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METHODS AND COMPOSITIONS FOR NEUROPROTECTION 

RELATED APPLICATIONS 

[1] 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 Meniere's 

S Disease" and of U.S. Provisional Application Serial No. 61/663,627 filed June 25, 2012 

entitled "Compositions and Methods For Treating Meniere's Disease" which are incorporated 

herein by reference in their entirety and for all purposes. 

SEQUENCE LISTING 

[2] This application incorporates-by-reference nucleotide and/or amino acid sequences 

10 which are present in the file named "240_PCTI_ST25.txt", which is 33 kilobytes in size, and 

which was created November 1, 2012 in the 1BM-PCT machine format, having an operating 

system compatibility with MS-Windows. 

FIELD OF THE INVENTION 

15 

[3] Provided herein is use of a double-stranded RNA compound that targets CASP2, 

NOX3, CAPNS1 or RHOA for use in neuroprotection of neurons in the ear of a subject and 

for restoration of lost cochlear and/or vestibular function and/or relief of the attendant 

symptoms. Further provided are methods and kits useful for treating a subject at risk of or 

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

20 BACKGROUND OF THE INVENTION 

[4] The human ear is comprised of three major structural components: the outer, middle, 

and inner ears, which function together to convert sound waves into nerve impulses that travel 

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

[5] The anatomy of the middle and the inner ear is well known to those of ordinary skill in 

25 the art (see, e.g., Atlas of Sensory Organs: Functional and Clinical Analysis, Andrs Csillag, 

Humana Press (2005), pages 1-82, incorporated herein by reference). In brief, the middle ear 

consists of the eardrum and a small air-filled chamber containing three tiny bones known as 

the ossicles, which link the eardrum to the inner ear. 
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[6] The inner ear (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. 

5 [7] 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". These cells have small 

hairline projections (cilia) that extend into the cochlear fluid. Sound vibrations transmitted 

from the ossicles in the middle ear to the oval window in the inner ear cause the fluid and cilia 

to vibrate. Hair cells in different parts of the cochlea vibrate in response to different sound 

10 frequencies and convert the vibrations into nerve impulses which are sent to the brain for 

processing and interpretation. The inner 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 include inner rod (pillar 

cells), outer rod (pillar cells), inner phalangeal cells, outer phalangeal cells (of Deiters), cells 

15 of Held, cells of Hensen, cells of Claudius, cells of Boettcher, interdental cells and auditory 

teeth (of Huschke). 

[8] 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 neurons are found in the spiral 

structure of the cochlea and are part of the central nervous system. Their dendrites make 

20 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 ganglion) is the ganglion 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. 

25 [9] US Patent Application Publication Nos. 20090162365 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 genes. 

[0010] US Patent No. 7,825,099 relates to methods of treating hearing impairment by 

inhibiting a pro-apoptotic gene. 
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[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 to target CAPNS1. 

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

various gene targets, including CASP2, useful in treating eye diseases. 

[0015] PCT Patent Publication No. W02011/163436 discloses dsRNA to target RHOA. 

[0016] Tinnitus and Meniere's disease affects many individuals worldwide and current 

therapies have not been successful at preventing progression of neuronal degeneration 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 thereby attenuate or prevent hearing loss in, for example, Meniere's patients 

would be highly desirable. It is, accordingly, an aspect to provide methods for neuroprotection 

of neurons in a subject's ear, including human subjects suffering from tinnitus or Meniere's 

disease or having similar symtoms, using dsRNA compounds not previously known to have 

such activity. 

SUMMARY 

[0017] 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. 

[0017a] In one aspect, there is provided 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 Meniere'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 ID 
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NO: 1-3, SEQ ID NO: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 a 

method providing neuroprotection to neurons in the ear, the method comprising administering 

to the subject's ear 

molecule compound 

a therapeutically 

which down 

effective amount of a double- stranded RNA (dsRNA) 
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regulates expression of a CASP2 gene, a NOX3 gene, a CAPNS I gene, or a RHOA gene, so 

as to thereby provide neuroprotection to 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 and/or a 

5 vestibular ganglion cell. In some embodiments the CASP2 gene encodes a mRNA having a 

sequence set forth in any one of SEQ ID NO:1-3. In some embodiments the NOX3 gene 

encodes a mRNA having a sequence set forth in SEQ ID NO:4. In some embodiments the 

CAPNS1 gene encodes a mRNA having a sequence set forth in any one of SEQ ID NO:5-6. 

In some embodiments the RHOA gene encodes a mRNA having a sequence set forth in SEQ 

10 ID NO:7. In some embodiments, CASP2 is the preferred target gene and in preferred 

embodiments the dsRNA molecule 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:9. in some embodiments neuroprotection comprises attenuation, 

prevention or reduction of neuronal cell death, preferably apoptotic cell death. According to 

15 some embodiments cell death of the neuron is associated with one or more of a disease or 

disorder, ischcmia, 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 ischemia. In some embodiments cell death of the neuron is 

associated with a disease or a condition. In some embodiments the disease is a genetic disease 

20 or disorder. In various embodiments the disease or condition is selected from the group 

consisting of a disorder associated with pathological abnormality in the auditory 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 cranial nerve, located in the upper part of the 

25 lateral end of the internal acoustic meatus. In some embodiments the vestibular organ is 

selected from the utricle, saccule, internal acoustic meatus and ampullae. 

[0018] In some embodiments the subject has or is 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, tinnitus and aural fullness. 	In certain embodiments the subject is 

30 afflicted with or susceptible to developing Meniere's disease. 
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[0019] In some embodiments, provided herein is a method of treating a subject afflicted with 

Meniere's disease comprising administering to the subject a therapeutically effective amount 

of a dsRNA compound that down regulates expression of a CASP2, a NOX3, a RHOA or a 

CAPNSI gene, thereby treating the subject. 

5 [0020] In some embodiments, the method comprises attenuating a symptom of Maniac's 

disease in a subject afflicted with Maniac's disease, comprising administering to the subject a 

therapeutically effective amount of a dsRNA compound that down regulates expression of a 

CASP2, a NOX3, a RHOA or a CAPNSI gene, thereby attenuating a symptom of Meniere's 

disease. In some embodiments the symptom comprises one or more of tinnitus, progressive 

10 hearing loss, ELH, vertigo, nausea or aural fullness. In some embodiments the method 

provides relief of one or more of the symptoms of Meniere's disease. In some embodiments 

the method provides partial restoration or full restoration of hearing. 

[0021] In some embodiments the methods and kits include rescuing a spiral ganglion and/or a 

vestibular ganglion from apoptosis in a subject. In some embodiments the methods include 

15 promoting survival of spiral ganglion and/or a vestibular ganglion. In some embodiments the 

methods include preventing apoptotic cell death of a spiral ganglion cell and or a vestibular 

ganglion 	cell 	in 	a 	subject. 	In 	some 	embodiments 	the 	methods 	include 	providing 

neuroprotection of a spiral ganglion cell and or a vestibular ganglion cell in a subject. In some 

embodiments the methods include restoration of cochlear function in the subject. Cochlear 

20 function includes partial or full restoration of hearing. In some embodiments the methods 

include restoration of vestibular function in a subject. Vestibular function includes partial or 

full restoration of balance. 

[0022] Further provided are kits for treating a subject afflicted with Meniere's disease 

comprising a therapeutically effective amount of a dsRNA compound that down regulates 

25 expression of a CASP2, a NOX3, a RHOA or a CAPNSI gene. In some embodiments the kit 

further includes a device for the administration of the dsRNA compound to the subject; and 

optionally instructions for use. In some embodiments the kit comprises a dsRNA compound 

that down regulates expression of a CASP2 gene. In preferred embodiments the CASP2 gene 

encodes a mRNA set forth in any one of SEQ ID NO:I-3. In preferred embodiments the kit 

30 provides a dsRNA compound comprising a sense strand with a nucleotide sequence set forth 
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in SEQ ID NO:8 and an antisense strand with a nucleotide sequence set forth in SEQ ID 

NO:9. 

[0023] In some embodiments the methods and kits involve use of dsRNA compounds (for 

example, short interfering nucleic acid (siNA), short interfering RNA (shRNA), micro-RNA 

5 (miRNA) or short hairpin RNA (shRNA)) that bind a nucleotide sequence (such as an mRNA 

sequence) encoding a human target gene selected from CASP2, NOX3, CAPNSI and RHOA 

exemplified by SEQ ID NO:I-3, SEQ ID NO:4, SEQ ID NO:5-6 and SEQ ID NO:7, 

respectively. 	In preferred embodiments the methods and kits involve use of a dsRNA 

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

10 [0024] In preferred embodiments the CASP2 dsRNA compound comprises a sense strand and 

an antisense strand wherein the antisense strand comprises the nucleotide sequence (5'>3') 

AGGAGUUCCACAUUCUGGC (SEQ ID NO:9). In preferred embodiments the dsRNA 

compound has the structure: 

5' 	z"-GCCAGAAUGUGGAACUCCU-Z 	3' 	(sense strand, SEQ ID NO:8) 

15 3' 	Z'-CGGUCUUACACCUUGAGGA 	5' 	(antisense strand, 	SEQ ID NO:9) 

wherein each A, C, U, and G is an unmodified ribonucleotide, 	a modified 

ribonucleotide or an unconventional moiety and each consecutive ribonucleotide or 

unconventional moiety is joined to the next ribonucleotide or unconventional moiety by 

a covalent bond; 

20 wherein each of Z and Z' 	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 3' terminus of the strand in which it is 

present; and 

wherein z" may be present or absent, but if present is a capping moiety covalently 

25 attached at the 5' terminus of the sense strand. In some embodiments the dsRNA 

compound 	comprises 	unmodified 	and 	modified 	ribonucleotides. 	In 	preferred 

embodiments 	the 	dsRNA 	compound 	comprises 	unmodified 	and 	modified 

ribonucleotides at least one unconventional moiety. 

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

30 moiety. In certain preferred embodiments the CASP2 dsRNA has the structure: 
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5' 	z"-GCCAGAAUGUGGAACUCCU-Z' 	3' 	(sense strand, 	SEQ ID NO:24) 

3' 	Z-CGGUCUUACACCUUGAGGA 	5' 	(antisense strand, SEQ ID NO:25) 

wherein each A, C, U, and G is an unmodified or modified ribonucleotide or an 

unconventional moiety and each consecutive ribonucleotide or unconventional moiety is 

5 joined to the next ribonucleotide or unconventional moiety by a phosphodiester bond; 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-deoxycytidine at 

position 18; wherein the antisense strand comprises at least five (5) alternating unmodified 

and 2'-0-methyl sugar modified ribonucleotides; and wherein z", Z and Z' are optionally 

10 absent. In some embodiments, the antisense strand comprises 2'-0-methyl sugar modified 

ribonucleotides present in positions (5'>3') 1, 3, 5, 7 9, 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 (5'>3') 2, 4, 6, 8, 

11, 13, 15, 17 and 19. 

15 [0026] In preferred embodiments the dsRNA compound has the structure: 

5' 	1B-GCCAGAAUGUGGAACUCCU-Z'3' 	(sense strand, SEQ ID NO:26) 

3' 	Z -CGGUCUUACACCUUGAGGA 	5'(antisense strand, 	SEQ ID NO:27) 

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

an unconventional moiety and each consecutive ribonucleotide or unconventional moiety is 

20 joined to the next ribonucleotide or unconventional moiety by a covalent bond; 

wherein each Z and Z' is absent, wherein the sense strand comprises, counting from the 5' 

terminus, an unmodified ribonucleotide at positions I, 2, 3, 4, 5, 6, 7, 8, 9, 10, I I, 12, 13, 14, 

15, 16, 17 and 19, a L-deoxycytidine at position 18 and z" is present and comprises an 

inverted deoxyabasic moiety; and 

25 wherein the antisense strand comprises, counting from the 5' terminus, a 2'O-methyl sugar 

modified ribonucleotide at 	each of positions 2, 4, 6, 8, 1I, 13, 15, 17 and 19 and an 

unmodified ribonucleotide at each of positions 1, 3, 5, 7, 9, 10, 12, 14, 16 and 18. This 

molecule is also known as 1007. 

[0027] 	The dsRNA compounds arc administered by any of the conventional routes of 

30 administration, including involving invasive and non-invasive 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. 

5 [0028] The dsRNA compounds are preferably administered transtympanically, including 

topically or via injection. Liquid forms may be prepared for administration. The liquid 

compositions include aqueous 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 

10 administration to the ear canal, topical administration to the tympanic membrane, or a 

combination thereof, thereby allowing the dsRNA compounds to pass the tympanic 

membrane. In some embodiments the compounds of the present application are applied to the 

tympanic membrane as an eardrop. In some preferred embodiments the dsRNA compounds 

are administered by transtympanic injection or by eardrops. 

15 [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 

20 oligonucleotide through the tympanic membrane in the ear of a subject suffering from 

Moniere's disease. 	In certain embodiments the permeability enhancer is 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 

glycol, sorbitol, xylitol, maltitol and combinations thereof. 

25 [0031] According to one embodiment the polyol is glycerol. In various embodiments glycerol 

is present at a final concentration of about 0.1% to about 35%; about 1% to about 30%; about 

5% to 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 

30 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 above compositions in the preparation of a medicament for the treatment of a subject 

5  suffering from Meniere's disease. Further provided is compound that inhibits expression of 

CASP2 for providing neuroprotection to a neuron in M1  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; materials and methods similar or equivalent to those 

described herein can be used in practice or testing of the invention. Other features and 

10 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. Although 

specific embodiments have been illustrated and described herein, it should be appreciated that 

15 the invention encompasses any arrangement of the features of these embodiments to 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 TRE FIGURES 

20 [0035] Figure 1 shows histological sections of wild type (left panels) and Phexh"-Duk  mutant 

(right panels) inner ear tissue. Arrows show Endolymphatic hydrop (ELH). In left bottom 

panel, G refers to spiral ganglion neurons, and in right bottom panel M refers to mutant spiral 

ganglion neurons, of which there are fewer (compare G to M) in the Phexh"-Dhic  mutant mice. 

Phexh"-Duk  mutant mice spontaneously develop endolymphatic hydrop and are thus presented 

25 with balance problems and hearing loss phenotype. One of the primary defects is the loss of 

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

[0036] Figure 2 shows experimental design of safety assessment of siRl4A by eardrops 

delivery. "Px" refers to x days postpartum. 
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[0037] Figure 3 is a bar graph showing that weekly treatment with dsRNA or vehicle ear 

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

Figures 4A and 4B show experimental design to test efficacy of test molecules in preserving 

hearing function in the murine model of Meniere's disease. (P15, P29, P90 — days post 

5 partum; 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 siEGFP-treated) or siRNA-treated PhexhYmpuk/Y mice. Data on the 

graphs show Auditory-evoked brainstem response (ABR) thresholds (db) at specified test 

10 sound frequency (kHz). Figure 5E is a bar graph showing relative improvement in ABR at 

P90 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 Phexh"-Duk/Y 

mice and the significant neuroprotection of spiral and vestibular ganglions provided by 

s1CASP2 (1007). Arrows in Figures 6A and 6B show spiral ganglion (SG). Figures 6A and 

15 6B show disorder and death of SG in vehicle treated PhexbYP-Duk/Y mice and Figures 68 and 

6D show rescue of SG in s1CASP2 treated PhexhYmpuk/Y mice. Figures 6E and 6F show 

separate histological sections of the vestibular ganglion in vehicle treated PhexhYP-Duk/Y mice 

and siCASP2 treated PhexhYP-Duk/Y mice, respectively. 

[0040] Figures 7A-7D show histological evaluation of the inner ear neurons of PhexhYP-Dulyy 

20 mice and the significant neuroprotection of spiral ganglions provided by siCAPNS1 (Fig. 7B), 

siNOX3 (Fig. 7C) and siRHOA (Fig. 7D) compared to vehicle-treated and siEGFP-treated 

animals (Fig. 7A). 

[0041] Figures 8A-8D show histological evaluation of the inner ear neurons of PhexhYP-DIAN 

mice and the significant neuroprotection of vestibular ganglions provided by siCAPNSI (Fig. 

25 8B), siNOX3 (Fig. 8C) and siRHOA (Fig. 8D) compared to vehicle-treated and siEGFP-

treated animals (Fig. 8A). 

[0042] Figures 9A and 9B show protection of spiral ganglion cells at P90 in siCASP2-treated 

ears. 

10 
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DETAILED DESCRIPTION OF THE INVENTION 

[0043] The present application provides oligonucleotide molecules, compositions comprising 

same: methods of use thereof and kits for treating Meniere's disease and for ameliorating one 

or more of the attendant symptoms, including fluctuating hearing loss, episodic vertigo and/or 

5 tinnitus. The present disclosure is based in part on the finding that inhibition of any one of the 

target genes selected from Caspase 2 (CASP2), NADPH Oxidase 3 (NOX3), Calpain SI 

(CAPNSI) and Ras homolog gene family, member A (RHOA). 

[0044] In one aspect, the provided herein is a method of affording neuroprotection of spiral 

ganglion cells and/or vestibular ganglion cells in a subject in need thereof comprising 

10 administering to the subject a therapeutically effective amount of an oligonucleotide molecule 

which inhibits expression of CASP2, so as to thereby afford neuroprotection in spiral 

ganglion cells and/or vestibular ganglion cells. In another aspect provided herein is a method 

of treating a subject afflicted with Moniere's disease comprising administering to the subject 

an oligonucleotide molecule which inhibits expression of CASP2, so as to thereby treat the 

15 patient. Moniere's disease, also known as idiopathic endolymphatic hydrops (ELH), is a 

disorder of the inner ear resulting in vertigo and tinnitus, and eventual neuronal damage 

leading to hearing loss. The exact cause of Maniire's disease is unknown but the underlying 

mechanism is believed to be distortion of the membranous labyrinth due to accumulation of 

endolymph. Endolymph is produced primarily by the stria vascularis in the cochlea and also 

20 by the planum semilunatum and the dark cells in the vestibular labyrinth (Sajjadi H, Paparella 

MM. Moniere's disease. Lancet. 372(9636):406-I4). Endolymphatic hydrops can occur if the 

flow of endolymph from the endolymphatic fluid space through the vestibular aqueduct to the 

cndolymphatic sac is obstructed. Moniare's disease may affect one or both of a subject's ears. 

The primary morbidity associated with Moniire's disease is the debilitating nature of vertigo 

25 and the progressive hearing loss. 

[0045] In various embodiments the methods include attenuating hearing loss in a subject. In 

some embodiments the methods include preventing progressive hearing loss in a subject 

afflicted with Maniere% disease. In some embodiments the methods include protection of 

spiral ganglion cells from cell death. In some embodiments the methods include protection of 

30 vestibular ganglion cells from cell death. 

11 
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[0046] 

dsRNA 

following 

ganglion 

apoptotic 

In a preferred embodiment the subject is a mammal, preferably a human subject. 

various embodiments the molecule that down regulates CASP2 is a Caspase2 inhibitor 

as a double-stranded RNA oligonucleotide, optionally an siNA, more preferably a 

molecule detailed in Table A infra and in particular, an siNA comprising the 

antisense sequence 5' AGGAGUUCCACAUUCUGGC (also known as CASP2_4) 

the use of this oligonucleotide in the preparation of a medicament for use in the therapy 

conditions and disorders disclosed herein. In one embodiment the disorder involves spiral 

death or vestibular ganglion death. In some embodiments the cell death comprises 

cell death. 

Table A: Non-limiting examples of Casnase2 oligonucleotide seauences for use in the 

methods disclosed herein 

ID SEQ 
ID 
NO: 

Sense SEQ 	(5'>3') SEQ 
ID 
NO: 

Antisense SEQ 
(5'>3') 

resid 
ual % 

CASP2_4 8 GCCAGAAUGUGGAACUCCU 9 AGGAGUUCCACAUUCUGG 
C 

11,18 

CASP2 _1 18 GCACUCCUGAAUUMAUCA 19 UGAUAAAAUUCAGGAGUG 
C 

12,8 

CASP2 _2 20 GCACAGGAAAUGCAAGAGA 21 UCUCUUGCAUUUCCUGUG 
C 

25,38 

CASP2 _3 22 GGGCUUGUGAUAUGCACGU 23 ACGUGCAUAUCACAAGCC 
C 

22,39 

[0047] 

provided 

exmples 

methods, 

[0048] 

expressed 

resulted 

21677688). 

Additional information about these dsRNAs, as well 

down regulating CASP2, NOX3 or RI4OA which are useful 

in PCT Publication Nos.WO 2008/050329 and 

of dsRNAs targeting or down regulating CAPNS1 

are provided in US Patent Application Publication 

Without being bound by theory, CASP2 is a pro-apoptotic 

and activated in ganglion cells (GC) following axonal 

previously demonstrated that inhibition of CASP2 in rat 

in robust rescue of retinal ganglion cells (RGC) 

in some embodiments the methods include the 

down regulate or inhibit CASP2 expression. In some embodiments 

as additional dsRNAs targeting 

in the present methods, 

WO 2010/048352. Non-limiting 

which are useful in the present 

No. 20110034534. 

gene that is specifically 

are 

injury. The present Assignee 

models of optic nerve damage 

from apoptotic death (PMID: 

use of oligonucleotide molecules 

the methods include 
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the use of oligonucleotide molecules that down regulate or inhibit NOX3 expression. in some 

embodiments the methods include the use of oligonucleotide molecules that down regulate or 

inhibit CAPNSI 	expression. In some embodiments the methods include the use of 

oligonucleotide molecules that down regulate or inhibit R.H0A expression 

5 Definitions 

[0049] For convenience certain terms employed in the specification, examples and claims are 

described herein. 

[0050] It is to be noted that, as used herein, the singular forms "a", "an" and "the" include 

plural forms unless the content clearly dictates otherwise. 

10 [0051] Where aspects or embodiments of the invention arc described in terms of Markush 

groups or other grouping of alternatives, those skilled in the art will recognize that the 

invention is also thereby described in terms of any individual member or subgroup of 

members of the group. 

[0052] An "inhibitor" is a compound, which is capable of reducing (partially or fully) the 

15 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 dsRNA inhibitor including a siRNA inhibitor. 

[0053] As used herein, the term "inhibit", "down-regulate", or "reduce" with respect to gene 

expression means the expression of the gene, or level of RNA molecules or equivalent RNA 

20 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%, 

80%, 70%, 60%, 50%, 40%, 30%, 20%, 10%, 5% or less than that observed in the absence of 

25 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 a population of 

neuronal cells as compared to 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 biological 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 term "inhibit" as used herein refers to reducing the expression of a gene or the 

5 activity of the product of such gene to an extent sufficient to achieve a desired biological or 

physiological effect. Inhibition is either complete or partial. For example "inhibition" of APP 

gene means inhibition 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 

10 (CASP2), transcript variant 1, mRNA 	gij320461578jref]NM_032982.3J; 

[0057] SEQ ID NO:2 refers to Homo sapiens caspase 2, apoptosis-related cysteine peptidase 

(CASP2), transcript variant 3, mRNA gi132046 I 5871refiNM_032983.31; 

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

(CASP2), transcript variant 2, mRNA 	gi133199998 I IrefiNM_001224.41; 

15 [0059] SEQ ID NO:4 refers to Homo sapiens NADPH oxidasc 3 (NOX3), mRNA 

gi1229331997frefINM_015718.21; 

[0060] SEQ ID NO:5 refers to Homo sapiens calpain, small subunit I (CAPNSI), transcript 

variant 1, mRNA gi1515991521rONM_00 I 749.21; 

[0061] SEQ ID NO:6 refers to Homo sapiens calpain, small subunit 1 (CAPNSI), transcript 

20 variant 2, mRNA gi1515991501refiNM_001003962.11; 

[0062] SEQ ID NO:7 refers to Homo sapiens ras homolog family member A (RHOA), 

mRNA gi1505930051refiNM_00 I 664.21- 

[0063] One aspect of the invention includes the "neuroprotective" activity of the dsRNA 

disclosed herein. The method of the invention provides for the protection from injury, death 

25 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 neural progenitor 

cells and neural stern cells) are used interchangeably to refer to nerve cells, i.e., cells that are 

responsible for conducting nerve impulses from one part of the body to another. Most neurons 

consist of three distinct portions: a cell body which contains the nucleus, and two different 

5 types of cytoplasmic processes: dendrites and axons. Dendrites, which are the receiving 

portion of the neuron, 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 to another neuron or muscular or glandular tissue. Axons may have side 

branches called "axon collaterals." Axon collaterals and axons may terminate by branching 

10 into many fine filaments called telodendria. The distal ends of telodendria are called synaptic 

end bulbs or axonal terminals, which contain 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 

oligodendrocytes in the central nervous system. Axons containing such a covering are 

15 "myelinated." Neurons include 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 

20 intemeuron) neurons which carry impulses from sensory neurons to motor neurons and are 

located within the central nervous system. The processes of afferent and of 	neurons 

arranged into bundles are called "nerves" when located outside the CNS or fiber tracts if 

inside the CNS. 

[0065] The term "topical administration" or "topical application" is used to mean a local 

25 administration of a composition, preferably to the ear canal of the subject but also optionally 

to the tympanic membrane where topical administration is relevant. 

[0066] The term "otic" and "auricular" are used herein interchangeably and generally refer to 

tissue in and/or around an ear, including the outer ear, the middle ear and the inner ear. 

[0067] The term "ear canal" or "external auditory meatus" is used to mean a tube running 

30 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 ear from the middle ear. 

[0069] Terms such as "pharmaceutical composition" or "otic pharmaceutical composition" or 

"ocular pharmaceutical composition" "pharmaceutical 	formulation" or "pharmaceutical 

5 preparation" are used herein interchangeably to generally refer to formulations that are 

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

the ear, specifically to the tissue of the inner car in an animal or a human. 

[0070] "Treatment," "treat," or "treating," as used herein covers any treatment of a disease or 

condition of a mammal, particularly a human, and includes: (a) preventing the disease or 

10 condition from occurring 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 arresting or slowing down or postponing its development or progression; (c) 

relieving and/or ameliorating the disease or condition, i.e., causing regression of the disease 

or condition and/or the symptoms thereof; or (d) curing the disease or condition, i.e., stopping 

15 its development or progression. The population of subjects treated by the methods of the 

invention includes subjects suffering from the undesirable condition or disease, as well as 

subjects at risk for development of the condition or disease. 

[0071] As used herein, the term "pharmaceutically acceptable" means that the components, in 

addition to the therapeutic agent, comprising the formulation, are suitable for administration 

20 to the patient/subject being treated in accordance with the present invention. 

[0072] A "penetration enhancer" or "permeability enhancer" refers to a compound or a 

combination of compounds that enhance the penetration of a therapeutic oligonucleotide 

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

[0073] As used herein, the term "tissue" refers to an aggregation of similarly specialized cells 

25 united in the performance of a particular function. 

30 

[0074] As used herein, the terms "polynucleotide" and "nucleic acid" may be used 

interchangeably and refer to nucleotide sequences comprising deoxyribonucleic acid (DNA), 

and ribonucleic acid (RNA). The terms are to be understood to include, as equivalents, 

analogs of either RNA or DNA made from nucleotide analogs. Throughout this application, 

mRNA sequences are set forth as representing the corresponding genes. 
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[0075] "Oligonucleotide" 	and 	"oligomer" 	are 	used 	interchangeably 	and 	refer 	to 	a 

deoxyribonucleotide or ribonucleotide 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 include changes to the sugar moiety, the base moiety and or the 

5 

10 

linkages between nucleotides in the oligonucleotide. The compounds of the present invention 

encompass 	molecules 	comprising 	deoxyribonucleotides, 	ribonucleotides, 	modified 

deoxyribonucleotides, modified ribonucleotides, unconventional moieties and combinations 

thereof. Oligonucleotide is meant to encompass single stranded molecules including antisense 

and shRNA, and double-stranded molecules including double-stranded RNA (dsRNA), siNA, 

siRNA and miRNA. 

[0076] Substantially complementary refers to complementarity of greater than about 84%, to 

another sequence. For example in a duplex region consisting of 19 base pairs one mismatch 

results in 94.7% complementarity, two mismatches results in about 89.5% complementarity 

and 3 mismatches results in about 84.2% complementarity, rendering the duplex region 

15 substantially complementary. Accordingly substantially identical refers to identity of greater 

than about 84%, to another sequence. In some preferred embodiments, the sense strand and 

the antisense strand are fully complementary (100%). In some embodiments, the antisense 

strand is fully complementary (100%) to the target mRNA. In some embodiments, the sense 

antisense strand comprises a mismatch to the target mRNA. For example, an antisense strand 

20 with an A, C or G in the first position of the antisense strand is generated with a "U" in the 

first position (5'), thereby generating a mismatch between the antisense strand and the target 

mRNA. 

[0077] "Nucleotide" is meant to encompass deoxyribonucleotides and ribonucleotides, which 

may be natural or synthetic, and or modified or unmodified. Modifications include changes to 

25 the sugar moiety, the base moiety and or the linkages between ribonucleotides in the 

oligoribonucleotide. 	As used herein, the term "ribonucleotide" encompasses natural and 

synthetic, unmodified and modified ribonucleotides. Modifications include changes to the 

sugar moiety, to the base moiety and/ or to the linkages between ribonucleotides in the 

oligonucleotide. 
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[0078] The nucleotides can be selected from naturally occurring or synthetic modified bases. 

Naturally occurring bases include adenine, guanine, cytosine, thymine and uracil. Modified 

bases of nucleotides include inosine, xanthine, hypoxanthine, 2- aminoadenine, 6-methyl, 2-

propyl and other alkyl adenines, 5-halo uracil, 5-halo cytosine, 6-aza cytosine and 6-aza 

5 thymine, pseudo uracil, 4- thiouracil, 8-halo adenine, 8-aminoadenine, 8-thiol adenine, 8-

thiolalkyl adenines, 8-hydroxyl adenine and other 8-substituted adenines, 8-halo guanines, 8-

amino guanine, 8-thiol guanine, 8-thioalkyl guanines, 8- hydroxyl guanine and other 

substituted guanines, other aza and deaza adenines, other aza and deaza guanines, 5-

trifluoromethyl uracil and 5- trifluoro cytosine. In some embodiments one or more 

10 nucleotides in an oligomer is substituted with inosine. 

[0079] In some embodiments of the present invention the 	inhibitory 	oligonucleotide 

compound comprises unmodified and modified nucleotides and/or unconventional moieties. 

The compound comprises at least one modified nucleotide selected from the group consisting 

of a sugar modification, a base modification and an internucleotide linkage modification and 

15 may contain DNA, and modified nucleotides such as LNA (locked nucleic acid), ENA 

(ethylene-bridged 	nucleic 	acid), 	PNA 	(peptide 	nucleic 	acid), 	arabinoside, 

phosphonocarboxylate or phosphinocarboxylate nucleotide 	(PACE 	nucleotide), 	mirror 

nucleotide, or nucleotides with a 6 carbon sugar. 

[0080] All analogs of, or modifications to, a nucleotide / oligonucleotide are employed with 

20 the present invention, provided that said analog or modification does not substantially 

adversely affect the function of the nucleotide / oligonucleotide. Acceptable modifications 

include modifications of the sugar moiety, modifications of the base moiety, modifications in 

the intemucleotide linkages and combinations thereof. 

[0081] A sugar modification includes a modification on the 2' moiety of the sugar residue and 

25 encompasses amino, fluoro, alkoxy e.g. methoxy, alkyl, amino, fluoro, chloro, bromo, CN, 

CF, imidazole, carboxylate, thioate, C I  to C30  lower alkyl, substituted lower alkyl, alkaryl or 

aralkyl, OCF3, OCN; 0-, S-, or N- alkyl; 0-, S, or N-alkenyl; SOCH3; SO2CH3; ()NON NO2, 

N3; heterocycloalkyl; heterocycloalkaryl; aminoalkylamino; polyaLkylamino or substituted 

silyl, as, among others, described in European patents EP 0 586 520 B1 or EP 0 618 925 B I . 
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[0082] In one embodiment the double-stranded RNA compound comprises at least one 

ribonucleotide comprising a 2' modification on the sugar moiety ("2' sugar modification"). In 

certain embodiments the compound comprises 2'O-alkyl or 2'-fluoro or 2'0-ally) or any other 

2' modification, optionally on alternate positions. Other stabilizing modifications are also 

5 possible (e.g. terminal modifications). In some embodiments a preferred 2'O-alkyl is 2'O-

methyl (methoxy) sugar modification. 

[0083] In some embodiments the backbone of the oligonucleotides is modified and comprises 

phosphate-D-ribose entities but may also contain thiophosphate-D-ribose entities, triester, 

thioate, 2'-5' bridged backbone (also may be referred to as 5'-2'), PACE and the like. 

10 [0084] As used herein, the terms "non-pairing nucleotide analog" means a nucleotide analog 

which comprises a non-base pairing moiety including but not limited to: 6 des amino 

adenosine (Nebularine), 4-Me-indole, 3-nitropyrrolc, 5-nitroindole, Ds, Pa, N3-Me ribo U, 

N3-Me riboT, N3-Me dC, N3-Mc-dT, N I -Me-dG, N I -Me-dA, N3-ethyl-dC, N3-Me dC. In 

some embodiments the non-base pairing nucleotide analog is a ribonucleotide. in other 

15 embodiments it is a deoxyribonucleotide. In addition, analogues of polynucleotides may be 

prepared wherein the structure of one or more nucleotide is fimdamentally altered and better 

suited as therapeutic or experimental reagents. An example of a nucleotide analogue is a 

peptide nucleic acid (PNA) wherein the deoxyribose (or ribose) phosphate backbone in DNA 

(or RNA) is replaced with a polyamide backbone which is similar to that found in peptides. 

20 PNA analogues have been shown to be resistant to enzymatic degradation and to have 

enhanced 	stability 	in 	vivo 	and 	in 	vitro. 	Other 	modifications 	useful 	in 	synthesizing 

oligonucleotides 	include 	polymer 	backbones, 	cyclic 	backbones, 	acyclic 	backbones, 

thiophosphate-D-ribose backbones, triester backbones, thioate 	backbones, 	2'-5' 	linked 

backbone (also known as 2'S' nucleotides, or 2'S' ribonucleotides [with 3'0F1]), artificial 

25 nucleic acids, morpholino nucleic acids, glycol nucleic acid (GNA), threose nucleic acid 

(TNA), arabinoside, and mirror nucleoside (for example, beta-L-deoxyribonucleoside instead 

of beta-D-deoxyribonucleoside). 	Examples 	of siRNA 	compounds 	comprising 	LNA 

nucleotides are disclosed in Elmen et al., (NAR 2005, 33(1 ):439-447). 
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[0085] In some embodiments the double-stranded RNA compounds are synthesized using one 

or more inverted nucleotides, for example inverted thymidine or inverted adenine (see, for 

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

[0086] Other modifications include terminal modifications on the 5' and/or 3' part of the 

5 oligonucleotides and are also known as capping moieties. Such terminal modifications are 

selected from a nucleotide, a modified nucleotide, a lipid, a peptide, a sugar and inverted 

abasic moiety. 

[0087] What is sometimes referred to in the present invention as an "abasic nucleotide" or 

"abasic nucleotide analog" is more properly referred to as a pseudo-nucleotide or an 

10 unconventional moiety. A nucleotide is a monomeric unit of nucleic acid, consisting of a 

ribose or deoxyribose sugar, a phosphate, and a base (adenine, guanine, thymine, or cytosine 

in DNA; adenine, guanine, uracil, or cytosine in RNA). A modified nucleotide comprises a 

modification in one or more of the sugar, phosphate and or base. The abasic pseudo-

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

15 [0088] The term "capping moiety" as used herein (" z" ") includes abasic ribose moiety, 

abasic deoxyribose moiety, modified abasic ribose and abasic deoxyribose moieties including 

2' 0 alkyl modifications; inverted abasic ribose and abasic deoxyribose moieties and 

modifications thereof; C6-imino-Pi; a mirror nucleotide including L-DNA and L-RNA; 5'0- 

Me 	nucleotide; 	and 	nucleotide 	analogs 	including 	4',5'-methylene 	nucleotide; 	1-(13-D- 

20 crythrofuranosyl)nucleotide; 	4'-thio 	nucleotide, 	carbocyclic 	nucleotide; 	5'-amino-alkyl 

phosphate; 	1,3-diamino-2-propyl 	phosphate, 	3-aminopropyl 	phosphate; 	6-aminohexyl 

phosphate; 	12-aminododecyl 	phosphate; 	hydroxypropyl 	phosphate; 	1,5-anhydrohexitol 

nucleotide; alpha-nucleotide; threo-pentofuranosyl nucleotide; acyclic 3',4'-seco nucleotide; 

3,4-dihydroxybutyl nucleotide; 3,5-dihydroxypentyl nucleotide, 5'-S'-inverted abasic moiety; 

25 1,4-butanediol phosphate; 5'-amino; and bridging or non bridging methylphosphonatc and 5'-

mercapto moieties. 

[0089] Certain preferred capping moieties are abasic ribose or abasic deoxyribose moieties; 

inverted abasic ribose or abasic deoxyribose moieties; C6-amino-Pi; a minor nucleotide 

including L-DNA and L-RNA. Another preferred capping moiety is a C3 non-nucleotide 

30 moiety derived from propanediol 
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[0090] The term "unconventional moiety" as used herein refers to abasic ribose moiety, an 

abasic deoxyribose moiety, a deoxyribonucleotide, a modified deoxyribonucleotide, a mirror 

nucleotide, a non-base pairing nucleotide analog and a nucleotide linked to an adjacent 

nucleotide by a 2'-5' internucleotide phosphate bond; bridged nucleic acids including LNA 

5 and ethylene bridged nucleic acids. 

[0091] In some embodiments of the present invention a preferred unconventional moiety is an 

abasic ribose moiety, an abasic deoxyribose moiety, a deoxyribonucleotide, a mirror 

nucleotide, and a nucleotide linked to an adjacent nucleotide by a 2'-5' internucleotide 

phosphate bond. 

10 [0092] Abasic deoxyribose moiety includes for example abasic deoxyribose-3'-phosphate; 

1,2-dideoxy-D-ribofuranosc-3-phosphate; 	1,4-anhydro-2-deoxy-D-ribitol-3-phosphate. 

Inverted abasic deoxyribose moiety includes inverted deoxyriboabasic; 3', 5' 	inverted 

deoxyabasic 5'-phosphate. 

[0093] A "mirror nucleotide" is a nucleotide with reversed chirality to the naturally occurring 

15 or commonly employed nucleotide, i.e., a mirror image (L-nucleotide) of the naturally 

occurring (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 deoxyribonucleotide 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 

20 one 	L-nucleotide 	substitution. 	Mirror 	nucleotide 	includes 	for 	example 	L-DNA 	(L- 

deoxyriboadenosine-3'-phosphate (mirror dA); 	L-deoxyribocytidine-3'-phosphate (mirror 

dC); L-deoxyriboguanosine-3'-phosphate (mirror dG); L-deoxyribothymidine-3'-phosphate 

(mirror image dT)) and L-RNA (L-riboadenosine-3'-phosphate (mirror rA); L-ribocytidine- 

3'-phosphate 	(mirror 	rC); 	L-riboguanosine-3'-phosphate 	(mirror 	rG); 	L-ribouracil-3% 

25 phosphate (mirror rU). 

30 

[0094] Modified deoxyribonucleotide includes, for example 5'OMe DNA 	(5-methyl- 

deoxyriboguanosine-3'-phosphate) which may be useful as a nucleotide in the 5' terminal 

position 	(position 	number 	I); 	PACE 	(deoxyriboadenine 	3' 	phosphonoacetate, 

deoxyribocytidine 	3' 	phosphonoacetate, 	deoxyriboguanosine 	3' 	phosphonoacetate, 

deoxyribothymidine 3' phosphonoacetate). 
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[0095] Bridged nucleic acids include LNA (2'-O, 4'-C-methylene bridged Nucleic Acid 

adenosine 3' monophosphate, 2'-0,4'-C-methylene bridged Nucleic Acid 5-methyl-cytidine 3' 

monophosphate, 2'-0,4'-C-methylene bridged Nucleic Acid guanosinc 3' monophosphate, 5-

methyl-uridine (or thymidine) 3' monophosphate); and ENA (2'-0,4'-C-ethylene bridged 

5 Nucleic Acid adenosine 3' monophosphate, 2'-0,4'-C-ethylene bridged Nucleic Acid 5-

methyl-cytidine 3' monophosphate, 2'-0,4'-C-ethylene bridged Nucleic Acid guanosine 3' 

monophosphate, 5-methyl-uridine (or thymidine) 3' monophosphate).According to one aspect 

the present invention provides inhibitory oligonucleotide compounds comprising unmodified 

and modified nucleotides. The compound comprises at least one modified nucleotide selected 

10 from the group consisting of a sugar modification, a base modification and an intemucleotide 

linkage modification and may contain DNA, and modified nucleotides such as LNA (locked 

nucleic acid) including ENA (ethylene-bridged nucleic acid; PNA (peptide nucleic acid); 

arabinoside; 	PACE (phosphonoacetate and 	derivatives thereof), mirror nucleotide, 	or 

nucleotides with a six-carbon sugar. 

15 [0096] Any of the modifications disclosed herein can be employed in the preparation of the 

oligonucleotides which are incorporated into the compositions of the present invention. 

Preferred modification schemes are disclosed, for examples, in PCT Publication Nos. WO 

2006/023544, WO 2010/048352, W02009/116037, WO 2009/147684, WO 2011/066475, 

WO 2011/084193, all assigned to the assignee of the instant invention. 

20 [0097] Exemplary nucleic acid sequence of Caspase2 (human CASP2) mRNA are set forth in 

25 

Figures 1A-1C, for example as listed as SEQ ID NO: 1-3. 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 nucleic acid molecules herein accordingly. 	The methods disclosed herein 

further encompass the use of dsRNA molecules that down regulate expression of NOX3, 

CAPNS I (Calpain SI) and RFIOA. 

RNA Interference and siNA Nucleic Acid Molecules 

[0098] RNA interference refers to the process of sequence-specific post-transcriptional gene 

silencing in animals mediated by short interfering RNAs (siRNAs) (Zamore et al., 2000, Cell, 

101, 25-33; Fire et al., 1998, Nature, 391, 806; Hamilton et al., 1999, Science, 286, 950-951; 

30 Lin et al., 1999, Nature, 402, 128-129; Sharp, 1999, Genes & Dev., 13:139-141; and Strauss, 
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1999, Science, 286, 886). The corresponding process in plants (Heifetz et al., International 

PCT Publication No. WO 99/61631) is often referred to as post-transcriptional gene silencing 

(PTGS) or RNA silencing. The process of post-transcriptional gene silencing is thought to be 

an evolutionarily-conserved cellular defense mechanism used to prevent the expression of 

5 foreign genes (Fire et al., 1999, Trends Genet., 15, 358). Such protection from foreign gene 

expression may have evolved in response to the production of double-stranded RNAs 

(dsRNAs) derived from viral infection or from the random integration of transposon elements 

into a host genome via a cellular response that specifically destroys homologous single-

stranded RNA or viral genomic RNA. The presence of dsRNA in cells triggers the RNAi 

10 response through a mechanism that has yet to be fully characterized. This mechanism appears 

to be different from other known mechanisms involving double-stranded RNA-specific 

ribonucleascs, such as the interferon response that results from dsRNA-mediated activation of 

protein kinase PKR and 2',5'-oligoadenylate synthetase resulting in non-specific cleavage of 

mRNA by ribonuclease L (see for example U.S. Pat. Nos. 6,107,094; 5,898,031; Clemens et 

15 al., 1997,1 Interferon & Cytokine Res., 17, 503-524; Adah et al., 2001, Curr. Med. Chem., 8, 

1189). 

[0099] The presence of long dsRNAs in cells stimulates the activity of a ribonuclease III 

enzyme referred to as dicer (Bass, 2000, Cell, 101, 235; Zamore et al., 2000, Cell, 101, 25-33; 

Hammond et al., 2000, Nature, 404, 293). Dicer is involved in the processing of the dsRNA 

20 into short pieces of dsRNA known as short interfering RNAs (siRNAs) (Zamore et al., 2000, 

Cell, 101, 25-33; Bass, 2000, Cell, 101, 235; Berstein et al., 2001, Nature, 409, 363). Short 

interfering RNAs 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; 

Elbashir et al., 2001, Genes Dev., IS, 188). Dicer has also been implicated in the excision of 

25 21- and 22-nucleotide small temporal RNAs (stRNAs) from precursor RNA of conserved 

structure that are implicated in translational control (Hutvagner 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 sequence complementary to the antisense strand of the siRNA duplex. Cleavage of the 

30 target RNA takes place in the middle of the region complementary to the antisense strand of 

the siRNA duplex (Elbashir et al., 2001, Genes Dev., I5, 188). 
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5 

[00100] 	RNAi has been studied in a variety of systems. Fire et al., (1998, Nature, 391, 

806) were the first to observe RNAi in C. elegans. Bahramian and Zarbl, (1999, Molecular 

and Cellular Biology, 19, 274-283) and Wianny and Goetz, (1999, Nature Cell Biol., 2, 70) 

describe RNAi mediated by dsRNA in mammalian systems. Hammond et al., (2000, Nature, 

404, 293) describe RNAi in Drosophila cells transfected with dsRNA. Elbashir et al., (2001, 

Nature, 411, 494) and Tuschl et al., (PCT Publication No. WO 01/75164) describe RNAi 

induced by introduction of duplexes of synthetic 21-nucleotide RNAs in cultured mammalian 

cells including human embryonic kidney and HeLa cells. Studies in Drosophila embryonic 

lysates (Elbashir et al., 2001, EMBO J., 20, 6877) and Tuschl et al., (PCT Publication No. 

10 WO 01/75164) has revealed certain requirements for siRNA length, structure, chemical 

composition, and sequence that arc essential to mediate efficient RNAi activity. 

15 

[00101] 	Nucleic acid molecules (for example having structural features as disclosed 

herein) may inhibit or down regulate gene expression or viral replication by mediating RNA 

interference "RNAi" or gene silencing in a sequence-specific manner; see e.g., Zamore et al., 

2000, Cell, 101, 25-33; Bass, 2001, Nature, 411, 428-429; Elbashir et al., 2001, Nature, 411, 

494-498; and Kreutzer et al., 	PCT Publication No. WO 00/44895; Zernicka-Goetz et al., 

PCT Publication No. WO 01/36646; Fire, PCT Publication No. WO 99/32619; Plactinck et 

al., 	PCT Publication No. WO 00/01846; Mello and Fire, 	Pa Publication No. WO 

01/29058; Deschamps-Depaillette, Per Publication No. WO 99/07409; and Li et al., PCT 

20 Publication No. WO 00/44914; Allshire, 2002, Science, 297, 1818-1819; Volpe et al., 2002, 

Science, 297, 1833-1837; Jenuwein, 2002, Science, 297, 2215-2218; and Hall et al., 2002, 

Science, 297, 2232-2237; Hutvagner and Zamore, 2002, Science, 297, 2056-60; McManus et 

al., 2002, RNA, 8, 842-850; Reinhart et al., 2002, Gene & Dev., 16, 1616-1626; and Reinhart 

& Bartel, 2002, Science, 297, 1831). 

25 [00102] 	An siNA nucleic acid molecule can be assembled from two separate 

polynucleotide strands, where one strand is the sense strand and the other is the antisense 

strand in which the antisense and sense strands are self-complementary (i.e. each strand 

includes 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 

30 structure having any length and structure as described herein for nucleic acid molecules as 

provided, for example wherein the double-stranded region (duplex region) is about 15 to 
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about 49 (e.g., 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 nucleotide sequence that is complementary to nucleotide sequence in a target nucleic 

acid molecule (i.e., 	mRNA) or a portion thereof and the sense strand includes nucleotide 

5 sequence corresponding to the target nucleic acid sequence or a portion thereof (e.g., about 17 

to about 49 or more nucleotides of the nucleic acid molecules herein are complementary to 

the target nucleic acid or a portion thereof). 

[00103] 	In certain aspects and embodiments a nucleic acid molecule (e.g., a siNA 

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

10 described in more detail below. Longer molecules such as pre-miRNA can also work in RISC. 

15 

[00104] 	A siNA nucleic acid molecule may include separate sense and antisense 

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

nucleotide or non-nucleotide linkers molecules as is known in the art, or are alternately non-

covalently linked by ionic interactions, hydrogen bonding, van der Waals interactions, 

hydrophobic interactions, and/or stacking interactions. Nucleic acid molecules may include a 

nucleotide sequence that is complementary to nucleotide sequence of a target gene. Nucleic 

acid molecules may interact with nucleotide sequence of a target gene in a manner that causes 

inhibition of expression of the target gene. 	• 

[00105] 	Alternatively, a siNA nucleic acid molecule is assembled from a single 

20 polynucleotide, where the self-complementary sense and antisense regions of the nucleic acid 

molecules are linked by means of a nucleic acid based or non-nucleic acid-based linker(s), 

i.e., the antisense strand and the sense strand are part of one single polynucleotide that having 

an antisense region and sense region that fold to form a duplex region (for example to form a 

"hairpin" structure as is well known in the art). Such siNA nucleic acid molecules can be a 

25 polynucleotide with a duplex, asymmetric duplex, hairpin or asymmetric hairpin secondary 

structure, having self-complementary sense and antisense regions, wherein the antisense 

region includes nucleotide sequence that is complementary to nucleotide sequence in a 

separate target nucleic acid molecule or a portion thereof and the sense region having 

nucleotide sequence corresponding to the target nucleic acid sequence (e.g., a sequence of 

30 mRNA). Such siNA nucleic acid molecules can be a circular single-stranded polynucleotide 

25 
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having two or more loop structures and a stem comprising self-complementary sense and 

antisense regions, wherein the antisense region includes nucleotide sequence that is 

complementary to nucleotide sequence in a target nucleic acid molecule or a portion thereof 

and the sense region having nucleotide sequence corresponding to the target nucleic acid 

5 sequence or a portion thereof, and wherein the circular polynucleotide can be processed either 

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

[00106] 	The following nomenclature is often used in the art to describe lengths and 

overhangs of siNA molecules 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 

10 overhangs. For example, a "21+2" duplex contains two nucleic 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 nucleotides 3'-overhang. A "21-2" design refers to a 21-mer nucleic acid duplex 

with a 2 nucleotides 5'-overhang. 	A 21-0 design is a 2 I -mer nucleic acid duplex with no 

overhangs (blunt). A "21+2LJU" is a 2 I -mer duplex with 2- nucleotides 3'-overhang and the 

15 terminal 2 nucleotides at the 3'-ends are both U residues (which may result in mismatch with 

target sequence). 	The aforementioned nomenclature can be applied to siNA molecules of 

various lengths of strands, duplexes and overhangs (such as 19-0, 21+2, 27+2, and the like). 

In an alternative but similar nomenclature, a "25/27" is an asymmetric duplex having a 25 

base sense strand and a 27 base antisense strand with a 2- nucleotides 3'-overhang. 	A 

20 "27/25" is an asymmetric duplex having a 27 base sense strand and a 25 base antisense strand. 

Chemical Modifications 

[00107] 	In certain aspects and embodiments, nucleic acid molecules (e.g., dsRNA 

including siNA molecules) as provided herein include one or more modifications (or chemical 

modifications), including the presence of one or more unconventional moieties. In certain 

25 embodiments, such modifications include any changes to a nucleic acid molecule or 

polynucleotide that would make the molecule different than a standard ribonucleotide or RNA 

molecule (i.e., that includes standard adenine, cytosine, uracil, or guanine moieties); which 

may be referred to as an "unmodified" ribonucleotide or unmodified ribonucleic acid. 

30 

Traditional DNA bases and polynucleotides having a 2'-deoxy sugar represented by adenine, 

cytosine, 	thymine, 	or 	guanine 	moieties 	may 	be 	referred 	to 	as 	an 	"unmodified 

26 
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deoxyribonucleotide" 	or 	"unmodified 	deoxyribonucleic 	acid"; 	accordingly, 	the 	term 

"unmodified nucleotide" or "unmodified nucleic acid" as used herein refers to an "unmodified 

ribonucleotide" or "unmodified ribonucleic acid" unless there is a clear indication to the 

contrary. 	Such modifications can be in the nucleotide sugar, nucleotide base, nucleotide 

5 phosphate group, and/or the phosphate backbone of a polynueleotide and include enantiomers 

of RNA and DNA. 

[00108] 	In certain embodiments modifications as disclosed herein may be used to 

increase RNAi activity of a molecule and/or to increase the in vivo stability of the molecules, 

particularly the stability in scrum, and/or to increase bioavailability of the molecules. Non- 

10 

15 

limiting 	examples 	of 	modifications 	include 	without 	limitation 	internucleotide 	or 

internucleoside linkages; deoxyribonucleotides or dideoxyribonucleotides at any position and 

strand of the nucleic acid molecule; nucleic acid (e.g., ribonucleic acid) with a modification at 

the 2'-position preferably selected from an amino, fluoro, methoxy, alkoxy and alkyl; 2% 

deoxyribonucleotides, 	2'-0-methyl 	ribonucleotides, 	2'-deoxy-2'-fluoro 	ribonucleotides, 

"universal base" nucleotides, "acyclic" nucleotides, 5-C-methyl nucleotides, biotin group, and 

terminal glyceryl and/or inverted dcoxy abasic residue incorporation, sterically hindered 

molecules, such as fluorescent molecules and the like. 	Other nucleotides modifiers could 

include 	3'-deoxyadenosine 	(cordycepin), 	3'-azido-3'-deoxythymidine 	(AZT), 	2',3'- 

dideoxyinosine 	(ddl), 	2',3'-dideoxy-3'-thiacytidine 	(3TC), 	2',3'-didehydro-2',3'- 

20 dideoxythymidi- ne (d4T) and the monophosphate nucleotides of 3'-azido-3'-deoxythymidine 

(AZT), 	2',3'-dideoxy-3'-thiacytidine 	(3TC) and 	2',3'-didehydro-2',3'-dide-oxythymidine 

(d41). Further details on various modifications are described in more detail below. 

25 

[00109] 	Modified nucleotides include those having a Northern conformation (e.g., 

Northern pseudorotation cycle, see for example Sanger, Principles of Nucleic Acid Structure, 

Springer-Verlag ed., 	1984). 	Non-limiting examples of nucleotides having a northern 

configuration include locked nucleic acid (LNA) nucleotides (e.g., 2'-O, 4'-C-methylene-(D-

ribofuranosyl) nucleotides); 2'-methoxyethoxy (MOE) nucleotides; 2 '-methyl-thio-ethyl, 2'-

deoxy-2'-fluoro nucleotides, 2'-deoxy-2'-chloro nucleotides, 2'-azido nucleotides, and 2%0-

methyl nucleotides. Locked nucleic acids, or LNAs are described, for example, in Elman et 

30 al., 2005; Kurreck et al., 2002; Crinelli et al., 2002; Braasch and Corey, 2001; Bondensgaard 

et al., 2000; Wahlestedt et al., 2000; and 	Patent Publication Nos. WO 00/47599, WO 
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99/14226, and WO 98/39352 and WO 2004/083430. 	In one embodiment, an LNA is 

incorporated at the 5' terminus of the sense strand. 

[00110] 	Chemical modifications also include unlocked nucleic acids, or UNAs, which 

are non-nucleotide, acyclic analogues, in which the C2'-C3' bond is not present (although 

5 UNAs are not truly nucleotides, they are expressly included in the scope of "modified" 

nucleotides or modified nucleic acids as contemplated herein). 	In particular embodiments, 

nucleic acid molecules with an overhang may be modified to have UNAs at the overhang 

positions (i.e., 2 nucleotide overhand). 	In other embodiments, UNAs are included at the 3'- 

or 5'- ends. A UNA may be located anywhere along a nucleic acid strand, i.e. at position 7. 

10 Nucleic acid molecules may contain one or more than UNA. Exemplary UNAs are disclosed 

in Nucleic Acids Symposium Series No. 52 p. 133-134 (2008). 	In certain embodiments a 

nucleic acid molecule (e.g., a siNA molecule) as described herein include one or more UNAs; 

or one UNA. 	In some embodiments, a nucleic acid molecule (e.g., a siNA molecule) as 

described herein that has a 3'-overhang include one or two UNAs in the 3' overhang. In some 

15 embodiments a nucleic acid molecule (e.g., a siNA molecule) as described herein includes a 

UNA (for example one UNA) in the antisense strand; for example in position 6 or position 7 

of the antisense strand. Chemical modifications also include non-pairing nucleotide analogs, 

for example as disclosed herein. 	Chemical modifications further include unconventional 

moieties as disclosed herein. 

20 [00111] 	Chemical modifications also include terminal modifications on the 5' and/or 3' 

part of the oligonucleotides and are also known as capping moieties. Such terminal 

modifications are selected from a nucleotide, a modified nucleotide, a lipid, a peptide, and a 

sugar. 

[00112] 	Chemical modifications also include six membered "six membered ring 

25 nucleotide analogs." 	Examples of six-membered ring nucleotide analogs are disclosed in 

Allart, et al (Nucleosides & Nucleotides, 1998, 17:1523-1526,; and Perez-Perez, et al., 1996, 

Bioorg. and Medicinal Chem Letters 6:1457-1460) Oligonucleotides including 6-membered 

ring nucleotide analogs including hexitol and altritol nucleotide monomers are disclosed in 

patent application publication No. WO 2006/047842. 
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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-nucleotide" analogue of naturally occurring D-nucleotide (see US 

Patent No. 6,602,858). 	Mirror nucleotides may further include at least one sugar or base 

5 modification and/or a backbone modification, for example, as described herein, such as a 

phosphorothioate or phosphonate moiety. US Patent No. 6,602,858 discloses nucleic acid 

catalysts including at least one [-nucleotide substitution. 	Mirror nucleotides include for 

example L-DNA (L-deoxyriboadenosine-3'-phosphate (mirror dA); L-deoxyribocytidine-3'- 

phosphate 	(mirror 	dC); 	L-deoxyriboguanosine-3'-phosphate 	(mirror 	dG); 	L- 

10 deoxyribothymidine-3'-phosphate (mirror image dT)) and L-RNA (L-riboadenosine-3'- 

phosphate 	(mirror 	rA); 	L-ribocytidine-3'-phosphate 	(mirror 	rC); 	L-riboguanosine-3'- 

phosphate (mirror rG); L-ribouracil-3'-phosphate (mirror dU). 

[00114] 	In 	some 	embodiments, 	modified 	ribonucleotides 	include 	modified 

deoxyribonucleotides, 	for 	example 	5'OMe 	DNA 	(5-methyl-deoxyriboguanosine-3'- 

15 phosphate) which may be useful as a nucleotide in the 5' terminal position (position number 

1); PACE (deoxyriboadenine 3' phosphonoacetate, deoxyribocytidine 3' phosphonoacetate, 

deoxyriboguanosine 3' phosphonoacetate, deoxyribothymidine 3' phosphonoacetate. 

[00115] 	Modifications may be present in one or more strands of a nucleic acid 

molecule disclosed herein, e.g., in the sense strand, the antisense strand, or both strands. 	In 

20 certain embodiments, the antisensc strand may include modifications and the sense strand my 

only include unmodified RNA. 

Nucleobases 

[00116] 	Nucleobases of the nucleic acid disclosed herein may include unmodified 

ribonucleotides (purines and pyrimidines) such as adenine, guanine, cytosine, uridine. 	The 

25 

30 

nucleobases in one or both strands can be modified with natural and synthetic nucleobases 

such as thymine, xanthine, hypoxanthine, inosine, 2-aminoadenine, 6-methyl and other alkyl 

derivatives of adenine and guanine, any "universal base" nucleotides; 	2-propyl and other 

alkyl derivatives of adenine and guanine, 5-halouracil and cytosine, 5-propynyl uracil and 

cytosine, 6-azo uracil, cytosine and thymine, 5-uracil (pseudouracil), 4-thiouracil, 8-halo, 

amino, 	thiol, 	thioalkyl, 	hydroxyl 	and 	other 	8-substituted 	adenines 	and 	guanines, 	5- 
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trifluoromethyl and other 5-substituted uracils and cytosines, 7-methylguanine, deazapurines, 

heterocyclic substituted analogs of purines and pyrimidines, e.g., aminoethyoxy phenoxazine, 

derivatives of purines and pyrimidines (e.g., 1-alkyl-, 1-alkenyl-, heteroaromatic- and 1-

alkynyl derivatives) and tautomers thereof, 8-oxo-N6-methyladenine, 7-dia7axanthine, 5- 

5 methylcytosine, 	5-methyluracil, 	5-(1-propynyl)uracil, 	5-(1-propynyl) 	cytosine 	and 	4,4- 

ethanocytosine). Other examples of suitable bases include non-purinyl and non-pyrimidinyl 

bases such as 2-aminopyridine and triazines. 

Sugar moieties 

[00117] 	Sugar moieties in nucleic acid disclosed herein may include 2'-hydroxyl- 

10 pentofuranosyl sugar moiety without any modification. Alternatively, sugar moieties can be 

modified such as, 2'-deoxy-pentofuranosyl sugar moiety, D-ribose, hexose, modification at 

the 2' position of the pentofuranosyl sugar moiety such as 2'-0-alkyl (including 2'-0-methyl 

and 2'-0-ethyl), i.e., 2'-alkoxy, 2'-amino, 2'-0-ally!, 2'-S-alkyl, 2'-halogen (including 2'-

fluoro, chloro, and bromo), 2'-methoxyethoxy, 2'-0-methoxyethyl, 2'-O-2-methoxyethyl, 2'- 

15 allyloxy (-OCH2CH=CH2), 2'-propargyl, 2'-propyl, ethynyl, propenyl, CF, cyano, imidazolc, 

carboxylate, thioate, C1  to C10  lower alkyl, substituted lower alkyl, alkaryl or aralkyl, OCF3, 

OCN, 0-, S-, or N- alkyl; 0-, S, or N-alkenyl; SOCH3; SO2CH3; ONO2; NO2, N3; 

heterozycloalkyl; heterozycloalkaryl; aminoalkylamino; polyalkylamino or substituted silyl, 

as, among others, for example as described in European patents EP 0 586 520 81 or EP 0 618 

20 92513!. 

[00118] 	Alkyl group includes saturated aliphatic groups, including straight-chain alkyl 

groups (e.g., methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, etc.), 

branched-chain alkyl groups (isopropyl, tert-butyl, isobutyl, etc.), cycloalkyl (alicyclic) 

groups (cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl), alkyl substituted 

25 cycloalkyl groups, and cycloalkyl substituted alkyl groups. In certain embodiments, a straight 

chain or branched chain alkyl has 6 or fewer carbon atoms in its backbone (e.g., C1 -C6  for 

straight chain, C3-C6  for branched chain), and more preferably 4 or fewer. 	Likewise, 

preferred cycloalkyls may have from 3-8 carbon atoms in their ring structure, and more 

preferably have 5 or 6 carbons in the ring structure. The term C1 -C6 includes alkyl groups 

30 containing 1 to 6 carbon atoms. The alkyl group can be substituted alkyl group such as alkyl 
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10 

moieties having substituents replacing a hydrogen on one or more carbons of the hydrocarbon 

backbone. Such substituents can include, for example, alkenyl, alkynyl, halogen, hydroxyl, 

alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, 

alkylcarbonyl, 	arylcarbonyl, 	alkoxycarbonyl, 	aminocarbonyl, 	alkylaminocarbonyl, 

dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate, 	phosphonato, phosphinato, 

cyano, 	amino 	(including 	alkyl 	amino, 	dialkylamino, 	arylamino, 	diarylamino, 	and 

alkylarylamino), acylamino (including alkylcarbonylamino, arylcarbonylamino, carbamoyl 

and 	ureido), 	amidino, 	imino, 	sulfhydryl, 	alkylthio, 	arylthio, 	thiocarboxylate, 	sulfates, 

alkylsulfinyl, 	sulfonato, 	sulfamoyl, 	sulfonamido, 	nitro, 	trifluoromethyl, 	cyano, 	azido, 

heterocyclyl, alkylaryl, or an aromatic or heteroaromatic moiety. 

[00119] 	Alkoxy group includes substituted and unsubstituted alkyl, alkenyl, and 

alkynyl groups covalently linked to an oxygen atom. 	Examples of alkoxy groups include 

mcthoxy, ethoxy, isopropyloxy, propoxy, butoxy, and pentoxy groups. 	Examples of 

substituted alkoxy groups include halogenated alkoxy groups. 	The alkoxy groups can be 

15 substituted with groups such as alkenyl, alkynyl, halogen, hydroxyl, alkylcarbonyloxy, 

arylcarbonyloxy, 	alkoxycarbonyloxy, 	aryloxycarbonyloxy, 	carboxylate, 	alkylcarbonyl, 

arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, 

alkylthiocarbonyl, alkoxyl, phosphate, phosphonato, phosphinato, cyano, amino (including 

alkyl 	amino, 	dialkylamino, 	arylamino, 	diarylamino, 	and 	alkylarylamino), 	acylamino 

20 

25 

(including alkylcarbonylamino, arylcarbonylamino, carbamoyl and ureido), amidino, imino, 

sulthydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl, 

sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or 

heteroaromatic moieties. Examples of halogen substituted alkoxy groups include, but are not 

limited 	to, 	fluoromethoxy, 	difluoromethoxy, 	trifluoromethoxy, 	chloromethoxy, 

.dichloromethoxy, trichloromethoxy, etc. 

[00120) 	In some embodiments, the pentafuronosyl ring may be replaced with acyclic 

derivatives 	lacking 	the 	C2'—C3'-bond 	of the 	pentafuronosyl 	ring. 	For 	example, 

acyclonucleotides 	may 	substitute 	a 	2-hydroxyethoxymethyl 	group 	for-the 	2'- 

deoxyribofuranosyl sugar normally present in dNMPs. 

30 [00121] 	Halogens include fluorine, bromine, chlorine, iodine. 
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Backbone 

5 

[00122] 	The nucleoside 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, 2'-5' bridged backbone (may also be referred to as 5'-2'), PACE, 3'-(or -5')deoxy-3'- 

10 

(or 	-5')thio-phosphorothioate, 	phosphorodithioate, 	phosphoroselenates, 	3'-(or 	-5')deoxy 

phosphinates, 	borano phosphates, 	3'-(or -5')deoxy-3'-(or 5'-)amino 	phosphoramidates, 

hydrogen phosphonates, phosphonates, borano phosphate esters, phosphoramidates, alkyl or 

aryl 	phosphonates 	and 	phosphotriester 	modifications 	such 	as 	alkylphosphotriesters, 

phosphotriester phosphorus linkages, 5'-ethoxyphosphodiester, P-alkyloxyphosphotriester, 

methylphosphonate, 	and 	nonphosphorus 	containing 	linkages 	for 	example, 	carbonate, 

carbamate, 	silyl, 	sulfur, 	sulfonate, 	sulfonamide, 	formacetal, 	thioformacetyl, 	oxime, 

methyleneimino, methylenemethylimino, methylenehydrazo, methylenedimethylhydrazo and 

methyleneoxymethylimino linkages. 

15 [00123] 	Nucleic acid molecules disclosed herein may include a peptide nucleic acid 

(PNA) backbone. The PNA backbone is includes repeating N-(2-aminoethyl)-glycine units 

linked by peptide bonds. The various bases such as purine, pyrimidine, natural and synthetic 

bases are linked to the backbone by methylene carbonyl bonds. 

Terminal Phosphates 

20 [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, including (1) [3-31-inverted deoxyribose; (2) deoxyribonucleotide; 

(3) 	[5'-3']-3 '-deoxyribonucleoti de; 	(4) 	[5'-3']-ribonucleotide; 	(5) 	[5 '41-3 '-0-methyl 

ribonucleotide; 	(6) 	3 '-glyceryl; 	(7) 	[3 '-5']-3' -deoxyribonucleotide; 	(8) 	[3'-3']- 

25 deoxyribonucleotide; (9) [5'-21-deoxyribonucleotide; and (10) [5-3')-dideoxyribonucleotide. 

In addition to unmodified backbone chemistries can be combined with one or more different 

backbone modifications described herein. 

[00125] 	Exemplary chemically modified terminal phosphate groups 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 in the ear of a subject having the structure (A l ): 

(A 1) 	5' 	(N)x — Z 	3' (antisense strand) 

3' 	Z'-(N')y —z" 5' (sense strand) 

wherein each of N and N' is a nucleotide which may be unmodified or modified, or an 

unconventional moiety; 

wherein each of (N)x and (N')y is an oligonucleotide in which each consecutive N or N' is 

joined to the next N or N' by a covalent bond; wherein each of Z and Z' 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 3' terminus of the 

strand in which it is present; 

wherein z" may be present or absent, but if present is a capping moiety covalently attached at 

the 5' terminus of (N')y; 
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each 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 target mRNA 

comprises a sequence set forth in any one of SEQ ID NO:1-3, SEQ ID NO:4, SEQ ID NO:5-6 

5 or SEQ ID NO:7. 

[00127] 	In some embodiments x = y and each of x and y is 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 2009/044392, WO 

10 2008/1 06102, WO 2009/001359, W0/2009/090639 incorporated herein by reference in their 

entirety. 

[00128] 	In some embodiments x = y and each of x and y is 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 

15 [00129] 	According to one embodiment provided are modified nucleic acid molecules 

for use in neuroprotection of neurons in the car of a subject having a structure (A2) set forth 

below: 

(A2) 	5' 	N1-(4)x - Z 	3' (antisense strand) 

3' Z'-N2-(N')y —z" 	5' (sense strand) 

20 wherein each of N2, N and N' is independently an unmodified or modified nucleotide, or an 

unconventional moiety; 

wherein each of (N)x and (N')y is an oligonucleotide in which each consecutive N or N' is 

joined to the adjacent N or N' by a covalent bond; 

wherein each of x and y is independently an integer of from 17 to 39; 

25 wherein 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 NI is covalently bound to (N)x and is mismatched to the target mRNA, wherein the 

target mRNA is set forth in any one of SEQ ID NO:1-3, SEQ ID NO:4, SEQ ID NO:5-6 or 

5 

SEQ ID NO:7; 

wherein Ni is a moiety selected from the group consisting of uridine, modified uridine, 

ribothymid.ine, modified ribothymidine, deoxyribothymidine, modified deoxyribothymidine, 

riboadenine, modified riboadenine, deoxyriboadeninc or modified deoxyriboad.enine; 

wherein NI and N2 form a base pair; 

wherein each oil and Z' is independently present or absent, but if present is independently 1- 

5 consecutive nucleotides or non-nucleotide moieties or a combination thereof covalently 

10 attached at the 3' terminus of the strand in which it is present; and 

wherein z" may be present or absent, but if present is a capping moiety covalently attached at 

the 5' terminus of (N')y. 

[00130] 	In some embodiments the covalent bond joining each consecutive N or N' is a 

phosphodiester bond. 

15 [00131] 	In some embodiments Z and Z' are absent. in other embodiments one of Z or 

Z' is present and comprises non-nucleotide overhang moieties as disclosed in PCT patent 

publication no. WO/20l 1/085056, incorporated herein by reference in its entirety. 

[00132] 	In specific embodiments of Structure Al x=y=19 and Z comprises at least one 

C3 alkyl overhang. In specific embodiments of Structure A2 x=y=18 and Z comprises at least 

20 one C3 alkyl overhang. 	In some embodiments the C3-C3 overhang is covalently attached to 

the 3' terminus of (N)x or (N')y via a covalent linkage, preferably a phosphodiester linkage. 

In some embodiments the linkage between a first C3 and a second C3 is a phosphodiester 

linkage. In some embodiments the 3' non-nucleotide overhang is C3Pi-C3Pi. In some 

embodiments the 3' non-nucleotide overhang is C3Pi-C3Ps. In some embodiments the 3' non- 

25 nucleotide overhang is C3Pi-C3OH (OH is hydroxy). 	In some embodiments the 3' non-

nucleotide overhang is C3Pi-C3OH. 

[00133] 	In various embodiments the alkyl moiety comprises an alkyl derivative 

including a C3 alkyl, C4 alkyl, C5 alky or C6 alkyl moiety comprising a terminal hydroxyl, a 

terminal amino, or terminal phosphate group. In some embodiments the alkyl moiety is a C3 
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alkyl or C3 alkyl derivative moiety. In some embodiments the C3 alkyl moiety comprises 

propanol, propylphosphate, propylphosphorothioate or a combination thereof. The C3 alkyl 

moiety is covalently linked to the 3' terminus of (N')y and/or the 3' terminus of (N)x via a 

phosphodiester bond. In some embodiments the alkyl moiety comprises propanol, propyl 

5 

10 

phosphate or propyl phosphorothioate. 	In some embodiments each of Z and Z' is 

independently 	selected 	from 	propanol, 	propyl 	phosphate 	propyl 	phosphorothioate, 

combinations thereof or multiples thereof in particular 2 or 3 covalently linked propanol, 

propyl phosphate, propyl phosphorothioate or combinations thereof. In some embodiments 

each of Z and Z' is independently selected from propyl phosphate, propyl phosphorothioate, 

propyl phospho-propanol; propyl phospho-propyl phosphorothioate; propylphospho-propyl 

phosphate; (propyl phosphate)3, (propyl phosphate)2-propanol, (propyl phosphate)2- propyl 

phosphorothioate. Any propane or propanol conjugated moiety can be included in Z or Z'. 

[00134] 	The structures of exemplary 3' terminal non-nucleotide moieties are as 

follows: 

3' terminus-C3Pi. 
3' tcnninus-C3-OH 

0,121/4 e" 
ree  

e 
3' terminus-01400H 
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[00135] 	In some embodiments the 5' terminal nucleotide of the antisense strand 

(position 1 of the antisense strand) is mismatched to the target mRNA. In some embodiments 

the 5' terminal nucleotide of the antisense strand is a modified riboadenosine or a modified 

ribouridine. 

5 [00136] 	In some embodiments each of (N)„ and (N')3/ is independently phosphorylated 

or non-phosphorylated at the 3' and 5' termini. 

[00137] 	Unless otherwise indicated, in preferred embodiments of the structures 

discussed herein the covalent bond between each consecutive N and N' is a phosphodiester 

bond. 

10 [00138] 	A covalent bond refers to an internucleoside linkage linking one nucleotide 

monomer to an adjacent nucleotide monomer. A covalent bond includes for example, a 

phosphodiester bond, a phosphorothioate bond, a P-alkoxy bond, a P-carboxy bond and the 

like. The normal internucleoside linkage of RNA and DNA is a 3' to 5' phosphodiester 

linkage. 	In certain preferred embodiments a covalent bond is a phosphodiester bond. 

15 Covalent bond encompasses non-phosphorous-containing internucleoside linkages, such as 

those disclosed in WO 2004/041924 inter alia. Unless otherwise indicated, in preferred 

embodiments of the structures discussed herein the covalent bond between each consecutive 

N and N' is a phosphodiestcr bond. 

[00139] 	For all of the structures above, in some embodiments the oligonucleotide 

20 sequence of (N)x is fully complementary to the oligonucleotide sequence of (N')y. In other 

embodiments (N)x and (N')y are substantially complementary. In certain embodiments (N)x 

is fully complementary to 	18-40 consecutive nucleotides in a target mRNA. In other 

embodiments (N)x is substantially complementary to 	18-40 consecutive nucleotides in a 

target mRNA. 

25 [00140] 	In some embodiments, neither (N)x nor (N')y are phosphorylated at the 3' and 

5' termini. In other embodiments either or both (N)x and (N')y are phosphorylated at the 3' 

termini (3' Pi). In yet another embodiment, either or both (N)x and (N')y are phosphorylated 

at the 3' termini with non-cleavable phosphate groups. In yet another embodiment, either or 

both (N)x and (N')y are phosphorylated at the terminal 2' termini position using cleavable or 

30 non-cleavable phosphate groups. Further, the inhibitory nucleic acid molecules of the present 
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invention 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 partially destabilizing the nucleic acid / siRNA, so that it may be more easily 

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

5 inhibitory components. 

Synthesis of double-stranded RNA compounds 

[00141] 	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 is, among others, described in Beaucage and lyer, Tetrahedron 1992; 48:2223-

2311; Beaucage and lyer, Tetrahedron 1993; 49: 6123-6194 and Caruthers, et. al., Methods 

Enzymol. 1987; 154: 287-313; the synthesis of thioates is, among others, described in 

Eckstein, Ann. Rev. Biochem. 	1985; 54: 367-402, the synthesis of RNA molecules is 

described in Sproat, in Humana Press 2005 edited by Herdewijn P.; Kap. 2: 17-31 and 

15 

20 

25 

respective downstream processes are, among others, described in Pingoud et al., in IRL Press 

1989 edited by Oliver R.W.A.; Kap. 7: 183-208. 

[00142] 	Other synthetic 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, 

59, may make use of common nucleic 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. 

[00143] 	The oligonucleotides useful in preparation of the pharmaceutical compositions 

of the present invention can be synthesized separately and joined together post-synthetically, 

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, 

Nucleosides & Nucleotides, 16, 951; Bellon et al., 1997, Bioconjugate Chem. 8, 204), or by 

hybridization following synthesis and/or deprotection. 

[00144] 	It is noted that a commercially available machine (available, inter a/ia, from 

30 Applied Biosystems) can be used; the oligonucleotides are prepared according to the 
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sequences disclosed herein. Overlapping pairs of chemically synthesized fragments can be 

ligated using methods well known in the art (e.g., see US Patent No. 6,121,426). The strands 

are synthesized separately and then are annealed to each other in the tube. Then, the double-

stranded siRNAs are separated from the single-stranded oligonucleotides that were not 

5 annealed (e.g. because of the excess of one of them) by HPLC. In relation to the siRNAs or 

siRNA fragments of the present invention, two or more such sequences can be synthesized 

and linked together for use in the present invention. 

[00145] 	The 	double-stranded 	RNA, 	compounds 	useful 	in 	preparation 	of 	the 

pharmaceutical compositions of the invention can also be synthesized via tandem synthesis 

10 methodology, as described for example in US Patent Publication No. US 2004/0019001, 

wherein both siRNA strands arc 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 is selected from a polynucleotide linker or a non-nucleotide linker. 

15 [00146] 	The compositions of the present invention preferably comprise two or more 

oligonucleotides, these oligos may be synthesized separately and either mixed together or 

(covalently 	or non-covalently) joined 	together post-synthesis, 	or synthesized 	together 

according to the processes detailed above. 

Pharmaceutical Compositions 

20 [00147] 	While it is possible for the oligonucleotide compounds of the present invention 

to be administered as the raw chemical, it is preferable to present them as a pharmaceutical 

composition. In some embodiments the oligoribonucleotide compounds are produced by 

endogenous intracellular complexes. 

[00148] 	Pharmaceutical 	compositions 	disclosed 	herein 	are 	prepared 	using 	any 

25 chemically modified or non-modified double-stranded RNA oligonucleotide compound. 

siRNA which are Dicer substrates or asymmetric siRNA may be used with the invention. 

30 

Double-stranded RNA oligonucleotide compounds used in the present invention encompass 

any phannaccutically 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, 

disorders and injury of the ear. The term "pharmaceutically acceptable salts" refers to 
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physiologically and pharmaceutically acceptable salts, i. 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-stranded RNA compounds that are chemically and or structurally modified 

5 according to one of the following modifications set forth in Structures disclosed herein or as 

tandem siRNA or RNAstar (see WO 2007/091269). Certain preferred molecules are 

chemically synthesized and modified dsRNA molecules that target CASP2, NOX3, CAPNS I 

or RHOA. A certain preferred molecule is a dsRNA utilizing the CASP2_4 oligonucleotide 

sequence. 

10 [00149] 	The invention further provides a pharmaceutical composition comprising one 

or 	more 	inhibitory 	oligonucleotide 	compounds; 	a 	permeability 	enhancer 	and 	a 

pharmaceutically acceptable vehicle or carrier. In some embodiments the composition 

comprises a mixture of two or more different oligonucleotides / siRNA compounds. 

[00150] 	The compounds can be administered orally, subcutaneously or parenterally 

15 including intravenous, intraarterial, intramuscular, intraperitoneally, intranasal, transtympanic, 

as well as intrathecal and infusion techniques. Implants of the compounds are also useful. The 

preferable administration mode is transtympanic. Liquid forms may be prepared for injection, 

the 	term 	including subcutaneous, 	transdermal, 	intravenous, 	intramuscular, 	intrathecal, 

transtympanic injection and other parental routes of administration. The liquid compositions 

20 include aqueous 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 	intravenous 	administration. 	In 	preferred 	embodiments 	the 

administration comprises topical administration, in particular topical administration to the ear 

canal, topical administration to the tympanic membrane, or a combination thereof. In some 

25 embodiments the compounds of the present application are applied to the tympanic membrane 

as an eardrop. In some preferred embodiments the dsRNA molecules are administered by 

transtympanic injection or by eardrops. 

[00151] 	In 	various 	embodiments, 	particularly 	embodiments 	in 	which 	the 

pharmaceutical compositions of the invention are administered topically, the pharmaceutical 

30 compositions further comprise a permeability enhancer, also known as penetration enhancer. 
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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 skin and/or the tympanic membrane in the ear of a subject 

suffering from or at risk of a disease, a disorder or an injury of the inner ear, preferably 

5 ManiOre's disease. In some embodiments the penetration / permeability enhancer is selected 

from, without being limited to, polyethylene glycol (PEG), glycerol (glycerin), maltitol, 

sorbitol etc.; diethylenc glycol monoethyl ether, azone, benzalkonium chloride (ADBAC), 

cetylperidium chloride, cetylmethylammonium bromide, dextran sulfate, lauric acid, menthol, 

methoxysalicylate, oleic acid, phosphatidylcholine, polyoxyethylene, polysorbate 80, sodium 

10 glycholate, 	sodium 	lauryl 	sulfate, 	sodium 	salicylatc, 	sodium 	taurocholate, 	sodium 

taurodeoxycholate, sulfoxides, sodium deoxycholate, sodium glycodeoxycholate, sodium 

taurocholate and surfactants such as sodium lauryl sulfate, laureth-9, cetylpyridinium chloride 

and polyoxyethylene monoaLkyl ethers, benzoic acids, such as sodium salicylate and methoxy 

salicylate, fatty acids, such as lauric acid, oleic acid, undecanoic acid and methyl oleatc, fatty 

15 alcohols, such as octanol and nonanol, laurocapram, cyclodextrins, thymol, limoncne, urea, 

chitosan and other natural and synthetic polymers. 

[00152] 	In certain embodiments the permeability enhancer is a polyol. In some 

embodiments the oligonucleotide is in admixture with a polyol. Suitable polyols for inclusion 

in the solutions of the invention include glycerol and sugar alcohols such as sorbitol, mannitol 

20 or xylitol, polyethylene glycol and derivatives thereof. 

[00153] 	In some embodiments the pharmaceutical compositions of the present 

invention 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 

25 and vehicle. 	In certain embodiments accepted preservatives such as benzalkonium chloride 

and disodium 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. 

30 

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

glycerol is present at a final concentration of about 0.1% to about 35%; about 1% to about 
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5 

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 

pharmaceutical 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 pharmaceutical composition is about 2% by volume 

of the pharmaceutical 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 yet another embodiment, the final concentration of glycerol in 

the pharmaceutical composition is about 20% by volume of the pharmaceutical composition. 

10 In some embodiments the pharmaceutical composition is brought to about the subject's body 

temperature, which is about 30°C to about 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 

15 topical 	administration 	by 	any 	suitable 	mode 	of administration. 	Suitable 	modes 	of 

administration of the pharmaceutical compositions of the invention include invasive and non-

invasive 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. ointment, gel), infusion or spraying. In certain embodiments, the 

20 compositions of the present invention are administered topically. Delivery can be effected by 

any mean (e.g. drops, spray), using any effective instrument for placing the composition 

inside the inner ear or for injecting the composition (e.g. through the tympanic membrane). 

[00156] 	The 	present 	invention 	also 	provides 	for 	a 	process 	for 	preparing 	a 

pharmaceutical composition of the invention, in accordance with formulation techniques 

25 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 

therapeutically effective amount of at least one oligonucleotide compound, one or more 

permeability enhancer and at least one pharmaceutically acceptable excipient or carrier, or 

mixtures thereof, such a composition preferably having extended chemical and/or physical 

30 stability as described herein. In some embodiments the process for preparing a pharmaceutical 

composition of the invention, comprises combining, in any suitable order, a therapeutically 
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effective amount of at least one oligonucleotide compound, one or more permeability 

enhancer, at least one pharmaceutically acceptable excipicnt or carrier, or mixtures thereof 

and an antibacterial agent and/or preservative. In some embodiments, the pharmaceutical 

composition 	includes a pharmacologically acceptable surfactant to assist in dissolving the 

5 double-stranded RNA compound. In certain embodiments, a pharmaceutical composition of 

the invention further comprises an additional therapeutically active agent, such compositions 

being useful in combination therapies as described herein. 	in some embodiments of the 

invention the additional pharmaceutically active agent, is selected from, without being limited 

to, such as non-steroidal anti-inflammatory drugs, corticosteroids, antifungal, antibiotics, and 

10 the like. 

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

according to the present invention for treating MoniCre's disease, for attenuating one or more 

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

hearing loss; for attenuating progressive hearing loss, for providing neuroprotection of spiral 

15 ganglion cells, for affording neuroprotection of vestibular ganglion cells, for preventing 

apoptotic cell death in spiral ganglion cells and for preventing apoptotic cell death in 

vestibular ganglion cells. 

[00158] 	Compositions for improved delivery of the molecules disclosed herein include 

conjugation of double-stranded RNA molecules to a targeting molecule. The conjugate is 

20 usually formed through a covalent attachment of the targeting molecule to the sense strand of 

the double-stranded RNA, so as not to disrupt silencing activity. Potential targeting molecules 

useful 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 (see for example: Song et al., Antibody mediated in vivo 

25 delivery of small 	interfering RNAs via cell-surface receptors, Nat Biotechnol. 2005. 

23(6):709-17). 

[00159] 	Also provided are kits, containers and formulations that include a nucleic acid 

molecule (e.g., an siNA molecule) as provided herein for reducing expression of CASP2, 

NOX3, CAPNS I for administering or distributing the nucleic acid molecule to a patient. 	A 

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

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

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

included. 

5 

10 

[00160] 	The container can alternatively hold a composition that is effective for 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 picrecable 

by a hypodermic injection needle). The active agents in the composition can be a nucleic acid 

molecule capable of specifically binding and/or modulating the function of CASP2, NOX3, 

CAPNSI. 

[00161] 	A kit may further include a second container that includes a pharmaceutically- 

acceptable buffer, such as phosphate-buffered saline, Ringer's solution and/or dextrose 

solution. 	It can further include other materials desirable from a commercial and user 

standpoint, including other buffers, diluents, filters, stirrers, needles, syringes, and/or package 

15 inserts with indications and/or instructions for use. 

[00162] 	The units dosage ampoules or multidose containers, in which the nucleic acid 

molecules are packaged prior to use, may include an hermetically sealed container enclosing 

an amount of dsRNA or solution containing a dsRNA suitable for a pharmaceutically 

effective dose thereof, or multiples of an effective dose. The dsRNA is packaged as a sterile 

20 formulation, and the hermetically sealed container is designed to preserve sterility of the 

formulation until use. 

[00163] 	The container in which the dsRNA including a sequence encoding a cellular 

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 

25 

30 

Food and Drug Administration, which notice is reflective of approval by the agency under 

Federal law, of the manufacture, use, or sale of the polynucleotide material therein for human 

administration. 

[00164] 	Federal law requires that the use of pharmaceutical compositions in the therapy 

of humans be approved by an agency of the Federal government. 	In the United States, 

enforcement is the responsibility of the Food and Drug Administration, which issues 
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appropriate regulations for securing such approval, detailed in 21 	U.S.C. 	§ 	301-392. 

Regulation for biologic material, including 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 well known to those 

5 in the art and the compositions and methods provided herein preferably comply accordingly. 

Administration 

[00165] 	The methods disclosed herein include administration and dosing of molecules 

in accordance with good medical practice, taking into account the clinical condition of the 

individual patient, the disease to be treated, the site and method of administration, scheduling 

10 of administration, patient age, sex, body weight and other factors known to medical 

practitioners. 

[00166] 	A "therapeutically effective close" 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 to, improved 

15 survival rate, more rapid recovery, suppressed progress of the disease, or improvement or 

elimination of symptoms, and other indicators as are selected as appropriate determining 

measures by those skilled in the art. 

[00167] 	A "therapeutically effective dose" or a "therapeutic effective amount" for 

purposes herein is thus determined by such considerations as are known in the art. The dose 

20 must be effective to achieve improvement including but not limited to improved survival rate 

or more rapid recovery, or improvement or elimination of symptoms and other indicators as 

are selected as appropriate measures by those skilled in the art. The pharmaceutical 

compositions of the invention are administered in a single dose or in multiple doses. 

[00168] 	Dosage is determined, inter alia, by the activity of the oligonucleotide, the 

25 indication and the severity of the disorder and comprises administering a dose of about 0.1 ng 

to about 10 mg, about I ng to about 1 mg, or about 10 ng to about I mg, total oligonucleotide 

in pharmaceutically acceptable excipient or carrier. The concentration of double-stranded 

RNA compound in the composition is between 0.1 mg/rot to 100 mg/ml, preferably between 1 

mg/ml to 100 mg/ml, and more preferably between 5 mg/ml to 20 mg/ml. 
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[00169] 	In some embodiments the active dose of oligonucleotide compound for 

humans is in the range of from Ing/kg to about 20-100 mg/kg body weight per day, preferably 

about 0.01 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 for a 

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

10 

[00170] 	The pharmaceutical compositions of the present invention are administered to 

the subject by any suitable mode of administration. Suitable modes of administration of the 

oligonucleotide compositions of the invention include invasive and non-invasive mode of 

administration, such as without being limited to, 	instillation (of ear drops), injection, 

deposition, or spraying into the ear. In certain embodiments, the compositions of the present 

invention are administered topically into the ear canal as car drops or injected through a 

cannula into the ear canal or injected through the tympanic membrane (transtympanic 

injection). In many cases, the mode of administration may depend on many factors, including 

without being limited to, the affected ear the nature and severity of the disease or condition or 

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

[00171] 	In various embodiments the pharmaceutical compositions of the invention are 

delivered in an amount effective to provide a protective or therapeutic effect. Examples of 

protective or therapeutic effects include inhibition of target protein expression or knockdown 

of at least one target gene. In certain embodiments inhibiting expression of at least one target 

20 gene confers upon the cells and/or tissues of neuroprotective properties. 

[00172] 	Accordingly, 	the 	pharmaceutical 	compositions 	of 	the 	invention 	are 

administered in any form that allows the active ingredient(s) (i.e. at least one oligonucleotide 

compound) to prevent, suppress, ameliorate, or otherwise treat the diseases and conditions 

disclosed herein. By way of non-limiting example, the pharmaceutical compositions can be 

25 formulated 	as a cream, 	foam, 	paste, ointment, emulsion, 	liquid solution, 	gel, spray, 

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

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

polymeric-like material and/or any other form known in the art, including any form suitable 

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

30 absorbable, 	dissolvable, 	and/or 	degradable 	implant. 	Sterile 	liquid 	pharmaceutical 
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compositions, solutions or suspensions can be utilized invasively, for example, by intravitreal 

or transtympanic injection; or topically, e.g. by ear drop, ear foam, spray, gel, cream, or 

ointment. The liquid compositions include aqueous solutions, with and without organic co-

solvents, aqueous or oil suspensions, emulsions e.g. with edible oils, as well as similar 

5 pharmaceutical vehicles. 

Ear 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 useful in providing neuroprotection of spiral 

ganglia thereby attenuating or preventing cochlear functions including progressive hearing 

10 loss and tinnitus. Neurons may be protected from various insults including injury or damage 

caused by trauma, ischemia, a chemical agent (e.g. an ototoxin), an infectious agent, an 

immunologic reaction or a nutritional imbalance. In some embodiments provided herein is a 

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

of a subject suffering from a disease associated with pathological abnormalities or changes in 

15 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 CASP2 gene, a NOX3 gene, a CAPNS I gene or RHOA gene so as to thereby 

provide neuroprotection to the spiral ganglion cells and/or the vestibular ganglion cells in the 

subject's ear. In some embodiments said administering results in at least 10% decrease in 

20 death of nerve cells in a population of nerve cells as compared to a control population of 

nerve cells. In various embodiments the abnormalities 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. In some embodiments the dsRNA 

25 compound down regulates the CASP2 gene and 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:9, preferably a sense strand forth in SEQ ID NO:24 or 26 and an 

antisense strand set forth in SEQ ID NO:25 or 27. 

30 

[00174] 	in some embodiments the methods disclosed herein include the preventing, 

treating 	or 	alleviating 	the 	effects 	of an 	otic 	disease 	associated 	with 	pathological 
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abnormalities/changes in the tissues of the auditory system and/or vestibular system in a 

subject, comprising administering to the subject's ear 	a dose of a double-stranded RNA 

(dsRNA) compound which down regulates expression of a CASP2 gene, a NOX3 gene, a 

CAPNS I gene or RHOA gene, so as to thereby provide neuroprotection to the spiral ganglion 

5 cells and/or 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 

abnormalities 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 

10 the vestibular organs, such changes being for example, neuronal degradation or neuronal cell 

death. In some embodiments the dsRNA compound down regulates the CASP2 gene and 

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:9, preferably a sense 

strand set forth in SEQ ID NO:24 or 26 and an antisense strand set forth in SEQ ID NO:25 or 

15 27. 

[00175] 	By "ototoxin" in the context disclosed herein is meant a substance that through 

its chemical action injures, impairs or inhibits the activity of the neurons related to hearing or 

balance, which in turn impairs hearing and/or balance. Ototoxins include therapeutic drugs 

including antineoplastic agents, salicylates, loop-diuretics, quinines, and aminoglycoside 

20 antibiotics, contaminants in foods or medicinals, and environmental or industrial pollutants. 

[00176] 	Accordingly, in one aspect provided are methods and kits for providing 

neuroprotection to a neuron in the ear of a subject, thereby to prevent, reduce, or treat a 

hearing impairment, disorder or imbalance, for example an ototoxin-induced hearing 

impairment, disorder or imbalance, by administering to the subject a dsRNA as disclosed 

25 herein. 

30 

[00177] 	Ototoxic aminoglycoside antibiotics include but are not limited to neomycin, 

paromomycin, ribostamycin, lividomycin, kanamycin, amikacin, tobramycin, viomycin, 

gentamicin, 	sisomicin, 	noun-dein, 	streptomycin, 	dibekacin, 	fortimicin, 	and 

dihydrostreptomycin, or combinations thereof. Particular antibiotics include neomycin B, 

kanamycin A, kanamycin B, gentamicin Cl, gentamicin C I a, and gentamicin C2, and the like 

48 



WO 2013/067076 
	

PCT/US2012/062894 

that are known to have serious toxicity, particularly ototoxicity and nephrotoxicity, which 

reduce the usefulness of such antimicrobial agents. 

[00178] 	Ototoxicity is also a serious dose-limiting side-effect for anti-cancer agents. 

Ototoxic neoplastic agents include but are not limited to vincristine, vinblastine, cisplatin and 

5 cisplatin-like compounds and taxol and taxol-like compounds. Cisplatin-like compounds 

include carboplatin (Paraplatin 0), tetraplatin, oxaliplatin, aroplatin and transplatin inter alia 

and are platinum based chemotherapeutics. 

[00179] 	Diuretics with known ototoxic side-effect, particularly "loop" diuretics include, 

without being limited to, furosemide, ethacrylic acid, and mercurials. 

10 [00180] 	Ototoxic quinines include but are not limited to synthetic substitutes of quinine 

that are typically used in the treatment of malaria. In some embodiments the hearing disorder 

is side-effect of inhibitors of type 5 	phosphodiesterase 	(PDE-5), 	including sildenafil 

(Viagrati.0), vardenafil (Levitrat) and tadalafil (Calls). 

[00181] 	Salicylates, such 	as aspirin, have ototoxic side effects including tinnitus 

15 ("ringing in the ears") and temporary hearing loss. Moreover, if the drug is used at high doses 

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

[00182] 	Further 	disclosed 	herein 	are 	methods 	and 	kits 	useful 	in 	providing 

neuroprotection to neurons of the ear wherein the neurons are damaged by mechanical or 

physical trauma. 

20 [00183] 	In various embodiments provided herein is a method for neuroprotection of a 

vestibular ganglion in the ear of a subject. 	The methods and kits are useful in providing 

neuroprotection of vestibular ganglia, thereby attenuating or preventing vestibular functions 

including but not limited to nausea, loss of balance or vertigo. The vestibular sensory system 

in most mammals, including humans, contributes to balance, and to a sense of spatial 

25 orientation and stability. 

Meniere's Disease 

[00184] 	Meniere's disease, also known as idiopathic endolymphatic hydrops (ELH), is 

a disorder of the inner ear resulting in vertigo and tinnitus, and eventual neuronal damage 

leading to hearing loss. The cause of Meniere's disease remains unclear. It is characterized 
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cochleovestibular dysfunction and by endolymphatic hydrops (post-mortem examination). 

The primary signs and symptoms of Meniere's disease are: 

a) Episodic vertigo. Episodes of vertigo typically occur without warning and usually last 

from about 20 minutes to two hours or more, up to 24 hours. Severe vertigo can 

5 cause nausea and vomiting. 

b) Hearing loss. Hearing loss in Menilre's disease may fluctuate, particularly early in the 

course of the disease. Eventually, most people experience some degree of permanent 

hearing loss. Hearing loss can be unilateral or bilateral. 

c) Tinnitus. Tinnitus is the perception of a ringing, buzzing, roaring, whistling or hissing 

10 sound in your ear. With Meniere's disease, tinnitus is often low-pitched. 

d) Aural fullness. Aural fullness is the feeling of fullness or pressure in the ear. 

[00185] 	Without wishing to be bound to theory it is generally accepted that cochlear 

hair cells and vestibular hair cells die in Meniere's patients, thereby cause hearing loss. Hair 

cells are the sensory receptors located within the inner ear. Auditory hair cells are located in 

15 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 hair cells are 

located in the vestibular (balance) organs of the inner ear (utricle, saccule, ampullae). They 

detect changes in head position and send signals to the brain to help maintain body posture, 

eye position and balance. In the absence of auditory or vestibular hair cells, the energy 

20 derived from sound waves or gravity is not converted into neural signals, and hearing or 

balance deficits ensue. 

[00186] 	In preferred embodiments the subject being treated is a warm-blooded animal 

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

[00187] 	"Treating a subject" refers to administering to the subject a therapeutic 

25 substance effective 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 from occurring. "Treatment" refers to both therapeutic 

treatment and prophylactic or preventative measures, wherein the object is to prevent a 

disorder, to slow the progress of a disease or to reduce the symptoms of a disorder. Those in 
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need of treatment include those already experiencing the disease or condition, those at risk of 

or prone to 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 Meniere's disease. 

5 [00188] 	Provided herein is a method for reducing the loss of neuron cells in a spiral 

ganglion and/or a vestibular ganglion of a subject suffering from a disease associated with 

pathological abnormalities in the auditory system and/or vestibular system, comprising 

administering to the subject's ear a dose of a double-stranded R.NA (dsRNA) compound 

which down regulates expression of a CASP2 gene, wherein the gene encodes a mRNA set 

10 forth in any one of SEQ 1D NO:1-3 so as to thereby provide neuroprotection to the spiral 

ganglion cells and/or the vestibular ganglion cells 	in 	the subject's ear. 	In preferred 

embodiments 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:9. 

15 Combination Therapy 

[00189] 	The methods for treating Meniere's disease and related diseases and disorders 

as disclosed herein include administering a double-stranded RNA compound directed to 

CASP2 gene. Further disclosed is combination therapies comprising known treatments for 

treating a subject suffering from or affected by or susceptible to Meniere's disease, in 

20 conjunction with the novel pharmaceutical compositions and therapies described herein are 

considered part of the current invention. 

[00190] 	By "in conjunction with" or "in combination with" is meant that the additional 

pharmaceutically effective compound is administered prior to, at the same time as, or 

subsequent to administration of the pharmaceutical compositions of present invention. The 

25 individual components of such a combination referred to above, therefore, arc administered 

either sequentially or simultaneously from the same or separate pharmaceutical formulations. 

A second therapeutic agent is administered by any suitable route, for example, by ocular, otic, 

oral, buccal, inhalation, sublingual, rectal, vaginal, transurethral, nasal, topical, percutaneous 

(i.e., transdermal), or parenteral (including intravenous, intramuscular, subcutaneous, and 

30 intracoronary) administration. 
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[00191] 	In some embodiments, molecule disclosed herein and the second 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 

5 and the second therapeutic composition/agent is either possible or preferred. Persons skilled 

in the art are aware of the best modes of administration for each therapeutic agent, either 

alone or in combination. 

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

understood that the terminology used is intended to be in the nature of words of description 

10 rather than of limitation. 

[00193] 	Many modifications and variations of the present invention are possible in 

light of the above teachings. It is, therefore, to be understood that within the scope of the 

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

[00194] 	Throughout this application, various publications, including United States 

15 Patents, are referenced by author and year and patents by number. The disclosures of these 

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

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

invention pertains. 

20 

[00195] 	The present invention is illustrated in detail below with reference to examples, 

but is not to be construed as being limited thereto. 

[00196] 	Citation of any document herein is not intended as an admission that such 

document is 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 

25 to the correctness of such a statement. 

EXAMPLES 

[00197] 	Without further elaboration, it is believed that one skilled in the art can, using 

the preceding description, utilize the present invention to its fullest extent. The following 
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preferred specific embodiments are, therefore, to be construed as merely illustrative, and not 

'imitative of the claimed invention in any way. 

[00198] 	General methods - Molecular biology and Immunoassays 

[00199] 	Standard molecular biology protocols known in the art not specifically 

5 described herein are generally followed essentially as in Sambrook et al., Molecular cloning: 

A laboratory manual, Cold Springs Harbor Laboratory, New-York (1989, 1992), and in 

Ausubel et al., Current Protocols in Molecular Biology, John Wiley and Sons, Baltimore, • 

Maryland (1988), and as in Ausubel et al., Current Protocols in Molecular Biology, John 

Wiley and Sons, Baltimore, Maryland (1989) and. as in Perbal, A Practical Guide to 

10 Molecular Cloning, John Wiley & Sons, New York (1988), and as in Watson et 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 forth in US Patent Nos. 4,666,828; 4,683,202; 

4,801,531; 5,192,659 and 5,272,057 and incorporated herein by reference. Polymerasc chain 

15 reaction (PCR) was carried out as discussed in PC'R Protocols: A Guide To Methods And 

Applications, Academic Press, San Diego, CA (1990). In situ PCR in combination with Flow 

Cytometry (FACS) can be used for detection of cells containing specific DNA and mRNA 

sequences (Testoni et al., Blood 1996, 87:3822.) Methods of performing qPCR and RT-PCR 

are well known in the art. 

20 [00200] 	Standard organic synthesis 	protocols 	known 	in 	the art 	not specifically 

described herein are generally followed essentially as in Organic syntheses: Val- 79, editors 

vary, J. Wiley, New York, (1941 - 2003); Gewert et al., Organic synthesis workbook, Wiley- 

VCH, Weinheim (2000); Smith & March, Advanced Organic Chemistry, Wiley-Intel-science; 

5th edition (2001). 

25 [00201] 	Standard medicinal chemistry methods known in the art not specifically 

described herein are generally followed essentially as in the series "Comprehensive Medicinal 

Chemistry", by various authors and editors, published by Pergamon Press. 

[00202] 	In general, ELISA is a preferred immunoassay. ELISA assays are well known 

to those skilled in the art. Both polyclonal and monoclonal antibodies can be used in the 

30 assays. Where appropriate other immunoassays, such as radioimmunoassays (R.IA) can be 
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used as are known to those in the art. Available immunoassays are extensively described in 

the patent and scientific literature. See, for example, US Patent Nos. 3,791,932; 3,839,153; 

3,850,752; 3,850,578; 3,853,987; 3,867,517; 3,879,262; 3,901,654; 3,935,074; 3,984,533; 

3,996,345; 4,034,074; 4,098,876; 4,879,219; 5,011,771 and 5,281,521 as well as Sambrook et 

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

siRNA Activity 

[00203] 	The 	sense 	and 	antisensc 	sequences 	useful 	in 	generating 	active 	and 

therapeutically useful dsRNA are generated using a proprietary algorithm or an algorithm 

known in the art. 

10 [00204] 	in general, about 1.5-2x105  tested cells (HeLa cells and/or 293T cells for 

siRNA targeting human genes and NRK52 (normal rat kidney proximal tubule cells) cells 

and/or NMuMG cells (mouse mammary epithelial cell line) for siRNA targeting the rat/mouse 

gene) are seeded per well in 6 wells plate (70-80% confluent). 

[00205] 	About 24 hours later, cells arc transfected with siRNA compounds using the 

15 Lipofectaminen" 2000 reagent (lnvitrogen) at final concentrations of 5nM or 20nM. The cells 

are incubated at 37°C in a CO2  incubator for 72h. 

[00206] 	As positive control for transfection PTEN-Cy3 labeled siRNA compounds are 

used. Various chemically modified siRNA compounds are tested for activity. GFP siRNA 

compounds are used as negative control for siRNA activity. 

20 [00207] 	At 72h after transfection cells are harvested and RNA is extracted from cells. 

Transfection efficiency is tested by fluorescent microscopy. 

[00208] 	The percent of inhibition of gene expression using specific preferred siRNA 

structures is determined using qPCR analysis of the Casp2 gene in cells expressing the 

endogenous gene. 

25 [00209] 	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 

genes. 
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Serum Stability Experiments 

[00210] 	Chemically modified siRNA compounds according to the present invention are 

tested for duplex stability in human serum, as follows: 

[00211] 	siRNA molecules at final concentration of 7uM are incubated at 37°C in 100% 

5 human scrum (Sigma Cat# H4522). (siRNA stock 100uM diluted in human serum 1:14.29). 

[00212] 	Sul are added to 15u1 1.5xTBE-loading buffer at different time points (0, 

30min, lh, 3h, 6h, 8h, 10h, 16h and 24h). Samples are immediately frozen in liquid nitrogen 

and were kept at —20°C. 

[00213] 	Each sample is loaded onto a non-denaturing 20% acrylamide gel, prepared 

10 according to methods known in the art. The oligos are visualized with ethidium bromide 

under UV light. 

Example 1: Expression of CASP2 in the mouse inner ear. 

[00214] 	The Phexh"-Duk genetic murine model mimics the symptoms of Menthe's 

disease in humans including endolymphatie hydrops (ELH) and progressive hearing loss. This 

15 model is detailed in Megerian et al ("A mouse model with postnatal endolymphatic hydrops 

and hearing loss", Hearing Rcs 2008; 237(1-2):90-105), hereby incorporated by reference in 

its 	entirety. 	Immediately 	after 	birth, 	the 	mutant 	mice 	spontaneously 	develop 	ELH 

accompanied by vestibular function impairment, followed by apoptosis of neurons in the 

vestibular 	and 	spiral 	ganglia. 	Finally, 	sensory 	cells 	in 	both 	vestibular 	and 	cochlear 

20 compartments degenerate and progressive hearing loss and balance deterioration sets in. 

[00215] 	Expression of CASP2 in the mouse inner ear was assessed in wild type and 

Phexh"-Duk  mice. Casp2 protein level was qualitatively evaluated in 2 individual experiments 

that included 3-week old, 2-month old and 3-month old wild type and Phexhst Duk  mutant male 

mice. Inner ears of mice were dissected, fixed, embedded in paraffin and sectioned to obtain 

25 slides with representation of auditory and vestibular compartments as well as of spiral 

ganglion. The slides were used for histological evaluation. Three slides per ear were used for 

in situ hybridization analysis of dsRNA distribution in the inner ear. Casp2 protein expression 

was assessed by immunohistochemistry of the slides using Casp2 antibody (Santa Cruz, SC- 
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5 

623), and the HRP signals were amplified with Tyramid Amplification System 

PerkinElmer). 

[00216] 	Casp2 positive cells were observed in all samples, specifically staining 

of Corti (OC) in the hair cells, the spiral ganglion (SG), the cochlear nerve and the vestibular 

sensory epithelium (macula). In addition, in a few samples non-specific staining occurred 

the bone lacunae (probably bone marrow) and in blood vessels (endothelial cells). 

differences between mutant and wild type were observed in Casp2 precursor protein 

the tested ages. Staining results arc provided herein below in Table 1. 

Table I . CASP2 expression pattern in inner ears of wild type and PhexhYP-Duk  mutant 

(TSAI/4, 

organ 

in 

No 

levels, in 

mice. 

Sample name Staining pattern 

1 3wks Phex/Y #3515 Organ of corti (OC)-hair cells spiral ganglion (SG) and vestibular 
sensory epithelium (macula) 

2 3wks Phex/Y #S517 OC-hair cells, Reissner's membrane and SG. 

3 3wks AN 	#3518 OC-hair cells, SG and in the vestibular sensory epithelium 
(macula) 

4 3wks -IN 	#5519 OC-hair cells, SG and vestibular sensory epithelium (macula) 

5 2 Mo Phex/Y #S77 OC-hair cells, SG and cochlear nerve 

6 2 Mo -F/Y 	#S79 OC-hair cells, SG and cochlear nerve 

7 3 Mo Phex/Y #3100 OC-hair cells and SG (damage in tissue morphology) 

8 3 Mo Phex/Y #599 OC-hair cells and SG (damage in tissue morphology) 

9 3 Mo -1-/Y 	#5104 OC-hair cells, SG and vestibular sensory epithelium (macula) 

10 3 Mo i-/Y 	#S105 OC-hair cells, SG, vestibular sensory epithelium (macula) and 
cochlear nerve 

l0 
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Example 2: Evaluation of siRNA delivery to mouse inner ear and efficacy of four siRNA 

molecules in the Phexh"-Duk/Y mice, a model of Meniere's Disease 

[00217] 	Objective: A mouse model of Meniere's Disease (MD), was used to evaluate 

safety and potential therapeutic effects of several dsRNA molecules for silencing of four 

target genes. 

[00218] 	The PhexhYP-Duk  genetic murine model mimics the symptoms of Meniere's 

disease in humans including endolymphatic hydrops (Ear) and progressive hearing loss. This 

model is detailed in Megerian et al ("A mouse model with postnatal endolymphatic hydrops 

and hearing loss", Hearing Res 2008; 237(1-2):90-105) hereby incorporated by reference in 

its entirety. 

[00219] 	Assessment of safety and therapeutic effects of the dsRNA in the inner ear 

were performed by: 

Evaluation of Ecog Performance status; 

Evaluation of histological sections of the inner ear; 

Evaluation of inner ear function (bilateral); 

Non-invasive hearing tests; 

Auditory-Evoked Brainstem Response (ABR) at Click, 8, 16 and 32 Hz; 

Distortion Product Otoacoustic Emissions (DPOAE) - amplitudes at 4, 6, 8, 10, 12, 14, 16, 

18 and 20 kHz; 

Non-invasive vestibular function tests; 

Vestibular evoked myogenic potential. 

[00220] 	The study was carried out in two stages: 

[00221] 	Study I. Pilot dsRNA inner ear delivery and safety study in normal wild type 

mice. 

[00222] 	Study 2. Evaluation of the therapeutic effect of dsRNA molecules targeting 

four different genes in male PhexhYP*Duk pe mice.  
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[00223] 	Objectives of Study 1: non-invasive inner 

assessment of safety of multiple dsRNA administrations 

study design is shown in Table 2 and in Figure 2. 

Table 2: Study I design 

ear delivery using eardrops 

to the inner ear in mice. Study 

and 

1: The 

mice each 

of dsRNA 

Therefore, 

was 

as baseline 

to the 

thresholds. 

untreated 

targeting 

in mouse 

Group 
(n=3) 

Article Treatment frequency* Functional 
tests 

Term 
inat 
ion 

1 siRNA P15 None P16 
2 siRNA P15, P22 P22 P23 
3 siRNA P15, 	P22, 	P29 P29 P30 
4 siRNA P15, 	P22, 	P29, 	P36 P36 P37 
5 siRNA P15, 	P22, 	P29, 	P36, 	P42 P42 P43 
6 siRNA 

	

P15, 	P22, 	P29, 	P36, 

	

P42, 	P49 
P49 P50 

7 vehicle 

	

P15, 	P22, 	P29, 	P36, 

	

P42, 	P49 
P49 P50 

8 Intact None 

	

P22, 	P29, 

	

P36, 	P92,P49 
P50 

* P=days postnatal i.e. P15 refers to 15 days postnatal. 

[00224] 	dsRNA or vehicle was delivered on a weekly basis to 7 groups of 3 

starting from P15. Functional tests were performed on the day before the last administration 

of test or control article and prior to their administration. Administration 

molecules requires 	animal 	immobilization 	(anesthesia) 	for 40-60 	minutes. 

optimization of the schedule of functional 	test performance requiring anesthesia 

performed. Functional tests in intact non-treated mice of the same age served 

control. 

[00225] 	Figure 3 shows that weekly treatment with dsRNA or vehicle ear drops 

inner ear of wild type mice does not affect hearing function, as assessed by ABR 

For each KHz measurement, the results for siRNA treated animals are on the left, 

animals arc in the center and vehicle treated animals are on the right. 	. 

[00226] 	Study 2: Pilot evaluation therapeutic effect of four dsRNA molecules 

four different genes, CASP2, NOX3, CAPNS I and RHOA, in male PhexbYP4m7Y mice 

[00227] 	Study objectives: Assessment of efficacy of dsRNA test molecules 

genetic model of Meniere's disease by using functional and histological evaluation. 
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[00228] 	Study 2: The study design is shown in Table 3 and in Figures 4A and 4B. 

Figure 4A shows the approximate timeline of events in the inner ear of PhexhYP-Duk/Y. Dotted 

line indicates onset of phenotype, mild hearing loss (HL), signs of endolymphatic hydrops 

(ELM), spiral ganglion cell (SOC) degeneration, or hair cell degeneration, with some 

5 	variability among animals in onset, appearance and severity. Solid line that follows dotted 

lines indicates that the phenotype is established with age. (from Hear Res. 2008 March ; 

237(1-2): 90-105). 

Table 3: Study 2 design  

Group 
(n=12) 

Article Treatment 
frequency 

Functional tests Terrninatio 
n 

1 siCASP2 
(test 1) 

P15, 	P22, 	P29, 
P36. 	P42, 	P49, 
P56, 	P63, 	P63, 
P70, P77, 	P84 

P29, 	P36. 	P42, 
P49, 	P56, 	P63, 
P63, 	P70, 	P77, 
P84, 	P90 

P90 

2 siNOX3 
(test 2) 

P15, 	P22, 	P29, 
P36. 	P42, 	P49, 
P56, 	P63, 	P63, 
P70, 	P77, 	P84 

P29, 	P36. 	P42, 
P49, 	P56, 	P63, 
P63, 	P70, 	P77, 
P84, 	P90 

P90 

3 siCAPNS 
(test 3) 

' 

P15, 	P22, 	P29, 
P36. 	P42, 	P49, 
P56, 	P63, 	P63, 
P70, 	P77, 	P84 

P29, 	P36. 	P42, 
P49, 	P56, 	P63, 
P63, 	P70, 	P77, 
P84, P90 

P90 

4 siRHOA 
(test 	4) 

P15, 	P22, 	P29, 
P36. 	P42, 	P49, 
P56, 	P63, 	P63, 
P70, P77, 	P84 

P29, 	P36. 	P42, 
P49, 	P56, 	P63, 
P63, 	P70, 	P77, 
284, 	P90 

P90 

5 siCNL 
(negative 
control) 

P15, P22, 	P29, 
P36. P42, 	P49, 
P56, P63, 	P63, 
P70, 	P77, 	P84 

P29, 	P36. 	P42, 
P49, 	P56, 	P63, 
P63, 	P70, 	P77, 
P84, 	P90 

P90 

6 Vehicle 
(negative 
control) 

P15, 	P22, 	P29, 
P36. P42, 	P49, 
P56, 	P63, 	P63, 
P70, 	P77, 	P84 

P29, 	P36. 	P42, 
P49, 	P56, 	P63, 
P63, 	P70, 	P77, 
P84, 	P90 

P90 

7 Intact 
(negative 
control) 

none P29, 	P36. 	P42, 
P49, 	P56, 	P63, 
P63, 	P70, 	P77, 
P84, 	P90 

P90 

10 [00229] 	dsRNA or vehicle was delivered on a weekly basis to 6 groups of 12 mice each 

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

control articles administration and prior to their administration. dsRNA administration 
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requires animal immobilization (anesthesia) for 40-60 minutes 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. 

[00230] 	Animals were added to study groups incrementally in the course of colony 

5 expansion. 

[00231] 	Statistical analyses was performed to compare results of auditory, vestibular 

and behavioral tests between age-matched treated and control PhextlYP-Duk/Y mice. P<0.05 was 

considered a significant difference. 

[00232] 	Upon termination, inner ears of mice were dissected, fixed, embedded in 

10 paraffin and sectioned to have representation of both auditory and vestibular compartments as 

well as of spiral ganglion. The slides were used for histological evaluation of inner ear 

morphology. The CASP2 dsRNA compound (CASP2 siRNA, designated as siCASP2, 

QP11007 or 1007) that was used in the preparation of the pharmaceutical composition utilized 

in this study is a 19-nucleotide blunt-ended duplex having two separate strands, with an 

15 

20 

antisense strand (AS, guide strand) comprising unmodified ribonucleotides at positions 1,3, 5, 

7, 9, 10, 12, 14, 16 and 18 (capital letters), and 2'OMe sugar modified ribonucleotides at 

positions 2, 4, 6, 8, II, 13, 15, 17 and 19 (lower case letters); and a sense strand (SEN, 

passenger strand) comprising unmodified ribonucleotides and an 	L-deoxyribonucleotide at 

position 18 (bold underlined) and an inverted deoxyriboabasic moiety (iB) at the 5' terminus, 

as depicted: 

SEN 	5' 	iB-GCCAGAAUGUGGAACUCCU 3' 	(SEQ ID NO:26) 

AS 	3' 	cGgUcUuAcACcUuGaGgA 5' 	(SEQ ID NO:27) 

[00233] 	The NOX3 dsRNA compound (siNOX3.._4) is a 19-nucleotide blunt-ended 

duplex (human, mouse, rat cross-species) having two separate strands, with an antisense 

25 strand (AS, guide strand) comprising unmodified ribonucleotides at positions 2, 4, 6, 8 10, 12, 

14, 16 and 18 (capital letters), 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 (SS, passenger strand) 

comprising 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, 11, 13, 15, 17 
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and 19 (upper case letters). The 3' terminus of the sense strand and the 3' terminus of the 

antisense strand are non-phosphorylated. 

siNOX3_4 

5' 	UcCuGgAaCuUcAcAnGaA 	3' 	SS 	(SEQ ID NO:10) 

5 3' 	aGgAcCuUgAaGuGuAcUn 	5' 	AS 	(SEQ ID NO:11) 

[00234] 	The CAPNSI dsRNA compound (siCAPNS1_13) is a 19-nucleotide blunt-

ended duplex having two separate strands, with an antisensc strand (AS, guide strand) 

comprising unmodified ribonucleotides at positions 2, 4, 6, 8 10, 12, 14, 16 and 18 (capital 

letters), and 2'OMe sugar modified ribonucleotides at positions 1, 3, 5, 7, 9, 11, 13, 15, 17 

10 and 19 (lower case letters); and a sense strand (SS, passenger strand) comprising 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, II, 13, 15, 17 and 19 (upper 

case letters); 

siCAPNS1_13 

15 5' 	GcUaCaGaAcUcAuGaAuA 	3' 	SS 	(SEQ ID NO: 12 ) 

3' 	cGaUgUcUuGaGuAcUuAu 5' 	AS 	(SEQ ID NO: 1 3 ) 

[00235] 	The RHOA dsRNA compound (siRHOA_4) is a 19-nucleotide blunt-ended 

duplex 	having 	two 	separate 	strands, 	with 	an 	antisense 	strand 	(AS, 	guide 	strand) 

comprising unmodified ribonucleotides at positions 2, 4, 6, 8 10, 12, 14, 16 and 18 (capital 

20 letters), and 2'OMe sugar modified ribonucleotidcs at positions 1, 3, 5, 7, 9, 11, 13, 15, 17 

and 19 (lower case letters); and a sense strand (SS, passenger strand) comprising 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, 11, 13, 15, 17 and 19 (upper 

case letters); 

25 siRHOA4 

5' 	GcCaCuUaAuGuAuGuUaC 	3' 	SS 	(SEQ ID NO:14) 

3' 	cGgUgAaUuAcAuAcAaUg 	5' AS 	(SEQ ID NO: 15) 
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[00236] 	The EGFP (enhanced green fluorescent protein) control dsRNA compound 

(s1EGFP_5) is a 19-nucleotide blunt-ended duplex having two separate 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), and 2'0Me sugar modified ribonucleotides at 

positions I, 3, 5, 7, 9, II, 13, 15, 17 and 19 (lower case letters); and a sense strand (SS, 

passenger strand) comprising 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, 11, 13, 15, 17 and 19 (upper case letters); 

siEGFP _5 

5' 	GgCuAcGuCcAgGaGcGcAcC 	3' 	SS 	(SEQ ID NO: 1 6) 

3' 	cCgAuGcAgGuCcUcGcOuGg 	5' 	AS 	(SEQ ID NO:17) 

[00237] 	Results and conclusions. 

[00238] 	Results of ABR functional test: PhexhwakfY mice display significant loss of 

hearing at all frequencies. The major loss of hearing function occurs before P29 when 

systematic measurements started and there was a trend for further deterioration in negative 

control groups but not in the siRNA treated groups. Already at P29, hearing function in 

siRNA-treated mice (2 treatments on P15 and P22) appear significantly better than in vehicle-

treated mice at all frequencies and this difference in favor of siRNA-treated mice became 

more profound with time. Starting from P70, hearing function at 16-32 kHz became 

significantly better in all siRNA treated group compared to siEGFP-treated animals. ABR 

results at day P90 are shown in Figure 5E. 	In all Figures 5A-5D, a dotted line with open 

squares represent vehicle; short dashes dashed line with open triangles represents s1CASP2 

treated animals; medium dashes dashed line with plus sign ("÷") represents siEGFP treated 

animals; medium dashes dashed line with closed circles represents siEGFP treated animals; 

long dashes dashed line with stars represents siRHOA treated animals; a solid line with open 

circles represents siCAPNS1 treated animals. The x-axis provides weekly test days from P29- 

P90 and the y-axis provides dB readings from ABR test. The y-axis is a different scale in the 

four tests, Click is --75-87.5 dB, 8 KHz is —60-80, 16 KHz is —40-70 and 32 KHz is --55-75. 
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[00239] 	Figure 5E shows improvement in ABR at day P90 in animals treated with test 

compounds. There is no statistically significant difference between vehicle and siEGFP. ABR 

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

[00240] 	Conclusions: Phexhwmuk/Y mice showed hearing function protection in the 

5 siCASP2, 	siCAPNS1, 	siNOX3 	and 	siRHOA 	treated 	groups. 	Histology 	verified 

neuroprotection of the spiral ganglia and vestibular ganglia neurons. 

[00241] 	Results of histological staining: Histological analysis of the inner ear sections 

prepared from all mice at study termination demonstrated substantial and significant 

preservation of the spiral and vestibular ganglia cells in the siRNA treated mice compared to 

10 controls. ELH (Endolymphatic hydrops)phenotype, 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 protection from apoptotic death in dsRNA treated ears of PhexhYP-Duk/Y 

mice compared to vehicle-treated group. Compare figures 6B to 6A, 6D to 6C and 6F to 6E. 

15 Black (distorted tissue) show regions of ganglia cell death in Figure 6A and regions of dense 

ganglia in Figure 6B. Cochlear hair cells and vestibular hair cells appear non-affected in the 

model and treatment with siCASP2 produced no additional effects compared to control. 

Similar results were obtained with siCAPNS I , siNOX3 and siRHOA treated animals. Figure 

7A shows ganglia cells in the cochlear apex turn from vehicle-treated (left panel) or siEGFP- 

20 

25 

treated (right panel) Phex1131P-Duk  mutant mice. Figures 7B, 7C and 7D show ganglia cells in the 

cochlear apex turn from siCAPNS I-, siNOX3- and siRHOA-treated animals, respectively. All 

magnifications are x63. Figure 8A shows vestibular ganglia cells from vehicle-treated (left 

panel) or siEGFP-treated (right panel) PhexbYr Da  mutant male mice. Figures 8B, 8C and 8D 

show vestibular ganglia cells in the from siCAPNS I-, siNOX3- and siRHOA-treated 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 achieved by eardrop 

application. In a clinical setting, transtympanic injection of drugs is clinically routine and use 

of eardrops for delivery of dsRNA is possible. Furthermore, the dsRNA utilized in the studies 

30 disclosed herein are merely non-limiting examples of dsRNA that down regulate CASP2, 
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NOX3, CAPNS I and RHOA, and dsRNA species having different sequences and structures 

that are active in down regulating their respective genes are useful in practicing the methods 

and kits disclosed herein. 

[00243] 	The invention has been described broadly and generically herein. Each of the 

5 narrower 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 proviso or 

negative limitation removing any subject matter from the genus, regardless of whether or not 

the removed material is specifically recited herein. 	Other embodiments are within the 

following claims. 

I0 
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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 Meniere's disease in a subject 

5 in need thereof, wherein the medicament provides neuroprotection of a neuron in a 

spiral ganglion or a vestibular ganglion in the subject's ear. 

2.  The use of claim 1, wherein the double-stranded RNA (dsRNA) inhibitor is an siRNA. 

3.  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 

10 a nucleotide sequence set forth in SEQ ID NO:9. 

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

the neuron from cell death. 

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

6.  The use of claims 4 or 5, wherein cell death of the neuron is associated with one or more 

15 of: a disease or disorder, ischemia, physical/mechanical trauma, a chemical agent, an 

infectious agent, an immunologic reaction and a nutritional imbalance. 

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

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

and/or of vestibular function. 

9.  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. 

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

5' 	z"-GCCAGAAUGUGGAACUCCU-Z'3' 	(sense strand, 	SEQ ID NO:24) 

3' Z -CGGUCUUACACCUUGAGGA 	5'(antisense strand, SEQ ID NO:25) 

wherein each A, C, U, and G is an unmodified or modified ribonucleotide or an 

unconventional moiety and each consecutive ribonucleotide or unconventional moiety is 

10 joined to the next ribonucleotide or unconventional moiety by a phosphodiester bond; 

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-

deoxycytidine at position 18 (set forth in SEQ ID NO:24); wherein the antisense strand 

comprises 	at 	least 	five 	alternating 	unmodified 	and 	2'-0-methyl 	sugar 	modified 

15 ribonucleotides; and wherein z", Z and Z' are optional. 

11.  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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Methyl sugar modified ribonucleotide at each of positions 2, 4, 6, 8, 11, 

and an unmodified ribonucleotide at each of positions 1, 3, 5, 7, 9, 10, 12, 

forth in SEQ ID NO:25). 

13, 15, 17 and 19 

14, 16 and 18 (set 

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

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

13.  The use of any of claims 1 to 12, wherein the dsRNA molecule 

transtympanic administration. 

is formulated for 

14.  The use of any of claims 1 to 12, wherein the dsRNA molecule is formulated as eardrops. 

15.  The use of any of claims 1 to 14, wherein the subject is a mammal. 

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