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(57) Abstract: The present invention provides microRNA
mimetic compounds that mimic the function or activity of
miR-96, miR-182, and/or miR-183. The microRNA mimetic
compounds of the invention comprise a first strand of about
(22) to about (26) ribonucleotides comprising a mature miR-
96, miR-182, or miR-183 sequence; and a second strand of
about (20) to about (24) ribonucleotides comprising a se-
quence that is substantially complementary to the first strand
and having at least one modified nucleotide, wherein the first
strand has a 3' nucleotide overhang relative to the second
strand. The invention additionally provides expression vec-
tors comprising a polynucleotide(s) encoding one or more of
miR-96, miR-182, and miR-183. The invention also provides
methods of treating ophthalmological or otic conditions by
administering the microRNA mimetic compounds of miR-96,
miR-182, and/or miR-183 and/or an expression vector encod-
ing at least one of miR-96, miR-182, and miR-183 to a sub-
ject in need thereof.
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MIRNA MIMETICS AND THEIR USE IN TREATING SENSORY CONDBITIONS

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001} The present application claims the benefit of prionty to U.S. Provisional
Application No. 62/133,590, filed on March 16, 2015, the contents of which are hereby

meorporated by reference herein in their entirety.

FIELD OF THE INVENTION

{8602} 'The present invention provides microRNA muimetic compounds that mimic the
function or activity of miR-96, miR-182, and/or muR-183. The invention also provides
expression vectors compnising a polynucleotide(s) encoding one or more of miR-96, miR-
182, and miR-183. The invention further provides compositions comprising miR-96, miR-
182, and/or miR-183 numetic compounds or expression vectors encoding miR-96, miR-182,
and/or nuR-183, and methods of treating ophthalmological and otic conditions using the

microRNA mimetic compounds or expression vectors encoding them.

BACKGROUND

[B803] MicroRNAs are small, endogenous, noncoding RNAg that act as posttranscriptional
repressors of gene expression.  MicroRNAs have unigque expression profiles in the
developing and adult retina and are involved in normal development and functions of the
retina {Ryan ef af, Mol Vis 12:1175-1184, 2006, Xu ef a/., J Biol Chem 282(34).25053-
25066, 2007). MiRNAs are dvsregulated i the retina of retinal degenerative mouse models,
suggesting their potential involvement 1n retinal degeneration (Loscher er al, Genome Biol
8(11)R248, 2007, Loscher er of, Exp EHve Res 87(6):529-534 2008). Conditional
mactivation of dicer, an RNase Il endonuclease required for miRNA maturation in cviosol,
in the mouse retina resulted in alteration of retinal differentiation and optic-cup patierning,
mcreased cel death, and disorganization of axons of retinal ganglion cells (Pinter & Hindges,
PLoS ONE 5{4):¢10021, 2010; Davis & Ashery-Padan, Development 138(1):127-138, 2011,
Georgl & Reh, J Neorosct 30(11):4048-4061, 2010}, suggesting that miRNAs are important
for normal development and functions of the mammalian retina. However, n vivo functions

of mdividual miRNAg in the retina are still largely unknown.
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{8004] The microRNA-183/96/182 cluster is cxpressed in the retina and other sensory
organs. A knock-out mouse model of the miR-183/96/182 cluster showed that that the
mactivation of the cluster dunng development results 1 the carly-onset and progressive
synaptic defects of the photoreceptors and progressive retinal degeneration (Lumayag ef of.,
Proc Natl Acad Sci, 110{(6):ES07-16, 2013). On the other hand, a transgenic anti-miRNA
“sponge” mouse mode! that reduced the activities of all three miRNAs in the miR-183/96/182
cluster showed increased bright-light induced retinal degeneration; however, no histological
or functional defects of the retina were observed under normal Lighting conditions (Zhu ef al.,
} Biol Chem., 286(36}:31749-60, 2011} Thus, the role of the vuR-183/96/182 cluster n

aduit refina remains uncertais:.

[8605]  While many studies have shown therapeutic efficacy using single-stranded miRNA
mhibitors called antimiRs, efforts to restore or increase the function of a miRNA have been
lagging behind {van Rooij et al, Cir Res, 110:496-507, 2012). Carrently, miRNA function can
be increased cither by viral overexpression or by using svnthetic double-stranded nuRNAs,
The use of adenc-associated viruses {AAV) to drive expression of a given miRNA for
restoring 1S activity in vivo has shown 1o be etfective m a mouse madel of bepatocellular and
tung carcinoma (Kasinski & Slack, Cancer Res, 72: 5576-3587, 2012; Kota ¢t al., Cell, 137
1005-1017, 2009) and spinal and bulbar muscular atrophy (Miyazaka et al, Nat Med,,
18(73:1136-41, 2012). The use of synthetic oligonucleotide-based approaches to increase
miRNA levels has not been well explored vet. The present nvention provides synthetic
ohigonucleotides as well as virally expressed polynucleotides that mumic the activity of miR-

96, miR-182 and/or miR-~183 to restore eve and car function.

SUMMARY OF THE INVENTION

[0006] The present invention provides microRNA mimetic compounds that mumic the
function or activity of micreRNAs, in particular, the function or activity of miR-96, quR-182,
and/or miR-183. In some embodiments, the microRNA mimetic compounds of the invention
mehude synthetic oligonucleotides. In other embodiments, the imvention provides expression
vectors comprising a polynucleotide(s) encoding one or more of miR-96, miR-182 and muR-

183 for expression in a mammalian cell for treating eve or ear dysfunction.
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86077 In certain embodiments, the mucroRNA mimetic compounds of the invention
compnse synthetic oligonucleotides comprising a first strand and a second strand, where the
two strands torm a double stranded region that is fully or partially complementary. 1o vanous
embodiments, the first strand or the antisense strand of the microRNA mimetic compound
comprises the sequence of a mature miR-96, miR-182, or miR-183 and the second strand or
the sense strand comprises a sequence that is substantially complementary to the first strand

and has at least one modified nucleotide.

{0608} The microRNA mimetic compounds of the vention mimic the function or activity
of a mature, naturally-occurring miR-96, miR-182, or miR-183 microRNA and show
enhanced resistance to the nuclease digestion of the antisense strand, improved ability to load
the antisense strand nto the miRNA-indaced silencing complex (miRISC), and/or rapid

degradation of the sense strand.

[860%] In some embodiments, the first strand of the miRNA numetic compound 1s about
19,20, 21,22, 23,24, 25,26, 27, or 28 nucleotides n kength and comprises the sequence of
mature miR-96, miR-182, or miR-183 and the second strand is about 18, 19, 20, 21, 22, 23,
24, 25, 26, or 27 nucleotides m length and comprises a sequence that is substantially
complementary to the first strand, wherein the second strand comprises at least one modified
nucleotide. In certain embodiments, the first strand is about 22 to about 26 nucleotides n
length and the sccond strand 1s about 20 to about 24 nucleotides in length. In some
embodiments, the first strand 13 about 22 to about 26 nucleotides in length and the second

strand is about 20 to about 26 nucleotides in length.

{8810} In some embodiments, the sequence of the first strand of the nucroRNA mimetic
compounds of the nvention is about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%., or 99%, mnchusive of values thercbetween, identical to the mature muR-96, miR-
182, or miR-183 scquence. In other embodiments, the sequence of the first strand 1s
completely {100%) identical to the mature miR-96, miR~182, or miR-~183 sequence. In some
embodiments, the first strand may comprise a 37 mucleotide overhang relative to the second
strand. o other embodiments, the second strand may comprise a 3 mucleotide overhang

relative to the first strand. The 37 overhang on the first or the second strand may comprise

3
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about 1, 2, 3, or 4 nuclestides. In certain embodiments, the 37 overhang is about 1 or 2
nucleotides n length. In some embodiments, the first and the second strand contain the same
number of nucleotides, 7 e., there 15 no overhang on either strand. In some embodiments, the

overhang may be present on the 57 end of the first or the second strand.

{8611} In one embodmment, the scquence of the second strand is fully complementary
{100%;) to the sequence of the first strand.  In ancther embodiment, the sequence of the
second strand is substantially complementary, such as about 75, 76, 77, 78, 79, 80, 81, 82, 83,
84, 85, 86, &7, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%, inclusive of values
therebetween, complementary to the first strand.  In still another embodiment, the sequence

of the second strand may contain about 1, 2, 3, 4, or 5 nusmatches relative to the first strand.

{8612} In some embodiments, the first strand and/or the second strand may comprise one or
more modified nucleotides. fn some embodiments, the first strand comprising a mature miR-
96, miR-182, or miR-183 sequence contains one or more modified nucleotides, such as one
or more 2 -thiore modified nucleotides. In certamn embodiments, the first strand containg at
least ong 27-fluore nucleotide. In some embodiments, the second strand comprising a
sequenae that is substantially complementary to the sequence of the first strand comprises at
least one modified nucleotide, such as a 2"-fluoro or 2°-U-methyl modified nucleotide. In

cortain embodiments, the at least one moditied mucleotide in the second strand 15 a 27-0-

methyl modified nuclectide.

{0013} In some embodiments, the present jnvention provides a microRNA miumetic
compoand compnsing a first strand of about 22 to about 26 nbonucleotides comprising a
mature miR-96, miR-182, or miR-183 sequence; and a second strand of about 20 to about 24
ribonucleotides comprising a sequence that is substantially complementary to the first strand
and having at least one modified nucleotide, wherein the first strand has a 37 nucleotide
overhang relative to the sccond strand. In some other embodiments, the present invention
provides a microRNA mimetic compound comprising a first strand of about 22 1o about 26
ribonucicotides comprising a mature nuR-96, miR-182, or nuR-183 scquence; and a second

strand of about 20 to about 26 ribonucleotides comprising a sequence that is substantially



WO 2016/149370 PCT/US2016/022645

complementary to the first strand and having at least one modified nuclectide, wherein the

first or the second strand has a 37 nucleotide overhang.

10614} The invention further provides expression vectors comprsing a polynucleotide
encoding miR-96, miR-182, and/or miR-183 positioned for expression in a maromalian ccll
for usc as a therapeutic agent for the treatment of ophthalmological or oftic disorders. For
example, the sequence encoding miR-96, miR-182, and/or miR-183 is positioned adjacent to
an appropriate promoter for expression in an cve or ear cell and the promoter and coding
sequence are tlanked by inverted termunal repeats. The sequence is then further inserted into a
vector sequence, which in certain embodiments can replicate in a human cell. The
potymucleotide can be an isolated polvnuciectide.

[0615] In certain embodiments, the vector is a wviral expression vector. In certain
embodiments, the viral expression vector is an adenoviral vector, an adeno-associated viral
{AAV) vector, or a lentiviral vector. In some embodiments, the viral expression vector 15 a
self-complementary adenc-associated viral vector. In certain embodiments, the AAV vector
1s based on a single serotype of AAVY, such as AAV, AAVZ, AAV3, AAV4, AAVS, AAVS,
AAYT, AAVS, and AAVS. Modified AAY vectors based substantially on a single serotype
are known in the art, for example serotype th.74 which is AAVS-like and shares 93% amino
acid identity with AAVE can be used (sce, e.g, Mamtin et al., Am. §. Cell. Physiol. 296:C476-
C488, 2009, mcorporated herein by reference). Altematively, the adeno-associated viral

vector 18 a chimeric adeno-associated viral vector based on multiple serotvpes of AAV.

{8615} The expression vectors provided by the instant invention can include anv sequence
that encodes a functional miR-96, miR-182, and/or miR-183 for use in any of the methods of
the instant invention. In certain embodiments, the expression vector includes a nucleic acid

sequence selected from the group consisting of SEQ 1D NGs: 53-535.

{80171 The invention provides cells containing a polymucleotide encoding miR-96, miR-
182, and/or miR-183 of the mnstant invention. In some embodiments, the cell is a bacteral
cell or 2 mammalian ccll. The cell can be a cell to which the polymucieotide has been

delivered as a therapeutic mtervention. Altematively, the cell can be a cell n vitro used for

(v
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the preparation of a pharmacewutical composition for the treatment of ophthalmological or otic

disorders.

[B618] In some embodiments, the mvention provides compositions comprising at least one
of the miR-96, miR-182, and miR-183 mimetic compounds or pharmaceutically acceptable
salts thereof, and phammaceutically acceptable carriers or excipients. In some other
embodiments, the invendion provides composiiions Comprising an cxpression vector encoding
at least one of miR-96, miR-182, and nmiR-183, and pharmaceutically acceptable carriers or

excipionts.

[B619] The invention further provides methods of treating or preveniing ophthalmological
conditions such as retinal degencration or retinitis pigmentosa comprising administering at
cast one of the miR-96, miR-182, and miR-183 mimetic compounds described herein to a
subject in need thereof. The invention also encompasses methods for improving or restoring
visual acuity m a subject in need thereof comprising administering at least one of the miR-96,

miR-182, and miR-183 mimetic compounds descrbed herein to a subject in need thereof.

10620]  The invention further provides methods of treating or preventing ophthalmological
conditions such as retinal degencration or retuitis pigmentosa comprising administering an
expression vector encoding at least one of miR-96, miR-182, and muR-183 to a subject in
need thereof. The invention alse encompasses methods for improving or restoring visual
acuity in a subject in need thereof comprising administering an ¢xpression vector encoding at

least one of nuK-96, miR-182, and miR-183 to a subject in need thercof

BRIEF DESCRIPTION OF THE DRAWINGS

{6621} FiGs. 1A-1D show quantitation of miRNA minucs and Rho siRNA in mouse retina
using a sandwich ELISA assay. Values shown are pmol oligo/g of retina fissue and represent
4 retinas (microRNAs} or 2 retinas (siRNA}. FIG. 1A shows the amount of miR-183 muimic,
Fi(5. 1B shows the amount of miR-96 mimic, FI{z. 1C shows the amount of muR-182 mimic,

and FIG. 1D shows the amount of Rho siRNA.
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180221 Figure 2 shows the functional delivery of Rho siRNA to mouse retina and down-
regulation of Rho mRNA. The solid line indicates the amount of rhodopsin siRNA detected
{nmol/g retina tissuc) and the dotted hine indicates the fraction of rhodopsin mRNA detected

mn retina compared {o untreated eves (time ().

10623} FiGs. 3A-3B show the effect of passive transfection of a miRNA nmumic in R-Ret
cells.  FIG. 3A shows R-Ret cells transfected with 10 pM miR-206 mumic 72h post-

transfection and FIG. 3B shows untreated R-Ret cells.

[0024] Figure 4 shows the results of an adenvlate kinase assayv of R-Ret cells transfected

with muR-206 mimic.

{0025] Figure 5 shows a real time PCR analysis of Rho mRBRNA i R-Ret cells transtfected

with various concentrations of cholesterol-conjugated Rho siRNA.

{8626} FIGs. 6A-6B show a real time PCR analysis of mERNA expression profile of genes
mvolved in the phototransduction pathway following exposure to 1 uM olizonucleotides.
FI(G. 6A shows genes that were up-regulated following exposure to 1 uM oligonucieotides.
Fiz. 6B shows genes that were down-regulated following exposure to 1 uM

oligonuclectides.

86277 FiGs. 7A-7B show a real time PCR analvsis of mRNA expression profile of genes
mvolved in the phototransduction pathway following exposure to 3uM oligonucleotide. FIG.
7A shows genes that were up-regulated following exposure to 3 uM oligonucleonides. FIG.

7B shows genes that were down-regulated following exposure to 3 uM oligonucieotides.

10628}  Figure 8 shows a heat map of the log2-transformed average fold change values of

the treatments shown m FIG. 6-7.

180291 TFigure 9 shows the effect of pooled microRNA mimics and Rho siRNA on visual

acuity loss in the mouse model of retinitis pigmentosa.
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18038] TFigure 10 shows the effect of pooled microRNA mimies and Rho siRNA on visual

acuity loss in the mouse model of retinitis pigmentosa.

DETAILED DESCRIPTION OF THE INVENTION

{8831} MicroRNAs (miRNAs) are small, non-protein coding RNAs of about 18 to about 25
nucleotides in length that are derived from individual miRNA genes, from introns of protein
coding genes, or from poly-cistronic franscripts that often encode nwitiple, closely related
miRNAs, See review by Carrington ef ¢, {Science, Vol. 301{5631):336-338, 2003). MiRNAsg

act as repressors of target mRNAs by promoting their degradation or by inhibiting translation.

[8832] MiRNAs are franscribed by RNA polymerase I (pol IT) or RNA polymerase T (pol
I see Gt er al. (2006) Cellular & Molecular Immunology, Vol. 3:411-419} and arise from
mitial transoripts, tormed primary miBRNA transcripts {pri-miRNAg), that are generally
several thousand bases long. Pri-nuRNAs are processed in the nucleus by the RNase Dirosha
mto about 70- fo about 100-nucleotide hairpin-shaped precursors (pre-miRNAg). Followmg
transport to the cvtoplasm, the hairpin pre-miRNA is further processed by Bicer to produce a
double-stranded miRNA. The mature nuRNA strand is then incorporated info the RNA-
mduced silencing complex (RISC), where it associates with its target mRNAs by base-pair
complementarity. In the relatively rare cases in which a muRNA base pairs perfectly with an
mRNA target, it promotes mRNA degradation. More commonly, muRNAs form imperfect
heteroduplexes with target mRNAs, affecting either mRNA stability or inhibiting mRNA

translation.

{0033} The microRNA-183/96/182 clusier is expressed in the retina and other sensory
organs. This cluster is located on chromosome 6 i mouse, chromosome 7 1n human, and
chromosome 4 1n rat. The sequences for mature miR-96, miR-182, and miR-183 i mouse,

humar, and rat are given below.

Mature miR-96 sequence in mouse (SEQ D NO: 1)
UUUGGCACUAGCACAUUULUGCU

Mature miR-96 sequence in human (SEQ [D NGO: 2)
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UUUGGCACUAGCACAUUUUUGCU

Mature miR-96 sequence in rat (SEQ D NQO: 3)
UUUGGCACUAGCACAUUUUUGCY

Mature miR~182 sequence in mouse (8EQ 1D NG: 4)
UUUGGCAAUGGUAGAACUCACACCG

Matore miR-182 sequence m human (SEQ ID NG: 53
UUUGGCAAUGGUAGAACUCACACU

Mature miR-182 sequence in rat {SEQ ID NO: 6}
UUUGGCAAUGGUAGAACUCACACCG

Mature miR~183 sequence m mouse (SEQ 1D NG: 7)
UVAUGGCACUGGUAGAAUUCACU

Mature miR-183 sequence in haman {(SEQ 1D NG 8}
UAUGGCACUGGUAGAAUUCACU

Mature miR-183 sequence in rat (SEQ 1D NG 9
UAUGGCACUGGUAGAAUUCACU

10634} A knockout of the microRNA-183/96/182 cluster in mice resulted n the carly-onset
and progressive synaptic defects of the photoreceptors and progressive retinal degeneration
{Lumayag er al, (2013} Proc Nat Acad Sci, 110(6) ES07-E516). Although the microRNA-
183/96/182 cluster has been shown to play a role in the development of the retina; it is not et
clear whether restoring or supplementing the activity of the microRNA-183/96/182 cluster in

adults could ameliorate or prevent retinal disorders.

{6635} The present invention is based, in part, on the discovery that the administration of
microRNA mimetic compounds that mumic the activity of miR-96, miR~182, and/or miR-183
regulates expression of phototranaduction genes in retinal cells, prevents or reduces the death
of photoreceptor cells, and prevents or reduces the loss of vision in a mouse model of retinitis

pigmentosa.  Accordingly, the present invention provides microRNA mimetic compounds,

9
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expression vectors encoding miR-96, miR-182, and/or miR-183, compositions thercof, and
methods thereof, for treating or preventing ophthalmological conditions. The invention also
conternplates the use of nuR-96, nmiR-182, and/or miR-183 mimetic compounds and
expression vectors encoding miR-96, miR-182, and/or miR-183 for treating, woproving, or

preventing discases or disorders of other sensory organs, for example, car.

[0636] A microRNA mimetic compound according to the invention comprises a first strand
and a second strand, wherein the first strand comprises a mature miR-96, miR-182 or miR-
183 sequence and the second strand comprises a sequence that s substantially
complementary to the first strand and has at least one modificd nucleotide, wherein the
microRNA mimetic compound mimics the activity of miR-96, miR-182, or muR-183
mictoRNA. The term “microRNA agonist” as used hereimn refers {o a synthetic microRNA
mimetic compound or an expression vector encoding miR-96, miR-182, and/or miR-133.
Throughout the disclosure, the tenm “first strand” may be used mterchangeably with the term
“antisense strand” or “guide strand”. and the iterm “second strand” may be used

mterchangeably with the term “sense strand” or “passenger strand.”

Synthetic microRNA mimetic compounds

{88377  In one embodiment, the first strand of the microRNA mimetic compound comprises
from about 20 to about 28 nucleotides and the second strand comprises from about 18 to
about 26 nucleotides.  In various embodiments, the first strand may comprise about 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, or 28 nucleotides and the second strand may comprise about
20, 21, 22, 23,24 25, or 26 nucleotides. In certain embodiments, the first strand comprises
from about 22 to about 26 nucleotides comprising a sequence of mature miR-96, nuR-182, or
miR~183, and the second strand comprises from about 20 to about 24 nucleotides comprising
a sequence that is fully or substantially complementary to the first strand.  In other
embodiments, the first strand comprises from about 22 to about 26 mucleotides comprising a
sequence of mature muiR-96, miR-182, or miR-183, and the second strand comprises from
about 20 to about 26 nucleotides comprising a sequence that is fully or substantially

complementary to the first strand.

10
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{8638} The nucleotides that form the first and the second strand of the microRNA mimetic
compounds may comprise ribonucleotides, deoxyribonucleotides, modified nucleotides, and
combinations thereof. In certain embodiments, the first strand and the second strand of the
microRNA mimetic compound comprise ribonucleotides and/or modified nbonucleotides.
The term “modified nuclectide” means a nucleotide where the nucleobase and/or the sugar

moicty is modified relative to unmodified nucleotides.

8639}  In certain embodiments, the microRNA mimetic compounds have a first strand or
an antisense strand comprising a “miRNA region” whose sequence 1s identical to all or part
of a mature miR-96, muR-~182, or miR-183 sequence, and a second strand o1 a sense strand
having a “complementary region” whose sequence 1s from between about 70% to about
100% complementary to the sequence of the muRNA region. The term “miRNA region”
refers to a region on the first strand of the miRNA mimetic compound that is at least about
75, 80, 85, 90, 95, or 100% identical, including all ntegers there between, to the entire
sequence of a mature, naturally occurring miR-96, miR-182, or muR-183 sequence. In certam
embodiments, the muRNA region is about or is at least about 90, 91, 92, 93, 94, 95, 96, 97,
08, 99, or 100% identical to the sequence of a mature, naturally-occurring miRNA, such as
the mouse, human, or rat miR-96, miR-182, or miR~183 sequence. For example, in some
embodiments, the miRNA region 1s about or at least about 99, 99.1, 992, 993, 994, 995,
59.6, 997, 998, 999 or 100 % identical to the sequence of a mature, naturally-cocurring
miRNA, such as the mouse, human, or rat miR-96, niR-182, or miR-183 sequence.
Alternatively, the miRNA region can comprise 18, 19, 20, 21, 22, 23, 24, 25 or more
nucleotide positions in common with a mature, naturally-occurring miRNA as compared by
sequence alignment algonithms and methods well known in the art. ¥t is understood that the
sequence of the miRNA region of the first strand may mclude modifications of the
nucleotides compared to the sequence of a mature, naturallyv-occurring muRNA.  For
example, if a mature, naturally-occurning miRNA sequence comprises a cytidine nucleotide
at a specific position, the miRNA region of the first strand of the mimetic compound may
comprise a modified cytidine nucleotide, such as 2’°-fluoro-cvtidine, at the corresponding
position or if a mature, naturally-cccurring miBNA sequence comprises a uridine nucleotide
at 3 specific position, the muRNA region of the first strand of the mimetic compound may

comprise a modified unidine nucleotide, such as 2" -fluoro-undme, 2°-O-methyl-undme, 3-

I
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fluorouvracil, or 4-thicuracil at the corresponding position.  Even if the sequence of the
mRNA region of the first strand includes such modified nuclectides, the sequence 1 still
considered identical to the sequence of the mature, naturally-occurring miRNA sequence as
tong as the nucleotide that 1s modified has the same base-pairing capability as the nucleotide
present in the matore, naturally-occurring miBRNA sequence. In some embodiments, the first
strand mayv mclade a modification of the 5 -terminal residue. For example, the first strand

may have a 5 -ternunal monophosphate.

{0048f The term “compliementary region” refers to a region on the second strand of the
miRNA mimetic compound that is at least about 70% complementary to the sequence of the
miRNA region on the first strand. For example, the complementary region 1s at least about
70,71,72, 73,74, 75,76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 9%, 99, or 100%, inclusive of all values therebetween, complementary to the
sequence of the miRNA region. In certain embodiments, about 18, 19, 20, 21, 22, or 23
nucleotides of the complementary region of the second strand may be complementary to the
first strand. In some embodiments, the complementary region of the second strand comprises
about 1, 2, 3, 4, or 5 mismatches relative to the miRNA region of the first strand. That is, up
to 1, 2, 3, 4, or 5 nucleotides between the miRNA region of the first strand and the
complementary region of the second strand may not be complementary. In one embodiment,
the mismatches are consecutive and may create a bulge. In another embodiment, the
mismatches are not consecutive and may be distributed throughout the complementary
region. In vet another embodiment, op to 1, 2, 3, or 4 mismatches may be consecutive
creating a bulge and the remaining mismatches may be distributed through the

corplementary region.

{8841}  In some embodiments, the first and/or the second strand of the mimetic compound
may comprise an overhang on the 57 or 37 end of the strands. in certain embodiments, the
first strand comprises a 37 overhang, 7.e., a single-stranded region that extends beyond the
duplex region, relative to the second strand. In some embodiments, the second strand

comprises a 37 overhang relative o the first strand. The 37 overhang of the first or the second
strand may range from about one nucleotide to about four nuclectides. In certain

embodiments, the 37 overhang of the first or the second strand may comprise 1 or 2

12
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nucleotides. In some embodiments, the nucleotides comprising the 37 overhang are linked by
phosphorothioate hinkages.  The nucleotides comprising the 37 overhang may include
ribonucleotides, deoxyribonucleotides, modified nucleotides, or combinations thercof. In

~

certain embodiments, the 37 overhang in the first or the second strand comprises two

>

nbonucleotides.  In other embodiments, the 37 overhang in the first or the second strand
comprises two modified ribonucleotides. In still other embodiments, the 3° overhang in the
first or the second strand comprises onc ribonucleotide and one modified nibonucleotide. In
some embodiments, the overhang may be present on the 537 end of the first or the second
strand. The 537 overhand may comprise from about one to four nucleotides. Sinular to the 37
overhang, the 5 overhang may comprise ribonucleotides, deoxyribonucleotides, modified
nucleotides, or combinations thereof. In some embodiments, the nucleotides comprising the
57 overhang may be linked by phosphorothicate hinkages. In some embodiments, the miRNA
mimetic compound may be a hairpin, 7.e., a single strand polvoucleotide with a 5" and a 37
end, where one of the ends may generate an overhang when the single strand folds back on
iself.  In these embodiments, the single strand comprises the miRNA region and the
complementary region that may be separated by a hinker region. Such a single strand suRNA
mimetic compound may have a greater range of length, for example, about 55 to about 100
nucleotides. The single stranded nuRNA numetic compound may contain an unpaired loop

that would substantially correspond to the linker region.

{8042} 1t will be understood from the above description that the first or the antisense strand
of the microRNA mimetic compound may comprise the entire sequence of a mature,
naturally occurring microRNA or a part of it and may comprise additional nucleotides that
arc not part of the mature miRNA sequence. For example, the first strand of a mimetic
compound according to the mvention that mimics the activity of miR-96 may comprise the
entire sequence of SEQ ID NOs: 1, 2, or 3 or a partial sequence, such as about, 15, 16, 17, 18,
19, 20, 21, or 22 mucleotides of SEQ 1D NOs: 1, 2, or 3 and up to about 4 to 6 additional
nucleotides that arc not part of the mature miR-96 sequence. 1t will also be understood that
the mumetic compound comprising the entive or partial scquence of the mature, naturally
occurring microRNA and up to about 4 to 6 additional nucleotides still maintains the ability
to mumic the activity or function of the microRNA. It will also be understood that the

sequence of the first strand compnsing the scquence of a mature, naturally occurring
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microRNA may include modified nuclectides corresponding to the nuclestides present in the

mature, naturaliv-occarnng microRNA.

[8043] In onc embodiment, the invention provides a microRNA mumetic compound
comprising a first strand of about 22 to about 26 ribonucleotides comprising a matire miR-
96, miR-182, or miR-183 sequence; and a second strand of about 20 to about 24
ribonucleotides comprising a sequence that is substantially complementary to the first strand
and having at least one modified nucleotide, wheremn the first strand has a 37 nucleotide
overhang relative to the second strand. In some embodiments, the invention provides a
microRNA miumetic compound comprising a first strand of abouwt 22 to about 26
ribonucleotides comprising a matare niR-96, miR-182, or miR-183 sequence; and a second
strand of about 20 to about 26 nibonuclectides comprising a sequence that is substantially
complementary to the first strand and having at least one modified nucleotide, wherein the
second strand bhas a 37 nucleotide overbang relative to the second strand.  The term
“substantially complementary” means the sequence of the second strand 1s at least about 75,
76. 77, 78,79, 80, 81, 82, 83, 84, 85, 86, &7, 88, 89, 90, 91, 92, 93,94, 95, 96, 97. 98, 99, or
100%, inclusive of all values thercbetween, complementary to the sequence of the first strand
or the sequence of the second strand contains up to about 1, 2, 3, 4, 5, or 6 mismatches

relative to the sequence of the first strand.

{0644} In certain cmbodiments, a miR-96 mimetic compound according to the invention
comprises a first strand of about 22 to about 26 nucleotides comprising a sequence of SEQ ID
NGs: 1, 2, or 3, and a second strand of about 20 to about 24 nuclectides that is substantially
corplementary to the first strand and having at icast onc modified nucleotide, wherein the
first strand has a 3 nucleotide overhang relative to the second strand. In some embodiments,
the second strand may comprise about 20 to about 26 nucleotides and may include a 37 or 57
nucleotide overhang relative to the first strand. Throughout this disclosure, the language
reciting “a sequence of SEQ i NOs. X, Y, or 27 encompasses all sequences where a
naturally occurring nucleotide 1s replaced by a corresponding modified nucleotide.  For
example, the language cncompasses sequences where adenosine is replaced with a modified

adenosine; undine is replaced with a modified uridine, thynudine, or modified thymidine;
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guanosing is replaced with modified guanosine; or cvtidine i1s replaced with modified

cytudine.

[B045]  In certam embodiments, a miR-96 mumetic compound according to the invention
comprises a first strand comprising the sequence:

57 rUrUfUrGrGHCr ASCRUrArGICr ATCr A TURUTURUSUrGECEUsrUsrU-37 (SEQ 1D NO: 10)
and a second strand that 1s substantially complementary, such as about 85, 86, 87, 88, 89, 90,
91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%, mclusive of all values thercbetween,
complementary to the first strand. In one embodiment, the second strand of 3 miR-96
mimetic compound comprises the sequence:

5 -mAmCGmCrArArAr AmUmUrGrArGmCmUrArGmUrGmCrGrArArA-3 SEQ 1D NG
11). In ancther embodiment, the second strand of a miR-96 mimetic compound comprises
the sequence: 53 -mAMGMCrArATArArAmUrGmUrfGmUnmUrArGrmUrGmCmCrArArA-3°
(SEQ 1D NO: 12) As used herein, an “m” preceding a base notation {e.g A, U, G, )
mdicates a 2°-O-methyvl modified nucleotide, an v~ preceding a base notation indicates an
pamodified ribonuclestide (fe, 2°-OH), an " preceding a base notation indicates a 27~

Iz

WS,

>

fluoronucleotide, and an ndicates a phosphorothioate linkage. Unless otherwise
mdicated, the nucleotides in the antisense and the sense strand are hinked by phosphodiester
linkages. In some embodiments, a miR-86 mimetic compound according to the mvention
comprises a first strand comprising a sequence selected from SEQ 1D NQOs: 10 and 26-29. In
some embodiments, a2 miR-96 mumetic compound according to the invention comprises a

second strand comprising a sequence selected from SEQ D NQOs: 11-14 and 30-34.

[0046] In certain embodiments, a miR-96 miumetic compound according to the invention
coraprises a first strand of about 22 1o about 26 ribonucleotides compnising a sequence of
SEQ ID NOs: 1, 2, 3, or 10 and a second strand of about 20 to about 24 ribonucleotides
comprising a sequence that is substantially complementary to the first strand and having at
least one modified nucleotide, wherein the first strand has a 3" nucleotide overhang relative to
the second strand.  In certain embodiments, the second strand of a miR-96 numetic
compound comprises a sequence of SEQ ID NO: 11 or 12, In some embodiments, a miR-96
mimetic compound according to the mvention comprises a first strand of about 22 to about 26

nbonucleotides comprising a sequence of SEQ 1D NOs: 1, 2, 3, or 10 and a second strand of
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about 20 to about 26 nbonucleotides comprising a scquence that i3 substantially
complementary to the first strand and having at least one modified nuclectide, wherein the

second strand has a 37 or 5 nucleotide overhang relative to the first strand.

{88477 In some embodiments, a miR-96 mimetic compound comprises a first strand of
about 20 to about 26 nucleotides comprising the sequence of SEQ ID NO: 10 and a second
strand of about 20 to about 24 nucleotides comprising the sequence of SEQ 1D NGO 11,
wherein the first strand has a 37 overhang relative to the second strand.  In another
embodiment, a miR-96 mimetic compound comprises a first strand of about 20 to about 26
nucleotides comprising the sequence of SEQ 1D NO: 10 and a second strand of about 20 to
about 24 nucleotides comprising the sequence of SEQ 1D NG: 12, wheren the first strand has
a 37 overhang relative to the second strand. In vet another embodiment, a miR-96 mimetic
compound comprises a first strand of about 20 to about 26 sucleotides compnsing the

sequence of SEQ 1D NGO 10 and a sccond strand of about 20 to about 24 nucleotides

(¥

COMPIiSING the sequence of SEQ H NG I3 {57~
mA mG.mC rA rA rA tA mU mU rGrA 1G mC mU rA vG.mU rG mC rG rA rA rA chol6-
37}, wherein the first strand has a 37 overhang relative to the second strand. In some
embodiments, the second strand of a miR-96 mimetic compound 1s about 20 1o about 24
nucleotides  and  comprises  the sequence of SEQ D NGO 14 (5-
mA mG.mC rA rA rA rA mU mU rGrA rfGmC mU rA rG.mU rG.mC 15 rA 1A rAs.chol6-

3%}, In this embodiment, the oligonucieotide sequence of the second strand 1s attached to

cholesterol {carrier molecule) via a phosphorothicate linkage.

[0048]  In some embodiments, a miR-96 mimetic compound comprises a first strand that is
no more than 25, 26, 27 or 28 nucleotides long and comprises a sequence of SEQ ID NOs: |,
2.3, or 10. In some other embodiments, a muR-96 numetic compound comprises a first
strand that is no more than 26, 27 or 28 nucleotides long and comprises a sequence of SEQ
1D NOs: 1, 2, or 3, where nucleotides at positions 3(U), 5{(C), 8(C), %(U), 12(C), 14 (), 16
(U}, 17 (U), 18 (U), 19 (U), 20 (U), 22 (), and/or 23 (U) m the 57 to 37 direction are
modified relative to SEQ 1D NOs. 1, 2, or 3. In certain embodiments, a miR-96 mimetic

-
ol

compound comprises a first strand having a sequence of SEQ ID NOs: 1,2, 3, or 10, and &
second strand that 1s complementary to the first strand except at nucleotide positions 4, 13,

16
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and/or 16 from the 37 end of the second strand. In some embodiments, the second strand of a
miR-96 mimetic compound i3 complementary to the sequence of SEQID NGs: 1,2, 3, or 10
and comprises modified nucleotides at one ore more positions selected from the group
consisting of 1{A), 2(G), 3(Cy, &8(U), 9U), 13, 14, THU), and 1XC), in the 5" 10 37

direction.

10649} In certain embodiments, a muR-~182 mimetic compound according to the invention
comprises a first strand of about 22 to about 26 nucleotides comprising a sequence of SEQ ID
NQOs: 4, 5, or 6, and a second strand that is sobstantially complementary to the first strand and
having at lcast one modified nucleotide, wherein the first strand has a 37 nucleotide overhang
relative to the second strand. In some embodiments, the second strand may comprise about
20 to about 26 nucleotides and may melude a 37 or 57 nucleotide overhang relative to the first
strand. In certain embodiments, a miR-182 mimetic compound according to the mvention
comprises a first strand comprising the sequence:

57 UrUfUrGrGECr ArAfUrGrGFUrArGrAr AfCURCrAFCr A fCfUsrUsrU-37 (SEQ 1D NO: 15)
and a second strand that is substantially complementary, such as about 85, 86, 87, 88, 89, 90,
1, 92, 93, 94, 95, 96, 97 98, 99, or 100%, imclusive of all values thercbetween,
coraplementary to the first strand. In one embodiment, the sccond strand of a miR-182
mimetic compound comprises the sequence:

5 -mANGmUrGmUrGrArGrAmUmCrArAmCmCrAmUmUrGmCrGrArArA-3”  (SEQ 1B
NGO 16}, In another embodiment, the second strand of a miR-182 numetic compound
comprises the sequence: 5
mAmGMUrGmUrGrArfGmUmUnmCnrAmCmCrAmUmUrGmCmCrArArA-3” (SEQ 1D
NG: 173 In some embodiments, a miR-182 mimetic compound according to the invention
comprises a first strand comprising a sequence selected from SEQ 1D NOs: 15 and 35-38. In
some embodiments, a miR-182 mimetic compound according to the mvention comprises a

second strand comprising a sequence selected from SEQ 1D NOg: 16-19 and 39-43.

{8658} TIn some embodiments, a muiR-~182 mimetic compound comprises a first strand of
about 22 to about 26 ribonucleotides containing a sequence of SEQ 1D NQGs: 4, 5, 6, or 15
and a second strand of about 20 to about 24 nbonuclkotides comprising a sequense that is

substantially complementary to the first strand and having at least one modified nucleotide,

1
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wherein the first strand has a 3° nucleotide overhang relative to the second strand. In certain
embodiments, the second strand of a miR-182 mimetic compound comprises a sequence of
SEQ D NO: 16 or 17, In some embodiments, a miR-182 mumetic compound according to
the mvention comprises a first sirand of about 22 to about 26 nbonucleotides comprising a
sequence of SEQ ID NOs: 4, 5, 6, or 15 and a second strand of about 20 to about 26
ribonucleotides comprising a sequence that is substantially complementary to the first strand
and having at least one modified nucleotide, whercin the second strand has a 37 or &7

nucleotide overhang relative to the first strand.

{6651}  In some embodiments, a miR-182 numetic compound comprises a first strand of
about 22 to about 26 nucleotides comprising the sequence of SEQ D NO: 15 and a second
strand of about 20 to about 24 mucleotides comprising the sequence of SEQ 1D NG 16,
wheretn the first strand has a 37 overhang relative to the second strand.  In ancther
embodiment, a miR-~182 mimetic compound comprises a first strand of about 22 to about 26
nucleotides comprising the sequence of SEQ 1D NG: 15 and a second strand of about 20 to
about 24 nucleotides compnsing the sequence of SEQ 1D NG 17, wherein the first strand hag
a 3’ overhang relative to the second strand. In vet another embodiment, a miR-182 mimetic
compound comprises a first strand of about 22 to about 26 nucleotides compnsing the
sequence of SEQ ID NO: 15 and a second strand of about 20 to about 24 nucleotides
comprising the sequence of SEQ D NG I8 {5~
mA mG.mU G mU rGrA 1GrA mU el rA rA mC mCrA mU U fGmCrGrA rA rA cho
16-37), wherein the first strand has a 37 overhang relative to the second strand. In some
embodiments, the second strand of a miR-182 nmumetic compound 15 about 20 to about 24
nucleotides  and  comprises  the sequence of SEQ 1D NO: 19 (5°-
mA mG.mU G mb G rA G rA mlU nC rA rA mC.mC rA mU mU 1{GmC G rA vA rAsch
¢l6-37}, In this embodiment, the oligonuclectide sequence of the second strand 1s attached to

cholesterol {carrier molecule) via a phosphorothicate linkage.

{8652} In some embodiments, a miR-182 mimetic compound comprises a first strand that is
no more than 26, 27 or 28 nucleotides long and comprises a sequence of SEQ ID NOg: 4, §,
6, or 13, In some other embodiments, a miR-182 mimetic compound comprises a first strand

that is no more than 27 or 28 nucleotides long and comprises a sequence of SEQ 1D NQs: 4,
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5, or 6, where nucleotides at positions 3(U3, 6(C), ¥U}, 12 (Uy, 17 (C), 18 (11}, 19((), 21
{3, 23 {C}, and/or 24 (U} in the 5" to 37 direction are modified relative to SEQ 1D NQOs. 4, 5,
or 6. In certain embodiments, a nuR-182 mumetic compound comprses a first strand having
a sequence of SEQ 1D NQs: 4, 3, 6, or 15, and a second strand that 1s complementary to the
first strand except at nuclectide positions 4, 13, and/or 16 from the 37 end of the second
strand. In some embodiments, the second strand of a miR-182 mumetic compound is
complementary to the scquence of SEQ D NOs: 4, 5, 6, or 15 and comprises modified
nucleotides at one org more positions selected from the group consisting of 1{A), 2 (G}, 3(U},

5(U). 10(U), 11{C), 14(C), 15(C), 17(U), 18(U), and 20(C), in the 5" to 3’ direction.

[B833] In certain embodiments, a miR-183 numetic compound according to the invention
comprises a first strand of about 22 to about 26 nucleotides comprising a sequence of SEQ D
NQs: 7, 8, or 9, and a second strand that is substantially complementary to the first strand and
having at lecast one modified nucleotide, wherein the first strand has a 3” nucleotide overhang
relative to the second strand. In some embodiments, the second strand may comprise about
20 to about 26 nucleotides and may inclade a 3 or 5 mucleotide overhang relative to the first
strand. In certain cmbodiments, a miR-183 mumetic compound according to the mvention
comprises a first strand comprising the sequence:

57 rUrAfUrGrGECrA fCHUrGrGIUr ArGrAr AfUTURCrAFCHUsrUsrU-3 {(SEQ 1D NO: 20} and
a second strand that is substantially complementary, sach as about 85, 86, 87, 88, 89, 90, 91,
92,93, 94, 95, 96, 97, 98, 99, or 100%, inclusive of all values thercbetween, complementary
to the first strand. In one embodiment, the second strand of a miR-183 mumetic compound
comprises the sequence:

5= mAmGMUGrArArAmUmCrAtAnCmCrATGmUrGmCrGrAmUrA -3 (SEQ 1D NO: 21
In another embodiment, the second strand of a miR~-183 mimetic compound comprises the
sequence: 5T AmGmUrGrArAmUnUm CoUrAmCm CrArGmUrGmCmCrAmUrA-3°
(SEQ 1D NO: 22}, In some embodiments, a miR-183 mimetic compound according to the
mvention comprises a first strand comprising a sequence selected from SEQ 1D NOs: 20 and
44-47. In some embodiments, a miR~-183 numetic compound according to the mvention
comprises a second strand comprising a sequence selected from SEQ 1D NOs: 21-25 and 48-

52

19



WO 2016/149370 PCT/US2016/022645

{8054 In some embodiments, a miR-183 mimetic compound comprises a first strand of
about 22 to about 26 nbonucieotides comprising a sequence of SEQ 1D NOs: 7, 8, 9, or 20
and a second strand of about 20 to about 24 nbonucleotides comprising a sequence that is
substantially complementary to the first strand and having at least one modified nucleotide,
wherein the first strand has a 37 nucleotide overhang relative to the second strand. In certain
embodiments, the second strand of 2 miR-1383 mimetic compound comprises a sequence of
SEQ D NO: 21 or 22, In some embodiments, a miR-~183 numetic compound according o
the mvention comprises a first strand of about 22 to about 26 nbonucleotides comprising a
sequence of SEQ 1D NOs: 7, 8, 9, or 20 and a second strand of about 20 to about 26
ribonucleotides comprising a scquence that is substantially complementary 1o the first strand
and having at least one moditied nucleotide, wherein the second strand has a 37 or §7

nucleotide overhang relative to the first strand.

{0055] In some embodiments, a miR-183 mimetic compound comprises a first strand of
about 22 to about 26 nucleotides comprising the sequence of SEQ ID NO: 20 and a second
strand of about 18 to about 22 nuclestides comprising the sequence of SEQ 1D NO: 21,
wherein the first strand has a 37 overhang relative to the sccond strand.  In another
embodiment, 3 miR~183 mimetic compound comprnises a first strand of about 22 to about 26
nucleotides comprising the sequence of SEQ ID NO: 20 and a sccond strand of about 18 to
about 22 nucleotides comprising the sequence of SEQ ID NG: 22, wherein the first strand has
a 3’ overhang relative to the second strand. In vet another embodiment, 2 miR-183 mimetic
compound comprises a first strand of about 22 to about 26 nuclectides comprising the
sequence of SEQ ID NGO 20 and a second strand of about 18 to about 22 nucleotides
corpnsing the SCHUCnee of SEQ 1)) NO: 23 5-
MAMGMUrGrAtArAmUmCrArAmCm CrArGmUrGmCrGrAmUrA chol6-37) or SEQ 1D
NG 24 (-mAmGmUrGrArAmUnUmCnUrAmCmCrArGmUrGmCmCrAmUr A chol6-
3%, wherein the first strand has a 37 overhang relative to the second strand. In one
embodiment, the second strand of a miR-183 numetic compound comprises the sequence of
SEQ 13 NO: 25 (5
mAMGmUrGrArArAmUmCrArAmTUmCrArGmUrGmCrGrAmUrAs . chol6-37). In  this

(¥

embodiment, the oligonucleotide sequence of the second strand is attached to cholesterch

{carricr molecule) via a phosphorothicate linkage.
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{8656} In some embodiments, a miR-183 mimetic compound comprises a first strand that 1s
no more than 25, 26, 27 or 28 nucleotides long and comprises a sequence of SEQ 1D NOs: 7,
8,9, or 20, In some other embodiments, a nuR-183 mimetic compound comprises a fust
strand that is no more than 25, 26, 27 or 28 nuclectides long and comprises a sequence of
SEQ ID NQOs: 7, 8, or 9, where nucleotides at positions 3(U}, 6(C), 8(C), (U}, 12(U), 17(L),
18(U), 1), 21(C), and/or 22{U) in the 53 to 37 direction are modified relative to SEQ 1D
MNOs. 7, 8, or 9. In certain embodiments, a miR-183 mimetic compound comprises a first
strand having a sequence of SEQ ID NOs: 7, 8, 9, or 20, and 2 second strand that is
complementary to the first strand except at nucleotide positions 4, 13, and/or 16 from the 37
end of the second strand. In some embodiments, the second strand of a nuR-183 mimetic

~
7
b

corapound s complementary fo the sequence of SEQ 1D NQOs: 7, 8, 9, or 20 and comprises
modified nocleotides at one ore more positions selected from the group consisting of 1{A),
20G), 3(U), 7(U), 8(U), 9{Cy, 1O(U), 12(C), 13(C), 16(L), 18(C), 1), and 21V}, in the

to 37 direction.

[B057]  Specific microRNA mimetic compounds disclosed herein are summarized in Table
1 below. However, the invention is not limited to these specific mimetic compounds and
other mimetic compounds that could be prepared based on the guidance provided throughout

the specification are also encompassed by the mvention.

Table I muR-96/182/183 mimics

SEQ Modified Sequence
ib
N{.

miR-96 First/antisense/guide strands

10 5 UrUfUr GrGfCrACRUrAFGICFARCTARURUTUTUUr GICUs U siU-sup-3°

28 B -rUrUUrGroICrATCIUrArGECTAFCTATURUTURUURGICAU- 3

27 5%-p rUrUfUrGrofCrAICIUrArGICrAICTARUIURURUIUr GIC U s rUsiU-3

28 5-flUrUeUrGrGrCrArCrUcArGrCrArCrArUrUrUrUrUr GrCrlUnrU-3

28 5-rUrmirGreGmCramCmUrArGmCramCramUmmUmUmlirGmCmUsrsrU-3’

21
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miR-96 Second/sense/passenger strands

11 5-mAmGMCrArATATAMUMUrGrArGmCmUrArGmilrGmCrGrArAra-3'

12 5-mAMmGMCrATArATAFAMUrGmUrGmCmUrArGmUrGmOCmCrArArA-3°

13 S-mAMGCMCITArArATARUMUrGrArGmC mUrAremrGmCrGrArArAchols-3'

14 S-mAMGMCTArATATAMUMUrGrArGmCmUrArCmirGmCrGrArArAschol6-3'
30 S -mAMGMCIATAFATAMUMUrGrArGmCmUrArGmUrGmCrGrarArAsrisrl-3’
31 5-CECholmAMGMCrArArArAMUMUrGrarGmOmUrArGmUrGmCrGrArArA-3
32 5-mAMGICrAFATArARATUrGrUrGrCrUrArGrlrGrerCrArArArUrU-3°

a3 5-mAmGMCrArArATAMUMUrGrarGmCmUrArGmUrGmCrGrArArAsChols-3’
34 5-mAmGMCrArArATAMUMUrGrarGmO mUrArGmiUrGmCrGrArArAChols-3’

miR-182 First/antisense/guide strands

18 5-rU il U rGrGIC rArA fUrGrG U rArGrA TALIC UL IC rA fC rALIC Us rUs rU-sup-3
35 B UrURIrGroICrATAUrGreRUrArGrarAfCTURCTAFCTAICRU-3°

38 5-p.rUrUUrGrGICrArATUrGrGRUrArGrArATCIUICTATC rAFC U srlUsrU- 3

37 S-rUrUrUrGrGrCrATArUrGrGrUrArGrArArCrUrCrArCrArCrrUr-2°

38 5 UrUmUrGromCraArAmbrGrGmilrArGrArAmCmUmCramCrAmCmUsridsiU-3

miR-182 Second/sense/passenger strands

18 5-mA.mGC.mU G mUrG rArGrA ml.mC rA rAAmC. mC rA mUmU G . mC rGrA rA rA-3'

17 5-mA mGmUrG mlrG rA G mUmlUmC mUrAmC mCrAmU. mUrG mC mC rArArA -3

18 F.mA.mG.mUrG.mUrG rarG rAmuU.mCrArAmC.mCrAmUmlrG.mCrGrA rArA cho-3'

18 5'-mA.mMGC.MmUrG.mUrG rArGrA ml.mC rArAmC. mC rA mU.mb rG.mC rGorA rA rAS . cholB-
3

32 5-mAmGMUrGmUrGrArGramUmCrArAmCmCrAmUmiirGmCrGrArArAsrUsil-3

40 S.CicholmAmGmUrGmUrGrarGrAmUmCTrArAmCmCrAmUmUrGmCrGrATArA-3°

41 5-mAMGrUrGrurGrArGrUrUrCrlUrArCrCrArUrUrGrerCrArArArUrU-3’

42 5-mAmGMUrGmUrGrArGramUmCrArAmCmCrAmUmiirGmCrGrArArAsCholé-3’

43 5-mAMGMUrGmUrGrArGrAmUmGCrArAmCmCrAmUmUrGmCrGrArArACholg-3'
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miR-185 First/antisense/guide strands

20 5-rUrA R rGrGIC rAIC R rGrG U A rGrATA fURULFC pA 2 Us rUs ri-sup-3'
44 5-fUrAfUrGrGICrAICIUrGrofUrArGrarATURICFATCRU-3

45 5°-p rUrAfUrGrGICrAIC fUrGro fUrArGrarAURUICFARC U siUsrU-3°

48 S rUrArUrGrerCrArCrdrGrGrilrArGrArArUrUrCrArCrrilil-3

47 S-lUrAmUrGremCrAmCmlirGremUrArGrarAamUmUmCraAmCmUsiUsrU-3

miR-185 Second/sense/passenger strands

21 5 - mA MG UG FA A FA MU mC A rAAMC MmO rA Gl rG.mC rGrA ml rA-3

22 S-mA mGmUrGrA A mUmlmC mUrAmCmCrArG mlrG.mC.mC rA mu rA -3

23 5~ mA.mG.mUrGrArA rA mU.mCrArA mC. mC rArG.mUrG.mCrGrA mu rA cholg-3'
24 S-rnAmG.mU G rA A MU mU. mC mUrA mC.mC rArG.mU 1G .mC.mC rA.mU rA.chols-3
25 5 mA MG UG rArArA mU.mC rATA mC. mCrAfG.mUrG.mCrGrA mi rAs.cholB-3'
48 S-mAmGMUrGrArAmUmmCmUrAmCmCrArGmUrGmOCmCrAmUrAsrsrl-3’

49 5-Cochol mAMGMUrGrArATAMUMCATAICMC rArGalrGmCrGramurA-3°

50 5-mAMGrUrGrATArUrUrCrUrArCrCrArGrirGrCrCrArUrarUrU-3

51 5-mAmGMUrGrArATAMUmMCrArAmCmCrArGmirGmCrGramurAChols-3°

52 S-mAmGMUrGrArArAMUMCrArAMCIMCrArGmUrGmCrGramiirAsChols-3

{0658} The modified nucleotides that mav be used 1 the microRNA mimetic compounds
of the invention can include nucleotides with a base modification or substitution. The natural
or unmodified bases in RNA are the purine bases adenine (A) and guanine (), and the
pyrimidine bases cytosine () and wracd (U} (DNA has thymine (1)), In contrast, modified
bases, also referred to as heterocyelic base moictics, include other synthetic and natural
nucleobases such as S-methyicytosine (3-me-C), 3-hydroxvmethyl cviosine, xanthine,
hypoxanthine, 2-aminocadenine, 6-methyl and other alkyl derivatives of adenine and guanine,
Z2-propyi and other alkvl denvatives of adenine and guanine, 2-thiouracd, 2-thiothymine and
2-thiocyiosine, S-halouracil and cviosine, S-propynyi uract and cytosine and other alkynyi
derivatives of pyrimidine bases, 6-azo uractd, cyvtosine and thymine, S-uractl {pseudouracil},
4-thiouracil, 8-halo, 8-amino, 8S-thiol, B-thicalkyl, 8-hydroxyl and other R-substituted
adenines and guanines, 3-halo {(including 5-bromo, S-trifluoromethvl and other 5-substituted
uracils and cytosines), 7-methylguanine and 7-methyladenine, 2-F-adenine, 2-amino-adenine,
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8-azaguanine and 8-azaadenine, 7-deazaguanine and 7-deazaadenine and 3-deazaguaning and

3-deazaadenine.

[B6539] In some embodiments, the microRNA mimetic compounds can have nucleotides
with modified sugar moieties. Representative modified sugars melude carbocyclic or acyelic
sugars, sugars having substituent groups at one or more of their 27, 37 or 47 positions and
sugars having substituents in place of one or more hydrogen atoms of the sugar. In certain
embodiments, the sugar 13 modified by having a substituent group at the 27 position. In
additional embodiments. the sugar is modified by having a substitucnt group at the 3’
position. o other embodiments, the sugar is modified by having a substituent group at the 4
posttion. It 1s also contemplated that a sugar may have a modification at more than one of
those positions, or that an RNA molecule may have one or more nucleotides with a sugar
modification at onc position and also onc or more nucleotides with a sugar modification at a

different position.

{8668} Sugar modifications contemplated in the miRNA mimetic compounds include, but
are not limited to, a substituent group selected from: OH; F; O-, 5-, or N-alkvl; O-, §-, or N-
alkenvl; O-, 8- or N-alkynyl; or O-alkvl-O-alkyl, wherein the alkyl, alkenyl and alkynyl may
be substituted or snsubstituted Cy to Cyp alkyl or C; to €y alkenyl and alkynyl. In some
embodiments, these groups may be chosen from: O(CH:OCH;, O{(CH,).0),CH;,
O(CHL ) NHy, O(CH ) CHa, O(CHY) LONH,, and O(CH)LON{CH )xCH:), where x and v

are from 1 to 10.

{8661} In some embodiments, miRNA mimetic compounds have a sugar substituent group
selected from the following: €, to Cyp lower alkyl, substituted lower alkvl, alkenyl, alkynyi,
alkaryl, aralkyvl, O-alkaryl or O-aralkyl, SH, SCH;, Ci, Br, CN, OCN, CF,, OCF;, SOCH;,
SO,CH;5, ONG,, NG, N;, NH,, heterocycloalkyl, heterocyeloalkaryl, amincalkylamino, or
similar substituents. In one embodiment, the modification includes 2" -methoxyethoxy (27-0-
CH,CH,OCH;, which is also known as 2°-0-(2-methoxvethyl) or 2°-MOE), that 1s, an
alkoxyalkoxy group. Ancther modification includes 2°-dimethylaminooxyethoxy, that 13, a

O{CH,»ON{CHs), group, also known as 2°-DMAOE and 2-dimethylaminocthoxyethoxy
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{also known in the art as 27-O-dimethyl-amino-ethoxy -ethyl or 2-DMAEQE), that 15, 27-0-
CHy-0-CHy-N(CHa),.

[B062] Additional sugar substituent groups include allvl (-CH,-CH=CH,), -O-aliyl,
methoxy {-0-CHs), aminopropoxy (-OCHCHCHRNHL), and fluoro (F). Sugar sobstituent
groups on the 27 position {(2°-) may be in the arabino (up) position or ribo {down} position.
One 2’-arabino modification is 2°-F. Other similar modifications may also be made at other
positions on the sugar moiety, particularly the 37 position of the sugar on the 37 ternunal

nucleoside or in 27-5” linked sligonucleotides and the 57 position of 57 terminal nucleotide.

[3063] In certain embodiments, the sugar modification is a 27-O-alkyl {e.g. 2”-O-methyl,
27-O-methoxyethyly, 27-halo {e.g., 27-fluore, 2 -chlore, 27-bromo), and 4° thio modifications.
For instance, in some embodiments, the first strand of the miR-96, miR-182, or miR-183
mimetic compound comprises one or more 27 fluore nucleotides. In another embodiment, the
first strand of the mimetic compounds has no modified nucleotides. I vet another
embodiment, the second strand of ouR-96, miR-182, or nuR-183 mimetic compound

coraprnses at least one 2°-O-~methyl modified nucleotide.

[0364] The first and the second strand of microRNA mimetic compounds of the mvention
can also include backbone modifications, such as one or more phosphorothioate, morpholino,
or phosphonocarboxviate linkages (sece, for example, U.S. Patent Nos. 6,693,187 and
7,067 641, which are herein ncorporated by reference in their entireties). For example, in

some embodiments, the nucleotides comprising the 37 overhang in the first strand are linked

by phosphorothioate linkages.

[8865]  In some embodiments, the microRNA mimetic compounds are conjugated to a
carrier molecule such as a sterowd (cholesterol}, a vitamin, a fatty acid, a carbohydrate or
glveoside, a peptide, or other small molecule ligand to facilitate in vive delivery and stability.
Preferably, the carrier molecule 1s attached to the second strand of the microRNA numetic
compound at 1tz 37 or 57 end through a linker or a spacer group. In various embodiments, the
carrier molecule is cholesterol, a cholesterol dervative, cholic acid or a cholic acid

derivative. The use of carrier molecules disclosed m U.S. Patent No. 7,202,227, which is
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mecorporated by reference herein in its entirety, 18 also envisioned. In certain embodiments,
the carrier molecule 1s cholesterol and it is attached to the 37 or 57 end of the second strand
through at least a six carbon linker. In one embodiment, the carrier molecule 1s attached to
the 37 end of the second strand through a hnker. In vanous embodiments, the linker
comprises a substantially linear hyvdrocarbon motety. The hydrocarbon moiety may comprise
from about 3 to about 15 carbon atoms and may be conjugated to cholesterol through a
relatively non-polar group such as an cther or a thioether linkage. In certain embodiments,
the hvdrocarbon linker/spacer comprises an optionally substituted €2 to €15 saturated or
pasaturated hydrocarbon chain {e.g alkvlene or alkenviene). A vanety of lmker/spacer
groups described m U.S. Pre-grant Publication No. 2012/0128761, which is incorporated by

reference herein 1 its entirety, can be used in the present invention.

Expression vectors encoding miR-96, miR-182, and/or miR-183

18066] An expression vector comprising at least one gene encoding miR-96, miR-182,
and/or miR-183 includes a sufficient portion of the miR-26, miR-182, and/or miR-183 native
coding sequence, with or without flanking sequences present in the genomic context of miR-
96, miR-182, and/or muR-183, to produce a mature miR-96, miR-182, and/or miR-183 o
regulate expression of at least one miR-96, miR-182, and/or miR-183 target. For example, a
sufficient portion can include about 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 55,
60, 65, 70, 73, 80, 85, 90, 95, or 100 nucleotides, mcluding values and ranges thereof. In one
embodiment, a sufficient portion contains at least the sequence of the mature nuR. In certain
embodiments, a sufficient portion includes at least the hairpin sequence of the miR. In cortain
crbodiments, a sufficient portion includes the full length nuK. A sufficient portion can be
determined using methods routine in the art. 1t 1s understood that a sequence encoding a miR-
96, miR-182, and/or miR-183 will be complementary to the RNA seqaences provided and

mclude T's rather than U's when the complementary DNA strand.

{6667} By "vector” is meant a nucleic acid molecule, for example, a plasnuid, cosnud, or
bacteriophage, that is capable of replication in a host cell. In one embodiment, a vector 1s an
expression vector that is a nucletc acid construct, generated recombinantly or svnthetically,
bearing a serics of specified nucleic acid elements that enable transcription of a nucleic acid
molecule m a host cell. Typically, expression 1s placed under the control of certain regulatory
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clements, including constitutive or inducible promoters, tissue-preferred regulatory elements,

mverted terminal repeats, and enhancers.

100668]  In one embodiment, the expression vector is an AAY-based vector system which is
an especially attractive platform for regulatory RNA delivery (Franich et al., Mol Ther 16,
947-956, 2008 and McCarty, Mol Ther 16, 1648-1656, 2008). When dehivered in viral
vectors, miRNAs are continually transcribed, allowing sustained high level expression in
target tissues without the need for repeated dosing. Additionally, the use of tissue-specific
promoters could restrict this expression to particular cell types of interest even with systemic
debivery of the virus. Compared to retroviral delivery systems, DNA viruses such as AAY
carry substantially dimimished risk of insertional mutagenesis since viral genomes persist
primarily as episomes (Schnepp ct al., J Virol 77, 3495-3504, 2003). Further, the avaulability
of multiple AAV serotypes allows efficient targeting of many tissues of interest (Gao ¢t al |
Proc Natl Acad Sci USA 99, 11854-11859, 2002; McCarty, Mol Ther 16, 1648-1656, 2008},
Finally, the general safety of AAV has been well documented, with clinical trials using this
platform already underway (Carter, Hum Gene Ther 16, 341-530, 2005; Maguire ot al, N
Engl J Med 358, 2240-2248, 2008; and Park et al, Front Biosci 13, 2653-2659, 2008).
Recent advances in AAVY vector technology inciude a scif-complementary genome which
cnhances therapeutic gene eoxpression and non-human prmate AAVY serotypes which
facilitate efficient transduction following delivery. Duc to their small size, regulatory RNAs

are especially amenable to AAV-mediated delivery.

100669]  The expression vectors provided by the instant invention can include any sequence
that encodes a functional miR-96, miR-182, and/or miR-183 for use in any of the methods of
the mstant wnvention. In some embodiments, the expression vector includes a nucleic acid
sequence encoding partial or the entire scquence of pre-miRNA hairpin.  In certamn
embodiments, the expression vector includes a nucleic acid sequence selected from SEQ ID
NOs. 53-55 (Table 2). The nucleic acid sequence encoding a functional miR-96, miR-182,

and/or miR-183 could be present as a single cluster or as two or three separate clusters.
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Table 2
mik DNA | Sequence
Sequence
miR-182 5-

GAGCTGCTTGCCTCCCCCCGTTTITGGCAATGGTAGAACTCACACTGGT
GAGGTAACAGGATCCGGTGGTTCTAGACTTGCCAACTATGGGGCGAGE
ACTCAGCCGGCAC-3 (SEQ ID NO: 33

miR-1%3 5
CCGCAGAGTGTGACTCCTOTTCTGTGTATGGCACTGOGTAGAATTCACTG
TGAACAGTCTCAGTCAGTGAATTACCGAAGGGCCATAAACAGAGCAGA
GACAGATCCACGA-3 (REQ ID NO: 34)

miRk-96 5~
TGGCCGATTTTGGCACTAGCACATITITGCTTGTGTCTCTCCGCTCTGAG
CAATCATGTGCAGTGCCAATATGGGAAA-3 (SEQ D NO: 55)

{86706} The invention provides polynucleotide therapy useful for increasing the expression
of miR-96, miR-182, or miR-143 microRNA, or any combination thereot for the treatment of
ophthalmological and ear discases. Expression vectors encoding a desired sequence {e.g.
encoding a microRNA} can be delivered to cells of a sebject having an ophthalmological or
car discase. The nucleic acid molecules must be delivered to the cells of a subject 1 a form
in which they can be taken up and are advantageously expressed so that therapeutically

effective levels can be achieved.

{8671} Methods for delivery of the polynucleotides to the cell according to the mvention
mclude using a delivery system such as liposomes, polymers, microspheres, gene therapy

veotors, and naked DNA vectors.

{6672} Transducing viral {e.z., retroviral, adenoviral, lentiviral and adenoc-associated viral}
vectors can be used for somatic cell gene therapy, especially because of their high efficiency
of infection and stable integration and expression. For example, a polyvnucleotide encoding a
nucleic acid molecule can be cloned nto a retroviral vector and expression can be driven
from its endogenous promoter, from the retroviral long terminal repeat, or from a promoter
specific for a target cell type of interest. Other viral vectors that can be used include, for
example, a vaccinia virus, a bovine papilloma viras, or a herpes virus, such as Epstein-Ban
Wirus. Retroviral vectors arc particularly well developed and have been used in clinical

settings (U5, Pat. No.5,399,346}. Viral vectors are preferably replication incompetent in the
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cells to which they are delivered for therapeutic applications. However, replication competent

viral vectors may also be used.

10673} Preferred viral vectors for use in the mvention include AAY vectors, eg AAY

-
I

serotypes 1, 2,3, 4, 5, 6, 7. 8, and/or 9, including chimeric AAY vectors. The availability of
multiple AAV serotypes allows cfficient targeting of many tissues of interest (Gao et al,
2002, McCarty, 2008; US Patent Publications 2008075737, 20080050343, 20070036760,
20050014262, 20040052764, 20030228282, 20030013189, 20030032613, and 20020019050
cach mcorporated herein by reference). In preferred embodiments, the mvention mncludes the
use of self-complementary (sc} AAV vectors which are described, for example, in US Patent
Publications 20070110724 and 20040029106, and U.S. Pat. Nos. 7,465,583 and 7,186,699
{all of which are incorporated herein by reference). Exemplary methods for preparing AAVs
for expressing microRNA are described mn Knabel ot al, PLoS One, 10(4):¢0124411, 20153
and Xie ot al., Semin Liver Dis, 35(1): 81-88, 2015 (both of which are incorporated herein by

reference).

{6674} Non-~viral approaches can also be employed for the introduction of a therapeutic
nucleic acid molecule to a cell of a patient having an ophthalmological or ear disease. For
example, an expression vector that encodes a miR-96, miR-182 and/or miR-183 microRNA
can be introduced into a cell by administering the nucleic acid m the presence of lipofection,
calciom phosphate co-precipitation, electroporation, wnucroinjection, DEAE-dextran,
transfection employing polvamine transfection reagents, cell sonication, gene bombardment
using high velocity microprojectiles, and receptor-mediated transfection.

{6673} Nucleic acid molecule expression for use mn polynuclectide therapy methods can be
directed from any suitable promoter {e.g., the buman cytomegalovirus (CMV), sinuan viras
40 (§V40), metallothionein, Ulal suRNA, Ulb2 soRNA, histone H2Z, and histone H3
promoters), and regulated by any appropriate mammalian regulatory element. The expression
mayv be directed using a tissue-specific or ubiquitously expressed promoter. Tissue specific
promoters useful for the treatment of ophthaimological diseases include, but are not imited
to, thodopsin promoter, calcium binding protem 3 (CABP3) promoter, and cclular
retinaidehvde binding protein (CRALBP} promoter. If desired, enhancers known to

preferentially direct gene expression i specific cell types can be used to direct the expression
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of a nucleic acid. The enhancers used can inclode, withoot himtation, those that are

characterized as tissue- or cell-specific enhancers.

[8876]  In one embodiment, an expression vector for expressing an agonist of miR-96, miR-
182, or miR-183 comprises a promoter and a terminator operably linked to a polynucleotide
sequence encoding an agonist, wherein the eoxpressed agonist comprises a first strand
comprising a mature sequence of miR-96 (SEQ ID NQs: 1, 2, or 3), miR-~182 (SEQ ID NOs:
4,5, or 6), or miR-183 (SEQ ID NOs: 7, 8, or 93 and a second strand that is substantially
complementary to the first strand. In another embodiment, an expression vector for
cxpressing an agonist of muR-96, muR-182, or miR-183 comprises a promoter and a
terminator operably linked to a polynucleotide sequence encoding a pre-miRNA sequence,
wherein the expressed agonist comprises a polynucleotide sequence in the form of a hairpin
comprising a mature miRNA sequence. In vet another embodiment, an expression vector for
expressing an agonist of miR-96, miR-~182, or miR-183 comprises a first promoter and a first
terminator operably linked to a first polvoucieotide sequence encoding an antisense strand of
miR-96, miR-182, or miR-183 mimetic compound and a second promoter and a second
terminator operably linked to a second polynucleotide sequence encoding a sense strand of
miR-96, miR-182, or miR-183 mimetic compound. The phrase ‘operably linked” or “under
transcriptional control” as used herein means that the promoter and the terminator are in the
correct location and orientation i relation to a polvnucleotide to control the initiation and

termination of transcription by RNA polymerase and expression of the polvnucleotide.

18677} As used herein, a "promoter” refors to a BNA sequence recognized by the synthetic
machinery of the cell, or introduced svathetic machinery, required to initiate the specific
transcription of a gene. Suitable promoters include, but are not limited to RNA pol §, pol 11,
pol HL and viral promoters {e.g. homan cyviomegalovirus (CMV} mmediate early gene
promoter, the V40 early promoter, and the Rous sarcoma virus long terminal repeat}. In one
embodiment, the promoter is a tissuc-specific promoter. Of particular imterest are retinal cell
specific promoters, and more particularly, rods and cones specific promoters. These include
the rhodopsin promoter, cone opsin promoter, calcium binding protein 5 ({CABPS) promoter,
cellular retinaldehyde binding protein {CRALBP) promoter, interphotoreceptor retinoid-

binding protein (JRBP) promoter, arrestin promoter, and rhodopsin kinase promoter. As used
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herein, a “terminator” refers to a DNA sequence recogmized by the synthetic machinery of the
cell, or introduced synthetic machingry, that is required to termuinate the specific transcription
of a gene. In one embodiment, a sequence comprising a polvadenyviation signal/unit acts as a

transcription terminator. The use of other transcription terminators s also contemplated.

10678}  In certain embodiments, the promoter operably linked to a polynuclestide encoding
an agonist of miR-96, miR-182, or miR-183 can be an inducible promoter.  Inducible
promoters are known in the art and include, but are not hmnted to, tetracveling promoter,
metallothionein A promoter, heat shock promoter, stercid/thyroid hormone/retinoic acid
response clements, the adenovirus late promoter, and the mducible mouse mammary tumor

virus LTR.

Treatment methods

16679} In various embodiments, the present invention provides methods of treating or
preventing ophthalmological conditions in a subject i need thereof comprising administering
to the subject a therapeutically effective amount of at least one agonist of miR-96, miR-182,
and/or miR-183. In some embodiments, methods of treating or preventing ophthalmological
conditions in a subject in need thercot comprise adnunistering (o the subject therapeutically
effective amounts of at least two agonists, for example, agonists of miR-96 and miR-182,
agonists of miR-96 and miR-183, or agonists of miR-182 and miR-183. In other
embodiments, methods of treating or preventing ophthalmological conditions in a subject in
need thercof comprise administening to the subject therapeutically effective amounts of all
three agomnists, 7.¢., agonists of miR-96, miR-182, and miR-183. In some embodiments, the
agomst of miR-96, niR-~187, or miR-183 is a double-siranded oligonucieotide comprising a
first strand containing a sequence of mature miR-96, muR-182, or muR~183 and a sccond
strand comprising a sequence that s substantially complementary to the first strand, wherein
at least one of the strands comprises one or more modified nucleotides. Any of the
microRNA mimetic compounds described hercin can be used in the methods of treating or
preventing an ophthalmological condition in a subject in need thereof In some
embodiments, the agonist of miR-96, miR-182, or nuR-I183 i3 an expression vector

compnsing a polynucleotide sequence encoding a sufficient portion of the nuR-96, miR-182,
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or miR-183 native coding sequence to produce a mature miR-96, miR-182, or miR-183. In

one embodiment, the expression vector is a recombinant AAY vector.

[3088] A “therapeutically effective amount or dose” i1s an amount sufficient to effect a
beneficial or destred clinical result. For example, a therapeutically effective amount of
microRNA mimetic compounds of miR-96, miR-182, and/or nuR-183 includes an amount
that 15 sufficient to maintain or improve visual acuity or an amount that is sufficient to reduce
or prevent loss of vision or an amount that 1s sefficient to reduce or prevent photoreceptor
cell death. In another embodiment, a therapeutically effective amount is an amount sufficient
to increase cxpression of one or more phototransduction genes in the photoreceptor cells of

the subject.

10081} Ophthalmological conditions that may be treated by administering one or more
agonists of miR-96, niR-~182, and miR-183, include any condition caused by damage and/or
death of photoreceptor cells. The term “photoreceptor cell” includes rods, cones, ganglion
cells as well as other cells {¢.g. retinal cells) present i the eye. In certam embodiments,
ophthalmological conditions caused by damage or death of photoreceptor cells mchude retinal
detachment, macular degeneration, Stargardt disease, retinal degeneration, retinitis
pigmentosa, night blindness, retinal toxicity, uveal melanoma, sympathetic ophthalmia and
retinopathies. In certain embodiments, the ophthalmological condition that may be treated
according to the invention is retinal degencration. In one embodiment, the ophthalmological
condition that may be treated according to the nvention is rotinitis pigmentosa. In another
embodiment, a subject in need of treatment with an agonist of miR-96, miR-182, and/or miR-

183 mayv have signs of night blindness.

{0882} In vanous embodiments, administration of at least one agonist of miR-96, miR-182,
or miR-183 to the subject prevents or slows the development and/or progression of one or
more ophthalmological conditions and results in the mmprovement of one or more symptoms
associated with these conditions. For mstance, in one embodiment, admunistration of at least
one agonist of miR-96, miR-182, or miR-183 results in the improvement of visual acuity. In
another ermnbodiment, administration of af least one agonist of miR-96, miR-182, or miR-183

reduces the signs of night blindness. In vet another embodiment, admimstration of at least
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two agonists, for example, agonists of miR-96 and muR-182, agonists of miR-96 and miR-
183, or agonists of miR-182 and miR-183, results in the improvement of visual acuity. In
still another embodiment, administration of all throe agonists, 7.e., agonists of miR-96, miR-

182, and miR-183, results in the mmprovement of visual acuity.

10683}  In certain embodiments, the present invention provides methods for ameliorating or
restoring visual acuity in a subject in need thereot comprising administering to the subject at
least one agonist of nmuR-96, miR-182, and/or miR-183.  According to the mvention,
systemic, tocal or topical adnunistration of at least one agonist of muR-96, miR-182, or miR-
183 to a subject in need thereof results in the mereased activity of miR-96, miR-182, and/or
miR~183 m various eye cells, such as rods, cones, Miiller cells, horizontal cells, bipolar cells,

amacring cells, and/or ganglion cells of the subject.

{0684} In onc cmbodiment, admunistration of at least one agonist of miR-96, mik-182,
and/or miR-183 maintains or improves the function of photoreceptor cells such as rods and
cones and/or other retinal cells, maintaing or improves viseal acoity, reduces or prevents the
death of photoreceptor cells, and/or reduces or prevents vision loss. In certain erabodiments,
administration of at least one agonist of miR-96, miR-182, and/or miR-~183 maintains or
mcreases the expression of ong or more phototransduction genes in the photoreceptor cells of
the subject. The one or more phototransduction genes that may be upregulated uwpon
adnunistration of at icast onc agonist of miR-96, miR-182, and/or miR-183 include Recoverin
{Revrn), NRL, Arrestin (Sag), Rhodopsin (Rho), Transducin {Gnat?), and Phosducin (PDC).

{8685} In one embodiment, vision loss, visual acwity, and/or retinal degeneration in a
subject is measured using tests such as optokinetic tracking (OKT), clectroretinography
(ERG), mean spatial frequency threshold (SFT), and measurement of the thickness of the
Inner and Outer Nuclear Cell layvers of the retina.  In another embodiment, a sabject’s visual
acuity is determined using a protocol such as the Early Treatment for Diabetic Retinopathy
Study (“ETDRES™) or the Age-Related Eyve Discase Study ("AREDS”) protocol. In some
embodiments, visual acuity is measured using a moditied ETDRS and/or AREDS protocol,
such as the measurement of visual acuity described n Ferris et al., Am § Ophthalmol 94:91-
95, 1982, In one embodiment, a subject’s visual acuity is determuned by one or more of the

following procedures: (1) measurement of best-corrected visual acuity (BCVA) with required
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manifest refraction; (2) measurement of corrected visual acuity with conditional manifest
refraction; or (3} measurement of corrected visual acuity withowt mamfest refraction. In
various aspects of the invention, administration of at least one agonist of miR-96, miR-182,
or miR-183 to a subject n need thereof results m improved scores on one or more of these
eve tests. In some embodiments, adminstration of at least two agonists, for example,
agonists of miR-96 and miR-182, agonists of miR-96 and miR-1%3, or agonists of miR-182
and miR-183, 1o a subject results in improved scores on one or more of the eve tests. In some
other embodiments, administration of all three agonists, /e, agonists of miR-96, miR-182
and miR-183, to a subject resulis in wmproved scores on one or more of the eye tests. For
mstance, in one embodiment, a subject upon administration with at least one, at least two, or
all three agonists of miR-96, miR-182, and miR-183 has a greater than 3-hine, 4-line or 5-line
gain in visual acwity i a standardized chart of visual testing, e.g., the ETDRS chart. In
ancther embodiment, administration of at least one, at least two, or all three agorsts of nuR-
96, miR-142, and miR-183 results in the subject’s ability to read one or more additional, in
some embodiments three or more additional, and in some embodiments 15 or more
additional, letters of a standardized chart of vision testing, e.g, the Farly Treatment for

Diabetic Retinopathy Study Chart (CETDRS chart™).

{0086} In some embodiments, the present invention provides methods of treating or
preventing diseases or disorders of other sensory organs in a subject in need thereof
comprising administering to the subject a therapeutically effective amount of at least one
agonist of miR-96, miR-182, and/or quR-183. For example, in one embodiment, the present
mvention provides methods of treating or preventing diseases or disorders of car such as
hearing loss, tinnitus, Meniere's disease, ear mfections, or damage caused to the gar by these
conditions. In some embodiments, methods of treating or preventing ¢ar disorders in a
subject in need thereof comprise admimistering to the subject therapeutically effective
amounts of at least two agonists, for example, agonists of miR-96 and miR-182, agonists of
miR-96 and miR-183, or agonists of miR-182 and muR-183. In other embodiments, methods
of treating or preventing ear disorders in a subject in need thereof comprise administering to
the subject therapeutically effective amounts of all three agonists, 7.e., agonists of miR-96,
miR~182, and miR-i83. In some embodiments, the agonist of muR-96, miR-182, or nuR-~183

ts a double-stranded oligonucleotide comprising a first strand containing a sequence of
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mature MmiR-96, miR-182, or miR-183 and a second strand comprising a sequence that is
substantially complementary to the first strand, wherein at least one of the strands comprises
one or more modified nucleotides. Any of the microRNA mimetic compounds described
herein can be used in the methods of treating or preventing an ear disorders i a subject in
need thergof. In some embodiments, the agonist of miR-96, miR-182, or nuR-183 is an
expression vector comprising a polynucleotide sequence encoding a sufficient portion of the
miR-96, miR-~182, or miK-183 native coding sequence to produce a mature miR-96, miR-

182, or miR~183. In one embodiment, the expression vector is a recombinant AAVY vector.

{8887} In vanous embodiments, administration of at least one agonist of miR-96, miR-182,
or miR-183 to the subject prevents or slows the development and/or progression of one or
more car disorders and results m the improvement of one or more symptoms associated with
these conditions. For instance, in one embodiment, admimstration of at least one agonist of
miR-96, miR-182, or miR-183 results in the improvement of hearing ability. In another
embodiment, adonunistration of at least one agonist of miR-96, miR-182, or muR-~183
mmproves the function of sensory cells of the ear. In vet another embodiment, administration
of at least two agonists, for example, agonists of miR-96 and miR-182, agonists of miR-96
and miR-183, or agonists of miR-182 and miR-183, results in the improvement of hearing
ability and/or the function of car cells. In stll another embodiment, administration of all
three agonists, 7.e., agomsts of miR-96, nuR-~182, and nuR-~183, results in the improvement of

hearing ability and/or the function of ear cells.

[0088]  As uscd herein, the term “subject” or “patient” refors to any vertebrate including,
without imitation, humans and other primates (e. ¢, chimpanzees and other apes and monkey
spacies), farm amimals {e.g., cattle, sheep, pigs. goats and horses}, domestic mammals {e.g.,
dogs and cats), laboratory antmals (e.g., rodents such as mice, rats, and guinca pigs), and
birds {e.g., domestic, wild and game birds such as chickens, turkevs 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.
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Pharmaceutical compositions

{0689} 'The present invention also provides pharmaceutical compositions comprising a
therapeutically effective amount of one or more agonisis of miR-96, niR-182, and/or miR-
183 according to the invention and a pharmaceutically acceptable carmer or excipient. In one
embodiment, the present mvention provides pharmacestical compositions comprising a
therapeutically effective amount of one or more synthetic microRNA mimetic compounds of
miR-96, miR-182, and/or muR-183 according to the imvention or a pharmaccutically
acceptable salt thereof, and a pharmaceutically acceptable carrier or excipient. In other
embodiments, the invention provides pharmaceuotical compositions comprising on¢ of more
cxpression vectors encoding miR-96, muR-182, and/or miR-183 and a pharmaceutically
acceptable carner or excipient, wherein the amount of the expression vectors provides

therapeutically effective amount of miR-96, miR-182, and/or miR-183.

{8698} The term “pharmaceutically acceptable salt” refers to a salt prepared by combining
a compound, such as the disclosed miRNA muimetic compounds, with an acid whose anion, or
a base whose cation, is generally considered suitable for human consumption. Suitable
phamaceutically acceptable acid addition salts of the disclosed compounds include those
derived from inorgamic acids, such as bydrochlonc, hydrobromic, hydrofluoric, boric,
fluorohoric, phosphoric, metaphosphoric, nitric, carbonic, sulfonic, and sulfuric acids, and
organic acids such as acetic, benzenesulfonic, benzoic, citne, ethanesulfonic, fumanc,
gluconic, glyeolic, isothionic, lactic, lactobionmic, maleic, malic, methanesulfonc,

trifluoromethancsulfonic, suceinic, toluencsulfonic, tartaric, and trifluoroacetic acids.

{0091} Suutable organic acids generally mchude, for example, aliphatic, cycloaliphatic,
aromatic, araliphatic, heterocyciviic, carboxylic, and sulfonic classes of organmic acids.
Specific examples of suitable organic acids include acetate, trifluorcacetate, formate,
propionate, succinate, glyvcolate, gluconate, digluconate, lactate, malate, tartaric acid, citrate,
ascorbate, glucuronate, maleate, fumarate, pvruvate, aspartate, glutamate, benzoate,
anthranilic acid, mesylate, stearate, salicylate, p-hvdroxybenzoate, phenyiacetate, mandelate,
embonate (pamoate), methancsulfonate, ethanesulfonate, benzenesulfonate, pantothenate,
toluenesulfonate, 2-hvdroxyethancsulfonate, sufanilate, cyclohexylaminosuifonate, algenic

acid, P-hvdroxybutyric acid, galactarate, galacturonate, adipate, algimate, butyrate,
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camyphorate, camphorsulfonate, cvclopentanepropionate, dodecvisulfate, glveoheptanoate,
glveerophosphate, heptancate, hexanocate, nicotinate, 2-naphthalesulfonate, oxalate, palmoate,

pectinate, 3-phenyipropionate, picrate, pivalate, thiocvanate, tosylate, and undecanoate.

{0692} Furthermore, where the disclosed compounds carry an acidic moicty, suitable
pharmaceutically acceptable salts thereof can include alkali metal salts, e.g., sodium or
potassium sakts; alkaline carth metal salts, e. g, calcium or magnesium salts; and salts formed
with suitable organic ligands, e.g., guaterary ammonivm safts. In some forms, base salts are
formed from bases which form non-toxic salts, including aluminum, arginine, benzathine,

choline, dicthylamine, diclamine, glyeine, lysine, meglumine, olamme, tromethamine and

zing salts.

{0093} Oregantc salts can be made from secondary, terfiary or quaternary anune salts, such
as tromethamine, dicthyvlamine, N, N'-dibenzylethvienediamine, chloroprocaine, choline,
dicthanolamine, ethylenediamine, meglhimine (N-methylghicamine), and procame. Basic
nitrogen-containing groups can be quaternized with agents such as lower alkyl (C1-C6)
halides {e.gz., methyl, cthyl, propyl, and butyl chlondes. bromides, and iodides), dialkyl
sulfates (e.2., dimethvl, diethyl, dibuvil, and diamvl sulfates), long chain halides {e.g., decvl,
lauryl, myristyl, and stearyl chlonides, bromides, and 10dides), arvlalkyi halides (e.g., benzyl
and phenethyl bromides), and others. In some forms, hemisalts of acids and bases can also be
formed, for cxanmple, hemisulphate and bemicalcium salts.  In certain embodiments, a

phammaceutically acceptable salt of the present mimetic compounds mclude a sodium salt.

{0694} In onc cmbodiment, the pharmaceutical composition comprises a therapeutically
effective amount of a miR-96 mimetic compound and a pharmaceutically acceptable carner
or excipient, wherein the first strand of the mimetic compound comprises a8 mature miR-96
sequence and the second strand is substantially complementary to the first strand. In another
cmbodiment, the pharmaceutical composition comprises a therapeutically effective amount of
a miR-182 mumetic compound and a pharmaceutically acceptable carrier or excipient,
wherein the first strand of the mimetic compound comprises a mature miR-182 sequence and
the second strand is substantially complementary to the first strand.  In vet another

embodiment, the pharmaceutical composition comprises a therapeutically effective amount of

3
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a miR-183 mimetic compound and a pharmaceutically acceptable carrier or excipient,
wherein the first strand of the mimetic compound comprises a mature miR-183 sequence and

the second strand is substantially complementary to the first strand.

[8695]  In some embodiments, the pharmaceutical composition comprises a therapeutically
effective amount of at least two microRNA sumetic compounds of the invention and a
phammaceutically acceptable carrier or excipient, wherein the first strand of the first
microRNA mimetic compound comprises 8 mature miR-96 sequence and the first strand of
the sccond microRNA mimetic compound comprises a mature miR-182 sequence. In some
other embodiments, the pharmaceutical composition comprises a therapeutically etfective
amount of at least two microRNA mimetic compounds of the mvention and a
pharmaceutically acceptable carrier or excipient, wherein the first strand of the first
microRNA mimetic compound comprises a mature miR-96 sequence and the first strand of
the second microRNA muunetic compound comprises a mature miR-~183 sequence. In still
some other embodiments, the pharmaceutical composition comprises a therapeutically
cffective amount of at least two microRNA mimetic compounds of the invention and a
pharmaceutically acceptable carrier or excipient, wherein the first strand of the first
microRNA mimetic compound comprises a mature miR-182 sequence and the first strand of
the second microRNA mimetic compound comprises a mature miR-183 sequence. In yet
some other embodiments, the invention provides pharmaceutical compositions comprising a
therapeutically cffective amount of three nmicroRNA mimctic compounds of the invention
and a pharmaceutically acceptable carrier or excipient, wherein the first strand of the first
microRNA mimetic compound comprises a mature miR-96 sequence, the first strand of the
second microRNA mimetic compound comprises a mature nuR-182 scquence, and the first

strand of the third microRNA mimetic compound comprises a mature miR-183 sequence.

{0096] Preferably, in the pharmaccutical compositions comprising at least two microRNA
agonists according to the invention, the first and the second agonists or the first, second and
the third agonists are present in equimolar concentrations. Other mixing ratios such as about
12, 13, 14, 65 1:2:1, 1:3:1, 141, 1:2:3, 1:.2:4 are also envisioned for preparing
pharmaceutical compositions comprising at least two of the miR-96, miR-182, and miR-143

agomsts,
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{8697} In some embodiments, one or more microRNA agomists of the invention may be
administered concurrently but in scparatc compositions, with concurrently referring to
mimetic compounds given within short period, for mstance, about 30 mimutes of each other.
In some other embodiments, miR-96, miR-182, and/or miR-183 agomists may be

administered in separate compositions at different times.

{8698} The mvention also encompasses embodiments where additional therapeutic agents
may be administered along with miR-96, miR-182, and/or miR-183 agonists. The additional
therapeutic agents may be admimstered concurrently but in scparate formulations or
sequentialiv. In other embodiments, additional therapeutic agents may be admunistered at
different times prior to after admimstration of miR-96, miR-182, and/or miR-183 agomists.
Prior administration includes, for instance, administration of the first agent within the range
of about one week to up to 30 minutes prior to administration of the second agent. Prior
adoinistration may also nclude, for wnstance, admimstration of the first agent within the
range of about 2 weeks to up to 30 minutes prior to administration of the second agent. After
or later administration includes, for instance, administration of the second agent within the
range of about one week to up to 30 minutes afier adnunistration of the first agent. Afier or
later administration may also include, for instance, administration of the second agent within
the range of about 2 weeks to up to 30 nunutes afier administration of the first agent. Where
chinical apphications are contemplated, pharmaceutical compositions will be prepared in a
form appropriate for the mtended application. (enerally, this will entail preparing
compositions that are essentially free of pyrogens, as well as other impuritics that could be

barmaful to humans or animals.

{8099  In some embodiments, pharmaceustical compositions comprising the miR-96, miR-
182, and/or muR-183 agomists can be formulated for topical ophthalmic application, for
example, in the form of solutions, cintments, creams, lotions, eye ointments, eve drops or eye
gels. In some other embodiments, pharmaceutical compositions compnising the miR-96,
miR-182, and/or miR-183 agonists can be formulated for local ocular administration via

mjection.  The routes for administering the miR-96, miR-182, and/or miR-183 agonisis via
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mjection nclude intravitreal, peri-ocular, ntracameral, subconjunctival, or transcleral

administration.

[B81066] In various embodiments, pharmaceutical compositions used for topical or local
ocular administration can contain appropriate ophthalmological additives including, for
example, buffers, isotonizing agents, preservatives, solubihizers {stabilizers), pH adjusting
agents, thickeners and chelating agents, solvents to assist drug penctration, and emollients in
ointments and creams.  The buffers may be selected from but not hmited by the group
compnsing a phosphate buffer, a borate buffer, a citrate buffer, a tartrate buffer, an acetate
buffer (for example, sodium acetate) and an amino acid. The isotonizing agents may be
selected from but not Iimited by the group comprising sugars such as sorbitol, glucose and
mannitol, polvhvdric alcohols such as glycerin, polvethylene glycol and polypropyiene
glycol, and salts such as sodium chloride. The preservatives may be selected from but not
himited by the group comprising henzalkonium chioride, benzethonium chlonide, alkvl
paraoxybenzoates such as methyl paraoxyvbenzoate and ethyl paraoxyvbenzoate, benzyl
alcohol, phenethyl alcobol, sorbic acid and salts thercof, thimerosal and chlorobutanct, The
solubilizers (stabilizers) may be sclected from but not limited by the group comprising
cvclodextnin and denvatives thereof, water-soluble polymers such as polv(vinvipvrrohidone),
and surfactants such as polysorbate 30 (trade name: Tween 80). The pH adjusting agents
may be selected from but not limited by the group comprising hydrochloric acid, acetic acid,
phosphoric acid, sodium hvdroxide, potassium hydroxide and ammomium hydroxide. The
thickeners may be selected from but not lmited by the group comprising
hydroxyethyloellulose, hydroxypropvicellolose, methylcellulose,
bydroxypropvimethyvicellulose and carboxyvmethyicellulose and salts thereof The chelating
agents may be selected from but not limited by the group comprising sodium edetate, sodium
citrate and sodium condensed phosphate.  Such topical formulations can further contain
compatible ophthalmic camiers, for example crean or ointment bases, olive oil, arachis oil,
castor ou, polvoxyethylated castor oil, mincral oil, petroleum jelly, dimethyl sulphoxide, an
alcohol {ethanol or oleyl alcohol), Hiposome, silicone fluid and mixtures thercof as taught by

U.5. Pat. No. 6,254.860.
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[86181] Alternatively, the miR-96, miR-182, and miR-183 agonists may be applied to the
eve via liposomes. In certain embodiments, liposomes used for delivery are amphoteric
liposomes such SMARTICLES® (Marina Biotech, Inc.) which are described in detail in U S,
Pre-grant Publication No. 20110076322, The surface charge on the SMARTICLES® is fully
reversible which make them particularly suitable for the delivery of nucleic acids.
SMARTICLES® can be delivered via injection, romain stable, and aggregate free and cross

cell membranes to deliver the nucleic acids.

{86102} Further, the agonists may be infused nto the tear film via a pump-catheter system.
Another embodiment of the present invention involves the mimetic compounds contained
within a continuous or selective-release device, for example, membranes such as, but not
Iimited to, those employed in the pilocarpine (OCUSERT™) Svstem (Alza Corp., Palo Alto,
Calif ). As an additional embodiment, the mimetic compounds can be contained within,
carried by, or attached to contact lenses which are placed on the eyve. Another embodiment of
the present invention mvolves the mimetic compounds contained within a swab or sponge
which can be applied to the ocular surface. Yet ancther embodiment of the present mvention
mvolves the mimetic compounds contained within a liquid spray which can be applied to the

ocular surface.

106103] This invention is further tlustrated by the following additional examples that should
not be construed as bmiting.  Those of skill in the art should, in light of the present
disclosure, appreciate that many changes can be made to the specific embodiments which are
disciosed and still obtain a like or similar result without departing from the spirit and scope of

the invention.

[66104] Al patent and non-patent documents referenced throughout this disclosure are

meorporated by reference herein in their entirety for all purposes.

EXAMPLES:

Example 1. Uptake and clearance of nuRNA munics in retina

[86105] Naked (not conjugated to cholesterol}, miRNA nunucs for mouse miR-96, miR-182,
and miR-183 were resuspended 1n saline. The three duplexes were pooled at 3.3 pg/ul of
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cach duplex to obtain 10 pg/ul of pooled duplexes. Naked siRNA targeting mouse rhodopsin
{NM _145383) was used as a positive control and was suspended in saline at a concentration
of 10 ug/ul. To determine the uptake and clearance of miRNA mimics in retina, wild-type
C3TBI/6 mice were injected intravitreally with 1 ul {10 ug} of pooled nuRNA duplexes or
thodopsin siRNA per eye. Retina was isolated after cach time pomt and the retinal
distribution and clearance was measured by isolating RNA and measoring muRNA levels by
sandwich ELISA. For the distribution and clearance of siRNA, RNA was isolated and target

repression was measured by gRT-PCR.

{00106] Swudyv Designe
2 study arms:
1} Pool of miR-96/182/183 mumics, 10 pg total (n=14)

2y siRNA targeting thodopsin (n=14)
7 time pomts: (2 mice/study arm/timepoint}

1} Untreated (bascline)
2} 4h

3} 8h

4y 24h

5) 48h

6) 72h

7y 168h (day 7}

[B6107] ouRNA mimic/siRNA quantitation assay o assess oligonucleotide biodistribution

A sandwich hybridization assay was used to quantify muR-183, ouR-96, miR-182, or tho
siRNA i tfissue samples as previously described by Efler, ot al ("Quantitation of
oligodeoxynuclectides in human plasma with a novel hvbridization assay offers greatly
cnhanced seositivity over capillary clectrophoresis,” Ofigonucieatides 15(2), 119-131
(2005)}. Brefly, probes for the hybridization assay were synthesized with 27-O-methyl
modified nuclestides and were tagged as 5' bTEG-sup-3' {capture probe) and 5-6FA M-sup-3'
{detection probe). Detection was accomplished using anti-fluorescence—peroxidase, Fab
fragments (Roche}, and TMB Peroxidase Substrate (KPL). Standard curves were generated
with nonlinear logistic regression analysis with 4 parameters (4-PL}. The working
concentration range of the assay was | to 536 ng/ml. Tissue samples were prepared at 100

mg/ml. by homogenizing i 3 mol/L GITC buffer (3 mol/l. guanidincisothiocvanate, 0.5
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mol/L NaCl, 0.1 mol/L Tris, pH 7.5, and 10 mmol/L EDTA) two times for 30 seconds with
an MP FastPrep-24 at a speed setting of 6.8, Tissue homogenates were diluted in 1 mol/L
GITC Buffer (1 moV/L guanidine isothiocyanate, 0.5 mol/L NaCl, 0.1 mol/L. Tns, pH 7.5, and
10 mmoV/L EDTA) for testing.

{06108] Quantitative Real-Time Polymerase Chain Reaction Analysis of mouse rhodopsin

For in vivo real-time polvmerase chaitn reaction (RT-PCR) analysis, RNA was extracted from
reting tissue with Trizol (Invitrogen); then, 100 ng total RNA from each sample was used to
generate ¢DNA with MultiScribe reverse transcriptase (Life Techuologies) according to the
manufacturer’s specifications. (ene expression was measured with Life Technologics
Tagman gene expression assays. Gene expression was normalized to a housckeeping gene
such as GAPDH and calculated as relative expression compared to the average of the control

group.

[86109] For amimals treated with nuRNA mumic pool, 2 retinas from cach animal were
pooled for biodistabution analysis. For animals treated with Rho siRNA, one retina per
animal was used for biodistribution, and the other retina was used for RNA isolation 1o

quantifate target knockdown.

106116] AH 3 muRNA mimics and the Rho siRNA distributed to the retina after a single
mtravitreal injection. The amount of cach miRNA mumic is approximately one-third the
amount of siRNA detected in retina, consistent with the fact that the miRNA mimic poot
contained 3.3 pg of cach muRNA mimic {10 g total oligo), while the siRNA was dosed at a
total concentration of 10 ug. All three miRNA numics were detected at 4h and 8h post~-dose
and were cleared rapidly after 8h (FIG. 1). Rho siRNA was detected at 4h and 8h post-

mjection and was cleared by 24h.

{66111} The Rho (rhodopsin} sikRNA produced 60% silencing of the target gene at 72h post-
mjection, and silencing remained at ~30% at 7 davs post-ingection (FIG. 23, Rhodopsin is
expressed in photoreceptors in the retina. The current data therefore demonstrate that siRNA
duplexes distribute functionally to photoreceptors. Silencing is retained for ~ 1 week post-

mjection, even though the siRNA 1tself 1s not detectable in the retina afier 24h.
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Example 2: Administration of microRNA mimics (muiR-96. miR-182 and miR-183) in rat

retinal cell svstem

{00112} For this study, cholesterol-conjugated, mimics for miR-96, miR-182, and miR-183,

and rat rhodopsin siRNA were used.

106113] Table 3: miR-96/182/183 mimics used in the study:

SEQID Modified Sequence
MO,
13 SrpA MG mC rArA A TA MU mU G rArG.mC mU A G mUrG.mC rGrA A rA cholB-3
18 i:-mA,mG_mU,rG,mU.rG.rA,rG,rA.mU.mC.rA.rA.mC,mG_{A.mU.mU,rG,meG,{A.rA,{A.choiﬁ-
23 5 mA MG mUrGrarArAmU mCrArA mC. mC rA rG. mUsG.mCrG rA.mu rA.cholg-3'
20 5 p rA R GG IC rA fC U rGrG U rArGrA rA LU U IC rAIC fUs rUs rU-sup-3'
10 SrUpU U r GG IC rAIC fUTA XrGIC PA RS A RULTULRULRU FULhGLIC RUs U s lU-sup-3'
15 Serld ol UGG IC rA rA U rG G fUFArGrA rAIC FUIC A C rA IC fUs rUs 1U-sup-3'

100114} Cholesterol-conjugated mimics of each of the 3 microRNAs were adounistered to
rat retinal cells purchased from Lonza (R-RET-3083. Lonza’'s rat retinal cell system isolated
from neonatal {P3 or P4} Sprague-Dawley rats comprises 7 cell types normally found in the
retina (rods, cones, Midler cells, horizontal cells, bipolar cells, amacrine cells, and ganglion
celisy. Although this is a mixed cell population, data on the proportions of cell types in the
rat retina indicate that rods are the predominant cell tvpe, and rods are also the cell type
which the miR-183 cluster is normally most highly expressed. Studving the effect of miRNA
mimics m the context of other retinal neuronal cell tvpes could provide more relevant,
context-dependent, biclogy compared to a single cell type in isolation.  Additionally, this
mixed cell system could provide a more direct companison for the gene expression changes
wdentified m subsequent in vivo studics. At P3/P4 neonatal stage in the rats, the microRNAg
m the miR-183/96/182 cluster are relatively lowly expressed (~1% of levels m the adult
retina) thereby providing low background and a more robust signature for exogenously added

M.

{86115} Rat retinal cells (R-Ret cells) in culture were passively transfected with cholesterol-
conjugated microRNA mumics to determine various parameters: toxicity of miRNA mimics,
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down-regulation of Rho mRNA using Rho siRNA, optimal plating density of R-Ret cells,

maximum duration for culturing R-Ret cells, and expression profiling of genes mvolved in

the phototransduction pathway using reai-tile PCR.

[00116] Stedy Design:

A, Determine the highest dose of cholesterol conjugated nuRNA mimic tolerated by
R-Ret celis with 10 1M being the highest dose administered.

B. Assess fonctional uptake by measaring Rho knockdown using cholesterol-
conjugated siRNA pool

C. Deternune the optimal plating density of R-Ret cells that vields at least 800 ng of
total RNA (the minmmum required for microarray profiling on the Affymetnix
platform)

D. Determine maximal amount of time cells can be cultured

E. Perform real time PCR on a selection of genes that are functionally invelved
the phototransduction pathway

End points:

A. Toxicity/viability assay and visual assessment

B. gPCR of Rho

C. UV/Visible RNA guantification

D. miRNA gPCR

E. gPCR of Rho, Sag, Arr3, Revm, Nrl, Pdc, Gnatl, Grat2, Opnlmw

{86117} R-Ret cells were passively transtected with cholesterol-conjugated miR-206 mimic

and the cells were observed 72 hours post-transfoction. 10 uM dose of cholesterol-

conjugated nuBRNA mumuc appeared to cause differentiation of the cells, 72 hours post-

transfection and 1 week after start of the culture (FIG. 3}, Towcity of nuRNA mimic on R-

Ret cells was measured using an adenvlate kinase assay. Toxicity was found to decrease over

tme in serum-free media (F1G. 4) and the treatment of cells with 10 uM nuKRNA mimic was

not found to be toxic.
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{80118} R-Ret cells were passively transfected with varions concentrations of cholesterol-
conjugated Rho siRNA or non-targeting control (NTC) siRNA. RNA was 1solated and a real-
time PCR analysis of Rho mRNA was performed. FIG. 5 shows that 1, 5, and 10 uM of

cholesterol-comjugated Rho siRNA pool produced comparable Rho knockdown.

106119] RNA was isolated from R-Ret cells cultured for one week and vield was determined

using a UY/visible spectrophotometer (Table 4).

Table 4

elution : :
s volume [ Istelute 2nd elute:

{86128 To determine the maximum amount of time cells can be cultured, R-Ret cells were
plated on poly-L-lysine. Cells survived for at least two weeks in culture where the cells were
cultured 1 5% serum media for first four days and then the media was changed to serum free

media.

[06121] R-Ret cells were transfecied with various concenirations of pooled or individual
miR-183, nuR-96, and miR-182 mimics and Rho siRNA. RNA was isolated 72 hours post-
transfection and real time PCR analvsis was performed fo determine the mRNA expression
profile of genes mvolved in the phototransduction pathway. FIGs. 6 and 7 show relative
expression levels of genes that are expressed within the range of the PCR assay. P-values of
difference were calculated by two-way ANOVA with Newman-Keuls test for muoltiple
comparisons compared to the untreated group. FIG. 2 shows the heat map of the log2-

transformed average fold change valucs of the treatments shown in FIG. 7.

Table 5: Genes examined by real time PCR

Gene name Gene symbeol | Cell type expression Expression level (real time)
Rhodopsin Rho Rod-specific Good
Argrestin Sag Rod-specific Good
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Transducin Gnatl Rod-specific Low
Phosducin PDC Rod-specific Good
NRL NRL Rod-specific Good
Transducin Gnat2 Cone-specific Good
M-cone opsin Opnlmw Cone-specific Not detectable
Arrestin A3 Cone-specific Low
Recovernn Revrn Rod and cone Good

{00122} Table 6 shows a comparison of the expression data of selected genes in the miR-183
cluster knockout mouse with that of rat retinal cells treated with cholesterol-conjugated miR-

183 cluster miRNA nunucs.

Table 6

Nri ¢ i -

Rho i 1 i

Gnat2 i i =

Example 3: Identification of direct and downstrean tarcets of microRNA mumics (miBR-96

miR-182 nuR-143) 1n retina

[06123] R-Ret cells in culture are passively tranmsfected with cholesterol-conjugated
microRNA mimics {miR-183, miR-96, miR-182) mdividually or pooled or with cholesterol-
conjugated Rho siRNA. At various time points post-transfection, RNA is isolated and

subjected to mucroarray profiling to identify significantly regulated transcripts.

o
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Example 4:  Admimstration of microRNA mimics prevents vision loss and retinal

degengration
[00124] The effect of microRNA mimetic compounds (pool of microRNA mumics of miR-
96 and miR-182, and a control duplex) on vision loss and retinal degeneration in a mouse

model of retinitis pigmentosa was examined. Rho siRNA was used as a posttive control.

{86125] Rd10/rd10 mice were dark reared to P31, at which point they were moved to a 12
hour hight/dark cvcle to induce retinal degencration. At P31, the test agents {microRNA pool
or Rho siRNA) were administered via bilateral intraviireal (IVT) mjection at a concentration
of 10 ug (Rho siRNA}, or 2 ug and 10 pg (microRNA pool of miR-96 and miR-182, and &
control duplex). Control groups included rd10/rd 10 mice receiving bilateral administration of
vehicle at P31, or amimals recetving intraperitoneal (1.p.) admmistration of phenvi-N-tert-
butylnitrone (PBN) daily from P29 to P35. For assessment of vision loss by optokinetic
tracking (OKT) and ¢lectroretinography (ERG), an additional control group of untreated
C37BI/6) mice was mcluded. Vision loss was assessed by both visual acuity measurements
(P38 and P45) and ERG (P39 and P46). Visual acuity was assessed by determiming the mean
spatial frequency threshold (SFT) at which muce could distinguish visual stimuoh presented in

a virtual environment.

{00126] Admuustration of both 10 ug of pooled mimics (miR-96 and miK-~-182 mumics, and
a control duplex) and PBN to rd10/rd 10 mice resulted in a statistically significant retention of

visual acuity as determined by OKT at P43,

106127} Expenmental Design

rd$0/rd 10 nuce
s P1-P30; Animals dark-reared from birth
s P29-P35: Daily intraperitoneal administration of PBN (Am 5)
= P31 Antmals transferred to housing in normal cyclic light (~200 lux during daylight
hours)
s P31: Bilateral intravitreal dosing of vehicle or test agents (Arms 1-4)
s P38: QKT analyses to quantfy spatial frequency threshold

s P45 QKT analvses to quantify spatial frequency threshold
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Ammals
Stramn: rd10/rd 10 mice
Sex: Male/Female
Age Range: Newborn pubs
Weight Range: n/a
Supplier; In-house breeding
Number of Study Animals: 48
Number of Spare Animals 0

Number of Sentinel Animals: O

Test compounds and Vehicle

Table 7

Compound Preparation & Storage | Route of Administration
Pool of miR-96 mimic, miR- | Store alignots at -20°C vatil Intravitreal
182 mirnic, and control use.
duplex After thawing, store at 4°C.
Rho siRNA Store aliguots at -20°C until Intravitreal
use.
After thawing, store at 4°C.
Pheny [-N-tert-buty initrone Dry powder stored at RT. Intraperiioncal
(FBN) Working solutions prepared
i 0.9% Na(l imimnediately
priot {0 use.

Studv Arms

Table &

; oy Treatment
Arm Housing Treatment Details Assessment

Darl-reared
| T2 oy | e
(P31-P46)

OKT (P38 and P45),
ERG (P39 and P46},
Retinal thickness quant

Dark-reared e ..
ool eson el 2ug Bilatral Ty | OBT (P38 and P45).
2 . v 1 ERG (P39 and P46);

light/dark Pooled (P31 Retinal thickness t

(P31-P46) mimics CHRAL GHCKRCSS quant
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Dark-reared

Ll Pi30n12n | 10pg Bilateral 1vT | ONT (P38 and P45).

* | lighdark | Pooled (P31) ERG (P39 and P46);
(1;3 1-P46) mines Retinal thickness quant

Dark-reared ‘ o e

. | ®130012h | topg | Bilateral IVT ggé (gfz ‘mg g;;)
light/dark Rho (P31 “RG (P39 and P46),
(P31-P46) SIRNA S Retinal thickness quant

Dardk-reare . .

® f; (;)e E;zi 100 me/ke intraperitoneal OKT (P38 and P45);

§ Hoht/dark PEN administration ERG (P39 and P46);
(Ptfj 1-P46) o (P29-P35) Retinal thickness quant

[B6128] Animal Housing

All amimals were housed in groups of 3-5 i large cages kept in ventilated shelves under
standard

amimal care conditions. Rd10/rd10 pregnant dams were housed in darkness upon observation
of a mucus plug. Newbom pups were housed with mothers 1n complete darkness from
postnatal day 1 through postoatal day 30. On posmatal day 31, animals were transitioned to
maintenance under normal cyclical light conditions consisting of 12 bours of hight (< 500 lux)

followed by 12 hours of darkness.

106129] Formulation preparation and storase

Test agents were supphied as aliguots at 10 ug/ul, and were ready to inject. For arm 2, test
agent {pooled mumics} was diluted 1:5 in 0.9% Na(l to achieve a tinal concentration of 2
pe/id. A total volume of 1wl was delivered for all intravitreal injections. Ahiguots were stored
at -20°C until use. Following the initial thaw, all remaining material was stored at 4°C, and
was not refrozen. PBN was prepared immediately prior to use as a 15 mg/mi solution 1n 0.9%
Nal'l (Cat #54041, Teknova). PBN was delivered daily as mdicated in Section 3.2 at a dose

of 100 me/ke in a total volume of 75-150 wd, depending on the animal’s body weight.

[86136] Intrapenitoneal (IP) Administration

Sedatives and the positive control test agent (PBN) were delivered by standard technigues for
1P inyjection utilizimg a 0.3 c¢c insulin syringe attached to an 8mum 31-gauge ncedle

{(BD#328438) with a total volume < 150 pl.

W
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[86131] Intravitreal Administration

Animals were anesthetized with ketamine/xylazine using a U-100 syringe utilizing Ketaming
(85 mg/kg} and Xviazine (14 mg/kg). Pupils were then dilated with topical adounistration of
Cyclogyl and Ak-Dilate. Following sedation and dilation, a total volume of 1 ul per eye was

mjected mnto the vitreous at the pars plana using a Hamilton syringe and a 33 gauge needle.

[00132] QKT

All optokinetic tracking experiments are performed using an Optomotry designed for rodent

Optokinetic tracking

pse {Cerebral Mechanics Inc). In this non-tnvasive assessment, mice are placed onio a
platform surrounded by 4 LT screens which resides within a light-protected box. Visual
stimuli are then presented 1o the mice via the LCD screens and a masked observer visualizes
and scores optokinetic tracking reflexes from a digital camcorder which is mounted on the
top of the box. For measurements of spatial frequency threshold, the mice were tested at a
range of spatial frequencies from 0.034 to 0.514 cveles/degree. The Optomotry device
emplovs a proprictary algorithm 1o accept the wput from the masked observer and
automatically adjust the testing stimuli based upon whether the animal exhubited the correct

or incorrect tracking reflex.

1001331 Tissue collgstion

Following sedation with ketamine/xylazine, ammals were euthanized with a lethal dose of
pentobarbital. The night eye of all animals was scorched with a flamed needle to demarcate
the superior portion of the eve, cnucleated, fixed in Z-fix (zinc buffered veutral formalin},
and processed for H&E histology. From the left eve of all amimals, the retinas were
mdividually isolated, and immediately snap-frozen in liquid Ny, and stored individually ina 2
mL screw cap

polypropylene tube at -70° C untl further processing.

[86134] Data and Statistical Analvses

Statistical significance was determined using Prism software (Graphpad Ine ) to perform t-
test {(OKT and ERG) or onc-way Analysis of Vanance (ANOVA) calculations (retinal
thickness), with a threshold of p < 0.05 to determine whether any changes are statistically

sigiificant.

W
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[86135] FIG. 9 shows the effect of test agents on visual acuity loss i the mouse model of
retinitis pigmentosa. Visual acuity was assessed by the mean SFT at which mice were able to
distinguish visual stimuli. Visual acuity was lower in all groups of rd10 mice relative to
C3TBI/6T control mice at both P38 and P45, At P38, visual acuity was comparable for the
vehicle treated group and both groups receiving pooled mimics. The group receiving 10 ug of
Rho siRNA had statistically significant lower visual acuity relative to the vehicle treated
group at P38 (p = 0.0185; unpaired t test), whereas the PBN treated positive control group
displayed statistically significant higher visual acuity measurements relative to vehicle {p =
0.0224; unpaired t tost). At P45, there 1s a dose-dependent amelioration in vision loss for the
two groups recciving the pooled mimics, with a statistically significant difference between
the 10 pg group of the pooled mimics and the vehicle (p = 0.0238; unpaired t test). The PBN
treated animals also display statistically significant better visual acuity relative to vehicle at
P45 {p = 0.0416; unpaired t test). The visual acoity for the 10 pug Rho «RNA group remained
much lower than the age-matched vehicle group, but the difference was not statistically

significant.

{00136] FiG. 10 shows the effect of test agents on visual acuity decline 1o the mouse model
of retinifis pigmentosa.  Visual acwity loss occurred across all groups from P38 to P43,
Vehicle treated amimals extubit a 48% decrease in visual acuoity from P38 to P45, The largest
decling in visual acuity across the two time points occurred for the group receiving 10 pg Rho
siRNA test agent (59%). The group receiving 10 ug of pooled numics had the most negligible
loss in visual acuity across the two time points (11%). Visoal acuity loss was less dramatic
for both the 2 ug group of pooled mimics and the PBN group relative to vehicle (35% and

39%, respectively).

{66137} At both postnatal time points cxanined, vision loss assessed by OKT was
statistically significantly lower in hight exposed rd10/rd10 mice relative to both control
CSTBY6I mice, and rd10/d10 mice prior to light exposure. The vehicle treated group was
lower 1o its SFT than all groups except the 10 pg Rho siRNA treatment group. Bilateral
mtravitreal admmistration of 10 pg of pooled minics (miR-96, miR-182, and control duplex)
demonstrates a positive effect on visual acuity as demonstrated by a statistically significant

retention in SFT measorements at P45, and the lowest percentage drop off in SFT from P38

W
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to P45 amongst all groups (FIGs. ¢ and 10). The PBN positive control treatment group also
retained a statistically significant higher SFT at P43 relative to the vehicle control group,
however, the loss in SFT trom P38 to P45 was greater in the PBN group than the 10 ng group
of pooled mumics. The 2 ug treatment group of pooled mimics had a higher SFT at P45 than
the vehicle control group, but the difference was not statistically significant. The group
receiving 10 pg Rho «iRNA had the largest loss in SFT measurements at both P38 and P45,
and also had the largest percentage decline i SFT between the two tune points. Based on the
data, bilateral mmtravitreal administration of 10 pg of pooled mimics ameliorates vision loss at
the latter time point with a statistically significant difference in visual acuity measured by

OKT.
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CLAIMS:

1 A mucroRNA mimetic compound comprising:

a first strand of about 22 to about 26 ribonucieotides comprising a mature nuR-96,
miR-182, or miR-183 sequence; and

a second strand of about 20 to about 26 ribonuclectides comprising a sequence that s

substantially complementary to the first strand and having at least one modified nucleotide.

2. The microRNA mimetic compound of claim 1, wherein the first strand has one or
more 27 fluoro nucleotides.
3. The microRNA mimetic compound of claim 1, wherein the first strand has no

modified nucleotides.

4. The microRNA numetic comapound of any one of claims 1 to 3, wherein the at least

one modified nucleotide in the second strand is a 27-O-methy! medified nucleotide.

3. The microRNA mimetic compound of any one of claims 1 o 4, wheren the second

strand is not fully complementary to the first strand.

6. The microRNA numetic compound of claim 5, wherein the second strand has 1, 2, or
3 mismatches relative to the first strand.
7. The microRNA mimetic compound of any one of claims 1 to 6, wherein the second

strand is hnked to a cholesterol molecule at 15 37 or 5 terminus.

8. The microRNA mimetic compound of claim 7. wherein the cholestersl molecule is

linked to the second strand through at least a six carbon hnker.

9. The microRNA mimetic compoand of any one of claims 1 to &, wherein the first

strand has a 5" -terminal monophosphate.

L
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10. The microRNA mimetic compound of any one of claims 1 t0 9, wherein the first or the

second strand has a 37 nucleotide overhang relative to the other strand.

11, The microRNA mimetic compound of any one of claims 1 to 10, wherein the

nucleotides comprnising the 37 overhang are linked by phosphorothioate linkages.

12. The microRNA numetic corapound of any one of claims 1 to 11, wherein the 37

nucleotide overhang comprises two nibomucleotides.

13, The microRNA mimetic compound of any one of claims 1 to 12, wherein the first

strand comprises a mature miR-96 sequence.

14.  The microRNA mimetic compound of claim 13, whercin the first strand comprises a

sequence of SEQ 13 NO: 10

15, The microRNA mimetic compound of claim 13 or 14, wherein the second strand
corprses a sequence selected from the group counsisting of SEQ 1D NG: 11, SEQ 1D NG 12,
and SEQ 1D NO: 13,

16.  The microRNA mimetic compound of claim 13, whercin the first strand comprises a
sequence sclected from the group counsisting of SHQ 1D NGs: 10 and 26-29 and the second
strand comprises a sequence selected from the group consisting of SEQ ID NQGs: 11-14 and

30-34.

17.  The microRNA mimetic compound of any one of claims 1 to 12, wherein the first

strand comprises a mature miR-182 sequence.

18, The microRNA mimetic compound of claim 17, whercin the first strand comprises a

sequence of SEQ [D NO: 15
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19. The microRNA mimetic compound of claim 17 or 18, whersin the second strand
compnses a sequence selected from the group consisting of SEGQ 1D NG: 16, SEQ ID NO: 17,
and SEQ 1D NO: 18,

20, The microRNA mimetic compound of claim 17, whercin the first strand comprises a
sequense selected from the group consisting of SEQ 1D NOs: 15 and 35-38 and the second
strand comprises a sequence selected from the group consisting of SEQ 1D NOs: 16-19 and

39-43.

21 The microRNA mimetic compound of any one of claims 1 to 12, wherein the first

strand comprises a mature miR-183 sequence.

22, The microRNA mumetic compound of claim 21, wherein the first strand comprises a

sequence of SEQ H3 NO: 20

23, The microRNA mimetic compound of claim 21 or 22, wherein the second strand
corprses a sequence selected from the group consisting of SEQ 1D NO: 21, SEQ ID NG 22,
SEQ D NO: 23, and SEQ ID NG: 24,

24, The microRNA mumetic compound of claim 21, wherein the first strand comprises a
sequence selected from the group consisting of SEQ 1D NOs: 20 and 44-47 and the second
strand comprises a sequence selected from the group consisting of SEQ ID NQGs: 21-25 and

48-52.

25 A pharmaceutical composttion comprising a therapeutically effective amount of the
microRNA mimetic compound of any one of claims 1 to 24, or a pharmaceutically-acceptable

salt thereof, and a pharmaceutically-acceptable carrier or diluent.

26. A pharmacentical composition comprising a therapeutically effective amount of at
least two microRNA mimetic compounds of claim 1, wherein the first strand of the first

microRNA mimetic compound comprises a mature miR-96 sequence and the first strand of
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the second microRNA mimetic compound comprises a mature miR-182 or nuR-183

SCQUCNCe.

27. ¢ pharmaceutical composition of claim 26, wherein the first strand of the second

microRNA mimetic compound comprises a mature miR-182 sequence.

2% The pharmaceutical composition of claim 27, further comprising a third microRNA
mimetic compound, wherein the first strand of the third microRNA mimetic compound

comprises a matare muR-183 sequence.

29, The pharmaceutical composition of claim 28, wherein the first, second, and third

microRNA mimetic compounds are present in equimolar concentrations.

30. A method of treating or preventing an ophthalmological condition in a subject in need
thereot comprising adnunistering to the subject a therapeutically effective amount of at least
ong agonist of miR-96, miR-182 and/or miR-183, wherein the agonist is a double-stranded
oligonuclcotide comprising a first strand comprising a mature miR-96, miR-182, or miR-183
sequence and a second strand comprising a sequence that 1s substantially complementary to
the first strand, wherein at least one of the strands comprises one or more modified

nucleotides.

31 The method of claim 30, wherem the therapeutically effective amount is an amount

sufficient to maintain or improve visual acuity o the subject.

32 The method of claim 30, wherein the therapeutically effective amount is an amount

sufficient to reduce or prevent photoreceptor cell damage and/or death in the subject.

33, The method of any onc of claims 30 to 32, wherein the first strand is about 22 to
about 26 nucleotides n length and the second strand 15 about 20 to about 26 nucleotides in

length.

W
~3



WO 2016/149370 PCT/US2016/022645

34, The method of any one of claims 30 o 33, wherein the fivst strand has one or more 27

fluoro nucleotides.

35. The method of any one of claims 30 to 34, wherein the second strand has one or more

27--methyi modified nucleotides.

36. The method of any one of claims 30 to 35, wherein the second strand has 1, 2, or 3

mismatches relative to the first strand.

37 The method of any one of claims 30 to 35, wherein the first or the second strand has a

3’ nucleotide overhang relative to the other strand.

38, The method of claim 37, wheremn the nucleotides comprising the 3° overhang are

linked by phosphorothicate linkages.

39 The method of claim 37 or 38, wherein the 3° nucleotide overhang comprises two
ribonucleotides.
40. The method of any one of claims 30 to 39, wherein the second strand 1s linked to a

cholesterol molecule at its 3° or 37 terminus.

41. The method of claim 40, wherein the cholesterol molecule 18 linked to the second

strand through at least a six carbon linker.

42, The method of any one of claims 30 to 41, wherein the agonist 1s a miR-96 agomst
and the first strand of the dooble-stranded oligonucleotide comprises a mature miR-96

sequence.

43. The method of claim 42, wheremn the first strand comprises a sequence selected from
the group consisting of SEQ 1D NQOs: 10 and 26-29 and the second strand comprises a

sequence selected from the group consisting of SEQ ID NOs: 11-14 and 30-34.
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44, The method of any one of claims 30 to 41, wherein the agonist is 3 muR-182 agonist
and the first strand of the double-stranded ohigonucleotide comprises a mature miR-182

SCQUCNCe.

45 The method of claim 44, wherein the first strand comprises a sequence selected from
the group consisting of SEQ ID NOs: 15 and 35-38 and the second strand comprises a

sequence selected from the group consisting of SHQ 1D NGs: 16-19 and 39-43.

46. The method of any one of claims 30 to 41, wherein the agonist is 3 miR-183 agonist
and the first strand of the double-stranded oligonucleotide comprises a mature muR-183

SCQuUence.

47 The method of claim 46, wherein the first strand comprises a sequence selected from
the group consisting of SEQ 1D NOUs: 20 and 44-47 and the second strand comprises a

sequence selected from the group consisting of SEQ 1D NUs: 21-25 and 48-52.

48, The method of claim 472, further comprising administering to the subject 2 nuR-182
agomst, wherein the miR-~182 agonist 1s a double-stranded oligonucleotide comprising a first
strand comprising a mature miR-182 sequence and a second strand comprising a sequence
that is substantially complementary to the first strand, wherein at ieast one of the strands

comprises one or more modified nucleotides.

49 The method of claim 42 or 48, further comprising adnunistering to the subject a miR-
183 agonist, wherein the miR-~183 agonist is a double-stranded oligonucleotide comprising a
first strand comprising a mature miR-183 sequence and a second strand comprising a
sequence that is substantially complementary to the first strand, wherein at feast one of the

strands comprises ong or more modified nucleotides.

50. The method of claim 49, wherein the miR-96, miR~182, and miR~183 agonists are

administered to the subject in separate compositions.
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5L The method of claim 49, wheremn the miR-96, miR-182, and miR-183 agonists are

administered to the subject in the same composition.

52, The method of claim 51, wherein the miR-96, miR-182, and miR-183 agonists are

present in the composition at equimolar concentrations.

53.  The method of any onc of claims 30 to 52, wherein the at least one agonist is

administered to the subject ocularly.

54, The method of claim 53, wherein the ocular administration comprises mtravitreal,

peri-ocular, intracameral, subconjunctival, or transcleral administration.

55.  'The method of any one of claims 30 to 54, wherein the subject has retinitis

pigmentosa.

56, The method of any oune of claims 30 to 34, wherein the subject has signs of night

blindness.

57. The method of any one of claims 30 to 54, wherein the subject has an
ophthalamological condition selected from the group consisting of retinal detachment, retinal

degencration, macular degeneration, and Stargardt discase.

38. The method of any oune of claims 30 to 37, wherein the therapeutically effective
amount is an amount sufficient to increase expression of one or more phototransduction

genes in the photoreceptor cells of the subject.

59, The method of claim 38, wherein the one or more phototransduction genes are
selected from Recoverin (Revm), NRL, Arrestin {(Sag), Rhodopsin (Rho), Transducin

{Gmat?}, and Phosducin (PDC).

60. A method of treating or preventing an ear disorder in a subject in need thereof

comprising administering to the subject a therapeutically effective amount of at least one
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agonist of mR-96, miR-182, and/or miR-183, wherein the agonist is a double-stranded
oligonucleotide comprising a first strand comprising a mature miR-96, miR-182, or miR-183
sequence and a second strand comprising a sequence that is substantially complementary to
the first strand, wheremn atf least one of the strands comprises one or more modified

nucleotides.

61. The method of claim 60, wherein the ear disorder is selected from the group

congisting of hearing loss, tinnitus, Meniere's disease, and car infections,

62, An expression vector comprising a polymucleotide encoding miR-96, miR-182, or

miR-183 for expression in a mammalian cell.
63.  The expression vector of claim 62, wherein the vector is a viral expression vector.

64,  The expression vector of claim 63, wherein the viral vector is an adeno-associated

viral vector.

65. The expression vector of claim 63, wherein the adeno-associated viral vector is a self-

complementary adeno-associated viral vector.

66.  The expression vector of claim 64 or 63, wherein the adenc-associated viral vector is
selected from the group consisting of AAVI, AAV2 AAV3 AAV4 AAVS, AAV6, AAVT,
AAVE and AAVY.

67. ¢ expression vector of claim 62, wherein the expression vector comprises a nucleic

acid sequence selected from the group consisting of SEQ 1D NQOs: 53-55.
68. A method of treating or preventing an ophthalmological condition or an car condition

i a subject in need thereof comprising administering to the subject an effective amount of an

expression vector encoding a miR-96, miR-182, and/or miR-183.
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microRNA, mimetics, miR-96, miR-182, miR-183, 'visual acuity', 'hearing loss', 'photoreceptor damage’, 2-O nucleotide, 2-fluoro

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2013/0225652 A1 (CHORN, G et al.) August 29, 2013; paragraphs [0005], [0007], (0013},  |1-3, 4/1-3, 26-32,
[0015}, [0016), [0079], [0084], (0096], [0098], [0119], [0186] 33/30-32, 60-61
Y US 2015/0051267 A1 (PURDUE RESEARCH FOUNDATION) February 19, 2015; abstract; 1-3, 4/1-3, 26-29, 60, 61
paragraphs [0007], [0013], [0040], (0063}, [0064], [0081], [0088], [0093]
Y US 2012/0157514 A1 (ESAU, C et al.) June 21, 2012; paragraphs [0025], [0624] 29
Y US 2013/0237587 A1 (THE UNITED STATES OF AMERICA, AS REPRESENTED BY THE 30-32, 33/30-32
SECRETARY, DEPARTMENT OF HEALTH AND HUMAN SERVICES) September 12, 2013,
paragraphs [0004], {0074}, [0082], [0147], [0158]
A US 2005/0261218 A1 (ESAU, C et al.) November 24, 2005; entire document 1-3, 4/1-3, 26-32,
33/30-32, 60-61
A WO 2014/100252 A1 (UNIVERSITY OF WASHINGTON THROUGH ITS CENTER FOR
COMMERCIALIZATION) June 26, 2014; entire document 1-3, 4/1-3, 26-32,
33/30-32, 60-61
A (WEL, Q et al.) Roles of miR-182 in Sensory Organ Development and Cancer. Thoracic Cancer. |1-3, 4/1-3, 26-32,
7 January 2015, Vol. 6, No. 1; pages 2-9; DOI: 10.1111/1759-7714. 33/30-32, 60-61

I:] Further documents are listed in the continuation of Box C.

D See patent family annex.
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“E” earlier application or patent but published on or after the international
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cited to establish the publication date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. EI Clanus Nos..

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 5-25, 34-59
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. I11  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
-***-Continued Within the Next Supplemental Box-***-

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2, I_—_] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No r.equired additional search fees were 'timely paid by the applicant. Cpnsequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-4, 26-33, 60, 61

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

m No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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-***-Continued from Box llIi: Lack of Unity of Invention -***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |, Claims 1-4, 26-33, 60 and 61 are directed toward a microRNA mimetic compound comprising a first strand, and a second
strand that is substantially complementary to the first strand, and having at least one modified nucleotide; a composition comprising said
compound and methods of treating or preventing an ophthalmological disorder or ear disorder with said compound

Groups I+, Claims 62-68 and SEQ ID NO: 53 are directed toward an expression vector comprising a polynucleotide encoding miR-96,
miR-182, or miR-183 for expression in a mammalian cell; and a method of treating or preventing an ophthalmological condition or an ear
condition, comprising administering said vector to a subject.

The expression vector can be searched to the extent that it comprises a sequence encoding an miRNA encompassing SEQ 1D NO: 53
(first exemplary miRNA encoding sequence). Applicant is invited to elect additional miRNA-encoding sequence(s) with specified SEQ ID
NO: for each, to be searched. Additional miRNA-encoding sequence(s) can be searched upon the payment of additional fees. Itis
believed that claims 62-66, 67 (in-part) and 68 encompass this first named invention and thus these claims can be searched with
payment of a fee for the search of Groups |1+ to the extent that they encompass SEQ ID NO: 53 (miRNA encoding sequence). Failure to
clearly identify how any paid additional invention fees are to be applied to the "+" group(s) will result in only the first claimed invention to
be searched/examined. An exemplary election would be an miRNA-encoding sequence encompassing SEQ ID NO: 54 (first exemplary
elected miRNA-encoding sequence).

The inventions listed as Groups | and ||+ do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of
Group ! include a modified nucleotide, not present in any of Groups li+; the special technical features of Groups II+ include an
expression vector, not present in Group I.

No technical features are shared between the miRNA-encoding sequences of Groups |1+ and, accordingly, these groups lack unity a
priori.

Groups | and lI+ share the technical features including: a nucleic acid encoding a miR-96, miR-182, or miR-183 sequence; and a method
of treating or preventing an ophthalmological condition or an ear condition in a subject in need thereof, comprising administering to the
subject an ettective amount of a nucleic acid including a miR-36, miR-182, and/or miR-183 sequence. The special technical features of
Groups 1+ include: an expression vector comprising a polynucleotide encoding miR-96, miR-182, or miR-183 for expression in a
mammalian cell; and a method of treating or preventing an ophthalmological condition or an ear condition in a subject in need thereof,
comprising administering to the subject an effective amount of an expression vector encoding a miR-96, miR-182, and/or miR-183.
However, these shared technical features are previously disclosed by WO 2014/100252 A1 to University of Washington Through its
Center for Commercialization (hereinafter 'Washington') in view of the article 'Roles of miR-182 in sensory organ development and
cancer' by Wei et al. (hereinafter 'Wei').

Washington discloses a nucleic acid encoding (a vector (nucleic acid) encoding; paragraphs [00085], [00089], [000130]) a miR-86,
miR-182, or miR-183 sequence (a miR-96, miR-182, or miR-183 sequence; paragraph [0035]); and a method of treating or preventing
(therapeutic use of an miRNA for treatment (a method of treating or preventing); paragraph [00091}) an ophthalmological condition
(age-related macular degeneration; age-related vision change (an ophthalmological condition); paragraph [00091]) or an ear condition
(age-related hearing loss (an ear condition); paragraph [00091]) in a subject in need thereof (in a subject in need thereof; paragraphs
[00091), [000124]), comprising administering to the subject an effective amount of a nucleic acid (comprising administering to the subject
an effective amount of a vector (a nucleic acid); paragraphs {000124], [000130]) including a miR-96, miR-182, and/or miR-183 sequence
(including a miR-96, miR-182, and/or miR-183 sequence; paragraphs [00035], [000124], {000130}); an expression vector comprising a
polynucleotide (an expression vector comprising a polynucleotide; paragraphs [00085), [00089), [000130]) encoding miR-96, miR-182, or
miR-183 (encoding miR-96, miR-182, or miR-183; paragraph [00035]) for expression in a mammalian cell (for expression in a
mammalian cell; paragraphs [00085], [00089]); and a method of treating or preventing (therapeutic use of an miRNA for treatment (a
method of treating or preventing); paragraph [00091]) an ophthalmological condition (age-related macular degeneration; age-related
vision change (an ophthalmological condition); paragraph [00091]) or an ear condition (age-related hearing loss (an ear condition);
paragraph [00091]) in a subject in need thereof (in a subject in need thereof; paragraphs [00081], [000124)), comprising administering to
the subject an effective amount of an expression vector (comprising administering to the subject an effective amount of an expression
vector; paragraphs [000124], [000130]) encoding a miR-96, miR-182, and/or miR-183 sequence (including (encoding) a miR-96,
miR-182, and/or miR-183 sequence; paragraphs [00035], [000124), [000130])).

Washington does disclose limiting the encoded miRNA species to miR-36, miR-182, and/or miR-183.

Wai discloses wherein miR-182 is related to miR-183, and miR-96, sharing seed sequences (wherein miR-182 is related to miR-183,
and miR-96, sharing seed sequences; page 2, first column, second paragraph - second column), and is abundantly expressed in the
retina (wherein miR-182 is abundantly expressed in the retina; page 3, second column, third paragraph), and wherein miR-182 is
expressed specifically in cochlear hair cells, and in the spiral ganglion (wherein miR-182 is expressed specifically in cochlear hair cells,
and in the spiral ganglion; page 4, first column, second paragraph), where loss of expression correlated with progressive hair cell loss
(where loss of expression correlated with progressive hair cell loss; ; page 4, first column, second paragraph).

It would have been obvious to a person of ordinary skill in the art at the time of the invention was made to have modified the disclosure
of Washington to have specifically provided a vector encoding miR-182, or its related family members miR-96 and/or miR-183 for use in
treatment of an ophthalmologic or ear condition, as disclosed by Washington, associated with reduced expression of these miRNA
species in target tissues in the eye and ear, based on the disclosure of Wei, which indicates that a sufficient level of expression in said
tissues is consistent with normal tissue.

Since none of the special technical features of the Groups | and |1+ inventions is found in more than one of the inventions, and since all
of the shared technical features are previously disclosed by a combination of the Washington and Wei references, unity of invention is
lacking.
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