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capable of inhibiting the expression (e.g., abundance) of miR-15 family
miRNAs, including miR-15a, miR-15b, miR-16, miR-195, miR-424, and
miR-497. The invention provides in some embodiments, oligonucleotides
capable of inhibiting, in a specific fashion, the expression or abundance of
each of miR-15a, miR-15b, miR-16, miR-195, miR-424, and miR-497. The
invention further provides pharmaceutical compositions comprising the oli-
gonucleotides, and methods of treating patients having conditions or dis-
orders relating to or involving a miR-15 family miRNA, such as a cardiovas-
cular condition. In various embodiments, the oligonucleotides provide ad-
vantages in one or more of potency, efficiency of delivery, target specificity,
toxicity, and/or stability.
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INHIBITORS OF THE MIR-15 FAMILY OF MICRO-RNAS

RELATED APPLICATIONS

This application claims priority to and the benefit of U.S. Provisional Application
No. 61/662,772, filed June 21, 2012, and U.S. Provisional Application No. 61/780,352,

filed March 13, 2013, each of which 1s hereby incorporated by reference 1n its entirety,
9 > o o v

DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONICALLY

The contents of the text file submitted electronically herewith are incorporated
herein by reference in their entirety: A computer readable format copy of the Scquence
Listing (filename: MIRG-037 02US Seqlist ST25.txt, date recorded: June 19, 2013, file

size 10 kilobytes).

FIELD OF THE INVENTION

The present mvention relates to chernical rootifs for microRNA {miRNA or nuR)
whibitors.  More particularly, the present invention rvelates to chemically modified
oligormucleotides that target one or more miR-15 family members and having advantages
m potency, ethciency of delivery, target specificity, stability, and/or toxicity when

administered to a patient.

BACKGROUND

MicroRNAs {miRs) have been implicated in a number of biological processes
mcluding regulation and maintenance of cardiac function (sce, E. Van Rooij e 4., J. Clin.
frvest, 117(9y, 2369-2376 (2007), K. Chien, Nature 447: 389-390 (2007)). Therefore,
miRs represent a relatively new class of therapeutic targets for conditions such as cardiac
hypertrophy, myocardial infarction, heart fatlure, vascular damage, and pathologic cardiac
fibrosis, among others. miRs are small, non-protein coding RNAs of about 18 to about 25
nucleotides in length, and act as repressors of target mRNAs by promoting their

degradation, when their sequences are perfectly complementary, or by inhibiting
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translation, when their sequences contain mismatches.  The mechanism  invelves
weorporation of the wature muRNA strand 1oto the BRNA-nduced silencing complex

{RISC), where it associates with its target RNAs by base-pair complementarity.

mikNA function may be targeted therapeutically by antisense polynucieotides or
by polynucleotides that mimic miRNA function ("miRNA mimetic”). However, targeting
miRNAs therapeutically with oligonucleotide-based agents poses several challenges,
including RNA-binding affinity and specificity, efficiency of cellular uptake, and nuclease
resistance. For example, when polynucieotides are introduced into intact cells they are
attacked and degraded by nucleases leading to a loss of activity. While polynucleotide
anatogues have been prepared in an attempt to avoid their degradation, e.g. by rocans of 2
substitutions (B. Sproat er al., Nucleic Acids Research 17. 3373-3386, (1989}, the
modifications often affect the polynucleotide’s potency for its intended biological action.
Such reduced potency, in ecach case, may be due to an inability of the modified
polynucleotide to form a stable duplex with the target RNA and/or a loss of interaction
with the cellular machinery. Other modifications include the use of locked nucleic acid,
which has the potential to mmuprove RNA-binding affinity (sce, R. Veedu ef af., RNA
Bivlogy 6(3): 321-323 (2009)).

Ohigonucleotide chemmstry patterns or wotifs for miRNA inhibitors have the
potential to improve the delivery, stability, potency, specificity, and/or toxicity profile of
the inhibitors, and such are needed for effectively targeting nmuRNA function in a

therapeutic context.

SUMMARY OF THE INVENTION

The present invention provides chemically modified oligonucleotides capable for
cducing or inhibiting the activity of one or more miR-15 family members including nuR-
15a, miR-15b, miR-~16, miR-193, imR~-424, and miR-497. The invention further provides
pharmaceutical compositions comprising the oligonucleotides, and methods of treating
subjects having conditions or disorders relating to, or involving, one or more miR-15
family members. In various embodiments, the disclosed oligonucleotides provide
advantages in one or more of potency, efficiency of delivery, target specificity, toxicity,

and/or stability.
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in onc aspect, the invention provides a chemically modified oligonucleotide
capable of reducing or inhibiting the activity of oue or more miR-~15 faroily voembers, The
activity or potency of the oligonucicotide may be determined in vitro and/or in vive. For
example, the oligomucleotide may significantly inhibit (e.g., about 50% inhibition) the
activity of one or more miR-15 family members (as determined, for example, in a two-step
real time PCR assay or a dual luciferasce assay) at a concentration of about 50 oM or less,
or in other embodiments, about 40 nM or less, about 20 nM or less, or about 10 nM or
less. Alternatively, or in addition, the activity of the oligonucleotide may be determined
a suitable mouse or rat model, or pou-human privoate wodel, where inhibition (e.g., by at
least about 50%) of one or more muR-15 family members is observed at a dose of about 50
mg/kg or less, such as about 25 mg/kg or less, about 10 mg/kg or less, or about 5 mg/kg or
less. Exemplary markers for determining target de-repression are described herein. In
these embodiments, the ohigonucleotide may be dosed subcutancously or intravenously

{and as described herein), and may be formulated in an aqueous preparation {e.g., saline}.

9

The oligonucleotide comprises the nucleotide sequence 5-GTGUTGCT-37 and is
substantially complementary to a nucleotide sequence of one or more miR-15 family
members. The oligonucleotide further contains at least one locked nucleotide. In an
emnbediment, the oligonucleotide contains at least eight locked nucleotides. The locked
nucleotides may have a 2”7 to 47 bridge structare as described 1o WO 2012/083005, which
18 incorporated herein in its entirety. For example, the locked nucleotide may have a 27 to
4" bridge comprising an cthylene or methylene group. In avother example, the locked

nucleotide may have a 27 10 4” methviene bridge.
} o é:‘

Generally, the length of the oligonucleotide and number and position of locked
nucleotides is such that the ohigomucleotide reduces the activity of one or more miR-13
family members at an oligonueieotide concentration of about 50 oM or less in an in vifro
real time PCR assay or a luciferase assay, or at a dose of about 25 mg/kg or less in a
suitable rodent model or von-human pumate wodel as described herein.  In an
emmbediment, the oligonucicotide is from about 8 to about 18 nucleotides in length. In

another embodiment, the oligomucieotide is from about 12 to about 17 nucleotides 1u

length.

(a2
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in an exemplary embodiment, the oligornucicotide is about 16 nucleotides in length.
The oligonucleotide may comprise or cousist essentially of a nucleotide sequence selected
from 5 -ACCATTATGTGCTGCT-3(SEQ 1D NO. 1), S-ACCATGATGTGCTGCT-
JSEQ 1D NGO, 2), S-ATATTTACGTGCTGCT-3°(SEQ 1Dy NO. 3y, and 3-
ATATTTCTGTGOTGCT-37(SEQ 1D NGO, 4).  The oligonucieotide may include nine
locked nucleotides and seven non-locked mucleotides. The pattern of locked nucleotides

may be such that at least positions 1, 5, &8, 10, and 16 are locked nucleotides.

In another exemplary embodiment, the oligonucleotide 1s about 12 mucleotides in
length. The oligonucleotide may comprise or consist essentially of a nucleotide sequence
selected from 5°- TTATGTGCTGCT-3(SEQ ID NO. 5, 5-TTACGTGCTGCT-3(8EQ
B NO. 6}, -TTCTGTGCTGCT-3"(SEQ 1D NO. 7), 5°-TTCCGTGCTGCT-3(SEQ 1D
NQ. §), - TGATGTGCTGCT-3"(SEQ ID NO. 9), 5-TGACGTGCTGCT-3(SEQ 1D
NG. 10), 5°-TGCTGTGCTGCT-37(SEQ 1D NO. 11}, and - TGCCGTGCTOCT-37(SEQ
ID NO. 12y, The oligomucleotide may mclude cight locked nucleotides and four non-
locked nucleotides. The pattern of locked nucleotides may be such that at least positions

1,4, 9, and 12 arc locked nucleotides.

In yet another exemplary ermbodirent, the oligonucleotide is about § nuclcotides
w length. The oligonucleotide may cousist essentially of, or consists of the nucleotide
sequence 57- GTGCTGOT-37, where all or substantially all {e.g., at least about 6 or at least

about 7 are locked nucleotides.

In various embodiments, the region compleroentary to the seed region of the one or
more miR-15 family members comprises at least about four locked nucleotides. In
another embodiment, the oligonucleotide does not contain a stretch of nucleotides with
more than three contiguous non-locked nucleotides and/or more than three coutiguous

locked nucleotides.

With respect to non-locked mucleotides, the nucleotide may contain a 27
modification with respect to a 27 hydroxyl. In some embodiments, the 27 wodification
may be independently selected from deoxy, O-alkyl, G-methyl, hale, and fluoro. For
example, the 27 wodification may be deoxy. In av embodiment, all the non-locked

nucleotides in the oligonucleotide are 27 deoxy.
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The oligonucleotide may alse contain one or more phosphorothioate linkages. For
example, the oligonucleotide may be fully phosphorothioate-hinked or reay countain about

half or % phosphorothinate linkages.

Exemplary oligonucieotide inhibitors are shown in Table 1.

N

In other embodiments, the oligonucleotide may contain a 53 and or a 37 cap
structure. In yet another embodiment, the ohigonucieotide may further include & pendent

lipophilic group.

In another aspect, the wnvention provides pharmaceutical compositions and
formulations comprising the oligonucleotides of the invention, which may involve
weorporation of the oligonucleotide within a variety of macromolecular asserublies,
micelle, or liposome compositions for cellular delivery. In certain embodiments, the
oligonucleotides are formulated for conventional intravenous, subcutancous, or
intramuscular dosing. Such formulations may be conventional aqueous preparations, such
as formulation in saline. In certain cmbodiments, the compositions are suttable or
formutdated for mtradermal, subcutancous, intramuscular, miraperitoneal or intravenous

injection, or by direct injection into target tissue {e.g., cardiac tissue).

In still other aspects, the jnvention provides a method for delivering the
oligonucleotide and the pharmaceutical composition to maromalian celis ctther in vitro ot
ex vive, e.g., for treating, ameliorating, or preventing the progression of a condition in a
mammalian subject. The method may coroprise adranistering the oligonucleotide or
composition comprising the same to a population of target cells or a mammalian subject at
a dose cffective for target de-repression of Piml., The subiect may have a condition
associated with, mediated by, or resulting from, the expression of one or more miR-15
tamily moembers. Such conditions inclade, for exaruple, cardiac hvpertrophy, myocardial
infarction, heart failure {e.g., congestive heart failure), ischemia, ischemia reperfusion
injury, vascular damage, restenosis, pathologic cardiac fibrosis, or conditions associated
with cardiac transplantation.  Thus, the invention provides a use of the modified
oligonucleotides and compositions for treating such conditions, and for the preparation of

medicaments for such treaiments.
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Other aspects and embodiments of the invention will be apparent from the

following detailed description of the mvention.

DESCRIPTION OF THE FIGURES
Figure 1, Abundance of miR-15 family members in cardiocytes. MicroRNA copy

numbers per cell are measured by realstime PCR analysis and normalized to a

commercially available standard (Ambion).

Figure 2. miR-15 targets in cardiac tissue. Real-time PCR analysis demonstrates that
subcutancous delivery of 25 mg/kg of anti-ronR15b (M-10134) induces robust changes in

the expression of Bel2L2, BireS, Gin, and CdcZA in mice.

Figure 3. Anti-miR15b (M-10134) treatment affects target gene expression in a dose-
dependent manner. Real-time PCR analysis demonstrates a dose~-dependent de-repression
of miR-15 targets, particularly, Birc5, Gm, and CdcZA in mice. M-18591 is a non-

targeting control oligonucleotide.

Figure 4. Efficacy of miR-15 inhibitors against miR-15 targets measured by real-tirae
PCR analysis. Inhibitors M-10670, M-11211, M-11213, M-11214, M-11215, M-11220,
M-11221, and M-11222 appear to cxert the strongest cffect on miR-15 target genes in
mice. Error bars depict SEM.  Groups where p-valoe <0.001 are mdicated with an

asterisk.

Figure 5. The TagMan® MicroRNA Assay {(Applicd Biosystems) for guantifying

whibitor activity in vifro using real-tivaec PCR analysis.

Figure 6. Figure 6A shows miR-15 mhibitor ctficacy measured by two-step real-time
PCR analysis for miR-15a, miR-15b, miR-16, and miR-195. Figure 6B is a chart

summarizing the efficacy of cach miR-15 inhibitor.

Figure 7. The psiCHECK™-2 construct (Promega) for quantifying mhubitor activity

in vitro using the dual lociferase assay.



5

WO 2013/192486 PCT/US2013/046960

Figure §. Figure 8A shows miR-15 inhibitor cfficacy measured by dual luciferase
assay for miR-15a, miR-15b, miR-16, and muR-195. Figure 8B is a chart suromarizing the

efficacy of cach miR-~15 inhibitor.

Figure 9. Efficacy of a panel of miR-15 inhibitors on target gene de-repression.
Figure 9A shows that a therapeutic regimen of three doses (25 mg/kg per dose) of muR-15
inhibitors induces target gene de-repression in mice. Statistically significant groups with
the indicated p values are mndicated with an asterisk. Figure 9B shows that a therapeutic
regimen of three doses (25 mg/kg per dose) of miR-15 inhibitors is more potent than a

single dose regimen (235 mg/ky per dose).

Figure 18.  Kinctics of target gene de-repression by miR-15 inhibitors. Figure 10
shows that delivery of a single dose (23 mg/kg) of M-11215 induces potent silencing of

miR-15 targets in mice as carly as 24 hours post injection.

Figure 11.  (lobal and specific target gene de-repression by miR-15 mhibitors, Figure
11 shows that M-11214 clicits target gene de-repression that 18 specific to the muR-15
family {p-value: 0.01). The p-vahue for enrichment was calculated using a hypergeometric

distribution function.

Figure 12.  Efficacy of a pancl of miR-15 inlubitors on target gene de-repression in
rats. Figure 12A shows subcutancous fujection of a single dose of muR-15 inhibitors (25
mg/kg) induces target gene de-repression four days after treatment. In rats, the 16-mer
whibitors appear to be roore potent than the 12-wer mbubitors. Figure 12B compares
target gene de-repression by miR-15 inhibitors in rats versus in mice at day two after
treatment. The data for the graphs on the left were generated in rats, and the data for the
graphs on the right were generated in mice. In general, miR-15 inhibitors appear to have a
more potent cffect in rats than in mice, with the exception of 12-mer inhibitors, which do

not appear to be efficacious in rats.

Figure 13.  Efficacy of nuR-15 iohibitors on target gene de-repression 1o a rat stress
model. Figure 13 shows that a single dose of miR-15 inhibitors (25 mg/kg) induces target
gene de-repression in a rat model] of ischemia-reperfusion injury (n = 4; p~value <005 v.

baseline}. The p-value was calculated using ANOVA Newman-Keuls post test. Baseline

-3



5

WO 2013/192486 PCT/US2013/046960

represents non-infarcted controls. IR/Saline represents saline treated controls. M-10591 is

a non-targeting control oligonucleotide.

Figure 14.  Efficacy of miR-~15 inhibitors on the expression of mflammatory markers in
a rat stress model. Figure 14 shows the effect of a single dose of miR-15 inhibitors (25
mg/kgy on the expression of various inflammatory markers in a rat model of ischemia-
reperfusion injury (n = 4},  Bascline represents non-infarcted controls.  IR/Saling

represents saline treated controls. M-10591 18 a non-targeting control oligonucleotide.

Figure 15,  Efficacy of miR-15 imhibttors on myocardial infarction 1n a rat stress
model. Figures 15A and 158 show the effects of miR-15 inhibitors on the area of risk and
the size of myocardial infarction in a rat model of ischemia-reperfusion injury,
respectively (n = 10).  Saline represents saline treated controls. M-10591 is a non-

targeting control oligonucleotide.

Figure 16.  Efficacy of miR-15 inhibitors (M-11211 and M-11214} on ¢jection fraction
in a rat stress model. Figure 16 shows the effects of muiR-15 inhibitors on the ¢jection
fraction in a rat model of ischemia-reperfusion injury. AMC represents age matched

controls without injury. IR/Saline represents saline treated countrols.

DETAILED DESCRIPTION OF THE INVENTION

The invention provides chemically modified oligonucleotides capable of inhibiting
the expression (e.g., abundance} of miR-15 family miRNAs, including miR-15a, miR-15b,
miR-16, miR-195, miR-424, and miR-497. The mvention provides in some embodiments,
oligormucleotides capable of inhibiting, in a specific fashion, the expression or abundance
of cach of miR~15a, miR-~-15b, miR-16, muR-195, muR-424, and miR-~-497. The mvention
further provides pharmaceutical compositions comprising the oligonucleotides, and
methods of treating pationts having conditions or disorders relating to or invelving a nuR-
15 family miRNA, such as a various cardiovascular conditions. In various embodiments,
the oligonucieotides provide advantages in one or more of potency, cfficiency of delivery,

target specificity, toxicity, and/or stability.
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in one aspect, the invention provides an oligonucicotide capable of reducing the
expression or abundance of miR-15 family aiRNAs. The activity of the oligonucleotides
may be determined in vitro and/or in vive. For example, when inhibition of miR-135a,
miR-15b, miR-16, miR-195, miR-424, and miR-497 activity is determined in vitro, the
activity may be determined using a two-step real-time PUR assay or a dual luciferase
assay as described herein. The oligonucleotide significantly inhibits such activity, as
determined, for example, in the dual luciferase assay, at a concentration of about 75 oM or
less, or in other embodiments, about 50 nM or less, about 40 nM or less, about 20 nM or
less, or about 10 oM or less. For example, the oligonucicotide may bave an 150 for
inhibition of miR-15a, miR-15b, miR-16, miR-195, miR-424, and muiR-497 activity of
about 50 nM or less, about 40 nM or less, about 30 nM or less, or about 20 oM or less, as

determined in the dual luciferase assay.

The two-step PCR analysis, as exemplified by the commercially available
TaqMan® MicroRNA Assay (Applicd Biosystems), involves a quantitative PCR readout
which can be inhibited at two steps by an oligonucleotide inhibitor: 1) by inhibiting the
ability of the reverse transcriptase privaer to clongate during ¢DNA synthesis; and 2) by

inhibiting the ability of the PCR primer to amplify the ¢cDNA product.

The dual lociferase assay, as exemplified by the commercially available product
PsiCHECK™ (Promega), involves placement of the miR recognition site in the 3" UTR of
a gene for a detectable protein {e.g., renilla luciferase). The construct is co-expressed with
the target miRNA, such that inhibitor activity can be determined by change in signal. A
second gene encoding a detectable protein {e.g., fircfly luciferase) can be included on the

same plasmid, and the ratio of signals determined as an indication of anti-miR activity.

Alternatively, or in addition, the activity of the oligonucieotide may be determined
in a suitable mouse or rat model, such as those described herein, where inhibition {e.g., by
at least about 50%) of 2 miR-15 family nmuRNA 1s observed at an oligonucleotide dose of
about 50 mg/kg or less, about 25 mg/kg or less, such as about 10 myg/kg or less or about 5
mg/kg or less. In some embodiments, the activity of the oligonucleotides 1s determined in
an animal model described in WO 2008/016924, which descriptions are hereby
mcorporated by reference.  For cxample, the oligonucleotide may exhibit at lcast about

50% target miRNA inhibition or target de-repression at a dose of about 50 mg/kg or less,

9
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about 25 mg/kg or less, such as about 10 mg/kg or less or about 5 mg/kg or less. In such
embodiments, the oligonucieotide may be dosed intravenously or subcutancously to mice

or to rat, and the oligonucleotide may be formulated in saline.

in these or other embodiments, the oligonucieotides of the invention are stable
after admunistration, being detectable in the circulation and/or target organ for at least
about three weeks, at least about four weeks, at least about five weeks, or at ieast about six
weeks, or more, following administration.  Thus, the oligonucleotides of the invention
have the potential to provide for less frequent administration, lower doses, and/or longer

duration of therapeutic cffect.

The oligonucleotide comprises the mucleotide sequence 5'-GTGCTGCT-3” and is
substantially complemeuntary to a nucleotide sequence of huoman miR-154, muR-15b, rmR-
16, miR-195, miR-424, and miR-497. The oligonucleotide further contains at least one
locked nucleotide(s). For example, the oligonucleotide may contain at least eight or at
feast nine locked nucleotides. Generally, the length of the oligonuclestide and number and
position of locked nucleotides is such that the oligonucleotide reduces the activity of miR-
158, miR-15b, miR-16, miR-195, miR-424, and miR-497 at an oligonucleotide
concentration of about 50 nM or less in the in virro luciforase assay, or at a dose of about
50 mg'kg or less, or about 25 mg/kg or less in a suitable roouse or rat model, each as
described herein. A substantially complementary oligonucleotide may have from about |
to about 5 wismalches {e.g., 1 or about 2 or about 3 or about 4 or about 5 mismatches)
with respect to its target sequence of miR-135a, miR-15b, miR-16, miR-195, miR-424, and

miR-497.

The structure and processing of miR-15 fanuly merobers including muR-153, nuR-
15b, miR-16, miR-195, miR-424, and miR-497, as well as their potential for treating
cardiac hyperirophy, heart failure, or myocardial infarction (among other conditions), arc

escribed 1w WO 2009/062169, which is hereby incorporated by reference.  The pre-
miRNA sequences for human miR-15 family members {e.g. stem loop sequences), which
may be used for designing inhibitory miRNAs in accordance with the invention, are listed

below:

Human pre-miR-15a

10
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CCUUGGAGUA AAGUAGCAGC

CAGGCCATIAYU TIGUGCUGCCU
Human pre-miR-15b
UUGAGGCCUU AAAGUACHGU
CAAGATIGCG
NG, 14}

AUCAUUAUUU

Human pre-miR-16-1
GUCAGCAGUG CCHUAGCAGC

UAUCUCCAGU AUUAACUGUG

TOCAC

TCCA

Human pre-miR-16-2 GU

AUATTAUUAAA CACCAAUAIIU

Human pre-miR-195

~ N
SCAG

AGCUUCCCUG GCUCUA

UGCCAAUAUT GGCUGUGCUG

Human pre-miR-424

CGAGGGGAUA CAGCAGCAAT

SUGAGGC GCUGCUAUAC

A
SR

NO. 18)

Human pre-miR-497

ACCCCGGU

NN e

~ ST
CCA CCUGCUCCCE

CUGUGGCCAC GUCCAAACCA

AraTals

GCA

\r T
.]\J\.«

ACAUAAU

AGCAGCACAU

GCUGCUCHAG
ACGUAAATIAU

CUGCUGAAGU

UCU AGCAC

ACUGUGCUGC

Sy Ve

CACACGAAAUA

CUCCAGGCAG

UCAUGUUUUG

CCCCUCGUGE

Iata AN Yarsl
i L/\/ \/L‘\L'l\/h\"'

CACUGHGGUG

\CCGCCGA GG (SEQ ID NO. 19)

GCACGU

PCT/US2013/046960

UUGUGGADUU
A3G (SEQ ID NO. 13)

UGAAAAGGUG

CAUGGUUUAC AUGCUACAGU

AARUTIUAAGG AAAUUCAU (SEQID

GGCGUUAAG ATTUCUAARAT

© (SEQ ID NO. 15)

plol

AAGGUUGA
UUGGC

UUTJAGUGUGA € (SEQ IDNO. 16)

GUAGUGAAAU

P ~r
UUGGCACAGG

GGUGGUG (SEQ IDNO. 17)

GAAGCGAGUC

AAGUGUUCUA AAUGGUUCAA

GGAAGGUAGA AGGUGGGEG {SEQID
ACACUGUGGH UUGUACGGCA
UUAGAGCGAG GGUGGGGGAG

Each of the pre-miRNA sequences for each miR-13 famuly member is processed

inte a mature sequence and a star

SCQUCHCC.

The star sequence is processed from the other

strand of the stern loop structure. The mature and star sequences for cach of the miR-15

family members are given below:
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Human mature miR-135a

UAGCAGCACRUARUGGUUUGUG (SEQ ID NO. 20)

Human miR-15a%*

Hi

GGCCAUAUUGUGCUGCCUCA (SEQ 1D NOG. 213

Human mature miR-15b

UAGCAGCACAUCAUGGUUUACA (SEQ ID NO. 223

Human miR-15b*
CGAAUCAUUAUUUGCUGCUCUA (SEQ D NQO.

N
o
g

Human mature miR-16-1/miR-16-2

UAGCAGCACGUARAUAUTIGGCG {SEQ ID NG, 24)

Human miR-16-1*

CCAGUAUUARCUGUGCUGCUGA (SEQ ID NO. 25)

Human miR-16-2%

CCAAUAUTACUGUGCUGCUTUA {(SEQ 1D NQG. 26)

Human mature miR-195

UAGCAGCACAGARAAUAUUGGE (SEQIDNG.27)

Human miR-195%

CCAAUAUUGGCUGUGCUGCUCC (SEQ 1D NO. 28)

Human mature miR-424

CAGCAGCAAUUCRAUGUUUUGAA (SEQ 1D NO. 29)

Human miR-424%

PCT/US2013/046960
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Human mature miR-497

CRGCAGCACACUGUGGUUUGU (SEQ ID NQO. 31)

Human miR-497*

CAAACCACACUGUGGUGUUAGE (SEQ D NQG. 32)

Although the sced region {e.g. bases spanning 2 to 8 nucleotides of mature mikKNA
]

sequence) for all family woembers 18 highly conserved (AGCAGCAC), the 37 end of the

mature miRNA differs among the different family members.

it is contemplated that multiple members of the miR-15 family may be inhibited
sitnultancously by administering a single muR-15 inhibitor or by administering nultiple
inhibitors. For example, cach inhibitor may target a single miR-~15 family member or may
target multiple miR-15 family members. In sorac embodiments, a single miR-15 inhibitor
inhibits the expression or activity of two or more miR-15 family members. Such
inhibitors include, but are not limited to, M-10670, M-11211, M-11213, M-11214, M-
215, M-11220, M-11221, and M-10222.  In other ewbodirents, a single muR-15
inhibitor inhibits the expression or activity of three or more nuR-15 family members.
Such mubutors include, but are not hmited to, M-10670, M-11211, M-11213, M-11214,
M-11215, M-11220, M-11221, and M-10222. In further embodiments, a single miR-135
inhibitor inhibits the expression or activity of four or more miR-15 farnily roembers. Such
inhibitors may include, but are not himited to, M-11211, M-11213, M-11214, M-11215,
M-11220, and M-11221.

The oligonucleotide contains one or more locked nucleic acid (LNAs) residucs, or
“locked nucleotides”. LNAs are described, for example, in US Patent 6,268,490, US
Patent No. 6,316,198, US Patent No. 6,403,566, US Patent No. 6,770,748, US Patent No.
6,998,484, US Patent No. 6,670,461, and US Patent No. 7,034,133, all of which are hereby
incorporated by reference in their entireties. LNAs are medified nuclestides or
ribonucleotides that contain an extra bridge between the 2" and 4' carbons of the ribose

sugar moiety resulting in a "locked” conformation, and/or bicvclic structure. In one
}C:' } é:‘ 9 o

13
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cmbodiment, the oligenucleotide contains one or more ENAs having the structure shown
by structure A below. Alternatively or 1o addition, the oligonucleotide way contain one or
more LNAS having the structure shown by structure B below. Alternatively or in addition,
the oligonucleotide contains one or more LNAs having the structure shown by structure C

5 below.

Other suitable locked nucleotides that can be incorporated in the oligonucleotides
of the invention include those described in US Patent No. 6,403,566 and US Patent No.

6,833,361, both of which are hereby incorporated by reference 1o their entiveties.

10 In exemoplary embodiments, the locked nucleotides have a 27 to 47 methviene
bridge, as shown in structure A, for example. In still other embodiments, the locked
nucleotides have 4 bridge comprising an cthylenc group, which may or may not contain an

ether linkage at the 27 position.

The oligonucieotide may covaprise, consist cssentially of, or consist of, a full

15 length or truncated antisense sequence of a miR-15 family member. As used herein, the
terrn “full length” n reference to a miRNA sequence refers to the length of the mature
miRNA antisense counterpart. Thus, the inhibitors described herein may be truncated or

tull-length, antisense, mature muRNA sequences, or roay comprise these sequences in
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combination with other polynucleotide scquences. In certain embodiments, the chemical
modification motif described herein renders full length antiscuse viRNA (mature)
sequences unnecessary. In these embodiments, the oligonucleotide is from about 8 to
about 20 nucleotides 1 length, or s from about 8 to about 18 mucleotides in leungth, or is
from about 12 to about 17 nucleotides in length. The ohligonucleotide in some
cmbodiments is about &, about 9, about 10, about 11, about 12, about 13, about 14, about

15, about 16 nucleotides in length. The truncated oligonucleotide may have a sequence

that  targets, by antisense  inhibition, a muR-15a  sequence  within  5'-
UAGCAGCACAUAAUGGU-3" (SEQ ID NO. 333, a miR-~15b sequence within 57-

UAGCAGCACAUCAUGGU-3 (SEQ ID NO. 34), a miR-16 sequence within 5°-
UAGCAGCACGUAAAUAU-3 (SEQ 1D NO. 35), a muR-195 scquence within
UAGCAGCACAGAAAUAU-3 (SEQ ID NO. 36), 2 miR-424 scquence within 57-
CAGCAGCAAUUCAUGUU-3 (SEQ ID NO. 37}, or a miR-497 sequence within 57-
CAGCAGCACACUGUGGU-3" (SEQ 1D NO. 38).

The oligonucleotide generally has a nucleotide sequence designed to target mature
miR-15a, miR-15h, miR-16, miR-195, miR-424, and muR-497. The oligonuclcotide ray,
in these or other embodiments, also or alternatively be designed to target the pre- or pri-
miRNA forms. In certain embodiments, the oligonucleotide may be designed to have a
sequence containing froro about 1 to about 5 {e.g., about 1, about 2, about 3, or about 4)
mismatches relative to the fully complementary (mature} miR-15 sequence. In certain
embodiments, such antisense sequences way be incorporated into shRNAs or other RNA

structures containing stem and loop portions, for example.

In an exemplary embediment, the oligonucleotide is about 16 nucleotides in length.
The oligonucleotide may comprisc or consist essentially of a nucleotide sequence selected
from 5-ACCATTATGTGCTGCT-3 (SEQ 1D NG. 1), 5 -ACCATGATGTGCTGCT-3
(SEQ D NO. 2), S-ATATTTACGTGCTGCT-3 (SEQ 1D NO. 3y, and 5-
ATATTTCTGTOCTGCT-3” (SEQ ID NO. 4). The oligonucleotide may include a mix of
locked and non-locked nucleotides. For cxample, the oligonucleotide may include nine
locked nucleotides and seven non-locked nucleotides. The patiern of locked nucleotides

may be such that at least positions 1, 3, 8, 18, and 16 are locked nuclestides.

15



10

15

20

25

30

WO 2013/192486 PCT/US2013/046960

in another cxemplary embodiment, the oligonucleotide is about 12 nucleotides in
tength. The oligonucleotide roay comprise or consist essentially of a nucleotide sequence
selected from 5°- TTATGTGCTGCT-3(8EQ D NO. 5), 5" TTACGTGCTGCT-3" (SEQ
IDNO. 6), 37-TTCTGTGCTGCT-3" (SEQ D NO. 7), °-TTCCGTGCTGCT-3 (SEQ ID
NG &), -TGATGTGCTGCT-3” (SEQ 1D NOL 9), 5-TCGACGTGCTGCT-3" (SEQ ID
NO. 18y, - TGCTGTGCTGCT-3" (SEGQ ID NO. 11}, and 5°-TGCCGTGCTGCT-3" (SEQ
I3 NO. 12).  The oligonucleotide may include a wmix of locked and non-locked
nucleotides. For example, the oligonucleotide may nclade cight locked nucleotides and
four non-locked nucleotides. The pattern of locked vucleotides may be such that at least

positions 1, 4, 9, and 12 are locked nucleotides.

in yet another exemplary embodiment, the oligonucieotide is about § nucleotides
w length. The oligonucleotide may cousist essentially of, or consists of the nucleotide
sequence 5~ GTGCTGUT-37, where all or substantially all {e.g., at least about 6 or at least

about 7) are locked nucleotides.

The oligonucleotide generally contains at least about § locked nucleotides, but in
varigus embodiments is not fully comprised of locked nucleotides. Generally, the number
and position of locked nucleotides is such that the oligonucleotide reduces the activity of
miR-15a, muR-15b, miR-16, miR-~-195, miR-424, and miR-497 as determiined in vitro or in
vivo as described. In certain embodiments, the oligonucleotide does not contain a stretch
of nucleotides with more than about four, or more than about three, contiguous non-locked
nucleotides. In these or other embodiments, the region complementary to the miR-13a,
miR-15b, miR-16, nuR-195, miR-424, and nuR-497 seed region cornprises at least three

or at least four locked nucleotides.

For non-locked nucicotides, the nucleotide may contain a 27 modification with

3

respect to a 27 hydroxyl.  For example, the 27 modification may be 27 deoxy.
Incorporation of 2'-modified vucleotides in antisense oligonucleotides may increase both
resistance of the oligonucleotides to nucleases and their thermal stability with
complementary RNA.  Various modifications at the 27 positions may be independently
sclected from those that provide increased nuclease sensitivity, without compromising

molecular interactions with the RNA target or cellular machinery. Such modifications

may be selected on the basis of their increased potency in vitro or in vive. Exemplary
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methods for determining increased potency {e.g., IC50) for miRNA inhibition are
described herein, 1ncluding the dual lociferase assay and in vive miRNA expression or

target de-repression,

{n some embeodiments the 2° modification may be independently selected from O-
alkyl (which may be substituted), halo, and deoxy (H}. Substantially all, or all, nucleotide
27 positions of the non-locked nucleotides may be modified in certain embodiments, e.g.,
as independently selected from O-alkyl {e.g., O-methyl), halo {e.g., tluoro), deoxy (H),
and amino. For example, the 27 modifications may cach be independently selected from
O-methyl and fluoro. In cxemplary embodiments, purine nucleotides cach have a 2° OMe
and pyrimidioe nucleotides cach have a 2°-F. In certain embodiments, from one to about
five 27 positions, or from about one to about three 27 positions are left unmodified {e.g., as

2" hydroxyls).

27 modifications in accordance with the mvention also include small hydrocarbon
substituents.  The hydrocarbon substituents include alkyl, alkenyl, alkynyl, and
alkoxyalkyl, where the alkyl (including the alkyl portion of alkoxy), alkenyl and alkynyl
may be substituted or unsubstituted. The alkyl, alkenyl, and alkynyt may be C1 to C10
alkyl, altkenyl or alkynyl, such as Cl, C2, or C3. The hydrocarbon substituents may
wclude one or two or three non-carbon ators, which may be 1ndependeuntly selected from
N, O, and/or 8. The 27 modifications may further include the alkyl, alkenyl, and atkynyl

as O-alkyl, O-alkenyl, and O-alkynyl

Exemplary 27 modifications m accordance with the invention inchude 27-O-alkyl
{C1-3 alkyl, such as 2’0OMe or 2°0EL), 2'-O-methoxyethyl (2'-0-MOE)}, 2-C-aminopropy]
(2-0-AP), 2-O-dimethylaminocthyl (2-0-DMAQE), 2-O-dimethylaminopropyl (2'-0O-
DMAP), 2-O-dimethylaminoethyloxyethyl (2-0-DMAEQGE), or 2'-O-N-methylacetamido
(2'-0O-NMA) substitutions.

In certain embodiments, the oligonucicotide contains at least one 2’-halo
modification {e.g., i place of a 27 hydroxyl), such as 2'-fluoro, 2°-chloro, 2°-bromo, and
2’-iodo. In some embodiments, the 2° halo modification is fluoro. The oligonucleotide
may contain from 1 to about 5 27-halo modifications (e.g., fluoro), or from 1 to about 3 2°-

hale modifications {e.g., fluoro}. In some embodiments, the oligonucicotide contains all
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2'-fluoro nucleotides at non-locked positions, or 2’-fhioro on all non-locked pyrimidine
nucleotides. In certain embodiments, the 27-fluoro groups are mdependently di-, tri-, or

un-methylated.

The oligonucleotide may have one or more 2’-deoxy modifications {e.g., H for 2’
hydroxyl), and in some embodiments, contains from about 2 to about 10 2’-deoxy

modifications at non-locked positions, or contains 2°deoxy at all non-locked positions.

In exemplary embodiments, the oligonucleotide contains 27 positions modified as
2’0OMce in non-locked positions.  Alternatively, non-locked purine nucleotides are
modified at the 27 position as 2°0Me, with nov-locked pyrimidine nucleotides modified at

the 27 position as 2"-fluoro.

{n certain embodiments, the oligonuclestide further comprises at least one terminal
modification or “cap”. The cap may be a 3" and/or a 3'-cap structure. The terrs "cap” or
“end-cap” inchade chemical modifications at etther terminus of the oligonucleotide {with
respect to terminal ribonucicotides), and including modifications at the linkage between
the last two nucleotides on the 5° end and the last two nucleotides on the 3" end. The cap
structure as described hercin may incresse resistance of the oligonucleotide to
exonucleases without compromising molecular interactions with the RNA target or
cellular machinery. Such modifications may be sclected on the basis of their increased
potency in vitra ot in vive. The cap cav be present at the S'~termainus (5'-cap) or at the 3'-
terminus {3'-cap} or can be present on both ends. In certain embodiments, the 5'- and/or
3’~-cap 1s ndependently selected from phosphorothioate monophosphate, abasic residue
{moiecty}, phosphorothioate linkage, 4-thio nucleotide, carbocyclic nuclestide,
phosphorodithioate linkage, inverted mucleotide or mverted abasic moiety (2°-37 or 37-37),
phosphorodithioate  monophosphate, and  methyiphosphonate  moiety. The
phosphorothioate or phosphorodithioate linkage(s), when part of a cap structure, are
generally positioned between the two termunal nucleotides on the 57 end and the two

terninal nucleotides on the 3° end.

In certain cmbodiments, the oligonucleotide has at least one terminal
phosphorothioate monophosphate. The phosphorothicate monophosphate may support a

higher potency by inhibiting the action of exonucleases.  The phosphorothioate

I8



(¥4

10

Jo—
L4

WO 2013/192486 PCT/US2013/046960

monophosphate may be at the 57 and/or 3” end of the oligonucieotide. A phosphorothicate
movophosphate 18 defined by the following structures, where B is base, and R s a 2

modification as described above:

OH R

5' phosphorothioate monophosphate

O—p—15"

3' phosphorothioate monophosphate

Where the cap structure can support the chemistry of a locked mucicotide, the cap

structure may incorporate a locked nucleotide as described herein.

Phosphorothicate hinkages may be present in some cmbodiments, such as between
the last two nucleotides on the 53° and the 3" end {e.g., as part of a cap structure), or as
alternating with phosphodiester bonds. In these or other cmbodiments, the oligonucleotide
may coutain at least one terminal abasic residue at either or both the 57 and 37 ends. An
abasic moicty does not contain a commonly recognized purine or pyrimidine nucleotide
base, such as adenosiog, guanine, cytosine, uraci] or thymine. Thas, such abasic moicties
lack a nucleotide base or have other non-nucleotide base chemical groups at the I
position.  For example, the abasic nucleotide way be a reverse abasic nucleotide, eg.,
where a reverse abasic phosphoramidite is coupled via a 57 amidite {instead of 3" amidite)
resulting i a 5°-537 phosphate bond. The structure of & reverse sbasic nucleoside for the 57

and the 3” end of a polynucieotide s shown below.



WO 2013/192486 PCT/US2013/046960

OH
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The oligonucleotide may contain one or more phosphorothioate linkages.
Phosphorothicate linkages have been used to render oligonucicotides more resistant to
nuclease cleavage. For example, the polymucleotide may be partially phosphorothicate-

5 linked, for cxample, phosphorothioate linkages may alternate with phophediester linkages.
In certain embodiments, however, the oligonucieotide is fully phosphorothioate-linked. v
other embodiments, the oligonucleotide has from about one to about five or about one to

about three phosphate linkages.

In some embodiments, the nucleotide has one or more carboxamido-modified
10 bases as described in WO 2012/061810, which is hereby incorporated by reference,
inchading with respect to all exemplary pyrimidine carboxamido modifications disclosed

therein with heterocyclic substituents,

In exemplary ermbodiments, the oligonucleotide has the structure of a compound
listed in Table I, below. As depicted in Table 1, a plus sign {(e.g., +A) indicates a LNA
15  base. All other bases are DNA. Each miR-15 inhibitor has a fully phosphorothicate

linked backbone.
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inkibitor Alias

Length

inhibitor seguence
{5 m 3’}

Modification pattern

Predicted

rGCTGET

A CATTATGT

M-11206 { mir1lBa 16 1 i6 (SE\" T‘) NOL. L) FACCHA+TTHA+TGHT+GECTHGCT 86
ACCATTATGTGLTGC

M-11207 { mirl%a 16 2 16 (SE FACCA+T+TA+TG+T+EC+TG+C+T 35
ACCAT

M-11208 { miR15a 16 3 16 (S3EQ +ACHCAFTTHA+TEHTGHCT+HGCHT 91
ACCAT

M-10134 { mir15kb 16 1 16 (SEQ T FACCHAFTGHAF TG +T +GITHGCHT 87
ACCATGA CTGCT

M-11209 { mir15L 18 (SEQ ID 23 +ACCA+T+GA+TG+HT+GCHTG+CH+T 84
ACCATG TGOT

M-11210 { miR13L 16 3 16 (SEQ ID 23 FACHCA+TOHA+TE+TG+HOTHGCHT 92
ATATTTAC TGOT

M-10670 | mir16 16 1 is {(SEQ 1D NO. 3 FATAHTHTTHA+CGHTHGOTHEC+T 88
A TGCT

M-11211 { mir1l6 16 2 i6 (SEQ 3) AT+T+TAFCGHTHECHTGE+HCHT 83
ATATTTACGTGCTGCT

M-11217 { mirls 16 3 i6 (SEQ ID WO, 3) FATHAT+HTTHA+CGHTGHCT+ECHT 9z
ATATTTCTGTGCTGCT

M-11213 { mir195 16 1 i6 (SEQ ID NO. 4) +FATA+T+TT+CHTEHT+ECTHGCHT 33
ATATTTOTGTGCTGECT

M-11214 { mir195 16 2 16 (SEQ ID NO. 4) FATATHTHICHTIGHT+BCHTG+CHT 85
ATATTTCTGTGCTGCT

M-11215 { mir195 16 3 16 (SEQ ID NC. 4) +ATHATHTTHCAHTGHTGHCTHGECHT 87
’I‘TA’ICIGWI‘VC""

M~-10564 { miR15fam 12 1 12 SEQ ID NC. B) +TT+HA+T+ETHGCHT+GCHT 80
TTATJTGCTGCI

M-10566 { miR1S5fam 12 2 12 (SEQ C. FT+TA+TEHTGEHCHTEHCHT 78
TTAC G

M-11216 { miR1Sfam 12 3 i2 (SEQ FTTHA+C+ETHGCHTH+ECHT 83
TTC

M-105687 { miR1S5fam 12 4 12 (SE FTTHCHT+GTHGCHTHGCH+T 8
TTCTG

M-11217 | mirl5fam 12 5 12 (SEQ +T+TC+TGHTEHC+TGEHCHT 85
TTCCETECTS

M-11218 { mirRl5fam 12 6 i2 (SEQ ID N(_‘.-. 5‘) +T4+TCHCGHTGHCHTE+CHT 80
TGATCTOCTSCT

M-1121% { mirl5fan 12 7 i2 5y FTUGHAFT+HET+GCHT+GCHT a1

M-11220 { mirR15fanm 12 8 12 +T+GA+TGHTIGHCHTGEHCHT 75

M-11221 { miR15fam 12 9 12 +T+GA+CE+TGH+CHTG+CHT 30

M-11222 | miRl5fam 12 10 12 g.‘_.r,.\)_ T.D P«Ot 11) FTHGECHTE+HTEHCHTEHCHT 22
TGCTGT”CTCCT

M-11223 { miR15Ffam 12 11 12 EQ ID NO. 11} FTGHCHT+ETHGCHTHGECHT 22

L R T
M-11224 { miR15fam 12 12 12 g T+ GCHCEFTEHC+TEHCHT 36
M-10113 { mirRl53fam Tiny 8 GTGCTGCT FGHTHEHC+T+G+0+T 39

The synthesis of oligonucleotides, including modified polynuclectides,

by solid

phase synthesis is well known and 1s reviewed in New Chemical Methods for Synthesizing
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Polymucleotides. Caruthers MH, Beaucage SL, Efcavitch JW, Fisher EF, Matteucci MD,
Stabinsky Y. Nucleic Acids Symp. Ser. (73:215-23, (1980},

The oligonucleotide way be incorporated within a variety of macromolecular
asscmblics or compositions. Such complexes for delivery may include a varicty of
liposomes, nanoparticles, and micelles, formulated for delivery to a patient.  The
complexes may include one or more fusogenic or lipophilic molecules to initiate cellnlar
membrane penctration.  Such molecules are described, for example, in US Patent No.
7,404,969 and US Patent No. 7,202,227, which are hereby incorporated by reference i
their entireties.  Alternatively, the oligonucleotide may further comprise a pendant
Hpophilic group to aid cellular delivery, such as those described in WO 2010/129672,

which is hereby incorporated by reference

The composition or formulation may employ a plarality of therapeutic
oligonucleotides, including at least one described herein. For example, the composition or
formmulation may employ at least about 2, about 3, about 4, or about 5 miRNA inhibitors

described herein.

The ohgonucleotides of the invention may be formulated as a varicty of
pharmaceutical compositions. Pharmaceutical compositions will be prepared in a form
appropriate for the intended application. Generally, this will entail preparing compositions
that are cssentially free of pyrogens, as well as other impuritics that could be harmful to
humans or aninwls. Exemplary delivery/fornmlation systems inchide colloidal dispersion
systems, macromolecule complexes, nanocapsules, roicrospheres, beads, and hipid-based
systems including oil-in-water emulsions, micelles, mixed wmicelles, and liposomes.
Cornmercially available fat emulsions that are suitable for delivering the nucleic acids of
the invention to cardiac and skeletal muscle tissues include Intralipid®, Liposyn®,
Liposyn® M, Liposyn® L Nutrilipid, and other simular lipid emulsions. A preferred

collowdal em for use as a delivery vehicle 1o vivo 1s a liposome (i.e., av artificial
membrane vesicle). The preparation and use of such systems is well known in the art.
Exemplary forroudations are also disclosed in US Patent No. 5,981,505; US Patent No.
6,217,900; US Patent No. 6,383,512; US Patent No. 5,783,565; US Patent No. 7,202,227,
US Patent No. 6,379,965, US Patent No. 6,127,178; US Patent No. 5,837,533; US Patent
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No. 6,747,014; and WO 2003/093449, which are hereby incorporated by reference in their

entireties,

In some embodiments, the oligonucleotide 18 formulated for conventional
subcutaneous or intravenous administration, for example, by formulating with appropriate

aqueous diluent, including sterile water and normal saline.

The pharmaceutical compositions and formulations may craploy appropriate salts
and buffers to render delivery vehicles stable and allow for uptake by target cells.
Agqueous compositions of the present invention comprise an effective amount of the
delivery wvehicle comprsing the inhubitor ohigonucleotide (e.g. liposomes or other
complexes), dissolved or dispersed in a pharmaceutically acceptable carrier or aqueous
mediurn.  The phrases "pharmaceuntically acceptable” or "pharmacologically acceptable”
refers to molecular entities and compositions that do not produce adverse, allergic, or other
untoward reactions when administered to an animal or a2 human.  As uscd herein,
"pharmaceutically acceptable carrier” may include one or more solvents, buffers,
solutions, dispersion media, coatings, antibactenial and antifungal agents, isotonic and
absorption delaying agents and the like acceptable for use in formulating pharmaceuticals,
such as pharmaccuticals suitable for administration to humans. The use of such media and
agents for pharmaceutically active substances 1s well known 1o the art.  Supplementary

active ingredients also can be incorporated into the compositions.

Administration or delivery of the pharmaceutical compositions according to the
present mvention may be via any route so long as the target tissue 1s available via that
route. For example, administration may be by intradermal, subcutancous, intramuscular,
ntraperitoneal or infravenous injection, or by direct mjection into target fissue {e.g.,
cardiac tissue}. The stability and/or potency of the oligonucieotides disclosed herein
allows for convenient routes of administration, icluding subcutancous, intradermal, and
mtramuscular.  Pharmaceutical compositions comprising wiRNA inhibitors may also be
administered by catheter systems or systems that iselate corenary circulation for delivering
therapeutic agents to the heart, Various catheter systems for delivering therapeutic agents
to the heart and coronary vasculature are known in the art. Some non-lHimiting examples
of catheter-based delivery methods or coronary isolation mcthods suitable for use in the

present invention are disclosed in U.S. Patent No. 6,416,510; U.S. Patent No. 6,716,196;
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U.S. Patent No. 6,953,466, WO 2005/082440, WO 2006/089340, 1.8, Patent Publication
No. 2007/6203445, U.S. Patent Publication No. 2006/0148742, and U.S. Patent
Publication No. Z007/0060907, which arc all hereby incorporated by reference in their

entireties.

The compositions or forroulations may also be administered parenterally or
intraperitoneally. By way of illustration, solutions of the conjugates as free base or
pharmacologically acceptable salts can be prepared in water suitably mixed with a
surfactant, such as hydroxypropyleellulose. Dispersions can also be prepared in glycerol,
liquid polyethylene glycols, and mixtures thercof and in oils. Under ordinary conditions
of storage and use, these preparations generally contain a preservative to prevent the

growth of microorganisms.

The pharmaceutical forms suitable for injectable use or catheter delivery inciude,
for exarnple, sterile aqueocus solutions or dispersions and sterile powders for the
exteraporancous preparation of sterile injectable solutions or dispersions. Generally, these
preparations are sterile and fluid to the extent that casy injectability exists. Preparations
should be stable under the conditions of manufacture and storage and should be preserved
against the coutanunating action of microorganisms, such as bacteria and fungi
Appropriate solvents or dispersion media may contain, for exaraple, water, ethanel, polyol
{(for example, glycerol, propylene glycol, and liquid polyethylene glyeol, and the lLike),
suitable mixtures thereof, and vegetable oils. The proper fluidity can be mawmtained, for
cxample, by the use of a coating, such as lecithin, by the maintenance of the required
particle size 1n the casce of dispersion and by the use of surfactants. The prevention of the
action of microorganisms can be brought about by various antibacterial or antifungal
agents, for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the hike.
In many cases, it will be preferable to include isotonic agents, for example, sugars or
sodium chloride. Prolonged absorption of the injectable compositions can be brought
about by the use in the compositions of agents delaying absorption, for example,

aluminum monostearate and gelatin,

Sterile injectable solutions may be prepared by incorporating the conjugates in an
appropriate amount into a solvent slong with any other imngredients (for example as

enumerated above) as desired. Generally, dispersions are prepared by incorporating the
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various sterilized active ingredients into a sterile vehicle which contains the basic
dispersion medium and the desired other ingredients, e.g., as enumerated above. In the
case of sterile powders for the preparation of sterile injectable sohutions, the preferred
methods of preparation 1nclude vacuum-drying and freeze~drying techniques which yield a
powder of the active ingredient(s) plus any additional desired ingredient from a previously

sterile-filtered solution thereof.

Upon formulation, solutions are preferably admunistered in a manner compatible
with the dosage formulation and in such amount as is therapeutically effective. The
formmilations may casily be administered in a varicty of dosage forms such as injectable
solutions, drug release capsules and the like. For parenteral adminisiration tn an agueous
solution, for example, the solution generally is suitably buffered and the liquid diluent first
rendered isotonic for example with sufficient saline or ghicose. Such aqueous solutions
may be used, for example, for intravenous, intramuscular, subcutaneous and
mtraperitoneal adroinistration.  Preferably, sterile aqueous media are craployed as is
known to those of skill in the art, particularly in light of the present disclosure. By way of
tustration, a single dose may be disselved in 1 ml of isotonic NaCl solution and etther
added to 10600 mi of hypodermoclysis fluid or injected at the proposed site of infusion,
{sce for example, "Remington's Pharmaceutical Sciences” 15th Edition, pages 1035-1038%
and 1570-1580). Some varation in dosage will necessarily occur depending on the
condition of the subject being treated. The person responsible for administration will, in
any event, determine the appropriate dose for the mdividual subject. Moreover, for human
administration, preparations should meet sterility, pyrogenicity, general safety and purity

standards as required by FDA Office of Biologics standards.

The mvention provides a method for delivering oligonucleotides to 8 mammalian
cell (e.g., as part of a composition or formulation described herein), and methods for
treating, ameliorating, or preventing the progression of a condition in a mammalian
paticnt. The oligonucieotide or pharmaceutical coraposition roay be contacted in vitro or

ir vivo with a target cell {e.g., 2 mammalian cell). The cell may be a heart cell.

The method generally comprises administering the oligonuclestide or composition
comprising the saroe to 4 mammahan pationt or population of target cells.  The

oligonucieotide, as alrcady described, is a miRNA inhibitor {e.g., having a unucleotide
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sequence designed to inhibit expression or activity of a miR-15 family miRNA}. Thus, the
paticnt may have a coundition associated with, mediated by, or resulting from, miR-15
family cxpression. Such conditions are described in WO 2009/062169, which is hereby
meorporated by reference. These inchude, for exarople, cardiac hypertrophy, myocardial
infarction, heart failure {e.g., congestive heart failure), vascular damage, ischemia,
ischemia reperfusion injury, restenosis, or pathologic cardiac fibrosis as well as conditions
associated with cardiac transplantation. Thus, the invention provides a use of the medified
oligonucleotides and compositions of the invention for treating such conditions, and for

the preparation of medicaments for such treatroents.

In certain embodiments, the patient {e.g., haman patient) has one or wore risk
factors inchuding, for cxample, long standing uncontrolied hypertension, uncorrected
valvular discase, chronic angina, recent myocardial mfarction, congestive heart failure,
congenital predisposition to heart discase and pathological hypertrophy. Alternatively or
in addition, the patient may have been diagnosed as having a genetic predisposition to, for
example, cardiac hypertrophy, or may bave a familial history of, for example, cardiac

hypertrophy.

In this aspect, admunistration of an inhibitor of 8 MiR-15 family member resulis in
the improvement of one or more symptorons of, for example, cardiac hyperirophy, beart
failure, ischemia, ischemia reperfusion injury, or myocardial infarction in the subject, or in
the delay in the transition from cardiac hyperirophy fo heart failure. The one or wore
improved symptoms may be, for cxample, increased exercise capacity, increased cardiac
ciection volume, decreased left ventricular end diastolic pressure, decrcased pulmonary
capillary wedge pressure, increased cardiac output, increased cardiac index, lowered
pulmonary artery pressures, decrcased left ventricular end systolic and  diastolic
dimensions, decreased left and right ventricular wall stress, decreased wall tension,
increased quality of life, and decreased disease related morbidity or mortality. In addition,
use of inhibuors of miR-~15 family members may prevent cardiac hypertrophy and its

associated symptoms from arising,.

{n some embodiments of the invention, an inhibitor of the miR-15 family members
may be administered in combination with other therapeutic modalities.  For example, a

miR-15 inhibitor of the invention may be administered in conjunction with other types of
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therapeutic agents such as anti-hyperlipoproteinemic agents, anti-arteriosclerotic agents,
anti-thrombotic/fibrinolytic  agents, blood coagulants, anti-arrhythmic ageuts, anti-
hypertensive agents, treatment agents for congestive heart failure, anti-anginal agents,
anti-bacterial agents, vasodilators, hormone antagonists, iontropes, diuretics, endothehin
receptor antagenists, calctum channel blockers, phosphodiesterase inhibitors, angiotensin
I converting cnzyme (ACE) inhibitors, cytokine blockers/inhibitors, HDAC inhibitors or
a combination thereof. The combination therapy also may tnvolve inhibiting the
expression or activity of additional muRNAs mmvelved in cardiac remodeling such as rmR-
499, miR-208, miR-208b and miR-21, which are described in WO 2012/083005 and
WOZ000/058818, the contents of which are hereby incorporated by reference. Further, a
miR-~15 inhibitor way be adrministered in conjunction with surgery. A miR-~15 wmhnbitor
may also be administered together with non-pharmacological means of treatment. For
exaraple, with respect to cardiac disorders, non-pharmacological treatroent may involve

reducing sodium in the diet.

In various embodiments, the pharmaceutical composition is administered by
parcnteral administration or by direct injection into heart tissue.  The parenteral
administration may be intravenous, subcutancous, or intramuscular, In some
embodiments, the composition 18 administered by oral, transdermal, sustained release,
controlled release, delaved release, suppostiory, catheter, or sublingual admimstration. In
certain embodiments, the oligonucleotide is administered at a dose of about 25 mg/kg or
fess, or a dose of about 10 mg/kg or less, or a dose of about 5 mg/kg or less. In these
embodiments, the oligonucleotide or composition may be administered by intramuscular

or subcutaneous injection, or intravenously.

In certain embodiments, the activity of miR-15a, miR-15b, miR-16, miR-195,
miR-424, and miR-497 in cardiac tissue, or as determined in patient serum, is reduced or

mhibited.

in an embeodiment, the method of the invention may comprise administering a
miR-~15 family iohibitor, which may be an oligonucleotide described herem, to a
population of target cells or a mammalian subject at a dose cffective for target de-
repression of Pirnl. In a further embodiment, the present invention also provides method

of regulating expression of Piml and other target genes such as Bel2L.2, BireS, Grn, and
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Cde2A in a cell comprising contacting the cell with a miR-15 inhibitor. In an
embodiment, the expression of Pimi, Bei2Ll2, BireS, Gro, and Cde2A are increased
following administration of 2 miR-~15 inhibitor. Expression of Pimi and/or other markers
described herein may be monitored before, during, or after treatmeunt to determine

treatment response.

In some embodiments, the methods further comprise scavenging or clearing the
miRNA inhibitors following treatment.  For cxample, an oligonucicotide having a
nucleotide sequence that is complementary to the inhibitor may be administered after

therapy to attenuate or stop the function of the inhibitor.

The present invention is further illustrated by the following examples that should
not be coustrued as funiting. The contents of all references, patents, and published patent
applications cited throughout this application, as well as the Figures, are incorporated

herein by reference in their entirety for all purposes.

EXAMPLES

Example 1; Abundance of miR-15 family mermbers in cardiac tissue

The abundance of miR-15 family members i cardiac tissue was assessed by real-
time PCR analysis. Specifically, total RNA was extracted from human (n=6), porcine
{(n=6)}, and mouse (n=30) cardiocytes. MicroRNA copy numbers per cell was then
determined using real-time PCR and normalized to a coramercially available standard

{ Ambion).

The results (Figure 1) show that miR-~16 is the most abundant of the miR-13
farnily members in cardiac tissue, with approximately 10,000 copes per cell. Other iR~
15 family members including miR-15a, miR-15b, miR-195, miR-497, miR-424, and miR-
322 are cxpressed at approximately 1,000 copies per celll In addition, miR-322 appears to
be only expressed in rodents while miR~-424 expression appears to be restricted to larger

animals (e.g., human and pigs).

Example 2: Identification of cene tarcets regudated by miR-15 family members
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A panel of miRINA inhibitors (single stranded oligonucleotides) was synthesized
targetiong the miR-15 family (miR-15a, miR-15b, miR-16, miR-195, miR-497, miR-424,
and miR-322). The sequences and modification patterns are shown in Table 1. The pancl
meluded multiple lengths of reverse complersent inhibitors ranging from 8 nucleotides to
16 nucleotides. The number of LNA modifications was varied as well as the location of

the LNA modifications in the oligonucleotide.

Previous studies have identified potential gene targets regulated by the miR-15
family members. To identify spectfic miR-~15 family targets in cardiac tissue, wild-type
C57BL6 mice were subcutancously injected with either saline, or 25 mg/kg of a control
oligonucleotide or an anti-miR15b ohigonucleotide (M-10134). Three doses were given
during a treatment period of three days. Cardiac tissue was harvested at 24 hours
following the last jujection, and target gene expression was assessed by real-time PCR.
The results (Figure 2) show that expression of Bel2E2, Bire3, O, and Cde2A increases
significantly following miR15b inhibition, suggesting that these genes are regulated by

miR-15 family members in cardiac tissue.

To further verify miR-~15 family targets, wild-type C57/BL6 mice were
subcutancously mjected with cither sahine, or 2.8 mg/kg, 10 mg/kg, or 25 mg/kg ot a
control ohigonucieotide or an anti-muR 15b oligonucleotide (M-10134). Three doses were
given during a treatment period of three days. Cardiac tissue was harvested at 24 hours
following the last injection, and target gene expression was assessed by real-time PCR.
The results (Figure 3) show that Birc5, Cdc2 A, and Grn are particularly sensitive to miR-
15b inhibition. Specifically, expression of these genes increases in response to miR-15b

inhibition in a dose-dependent manner.

Example 3 Activity of miRNA inhibitors targeting the muR- 15 family

Twenty five miRNA inhibitors {as shown in Table 1) were tested for their ability to

inhibit miR-15 family members.

A, fn vive inhibition of miR-18 family members by miRNA inhibitors

To determine the efficacy of miR 135 inhibitors on miR15 target gene expression,

wild~-type CS7/BL6 mice were subcutancously mnjected with either saline, or 23 mg/kg ofa
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control oligonuclestide or individual anti-miR 15 oligonucieotides. Three doses were
given during a treatment period of three days. Cardiac tissue was harvesied at 24 hours
following the last mjection, and target gene expression was assessed by real-time PCR.
As shown in Figure 4, the length of the raiRNA inhibitor as well as LNA patterns jropart
distinct inhibitory activities. Particularly, inhibitors M-10670, M-11211, M-11213, M-
214, M-11215, M-11220, M-11221, M-11222 strongly affect the expression of miR-15
target genes such as Bircs, Cdc2A, Grn, CenD, and CenD2. These inhibitors vary from
12 mucleotides i length to 16 nuclecotides 1o length, Of these, the 12-mer inhibitor M-
11211 appears to exhibit the most potent inhibitory activity, affecting the expression of

four out of five miR-15 target genes.

A two-step real-time PCR assay (Applied Biosystems) was utilized fo assess the
ability of iR NA inhibitors to inhibit individual miR-15 family members. Specifically,
the potent compounds identified previously including M-10670, M-11211, M-11213, M-
11214, M-11215, M-11220, M-11221, M-11222 were tested for their effects on miR-15a,
miR-15b, miR16, and miR-195 expression. Wild-type C57/BL6 mice were
subcutancously mjected with cither sahine, or 25 mg/kg of a control oligonucleotide or
anti-miR 15 oligonucleotides as previously described. Three doses were given during a
treatment period of three days. The results (Figures 6A and 6B) show that the 12-mer
mhibitor M-11220 is the best inhibitor tested and inhibits all four miR-15 famuly mewbers
including miR-15a, miR-15b, miR16, and miR195. The 16-mer inhibitors (i.e., M-10670,
M-11211, M-11213, M-11214, and M-11215) inhibit three or more family merbers to

varying degrees.

B. /n vitro inhibition of miR-15 family members by miRNA inhibitors

Activities of the miRNA inhibitors were tested in vigro utilizing a dual-luciferase
assay. Specifically, HeLa cells were transtected with varying concentrations of a rmiR-15
mhubitor as well as 25 ng/well of a reporter plastid. In particular, the miR-1935 dual
huciferase construct did not appear to be as sensitive as the other constructs with regard to
microRNA inhibition, as demonstrated by the need to transfect inhibitor concendrations in
the range of 2 to 50 nM, compared to §.31 to 8.3 nM for the other constructs. The results
{Figures 8A and 8B) show that the 12-mer inhibitor M-11220 is the best inhibitor tested

and inhibited all four miR-15 family members. The 16-mer mhibitors ((.e., M-10670, M-
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1211, M-11213, M-11214, and M-112135} inhibit three or more family members to

varying degrees.

Example 4: I vive activity of miBRNA inhibitors targeting the tiR-15 family

A Daosage-dependent de-repression of miR-~15 tarcets by miRNA inhibitors

A study was performed to compare different dosage regimens of miR-15
inhibitors. Specifically, one group of mice was subcutancously injected with inhibitors M-
10670, M-1121E, M-11213, M-11214, M-T1215, M-11220, M-11221, or M-11222 at a
dosage of 25 mg/kg. The inhibitors were administered three times over a course of three
days (3x25MPK regimen) (Figure ®A). In comparison, a sccond group of mice was
treated with only a single dose of the miR-15 inhubitors at 25 mg/kg (1x25MPK regimen).
The results (Figure 98) show that the 3x25MPK regimen is more potent in affecting

target gene expression than the 1x25MPK regimen.

B. Kinetics of targct de-repression by muRNA inhibitors

A time-course study was performed to determine the kinetics of target de-
repression by miR-15 inhibitors. Specifically, mice were subcutaneously injected with 25
mg/kg of M-11215. Only a single dose was admimstered. Cardiae tissue was harvested at
either 24 hours, 48 hours, 72 hours, or 98 hours post injection. As shown in Figure 18, a
single dose of M-112135 elicits de-repression of target genes such as BireS as carly as 24

hours post treatoent.

C. Global and specific target de-repression by iR NA inhibitors

T

Whole genome microarray profiling was performed to determine the specificity of
target de-repression by the miR-15 inhibitors. Specifically, total RNA was extracted from
the cardiac tissue of M-11214 treated mice and saline treated mice. The RNA was
subsequently subjected to whole genome microarray profiling. Of the genes that were
upregulated when M-11214-treated cardiac total RNA was compared to saline-treated total
RNA, miR-13 seed-containing genes were entiched n the upregulated gene signature (p-
value: 0.01; Figure 11}, This result demonstrates that M-11214 elicits target gene de-

repression that 18 specific to the muR-15 family.
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Example 5: fn vive activity of miR-15 mhibitors in rats

The in vive activities of the miR-15 inhibitors were further tested in rats. More
specifically, Sprague-Dawley rats (49 to 52 days of age) were wjected with 25 mg/kg of
miR-15 inhibitors including M-10670, M-11211, M-11213, M-11214, M-11215, M-
11220, M-11221, or M-11222. Only a single dose was adnunstered. Cardiac tissucs were
harvested at day four post injection, and target gene expression was analyzed. The results
show {Figure 12A) that 16-mer inhibitors appear to have a8 more potent effect on target

gene eXpression in rats.

Resuits also suggest Pim1 to be a novel gene target of the tR-15 family.
Overexpression of Pim1 has previcusly been shown to result in increased proliferative
activity of cardiac progenitor cells (CPCs). CPCs are self-renewing cells that produce
daunghter cells which supply the heart with new myocytes and vessels, thereby stinmlating
myocardial regeneration. The link between miR-15 and Piml suggests that inhibition of
miR-~15 results in the production of new cardiomyocytes, which can potentially be

beneficial for repairing cardiac darnage.

Further, a comparison study was conducted to examine the efficacy of the muR-15
inhibitors in rats and in mice. Spraguec-Dawley rats were treated with miR-15 inhibitors as
previously described, and cardiac tissue was analyzed for miR-15 target gene expression at
48 hours post igjection. As shown in Figure 128, miR-15 inhibitors appear to have a
more potent offect in rats than in mice with the exception of the 12-mer inhibitors which

do not appear to be effective in rats,

Example 6: {n vivo activity of miR-15 inhibitors in g rat ischemis-reperfusion injury

model

A. Target gene de-repression by miR-13 inhibitors

The in vivo activities of the miR-15 mhibitors were tested in a rat tschemia-
cperfusion injury model. Specifically, in the ischemia/reperfusion model, the rats were
wjected intravenously with a single dose (25 mag/kg) of nuR-15 inhibitors inchuding M-

10670, M-11211, M-11214, or M-10591. The rats were sacrificed at 72 hours after

reperfusion, and tissues were harvested and analyzed for target gene expression {as
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measured by real-time PCR). As shown in Figure 13, all miR-15 inhibitors induced
significant de-repression of target genes including Bire5, CdeZa, and Granulin when

compared to non-infarcted controis (bascline).

B. Suppression of inflammatory markers by miR-13 inhibitors

{schemia-reperfusion injury elevated the mRNA expression of various
mflammatory markers including VCAM, ITGAM, and CD40 in the border zone of the
myocardial infarction. The effects of the miR-13 inhibitors on inflammatory marker

expression in the border zone are shown in Figure 14.

C. Reduction of mvocardial infarction by muR-15 inhibitors

This study evaluates the effect of miR-15 inhibitors on myocardial infarction.
Specifically, the arca of risk as well as the size of myocardial infarction were analyzed at
three days post ischemia-reperfusion injury. The effects of the miR-15 inhibitors on the
arca of risk and the size of myocardial infarction arc shown in Figures 15A and 15B,

respectively.

D. Improvement of eiection fraction by miR-15 inhibtiors

This study evaluates the effects of miR-15 inhibitors on ejection fraction using a
rat ischemia-reperfusion injury model. Specifically, the rats were injected mtravenously
with a single dose (25 mg/kg) of miR-15 inhubitors including M-11211 and M-11214 at
the time of reperfusion as well as one, two, and three weeks after reperfusion (total of four
mjections). As shown in Figure 16, miR-15 inhibitors significantly improved the ejection
fraction at four weeks following ischemia-reperfusion injury when compared to saline

treated animals,
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CLAIMS:

i. An oligonucleotide containing at least one locked nucleotide,

wherein said oligonuclestide comprises the nucleotide sequence 5'-GTGCTGLT-

37 and 1s substantially comaplementary to a nucleotide sequence of one or more muR-15

family members, and

wherein said oligonucleotide reduces or inhibits the activity of one or more miR-13
farmnily merbers at an oligonucicotide concentration of about 50 oM or less in an in vifro

huctferase assay, or at a dose of about 25 myg/kg or less in a rodent model.

2. The oligonucleotide of claira 1, wherein said one or more raiR-15 family members

is selected from miR-15a, miR-15b, miR-16, miR-195, miR-424, and miR-497.

3 The oligonucicotide of claim 1 or 2, containing at least cight locked nucleotides.

4. The oligonucleotide of any one claims 1-3, wherein said oligonucleotide is from

about 8 to about 18 nucleotides in length,

5. The oligonucleotide of claim 4, wherein said oligonucleotide is from about 12 o

about 17 nucleotides in length.

6. The oligonucleotide of claim 5, wherein said oligonucleotide is about 16

nucleotides in length.

7. The oligonucleotide of claim 3 or 6, corprising a nucleotide sequence sclected
from 5 -ACCATTATGTGCTGCT-3” (SEQ ID NO. 1), 5-ACCATGATGTGCTGCT-Y
(SEGQ ID NO. 2), S-ATATTTACGTIGCTGCT-3" (SEQ ID NO. 3), and 5°-
ATATTTCTGTGCTGCT-37 (SEQ ID NG, 4).
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8. The oligonucleotide of claim 6 or 7, containing nine locked nucleotides and/or

seven non-locked nucleotides.

8, The oligonucleotide of any one of claims 6-8, wherein at lcast positions 1, 5, 8, 19,

and 16 are locked nucleotides.

186.  The ohgonucleotide of claim 4, wherein said oligonucleotide s about 12

nucleotides n length.

1. The ohgonucleotide of claim 4 or 10, comprising a nucleotide sequence selected
from 57- TTATGTGCTGCT-3’ (SEQ 1D NGO, 5}, S™-TTACGTGCTGCT-3" (SEQ 1D NQO.
63, S’-TTCTGTGCTGCT-3 (SEQ ID NO. 7y, - TTCCGTGCTGCT-3 (SEQ 1D NG 8),
S-TGATGTGCTGCT-3" (SEQ D NO. 9y, -TGACGTGCTGCT-3” (SEQ ID NO. 10),
5-TGCTGTGCTGCT-3 (SEQ ID NO. 11), and 5-TGCCGTGCTGCT-3" (SEQ 1D NO.
12).

12.  The oligonucleotide of claim 10 or 11, contairung eight locked nucleotides and/or

four non~-locked nucleotides.

i3, The oligonucleotide of any one of claims 10-12, wherein at lcast positions 1, 4, 9,

and 12 are locked nucleotides.

14.  The oligonucleotide of claim 4, wherein said oligonucleotide is about § nucleotides

in length.

15.  The oligonucleotide of claim 14, having substantially all locked nucleotides and a

nucleotide sequence of 5°- GTGCTGCT-37.
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16.  The oliponucleotide of any one of claims 1-15, wherein the region complementary
to the seed region of the one or more muR-1S5 family members coraprises at least four

locked nucleotides.

17.  The oligonucleotide of any one of claims 1-16, wherein said ohigonucleotide does
not contain a stretch of nuclestides with more than three contiguous non-locked

nucleotides and/or more than three contiguous locked nucleotides.

18, The oligonucleotide of any ove of claims 1-17, wherein at least one non-locked
nucleotide is selected from 27 deoxy, 2°-O-methyl, 2°-O-alkyl, 27-halo, and 2"-fluoro

nucleotides,

19,  The oligonucleotide of claim 18, wherein at least one non-locked nucieotide is

2'deoxy.

26, The oligonucieotide of claim 19, wherein all non-locked nucleotides are 27 deoxy.

21, The oligonucleotide of any one of claims 1-20, wherein the locked nucleotide has a

2710 4 bridge commprising an ethylene or mcthylene group.

22, The oligonucleotide of claim 21, wherein the locked nucleotide has a 27 10 4

methylene bridge.

23.  The oligonucleotide of any oue of claims 1-22, having a 57 and/or 37 cap structure.

24.  The oligonmucleotide of any one of claims 1-23, containing one or more

phosphorothioate linkages.
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28, The oligonucleotide of claim 24, wherein the oligonucleotide 18 fully

phosphorothioate-hoked.

o
-

The oligonucleotide of claim 24, having from one to three phosphate linkages.

27.  The oligonucleotide of claim 1, having the structure of compound M-10113, M-
10134, M-10564, M-10566, M-10567, M-10670, M-11206, M-11207, M-11208, M-
11209, M-T1210, M-1121F, M-11212, M-11213, M-11214, M-11215, M-11216, M-
P1217, M-11218, M-11219, M-11220, M-11221, M-11222, M-~11223, or M-11224,

28. The oligonuclestide of anv one of claims 1-27, further comprising a pendent
& ¥ >

lipophilic group.

29. A pharmacestical cowposition  covoprising  aun  effective amount of the
oligomucleotide of any one of claims 1-28, or a pharmaceutically-acceptable salt thereof,

and a pharmaceutically-acceptable carvier or dituent.

38,  The pharmaceutical composition of claim 29, wherein the pharmaceutically-
acceptable carrier comprises a collowdal dispersion systermn, macromolecular complex,
nanocapsule, microsphere, bead, oil-in-water emulsion, micelle, mixed micelle, or

liposore.

31,  The pharmaceutical composition of claim 29, wherein the pharmaceutically-

acceptable carrier or diluent consists essentially of saline.

32. A mcthod of reducing or inhibiting the activity of one or more miR-15 family
members in a cell comprising contacting said cell with the oligonucleotide of any one of

claims [-28 or the composition of any one of claims 29-31.
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33. The method of claim 32, wherein said cell is a mammalian cell

34. The method of claim 33, wherein said cell 1s a heart cell.

3

5, The method of claim 32, wherein said cell is in vive or ex vivo.

36. A mcthod of preventing or treating a condition in a subject associated with or
mediated by one or more miR-15 family merobers, comprising adwinistering to the subject

at least one miR-15 family inhibitor at a dose sufficient for target de-repression of Pim1.

37.  The mcthod of claim 36, wherein the muR 15 farmly inhibitor 1s an oligonucleotide

of any one of claims 1-28.

38. The method of claim 36, comprising administering to the subject the

pharmaceutical composttion of any one of ¢laims 29-31.

39, The method of claim 38, wherein said pharmaceutical composition ts administered

by parenteral adromistration or by direct injection into heart tissue.

44, The method of claim 39, wherein said parenteral admunistration i3 intravenous,

subcutancous, intraperitoneal, or intramuscular.

4%,  The method of any one of claims 38-40, wherein said composition 15 administered
by oral, transdermal, sustained release, controlled release, delayed release, suppository,

catheter, or sublingual adroinistration.

42.  The method of any one of claims 36-41, wherein the coudition 1s a heart condition.
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43, The method of claim 42, wherein the heart condition is pathologic cardiac

hypertrophy, myocardial infarction, heart fatlure, ischemia, or ischernta reperfusion injury.
¥ ¥, 1y : 5 Y

44, The method of claim 42, wherein the heart condition is associated with cardiac

transplantation.

45,  The method of any one of claims 36-44, wherein said subject is human.

g

()
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FIGURE 2

Relative Gene Expression in Heart After S8ubcutaneous
Injection of Mi-10134
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FIGURE 4
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