculated and extends beyond the boundaries that are
reported in one or more databases. Extending the central region to include sequences
that anneal to regions that border the mature miRNA sequence compensates for
possible errors in the mapping of the true boundaries of the mature miRNA (Figure
3).

Preferably, the length of the central region varies between about 17 to about
32 nucleotides and the region that is complementary to the mature miRNA sequence
is centered or nearly centered in the middle of the central region sequence. More

preferably, the length of the central region is between about 22 and about 28
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nucleotides and the region that is complementary to the mature miRNA sequence is
centered or nearly centered in the middle of the central region sequence. Even more
preferably, the length of the central region is between about 25 and about 28
nucleotides and the region that is complementary to the mature miRNA sequence is
centered or nearly centered in the middle of the central region sequence. Most
preferably, the length of the central region is about 28 nucleotides in length and the
region that i1s complementary to the mature miRNA sequence being centered or nearly
centered in the middle of the central region sequence.

A list of preferred central region nucleotide sequences of miRNA inhibitor
molecules for human, mouse, and rat miRNA is presented in Table 1. In cases where
two mature strands evolve from a single miRNA, two inhibitor molecules with
different central region sequences can be designed and synthesized. The list of
sequences provided in Table 1 is not intended to be limiting in any fashion and can
include variants. In most cases, the region of the central sequence that is the reverse
complement of the mature miRNA is centered between sequences that are
conﬁp]cmenfary to regions that border the mature miRNA in the primary miRNA.
While this is the preferred organization of the central region, the inventors envision
cases where the region of the central sequence that is the reverse complement of the
mature miRNA is not evenly centered between sequences that are complementary to
regions that border the mature miRNA in the primary miRNA. Thus, for instance, in
the case where the mature miR sequence is about 21 nucleotides in length, then four
and three nucleotides could be added to the 5’ and 3” ends respectively. Lastly, the list
of sequences presented in Table I are not intended to be limiting as it is predicted to

increase as the number of miRNA sequences in all species expands.

2. The 5’ Flanking Region of Single Stranded Inhibitors

As mentioned above, the 5° flanking region has minimal complementarity to
sequences bordering the 3’ end of known mature miRNAs. Furthermore, the 5’
flanking region is not rif:h in pyrimidines (e.g., preferably not more than about 70%,
more preferably not more than about 60%, even more preferably not more than about
50%, still more preferably not more than about 40%, and most preferably less than
about 30% pyrimidines), and/or mimics the composition of native mRNA. Preferably,
the 5’ flanking region is about 12 to about 20 nucleotides in length. More preferably,
the 5 flanking region is about 12 to about 18 nucleotides in length. Even more
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preferably, the 5’ flanking region is about 12 to about 16 nucleotides in length. Most
preferably, the 5’ flanking region is about 14 nucleotides in length. Preferably, the
nucleotide content of the 5’ flanking region is designed to match the overall content of
mRNA coding sequences (i.e., about 25% G, C, A, and U), is designed to mimic a
true mRNA substrate, and is sufficiently long that it, in conjunction with the central
and 3’ flanking regions, can be recognized by RISC and other proteins associated with
the RNAi machinery. Most preferably, the sequence of the 5° flanking region is 5°-
AGCUCUCAUCCAUG (SEQ ID NO: 4).

3. The 3’ Flanking Region of Single Stranded Inhibitors

The 3’ flanking region has minimal complementarity to sequences bordering
the 5° end of known mature miRNAs, and is not rich in pyrimidines (e.g., preferably
not more than about 70%, more preferably not more than about 60%, even more
preferably not more than about 50%, still more preferably not more than about 40%,
and most preferably less than about 30% pyrimidines). Preferably, the 3° flanking
region is about 12 to about 20 nucleotides in length. More preferably, the 3’ flanking
region is about 12 to about 18 nucleotides in length. Even more preferably, the 3’
flanking region is about 12 to about 16 nucleotides in length. Most preferably, the 3’
flanking region is about 14 nucleotides in length. Preferably, the nucleotide content
of the 3” flanking region is designed to match the overall content of mRNA coding
sequences (i.e., about 25% G, C, A, and U), is designed to mimic a true mRNA
substrate, and is sufficiently long that it, in conjunction with the central and 5’
flanking regions, can be recognized by RISC and other proteins associated with the
RNAi machinery. Most preferably, the sequence of the 3’ flanking region is 5°-
GUACCUACUCUCGA (SEQ ID NO: 5).

One example of inhibitors containing the preferred 5’ and 3’ flanking regions
is provided as follows: 5’-
agcucucauccaugUAAAACUAUACAACCUACUACCUCAUCCguaccuacucucga
(SEQ ID NO: 12), where the capital letters represent the central region for miR
accession no. MIMATO0000062 (e.g, precursor accession no MIO000060) and the
preterred sequence of 5° flanking region-central region-3’ flanking region are in lower

case letters.
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II. Double Stranded RNAIi Inhibitors

In one embodiment, the present invention includes RNAIi inhibitors that
include at least one duplex region. As such, the RNAI inhibitors can include a
composition comprising one or more of the following:

1. A first oligonucleotide comprising:

a. A central region ranging in length between about 6 and about 37
nucleotides that is substantially similar to the reverse complement of a mature (i.e.,
RISC-entering) strand of the miRNA or piRNA, or the mature strand plus regions
bordering the mature strand of a pri-miRNA, or the RISC entering strand of an
siRNA. Lo

b. A 5’ flanking region that is about 10 to about 40 nucleotides in length,
is 5’ of the central region, and is capable of: (1) annealing to itself to create a duplex
region, (2) annealing to the 3’ flanking region to create a duplex region, (3) annealing
to a second oligonucleotide (i.e., first enhancer sequence or 5’ enhancer) to create a
double stranded region, or (4) has little or no secondary structure.

c. A 3’ flanking region that is about 10 to about 40 nucleotides in length,
is 3” of the central region, and is capable of: (1) annealing to itself to create a hairpin
structure, (2) annealing to the 5’ flanking region, (3) annealing to a third
oligonucleotide (i.e., second enhancer sequence or 3’ enhancer), or (4) has little or no
secondary structure at all.

2. A second oligonucleotide (i.e., first enhancer sequence or 5° enhancer
oligonucleotide) that is substantially complementafy to, and capable of annealing with
all or portions of the 5’ flanking region.
3. A third oligonucleotide (i.e., second enhancer sequence or 3’ enhancer
oligonucleotide) that is substantially complementary to and capable of anhéaling with
all or portions of the 3’ flanking region.

Referring to Figure 4A, examples of the RNA1 inhibitors of the invention
having double-stranded region(s) include the following designs: (A) an inhibitor
molecule that has a central region and hairpin structures in both the 5’ and 3’ flanking
regions, (B) an inhibitor molecule with a central region and a hairpin structure in the
5’ flanking regions and an unstructured (i.e., not duplexed) 3’ flanking region, (C) an
inhibitor molecule with a central region and a hairpin structure in the 3’ flanking
regions and an unstructuréd 5’ flanking region, (D) an inhibitor molecule that has a

central region and forms a double stranded region by having the 5’ and 3’ flanking
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regions anneal together, (E) an inhibitor molecule that has a central region and a
hairpin structure in the 3’ flanking region, but no 5’ flanking region, (F) an inhibitor
molecule that has a central region and a double stranded region in the 3° flanking
region resulting from annealing to a complementary sequence, but no 5 flanking
region, (G) an inhibitor molecule that has a central region, a hairpin structure in the 5’
flanking region, but no 3’ flanking region, (H) an inhibitor molecule that has a central
region and double stranded regions in the 5° and 3’ flanking regions resulting from
addition of second and third oligonucleotides that anneal to the flanks, (I) an inhibitor
molecule that has a centra] region, a 5’ flanking region, and a double stranded 3’
flanking region resulting from addition of a complementary oligonucleotide, (J) an
inhibitor molecule that has a central region, a 3’ flanking region, and a double
stranded 5° flanking region resulting from addition of a complementary
oligonucleotide, (K) an inhibitor with a central region, a double stranded 5’ flanking
region resulting from addition of a complementary oligonucleotide, and a 3’ flanking
region that contains a hairpin, (L) an inhibitor with a central region, a double stranded
3’ flanking region resulting from addition of a complementary oligonucleotide, and a
5" flanking region that contains a hairpin, (M) an inhibitor molecule that contains a
central region and a double stranded 5’ flanking region resulting from addition of a
complementary oligonucleotide, but no 3’ flanking region. These and additional
double stranded inhibitor designs are envisioned by the inventors and are diagramed
in Figure 4A.

Preferably, one or more of the oligonucleotides of the invention are modified.
The preferred modification is an O-alkyl modification of some or all of the 2’ carbons
of the ribose ring of some or all of the oligonucleotides. In addition, preferably one or
more of the oligonucleotides or modified oligonucleotides of the invention are
conjugated to a hydrophobic molecule (e.g. cholesterol).

The RNAI inhibitors of the invention exhibit multiple improvements over
those previously known including: (1) longevity of inhibition, and (2) potency of
silencing. In addition, while previous inhibitor designs exhibit some functionality
when targeting miRNAs that are poorly expressed, these older desiéns fail to
efficiently target highly expressed targets. The newer designs described below

efficiently inhibit targets that are expressed at both high and low concentrations.
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1. The Central Region of Double Stranded Inhibitors

The sequences of the central region of inhibitors are single stranded and the
reverse complement of some or all of the mature miRNA, a piRNA, the RISC
entering strand of siRNA, or any other regulating RNA that utilizes the RNAi
pathway. Alternatively, the sequence of the central region of the invention comprise
sequences that are the reverse complement of the mature miRNA plus about 1 to
about 10 additional nucleotides (e.g., associated with the S’ and/or 3’ end(s) of said
sequence) that are complementary to the 3’ and 5’ regions, respectively, that border
the mature miRNA sequence in the pri-miRNA. The motivation behind adding
sequences other than those that are the reverse complement of the reported mature
miRNA stems from an understanding of cloning. The inventors recognize that
cloning is an imperfect science and that on occasion, the true length and sequence of
the mature miRNA is misjudged and extends beyond the boundaries that are reported
in one or more databases. For this reason, expanding the central region to include
sequences that anneal to regions that border the mature miRNA sequence in the pri-
miRNA compensates for possible errors in the mapping of the true boundaries of the
mature miRNA. Furthermore, addition of sequences on the 5’ and 3’ end of the
central region extends the overall length of the inhibitor molecules. As described in
this document and in previous documents (see USSN 60/774,350) the performance of
longer inhibitors is superior to those of smaller (e.g. 21 nucleotide) inhibitors having
the same chemical modifications (e.g., 2’-O-methyl).) .

For these reasons, the preferred length of the central region varies between
about 6 to about 37 nucleotides. More preferably, the length of the central region is
between about 22 to about 32 nucleotides. Even more preferably, the length of the
central region is between about 26 to about 32 nucleotides. Most preferably, the
length of the central region is between about 28 to about 32 nucleotides. Though it is
not required, preferably in all of the instances, the region that is complementary to the
mature miRNA sequence is centered or nearly centered in the middle of the central
region sequence.

Preferably, the central region of an inhibitor of the invention has substantiai
(e.g., 80% or greater) complementarity to the mature strand of an miRNA, a piRNA,
the mature strand of an miRNA or piRNA and regions that border the mature strand in
the pri-miRNA or pri-piRNA, or the RISC-entering strand of an siRNA. More

preferably the central region of an RNA1 inhibitor of the invention has greater than
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about 90% complementarity to the mature strand of an miRNA, or piRNA, the mature
strand of an miRNA and regions that border the mature strand in the pri-miRNA or
pri-piRNA, or the RISC-entering strand of an siRNA. Most preferably the central
region of an inhibitor of the invention has about 100% complementarity to the mature
strand of an miRNA, the mature strand miRNA and regions that border the mature
strand in the pri-miRNA, or the RISC-entering strand of an siRNA.

Additionally, the central region nucleotide sequences of double stranded RNA1
inhibitor molecules targeting human, mouse, and rat miRNA are presented in Table 1,

and can be the same as sequences for single stranded RNA1i inhibitor molecules.

2. The 5° Flanking Region

As mentioned above, the 5° flanking region is between about 10 to about 40
nts in length, is 5” of the central region, and is capable of: (1) annealing to itself to
create a duplex region, (2) annealing to the 3° flanking region to create a double
stranded region, (3) annealing to a second oligonucleotide (i.e., first enhancer
sequence or 5’ enhancer oligonucleotide) to create a double stranded region, or (4) has
little or no secondary structure. The first three of these alternatives (e.g., annealing
back upon itself, annealing to the 3’ flanking region, and annealing to a first enhancer
oligonucleotide) create a region of double stranded RNA which, as demonstrated in
Examples 6-19, greatly enhances the functional properties of the inhibitor in an
unexpected way.

The inventors have observed that inhibitors that have duplex structures
resulting from sequences in the 5’ flanking region annealing with other sequences
present in the 5° flanking region perform better than short single stranded inhibitors
(see Example 6). Preferably, in these cases a hairpin structure is formed (see Figure
4). Hairpins comprise a loop structure and a stem region (i.e., a duplex region) that
results from base pairing of two separate regions (e.g., having sufficient levels of
complementarity) separated by a non-base pairing region (e.g., the loop). Preferably,
the length of the duplex region is between about 4 and about 20 base pairs in length
and the level of complementarity is greater than about 80%. More preferably, the
length of the duplex is about 6 to about 15 base pairs and the level of complementarity
is greater than about 80%. Most preferably, the length of the duplex is between about
6 and about 10 base pairs in length and the level of complementarity is about 100%.

Similarly, the loop can also vary in size (e.g., ranging from about 4 to about 15
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nucleotides in length) and sequence.

Lastly, though the distance between the 5’ terminus of the duplex region and
the 5°-most boundary of the central region can vary greatly, preferably the duplex
region of the 5° flanking sequence is adjacent to the boundary of the central region.
Without wishing to be restricted to a particular theory or model, the inventors believe
that in cases where segments of single stranded nucleotides flank the central region,
the possibility of secondary structures resulting from base pairing between the central
region and sequences of the single stranded 5’ flanking region can occur, thus
disrupting the overall functionality of the inhibitor. By having the double stranded
region immediately adjacent to the border of the central region, this risk is minimized.

The inventors have also discovered that inhibitors that comprise regions of
double stranded RNA resulting from base pairing between sequences in the 5’ and -3’
flanking regions perform better than short, single stranded inhibitors (see Example 7
and Figure 4). In the case where the 5’ flanking region is capable of annealing with
sequences of the 3’ flanking region, preferably the length of the region that is
duplexed is between about 10 to about 40 base pairs and the overall level of
complementarity is greater than about 80%. In addition, the number of nucleotides
that separate the borders of the central region and the duplexed region that results
from 5” and 3’ regions annealing, can vary in length and composition. The terminus
can be blunt or contain 5° or 3’ overhangs of about 1 to about 6 nucleotides.

In addition, the inventors have discovered that inhibitors that comprise regions
of double stranded RNA resulting from base pairing between sequences of the 5’
flanking region and a second oligonucleotide (i.e., first enhancer sequence or 5’
enhancer oligonucleotide) can also perform better than short, single stranded
inhibitors. In cases where a first enhancer sequence is used to generate a double
stranded region, though the position and extent of the duplex region within the 5’
flanking region can vary, the minimal length of the enhancer is important. Studies
have been performed using enhancer sequences of both 8 and 16 nucleotides in
length. In the case of the shorter enhancer sequence of 8 nts, no enhanced function
(e.g., charactenistic of inhibitors with double stranded regions) was observed. In
contrast, similar studies performed with enhancers that were 16 nucleotides in length
can lead to improved performance (see Example 8). Though not wanting to be limited
by any one theory, the inventors speculate that differences in the thermodynamic

stability of duplexes formed between the 5° flanking region and the two enhancer
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sequences are responsible for the observed changes in performance. Specifically,
duplexes resulting from the 8 nucleotide enhancer are thoﬁght to be unstable and
therefore do not consistently generate a lasting duplex region with the -first
oligonucleotide. In contrast, increasing the length to 16 nucleotides allowed for stable
duplexes to be formed, thus providiﬁg superior performance over the single stranded
counterpart. For this reason, the first enhancer sequence must be greater than 8 nts in
length, and can be long as 35 nucleotides. Preferably, the first enhancer sequence has
at least greater than about 80% complementarity to the 5’ flanking region or portions
of the 5’ flanking region to which it is designed to anneal to. More preferably the first
enhancer sequence has at least greater than about 90% complementarity to the 5’
flanking region or portions of the 5° flanking region to which it is designed to anneal
to. Most preferably, the first enhancer sequence is about 100% complementary to the
5 flanking region or portions of the 5’ flanking region to which 1t is designed to
anneal to. In addition, as was the case in which the duplex region results from two
regions in the 5’ flanking region annealing with each other, the distance between the
duplex region and the 5’-most boundary of the central region can vary greatly;
preferably the duplex region of the 5° flanking sequence is adjacent to the boundaries
of the central region.

Designs that incorporate enhancer sequences are also desirable from the
perspective that they eliminate the effects that sequence or nucleotide content can
have on inhibitor function. Studies disclosed in this document (and in USSN
60/774,350) show that the sequence of the flanking regions of single stranded
molecules can play a major role in determining functionality. Specifically, the
inventors have previously observed that single stranded inhibitors that have
unstructured (e.g., pyrimidines rich) flanking regions are less functional than
inhibitors that have flanking regions that more closely match mRNA nucleotide
content (i.e., referred to as “arbitrary sequences”). As shown in Example 11, such
limitations do not apply to the current invention; inhibitors of the invention with
either unstructured or mRNA-like flanking regions annealed to enhancer sequences

perform equally.

3. The 3’ Flanking Region
Many of the traits and/or properties associated with 3’ flanking sequences are

similar to those described for 5’ flanking regions. As mentioned above, the 3’
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flanking region is between about 10 to about 40 nts in length, is 3’ of the central
region, and is capable of: (1) annealing to itself to create a duplex region, (2)
annealing to the 5’ flanking region to create a duplex region, (3) annealing to a third
oligonucleotide (i.e., second enhancer sequence or 3’ enhancer oligonucleotide) to
create a double stranded region, or (4) has little or no secondary structure. As was the
case with the 5° flanking region, the first three alternatives (e.g., annealing to itself,
annealing to the opposing (5”) flanking region, and annealing to a second enhancer
oligonucleotide) creates a region of double stranded RNA which, as demonstrated in
Examples 6-19, greatly enhances the functional properties of the inhibitor in an
unexpected way. Many of the properties associated with 5° flanking sequences and
associated enhancers are similarly applicable to 3’ flanking sequences.

In cases where duplex structures present in the 3’ flanking region result from
sequences present in the 3’ flanking region annealing with other sequences present‘in
the 3” flanking region, preferably a hairpin structure is formed. As described above,
hairpins comprise a loop structure and a stem region (i.e., a duplex region) that results
from base pairing of two separate regions (e.g., having sufficient levels of
complementarity) separated by a non-base pairing region. Preferably, the length of
the duplex region is between about 4 and about 20 base pairs in length and the level of
complementarity is at least greater than about 80%. More preferably, the length of the
duplex is about 6 to about 15 base pairs and the level of complementarity 1s at least
greater than about 80%. More preferably, the length of the duplex is between about 6
and about 10 base pairs in length and the level of complementarity is about 100%.
The loop can also vary in size (e.g., ranging from about 4 to about 15 nucleotides in
length) and sequence. -

As was the case with similar structures in the 5’ flanking region, the distance
between the 3’ terminus of the duplex region and the 3’-most boundary of the central
region can vary greatly, preferably the duplex region of the 3” flanking sequence is
adjacent to the boundary of the central region. By having the double stranded region
immediately adjacent to the border of the central region, the possibility of secondary
structures resulting from interactions between the central region and single stranded
sequences of the 3’ flanking region is minimized.

As stated above, the inventors have also discovered that RNAI inhibitors that
comprise regions of double stranded RNA resulting from base pairing between

sequences in the 3’ and 5’ flanking regions perform better than short single stranded
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inhibitors (see descriptions of 5 flanking region and Example 7).

In addition, the inventors have discovered that inhibitors that comprise double
stranded regions resulting from base pairing between sequences of the 3° flanking
region and a third oligonucleotide (i.e., second enhancer sequence or 3’ enhancer
oligonucleotide) can also exhibit superior performance over single stranded inhibitors
(see Example 9 ). Again, though the position and extent of the duplex region in the 3’
flanking region can vary (as discussed previously), in cases where a second enhancer
sequence is used to generate a region of double stranded RNA, the minimal length of
the enhancer is critical. Thus, as was the case with the first enhancer sequence, the
second enhancer sequence can be as long as about 35 nucleotides, yet must be longer
than about 8 nucleotides. Preferably, the second enhancer sequence has at least
greater than about 80% complementarity to the 3” flanking region or portions of the 3’
flanking region to which it is designed to anneal to. More preferably, the second
enhancer sequence has at least greater than about 90% complementarity to the 3°
flanking region or portions of the 3’ flanking region to which it is designed to anneal
to. Most preferably, the second enhancer sequence has about 100% complementarity
to the 3 flanking region or portions of the 3’ flanking region to which it is designed

to anneal to.

4. Double Stranded Inhibitor Designs

The inventors have discovered that the duplex region of this new generation of
RNAIi inhibitors can be presented in multiple ways and still give rise to enhanced
functionality. As shown in multiple examples, inhibitors having duplexes have
enhanced functionality compared to short, single stranded (21-32 nt) 2’-O-methyl
inhibitor designs that are the reverse complement of the primary miRNA. Such
double stranded inhibitors can include the following: (1) hairpins in the 5” flanking
region, (2) hairpins in the 3° flanking regions, (3) hairpins in both the 5> and 3’
flanking regions, (4) hairpins resulting from annealing the 5’ and 3” flanking regions,
(5) 5’ flanking regibns annealing to enhancer sequences, (6) 3’ flanking regions
annealing to enhancer sequences, (7) 3” and 5’ flanking regions annealing..to separate
enhancer sequences, and (8) any combination of the above (e.g., hairpins in the 5’
flanking region plus 3’ flanking regions annealing to enhancer sequences). In
addition, truncated designs having a duplex region can also exhibit superior

performance compared to short (e.g., 21 to 32 nt) single stranded 2’-O-methyl
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modified inhibitors. Such truncated designs having a duplex region can include a .
central region and any of the following: (1) a 5° flanking region capable of annealing
back upon itself to create a duplex region, (2) a 5’ flanking region annealed to a
second oligonucleotide (i.e., first enhancer sequence or 5° enhancer oligonucleotide)
to create a double stranded region, (3) a 3° flanking region capable of annealing back
upon itself to create a duplex region, or (4) a 3” flanking region annealed to a third
oligonucleotide (i.e., second enhancer sequence or 3’ enhancer oligonucleotide) to
create a double stranded region. In another alternative, the sequence of the 5° and 3’
flanking sequence can be the same, thus enabling a single enhancer sequence to be
used so that both flanking regions embody a double stranded nature. In cases where
an enhancer sequence is used to create the double stranded region, complexes can be

blunt ended, or have 3’ or 5’ overhangs.

5. Short Double Stranded Inhibitors

In addition to the double stranded inhibitor designs described above, the
inventors have also discovered short double stranded inhibitors. These molecules can
include a first strand that includes a modified central region ranging in length between
about 17 and about 37 nucleotides annealed to a second strand that includes an
oligonucleotide having substantial complementarity to the first strand. Usually,
neither the first strand nor the second strand includes a 3’ or 5’ flanking region. There
are several variants of this design that can also exhibit enhanced functionality and
delivery. These variants include any of the following: (1) inclusion of one or more
bulges or mismatches in the duplex structure, (2) addition of a 2°-O-alkyl group at the
C2 position of the ribose ring of the first and/or second 5’ nucleotides (e.g., counting
from the 5° terminus) of the second strand, or (3) mismatches between the first and
second strands at the 5° end of the first strand. One or more of these variations can be
combined to enhance inhibitor function. Also, the 2’-O-alkyl modification of the
central region can be included on each nucleotide or on a portion of the nucleotides as
described in other embodiments of inhibitors. While the second strand can include
modifications, it can be beneficial for the second strand to be unmodified or otherwise
susceptible to degradation. Additionally, the central region of the first strand includes
a sequence that has at least partial complementarity to a functional strand of a target

miRNA or siRNA. The complementarity of the central region can be substantially the

same as described herein with regard to other embodiments of inhibitors. As such, the
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central region of the first strand can hybridize with the functional strand of the target
miRNA or siRNA so as to inhibit the functional strand from regulating a gene through
RNAi-mediated gene silencing.

For example, a short double stranded inhibitor can include a first
oligonucleotide with a reverse complement region having 3° and 5° ends, and having a
reverse complement sequence that is from about 17 to about 37 nucleotides and
having at least about 80% complementarity with a target RNA sequence that is
capable of silencing a target gene. Additionally, the short double stranded inhibitor
can include a second oligonucleotide annealed to and having at least about 80%
complementarity with the first oligonucleotide, wherein the second oligonucleotide
has from about 17 to about 37 nucleotides.

In one embodiment, at least about 30% of nucleotides in the first
oligonucleotide have a 2’ modification. In another embodiment, about 100% of
nucleotides in the first oligonucleotide have the 2’ modification. In yet another
embodiment, less than about 30% of nucleotides in the second oligonucleotide have a
2’ modification. In still another embodiment, the second oligonucleotide is
substantially devoid of having the 2° modification. In any of the embodiments, the 2°
modification is a 2°-O-alkyl, 2’ orthoester, or 2> ACE modification.

In one embodiment, one or more bulges are included between the first and
second oligonucleotides.

In one embodiment, the short double stranded inhibitor can include a
conjugate coupled to at least one oligonucleotide of the RNA1 inhibitor. That is, a
conjugate can be coupled to the first oligonucleotide and/or the second
oligonucleotide. Such a conjugate can be at the 5° or 3” end of oligonucleotide.
Optionally, the conjugate is conjugated to an end of the second oligonucleotide so as
to inhibit the conjugated end from entering RISC. Also, the conjugate can be coupled

to the oligonucleotide via a linker.

III. Conjugates and Linkers

In addition, the inventors have identified inhibitor designs that are compatible
with various conjugate chemistries that enhance delivery and/or performance of the
inhibitor molecule. Such conjugates can be directly associated with the inhibitor

molecules, or can be associated with the inhibitor through a linker molecule.
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Previous studies by several groups (e.g., Soutschek, J. et al (2004) Nature 432:
173) have used conventional linker chemistries (e.g., cholesterol-aminocaproic acid-
pyrrolidine linker) to attach conjugates to nucleic acids (e.g., siRNAs). As such, the
inventors have performed a detailed study of the importance of linker length, and have
demonstrated that the overall functionality of nucleic acid-conjugate design is highly
dependent on using linkers that have a narrow window of lengths. For this reason,
one embodiment of this application is the use of linkers having specific numbers of
atoms between the nucleic acid (e.g., inhibitor molecule) and the conjugéte (e.g.,
chdlesterol). Preferably, the number of atoms is between about 4 and about 8 in
number. More preferably, the number of atoms is between about 4 and about 7 in
number. More preferably, the number of atoms is between about 4 and about 6. Most
preferably, the number of atoms between the cholesterol and the nucleic acid (e.g.,
inhibitor molecule) is about 5. It is important to note that in this application the
length of the linker is described by counting the number atoms that represents the
shortest distance between the nitrogen of the carbamate linkage of the cdnjugate and
the terminal phosphate moiety associated with the oligonucleotide. In cases where
ring structures are present, counting the atoms around the ring that represent the
shortest path is preferred.

While preferred structures of the linker used in the invention include Chol-C5,
Chol- PIP, and Chol-ABA, the inventors understand that alternative chemistries can
be used and provide a similar length linker. Thus linkers/linker chemistries that are
based on w-amino-1,3-diols, w-amino-1,2-diols, hydroxyprolinols, w-amino-alkanols,
diethanolamines, w-hydroxy-1,3-diols, m-hydroxy-1,2-diols, w-thio-1,3-diols, w-thio-
1,2-diols, -carboxy-1,3-diols, w-carboxy -1,2-diols, w-hydroxy-alkanols, ©-thio-
alkanols, ®-carboxy-alkanols, functionalized oligoethylene glycols, allyl amines,
acrylic acids, allyl alcohols, propargyl amines, propargyl alcohols, and the like can be
applied in this context to generate linkers of the appropriate length. Similarly, while
the molecular structure of the chemical bond between the linker and the conjugate
moiety is currently a carbamate linkage, alternative chemistries including those based
on carbamates, ethers, esters, amides, disulfides, thioethers, phosphodiesters,
phosphorothioates, phosphorodithioate, sulfonamides, sulfonates, fulfones, sulfoxides,
ureas, hydrazides, oximes, photolabile linkages, C-C bond forming groups such as

diels-alder cyclo-addition pairs or ring-closing metathesis pairs, and Michael reaction
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_ pairs. Lastly, linkers that have the same length, but are capable of associating with
two or more conjugates, are also envisioned. Descriptions of the various cholesterol-
linker-nucleic acid structures that have been tested for the ability to enhance delivery
and functionality and the chemistries used to link conjugates with nucleic acids (e.g.,
inhibitors) can be found in U.S. Provisional Application No. 60/826,702, which is
incorporated herein by reference.

The position of the linker-conjugate moiety ‘on the inhibitor can vary with
respect to the following: the strand or strands that are conjugated (e.g., first, second,
and/or third oligonucleotides); the position or positions within the strand that are
modified (i.e., the nucleotide positions within the strand or strands); and the position
on the nucleotide(s) that are modified (e.g., the sugar and/or the base). Linker-
conjugates can be placed on the 5° and/or 3’ terminus of one or more of the strands of
the invention and/or can be conjugated to internal positions. In addition, multiple
positions on the nucleotides including the 5-position of unidine, 5-position of cytidine,
4-position of cytidine, 7-position of guanosine, 7-position of adenosine, 8-position of
guanosine, 8-position of adenosine, 6-position of adenosine, 2’-position of ribose, 5°-
position of ribose, 3’-position of ribose, can be employed for attachment of the
conjugate to the nucleic acid. Preferably, the position of the conjugate or linker-
conjugate attachment point is not within the central region of the first oligonucleotide
of the inhibitor because this position may disrupt the ability of this molecule to
interact with siRNA or miRNA. In cases where the inhibitor comprises a 5’ and/or 3’
flanking region having a hairpin, the conjugate can be associated with one or more
positions on the stem region, the loop region, and/or the terminal region. In cases
where the 5’ and/or 3’ flanking regions are associated with an enhancer region, a
conjugate and/or linker conjugate can be associated with the 5°, 3° and/or internal
positions of the flanking region of the first oligonucleotide, and/or the enhancer
region of the second and/or third oligonucleotide. Each of these variants and any
combination of the above, are envisioned by the inventors. .

Conjugates of the invention can vary widely and target entry into the cell by a
variety of means. For instance, conjugates can be lipid in nature and deliver their
payload (e.g., inhibitor), by inserting themselves into the membrane and being
absorbed into the cell by one of several mechanisms including endocytosis.
Accordingly, lipid-based conjugates can include cationic lipids, neutral lipids,

sphingolipids, and fatty acids such as stearic, oleic, elaidic, linoleic, linoleaidic,
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linolenic, and myristic fatty acids. Alternatively, the conjugates can be proteinaceous
in nature, such as peptides that are membrane translocating (e.g., TAT, penetratin, or
MAP) or cationic (e.g., poly(lys), poly(arg), poly(his), poly (lys/arg/his), or
protamine).

Alternatively, the conjugate can be a small molecule that, for instance, targets
a particular receptor or is capable of inserting itself into the membrane and being
absorbed by endocytic pathways. Thus, small molecules based on adamantanes,
polyaromatic hydrocarbons (e.g., napthalenes, phenanthrenes, or pyrenes),
macrocyles, steroidal, or other chemical backbones, are all potential conjugates for the
invention.

In yet another alternative, conjugates can be based on cationic polymers.
Numerous studies have demonstrated that cationic polymers such as cationic albumin
can greatly enhance delivery to particular cell types and/or tissues (e.g. brain delivery;
see Lu, W. et. al. (2005) J of Control Release 107:428-448). Given the benefits of
these molecules, the conjugate can be a cationic polymers such as polyethyleneimine,
dendrimers, poly(alkylpyridinium salts, or cationic albumin.

In some cases, the conjugates are ligands for receptors or can associate with
molecules that in turmn associate with receptors. Included in this class are conjugéte's
that are steroidal in nature (e.g., cholesterol, pregnolones, progesterones,
corticosterones, aldosterones, testosterones, estradiols, ergosterols, and the like), bile
acids, small molecule drug ligands, vitamins, aptamers, carbohydrates, peptides (e.g.;
hormones, proteins, protein fragments, antibodies or antibody fragments), viral
proteins (e.g., capsids), toxins (e.g., bacterial toxins), and the like. In the case of
cholesterol, the molecule can associate with one or more proteins or protein
complexes in blood or other body fluid (e.g., albumin, LDLs, HDLs, IDLs, VLDLs,
chylomicron remnants, and chylomicrons) and can be delivered to the cell through
association with the appropriate receptor for that complex (e.g., low density
lipoprotein receptor (LDLR)). The example of delivery via the cholesterol-LDL
association is particularly attractive since the opportunity for dozens or hundreds of
inhibitors to be delivered in a single LDL particle is feasible. For that reason, the
inventors can envision packaging cholesterol conjugated inhibitors, or inhibitors
conjugated to derivatives of cholesterol, in one or more natural carriers (e.g., LDLs)

in vitro, and using this as an in vivo delivery system.
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In one embodiment, the conjugates that target a particular receptor are
modified to eliminate the possible loss of the conjugated nucleic acid (e.g., the
inhibitor) to other sources. For instance, when cholesterol-conjugated nucleic acids
are placed in the presence of normal serum, a significant fraction of this material will
associate with the albumin and/or other proteins in the serum, thus making the
inhibitor unavailable for interactions with LDLs. For this reason, it is conceivable that
the conjugates of the invention can be modified in such a way that they continue to
bind or associate with their intended target (e.g., LDLs) but have lesser affinities with

unintended binding partners (e.g., serum albumin).

IV. Mode of Action

In one embodiment, a target miRNA can silence their target gene by inducing
either transcript cleavage (e.g., in cases where the mature miRNA and target sequence
are 100% complementary) or translation attenuation (e.g., in cases where the mature
miRNA and target sequence are less than 100% complementary). As shown in
multiple examples, the inhibitors of the invention exhibit potent activity irrespective
of the mode of action. Thus, when the reverse complement region of the inhibitor is
100% complementary to the target miRNA, inhibitors of the invention are capable of
preventing transcript cleavage. In cases where the reverse complement region of the
inhibitor has less than 100% complementarity to the miRNA, inhibitors of the
invention are potent inhibitors of translation attenuation.

Without wishing to be tied to any one theory as to why the double strénded
inhibitors of the invention perform with enhanced potency, the inventors have noted
that many of the proteins that mediate RNAIi contain double stranded RNA binding
domains (e.g., Dicer). Therefore, the inventors speculate that inclusion of double
stranded regions in the inhibitor designs facilitates assembly of the RNAi1 machinery

around the inhibitor and thus enhances overall functionality of the inhibitor.

V. Modifications and Conjugates

The composition of the oligonucleotides of the invention can vary greatly and
can include homogeneous nucleic acids (e.g., all RNA), heterogeneous nucleic acids
(e.g., RNA and DNA), modified nucleic acids, and unmodified nucleic acids (e.g., see
Example 13). In some instances, the oligonucleotides of the invention include a

mixture of modified and unmodified RNA and/or DNA. More preferably, the
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oligonucleotides of the invention include modified RNA. Even more preferably, the
oligonucleotides of the invention comprise 2’-O-alkyl modified ribonucleotides.
Most preferably, the oligonucleotides of the invention comprise 2’-O-methyl modified
ribonucleotides. In other embodiments, the compositions of the present invention can
comprise at least one 2’-orthoester modification, wherein the 2’-orthoester
modification is preferably a 2'-bis(hydroxy ethyl) orthoester modification.
Alternatively, modifications of the invention can include 2’ halogen modifications, or
locked nucleic acids (LNAs).

In one embodiment, any of the inhibitor oligonucleotides can include a
conjugate. While the conjugate can be selected from a large group consisting of
amino acids, peptides, polypeptides, proteins: sugafs, carbohydrates, lipids (e.g.,
cholesterol, see Example 16), polymers (e.g. PEG), nucleotides, polynucleotides,
targeted small molecules, and combinations thereof.

One preferred inhibitor design includes a first oligonucleotide containing a
central region, a 5’ flanking region, and a 3’ flanking region. Optionally, the inhibitor
can include a truncated first oligonucleotide containing a central region and a 5’
flanking region or a central region and a 3’ flanking region.

In one embodiment, the inhibitor can include a second oligonucleotide (i.e.,
first enhancer sequence or 5’ enhancer oligonucleotide) that can anneal to the 5°
flanking region of the first oligonucleotide. The second oligonucleotide can be
modified on the 5’ terminus, the 3’ terminus, and/or at one or more internal regions
with a nucleotide modification described herein. Also, the second oligonucleotide can
be conjugated at the 5° terminus, 3’ terminus, and/or at one or more internal regions
with a conjugate, such as a hydrophobic group (e.g., a cholesterol, a hydrophobic
alkyl chain, such as C3 or longer, or a hydrophobic dye).

In one embodiment, the inhibitor can include a third oligonucleotide (i.e.,
second enhancer sequence or 3’ enhancer oligonucleotide) that can anneal to the 3’
flanking region of the first oligonucleotide. The third oligonucleotide can be
modified on the 5’ terminus, the 3’ terminus, and/or at one or more internal regions
with a nucleotide modification described herein. Also, the third oligonucleotide can
be conjugated at the 5’ terminus, 3’ terminus, and/or at one or more internal regions
with a conjugate, such as a hydrophobic group (e.g., a cholesterol, a hydrophobic
alkyl chain, such as C3 or longer, or a hydrophobic dye).
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As shown in Examples 10, 16 and 17, several of the preferred inhibitor
designs exhibit enhanced functionality due to the inclusion of double stranded regions
within the design and minimizes the hurdles associated with manufacturing a large
number of individual single stranded inhibitors (e.g., a library of inhibitors) with
conjugates (e.g., antagomirs). Instead, by designing all the first oligonucleotides with
the same 5’ and/or 3’ flanking regions, the complexities and costs associated with
conjugating hydrophobic molecules to a large number of modified oligonucleotide
strands can be limited by having only one or two strands (e.g., first enhancer and/or
second enhancer) containing the conjugate. Such conjugates can be linked to the
appropriate strand using any one of a number art proven chemistries and linkers.
Preferably, the linker is similar to the structure shown in Figure 4B.

The conjugate can further comprise a label, such as, for example, a fluorescent
label, a radioactive label, or a mass label. In cases where the label is a fluorescent
label, the label can be selected from the group consisting of TAMRA, BODIPY, Cy3,
Cy5, fluoroscein, and Dabsyl. Altematively, the fluorescent label can be any
fluorescent label known in the art.

In other embodiments, any of the compositions of the present invention can
further comprise a 5° and/or 3’ overhang, stabilized 5° and/or 3” overhangs, 3” or 5’
cap (e.g., inverted deoxythymidine) as well as additional modifications that stabilize
the oligonucleotides against RNase degradation (e.g., internucleotide linkage

modifications such as phosphorothioates and methylphosphonates).

VL Synthesis

The inhibitor oligonucleotides of the invention can be synthesized by any
method that is now known or that comes to be known and that f_rom reading this
disclosure a person of ordinary skill in the art would appreciate would be useful to
synthesize the molecules of the present invention. For example, oligonucleotides of
the invention containing the specified modifications may be chemically synthesized
using compositions of matter and methods described in Scaringe, S.A. (2000)
“Advanced 5'-silyl-2'-orthoester approach to RNA oligonucleotide .synthesis,”
Methods Enzymol. 317, 3-18; Scaringe, S.A. (2001) “RNA oligonucleotide synthesis
via 5'-silyl-2'-orthoester chemistry,” Methods 23, 206-217; U.S. Patent No. 5,889,136;
U.S. Patent No. 6,008,400; U.S. Patent No. 6111086; and U.S. Patent No. 6,590,093,
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which are all incorporated herein by reference. Newly synthesized oligonucleotides
of the invention may be retained in a dried form at -20°C until they are ready for use.

The synthesis method utilizes nucleoside base-protected 5’-O-silyl-2’°-O-
orthoester-3’-O-phosphoramidites to assemble the desired unmodified oligonucleotide
sequences on a solid support in the 3’ to 5° direction. Briefly, synthesis of the
required phosphoramidites begins from standard base-protected ribonucleosides-(e.g.,
uridine, N4-acetylcytidine, N2-isobutyrylguanosine, and NG6-isobutyryladenosine).
Introduction of the 5’-O-silyl and 2’-O-orthoester protecting groups, as well as the
reactive 3’-O-phosphoramidite moiety is then accomplished in five steps, including:
(1) Simultaneous transient blocking of the 5°- and 3’-hydroxyl groups of the
nucleoside sugar with Markiewicz | reagent (1,3-dichloro-1,1,3,3,-
tetraisopropyldisiloxane [TIPS-CI2]) in pyridine solution (see, Markiewicz, W.T.
(1979) “Tetraisopropyldisiloxane-1,3-diyl, a Group for Simultaneous Protection of 3°-
and 5’-Hydroxy Functions of Nucleosides,” J. Chem. Research(S), 24-25), followed
by chromatographic purification; (2) Regiospecific conversion of the 2’-hydroxyl of
the TIPS-nucleoside sugar to the bis(acetoxyethyl)orthoester [ACE derivative] using
tris(acetoxyethyl)-orthoformate  in  dichloromethane  with  pyridinium  p-
toluenesulfonate as catalyst, followed by chromatographic purification; (3) Liberation
of the 5°- and 3°-hydroxyl groups of the nucleoside sugar by specific removal of the
TIPS-protecting group using hydrogen fluoride and N,N,N’’N’-tetramethylethylene
diamine in acetonitrile, followed chromatographic purification; (4) Protection of the
5’-hydroxyl as a 5’-O-silyl ether using benzhydroxy-bis(trimethylsilyloxy)silyl
chloride [BzH-CI] in dichloromethane, followed by chromatographic purification;
and (5) Conversion to the 3’-O-phosphoramidite derivative using bis(IN,N-
diisopropylamino)methoxyphosphine and 5-ethylthio-1H-tetrazole in
dichloromethane/acetonitrile, followed by chromatographic purification.

The phosphoramidite derivatives are typically thick, colorless to pale yellow
syrups. For compatibility with automated RNA synthesis instrumentation, each of the
products is dissolved in a pre-determined volume of anhydrous acetonitrile, and this
solution is aliquoted into the appropriate number of serum vials to yield a 1.0 mmole
quantity of phosphoramidite in each vial. The vials are then placed in a suitable
vacuum desiccator and the solvent removed under high vacuum ovemight. The
atmosphere is then replaced with dry argon, the vials are capped with rubber septa,

and the packaged phosphoramidites are stored at —20°C until needed. Each
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phosphoramidite is dissolved in sufficient anhydrous acetonitrile to give the desired
concentration prior to installation on the synthesis instrument.

The synthesis of the desired oligoribonucleotide is carried out using automated
synthesis instrumentation. It begins with the 3’-terminal nucleoside covalently bound
via its 3’-hydroxyl to a solid beaded polystyrene support through a cleavable linkage.
The appropriate quantity of support for the desired synthesis scale is measured into a
reaction cartridge, which is then affixed to synthesis instrument. The bound
nucleoside is protected with a 5’-O-dimethoxytrityl moiety, which is removed with
anhydrous acid (3% [v/v] dichloroacetic acid in dichloromethane) in order to free the
5’-hydroxyl for chain assembly.

Subsequent nucleosides in the sequence to be assembled are sequentially
added to the growing chain on the solid support using a four-step cycle, consisting of '
the following general reactions: ’ A
1. Coupling: the appropriate phosphoramidite is activated with 5-ethylthio-1H-
tetrazole and allowed to react with the free 5’-hydroxyl of the support bound
nucleoside or oligonucleotide. Optimization of the concentrations and molar excesses
of these two reagents, as well as of the reaction time, results in coupling yields
generally in excess of 98% per cycle.
2. Oxidation: the internucleotide linkage foi’med in the coupling step leaves the
phosphorous atom in its P(III) [phosphite] oxidation state. The biologically-relevant
oxidation state is P(V) [phosphate]. The phosphorous is therefore oxidized from
P(III) to P(V) using a solution of tert-butylhydroperoxide in toluene.
3. Capping: the small quantity of residual un-reacted 5°-hydroxyl groups must
be blocked from participation in subsequent coupling cycles in .order to prevent the
formation of deletion-containing sequences. This is accomplished by treating the
support with a large excess of acetic anhydrnide and 1-methylimidazole in acetonitrile,
which efficiently blocks residual 5’-hydroxyl groups as acetate esters.
4, De-silylation: the silyl-protected 5°-hydroxyl must be deprotected prior to the
next coupling reaction. This i1s accomplished through treatment with triethylamine
trihydrbgen fluoride in N,N-dimethylformamide, which rapidly and Aspeciﬁcally
liberates the 5’-hydroxyl without concomitant removal of other protecting groups (2’-
O-ACE, N-acyl base-protecting groups, or phosphate methyl).

It should be noted that in between the above four reaction steps are several

washes with acetonitrile, which are employed to remove the excess of reagents and
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solvents prior to the next reaction step. The above cycle is repeated the necessary
number of times until the unmodified portion of the oligoribonucleotide has been
assembled. The above synthesis method is only exemplary and should not be
construed as limited the means by which the molecules may be made. Any method
that is now known or that comes to be known for synthesizing siRNA and that from
reading this disclosure one skilled in the art would conclude would be useful in
connection with the present invention may be employed.

The oligonucleotides of certain embodiments include modified nucleosides
(e.g., 2’-O-methyl derivatives). The 5’-O-silyl-2’-O-methyl-3’-O-phosphoramidite
derivatives required for the introduction of these modified nucleosides are prepared
using procedures similar to those described previously (e.g., steps 4 and 5 above),
starting from base-protected 2’-O-methyl nucleosides (e.g., 2’-O-methyl-uridine, 2°-
O-methyl- N4-acetylcytidine, 2’-O-methyl-N2-isobutyrylguanosine and 2’-O-methyl-
Né6-isobutyryladenosine).  The absence of the 2’-hydroxyl in these modified
nucleosides eliminates the need for ACE protection of these compounds. As'such,>
introduction of the 5’-O-silyl and the reactive 3’—O—phosphorarﬁidite moiety 1is
accomplished in two steps, including: (1) Protection of the 5’-hydroxyl as a 5’-O-silyl
cther using benzhydroxy-bis(trimethylsilyloxy)silyll chloride (BzH-CI) in N,N-
dimethylformamide, followed by chromatographic purification; and (2) Conversion to
the 3’-O-phosphoramidite derivative using bis(N,N-
diisopropylamino)methoxyphosphine and 5-ethylthio-1H-tetrazole in
dichloromethane/acetonitrile, followed by chromatographic purification.

Post-purification packaging of the phosphoramidites is carried out using the
procedures described previously for the standard nucleoside phosphoramidites.
Similarly, the incorporation of the two 5°-O-silyl-2’-O-methyl nucleosides via their
phosphoramidite derivatives is accomplished by twice applying the same four-step
cycle described previously for the standard nucleoside phosphoramidites.

The oligonucleotides of certain embodiments can, but need not, include a
phosphate moiety at the 5’-end of the strand. If desired, this phosphate is introduced
chemically as the final coupling to the sequence. The required phosphoramidite
derivative (e.g., bis(cyanoethyl)-N,N-diisopropylamino  phosphoramidite) is
synthesized as follows. Briefly, phosphorous trichloride is treated one equivalent of
N,N-diisopropylamine in anhydrous tetrahydrofuran in the presence of excess

triethylamine. Then, two equivalents of 3-hydroxypropionitrile are added and
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allowed to react completely. Finally, the product is purified by chromatography.
Post-purification packaging of the phosphoramidite s carried out using the procedures
described previously for the standard nucleoside phosphoramidites. Similarly, the
incorporation of the phosphoramidite at the 5’-end of the strand is accomplished by
applying the same four-step cycle described previously for the standard nucleoside
phosphoramidites.

The modified, protected oligoribonucleotide remains linked to the solid
support at the finish of chain assembly. A two-step rapid cleavage/deprotection
procedure is used to remove the phosphate methyl protecting groups, cleave the
oligoribonucleotide from the solid support, and remove the N-acyl base-protecting
groups. It should be noted that this procedure also removes the cyanoethyl protecting
groups from the 5’-phosphate on the strand. Additionally, the procedure removes the
acetyl functionalities from the ACE orthoester, converting the 2°-O-ACE protecting
group into the bis(2-hydroxyethyl)orthoester. This new orthoester is significantly -
more labile to mild acid as well as more hydrophilic than the parent ACE group. The
two-step procedure is briefly as follows:

1. The support-bound oligoribonucleotide is treated with a solution of disodium
2-carbamoyl-2-cyanoethylene-1,1-dithiolate trihydrate in N,2N-dimethylformamide.
This reagent rapidly and efficiently removes the methyl protecting groups from the
internucleotide phosphate linkages without cleaving the oligoribonucleotide from the
solid support. The support is then washed with water to remove excess dithiolate.

2. The oligoribonucleotide is cleaved from the solid support with 40% (w/v)
aqueous methylamine at room temperature. The methylamine solution containing the
crude oligoribonucleotide is then heated to 55°C to remove the protecting groups from
the nucleoside bases. The crude orthoester-protected oligoribonucleotide is obtained
following solvent removal in vacuo.

When desired, removal of the 2’-orthoesters is the final step in the synthesis
process. This is accomplished by treating the crude oligoribonucleotide with an
aqueous solution of acetic acid and N,N,N’ N’-tetramethyl ethylene diamine, pH 3.8,
at 55°C for 35 minutes. The completely deprotected oligoribonucleotide is then
desalted by ethanol precipitation and isolated by centrifugation. In cases where
retention of this group is preferred, this step is omitted.

While the preferred composition of the invention comprises a ribonucleotide

where all of the nucleotides contain an alkyl modification (e.g., preferably a 2°-O-
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methyl modification) at the 2’ carbon of the ribose ring, the inventors recognize that
in some cases, mixtures of 2°-O-alkyl and 2’-ACE modified nucleotides are desired.
Such hybrid modified molecules are easily synthesized by introducing the appropriate
precursors at the appropriate time during synthesis. In addition, supplementary
modifications, including 2’ halogen modifications (e.g., F, Cl, Br, L,), internucleotide
modifications such as methylphosphonates and phosphorothibates, and base analogs
can be included in the design of the inhibitors of the invention. Examples of positions
of the nucleotide which may be derivatized include the following: the 5 position, such
as 5-(2-amino)propyl uridine, 5-bromo uridine, 5-propyne uridine, 5-propenyl uridine,
etc.; the 6 position, such as 6-(2-amino)propyl uridine; and the 8-position for
adenosine and/or guanosines, such as 8-bromo guanosine, 8-chloro guanosine;, 8-
fluoroguanosine, etc. Nucleotide analogs also include the following: deaza
nucleotides, such as 7-deaza-adenosine; 0- and N-modified (e.g., alkylated, e.g., N6-
methyl adenosine, or as otherwise known in the art) nucleotides; and other
heterocyclically modified nucleotide analogs such as those described in Herdewijn,
Antisense Nucleic Acid Drug Dev., 2000 Aug. 10(4):297-310.

In addition, inhibitor oligonucleotides of the invention can by synthesized with
an array of conjugates that enhance delivery, or allow visualization of the molecule in
a cell or organism. Preferred conjugates for delivery include cholesterol, PEG,
peptides, proteins, sugars, carbohydrates, and moieties or combinations of moieties
that enhance cellular uptake. Additional conjugates can include fluorescent labels,
such as fluorescein, lissamine, phycoerythrin, rhodamine (Perkin Elmer CetusTM),
Cy2, Cy3, Cy3.5, Cy5, Cy5.5, Cy7, FluorX (AmcrshamTM) and others (see, Kricka
(1992) Nonisotopic DNA Probe Techniques, Academic Press San Diego, Calif.).
Other labels include radioactive labels or mass labels. All of the before mentioned
conjugates or labels can be associated with the 5’ or 3” end of the molecule or can be
conjugated to internal regions using methods described in the US patent application
60/603472, filed August 20, 2004, which is incorporated herein by reference.

VII. Methods for Using Inhibitors

The inhibitors of the present invention may be administered to a cell by any
method that is now known or that comes to be known and that from reading this
disclosure, one skilled in the art would conclude would be useful with the present

invention. For example, the inhibitor molecules of the invention may be passively
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delivered to cells. Passive uptake of an inhibitor can be modulated, for example, by
the presence of a conjugate such as a polyethylene glycol moiety or a cholesterol
moiety, or any other hydrophobic moiety associated with the 5’ terminus, the 3’
terminus, or internal regions of the first oligonucleotide, and/or one or more of the
enhancer oligonucleotides. Other methods for inhibitor delivery include, but are not
limited to, transfection techniques (e.g., using forward or reverse transfection
techniques) employing DEAE-Dextran, calcium phosphate, cationic lipids/liposdmes,
microinjection, electroporation, immunoporation, and coupling of the inhibitors to

specific conjugates or ligands such as antibodies, peptides, antigens, or receptors.

VIII. Quantifying Inhibitor Function

The method of assessing the level of inhibition is not limited. Thus, the
effects of any inhibitor can be studied by one of any number of art tested procedures
including but not limited to Northern analysis, RT PCR, expression profiling, and
others. In one preferred method, a vector or plasmid encoding reporter whose protein
product is easily assayed is modified to contain the target site (e.g., reverse
complement of the mature miRNA, piRNA, or siRNA) in the 5° UTR, ORF, or
3’UTR of the sequence. Such reporter genes include alkaline phosphatase (AP), beta
galactosidase (LacZ), chloramphenicol acetyltransferase (CAT), green ﬂuorescent
protein (GFP), variants of luciferase (Luc), and derivatives thereof. In the absence of
the inhibitor, endogenous (or exogenously added) miRNAs target the reporter mRNA
for silencing (e.g., either by transcript cleavage or translation attenuation) thus leading
to an overall low level of reporter expression. In contrast, in the presence of the
inhibitors of the invention, miRNA, piRNA, or siRNA mediated targeting is
suppressed, thus giving rise to a heightened level of reporter expression. Preferred

reporter constructs include the psiCHECK-2 dual luciferase reporter (Promega).

IX. Applications

The inhibitors of the present invention may be used in a diverse set of
applications, including basic research. For example, the inhibitors of the présent
invention may be used to validate whether one or more miRNAs or targets of miRNA
may be involved in cell maintenance, cell differentiation, development, or a target for
drug discovery or development. Inventive inhibitors that are specific for inhibiting a

particular miRNA are introduced into a cell or organism and said cell or organism is
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maintained under conditions that allow for specific inhibition of the targeted
molecule. The extent of any decreased expression or activity of the target is then
measured, along with the effect of such decreased expression or activity, and a
determination is made that if expression or activity is decreased, then the target is an
agent for drug discovery or development. In this manner, phenotypically desirable
effects can be associated with inhibition of particular target of interest, and in
appropriate cases toxicity and pharmacokinetic studies can be undertaken and
therapeutic preparations developed.

The inhibitors of the invention can be used to inhibit single or multiple targets
simultaneously. The ability to inhibit multiple targets is one of the innovations of the
invention (see Exampies 4 and 19). The authors recognize that previous inhibitor
designs lacked potency and as such, required high concentrations to partially inhibit a
single miRNA. Introduction of pools of inhibitors using previous designs would
require excessively high concentrations because there are limited amounts of RISC
available in cells, high concentrations of inhibitors can be cytotoxic, and addition of
high levels of inhibitors could lead to a global disruption of the RNAi pathway and
non-specific effects. In contrast, the enhanced potency of the inhibitors of the
invention enables users to inhibit one or more specific targets at concentrations that
preserve the overall functionality of the RNAi pathway with minimal non-specific
effects. Knockdown of multiple targets can take place by introducing pools of
inhibitors targeting different molecules. Alternatively, inhibitors can be designed such
that single inhibitor molecﬁles can inhibit multiple targets. In one non-limiting
example, inhibitors designs can include the following: a 5° flanking region; a central
region targeting gene A; a central region targeting gene B, and a first enhancer
sequence capable of binding the 5’ flanking region.

Because the inhibitors of the invention act independent of the cell typée or
species into which they are introduced, the present invention is applicable across a
broad range of organisms. For example, the inhibitors can be used in plants, animals,
protozoa, bacteria, viruses, and fungi. The present invention is particularly
advantageous for use in mammals such as cattle, horse, goats, pigs, sheep, canines,
rodents such as hamsters, mice, and rats, and primates such as, gorillas, bush babies,
chimpanzees, and humans.

The present invention may be used advantageously with diverse cell types,

such as primary cells, germ cell lines, and somatic cells. For example, the cell types
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may be embryonic cells, oocytes, sperm cells, adipocytes, fibroblasts, myocytes,
cardiomyocytes, endothelium, neurons, glia, blood cells, megakaryocytes,
lymphocytes, macrophages, neutrophils, eosinophils, basophils, mast cells,
leukocytes, granulocytes, keratinocytes, chondrocytes, osteoblasts, osteoclasts,
hepatocytes and cells of the endocrine or exocrine glands.

Advantageously, the present invention can be used to inhibit a broad range of
miRNA, piRNA, and siRNAs. For example, the inhibitors can be used to inhibit
miRNA and/or piRNAs of the human genome implicated in diseases, such as
diabetes, Alzheimer’s, and cancer, and miRNA and/or piRNAs associated with the
genomes of pathogens (e.g., pathogenic viruses).

Additionally, the inhibitors of the present invention may be used in RNA
interference applications, such as diagnostics, prophylactics, and therapeutics. This
can include using inhibitors in the manufacture of a medicament for prevention and/or
treatment of animals, such as mammals (e.g., humans). In particular, the inhibitors of
the invention can be used to reverse the action of siRNAs, miRNAs, or piRNAs that
are being used as therapeutic agents.

In the case of therapeutic or prophylactic purposes, dosages of medicaments .
manufactured in accordance with the present invention may vary from micrograms
per kilogram to hundreds of milligrams per kilogram of a subject. As is known in the
art, dosage will vary according to the mass of the mammal receiving the dose, the
nature of the mammal receiving the dose, the severity of the disease or disorder, and
the stability of the medicament in the serum of the subject; among other factors well
known to persons of ordinary skill in the art. For these applications, an organism
suspected of having a disease or disorder that is amenable to modulation by
manipulation of a particular target nucleic acid of interest is treated by administering
inhibitors of the invention. Results of the treatment may be ameliorative, palliative,
prophylactic, and/or diagnostic of a particular disease or disorder.

Therapeutic or prophylactic applications of the present invention can be
performed with a vaniety of therapeutic inhibitor compositions and methods of
inhibitor administration. Pharmaceutically acceptable carriers and diluents are known
to persons skilled in the art. Methods of administration to cells and organisms are
also known to persons skilled in the art. Dosing regimens, for example, are known to
depend on the severity and degree of responsiveness of the disease or disorder to be

treated, with a course of treatment spanning from days to months, or until the desired
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effect on the disorder or disease state is achieved. Chronic administration of
inhibitors of the invention may be required for lasting desired effects with some
diseases or disorders. Suitable dosing regimens can be determined by, for example,
administering varying amounts of one or more inhibitors in a pharmaceutiéally
acceptable carrier or diluent, by a pharmaceutically acceptable delivery route, and
amount of drug accumulated in the body of the recipient organism can be determined
at various times following administration. Similarly, the desired effect can be
measured at-various times following administration of the inhibitor, and this data can
be correlated with other pharmacokinetic data, such as body or organ accumulation.
Those of ordinary skill can determine optimum dosages, dosing regimens, and the
like. Those of ordinary skill may employ ECso data from fn vivo and in vitro animal
models as guides for human studies.

The inhibitors of the invention can be administered in a cream or ointment
topically, an oral preparation such as a capsule or tablet or suspension or solution, and
the like. The route of administration may be intravenous, intramuscular,-demlal,
subdermal, cutaneous, subcutaneous, intranasal, oral, rectal, by eye drops, by tissue
implantation of a device that releases the inhibitor. at an advantageous location, such
as near an organ or tissue or cell type harboring a target nucleic acid of interest.

Having described the invention with a degree of particularity, examples will
now be provided. These examples are not intended to and should not be construed to
limit the scope of the claims in any way. Although the invention may be more readily
understood through reference to the following examples, they are provided by way of

illustration and are not intended to limit the present invention unless specified.

Table 1
Sequences of Inhibitors Targeting Human, Mouse, and Rat miRNAs
Mature Accession Precursor Sequence of Inhibitors Targeting Human miRNAs
Accession (SEQ ID NOS 20-413)
MIMATO0000062 MI0000060 UAAAACUAUACAACCUACUACCUCAUCC
MIMATO0000062 MI0O000061 CUAAACUAUACAACCUACUACCUCAACC
MIMATO0000062 MI0000062 CCAAACUAUACAACCUACUACCUCACCC
MIMATO0000063 MI0000063 UGAAACCACACAACCUACUACCUCACCC
MIMATO0000064 MI0000064 CUAAACCAUACAACCUACUACCUCAACC
MIMATO0000065 MIO000065 UAAAACUAUGCAACCUACUACCUCUUCC
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CUCAACUAUACAACCUCCUACCUCAGCC
CACAACUAUACAAUCUACUACCUCACUC
UAAAACUAUACAAUCUACUACCUCAUCC
AUCCACAAACCAUUAUGUGCUGCUACUU
UAACGCCAAUAUUUACGUGCUGCUAAGG
UCACUACCUGCACUGUAAGCACUUUGAC
UGCUACAAGUGCCUUCACUGCAGUAGAU
CACUAUCUGCACUAGAUGCACCUUAGAA
UGCCAGAAGGAGCACUUAGGGCAGUAGA
CCAUCAGUUUUGCAUAGAUUUGCACAAC
CAGUCAGUUUUGCAUGGAUUUGCACAGC
CAAUCAGUUUUGCAUGGAUUUGCACAGC
ACACUACCUGCACUAUAAGCACUUUAGU
CAGUCAACAUCAGUCUGAUAAGCUACCC
GCAACAGUUCUUCAACUGGCAGCUUUAG
GGUUGGAAAUCCCUGGCAAUGUGAUUUG
AGAACUGAUAUCAGCUCAGUAGGCACCG
CUCCUGUUCCUGCUGAACUGAGCCAGUG
CCCCUGUUCCUGCUGAACUGAGCCAGUG
CUGUCAGACCGAGACAAGUGCAAUGCCC
CACAGCCUAUCCUGGAUUACUUGAACGA
CACAACCUAUCCUGAAUUACUUGAACUG
GGGGGCGGAACUUAGCCACUGUGAACAC
UAACUCAAUAGACUGUGAGCUCCUUGAG
UUAUAACCGAUUUCAGAUGGUGCUAGAA
CAGCUUCCAGUCGAGGAUGUUUACAGUC
GCAGCUGCAAACAUCCGACUGAAAGCCC
UCAACAGCUAUGCCAGCAUCUUGCCUCC
ACAUGCAACUUAGUAAUGUGCAAUAUCU
ACAUGCAAUGCAACUACAAUGCACCACA
UCAACAGGCCGGGACAAGUGCAAUACCA
UCCACAGGCCGGGACAAGUGCAAUACUU
ACACUACCUGCACGAACAGCACUUUGGA
GGGUGCUCAAUAAAUACCCGUUGAAUGU
CAAGCAAAAAUGUGCUAGUGCCAAAAUC
CACCACAAGAUCGGAUCUACGGGUUUAU
UACCACAAGUUCGGAUCUACGGGUUUGU
AUCCUUCAGUUAUCACAGUACUGUACCU
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AAGAACACUGAUUUCAAAUGGUGCUAGA
UAAAACACUGAUUUCAAAUGGUGCUAGA
CUUUCAUAGCCCUGUACAAUGCUGCUUG
CCUUCAUAGCCCUGUACAAUGCUGCUUG
CACCACAGGAGUCUGAGCAUUUGACCAC
CACCACAGGAGUCUGAGCAUUUGACCAC
AAGCUACCUGCACUGUAAGCACUUUUAC
CUUUGAUAGCCCUGUACAAUGCUGCUUG
CUACGCCAAUAUUUACGUGCUGCUAGAG
CACUGGCUGUCAAUUCAUAGGUCAGAGC
AGGCCCAACAACAUGAAACUACCUAAUU
CAUGCUGGGUGGAGAAGGUGGUGAAGGG
AGGAACCUAUCUCCCCUCUGGACCAAUG
CCUAACCAAUGUGCAGACUACUGUACAC
CCUGAACAGGUAGUCUGAACACUGGGUU
CCAACAAGCUUUUUGCUCGUCUUAUACG
AACAGCAAGCCCAGACCGCAAAAAGAUC
GAGACAAAGUUCUGUAGUGCACUGACUU
ACAGCUGAGAGUGUAGGAUGUUUACAGU
CAGCUUCCAGUCGGGGAUGUUUACAACA
ACUGGAGACACGUGCACUGUAGAAUACA
UCUAGCAGAAGCAUUUCCACACACUGGC
AAACAACAAAAUCACUAGUCUUCCACAC
CAACAACAAAAUCACUAGUCUUCCAGAU
GAACAACAAAAUCACUAGUCUUCCACAC
UUACACAAAUUCGGAUCUACAGGGUAUA
CACACAAAUUCGGUUCUACAGGGUAUAU
CACAACAACCAGCUAAGACACUGCCAAA
CAAACUCACCGACAGCGUUGAAUGUUCC
CAACCCACCGACAGCAAUGAAUGUUGAU
CAAACUCACCGACAGGUUGAAUGUUCCC
CCCAUAGUUGGCAAGUCUAGAACCACCG
CAGUGUGAGUUCUACCAUUGCCAAAAAC
UCACAGUGAAUUCUACCAGUGCCAUACA
CCUCCGGCUGCAACACAAGACACGAGGG
AAUCCCAACAACAUGAAACUACCUAAGC
UCUAACCAAUGUGCAGACUACUGUACAA
CCUGAACAGGUAGUCUGAACACUGGGGC
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CCUGAACAGAUAGUCUAAACACUGGGUA
GGUCUAGUGGUCCUAAACAUUUCACAAU
CUCAGGCAUAGGAUGACAAAGGGAAGUC
AGACAGACUCCGGUGGAAUGAAGGACAA
AGAUCAGCCGCUGUCACACGCACAGUGG
CCUAGGCGAAGGAUGACAAAGGGAAGCC
CGGUGGCCGUGACUGGAGACUGUUACUG
UAGGGUACAAUCAACGGUCGAUGGUUUU
CAAACUCACCGACAGCGUUGAAUGUUCA
GUGACUGCCUGUCUGUGCCUGCUGUACA
UAUUGUCUGUCAAUUCAUAGGUCAUUUU
AUCUCACAGUUGCCAGCUGAGAUUAAGC
UUAUCCAAUCAGUUCCUGAUGCAGUAUC
AACCACAUGGUUAGAUCAAGCACAACAG
CACCACAUGGUUAGAUCAAGCACAAAGG
CUCGAGAAUUGCGUUUGGACAAUCAGGA
GCCCAAAGUGUCAGAUACGGUGUGGAGC
CCUGAAACCCAGCAGACAAUGUAGCUGU
CAGAGACCCAGUAGCCAGAUGUAGCUGC
ACUUGGGGUAUUUGACAAACUGACACUC
UACUAAACGGAACCACUAGUGACUUGAA
GCCGUCAUCAUUACCAGGCAGUAUUAGA
UCAAACUGUACAAACUACUACCUCAGCC
ACCAACAGCACAAACUACUACCUCAGCC
AAAAUACAUACUUCUUUACAUUCCAUAG
GCAUGUAAACCAUGAUGUGCUGCUACAG
GCGUGGUAAUCCCUGGCAAUGUGAUUUU
AGGUGCAGAACUUAGCCACUGUGAACAA
UACAGCUGAGUGUAGGAUGUUUACAUGA
GACACAAACACCAUUGUCACACUCCACA
UCUUGGCAUUCACCGCGUGCCUUAAUUG
UCUUGGCAUUCACCGCGUGCCUUAAUUG
UCUUGGCAUUCACCGCGUGCCUUAAUUG
ACAUCACAAGUUAGGGUCUCAGGGACUG
UGAAAAAGAGACCGGUUCACUGUGAGAA
CCAAUGCCCUUUUAACAUUGCACUGCUA
GGGCGACCAUGGCUGUAGACUGUUACCU
GCUACAGCUGGUUGAAGGGGACCAAAUC
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GCUACAGCUGGUUGAAGGGGACCAAAUC
GAAUCACAUAGGAAUAAAAAGCCAUAGA
CUAUCACAUAGGAAUAAAAAGCCAUAAA
CGACUACGCGUAUUCUUAAGCAAUAACA
CGGCCUGAUUCACAACACCAGCUGCAGC
UAACCUACCAUAGGGUAAAACCACUGGC
GAGCCAUCUUUACCAGACAGUGUUAGGA
UCAUCCAUAAAGUAGGAAACACUACACC
GUUAGUAGUGCUUUCUACUUUAUGGGUG _
UCCUGAGCUACAGUGCUUCAUCUCAGAC
GGACUAGUACAUCAUCUAUACUGUAGUG
CUAAGGGAUUCCUGGGAAAACUGGACCG
GGGCCCAAGUUCUGUCAUGCACUGACUG
AUGAUCACUUUUGUGACUAUGCAACUGG
AUGAUCACUUUUGUGACUAUGCAACUGG
AACAGCUGCUUUUGGGAUUCCGUUGCCC
GCAGGGGACGAAAUCCAAGCGCAGCUGG
UUUUACUUUCGGUUAUCUAGCUUUAUGA
CACUCAUACAGCUAGAUAACCAAAGAUA
UUUUACUUUCGGUUAUCUAGCUUUAUGA
CACUCAUACAGCUAGAUAACCAAAGAUA
UUCUACUUUCGGUUAUCUAGCUUUAUGA
CACUCAUACAGCUAGAUAACCAAAGAGA
CCUCACAGGUUAAAGGGUCUCAGGGACC
ACCUCACAAGUUAGGGUCUCAGGGACUA
ACAGCGCGUACCAAAAGUAAUAAUGUCC
CGGCGCAUUAUUACUCACGGUACGAGUU
ACCAGCCAAGCUCAGACGGAUCCGAUGA
UACAGCAAGCCCAGACCGCAAAAAGAUU
AUGCCCCUCUGGUCAACCAGUCACACAC
GAAUCCAUCAUCAAAACAAAUGGAGUCC
CGGCCUGAUUCACAACACCAGCUGCCCC
CACAACCCAUGGAAUUCAGUUCUCAAAG
ACGGGAGUGAAGACACGGAGCCAGAGCU
CAGCACUGGUACAAGGGUUGGGAGACAG
AAGCGAAGGCAACACGGAUAACCUAUCU
AAAAAUAGGUCAACCGUGUAUGAUUCGU
CCUACCCUUAUCAGUUCUCCGUCCAACA
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AUCAGGAACUGCCUUUCUCUCCAAUCCC
AGAAAGCCCAAAAGGAGAAUUCUUUGGA
CUCACCCUCCACCAUGCAAGGGAUGUGA
ACAACCUAAUAUAUCAAACAUAUCACAC
AGAACUGGGACUUUGUAGGCCAGUUGAU
CAGUCCACAUGGAGUUGCUGUUACACUU
CUGUGCCAAUAUUUCUGUGCUGCUAGAG
AAACCACACACUUCCUUACAUUCCAUAG
UUUUUCGCCCUCUCAACCCAGCUUUUCC
CCUCCAUCAUUACCCGGCAGUAUUAGAG
GAGAUACAUACUUCUUUACAUUCCAUAG
AAACCCCUAUCACGAUUAGCAUUAACAG
AAACCCACCGACAGCAAUGAAUGUUGAG
AGGGAAAGAGACCGGUUCACUGUGAGAC
CACUAUCUGCACUGUCAGCACUUUAGCC
CAUAACCGAUUUCAAAUGGUGCUAGACA
ACAGCUGAGAGUGUAGGAUGUUUACACA
UGAACAUCGUUACCAGACAGUGUUAGAG
AAAUCCAGCACUGUCCGGUAAGAUGCUC
UUCAAAGCAAGUACAUCCACGUUUAAGU
CCAUCACCAAAACAUGGAAGCACUUACU
AUUCUUCAGUUAUCACAGUACUGUACCU
UACAAGAAUUGCGUUUGGACAAUCAGUG
GUACAAUCAGCUAAUGACACUGCCUACA
UUAGCAAUCAGCUAACUACACUGCCUAG
AAGAAGCGGUUUACCAUCCCACAUACAU
AAAAUGUAUGUGGGACGGUAAACCAUUU
GAUGCUUUGACAAUACUAUUGCACUGCU
CCCCGCAAGGUCGGUUCUACGGGUGGGU
CACAACAGGAUUGAGGGGGGGCCCUCUG
CCGAUGCCCUUUCAUCAUUGCACUGCUU
AGCUUCCAGUCAAGGAUGUUUACAGUAG
GCCGCUGUAAACAUCCGACUGAAAGCUC
AACAGCCUAUCCUGGAUUACUUGAAUCC
AAAGUACCCCUGGAGAUUCUGAUAAGCU
CUCCUACUAAAACAUGGAAGCACUUACU
CACAGAAAGCACUUCCAUGUUAAAGUUG
CCUCCACUGAAACAUGGAAGCACUUACU
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ACACAGCAGGUACCCCCAUGUUAAAGCA
ACCACACUCAAACAUGGAAGCACUUAUU
CCAUCACCAUUGCUAAAGUGCAAUUCCA
UGAAAACGUGGAAUUUCCUCUAUGUUUA
GAGAAAAGAUCAACCAUGUAUUAUUCGA
AAAGCGAAUAUAACACGGUCGAUCUCCC
CAGACCAGGUUCCACCCCAGCAGGCACU
GGUAACACUCAAAAGAUGGCGGCACUUU
GUGACGCUCAAAUGUCGCAGCACUUUCC
GGGACACCCCAAAAUCGAAGCACUUCCC
AAAGGAAAGCGCCCCCAUUUUGAGUAUC
UAACACUUAUCAGGUUGUAUUAUAAUGG
GCCUCACGCGAGCCGAACGAACAAAACG
GAAAACGUGGAUUUUCCUCUAUGAUUAA
UGUACUCAUAGAAGGAGAAUCUACCUUU
CAAACAAAAGUUGCCUUUGUGUGAUUCA
UCAGGCCUUCUGACUCCAAGUCCAGUGC
AACACACAGGACCUGGAGUCAGGAGCCC
ACGCCUACGUUCCAUAGUCUACCAUCUC
GAGAAGAUGUGGACCAUAUUACAUACGA
AUAGCGCAUGUUCUAUGGUCAACCAUCU
CUCACAGAGAGCUUGCCCUUGUAUAUUC
AAGCGAAUCCACCACGAACAACUUCUCU
CAAAGCCACAAUCACCUUCUGAUCUGAG
UAUGGCUAUAAAGUAACUGAGACGGAUC
GCCUCUCUGCAGGCCGUGUGCUUUGCUC
GGGACGGAAGGGCAGAGAGGGCCAGGGG
GUGACGGGUGCGAUUUCUGUGUGAGACA
AAGAAAGGCAUCAUAUAGGAGCUGGAUA
CAAAGAGGUCGACCGUGUAAUGUGCGCC
GGGGCUGGAGGAAGGGCCCAGAGGCGAU
UGUCCUCAAGGAGCUUCAGUCUAGUAGG
AAUCACAUAGGAAUGAAAAGCCAUAGGC
GAGACAAAGUUCUGUGAUGCACUGACUU
UUGGUUCUAGGAUAGGCCCAGGGGCCUG
CCCCCAGCAGCACCUGGGGCAGUGGGUC
UUUACACCAAUGCCCUAGGGGAUGCGGG
UCUUCAACAAAAUCACUGAUGCUGGAGU
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CACGUGAGCUCCUGGAGGACAGGGAGAG
CAAACAUUUUUCGUUAUUGCUCUUGACC
GCUGUAGCUGGUUGAAGGGGACCAAACC
CAAACACUUACUGGACACCUACUAGGAA
ACGAGCCCUGGACUAGGAGUCAGCAGAC
CAGAGAGGCAGGCAUGCGGGCAGACAGA
GCAUUAUGAACAAUUUCUAGGAAUGACU
GAUCCCAACAACAGGAAACUACCUAAAU
UCAGGCCUUCUGACCCUAAGUCCAGUGC |
AGACUGAGGGGCCUCAGACCGAGCUUUU
CACUUCAAAACAUGAAUUGCUGCUGUAU
ACUGGGCGGACACGACAUUCCCGAUGGC
GCAAUAAGGAUUUUUAGGGGCAUUAUGA
ACAAUAAGGAUUUUUAGGGGCAUUAUGA
GAGAUGGGACAUCCUACAUAUGCAACCA
UGGACGGUUUUACCAGACAGUAUUAGAC
UCAACCAGCUAACAAUACACUGCCAGCU
GCAUAUUAGGAACACAUCGCAAAAACAG
CACAACAAUACAACUUACUACCUCACCC
GCACUCACACCUAGGUUCCAAGGAUUCA
GUUUACAGAUGGAUACCGUGCAAUUUUU
UCAAAAUUGCAUCGUGAUCCACCCGACA
CACUAACUGCACUAGAUGCACCUUAACA
AAACUACCUGCACUAUGAGCACUUUGGU
GGCCUGCAUGACGGCCUGCAAGACACCU
AGAACACCGAGGAGCCCAUCAUGAUCCU
GGAAAAGAGGUUAACCAGGUGUGUUUCG
GGAAAAGAGGUUAACCAGGUGUGUUUCG
AUGCGAACUCACCACGGACAACCUCCCU
AAAGUCUCAGUUUCCUCUGCAAACAGUU
CUUACUUCUUUGCAGAUGAGACUGAGAC
AGAUGCAAAGUUGCUCGGGUAACCUCUC
AAAAGGGGUUCACCGAGCAACAUUCGUC
CGGACGGCUAGUGGACCAGGUGAAGUAC
GAAAACAGGCCAUCUGUGUUAUAUUCGU
GAAAACAUGGAUUUUCCUCUAUGAUUAA
AUCGAAUUCAUCACGGCCAGCCUCUCUC
AAAAGAGAGGAGAGCCGUGUAUGACUCG
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UUGUUUGAGAGUGCCAUUAUCUGGGAGA
UUAGCUGCCGUAUAUGUGAUGUCACUCC
CAACAGCAUGGAGUCCUCCAGGUUGGUG
UACUCCUCAUGGAAGGGUUCCCCACUAC
UUACUGACUGCAGAGCAAAAGACACGAU
UUACUGACUGCAGAGCAAAAGACACGAU
CACAGCCUAUGGAAUUCAGUUCUCAGUG
CCGUUUUCCCAUGCCCUAUACCUCUUUA
CUCAAAGAAGUAUAUGCAUAGGAAAAAG
ACCAAGAAUCUUGUCCCGCAGGUCCUCG
AUGAAUGAAAGCCUACCAUGUACAAAGC
GGGCCUGGCACACAGUAGACCUUCACCG
GAUCCACCCAAUGACCUACUCCAAGACC
UCCAAGACAUGGAGGAGCCAUCCAGUGG
AAAAGAGGUUUCCCGUGUAUGUUUCAUC
GAAAAAGAAGUGCACCAUGUUUGUUUCG
CGAAAGGAGAUUGGCCAUGUAAUACUCA
CAAAAGCGGGACUUUGAGGGCCAGUUGG
CCGUACAAACCACAGUGUGCUGCUGGGG
ACAACCCACCGACAACAAUGAAUGUUGA
CCAGAAAGUGCCCUCAAGGCUGAGUGCC
UUGGACCUCAGCUAUGACAGCACUUUCA
CCAGAAAGUGCCCUCAAGGCUGAGUGCC
UUGGACCUCAGCUAUGACAGCACUUUCA
AUAGAAAAACGCCCCCUGGCUUGAAAUC
GUAACCCUCAAAAAGGAAGCACUUUCUU
AACAGAAAGUGCUUUCUUUUGGAGAAUG
AGUAACGCUCCAAAAGAAGGCACUCUGC
ACAGAAAGUGCUCCCUUUUGGAGAAUGA
GUAACACUCUAAAAGGAGGCACUUUGUU
GGUAACCCUCUAAAAGGAAGCACUUGCU
AACAGAAAGUGCUUUCUUUUGGAGAAUG
AGUAACGCUCCAAAAGAAGGCACUCUGC
GUAAUCCUCUAAAAAGAUGCACUUUCUU
ACAACAGAAAGCGCUUCCCUCUAGAGGG
GAAACAGUCCAAAGGGAAGCACUUUCUU
CAACAGAAAGUACUUCCCUCUGGAGGGU
GUAAGCCUCUAAAAGGAAGCACUUUCUC
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ACAACAGAAAGUGCUUCCCUCAAGAGGG
AGUAAACCUCUAAAAGGAUGCACUUUCU
ACAACAGAAAGCGCUUCCCUCUAGAGGG
UAAGAGAAAGUGCAUCCCUCUGGAGAGU
UAACGCUCUAAAGGGAAGCGCCUUCUUU
GUAACCCUCUAUAGGGAAGCGCGUUCUU
ACAACAGAAAGCGCUUCCCUCUAGAGGG
ACAAGAGAAAGUGCUUCCCUCUAGAGGG
GUAAUCCUCUAAAGAGAAGCGCUUUCUU
GUAACCCUCUAAAAGGAAGCACUUUCUU
UAAACCUCUAAAGGGGAGCGCUUUGUUU
CAACAGAAAGUGCUUCCCUCUAGAGGGU
GGUAACCCUCUAAAAGGAAGCACUUUCU
CAACAGAAAGUGCUUCCCUCUAGAGGAC
CAACAGAAAGUGCUUCCCUCCAGAGAGU
UAACACUCUAAAGAGAAGCGCUUUGUUU
UAACACUCCAAAGGGAAGCGCCUUCUUU
CAAGAGAAAGUGCUUCCCUUUGUAGGGU
AGUAACACUCUAAAGGGAUGCACGAUCU
AACAGACAGUGCUUCCAUCUAGAGGGUC
GUAACACUCUAAAGGGAGGCACUUUGUU
GUAACACUCUAAAGGGAAGUGCGUUCUU
CGUAACCCACCAAAGAGAAGCACUUUCU

CAACAGAAAGGGCUUCCCUUUGUAGACU
AGUAACACUCUAAAGGGAUGCACGAUCU
AACAGACAGUGCUUCCAUCUAGAGGGUC
UAACACUCUAAAGGGAAGCACUUUGUUU
GAGUAACCCUCUGAAAGGAAGCACUUUC
CACAAAGUGCUUCUUACCUCCAGAUGGU

CAACAGAAAGUGCUUCCCUCUAGAGGGU
UUAACACUCUGAAGGGAAGCGCUUUCUU
CCAACAGAAAGCGCUUCCCUCUAGAGGG

CAACAGAAAGGGCUUCCCUUUGCAGUCA

GUAAUCCAGCAAAGGGAAGCGCUUUCUC
UAACGCUCCAAAGGGAAGCGCUUUGGUU
CAACAGAAAGUGCUUCCCUCUAGAGGGU
GAGUAACCCUCUGAAAGGAAGCACUUUC
CAGAAAGUGCUUCUUACCUCCAGAUGGU
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ACAGAAAGGGCUUCCCUUUGCAGACCCA
GUAAUCCAGCAAAGGGAAGCGCUUUCUC
GUAACACUCUAAAAGGAUGCACGAUCUU
AACAGACAGUGCUUCCAUCUAGAGGGUC
GUAACUCUAAAGGGAAGCACUUUGUUUU
GUAACACUCUAAAGGGAAGUGCGUUCUU
CGUAACACUCUAAAGGGAACCAUUUUCU
ACAACAGAAAGCGCUUCCCUCUAGAGGG
CAGUAACACUCUAAAAGGAUGCACUUUC
ACAACAGAAAGCGCUUCCCUCUAGAGUG
CAACAGAAAGGGCUUCCCUUUGCAGUCA .
CCGUAACCCUCUGAAAGGAAGCACUUUC
CCGUAACCCUCUGAAAGGAAGCACUUUC
CAGUAACACUCUAAAAGGAUGCACUUUC
GAGUUAAACAUCACUGCAAGUCUUAACA
UCUCAGAAUCCUUGCCCAGGUGCAUUGC
CACUCUCACCCAGGGACAAAGGAUUAGA
ACAUAUUAGGAACACAUCGCAAAAAUAG
UCACUGCAGAACUGUUCCCGCUGCUAGG
ACAGAUAGAGUGCAGACCAGGGUCUCCC
AGAGAGGAAACCAGCAAGUGUUGACGCU
CACAUAAAUGACACCUCCCUGUGAAAGG
CACAUAAAUGACACCUCCCUGUGAAAGG
UUACUCUACUCAGAAGGGUGCCUUACAA
UUAUUUCACUCCAAAAGGUGCAAAACAU
UACUCUACUCCAAAAGGCUACAAUCAUG
UACUCUACCCACAGACGUACCAAUCAUU
ACAUGUGAUUGCCACUCUCCUGAGUAGG
UACUCUACUCACAGAAGUGUCAAUCAAA
UACUCUACUCACAGAAGUGUCAAUCAAA
UACUCUACUCACAGAAGUGUCAAUCAAA
AGGAGAAGACGGGAGGAGAGGAGUGAGG
CAGCUCGGGGCAGCUCAGUACAGGAUAC
AAAAACUGGAUGUCCCUGUAUGAUUCGU
CCACGAUGUAGUCCAAAGGCACAUACCC
UUUAUCGGGAGGGGACUGAGCCUGACGA
GCACUAGCACCCAGAUAGCAAGGAUUAG
CGAACACACCAAGGAUAAUUUCUCCUCA
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GAGAACUUGCUAAAAAUGCAGAAUCUUG
AGGCACACAAUAAAUGUUUGCUGAUGAG
GAAAACGUGGAUUUUCCUCUAUGAUUAA
AAAAAGUGGAUGACCCUGUACGAUUCGA
ACCUUUCAGUUAUCAAUCUGUCACAAGU
UAUCUCGUGACAUGAUGAUCCCCGAGAU
ACUUCCACAUGGAGUUGCUGUUACAGGG
ACUAAACUCAGUAAUGGUAACGGUUUCC

Sequences of Inhibitors Targeting Mouse miRNAs

(SEQ ID NOS 414-714)
CAGUCAGUUUUGCAUGGAUUUGCACAGC
UCAACAGGCCGGGACAAGUGCAAUACCA
CGGCCUGAUUCACAACACCAGCUGUCCC
UGCACAUGCACAUGCACACAUACAUACA
AGAACAAGACGGGAGGGGAGGAGUGAGG
AUCGAAUUCAUCACGGCCAGCCUCUCUC
GAAGAGAGGAGAGCCGUGUAUGACUCGU
GCUGUAGCUGGUUGAAGGGGACCAAACC
CGGUGUGAGUUCUACCAUUGCCAAAAAU
CAAACUCACCGACAGCGUUGAAUGUUCC
CCUACCCUUAUCAGUUCUCCGUCCAACA
AUCAGGAACUGCCUUUCUCUCCAAUCCC
AGAAAGCCCAAAAGGAGAAUUCUUUGGA
UGGACGGCAUUACCAGACAGUAUUAGAC
CUCACCCUCCACCAUGCAAGGGAUGUGA
ACUGGGCGGACACGACAUUCCCGAUGGC
GAUCCCAACAACAGGAAACUACCUAAAU
AUCCUUCAGUUAUCACAGUACUGUACCU
AAAAAAAAGUGCCCCCAUAGUUUGAGUA
UCAAGAGAGGGCCUCCACUUUGAUGGCC
AGUGGCACACAAAGUGGAAGCACUUUCU
CACAACAGGAUUGAGGGGGGGCCCUCCA
GCAACACACAAAAGGGAAGCACUUUCCA
GAGAGACUCAAAAGUAGUAGCACUUUCU
AAGGGAAGAACAGCCCUCCUCUGCCAAA
AAAAUGUAUGUGGGACGGUAAACCAUUU
CUACAAUCAGCUAAUUACACUGCCUACA
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UUAGCAAUCAGCUAACUACACUGCCUAG
CACAACAACCAGCUAAGACACUGCCAAA
GACACAAACACCAUUGUCACACUCCACA
CACCACAAGAUCGGAUCUACGGGUUUAU
CUCAACUAUACAACCUCCUACCUCAGCC
CUAAGAAAGGCAGCAGGUCGUAUAGUUA
UAAAACUAUGCAACCUACUACCUCUUCC
UCAAACUGUACAAACUACUACCUCAGCC
GAAAAAGUGGAUGUUCCUCUAUGAUUAU
ACGUAACCAUAGAAGGAAUAUCCACCUU
GAAAACGUGGAUUUUCCUCUACGAUUAG
UGUACUCAUAGAAGGAGAAUCUACCUUU
GCUACAGCUGGUUGAAGGGGACCAAAUC
UGAAACCACACAACCUACUACCUCACCC
ACCAACAGCACAAACUACUACCUCAGCC
UCCUGAGCUACAGUGCUUCAUCUCAGAC
AAGCGAAUCCACCACGAACAACUUCUCU
CAAAGCCACAGUCACCUUCUGAUCUGAG
GUAGCGCAUGUUCUAUGGUCAACCAUCU
GAGAAGAUGUGGACCAUACUACAUACGA
CUCACAGAGAGCUUGCCCUUGUAUAUUC
CCGAUGCCCUUUUAACAUUGCACUGCUC
GCAUUGUGAACAAUUUCUAGGAAUGACU
CAAUCAGUUUUGCAUGGAUUUGCACAGC
CCUUCAUAGCCCUGUACAAUGCUGCUUG
GAAAUACAUACUUCUUUACAUUCCAUAG
AAAAUACAUACUUCUUUACAUUCCAUAG
UAGGGUACAAUCAACGGUCGAUGGUUUU
CAAACUCACCGACAGCGUUGAAUGUUCA
AUUCUUCAGCUAUCACAGUACUGUACCU
CACCACAUGGUUAGAUCAAGCACAAAGG
AAGCACAUGGUUAGAUCAAGCACAACAG
CAACAACAAAAUCACUAGUCUUCCAAAC
AAACAACAAAAUCACUAGUCUUCCACAC
AAACCCACCGACAGCAAUGAAUGUUGAG
UACAAGAAUUGCGUUUGGACAAUCAGUG
CGAUCACAUAGGAAUAAAAAGCCAUAAA
CAACCCACCGACAGCAAUGAAUGUUGAU
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CUCGAGAAUUGCGUUUGGACAAUCAGGA
GAAUCACAUAGGAAUAAAAAGCCAUAGA
CACUAUCUGCACUAGAUGCACCUUAGAA
CCUAACCAAUGUGCAGACUACUGUACAU
CCUGAACAGGUAGUCUGAACACUGGGAU
UCUAACCAAUGUGCAGACUACUGUACAA
CCUGAACAGGUAGUCUGAACACUGGGGC
CAAACUCACCGACAGGUUGAAUGUUCCC
UCACUACCUGCACUGUAAGCACUUUGAC
AUGCUACAAGUGCCCUCACUGCAGUAGA
CCUCCAUCAUUACCCGGCAGUAUUAGAG
GCCGUCAUCAUUACCAGGCAGUAUUAGA
UGAACAUCGUUACCAGACAGUGUUAGAG
CAACUCAAUAGACUGUGAGCUCCUUGAA
GCAACAGUUCUUCAACUGGCAGCUUUAG
CAGUCAACAUCAGUCUGAUAAGCUAUCC
ACACUACCUGCACUAUAAGCACUUUAGU
GCUACAGCUGGUUGAAGGGGACCAAAUC
CUGUCAGACCGAGACAAGUGCAAUGCCC
ACAUAUUAGGAACACAUCGCAAAAACAG
CACGGUCUGUCAAAUCAUAGGUCAUUCU
CAAACACUUACUGAGCACCUACUAGGAA
GAGACAAAGUUCUGUAGUGCACUGACUU
AGUUGGAAAUCCCUGGCAAUGUGAUUUG
CAAACAUUUUUCGUUAUUGCUCUUGACC
AAUCCCAACAACAUGAAACUACCUAAGC
AGGCCCAACAACAUGAAACUACCUACUU
UAAAACUAUACAACCUACUACCUCAUCC
CUAAACUAUACAACCUACUACCUCAACC
ACAUGCAACUUAGUAAUGUGCAAUAUCU
ACAUGCAAUGCAACUACAAUGCACCACA
CAACAGCUAUGCCAGCAUCUUGCCUCCU
GCAAUAAGGAUUUUUAGGGGCAUUAUGA
ACAAUAAGGAUUUUUAGGGGCAUUAUGA
ACUUGGGGUAUUUGACAAACUGACACUC
CAGAGACCCAGUAGCCAGAUGUAGCUGC
CCUCACAGGUUAAAGGGUCUCAGGGACC
GGGACGGAAGGGCAGAGAGGGCCAGGGG
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CUAAACUCAGUAAUGGUAACGGUUUCCU
AAAGUCUCAGUUUCCUCUGCAAACAGUU
ACAUCACAAGUUAGGGUCUCAGGGACUG
ACCUCACAAGUUAGGGUCUCAGGGACUA
UUUUUCGCCCUCUCAACCCAGCUUUUCC
UACGUGAGCUCCUGGAGGACAGGGAUAG
UCUUCAACAAAAUCACUGAUGCUGGAGU
UUACACCAAUGCCCUAGGGGAUGCGAGG
CCCCCAGCAGCACCUGGGGCAGUGGGUC
AAACCCCUAUCACAAUUAGCAUUAACAG
AGGACUGGGACUUUGUAGGCCAGUUGAA
UUGGUUCUAGGAUAGGCCCAGGGGCCUG
ACCUCUCUGCAGGCCCUGUGCUUUGCUC
CAGCACAAGUUCGGAUCUACGGGUUUGU
AAGAAAGGCAUCAUAUAGGAGCUGAAUG
CUUUGAUAGCCCUGUACAAUGCUGCUUG
UCCUCAGGCCGGGACAAGUGCAAUACUU
ACUCAUACAGCUAGAUAACCAAAGAUAA
UUUUACUUUCGGUUAUCUAGCUUUAUGA
CGGUGGCCGUGACUGGAGACUGUUACUG
ACUCAUACAGCUAGAUAACCAAAGAGAG
UUCUACUUUCGGUUAUCUAGCUUUAUGA
AGAUCAGCCGCUGUCACACGCACAGUGG
CCUAGGCAAAGGAUGACAAAGGGAAGCC
AUCUCACAGUUGCCAGCUGAGAUUAAAC
UUAUCCAGUCAGUUCCUGAUGCAGUAUC
GUGACUGCCUGUCUGUGCCUGCUGUACA
GAAAAAAAGGUUAGCUGGGUGUGUUUCA
GUGACACUCAAAACCUGGCGGCACUUUU
AUCCAAAAGAGCCCCCAGUUUGAGUAUC
CUUUCAUAGCCCUGUACAAUGCUGCUUG
CCAAGGGAUUCCUGGGAAAACUGGACCG
ACUGGAGACACGUGCACUGUAGAAUACA
AACCUACCAUAGGGUAAAACCACUGGCA
CUGUCCGUGGUUCUACCCUGUGGUAGAA
GGGGUGUUGCAGCGCUUCAUGUUUUGAA
UACUCCAAAACAUGAAUUGCUGCUGCAG
CAAAGAGGUCGACCGUGUAAUGUGCGCC
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GCGUGGUAAUCCCUGGCAAUGUGAUUUU
GGGCGACCAUGGCUGUAGACUGUUACCU
CGGGACUGGAGGAAGGGCCCAGAGGCGA
CGACUACGCGUAUUCUUAAGCAAUAACA
GAAUCCAUCAUCAAAACAAAUGGAGUCC
GGGUCUAGUGGUCCUAAACAUUUCACAA
ACGCCCCUCUGGUCAACCAGUCACACAC

UAGAAGAACAAUGCCUUACUGAGUAAGG
UAACUCACCAGUGCCAGUCCAAGAAGAG

UAAUGUGAAAAGCACUAUACUACGUAAA
CUGAAACCCAGCAGACAAUGUAGCUGUU
UCUUGGCAUUCACCGCGUGCCUUAAUUG
UCUUGGCAUUCACCGCGUGCCUUAAUUG
AAGAACACUGAUUUCAAAUGGUGCUAGA
UCUUGGCAUUCACCGCGUGCCUUAAUUG
UACUAAACGGAACCACUAGUGACUUAAA

UAAAACACUGAUUUCAAAUGGUGCUAGA

CAAAACCAUACAACCUACUACCUCACCC
CUAAACCAUACAACCUACUACCUCAACC
AAUCACAUAGGAAUGAAAAGCCAUAGGC
GACAGCUGAGUGUAGGAUGUUUACAUGA
CACAGCCUAUCCUGGAUUACUUGAACGA
CACAACCUAUCCUGAAUUACUUGAACUG
CACAGCCUAUCCUGGAUUACUUGAAUCC
UCAACCAGCUAACAAUACACUGCCAAGC
GAGAUGGGACAUCCUACAUAUGCAACCA
ACAGCGCGUACCAAAAGUAAUAAUGUGC
CCGCGCAUUAUUACUCACGGUACGAGUU
ACCAGCCAAGCUCAGACGGAUCCGAUGA
CCAUCAGUUUUGCAUAGAUUUGCACAAC
GUGACGGGUGCGAUUUCUGUGUGAGACA
UUACACAAAUUCGGAUCUACAGGGUAUA
ACCACACAAAUUCGGUUCUACAGGGUAU
CUCCUGUUCCUGCUGAACUGAGCCAGUG
GGUUUACAGAUGGAUACCGUGCAAUUUU
CCCCGCAAGGUCGGUUCUACGGGUGGGU
CCAUCACCAAAACAUGGAAGCACUUACU
CUCGAAGAGAGCUUGCCCUUGCAUAUUC
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GAUGCUUUGACAAUACUAUUGCACUGCU
GAAAACAGGCCAUCUGUGUUAUAUUCGU
AAGCGAAGGCAACACGGAUAACCUAUCU
CUGUCCUCAAGGAGCCUCAGUCUAGUAG
CAGCACUGGUACAAGGGUUGGGAGACAG
AAUGAUCACUUUUGUGACUAUGCAACUG
GGGCCCAAGUUCUGUCAUGCACUGACUG
GAUACUGAGGGUUAGUGGACCGUGUUAC
CCAACAAGCUUUUUGCUCGUCUUAUACG
GCAACACUACAAACUCUGCGGCACUUCU
CACUAUCUGCACUGUCAGCACUUUAGUC
AGGACACCAAGAUCAAUGAAAGAGGCAC
ACAACCUAAUAUAUCAAACAUAUCACAC
CAGUCCACAUGGAGUUGCUGUUACACCC
CCAUCUUCCCAUGCGCUAUACCUCUUUA
CCGACGGCUAGUGGACCAGGUGAAGUAC
AGAGAGGGAGGAGAGCCAGGAGAAGCGC
AAACCACACACUUCCUUACAUUCCAUAG
AGACAGACUCCGGUGGAAUGAAGGACAA
UCUCAGGCAUAGGAUGACAAAGGGAAGU
AACGCCUACGUUCCAUAGUCUACCAUCU
AACACACAGGACCUGGAGUCAGGAGCCC
UCAGGCCUUCUGACUCCAAGUCCAGUGC
GCCUCACGCGAGCCGAACGAACAAAACG
ACGGGAGUGAAGACACGGAGCCAGAGCC
CAAACAAAAGUUGCCUUUGUGUGAUUCA
AGACAGACACACGCACAUCAGUCAUAUC
AGACUAGUACAUCAUCUAUACUGUAGUG
ACAAACCAGGUUCCACCCCAGCAGGCAC
UAUAACCCAUGGAAUUCAGUUCUCAGAG
AGGGAAAGAGACCGGUUCACUGUGAGAC
GGGCCAUCUUUACCAGACAGUGUUAGGA
GUUAGUAGUGCUUUCUACUUUAUGGGUG
CAUCCAUAAAGUAGGAAACACUACACCC
UGAAAAAGAGACCGGUUCACUGUGAGAA
UGUGUGUAGGUGUGUGUAUGUAUAUGCA
CAGCUUCCAGUCGAGGAUGUUUACAGUC
GCAGCUGCAAACAUCCGACUGAAAGCCC
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UACAUGAUGGACAACAAAUUAGGUAAAG
UAAAACUAUACAAUCUACUACCUCAUCC
CACAACUAUACAAUCUACUACCUCACUC
UGUGUCUUAUGUGUGCGUGUAUGUAUAU
UUAUCACAUCAGUGCCAUUCUAAAUAGG
GUCUAUCUCACAGAAUAAACUUGGUAGU
GAACAACAAAAUCACAAGUCUUCCACAU
CCUCCGGCUGCAACACAAGACACGAGGG
ACUCAUACAGCUAGAUAACCAAAGAUAA
UUUUACUUUCGGUUAUCUAGCUUUAUGA
UAAGUACCCCUGGAGAUUCUGAUAAGCU
ACACUACCUGCACGAACAGCACUUUGGA
GGGGGCGGAACUUAGCCACUGUGAACAC
AGGUGCAGAACUUAGCCACUGUGAACAA
ACAAGCAAAAAUGUGCUAGUGCCAAAAU
CACAACAAUACAACUUACUACCUCACCC
ACAGCUGAGAGUGUAGGAUGUUUACACA
ACAGCUGAGAGUGUAGGAUGUUUACAAU
ACCAGGAGUCGAGUGAUGGUUCAAACCA
AAUGGUUCAAACCAUGAGUCGAGCUUUG
AGAACACCGAGGAGCCCAUCAUGAUCCU
UCUGAAUAAUGACAGGCUCACCGUACUU
UGGCCUGCAUGACGGCCUGCAAGACACC
CAGCUUCCAGUCGGGGAUGUUUACAGAC
AGCUUCCAGUCAAGGAUGUUUACAGUAG
GCCGCUGUAAACAUCCGACUGAAAGCUC
AUCCACAAACCAUUAUGUGCUGCUACUU
GUAUGUAAACCAUGAUGUGCUGCUACAG
UAUACAUGCACAUGCACACAUACAUGUA
UAUGGCUAUAAAGUAACUGAGACGGAUC
UCCAGGCUCAAAGGGCUCCUCAGGGAAA
GGGUGAAAGUGUAUGGGCUUUGUGAACA
GAAAAGGGGUUCACCGAGCAACAUUCGU
CAGAUGCCCUUUCAUCAUUGCACUGCUU
AGAACUGAUAUCAGCUCAGUAGGCACCG
CUCCUGUUCCUGCUGAACUGAGCCAGUG
CGGCCUGAUUCACAACACCAGCUGCAGC
CUACGCCAAUAUUUACGUGCUGCUAGAG
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UAACGCCAAUAUUUACGUGCUGCUAAGG
CAGAGAGGCAGGCACUCGGGCAGACAGA
CUUACAGUCAGGCUUUGGCUAGAUCAGG
ACAAGCACUGGACUAGGGGUCAGCAGGC
CAUAACCGAUUUCAAAUGGUGCUAGACA
AACAGCUGCUUUUGGGAUUCCGUUGCCC
UUAUAACCGAUUUCAGAUGGUGCUAGAA
GCCGACUGACCGACCGACCGAUCGACCG

CUGGCUGUCAAUUCAUAGGUCAGAGCCC
CCAUGCCAAUAUUUCUGUGCUGCUAGAG
GAGACAAAGUUCUGUGAUGCACUGACUU
CGAAUGCUUUUUGGGGUAAGGGCUUCCG
UACAGCAAGCCCAGACCGCAAAAAGAUU
AACAGCAAGCCCAGACCGCAAAAAGAUC

AGCUACCUGCACUGUUAGCACUUUGACA
CCUGAACAGGUAGUCUAAACACUGGGUA
UCACAGUGAAUUCUACCAGUGCCAUACA
GCAUUCACACCUAGGUUCCAAGGAUUCG
UUAGCUGCCAUAUAUGUGGUGUCAUUCU

UUUAUCGGGAGGGGACUGAGCCUGACGA -

CAGCUCGGGGCAGCUCAGUACAGGAUGC
CUAGCUGACUCCGUGCCACCAUGAUAGA
AGGCCCAGGAUCGACCUCUGACCUGUCU
AAAAAGAAGUGCACCGCGAAUGUUUCGU
CCAACACACCAAGGAUAAUUUCUCCUCA
GAGUGUGACCAACAUCAGAAUCCCUUCU
AUCUCGUGACAUGAUGAUCCCCGAGACG
ACCUUUCAGUUAUCAAUCUGUCACAAGG
UAUCUCACUCAAAGAUGUACCAAGCAUG
CCAUCACCAUUGCUAAAGUGCAAUUCCA
AAAGAGGUUUCCCGUGUAUGUUUCAUCA
AAAACGUGAAAUUUCCUCUAUGUUUAAU
AAAAAGUGGAUGACCCUGUACGAUUCGG
AGAAAAGAUCAACCAUGUAUUAUUCGAA
CAAGCGAAUAUAACACGGUCGAUCUCCC
AACUACCUGCACUAUGAGCACUUUGGCA
ACAUAUUAGGAACACAUCGCAAAAAUAG
CACUGCAGUACUGUUCCCGCUGCUAGGG
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AGAGACAAACAAAAUGGAUGCACUUUCC
CGCGGAGAGGGCCUCCACUUUGAUCGAC

CUUCUACUAAAACAUGGAAGCACUUACU
GACAGAAAGCAUUCCCAUGUUAAAGUUG
CCCCCACUGAAACAUGGAAGCACUUGCU

ACACAGCAGGUAACCCCAUGUUAAAGCA
ACCACACUCAAACAUGGAAGCACUUAUU
ACUUCCACAUGGAGUUGCUGUUACAGAG

Sequence of Inhibitors Targeting Rat miRNAs
(SEQ ID NOS 715-974)
GGGGUGUUGCAGCGCUUCAUGUUUUGAA
UACUCCAAAACAUGAAUUGCUGCUGCAU
CAAAGAGGUCGACCGUGUAAUGUGCGCC
GGAUGCUUUGACAAUACUAUUGCACUGC
UUUACACCAAUGCCCUAGGGGAUGCGAG
CCCCCAGCAGCACCUGGGGCAGUGGGUC
CAAACACUUACUGAGCACCUACUAGGAA
CGGGACUGGAGGAAGGGCCCAGAGGCGA
UGACUACCCUCAUGCCCCUCAAGGAUGA
CUAAGAAAGGCAGCAGGUCGUAUAGUUA
UAAAACUAUGCAACCUACUACCUCUUCC
GGGACGGAAGGGCAGAGAGGGCCAGGGG
GAAAAAAAGGUUAGCUGGGUGUGUUUCA
ACCUCUCUGCAGGCCCUGUGCUUUGCUC
UUGGUUCUAGGAUAGGCCCAGGGGCCUG
GCCCAAAAGUAACUAGCACACCACGUGG
UAACCUACCAUAGGGUAAAACCACUGGC
CCUGUCCGUGGUUCUACCCUGUGGUAGA
CAAACAUUUUUCGUUAUUGCUCUUGACC
UCAGAGACUAGAUAUGGAAGGGUGAGAG
AAGAAAGGCAUCAUAUAGGAGCUGAAUG
GAGACAAAGUUCUGUGAUGCACUGACUU
UCUUCAACAAAAUCACUGAUGCUGGAGU
UACGUGAGCUCCUGGAGGACAGGGACGG
UAUGGCUAUAAAGUAACUGAGACGGAUC
GCCGACUGACCGACCGACCGAUCGACCG
GUGACGGGUGCGAUUUCUGUGUGAGACA
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AGGAUCUGGGCACACGGAGGGAGAGGUU
CUUACGGUCAGGCUUUGGCUAGAUCAGG
ACAAGCACUGGACUAGGGGUCAGCAGGC
CAGAGAGGCAGGCACUCAGGCAGACAGA
CCAGCUGGGCGACCCAGAGGGACAGUCG
UACAGCAAGCCCAGACCGCAAAAAGAUU
CGAAUGCUUUUUGGGGUAAGGGCUUCCG
GUACUGUAAGUGCUCGUAAUGCAGUAGA
ACACUACCUGCACUAUAAGCACUUUAGU
GGGUGAAAGUGUAUGGGCUUUGUGAACA
AAACAACAAAAUCACUAGUCUUCCACAC
CCAUAUGGCAGACUGUGAUUUGUUGUCG
CUCAGGCUCAAAGGGCUCCUCAGGGAAA
AAUCACAUAGGAAUGAAAAGCCAUAGGC
UGUCCUCAAGGAGCCUCAGUCUAGUAGG
ACAUACUAGACUGUGAGCUCCUCGAGGG
AUUCUUCAGCUAUCACAGUACUGUACCU
UAAAACUAUACAACCUACUACCUCAUCC
CUAAACUAUACAACCUACUACCUCAGCC
UGAAACCACACAACCUACUACCUCACCC
CUAAACCAUACAACCUACUACCUCAACC
CAAAACCAUACAACCUACUACCUCACCC
CUCAACUAUACAACCUCCUACCUCAGCC
CACAACUAUACAAUCUACUACCUCACUC
UAAAACUAUACAAUCUACUACCUCAUCC
ACCAACAGCACAAACUACUACCUCAGCC
CAACAACAAAAUCACUAGUCUUCCAGAC
GAACAACAAAAUCACAAGUCUUCCACAU
CACUCAUACAGCUAGAUAACCAAAGAUA
CACUCAUACAGCUAGAUAACCAAAGAGA
CACUCAUACAGCUAGAUAACCAAAGAUA
UUACACAAAUUCGGAUCUACAGGGUAUA
ACCACACAAAUUCGGUUCUACAGGGUAU
GUAUGUAAACCAUGAUGUGCUGCUACAG
CUACGCCAAUAUUUACGUGCUGCUAGAG
CCACUACCUGCACUGUAAGCACUUUGAC
CACUAUCUGCACUAGAUGCACCUUAGAA
CAGUCAGUUUUGCAUGGAUUUGCACAGC
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CAAUCAGUUUUGCAUGGAUUUGCACAGC
CCAUCAGUUUUGCAUAGAUUUGCACAAC
CAGUCAACAUCAGUCUGAUAAGCUACCC
GCAACAGUUCUUCAACUGGCAGCUUUAG
ACAUAAAGCUUGCCACUGAAGAACUACU
AGUUGGAAAUCCCUGGCAAUGUGAUUUG
GCGUGGUAAUCCCUGGCAAUGUGAUUUU
CUCCUGUUCCUGCUGAACUGAGCCAGUG
AGAACUGAUAUCAGCUCAGUAGGCACCG
CUCCUGUUCCUGCUGAACUGAGCCAGUG
CUGUCAGACCGAGACAAGUGCAAUGCCC
CACAGCCUAUCCUGGAUUACUUGAACAA
CACAACCUAUCCUGAAUUACUUGAACUG
AGGUGCAGAACUUAGCCACUGUGAACAA
GGGGGCGGAACUUAGCCACUGUGAACAC
GAACUCAAUAGACUGUGAGCUCCUUGCG
UAAAACACUGAUUUCAAAUGGUGCUAGA
UUAUAACCGAUUUCAGAUGGUGCUAGAA
AAGAACACUGAUUUCAAAUGGUGCUAGA
CAUAACCGAUUUCAAAUGGUGCUAGACA
UCUGAACACCAGGAGAAAUCGGUCAGCC
ACAGCUGAGAGUGUAGGAUGUUUACACA
GACAGCUGAGUGUAGGAUGUUUACAUGA
CAGCUUCCAGUCGGGGAUGUUUACAGAC
CAGCUUCCAGUCGAGGAUGUUUACAGUU
GCAGCUGCAAACAUCCGACUGAAAGCCC
ACAGCUGAGAGUGUAGGAUGUUUACAGU
CAACAGCUAUGCCAGCAUCUUGCCUCCU
ACAUGCAACUUAGUAAUGUGCAAUAUCC
ACAUGCAAUGCAACUACAAUGCACCACG
CUACAAUCAGCUAAUUACACUGCCUACA
UUAGCAAUCAGCUAACUACACUGCCUAG
CACAACAACCAGCUAAGACACUGCCAAA
UCAACAGGCCGGGACAAGUGCAAUACUA
UCCUCAGGCCGGGACAAGUGCAAUACUU
GCACUACCUGCACGAACAGCACUUUGGA
ACAAGCAAAAAUGUGCUAGUGCCAAAAU
CACCACAAGAUCGGAUCUACGGGUUUAU
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CCCCGCAAGGUCGGUUCUACGGGUGGGU
CAGCACAAGUUCGGAUCUACGGGUUUGU
AUCCUUCAGUUAUCACAGUACUGUACCU
CUUUCAUAGCCCUGUACAAUGCUGCUUG
CCUUCAUAGCCCUGUACAAUGCUGCUUG
CACUAUCUGCACUGUCAGCACUUUAGUC
CUUUGAUAGCCCUGUACAAUGCUGCUUG
GACACAAACACCAUUGUCACACUCCAGA
UCUUGGCAUUCACCGCGUGCCUUAAUUG
UCUUGGCAUUCACCGCGUGCCUUAAUUG
UCUUGGCAUUCACCGCGUGCCUUAAUUG
CCUCACAGGUUAAAGGGUCUCAGGGACC
ACAUCACAAGUUAGGGUCUCAGGGACUG
ACCUCACAAGUUAGGGUCUCAGGGACUA
CCACGCAUUAUUACUCACGGUACGAGUU
ACAGCGCGUACCAAAAGUAAUAAUGUGC
ACCAGCCAAGCUCAGACGGAUCCGAUGA
UGAAAAAGAGACCGGUUCACUGUGAGAA
AGGGAAAGAGACCGGUUCACUGUGAGAC
AACAGCAAGCCCAGACCGCAAAAAGACC
CCGAUGCCCUUUUAACAUUGCACUGCUC
CGGAUGCCCUUUCAUCAUUGCACUGCUU
GGGCGACCAUGGCUGUAGACUGUUACCU
GCUACAGCUGGUUGAAGGGGACCAAAUC
ACGCCCCUCUGGUCAACCAGUCACACAC
CGAUCACAUAGGAAUAAAAAGCCAUAAA
GAAUCCAUCAUCAAAACAAAUGGAGUCC
CGACUACGCGUAUUCUUAAGCAAUAACA
CGGCCUGAUUCACAACACCAGCUGCAGC
CGGCCUGAUUCACAACACCAGCUGUCCC
ACUGGAGACACGUGCACUGUAGAAUACA
GGGCCAUCUUUACCAGACAGUGUUAGGA
GUUAGUAGUGCUUUCUACUUUAUGGGUG
UCAUCCAUAAAGUAGGAAACACUACACC
UCCUGAGCUACAGUGCUUCAUCUCAGAC
AGACUAGUACAUCAUCUAUACUGUAGUG

- CCAAGGGAUUCCUGGGAAAACUGGACCG

UAUAACCCAUGGAAUUCAGUUCUCAGAG
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CAGCACUGGUACAAGGGUUGGGAGACAG
GGGCCCAAGUUCUGUCAUGCACUGACUG
AUGAUCACUUUUGUGACUAUGCAACUGG
AAGCGAAGGCAACACGGAUAACCUAUCU
CAAACUCACCGACAGGUUGAAUGUUCCC
CAAACUCACCGACAGCGUUGAAUGUUCC
CAACCCACCGACAGCAAUGAAUGUUGAU
AAACCCACCGACAGCAAUGAAUGUUGAG
UCACAGUGAAUUCUACCAGUGCCAUACA
CUUACCCUUAUCAGUUCUCCGUCCAACA
AUCAGGAACUGCCUUUCUCUCCAAUCCC
AGAAAGCCCAAAAGGAGAAUUCUUUGGA
CCUCCGGCUGCAACACAAGACACGAGGG
ACAACCUAAUAUAUCAAACAUAUCACAC
AACAGCUGCUUUUGGGAUUCCGUUGCCC
UACUGGCUGUCAAUUCAUAGGUCAGAGC
AGGACUGGGACUUUGUAGGCCAGUUGAA
CAGUCCACAUGGAGUUGCUGUUACACGU
CCGUGCCAAUAUUUCUGUGCUGCUAGAG
AAUCCCAACAACAUGAAACUACCUAAGC
CCUGAACAGGUAGUCUGAACACUGGGGC
CCUCCAUCAUUACCCGGCAGUAUUAGAG
UGAACAUCGUUACCAGACAGUGUUAGAG
GCCGUCAUCAUUACCAGGCAGUAUUAGA
GGUCUAGUGGUCCUAAACAUUUCACAAU
CUCAGGCAUAGGAUGACAAAGGGAAGUC
AGACAGACUCCGGUGGAAUGAAGGACAG
AAACCACACACUUCCUUACAUUCCAUAG
CCAACAAGCUUUUUGCUCGUCUUAUACG
AGAUCAGCCGCUGUCACACGCACAGUGG
CCUAGGCAAAGGAUGACAAAGGGAAGCC
CGGUGGCCGUGACUGGAGACUGUUACUG
UAGGGUACAAUCAACGGUCGAUGGUUUU
GUGACUGCCUGUCUGUGCCUGCUGUACA
AUCUCACAGUUGCCAGCUGAGAUUAAAC
UUAUCCAGUCAGUUCCUGAUGCAGUAUC
CACCACAUGGUUAGAUCAAGCACAAAGG
AAGCACAUGGUUAGAUCAAGCACAACAG
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CUCGAGAAUUGCGUUUGGACAAUCAGGA
UACAAGAAUUGCGUUUGGACAAUCAGUG
CCUGAAACCCAGCAGACAAUGUAGCUGU
CAGAGACCCAGUAGCCAGAUGUAGCUGC
ACUUGGGGUAUUUGACAAACUGACACUC
AAAAAAAAGUGCCCCCAUAGUUUGAGAA
CCAAGAGAGGGCCUCCACUUUGAUGGCU
AGUGGCACACAAAGUGGAAGCACUUUCU
ACCCAAAAGAGCCCCCAGUUUGAGUAUC
GUAACACUCAAAACCUGGCGGCACUUUU
CACAACAGGAUUGAGGGGGGGCCCUCCA
AAGGGAAGAACAGCCCUCCUCUGCCGAA
AAAAUGUAUGUGGGACGGUAAACCAUUU
CUCGAAGAGAGCUUGCCCUUGCAUAUUC
UUUUUCGCCCUCUCAACCCAGCUUUUCC
GAUCCCAACAACAGGAAACUACCUAAAU
CAUUCAACAAACAUUUAAUGAGGCCUAC
GAGAUGGGACAUCCUACAUAUGCAACCA
UGGACGGCAUUACCAGACAGUAUUAGAC
UCAACCAGCUAACAAUACACUGCCAACC
ACACAUUAGGAACACAUCGCAAAAACAG
ACAAUAAGGAUUUUUAGGGGCAUUAUGA
AGCUUCCAGUCAAGGAUGUUUACAGUAG
CACAACAAUACAACUUACUACCUCACCC
AGAACACCGAGGAGCCCAUCAUGAUCCU
CUAAACUCAGUAAUGGUAACGGUUUCCU
AGAACAAGACGGGAGGGGAGGAGUGAGG
UUAGCUGCCAUAUAUGUGAUGUCAUUCU
CAAAGCCACAGUCACCUUCUGAUCUGAG
AGAAAGGGAGGAGAGCCAGGAGAAGCGC
CAUUUUCACCCAGGGACAAAGGAUUAGA
UAAGUACCCCUGGAGAUUCUGAUAAGCU
CACUGUCUGUCAAAUCAUAGGUCAUUGU
UACUAAACGGAACCACUAGUGACUUGAA
ACAAACCAGGUUCCACCCCAGCAGGCAC
CAACCAAAAGUUGCCUUUGUGUGAUUCA
CCGACGGCUAGUGGACCAGGUGAAGUAC
UAUGGGUACAUAAAGAAGUAUGUGCUCU
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AAAAUACACACUUCUUUACAUUCCAUAG
GCUGUAGCUGGUUGAAGGGGACCAAACC
AGGCCCAGGAUCGACCUCUGACCUGUCU
AAAAAGAAGUGCACCGCGAAUGUUUCGU
CAAACACACCAAGGAUAAUUUCUCCUCA
GAGUGUGACCAACAUCAGAAUCCCUUCU
AUCUCGUGACAUGAUGAUCCCCGAGACG
ACCUUUCAGUUAUCAAUCUGUCACAAGU
GGGCCUGGCACACAGUAGACCUUCACCG
ACGCCUACGUUCCAUAGUCUACCACCUC
AAAGAGGUUUCCCGUGUAUGUUUCAUCA
AAAACGUGAAAUUUCCUCUAUGUUUAAU
ACGUAACCAUAGAAGGAAUAUCCACCUU
AAAAAGUGGAUGUUCCUCUAUGAUUAUC
UGUACUCAUAGAAGGAGAAUCUACCUUU
AAAACGUGGAUUUUCCUCUACGAUUAGU
UCACAGAGAGCUUGCCCUUGUAUAUCCC
AAAAAGUGGAUGACCCUGUACGAUUCGG
AAAAAAGUGUUGUCCGUGAAUGAUUCGU
AAGCGAAUCCACCACGAACAACUUCUCU
AUCGAAUUCAUCACGGCCAGCCUCUCUC
AAAAGGGGUUCACCGAGCAACAUUCGUC
GAUGCAAAGUUGCUCGGGUAACCUCUCU
UAAGCGAAUAUAACACGGUCGAUCUCCC
AGAAAAGAUCAACCAUGUAUUAUUCGAA
GAACACUUAGCAGGUUGUAUUAUAUCCA
GUUUACAGAUGGAUACCGUGCAAUUUCU
UCAAAAUUGCAUCGUGAUCCACCCGAUA
ACCUACCUGCACUAUGAGCACUUUGGCA
GUACCAGAAGUGCUCACACUGCAGUAGA
ACUGCAGUACUGUUCCCGCUGCUAGGGC
AACACACAGGACCUGGAGUCAGGAGCCC
CAGGCCUUCUGACUCCAAGUCCAGUGCU
GAGAGGAAACCAGCAAGUGUUGACGCUA
AGCUAAACAUCACUGCAAGUCUUAACAG
UUGUAGGCUGGGGAGUAAAUGAAUAGAA
UUGUAGGCUGGGGAGUAAAUGAAUAGAA
CCGUACAAACCACAGUGUGCUGCUGGGG
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MIMATO0000599 MI10000636 CCUAGAGGUUAAGACAGCAGGGCUGUGG
MIMATO0000610 MI0000644 AUCGUACUAUGCAACCUACUACUCUACA
MIMATO0000869 MI0000938 ACUUCCACAUGGAGUUGCUGUUACAGGG
MIMATO0000899 MI0000968 AUGCAUGCAUACAUGCACACAUACAUGC
MIMATO0001626 MI0001722 GGCCUGCAUGACGGCCUGCAAGACACCU
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EXAMPLES
General Techniques.and Nomenclatures

For most of the experiments reported, quantitation of the level of inhibition
was performed using the dual luciferase reporter system, psiCheck 2 (Promega).
Briefly, tHe-psiCheck plasmid encodes for two variants of luciferase, Renilla and
Firefly. Target sequences were inserted into the multiple cloning site of the 3° UTR of
the Renilla luciferase gene, thus allowing the Firefly sequence to be used as an
internal control. To determine the practicality of different inhibitor designs, the
oligonucleotide(s) of the invention and the modified psiCheck 2 plasmid were co-
transfected into cells (100 ng of reporter DNA per well, 25-100 nM inhibitor, 0.3
microliters Lipofectamine 2000, Invitrogen). Twenty-four to ninety-six hours later
cells were lysed and the relative amounts of each luciferase was determined using the
Duz;l Glo Assay (Promega). For all expe;riments, unless otherwise specified, the
transfection efficiency was ensured to be over 95%, and no significant levels of
cellular toxicity were observed. _

Firefly and Renilla luciferase activities were measured using the Dual-Glo™
Luciferase Assay System (Promega, Cat# E2980) according to manufacturer’s
instructions with slight modification. When lysing cells, growth media was aspirated
from the cells prior to adding 50 uL of firefly luciferase substrate and 50 uL Renilla
luciferase substrate.

The Luciferase assays were all read with a Wallac Victor? 1420 multilabel
counter (Perkin Elmer) using programs as recommended by the manufacturers.

All treatments were run in triplicate. In additioh, each experimental treatment
with a reporter plasmid was duplicated with the psiCHECKTM-Z control plasmid (no
insert). To account for non-specific effects on reporter plasmids, experimental results
are expressed as a normalized ratio (Rluc/Fluc)uonn: the ratio of Renilla luciferase
expression to firefly luciferase expression for a given miRNA reporter plasmid
(Rluc/Fluc)irna divided by the (Rluc/Fluc)eomo ratio for the identically treated
psiCHECK™ -2 reporter plasmid. The maximum values obtained from the reporter
plasmid vary due to sequence; ideally values around 1 indicate low miRNA function,
while values close to zero indicate high miRNA function. Data are reported as the
average of the three wells and the error bars are the standard deviation of the three
(RIuc/Fluc)mirna ratios from the experimental treatment, scaled by the normalizing

factor (the average of (Rluc/Fluc)comrl). We recognize that ratios do not follow a
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Normal distribution, but feel that the standard deviation values give a good sense of
the variability of the data.

In cases where values between different miRNA reporter plasmids are
compared, the maximum normalized (Rluc/Fluc),em ratio was used as an additional
scaling factor so that all reporters have a maximum of approximately 1. The
additional scaling was performed for ease of comparison and does not affect the
results.

To study the effectiveness of 2’-ACE modified inhibitors, in vitro studies were
performed to assess the ability of these molecules to prevent the cleavage of a labeled
artificial substrate. Specifically reaction mixtures containing a radio labeled let-7
target molecule were incubated with HeLa cell extracts (3 micrograms of protein in
50 mM Tris buffer, pH 7.5, 0.1 % NP-40, 1 microgram tRNA, 5 mM ATP, 2 mM
MgCl,, 37°C) in the presence of 2°-O-methylated or 2’-ACE modified 31 nucleotide
inhibitor molecules. Following a 10-minute incubation, reactions were analyzed on a
native polyacrylamide gel to determine the level of miRNA target cleavage.

Cells were grown under standard conditions and released from the solid
support by trypsinization. For most assays, cells were diluted to 1 X 10° cells/ml,
followed by the addition of 100 pL of cells/well. Plates were then incubated
overnight at 37° C, 5% CO,.

Inhibitors were synthesized using modifications of 2° ACE chemistry

described previously.

Example 1

Identification of Optimal Lengths for Inhibitors
To determine the optimal length of inhibitors, fully 2> O-methyl modified
oligonucleotides targeting miR-21 and let-7c were synthesized with varying lengths
(see Table II below). The additional sequences (underlined) were: 1) simultaneously-
added to both the 5’ and 3’ ends of the molecule, and 2) were the reverse complement

of sequences bordering the mature sequence in the primary miRNA.

Table 2
Table of Inhibitors with varying lengths targeting Let-7¢c and miR-21

MiR Reverse Complement Sequence (SEQ ID NOS 975-992) Added nis

Let-7C o AACCAUACAACCUACUACCUCA 0

UAAACCAUACAACCUACUACCUCAAC +2
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UCUAAACCAUACAACCUACUACCUCAACCC +4
ACUCUAAACCAUACAACCUACUACCUCAACCCGG +6
UAACUCUAAACCAUACAACCUACUACCUCAACCCGGAU +8
UGUAACUCUAAACCAUACAACCUACUACCUCAACCCGGAUGC +10
GGUGUAACUCUAAACCAUACAACCUACUACCUCAACCCGGAUGCAC +12
AGGGUGUAACUCUAAACCAUACAACCUACUACCUCAACCCGGAUGCACAC +14
CCAGGGUGUAACUCUAAACCAUACAACCUACUACCUCAACCCGGAUGCACACAG +16
MiR-21 UCAACAUCAGUCUGAUAAGCUA
AGUCAACAUCAGUCUGAUAAGCUACC +2
ACAGUCAACAUCAGUCUGAUAAGCUACCCG +4
CAACAGUCAACAUCAGUCUGAUAAGCUACCCGAC +6
UUCAACAGUCAACAUCAGUCUGAUAAGCUACCCGACAA +8
GAUUCAACAGUCAACAUCAGUCUGAUAAGCUACCCGACAAGG +10
GAGAUUCAACAGUCAACAUCAGUCUGAUAAGCUACCCGACAAGGUG +12
AUGAGAUUCAACAGUCAACAUCAGUCUGAUAAGCUACCCGACAAGGUG +14
GU
CCAUGAGAUUCAACAGUCAACAUCAGUCUGAUAAGCUACCCGACAAGG +16
UGGUAC

Subsequently, the sequences were co-transfected into cells at 100, 50 and 25
nM concentrations along with the appropriate psiCheck reporter construct (target
sequence inserted into psiCheck multiple cloning site = let-7¢ target site: sense strand
5-TCGAATGACCAACCATACAACCTACTACCTCACTCGAGCTGC (SEQ ID
NO: 13); miR-21 target site: sense strand, 5’-
TCGAATGACCTCAACATCAGTCTGATAAGCTAC TCGAGCTGC (SEQ ID NO:
14); sites inserted into the Notl-Xhol digest of psiCHECK2) and the level of
expression of the reporter was assessed at 48 hours. Results of these studies identified
that previous 21 nts and 31 nts designs were suboptimal and that longer molecules
were far more potent (Figure 5A and 5B). Specifically, 21 and 31 nucleotide, 2°-O-
methyl inhibitors provided minimal levels of silencing of endogenous miRNAs. At
100 nM, 21 and 31 nts modified oligos targeting Let-7c gave reporter expression
levels of only 18 and 21% (respectively) relative to controls, suggesting that the
endogenous miRNAs were only mildly inhibited by the two shorter constructs.-
Similarly, cells transfected with 21 and 31 nts modified oligos targeting miR-21 (e.g.,
100 nM) exhibited 5 and 30% (respectively) relative to controls, again suggesting that
the endogenous miRNAs were only mildly inhibited by the two shorter constructs. In
contrast, the inventors have identified that a minimal sequence length for 2°-O-methyl
inhibitor performance is 48 nucleotides (e.g., 22 nucleotides for the mature sequence

plus 12 nucleotides on both the 5 and 3’ ends of the molecule). At 50-100 nM
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concentrations, these molecules (and inhibitors with 14 and 16 nts 5” and 3’ flanking
sequences) provided 80-100% silencing of the respective miRNAs. At lower
concentrations (e.g., 25 nM), where shorter molecules exhibited minimal levels of
activity, inhibitors of the invention that had flanking regions of 12 nucleotides or
greater in the 5” and 3’ flanking regions induced 50-70% inhibition of the respective
miRNAs. Lastly, longer inhibitors were found to silence for longer periods of time,

thus the longer molecules exhibit and enhanced longevity of silencing,.

Example 2
Identification of optimal positions

To assess whether the positioning of the flanking sequences was critical for
the enhanced inhibitory effects, a second set of experiments was performed to
determine whether performance was enhanced by preferentially adding the
nucleotides to the 5 or 3’ end of the sequence thaf was the reverse complement of the
mature miRNA sequence. Specifically, inhibitor molecules containing the reverse
complement (RC) of the mature let-7c or miR21 sequences were synthesized with 16
modified nucleotides associated with a) the 5 (16 + RC +0) end of the sequence, b)
the 3 end of the molecule (0 + RC + 16), or c) both ends of the molecule (16 + C +
16). In all cases, the additional sequences were the reverse complerhent of the
appropriate primary miRNA sequences that bordered the mature miRNA sequence.
See Table 3 belaw.

Table 3
MiR Reverse Complement Sequence (SEQ ID NOS 993-998) ) Added nts
Let-7C 1
CCAGGGUGUAACUCUAAACCAUACAACCUACUACCUCAACCCGGAUGCACACAG 16+ RC + 16
CCAGGGUGUAACUCUAAACCAUACAACCUACUACCUCA 16+ RC+0
AACCAUACAACCUACUACCUCAW 0+RC+16
MiR-21
. CCAUGAGAUUCAACAGUCAACAUCAGUCUGAUAAGCUACCCGACAAGGUGGUAC 16+ RC+ 16
CCAUGAGAUUCAACAGUCAACAUCAGUCUGAUAAGCUA ) 16+RC+0
UCAACAUCAGUCUGAUAAGCUACCCGACAAGGUGGUAC 0+RC+16

The level of inhibition induced by these molecules was studied by co-

transfecting each inhibitor into cells along with the appropriate psiCheck reporter
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construct. As shown in Figure 6A and 6B, at all concentrations, the most. potent
molecule was the 16 + RC + 16 inhibitor, followed by the 0 + RC + 16. The least
potent inhibitor at all concentrations was the 16 + RC +0 variant. These results
further demonstrate that longer 2°-O-methyl molecules are better inhibitors and that in
some cases, sequenceé added to the 3’ terminus of the central region of the inhibitor
exhibit superior performance to inhibitor sequences where the sequences added to the

5’ terminus of the central region of the inhibitor.

Example 3
Identifying Preferred and Non-preferred Flanking Sequences

An experiment was designed to test the importance of the following: (1)
central region sequences of the inhibitor that anneal to sequences that flank the mature
miRNA; and (2) 5’ and 3’ flanking regions of inhibitors that have nucleotide contents
that mimic mRNA. Inhibitors were designed with a central region that was the
reverse complement of miR21 or let-7C and contained the following: (1) 16
nucleotide flanking regions that were the reverse complement of sequences bordering
each of the mature miRNA sequences (16 + RC +16), (2) 16 nucleotide flanking
regions that were representative of mRNA (~ 25% A, T, G, and C,
16AR+RC+16AR), or (3) 16 nucleotide flanking regions that were not representative
of mRNA (i.e., polypyrimidine flanks, 16US+RC+16US). The flanking sequences
that were representative of mRNA were based on cel-miR-51 sequences that have no
human homolog. (See Table 4). The level of inhibition induced by these molecules
was then studied by co-transfecting each inhibitor into cells along with the appropriate

psiCheck reporter construct.

Table 4
MiR Sequence (SEQ ID NOS 999-1004) Content
Let-7¢ CCAGGGUGUAACUCUAAACCAUACAACCUACUACCUCAAC | 16 +RC+16
CCGGAUGCACACAG

AGCUCUCAUCCAUGUUAACCAUACAACCUACUACCUCAUU | 16AR+RC+16AR
GUACCUACUCUCGA

CCUCUCCUCUCCCUCUAACCAUACAACCUACUACCUCACCU | 16US+RC+16US
cuccucucccucu




WO 2007/095387 PCT/US2007/004223
83

MiR-21 | CCAGGGUGUAACUCUAUCAACAUCAGUCUGAUAAGCUAAC | 16 +RC+16
CCGGAUGCACACAG
AGCUCUCAUCCAUGUUUCAACAUCAGUCUGAUAAGCUAUU | 16AR+RC+16AR
GUACCUACUCUCGA
CCUCUCCUCUCCCUCUUCAACAUCAGUCUGAUAAGCUAAC | 16US+RC+] 6US
CCGGAUGCACACAG

In most cases, inhibitors that had 16 nucleotide 5* and 3’ flanking regions that
were the reverse complement of the regions that bordered the mature miRNA
sequence performed equally to those that had 16 nucleotide flanking regions that were
representative of mRNA (see Figures 7A and 7B). Still, in a subset of cases,
inhibitors that had flanking regions that were representative of mRNA (14AR-mature-
14AR, miR-107, 5’-
AGCUCUCAUCCAUGCUUUGAUAGCCCUGUACAAUGCUGCUUGGUACCUA
CUCUCGA (SEQ ID NO: 15)) outperformed equivalent inhibitors that were the
reverse complement of the regions that bordered the mature miRNA sequenée
(Figures 7A and 7B, 5°-
AAGCUCUCUGUGCUUUGAUAGCCCUGUACAAUGCUGCUUGAACUCCAU
GCCACA (SEQID NO: 13)).

In addition, it was observed that molecules that comprised polypyrimidine
flanking regions performed more poorly than sequences that more closely match the
nucleotide content of mRNAs. Overall, these findings suggest that the nucleotide

content of flanking regions can play a role in overall inhibitor functionality.

Example 4
Multi-miRNA Targeting Using Inhibitors
Due to the heightened potency of inhibitor molecules of the invention, it was
predicted that the new design would be capable of simultaneously targeting multiple
miRs while previous designs could not. To test this, 21 nucleotide 2’-O-methyl
modified, or 56 nts 2’-O-methyl modified inhibitors (28 nts central region, 14 nts 5’
flanking region (5’-AGCUCUCAUCC AUG (SEQ ID NO: 4)) and 14 nts 3’ flanking
regions (5°-GUACCUACUCUCGA (SEQ ID NO: 5))) targeting miR-18, miR-22,
and Let-7¢ were simultaneously transfected into cells (10K cells, Lipofectamine 2000,

100, 50, and 25 nM) along with one of the three reporter constructs (miR-18, miR-22,
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or Let-7c¢ target sites) designed to detect function of each of the miRs. Subsequently,
the level of luciferase activity was measured to determine the ability of each inhibitor
to function in the presence of inhibitors targeting different miRNA.

The results of these studies are shown in Figure 8. With the 21 nucleotide, 2’-
O-methyl modified design; variable levels of miR inhibition were observed in the
multiplexing experiment. Twenty-one nucleotide inhibitors targeting let-7c¢ performed
poorly (<10% inhibition) while miR 22 and 18 inhibitors exhibited moderate levels of
luc expression (40 and 60% of controls). Performance of the 21 nucleotide designs
dropped at lower concentrations (at 25 nM: let-7¢ <10%, miR-22 = ~30%, and miR-
18 = ~40% of controls). In contrast, longer, 58 nt inhibitors of the invention were
observed to be more potent inhibitors at all of the concentrations studied and thus
capable of efficient multi-miR inhibition. At 100 nM concentrations, all three
inhibitors exhibited 65-100% of the luciferase levels observed in control experiments
where vectors lacked the target sequence. While the degree of inhibition of let-7¢
dropped slightly at lower concentrations (~40% of control expression at 25 nM), the
degree of inhibition by miR-18 and miR-22 inhibitors remained above 70% for both
molecules. Lastly, the inhibition by these molecules was specific. As such,
transfection of an inhibitor targeting miR-18 did not alter the expression of reporters
designed to measure Let-7c or miR-22 (data not shown). These results demonstrate
the heightened potency of molecules of the invention and display the ability of these
agents to perform under circumstances where multiple miRNAs need to be

simultaneously inhibited.

Example 5
Effectiveness of ACE-modified Inhibitors

To test the ability of ACE-modified nucleotides to function as inhibitors, an in
vitro assay was performed to test the ability of these molecules to inhibit cleavage of a
labeled, artificial target. Specifically a 41 nucleotide P32-labeled let-7 target molecule
was incubated with HeLa cell extracts (3 micrograms of protein in 50 mM Tris buffer,
pH 7.5, 0.1 % NP-40, 1 microgram tRNA, 5 mM ATP, 2 mM MgCI2, 37°C) in the
presence of 25, 2.5, or 0.25 nanomolar 2’-O-methylated or 2’-ACE modified 31
nucleotide inhibitor molecules. Following a 10-minute incubation, reactions were
analyzed on a native polyacrylamide gel to determine the level of miRNA target

cleavage. As shown in Figure 9, 2°-O-methylated 31 nucleotide inhibitors prevented
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cleavage of the target at concentrations of 2.5 nM and above. In contrast, 2’-ACE
modified inhibitors prevented the formation of cleavage product at all of the
concentrations investigated, thus demonstrating the viability of using 2° ACE

modifications in inhibitor designs of the invention.

Example 6
Duplex Structures of Hairpins Enhance Inhibitor Functionality

To test the effects of double stranded regions on inhibitor functionality, the 5’
flanking region, 3’ flanking region, or both 5° and 3’ flanking regions of let7c and
miR21 inhibitors were designed so that each respective flanking sequence would fold
back upon itself to create a hairpin structure. All of the oligonucleotides weré
synthesized with a 2’-O-methyl modification at each position and sequenceé for each
of the inhibitors tested are found in Table 5. Subsequently, the functionality of each
inhibitor design was compared‘ with short reverse complement (e.g., RC, 22 nts in
length), and longer inhibitor designs consisting of the RC plus 5’ and 3’ flanking
regions of equivalent length (e.g., 16 nts) that-do not form hairpin structures by
transfecting each design into HeLa cells (e.g., 50 and 25 nM) and assessing the degree

of inhibition using the dual luciferase assay.

Table 5

Name of inhibitor

Sequence (SEQ ID NOS 1005-1156)

Figure molecule

21 | mAnGMCmMUmCmUinGmAmAMAMAMGMAMGMCmUmUimCmAmAmCmAm
mir-21_struc
10A (16h - 16hp) UmCmAMGmUmCimUmGmAMUmAmAMGmCmUmAmUmCmGmAmGmAmU
rc
p_rfe_THp mUmCmGmUmCmUmCmGmA

- ) mAMGMCmUmCmUmGmAmAMAMAMGMAMGMCmUmUmCmAmAmCmAm
mir-21_struc
10A - UmCmAMGmUmCmUmGmAmMUmAMAMGmCmUmAmUmUmGmUmAmCmC
(16hp_rc_16AR) .
- - mUmAMCmUMCmUmCmGmA

21 3 mAMGMCmUmCmUmCmAmUmCmCmAmUmGmUmUmUmCmAmAmCmAm
mir-21_struc
10A - UmCmAMGMUmCmUmGmAmUmAmMAMGMCmUmAMmUmCmGmAMGmAmMU
(16AR-rc_16hp)
mUmCmGmUmCmUmCmGmA

mAMGMCmUmCmUmCmAmMUmCmCmAmUmGmUmUimUmCmAmAmCmAm
mir21_16ARB+RC+

10A 16ARB UmCmAMGmUmCmUmGmAMUmAMAMGMCmUmAmMUmUmGmUmAmMmCmC
mUmAMCmUmCmUmCmGmA
10A mir-21_RC mUmCmAMAMCmAMUMCmAMGmUmCmUmGmAMUmAmMAMGmCmUmA
et.7 . mAMGMCmUmMCmUmGmAmMAMAMAIMGMAMGMCmUMAMAMCMCmAMUmA
et-7c_struc
10B - mCmAMAMCMCmUMAMCMUmAMCMCmUmCmAmUMCmGmAmMGmAmUmMU
(t6hp_rc_16hp)
mCmGmUmCmUmCmGmA
10B let-7¢_struc2 mAMGMCMUmMCmUmGMAMAMAMAMGMAMGMCmUmAMAMCmCmAmUm

(16hp_rc_16AR) AMCMAMAMCmCmUmAMCmUmAMCmCmUmCmAmMUmUmGmUmAmCmCm
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UmAmMCmUmCmUmCmGinA

let-7¢_struc3 (16AR-

mAMGMCmUmCmUmCmAmUmCmCmAmUmGmUmUmAmAmCmCmAmU

10B rc_16hp) mAMCmAMAMCMCmUmAMCmUmAMCmCmUmCmAMUmMCmGmAmGmA
- mUmUmCmGmUmCmUmCmGmA
ler- mAMGMCMUMCMUmCmAmMUmCmMCmAmUmGmMUmUmAmAmCmCmAmU
10B 7¢_16ARB+RC+16A | mAMCMAMAMCMCmUmAmMCmUmMAMCmCmUmCmAmUmUmGmUmAmMC
RB mCmUmAMCmUmCmUmCmGmA
10B let-7c_RC mAMAMCmCmAMUmAMCmAMAmMCmCmUmAMCmUmAmMCmCmUmCmA
mAMGMCmUmCmUmCmAmUmCmCmAMUmGmUmUmAmAmCmCmAmU
11A let-7o_strucd mAMCmAMAMCmCmUmAmCmUmAMCmCmUmCmAmAMAMCmAmUmG
(16AR_re_HP) mGmAMUmGmAMGMAmGmCmU
let- mAMGmMCmUmCmUmCmAmMmUmCmCmAmMUmGmUmUmAmAmMmCmCmAmU
1A 7c_16ARB+RC+16A | mAMCmAMAMCmCmUmAMCmUmAMCmCmUmCmAmUmUmGmUmAmC
RB mCmUmAMCmUmCmUmCmGmA
11A let-7c_RC mAMAMCMCmAMUmAmCmAMAMCmCmUmAMCmUmMAMCmCmUmCmA
mir21 struca mAMGMCmUmMCmUmCmAmUMCMCmAMUmGmUmUmUmCmAmAmCmA
118 - mUmCmAMGMmUmCmUmGmAmMUmAMAMGMCmUmMAmMAMAMCmAMUMG
« 6ARJC"'HP) mGmAMUmGmAMGmMAnGmCmU
mir- mAMGMCMUmCmUmCmAMUmCmCmAmMUmGmUmUmUmCmAmAmMCmA
11B 21_16ARB+RC+16A | mUmCmAmGmUmCmUmGmAMUmAmAMGmCmUmAmUmUmGmUmAmMC
RB mCmUmAMCmUmCmUmCmGmA
11B mir-21_RC mUmCmAMAMCmAMUmCmAMGmUmCmUmGmAmMUmAMAMGmCmUmA
mCmAMUMGMGmAMUmGmMAmGmMAmMGmCmU +
12A mir-21_5pArm (two mAMGMCmUMCmUmCmAMUmCmCmAMUmGmCimAMGmUmCmAmAmMCm
sequences annealed) AmUmCmAMGmUmCmUmGImAMUmAMAMGMCmUMAMCmCmCmGmUmA
mCmCmUmAMCmUmCmUmCmGmA
mAMGMCmUMCmUmCmAMUmMCmMCmAMUmGIMCimAmMGmUmCmAmAmMC
12A mir-21_miRIDIAN mAMUmCmAmGMUmCmUmGmAmMUmAmAMGmCmUmAMCmCmCmGmU
mAMCMCmUmMAmMCmUmCmUmCmGmA
mAMGMCmUmCmUmCmAmUmCmCmAmUmGMCmAMGMUmMmCmAmAIC
mir-21_3pAm (two mAMUmCmAMGMUMCmUmGmAmUmAMAMGMCmUmMAMCmCmCmGmU
124 sequences annealed) mAMCmMCmUmAMCmUmCmUmCmGmA +
mUmCmGMAMGMAMGMUmAMGmGmUmAmMC
mCmAMUmGMGmAmMUmGIMAMGmAmMGmCmU +
mir2i_SpAm+3pAr | mAMGMCmUMCmUmCmAMUMCmCmAmUmGmCmAMGmUmCmAmAmMC
12A m (three sequences mAmMUMCmAMGMUmCmUmGmAmUmAMAMGmCmUmAMCmCmCmGmU
anncaled) mAMCmCmUmAmCmUmCmUmCmGmA +
mUmCmGmMAMGMAMGmMUmAMGmGmUmMAmMC
mCmAMUMGMGmMAMUmGmAmMGmMAMGmCmU +
128 let-7c_SpArm (two mAMGMCmUmCmUmCmAmUmMCmCmAmUMGMCmUmAMAMAMCmCmA
sequences annealed) mUmAMCmAMAMCMCmUmAMCmUmMmAMCmCmUmCmAmAMCmCmGmU
mAMCmCmUmAMCmUmCmUmCmGmA
mAMGCMCMUMCmUMCmAMUmCmCmAMUmGMCmUmAmMAMAMCmCmA
128 let-7c_miRIDIAN mUmAMCmAMAMCmCmUmMAMCmUmAmCmCmUmCmAMAMCmCmGmU
MmAMCmCmUmAMCmUmCmUmCmGmA
128 let-7c_3pArm (two MAMGMCmUmCmUmCmAMmMUmCmCmAmUmGmCmUmAmMAMAMCmCmA

sequences annealed)

mUmAMCmAMAMCmCmUmAMCmUmAMCmCmUmCmAmAmMCmCmGmU
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mAMCmCMUMAMCmUmCmUmCmGmA +
mUmCmGmAMGmAMGmUmAmMGmMGmUmAmMC

anncaled)

12B mCmAMUmGmMGmAMUmGmAMGMAMGmCmU +
let7e_SpAm+3pAm [ mAmGmCmUmCmUmCmAmUmCmCmAmMUmGmCmUmAmAmAMCmCmA
(three sequences mUmAMCmAmMAMCmCmUmAMCmUmAmCmCinUmCmAMAmMCmCmGmU
annealed) mAMCmCmUmAMCmUmCmUmCmGmA +
mUmCmGmAMGmAMGMUmAMGmGmUmAmMC
mir2]_ds16 AR+RC mAMAMCmMAMUmGmGmMAMmUmGmAMGmAmMGmCmU +
13 (two sequences mAMGMCmUmCmUmCmAmUmCmCmAmUmGmUmUmUmCmAmAmCmA
annealed) mUmCmAmGmUmCmUmGmAmMUmAmMAMGmMCmUmA
mir2l_RC+ds16AR mUmCmAMAMCmAmMUmCmAMGmUmCmUmGmAMUmAmMAmGmCmUmAmU
i3 (two sequences mUmGmUmAMCmCmUmAMCmUmCmUmCmGmA +
annealed) mUmCmGmAMGMAMGMUmAMGMGmUmAMCmAmMA
mAMAMCmAMUmGmMGmMAMUmGmAmMGmANGmCmU +
mir2]l_ds}6AR+RC+
mAMGMCmUmCmUmCmAmMUmCmCmAmUmGmUmUmUmCmAmAmCmAmU
13 ds16AR (three
mCmAMGMUmMCmUmGmAmUmAmAmMGMCmUmA +
sequences anncaled)
mUmCmGmAMGmAMGMUMAMGmMGmUmAmMmCmAmMA
13 mir-21_RC mUmCmAMAMCmAmUmCmAMGmUmCmUmGmAMUMAMAMGmCmUmA
mAMGMCmUmCmUmMCmAmUmCmCmAmUMmGmUmUmUmCmAmAmMCmAmMU
mir2]l _16ARB+RC+
13 . 6AR; mCmAMGMUMCmUmGmAmUmMAMAMGmCmUmAmUmUmGmUmAmCmCmU
mAMCMmUmCmUmCmGmA
mAMGMCmUmCmUmCmAmMUmCmCmAmMUmGmMCmUmAmMAMAmMCinCmAmU
14A let-7c_miRIDIAN mAMCmAMAMCMCmUMAMCmUmMAMCmCinUmCmAMAmMCmCmGmUmAmC
mCmUmAmCmUmCmUmCmGmA
. mCmAMmUMGmGmAnNUmMGMAmGmMAMGmCmU +
1A let-7c_SpArm (two mAMGMCmUmCmUmCmAmUmCmCmAmUmGmMmCmUmAMAMAMCmCmAmMU
sequences annealed) mAMCmANMAMCMCmUmAMCmUmAMCmCmUmCmAmAMCmCmGmUmAmC
mCmUmAMCMmUMCmUmCmGmA
5'Chl-mCmAmUmGmMGMAMUmGMAmGmAmMGmMmCmU +
let7c_SpArm_5pChl
- mAMGMCmMUMCmUMCmMAMUMCmCmAmUmGmCmUmAmAmAMCinCmAmU
14A {two sequences .
led) mAMCMAMAMCMCmUMAMCmUmAMCmCmUmCmANAMCmCmGmUmAmC
annea
mCmUmAMCmUMCmUmCmGmA
MmCMAMUMGMGmMAMUMGmMAMGmMAmMGmMCmU3'-Chl +
let7c_SpArm_3pChl
- - mAMGMCmUMCmUmMCmAmUmMCmCmAMUmGmMCmUmAmMAMAMCMCmAmMU
14A (two sequences
led) mAMCMmAMAMCMCmUmAMCmUmAMCmCmUmCmAMmAMCmCmGmUmAmMC
anneale
mCmUmAmCmUmCmUmCmGmA
mMAMGMCMmUmMCmUmCmAmUmCmCmAmMUmMGMCmUmAmAmAMCimCmAmMU
let7c_3pAmm_5pChl
- - mAMCMmAMAMCMCmUmAMCmUMAMCmCmUmCmAmAmMmCmCmGmUmAmMC
14A (two sequences
mCmUmAMCmUmMCmUmCmmGmA + 5'Chl-
annealed)
mUmCmGmAmGmMAmMGmUm AmGmGmUmAmC
MAMGMCmUmCmUmCmAMUmMCmCmAMUmGmCmUmAmAMAmMCmCmAmU
let7c_3pArm_3pChl
mAMCmAmMAMCMCmUmMAMCmUNMAMCmCmUMCmAMAMCmCmGmUmAmMC
14A (two sequences .
mCmUmAMCmUmMCmUmCmGmA + mUmCmGmAmGmAmMmGmUmAmGmGmU
anncaled)
mAmC3'-Chl
let7c_SpArmm+3pAmm | mCmAMUmGMGmAMUMGmAMGMAMGmCmU +
14A (three sequences mAMGMCmUMCmUMCmAMUMmCmCmAMUmGmMCmUmAmMAMAMCmCmAmU

mAMCMAMAMCMCmUmAMCmUmAMCmCmUmCmAMmAMCmCmGmUmAmC
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mCmUmAMCmUmCmUmCmGmA + mUmCmGmAmMGmAMGmUmAmMGmGmU
mAmC

let7¢_SpArm+3pArm

mCmAr'nUmGmeAmUmeAmeAmeCmU +
mAMGMCmUmCmUmCmAMUmMCmCmAMUMGmMCmUmAmMAMAMCmCmAmU

14A 5pChl (three MmAMCMAMAMCMCmUmAMCMUmMAMCmCmUmCmAMAMCmCmGmUmAmMC
sequences annealed) mCmUmMAMCmUmCmUmCmGmA + 5'Chl-
mUmCmGmMAMGmAMGMUmAmGMGmUmAmMC
S'Chi-mCmAMUmMGmGmAmUmGmAmMmGmMAMGmMCmU +
let7c_SpAmmSpChi+ mAmGmCmUmCmUmCmAMUmCmCmAmMUmGmCmUmAmAMAMCmCmAmU
14A 3pArm (three mAMCmMAMAMCmMCmUmAMCmUmAMmCmCmUmCmAMAMCmCmGmUmAmMC
sequences anncaled) mCmUMAMCmUmCmUmCmGmA + mUmCmGmAMGmAMGmUmAmGmGmU
mAmC
S'ChI-mCmAmUmGmGmAmUmGmAMGmAmMGmCmU +
let7c_SpArmSpChi+ mAMGMCmUmCmUmCmAMmMUmCmCmAmUmGmCmUmAMAmAMCmCmAmU
t4A 3pArmSpChl (three mAMCmAMAMCmCmUmAMCmUmAmCmCmUmCmAmAMCmCmGmUmAmC
sequences annealed) mCmUmAMCmUmCmUmCmGmA + 5'Chl-
mUmCmGMAMGMAMGmMUmAMGmMGmUmAmMC
mAMGMCmUmCmUmCmAMUmCmCmAmMUmGMCmAMGmUmCmAmAmMCmA
14B mir-21_miRIDIAN mUmCmAMmGmUmMCmUmGmAMmUmMAMAMGmCmUmAMCmCmCmGmUmAmC
mCmUmAMCmUmCmUmmCinGmA
mCmAMUMGmMGmMAmMUMGMAMGIMmAmGMCmU + .
14B mir-21_5pAm (two mAMGMCmUmCmUmCmAmUmMCmCmAMUmGmCmAmGmUmMCmAmMAmCmA
sequences annealed) mUmCmAmeUmCmUmeAmUmAmAmeC_mUmAmCmCmCmeUmAmC
mCmUmAMCmUmCmUmCmGmA
mir21_SpArm_SpChi S'Chl-mCmAmMUmGMmGmAMUmGmAMGMAMGmCmU +
14B (two sequences mAMGMCmUmCImUmCmAMUmCmCmAMUmGmMCmAmGmUmCmAmMAMCmA
annealed) mUmCmAMGmMUmCmUmGmAmUmAMAMGmCmUmAMCmCmCmGmUmAmMC
mCmUmMAMCmUmCmUmCmmGmA
mir2l_SpArm_3pChi MCMAMUMGMGMAMUMGmAMGmAMGIMCmU-3'Chl +
. (two sequences mAMGMCmUmCmUmMCmAMUmMCmCmAmMUmGmMCmAmGImUmCmAmAmMCmA
annealed) mUmCmAMGmUmCmUmGmAmMUmAMAMGmCmUmAMCmCmCmGmUmAmC
mCmUMAMCmUmCmUmCmGmA
mAMGMCmUmCmUmCmAMUmMCmCmAmUmGmMCmAmMGmUmCmAmMAmMCmA
14B mir-21_3pAmm (two mUMCMAMGmUmCmUmGmAmUmAMAMGMCmUmMAMCMCmCmGmUmAmMC
sequences annealed) mCmUmAMCmUmCmUmCmGmA + mUmCmGmMAMGmAmMGmUmAmMGmGmU
mAmC
mMCmAMUMGMGmAmMUMGMAMGmMAMGmCmU +
mir2l_SpArm+3pAr mAmeCmUmCmUmCmAmUl.nCmCmAmUmeCm AmGmUmMmCImmAmMAMCmA
14B m (three sequences mUMCMmAMGMUmCmUmGmAmUmAMmAMGMCmUmMAMCmCmCmGmUmAmC
annealed) mCmUmAMCmUmCmUmCmGmA + mUmCmGmAmGmAMGmUmAmMGmGmU
mAmC
MCmAMUmGMGmAMUMGMAMGMAMGmCmU +
mir2]1_SpArm+3pAr | mAmGmMCmUmCmUmCmAMUmCmCmAmUmGmCmAmGmUmCmAmMAmCmA
14B m5pChl (three mUMCmAMGMmUmMCmUmGmAmMUmMAmMAMGMCmUmMAmMmCmCmCmGmUmAmC
sequences annealed) MCmUMAMCmUmCmUmCmGmA + 5'Chl-
mUmCmGmAMGmMAMGmUmAMGmGmUmAmMC
mir21_SpArmSpChi+ 5'Chl-mCmAMUmGMGmAMUmGmAMGmMAMGmMCmU +
14B 3pAmm (three mAMGNCmUmCmUmCmAmMUMCmCmAmMUmGmCmAMGmUmCmAmAmMCmA

sequences annealed)

mUMCmANMGMUmCmUmGmAMmMUmAMAMGMCmUmAMCmCimCmGmUmAmMC
mCmUMAMCmUmMCmUMCIMGmA + mUmCmGmAmGMAMGmMUmAmMGmGmU
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mAmC

mir2] _SpAmSpChhH
3pArm5pChl (three

5'Chl-mCmAMUmmGmGmAMUmGMAMGMAMGmCmU +
mAMGMCmUmCmUmCmAMUmCmCmAMUmGmMCmAMGmUmCmAmAmCmA
mUmCmAMGmUmCmUmGmAMUmAMAMGMCmUmAMCmCmCmGmUmAmC

148 sequences annealed) mCmUmAMCmUmCmUmCmGmA + 5°Chl-
mUmCmGmAMGmAMGMmUmAMGmGmUmAmMC
mAMGMCmUmCmUmCmAMUmCmCmAmMUmGmCmUmAMAMAMCmCmAmMY

14C let-7c_miRIDIAN mAMCmAMAMCmCmUmAMCmUmAMCmCmUmCmAmMAMCmCmGmUmAmC
mCmUmAMCmUmCmUmCmGmA
mCmAMUmGmGmAMUmGmAMGmAmMGmCmU +

let7c_SpAm+3pAm | mAMGmCmUmCmUmCmAMUmCmCmAMUmGmMCmUmAMAMAmMCmCmAmU
14C (three sequences mAMCmMAMAMCMCmUmMAMCmUmAMCmCmUmCmAMAMCmCmGmUmAmMC
annealed) mCmUmAmCmUmleijmeA + mUmCmGmAMGmAMGmUmAmMGmGmU
mAmC
5'Cy3-mCmAmMUmGmGmAMUmGmMAMGmMAMGmCmU +
let7c_SpAm5pCy3+ { mAmMGMCmUmCmUmCmAMUmCmCmAMUmGmCmUmAMAMAMCmCmAmU
14C 3pAm (three mAMCMAMAMCmCmUmAMCmUmAmMCmCmUmCmAMAMCmCmGmUmAmMC
seqﬁenc&s annealed) mCmUmMAMCmUmCmUmCmGmA + mUmCmGmAmGmAmMGmUmAmGmGmU
mAmC
mCmAMUmGmGMAMUmGmAMGmMAmGmCmU +
let7e_SpArm+3pArm | mAmMGMCmUmCmUmCmAMUmCmCmAMUmGmMCmUmAmMAMAMCmCmAmU
14C 5pCy3 (three mMAMCMAMAMCmCmUmAMCmUmAMCmCmUmCmAMAMCmCmGmUmAmC
sequences annealed) mCmUmAMCmUmCmUmCmGmA + 5'Cy3-
mUmCmGmMAMGMAMGMUmMAMGmGmUmAmC
mAMGMCmUmMCmUmCmAMUmMCmCmAMUmGmMCmAMmGmUmCmAmMAmMCmA
14D mir-2!_miRIDIAN mUmCmAMGmUmMCmUmGmAMUMAMAmGmCmUmAmMCmCmCmGmUmAmC
mCmUmAMCmUmCmUmCmGmA
mCmAmMUmGMGMAMUMGmMAMGMAMGmMCmU +
mir21_SpAm+3pAr | mAMGMCmUmCmUmCmAmMUmCmCmAMmUmGmMCmAMGmUmCmAmMAmMCmA
14D m (three sequences mUmCmAmeUmCmUmeAmUmAmAmGmCmUmAmCrpCmCmeUm_AmC
annealed) mCmUmAMCmUmCmUmCmGmA + mUmCmGmAMGmAMGmUmMAmMGmGmU
mAmC
5'Cy3-mCmAmMUmGMmGmAmUmGmMAMGmMAMGmCmU +
mir21_SpAmmSpCy3 mAMGMCmUmCmUmCmAMUmCmCmAMUmGmCmAMGmMUmCmAmMAmCmA
14D +3pArm (three mUmCmAmGmUmCmUmGmAMUmAmAMGMCmUmAmMmCmCmCmGmUmAmC
sequences annealed) mCmUmMAMCmUmCmUmCmGmA + mUmCmGmAmMGmAMGmMUmAmMmGmGmU
mAmC
mCmAMUmMGMGMAMUMGMAMGMAMGmCmU +
mir2l_SpAm+3pAr | mAMGMCmUmMCmUmCmAMUMCmCmAmUmGmMCmAmGmUmMCmAmAmCmA
14D m5pCy3 (three mMUMCmAMGmMmUmCmUmGmAMUmAMAMGmMCmUmAMCmCmCmGmUmAmMC
sequences annealed) mCmUMAMCmUmCmUmCmGmA + 5'Cy3-
mUmCmGmAMGMAMGmMUmAMGMGmUmAmC
. mUmCmUmCmUmUmCmUmUmCmAmAMCmAMUmCmAMGmUmCmUmGmAm
15A mir2|_8Y+RCEY UmAMAMGMCmUmAMUmCmUmUmCmUmCmU
mir2l 8Y mMAMGMAMAMGMAMGMAMGMAMAMAMUMCmUmCmUmUmCmUmUmCmA
- MAMCmAMUMCmAmMGmUmMCmUmGmAMUmMAmMAMGMCmUmAmUmCmUmU
15A hp+RC+8Y hp mCmUmCmUmUmUmCmGmAmGmMAmMGmMAmMAmMGmA
1SA mir- mCmUmCmUmUmCmUmCmUmCmUmCmUmUmCmUmUmCmAmAMCmAmU
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21_16Y+RC+16Y

mCmAMGMUmMCmUmGmAmUmAMAMGMCmUmAMUmCmUmUmCmUmCmU
mCmUmCmUmUmCmUmC

mAMGMAMAMGMAMGMAMGMAMGMAMAMGmMAmMG +
mCmUmMCmUmUmCmUmCmUmCmUmCmUmUmCmUmUmCmAmAMCmAmMU

mir-21_16Y mCmAMGMUmCmUmGmAMUmAMAMGMCmUmAmUmCmUmUmCmUmCmU
dsHRCH16Y ds mCmUmCmUmUmCmUmC + meAmeAmAmeAmeAmeAmeAmA
I1SA mGmA )
1SA mir-21_RC mUmCmAMAMCmAMUmMCmAMGmUmCmUmGmAMUmAmMAMGmCmUmA
mir2] SA+RCHSA mUmCmCmAmMUmGmUmUmUmCmAMAmMCmAMUmCmAMGmUmCmUmGmA
15B - mUmAMAMGmCmUmAMUmUmGmUmAmMCmCmU
. mAMAMCmMAMUMGMGMAMGMAmMAMAMUMCmCmAmMUmGmUmUmUmCmA
;n;-;:;s;\ p mAMCmAMUmCmAMGmUmCmUmGmAMUmMAMAMGmMCmUmAmUmUmGmU
15B mAMCMCmUmUmUmCmGmAMGmMGmUmAmMCmAmMA
ol leAsRCHIE mAMGMCmUMCmUmCmAMUmCmCmAmUmGmUmUmUmCmAmAmCmAmU
- mCmAMGmMmUmCmUmGmAMUMAMAMGMCmUmAmUmUmGmUmAmMCmCmU
158 A mAMCmUmCmUmCmGmA
mAMAMCMAMUmGmGmAMmUmGmMAMGmAmMGmCmU +
mir2l 16A mAMGMCmUmCmUmCmAMmUmCmCmAMUmGmUmUmUmCmAmMAmCmAmU
ds+RC:- 16A ds mCmAMGMUmCmUmGmAMUmAMmAMGMCmUmAMUmUmGmUmAmMCmCmU
mAMCmUmCmUmCmGmA + mUmCmGmAmMGmAMGmMUmAmMGmGmUmAmC
15B mAmA '
15B mir-21_RC mUmCmAMAMCmAMUMCmAMGMUmCmUmGmMAMUmMAMAMGmCmUmA
16 - RC
mixture
of six mir-17-5p_RC
seqs MAMCmMUMAMCmCmUmGmMCmAmCmUmGmUmAMAMmMGmMCmAmMCmUmUmUmG
mir-18a-5p RC mMUmAMUMCmUmGmCmAMCmUmAMGmAMUmGmCmAMCmCmUmUmA
mir-19a_RC { MUmCmAMmGmUmUmUmUmGmCmAmUmAMGMAMUmUmUmGmCmAmMCmA
mir-20a_RC mCmUmAmCmCmUmeCmAmCmUmAmUmAmAmeCmAmCmUmUmUmA
mir-19b-1_RC mUmCmAMGMUmUmUmUmGmCmAmUmGmGmAmUmUmUmGmCmAmMCmA
mir-92-1_RC mCmAMGMGmCMCmMGMGMGmMAMCMAMAMGMUmMGmMCmAMAMUmA
16 -
16+RC+
16 mir-17-5p_ 16RC
mixture | +RC+ 16RC mAMGMUmAMmGmAMUmGmCmAMCmAMUmAmUmCmAMCmUmAmCmCmUmG
of six mCMAMCmUmGmUmAMAMGMCmAMCmUmUmUmGmAmCmAmUmUmAmUmU
seqs mCmUmGmAmMCmUmGmG

mir-18a-5p_ 16RC

mUmGmMCmUmAmAMUmCmUmAmCmUmUmCmAMCmUmAMUmCmUmGmCmA
mCmUmAmMGmAmUmGmCmAMCmCmUmUmAMGmAmAMCMAMAMAMAMAMG

+RC+ 16RC
mCmAMCmUmCimA
mir19a 16RC mAMAMAMUmAMGMCmANMGMGIMCmCimAMCmCmAMUmCmAmGmUmUmUmU
+RCH l;RC mGmCmAMUmAMGmAMUmUmUmGmCmAmCmAmAMCmUmAmMCmAmUmUmC
mUmUmCmUmUmGmU
mir-20a 16RC mAmeUmAmGmAmUmAmAmCmUmAmAmAmCmAmCmUmAmCthmUmeC
+RC+ l;RC mAMCMUmMAMUmAMAMGmCmAMCMUmMUmUmAmGMUmGmCmUmAMCmAmMG

MAMAMGMCmUmGmU

mir-19b-1_ 16RC
+RC+ 16RC

mCmUmUmUmUmCmAMCmUmAmMCmCmAMCmAMGMUmMCmAMGmUmUmUmU
mGmMCmAMUmGmGmAMUmUmUmGmCmAMCmAMmGmMCmAMGmAmAMUmAmU
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mCmAMCmAMCmAmG
. mUmCmCmCmCmAMCmCmAmMAMAMCMUmCmMAMAMCmAMGMGmCimCmGmG
mir-92-1_16RC mGmAMCmMAMAMGMUMGMCmAMAMUMAMCmMCmAMUmAMCmAMGmMAmMAmMA
+RC+ 16RC CMAMCMAMG -
16 - hp
mixture | mir-17-5p_strucl mAMGMCmUmCmUmGmAmMAMAMAMGMAMGMCmUmAMCmUmAmCmCmUmG
of six (16hp_rc_16hp) mCmAMCmUmGmUmAMAmGmCmAMCmUmUmUmGmUmCmGmAmGmAmUmU
seqs mCmGmUmCmUmCmGmA
mir-18a5p,_strucl mAMGMCmUmCmUmGmAmMAMAMAMGMAMGMCmUmUmAmMUmCmUmGmCmA
(16hp,_rc l—6hp) mCmUmAMGmAMUmGmCmAMCmCmUmUmAmUmCmGmAmGmAmUmUmCmG
- mUmCmUmCmGmA
mir-19a strucl mMAMGMCmUmCmUmGmAMAMAMAMGMAMGMCmUmUmCmAMGmUmUmUmU
a 6hp_r;_l 6hp) mGMCmAMUmAMGMAMUmUmUmGmCmAMCmAmUmCmGmAmMGmAmUmUmC
mGmUmCmUmCmGmA
. mAMGMCmUmCmUmGmAmMAMAMAMGMAMGMCmUmCmUmAMmCmCmUmGmC
::}-;0:&:::;) mAMCmUmAMUmAMAMGMCmAmCmUmUmUmAmUmCmGmAmMGmAmMUmUmC
-7 mGmUmCmUmCmGmA
mir 1961 struc mAMGMCmUmCmUmGmAmMAMAMAMGMAMGMCmUmUmCmAMGmUmUmUmU
(16hp, 1 I6hp) meCmAmUmeGmAmUmUmUmeCmAmCmAmUmCmeAmeAmUmUmC.
- mGmUmCmUmCmGmA
mir-92-1 sl mAMGMCmUmCmUmMGmAMAMAMAMGMAMGMCmUmCmAMGmGmMCmCmGmG
( l6hp_rc:] 6hp) mGmAMCmAMAMGMUMGMCmAmAmUmAMUMCmGmAMGmAmUmUmCmGmU
mCmUmCmGmA
mAMGMCmUmCmUmCmAmUmCmCimAmUmGmUmUmUmCmAMAMCmAmUmC
mir21_struc4_HP (2'- | mAmGmUmCmUmGmAMUmAMAmMGMCmUmAMAmAMCmAMUmGmGmAmMUmG
1] O-met) mAMGMAMGmMCmU
mir2l_struc4RNA AGCUCUCAUCCAUGUUmMUmCmAMAMCmAmMUmCmAmMGmUmCmUmGmAmUmA
11 _HP (RNA stem) mAMGMCmMUMAAACAUGGAUGAGAGCU
mUmCmGmAMGmAMGmMUmMAMGMGmUmAMCmAMAMUmCmAMAMCmAMmUmC
mir2l_struc5_HP (2'- | mAmGmUmMCmUmGmAmUmAmAmMGmCmUmAmUmUmGmUmAmCmCmUmAmMC
I O-Me¢) mUmCmUmCmGmA
mir2l_strucSRNA_H | UCGAGAGUAGGUACAAMUMCmAMAMCmAmUMCmAMGmUmCmUmGmAmUmA
11 P (RNA stem) mAMGmMCmUmAUUGUACCUACUCUCGA
miRNA Figures Sequence Inserted into the 3° UTR of Luciferase Gene
hsa-let-
7C 10,11,12,14 TCGAATGACCAACCATACAACCTACTACCTCACTCGAGCTGC(GGCC)
hsa-mir- 10,11,12,13 14, 15,
21 17,18 TCGAATGACCTCAACATCAGTCTGATAAGCTACTCGAGCTGC(GGCC)
hsa-mir-
21
(‘attenuat R
ion site') 18 TCGAATGACCTCAACATCAGTCTGCTCTATAAGCTACTCGAGCTGC(GGCC) T
hsa-miR-
17-5p 16 TCGAATGACCTCACTACCTGCACTGTAAGCACTTTGACCTCGAGCTGC(GGCC)
hsa-miR-
18a 16 TCGAATGACCACTATCTGCACTAGATGCACCTTAGACTCGAGCTGC(GGCC)
hsa-miR- 16 TCGAATGACCCATCAGTTITGCATAGATTTGCACAACCTCGAGCTGC(GGCC)
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19a
hsa-miR-
20a 16 TCGAATGACCCACTACCTGCACT ATAAGCACTI']‘AGTCT CGAGCTGC(GGCC)
hsa-mir- ’
19b-1 16 TCGAATGACCAGTCAGTTTTGCATGGATTTGCACAGCCTCGAGCTGC(GGCC)
hsa-mir-
92-1 16 TCGAATGACCAACAGGCCGGGACAAGTGCAATACCCTICGAGCTGC(GGCC)
hsa-mir-
22 16 TCGAATGACCACAGTTCTTCAACTGGCAGCTTCICGAGCTGC(GGCC)
hsa-mir-
320 16 TCGAATGACCTTCGCCCTCTCAACCCAGCTTTTCICGAGCTGC(GGCO)

The underlined sequence on the left is the 5' overhang on the sense strand
(shown) that is the compatible cohesive end for the Xhol site. The antisense strand
(not shown) will be the reverse compliement of the remainder of the sense strand and
will have a 5' overhang that is the reverse complement of the sequence shown
underlined in parentheses to make the compatible cohesive end for the NotI site. Note
that the original Xhol site is disabled by the replacement of the final G with an A. A
new Xhol site (in bold) is introduced after the miRNA target site béfore the final Notl
site. + The four nucleotides inserted to create an 'attenuation site’ are indicated in non-
bold. For multiple attenuation sites, the Xhol and NotI sites in the new insert are cut,
and the identical insert is put in, this can be repeated as many times as desired to
insert any number of sites.

The results of the studies are found in Figures 10A and 10B. In both cases
(e.g., miR21 and let7c), inhibitors designs in which 1) both the 5° and 3’ flanking
regions fold to form hairpins (i.e., structure 1), 2) the 5’ flanking region folds to form
hairpins (i.e., structure 2), and 3) the 3” flanking region folds to form a hairpin (i.e.,
structure 3), exhibited greater potency at 50 and 25 nM concentrations than inhibitors
of equivalent length which did not form flanking region hairpins (e.g., ARB), and
short, reverse complement oligonucleotides (RC). Thus incorporation of duplexes into

inhibitor molecules enhances overall functionality.

_ Example 7
Inhibitors Having Duplex Of Annealed 5’ and 3’ Flanking Sequences Exhibit

Enhanced Functionality
To further test the effects of double stranded regions on inhibitor functionality,
the 5° flanking and 3’ flanking regions for both let7c and miR21 inhibitors were
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designed so that the respective sequences could anneal to each -other. This design,
also known as a lollipop design, contains a large loop region that includes the central
region associated with a stem having a duplex region. As was the case in Example 1, B
all of the oligonucleotides were synthesized with a 2°-O-methyl modification at each
position. Sequences for each of the inhibitors tested are found in Table 5. The
functionality of each inhibitor design was then compared with 1) short reverse
complement (e.g., RC, 22 nts in length) 2’-O-methyl inhibitors, and 2) longer
inhibitor designs (e.g., 54 nts) corhprising the RC (e.g., 22 nts) plus 5’ and 3’ flanking
regions of equivalent length (e.g., 16 nts) that do not anneal with each other (e.g.,
ARB), using the dual luciferase assay.

Let7c inhibitors having the lollipop design described above (e.g., structure 4)
were more potent than non-annealing inhibitors of equivalent length (e.g., ARB) and
short, reverse complement oligonucleotides (RC) at both of the concentrations tested
(see Figure 11A). In the case of miR21, both structure 4 and ARB designs were
comparable, while shorter RC designs were considerably less potent (see Figure 11B).
Subsequent folding studies using MFold (M. Zucker) revealed that while the Let7c
inhibitor folded into a simple stem-loop structure having the central region
unencumbered by secondary structure (Figure 11c), the miR21 inhibitor contained
smaller (possibly dilatory) secondary structures within the larger loop (Figure 11D).
Thus, while inhibitors having this design can in some cases exhibit enhanced
functionality, the inventors believe this design is less than optimal due to secondary

structures that can form in the key central region of the inhibitor.

Example 8
Duplex With Enhancer Sequences Boosts Inhibitor Functionality

To further test the effects of double stranded regions on inhibitor functionality,
first oligonucleotide sequences containing central (e.g., 22 nts), 5” flanking (e.g., 14
nts), and 3’ flanking (e.g., 14 nts) regions and targeting miR21 and let7c were
designed and synthesized with complementary enhancer sequences capable of
annealing to the 5’ and/or 3° flanking regions. Subsequently, the functionality of
inhibitors consisting of 1) the first oligonucleotide plus a first enhancer sequence, 2)
first oligonucleotide plus a second enhancer sequence , or 3) the first oligonucleotide
plus both a first and second enhancer sequences were compared with single stranded

inhibitors of equivalent length. All of the oligonucleotides (e.g., first oligonucleotide,
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the first enhancer sequence, and the second enhancer sequence) were synthesized with
a 2’-O-methyl modification at each position (see Table 5 for sequences) and the
functionality of each design was compared using the dual luciferase assay. Smaller
RC designs (e.g., 22 nt 2’-O-methylated molecules) were not considered due to the
proven absence of functionality under the conditions of the assay (low concentrations,
48 hour time point).

The results for these studies are provided in Figures 12A and 12B. For miR21
studies, while the performance of the inhibitor containing the first oligonucleotide
plus a second oligonucleotide capable of annealing to the 5° flanking sequence was
equal to the long single stranded inhibitor (miRIDIAN), the inhibitors having 1) the
first oligonucleotide plus an additional oligonucleotide capable of binding the 3°
flanking sequence, and 2) the first oligonucleotide plus a second and third
oligonucleotides capable of binding the 5° and 3’ flanking sequences, out performed
long single stranded inhibitor designs. Similar findings were observed for the let7c
studies. Specifically, inhibitors having the first oligonucleotide (e.g., central region, 5’
flanking region, and 3’ flanking region) as well as enhancer sequences binding to both
the 5 and 3’ flanking sequences, out-performed the simpler, single stranded design.
The findings of these studies further demonstrate that double stranded inhibitors

exhibit superior performance over single stranded molecules.

Example 9

Introduction of Duplex Structures to Truncated Inhibitor Designs Boosts
Inhibitor Functionality

To further test the effects of double stranded regions on inhibitor functionality,
truncated first oligonucleotide sequences containing a central region targeting miR21
plus either a 5° or 3’ flanking region targeting miR21 were synthesized along with
complementary enhancer sequences to the appropriate region. Subsequently,
truncated inhibitors annealed to the appropriate enhancer (e.g., 5’ flanking region-
central region + the 5° enhancer sequence; or central region-3’ flanking region + 3’
flanking region) were compared to 1) full length first oligonucleotides (e.g., 5’
flanking region- central region- 3’ flanking region), 2) full length first
oligonucleotides annealed to 5’ and 3’ enhancers, and 3) simple RC (central region)
inhibitors. All of the oligonucleotides were synthesized with a 2’-O-methyl

modification at each position and are reported in Table S.
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The results for these studies are provided in Figure 13 and show that truncated
inhibitors containing double stranded regions exhibit superior performance to short
2’-O-methyl modified inhibitors (RC) and long, modified, single stranded inhibitors
with 5 and 3° flanking regions. Specifically, truncated double stranded inhibitors
having either the 5 flank-central region orientation (i.e., ds16AR+RC) or the central
region-3’ flank orientation (RC+ds16AR) both outperformed the short (RC) and long
(16AR+RC+16AR) the single stranded inhibitors. These findings provide further

demonstrate the enhanced functionality of double stranded inhibitor molecules.

Example 10
Addition of Conjugates to Double Stranded Inhibitors Boosts Functionglity

To test the efficacy of the double stranded inhibitor design in the context of
hydrophobic conjugates, cholesterol or the fluorescent dye, Cy3, was conjugated to
the 5” or 3” terminus of enhancer sequences that anneal to the flanking sequences of
inhibitors targeting let-7c and miR21. As was the case in all previous experiments, all
of the oligonucleotides were synthesized with a 2’-O-methyl ‘modiﬁcation at each
position (see Table 5 for sequences) and overall functionality was assessed using the
dual luciferase assay. All of the molecules were transfected into cells using standard
lipid transfection protocols and schematic representations of each molecule are shoWn
in Figures 14A and 14B.

Figures 14C and 14D show the effects that conjugation of cholesterol to
enhancer sequences has on overall inhibitor functionality. Compared to long single
stranded inhibitors (miRIDIAN), double stranded inhibitors conjugated to cholesterol
including those that contain the following: (1) a first oligonucleotide plus a 5’
enhancer sequence with a 5° cholesterol modification (SpArm_5SpChl), (2) a first
oligonucleotide plus a 5’ enhancer sequence with a 3’ cholesterol modification
(5pArm_3pChl), (3) a first oligonucleotide plus a 3’ enhancer sequence with a 5’
cholesterol modification (3pArm_5pChl), (4) a first oligonucleotide plus a 3’
enhancer sequence with a 3’ cholesterol modification (3pArm_3pChl), (5) a first
oligonucleotide plus a 3’ enhancer sequence with a 5’ cholestefo] m;)diﬁcation plus a
5’ enhancer sequence (SpArm+3pArmSpChl), (6) a first oligonucleotidé plus a §°
enhancer sequence with a 5’ cholesterol modification plus a 3’ enhancer. sequence
(5pArm5pChl+3pArm), and (7) a first oligonucleotide plus both 3’ and 5’ enhancer

sequences, both of which are modified with a 5’ cholesterol modification, exhibit
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superior performance. Similar results were observed with Cy3 conjugates (Figure 14E

and 14F).

Example 11
Incorporation of Double Stranded Regions Into Inhibitor Eliminates the

Sequence-Dependence of Single Stranded Inhibitor Designs

Previous studies have shown that 1) the functionality 'of single stranded
inhibitors is improved by incorporating flanking regions around the reverse
complement of the target sequences (i.e., extending the length of the single stranded
inhibitor), and 2) not all flanking sequences perform equally. Specifically, flanking
sequences that are rich in polypyrimidine sequences were found to be less functional
than sequences that more closely reflected mRNA (i.e., also referred to as “arbitrary
sequences”). To determine whether these limitations were also a part of the double
stranded design, the following designs were generated against miR21:
1. a single stranded inhibitor consisting of first oligonucleotide comprising an 8
nucleotide 5’ flanking region consisting of a polypyrimidine sequence, a central
region, and an 8 nucleotide 3’ flanking region consisting of a polypyrimidine
sequence.
2. a double stranded inhibitor consisting of first oligonucleotide compnsing a
polypyrimidine 5° flanking region that folds back upon itself to form a hairpin, a
central region, a polypyrimidine 3’ flanking region that folds back upon itself to form
a hairpin.
3. a single stranded inhibitor consisting of first oligonucleotide comprising an 16
nucleotide 5° flanking region consisting of a polypyrimidine sequence, a central
region, and an 16 nucleotide 3’ flanking region consisting of a polypyrimidine
sequence.
4. a double stranded inhibitor consisting of first oligonucleotide comprising an
16 nucleotide 5’ flanking region consisting of a polypyrimidine sequence, a central
region, and an 16 nucleotide 3’ flanking region consisting of a polypyrimidine
sequence, plus the appropriate first and second enhancer sequences that are capable of
annealing to the 5’ and 3’ flanking sequences.

In addition, the four designs described above were also generated using
“arbitrary sequences’ in the flanking regions that mimic natural mRNA nucleotide

content. As was the case in all previous experiments, all of the oligonucleotides were
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synthesized with a 2’-O-methyl modification at each position (see Table 5 for
sequences) and overall functionality was assessed using the dual luciferase assay.

The results of these studies are presented in Figures 15A and 15B and
demonstrate the following:
1. Single stranded inhibitors with polypyrimidine flanking regions exhibit poorer
performance than those that have arbitrary sequences.
2. Double stranded inhibitors (generated by addition of enhancer sequences or by
incorporation of hairpin designs in the flanking regions perform better than equivalent
single stranded inhibitors. |
3. Conversion of single stranded inhibitors to double stranded inhibitors
eliminates the functional differences that result from flanking region sequence
content.

These results demonstrate a novel attribute of the double stranded inhibitor

design that is not present in single stranded designs.

Example 12
Double Stranded Inhibitors and Multi-miRNA Inhibition

To compare the functionality of single stranded inhibitors with double
stranded inhibitors in the context of multigene targeting, three inhibitor designs (e.g.,
simple single stranded RC designs, long single stranded designs, and inhibitors having
- 5” and 3’ flanking hairpins) were synthesized to target six different miRNAs (e.g.,
miR17-5p, miR18a-5p, miR19a, miR20a, miR19b-1, and miR92-1). Subsequently,
pools of each design were simultaneously co-transfected into HeLa cells (total
concentration = 0.8 nM total) along with one of the six respective luciferase reporter
constructs containing the appropriate target site in the 3° UTR. Results of these
experiments (see Figure 16) show that while short and long single stranded inhibitors
give highly variable results, double stranded inhibitors are consistently the most
potent, highly functional design. For instance, at these concentrations, short (e.g., 21
nt RC) single stranded inhibitors provide adequate silencing of miR18a-5p and
miR92-1. Long single stranded inhibitors silence an additional miRNA (miR17-5p),
but fail to adequately silence miR19a, miR20a, and miR19b-1. In contrast, double
stranded inhibitors simultaneously provide strong, specific, silencing of all the

miRNAs tested. In addition, these results further demonstrate that the enhanced
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functionality related to this design is not restricted to e.g. miR21 or let7c, but in fact

extends to a much broader population of miRNAs.

Example 13
Double Stranded Inhibitors That Contain A Mixture of Modified And

Unmodified Nucleotides Exhibit Superior Performance

To test whether double stranded inhibitors containing mixtures of modified
and unmodified nucleotides perform well, miR21-targeting inhibitors in which 1) the
3” flanking region was altered so as to promote annealing with the 5° flanking region
(e.g., structure 4), or 2) the 5° flanking region was altered so as to promote annealing
with the 3’ flanking region (e.g., structure 5), were designed. In all cases the central
region was modified with 2’-O-methyl groups, but designs deviated on the basis of
whether the stem region was modified or unmodified (see Table 5 for sequences and
modification patterns). In addition, unmodified single stranded inhibitors were not
included in this study due to the lack of stability of these molecules.

The results of these experiments are presented in Figure 17 and demonstrate
that double stranded inhibitors can consist of a heterogeneous population of modified
and unmodified nucleotides. Specifically, partially modified structure 4 and structure
5 molecules performed far better than short, fully modified, single stranded inhibitors
and nearly as well as their fully modified double stranded counterparts. These
experiments demonstrate that the designs of the invention can accommodate mixtures
of modified and unmodified nucleotides without dramatically altering the

functionality of the molecule.

Example 14
Double Stranded Inhibitors Perform Equally Well In Both Translation

Attenuation and Cleavage Assays
Reporter constructs were designed to determine whether double stranded
inhibitors functioned to prevent both target cleavage and translation attenuation. To
assess the inhibitor molecules ability to affect miRNA mediated cléavage, an exact
complement to the miR21 target site was inserted into the 3> UTR of the Renilla
luciferase gene of the psi-CHECK2 reporter. To determine the effectiveness of double
stranded inhibitors on translation attenuation, one (or three) natural attenuation sites

were cloned into the 3° UTR of the luciferase reporter gene (See Figure 18).
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Subsequently, simple, single stranded inhibitors (e.g., 21 nts) and double stranded
inhibitors containing hairpin structures in the 5° and 3’ flanking regions were
synthesized and tested using assays designed to detect changes in protein (e.g.,
luciferase reporter assay) or mRNA (e.g., Branched DNA (BDNA) assay) expression
(see Table 5 for sequences).

The results of these studies are presented in Figures 18A, 18B, and 18C and
demonstrate the following:

In cases where a cleavage site was inserted into the 3> UTR of the reporter
gene:
1. short single stranded inhibitors (InmiR21_RC) proved effective only at high
concentrations in both B-DNA and luciferase assays. '
2. double stranded inhibitors (miR21_strucl) exhibited strong performance over
a range of concentrations as detected by both the BDNA-, and luciferase-based
assays.

In cases where a single attenuation site was inserted into the 3 UTR of the
reporter gene:
1. in the BDNA assay, neither short single stranded inhibitors or double stranded
inhibitors exhibited significant levels of functionality as compared to controls.
2. in the protein assay, short, single stranded inhibitors functioned well at high
concentrations, but exhibited significant losses in functionality at lower
concentrations.
3. in the protein assay, double stranded inhibitors remained active at all
concentrations tested.

In cases where three attenuation sites were inserted into the 3° UTR of the
reporter genes:
1. in the BDNA assay, the short single stranded inhibitors exhibited only minor
levels of activity at higher concentrations as compared to controls. In contrast, double
stranded inhibitors exhibited higher levels of inhibition at all of the concentrations
tested, suggesting that this novel inhibitor design is capable of preventing transcript
degradation characteristic of this mode of action. '
2. in the protein assay, short, single stranded inhibitors again functioned at higher
concentrations, but exhibited a precipitous loss in functionality at lower
concentrations. In contrast, double stranded inhibitors of the invention performed

strongly at all of the concentrations tested.
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These studies demonstrate the superior performance of double stranded
inhibitors of the invention in both miRNA-based cleavage and translation attenuation

mechanisms.

Example 15
Double Stranded Inhibitors Exhibit Greater Longevity Than Short Reverse

Complement Inhibitor Designs _

To examine the longevity of inhibition induced by 1) short 21 nt, 2°-O-methyl
modified reverse complement (RC) inhibitors and 2) double stranded 2’-O-methyl
inhibitors (e.g., hairpin design, 6 bp stems, 4 nt loops, 21 nt central region) molecules
of both designs were synthesized (e.g., let7c target) and transfected into HeLa cells at
50 and 25 nM concentrations, respectively, with the appropriate reporter dual
luciferase reporter construct. The higher concentrations used for RC designs were
required due to the lower potency of these molecules.

As shown in Figure 19, inhibitors that utilize the hairpin design provide strong
inhibition for periods up to 96 hrs at the lower (e.g., 25 nM) concentration. In
contrast, simple RC designs are less potent, and lose all functionality at times between
48 and 72 hours. Therefore, an additional trait associated with the double stranded

inhibitor design is improved longevity.

Example 16
Demonstration of C5-Chol Linker-Conjugate Technology to Inhibitor Designs

Double stranded inhibitors can be delivered to cells to inhibit the action of
either an siRNA or miRNA. To test the efficacy of compositions of the invention in
this context, an siRNA targeting PPIB and having a 3’ C8 conjugated cholesterol on
the sense strand (hPPIB #3 Sense: 5>~ ACAGCAAAUUCCAUCGUGU (SEQ ID NO:
17)) was mixed with an inhibitor having the design shown in Figure 20A. HeLa cells
(2,500 cells per well) were then transfected simultaneously with the inhibitor and the
siRNA to measure the ability of the inhibitor to prevent knockdown of endogenous
PPIB target by the siRNA (as measured by BDNA assays). Transfections were by
passive delivery (i.e., no lipid transfection reégent).

The results of these studies are shown in Figure 20B and demonstrate that in
the absence of the inhibitor molecule, the siRNA knocks down its respective target by

greater than 90% (see lane 1). Addition of the cholesterol conjugated inhibitor
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molecule (with or without the optional phosphorothioate modification) severely limits
the ability of the siRNA to act (see lanes 2 and 3). Similar experiments with control,
non-targeting inhibitors, or targeting inhibitors that are un-conjugated to cholesterol,
fail to prevent the siRNA from knocking down its target. Thus, these experiments
demonstrate the efficacy of forms of the inhibitor of present invention which contain a

conjugate such as cholesterol.

Example 17
Passive Delivery of Inhibitor-Cholesterol Conjugates inhibits RNAi

To test whether cholesterol conjugated double stranded inhibitors could be
passively delivered to inhibit RNAi, two different inhibitor molecules directed toward
a DBI-targeting shRNA and having different patterns of cholesterol modification,
were synthesized (see Figure 21A). Subsequently, cells (HT1080 cells, 2,500 cells per
well) that stably expressed an shRNA targeting DBI (NM_020548) were exposed to
either inhibitor design (e.g., 1 micromolar) in the absence of any lipid delivery reagent
and under low serum conditions ( Hy-Q Media, Figure 21B). Gene expression levels
were measured at the 72 hr time point using branched DNA assays.

The results of these experiments are presented in Figure 21C and demonstrate
that double stranded inhibitors having cholesterol conjugates can be passively
delivered to cells to inhibit RNAi. While untreated cells exhibit less than 20% of the
normal levels of DBI expression (due to the expressed hairpin), cells that have been
treated with the conjugated inhibitor exhibit 40% of the normal levels, thus

demonstrating that passively delivered inhibitor molecules effectively impede RNA..

Example 18
Passive Delivery of Inhibitor-Cholesterol Conjugates Using Short Double

Stranded Inhibitors
To test the effectiveness of short ds inhibitors in a passive delivery system
2.5K HT1080 cells that stably expressed an shRNA targeting DBI were plated in each
well of a 96 well plate (DMEM + 10% serum). Twenty-four hours later, cells were
exposed to a cholesterol conjugated inhibitor (e.g., 1 uM) directed against the DBI
targeting ShRNA construct in HyClone reduced serum media (sequence of modified

strand: 5’-mG.*mG.* mA.mA.mMU.mG.mA.mG.mC.mU.mG.mA.mA.



WO 2007/095387 PCT/US2007/004223
102

mA.mG.mG.mG.mA.mC.mU.mUmC.mC.mA.*mA.*mG.C5-Chol (SEQ ID NO:
18); sequence of unmodified strand: 5> CUUGGAAGUCCCUUUCAGCUCAUUCC
(SEQ ID NO: 19); “m” = 2’-O-methyl modified nucleotide, *“*” refers to
phosphorothioate internucleotide linkage). Cells were then cultured for 72 hours, z;md
then DBI expression was analyzed using the branched DNA assay.

The results of this work are shown in Figure 22. In untransfected cells, DBI
expression is very low due to down regulation resulting from the DBI shRNA. In cells
exposed to the cholesterol conjugated double stranded inhibitqr, DBI expression is up-
regulated by over three fold. These results demonstrate the effectiveness of passively

delivered short double stranded inhibitors.

Example 19
Double Stranded miRNA Inhibitors Are Capable of Multi-miRNA Silencing.

To test the effectiveness of ds inhibitors to target multiple miRNA
simultaneously, three inhibitor designs (e.g., reverse complement to the mature
miRNA (RC), 54-nucleotide reverse complement (16+RC+16), and a hairpin-
containing sequences) were tested for the ability to simultaneously silence all of the
members of a polycistronic miRNA cluster encoding 6 separate miRNAs (Figure
23A, miR~17~18a~19a~20~19b~92, Lagos-Quintana et al., 2001; Lau et al., 2001).
Both of the single-stranded inhibitor pools (RC and 16+RC+16) failed to inhibit all
the miRNAs in the cluster (particularly in the cases of miR-19a and miR-19b-1). In
contrast, the hairpin-containing inhibitor pool efficiently repressed the function of
each of the targeted miRNAs (Figure 23B).

The present invention may be embodied in other specific forms without
departing from its spirit or essential characteristics. The described embodiments are
to be considered in all respects only as illustrative and not restrictive. The scope of
the invention is, therefore, indicated by the appended claims rather than by the
foregoing description. All changes which come within the meaning and range of
equivalency of the claims are to be embraced within their scope. Additionally,
various references have been cited herein, and each cited reference is incorporated
herein in its entirety by specific reference.

We claim:
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CLAIMS

1. An RNAI inhibitor comprising;:

a first oligonucleotide comprising:

a central region having 3’ and 5’ ends, and having a central sequence
that is from about 6 to about 37 nucleotides and having at least about 80%
complementarity with a target RNA sequence, wherein the target RNA
sequence 1S capable of silencing a target gene; and

at least one flanking region coupled to the 3’ or 5° end of the central
region, said at least one flanking region having a flanking sequence that is
from about 10 to about 40 nucleotides and is substantially devoid of having

complementarity with the target RNA sequence.

2. An RNAI inhibitor as in claim 1, wherein the 3’ flanking region is coupled to
the 3° end of the central region and the 5° flanking region is coupled to the 5* end of

the central region.

3. An RNAI inhibitor as in claim 2, wherein the first oligonucleotide is single-
stranded and the central region is about 17 to about 32 nucleotides and the 3’ flanking

region and 5’ flanking region are about 12 to about 20 nucleotides.

4. An RNAI inhibitor as in claim 3, wherein said 3’ flanking region and 5’

flanking region are comprised of not more than about 70% pyrimidine nucleotides.

5. An RNAI inhibitor as in claim 4, wherein at least one of the central region, 3’
flanking or 5’ flanking region comprises at least one nucleotide having a 2’

modification.

6. An RNAI inhibitor as in claim 5, wherein the 2’ modification is a 2’-O-alkyl,
2’ orthoester, or 2° ACE.

7. An RNAI inhibitor as in claim 6, wherein at least about 30% of nucleotides in

the RN A inhibitor have the 2’ modification.
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8. An RNAI1 inhibitor as in claim 7, wherein about 100% of nucleotides in the
RNAI inhibitor have the 2’ modification.

o. An RNAI inhibitor as in claim 1 or claim 2, wherein at least one of the 3’

flanking region or 5° flanking region includes a duplex region.

10. An RNAI inhibitor as in claim 9, wherein the duplex region includes at least

10 consecutive nucleotides.

11. An RNAI inhibitor as in claim 9, wherein the at least one of the 3” flanking

region or 5° flanking region includes a hairpin structure having the duplex region.

12. An RNAI inhibitor as in claim 11, wherein the duplex region includes at least

6 consecutive nucleotides.

13. An RNAI inhibitor as in claim 11, wherein the hairpin structure has a loop of

about 4-15 nucleotides.

14. An RNAI inhibitor as in claim 11, wherein both the 3” and 5 flanking regions

include a hairpin structure having the duplex region.

15. An RNAI inhibitor as in claim 14, wherein the central region includes about
21-28 nucleotides and the 3’ and 5’ flanking regions include a hairpin structure
having the duplex region of about 10 base pairs and the loop of about 4-10

nucleotides.

16. An RNAI inhibitor as in any of claims 9-15, wherein at least one of the central

region or flanking region comprises at least one nucleotide having a 2’ modification.

17. An RNAI inhibitor as in claim 16, wherein the 2> modification is a 2°-O-alkyl,
2’ orthoester, or 2° ACE.

18. An RNAI inhibitor as in claim 17, wherein at least about 30% of nucleotides
in the RNAI inhibitor have the 2° modification.
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19. An RNAI inhibitor as in claim 18, wherein at least about 30% of nucleotides

in the central region have the 2’ modification.

20. An RNAI inhibitor as in claim 18, wherein about 1000% of nucleotides in the

central region have the 2’ modification.

21. An RNAI inhibitor as in any of claims 16-20, wherein the central region
includes a higher percentage of nucleotides with the 2’ modification compared to the

flanking region.

22. An RNAI inhibitor as in any of claims 1-21, wherein the target RNA sequence
is selected from the group consisting of a region of a RISC-entering strand of a
miRNA, a region of pre-miRNA, a mature region and regions bordering the mature
region of pri-miRNA, a RISC-entering strand of siRNA, a RISC-entering strand of a
short hairpin siRNA, and a RISC-entering strand of a piRNA.

23. An RNAI inhibitor comprising:
a first oligonucleotide with a reverse complement region having 3’ and 5’
ends, and having a reverse complement sequence that is from about 17 to about 37
nucleotides and having at least about 80% complementarity with a target RNA
sequence, wherein the target RNA sequence is capable of silencing a target gene; and
a second oligonucleotide annealed to and having at least about 80%
complementarity with the first oligonucleotide, said second oligonucleotide having

from about 17 to about 37 nucleotides.

24. An RNAI inhibitor as in claim 23, wherein at least about 30% of nucleotides

in the first oligonucleotide have a 2° modification.

25. An RNAI inhibitor as in claim 24, wherein about 100% of nucleotides in the

first oligonucleotide have the 2’ modification.

26. An RNAI1 inhibitor as in any of claims 23-25, further comprising one or more

bulges between the first and second oligonucleotides.
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27. An RNAI inhibitor as in any of claims 23-26, wherein less than about 30% of

nucleotides in the second oligonucleotide have the 2” modification.

28. An RNAI inhibitor as in any of claims 23-26, wherein the second

oligonucleotide is substantially devoid of having the 2’ modification.

29. An RNAI inhibitor as in any of claims 23-27, wherein the 2’ modification is a
2°-O-alkyl, 2’ orthoester, or 2° ACE.

30. An RNAI inhibitor as in any of claims 1-29, further comprising a conjugate
coupled to at least one oligonucleotide of the RNALI inhibitor.

31. An RNAI inhibitor as in claim 30, wherein the conjugate is coupled to the at

least one oligonucleotide via a linker.

32. A method of inhibiting an RNA1 pathway in a cell so as to inhibit a target gene
from being silenced by a target RNA sequence, the method comprising:
providing a cell capable of expressing the target RNA sequence;
introducing an RN A inhibitor into the cell, the RNAI inhibitor comprising:
a central region having 3” and 5’ ends and a central sequence that is
from about 6 to about 37 nucleotides and has at least about 80%
complementarity with the target RNA sequence; and
at least one flanking region coupled to the 3’ or 5’ end of the central
region, said at least one flanking region having a flanking sequence that is
from about 10 to about 40 nucleotides and is substantiélly devoid of having
complementarity with the target RNA sequence;
maintaining the cell under conditions in which the silencing of the target gene

by the target miRNA is inhibited.

33. A method of inhibiting an RNAIi pathway in a cell so as to inhibit a target gene
from being silenced by a target RNA sequence, the method comprising:
providing a cell capable of expressing the target RNA sequence;

introducing an RNAt1 inhibitor into the cell, the RNA1 inhibitor comprising:
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a first oligonucleotide with a reverse complement region having 3’ and
5’ ends, and having a reverse complement sequence that is from about 17 to
about 37 nucleotides and having at least about 80% complementarity with a
target RNA sequence, wherein the target RNA sequence is capable of
silencing a target gene; and

a second oligonucleotide annealed to and having at least about 80%
complementarity with the first oligonucleotide, said second oligonucleotide
having from about 17 to about 37 nucleotides; and
maintaining the cell under conditions in which the silencing of the target gene

by the target miRNA is inhibited.

34. A method as in claim 32, wherein at least one of the 3’ flanking region or 5’
flanking region includes a duplex region.

3s. A method as in claim 32 or claim 34, wherein the 3° flanking region is coupled
to the 3’ end of the central region and the 5’ flanking region is coupled to the 5° end

of the central region.

36. A method as in claim 34, wherein said at least one of the 3’ flanking region or

5’ flanking region includes a hairpin structure having the duplex region.

37. A method as in claim 35, wherein said 3’ flanking region and 5° flanking

region both have a hairpin structure having the duplex region.

38. A method as in any of claims 32-37, wherein at least one nucleotide of at least

one of the oligonucleotides has a 2’ modification.

39. A method-as in claim 38, wherein the 2° modification is a 2’-O-alkyl, 2’

orthoester, or 2° ACE.

40. A method as in claim 39, wherein the central region includes more nucleotides

with the 2’ modification compared to the 3’ flanking region or 5’ flanking region.
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41, A method as in any of claims 32-40, wherein the target RNA sequence is
selected from the group consisting of a region of a RISC-entering strand of a miRNA,
a region of pre-miRNA, a mature region and regions bordedng the mature region of
pri-miRNA, a RISC-entering strand of siRNA, a RISC-entering strand of a short
hairpin siRNA, and a RISC-entering strand of a piRNA.

42, A method as in any of claims 32-41, further comprising a conjugate coupled to

at least one oligonucleotide of the RNAI inhibitor.

43. A method as in claim 42, wherein the conjugate is coupled to the at least one

oligonucleotide via a linker.
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