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(57) Abstract: The present invention provides oligonucleotide inhibitors of miR-92 and methods of using said inhibitors for inhibit-
ing the function and/or activity of miR-92 in a subject in need thereot. The present invention also provides methods for evaluating or
monitoring the efticacy of a therapeutic for promoting wound healing and selecting a subject for treatment with a therapeutic that
O modulates miR-92 function and/or activity.
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MIR-92 INHIBITORS AND USES THEREOF

RELATED APPLICATION
[0081] The application clairus the benefit of U.S. Provisional Application Serial No. 62/105,546,

filed January 20, 2015, which 1s incorporated by reference in its entirety.

FIELD OF THE INVENTION
{0062] The present invention relates generally to modulators of nuR-92 function and/or activity,
for example, oligonucleotides that are miR-92 wmhibitors, and biomarkers for modulators of miR-

92 function and/or activity and uses thereof

BACKGROUND OF THE INVERTION

{06063] Diabetes and non-healing diabetic foot ulcers are the leading causes of non-traumatic
lower extremity amputation 1 the US. Diabetic foot ulcers fail to heal due to an msufficient
biood supply, ischemua, neuropathy, poor glucose conirol, infection, and other contributing
factors. Treatment generally includes debridement, imfection control, off-loading, and may
mclude admimistration of etther growth factors (e.g., platelet-derived growth factor (PDGE)) or
biologic dressings.

{00084} MicroRNAs {miRNAs) are a class of small, endogenous and non-coding RINAs able to
negatively regulate gene expression by targeting specific messenger RNAs (mRNAs) and
mnducing their degradation or translational repression (Ambros, Nature 431:350-355 (2004);
Bartel, Cell 136:215-233 (2009)). A recent study has defined mRNA degradation as the
predominant mechamstic effect of nmuRNA on its mRNA targets (Guo er al, Nature
2010;466:835-840).

{0005} MicroRNAs have been implicated in a number of biclogical processes mncluding
regulation and mamntenance of cardiac function, vascular inflammation and development of
vascular pathologies {see Eva Van Rooy and Eric Olson, I Clin. Invest. 117(9):2369-2376
(2007y; Chien, Nature 447:389-390 (2007); Kartha and Subramanian, J. Cardiovasc. Transl. Res.
3:256-270 {2010); Urbich ef al., Cardiovasc. Res. 79:581-588 (2008)). nuRNAs have also been
reported to be involved in the development of organisms (Ambros, Cell 113:673-676 (2003)) and
are differentially expressed n numerous tissues {(Xu ef al, Curr. Biol 13:790-795 (2003}

Landgraf er af., Cell 129:1401-14 (2007)), i vwral nfection processes (Pfeffer er al., Science
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304:734-736 (2004}, and assoctated with oncogenesis (Calin ez /., Proc. Natl. Acad. Sci. USA
101:2999-3004 (2004)); Calin ef al., Proc. Natl. Acad. Sci. USA 99(24):15524-15529 (2002)).
{0006} Accordingly, modulating the function and/or activity of microRNAs may present
therapeutic targets in the development of effective treatments for a variety of conditions.
However, delivery of an antisense-based therapeutic targeting a nuRNA can pose several
challenges. The binding affinity and specificity to a specific miRNA, efficiency of cellular
uptake, and nuclease resistance can all be factors in the delivery and activity of an
oligonucleotide-based therapeutic. For example, when oligonucleotides are introduced into
mntact cells they may be attacked and degraded by nucleases leading to a loss of activity. Thus, a
useful antisense therapeutic may have good resistance to extra- and intracellular nucleases, as
well as be able to penetrate the cell membrane. Conversely, if on-target effects are undesirable in
tissues and sites other than that in which the therapeutic 15 administered, sensitivity to nuclease
degradation may limit distal tissue exposure and activity or lumit systemic toxicity.

{0007] Thus, there 1s a need for stable and efficacious oligonucleotide-based nhibitors including
those for such miRNAs as, for example, miR-92. There 15 also a need for identification of
biomarkers for nuRNA modulators, for gmding treatment decisions. The oligonucleotides of the
present mvention can have advantages m potency, efficiency of delivery, target specificity,

stabtlity, and/or toxicity when admnistered to a subject.

SUMMARY OF THE INVENTION
{B008] The present invention provides an oligonucleotide comprising a sequence selected from
Table 1 and Table 2. The oligonucleotide can comprise at least one non-locked nucleotide that 1s
2” O-alkyl or 2° halo modified. In some embodiments, the oligonucleotide comprises at least one
LNA that has a 2° to 4™ methylene bridge. In some embodiments, the oligonuclestide has a &
cap structure, 3’ cap structure, or 5 and 37 cap structure. In some embodiments, the
oligonucleotide comprises one or more phosphorothioate linkages. In some embodiments, the
oligonucleotide is fully phosphorothicate-linked. In vet other embodiments, the oligonucleotide
comprises a pendent lipophilic group. Also provided herein 1s a pharmaceutical composition
comprising an effective amount of the oligonucleotide or a pharmaceutically-acceptable salt
thereof, and a pharmaceutically-acceptable carrier or diluent. In some embodiments, the

pharmaceutically-acceptable carrier comprises a colloidal dispersion system, macromolecular
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complex, nanocapsule, microsphere, bead, oil-in-water emulsion, micelle, mixed micelle, or
liposome.

{0009] The present mvention also provides a method of reducing or inhibiting activity of miR-92
m a cell comprising contacting the cell with an oligonucleotide disclosed herem, such as an
oligonucleotide selected from Table 2. In some embodiments, the cell 1s a mammalian cell. In
some embodiments, the cell s a cardiac or muscle cell. In some embodiments, the cell is
mvolved in wound healing. In some embodiments, the cell is a fibrocyte, fibroblast, keratinocyte
or endothelial cell. 1n yvet other embodiments, the cell s in vitro, in vivo or ex vivo.

{00108] The present invention also provides a method of promoting angiogenesis in a subject
comprising administering to the subject an oligonucleotide disclosed herein, such as an
oligonucleotide selected from Table 2. In some embodiments, the subject suffers from ischemia,
myocardial infarction, chronic ischemic heart disease, peripheral or coronary artery occlusion,
ischemic infarction, stroke, atherosclerosis, acute coronary syndrome, coronary artery disease,
carotid artery disease, diabetes, chronic wound(s), or peripheral vascular disease (e.g., peripheral
artery disease). In some embodiments, the subject 1s a human.

{0011] The present invention also provides a method of promoting wound healing in a subject
comprising administering to the subject a miR-92 mhibitor. In some embodiments, the miR-92
mhibitor ts an oligonucleotide comprising a sequence that 1s at least partially complementary to
miR-92. The ohigonucleotide can comprise at least one non-locked nucleotide that 1s 27 G-alkyl
or 27 halo modified. In some embodiments, the oligonucleotide comprises at least one LNA that
has a 27 to 4 methylene bridge. In some embodiments, the miR-92 mhibitor s an
oligonuclectide comprising a sequence of 16 nucleotides, wherein the sequence 1s
complementary to miR-92 and comprises no more than three contiguous LNAs, wherein from
the 5 end to the 3° end, positions 1, 6, 10, 11, 13 and 16 of the sequence are LNAs. In some
embodiments, position 2 from the 5° end of the ohigonucleotide comprising a sequence of 16
nucleotides 15 a3 deoxyribonucleic acid {DBNA} nucleotide that s 5-methylcytosing. In some
embodiments, the miR-92 mnhibitor 1s an oligonucleotide comprising a sequence of 106
nucleotides, wherein the sequence 1s complementary to muiR-92 and comprises no more than
three contiguous LNAs, wherein from the 57 end to the 3” end, positions 1, 3, 6, 8, 10, 11, 13, 14
and 16 of the sequence are LNAs In some embodiments, the nuR-92 inhibitor i1s an

oligonucleotide comprising a sequence of 16 nucleotides, wherein the sequence is
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complementary to miR-92 and comprises no more than three contiguous LNAs, wherein from
the 5” end to the 3° end, positions 1,5, 6, 8, 10, 11, 13, 15 and 16 of the sequence are LNAs. In
some embodiments, the miR-92 inhibitor 15 an oligonucleotide comprising a sequence of 16
nucleotides, wherein the sequence is complementary to miR-92 and comprises no more than
three contiguous LINAs, wherein from the 5 end to the 37 end, positions 1, 3, 6,9, 10, 11, 13, 14
and 16 of the sequence are LNAs In some embodiments, the oligonucleotide has a 57 cap
structure, 3’ cap structure, or 57 and 37 cap structure. In some embodiments, the oligonucleotide
comprises one or more phosphorothioate linkages. In some embodiments, the oligonucleotide is
fully phosphorothioate-linked. In yet other embodiments, the oligonucleotide comprises a
pendent lipophilic group. In some embodiments, the miR-92 mnhibitor 15 an oligonucleotide
disclosed herein, such as an oligonucleotide selected from Tables 1 or 2. In some embodiments,
the subject sutfers from diabetes, wounds, peripheral or coronary artery occlusion, or peripheral
vascular disease (e g., peripheral artery disease). In some embodiments, the subject is a human.
In some embodiments, the wound 15 a chronic wound, diabetic foot ulcer, venous stasis leg ulcer
or pressure sore. [n some embodiments, administration of the miR-92 oligonucleotide mnhibitor
produces an improvement in re-epithelialization, granulation and/or necangiogenesis of a wound
i the subject during wound healing. In some embodiments, the mmprovement in re-
eptthehialization, granulation and/or necangiogenesis (neovascularization) of the wound 1s as
compared to the subject receiving no treatment. In some embodiments, the improvement 1n re-
epithehialization, granulation and/or necangiogenesis of the wound 15 as compared to the subject
recelving treatment with an agent known to promote wound healing. In some embodiments, the
agents known to promote wound healing are growth factors. In some embodiments, the growth
factors are platelet derived growth factor (PDGF) or vascular endothelial growth factor (VEGF).

{0012] The present invention also provides an oligonucleotide comprising a sequence of 16
nucleotides, wherein the sequence is complementary to miR-92 and comprises no more than
three contiguous LNAs, wherein from the 5 end to the 37 end, positions 1, 6, 10, 11, 13 and 16
of the sequence are LNAs, and wherein position 2 from the 5° end comprises a deoxyribonucleic
actd (DNA) nucleotide that is S-methylcviosine. In some embodiments, the oligonuclestide
comprises LINAs at positions 1, 3, 6, 8, 10, 11, 13, 14 and 16 from the 5” end to the 3” end. In
other embodiments, the oligonucleotide comprises LNAs at positions 1, 5, 6, 8, 10, 11, 13, 15

and 16 from the 5’ end to the 3’ end. In yet other embodiments, the oligonucleotide comprises



WO 2016/118612 PCT/US2016/014108

LNAs at posttions 1, 3, 6, 9, 10, 11, 13, 14 and 16 from the 5 end to the 3° end The
oligonucleotide can further comprise at least one non-locked nucleotide that is 2"-deoxy, 2° G-
alkyl or 2° halo modified In some embodiments, all non-locked nucleotides of the
oligonucleotide are 2’-deoxy modified. In some embodiments, the oligonucleotide comprises at
least one LNA that has a 2° to 4” methylene bridge. In some embodiments, the oligonucleotide
has a 5° cap structure, 3’ cap structure, or 5° and 3’ cap structure. In some embodiments, the
oligonucleotide comprises one or more phosphorothioate linkages. In some embodiments, the
oligonucleotide is fully phosphorothicate-linked. In yet other embodiments, the oligonucleotide
comprises a pendent lipophilic group. In some embodiments, the presence of the 5-
methylevotsine at posttion 2 from the 57 end of the ohigonucleotide inhibitor comprising a
sequence of 16 nucleotides confers increased in vivo, ex vivo and/or in vitro efficacy as compared
to an ohigonucleotide inhubitor containing the same sequence as well as number and positions of
LNAs but lacks the S5-methylcyiosine. In some embodiments, the increased efficacy s evidenced
by elimination or an enhanced reduction in function and/or activity of miR-92.

[0013] The present invention also provides a method of reducing or inhibiting activity or
function of a miRNA in a cell comprising contacting the cell with the ohigonucleotide described
herein comprising a sequence of 16 nucleotides, wherein the sequence 1s complementary to a
miRNA and comprises no more than three contiguous LNAs, wherein from the 57 end to the 3’
end, positions 1, 6, 10, 11, 13 and 16 of the sequence are LNAs. In some embodiments, the
oligonucleotide comprises LNAs at positions 1, 3, 6, 8, 10, 11, 13, 14 and 16 from the 5" end to
the 3” end. In other embodiments, the oligonucleotide comprises LNAs at positions 1, 5, 6, &, 10,
11, 13, 15 and 16 from the 5" end to the 37 end. In vet other embodiments, the olhigonuclestide
comprises LNAs at positions 1, 3, 6, 9, 10, 11, 13, 14 and 16 from the 5” end to the 3” end. In
some embodiments, the sequence is complementary to miR-92. In some embodiments, the cell 1s
a mammalian cell In some embodiments, the cell is a cardiac or muscle cell. In some
embodiments, the cell 18 mmvolved in wound healing. In some embodiments, the cell is a
fibrocyte, fibroblast, keratinocyte or endothelial cell. In yet other embodiments, the cell 15 in
VItro, in VIVe Of X Vivo.

{0014] The present invention also provides a method of promoting angiogenesis in a subject
comprising administering to the subject the ohigonucleotide described herein comprising a

sequence of 16 nucleotides, wherein the sequence is complementary to miR-92 and comprises no
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more than three contiguous LNAs, wherein from the 5° end to the 37 end, positions 1, 6, 10, 11,
13 and 16 of the sequence are LNAs.  In some embodiments, the oligonucleotide comprises
LNAs at positions 1, 3, 6, 8, 10, 11, 13, 14 and 16 from the 5° end to the 3’ end In other
embodiments, the oligonucleotide comprises LNAs at positions 1, 5, 6, 8,10, 11, 13, 15 and 16
from the 5’ end to the 3° end. In vet other embodiments, the oligonucleotide comprises LNAs at
positions 1, 3, 6, 9, 10, 11, 13, 14 and 16 from the 5" end to the 37 end. In some embodiments,
the subject suffers from ischemia, myocardial infarction, chronic ischemic heart disease,
peripheral or coronary artery occlusion, ischemic infarction, stroke, atherosclerosis, acute
coronary syndrome, coronary artery disease, carotid artery disease, diabetes, chronic wound(s),
or peripheral vascular disease {e.g., peripheral artery disease). In some embodiments, the subject
is a human.

{0015] The present invention also provides a method of treating 1schenia, myocardial infarction,
chronic ischemic heart disease, peripheral or coronary artery occlusion, ischenuc infarction,
stroke, atherosclerosis, acute coronary syndrome, coronary artery disease, carotid artery disease,
diabetes, chronic wound(s) or peripheral artery disease in a subject comprising administering to
the subject the oligonucleotide described herein comprising a sequence of 16 vucleotides,
wheren the sequence 1s complementary to miR-92 and comprises no more than three contiguous
LNAs, wherein from the 57 end to the 37 end, positions 1, 6, 10, 11, 13 and 16 of the sequence
are LNAs. In some embodiments, the oligonucleotide comprises LNAs at positions 1, 3, 6, §, 10,
11, 13, 14 and 16 from the 57 end to the 37 end. In other embodiments, the oligonucleotide
comprises LNAs at positions 1, 5, 6, 8, 10, 11, 13, 15 and 16 from the 57 end to the 3" end. In yet
other embodiments, the oligonucleotide comprises LNAs at positions 1, 3, 6, 9, 10, 11, 13, 14
and 16 from the 5 end to the 3° end. In some embodiments, the subject is a human.

{0016} The present invention is also based, in part, on the discovery of genes significantly
regulated by miR-92. Accordingly, another aspect of the present invention is a method for
evaluating or monitoring the efficacy of a therapeutic for modulating angiogenesis and/or
treating chronic wounds in a subject receiving the therapeutic comprising. measuring the
expression of one or more genes listed in Table 3 in a sample from the subject; and comparing
the expression of the one or more genes to a pre-determined reference level or level of the one or
more genes in a control sample, wherein the comparison 1s mdicative of the efficacy of the

therapeutic. Another aspect of the present invention 15 a method for selecting a subject for
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treatment with a therapeutic that moduolates miR-92 function and/or activity comprising:
measuring the expression of one or more genes histed in Table 3 in a sample from the subject,
wherein the subject is treated with the therapeutic; and comparing the expression of the one or
more genes to a pre-determined reference level or level of the one or more genes in a control
sample, wherein the comparison is indicative of whether the subject should be selected for
treatment {e.g. further treatment or continued treatment} with the therapeutic. In some
embodiments, the methods comprise a subject that suffers from ischemia, mvocardial infarction,
chronic ischemic heart disease, peripheral or coronary artery occlusion, ischemic infarction,
stroke, atherosclerosis, acute coronary syndrome, coronary artery disease, carotid artery disease,
diabetes, chronic wound(s) or peripheral vascular disease (e g., peripheral artery disease) In
some embodiments, the subject has a chronic wound, diabetic foot ulcer, venous stasis leg ulcer
or pressure sore. In some embodiments, the subject 1s a human.

[0817] In some embodiments, the methods further comprise performing a walk time test on the
subject, deternuning an ankle-bronchial index (ABT) for the subject, performing an arteriography
or angiography on the subject, or performing a SPECT analysis on the subject. In some
embodiments, the therapeutic modulates miR-92 function and/or activity. The therapeutic can be
a miR-92 antagonist, such as a miR-92 inhibitor selected from Tables 1 and 2. In other
embodiments, the therapeutic 5 a muR-92 agonist, such as a miR-92 mimic. In some
embodiments, the methods comprise a subject that suffers from 1schenua, myocardial infarction,
chromc 1schenuc heart disease, peripheral or coronary artery occlusion, ischemic infarction,
stroke, atherosclerosis, acute coronary syndrome, coronary artery disease, carotid artery disease,
diabetes, chronic wound(s) or peripheral vascular disease {e.g., peripheral artery disease). In
some embodiments, the subject is a human.

{0018] Also provided herein 15 a method for evaluating an agent’s ability to promote
angiogenesis comprising: measuring the expression of one or more genes listed in Table 3 ina
cell contacted with the agent; and comparing the expression of the one or more genes to a pre-
determined reference level or level of the one or more genes in a control sample, wherein the
comparison is indicative of the agent’s alulity to promote angiogenesis. In some embodiments,
the method further comprises determining miR-92 function, and/or activity in the cell contacted
with the agent. In some embodiments, the cell is a mammalian cell. In some embodiments, the

cell 1s a cardiac or muscle cell. In some embodiments, the cell is involved in wound healing. In

~
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some embodiments, the cell is a fibrocyte, fibroblast, keratinocyte or endothehial cell. In yet
other embodiments, the cell is in vitro, in vivo or ex vivo.

{0019} Another aspect of the present invention is a method for evaluating or monitoring the
efficacy of a therapeutic for promoting wound healing in a subject receiving the therapeutic
comprising: measuring the expression of one or more genes listed in Table 3 in a sample from
the subject; and comparing the expression of the one or more genes to a pre-determined
reference level or level of the one or more genes in a control sample, wherein the comparison is
mdicative of the efficacy of the therapeutic. In some embodiments, the therapeutic modulates
miR-92 function and/or activity. The therapeutic can be a miR-92 antagonist, such as a miR-92
inhibitor selected from Tables 1 and 2. In other embodiments, the therapeutic 15 a miR-92
agomnist, such as a miR-92 mumic. In some embodiments, the methods comprise a subject that
suffers from ischemua, myocardial infarction, chronic ischemic heart disease, peripheral or
coronary artery occlusion, ischemic infarction, stroke, atherosclerosis, acute coronary syndrome,
coronary artery disease, carotid artery disease, diabetes, chronic wound(s) or peripheral vascular
disease {e.g., peripheral artery disease). In some embodiments, the subject is a human.

[8020] Also provided herein 15 a method for evaluating an agent’s ability to promote wound
healing comprising. measuring the expression of one or more genes listed in Table 3 11 a cell
contacted with the agent; and comparing the expression of the one or more genes to a pre-
determined reference level or level of the one or more genes 1n a control sample, wherein the
comparison 1s indicative of the agent’s ability to promote wound healing. In some embodiments,
the method further comprises determining nuR-92 function and/or activity 1n the cell contacted
with the agent. In some embodiments, the cell is a mammalian cell. In yet other embodiments,

the cell 1s in vifro, in vivo or ex vivo.

BRIEF DESCRIPTION OF THE DRAWINGS
{0021} FIG. 1 iHostrates multiple genes sigmificantly regulated by muR-92a modulation in
human umbilical vein endothelial cells (HUVECs).
{0022} FiG. 2A-C illustrates integrin o5 expression regulation by miR-92a mn HUVECGs.
Integrin o5 (ITGAS) transcript (FIG. 2A-B) and protein (FIG, 2C) levels are increased in
response to miR-92a inhibition and decreased n response to miR-92a munic. FIGs. 2A-B show

the indicated concentrations that the indicated oligonucleotides were lipid-transfected or
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passively delivered to HUVECs, respectively. FiG. 2C shows the integrin oS protein levels
followmg lipid-mediated transfection. Passive deliverv refers to unassisted oligonucleotide
uptake. A (SEQ ID NO. 7), B (SEQ ID NO. 61) and C (SEQ ID NO. 62) are LNA/DNA-
containing miR-92a mhibitors.  “AntagomiR” is an O-methyvlated, cholesterol-conjugated
mhibitor. D 1s a single-stranded LNA/DNA control inhibitor.

{0023] FIG, 3 illustrates regulation by real time PCR of targets identified by microarray
profiling.  Four genes identified by microarray profiling are increased in response to miR-92a
mhibition and decreased m response to miR-92a mimic, in an independent HUVEC hipid-
transfection experiment. The radar plot indicates the relative expression of MAN2AIL,
CNEPIR!I, ERGIC2, and CD93 in response to nmuR-92a mhibitor or mumic, normalized to
HUVECs transfected with lipid without oligonucleotide. The black line indicates where the gene
expression would be if there were no change, the red line indicates the gene expression in
response to D (control oligo) transfection.

{0024] FIG. 4 ilustrates a dual luciferase assay for testing of inhibitor design activity. MiR-92a
inhibitors were ranked based on their ability to de-repress the expression of luciferase from a
dual-luciferase reporter plasmid. Shown 1s an example set of data from the first of three replicate
experiments.

[B025] FIG. SA-F dlustrates results of a first study exanuning the activity of oligonucleotide
mhibitors of nuR-92 in an in vive model of impaired wound healing. FIG. SA llustrates the
percent re-epithelialization of wounds n the in vive model of mpaired wound healing from
phosphate buffered saline (PBS,; vehicle-control}, vascular endothelial growth factor (VEGF;
posittve control) and oligonucleotide inhibitors of nuR-92 (A (SEQ ID NG 7}, C (SEQ ID NG.
62)) treatment groups. FIG. 3B illustrates the percent granulation tissue ingrowth or filled in
wounds in the i vivo model of mmpaired wound healing from PBS (vehicle-conirol), VEGF
{positive control} and oligonucieotide inhibitors of miR-92 (A; () treatment groups. FIG., 5C
dhustrates the granulation tissue area in wounds in the iz vivo model of impaired wound healing
from PBS {vehicle-control}, VEGF (positive control} and oligonuclectide mhibutors of nuR-92
(A; C) treatment groups. FEG. 8D illustrates the average granulation tissue thickness across
wounds {wound area divided by wound width) in the in vivo model of impaired wound healing
from PBS (vehicle-control), VEGF {positive control) and oligonucleotide inhibitors of miR-92

{A; C) treatment groups. FEGs, SE-F illustrate the number of CD31+ endothelial cells (FIG, SE)
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and the tissue area that was CD31+ (FIG. 5F)in wounds in the in vive model of impaired wound
healing from PBS (vehicle-control} and ohigonucleotide mhibitor of nmiR-92 (A) treatment
groups using immunschistochemistry, as an indicator of neovascularization/angiogenesis

{6026} FIG. 6A-F illustrates results of a second study examining the activity of oligonucleotide
mhibitors of miR-92in an in vive model of impaired wound healing. FIG, 6A ilustrates the
percent re-epithelialization of wounds in the in vive model of impaired wound healing from PBS
{(vehicle-control), VEGF (positive control), platelet derived growth factor (PDGF,; positive
control} and oligonucleotide intubitors of miR-92 (A; C) treatment groups. FIG. 68 illustrates
the percent granulation tissue ingrowth or filled in wounds in the in vivo model of impaired
wound healing from PBS (vehicle-control), VEGF (positive countrol), PDGF {positive control)
and oligonucleotide mhubitors of miR-92 (A; C) treatment groups. FI1G. 6C illustrates the
granulation tissue area in wounds in the in vivo model of impaired wound healing from PBS
{vehicle-control}, VEGF (posttive control), PDGF (positive control} and oligonucleotide
inhibitors of miR-92 {(A: C) treatment groups. FIG. 6D illustrates the average granulation tissue
thickness across wounds {(wound area divided by wound width) in the /m vivo model of impaired
wound healing from PBS (vehicle-control), VEGF (positive control), PDGF (positive control)
and oligonucleotide mhubitors of miR-92 (A; C} treatment groups. FiGs. 6E-F illustrate the
number of CD31+ endothehal cells (FIG. 6E) and the tissue area that was CD31+ (FIG. 6F) m
wounds 1n the in vive model of impaired wound healing from PBS (vehicle-control), VEGF
{positive countrol), PDGF {positive control} and oligonucleotide mhibitor of miR-92 (A)
treatment groups using mmunochistochemistry, as an mdicator of
neovascularization/angiogenesis

{0627] FI1G. 7 lustrates de-repression of selected nmiR-92a target genes by oligonucleotide
mhubitors of miR-92a from one in viveo study 1n db/db mouse excisional wounds as assessed by
quantitative RT-PCR.

{0028] FiG. BA-D illustrates the effects of saline (vehicle-control, FIG. 8A), PDGF (positive
control; FIG. 8B), and oligonucleotide inhibitor of miR-92 (A; FiGs. 8(C-D) treatments on the
protein expression of the miR-92 target ITGAS n wounds in the 7n vivo model of mmpaired
wound healing as evaluated using immunohistochemistry.

{0029} FiG. 9 ilustrates a dual luciferase assay for testing of the effect of the presence of 5-

methylcyostine on  inhibitor design activity.  MiR-92a inhibitors with or without 35-
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methylcytosine were analyzed based on their ability to de-repress the expression of luciferase

from a dual-luciferase reporter plasmid. Shown is an example set of data.

DETAILED DESCRIPTION OF THE INVERTION

{0630] The present nvention provides oligonucleotide inhibitors that inhibit the activity or
function of miR-92 and compositions and uses thereof Also provided herein are miR-92
agonists, such as a miR-92 mimic,

{0031} MiR-92 1s located in the miR-17-92 cluster, which consists of miR-17-5p, miR-17-3p,
miR-18a, miR-19a, miR-20a, miR-19b, and miR-92-1 (Venturinu ef @/, Blood 109 10:4399-4405
(2007}, The pre-miRNA sequence for miR-92 is processed into a mature sequence {3p) and a
star {(i.e. minor or Sp) sequence. The star sequence is processed from the other arm of the stem
loop structure. The mature and star miRNA sequences for human, mouse, and rat miR-92 are

provided:

Human mature miR-92 (i.e. hsa-miR-92a-3p) (SEQ 1D NO: 1)
- UAUUGCACUUGUCCCGGCCUGU-3

Human miR~92a-1* (i.e. hsa-muR~92a~1-3p) (SEQ ID NO: 2)
-AGGUUGGGAUCGGUUGCAAUGCU-3

Homan muR-92a-2% (i.e. hsa-miR-92a-2-5p) (SEQ ID NO: 3)
57 -GGGUGGGGAUUUGUUGCAUUAC-3

Mouse mature miR-92 {(i.e. mmu-miR-92a-3p) (SEQ ID NO: 4)
5-UAUUGCACUUGUCCCGGCCUG-3

Mouse miR-92a-1* (i.e. mmu-nmuR-92a-1-5p) (SEQ ID NO: 5)
5-AGGUUGGGAUUUGUCGCAAUGCU-37

Mouse miR-92a-2* (i.e. mmu-miR-92a-2-5p) {(SEQ ID NO: 6}
57 -AGGUGGGGAUTUGGUGGCAUUAC-Y

Rat mature miR-92 (7.e. rno-miR-92a-3p} (SEQ 1D NO: 4)
S -UAUUGCACUUGUCCCGGCCUG-Y

11
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Rat miR-92a-1* (i.e. rno-miR-92a-1-5p) {(SEQ ID NO: 5)
5-AGGUUGGGAUUUGUCGCAAUGLU-3’

Rat miR-92a-2* (i.e. rno-miR-92a-2-5p) {(SEQ ID NQO: 6)
5-AGGUGGGGAUUAGUGCCAUUAC-3

{0032] The above sequences can be either ribonucleic acid sequences or deoxyribonucleic acid
sequences or a combination of the two (7.e. a nucleic acid comprising both ribonucleotides and
deoxyribonucleotides). It is understood that a nucleic acid comprising any one of the sequences
described herein will have a thynudine base in place of the uridine base for DNA sequences and
a uridine base in place of a thymidine base for RNA sequences.

{6033] In some embodiments, the oligonucleotide comprising a sequence complementary to
miR-92 13 a miR-92 nhibitor. The oligonucleotide comprising a sequence complementary to
miR-92 can be an oligonucleotide inhibitor. In the context of the present invention, the term
“ohigonuclectide mhibitor”, “antimiR”, “antagonist”, “antisense oligonucleotide or ASO”,
“oligomer”, “anti-microRNA oligonucleotide or AMO”, or “nuxmer” is used broadly and
encompasses an  oligomer comprising  nibonucleotides, deoxynbonucleotides, modified
ribonuclestides, modified deoxyribonucleotides or a combination thereof, that inhibits the
activity or function of the target microRNA (muRNA) by fully or partially hybridizing to the
miRNA thereby repressing the function or activity of the target miRNA.

{080634] The term “miR-927 as used heremn mncludes pri-muR-92, pre-miR-92, muR-92, nuR-92a,
miR-92b, miR-92a-3p, and hsa-miR-92a-3p.

{0635] In some embodiments, certain oligonucleotide inhibitors of the present invention may
show a greater inhibition of the activity or function of miR-92 1n cells as compared to other miR-
92 mhibitors. In some embodiments, the cell is a cardiac or muscle cell In some embodiments,
the cell is involved in wound healing. In some embodiments, the cell 1s a fibrocyte, fibroblast,
keratinocyte or endothelial cell. In yet other embodiments, the cell 1s in vive or ex vivo. In some
embodiments, the oligonucleotide inhibitors of miR-92 of the present invention show higher
efficacy as compared to other oligonuclectide inhibitors of miR-92 as measured by the amount of

de-repression of a miR-92 target such as a gene selected from Table 3.
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{0036] The term “other miR-92 inhibitors™ includes nucleic acid inhibitors such as antisense
oligonucleotides, antimiRs, antagomiRs, mixmers, gapmers, aptamers, ribozymes, small
mterfering RNAs, or small hairpin RNAs; antibodies or antigen binding fragments thereof]
and/or drugs, which inhibit the expression or activity of muR-92. It is possible that a particular
oligonucleotide inhibitor of the present mvention may show a greater inhibition of miR-92 n
cells {e g, muscle cells, cardiac cells, endothehial cells, fiborcytes, fibroblasts, or keratinocytes)
compared to other oligonucleotide inhibitors of the present invention. The term “greater” as
used herein refers to quantitatively more or statistically significantly more.

{0037} The activity of the oligonucleotide in modulating the function and/or activity of miR-92
may be determined in vitro, ex vive and/or in vivo. For example, when inhibition of muR-92
activity is determuned in virro, the activity may be determined using a dual luciferase assay. The
dual luciferase assay can be any dual luciferase assav known in the art. The dual luciferase assay
can be a commercially available dual luciferase assay. The dual luciferase assay, as exemplified
by the commercially available product PsiCHECK™ (Promega), can involve placement of the
miR recognttion site in the 37 UTR of a gene for a detectable protemn {e.g., renilla luciferase).
The construct can be co-expressed with miR-92, such that inhibitor activity can be deternuned by
change m signal. A second gene encoding a detectable protemn (e.g., firefly luciferase) can be
meluded on the same plasoud, and the ratio of signals determined as an ndication of the
antimiR-92 activity of a candidate chigonucleotide. In some embodiments, the oligonucleotide
significantly inhibits such activity, as determined in the dual lociferase activity, at a
concentration of about 50 nM or less, or in other embodiments, 40 oM or less, 20 nM or less, or
10 oM or less.  For example, the oligonucieotide may have an IC50 for inhibition of miR-92
activity of about 50 nM or less, 40 nM or less, 30 nM or less, or 20 nM or less, as determined in
the dual huciferase assay.

{0638] Alternatively, or 1n addition, the in vivo efficacy of the oligonuclectide inhibitor of a
miRNA as provided herein {e.g., miR-92} may also be determined in a suitable anmmal model.

The animal model can be a rodent model {e.g., mouse or rat model}. The oligonucleotide may

exhibit at least 50% miR-92 target de-repression at a dose of 50 mg/kg or less, 25 mg/kg or less,
10 mg/kg or less or 5 mg/kg or less. In such embodiments, the oligonucleotide may be dosed,
delivered or administered to mice intravenously or subcutaneously or delivered locally such as

local injection into muscle or a wound (e.g, to the wound margin or wound bed), and the
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oligonucleotide may be formulated in saline. In some embodiments, the application may be
dosed to mice topically or mtradermally (i.e., intradermal injection), such as to a wound {(e.g., to
the wound margin or wound bed). The oligonucleotide inhibitor of miR-92 as provided herein
can have increased in vive efficacy in a particular tissue as compared to other oligonucleotide
mhibitors of miR-92.

{0039] In some embodiments, the in vivo efficacy of the oligonucleotide is determined in a
suitable mouse or rat model for diabetes. In one embodiment, the mouse model s a genetically
type I diabetic mice such as db/db mice (Jackson Cat #000642 BKS Cg Dock{Hom) 7m+/+
Leprdb/j). In one embodiment, the model uses full thickness cutaneous excisional punch biopsy.
In other embodiments, the model utilizes an mcision, scald or burn. In such embodiments, the
oligonucleotide may be dosed to mice intravenously or subcutaneously, or delivered locally such
as local injection or topical application to a wound {(e.g., the wound margin or wound bed).

[0040] In these or other embodiments, the oligonucleotides of the present invention can be stable
after adnunistration, bemg detectable in the circulation and/or target organ for at least three
weeks, at least four weeks, at least five weeks, or at least six weeks, or more, following
admirnustration. Thus, the oligonucleotide intubitors of a miRNA (e.g., miR-92) provided herein
may provide for less frequent administration, lower doses, and/or longer duration of therapeutic
effect as compared to other oligonucleotide inhibitors of the muRNA (e.g., miR-92}.

{8041] The nucleotide sequence of the oligonucleotide can be substantially complementary to a
nucleotide sequence of an RNA, such as a mRNA or muRNA. The nucleotide sequence of the
oligonucleotide can be fully complementary to a nucleotide sequence of an RNA, such as a
mRNA or muRNA. In some embodiments, the miRNA i miR-92 or miR-92a. The
oligonucleotide comprises at least one LNA, such as at least two, at least three, at least five, at
least seven or at least nine LNAs. In some embodiments, the oligonucleotide comprises a mix of
LNA and non-locked nucleotides. For example, the oligonucleotide may contain at least five or
at least seven or at least mine locked nucleotides, and at least one non-locked nucleotide.

{00642] Generally, the length of the oligonuclectide and number and position of locked
nucleotides can be such that the oligonuclestide reduces miR-92 function and/or activity. In
some embodiments, the length of the oligonucleotide and number and position of locked
nucleotides 1s such that the oligonucleotide reduces miR-92 function and/or activity at an

oligonucleotide concentration of about 50 nM or less in the in vitro luciferase assay, or at a dose
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of about 50 mg/kg or less, or about 25 mg/kg or less in a suitable mouse or rat model, each as
described. 1n some embodiments, the length of the oligonucleotide and number and position of
locked nucleotides 1s such that the oligonucleotide reduces miR-92 activity as determined by
target de-repression, at a dose of about 50 mg/kg or less, or about 25 mg/kg or less in a suitable
mouse or rat model, such as described herein.

{6043} The oligonucleotide of the present invention can comprise a sequence of nucleotides in
which the sequence comprises at least five LNAs, a LNA at the 5 end of the sequence, a LNA at
the 3' end of the sequence, or any combination thereof In one embodiment, the oligonucleotide
comprises a sequence of nucleotides in which the sequence comprises at least five LNAs, a LNA
at the 5" end of the sequence, a LENA at the 3' end of the sequence, or any combination thereof,
wherein three or fewer of the nucleotides are contiguous LNAs. For example, the oligonucleotide
comprises no more than three contiguous LNAs. For example, the ohigonucleotide may comprise
a sequence with at least five LNAs, a LNA at the 5' end, a LNA at the 3’ end, and no more than
three contiguous LNAs. The oligonucleotide may comprise a sequence with at least five LNAs, a
LNA at the 5" end, a LNA at the 3' end, and no more than three contiguous LNAs, wherein the
sequence 15 at least 16 nucleotides in length. The sequence can be substantially or completely
complementary to a RNA, such as mRNA, or miRNA, wherem a substantially complementary
sequence may have from I to 4 musmatches {e.g., 1 or 2 nusmatches} with respect to its target
sequence. In one embodiment, the target sequence 1s a miRNA, such that the oligonucleotide 1s a
miRNA inhibitor, or antinuR. In one embodiment, the target sequence 15 a muR-92 sequence as
provided herein.

{0044] In yet another embodiment, the oligonucleotide of the present invention can comprise a
sequence complementary to the seed region of a miRNA (e.g., miR-92}, wherein the sequence
comprises at least five LNAs. The "seed region of a miRNA" is the portion spanning bases 2 {0 9
at the 5' end of the miIRNA. The oligonucieotide comprising a sequence complementary to the
seed region of a miRNA (e.g., miR-92), wherein the sequence comprises at least five LNAs, may
comprise a LNA at the 5' end or a LNA at the 3' end, or both a LNA at the 5 end and 3" end. In
one embodiment, the sligonucleotide comprising at least 5 LNAs, a LNA at the 5' end and/or a
LNA at the 3' end, also has three or fewer consecutive LNAs. In some embodiments, the
sequence 15 at least 16 nucleotides in length. The sequence complementary to the seed region of

a miRNA can be substantially complementary or completely complementary.
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{0045} The oligonucleotides of the present invention may comprise one or more locked nucleic
acid {LNAs) residues, or “locked nucleotides.” The oligonuclestide of the present invention can
contain one or more locked nucleic acid (ENAs) residues, or “locked nucleotides.” The
oligonucleotides of the present invention may comprise one or more nucleotides containing other
sugar or base modifications. The terms “locked nucleotide,” “locked nucleic acid unit,” “locked
nucleic acid residue,” “LNA” or “LNA umit” may be used interchangeably throughout the
disclosure and refer to a bicyclic nucleoside analogue. For instance, suitable oligonucleotide
mhibitors can be comprised of one or more “conformationally constrained” or bicyclic sugar
nucleoside modifications {BSN} that confer enhanced thermal stability to complexes formed
between the oligonucleotide containing BSN and their complementary target strand. LNAs are
described, for example, mn US. Patent Nos. 6,268,490, 6,316,198, 6,403,566, 6,770,748,
6,998,484, 6,670,461, and 7,034,133, all of which are herebv mcorporated by reference in their
entireties. LMNAs are modified nucleotides 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 bicychic structure. In one embodiment, the oligonucleotide contains one or more LNAs
having the structure shown by structure A below. Alternatively or i addition, the
oligonucleotide may contain one or more LNAs having the structure shown by stracture B
below. Alternatively or in addition, the ohigonucleotide contains one or more LNAs having the

structure shown by structure C below.

PR
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C

{0646] When referring to substituting a BDNA or RNA nucleotide by its corresponding locked
nucleotide in the context of the present invention, the term “corresponding locked nucleotide™ 1s
mtended to mean that the DNA/RNA nucleotide has been replaced by a locked nucleotide
containing the same naturally-occurring nitrogenous base as the DNA/RNA nucleotide that it has
replaced or the same nitrogenocus base that is chemically modified. For example, the
corresponding locked nucleotide of a DNA nucleotide containing the nitrogenous base C may
contain the same nitrogenous base C or the same nitrogenous base C that is chemically modified,
such as 5-methylcyiosine.

{0047] The term “non-locked nucleotide” refers to a nucleotide different from a locked-
nucleotide, 1.e. the term “non-locked nucleotide” includes a DNA nucleotide, an RNA nucleotide
as well as a modified nucleotide where a base and/or sugar is modified except that the
modification is not a locked modification.

{0048] Other suitable locked nucleotides that can be incorporated m the oligonucleotides of the
present mvention include those described m U.S. Patent Nos. 6,403,566 and 6,833,361, both of
which are hereby incorporated by reference in their entireties.

[0049] In exemplary emmbodiments, the locked nucleotides have a 27 to 4° methylene bridge, as
shown in structure A, for example. In other embodiments, the bridge comprises a methylene or
ethylene group, which may be substituted, and which may or may vot have an ether linkage at
the 27 position.

{080630] Ohgonucleotide inhibitors of the present mvention may include modified nucleotides that
have a base modification or substitution. The natural or unmodified bases in RNA are the purine
bases adenine (A) and goanine {5}, and the pyrimidine bases cytosine (C) and uracid (U} (DNA
has thymme (T}). Modified bases, also referred to as heterocyclic base moteties, include other
syathetic and natural nucleobases such as S-methyleytosine (5-me-C}), S-hydroxymethyl
cytosine, xauthine, hypoxanthine, Z-anunocadenine, 6-methyl and other alkyl derivatives of
adenine and guanine, 2-propyl and other alkyl derivatives of adenine and guanine, 2-thiouracil,
2-thiothymine and 2-thiocytosine, S-halouracil and cytosine, S-propyny! uracil and cytosine and
other alkynyl derivatives of pyrimidine bases, 0-azo uracil, cytosine and thymine, 5-uracil
{pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, B8-hydroxyl and other 8-

substituted adenines and guanines, 5-halo {(including 5-bromo, S-trifluoromethyl and other 5-
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substituted uracils and cytosines), 7-methylguanine and 7-methyladenine, 2-F-adenine, Z-amino-
adenine, 8-azaguanine and 8-azaademine, 7-deazaguamine and 7-deazaadenine and 3-
deazaguanine and 3-deazaadenine. In certain embodiments, oligonucleotide inhibitors targeting
miR-92 comprise one or more BSN modifications {1.e., LNAs) in combination with a base
modification {e.g. S-methyl cytidine).

{0051] Oligonucleotide inhibitors of the present invention may include nucleotides with
modified sugar moieties. Representative modified sugars include carbocyclic or acyclic sugars,
sugars having substituent groups at one or more of their 27, 3° or 4° positions and sugars having
substituents in place of one or more hydrogen atoms of the sugar. In certain embodiments, the
sugar 18 modified by having a substituent group at the 27 position. In additional embodiments,
the sugar 1s modified by having a substituent group at the 3° position. In other embodiments, the
sugar 1s modified by having a substituent group at the 4” position. It 15 also contemplated that a
sugar may have a modification at more than one of those positions, or that an oligonucleotide
inhibitor may have one or more nucleotides with a sugar modification at one position and also
one or more nucleotides with a sugar modification at a different position.

[0052] The oligonucleotide may comprise, consist essentially of, or consist of, an antisense
sequence to miR-92. In one embodiment, the oligonucleotide comprises an antisense sequence
directed to muR-92. For example, the oligonucleotide can comprise a sequence that 1s at least
partially complementary to a mature miR-92 sequence, e.g. at least about 75%, 76%, 77%, 78%,
79%, B0%, 81%, 82%, 83%, 34%, 85%, 6%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,

96%, 97%,

98%, or 99% complementary to a human mature miR-92 sequence. In one
embodiment, the oligonucleotide inhibitor as provided herein comprises a sequence that 1s 100%
or fully complementary to a mature miR-92 sequence. [t 1s understood that the sequence of the
oligonucleotide inhibitor 13 considered to be complementary to miR-92 even 1if the
oligonucleotide inhibitor sequence includes a modified nucleotide instead of a naturaily-
occurring nucleotide.  For example, if a mature sequence of miR-92 comprises 3 guanosine
nucleotide at a specific position, the oligonucleotide inhibitor may comprise a modified cytidine
nucleotide, such as a locked cytidine nuclestide or 2°-fluoro-cvtidine, at the corresponding
position

{0053} The term “about” as used herein i1s meant to encompass variations of +/- 10% and more

preferably +/- 5%, as such variations are appropriate for practicing the present invention.
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{0054} In certain embodiments, the oligonucleotide comprises a nucleotide sequence that 1s
completely complementary to a nucleotide sequence of muR-92.  In particular embodiments, the
oligonucleotide comprises, consisis essentially of, or consists of the nucleotide sequence
complementary to miR-92. In this context, “consists essentially of” includes the optional
addition of nucleotides {e.g., one or two) on either or both of the 5” and 3° ends, so long as the
additional nucleotide(s} do not substantially affect (as defined by an mncrease in IC50 of no more
than 20%) the oligonucleotide’s inhibition of the target miRNA activity in the dual luciferase
assay or animal {e.g., mouse) model

{0055} The oligonucleotide can generally have a nucleotide sequence designed to target mature
miR-92. The ohgonuclectide may, in these or other embodiments, also or alternatively be
designed to target the pre- or pri-nuRNA forms of muR-92. In certain embodiments, the
oligonucleotide may be designed to have a sequence containing from 1 t0 S{eg, 1, 2, 3, or 4)
nmusmatches relative to the fully complementary (mature) muR-92 sequence In certain
embodiments, such antisense sequences may be mcorporated mio shRNAs or other RNA
structures containing stem and loop portions, for example.

{0056] The ohigonucleotide can be from 8 to 20 nucleotides in length, from 15 to 50 nucleotides
i length, from 18 to 50 nucleotides n length, from 10 to 18 nucleotides m length, or from 11 to
16 nucleotides n length. The oligonucleotide in some embodiments is about 8, about 9, about
10, about 11, about 12, about 13, about 14, about 15, about 16, about 17, or about 18 nucleotides
m length. In one embodiment, the present mvention provides an ohigonucleotide inhibitor of
miR-92 that has a length of 11 to 16 nucleotides. In various embodiments, the oligonucleotide
mhubitor targeting miR-92 1s 11, 12, 13, 14, 15, or 16 nucleotides in fength. In one embodiment,
the oligonucleotide inhibitor of miR-92 has a length of 12 nucleotides. In some embodiments, the
oligonucleotide inhibitor of miR-92 is at least 16 nucleotides in length.

{0657] Generally, the number and position of LNA can be such that the ohigonucleotide reduces
miR-92 activity or function. In one embodiment, the number and position of LNAs 1s such that
the oligonucleotide has an increased efficacy relative to a control. In some embodiments,
efficacy is a capacity for producing a beneficial or desired result {(e.g., clinical result). The
beneficial or desired result can be a reduction, amelioration, or removal of a symptom or
symptoms of a disease or condition. The beneficial or desired result can be a inhibition,

reduction, amelioration, or removal of the activity or function of miR-92. The increased efficacy
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can be increased in vivo, in vitro, or ex vivo. The control can be an oligonucleotide containing the
same sequence as the oligonucleotide comprising LNAs as provided herein but no chemical
modifications. The control can be an oligonucleotide containing the same sequence as the
oligonucleotide comprising LNAs as provided herein but a different chemical modification motif
or pattern. The control can be an oligonucleotide containing the same sequence as the
oligonucleotide comprising ENAs as provided herein but a different number and/or position of
LNAs. The control can be an oligonucleotide containing the same sequence as well as number
and/or position of LNAs, but a different additional modification such as the presence of one or
more S-methylcytosines.

{0058] The oligonucleotide as provided herein generally containg at least about 2, at least about
3, at least about 4, at least about 5, at least about 7, or at least about 9 LNAs, but in various
embodiments is not fully comprised of LNAs. Generally, the number and position of LNAs is
such that the oligonucleotide reduces mRNA or miRNA function or activity. In certain
embodiments, the ohigonucleotide does not contain a stretch of nucleotides with more than four,
or more than three, contiguous LNAs. For example, the oligonucleotide comprises no more than
three contiguous LNAs. In these or other embodiments, the oligonucleotide can comprise a
region or sequence that 1s substantially or completely complementary to a muRNA seed region,
m which the region or sequence comprises at least two, at least three, at least four, or at least five
locked nucleotides.

[0059] In certain embodiments, the oligonucleotide inhibitor contains at least 1, at least 2, at
least 3, at least 4, or at least S DNA nucleotides. In one embodiment, the oligonucleotide
mhibitor comprises at least one LNA, wherein each non-locked nuclestide in the oligonucleotide
mhibitor 15 a BNA nucleotide. In one embodiment, the oligonucleotide inhibitor comprises at
least two LNAs, wherein each non-locked nucleotide in the ohigonucleotide inhibitor 1s a BNA
nucleotide. In one embodiment, at least the second nucleotide from the 5 end of the
oligonucleotide mhibitor s a DNA nucleotide. In one embodiment, at least 1, at least 2, at least
3, at least 4, or at least 5 DNA nucleotides in an oligonucleotide as provided herein contains a
nitrogenous base that 1s chemucally modified In one embodiment, the second nuclectide from
the 5” end of an oligonucleotide inhibitor as provided herein contains a nitrogenous hase that is
chemically modified. The chemically modified nitrogenous base can be 5-methvicytosine. In one

embodiment, the second nucleotide from the 5° end 15 a 5-methylcytosine. In one embodiment,
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an ohgonucleotide inhibitor as provided herein comprises a S-methylcytosine at each LNA that is
a cytosine.

{0060} In one embodiment, an oligonucleotide inhubitor of niR-92 as provided herein comprises
a sequence of 12 to 16 nucleotides, wherein the sequence is at least partially or fully
complementary to a mature sequence of miR-92, in which from the 5" end to the 3” end of the
oligonucleotide, at least the first and last nucleotide positions are LNAs. In certain embodiments,
the oligonucleotide inhibitor of miR-92 has a length of 12 nucleotides. In certain embodiments,
the oligonucleotide inhibitor of miR-92 has a length of 13 nucleotides. In certain embodiments,
the olhigonucleotide inhibitor of miR-92 has a length of 14 nucleotides. In certain embodiments,
the oligonucleotide inhibitor of miR-92 has a length of 15 nucleotides. In certain embodiments,
the oligonucleotide inhibitor of miR-92 has a length of 16 nucleotides. The oligonucleotide can
have a full or partial (i.e., one or more) phosphorothioate backbone. The oligonucleotide can
further comprise any additional modification as provided herein including but not limited to one
or more chemically modified nitrogenous bases, a 5 and/or 37 cap structure, a pendent lipophilic
group and/or 27 deoxy, 27 G-alkyl or 27 halo modification{s}). In certain embodiments, the
oligonucleotide inhibttor of miR-92 comprising a sequence of from 12 to 16 nucleotides
comprises at least one nucleotide with a chemuically modified nitrogenous base. The chemically
modified mtrogenous base can be a methylated base. In certam embodiments, the chemically
modified mitrogenous base is S-methylcytosine. In one embodiment, each LNA that is a cytosine
15 a S-methylcytosine. In certain embodiments, an oligonucleotide inhibitor as provided heren
comprising at least one nucleotide with a chemically modified nitrogenous base {e.g., 5-
methylcytosine} shows increased efficacy as compared to the same oligonucleotide inhibitor
lacking the chemically modified nitrogencus base. The increased efficacy can be an increased
reduction or imhibition of miR-92 function and/or activity. The increased efficacy can be in vivo,
ex vivo and/or in vitro.

{0061} In one embodiment, the cligonucleotide can comprise a sequence of 13 to 16 nuclestides,
in which from the 3' end to the 3' end of the oligonucleotide, positions 1, 6, 10, 11 and 13 are
LNAs, and the remaining positions are non-locked nuclestides, wherein the oligonuclestide 1s at
least partially complementary to a nuRNA or a seed region of a miRNA, in which the muRNA
may in some embodiments, be miR-92. The oligonucleotide can be fully complementary to the

miRNA, in which the miRNA may in some embodiments, be miR-92. In some embodiments, at

21



WO 2016/118612 PCT/US2016/014108

least one non-focked nucleotide comprises a nitrogenous base that 15 chemically modified. In
certain embodiments, the oligonucleotide inhibitor comprises a nucleotide containing a
chemically modified nitrogenous base at a second nucleotide position from the 5° end to the 3’
end of the oligonucleotide. In certain embodiments, the second nucleotide position is a cytosine
and the chemically modified nitrogenous base is a S-methylcytosine. In one embodiment, the
presence of the chemically modified nitrogenous base(s) (eg., S5-methylcytosine} in the
oligonucleotide inhubitor has increased im vivo or in vitro efficacy as compared to an
oligonucleotide with the same number and/or position of LNAs but no chemically modified
nitrogenous base {e.g., S-methylcytosine}. The increased efficacy can be an increased reduction
of miRNA (e g, miR-92) function and/or activity.

[0062] In another embodiment, the oligonucleotide can comprise at least 16 nucleotides, in
which from the 5" end to the 3' end of the oligonucieotide, positions 1, 3, 6, 8, 10, 11, 13, 14, and
16 are LNAs, and the remaining positions are non-locked nucleotides, the oligonucleotide 1s at
least partially complementary to a nuRNA or a seed region of a miRNA, in which the miRNA
may in some embodiments, be miR-92. The oligonucleotide can be fully complementary to the
miRNA, in which the miRNA may in some embodiments, be miR-92. In some embodiments, the
second nucleotide from the 57 end comprises a nitrogenous base that 1s chemically modified (e.g.
S-methyleytosine}. In one embodiment, the presence of the chemically modified nitrogenous
base(s) {e.g., S-methylcviosine} in the oligonucleotide wnhibitor has increased in vivo or in vitro
efficacy as compared to an oligonucleotide with the same number and/or position of LNAs but
no chemically modified nitrogenous base (e.g., S-methylcytosine}. The increased efficacy can be
an increased reduction of miRNA {e.g., miR-92} function and/or activity.

{0663] In another embodiment, the oligonucleotide can comprise at least 16 nucleotides, in
which from the 5' end to the 3' end of the oligonuclestide, positions 1, 5, 6, 8, 10, 11, 13, 15, and
16 are LNAs, and the remaining positions are non-locked nucleotides, the oligonucleotide is at
least partially complementary to a miRNA or a seed region of a miRNA, in which the miRNA
may i some embodiments, be miR-92. The oligonucleotide can be fully complementary to the
miRNA, in which the muRNA may in some embodiments, be miR-92. In some embodiments, the
second nucleotide from the 57 end comprises a nitrogenous base that is chemically modified (e g.
S-methylcytosine}. In one embodiment, the presence of the chemically modified nitrogenous

base(s) (e.g., S-methylcytosine} in the oligonucleotide inhibitor has increased in vivo or in vitro
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efficacy as compared to an oligonucleotide with the same number and/or position of LNAs but
no chemically modified nitrogenous base (e.g., S-methylcytosine}. The increased efficacy can be
an mcreased reduction of miRNA {e g., miR-92) function and/or activity.

{0064] In another embodiment, the oligonucleotide can comprise at least 16 nucleotides, n
which from the 5 end to the 3' end of the oligonucleotide, positions 1, 3, 6, 9, 10, 11, 13, 14, and
16 are LNAs, and the rematning positions are non-locked nucleotides, the oligonucleotide 1s at
least partially complementary to a miRNA or a seed region of a miRNA, in which the miRNA
may in some embodiments, be miR-92. The oligonucleotide can be fully complementary to the
miRNA, in which the niRNA may in some embodiments, be miR-92. In some embodiments, the
second nucleotide from the 5” end comprises a nitrogenous base that 1s chemically modified (e.g.
S-methyleytosine). In one embodiment, the presence of the chemically modified nitrogenous
base(s) (e.g.., S-methylcytosine) in the oligonucleotide inhubitor has 1ncreased in vivo or in viro
efficacy as compared to an oligonucleotide with the same number and/or position of LNAs but
no chemically modified nitrogenous base (e.g., 5-methylcytosine). The increased efficacy can be
an mcreased reduction of miRNA (e g., miR-92) function and/or activity.

[0065] In some embodiments, the oligonucleotide 15 selected from Tables 1 or 2. In certain

3

embodiments, the oligonucleotide 15 an ohigonucleotide inhibitor selected from Table

[0066] In some embodiments, an oligonucleotide mhibitor as provided herein {(e.g., miR-92

4o

oligonucleotide mhibitor) shows at least about 0.5%, at least about 1%, at least about 2%, at least
about 3%, at least about 4%, at least about 5%, at least about 10%, at least about 15%, at least
about 20%, at least about 25%, at least about 30%, at least about 35%, at least about 40%, at
least about 45%, at least about 50%, at least about 60%, at least about 70%, at least about 80%,
at least about 90%, or at least about 99% greater inhibition of the function and/or activity of a
target miRNA (e g, miR-92) as compared to other nhibitors of the target muRNA (e.g., miR-92).
The improvement or increase can be i vitro, ex vivo and/or in vivo,

{0067} In some embodiments, an oligonucleotide inhibitor as provided herein (e.g., miR-92
oligonucleotide inhibitor) comprising a S-methvicytosine produces at least about 0.5%, at least
about 1%, at least about 2%, at least about 3%, at least about 4%, at least about 5%, at least
about 10%, at least about 15%, at least about 20%, at least about 25%, at least about 30%, at
least about 35%, at least about 40%, at least about 45%, at least about 50%, at least about 60%,

at least about 70%, at least about 80%, at least about 90%, or at least about 99% of an increase
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or improvement in the reduction of function and/or activity of a target miRNA {e.g., miR-92} as
compared to an oligonucleotide with the same nucleotide sequence as well as LNA/DNA pattern
but lacking a 5-methylcyotsine. The improvement or increase can be i vitro, ex vivo and/or in
vivo. In some cases, all LNA cytosines in an oligonucleotide intubitor as provided herein 1s a 5-
methyleytosine LNA

{6068} In some embodiments for non-locked nucleotides, the nucleotide may contain a 2°
modification with respect to a 2° hydroxyl. For example, the 2° modification may be 2 deoxy.
Incorporation of 2'-modified nucleotides in antisense oligonucleotides may increase resistance of
the oligonucleotides to nucleases. Incorporation of 2-modified nucleotides in antisense
oligonucleotides may increase their thermal stability with complementary RNA. Incorporation
of 2-modified nucleotides in antisense oligonucleotides may increase both resistance of the
oligonucleotides to nucleases and thew thermal stability with complementary RNA. Various
modifications at the 2° positions may be independently selected 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, ex vivo ot in vivo. Exemplary methods for determining increased potency (e.g.,
IC50) for nuR-92 mhibition are described heremn, including, but not limted to, the dual
fuciferase assay and & vivo miR-92 abundance or target de-repression.

{8069] In some embodiments the 27 modification may be independently selected from G-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-alkyi {e.g., O-methyl}, halo {e.g., fluore), deoxy (H}, and amino. For example,
the 2” modifications may each be independently selected from O-methyl {OMe)} and fluoro {F).
In exemplary embodiments, purine nucleotides each have a 27 OMe and pyrimidine nucleotides
each 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 27 hydroxyls).

{0676] 22 modifications 1n accordance with the invention can also include small hydrocarbon
substituents. The hydrocarbon substituents include alkyl, alkenyl, alkynyl, and alkoxyalkvl
where the alkyl (including the alkyl portion of alkoxy), alkeny! and alkynyl may be substituted or
unsubstituted. The alkyl, alkenyl, and alkynyl may be C1 to C10 alkyl, alkenyl or alkynyl, such

as C1, C2, or C3. The hydrocarbon substituents may include one or two or three non-carbon
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atoms, which may be independently selected from nitrogen (N), oxygen (O), and/or sulfur (8).
The 2° modifications may further include the alkyl, alkenyl, and alkynyl as O-alkyl, O-alkenyl,
and O-alkynyl

{0071} Exemplary 2° modifications 1n accordance with the invention can include 27-O-alkyl (C1-
3 alkyl, such as 2”0OMe or 2°OFt), 2'-O-methoxyethyl (2'-0-MOE), 2'-O-aminopropyl (2'-0-AP),
2-0O-dimethylaminoethyl  (2'-0-DMAOE), 2-O-dimethylanunopropyl (2-0-DMAP), 2-0O-
dimethylaminoethyloxyethyl  (2-O-DMAEQOE), or 2'-O-N-methylacetamido (2'-O-NMA)
substitutions.

{0072} In certain embodiments, the oligonucleotide contains at least one 2’-halo modification
{e.g.. in place of a 27 hydroxyl}, such as 2’-fluoro, 2’-chloro, 27-bromo, and 27-10do. In some
ernbodiments, the 27 halo modification 15 fluoro. The ohigonucleotide may contain from 1 to
about 5 2’-halo modifications {e.g., fluoro), or from | to about 3 2’-halo modifications {e.g.,
fluoro). In some embodiments, the oligonucleotide contains all 2’-fluoro nucleotides at non-
locked positions, or 2°-fluoro on all non-locked pyrimidine nucleotides. In certain embodiments,
the 2”~fluoro groups are mdependently di-, tri-, or un-methylated.

{0073] The oligonucleotide may have one or more 2’-deoxy modifications {e.g, H for 2
hydroxyl), and in some embodiments, contains from 2 to about 10 2°-deoxy modifications at
non-locked positions, or contains 2’ deoxy at all non-locked positions.

{08674] In exemplary embodiments, the oligonucleotide contains 27 positions modified as 270OMe
m non-tocked positions.  Alternatively, non-locked purine nucleotides can be modified at the 2
position as 2°0OMe, with non-locked pyrimidine nucleotides modified at the 27 position as 2'-
fluoro.

{0675 In certain embodiments, the cligonucleotide further comprises at least one terminal
modification or “cap.” The cap may be a 5 and/or a 3'-cap structure. The terms “cap” or “end-
cap”’ include chemical modifications at either terminus of the oligonucleotide (with respect to
terminal ribonucleotides), and includes modifications at the linkage between the last two
nucleotides on the 57 end and the last two nucleotides on the 3” end. The cap structure as
described herein may increase resistance of the oligonuclestide to exonucleases without
compromising molecular interactions with the miRNA target (7.e. miR-92) or celiular machinery.
Such modifications may be selected on the basis of their increased potency i vitre or in vivo.

The cap can be present at the 3'-terminus (5'-cap} or at the 3'-terminus (3'-cap) or can be present
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on both ends. In certain embodiments, the 5'- and/or 3’-cap is independently selected from
phosphorothicate monophosphate, abasic residue {moiety}, phosphorothicate hinkage, 4'-thio
nucleotide, carbocvclic nucleotide, phosphorodithicate linkage, inverted nucleotide or inverted
abasic moiety (2°-3° or 3’-37), phosphorodithioate monophosphate, and methylphosphonate
moiety. The phosphorothioate or phosphorodithioate linkage{(s), when part of a cap structure, are
generally positioned between the two terminal nucleotides on the 5° end and the two termmal
nucleotides on the 37 end.

{0076] In certain embodiments, the oligonucleotide has at least one terminal phosphorothicate
monophosphate.  The phosphorothicate monophosphate may support a higher potency by
inhibiting the action of exonucleases. The phosphorothicate monophosphate may be at the 57
and/or 37 end of the oligonucleotide. A phosphorothioate monophosphate 15 defined by the

following structures, where B 1s base, and R 1s a 2” modification as described above:

OH R

5 phosphorothioate monophosphare

\ ?
i ! !
i / ;(t §
0 R
nm!::r ------- 3
&

3" phosphorothioate monephosphate

{8077} Where the cap structure can support the chemistry of a locked nucleotide, the cap
structure may incorporate a LNA as described herein

{0078] Phosphorothioate hinkages may be present m some embodiments, such as between the
last two nucleotides on the 57 and the 37 end (e.g., as part of a cap structure), or as alternating
with phosphodiester bonds. In these or other embodiments, the oligonucleotide may contain at

least one terminal abasic residue at either or both the 57 and 37 ends.  An abasic moiety does not
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contain a commonly recognized purine or pyrimiding nuclectide base, such as adenosine,
guanine, cvtosine, uracit or thymine. Thus, such abasic moteties lack a nucleotide base or have
other non-nucleotide base chemical groups at the 17 position. For example, the abasic nucleotide
may be a reverse abasic nucleotide, e g, where a reverse abasic phosphoramidite is coupled via a
57 amudite (instead of 3° amidite) resulting 1in a 5°-5 phosphate bond. The structure of a reverse

abasic nucleoside for the 5" and the 37 end of a polynucleotide is shown below.

i

0

Q

o]

Cpremmeen D

5" end of oligo

3 end of olige

OH

[0079] The ohigonucleotide may contain one or more phosphorothioate  linkages.
Phosphorothioate linkages can be used to render oligonucleotides more resistant to nuclease
cleavage. For example, the polynucleotide may be partially phosphorothioate-linked, for
example, phosphorothicate linkages may alternate with phosphodiester linkages. In certamn
embodiments, however, the oligonucieotide 1s fully phosphorothicate-linked.  Tn other
embodiments, the ohigonucleotide has from one to five or one to three phosphate linkages.

{0080} In some embodiments, the nucleotide has one or more carboxamido-modified bases as
described in PCT/US11/59588, which 1s hereby incorporated by reference, including with
respect to all exemplary pyrimidineg carboxamido modifications disclosed therein with

heterocyclic substituents.
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{0081] The synthesis of oligonucleotides, including modified polynucieotides, by solid phase

svathesis 13 well known and s reviewed in Caruthers ef g/, Nucleic Acids Symp. Ser. 7:215-23

(1980).

{6082} In some embodiments, the oligonucleotide comprises a sequence selected from Tables 1

and 2, in which “+7 or “1” indicates the nucleotide 1s a LNA; “d” indicates the nucleotide 15 a

DNA; “s” indicates a phosphorothioate linkage between the two nucleotides; and “md(C”

indicates the nucleotide 1s a S-methvl cytosine DNA:

{0083] Table 1. MiR-92 Inlibitors

SEQ | Alias

Sequence {5 to 3°)

D (second line of sequence 15 with linkages notation)
NG,
SEQ +HOCHGOGGHACHAATGHTGHCHAAST

ID | 92a LNA 16 PS
NG 7

1Cs:dCs: 1Gs:; dGs; dGs; LA dCs: 145, d A 1Gs: 1 Ts: dGs: 1Cs; 1As dAs T

SEQ
I | 92a LNA 16 1
NG: 8

+OCGGHGHACHAAFGHFTGHCA+ASFT

1Cs,dCs;dGs:dGs;1Gs; 1 As:dCs 1A dAs; IGs; 1 Ts: dGs; 1Cs; dAs: 1As 1T

SEG
D | 92a LNA 16 4
NG9

+CCHGOGHACA+A+HGHTGHCHAAHT

1Cs:dCs: 1Gs; dGs;dGs; 1 As;dCs;dAs: 1 As 1Gs 1 Ts;dGs: 1Cs 1 As dAs; I T

{0084] Table 2. Addiional MiR-92 Inhibitors

SEQ 1D Alias Sequ&%ncg (5 t»@ ¥ S .

NGO, {second line of sequence 1s with linkages notation)
SEGID i 145168 T Gs 10s A 1A 1T,
NO. 10 | ATy LA O A AT
SEQ H“) 972 LNA 16 2 le;dC_s;igs;le;dGs;dAs;leiL_A\s;dAs;iGs;de;1Gs;dCs;iAs;dAs;iT
NO: 11 - - - HCCHGHGGATCHAA+GTHGCHAAAT
SEQ D 922 LNA 16 3 1Cs;dCs:dGs;1Gs; 1Gs;dAs: ICs; dAs; 1 As; 1Gs;dTs; 1Gs; dCs; 1As; dAs;iT
NO: 12 +CCGHGHGAFCAFAFGTHGCHAAAT
%hQ D 98 LNA 16 5 1Cs;dCs;1Gs;dGs; 1Gs dAs; 1Cs; d As; 1As dGs; 1 Ts:dGs; ICs dAs; LA IT
NO: 13 TN A CCHGGHGAFCAFAGHTGHCAFAST
SEQID 972 LNA 16 6 1Cs:1Cs;dGs;1Gs; dGs; 1As: dUs: 1As; dAs; 1Gs; d Ts;1Gs; dCs: JAs dAs;iT
NO: 14 I HCAHCGHGGHACHAAFGTHGCHAAFT
%FQ 1D, 920 LNA 16 7 1(Is;d(ls;d(]s;d(}s;iGs;d_As;dCs;EAs;dAs;dGs;lTs;IGs;iCs;}As;IAs;iT
NO: 15 === CCGGHGACFAAGHTHGHCHATALT
SEQ H“) 972 LNA 16 8 le;dCs;dQs;iG_s;dGs;l/%s;dCs;iAs;dAs;iGs;lTs;dGs;iCs;iAs;dAs;iT
NO: 16 - - - HCCGHGGHACHAATGHTGHOHAAFT
SEQ ID 92a INA 16 9 1 1Cs;dCs;1Gs:dGs;1Gs;dAs dCs As;dAs; 1Gs; dTs;1Gs; 1Cs; IA s, dAs 1T
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NO: 17 ACCHGGHGACHAAFGTHGHCHAAAT
SEQID 1Cs:dCs;1Gs;dGs; dGs;1As;dCs;1As; dAs 1Gs; 1 T dGs; dCs; LAs TAs 1T

92a ENA 16 10

NO: 18 HCCHGOGHACHAAFGHFTGCHAF+AFT

SEQID ] 1Cs;1Cs;1Gs;dGs;dGs; 1As; dCs; 1As;: dAs;dGs: 1 Ts;dGs; dCs: [As [ As;iT
Ny 92a LNA 16 11 St , g

NO: 19 : HCACHGGGHACHAAGHTGCHAHAST

SEQID . 3 105,10 1Gs; dGs; 1 Gs dAs; dCs; 1As; dAs dGs; 1 Ts: dGs; dCs; 1As: 1As; 1T
922 LNA 16 12 jrmbm oo .

NO: 20 +CHCHGGHGACHAAGHTGCHA+AAT

SEQID 928 LNA 16 13 1Cs:1Cs;1Gs;dGs; dGs; 1As dUs: 1As; dAs;dGs; 1 Ts;dGs: 1Cs: As dAs;iT
NG: 21 A A O GO ACTAAGI TGO+ AAFT

SEGID . 1Cs,dCs: 1G5 dGs; 1Gs; dAs 1Cs; dAs dAs; 1Gs: 1 Ts; ds; 1Cs: dAs 1As 1T
A 922 INA 16 14 |2 e

NG 22 HCCHGGHGATCAATGHTGHCATALT

SEQID 028 LNA 16 15 1Cs;1Cs:dGs;dGs;1Gs dAs; ICs; dAs; 1As 1Gs; d Ts;1Gs; 1Cs; dAs; dAs;IT
NO: 23 TS O GGHGAC AT ATGTHGICAA+T

SEQ ij) 922 LNA 16 16 1le;d§,§;11@;dG§%d,Gs;1zﬁisl%clts.;i:§s;il%s;d,(ss;1Is;dﬁs;le;iAs;dAs;U
NO: 24 ; HCCHGGGHACHAFAGHTGHCHA AT

SEQID 922 LNA 16 17 1Cs,dCs: 1Gs;dGs; dGs;1As:dCs: 1 As dAs; 1Gs; dTs; 1Gs; 1Cs 1As; d As;iT
NO: 25 | e T GGG ACH A AT GTHGHCF AALT

SEQID 92 LNA 16 18 1Cs:dCs: 1Gs; dGs;1Gs;dAs 1Cs dAs; dAs 1Gs 1 Ts;dGs: dCs 1As 1As;IT
NO: 26 AR A e GG GACAA TG TGO+ AL AT

SEGID . 1Cs,dCs: 1G5 dGs; dGs; 1 As:dCs 1As dAs;dGs: 1 T8 dGs 1Cs; 1 As 1As 1T
T \ ~7 gza_[’NA_1 6_}9 WalnBWarara ~ 4 Py 5 . g

NGO 27 HCCHGGGHACHAAGHIGHCHATAT

SFQ H“) 922 LNA 16 20 llCis;fin;isz;\dCr_:sfiGs;d/é,sf;f(?s;iﬁs;dAsr;iGs;lTs;dGs;iCs;iAs;dAs;iT
NO: 28 HCCHGGHGACHAATGHTGHCHAAST

SEQID ] 1Cs;1Cs;dGs:dGs;1Gs;dAs:Cs; 1As; dAs; 1Gs;dTs;dGs; 1Cs; dAs [ As;iT
SUS T 1 92a LNA 16 21 peeieoaoe e

NO: 29 HCACGGHGATCHAATGTGHCA+AYT

SEQID 922 LNA 16 22 1Cs:dCs;iGs;1Gs;dGs dAs; ICs; dAs 1 As: 1Gs;d Ts: 1Gs; dCs; [As;dAs;iT
NO:30 | O G GGAC A+ AL G TGO AALT

SEQID 920 LNA 16 73 1Cs:dCs dGs;dGs 1Gs; 1As; 1Cs dAs; dAs 1Gs 1 Ts;dGs 1Cs; dAs; TAs 1T
NO: 31 AR 20 e C GGG ACAATGI TG C AL AT

SEQID . 1Cs,dCs:dGs 1Gs; 1Gs; dAs 1Cs; dAs dAs; 1Gs; dTs 168,10 1A, d As; T
N 925 INA 16 24 b e

NO: 32 HCCGHGHFGATCAATGTHGHCHAAST

SFQ D 921 LNA 16 25 llCis;fi(;s;iiGs\;inrs;‘}Gs;dAs\;}?sffs;dAs;}Qs;de;iGs;dCs;iAs;dAs;iT
NO: 33 - HCCGHGHGATCHAAFGTHGOHAATT

SEQ D 928 LNA 15 1 1ICS;fi(}S;dGs;QGS;ELAS;.dC§;%lLX§;d,As;1GS;iIs;d(rs;i{,s;iAs;dAs;M
NO: 34 +CGOGGHACHAAFGHTGHCHAAFT

SEQID 98 LNA 15 2 1Cs:dGs;dGs; dGs;1As:dCs:1As:dAs; 1Gs; 1 Ts:dGs; ICs; dAs: 1As 1T
NO:35 | AT T GGGAACHA AL GATGHC AT ALT

SEQID 972 LNA 15 3 1Cs;dGs; 1Gs;dGs dAs; ICs 1As; dAs; 1Gs dTs;1Gs: dCs 1 As  dAs;IT
NO: 36 LA G IGOA CIAA TG TGO AALT

SEQID 920 LNA 15 4 1Cs:dGs; dGe 68 dAs s dAs; TAs 1Gs, d T, 1Gs: dCs: 1A, dAs; 1T
NO: 37 AR T CGGHGATC A+ ATGTHGOAALT

SEQID 92a LNA 15 5 | 1Cs;dGs;dGsdGs;1As;dCs; dAs TAS;1Gs 1 Ts,dGs; ICs; 1As; dAs; 1T
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NO: 38 HCGGGHACATATGHTGHCHAAYT
SEQID 1Cs:1Gs:dGs; 1Gs; dAs; 1Cs dAs; 1As; dGs 1 Ts,dGs ICs dAs; dAs; 1T

92a ILNA 15 6

NGO 39 HCAHGGHOGAHCATAGHTGHCAALT

SEQ D 928 LNA 15 7 1Cs;dGs; 1Gs;dGs;1As; dCs 1 As; dAs; 1Gs; dTs;1Gs; dCs; 1 As; dAs; 1T
NO: 40 +CGHGGHACHAAFGTHGCHAAFT

%hQ iD 98 LNA 15 8 1Cs;dGs; dGs; MGs; dAs:dCs: 1As; dAs:;dGs. dTs;1Gs: 1Cs; 1As: 1As 1T
NO: 41 +CGGHGACHAAGTHGHCHA+ALT

SEQID 974 LNA 15 O 1Cs1Gs dGs; dGs:1As dCTs 1As; d A 1Gs; dTs;dGs dCs 1 As; LAs; 1T
NO: 42 — = N CHGGGHACHAA+GTGCHA+AST

S,‘?:Q 1D 922 LNA 15 10 1CS;EGs;d(]s;dGs;iAs_;dCs;lAs;d/-‘\s;dGs;iTs;dGs;dCs;iAs;iAs;ET
NO: 43 - - HCHGGGHACHAAGHFTGCHA+AFT

SEQID 924 LNA 15 11 le;iGs;dGs;iQs;dAs;dCs_;lA,s;dAs;dG&:;ITS;dGs;dCs;EAs;iAs;}T
NO: 44 - - HCAGGHGACHAAGHTGCHA+ART

SEQID . . . 1Cs:1Gs; dGs;dGs;1As; dCs 1As; dAs; dGs; 1 Ts;,dGs 1Cs; 1As dAs; 1T
'NO? 45 922 LNA_I5 12 HCAGGGHACHAAGHTGHOHAAFT

%hQ ID 972 LNA 15 13 1Cs 1G5, dGs 1Gs dAs; 1Cs dAs; dAs; 1Gs; dTs;dGs; 1Cs; dAs 1As 1T
NGO 46 +CHGGHGAHCAA+GTGHCA+ALT

SEQID 028 LNA 15 14 1Cs;dGs;dGs; MGs dAs; ICs; dAs; 1AS 1Gs; dTs;1Gs: 1Cs;d As dAs; 1T
NO: 47 - - +CGGHGAFCA+A+GTHGHCAA+T

S,‘?:Q HiD) 972 LNA 15 15 1(23;5Gs;d(}s;d(}s;iAs_;dCs;dAs;Lf-‘\s;dGs;ETs;dGs;ECs;iAs;dAs;iT
NO: 48 = =TT+ OHGOGrACATAGHTGHCHAAHT

SEQ H) 028 LNA 15 16 le;iGs;d_Gs;d_Gs;iAs;dCs;lAs;dAs;EGS;de;iGS;dCs;iAs;dAs;}T
NO: 49 - - HCHGGGHACHAAGTHGCHAAFT

SEQ D 9a LNA 15 17 1Cs;1Gs:dGs;dGs; dAs s dAs; dAs 1Gs: [ Ts;dGs;dCs; LAs; 1As;IT
NO: 50 - ' +CHGGGAHCAAHGHTGCHA+AHT

%hQ 1D] 922 LNA 15 18 1Cs;1Gs;dGs; dGs; 1A dCs; 1As; dAs dGs; 1 Ts:dGs; ICs; dAs 1As 1T
NGO 51 +CHGGGHACHFAAGHTGHCA+AST

SEQ E;D 924 LNA 15 19 1Cs:1Gs:dGs; 1Gs; dAs: dCs 1As; dAs; 1Gs  dTs;dGs 1Cs 1 As dAs;IT
NO: 52 - - +CHGGHGACHAAFGTGHCHAALT

%FQ 1D, 9724 1LNA 15 20 1Cs:dGs; dGe 168 dAs ICs; 1A dAs 1Gs, dTs; dGs; 1Cs dAs: 1A IT
N S3 - - +CGGHGATCHAATGTGHCATALT

SEQ E;D 924 LNA 15 71 le;dG&:;?Gs;d_Gs;dAs;ECS;dAs;}As;iGS;dTS;iGs;dCs;iAs;dAs;}T
NO: 54 - - HCGHGGATCATAFGTHGCHAAFT

SEQID . . . 1Cs;dGs; dGs;1Gs 1A 1Cs ; dAs; dAs; 1Gs; dTs;dGs ICs; dAs; LAs; 1T
'NO? 55 923 LNA 15 22 +CGGHGHAFCAAFGTGHCA+AFT

%hQ ID 922 LNA 15 23 1Cs;dGs;dGs1Gs; dAs; ICs; dAs dAS; 1Gs; dTs;1Gs; ICs; 1 As; d As 1T
NO: 56 +CGGHGA+CAAFGTHGHCHAAHT

SEQ E;D 920 LNA 15 74 1(?s;dGs;dGs;EGs;dAs;ECS;EAS;dAs;EGS;d’I’s;l(}s;dCs;lAs;dAs;lT
NG: 57 - — 7= +HCGGHGATCHAATGTHGCHAAAT

SEQID 1Cs:dCs: 1G5 1Gs;1Gs 1 As, d0s TAs; dAs 1 Gs:dTs:dGs; 1Cs  d As;dAs; T
N(: S8 +HOCHGHGHGFACHAAFGTGHCAAHT

SEQID 1Cs:dCs;1Gs;1Gs; dGs L As dCs LA LA 1Gs; dTs; dGs; 1Cs; dAs: 1As; dT

30




WO 2016/118612

PCT/US2016/014108

NO: 59

ACCAHGHGGHACHATAGTOHCAHAT

SEQ ID
NO: 60

1Cs;dCs;1Gs;1Gs; 1Gs: 1As;dCs 1 As; d As; 1Gs: d Ts;dGs; 1Cs; dAs; 1As; dT

HCCAHGHGHGHACHAAHGTGHCAHAT

SEQ ID
NO: 61

1Cs;dCs:dGs;dGs; 1Gs 1A dCs;dAs; 1A 1Gs: 1 Ts;dGs; 1Cs; dAs [ As;iT

+CCGGHGTACATATGHTGHCATAHT

SEQID
NGO 62

1Cs,dCs:dGs: dGs;1Gs; 1 As:dCs 1 As dAs; 1Gs; 1 Ts: dGs; 1Cs; 1As; d As; i T

+COCGGHGHACHAAFGHFTGHCHAAAT

SEQ ID
NG 63

1Cs;mdCs;dGs:dGs; 1Gs;1As;dUs 1As, dAs; 1Gs; 1 Ts;dGs; 1Cs dAs: 1As 1T

+CCGGHGHACHAATGHTGHCA+A+T

SEQID
NG 64

1Cs;mdCs; 1Gs: dGs dGs; 1A, 08 dAS 1A 1Gs 1Ts:dGs 10 LAs dAs; 1T

CCHGOGHACAHAHGHTGHCHAAAT

SEQID
NG 65

CsmdCs:1Gs: dGsdGs: 1 As:dCs: 1A dAs: 1Gs: 1 T dGs: 1Cs: 1 As: dAs T

HOCHGOGHACHAAHGHTGHCHAALT

SEQID
NG: 66

92a LNA 14 1

1Gs:dGs;dGs 1 As dCs 1As; dAs: 1Gs: I Ts;dGs 1Cs: [As: d As; 1T
+HEGGHACHAATGHTGHCHAAFT

SEQ ID
NG 67

92a LNA 14 2

1Gs;dGs;dGs;1As; dCs: 1As: dAs; 1Gs; 1 Ts:dGs; 1Cs d As: LA 1T
+GGGHACHAAFGHTGHCAFAAT

SEQ 1D
NO: 68

92a LNA 14 3

1G5 168 8Gs; dAs 1Cs 1As; d A 1Ge: dTs 1Gs; dCs: FAs dAs 1T
HGHGGATCHAAFGTHGCHAAST

SEQ ID
NG 69

92a LNA 14 4

1Gs:dGs; 1Gs; dAs s dAs; 1 As; 1Gs: dTs;1Gs; dCs A dAs 1T
HGGHGAHCAHATGTHGCHAAHT

SEQ ID
NG 70

92a LNA 14 5

1G5 dGs;dGs; 1 As dCs dAs TAs 1Gs; 1 T dGs; 1Cs: FAs dAs 1T
+GGGHACATAFGHTGHCHAAFT

SEQ ID
NG 7

92a LNA 14 6

1Gs:dGs; 1Gs; dAs s dAs; 1As; dGs; 1 Ts;dGs: 1Cs dAs dAs; 1T
HFGGHGAHFCAFAGHTGHCAAFT

SEQ ID
NO: 72

92a LNA 14 7

1Gs;1Gs;dGs; 1As; dCs; 1A s d As: 1Gs; dTs: 1Gs;dCs; fAs; dAs 1T
+GHGGHACHAATGTHGCHAAFT

SEQID
NO: 73

92a LNA 14 8

1Gs;dGs;1Gs; dAs; dCs; 1As; dAs: dGs;dTs;1Gs; ICs 1 As TAs 1T
HFGGHGACHAAGTHGHOHATAAT

SEQ ID
NO: 74

92a LNA 14 9

1Gs;dGs;dGs;1As;dCs 1As dAs; 1Gs; dTs;dGs; dCs 1As 1As 1T
+GGGHACHAAAGTGCHA+TART

SEQID
NO: 75

92a LNA 14 10

1Gs;dGs;dGs 1As;dCs; 1As; dAs: dGs; 1 Ts,dGs; dCs; 1As; TAs 1T
+GGGHACHAAGHTGCHA+AAHT

SEQ ID

92a LNA 14 11

1Gs;dGs;1Gs; dAs; dCs:; 1As: dAs;dGs;1T5,dGs; dCs: 1As: TAs T
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NO: 76

+OGHGACHAAGHTGUHA+HALT

%hQ Hi‘ 97 LNA 14 12 1I(Js:;d(x:%;dhs:;1/-\s;§il(f;if'i‘isﬂ;(liAs;dirﬁfs;iEs;dhs;i(/s;iAs;dAs;iF
NQO: 77 +GGGHACHAAGHTIGHCHAAHT

SEQID - . . 1 1Gs;dGs:1Gs:dAs; ICs;dAs;dAs; 1Gs; dTs;dGs: 1Cs;dAs: [As; I T
A 92a LNA 14 13 | 0We% it al

NO: 78 +GGHGAHCAAFGTGHCA+AFT

SEQID Ome T NTA - 1Gs; dGs;1Gs; dAs ICs; dAs; 1As; 1Gs; dTs;1Gs; 1Cs  dAs; dAs; 1T
NO: 7o | PRRENA T AT CAT AT GT G CAALT

SEQID 1Gs;d(Gs;dGs;1As;dCs;dAs [As;dGs 1 Ts,dGs; ICs;1As:dAs: T

NO: 80

92a LNA 14 15

FOGGHACA+AGHTGHCHAAAT

SEQID Ome T NTA - 1 1Gs:dGs;dGs:1As:dCs; 1As; dAs: 1Gs:dTs;1Gs; dCs: 1As;dAs; 1T

NO: g1 | PRENALLIE e A CEAATGTIGOHAA LT

SEQID 974 LNA 14 17 1Gs;dGs;dGs;dAs: 1Cs; dAs d As 1Gs; 1 Ts:dGs; dCs; 1As:1As 1T

NO: 82 | AN L GGGA+CAA+GHTGCHA+AFT

SEQID 98 LNA 14 18 1Gs:dGs;dGs 1 As;dCs: 1As; dAs; dGs; 1 Ts;dGs ICs; dAs; TAs 1T

NO:- 83 | TR L GGGHACHAAGHTGHCAT AT

SEQID 974 LNA 14 19 1Gs;dGs1Gs; dAs; dCs: 1As;dAs; 1Gs:d Ts;dGs; ICs; LAs dAs T

NO: 84 | AT L GGHGACHAAYGTGHCAAST

SEQID 908 LNA 14 70 1Gs:dGs; 1Gs; dAs s 1As;dAs; 1Gs: dTs;dGs; 1Cs dAs: 1As; 1T

NO: 85 | TRANAT SV L GGIGAFCHAAGTGHCA+FAT

SEQID . " 1Gs;1Gs;dGs; dAs; ICs; dAs: 1 As; 1Gs: dTs; 1Gs; dCs: TAs; dAs; 1T
. . 92a LNA 14 21 L e .

NO: 86 - - FGAHGGAFCATATGTHGCHAAST

SEQID 908 LNA 14 22 1Gs; dGs G 1A 10 s dAs; dAS; 1Ge: dT s dGs; 1Cs: dAs A IT

NO: 87 ALAA LS 2 L GGHGHAFCAAFGTGHOA+A+T

%FQ D 92a LNA 14 23 1.(}.3;fi(yf;E(I:s;dAs;E@s;dé;;%As;iQs;de;1(_55;1(.,,5;1As;dAs;iT

N 88 - - FGGHGAFCAATGTHGHCHAAST

SEQID ) A 1A o 1Gs; dGs 1Gs; dAs 1Cs 1As; d A 1Ge: dTs 1Gs; dCs: FAs dAs 1T

NO- g9 | PRAENAIA A | GG GAICEAAGT+GOAAT

SEQID . 1Gs;dGs;1As; dCUs: 1As: dAs; 1Gs; 1 Ts:dGs; 1Cs; LAs; dAs: 1T

NO: 90 922 LNA_ 13 1 FGGHACHAATGHTIGHCHAAST

SEQID 92a ILNA 13 2 {1Gs;dGs;1As;dCs;1As;dAs 1Gs I Ts;dGs 1Cs dAs; [As;IT

NO: 91 +GGHACHAATGHTGHCAHAAT
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SEQID 1Gs:;dGs;dAs;ICs: 1As; dAs: 1Gs;d Ts; 1Gs; dCs; 1 As dAs; 1T

92a LNA 13 3

NGO 92 +GGAFCHFAAFGTHGCHAAFT

SEQID 978 LNA 13 4 1Gs;1Gs dAs;1Cs; dAs 1As:1Gs dTs:1Gs:dCs: 1As; dAs; 1T
NO:-93 | T L GHGATCATATGTHGCHAAST

SEQID 998 LNA 13 S 1Gs:;dGs 1A dCs dAs: 1As:1Gs; 1 Ts;dGs; 1Cs; [As; dAs: 1T
NQO: 94 T AGGHACAFATGHTGHCHAAALT

SEQID 1G5 1Gs:dAs s dAs; 1As; dGs; 1T5,dGs 1Cs dAs dAs; 1T

NG 95

92a LNA 13 6

HOHGAFCAFAGHTGHCAAHT

SEQID 908 LNA 13 7 1Gs:dGs1As dCs  As dAs; 1Gs; dTs;1Gs; dCs; 1 As dAs 1T
NC: 96 — AT S GGHACHAATGTHGCHAAST

SEQID 97 LNA 13 & 1G5 1Gs;dAs dCs: 1As; dAs, dGs; dTs 10 s 1A TAS T
NO: 97 T +GHGACHAAGTHGHCHAFAAT

SEQID U, 1Gs:dGs1As dCs 1 As dAs; 1Gs; dTs,dGs dCs 1A LA 1T

: 92a LNA 13 o | S5O0 DN

N(: 98 - — = +GGHACHAAFGTGCHA+AFT

SEQID : 1Gs;dGs TAs dCs: 1As dAs, dGs; 1Ts, dGs, dCs; 1As: 1 AsIT
NO: 99 923 LNA_13_10 +GGHACHAAGHFTGCHA+AFT

SEQID - . 1Gs:1Gs; dAs; dCs 1As dAs; dGs: 1Ts;dGs; dCs 1As 1AsIT
NQO: 100 92 LNA_13_H HGHGACHAAGHTGCHA+ALFT

SEQID . 1Gs:;dGs:1As; dCs: 1As; dAs: dGs; 1 Ts;dGs; 1Cs; 1 As;dAs:IT
NO: 101 92a LNA_13 12 +GGHACHAAGHIGHCHAASFT

%hQ iD 922 LNA 13 13 1I(js:;i(xs;L:EAs;E(,s;(‘i':ﬁ}s;dAs;ll(xs;(iI 5;dGs;1Cs;dAs 1As; 1T
NO: 102 +GHGAFCAAFGTGHCA+FA+T

SEQID an ; . 1Gs;1Gs;dAs; ICs:; dAs; 1As: 1Gs; d Ts;1Gs;1Cs; dAs dAs; I T
NO: 103 92a_ENA_13 14 +GHGATCAFAFGTHGHCAAST

SEQID e T NTA - 1(Gs:dGs;1As; dCs; dAs; 1As;dGs;1Ts;dGs; ICs;1As:dAsIT
NO: 104 | PP ENAD IS ACATAGITGHCHAALT

SEQID an ; . 1 1Gs:dGs:lAs; dCs 1As;dAs: 1Gs:; dTs;1Gs:dCs; 1 As;dAs; 1T
NO: 105 | PPRENAL 16 | A C AATGTH GO AALT

SEQID | 92a LNA 13 17 | 1Gs:dGs;dAs;1Cs:dAs;dAs;IGs 1 Ts;dGs;dCs:1As; 1As I T

NO: 106

+FEGAFCAATGHTGC+A+A+T
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SEQID 1Gs;dGs 1 As dCs 1As; dAs: dGs; 1Ts;dGs ICs; dAs; TAs 1T

NGO: 107

92a LNA 13 18

+GGHACHAAGHTGHCA+AAFT

SEQID 908 LNA 13 19 1Gs:1Gs; dAs; dCs; 1A dAs; 1Gs; dTs; dGs;1Cs 1As; dAs; 1T
NO: 108 | A L G GACHAARGTGHCHAAST
SEQID 1Gs;1Gs; dAs: 1Cs 1A dAs; 1Gs;dTs; dGs; 1Cs; dAs 1As; 1T

NGO: 109

92a LNA 13 20

FOGHGAFCHAAFGTGHCA+AHT

SFQ D 98 LNA 13 21 11(1§;51C3§;§A§;1 ,s;\dAs;iA‘gs;iCzs;e‘iTs;1(.&s;dCs;L’-\s;dAs;iT
NO: 110 - — = +GGAFCAFATGTHGCHAAFT
SEQID 924 LNA 13 22 1Gs: 1Gs 1A 10 s dAs; dAS; 1Gs: dT s dGs; 1Cs: d As JAs 1T
NO: 111 | NS L GG AT CAATGTGHCATA ST
SEQID 98 LNA 13 23 1G5 1Gs;dAs s dAs; dAs 1Gs; dTs 1Gs: 1Cs JAs dAs 1T
NO: 112 AR L GHGATCAATGTHGHCHAALT
SEQID 1Gs: 1Gs; dAs s 1 As d As 1Gs; d T 1Gs; dCs: 1As; dAs 1T

NGO: 113

92a LNA 13 24

+GHGACTAATGTHGCHAALT

SFQ D 9% LNA 12 1 11(3&%;1As‘;dCs;ilAf;orlA:s;i(?s;lTs;Ie?lg}s;l(ls;iAs;dAs;iT
NO: 114 HGHACHAAFGHTGHCHAAYT
SEQID 1Gs: 1As; dCs; 1As;dAs 1Gs; 1 Ts;dGs: 1Cs dAs; 1As; 1T

NQO: 115

92a INA 12 2

+GHACHAA+GHTGHCA+TAST

SEQ iD’ 9% LNA 12 3 11(%:%;dAs‘,;iCs;iAEieijf;z(}s;d’[v'sr;wi(}s;d(is;lAs;dAs;ET
NO: 116 HGAFCHAATFGTHGCHAAYT
SEQID 1Gs;dAs;ICs; dAs 1AS 1Gs: dTs:1Gs dCs; 1 As;dAsIT

NO: 117

92a INA 12 4

+GAFCA+A+GTFGCHAAHT

SEQID O%e FNA 19 1Gs;1As;dCs;dAs 1AS; 1Gs; 1T, dGs; ICs; 1 As; dAs; 1T
NO- 118 | DPAENALZS G ACAT AL GITGHCHAALT

SEQID an ; o1 1Gs:dAs;ICs;dAs 1A s, dGs; 1 Ts:dGs; 1Cs;dAs;dAs;IT
NO: 119 | TRENALL 6 CATAGHTGHCAAST

SEQID O%e FNA 19 1Gs;1As;dCs; 1A s dAs; 1Gs;dTs;1Gs;dCs; lAs dAs; T
NO- 120 | PPRENALL T G ACHAALGT-GCHAAT

SEQID 92a LNA 12 8 1| 1Gs:dAs;dCs;lAs;dAs;dGs;dTs;1Gs;ICs; 1As; 1As; 1T
NO: 121 +GACHAAGTHGHCHA+ASFT
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SEQID 908 LNA 17 9 1Gs;1As;dCs; 1A dAs; 1Gs; dTs;dGs;dCs 1As 1 As 1T
NO: 122 | TS G ACHAATGTGC+A+A+T
STEQ H 908 LNA 12 10 }le;}As%dCs;iAs;dAs;dGs;iTs;dGs;dCs;lAs;lAs;ET
NQO: 123 - — = +HGHACHAAGHTGCHA+HAST
SEQID 1Gs;dAs:dCs:1As:dAs; dGs: 1 Ts;dGs; dCs: 1As 1A 1T

92a LNA 12 11

NO: 124 FGACHAAGHTGCHAFAST

SEQID ) A - 1 1Gs;1As;dCs 1As; dAs;dGs: 1Ts;dGs;1Cs: 1 As dAs 1T
NO: 125 | PPAINALLZ L2 A CHAAGHTGHCHAAST
SEQID 1Gs:dAsICs; dAs dAs 1Gs;dTs;dGs 1Cs; dAs 1A 1T

92a LNA 12 13

NGO: 126 +HOAHCAAHGTGHCA+AST

SEQID ) A 1Gs; dAs ICs dAs 1A 1Gs; dT5;1Gs; 1Cs dAs dAsIT
NO: 127 92a_LNA_I2_ 14 HOAHCA+HAFGTHGHCAAT
SEQID " . - 1 1Gs A dCs dAs:  As; dGs; 1Ts, dGs; 1 s LAs: dAsIT
NO 128 | CRENAIZ IS G ACA+AGHTGHCAAAT
SEQID 1Gs;1As; 40 JAs: dAs; 1Gs; dTs;1Gs;dCs; 1 As dAsIT

92a LNA 12 16

NG 129 HHACHAA+GTHGCHAA+T

SEQID - . " 1Gs;dAs;ICs; dAs dAs; 1Gs; 1 Ts:dGs; dCs; 1As; TAs 1T
NO: 130 | CRAENALZ AT A CAACGHTGCAAST

SEQID . o H1Gs;1As dCs IAs dAs; dGs 1 Ts;,dGs; 1Cs; dAs; 1As 1T
NO: 131 922 LNA 12 I8 +GHFACHAAGHTGHCA+A+T

%hQ iD 92a LNA 12 19 1I(3§;di§s;d(,,§;if§?i dA:S-; E(xs;«firi:s;d(xs;E(,s;lAs;de%s;i‘I‘
NO: 132 FGACHAAFGTGHCHAAHT

SEQID 1Gs;dAs;1Cs; 1As; dAs; 1Gs; dTs;dGs; ICs;dAs T As T

92a LNA 12 20

NG: 133 +GAFCHFAAFGTGHCA+FAST

S}:Q D 928 LNA 17 71 1I(r;j,;dAs;;l(?s;c?A{s:;'i:As;E(rs;d iis?;}i(fs;d(s;iAs;dAs;ii
NQO: 134 +GAFCA+AFGTHGCHAA+FT
SEQID 1Gs;1As;ICs;dAs; dAs; 1Gs; dTs;dGs; ICs;dAs T As T

92a LNA 12 22

NO: 135 +OHAHCAAFGTGHCA+AHT

SEQID | 92a INA 12 23 | 1Gs:dAs;ICs;dAs dAs; IGs;dTs;1Gs;ICs [As; dAs; T
NO: 136 +GA+CAA+GTHGHC+HAALT
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SEQ ID
NO: 137

92a LNA 12 24

1Gs;dAs 1Cs; 1As: dAs; 1Gs; dTs;1Gs;dCs;1As: dAs: 1T
+EAFCHAA+HGTHGCHAAST

SEQ ID
NO: 138

1Cs;dCs:1Gs:dGs;dGs; 1 As:dCs 1As; dAs; 1Gs 1 Ts;dGs 1C; LA AT
+CCHGGGHACHAAFGHTGHCHA AT

SEQ ID
NO: 139

1Cs:dCs;1Gs;dGs;dGs; 1As;dCs; 1As dAs IGs; 1 Ts: dGIC; 1A AT
+CCHGOGHACHAATGHTGHCHAAHT

SEQ ID
NO: 140

1Cs,dCs: 1Gs:dGs; d0s; 1 As:dCs: A dAIGITAGIC 1A AT
HCCHGOGHACHAAFGHTGHCHAAAT

SEQ ID
NO: 141

1Cs: A 1Gs; d G d G 1A AT s LA dAS MG T dG1Cs 1A dAs T
+CCHGGGHACHAAHGHTGHCHAAHT

SEQ ID
NO: 142

1Cs,dC G dGs dGHAICs 1A A TG AG IC TAJALTT
HCCHGOGHACHAAFGHTGHCHAAAT

SEQID
NO: 143

1CACHGAGdG A AT IAAAIGIT.AGIC A dATT
+CCHGOGHACHAAAGHTGHCHAAFT

SEQ ID
NO: 144

1Cs:mdCs; 1Ge: dGs dGe; 1A dCs 1A, d A 1Gs 1Ts dGs IC 1A JACTT
HCCHGGGHACHAATGHTGHCHAALT

SEQID
NQ: 145

1Cs;mdCs; 1Gs; dGs;dGs;1As dUs 1A, dAs; 1Gs: 1 Ts dGIC A AT
+CCHGGGHACHAAFGHTGHC+HAAHT

SEQ ID
NO: 146

1Cs;mdCs; 1Gs; dGs; dGs; 1As; dCs 1As dAIG I T, dGIC LA JAIT
HCCHGGGHACHAATGHTGHCHAALT

SEQID
NO: 147

1Cs:mdC;1Gs; dGdGs: 1A dCs: 1A dAs IG: 1 Ts,dG s 1A dAs; IT
+CCAHGGGHACHAAFGHTGHC+HAAHT

SEQ ID
NO: 148

ICs;mdC;1G;dGs dG A dCs 1A dAIGs: 1T dGICs A dAIT
+CCHGOGHACHAAFGHTGHCHAAT

SEQ ID
NO: 149

IC.mdC G, dGdGIAACIAdAIGIT  AGIC 1A dALT
+CCAHGGGHACHAAFGHTGHC+HAAHT

SEQ ID
NO: 150

ICs. dmCs.dGs. dGs. 1Gs. 1As. dCs JAs. dAs 1Gs I Ts. dGs IC. dA TAIT
FCCGGHGTACHAATGHTGHCA+FAST

SEQ ID
NO: 151

1Cs. dmCs.dGs.dGs 1Gs 1As. dCs 1As. dAs 1Gs 1 Ts. 4G IC dATA LT
+CCGGHGTACHAATGHFTGHC A+FAHT
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SEQID 1Cs. dimCs. dGs. dGs 1Gs JAs dCs JAs dA IGIT dGIC JATALT
NO: 152 +CCGGHGHACHAA+GHTGHCA+AST

SEQID 1Cs.dmC.dGs. dGI1Gs 1A dCs 1A L dAS IG 1 Ts 4G ICs dA 1ASIT
NO: 153 +FCOCGGHGHACHAA+GHTGHCA+HAAHT

SEO 1D 1Cs. dmC.dGAGs IGIAJC 1A dA LGS 1T G ICs dATALT

e 1< +CCGGHGHACHAA+GHTGHCA+A+T

NO: 154

SEO D IC.dmC.dGAGIGIAJCIA dAIGITAGIC dAIAIT

N O :"1 55 HCCGGHGHACHAAHAGHTGHCA+AHT

SEQID 1Cs. dmCs 1Gs.dGs.dGs A dCs . dAs TAs 1Gs 1 Ts.dGs IC A JATT

NQG: 136

HCCAHGGGHACAHAHGHTGHCHAAAT

SEQID 1Cs.dmCs 1Gs. dGs. dGs 1As. dCs. dAs 1As 1Gs 1Ts. dGICIA AT

NO: 157 HCCHGOGHACATATGHTGHCHAAAT

SEQID 1Cs dmCs 1Gs.dGs. dGs 1A dTs dAs IA IGIT AGICIAJAIT

NG: 158 FCCHGGGHACATAFGHTGHCHAAFT

SEQID 1Cs dmCIGs dG.dGs 1A dCs dATAS IG 1T dGICs 1A dASIT

NGO 159 HOCHGGGHACATATGHTGHCHAALT

SEQID 1Cs. dmC G dGs dGIA dCs dATAIGs 1T dGICs A dA LT

NQO: 160 HCCHGGGHACATATGHTGHCHAALT

SEQ ID IC.dmCIGdGAdGIA dC ATAIGIT AGICIA JAILT

NO- 161 HCCHGGGHACATATGHTGHCHAATT

SEQ ID 1Cs;dCs:dGs;dGs: 1Gs: 1As;dCs; dAs: 1A 1Gs; 1 Ts,dGs: 1Cs; dAs 1As;IT

NO- 162 HCCGOGHGHACATATGHTGHCAFALT

SEQ 1D 1Cs,dCs;dGs:dGs;1Gs; 1 As:dCs; 1 As: dAs; IGs; 1 Ts:dGs; 1Cs: [ As dAs;iT
e HCCGGHGHACHAATGYTGHCHAAST

NO: 163

SEQ ID 1Cs;dCs:dGs;1Gs; 1Gs;dAs: ICs; dAs; 1 As; 1Gs;dTs; 1Gs; dCs; 1As; dAs;iT

1‘\? O- 164 +CCGHGHGATCA+A+GTHGCHAA+T

{0085] In one embodiment, the oligonucleotide comprises a sequence selected from Tables 1 and

2, and comprises at least one non-locked nucleotide that 15 2° O-alkyl or 2° halo modified. In

some embodiments, the oligonucleotide comprises at least one LNA that has a 2’ to 4” methylene
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bridge. In some embodiments, the oligonucleotide has a 57 cap structure, 37 cap structure, or 5
and 3° cap structure. In vet other embodiments, the oligonucleotide comprises a pendent
lipophilic group.

{0086] The oligonucleotide may be incorporated within a variety of macromolecular assemblies
or compositions. Such complexes for delivery may include a variety of liposomes, nanoparticles,
and micelles, formulated for delivery to a patient. The complexes may include one or more
fusogenic or lipophilic molecules to mitiate cellular membrane penetration. Such molecules are
described, for example, 1n US Patent No. 7,404,969 and US Patent No. 7,202,227, which are
hereby incorporated by reference in their entireties. Alternatively, the oligonucleotide may
further comprise a pendant lipophilic group to aid cellular delivery, such as those described in
WO 2010/129672, which 15 hereby incorporated by reference.

{0087] The present invention also provides a method for delivering an oligonucleotide disclosed
herein to a cell {e.z., as part of a composition or formulation described herein) for reducing or
inhibiting activity or function of miR-92 in the cell. In one embodiment, the oligonucieotide
comprises sequence at least partially complementary to miR-92 In one embodiment, the
oligonucleotide 1s selected from Tables 1 or 2. In some embodiments, the cell 15 a mammalian
cell. In some embodiments, the cell 1s 4 cardiac or muscle cell. In some embodiments, the cell 13
mvolved i wound healing. Tn some embodiments, the cell 1s a fibrocyte, fibroblast, keratinocyte
or endothelial cell. In vet other embodiments, the cell 1s in vivo or ex vivo,

[{0088] Also provided herein 1s a method for treating, ameliorating, or preventing the progression
of a condition 1 a subject comprising administering a8 pharmaceutical composition comprising
an oligonucleotide disclosed herein. The method generally comprises administering the

oligonucleotide or composition comprising the same to a subject. The term “subject” or

“patient” refers to any vertebrate including

o0

without hmitation, humans and other primates {e.g.,

ooats

> o

chimpanzees and other apes and monkey species), farm animals {e.g., cattle, sheep, pigs
and horses), domestic mammals {e.g., dogs and cats), laboratory anmmals (e.g., rodents such as
mice, rats, and guinea pigs}, and birds {e.g., domestic, wild and game birds such as chickens,
turkeys and other gallinaceous birds, ducks, geese, and the like). In some embodiments, the
subject is a mammal.  In other embodiments, the subject is a human. The subject may have a

condition associated with, mediated by, or resulting from, expression of miR-92.
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{0089} In one embodiment, a method of promoting angiogenesis in a subject comprises
administering to the subject an oligonucleotide disclosed herein.  In one embodiment, the
oligonucleotide comprises sequence at least partially complementary to nuR-92. In one
embodiment, the oligonucleotide is selected from Tables 1 or 2. In some embodiments, the
subject suffers from ischenmia, myocardial infarction, chronic ischemic heart disease, peripheral
or coronary artery occlusion, ischemic infarction, stroke, atherosclerosis, acute coronary
syndrome, coronary artery disease, carotid artery disease, diabetes, chronic wound(s), or
peripheral vascular disease {e g., peripheral artery disease).

{0090} In one embodiment, a method of promoting wound healing in a subject comprises
administering to the subject a nuR-92 inhibitor, such as an oligonucleotide disclosed heremn. In
one embodiment, the oligonucleotide comprises sequence at least partially complementary to
miR-92. In one embodiment, the oligonucleotide 15 selected from Tables 1 or 2. In some
embodiments, the subject suffers from diabetes. In some embodiments, healing of a chromic
wound, diabetic foot ulcer, venous stasis leg ulcer or pressure sore 1s promoted by administration
of a miR~-92 mlubttor.

{0091] In one embodiment, adnumstration of a nuR-92 nhibitor as provided herem provides at
least about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% mmprovement m wound re-
epithehialization or wound closure as compared 10 3 wound not admumistered the muR-92
mhubitor.  In some embodiments, admistration of a muR-92 mhubitor as provided heremn
provides at least about 3%, 10%, 20%, 30%, 40%, 30%, 60%, 70%, 30%, or 90% more
granulation tissue formation or neovascularization as compared to a wound not administered the
miR-92 inhibitor,

{0692} In one embodiment, adnunistration of a miR-92 inhibitor as provided herein provides at
least about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% improvement m wound re-
epithelialization or wound closure as compared to a wound administered an agent known in the
art for treating wounds. In some embodiments, administration of a miR-92 mhibitor as provided
herein provides at least about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% more
granulation tissue formation or neovascularization as compared to a wound administered an
agent known in the art for treating wounds. The agent can be a growth factor such as for example

platelet derived growth factor (PDGF) and/or vascular endothelial growth factor (VEGF).
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{0093} Also provided herein s an agonist of nmiR-92.  An agonist of miR-92 can be an
oligonucleotide comprising a mature miR-92 sequence. In some embodiments, the
oligonucleotide comprises the sequence of the pri-miRNA or pre-miRNA sequence for muR-92.
The oligonucleotide comprising the mature miR-92, pre-miR-92, or pri- miR-92 sequence can be
single stranded or double stranded. In one embodiment, the miR-92 agonist can be about 15 to
about 50 nucleotides in length, about 18 to about 30 nucleotides in length, about 20 to about 25
nucleotides in length, or about 10 to about 14 nucleotides in length. The miR-92 agonist can be
at least about 75%, 80%, 85%, 90%. 95%, 96%, 97%, 98%, 99%, or 100% 1dentical to the
mature, pri-miRNA or pre-miRNA sequence of miR-92. The nuR-92 agonist that is a
oligonucleotide can contain one or more chemical modifications, such as locked nucleic acids,
peptide nucleic acids, sugar modifications, such as 2-O-alkyl (eg 2-O-methyl, 2'-0O-
methoxyethyl), 2'-fluoro, and 4' thio modifications, and backbone modifications, such as one or
more phosphorothioate, morpholino, or phosphonocarboxylate linkages. In one embodiment, the
oligonucleotide comprising a miR-92 sequence is conjugated to cholesterol. The oligonucleotide
comprising a miR-92 sequence can be expressed in vive from a vector and/or operably hinked to
a promoter. In another embodiment, the agonist of miR-92 can be an agent distinct from muR-92
that acts to mcrease, supplement, or replace the function of miR-92.

[0094] The present invention further provides pharmaceutical compositions comprising an
oligonucleotide disclosed herein. Where clinmcal applications are conternplated, pharmaceutical
compostiions can be prepared in a form appropriate for the intended application. Generally, this
can entail preparing compositions that are essentially free of pyrogens, as well as other
impurities that could be harmful to humans or animals.

{0695} In one embodiment, the pharmaceutical composition comprises an effective dose of a
miR-92 mmhibitor and a pharmaceutically acceptable carrier. For instance, the pharmaceutical
composition comprises an effective dose or amount of an oligonuclectide of the present
mvention or a pharmaceutically-acceptable salt thereof, and a pharmaceutically-acceptable
carrier or diluent. The oligonucleotide can be selected from Tables 1 and 2.

{0096] In some embodiments, an “effective dose”™ is an amount sufficient to affect a beneficial
or desired clinical result An “effective dose” can be an amount sufficient or required to
substantially reduce, eliminate or ameliorate a symptom or symptoms of a disease and/or

condition. This can be relative to an untreated subject. An “effective dose” can be an amount
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sufficient or required to slow, stabilize, prevent, or reduce the seventy of a pathology in a
subject. This can be relative to an untreated subject. An effective dose of an oligonucleotide
disclosed herein may be from about 0.001 mg/kg to about 100 mg/kg, about 0.01 mg/kg to about
10 mg/kg, about 0.1 mg/kg to about 10 mg/kg, about 1 mg/kg to about 10 mg/kg, about 2.5
mg/kg to about 50 mg/ke, or about S mg/ke to about 25 mg/kg. In some embodiments, an
effective dose i1s an amount of oligonucleotide applied to a wound area. In some embodiments,
an effective dose is about 0.01 mg/cm” wound area to about 50 mg/cm’ wound area mg/cm’
wound area, about 0.02 mg/em” wound area to about 20 mg/cm’” wound area, about 0.1 mg/em”
wound area to about 10 mg/cm’ wound area, about 1 mg/em” wound area to about 10 mg/cm’
wound area, about 2.5 mg/em’ wound area to about 50 mg/em” wound area, or about § mg/em’
wound area to about 25 mg/cm2 wound area, or about 0.0% to about 25 mgun"7 wound area. The
precise determination of what would be considered an effective dose may be based on factors
mndividual to each patient, including their size, age, and nature of the oligonucleotide (e.g.
melting temperature, LNA content, etc.). Therefore, dosages can be readily ascertained by those
of ordinary skill in the art from this disclosure and the knowledge in the art. In some
embodiments, the methods comprise administering an effective dose of the pharmaceutical
composition 1, 2, 3, 4, 5, or 6 times a day. In some embodiments, admmstration s 1, 2, 3, 4, 5,
6, or 7 imes a week. In other embodiments, admmistration 1s biweekly or monthly.

{8097] Colloidal dispersion systems, such as macromolecule complexes, nanocapsules,
microspheres, beads, and lipid-based systems mcluding otf-in-water emulsions, micelles, mixed
micelles, and hiposomes, may be used as delivery vehicles for the oligonucleotide inhibitors of
miR-92 function. Commercially available fat emulsions that are suitable for delivering the
nucleic acids of the mvention to cardiac and skeletal muscle tissues include Intralipid™
Liposya™, Liposya™ I, Liposyn™ HI, Nutrilipid, and other similar lipid emulsions. A
preferred colloidal system for use as a delivery vehicle 1in vivo is a liposome (1.e, an artificial
membrane vesicle}. The preparation and use of such systems 1s well known in the art. Exemplary
formulations are also disclosed in U.S. Pat. Nos. 5,981,505, 6,217,900 6,383,512; 5,783,565;
7202227, 6,379,965, 6,127,170: 5,837,533, 6,747,014, and W(03/093449, all of which are
hereby incorporated by reference in their entireties.

{0098] In certain embodiments, liposomes used for delivery are amphoteric liposomes such

SMARTICLES® (Marina Biotech, Inc) which are described in detail in US. Pre-grant
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Publication No. 20110076322, The surface charge on the SMARTICLES® 1s fully reversible
which make them particolarly suitable for the delivery of nucleic acids. SMARTICLES® can be
delivered via injection, remain stable, and aggregate free and cross cell membranes to deliver the
nucleic acids.

{0099] Any of the oligonucleotide inhibitors described herein (e.g., oligonucleotide inhibitors of
miR-92a) can be delivered to the target cell {e.g, a fibrocyte, fibroblast, keratinocyte or
endothelial cell) by delivering to the cell an expression vector encoding the oligonucleotide
mhibitor. A “vector” is a composition of matter which can be used to deliver a nucleic acid of
interest to the interior of a cell. Numerous vectors are known in the art including, but not limited
to, hnear polyunucleotides, polynucleotides associated with jonic or amophiphihic compounds,
plasmids, and viruses. Thus, the term “vector” includes an autonomously replicating plasmid ora
virus. Examples of viral vectors include, but are not limited to, adenoviral vectors, adeno-
associated virus vectors, retroviral vectors, and the like. Tn one particular erobodiment, the viral
vector 1s a lentiviral vector or an adenoviral vector. An expression construct can be rephicated in
a living cell, or 1t can be made synthetically. For purposes of this apphication, the terms
“expression construct,” “expression vector,” and “vector,” are used interchangeably to
demonstrate the application of the invention n a general, llustrative sense, and are not intended
to hnut the invention,

{60100} In one embodiment, an expression vector for expressing an oligonucleotide
mhibitor described herein {e.g., ohigonuclectide inhibitors of miR-923) comprises a promoter
operably linked to a polynucleotide sequence encoding the oligomuclectide inhibitor. The phrase
"operably linked" or "under transcriptional control” as used herein means that the promoter s in
the correct location and orientation in relation to a polynucleotide to control the initiation of
transcription by RNA polymerase and expression of the polynuclestide.

{66101} As used herein, a "promoter”" refers to a DBNA sequence recognized by the
synthetic machinery of the cell, or introduced synthetic machinery, required to initiate the
spectfic transcription of a gene. Suitable promoters include, but are not limited to RNA pol §, pol
1, pol i, and viral promoters {e.g. human cytomegalovirus (CMV) immediate early gene
promoter, the SV40 early promoter, and the Rous sarcoma virus long terminal repeat). In one

embodiment, the promoter is a fibroplast specific promoter such as the FSP1 promoter, etc. In
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another embodiment, the promoter is an endothelial specific promoter such as the ICAM-2
promoter, eic.

{00102} In certain embodiments, the promoter operably linked to a polynucleotide
encoding an oligonucleotide inhibitor described herein {e.g., oligonucleotide inhibitors of miR-
92a} can be an inducible promoter. Inductble promoters are known in the art and include, but are
not limited to, tetracycline promoter, metallothionein A promoter, heat shock promoter,
steroid/thyroid hormone/retinoic acid response elements, the adenovirus late promoter, and the
mducible mouse mammary tumor virus LTR.

{00103} Methods of delivering expression constructs and nucleic acids to cells are known
in the art and can wnclude, for example, calcium phosphate co-precipitation, electroporation,
nmucroinjection, DEAE-dextran, hipofection, transfection employing polyamine transfection
reagents, cell sonication, gene bombardment using high velocity microprojectiles, and receptor-
mediated transfection,

[00104] Oune will generally desire to employ appropriate salts and buffers to render
delivery vehicles stable and allow for uptake by target cells. Aqueous compositions of the
present nvention can comprise an effective amount of the delivery vehicle comprising the
mhibitor polynucleotides {e.g. liposomes or other complexes or expression vectors) dissolved or
dispersed n a pharmaceutically acceptable carner or aguecus medium. The phrases
“pharmaceutically acceptable™ or “pharmacologically acceptable” refers to molecular entities
and composttions that do not produce adverse, allergic, or other untoward reactions when
admunistered to an amimal or a human.  As used herein, “pharmaceutically acceptable carrier”
mcludes solvents, buffers, solutions, dispersion media, coatings, antibacterial and antifungal
agents, sotonic and absorption delaying agents and the like acceptable for use in formulating
pharmaceuticals, such as pharmaceuticals suitable for administration to humans. The use of such
media and agents for pharmaceutically active substances 1s well known 1n the art. Except insofar
as any conventional media or agent is incompatible with the active ingredients of the present
mvention, its use in therapeutic compositions is contemplated. Supplementary active ingredients
also can be incorporated into the compositions, provided they do not mactivate the
oligonucleotides of the compositions.

{00105} The active compositions of the present invention may include classic

pharmaceutical preparations. Administration of these compositions according to the present
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mvention may be via any common route so long as the target tissue is available via that route.
This mcludes oral, nasal, or buccal Alternatively, administration may be by intradermal,
subcutaneous, intramuscular, intraperitoneal, intraarterial, or intravenous injection. In some
embodiments, the pharmaceutical composition is directed injected into lung or cardiac tissue. In
some embodiments, the pharmaceutical composition is directly injected into the wound area. In
some embodiments, the pharmaceutical composition is topically applied to the wound area.
{00106} Pharmaceutical compositions comprising a nuR-92 inhibitor may also be
administered by catheter systems or systems that isolate coronary/pulmonary circulation for
delivering therapeutic agents to the heart and lungs. Vartous catheter systems for delivering
therapeutic agents to the heart and coronary vasculature are known n the art. Some non-limiting
examples of catheter-based delivery methods or coronary isolation methods suitable for use in
the present invention are disclosed in U.S. Patent No. 6,416,510; U.S. Patent No. 6,716,196, U S,
Patent No. 6,953,466, WO 2005/082440, WO 2006/089340, U.S. Patent Publication No.
2007/620344S, U.S. Patent Publication No. 2006/0148742, and U.S. Patent Publication No.
2007/6060907, which are all herein incorporated by reference i thewr entireties. Such
composttions would normally be administered as pharmaceutically acceptable compositions as
described heremn.

{60107} The active compounds may also be admimstered parenterally or intraperitoneally.
By way of illustration, solutions of the active compounds as free base or pharmacologically
acceptable salts can be prepared i water suitably muxed with a surfactant, such as
hydroxypropylcellulose. Dispersions can also be prepared in glycerol, hquid polyethylene
glycols, and mixtures thereot and in oils. Under ordmnary conditions of storage and use, these
preparations generally contain a preservative to prevent the growth of microorganisms.

{00108} The pharmaceutical forms suitable for injectable use, catheter delivery, or
mhalational debivery include, for example, sterile aqueous solutions or dispersions and sterile
powders for the extemporaneous preparation of sterile injectable solutions or dispersions (e.g.
aerosols, nebulizer solutions). Generally, these preparations are stertle and fluid to the extent that
easy imjectability or aerosolization/nebulization exists. Preparations should be stable under the
conditions of manufacture and storage and should be preserved against the contaminating action
of microorganisms, such as bacteria and fungi. Appropriate solvents or dispersion media may

contain, for example, water, ethanol, polyol (for example, glycerol, propylene glycol, and hiquid
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polyethylene glycol, and the like), suitable mixtures thereof, and vegetable oils. The proper
fluidity can be maintained, for example, by the use of a coating, such as lecithin, by the
maintenance of the required particle size in the case of dispersion and by the use of surfactants.
The prevention of the action of microorganisms can be brought about by various antibacterial an
antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the
like. In many cases, it will be preferable to include isotonic agents, for example, sugars or
sodium chloride. Prolonged absorption of the mjectable compositions can be brought about by
the use in the compositions of agents delaying absorption, for example, aluminum monostearate
and gelatin.

{60109] In some embodiments, a composition comprising a muR-92 inhibitor 1s suitable
for topical application, such as administration at a wound margin or wound bed. In some
embodiments, the composition comprises water, saline, PBS or other aqueous solution. In some
erobodiments, the muR-92 inlubitor 1s in a lotion, cream, ointment, gel or hvdrogel. In some
embodiments, the composition suitable for topical apphcation comprises macromolecule
complexes, nanocapsules, microspheres, beads, or a hpid-based system (eg., oil-in-water
emulsions, mucelles, mixed micelles, and hiposomes) as a delivery vehicle. In yet another
embodiment, the nuR-92 mhubttor 1s 1 the form of a dry powder or incorporated into a wound
dressing.

{80110} Stertle myectable solutions may be prepared by ncorporating the active
compounds 1n an appropriate amount nto a solvent along with any other ingredients (for
example as enumerated above) as deswed, followed by filtered sterilization. Generally,
dispersions are prepared by incorporating the various sterilized active ingredients into a stertle
vehicle which contains the basic dispersion medium and the desired other ingredients, e.g., as
enumerated above. In the case of sterife powders for the preparation of sterile injectable
solutions, the preferred methods of preparation include vacuum-drying and freeze-drying
techniques which yield a powder of the active ingredient(s) plus any additional desired
mgredient from a previcusly sterile-filtered solution thereof. In some embodiments, sterile
powders can be administered directly to the subject (t.e. without reconstitution m a diluent), for
example, through an insufflator or mhalation device.

{00111} In some embodiments, administration of a nuR-92 mhibitor 1s by subcutaneous or

mtradermal injection, such as to a wound (e.g., a chronic wound, diabetic foot ulcer, venous
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stasis leg ulcer or pressure sore). Administration may be at the site of a wound, such as to the
wound margin or wound bed.

{00112} The compositions of the present mvention generally may be formulated in a
neutral or salt form. Pharmaceutically-acceptable salts include, for example, acid addition salts
(formed with the free amino groups of the protein) derived from inorganic acids (e.g.,
hydrochloric or phosphoric acids), or from organic acids (e.g., acetic, oxalic, tartaric, mandelic,
and the like). Salts formed with the free carboxyl groups of the protein can also be derived from
morganic bases {¢.g., sodium, potassium, ammonium, calcium, or ferric hydroxides) or from
organic bases {e.g., isopropylamine, trimethylamine, histidine, procaine and the like}.

{00113} Upon formulation, solutions are preferably adnumistered in a manner compatible
with the dosage formulation and in such amount as 15 therapeutically effective. The formulations
may easily be administered in a variety of dosage forms such as injectable solutions, drug release
capsules, untt dose inhalers, and the like. For parenteral administration 1 an aqueous solution,
for example, the solution generally 15 suitably buffered and the liquid diluent first rendered
isotonic for example with sufficient saline or glucose. Such aqueous solutions may be used, for
example, for intravenous, wtramuscular, subcutaneous, intraarterial, and intraperitoneal
admunistration. Preferably, sterile aqueous media are employed as 18 known to those of skil n
the art, particularly 1n light of the present disclosure. By way of dHlustration, a single dose may
be dissolved in 1 ml of sotonic NaCl solution and either added to 1000 mi of hypodermoclysis
fluid or injected at the proposed site of infusion, (see for example, "Remington’s Pharmaceutical
Sciences” 15th Edition, pages 1035-1038 and 1570-1580). Some vanation 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 individual subject.
Moreover, for human admimstration, preparations should meet sterility, pyrogenicity, and
general safety and purity standards as required by FDA Office of Biologics standards.

100114} The composition or formulation may employ a ploerality of therapeutic
oligonucleotides, including at least one described herein. For example, the composition or
formulation may employv at least 2, 3, 4, or 5 miR-92 inhibitors described herein.  In another
embodiment, an oligonucleotide of the present invention may be used in combination with other

therapeutic modalities. Combinations may also be achieved by contacting a cell with more than
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one distinct composition or formulation, at the same time. Aliernatively, combinations may be
admuinistered sequentially.

{00115} In one embodiment of the present invention, an oligonucleotide inhibitor of miR-
92 is used in combination with other therapeutic modalities. Examples of combination therapies
mnclude any of the foregoing. Combinations may be achieved with a single composition or
pharmacological formulation that includes both agents, or with two distinct compositions or
formulations, at the same time, wherein one composition includes the oligonucleotide mnhibitor
of miR-92 and one more other agents. Alternatively, the therapy using an oligonucleotide
mhibitor of miR-92 may precede or follow administration of the other agent(s) by intervals
ranging from minutes to weeks In embodiments where the other agent and oligonucleotide
mhibitor of miR-92 are applied separately to the cell, one would generally ensure that a
sigruficant period of time did not expire between the time of each delivery, such that the agent
and the oligonucleotide mhibitor of miR-92 would still be able to exert an advantageously
combined effect on the cell. In such instances, 1t 1s contemplated that one would typically contact
the cell with both modalities within about 12-24 hours of each other, within about 6-12 hours of
each other, or with a delay time of only about 12 hours. In some situations, it may be desirable to
extend the time period for treatment signmificantly, however, where several days (2, 3,4, 5,6 0r 7)
to several weeks (1, 2, 3, 4, 5, 6, 7 or 8} lapse between the respective administrations.

{60116} In one embodiment, more than one administration of the sligonucleotide inhibitor
of miR-92 or the other agent(s} will be desired In this regard, various combinations may be
emploved. By way of illustration, where the oligonucleotide mhibitor of miR-92 15 "A" and the
other agent 15 "B," the following permutations based on 3 and 4 total administrations are
provided as examples: A/B/A, B/A/B, B/B/A, A/A/B, B/A/A, A/B/B, B/B/B/A, B/B/A/B,
A/A/B/B, A/B/A/B, A/B/B/A, B/B/A/A, B/A/B/A, B/A/A/B, B/B/B/A, A/A/A/B, B/A/A/A,
AB/A/A, A/A/B/A, A/B/B/B, B/A/B/B, B/B/AB. Other combinations are likewise
contemplated. Specific examples of other agents and therapies are provided below.

{60117} In one embodiment of the present invention, the method of promoting
angtogenesis in a subject in need thereof comprises administering to the subject 3 miR-92
mhibitor, such as an oligonucleotide inhibitor of niR-92 as described herein, and another agent
that promotes angiogenesis. In one embodiment of the present invention, a method of treating or

preventing peripheral vascular disease (e.g., peripheral artery disease} in a subject in need thereof
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comprises administering to the subject a miR-92 inhibitor, such as an oligonuclestide inhibitor of
miR-92 as described herein. In some embodiments, the method further comprises administering
another agent with an oligonucleotide inhibitor of nuR-92.  The other agent may promote
angiogenesis or be an agent used for treating atherosclerosis or peripheral vascular disease (e.g.,
peripheral artery disease). The other agent may be a phosphodiesterase type 3 inhibitor (such as
cilostazol), a statin, an antiplatelet, L-carnitine, propionyl-L-carnitine, pentoxifylline, or
naftidrofuryl. The method of treating or preventing peripheral vascular disease (e.g., peripheral
artery disease) in a subject in need thereof may also comprise adminmistering oligonucleotide
mhibitor of miR-92 to the subject, in which the subject is also receiving, or will be receiving
gene therapy {e.g., with a proangiogenic factor, such as VEGF, FGF, HIF-1a, HGF, or Del-1),
cell therapy, and/or antiplatelet therapy. In some embodiments, the method comprises
administering oligonucleotide inhibitor of miR-92 and an antimicrobial to the subject.

{00118] In one embodiment of the present invention, the method of promoting wound
healing in a subject in need thereof comprises administering to the subject a miR-92 inhibitor,
such as an oligonucleotide inhibitor of miR-92 as described herein. In one embodiment, the
subject has diabetes. In some embodiments, the subject has a chronic wound, diabetic foot ulcer,
venous stasis leg ulcer or pressure sore. In another embodiment, the subject has peripheral
vascular disease {e.g., peripheral artery disease). In some embodiments, the method further
comprises admunistering another agent with an oligonucleotide inhibitor of miR-92. The other
agent may be an agent used for treating peripheral vascular disease {e.g., peripheral artery
disease), such as described above. In some embodiments, the other agent promotes wound
healing or 15 used to treat diabetes. The other agent may be a pro-angiogenic factor. In some
embodiments, the other agent 1s a growth factor, such as VEGF or PDGF  In some
embodiments, the other agent promotes VEGF expression or activity or PDGF expression or
activity. In some embodiments, the other agent is an allogeneic skin substitute or biologic
dressing, (e.g., Dermagraft™ or Apligraf®, available from Organogenesis, Canton, MA) or a
platelet derived growth factor (PDGF) gel, such as becaplermun (Buchberger ef af. Expernimental
and Clinical Endocrimology and Diabetes 119:472-479 (201 1)), In some embodiments, the other
agent 1s a debridement agent or antimicrobial agent.

{60119} The present 1nvention 13 also based, m part, on the discovery of genes

significantly regulated by nuR-92.  Accordingly, ancther aspect of the present mvention 15 a
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method for evaluating or monitoring the efficacy of a therapeutic for modulating angiogenesis or
wound healing in a subject receiving the therapeutic comprising. obtaining a sample from the
subject; measuring the expression of one or more genes listed in Table 3 in the sample; and
comparing the expression of the one or more genes to a pre-determined reference level or level
of the one or more genes in a control sample, wherein the comparison 1s indicative of the
efficacy of the therapeutic. In some embodiments, the therapeutic modulates miR-92 function
and/or activity. The therapeutic can be a miR-92 antagonist, such as a miR-92 oliognucleotide
mhibitor selected from Tables 1 and 2. In other embodiments, the therapeutic s a miR-92
agonist, such as a miR-92 mumic. In some embodiments, the subject suffers from ischema,
myocardial infarction, chronic ischemic heart disease, peripheral or coronary artery occlusion,
ischemic infarction, stroke, atherosclerosis, acute coronary syndrome, coronary artery disease,
carotid artery disease, or peripheral vascular disease (e.g., peripheral artery disease).  In some
ernbodiments, the subject suffers from diabetes, a chronic wound, diabetic foot ulcer, venous
stasis leg ulcer or pressure sore.

{00128} In some embodiments, the method of evaluating or monitoring the efficacy of a
therapeutic for modulating angiogenesis or wound healing in a subject receiving the therapeutic
further comprises performing another diagnostic, assay or test evaloating angiogenesis in 3
subject.  In some embodiments, the additional diagnostic assay or test for evaluating or
monitoring the efficacy of a therapeutic for modulating angiogenesis 18 a walk time test, an
ankle-bronchial index (ABI}, arteriography or angiography on the subject, or a SPECT analysis.
{66121} Another aspect of the present invention 1s a method for selecting a subject for
treatment with a therapeutic that moduolates miR-92 function and/or activity comprising:
obtaining a sample from the subject; measuring the expression of one or more genes listed in
Table 3 1n the sample; and comparing the expression of the one or more genes to a pre-
determined reference level or level of the one or more genes in a control sample, wherein the
comparison is indicative of whether the subject should be selected for treatment with the
therapeutic. In some embodiments, the therapeutic 15 a miR-92 antagonist, such as a miR-92
oligonucleotide inhibitor selected from Tables 1 and 2. In sther embodiments, the therapeutic is
a miR-92 agonist, such as a miR-92 mimic. In some embodiments, the subject suffers from
ischemia, myocardial infarction, chronic ischemic heart disease, peripheral or coronary artery

occlusion, ischemic mfarction, stroke, atherosclerosis, acute coronary syndrome, coronary artery
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disease, carotid artery disease, or peripheral vascular disease (e.g., peripheral artery disease}. In
some embodiments, the subject suffers from diabetes, a chronic wound, diabetic foot ulcer,
venous stasis leg ulcer or pressure sore.

{00122} In some embodiments, the method for selecting a subject for treatment with a
therapeutic that modulates miR-92 function and/or activity comprises obtaining a sample from a
subject treated with the therapeutic. In some embodiments, the subject 1s not treated with the
therapeutic and the sample 1s treated with the therapeutic. In some embodiments, the subject is
treated with the therapeutic and the sample 1s treated with the therapeutic. In some
embodiments, the method further comprises performing another diagnostic, assay or test
evaluating angiogenesis or wound healing 10 a subject. In some embodiments, the additional
diagnostic assay or test for evaluating angiogenesis is a walk time test, an ankle-bronchial index
{ABI), arteriography or angiography on the subject, or a SPECT analysis.

{00123} The walk test can be a non-invasive treadmill test to measure the change m
maximum or pain-free walk time in response to therapy. The ankle-bronchial index (ABI) can
be a pressure measurement taken at the arm and the ankle, such as measured by ultrasound. The
index can then be expressed as a ratio of the blood pressure at the ankle compared to the pressure
at the arm. The arteriography can be a contrast dye method to measure blood flow through
arteries or veins, The SPECT (Single Photon Enussion Computed Tomography) analysis can be
performed with a 3-D imaging system using radiation to measure blood flow through capillaries.
{00124] Also provided heremn 1s a method for evaluating an agent’s ability to promote
angiogenests or wound healing comprising: contacting a cell with the agent, measuring the
expression of one or more genes listed in Table 3 in the cell contacted with the agent; and
comparing the expression of the one or more genes to a pre-determined reference fevel or level
of the one or more genes in a control sample, wherein the comparison is indicative of the agent’s
ability to promote angiogenesis. In some embodiments, the method further comprises
determining nuR-92 function and/or activity in the cell contacted with the agent.  In some
embodiments, the cell 15 a mammalian cell. In some embodimenis, the cell 1s a cardiac or muscle
cell. In some embodiments, the cell 1s involved in wound healing.  In some embodiments, the
cell 1s a fibrocyte, fibroblast, keratinocyte or endothelial cell. In vet other embodiments, the cell

15 i1 ViVe orF ex vivo.
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{60125] Measuring or detecting the expression of a gene can be performed in any manner
known to one skilled in the art and such techniques for measuring or detecting the level of a gene
are well known and can be readily employed. Gene expression levels may be determined
measuring the mRNA levels of a gene or the protein levels of a protein that the gene encodes. A
variety of methods for detecting gene expression have been described and include Western
blotting, Northern blotting, microarrays, electrochemical methods, bioluminescent,
bioluminescent protein reassembly, BRET-based (BRET: bisluminescence resonance energy
transfer), RT-PCR, fluorescence correlation spectroscopy and surface-enhanced Raman
spectroscopy. Commercially available kits can also be used. The methods for detecting gene
expression can include hybridization-based technology platforms and massively-parallel next
generation sequencing that allow for detection of multiple gene simultaneously.

{00126} In some embodiments, a method for determining the therapeutic efficacy of a
therapeutic for treating a condition {e.g., peripheral artery disease or a wound) in a subject
comprises selecting a subject for treatrment with a therapeutic {e.g, a miR-92 oligonucleotide
mnhibitor), selecting a subject for treatment with a therapeutic {e.g., a muiR-92 oligonucieotide
inhibitor), or evaluating an agent’s ability to promote anglogenesis or wound healing; the level of
one or more genes, such as selected from Table 3, 1s determined.

{60127] The gene expression in a sample {(e.g. a sample from a subject being admimstered
the therapeutic or a sample from a subject or cell culture, in which the sample 15 treated with the
therapeutic), can be compared to a standard amount of the gene present in a sample from a
subject with the condition or in the healthy population, each of which may be referred to as a
reference level. In other embodiments, the level of gene expression is compared to level in a
control sample (a sample not from a subject with the condition} or compared to the gene
expression level in a sample without treatment, {e.g. taken from a subject prior to treatment with
a therapeutic or a sample taken from an untreated subject, or a cell culture sample that has not
been treated with the therapeutic). Standard levels for a gene can be determined by determining
the gene expression level in a sufficiently large number of samples obtained from normal,
healthy control subjects to obiain a pre-determined reference or threshold value. As used herein,
"reference value" refers to a pre-determined value of the gene expression level ascertained from

a known sample.
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{00128} A standard level can also be determined by determining the gene expression level
in a sample prior to treatment with the therapeutic. Further, standard level information and
methods for determining standard levels can be obtained from publically available databases, as
well as other sources. In some embodiments, a known guantity of another gene that 15 not
normally present in the sample is added to the sample (1.e. the sample is spiked with a known
quantity of exogenous mRNA or protein) and the level of one or more genes of interest is
calculated based on the known quantity of the spiked mRNA or protein. The comparison of the
measured levels of the one or more genes to a reference amount or the level of one or more of the
genes n a control sample can be done by any method known to a skilled artisan.

[00129] According to the present invention, in some embodiments, a difference (increase
or decrease) in the measured level of the gene relative to the level of the gene in the control
sample {e.g., sample in patient prior to treatment or an untreated patient) or a predetermined
reference value 15 indicative of the therapeutic efficacy of the therapeutic, a subject’s selection
for treatment with the therapeutic, or an agent’s ability to promote or inhibit angiogenesis.
{00130} For instance, when the level of one or more genes selected from ACTAZ,
LACTRB, SESNI, and KTAA1598 15 decreased when compared to the level in a control sample or
pre-determuned reference value and/or the level of one or more genes selected from LPCAT4,
MYOSA, ERGIC2, LEPRELZ2, SERPINDI, TSPANS, ITGAS, NOMA/NOMO2//NOMGOS3,
NPTN, CD93, LOC1005307246, MANZATL, CNEPIRI1, EFR3A, UBE2Q2, RNF4, ATPOVIBR2Z,
FZD6, MYOILIC, PPP3CB, CYYRI, EDEMI, LHFPL2, SEMAJF, UBE2Z 15 increased n a
sample from a subject being admimstered a therapeutic or a sample is treated with the
therapeutic, the result is indicative of the therapeutic being a miR-92 inhibitor and/or promotes
angiogenesis, and/or the subject should be selected for treatment with a miR-92 therapeutic (e.g.,
with a miR-92 inhibitor or agonist}.

{66131} In another example, when the level of one or more genes selected from ACTAZ,
LACTB, SESNI, and KIAA1598 15 increased when compared to the level in a control sample or
pre-determined reference value and/or the level of one or more genes selected from LPCATY,
MYOSA, ERGIC2, LEPREL2, SERPINDI, TSPANS, ITGAS, NOMA//NOMG2Z//NOMQOS3,
NPTN, CD93, LOC100507246, MANZAT, CNEPIRI, EFR3A, UBE2QZ, RNF4, ATPOVIR2Z,
FZDo, MYOIC, PPP3CB, CYYRI, EDEMI, LHFPL2, SEMA3F, UBE27 s decreased in a

sample from a subject being administered a therapeutic or a sample 15 treated with the
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therapeutic, the result is indicative of the therapeutic being a miR-92 agonist and/or mnhibits
angiogenesis, and/or the subject should be selected for treatment with a miR-92 therapeutic (e.g.,
with a miR-92 inhibitor or agonist).

{00132} Sampling methods are well known by those skilled in the art and any applicable
techniques for obtaining biological samples of any type are contemplated and can be employed
with the methods of the present invention (See, eg., Climical Proteolytics: Methods and
Protocols, Vol 428 in Methods in Molecular Biology, Ed. Antonia Viahou (2008},) Samples can
mclude any biclogical sample from which mRNA or protein can be isolated. Such samples can
mclude serum, blood, plasma, whole blood and derivatives thereof, cardiac tissue, muscle, skin,
hair, hair follicles, saliva, oral mucous, vaginal mucous, sweat, tears, epithelial tissues, urine,
semen, senunal fluid, seminal plasma, prostatic flid, pre-ejaculatory fluid (Cowper's fluid),
excreta, biopsy, ascites, cerebrospinal fluid, lvmph, cardiac tissue, as well as other tissue exiract
samples or biopsies, in some embodiments, the biological sample is plasma or serum.

{00133} The biological sample for use in the disclosed methods can be obtained from the
subject at any pomnt following the start of the adonmstration of the therapeutic. In some
embodiments, the sample 15 obtained at least 1, 2, 3, or 6 months following the start of the
therapeutic mtervention. In some embodiments, the sample 1s obtained least 1, 2, 3, 4, 6 or 8
weeks following the start of the therapeutic intervention. In some embodiments, the sample is
obtained at least 1, 2, 3, 4, 5, 6, or 7 days following the start of the therapeutic intervention. In
some embodiments, the sample ts obtamed at least 1 hour, 6 hours, 12 hours, 18 hours or 24
hours after the start of the therapeutic intervention. In other embodiments, the sample 1s obtained
at least one week following the start of the therapeutic intervention.

{66134} The methods of the present invention can also include methods for altering the
treatment regimen of a therapeutic. Altering the treatment regimen can include but is not limited
to changing and/or modifying the type of therapeutic intervention, the dosage at which the
therapeutic intervention is administered, the frequency of admimistration of the therapeutic
mtervention, the route of admimstration of the therapeutic intervention, as wel as any other
parameters that would be well known by a physician to change and/or modify.

{00135] In some embodiments, the treatment efficacy can be used to determine whether to
continue a therapeutic mtervention. In some embodiments the treatment efficacy can be used to

determine whether to discontinue a therapeutic intervention. In some embodiments the treatment
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efficacy can be used to determine whether to modify a therapeutic intervention. In some
embodiments the treatment efficacy can be used to determine whether to increase or decrease the
dosage of a therapeutic intervention. In some embodiments the treatment efficacy can be used to
determine whether to change the dosing frequency of a therapeutic intervention. In some
embodiments, the treatment efficacy can be used to determine whether to change the number or
the frequency of administration of the therapeutic intervention In some embodiments, the
treatment efficacy can be used to determine whether to change the number of doses per day, per
week, times per day. In some embodiments the treatment efficacy can be used to determine
whether to change the dosage amount.

{00136] This invention s further illustrated by the following additional examples that should
not be construed as limuting. Those of skill in the art should, in hight of the present disclosure,
appreciate that many changes can be made to the specific embodiments which are disclosed and

still obtain a hike or similar result without departing from the spirtt and scope of the invention.

EXAMPLES
Example 1. Multiple genes are significantly regulated by miR-92a modulation in HUVEC s,
{80137} HUVECs were transfected with muR-92a (1 nM) or ohigonuclectide mhibitor of
miR-92a {compound A; SEQ ID NO: 7; 10 nM) via hipid-mediated transfection, and RNA was
isolated 48 hours later for expression profiling. Three individual replicates for each treatment
were profiled. One sample for miR-92a treatment faled QC and was therefore elimmated from
the analysis. The genes were selected on the basis of differential expression (FDR p-value
<=0.05) for miR-92a treatment versus untreated cells. Intriguingly, as shown in FI{, 1, this
signature of genes is reciprocally regulated by the oligonucleotide inhibitor of miR-92a. The fact
that the entire signature of genes is reciprocally regulated by the antinuR is striking. All of the
genes that are down-regulated by miR-92a mumic are up-regulated by the oligonucleotide
mhibitor of miR-92a, and the genes up-regulated in response to miR-92a mumic are down-

regulated by the oligonuclectide mhibitor of miR-92a. These genes are listed in Table 3.

Table 3: Genes sionificantly resulated by 1uR-92a modulation

Alternative Name Gene Symbol
actin, alpha 2, smooth muscle, aorta ACTAZ
Ivsophosphatidylcholine acyltransferase 4 | LPCAT4
myosin VA MYQOSA
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ERGIC and golg 2 ERGIC2
prolyl 3-hydroxyvlase 3 LEPREL2
Heparin cofactor II SERPINDI1
Tetraspanin 8 TSPANE
Integrin ad ITGAS

NODAL modulator 1/ NODAL
modulator 2/ NODAL modulator 3

NOMO/NOMO2///NOMO3

negroplastin NPTN

CD23 mwolecule D93
LOC100507246

mannosidase, alpha, class 2A, member | MAN2A1
CNEPIR]

CTD nuclear envelope phosphatase |

regulatory subunit |

EFR3 homolog A EFR3A

ubiquitin conjugating enzyme E2Q famuly | UBE2Q2

member 2

ring finger protein 4 RNF4

ATPase, H+ transporting, lysosomal ATP6VIBZ

56/58kDa, V1 subumit B2

Frizzled homolog 6 (Drosophila) FZD6

Myosin VA MYQO1C

lactamase beta LACTB

sestrin 1 SESNI

protein phosphatase 3, catalytic subunit, PPP3CH

beta 1sozvme

cysteme/tyrosine-rich | CYYRI

ER degradation enhancer, mannosidase EDEMI1

alpha-like 1

lipoma HMGIC fusion partner-like 2 LHFPL2

sema domain, immunoglobulin domain SEMAZJF

{Ig), short basic domain, secreted,
{semaphorn) 3F

shootin 1

SHTNI (KIAA1598)

ubiquitin conjugating enzyme E27

UBE2Z

[00138]

literature search to identify their potential functions. The genes that have been reported to have a
function in vascular angiogenesis are listed in Table 4. Table 4 also shows the fold-change of the

gene expression in response to antimiR or miR transfection, as well as whether or not the 3’UTR

~

Genes shown in FEG. 1 and listed in Table 3 were subjected to a PubMed

of the gene contains a seed sequence targeted by miR-92a.

Uy
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Table 4: Sienificantlv resulated eenes have roles in vascular ansiogenesis

Gene symbol | Alternative | Fold-change | Fold-change Seed- Reported
name antimiR mimic matched angiogenesis
target function
SERPIND1 Heparin 1.87 -2.59 promotes
cofactor I1 angiogenesis
ITGAS Integrin a5 1.38 213 v promotes
angrogenesis
TSPANE Tetraspanin 8 1.36 -2.60 promgotes
angiogenesis,
downregulated
in PAD
samples
FZD6 Frizzied 115 -1.27 v implicated in
homolog 6 angiogenesis
{Drosophila)
D93 D93 1.07 -1.28 v promotes
molecule AngIogenesis
MYOIC Myosin VA 1.05 -1.33 v mmphicated in
angrogenesis

Example 2. Confirmation of gene regulation by miR-92a modulation in HUVECs,
{00139]
ohigonucleotide inhibitor of muiR-92a {antagomiR; A (SEQ ID NO. 7);, B (SEQ 1D NQ. 63);, C
(SEQ ID NO. 64}, 5 oM each) via hipid-mediated transfection. 24 hours after transfection, RNA

As described 1 Example 1, HUVECs were transfected with miR-92a (5 uM) or

was 1solated regulation of targets identified by microarray profiling in Example 1 was assessed
by real time PCR. As shown i FIG. 3, four genes identified by microarray profiling are
mereased in response to miR-92a mhibition and decreased in response to miR-92a mimic, in an
mdependent HUVEC bipid-transfection experiment. The radar plot in FEG. 3 indicates the
relative expression of MANZ2AL, UNEPIRI, ERGIC2, and CD93 in response to miR-92a
mhibitor or mimic, normalized to HUVECs transfected with hipid without oligonucleotide. The
thick black line indicates where the gene expression would be if there were no change, the arrow

marks the line that indicates the gene expression in response to I control oligo transfection.

Example 3. Regulation of Integrin af expression by miR-92a in BUVECs,
{00140}
via lipid-mediated transfection (FIG. 2A) or passive delivery (FIG. 2B) of miR-92a (numic) or

The regulation of integrin oS by muR-92a modulation was examined in HUVECs
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antimiR-92a oligonucleotides (antagomiR; A (SEQ 1D NG. 7); B (SEQ ID NO. 63);, C (SEQ ID
NQ. 64)) at various concentrations. For lipid-mediated transfection, the agents were transfected
at 1 oM, 5, nM, 25 oM, or 50 nM, while for passive delivery of the oligonucleotides, the cells
were exposed to the oligonucleotides shown in FEG. 2B at a concentration of 0.01 uM, 0.1 uM,
or 1 uM. As shown in FIG. 24, at 24 hours post-lipid-mediated transfection, the relative
expression of integrin a5 mRNA was increased in response to miR-92a inhibition and decreased
in response to miR-92a mimic. The relative expression of mntegrin 5 mRNA following lipid-
mediated transfection was examined by extracting the total RNA from the HUVEC cells
followed by RT-PCR. The relative expression of integrin ¢S5 mRNA in response to miR-92a
inhibitors or mimic was normalized to HUVECs transfected with lipid without oligonucieotide.
As shown in FIG, 2B, at 72 hours post passive delivery, the relative expression of integrin a5
was mncreased vs. the control oligonucleotide at higher concentrations of oligonucleotides. The
relative expression of integrin o5 mRNA following passive delivery was examined by extracting
the total RNA from the HUVEC cells followed by RT-PCR. The relative expression of integrin
15 mRNA in response to miR-92a inhibitors or mimic was normalized to HUVECs transfected
without oligonucleotide. In addition to the examination of the relative mRNA levels, the relative
expression of the mntergrin oS protein was examined n the lipid mediated transfection
experiments. Similar to the mRNA expression results, the relative expression of integrin oS
protein 24-hours post lipid-mediated transfection also increased following miR-92a whibition
and decreased in response to nuR-92a mimic (see FIG. 2C). The relative expression of mtegrin
a5 protein following lipid-mediated transfection was exanmined by extracting protein from the
HUVEC celis followed by Western Blot analysis. The relative expression of integrin aS protein

in response to miR-92a ihibitors or mimic was normalized to untreated HUVECs.

Example 4. Dual luciferase assays for testing of miR-92 inhibitor desion activity,

{00141} MiR-92 inhibitors were co-transfected at the indicated concentration with a dual-
luctferase reporter (FEG. 4}. The luciferase reporter contains the binding site to the nuR-92a seed
sequence in the 3° UTR of the gene, therefore, increased luciferase activity indicates increased
miR-92a mhiition. Luciferase activity was measured 48 hours after transfection. Because all

mhibitors showed activity at the 2nM and 0.2nM dose, the 0.020M dose was used to rank-order

Uy
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the inhibitors. Within each inhibitor group in FIG, 4, the 2 nM dose 13 represented by the left
bar, while the 0.2 nM dose is the middle bar and the 0.02 nM dose is the right bar.

00142} In addition, the effect of the presence of a chemically modified nitrogenous base,
such as for example 5-methylcytosine, on the activity of miR-92 oligonuclectide inhibitors was
also tested. To compare the activity of miR-92 inhibitors with or without 5-methyicytosine,
Hel.a cells were co-transfected with a dual luciferase reporter and either a miR-92a antagomiR,
compound A (A; SEQ ID NO. 7}, compound B (B; SEQ 1D NO. 63), compound B lacking 5-
methylcytosine (B minus 5-Me; SEQ ID NO. 8), compound C (C; SEQ ID NO. 64}, compound C
lacking 5-methylcytosine (C munus 5-Me; SEQ 1D NO. 9), compound D () or 2 miR-92a mimic
as shown in FIG. 9. The Hel a cells were transfected with the compounds at the concentrations
indicated in FIG. 9 (1e, 10 nM, 1 oM, 0.1 oM, or 0.01 nM). As described herein, the luciferase
reporter contains the binding site to the miR-92a seed sequence in the 3° UTR of the gene,
therefore, increased luciferase activity indicates increased miR-92a inhibition. Normalized
fuciferase activity was assessed by measurement of lununescence. Luciferase activity was
measured 48 hours after transfection. A two-way ANOVA analvsis across the entire dose-curve
for each compound revealed that there 1s a statistically-significant difference between compound
B and B minus 5-Me, where compound B was more active than B munus 5-Me {p-value of <0.05
by two-way ANOVA with Hom-Sidak multiple comparison post-hoc test). A similar analysis
showed a statistically-sigmficant difference between compound € munus S-methylcytosine to
compound C was also observed with a p-value of less than 0.05 (two-way ANOVA with Hom-

Sidak multiple comparison post-hoc test}). Compound C was more active than € minus 5-Me.

Example 8: Activity of antimiR-92 Compounds in an in vive Model of Impaired Wound
Healing

{00143} AntimuR-92 compounds (1.e., miR-92a oligonucleotide inhibitors) were tested
an in vivo chronic wound model for increases i wound angiogenesis, and acceleration of wound
healing. Db/db (BKS.Cg Dock{Hom) 7m+/+ Leprdb/j} mice have been shown to develop type 1L
diabetes and wound healing impairments by 6 weeks of age. In two separate studies, age and sex
matched adult mice were anesthetized and the dorsum was depilated. Two 6mm diameter
excisional punch wounds were made on the backs of the mice equidistant between shoulders and

hips, on either side of the spine, and the wounds were covered with a semi-occlusive dressing.
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{00144} Compounds at a dose of 100nmol (~0.55mg)/wound were applied at the time of
surgery, and on post-operative days 2, 4 and & via intradermal imjection at multiple sites around
the wound margin. Recombinant human VEGF (1.e, thVEGF-165) at a dose of 1 pg/wound and
recombinant PDGF-B (1.e, thPDGF-B) at a dose of 2 pg/wound were used as positive controls
for enhanced wound healing. Mice or mice administered a vehicle control (i.e, phosphate
buffered saline (PBS})were used as negative controls.

[00145) Amimals were sacrificed at day 10 post-surgery. Histology analysis was
performed in order to assess the percentage of reepitheliahization, the percentage of granulation
tissue mgrowth, and the thickness and cross-sectional area of nec-epithelium and granulation
tissue. Histology analysis was performed by fixing one half of each skin wound in 10% neutral
buffered formalin for 24 hours and embedding in paraffin according to standard protocols. 4dum
tissue sections were deparatfinized and stained with hematoxylin and eosin. Histology images
were taken under 4-20x magmfication and images were analyzed for percentage
reepithelialization, percentage of granulation tissue ingrowth, area and thickness and cross-
sectional area of neo-epithelium and granulation tissue using ImageJ (NCBI).

{00146} Data from the two studies are presented in FIG. SA-F and FIG. 6A-F,
respectively. FIGs. SA and 6A illustrate the percent re-epithehalization ({1 — [epithehal gap
divided by wound width]} x 100}, while FEGs. 8B and 6B show the percent of each wound that
was filled with granulation tissue ({1 — [granulation tissue gap divided by wound width]} x 100),
FIGs. 5C and 6C show the granulation tissue area within the wound, and FIGs. 5D and 6B show
the average thickness of granulation tissue within the wound VEGF-165 non-significantly
mereased wound re-epithelialization (FiGs. SA and 6A) and granulation tissue thickness (FiGs,
5D and 6B), while sigmificantly increasing the percent of each wound that was filled with
granulation tissue (FilGs, 5B and 6B) PDGF-B significantly increased wound re-
epithehialization (FIG. 6A} and granulation tissue ingrowth (Fi{., 6B), with a non-sigmificant
mcrease in granulation tissue area {see KFil. 6C) and thickness (FiG. 6B). Conversely,
oligonucleotide inhibitors of miR-92 A and C sigmficantly increased granulation tissue
formation (% granulation tissue filled (FEG. 6B), granulation tissue area {FiGs. 5B and 6B) and
average granulation tissue thickness (FiGs., 5D and 6D), with A showing some increase in

wound re-epithelialization as well (FIGs. 5A and 6A) These results show that multiple
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oligonucleotide inhibitors of miR-92 accelerated wound healing and new tissue formation to an
extent that was greater than either VEGF or PDGF peptides.

{00147} The mechamism by which oligonucleotide inhibitors of miR-92 accelerates
healing of chronic wounds 1s believed to be due to increased angiogenesis.
Immunohistochemistry was performed on a subset of groups from the two db/db wound healing
studies to assess blood vessel ingrowth and number of endothelial cells, as a measure of
neovascularization/angiogenesis.  Immunohistochenustry was performed by stamming 4pm
deparaffinized tissue sections with a primary antibody specific for CD31, followed either by
fluorescent secondary antibodies and DAPI to visualize nucler (first study), or by HRP-
conjugated secondary antibodies followed by staining with DAB and hematoxylin to visualize
wmunocomplexes and nucley, respectively (second study). Fluorescent tmages or chromogenic
images were taken under 4-20x magnification and the number of CD31+ endothehal cells and
blood vessels were counted at the wound margin using automated thresholding and umage
analysis macros in Imagel. These data are presented in FIG. SE for the first study and FIG. 6E
for the second study. Similarly, the area of the tissue that was CD31+ was calculated in an
automated fashion using Imagel and 1s presented in FIG. 8F for the first study and FIG. 6F for
the second study. Both studies demonstrated a significant increase n CD31+ endothehial cells
and tissue area that was CD31+ with ohigonucleotide inhibitor of nuR-92 treatment. PDGF
treatment did not accelerate necangiogenesis 1n this study.

{60148] The effect of compounds on the mRNA expression of miR-92 target genes {e.g.,
listed 1n Table 3) 15 was measuored via quantitative RT-PCR. Total RNA was 1solated from 10-50
mg of skin tissue by homogenizing the tissue with 1 mi of TRIzol reagent (Life Technologies) in
an Omni BeadRuptor. Total RNA isolation was performed per manufacturer’s instructions {Lafe
Technologies). RNA concentration was measured on a NanoDrop 1000 (Thermo) Gene
expression was measured with quantitative Real-Time Polymerase Chain Reaction analysis (RT-
PCR). For RT-PCR analysis of in vive tissue samples, 100 ng of total RNA was reverse
transcribed by MuluScnibe RT (Life Technologies) according to the manufacturer’s
specifications. Gene expression was measured with Life Technologies Tagman gene expression
assays. Gene expression was normalized to a housekeeping gene such as GAPDH and calculated

as relative expression compared to the average of the control group. FIG. 7 presents the de-
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repression of selected miR-92a target genes by oligonucleotide inhibitors of miR-92 from one in
vivo study 1n db/db mouse excisional wounds.

{00149} The effect of compounds on the protein expression of the miR-92 target ITGAS
was evaluated using immunochistochemistry. Immunchistochemistry was performed by staining
4um deparaffinized tissue sections with a primary antibody specific for I'TGAS, followed by
HRP-conjugated secondary antibodies and then by staining with DAB and hematoxylin to
visualize immunocomplexes and nuclet, respectively. Chromogenic tmages were taken under 4-
20x magnification. Representative sections are presented in FIG, 8A-D. Little staining was seen
inn PBS (FIG. 8A) or rhPDGF (FIG. 8B) treated db/db mouse wounds, whereas oligonucleotide
inhibitor of nuR-92 treated {e.g., compound A m FIG. 8C-D) wounds showed high levels of
staining, localized to endothelial cells and blood vessel walls. Arrows indicate selected blood
vessels 1in all images; note the lack of staining in PBS and PDGF groups and the high degree of
staining in A treated wounds. This indicates de-repression of the nuR-92a target ITGAS by
antimiR-92a oligonucleotides.

[00158] The antimiR-92 compounds enhanced wound healing as compared to the negative
control and as compared to thVEGF or thPDGF. The nuR-92a targets listed in Table 3 were
modulated in the mice administered the oligonucleotide mhibitors of miR-92 that enhance wound
healing.

{60151} All publications, patents, and patent applications discussed and cited herein are
meorporated herein by reference in their entireties. It 13 understood that the disclosed invention is
not limuted to the particular methodology, protocols and matenals described as these can vary. It
1s also understood that the terminology used herein s for the purposes of describing particular
embodiments only and 1s not intended to himit the scope of the present invention which will be
limited only by the appended claims.

{66152} Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by the following claims.
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Claims:

1.

n2

6.

~J

9.

10.

it

A method for promoting wound healing in a subject comprising administering an
oligonucleotide comprising a sequence that is at least partially complementary to miR-92,
wherein the administration of the oligonucleotide reduces function or activity of miR-92,

thereby promoting wound healing.

The method of claim 1, wherein the oligonucleotide comprises at least one locked nucleic

acid (LNA) containing a 2° to 4" methylene bridge.

The method of claim 1 or 2, wherein the oligonucieotide comprising a sequence that is at
least partially complementary to miR-92 comprises a sequence of at least 16 nucleotides,
wherein the sequence comprises no more than three contiguous LNAs, wherein from the

5" end to the 37 end, positions 1, 6, 10, 11, 13 and 16 of the sequence are LNAs.

The method of claim 3, wherein from the 5” end to the 37 end, the sequence further
comprises LNAs at positions 3, 9, and 14.
The method of claim 3, wherein from the 5” end to the 37 end, the sequence further
comprises LNAs at positions 3, 8, and 14.
The method of claim 3, wherein from the 5” end to the 37 end, the sequence further

comprises LNAs at positions 5, §, and 15.

The method of any one of claims 4-6, wherein from the 5° end to the 3° end, the sequence
turther comprises a deoxyribonucieic acid (DNA) nucleotide at the second nucleotide

position.

The method of claim 7, wherein the DNA nucleotide at the second nucleotide position

contains a chemically modified nitrogenous base.

The method of claim &, wherein the chenmically modified nitrogenous base is 3-

methvlcytosine.

The method of any one of claims 1-9, wherein the oligonucleotide comprises at least one

nucleotide that 15 2'-deoxy, 2° O-alkyl or 2” halo modified.

The method of any one of claims 1-10, wherein the oligonucleotide has a 57 cap structure,

3’ cap structure, or 5” and 3’ cap structure.
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14.

15.

16.

17.

18.

19.

20.

21

27

. The method of any one of claims 1-11, wherein the oligonuclestide comprises one or

more phosphorothicate linkages.

. The ohgonucleotide of claim 12, wherein the oligonucleotide is fully phosphorothicate-

linked.

The method of any one of claims 1-13, further comprising a pendent lipophilic group.
The method of claim 1, wherein the oligonucleotide comprises a sequence selected from
Table 1 or 2.

The method of any one of claims 1-15, wherein the subject 1s human,

The method of any one of claims 1-16, wherein the subject suffers from diabetes.

The method of any one of claims 1-17, wherein the wound healing is for a chronic

wound, diabetic foot ulcer, venous stasis leg ulcer or pressure sore.

The method of any one of claims 1-18, wherein the administration of the oligonucleotide
produces an increased rate of re-epithelialization, granulation, and/or necangiogenesis
during wound healing as compared o no freatment or treatment with an agent known to

promote wound healing,

The method of claim 19, wherein the agent known to promote wound healing is platelet

derived growth factor (PDGF) or vascular endothelial growth factor (VEGEF).

. An oligonucleotide comprising a sequence selected from Table 2.

The oligonuclestide of claim 21, wherein at least one non-locked nucleotide of the

oligonucleotide 1s 27 deoxy, 27 O-alkyl or 27 halo modified.

. The oligonucleotide of claim 21 or 22, wherein at least one locked nucleic acid (ENA} of

the oligonucieotide has a 2” to 4’ methylene bridge.

. The ohigonucleotide of any one of claims 21-23, wherein the sligonucleotide has a 5 cap

structure , 37 cap structure, or 57 and 3’ cap structure.

. The ohigonucleotide of any one of claims 21-24, wherein the sligonucleotide comprises

one or more phosphorothioate hinkages.
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29.

32.

33.

(V8]
~1

. The ohigonucleotide of claim 25, wherein the oligonucleotide is fully phosphorothicate-

tinked.

. The ohigonucleotide of any one of claims 21-26, further comprising a pendent lipophilic

SICUP.

. A pharmaceutical composition comprising an effective amount of the oligonucleotide of

any one of claims 21-27, or a pharmaceutically-acceptable salt thereof, and a

pharmaceutically-acceptable carrier or diluent.
The pharmaceutical composition of claim 28, wherein the pharmaceutically-acceptable

carrier comprises a colloidal dispersion system, macromolecular complex, nanocapsule,

microsphere, bead, otl-in-water emulsion, micelle, mixed micelle, or liposome.

. A method of reducing or inhibiting activity of miR-92 in a cell comprising contacting the

cell with the oligonucleotide of any one of claims 21-27.

. The method of claim 30, wherein the cell 1s a mammalian cell.

The method of claim 31, wherein the cell is a cardiac cell, muscle cell, fibrocyte,

fibroblast, keratinocyte or endothelial cell.

The method of any one of claims 30-32, wherein the cell is in vitro, in vive or ex vive,

. A method of promoting angiogenesis in a subject comprising adnministering to the subject

the oligonucleotide of any one of claims 21-27.

. The method of claim 34, wherein the subject suffers from ischemia, myocardial

mfarction, chronic ischemic heart disease, peripheral or coronary artery occlusion,
ischemic infarction, stroke, atherosclerosis, acute coronary syndrome, coronary artery
disease, carotid artery disease, diabetes, chronic wound(s), peripheral vascular disease or

peripheral artery disease.

. The method of claim 34 or 35, wherein the subject 15 a human.

- A method of treating diabetes, chronic wound(s}, ischemia, myocardial infarction,

chronic ischemic heart disease, peripheral or coronary artery occlusion, ischemic

imfarction, stroke, atherosclerosis, acute coronary syndrome, coronary artery disease,
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39

40.

41.

45.

carotid artery disease, or peripheral artery disease comprising administering to the subject

the oligonucleotide of any one of claims 21-27.

. The method of claim 37, wherein the subject s a human.

A method for evaluating or monitoring the efficacy of a therapeutic for modulating

anglogenesis in a subject receiving the therapeutic comprising:

a) measuring the expression of one or more genes histed in Table 3 1n a sample from
the subject; and
b} comparing the expression of the one or more genes to a pre-determined reference
level or level of the one or more genes in a control sample, wherein the
comparison is indicative of the efficacy of the therapeutic.
The method of claim 39, further comprising performing a walk time test on the subject,
determining an ankle-bronchial index (ABI) for the subject, performing an arteriography

or angiography on the subject, or performing a SPECT analysis on the subject.

A method for evaluating or monitoring the efficacy of a therapeutic for modulating

wound healing in a subject receiving the therapeutic comprising;

a) measuring the expression of one or more genes listed in Table 3 in a sample from
the subject; and

b} comparing the expression of the one or more genes to a pre-determined reference
level or level of the one or more genes in a control sample, wherein the

comparison 1s indicative of the efficacy of the therapeutic.

. The method of any one of claims 39-41, wherein the therapeutic modulates miR-92

function and/or activity.

. The method of claim 42, wherein the therapeutic s a miR-92 oligonucleotide inhibitor,

. The method of claim 43, wherein the muR-92 oligonucleotide inhibitor 15 selected from

Tables 1 and 2.
The method of any one of claims 39-44, wherein the subject suffers from 1schemia,
myocardial infarction, chronic ischemic heart disease, peripheral coronary artery

occlusion, 1schemic mfarction, stroke, atherosclerosis, acute coronary syndrome,
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46.

43

49.

53.

coronary artery disease, carotid artery disease, diabetes, chronic wound({s), peripheral

vascular disease or peripheral artery disease.

The method of any one of claims 39-45, wherein the subject is a human.

7. A method for evaluating an agent’s ability to promote angiogenesis or wound healing

comprising:

a) measuring the expression of one or more genes histed in Table 3 1 a cell
contacted with the agent; and
b} comparing the expression of the one or more genes to a pre-determined reference
level or level of the one or more genes in a control sample, wherein the
comparison is indicative of the agent’s ability to promote angiogenesis or wound
healing.
The method of claim 47, further comprising determining miR-92 function and/or activity

in the cell contacted with the agent.

The method of claim 47 or 48, wherein the cell is a mammalian cell.

. The method of claim 49, wherein the cell 1s a cardiac cell, muscle cell, fibrocyte,

fibroblast, keratinocyte or endothelial cell.

. The method of any one of claims 47-30, wherein the cell 1s in vitro, in vivo or ex vivo.

. A method for selecting a subject for treatment with a therapeutic that modulates miR-92

function and/or activity comprising:

a) measuring the expression of one or more genes listed in Table 3 in a sample from
the subject, wherein the subject is treated with the therapeutic; and
b} comparing the expression of the one or more genes to a pre-determined reference
level or level of the one or more genes in a control sample, wherein the
comparison 15 indicative of whether the subject should be selected for treatment
with the therapeutic.
The method of claim 32, further comprising further comprising performing a walk tume
test on the subject, determining an ankle-bronchial index (ABI) for the subject,
performing an arteriography or angiography on the subject, or performing a SPECT

analysis on the subject.

66
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54. The method of claim 52, further comprising determining miR-92 function and/or activity
in the sample.

55. The method of any one of claim 52-54, wherein the therapeutic s a muR-92
oligonucleotide mhibitor.

56. The method of claim 55, wherein the miR-92 oligonucleotide inhibitor is selected from
Tables 1 and 2.

57. The method of any one of claims 52-56, wherein the subject suffers from ischemia,
myocardial infarction, chronic ischemic heart disease, peripheral or coronary artery
occlusion, ischemic infarction, stroke, atherosclerosis, acute coronary syndrome,
coronary artery disease, carotid artery disease, diabetes, chronic wound(s), peripheral

vascular disease or peripheral artery disease.

58. The method of any one of claims 52-57, wherein the subject 1s a human.
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Kruskal-Wallis
ne-way ANOVA
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FIG. 6A
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