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METHODE AND COMPOSITIONS FOR NEUROPROTECTTOMN
RELATED APPLICATIONS

[001] This application claims the benefit of U.S. Provisional Application Serial No. 61/554,
982 filed November 3, 2011 entitled “Compositions and Methods For Treating Ménidre’s
Disease” and of U.S. Provisional Application Serial No. 61/663,627 filed June 25, 2012
entitied “Compositions and Methods For Treating Méniére’s Disease™ which are incorporated

herein by reference in their entirety and for all purposes.
SEQUENCE LISTING

[002} This application incorporates-by-reference nucleotide and/or amino acid sequences
which are present in the file named “240 PCT1 ST25.4xt”, which is 33 kilobytes in size, and
which was created November 1, 2012 in the IBM-PCT machine format, having an operating

system compatibility with MS-Windows.
FIELD OF THE INVENTION

(0031 Provided herein is use of a double-stranded RNA compound that targets CASP2,
NOX3, CAPNST or RHOA for use in neuroprotection of nearons in the ear of a subject and
for restoration of lost cochlear and/or vestibular funciion and/or relief of the attendant
symptoms. Further provided are methods and kits useful for treating a subject at risk of or

afflicted with Ménigre's disease or similar diseases and disorders.

BACKGROUND OF THE INVENTION

{0041 The human ear 15 comprised of three major structural components: the outer, middle,
and mner ears, which function together to convert sound waves into nerve impulses that travel

to the brain, where they are perceived as sound. The inner car also helps to maintain balance.

[005]  The anatomy of the middle and the nner car is well known o those of ordinary skill in
the art (see, e.g., Atlas of Sensory Organs: Functional and Clinical Analysis, Andrs Csillag,
Humana Press (2003}, pages 1-82, incorporated herein by reference). In brief, the middle car
consists of the eardrum and 2 small air-filled chamber containing three tiny bones known as

the ossicles, which link the eardrum to the inner ear.
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[606] The nner car (labyrinth) is a complex structure consisting of the cochlea, which is the
organ of hearing, and the vestibular system, the organ of balance. The vestibular system
consists of the saccule and the utricle, which determine position sense, and the semicircular

canals, which help maintain balance.

{007] The cochlea houses the organ of Corti, which consists, in part, of about 20,000
specialized sensory cells, called “inner ear hair cells™ or “hair cells”. Thesc cells have gmall
hairline projections {cilia) that extend into the cochlear fluid. Sound vibrations transmitted
{rom the ossicles in the middle ear to the oval window in the mner car cause the fluid and cilia
to vibrate. Hair cells in ditferent parts of the cochlea vibrate in response to different sound
frequencies and convert the vibrations into nerve impulses which are sent to the brain for
processing and interpretation. The mner ear hair cells are surrounded by inner ear support
cells. Supporting cells underlie, at least partially surround, and physically support sensory hair
cells within the inner ear. Representative examples of support cells inclide inner rod (pillar
cells), outer rod (pillar cells), mner phalangeal cells, outer phalangeal cells (of Deiters), cells
of Held, cells of Hensen, cells of Claudius, celis of Boeticher, interdental cells and auditory

teeth {of Huschke).

(008] The spiral ganglion is the group of nerve cells that send a representation of sound from
the cochlea to the brain. The cell bodies of the spiral ganglion neurens are found in the spiral
structure of the cochlea and are part of the central nervous system. Their dendrites make
synaptic contact with the base of hair cells, and their axons are bundled together to form the
auditory portion of the eighth cranial nerve (vestibulocochlear nerve). The vestibular ganglion
{also known as Scarpa's ganglhion) is the ganghion of the vestibular nerve that contains the cell
bodies of the bipolar primary afferent neurons whose peripheral processes form synaptic
contact with hair cells of the vestibular sensory end organs.

[008] US Patent Application Publication Nos. 20020162365 and 20110112168 are directed
to siRNA- compounds, compositions comprising same and to methods of use thereof for
treating diseases and disorders related to expression of proapoptotic gencs.

[0010] US Patent No. 7.825,099 relates to methods of treating heering impairment by

nhibiting a pro-apoptotic gene.

o]



[0011] US Patent No. 8,088,359 and US Patent Application Publication No. 20120252868

relate to methods of treating hearing loss and phantom hearing.

[0012] US Patent Application Publication No. 20110142917 discloses non-invasive methods

of delivering dsRNA molecules to the ear.

[0013] US Patent Application Publication No. 20110034534 relates to, inter alia, dsRNA
molecules fo target CAPNSI.

[0014] US Patent Application Publication No. 20110229557 relates to dsRNA molecules to

varions gene targets, including CASP2, useful in treating eye diseases.
[0015] PCT Patent Publication No. W02011/163436 discloses dsRNA fo target RHOA.

[0016] Tinnitus and Méniére’s disease affects many individuals worldwide and current
therapies have not been successful at prevcntiﬁg progression of neuronal degencration and the
attendant hearing loss. A therapeutic treatment, which would protect the inner ear neurons,
including hair cells and spiral and vestibular ganglion cells, from damage and cell death (e.g.
apoptosis), and thercby attenuate or prevent hearing loss in, for example, Menicre's patients
would be highly desirable, It is, accordingly, an aspect to provide methods for neuroprotection
éf neurons in a subject’s ear, including human subjects suffering from tinnitus or Méniére’s
disease or having similar symtoms, using dsRNA compounds not previously known fo have

such activity.
SUMMARY

[6017] This disclosure is directed to methods and kits for providing neuroprotection to neurons in
subject's ear, for example to spiral ganglion cells and vestibular ganglion cells.

[00172] In one aspect, there is provided use of a double-stranded RNA (dsRNA) inhibitor which down
regulates expression of a CASPZ gene encoding an mRNA having a sequence set forth in any one of SEQ
ID NO:1-3, for the preparation of a medicament for treating Méniére’s disease in a subject in need
thereof, wherein the medicament provides neuroprotection of a neuron in a spiral ganglion or a vestibular
ganglion in the subject’s ear.

[0017b] In one embodiment, disclosed herein is a double-stranded RNA (dsRNA) compound which down

regulates expression of a CASP2 gene, a NOX3 gene, a CAPNS 1 gene or a RHOA gene encoding an
mRNA having a sequence set forth in any one of SEQ 1D



NO: 1-3, SEQ ID NQO:4, SEQ ID NO:5-6 or SEQ ID NO:7 for use in neuroprotection of a
neuron in the ear of a subject in need thereof. In various embodiments provided is &

method providing neuroprotection o neurons in the ear, the method comprising administering
to the subject's ear a therapeutically effective amount of a double- stranded RNA (dsRNA)

molecule compound which down
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regulates expression of a CASP2 gene, a NOX3 gene, a CAPNSI gene, or a RHOA gene, s0
as to therchy provide neuroprotection fo a nerve cell in the subject’s ear. In some
embodiments the neuron is a ganglion. In some embodiments the neuron is comprised within
a ganglion. In some embodiments the neuron comprises a spiral ganglion cell andfor a
vestibular ganglion celll In some embodiments the CASP2Z gene encodes a mRNA having a
sequence set forth i any one of SEQ ID NO:1-3. In some embodiments the NOX3 gene
encodes a mRMNA having a sequence set forth 1n SEQ 1D NO:4, In some embodiments the
CAPNST gene encodes o mRNA having & sequence set forth in any one of SEQ 1D NO:5-6.
In some embodiments the RHOA gene encodes a mRNA having a sequence set forth in SEQ
1 NO7. In some embodiments, CASP2 is the preferred target gene and in preferred
embodiments the dsRMA molecule compound comprises a sense strand with a nucleotide
sequence set Torth in SEQ 1D NO:8 and an antisense strand with a nucleotide sequence set
forth 1n SEQ 1D NG9, In some embodiments neuroprotection comprises attenuation,
prevention or reduction of neuronal cell death, preferably apoptotic cell death. According to
some embodiments cell death of the neuron is associated with one or more of a disease or
disorder, ischemia, physical/mechanical trauma, exposure to a chemical agent or an infectious
agent, an Immunologic reaction or a nutritional imbalance. In some embodiments cell death of
the neuron is associated with 1schemia. In some embodiments cell death of the neuron is
associated with a disease or a condition. In some embodiments the disease is 2 genetic digease
or disorder. Tn various embodiments the disease or condition is selected from the group
consiwsting of a disorder associated with pathological abnormality in the anditory organs and a
disorder associated with a pathological abnormality in the vestibular organs. In some
embodiments the auditory organ is the organ of Corti. The vestibular ganglion are the sensory
ganglion of the vestibular part of the eighth cramal nerve, located in the upper part of the
tateral end of the internal acoustic meatus. In some embodiments the vestibular organ is

sclected from the utricle, saccule, internal acoustic meatus and ampuliac.

[O0181 In some embodiments the subject has or 18 at risk of developing one or more of a
disease or condition or a symptom thereof selected from the group consisting of episodic
vertigo, hearing loss, tionitus and aural fullness.  In certain embodiments the subject is

afflicted with or susceptible to developing Méniére's digease.
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[GG19] In some embodiments, provided herein 15 a method of treating a subject afflicted with
Ménicre’s digease comprising administering to the subject a therapoutically effective amount
of a dsRNA compound that down regulates expression of a CASPZ, a NOX3, a RHOA ora

CAPNS] gene, thereby treating the subject.

T0G20] In some embodiments, the method comprises attenuating a symptom of Méniére’s
diseasc in a subject afflicted with Mémére’s discase, comprising administering fo the subject a
therapeuticatly effective amount of a dsRNA compound that down regulates expression of a
CASP2 a2 NOX3, 2 RHOA or a CAPNST gene, thereby atienuating a syvmptom of Méniére's
disease. In some embodiments the symptom comprises one or more of tinnitds, progressive
hearing loss, ELH, vertigo, nausea or aural follness. In some embodiments the method
provides relief of one or more of the symptoms of Méniére’s disease. In some smbodiments

the method provides partial restoration or full restoration of hearing.

100217 Tn some embodiments the methods and kits include reseuing a spiral ganglion and/or a
vestibular ganglion from apoptesis in a subject. In some embodiments the methods inelude
promoting survival of spiral ganglion and/or a vestibular ganglion. In some embodiments the
muethods include preventing apoptofic cell death of a spiral ganglion cell and or a vestibular
ganglion cell i & subject. In some embodiments fhe methods include providing
newroprotection of a spiral ganglion col! and or a vestibular ganglion cell in a subject. Tn some
cmbodiments the methods include restoration of cochlear function in the subject. Cochlear
function includes partial or full restoration of hearing. In some embodiments the methods
inchude restoration of vestibular function in a subject. Vestibular function includes partial or

foll restoration of halance.

[0022] Further provided are kits for treating a subject afflicted with Méniére’s disease
comprising a therapeutically effective amount of a dsRMNA compound that down regulates
expression of a CASP2, a NOX3, a RHOA or 2 CAPNST gene, In some embodiments the kit
further includes a device for the administration of the dsRNA compound to the subject; and
optionaily instructions for use. In some embodiments the kit comprises a dsRNA compound
that down regulates expression of @ CASP?Z gene. In preferred embodiments the CASP2Z gene
encodes a mRMNA set forth in any one of SEQ ID NO:1-3. In preferred embodiments the kit

provides a dsRNA compound comprising & sense strand with a nucleotide sequence set forth
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in SEQ 1D MNO:S and an anfisense strand with a rucleotide sequence set forth in SEQ 1D
N0,

[(G023] in some embodiments the methods and kits involve use of dsRNA compounds (for
example, short interfering nucieic acid (siNA), short interforing BNA {8iRNAY, micro-ENA
{miRNA) or short hairpin RINA (shRINA}) that bind a nucleotide sequence (such as an mRNA
sequence) encoding a human target gene selected from CASP2, NOX3, CAPNST and RHOA
exemplified by SEQ ID NO:1-3, SEQ 1D NG:4, SEQ D NO:5-6 and SEQ ID NO7,
respectively.  In preferred embodiments the methods and kits involve use of a dsBNA

compound that binds human CASP2 mRNA set forth in any one of SEQ ID 1-3.

TG024] In preferred embodiments the CASP2 dsRNA compound comprises 2 sense strand and
an antisense strand wherein the antisense strand comprises the nucleofide sequence (57>37)
AGGAGUUCCACAUUCUGGC (BEQ 1D NG9, In preferred embodiments the dsRNA
compound has the structure:

57 2" -GCCAGAAUGUGGARCUCCU~-Z 37 {sense =atrand, SzQ ID NO:8)

37 A7 -COGUCUUACACCUUGAGEE 57 {antisense strand, SEQ ID WNO:9)
wherein zach A, C, U, and G 15 an uwnmodified nbonucleotide, a modified
ribonucleotide or an unconvenfional moicty and each consecutive nbonucleotide or
anconventional molety s joined to the next ribonucieotide or anconventional moiety by

a covalent bond;

wherein cach of Z and 2’ 15 independently present or absent, but if present
independently inclades 1-5 consecutive nucleotides or non-nucleotide moieties or a
combination thereof covalently atfached at the 37 terminus of the strand in which it is

present; and

wherein 27 may be present or absent, but if present 1s a capping moicty covalently
attached at the 5 terminus of the sense strand. In some embodiments the dsRNA
compound  comprises  ummodified and modificd ribonucieotides. In preferred
crbodiments  the dsBENA  compound  comprises  unmedified and  modified

ribornucieotides at least one unconventional moiety.

[0025] In some embodiments the dsRNA further comprises at least one unconventional

moiety. in certain preferred embodiments the CASP2 dsRNA hasg the structure:

6
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57 z27-GCCAGARAUGUGGAACUCCU-2 3% {sense strand, SEQ ID NO:24:}

3 Z~COGUCUUACACCUUGAGGA 5" {(antisense strand, SEQ I NO:25)
wherein cach A, C, U, and G 15 an upnmodified or modified ribonucieotide or an
unconventional moiety and each consecutive ribonucleotide or unconventional molety is
joined to the next nbonucleotide or unconventional moiety by a phosphodiester bond; wherein
the sense strand comprises, counting from the 57 terminus, an unmodified ribonucleotide at
positions 1,2, 3,4, 5.6, 7, 8,9, 10, 11, 12, 13, 14, 15,16, 17 and 19, a L-deoxyeytidine at
posttion 18; wherein the antisense strand comprises ai least five (5} alternating unmodified
and 27-O-methyl sugar modified ribonucleotides; and wherein 27, Z and Z7 are optionally
absent. In some embodiments, the antisense strand comprises 2°-O-methy! sugar modified
ribonucleotides present tn positions (87>3" 1,3, 5,79, 11, 13, 15, 17 and 19 and unmodified
ribonucleotides present in positions 2, 4, 6, 8, 10, 12, 14, 16 and 18; preferably the antisense
strand comprises 2°O-methyl sugar modified ribonucleotides in positions {57>37) 2, 4, 6, 8,

11, 13,15, 17 and 19,

{00261 In prefearred embodiments the dsRNA compound has the struchire:

57 LBE-GCCAGAAUGUGGAACUCCU-27 3" (sense strand, SEQ ID NC:26)
3' 7 -CGOUCUURCACCUUGAGGA  5H'{antisense strand, SEO 1D NO:27)

wherein each A, C, U, and G is an unmodified ribonucicotide, a modified ribonuclectide or

an anconventional moiety and cach consecutive ribonuclectide or unconventional moiety is

joined o the next ribonucleotide or unconventional moiety by a covalent bond:

wherein each Z and 2 15 abseni, wherein the sense strand comprises, counting from the 5
termunus, an unmodified ribonucleotide at positions 1,2, 3,4, 5, 6,7, 8,9, 10, 11, 12,13, 14,
15, 16, 17 z2nd 19, a L-deoxycytidine at position 18 and 27 is present and comprises an
mverted deexyabasic moiety; and

wherein the antisense strand comprises, counting from the 57 terminus, a 2°OC-methyl sugar
modified ribonucleotide st each of positions 2, 4, 6, 8§, 11, 13, 15, 17 and 19 and an
unmeodified ribonucleotide at each of positions 1, 3, 5, 7, 9, 10, 12, 14, 16 and 1&. This

meiecite 15 also known as 1007,

(00277 The dsRNA compounds arc administered by any of the conventional routes of

administration, including involving invasive and non-tnvasive delivery methods. It should be
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noted that the dsRNA compound can be administered as the compound per se or as
pharmaceutically acceptable salt and can be administered alone or as an active ingredient in
combination with pharmaceutically acceptable carriers, solvents, diluents, excipients,

adjuvants and vehicles,

[0028] The dsRNA compounds are preferably administered transtympanically, including
topically or via injection. Liquid forms may be prepared for administration. The liquid
compositions include agueous solutions, with and without organic co-solvents, aqueous or oil
suspensions, emulsions with edible oils, as well as similar pharmaceutical vehicles. In one
embodiment the administration comprises topical administration, in particular topical
administration to the ear canal, topical administration to the tympanic membrane, or a
combination thereof, thersby allowing the dsRNA compounds to pass the tympanic
membrane, In some embodiments the compounds of the present application are apphed to the
tymﬁanic membrane as an eardrop. In some preferred embodiments the dsRNA compounds

are administered by transtympanic injection or by eardrops.

[0029] In various embodiments, particularly embodiments in which the pharmaceutical

compositions of the disclosure are administered topically, the pharmaceutical

compositions further comprise a permeability enhancer, also known as penetration enhancer,

[0030] In various embodiments the penetration enhancer is selected from any compound or
any combination of two ore more compounds that enhance the penetration of a therapeutic
oligonucleotide through the tympanic membrane in the ear of a subject suffering from
Ménitre’s disease. In certain embodiments the permeability enhancer 1s a polyol. In some
embodiments the oligonucleotide is in admixture with a polyol. In some embodiments the
polyol is selected from the group consisting of glycerol, propylene glycol, polyethylene

alycol, sorbitol, xylitol, maltito] and combinations thereof.

[0031] According to one embodiment the polyol is glycerol. In various embodiments glycerol
is present af a final concentration of about 0.1% to about 35%, about 1% to about 30%; about
5% o about 25%, preferably about 10% to about 20% by volume of the pharmaceutical

composition.

[0032] In some embodiments, the pharmaceutical composition is applied to the ear canal

when the subject’s head is tilted to one side and the treated ear is facing upward. In some
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embodiments, the pharmaceutical composition is applied to the ear using a receptacle for

Liquid, for example using a dropper of for example, 10-100 microliter per drop, or a wick.

An additional embodiment of the present disclosure provides for the use of any of
the abhove compositions in the preparation of a medicament for the treatment of a subject
suffering from Meniere's disease. Further provided is compound that inhibits expression of

CASP2 for providing neuroprotection 1o a neuron in an ear of a subject in need thereof.

[0033] The methods, materials, and examples that will now be described are illustrative only
and are not intended to be limiting; matertals and methods similar or equivalent to those
described hersin can be used in practice or testing of the invention, Other features and

advantages of the invention will be apparent from the following detailed description, and from

the claims,

[0034] This disclosure is intended to cover any and all adaptations or variations of
combination of features that are disclosed in the various embodiments herein. Althongh
specific embodiments have been illustrated and described herein, it should be appreciated that
the invention encompasses any arrangement of the features of these embodiments o achieve
the same purpose. Combinations of the above features, to form embodiments not specifically

described herein, will be apparent to those of skill in the art upon reviewing the instant

description.
BRIEF DESCRIPTION OF THE FIGURES

[0035] Figure 1 shows histological sections of wild type (left panels) and Phex™" ™ mutant
(right pancls) inner car tissue. Arrows show Endolymphatic hiydrop (ELH). In left bottom
panel, G refers to spiral ganglion neurons, and in right bottom panel M refers to mtant spiral
ganglion newrons, of which there are fewer (compare G to M) in the Phex™ ™" mutant mice.
Phex™* ™% mytant mice spontaneousty develop endolymphatic hydrop and are thus presented
with balance problems and hearing loss phenotype. One of the primary defects is the loss of

nsurons in the inner ear ganglia (vestibular and spiral) by cell death, or apontosis.

{0036} Figure 2 shows experimental design of safety assessment of siRNA by eardrops
delivery. “Px” refers to x days postpartum.
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100371 Figure 3 18 2 bar graph showing that weekly treatment with dsRNA or vehicle ear

drops to the inner ear does not affect hearing function in witd type mice.

Figures 4A and 4B show experimental design to test efficacy of test molecules in preserving
hearmg function m the murine model of Méniére’s diseagse. (P15, P29, P90 - days post
parfuin;, sIRNA delivery prior to P15 is impossible because ear channel is closed; ABR

measurement before P29-30 is technically impossible).

[0038] Figures 5A-5D show time course analysis of hearing function (ABR) in negative
control {vehicle-treated or siEGEP-treated) or siRNA-treated Phex™ /Y mice. Data on the
graphs show Auditory-cvoked brainstem response {ABR) thresholds (db) at specified teost
sound frequency (kHz). Figure 5E is a bar graph showing relative improvement in ABR at

PGSO in sIRNA treated animals compared to vehicle-treated and siEGFP-treated animals.

[0039] Figures 6A-6F show histological evaluation of the inner ear neurons of Phex™ ™%y
guce and the significant neuroprotection of spiral and vestibular ganglions provided by
SICASP2 (1007). Arrows in Figures 6A and 68 show spiral ganglion (SG). Figures 6A and
68 show disorder and death of SG in vehicle treated Phex™ ™5y mice and Figures 6B and
60> show rescus of SG in siCASP2 wreated Phex™ ™Y mice. Figures 65 and 6F show

-1k o

separate histological sections of the vestibular ganglion in vehicle treated Phex’ 7Y mice

1ypff_}uk!;
I

. ey o ; I - . ) .
and siCASP2 treated Phex Y mice, respectively.

[0040] Figures 7A-7D show histological evaluation of the inner ear neurons of Phex ™y
mice and the significant neuroprotection of spiral ganglions provided by siCAPNSI (Fig. 7B),
siNOX3 (Fig. 70) and siIRHOA (Fig. 7D) compared to vehicle-treated and siBGFP-treated
animals (Fig. TA).

(0041} Figures 8A-8D show histological evaluation of the inner ear neurons of Phex™ "7y
mice and the significant neuroprotection of vestibular ganglions provided by siCAPNST {Fig.
8B), siINOX3 (Fig. 8C) and siRHOA (Fig. 8D) compared to vehicle-treated and siEGFP-
treated ammals {Fig. 8A).

00421 Figores 9A and 9B show protection of spiral ganglion cells at P90 i siCASP2-treated

Cars.
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DETAILED DESCRIPTION OF THE INVENTION

[0043] The present application provides oligonueleotide molecules, compositions comprising
same: methods of use thereof and kits for treating Ménicre's disease and for ameliorating one
or more of the attendant symptoms, including fluctuating hearing loss, episodic vertigo and/or
tinnitus, The present disclosore 18 based in part on the finding that inhibition of any one of the
target genes selected from Caspase 2 (CASPZ), NADPH Oxidase 3 {NOX3), Calpain 51
{CAPNST) and Ras homolog gene family, member A (RHOA). |

[0044] In one aspect, the provided herein 1s a method of affording neuroprotection of spiral
ganglion cells and/or vestibular ganglion cells in a subject in need thercof comprising
adpiinistering to the subject a therapeutically effective amount of an oligonucieotide molecule
which inhibits expression of CASP2, so as to thereby afford neuroprotection in spiral
ganglion cells and/or vestibular ganglion cells. In another agpect provided herein is a method
of treating a subject afflicted with Ménidre's disease comprising administering to the subject
an oligonuclectide molecule which inhibits expression of CASP2, so as to therchy freaf the
patient. Ménidre's discase, also known as idiopathic endolymphatic hydrops (ELI), is a
disorder of the inner ear resulting in vertigo and tinnitus, and eventual ncuronal damage
leading to hearing loss. The exact cause of Meéniere's disease is unknown but the undertying
mechanism is believed to be distortion of the membranons labyrinth due to sccumulation of
endolymph. Endolymph is produced primarily by the stria vascalaris in the cochlea and also
by the planum sermilunatum and the dark cells 1n the vestibular labyrinth {Sajjadi H, Paparella
MM, Méniére's discase. Lancet. 372(9636):406-14}. Endolyvmphatic hydrops can occur if the
flow of endolymph from the endolymphatic fhuid space through the vestibular aqueduct to the
endolymphatic sac 15 obstructed. Méniére's disease may affect one or both of a subject’s ears.
The primary morbidity associated with Méniére's disease is the debilitating nature of vertigo

and the progressive hearing loss.

{00457 In various embodiments the methods include attenuating hearing loss in a subjeet. In
some embodiments the methods include preventing progressive hearing loss in a subject
afflicted with Méniére's disease. In some embodiments the methods include protection of
spiral ganglion cells from cell death. In some embodiments the methods include protection of

vestibular ganglion cells from cell death,
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[6046] Tn a preferred embodiment the subject 18 a mammal, preferably a human subject.

In various embodiments the molecule that down regulates CASP2 is a Caspase? inhibitor
such as a double-stranded RMNA oligonuclectide, optionally an siNA, more preferably a
dsRINA molecule detailed in Table A infra and in particular, an $iNA comprising the
following antisense sequence 5 AGGAGUUCCACAUUCUGGC {also known as CASP2 4)
and the use of this oligonucleotide in the preparation of a medicament for use in the therapy
of conditfions and disorders disclosed herein. in one embodiment the disorder involves spiral
ganghion death or vestibular ganglion death. In some embodiments the cell death comprises

apoptotic cell death.

Table A: Non-limiting examples of Caspase? oligonucleotide sequences for vee in the

methods disclosed heren

D SEQ | Sense S5pQ {57237 SEG | Antisense SEQ resid
D D (57>37) val
NG N0 7
CASPZ 4 | 8 GCCAGAAUGUGGARCUCCU | 9 AGGACUUCCACAUUCUGG | 11,18
C
CASPZ 1 | 18 | GCACUCCUGAAUUUUAUCA | 19 | UGAUARAAUUCAGGAGUG | 12,8
C
CASP2 2 | 20 | GUACRGOGRAAUGCAACAGA | 21 | UCUCUUGCAUUUCCUGUG | 25,38
ic
CASPZ_3 |22 | GGGCUUGUGAUARUGCACGU | 23 | ACGUGCAUAUCACAAGCC | 22,39
C

100477 Additional information about these dsRNAs, as well ag additional dsRNAs targeting
or down regulating CASP2, NOX3 or RHOA which are useful in the present methods, are
provided in PCT Publication Nos WO 2008/050329 and WO 2010/048352, Non-limiting
exmples of dsRNAs targeting or down regulating CAPNS1 which are useful in the present

methods, are provided in US Patent Application Publication No. 20110034534,

[G048] Withoot being bound by theory, CASP2 is a pro-apoptotic gene that is specifically
expressed and activaied in ganglion cells (GC) following axonal infury. The present Assignee
has previously demonstrated that inhibition of CASP2 in rat models of optic nerve damage
resulted in robust rescue of retinal ganglion cells (RGC) from apoptotic death (PMID:
2E677688). In some embodiments the methods include the use of oligonucleotide molecules

that down regulate or inhibit CASP2 expression. In some embodiments the methods include

b
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-the use of oligonucleotide molecules that down regulate or inhibit NOX3 expression. In some

ernbodiments the methods include the use of oligonucieotide molecules that down regulaie or
inhibit CAPNS! expression. In some embodiments the methods include the use of

cligonuclectide molecules that down regalate or inhibit RHOA expression

[0049] For convenience certain terms employed 1n the specification, examples and claims are
described herem.

ke, IY

0050] It 18 to be noted that, as used herein, the singular forms “2”, “an” and “the” include
> )

plural forms unless the content clearly dictates otherwise.

LGOS} Where aspects or embodiments of the invention are described in terms of Markush
groups or other grouping of alternatives, those skilfed in the art will recognize that the
invention 18 also thereby described in terms of any individual member or subgroup of

members of the group.

[0052] An “mhibitor” Is a compound, which 15 capable of reducing (partially or fuily) the
expression of a gene or the activity of the product of such gene to an extent sufficient to
achieve a desired biological or physiological effect. The term "inhibitor” as used herein refers

to a deRMA inhibitor including a siRNA inhibitor.

[3053] As used herein, the term “inhibit”, “down-regulate”, or “reduce™ with respect o gene
expression means the expression of the gene, or level of RNA molecules or equivalent RNA
molecules encoding one or more proteins or protein subunits (e g, mRNA), or activity of one
or more proteins or protein subunits, is reduced below that observed in the absence of an
inhibitory factor {such as a nucleic acid molecule, e.g, an siNA, for example having
structural features as described herein); for example the expression may be reduced to 90%,
0%, T0%, 60%, 50%, 40%, 30%, 20%, 10%, 5% or less than that observed in the absence of
an inhibitor. In some embodiments of the methods and kits disclosed herein, down regulation
of the target gene results in at least a 10% decrease in neuronal cell death in 2 population of

neuronal cells as compared 1o a control population of neuronal cells.

[0054] A “double-stranded RNA inhibitor™ is a compound, which is capable of reducing the

expression of a gene or the activity of the product of such gene to an extent sufficient to
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achieve a desired biclogical or physiological effect. The term as used herein refers to one or
more of a siRNA, shRNA, and synthetic shRNA. Inhibition may also be referred to as down-

regulation or, for RNAI, silencing.

[0055] The termn "inhibit" as used herein refers to reducing the expression of a gene or the
activity of the product of such gene to an extent sufficient to achieve a desired biological or
physiotogical effect. Inhibition is cither complete or partial. For example “inhibition” of APP
gene means inbhibition of the gene expression {transcription or translation) or polypeptide
activity of one or more of the variants or an SNP {single nucleotide polymorphism) thereof.
{0056] SEQ ID NO:1 refers to Homo sapiens caspase 2, apoptosis-related cysteine peptidase
(CASP2), transcript variant |, mRNA  i320461578refINM_032982 31

(00571 SEQ ID NO:2 refers to Homo sapiens caspase 2, apoptosis-related cystcine peptidase

(CASP2), transcript variant 3. mRNA gil32046 [ 587[refINM_032983 .31

0058] SEQ ID NO:3 refers to Homo sapiens caspase 2, apoptosis-related cysteine peptidase

(CASP2), transcript variant 2, mRNA  gil33199998 ref]NM 001224 4/;

100591 SEQ 1D NO:4 vefers to Homo sapiens NADPH oxidase 3 (NOX3), mRNA
21229331997 ref]NM_015718.2;

(006071 SEQ TD NO:S refers (o Homo sapiens calpain, small subunit 1 (CAPNSL), transcript
variant 1, mENA gii51599152|ref]NM_001749.2];

[0061] SEQ 1D NO:o refers to Homo sapiens calpain, small subunit 1 {CAPNST), transeript
variant 2, mRNA g1]51559150[refNM_001003962.1];

[0062] SEQ 1D NO:7 refers to Homo sapiens ras homolog family member A (RHOA),
mBRNA gi| 50593005 ref[NM_001664.2],

{'00631 OCne aspect of the nvention includes the "neuroprotective” activity of the dsRINA
disclosed herein. The method of the invention provides for the protection from injury, death
or senescence of neurons or protects or improves neuronal function. As used herein, the term
"neuroprotection” relates to the arrest and/or slowing and/or attenuation and/or reversing
progression of neurodegeneration. As used herein, the term "neurodegeneration” means the
progressive loss of neurons. This includes, but is not limited to, immediate loss of neurons

followed by subsequent loss of connecting or adjacent neurons.
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[0064] “Neuron," "neuronal cell” “nerve cell” and "neural cell" (including newral progenitor
cells and neural stem cells) are used mterchangeably to refer to nepve cells, e, cells that are
responsible for conducting nerve impulses {rom one part of the body o another. Most neurons
consist of three distinet portions: a cell body which contains the nucleus, and two different
types of cytoplasmic processes: dendrites and axons. Dendrites, which are the receiving
portion of the nevron, are usually highly branched, thick extensions of the cell body. The axon
is typically a single long, thin process that is specialized to conducts nerve impulses away
from the cell body fo another neuron or museular or glandular tissue. Axons may have side
branches called "axon collaterals.” Axon collaterals and axons may terminate by branching
into many fine filaments called telodendria. The distal ends of telodendria are called synaptic
end bulbs or axonal ferminals, which confain synaptic vesicles that store neurotransmitters.
Axons may be surrounded by a multilayered, white, phospholipid, segmented covering called
the myelin sheath, which is formed by Schwann cells in the peripheral nervous system and
oligedendroeytes in the ceniral nervous system. Axons conlaining such a covering are
"myelinated.” Neurons mclode sensory (afferent) neurons, which transmit impulses from
receptors in the periphery to the brain and spinal cord and from lower to higher centers of the
central nervous system. A neuron can also be motor (efferent) neurons which convey
impulses from the brain and spinal cord to effectors in the periphery and from higher to lower
centers of the central nervous system. Other neurons are association {connecting or
mterneuron) newons which carry impulses from sensory neurons fo motor neurons and are
located within the central norvous system. The processes of afforent and efferent neurons
arranged into bundles are called "nerves” when located ocutside the CNS or fiber tracts if
inside the CNS,

{00651 The term “topical admunistration” or “topical application” is used to mean a local
administration of a composition, preferably to the ear canal of the subject but also optionally
to the tympanic membrane where topical administration is relevant.

100661 The term "otic™ and “aurieular” are used herein interchangeably and generally refer to
tissue in and/or around an car, including the outer ear, the middle ear and the inner ear.

{00671 The term “ear canal” or “external auditory meatus™ 1s used to mean a tube running

from the outer ear to the middle ear
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(0068] The “tympanic membrane” (also tympanum or myrinx) refers to the thin membrane

that separates the external car from the middle ear.

{0069] Terms such as “pharmaceutical composition”™ or “otic pharmaceutical composition™ or
i - . . - o 27 8, : i M 1 i1 M

ocular pharmaceutical composition” “pharmaceutical formulation™ or “pharmaceutical
preparation” are used herein interchangesbly to generally refer to formulations that are

adapted to administration and delivery of one or more oligenucleotide active compounds to

the ear, specifically to the tissuc of the inner ear in an animal or a human,

{00701 “Freatment," "treat,” or Mreating,” as used herein covers any treatment of a disease or
condition of a mammal, particularly a human, and includes: (a) preventing the disease or
condition from oceuring in a subject which may be predisposed to the disease or condition
but has not yet been diagnosed as having it; (b) inhibiting the disease or condition, i.e.,
attenuating or amresting or slowing down or postponing its development or progression; {¢)
relieving and/or ameliorating the disease or condition, i.c., causing regression of the disease
or condition and/or the symptoms thereof; or (d) curing the disease or condition, i.e., stopping
its development or progression. The population of subjects treated by the methods of the
invention inchides subjects suffering from the undesirable condition or disease, as well as

subjects at risk for development of the condstion or disease.

[O071] As used herein, the term "pharmaceutically acceptable” means that the components, in
addition to the therapeutic agent, comprising the formulation, are suitable for administration

the patient/subject bein

]

i treated in accordance with the prosent invention,

Je

[0072] A "penetration enhancer™ or "permeability enhancer” refers to a compound or a
combination of compounds that enhance the penclration of a therapeutic oligonucieotide

through the tympanic membrane in the ear of an animal or a human.

[0073] As used herein, the term "tssue” refers to an aggregation of simitarly specialized cells

united 11 the performance of a particular function.

(00741 As used hercin, the terms “polynucleotide” and “nucleic acid” may be used
interchangeably and refer to aucleotide sequences comprising deoxyribonucleic acid (DNA),
and ribonucleic acid {RNA). The terms are to be understood to ineclude, as equivalents,
analogs of etther BNA or DNA made from nucleotide analogs. Throughout this apolication,

mRNA sequences are set forth as representing the corresponding genes.
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[0075] “Oligonucleotide™  and “oligomer’“ arc used interchangeably and refer to a
deoxyribonucieotide or ribonucieotide sequence from about 2 to about 50 nucleotides. Each
DNA or RNA nucleotide may be independently natural or synthetic, and or modified or
unmodified. Modifications mclude changes 1o the sugar moiety, the bage moicty and ot the
linkages between nucleotides in the oligonucleotide, The compounds of the present invention
encompass  molecules  comprising  deoxyribonucieotides,  ribonucleotides, modified
deoxyribonucleotides, modified ribonucleotides, unconventional moietics and combinations
thereol. Oligenucleotide Is meant to encompass single stranded molecules including antisense
and shRNA, and double-stranded molecules including double-stranded RINA (dsRNA), siNA,

SIRMA and miRMNA.

{0076] Substantially complementary refers to complementarity of greater than about 84%, to
ancther sequence. For example in a duplex region consisting of 19 base pairs one mismatch
results in 94.7% complerentarity, two mismatches results in about 89.5% complementarity
and 3 mismatches results n about 84.2% complementarity, rendering the duplex reglon
substantially complementary. Accordingly substantially identical refors to identity of greater
than about 84%, to another sequence. In some preferred embodiments, the sense strand and
the antisense strand arve fully complementary (100%). In some embodiments, the antisense
strandd s fully complementary (100%) 1o the target mRNA. In some cmbodiments, the sense
antisense strand comprises a mismateh to the target mRNA. For example, an antisense strand
with an A, C or O in the frst position of the antisense strand 18 generated with a “U” in the
first position (57), thereby generating a mismatch between the antisense strand and the target

mENA.

100771 “Nucleotide™ s meant to encormpass deoxyribonucleotides and ribonucleotides, which
may be natural or synthetic, and or modified or unmodified. Modifications inciude changes to
the sugar moilety, the base moicty and or the linkages between ribonucleotides in the

9

oligortbonucleotide.  As used herein, the term “ribonucleotide” encompasses natural and
synthetic, unmeodified and modified riboruclectides, Modifications include changes to the
sugar molety, to the base moiely and/ or to the linkages between ribonucleotides m the

oligonueieotide.
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[G075] The nucleotides can be sclected from naturally oceurring or synthetic modified bases.
Naturally cccurring bases include adenine, guanine, cytosine, thymine and uracil. Medified
bases of nucleotides nclode inosine, xanthine, hypoxanthine, 2- aminoadenine, 6-methyl, 2-
propyl and other alkyl adenines, 5-halo wracil, 5-halo cytosine, 6-aza cytosine and é-aza
thvmine, pseudo uracil, 4- thiouracil, 8-halo adenine, 8-aminoadenine, 3-thiol adenine, 8-
thiclalkyl adenines, 8-hydroxy! adenine and other 8-substituted adenines, 8-halo guanines, 8-
amino guanine, 8-thiol goanine, 8-thioaiky! guanines, 8- hydroxy! guanine and other
subsiitufed guanines, other aza and deaza adenines, other aza and deaza guanines, 5-
trifluoromethyl wracil and 5- triflooro cviosine. In some embodiments one or more

nucleotides in an oligomer 18 substituted with inosime.

[0079] In some embodiments of the present invention the inhibitory oligonucleotide
compournd comprises wumodified and modified nocleotides and/or unconventional moietics.
The compound comprises af least one modificd nucleotide selected from the group consisting
of a sugar modification, a base modification and an internucieofide linkage modification and
may contain DNA, and modified nuclectides such as LNA {(locked nucleic acid), ENA
{ethylene-bridged  nucleic  acid), PNA  (peptide  nucleic  acid),  arabinoside,
phosphonocarboxylate or phosphinccarboxylate nucleotide (PACE nucleotide), mirror

nucicotide, or nucleotides with a 6 carbon sugar.

[O0B0] All analogs of, or modifications to, a nucleotide / oligonucleotide are employed with
the present invention, provided that said analog or modification does not substantially
adversely affect the function of the nucleotide / oligonuecleotide, Acceptable modifications
include modifications of the sugar moiety, modifications of the base moiety, modifications in

the internucieotide linkages and combinations thereof.

[0G811 A sugar modification includes a modification on the 27 moiety of the sugar residue and
encompasses amine, fluoro, alkoxy c¢.g. methoxy, alkyl, amino, ffuoro, chioro, bromo, CN,
CF, imidazole, carboxylate, thioate, C) to Ty lower alkyl, substituted lower alkyl, alkaryl or
aralkyl, OCFy, OCN; G-, 8-, or N- atkyl; O-, 8, or N-alkenyl; SOCHz; SO.CH;; ONOs NOs,
Na; heterocyeloalkyl; heterocyeloalkaryl; aminoalkylamine; polyalkylamino or substituted

silyl, as, among others, described in Buropean patents EP 05386 52081 or BEP 0 618 925 B,

16
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[0082} in one embodiment the double-stranded RNA compound comprises at least one

{.cr‘ °

nbonucleotide comprising a 27 modification on the sugar moicty (“2” sugar modificaiion™), In
certain embodiments the compound comprises 2°C-alkyl or 27-tlaoro or 2°0-allyl or any other
27 modification, optionally on alternate positions, Other stabilizing modifications are also
possible {e.g. terminal modifications). In some embodiments a prefemred 2°0-atkyl is 2°0-

methyl {methoxy) sugar modification,

[0083] In some embodiments the backbone of the oligomucieotides is modified and comprises
phosphate-1D-ribose entities but may also contain thiophosphate-D-ribose entities, fricster,

thiopate, 2°-5° bridged backbone (also may be referred to as 5727, PACE and the like.

{0084] As used herein, the terms “non-pairing nucleotide analog™ means a nucleotide analog
which cormprises a non-bage pairing molety including but not limited to: 6 des amino
adenosine (Nebularine), 4-Me-indole, 3-nitropyrrele, S-nitroindele, Ds, Pa, N3-Me ribo U,
N3-Me riboT, N3-Me dC, N3-Me-dT, Ni-Me-dG, Ni-Me-dA, N3-cthyl-dC, N3-Me dC. in
some embodiments the non-base pairing nucleotide analog is a ribonucicotide. In other
embodiments it 1s a deoxyribonucleotide. In addition, analogues of polvnucleotides may be
prepared wherein the structure of one or more auclectide is fundamentally altered and better
suited as therapeutic or experimental reagents, An example of a nucleotide analogue is a
peptide mucleic acid (PNAY wherein the deoxyribose {(or mibose) phosphate backbone in DNA
{or RINA) 1s replaced with a polyamide backbone which is similar to that found in peptides.
PNA analogues have been shown fo be resistant to enzymatic degradation and to have
cnhanced stability in vive and in wvitro, Other modifications useful in synthesizing
oligonucleotides  inchude polymer backbones, eoyelic backbones, acyclic backbones,
thiophosphate-D-ribose  backbones, (riester backbones, thioate backbones, 27-5" linked
backbone {also known as 2757 nucleotides, or 2757 ribonucicotides [with 3°OH]), artificial
nuclete acids, morpholino nucleic acids, glycol nucleic acid {GNA), threose nucleic acid
(THA), arabinoside, and mirror nucleoside {for example, beta-L-deoxyribonucleoside insicad
of beta-D-deoxyribonucleoside)., Examples of siRNA  compounds comprising LNA

nucieotides are disclosed n Elmen et al, (NAR 2005, 33(11:439-447).
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[0085] In some embodiments the double-stranded RNA compounds are synthesized using one
or more mnverted nucleotides, for example inverted thymidine or inverted adenine (see, for

example, Takel, et al,, 2002, JBC 277(26):23800-06).

{00861 Other modifications include terminal modifications on the 57 andfor 37 part of the
oligonucleotides and are also known as capping moietics. Such terminal modifications are
sefected from a nucleotide, a modified nucleotide, a lipid, a peptide, a sugar and nverted

abasic moiety.

[0087] What 13 sometimes referred fo in the present invention as an "abasic nucleotide™ or
I LT § R T . - e B O RS . . g

abasic nucleotide analog" is more properly referred to as a pseudo-nucleotide or an
unconventional motety. A nucleotide is 2 monomeric unit of nucleic acid, consisting of a
ribose or deoxyribose sugar, a phosphate, and 2 base (adenine, guanineg, thyming, or cyfosing
in DNA; adenine, guanine, uracil, or cytosine in RNAY, A modified nucleotide comprises a
modification in one or more of the sugar, phosphate and or base. The abasic psendo-

nucleotide lacks a base, and thus is not strictly a nucleotide.

[OO8E] The term “capping moiety” as used herein (% 27 ™) includes abasic ribose moiety,
abasic deoxyribose moiety, modified abasic ribose and abasic deoxyribose moieties including
2 O alkyl modifications; inverted abagsic ribose and abasic deoxyribose moieties and
modifications thereof, Co-imino-Pi; a mirror nucleotide inchuding L-DNA and L-RNA; 5°0-
Me nucleotide; and nucleotide anzlogs mclading 4 5-methylene nucleotide; 1-(B-D-
erythrofuranosylmuclectide;  4-thio  nucleotide, carbocyclic nucleotide;  S-amino-alioyl
phosphate;  1,3-diamino-2-propyl  phosphate, 3-aminopropyl  phosphate;  G-aminchexy!
phosphate;  12-aminododecyl phosphate;  hydroxypropyl phosphate; 1 5-anhvdrohexitol
nucleotide; aipha~nucleotide; threo-pentofuranosyl nucleotide; acyclic 3" 4'-seco nucleotide;
3 A-dihydroxybutyl nucleotide; 3,5-dihydroxypenty] nucleotide, 5-5-inverted abasic moiety;
1, 4-butanediol phosphate; 5-amino; and bridging or non bridging methyiphosphonate and 5'-

mercapio moieties,

10089 Certain preferred capping moietics are abasic ribose or abasic deoxyribose moieties;
inverted abasic ribose or abasic deoxyribose moieties; CH-amino-Pi; a mirror nucleotide
including L-DNA and L-BRNA, Another preferred capping molety is a C3 non-nuclectide

moiety derived from propanediol
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[0090] The term “unconventional molety” as used herein refers to abasic ribose moiety, an
apasic deoxyribose motety, a deoxyribonucleotide, a modified deoxyribonucleotide, a mirror
nucleotide, a non-base pairing nucleotide analog and a nucleotide linked to an adjacent
nucieotide by a 2°-57 internucleotide phosphate bond: bridged nucleic acids including LINA

and ethylene bridged nucleic acids,

10091} In some embodiments of the present invention a preferred unconventional moiety 1s an
abasic ribose moiety, an abasic deoxyribose moiety, a deoxyribonucleotide, a mirror
nucleotide, and a nuclectide linked to an adjacent nucleotide by a 2°-5" internucleotide

phosphate bond.

10091) Abasic deoxyribose moiely includes for example asbasic deoxyribose-3 -phosphate;
i, 2~dideoxy-D-ribofaranose-3-phosphate; 1 4-anhydro-2-deoxy-D-ribitol-3-phosphate.
Inverted abasic deoxyribose moiety includes inverted deoxyribosbasic; 37, 57 inverted

N

deoxyabasic 57 -phosphate.

[0093] A “mirror nucleotide” 18 a nucleotide with reversed chirality to the naturally occurring
or commonly emploved nucleotide, e, a miror image (L-nucleotide) of the naturally
cccurring {(D-nucleotide), also referred to as L-RNA in the case of a mirror ribonucleotide,
and “spiegelmer”. The nucleotide can be a ribonucleotide or a deoxyribonucieotide and my
further comprise at least one sugar, base and or backbone modification. See US Patent No.
6,586,238, Also, US Patent No. 6,602,858 discloses nucleic acid catalysts comprising at least
one L-nucleotide substitution. Mirror nucleotide mcludes for exmmple L-DNA {(L-
deoxyriboadenosine-3"-phosphate  (mirror  dA); L-deoxyribocytidine-3"-phosphate  {(mirror
dCy; L-deoxyriboguanosine-3’-phosphate {(mirror d(z); L-deoxyribothymidine-3 -phosphate
{mirror image d1¥) and L-RNA (L-riboadenosine-3"-phosphate (mirror rA), L-ribocytidine-
3l-phosphate  (mirror tC);  L-riboguanosine-3 -phosphate  (mirror rG); Le-ribouracil-3’-

phosphate (mirror ri).

[G0947 Modified deoxymbonucleotide includes, for cxample 5'0OMe DNA  (S5-methyl-
deoxyriboguanosine-3'-phosphate} which may be useful as a nucleotide in the 5 ferminal
position  {position number 1); PACE  (deoxyriboadenine 3" phosphonoacctate,
deoxyriboeytidine 3" phosphonoacetate,  deoxyriboguanosine 3" phosphonoacetate,

deoxyribothymudine 3’ phosphonoacetate).

o
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(00951 Bridged nucleic acids include LNA (20, 4'-C-methylene bridged Nucleic Acid
adenosine 3" monophosphate, 2-0,4-C-methylene bridged Nucleie Acid S5-methyl-cytidine 3
monophosphate, 2'-0 4'-C-methylene bridged Nucleic Acid guanosine 3' monophosphate, 5-
methyl-uridine (or thymidineg) 3' monophosphate); and ENA (2-04-C-cthylene bridged
Nuoeleic Acid adenosine 3’ monophosphate, 2-0,4-C-ethylene bridged Nucleic Acid 5-
methyl-cytidine 3' monophosphate, 2'-0.4'-C-cthylene bridged Nucleic Acid guanosine 3'
monophosphate, 5-methyl-uridine (or thymidine) 3' monophosphate). According fo one aspect
the present invention provides mhibitory oligonucleotide compounds comprising unmodified
and modificd nucleotides. The compound comprises at {east ene modified nucleotide selected
from the group consisting of a sugar modification, a base modification and an internucleotide
linkage modification and may contain DNA, and modified nucleotides such as LNA (locked
mucleic acid) ineluding ENA {cthylenc-bridged nucleic acid; PNA (peptide nucleic acid);
arabinoside; PACE  (phosphonoacetate and  derivatives thereof), mirror nucleotide, or

nucleotides wilh & six-carbon sugar.

[0096] Any of the modifications disclosed herein can be emploved in the preparation of the
oligonucleotides which are incorporated into the compositions of the present {nvention.
Preferred modification schemes are disclosed, for examples, in PCT Publication Nos. WO
2006/023544, WO 2010/048352, WO2009/116037, WO 2009/147684, WO 201 1/066475,

WO 2011/084163, all assigned fo the agsignee of the Instant invention.

[0097] Exemplary nucleic acid sequence of Caspase2 (human CASP2) mRNA are set forth in
Figures A-1C, for example as listed as SEQ 1D NO: -3, One of ordinary skill in the art
would understand that a given sequence may change over time and to incorporate any changes
needed in the nocleic acid molecules herem accordingly., The metheds disclosed herein
further encompass the use of dsRNA molecules that down regualate expression of NOX3,

CAPNSI (Calpain 51) and RHOA.

RIMA Interference and siNA Nucleic Acid Molecules

100981 RNA mterference refers to the process of sequence-specific post-transcriptional gene
silencing 1n animals mediated by short interfering RNAs (siRNAs) (Zamore et al, 2000, Cell,
10%, 25-33; Fire et al., 1998, Nature, 391, 806; Hamilton ot al., 1999, Science, 286, 9530-951;
Lin et al, 1999, Nature, 402, 128-129; Sharp, 1999, Genes & Dev., 13:139-141; and Strauss,
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1999, Science, 286, 8803, The corresponding process in plants (Heifetz et al., International
PCT Publication No. WO 99/61631) is often referred to as post-transeriptional gene silencing
(PTGS) or RNA silencing. The process of post-transcriptional gene silencing 1s thought to be
an evolutionarily-conserved celiular defense mechanism used to prevent the expression of
foreign genes (Fire et al., 1999, Tronds Genet., 15, 358). Such protection from foreign gene
expression may have evoived in response to the production of double-stranded RNAs
(dsRMNAs)Y derived from viral infection or from the random integration of transposon clements
mto a anost genome via a cellular response that specifically destroys homologous single-
stranded RNA or viral genomic RNA. The presence of dsBNA in cells triggers the RNAI
response through a mechanism that has yet to be fully characterized. This mechanism appears
to be different from other known mechanisms fnvolving double-stranded RNA-specific
riborucleases, such as the interferon response that results from dsRNA-mediated activation of
protein kinase PKR and 2'5"-oligoadenyiate synthetase resalting in non-specific cleavage of
mRMNA by nbongclease 1 (see for example U.S, Pat. Nos. 6,107.094: 5 898,031; Clemens et
al., 1997, . Interferon & Cytokine Res., 17, 503-524; Adah et al., 2001, Carr. Med. Chem., 8
189).

H00991 The presence of long dsRNAs in cells stimulates the activity of & ribonuclease TI
enzyme referred fo as dicer (Bass, 2000, Cell, 101, 235: Zamore et al., 2000, Cell, 101, 25-33;
Hammond et al,, 2000, Nature, 404, 293). Dicer i involved in the processing of the dsRINA
nto short picces of dsRMNA konown as short mterfering RNAs (siIRNAs) (Zamore ef al, 2000,
Cell, 101, 25-33; Bass, 2000, Celi, 101, 235; Berstein et al., 2001, Mature, 409, 3633, Short
interfering RNAg derived from dicer activity are typically about 21 to about 23 nucleotides in
length and include about 19 base pair duplexes (Zamore et al., 2000, Cell, 101, 25-33;
Fibashir et al., 2001, Genes Dev., 15, 188). Dicer has also been implicated in fhe excision of
21- and 2Z2-nvcleotide small teroporal RNAs {stRNAS) from precursor RNA of conserved
structure that are implicated in translational control (Eafvagner et al, 2001, Science, 293,
834), The RNAI response also features an endonuclease complex, commonly referred to as an
RNA-induced silencing complex (RISC), which mediates cleavage of single-stranded RNA
having scquence complementary to the antisense strand of the siRNA duplex. Cleavage of the
target RNA takes place in the middle of the region complementary to the antisense strand of

the sIRNA duplex {(Elbashir et al., 2001, Genes Dév., 15, 188).

23



Lo

LA

LA

WO 2013/867076 POESUSZIOIZ/062894

[00100] RMNAT has been studied in a variety of systems. Fire et al., (1998, Nature, 391,
3063 were the first to observe RNAI in C. elegans. Bahramian and Zarbl, (1999, Molecular
and Celluiar Biology, 19, 274-283) and Wianny and Goetz, {1999, Nature Cell Biol,, 2, 70
deseribe RINAG mediated by dsRINA 1n mammalian systems. Hammond et al., (2000, Nature,
404, 2933 describe BINAL in Drosophila cells transfected with dsRINA. Elbashir et al,, {2001,
Mature, 411, 494) and Tuschl et al., (PCT Publication No. WO 01/75164) describe RNAG
induced by mniroduction of duplexes of synthetic 21-nucleotide RNAs in cultured mammalian
cells inelnding human embryonic kidney and Hela cells. Studics in Drosophila embryonic
lysates (Elbashir et al, 2001, EMBOG J, 20, 6877} and Tuschl et al., (PCT Publication No.
WO 01/75164) has revealed certain requivements for siRNA length, structure, chemical

composition, and sequence that are cssential to mediate efficient RNAI activity.

100101 Nucleic acid molecules (for example having structural features as disclosed
hereiny may whibit or down regulate gene expression or viral replication by mediating RNA
interference “RINAG” or gene silencing in a sequence-specific manner; see e.g., Zamore ef al,,
2000, Celi, 105, 25-33; Bass, 2001, Nature, 411, 428-429; Elbashir et al., 2001, Nature, 411,
494498 and Kreutzer et al, PCT Publication No. WO 00/44895; Zernicka-Goetz et al.,
POT Poblication No. WO 01/36646; Fie, PCT Publication Mo, WO 99/32619; Plaetingk ef
. PUT Publication No. WO 00/01846; Melio and Fire, PCT Publication MNo. WO
01/29058; Deschamns-Depaillette, PCT Publication No. WO 99/07409; and Li et al,, PCT
Pubfication No. WO 00/44914; Allshire, 2002, Science, 297, 1818-1819; Voipe et al., 2002,
Science, 297, T833-1837; Jenuweln, 20072, Science, 297, 2215-2218; and Hall et al., 2002,
Scienoej 297, 22322237, Hutvagner and Zamore, 2002, Science, 297, 2056-60; MceManus et
L2002, RNA, B, 842-850; Reinhart et al ) 2002, Gene & Dev., 16, 1616-1626; and Reinhart
S Bariel, 2002, Science, 297, 1831},

al.

[00102] An siNA nucleic acid molecule can be assembled from two separate
polynucieotide strands, where one strand 1s the sense strand and the other is the anfisense
strand in which the antisense and sense strands are self-complementary (ie. each strand
meludes nucleotide sequence that is complementary to nucleotide sequence in the other
strand); such as where the antisense strand and sense strand form a duplex or double-stranded
structure having any length and structure as described herein for nucleic acid molecules as

provided, for example wherein the double-stranded region {dunlex region) is about 15 to

24
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about 49 {e.p., 15,16, 17, 18, 19,20, 21, 22, 23,24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, or 49 base pairs); the antisense strand
includes nucieotide sequence that 18 complementary to nucleotide sequence in a target nucleie
acid molecule {ie, mRNAY or a portion thereof and the sense strand includes nucleotide
sequence corresponding to the target nucleic acid sequence or a portion thereof (¢ g, about 17
o about 49 or more nucleotides of the nucleic acid molecules herein are complementary fo

the target nucleie acid or a portioa thercof).

[00103] In certain aspects and embodiments a nucleic acid molecule {c.g., a s3iNA

molecule) provided herein may be a “RISC length” molecule or may be a Dicer substrate as

deseribed in more detail below. Longer molecules such as pre-miRNA can also work in RISC,
[GO104] A siNA nueleic acid molecule may nclude separate sense and antisense

sequences or regions, where the sense and antisense regions are covalently linked by

seleotide or non-nucleotide linkers molecules as is known o the art, or are alfernately non-
covalently linked by ionic interactions, hydrogen bonding, van der Waals interactions,
hydrophobic interactions, and/or stacking interactions. Mucleic acid molecules may include a
nucicotide sequence that 1s complercentary to nucleotide scquence of & target gene. Nucleic
acid molecules may interact with nucleotide sequence of a target gone in a manner that causes

inhibition of expression of the target gene.

[O0105] A.}_tﬁ:'z'natively, a siNA nucleie acld molecule Is assembled from a single
polvoucleotide, where the self-complementary sense and antisense regions of the nucleic acid
molecules are linked by means of a nucleie acid based or non-nucleic acid-based linker(s),
i.c., the antisense strand and the sense strand are part of one single polynucteotide that having
an antisense reglon and sense region that fold to form a duplex region (for example to form 2
“hairpin” structure as 1s well known mn the art). Such siNA mucleic acid molecules can be a
poivnucieotide with a dupiex, asymmetric duplex, hairpin or asymmetric hairpin secondary
striucture, having scif-complementary sense and antisense regions, wherein the antisense
region inclades nucleotide scquence that s complementary to nucleotide sequence in a
separate farget nucleic acid molecule or a portion thereof and the sense region having
nucleotide sequence corresponding fo the tarpet nucleic acid sequence (e.g., o sequence of

mRNAY. Such siNA puclele acid molecules can be a circular single-stranded polynucleotide
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having two or moere loop structures and a stem comprising seif-complementary sense and
antisense regions, whereln the anfisense region includes nucleotide sequence that 1s
complementary to nucleotide sequence in a target nucleic acid molecule or a portion thereofl
and the sense region having nucleotide sequence corresponding to the target nucleic acid
sequence or a portion thereof, and wherein the circular polynucleotide can be processed cither

in vivo or in vitro to generate an active nucleic acid molecule capable of mediating RINAL

(001061 The following nomenclature is often used in the art fo describe lengths and
overhangs of siNA moleciles and may be used throughout the specification and Examples.
Names given to duplexes indicate the length of the oligomers and the presence or absence of
overhangs. Forexample, a “21+2” quplex containg two nucleie acid strands both of which are
21 nucleotides in length, also termed a 21-mer sIRNA duplex or a 21-mer nucleic acid and
having a 2 nuclectides 3°-overhang. A “21-27 design refers to a 21-mer nucleic acid duplex
with a 2 nucleotides 5’-overhang. A 21-0 design is a 21-mer nucleic acid duplex with no
overhangs (blunty, A “214+2UU7 s a 21-mer duplex with 2- nucleotides 37-overhang and the
terminal 2 nueleotides at the 37-ends are both U restdues {(which may result in muismateh with
target sequence). The aforementioned nomenclature can be applicd to siNA molecules of
various lengths of strands, duplexes and overhangs {(such as 19-0, 2142, 27+2, and the like).
In an alternative but similar nomenclature, a “25/277 18 an asymmeiric duplex having a 25
)

base sense strand and a 27 base antisense strand with a 2- nucleotides 37-overhang., A

F27/257 15 an asymmetric duplex having a 27 base sense strand and a 25 base antisense strand.

Chemical Modifications

(00107} in cerfain aspects and embodiments, nucleic acid molecules {e.g., dsRNA
mcluding siNA molecules) as provided herein include one or more modifications {or chemical
modifications), inchading the presence of one or more unconventional moieties. In certain
embodiments, such modifications include any changes fo a nucleic acid molecule or
polynucleotide that would make the molecule different than a standard ribonucleotide or RNA
wolecule (ie., that includes standard adenine, cytosine, uracil, or guanine moicties); which
may be referred to as an “unmodified” ribonucieotide or unmodified ribonucleic acid,
Traditional DINA bases and polynucicotides having a 2"-deoxy sugar represented by adenine,

cytosine, thymine, or guaning moigties may be referred to as an  “unmodified
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deoxynbonucleotide” or “unmodified deoxyribonucleic acid”; accordingly, the term
“unmodified nueleotide” or “unmodified nucleic acid” as used herein refers to an “unmodified
ribonuclectide” or “unmodified ribonucleic acid™ vnless there is a clear indication to the
contrary,  Such modifications can be in the nucleotide sugar, nucleotide base, nucleotide
phosphate group, and/or the phosphate backbone of a polynucleotide and inchude enantiomers

of RINA and DINA.

FO0108] In certain embodiments modifications as disclosed herein may be used to
merease RINATL activity of a molecule and/or to increase the in vivo stability of the molecules,
particularly the stability in scrum, and/or to increase bicavailability of the molecules. Non-
fimiting  examples of modifications include without limitation Internuclectide or
internucleoside linkages; deoxyribonucleotides or dideoxyribonucleotides at any position and
strand of the nucieic acid molecule; nuclete acid {e.g., ribonucleic acid) with a modification at
the 27-position preferably selected from an amino, fluoro, methoxy, alkoxy and atkyl, 2°-
deoxyribonucleotides, 27-O-methyl  ribonucleotides, 27-deoxy-2"-fluore  ribonucleotides,
“universal base” nucleotides, “acyelic” nucleotides, 5-C-methyl nucleotides, biotin group, and
terminal glyceryl and/or inverted deoxy abasic residue incorporation, sterically hindered
molecules, such as finorescent molecules and the like, Other nucleotides modifiers could

include 3 -deoxyadenosine  (cordycepin}, 37-azido-3"-deoxythymiding (AZT), 27.37-

dideoxyinosing  (ddl),  27,37-dideoxy-3"-thiacytidine  (3TC),  2°.3 -didehydro-2" 37~

dideoxythymidi- ne {447y and the mownophosphate nucleotides of 37-azido-3"-deoxvthymidine
(AT, 273 -dideoxy-3"-thiacytidine (3TC) and 27,3 -didehydro-27 3 -dide-oxyihymidine

{d47}. Fuorther details on various modifications are described in more detail below,

H00109] Modified nucieotides include those having a Northern conformation (e.g.,
Northern pseudorotation cyele, see for example Sacnger, Principles of Nucleie Acid Structure,
Springer-Verlag ed.,, 19843 Non-limiting examples of nucleotides having a northern
configuration inchude locked nucieic acid (LNA) nucleotides {e.g., 27-0, 4’-C-methylene-(D-
ribofuranosyl) nucieotides); 2 -methoxyethoxy (MOE)Y nucleotides; 27-methyi-thio-ethyl, 2°-
deoxy-2’-fluoro nucleotides, 27 -deoxy-2"-chloro nucleotides, 27-azido nucleotides, and 2°-0O-
methyl nucleotides. Locked nucleic acids, or LINAs are described, for exampie, in Elman et
al., 2005; Kurreck et al., 2002; Crinelli et ai.,' 2002; Braasch and Corey, 2001; Bondensgaard

et al., 2000; Wahlestedt et al, 2000; and Patent Publication Nos. WO 00/475%9, WO

27
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99/14226, and WO 98/39352 and WO 2004/383430. In one embodiment, an LMNA is

incorporated at the 57 terminus of the sense sirand.

[G0110] Chemical modifications also include unlocked nucleic acids, or UNAs, which
arc non-nucieotide, acyclic analogues, in which the C27-C3” bond is not present {although
UNAs are not truly nucleotides, they are expressly included in the scope of “modified”
aucleofides or modified nueleic acids as contemplated herein). In particalar embodiments,
nucleie acid molecules with an overhang may be modified to have UNAs at the overhang
postitons {(L.e., 2 nuclectide overhand}. In other embodiments, UNAs are included at the 37-
or 57- ends. A UNA may be located anywhere along a nucleic acid strand, i.e. at position 7.
Nucleie acid molecules may contain one or more than UNA. Exemplary UNAs are disclosed
in Nucleie Acids Svmposium Series No. 52 p. 133-134 {2008). In certain embodiments a
nucicic acid molecule {e.g., 2 iNA molecule) ag described herein include one or more UNAs;
or one UNA, In some embodiments, a nucleic acid molecule {c.g., a siNA molecule} as
described herein that has a 37-overhang include one or two UUNAS in the 37 overhang. In some
embodiments a nucleie acid molecule (e.g., a siNA molecule) as described herein includes a
UNA {for example one UNA) in the antisense sirand; for example in position 6 or position 7
of the antisense strand. Cherical modifications also include non-pairing nucleotide analogs,
for example as disclosed herein.  Chemical modifications further include unconventional

moietios as disclosed hersin,

(00111 Chemical modifications also include terminal modifications on the 5° and/or 3°
part of the oligomucleotides and arc also known as capping moieties, Such terminal
modifications are selected from a nucleotide, a modified nucleotide, 2 lipid, a peptide, and a

sigar,

[o61121 Chemical modifications also inciude six membered “six membered ring
nucleotide analogs.” Examples of six-mewmbered ring nucleotide analogs are disclosed in
Allart, et al (Nucleosides & MNucleotides, 1998, 17:1523-1526,; and Perez-Perez, et al., 1996,
Bicorg. and Medicinal Chem Letters 6:1457-1460% Oligonucleotides including 6-membered
ring nucicotide analogs ncluding hexitol and altritol nucleotide monomers are disclosed in

patent application publication No. WO 2006/047842.

2
o
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[00113] Chemical modifications also include “mirror” nucleotides, which have a
reversed chirality as compared to normal naturally occurring nucleotide; that is a mirror
nucleotide may be an “L-nucieotide” analogue of naturally occurring D-nucleotide {(see US
Patent No. 6,002,858).  Mirror nucleotides may forther mclude at least one sugar or base
modification and/or a backbone modification, for example, as described herein, such as a
phosphorothioate or phosphonate moiety. US Pateat No. 6,602,858 discloses nucleic acid
catalysts including at least one L-nucleotide substitution. Mirror nucleotides include for
example L-DNA {L-deoxyriboadenosine-3"-phosphate (mirror dA); L-deoxvribocytidine-3’-
phosphate  (mirror  dCY,  L-deoxyriboguanosine-3'-phosphate (mirror  dGY -
deoxyribothymidine-3"-phosphate  {(mirror image d'1)) and L-RNA (L-rihoadenosine-3°-
phosphate  (mirror rA);  L-riboceytidine-3"-phosphate  (mitror rC);  L-riboguanosine-3-

phosphate {mirror 133}, L-ribouracil-3’-phosphate (mirror dU).

3 i4] In some  embodiments, modified ribonucleotides include modified
deoxyribonucleotides,  for  example 5'0Me DNA  {(5-methyl-deoxyriboguanosine-3'-
phosphate) which may be useful as a nucleotide in the 57 terminal position (position number
1) PACE (deoxyniboadenine 3' phosphonoacetate, deoxyriboeytidine 3' phosphoneoacetate,

deoxyriboguanosine 3’ phosphonoacetate, deoxyribothymidine 3' phosphonoacetate,

00115] Modifications may be present in one or more strands of a nucleic acid
B e i {ige,] \..\d‘ e s g ?-'5 > o o b d ﬂ . 1\ e atrs d E i,h strar 'i'w I

motecuie disclosed herein, e.g., in the sense strand, the antisense strand, or both strands. In
certain embodiments, the antisense sirand may inchide modifications and the sense strand my

only inciude unmodified RNA.
Mugleobasey

[oo116] Nucleobases of the nueleic acid disclosed herein may include unmodified
ribonucleotides (purines and pyrimidines) such as adenine, guanine, cytosine, uridine. The
nucleobases in one or both strands can be modificd with natgral and synthetic nucleobases
such as thymine, xanthine, hypoxanthine, inosine, 2-aminoadenine, 6-methyl and other alky?
dertvatives of adenine and guanine, any “universal base” nucleotides; Z-propyl and other
alkyl derivatives of adenine and guanine, 5-halovracil and cytosine, 5-propyny! uracil and
cytosine, 6-azo uracitl, cytosing and thymine, 5-uracil (pseudouracily, 4-thiouracil, 8-halo,

amino, thiol, thicalkyl, hydroxyl and other S-subsfituted adenines and guanines, 5-
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triflgoromethyl and other S-gubstituted uracils and cytosines, 7-methylguanine, deazapurines,
heterocyclic substifuted analogs of purines and pyrimidines, e.g., aminoethyoxy phenoxazine,
derivatives of purines and pyrimidines {e.g., I-alkyl-, l-alkenyl-, heteroaromatic- and I-
alkynyl derivatives} and tautomess thereof, 8-oxo-N°-methyladenine, 7-diazaxanthine, 5-
methyleytosine, S-methyloracil, 5-(T-propynyluracil, 5-(1-propyayl) cytosine and 4.4
sthanocytosine). Other examples of suitable bases include non-purinyl and non-pyrimidinyl

basges such as 2Z-aminopyridine and triazines,
Sugar moicties

(001171 Sugar moietics 10 nucleic acid disclosed herein may include 2°-hydroxyl-
pentofuranosyl sugar moiety without any modification. Alternatively, sugar moicties can be
modified such as, 2’-deoxy-pentofirancsyl sugar moicty, D-ribose, hexose, modification at
the 27 position of the pentofuranosyl sugar moiety such as 27-O-alkyl (including 2°-O-methyi
and 27-O-cthyly, 1o, 27-alkoxy, 27-amino, 27-O-allyl, 2°-8-alkyl, 2’-halogen (including 2°-

2.

fluoro, chilore, and brome), 27-methoxyethoxy, 27-O-methoxvethyl, 27-0-2-methoxyethyi,

carboxylate, thioate, ) to Uy lower alkyl, substituted lower alkyvl, alkaryl or aratiyl, OCH;,

OCN, O-, 8-, or N- alkyl; O-, 5, or Nealkenyl; SOCHs; SO,CH: ONGq NO,, Ni;
heterozyeloalkyl, heterozycloatkaryl, ammealkylamino; polyalkylamine or substituted silvl,
as, ainong others, for example as described in European patents EP § 586 520 B1 or EP § 618

925 Bl

(00118} Alkyl group includes satnrated aliphatic groups, including straight-chain alkyl
groups (e.g., methyl, ethyl, propyl, butyl, pentyl, hexvl, heptyl, octyl, nonyl, decyl, etc.),
branched-chain alkyl groups (sopropyl, tert-butyl, isobutyl, etc)), cyeloalkyl {alicyclic)
aroups {cyclopropyl, cyelopentyl, evclohexyl, ovcloheptvl, cyclooctyl), alkyl substitited
cycloalkyl groups, and cycloalkyl substituted alky! groups. In certain embodiments, a straight
chain or branched chain alkyl has 6 or fower carbon atoms in its backbone (e.g., C-Cy for
straight chain, Cs-Cs for branched chain), and more preferably 4 or fewer.  Likewise,

preferred cyeloalkyls may have from 3-8 carbon atoms in their ring sfructure, and more

containing 1 10 6 carbon atoms. The alkyl group can be substituted alky] group such as alky]
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moicties having substituents replacing & hvdrogen on one or more carbons of the hydrocarbon
backbone. Such substituents can include, for example, alkenyi, alkyvnyl halogen, hydroxyl,
alkylearbonvloxy, arylearbonyloxy, alkoxycarbonyloxy, arviexycarbonyioxy, carhoxylate,
alkylearbonyl,  arvicarbonyl,  alkexyearbonyi,  aminccarbonyl,  alkviaminocarbonvl,
dialkylaminocarbonyl, alkvithiocarbonyl, alkoxyl, phosphate, phosphonato, phosphinato,
cyano, amino (including alkyl amino, dialkylamino, arylamino, diarylamino, and
alicylarylamino), acylamino (inciuding alkylearbonylamino, arvlicarbonyvlamino, carbamoyi
and urcido), amidino, tmine, sulfhydeyl, allylthio, arylthio, thiocerboxylate, sulfates,
alkvlsulfinvl, sulfonato, sulfamoyl, sulfonamide, nifro, trifluoromethyl, cyano, azido,

heteroeyelvl, atkvlaryl, or an aromatic or heteroarcmatic moiety.

001191 Alkoxy group includes substituted and unsubstituted alkyvl, alkenyi, and
alkynyl groups covalentfly linked to an oxygen atom. Examples of alkoxy groups include
methoxy, ethoxy, isopropyloxy, propoxy, butoxy, and pentoxy groups. Examples of
substituted alkoxy groups include halogenated alkoxy groups. The alkoxy groups can be

substituted with groups such as alkenyl, alkynvl, halogen, hydroxyl, alkyicarbonyloxy,

arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,
arylearbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonvl, dialkylaminocarbonyl,
alkvlthiocarbonyl, alkoxvl, phosphate, phosphonato, phosphinato, cyano, amino {including
alkyl amino, dialkyvlamino, arviamine, diarylamino, and alkylarviamine), acylamino
{including alkylcarbonylamuino, arvicarbonylamine, carbamoyl and wretdo), anndino, iming,
sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, sulfonate, sulfamoyl,
sulfornamido, nitro, tifluoromethyl, cyano, azido, heterocyelyl, alkylaryl, or an aromatic or
heteroaromatic moieties. Examples of halogen substituted alkoxy grouns include, but are not

imited  to,  fAuoromethoxy,  diftuoromethoxy,  trifluoromethoxy,  chioromethoxy,

-dichloromethoxy, trichloromethoxy, ete.

1061207 In some embodiments, the pentafuronosyl ring may be replaced with acyelic
derivatives  lacking the C2—C3'-bond of the pentafuronosyl ring. For example,
acyclonucleotides  may  substitute  a 2-hydroxyethoxymethyl  group  for-the  27-

deoxyribofuranosyl sugar normally present in dNMPs,

001217 Halovens include fluorine, bromine, chlorine, iodine.
. i > 3 3
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Backbone

1001221 The mucleoside subunits of the nucleic acid disclosed herein may be linked to
each other by phosphodiester bond. The phosphodiester bond may be optionally substituted
with other linkages, For example, phosphorothioate, thiophosphate-D-ribose entities, triester,
thioate, 2757 bridged backbone (may also be referred to ag 57-27), PACE, 3’-{or -5")deoxy-3"-
{or -5"hio-phosphorothioate, phosphoredithicate, phosphoroselenates, 3'-{or -5")deoxy
phosphinates, borano phosphates, 3'-(or -5")eoxy-3"-{or 5’-)amino phosphoramidates,
hydrogen phosphonates, phosphonates, borano phosphate csters, phosphoramidates, alkyl or
aryl phosphonates  and  phosphotriester  modifications  such  as  alkylphosphotriesters,
phosphotriester phosphorus linkages, 5°-cthoxyphosphodiesior, P-alkyloxyphosphoiriester,
methyiphosphonate, and nonphosphorus  containing  linkages for example, carbonate,
carbamate, ailvl, sulfur, sulfonate, sulfonamide, formacetal, thioformacetyl, oxime,
methylenciming, methylenemethylimino, mwethylenchydrazo, methyleredimethylhydrazo and
methylencoxymethyliimine linkages.

(001237 MNucleie acid molecules disclosed herein may mchude a peptide nucleic acid
(PNAY backbone. The PHNA backbone s includes repeating N-(2-aminoethyiy-glycine units
linked by peptide bonds. The varicus bases such as purine, pyrimidine, natural and synthetic

bascs are hinked to the backbone by methylene carbonyl bonds.

Terminal Phosphates

[00124] Modifications can be made at terminal phosphate groups.  Non-limiting
examples of different stabilization chemistries can be used, e.g., to stabilize the 3%-end of
nucleic acid sequences, inchuding (1) [3-3"]-inverted deoxyribose; (2) deoxyribonucieotide,
(3y [5°-31-3-deoxyribonucieotide; {4} {5°-3’}-ribenuclestide; (5) [57-37]-37-C-methyi

ribonucleotide;, 6y 3-glyceryl, {7y [3°-57]-3 -deoxyribonucieotide; (&)  [37-3731-

deoxyribonucleotide; (93 [57-2-deoxyribonucleotide; and (10) 15-371-dideoxyribonucleotide.

in addition to unmodified backbone chemisiries can be combined with one or more different
backbone modifications described herein.

100125] Exemplary chemically modified terminal phosphate grouns include those

shown below,

[
]
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[00126] In one aspect, provided are double-stranded nucleic acid molecules for use In

neuroprotection of neurons i the ear of a subject having the structure (Al):

{Al} 57 (M~ 72 37 (entisense strand)

Y

3 2Ny -z7 5 (sense strand)

wherein each of W and N7 s a nucleotide which may be unmodified or modified, or an
unconveniional moiety;

wherein each of (Npo and (NYy is an oligonucleotide in which each consecutive N or N7 is
joined to the next N or N7 by a covalent bond; wherein cach of 7 and 27 is independently

present or absent, but if present independently includes 1-5 consecutive nucleotides or non-

nucleotide moieties or a combination thereof covalently attached at the 37

> 37 terminus of the
strand in which it 1s present;

wherein 27 may be nresent or absent, but 1F present is a carming molety covalently attached at
] g 3

the 57 termings of (N}y;

]
)
[
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cach of x and y is independently an integer from 18 to 40;

wherein the sequence of (N")y has complementarity to the sequence of (N)x; and wherein
(N)x includes an antisense sequence to the target mRNA, wherein the farget mRNA
comprises a sequence set forth in any one of SEQ (D NO:1-3, SEQ ID NO:4, SEQ 1D NO:5-6
or SEQ 1D NG:7,

[0(}1.27] In some embodiments x =y and each of x and v i3 19, 20, 21, 22 or 23, In
various embodiments x = y =19, In some embodiments the antisense and sense strands form a
duplex by base pairing. In some embodiments (N)x and (N)y are oligonucleotide pairs
provided in PCT Patent Publication Nos. WO 2008/050329, WO 2000/044392, WO
2008106102, WO 2009/001359, WO/2008/090639 incorporated herein by reference in their

cairety.

(001287 in some embodiments x = v and cach of x and y {5 19, 20, 21, 22 or 23. In

duplex by base pairing

1001293 According to one embodiment provided are modified nucleic acid molecules
for use 1 neuroprotection of neurons in the car of a subject having a structure {A2) sct forth

below:
(A2} 5 NI-{(Nx -7 37 {(antisense strand)
37 AT-N2-(NTYy -z 57 {sense strand)

wherein each of N2, N and N is independently an unmeodified or modified nucleotide, or an

unconventional moiety;

wherein each of (N)x and (N")y 15 an oligonucleotide in which each consecuitve N or N is

Joined to the adjacent N or N7 by a covalent bond,
wherein cach of x and y is independently an integer of from 17 to 39;

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

complementarity to a consecutive sequence in a target mRNA;
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wherein M1 s covalently bound to (N)x and 1s mismatched to the target mRNA, whercin the

target mRNA s set forth in any one of SBEQ ID NO:1-3, SEQ ID NOw4, SEQ 1 NO:5-6 or
SEQ 1D NOT;

wherein N1 s a molety selected from the group consisting of uridine, modified uridine,
ribothymidine, modified ribothymidine, deoxyribothyvmidine, modified deoxyribothymidine,

riboadenine, modified riboadening, deoxyriboadenine or modified deoxyriboadenine;
wherein N1 and N2 form a base pair;

wherein cach of Z and 27 15 independently present or absent, but if present is independently 1-
e . LT 1 ' - . P | 3 . by e

5 consecutive nucleotides or non-nuclectide moieties or a combination thereof covalently
attached of the 37 terminns of the strand in which it is present; and

wherein 27 may be present or abseni, but if prosent 18 a capping moiety covalently attached at

the 57 terminus of (N7yy.

§

[G0136G] in some conbodiments the covalent bead 1oining each consecutive N or M iz a
phosphodiester bond.

{{}{) 1317 in some embodiments Z and 27 are absent. In other embodiments one of Z or
=

27 s present and comprises non-nucieotide overhang moieties as disclosed in POT patent

publication no. WO/2011/085056, incorporated herein by reference in its entirety.

[60132] In specific embodiments of Structure Al xe=y=19 and Z comprises at least one

3 a]k‘yi overhang. In specific embodiments of Structure A2 x=y=18& and 7, comprises at least
- A

one O3 alkyl overhang.  In some embediments the C3-C3 overhang is covalently attached 1o

>

[N

the erminus of (Nx or (N7)y via a covalent linkage, preferably a phosphodiester linkage,
In some embodiments the linkage between a first C3 and a second 3 is a phosphodiester
linkage. In some embodiments the 3 non-nucleotide overhang 1s C3PI-C3Pi In some
embodiments the 37 non-nucleotide overhang 1s C3P-C3Ps. In some embodiments the 3° non-
nucleotide overhang 18 C3P1-C30H {OH 15 hydroxy). In some embodiments the 37 non-

nucleotide overhang 1s C301-C30H.

(001331 In various embodiments the alkyl moiety c;:omprises an alkyl dervivative

whuding a ©3 alkyl, C4 atkyl, C5 alky or C6 alkyl molety comprising a terminal hydroxyi, a
< e 2 o

terrmal amine, or terminal phosphate group. In some embodiments the alkyl moiety is 2 C3

Lid
[
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atkyl or C3 alkyl derivative motety. In some embodiments the C3 atkyl moiety comprises
propanocl, propyiphosphate, propylphosphorothioate or a combination thereof. The €3 alkyl
meicty 18 covalently linked o the 37 termunus of (N7)y and/or the 37 terminus of (N)x via a
phosphodiesicr bond. In some cmbodiments the alkyl motety comprises propancl, propyl
phosphate or propyl phosphorothioate. In some embodiments each of Z and 27 is
mdependently  selected  from  propanol, propyl phosphate  propyl  phosphorothiocate,
combinations thereof or multiples thereof m particular 2 or 3 covalently linked propanol,
propyl phosphate, propyl phosphorothioate or combinations thereofl In some embodiments
cach of Z and 7 is independently sclected from propyl phosphate, propyl phosphorothioate,
propy]l phospho-propanol; propyvi phospho-propyl phosphorothicate; propylphospho-propyl
phosphate; {propyl phosphate)3, {propyi phosphate}2-propancl, {propyl phosphate)2- propyl

phosphorothioats. Any propane or propanol conjugated moiety can be included in Z or 77

{00134} The structures of exemplary 37 termunal non-nucleotide moieties are as
follows:
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[O01351 In some embodiments the 57 terminal nuclectide of the antisense strand
(position | of the antisense strand} s mismatched to the target mRNA, In some embodiments
the 57 terminal nucicotide of the antizense strand 18 a modified riboadenosine or a4 modified

ribouridine.

(G036 in some embodiments cach of (N}, and (N}, is independently phosphorylated
ot non-phosphorylated at the 37 and 57 termuint.
[ 137 Unless otherwise indicated, in preferred embodiments of the structures

diseussed herein the covalent bond between cach consecutive N and N7 i3 a phosphodiester

bond.

[OG155] A covalent bond refers to an internucieotide linkage linking one nucleotide
monomer to an adjacent nucleotide monomer. A covalent bond includes for example, a
phosphodicster bond, a phosphorothioate bond, 2 P-atkoxy bond, a P-carboxy bond and the
Iike. The pormal internucleoside linkage of RNA and DNA 15 a 3' to 5' phosphodiester
inkage. In cerfain preferred embodiments a covalent bond is a phosphodiester bond.
Covalent bond encompasses non-phosphorous-containing infernucleoside linkages, such as
those disclosed m WO 2004/041924 inter alin. Unless otherwise indicated, in preferred
embodiments of the stroctures diseussed herein the covalent bond between each consecutive

M oand N7 s & phosphodicster bond.

(601397 For all of the structures above, n some embodiments the oligonucleotide
sequence of (Nyx is fully complementary to the oligonucleotide sequence of (Ny. In other
embodiments (Nyx and (N7)y are substantially complementary. In certain embodiments (N)x
s folly complementary to 1840 consecutive nucleotides in a target mRMA. In other
cmbodiments (N)x is substantially complementary to 18-40 consecutive nuclectides in 2

target mRINA.

{06140 In some envbodiments, neither (N)x nor {N”)y are phosphorylated at the 37 and
57 termini. In other embodiments cither or both {(N)x and (N"}y are phosphorylaied at the 3
termuinl (3" P1). In yef another embodiment, either or both (N)x and (N} are phosphorylated
at the 37 fermini with non-cleavable phosphate groups. In yet another embodiment, either or
both (Nyx and N7}y are phosphorylated at the terminal 27 termini position using cleavable or

non-cleavable phosphate groups. Further, the mhibitory nucleic acid molecules of the present
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mvention may comprise one or more gaps and/or one or more nicks and/or one or more
mismatches. Without wishing to be bound by theory, gaps, nicks and mismatches have the
advantage of parfially destabilizing the nucleic acid / siRNA, so that if may be more easily

processed by endogenous ccllular machinery such as DICER, DROSHA or RISC into its

LA

inhibriory components.

Synthesis of double-stranded BNA compeounds

[001411 The double-stranded RNA  compounds useful in preparation of the
pharmaceutical compositions of present invention are synthesized by any of the methods that

are well known in the art for synthesis of ribonucleic (or deoxyribonucleic) oligonucleotides.
10 Such synthesis 18, among others, described in Beaucage and lyer, Tetrahedron 1992; 48:2223-
2311, Beaucage and Iyer, Tetrahedron 1993; 49 6123-6194 and Caruthers, et. al., Methods
Hozymol, 1987, 154: 287-313; the synthesis of thioates is, among others, described in
Fekstein, Apn. Rev. Biochem. 1985; 54: 367-402, the synthesis of RMNA molecules is

described o Sproatf, in Flumana Press 2005 edited by Herdewiin P Kan, 20 17-31 and
D : 3 ) !

15 respective downstream processes are, among others, deseribed in Pingoud et al., in IRL Press
1989 edited by Oliver ROW AL Kap. 7: 183-208.
[00142] Other syathetic procedures are known in the art, e.g. the procedures described
in Usman et al., 1987, J. Am. Chem. Soc., 109, 7845; Scaringe et al., 1990, NAR., 18, 5433;
Wincott et al., 1995, NAR. 23, 2677-2684; and Wincott et al., 1997, Methods Mol. Bio., 74,
20 59, may make use of common nucieic acid protecting and coupling groups, such as
dimethoxytrityl at the 5-end, and phosphoramidites at the 3-end. The modified {e.g. 2-0-
methylated) nucleotides and unmodified nucleotides are incorporated as desired.
160143} The oligonucleotides uselul in preparation of the pharmaceutical compositions
of the present invention can be synthesized separately and joined together post-synthetically,
25 for example, by ligation {(Moore et al., 1992, Science 256, 9923; Draper et al, Patent

Publication No. WO 93/23569; Shabarova et al,, 1991, NAR 19, 4247; Bellon et al., 1997,
Mucleosides & MNucleotides, 16, 951; Bellon et al., 1997, Bioconjugate Chem. 8, 204), or by

hybridization following synthesis and/or deprotection.

(00144 It 15 noted that a commercially available machine (available, inter alia, from

30 Applied Biogystems) can be used; the oligonucleotides arc prepared according (o the
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sequences disclosed hergin, Overlapping pairs of chemically synthesized fragments can be
Higated using methods well known in the art {c.g., see US Patent No. 6,121,426}, The strands
are synthesized separately and then are annealed 1o each other in the tube. Then, the double-
stranded siRNAs are separated from the single-giranded oligonucleotides that were not
annealed (c.g. because of the excess of one of them} by HPLC, Tn relation to the siRNAs or
siRNA fragments of the present invention, two or more such sequences can be synthesized

and Tinked together for use in the present invention.

{00145} The double-stranded RNA  compounds useful in  prepavation of the
pharmaceutical compositions of the invention can also be synthesized via tandem synthesis
methodology, as described for example in US Patent Publication Mo, US 2004/0019001,
wherein both siRNA strands are synthesized as a single contiguous oligonucleotide fragment
or strand separated by a cleavable linker which is subsequently cleaved to provide separate
siRNA fragments or strands that hybridize and permit purification of the siRNA duplex. The
linker 15 selected from a polvnucieotide linker or a non-nucleotide linker,

[60146] The compositions of the present wwvention preferably comprise two or more
oligonucleotides, these oligos may be synthesized separately and either mixed fogether or
{covalently or non-covalently) joined together posit-synthesis, or svnthesized together

according to the processes detailed above.

Pharmaceutical Compositions

100G147] While it 1s possible for the oligonucieotide compounds of the present invention
to be administered as the raw chemical, i is preferable fo present them as a pharmaceutical
composition. In some emboediments the oligoribonucleotide compounds are produced by
endogenous intracellular complexes.

001487 Pharmaceutical compositions  disclosed herein are prepared using  any

chemically modified or non-modified double-stranded RNA oligonucleotide compound.
siRNA which are Dicer substrates or asymmetric siRNA may be used with the invention,
Double-stranded RNA oligonucleotide compounds used in the present invention encompass
any pharmaceutically acceptable salts, esters, or salts of such esters, or any other compound
which, upon administration to an mammal, including a human, is capable of treating diseases,

#

arsorders and injury of the ear, The term "pharmaceutically acceptable salts” refers fo
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physiologically and pharmaceutically acoeptable salfs, 1. e salts that retain the desired
biological activity of the parent compound and do not impart undesired toxicological effects
thereto. In some embodiments pharmaceutical compositions of the invention are prepared
using double-strunded RNA compounds that are chemically and or structurally modified
according to one of the following modifications set forth in Structures disclosed herein or as
tandem siANA or RNAstar (see WO 2007/091269). Certain preferred molecules  are
chemically synthesized and modified dsRNA molecules that target CASP2, NOX3, CAPNST
or RHOA. A certain preferred moelecule 15 a dsRNA utilizing the CASPZ 4 oligonucleotide

sequence.

1001491 The invention further provides a pharmaceutical composifion comprising one
or more inhibitory oligonucleotide compounds, a permeability  ephancer and &
pharmaceuatically acceptable vehicle or carrier. In some embodiments the composition

comprises a muxture of two or more different oligonucleotides / sIRNA compounds.

1G0T 507 The compounds can be administered orally, subcutancously or parenterally
including intravenous, iniraarterial, intramuscular, intraperitoneally, intranasal, transtympanic,
as well as intrathecal and infusion techniques. Tmplants of the compounds are also useful. The
preferable administration mode 15 transtympanic. Liquid forms may be prepared for injection,
the term mcluding subcutancous, transdermal, intravenous, intramuseular, intrathecal,
transtympanic injectton and other parental routes of administration. The Tiquid compositions
include aqueous sofutions, with and without organic co-solvents, aqueous or oil suspensions,
emulsions with edible oils, as well as similar pharmaceutical vehicles. In one embodiment. the
adminisiralion comprises infravenous administration. In  preferred embodiments the
administration comprises topical administration, in particular topical administration to the car
canal, topical administration to the tympanic membrane, or a combination thereof. In some
embodiments the compounds of the present application are applied to the tvimpanic membrane
as an cardiop. In some preferred embodiments the dsRNA molecules are administered by

trapstympanic injection or by eardrops.

(00151} In wvartous embodiments, partictdarly  embodiments in which  the
pharmaceutical compositions of the invention are administered topically, the pharmaceutical

compositions further comprise a permeability enhancer, slso known as penetration enhancer.
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In various embodiments the peneiration enhancer 15 sclecied from any compound or any
combination of two ore more compounds that enhance the penetration of a therapeutic
oligonucleotide through the skin and/or the tympanic membrane in the ear of a subject
suffering from or af risk of a disease, a disorder or an injury of the inner ear, preferably
IMéniére’s disease. In some embodiments the penctration / permeability enhancer is seiected
from, without being limited to, polvethylene glycol (PEG), glycerol {glycerin}, maltitol,
sorbitol ete.; diethylene glveol monoethyl ether, azone, benzalkonium chloride (ADBAC),
cetylpenidium chloride, cetylmethylammonium bromide, dextran sulfate, lauric acid, menthol,
racthoxysalioylate, oleic acid, phosphatidyleholing, polyoxyethylene, polvsorbate 80, sodium
glveholate, sodinm  lauryt  sulfate, sodivm salicviate, sodium  taurochelate, sodium
taurodeoxycholate, sulfoxides, sodium deoxycholate, sodium glycodsoxycholate, sodium
taurocholate and surfactants such as sodinm lauryl sulfate, laureth-9, cetvipyridinium chioride
and polyoxvethylene monoalkyl ethers, benzoic acids, such as sodium salicylate and methoxy
salicylate, fatty acids, such as lauric acid, oleic acid, vndecanoic acid and methyl oleate, fatty
alcohols, such as octano! and nonanol, lawrocapram, cvelodextring, thymol, limonene, urea,
chitosan and other natural and synthetic polymers.
[00152] in certain cmbodiments the permeability enhancer is a polyol In some
embodiments the oligonucleotide is in admixture with a polyol Suitable polyols for inclusion

i the solutions of the invention inchude glycerol and sugar alecohols such as sorbitel, mannitol

- or xylitel, polyethyilene glveel and derivatives thereof,

1GO153] In some embodiments the phammaccutical compositions of the present
inveniion also include one or more of various other pharmaceutically acceptable ingredients,

such as, without being limited to, one ore more of buffering agent, preservative, surfactant,
carrier, solvent, diluent, co-solvent, viscosity building/enhancing agent, excipient, adjuvant
and vehicle. In certain embodiments accepted preservatives such as benzalkonium chloride
and disodivm edetate (EDTA) are included in the compositions of the invention in
concentrations sufficient for effective antimicrobial action, about 0.0001 to 0.1%, based on

the weight of the composition.

[00154] According to one embodiment, the polyol is glveerol. In various embodiments,

slycerol 1s present at a final concentration of about G.1% fo about 35%; sbout 1% to about
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30%; about 5% to about 25%, preferably about 10% to about 20% by volume of the
pharmaceutical composition. In some embodiments, the final concentration of glycerol in the

pharmaceuttical composition is about 2%, 2.5%, 5%, 10%, 12.5%, 15%, 17.5%., 20%, 22.5%,
25%, 27.5% or about 30% by volume of the pharmaceutical composition. In one embodiment,
the final concentration of glycerol in the pharmac um,a.] composition is about 2% by volume
of the pharmacentical composition. In another embodiment, the final concentration of
glycerol in the pharmaceutical composition is about 5% or about 10% by volume of the
pharmaceutical composition. In vet another embodiment, the final concentration of glyserol in
the pharmaceutical composition is about 20% by volume of the phanmaceutical composition.
In some embodiments the pharmaceutical composition is brought to about the subject’s body
temperature, which is about 30°C to sbout 38°C, prior to application. Certain methods for
treating otic disorders are disclosed in PCT patent publication no. WO 2011/072091

incorporated herein by reference in its entirety.

[00155] in various embodiments the oligonucleotide compositions are formulated for
topical  adminmstration by any suitable mode of administration. Sutable modes of
adminmistration of the pharmaceutical compositions of the invention include invasive and non-
mvasive modes of administration, such as without being limited to, instillation (for example,
of an ear drop solution), injection {of injectable formulation), deposition (of solid or semi-
solid formulation, e.g. ointiment, gel), infusion or spraying. In certain embodiments, the
compaositions of the present invention are administered topically. Delivery can be effected by
any mean {(c.g. drops, spray), using any effective instrument for placing the composition

inside the inner ear or for injecting the composition {e.¢. through the tympanic membranc).
p I ] o

[00156] The present invention also provides for a process for preparing a
pharmaccutical composition of the invention, in accordance with formulation techniques
known to those skilled in the art. In some embodiments the process for preparing a
pharmaceutical composition of the invention comprises combining, In any suitable order, a
therapeuticaily effective amount of at least one oligonuciectide compound, one or more
permeability enbancer and at least one pharmaceutically acceptable excipient or carrier, or
mixtures thereof, such a composition preferably having extended chemical and/or physical
stability as described herein. In some embodiments the process for preparing a pharmaceutical

composition of the invention, comprises combining, in any sultable order, a therzpeutically
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effective amount of af leagt one oligonucleotide compound, one or more permeability
erthancer, at least one pharmaceutically acceptable excipient or carricr, or mixtures thereol
and an antibacterial agent and/or prescrvative. In some embodiments, the pharmaceutical
composition includes a pharmacologically acceptable surfactant to assist in dissolving the
double-stranded RNA compound. ln cortain embodiments, a pharmaceutical composition of
the invention further comprises an additional therapeutically active agent, such compositions
being uscful in combination therapies as deseribed herein.  In some embodiments of the
imvention the additional pharmaceutically active agent, 15 selected from, without being limited
o, such as non-sieroidal anti-inflammatory drugs, corficostereids, antifungal, antibiotics, and

the like.

[00157] in another aspect, the present invention provides a pharmaceutical composition

according to the present invention for treating Méniére’s discase, for attenuating one or more

of the symptoms selected from the group consisting of tinnitus, EHL, episodic vertigo and

hearing loss; for atfenuating progressive hearing loss, for providing neuroprotection of apiral

agenglion cells, for affording neurcprotection of vestibular ganghon cells, for preventing

apoptotic c¢ell death in spwral ganghon cells and for preventing apoptolic cell death in
.

A DI 3 olle
soular ganglion cells.

RAGH]

[00158] Composifions for improved delivery of the molecules disclosed hercin include
conjugation of double-stranded RMNA molecnles to a targeting molecule. The conjngate is
usually formed through a covalent attachment of the targeting molecule to the sense strand of
the double-stranded BRINA, so as not to disrapt silencing activity. Potential fargeting molecules
ugetul in the present invention include proteins, peptides and aptamers, as well as natural
compounds, such as e.g. cholesterol. For targeting antibodies, conjugation to a protamine
fusion protein has been used {sec for example: Song et al, Antibody mediated in vivo
delivery of small inferfering RMNAs wvia cell-suiface receptors, Nat Biotechnol 2605

23(6):709-17).

[00159] Also providc i are kits, containers and formulations that include a nucleic acid
molecule {c.g., an siNA molecale) as provided herein for reducing expression of CASP2,
MOXI, CAPHST for administering or distributing the aucleic acid molecule to a pationt. A

kit may include at least one container and at least one label. Suitable containers include, for
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cxample, bottles, vials, syringes, and test tubes, The containers can be formed from a variety

of materials such as glass, metal or plastic. Kuts may further include associated indications

and/or directions; reagents and other compositions or tools used for such purpose can also be

meiuded.

100166} The container can alternatively hold a composition that is effective Tor treating,
diagnosis, prognosing or prophylaxing a condition and can have a sterile access port (for
example the container can be an intravenous solution bag or a vial having a stopper pierceable
by a hypodermic injection needle). The active agents in the composition can be a nucleic acid
molceule capable of specifically binding and/or modulating the function of CASPZ, NOX3,

CAPNSL.

00161} A kit may further include a second contaimer that includes 2 pharmaccutically-
accepfable buffer, such as phosphate-buffered saline, Ringer’s solution and/or dexirose
solution. It can further include other materials desivable from a commercial and user
standpoint, mcluding other buffers, diluents, filters, stirrers, needles, syringes, and/or package

nserts with indications and/or instructions for use.

[00162] The anits dosage ampoules or multidose containers, in which the nucleic acid
molecules are packaged prior 1o use, may inciude an hermetically sealed container enclosing
an amount of dsENA or solution containing a dsRMNA suitable for a pharmacentically
effective dosc thereof, or maltiples of an effective dose. The dsRNA s packaged as a stenie
formulation, and the hermetically sealed container is designed to preserve stenlity of the

forpudation until use.

001631 The container in which the dsENMA inchuding a sequence encoding a cellufar
immune response element or fragment thereof may include a package that is labeled, and the
label may bear a notice in the form prescribed by a governmental agency, for example the
Food and Drug Administration, which notice s reflective of approval by the agency under
Federal law, of the manufacture, use, or sale of the polynucleotide material therein for human

admintstration.

[G0164] Federal law requires that the use of pharmaceutical cornpositions in the therapy
of humans be approved by an agency of the Federal government.  In the United States,

enforcement 18 the responsibifity of the Food and Drug Administration, which issues

44



n

W 2013/067T076 POTTUR291 /662894

appropriate regulations for securing such approval, detailed in 21 US.C. § 301-392.
Regulation for biologic material, meluding products made from the tissues of animals is
provided under 42 U.S.C. § 262. Similar approval is required by most foreign countries,
Regulations vary from country to country, but individual procedures are weil known to those

i the art and the compositions and methods provided herein preferably comply accordingly.

Administration

[60165] The methods disclosed herein include administration and dosing of molecules
in accordance with good medical practice, taking info account the clinical condition of the
individual patient, the discase to be treated, the site and method of administmﬁén, scheduling
of administration, patient age, sex, body weight and other factors known fo medical

practitioners.

[60166] A “therapeutically effective dose” or a “therapeutic effective amount” refers to
an amount of a pharmaceutical compound or composition which is effective to achieve an
improvement in a subject or his physiological systems including, but not limited fo, improved
survival rate, more rapid recovery, suppressed progress of the diseagse, or improvement or
chmination of symptorns, and other indicators ag are selected ag appropriate determining
measures by those skilled in the art.

reoie7] A “therapeutically effective dose” or a “therapeutic effective amount” for
purposes herein 1s thus determined by such considerations as are known in the art. T

must be effective to achieve improvement inchuding but not Himited o improved survival rate
or more rapid recovery, or improvement or elimination of symptoms and other indicators as
are sclected as appropriate measures by those skilled in the art. The pharmaceutical
compositions of the Invention are administered in 2 single dose or in multipie doses.

[00168] Dosage 1s determined, inter alia, by the activity of the oligonucicotide, the
indication and the severity of the disorder and comprises administering a dose of about 0.1 ng
o about 10 mg, about | ng to about 1 mg, or about 10 ng to about 1 my, total oligonucieotide
i pharmaccutically acceptable excipient or carrier. The concentration of double-stranded
RNA compound in the composition 18 between G.1 mg/mito 100 mg/ml, preferably between |

mg/ml to 100 me/ml, and more preferably between 5 mo/mi to 20 mo/ml,
b} k £
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[00169] in some embodiments the active dose of oligonucleotide compound for
humans 1 in the range of from Ing/kg to about 20-100 me/kg body weight per day, preferably
about 8.01 mg to about 2-10 mg/kg body weight per day, in a regimen of a single dose or
multiple doses administered in one dose per day or twice or three or more times per day fora

period of 1-4 weeks or longer, or even for the life of the subject.

[00170] The pharmaceutical compositions of the present invention are adnunistered to
the subject by any suitable mode of administration, Suitable modes of administration of the
oligonueleotide compositions of the invention include mvasive and non-invasive mode of
administration, such as without being limited to, tnstillation {of ecar drops). injection,
deposition, or spraying into the ear. In certain embodiments, the cormpositions of the present
invention are administered topically into the ear canal ag car drops or injected through a
capmula inio the car canal or injected through the tympanic membrane {transtyvmpanic
irjection). In many cases, the mode of administration may depend on many factors, including
without being limuted to, the affecied ear the nature and severity of the disease or condition or

mjury being treated, as well as other clinical conditions of the individual subject.

[00171] In various embodiments the pharmaceutical compositions of the invention are
delrvered 1n an amount effective to provide a protective or therapeutic effect. Examples of
protective or therapeutic effects tnclude inhibition of target protein expression ot knockdown
of at least one target gene. In certain embodiments inhibiting expression of al feast one target

gene conters upon the cells and/or tissues of nouroprotective propertics.

[GO172] Accordingly, the pharmaceutical compositions of the invention are
administered in any form that allows the active ingredient(s) (i.e. at least one oligonneleotide
compound) to prevent, suppress, ameliorate, or otherwise freat the discases and conditions
disclosed herein. By way of non-limiting example, the phanmaceutical compositions can be
formulated as a cream, foam, paste, oniment, emulsion, lquid solution, gel spray,

suspension, microemulsion, microspheres, microcapsules, nanospheres, nanoparticles, lipid

vesicles, hposomes, polymeric vesicles, patches, biological inserts, aerosol, polymeric or

nolymerie-tike material and/or any other form known in the art, including any form suitable

for known or novel pharmaceutical delivery systems ov devices, such as a removable and/or

absorbable, dissolvable, and/or degradable 1mplant,  Sterile  lguid  pharmaceutical

ens
o
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compositions, solutions or suspensions can be utilized invasively, for example, by intravitreal
of transtympanic injection; or topically, e.g. by ear drop, ear foam, spray, gel, cream, or
omtment, The liquid compositions include agueous solutions, with and without organic co-
solvents, agueous or oil suspensions, emulsions e.g. with edible oils, as well as gimilar

pharmaceutical vehicies.

Far Diseases and Disorders

(001731 Disclosed herein are methods and kits useful for neuroprotection of neurons in
the ear of a subject. The methods and kits are vseful in providing neuroprotection of spival

. - . ¢ e m o - " - iy . . . i . - . s 7 - . .
gangiia thereby attenvating or preventing cochlear functions including progressive hearing
loss and fianitus. Newrons may be protected from various insults including injury or damage
cavsed by travma, ischemia, a chemical agent {c.g. an olotoxin), an infectious agent, an
immseologie reaction or a nutritional imbalance. In some embodiments provided herein is a

method for reducing (he loss of neuron cells in a spiral ganglion and/or a vestibular ganglion

of a subject sufforing from a disease associated with pathological abnormalities or changes in
the tissues of the auditory system and/or vestibular system, comprising administering to the
subject’s ear a dose of a double-stranded RNA {dsRNA) compound which down regulates
expression of a CASPZ genc, a NOX3 gone, a CAPNS gene or RHOA gene 50 as to thereby
provide negroprotection to the spival ganglion cells and/or the vestibular ganglion cells in the
subject’s ear, In some embodiments said admimistering resuits in at least 10% decrease In
death of nerve cells in a population of nerve celis as compared to a control population of
nerve cells, In various embodiments the abnormalities or changes are particularly associated
with pathological abnormalitics/changes of the tssues of the auditory organ and/or
pathological abnormalities/changes of the tizssues of the vestibular organs, such changes being
for example, ncuronal degradation or nevronal cell death. In some embodiments the dsENA
compound down regulates the CASP2 gene and comprises a sense strand with a nucleotide
sequence set forth in SEQ 1D NO:¥ and an antisense strand with 2 nucleotide sequence set
forth in SEQ 1D NO9, preferably a sense strand forth in SEQ 1D NG:24 or 26 and an

antisense strand set forth in SEQ 1D NO:25 or 27,

[06174] In some embodiments the methods disclosed herein include the preventing,

treating  or alleviating the effects of an ofic disease associated with pathological
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abnormalities/changes in the tissues of the auditory system and/or vestibular system in a
subject, compriging administering fo the subject’s car a dose of a double-stranded RINA
(dsRNA) compound which down regulates expression of a CASP2 gene, a NOX3 gene, a
CAPNST gene or RHOA gene, so as to thereby provide neuroprotection to the spiral ganglion
cells andfor the vestibular ganglion cells in the subject’s ear. In some embodiments said
administering results in at least 10% decrease in death of nerve cells in a population of nerve
cells as compared to a control population of nerve cells. In various embodiments the
abniormalitics or changes are particularly associated with pathological abnormalities/changes
of the tissues of the auditory organ and/or pathological abnormalities/changes of the tissues of
the vestibular organs, such changes being for example, neuronal degradation or neuronal cell
death. iIn some embodiments the dsRNA compound down regulates the CASPZ gene and
comprises a sense strand with a nucleotide sequence set forth in SEQ 1D NO:8 and an
antiscnse strand with a nucleotide seguence set forth in SEQ 1 NO:9, preferably a sense
strand set forth in SEQ 1D NO:24 or 26 and an antisense strand set forth in SEQ 1D NO:2Z5 or
27.

[O0175% By "ototoxin™ in the context disclosed herein is meant a subsiance that through
s chemical action wpures, impairs or inhibiis the activity of the neurons related to hearing or

balance, which 1 tum impairs hearing and/or balance. Ototoxing include therapeutic drugs
neluding antineoplastic agents, salicyiates, loop-diuretics, quinines, and aminoglycoside

antibiotics, contaminants in foods or medicinalg, and environmental or industrial pollutants.

HO0176] Accordingly, in one aspect provided are methods and kits for providing
neuroprotection to a neuron in the ear of a subiect, therehy to prevent, reduce, or freat a
hearing fmpairment, disorder or imbalance, for example an ofotoxin-induced hearing
impatrment, disorder or imbalance, by adminmistering to the subject a dsRMNA as disclosed

herein.

[O01771 Ototoxic aminoglycoside antibiotics include but are not Hmited to seomyein,
paromomyein, ribostamyein, Hvidomycin, kanamyein, amikacin, fobramycin, viemyein,
genfamicin,  sisomicin,  nediimicin, Streptomycin, dibekacin,  fortimicin,  and
dihydrostreptomyein, or combinations thereol. Particular antibiotics include neomycin B,

kanamycein A, kanamycin B, gentamicin Cl, gentamscin Cla, and gentamicin C2, and the like
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that are known to have serious foxicity, particularly ofotoxicity and nephrotoicity, which

redace the uselulness of such antimicrobial agents.

(00178 Ototoxicity 1s also a serious dose-limiting side-effect for anti-cancer agents.
Ototoxic neoplastic agents include but are not lmited to vineristine, vinblastine, cisplatin and
cisplatin-like compounds and taxol and taxol-like compounds. Cisplatin-like compounds
mclude carboplatin (Paraplatin ®), fetraplatin, oxaliplatin, aroplatin and transplatin infer alia

and are platinum based chemotherapeutics.

(001791 Diuretics with kaown ototoxic side-cffect, particularly "loop" dinretics include,

without being Hmited to, furosemide, cthacrylie acid, and mercurials.
1807 Ototoxic qaunines include but are not iimited to synthetic substitutes of quinine
that arc typically used in the treatment of malaria. In some embodiments the hearing disorder

15 side-cffect of mhibitors of type 3 phosphodiesterase (PDE-3), including sildenafil
i ,

{(Viagra®), vardenall (Levitra®) and tadalatil {Cralis).
TOG1R1 Salicylates, such as aspirin, have ototoxic side etfects including finnitug

("ringing in the ears™) and temporary hearing loss. Moreover, If the drug s nsed at high doses

for a prolonged time, the hearing impairment can become persistent and irreversible.

[o01821 Further disclosed  herein are methods and  kits  useful in providing
neuroprotection to neurons of the ear whersin the neurons are damaged by mechanical or

whysical trauma.

[O0183] in various embodiments provided herem is a method for neuyroprotection of a
vestibular ganglion in the ear of a subject. The methods and Xits are useful in providing
reuroprotection of vestibular ganglia, thereby attenuating or preventing vestibular functions
mechuding but not Himited to nausea, loss of balance or vertigo. The vestibular sensory system
o omest manmunals, inchuding bhumeans, contributes to balance, and to a sense of spatial

orientation and stability

Méniere's Discase

001841 Mémere's discase, also known as idiopathic endolymphatic hydrops (ELH), 1
a disorder of the inner ear resulting in vertigo and tnnitas, and eventual neurenal damage

leading to hearing loss. The cause of Méniére’s disease remains unclear. I is characterized

49



WY 2013/667476 POEMUSIGE2/0628%4

cochleovestibular dysfunction and by endolymphatic hydrops {post-mortem examination}.

The primary signs and symptoms of Méniére’s discase are:

a) Episodic vertigo. Hpisodes of vertigo typically occur without warning and usually lagt
from about 20 minutes to two hours or move, up to 24 hours. Severe vertigo can

cause nausea and vomitng.

by Hearing loss. Hearing loss in Mémiére’s disease may fluctuate, particularty early in the
urse of the disease. Eventually, most people experience some degree of permanent

hearing foss. Hearing foss can be unilateral or bilateral.

oy Tinnitus. Tionitus is the perception of a ringing, buzzing, roaring, whistling or hissing
} R o o _'2

o [l

sound In vour ear. With Menidre’s disease, tnnitus i1s offen low-pitched.

dt Aural fudlness, Aural fullness is the feeling of fuliness or pressure in the ear.
P

(601851 Without wishing to be bound to theory it is generally accepted that cochlear
hair cells and vestibular hair cells die tn Méniére’s patients, therehy cause hearing loss, Hair

cells are the sensory receptors located within the inner car. Auditory hair cells are located in
the organ of Corti of the cochlea and are involved in detecting sounds and converting sound
into electrical signals that are sent via nerve fibers to the brain. Vestibular hawr cells are
located in the vestihular (balance) organs of the inner ear {utricle, saccule, ampuliag), They
detect changes in head position and send signals to the brain to help maintain body posture,
eye position and balance. in the abscnce of auditory or vestibular hair cells, the energy
derived from sound waves or gravity I8 not converted into neural signals, and hearing or

halance deficits ensue,

[G0186] In preferred embodiments the subject being treated is a warm-blooded animal

and, in particular & mammal, and preferably a human,

n

[00187] “Treating a subject” refers o administering to the subject a therapeutic
substance cffective to alleviate or attenuate symptoms associated with a disease or condition,
to delay the onset of the disease, to slow disease progression, to lessen the severity or cure the
disease, or to prevent the disease {rom occurring. "Treatment” refers to both therapeutic
treatment and prophylaciic oy preventative measures, wherein the object i3 to prevent a

disorder, to slow the progress of a disease or to reduce the symptoms of a disorder. Those in

LA
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need of freatment inchide those already experiencing the disease or condition, those ai risk of
or prone 1o having the disease or condition, and those in which the disease or condition is to
be prevented. The compositions of the invention are administered before, during or

subsequent to the onset of Ménidre’s disease.

[O0188] Provided herein 1s a method for reducing the loss of neuron cells in a spiral
. 1 3/ . b o ey 4
ganglion and/or a vestibular ganglion of a subject suffering from a disease associated with

pathological abnormalities o the aoditory system and/or vestibular system, comprising
administering {o the subject’s ear a dose of a double-stranded RNA {dsRNA} compound
which down regulates expression of a CASP2 gene, wherein the gene encodes a mRNA sof
forth in any one of SHQ 1D NO:1-3 so as fo thereby provide neuroprotection to the spical
ganglion cells and/or the vestibular ganglion cells in the subiect’s car. In preferred
embodiments the dsRNA compound comprises a sense strand with a nucleotide sequence set

forth in SEQ 1D NO:E and an antisense strand with a nucleotide sequence set forth in SEQ 1

NOY.

Combination Therapy

[006189] The methods for treating Ménicre's discase and related diseages and disorders

as disclosed herein inchude administering a double-stranded RNA compound directed fo

CALPL gene, Turther disclosed is combination therapies comprising known treatments for

treating a subject suffering from or affected by or susceplible 1o Ménidre’s disease, in

S R M e 1a iy P i e o - Yo e 1y
conjpunction with the novel pharmaceutical compositions and therapies described herein sre

considered part of the current invention,

1.0

001907 By “in conjunction with” or “in combination with” is meant that the additional

pharmaceutically effective componnd 18 administered prior to, at the same time as, or

J'!

1

subsequent to administration of the pharmaccutical compositions of present invention. The
individual components of such a combination referred fo above, therefore, are administered
either sequentiatly or simultancously from the same or separate pharmaceutical formulations.
Acsecond therapeutic agent is administered by any suitable route, for example, by ocular, otic,
oral, buccal, inhalation, sublingual, rectal, vagical, transurethral, nasal, topical, percutansous
{(i.e., tansdermal), or parenteral (including mtravenous, intramuscular, subcutanecus, and

ntracoronary) administration,
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[O0191] In some embodiments, melecule disclosed herein and the sccond therapeutic
agent/composition are administered by the same route, either provided in a single composition
or as two or more different pharmaceutical compositions. However, in other embodiments, a
different route of administration for the novel pharmaceutical compositions of the invention
and the second therapeutic composition/agent is either possible or preferied. Persons skilled
mn the art are aware of the best modes of administration for cach therapeutic agent, cither

alone or in combination.

[00192] The invention has been described in an illustrative manner, and i is to be

understood that the terminology used is mtended to be in the nature of words of description
rather than of hmitation.

(001931 Many medifications and vanations of the present invention are possible in
light of the above teachings. It s, therefore, 0 be understood that within the scope of the

appended claims, the invention can be practiced otherwise than as specifically deseribed.

F0G1941 Throughont this application, various publications, including United States

Patents, are referenced by author and vear and patents by number. The disclosures of these
J o £

publications and patents and patent applications in their entireties are hereby incorperaied by

i H i i J

reference into this application in order to more fully describe the state of the art 1o which this

mvention pertains.

(001951 The present tavention 18 tlustrated in detail below with reference o examples,

but is not fo be construed as being limited thereto.

[0G196] Citation of any document herein is not intended as an admission that such
document s pertinent prior art, or considered material to the patentability of any claim of the
present application. Any statement as to content or a date of any document is based on the
information available to applicant at the time of filing and does not constitute an admission as
to the correctness ol such a statcment.

EXAMPLES
(601971 Without further elaboration, it is believed that one skilled in the art can, using

the nreceding description, utilize the present invention to ity fullest extent. The following
i

o
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preferred specific embodiments are, therefore, to be construed as merely tHustrative, and not

Himitative of the claimed mvention n any way.

[00198] General methods - Molecular biology and mmunoassays
[00199] Standard molecular biology profocols kanown in the art not specifieally

described hervein are generally followed essentially as in Sambrook et al., Moleculur cloning:
A Alaboratovy manual, Cold Springs Harbor Laboratory, Mew-York (1989, 1992), and in
Ausubel et al., Current Protocols in Molecular Riology, John Wiley and Sons, Baliimore,
Maryland {1988}, and as in Auvsubel et al., Current FProtocols in Molecular Biology, John
Wiley and Sons, Baltimore, Maryiand {1989 and as in Porbal, 4 Practical Guide 10
Molecular Cloning, John Wiley & Sons, New York {1988), and as in Watson ef al.,
Recombinant DNA, Scientific American Books, New York and in Birren et al (eds) Genome
Analysis: A Laboratory Manual Series, Vols. 1-4 Cold Spring Harbor Laboratory Press, New
York {1998) and methodology as set Torth in US Patent Mos. 4,666,828, 4,683,207
4,801,531 5,192,659 and 5,272,057 and incorporated herein by reference, Polymerase chain
reaction (PCR} was carried out as discussed in PCR Profocols: A Guide To Methods And
Applications, Acadernic Press, San Diego, CA {1990). In situ PCR in combination with Flow
Cytometry (FACE) can be used for detection of cells contaimmg specific DNA and mRENA
sequences { Testont et al, Blood 1996, 87:3822.) Methods of performing qPCR and RT-PCR

are well known in the art,

1002601 Standard organic synthesis protocels known in the art not specifically
described herein are generally followed essentially as in Organic syntheses: Vol I- 79, editors
vary, J. Wiley, New Youk, (1941 - 2003); Gewert ot al., Organic synthesis workbook, Wiley-
VOH, Weinhein (2000}, Smith & March, Advanced Organic Chemisiry, Wiley-Interscience;

5th edition (2001},

[00201] Standard medicinal chemistry methods known in the art not specifically
described herein are generally followed cssentially as in the series "Comprehensive Medicinal
Chemistry”, by various authors and editors, published by Pergamon Press,

[GG202] in gencral, BELISA is a preferred immunoassay. FLISA assays are well known
to those skilied 0 the ast. Both polyclonal and monoclonal antibodies can be used in the

assavs. Where appropriate ofher imumunoassays, such as radioimmunoassays (BLA) can be
3 OO0 ¥o i

Lh
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used as are known to those in the art. Available immunoassays are extensively described in
the patent and scientific Lterature. See, for example, US Patent Nos. 3,791.932; 3 839,153;

3,850,752, 3,850,578; 3,853,987, 3,8067.517, 3,879,262, 3,901,654, 3,935,074, 3,984,533
3,996,345, 4.034.074; 4,098.876; 4879219, 5,011,771 and 5,281,521 as well as Sambrook et

al, Molecular Cloning: A Laboratory Manual, Cold Springs Harbor, New York, 1989,

SIRINA Activity

[GG203] The sense and antisense  sequences useful in generating  active  and
therapeutically useful dsRNA are generated using a proprietary algorithm or an algorithm

By
krnown i the art.
(002041 In general, shout 1.5-2x10° tested cells (FelLa cells and/or 2937 cells for
S5IRNA targeting human genes and NRKS2 (normal rat kidney proximal tubule cells) cells
and/or NMuMG cells (mouse mammary epithelial cell ine) for siRNA targeting the rat/mouse
geney are seeded per well in 6 wells plate {70-80% confluent).
[00205] About 24 hours later, cells are transfocted with sIRNA compounds using the
Lipofectarnine™ 2000 reagent {Invifrogen) at final concentrations of SnM or 20nM. The cells

arg incubated at 37°C in s OOy incubator for 72h.

[G0266)] Ag positive control for transfection PTEN-Cy3 labeled siRMNA compounds are
used. Varions chemically modified siRNA compounds are tested for activity, GFP siRNA

compounds arc used 88 negative control for siIRNA activity.

1602071 At 72h after transfection cells are harvested and RNA is extracted from cells.

Transfection efficiency is tested by fluorescent microscopy.

(002081 The percent of inhubition of gene expression using specific preferred siRMNA
structures s determined using gPCR analysis of the Casp? gene in cells expressing the
Pe & 2

endogenons gene.

(002091 In general, the siRNAs having specific sequences that are selected for in vitro
testing are specific for human and a second species such as non-human primate, rat or rabbit

BCRos.

L
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Serum Stability Experiments

{00210 Chemically modified $iRNA compounds according to the present invention are
tested for duplex stability in human serum, as follows:

[O02111 5IRMA molecules at final concentration of 7uM are incubated at 37°C in 100%
human serum (Sigma Cathf H4522), (sIRNA stock 106uM diluted in humar scrom 1:14.29),
(002121 Sal are added to 15ul 1.5xTRE-loading buffer at different time points {0,
Amin, 1h, 3h, 6k 8h, 10h, 160 and 24h). Samples are immediately frozen in liquld nitrogen

and were kept at —20°C.

[GG213] Fach sample is loaded onto a non-denatoring 20% acrylamide pel, prepared
according to methods known in the art. The oligos are visualized with ethidivm bromide

under UV light.

ol

Fxample | Expression of CASPZ in the mouse inner ear,

(002141 The Phex™ % senetic murine model mimics the symptoms of Méniére’s
disease in humans ncluding endolymphatic hydrops (ELH)Y and progressive hearing loss. This
model is detailed in Megerian ot al (“A mouse model with postnatal endolyraphatic hydrops
and hearing loss”, Hearing Res 2008, 237(1-23:90-105), hereby ncorporated by reference 1o
its  entirety, Dmediately  after birth, the mutant mice spontancousty develop BELH
accompanied by vestibular function impairment, followed by apoptosis of neurons in the
vestthular and spiral ganglia. Finally, sensory ceils in both vestibular and  cochlear

compartments degencrate and progressive hearing loss and balance deterioration sets in.

{002 15] Expression of CASP2 in the mouse inner ear was assessed in wild type and
. 3T . . . L .
Phex™ ™ mice. Casp? protein level was qualitatively evalvated in 2 individoal experiments

that inchuded 3-week old, Z-month old and 3-month old wild type and Phox™ ™ mutant male
mice. Inner ears of mice were dissected, fixed, embedded in paraffin and sechioned to obtain
shides with representation of auditory and vestibular compartments as well as of spiral
canglion. The shides were used for histological evaluation. Three slides per ear were used for
i situ hybridization analysis of dsRMNA distribution in the inner ear. Casp2 protein expression

was assessed by immunohistochemistry of the slides using Casp2 antibody (Santa Cruz, SC-

LA
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623), and the HRP signals were amplified with Tyramid Amplification System (TSA™,

PerkinBlmer).

[G0216] Casp? positive cells were observed in all samples, specifically staining organ
of Corti {OC) in the hair cells, the spiral ganglion (5(), the cochlear nerve and the vestibular
sensory epithelium (macula), In addition, n a few samples non-specific staming occurred in
the bone lacunac {probably bone marrow) and in blood vessels (endothelial cells), No
differences between mutant and wild type were observed in Casp2 precursor protein levels, in
the teated ages. Staining resulis arc provided herein below in Table 1,

byp-buk

Table 1. CARP? expresgion pattern in muer cars of wild tvoe and Phex mutant mice,

Bample name Staining paitern

1 Bwiks Phex/Y #5515 |Organ of corti {OC)-hatr cells spiral ganglion {(SG) and vestibular
sensory epithelivm (macula)
Fwks Phex/Y #8517  1OC-hair cells, Eeissner’s membrane and SG.

b

3 DBwks HY O #8518 1OC-hair cells, 50 and in the vestibular sensory epithelivm
(macuia)
4 Dwks Y #5519 J0C-hair cells, SG and vestibular sensory epitheliom (macula)

5 2 Mo Phex/Y #577 OC-hair cells, 5G and cochiear nerve
6 12 Mo Y #RT9 O -hair cells, 8G and cochlear nerve

73 Mo Phex/Y #5100 30C-hair cells and SG {damage in tissue morphology)

8 13 Mo Phex/Y #5599 (3C-hair cells and 5G (damage in tHssue morphology)

9 3 Mo Y #8104 OC-hair cells, SGand vestibular sensory epithelivm (macula)

163 Me /Y #5105 10C-hair cells, 5G, vestibular sensory epithelium {macula} and
cochlear nerve

56



WY 2T IG6TOTE POTIUBZEIZ/062854

Swample 20 Bvaluation of siRNA delivery to mouse inner ear and efficacy of four siRINA

L o hypBuk ey
molecuies in the Phex VY mice. a model of Ménigre’s Disease

Lo0217] Objective: A mouse model of Méniére’s Digcase (MD), was nsed to evaluate
safety and potential therapeutic effects of several dsRNA molecules for silencing of four
target genes.

- ) Tk . . . T
H00218] The Phex™ ™ genetic murine model mimics the symptoms of Méniére’s

disease in humans including endotymphatic hydrops (ELH) and progressive hearing loss, This

model is detailed in Megerian et al (A mouse moedel with postnatal endolymphatic hydrops
and hearing loss”™, Hearing Res 2008; 237(1-2):90-105) hereby incorporated hy reference in

its entirety.

1002101 Assessment of safety and therapeutic cffects of the dsRNA in the inner car
were perforred by

Hvaluation of Ecog Performance status;

FEvaluation of histological sections of the mner car;

Hvaluation of inner ear function (bilateral);
MNon-invasive hearing tests;

Auditory-Hyoked Brainstem Response {(ABR) at Click, 8, 16 and 32 Hz,

Distortion Product Otoacoustic Emissions (DPOAE) - amplitudes at 4, 6, £, 10, 12, 14, 16,
18 and 20 ke

Mon-invastve vestibular function tests;

Vestibular evoked myogenic potential,

[G0220] The study was carried out in two stagoes:

(o022t Study 1. Pilot dsRNA inner car delivery and safety study in normal wild type
mice,

1002221 study 2. BEvaluation of the therapeutic effect of dsRMNA molecules fargeting

~

y y
four different genes in male .E}h{,hhw Duk

mice.

)]
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(002237 Objectives of Study [: non-invasive inner ear delivery using eardrops and
assessment of safety of multiple dsRINA administrations to the inner ear i mice, Study 1: The

study design 18 shown in Tabic 2 and in Figure 2.

Table 2: Study 1 desien

Group [ Article Functional Term
{n=3) tests Inat
ton
1 None PL6
2 R22 P22 P23
3 P2z, P29 r29 P30
4 P22, P29, P36 P36 P37
5 p2z, P29, P36, P4Z | P42 P43
5 P22, PZ9, P30, P4% Ph0
P48
7 P22, P29, P36, 749 PLHO
P49
B P50
* P=days postnaial, i.e, P15 refers to 15 days postnatal,
ogz24 dsRMNA or vehicle was delivered on a weekly basis to 7 groups of 3 mice cach

starting from P15, Functional tests were performed on the day before the last administration
of test or cowirol articie and prior fo their adminisiration. Administration of dsRNA
molecules requires animal immobilization (anesthesia) for 40-60 minutes. Therefore,

optimization of the schedule of functional test performance requiring anesthesia was

performed. Functional tests in Intact non-treated mice of the same age served as baseline

control.
[00225] Figure 3 shows that weekly treatment with dsRIMNA or vehicle car drops to the

inner car of wild type mice does not affeet hearing function, as assessed by ABR thresholds.
For each KHz measurement, the results for siRNA freated antmals are on the left, untreated

animals are in the center and vehicle freated animals are on the right.

002261 siudy 20 Pilot evaluation therapeutic effect of four dsRMNA molecules targeting
- PPN . . .y _— ~ T . . Tl .

four different genes, CASP2, NOX3, CAPNST and RHOA, in male Phex™ /Y mice
(602271 Study objectives: Assessment of efficacy of dsRNA test molecules 1n mouse

genetic model of Méntére™s diseage by using functional and histological evaluation,

L
el
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[00228] study 20 The study design is shown in Table 3 and in Figures 4A and 4B.
- . . . . \ . . hyn-Dule ~ L.
Figure 4A shows the approximate timeline of events in the inner ear of Phex ™ ""/Y . Dotted

ftne ndicates onset of phenotype, mild hearing loss {(HLY, siens of endolvmophatic hydrons
e, g s ol i !

{(ELH), spiral ganghion cell {8GC) degeneration, or hair cell degeneration, with some
variability among animals in onset, appearance and severity, Solid line that follows dotted
tines indicates that the phenotype 1s estublished with age. (from Hear Res. 2008 March ;
23712y 90-105).
Table 3: Stedy 2 design
Group |Article ment Functional tegts |[Terminatio
(n=12} freguency n
1 giCASP2 PLS, BZZ, P29, P29, P36, P42, pa0
{tezt 1) P3G. P42, P49, P49, P56, P63,
P26, 223, P63, pP&e3, B70, BT,
PT0, BT, P84 pHd, PLO
2 5iN0XN3 PlhH, P22, P29, P29, P36. P42, 2Rl
{test 2) P36, P42, P49, PaG, e, P63,
P53, PH3, Pe3, PTG, PUT,
P77, PB4 24
3 51CAPNS P2z, P29, P90
{test 3) P42, P49
Pe3, PL3,
27, PB4
4 5 iRHOA P29, 290
{rest 4) P44,
P53,
pg4
5 P25, Pa0
P49,
P&3, Pe3, P70, P77,
pe4 P84, PI0
6 P9, P2%, P36. P42, PaG
P4y, P4, Phe, Ee3,
control) P53, P63, PO, PIT,
pad P4, POD
7 Intact none P29, P3oc. P42, Pag
{negative 249, PLG, PGR3,
controll L3, P70, BIT,
PE4, POO
100229] dsRMNA or vehicle was delivered on a weekly basis to 6 groups of 12 mice cach

f-s

starting from P15 and tll P63, Functional tests were performed weekly on the day of test or

control articles admunistration and prior fo their administraiion. dsRNA administration
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requires animal immobilization (anesthesia) for 40-60 minutes optimization of the schedule of
functional fest performance requiring anesthesia was performed. Functional tests in intact

non-treated mice of the same age served as baseline control.

[00236] Animals were added to study groups mncrementally in the course of colony

CHPANSION.

[GO2313 Statistical analyses was performed to compare results of auditory, vestibular
and behavioral tests between age-matched treated and control Phex™PP™/¢ mice. P<0.05 was
considerad a significant difference.

[00232] Upon termination, nner cars of mice were dissected, fixed, embedded in
paraffin and sectioned to have representation of both auditory and vestibular compartments as
well as of spiral ganglion. The slides wore used for histological evaluation of inner ear
morphology. The CASPZ dsRNA compound (CASP2 giRNA, designated as siCASP2,
QPLIOO7T or 1007) that was used in the preparation of the pharmaceutical composition utilized
in this study s a [9-nueleotide blunt-ended duplex having two separate strands, with an
aptisense strand (AL, guide strand) comprising unmodified ribonucieotides at positions 1.3, 5,
7.9, 10, 12, 14, 16 and 18 {capital leters), and 2°OMe suger modified ribonucleotides at
positions 2, 4, 6, 8, T, 13, 15, 17 and 19 (lower case lefters); and a sease strand {SEN,
pagsenger strandy comprising unmodified ribonuclectides and an  T~deoxyribonuclectide at
position 18 (bold wnderlined) and an inverted deoxyriboabasic moiety (iB) at the 37 terminus,

1
A Loy forssl
A3 u\.}):\x ol

SEN 57 1B-GCCAGARAUGUGGRRCUCCU 3" (3EQ ID NO:Z6)
Al 37 cOgUolUuhchAColuGaGgh 57 (8FQ ID HO:27)
[G0233] The NOX3 dsRNA compound (siNOX3 4) is a 19-nucleotide blunt-ended

duplex {(human, mouse, rat cross-species) having fwo separate strands, with an antisense
strand (A, guide strand) comprising unmodified rbonucleotides at positions 2,4, 6, 8 18, 12,
14, 16 and 18 {capttal letters), and 2"OMe sugar modificd ribonucieotides at positions 1, 3, 5,
7,9, 11, 13, 15, 17 and 19 (Jower case letters); and a sense strand (88, passenger strand)
comprising 2°0OMe sugar modified ribonocleotides at positions 2, 4, 6, 8 10, 12, 14, 16 and 18

.) ¢

(lower case letters), and unmodified rnbonucieotides at positions 1, 3, 5,7, 9, 11, 13, 15, 17

50
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and 19 {upper case letters). The 37 terminus of the sense strand and the 37 terminus of the

antisense strand are non-phosphorylated.

SINOX3 4

57 UcCuGghaCulchchuGas 37 35 (SEC ID NO:106)
37 aGghaoCullgAaCuGuhciiu o AZ {ZEQ ID NO:113
[06234] The CAPNST dsRNA compound {siCAPNSL 13} is a [9-nucleotide blunt-

ended duplex baving two scparate strands, with an antisense strand {AS, guide strand)
comprising unmodified ribonucleotides at positions 2, 4,6, 8 10, 12, 14, 16 and 18 {capital
letters)y, and 2°OMe sugar modified ribonucleotides at positions 1, 3, 5,7, 9, 11, 13, 15,17
and 19 {lower case letters); and a sense strand (38, passenger strand) comprising 270OMe
sugar modified ribonueleotides at positions 2, 4, 6, 8 10, 12, 14, 16 and 18 (lower case
fetters), and unmodified ribonucleotides at positions 1, 3, 5,7, 9, 11, 13, 15, 17 and 19 (upper

case letiors);

siICAPINSE 13

57 GoldaCaGahAcUchuGarur 37 355 (SEQ ID NO:12)
37 cGalgdcUnGaGuacUuhu 57 AS (SEG ID NO:13)
1002351 The RHOA dsRMNA compound {(siRHOA 4} is a 19-nucleotide blunt-ended

duplex  having two separate strands, with an antisense strand (AS, guide strand)
comprising unmodified vbonucleotides at positions 2, 4, 6, 8 10, 12, 14, 16 and 18 (capital
lettersy, and 2°OMe sugar modified ribonucleotides af positions 1, 3, 5, 7, 9, 11, 13, 15, 17
and 19 (lower case letters); and a sense strand (85, passenger strand) comprising 2°0Me
sugar modified nbonneleotides at positions 2, 4, 6, 8 10, 12, 14, 16 and 18 {Jower case
ietters), and unmodified ribonucleotides at positions 1, 3, 5,7, 9, 11, 13, 15, 17 and 19 (upper

case lotters)y;

57 GoCaCulUahuGuhutulal 37 58 (BEQ ID NO:14)
37 cGgUghalUuhchuichalyg AL (SEQ ID NO:15)
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[00236] The EGEFP {(enhanced green fluorescent protein) control dsBRNA compound
(s1EGEP 5) is a 19-nucleotide blunt-ended duplex having two scparate sitrands, with an

i

antisense strand (AS, guide strand) comprising unmodified ribonucleotides at positions 2, 4,
6, 8 10, 12, 14, 16 and 18 (capial letters), and 2°0OMe sugar modified ribonuclectides ar
positions 1, 3, 5, 7,9, 11, 13, 15, 17 and 19 (ower case letters);, and & sense strand {55

passenger strand) a:oz‘nprésing 2'OMe sugar modified ribonucleotides at positions 2, 4, 6, 8 10,

12, 14, 16 and 18 (lower case letters), and unmodified ribonucleotides at positions 1, 3, 5, 7,
9,14, 13,15, 17 and 19 {upper case letlers);
SiEGHFP 5
5/ GgCuloGulehgGatoGohal 3788 ID NO:16)
37 cCgAubeAgtulolcGobniGy 50 AS (SFO ID NO: 17
[00237] Results and conclusions.
. e . " - 3 ! . . . -
00238 Results of ABR functional test: Phed™P ™Y mice display significant loss of
= - )

hearing at all frequencics. The major loss of hearing function occurs before P29 when
systerpatic measurements started and there was a trend for further deterioration in negative
contiol groups bul not in the siRNA treated groups. Alrcady at P29, hearing function in

-

siIRMNA-treated mice (2 freatments on P15 and P22) appear significantly better than in vehicle-
treated mice st all freguencies and this difference in favor of siIRNA-treated mice became
more profound with fime. Starting from P70, hearing function at 16-32 kiiz became
significantly better in all siRMNA treated group compared to siBGFP-treated animals. ABR
esults at day P90 are shown in Figure SE. In all Figures 5A-3D, a dotted line with open

squaies represent vehicle; short dashes dashed line with open triangles represents siCASP2
treated animals; medivm dashes dashed hne with plus sign (") represents siIEGEP treated
animals; medium dashes dashed line with closed circles represents siEGEFP treated animals;
jong dashes daghed line with stars represents siIRHOA treated animals; a solid line with oper
circles represents stCAPNST treated ammals, The x-axis provides weekly test days from P29-
P90 and the y-axis provides dB readings from ABR test. The v-axis is a different scale in the

Four tosts, Click is ~75-87.5 (B, 8 KHz is ~60-80, 16 KHz 3 ~40-70 and 32 KHz 15 ~55-75,

on
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[00239] Figure 5E shows improvement in ABR af day P90 in animals treated with test
compounds. There s no statistically significant differenice between vehicle and siEGFP, ABR.

for normal mice at Click: 55dB; at 8 kHz: 40 dB; 16 kHz: 35 dR, at 32 kz 40 dB.

[00240] Conclusions: Phex™ /Y mice showed hearing function protection in the
siCASBP2,  siCAPNRL, siNCX3  and siRHOA  treated  groups.  Histology  verified
neuroprotection of the spiral ganglia and vestibular ganglia neurons.

(0241 Results of histological staining: Histological analysis of the inner car sectons
prepared from all mice at study termination demonstrated substantial and  significant
preservation of the spival and vestibular ganglia cells in the siRNA treated mice compared to
controls. ELH {(Endolymphatic hvdropsiphenotype, typical for this model, was not influenced
by siRNA treatment. As expected, at this stage of the disease {P90), no changes in sensory
epithelia were observed in all study groups. Spiral ganglion cells and vestibular ganglion cells
showed significant profection from apoptotic death in dsRNA treatod ears of Phex™ 7y
mice compared to vehicle-treated group. Compare figures 6B 1o 6A, 61 to 60 and 6F 10 6F.
Black {(distorted tissuc) show rvegions of ganglia cell death n Figure 64 and regions of dense
ganghia in Figure 68, Cochlear hair cells and vestibular hair cells appear non-affected in the
model and treatment with siCASPZ prodoced no additional effects compared o control.
Sinilar results were obtained with stCAPNST, siNOX3 and siRFIOA treated animals. Figure
7A shows ganglia eells in the cochlear apex turn from vehicle- cd (left panel) or siEGFP-
treated (right panel) Phex™™™* mutant mice. Figures 78, 7C and 7D show ganglia colls in the
cochlosr apex turn from siCAPNST-, siNOX3- and siRHOA-treated animals, respectively. All
magnifications are x03. Figure 8A shows vestibular ganglia cells from vehicle-treated {left

panel) or SIEGFP-treated (right panel) Phex™P P

mutant male mice. Figures 88, 8C and 8D
show vestibular ganglia cells in the from siCAPNSI1-, siNOX3- and siRHOA-treaied animals,
respectively, All magnifications are x63, Survival of the spiral ganglion cells is a critical

factor in preservation of hearing,

[00242] The dsRNA delivery in this study, in mice, was achicved by eardrop
application. In a clinical setting, transtvmpanic njection of drugs is clinically routine and use
of cardrops for delivery of dsRINA ig possible. Furthormore, the dsRNA uiilized in the studies

disclosed herein are merely non-hmifing examples of dsRNA that down regulate CASP2,

o
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MNOX3, CAPNS1 and RHOCA, and dsRNA species having different sequences and stroctures
that are active in down regulating their respective genes are useful in practicing the methods

and kits disclosed herein.

100243] The invention hag been described broadly and generically herein. Each of the
narcower species and subgeneric groupings falling within the generic disclosure also form part
of the invention, This includes the generic description of the invention with a provise or
negative mitation removing any subject matier from the genus, regardless of whether or not
the removed material 18 specifically recited herein.  Other embodiments are within the

following claims,

iy
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CLAIMS

1.

Use of a double-stranded RNA (dsRNA) inhibitor which down regulates expression of a
CASP2 gene encoding an mRNA having a sequence set forth in any one of SEQ ID
NO:1-3, for the preparation of a medicament for treating Méniére’s disease in a subject
in need thereof, wherein the medicament provides neuroproteciion of a neuron in a

spiral ganglion or a vestibular ganglion in the subject’s ear.
The use of claim 1, wherein the double-stranded RNA (dsRNA) inhibitor is an siRNA.

The use of any one of claims 1 or 2, wherein the dsRNA compound comprises a sense
strand with a nucleotide sequence set forth in SEQ ID NO:8 and an antisense strand with

a nucleotide sequence set forth in SEQ ID NO:S.

The use of any one of claims 1 to 3, wherein the neuroprotection comprises protecting

the neuron from cell death.
The use of claim 4, wherein cell death of the neuron comprises apoptotic cell death.

The use of claims 4 or 5, wherein cell death of the neuron 1s associated with one or more
oft a disease or disorder, ischemia, physical/mechanical tranma, a chemical agent, an

infectious agent, an immunologic reaction and a nutritional imbalance.

The use of claim 6, wherein cell death of the neuron is associated with a disease or

disorder.
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10.

1.

The use of claim 1, wherein the neuroprotection comprises restoration of cochlear function

and/or of vestibular function.

The use of any of claims 1 to 8, wherein the dsRNA inhibitor down regulates CASP2

expression in a cell in the inner ear of the subject.

The use of any of claims 1 to 9, wherein the dsRNA inhibitor has the structure:

5/ z7.GCCAGLAUGUGCAACUCCU-Z7 3" (sense strand, SEQ ID NO:24)

3! 7 ~CEGUCUUACACCUUGAGGA 5'(antigense strand, SEQ ID NO:25)

wherein cach A, C, U, and G is an unmodified or modified ribonucleotide or an
unconventional moiety and each consecutive ribonucleotide or unconventional moiety is
joined to the next ribonucleotide or unconventional moiety by a phosphodiester bond;

4]

wherein the sense strand comprises, counting from the 5’ terminus, an unmodified
ribonucleotide at positions 1, 2, 3,4, 5,6,7,8,9, 10, 11, 12,13, 14, 15,16, 17 and 19, a L-
deoxyeytidine at position 18 (set forth in SEQ ID NO:24); wherein the antisense strand
comprises at least five alternating unmodified and 2°-O-methyl sugar modified

ribonucleotides; and wherein z°, Z and 2’ are optional.
2

The use of claim 10, wherein each Z and Z’ is absent; and wherein the antisense strand

comprises, counting from the 5° terminus, a 2°0-
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12.

13.

14,

Is.

16.

Methy! sugar modified ribonucleotide at each of positions 2, 4, 6, 8, 11, 13, 15, 17 and 19
and an unmodified ribonucleotide at each of positions 1, 3, 5,7, 9, 10, 12, 14, 16 and 18 (set
forth in SEQ ID N(:25).

The use of claim 11, wherein z” is covalently attached to the 5' terminus of the sense strand

(SEQ ID NO:26) and comprises an inverted deoxyabasic moiety.

The use of any of claims 1 to 12, wherein the dsRNA molecule is formulated for

transtympanic administration.
The use of any of claims 1 to 12, wherein the dsSRNA molecule is formmlated as eardrops.
The use of any of claims 1 to 14, wherein the subject is a mammal.

The use of claim 15, wherein the subject is a human.
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