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Description

FIELD OF THE INVENTION

[0001] The present invention relates to otic compositions and their use in methods for delivery,of an oligonucleotide
compound, including siRNA, to the middle and inner ear useful in the treatment of an ear disorder, including hearing
loss resulting from chemical-induced ototoxicity, acoustic trauma and presbycusis; tumors and microbial infections.

BACKGROUND OF THE INVENTION

The Human Ear

[0002] The 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.
[0003] The anatomy of the middle and the inner ear is well known to those of ordinary skill in the art (see, e.g., Atlas
of Sensory Organs: Functional and Clinical Analysis, Andrs Csillag, Humana Press (2005), pages 1-82). In brief, the
middle ear consists of the eardrum and a small air-filled chamber containing a sequence of three tiny bones known as
the ossicles, which link the eardrum to the inner ear.
[0004] 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.
[0005] 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 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 of Held, cells of Hensen, cells of Claudius,
cells of Boettcher, interdental cells and auditory teeth (of Huschke).
[0006] 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 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).

Hearing loss

[0007] Despite the protective effect of the acoustic reflex, loud noise can damage and destroy hair cells. Irreversible
hair cell death is elicited by metabolic or biochemical changes in the hair cells that involve reactive oxygen species
(ROS). Exposure to certain drugs and continued exposure to loud noise, inter alia, cause progressive damage, eventually
resulting in ringing in the ears (tinnitus) and or hearing loss.
[0008] Acquired hearing loss can be caused by several factors including exposure to harmful noise levels, exposure
to ototoxic drugs such as cisplatin and aminoglycoside antibiotics and aging.
[0009] International Patent Publication No. WO 2008/050329 to the assignee of the present invention relates to siRNA
compounds, compositions comprising same and to methods of use thereof for treating diseases and disorders related
to expression of proapoptotic genes. US Ser. No. 11/ 655,610 to the assignee of the present invention relates to methods
of treating hearing impairment by inhibiting a pro-apoptotic gene in general and p53 in particular. International Patent
Publication No. WO 2005/119251 relates to methods of treating deafness. International Patent Publication No.
WO/2005/055921 relates to foam compositions for treatment of ear disorders. US Patent No. 7,087,581 relates to
methods of treating diseases and disorders of the inner ear. US 7,825,099 relates to an otic pharmaceutical composition
comprising a therapeutically effective amount of one or more oligoribonucleotides which inhibit the expression of a human
target gene, such as p53, associated with an ear disorder in the inner ear; and at least one pharmaceutically acceptable
excipient or carrier. US 2008/02007 relates to a transdermal delivery system, which includes a liquid composition com-
prising a medicinal or cosmetic agent. US 2008/0260620 relates to compounds, compositions, and methods for modu-
lating the expression and activity of genes involved in pathways of retinoblastoma (RB1) gene expression and/or activity
by RNA interference (RNAi), and use thereof in treating hearing loss or deafness, tinnitus or inner ear movement or
balance disorders in a subject. US 2008/0020007 relates to siRNA molecules which inhibit the RTP801L gene and to
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the use of such molecules to treat hearing impairments.
[0010] There remains a genuine need for easy to use, high compliance pharmaceutical therapies, which effect, inter
alia, otoprotection, chemoprotection and hearing regeneration.

SUMMARY OF THE INVENTION

[0011] The present invention provides pharmaceutical compositions useful in treating an ear disorder, including middle
ear and inner ear disorders. The present invention overcomes certain of the limitations in the prior art by providing
compositions for use in a non-invasive method of treating an ear disorder comprising topically administering an oligo-
nucleotide to a target gene, wherein the inhibitory oligonucleotide is formulated for topical, non-invasive application. This
method is surprising in view of the size of an oligonucleotide and in view of the use of transtympanic injection for delivery
of oligonucleotides heretofore. This method also overcomes the limitations associated with use of oral therapeutics,
which are often associated with adverse systemic side effects.
[0012] The present invention is generally directed to an otic pharmaceutical composition formulated for topical appli-
cation, comprising: (a) at least one oligonucleotide compound which is directed against and inhibits the expression of a
human target gene associated with an ear disorder in the inner ear and/or in the middle ear, wherein the target gene is
selected from the group consisting of TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4,
HTRA2, CAPNS1 (Calpain), HES1, HES5, CDKN1B and ID3; (b) 5% to about 25% (v/v) glycerol; and (c) at least one
pharmaceutically acceptable excipient or carrier, or mixtures thereof.
[0013] According to one aspect, the present invention provides, for use in a method of treating a subject suffering from
or at risk of an ear disorder, a pharmaceutical composition to be topically administered to the canal of the subject’s ear,
said composition comprising an oligonucleotide inhibitor, a permeability enhancer and a pharmaceutically acceptable
excipient or mixtures thereof, thereby reducing expression of a gene associated with the disorder in the ear of the subject
in an amount effective to treat the subject, wherein the oligonucleotide inhibitor is directed against and inhibits the
expression of a target gene associated with an ear disorder, selected from TP53BP2 (ASPP2), BNIP3, CASP2, NOX3,
HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain), HES1, HES5, CDKN1B and ID3.
[0014] The permeability enhancer is a polyol and more specifically glycerol. Glycerol is present at a final concentration
of 5% to 25%, preferably about 10% to about 20%. In some embodiments the final concentration of glycerol in the
pharmaceutical composition is about 5%, 10%, 12.5%, 15%, 17.5%, 20%, 22.5% or 25%. In one preferred embodiment,
the final concentration of glycerol in the pharmaceutical composition is about 10%. In some embodiments the pharma-
ceutical composition is brought to the subject’s body temperature, which is about 35°C -38°C, prior to application to the ear.
[0015] In some embodiments, the pharmaceutical composition is to be applied to the ear canal when the subject’s
head is tilted to one side and the treated ear is facing upward. In some embodiments, the pharmaceutical composition
is to be applied to the ear using a receptacle for eardrops, for example using a dropper of for example, 10-100 microliter
per drop, or a wick.
[0016] In some embodiments an ear disorder relates to chemical-induced hearing loss; for example hearing loss
induced by inter alia cisplatin and its analogs; aminoglycoside antibiotics, quinine and its analogs; salicylate and its
analogs; phosphodiesterase type 5 (PDE5) inhibitors or loop-diuretics. In some embodiments the ear disorder refers to
noise-induced hearing loss. In other embodiments the ear disorder is age related hearing loss.
[0017] In various embodiments the pharmaceutical composition is formulated as eardrops, ear cream, ear ointment,
ear foam or mousse. In certain preferred embodiments the pharmaceutical composition is formulated as eardrops. In
some embodiments, the composition is for use in a method comprising unilateral administration of an oligonucleotide
to a subject’s ear.
[0018] In some embodiments the oligonucleotide is an inhibitory nucleic acid compound selected from the group
consisting of an antisense, a siRNA, a shRNA, a ribozyme or a dsRNA. In various preferred embodiment the oligonu-
cleotide is siRNA.
[0019] In another embodiment the oligonucleotide comprises a sufficient number of consecutive nucleotides having
a sequence of sufficient homology to a nucleic acid sequence present within a target gene to reduce or inhibit expression
of the gene in the subject. In certain embodiments the siRNA is chemically synthesized and chemically modified. The
modifications comprise base modifications, sugar modifications, internucleotide linkage modifications or combinations
thereof.
[0020] In one embodiment the composition for the present invention utilize a siRNA compound having the following
structure:

5’ (N)x-Z 3’ (antisense strand)
3’ Z’-(N’)y-z" 5’ (sense strand)
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wherein each of N and N’ is a ribonucleotide 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 Z and Z’ may be present or absent, but if present is independently 1-5 consecutive nucleotides 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;

wherein each of x and y is independently an integer between 18 and 40;

wherein the sequence of (N’)y is substantially complementary to the sequence of (N)x; and wherein (N)x com-
prises an antisense sequence (N)x comprises an antisense sequence substantially complementary to from
about 18 to about 40 consecutive ribonucleotides in an mRNA of a target gene associated with an ear disorder,
selected from TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2,
CAPNS1 (Calpain), HES1, HES5, CDKN1B and ID3.

[0021] In various embodiments (N)x comprises 2’-O-methyl (2’OMe) modified and unmodified ribonucleotides, wherein
N at the 3’ terminus of (N)x is a 2’OMe modified ribonucleotide, (N)x comprises at least five alternating 2’OMe modified
ribonucleotides beginning at the 3’ end and at least nine 2’OMe modified ribonucleotides in total and each remaining N
is an unmodified ribonucleotide and (N’)y comprises at least one mirror nucleotide, or a nucleotide joined to an adjacent
nucleotide by a 2’-5’ internucleotide phosphate bond.
[0022] In additional embodiments (N)x comprises modified ribonucleotides in alternating positions wherein each N at
the 5’ and 3’ termini are modified in their sugar residues and the middle ribonucleotide is not modified, e.g. ribonucleotide
in position 10 in a 19-mer strand. In various embodiments in (N)x and (N’)y the nucleotides alternate between 2’OMe
sugar modified ribonucleotides and unmodified ribonucleotides. In some embodiments the ribonucleotide located at the
middle position of (N)x is unmodified and the ribonucleotide located at the middle position of (N’)y is 2’OMe sugar modified.
[0023] For all the structures, in some embodiments the covalent bond joining each consecutive N or N’ is a phosphodi-
ester bond. In various embodiments all the covalent bonds are phosphodiester bonds.
[0024] In various embodiments x = y and each of x and y is 19, 20, 21, 22 or 23. In some embodiments x = y =21. In
other embodiments x = y =19.
[0025] In one embodiment of the above structure, (N’)y comprises at least one mirror nucleotide at one terminus or
both termini or in a penultimate position. In various embodiments (N’)y comprises one mirror nucleotide at the 3’ penul-
timate position. In one preferred embodiment x=y=19 and (N’)y comprises an L-deoxyribonucleotide at position 18. A
siRNA compound of the invention inhibits the expression of a target gene which is a mammalian gene associated with
a disorder in the inner ear of a subject selected from one or more of the group consisting of: TP53BP2 (ASPP2), BNIP3,
CASP2, NOX3, HRK, RAC1, DDIT4 (REDD1), DDIT4L (REDD2), NOX4, HTRA2, CAPNS1 (Calpain), ID3, HES1, HES5,
and CDKN1B (p27KIP).
[0026] For convenience and without wishing to be bound to theory the target genes are classified into two groups:
Group I target genes relate to otoprotection and include TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4
(REDD1), DDIT4L (REDD2), NOX4, HTRA2, CAPNS1 (Calpain), ID3 and Group II target genes relate to cellular regen-
eration and proliferation and include ID3, HES1, HES5, and CDKN1B (p27KIP).
[0027] According to various embodiments, the composition for use in the method of the present invention provides for
inhibiting more than one target gene associated with the ear disorder using one or more oligonucleotides of the invention.
[0028] Accordingly, in one embodiment, the composition for us in the method of the invention is directed treating a
subject suffering from an ear disorder by inhibiting two or more target genes designated herein as Group I target genes.
In a non-limiting example a siRNA compound to each of the following target genes is to be administered to a subject:
at least one of TP53BP2 (ASPP2), CASP2 and HTRA2, optionally in combination with CAPNS1 (Calpain), optionally in
combination with at least one of NOX3, NOX4 and RAC1, optionally in combination with at least one of DDIT4, DDIT4L
and ID3, and optionally in combination with at least one of HRK and BNIP3. Without being bound by theory, inhibition
of at least one these target genes is associated with the protection against ototoxin-induced hearing loss.
[0029] In another embodiment, the composition for us in the method of the invention is directed to treating a subject
suffering from an ear disorder by inhibiting two or more target genes designated herein as Group II: at least one of
CDKN1B and ID3, optionally in combination with at least one of HES1 and HES5. Without being bound by theory, the
inhibition of at least one of these target genes is associated with the promotion of proliferation of supporting cells or
outer or inner hair cells in the cochlea.
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[0030] In a preferred embodiment, the method comprises administering the oligonucleotides directed against at least
one of CDKN1B and ID3 prior to administering the oligonucleotides directed against at least one of HES1 and HES5.
In another embodiment, all oligonucleotides are administered together.
[0031] In a further embodiment, an oligonucleotide directed against a target gene in one group is to be administered
sequentially to an oligonucleotide directed against a target gene in the other group. For example, a siRNA that targets
a group I gene is to be administered to a subject before administration of a siRNA that targets a group II gene. In another
embodiment, a siRNA directed against a group I gene is to be administered to a subject together with a siRNA directed
against a group II gene. The target gene is a mammalian gene as recited above.
[0032] In a second aspect the present invention provides an otic pharmaceutical composition comprising: (a) a ther-
apeutically effective amount of at least one an oligonucleotide molecule compound which is directed against and inhibits
the expression of a human target gene associated with an ear disorder in the inner ear or middle ear (b) a permeability
enhancer; and (c) at least one pharmaceutically acceptable excipient or carrier, or mixtures thereof. The permeability
enhancer is glycerol.
[0033] Glycerol is present at a final concentration of 5% to 25%, about 7% to about 15%, preferably about 10% to
about 20%. In some embodiments the final concentration of glycerol in the pharmaceutical composition is about 5%,
10%, 12.5%, 15%, 17.5%, 20%, 22.5% or, 25%. In one preferred embodiment, the final concentration of glycerol in the
pharmaceutical composition is about 10%.
[0034] In some embodiments the composition is formulated for non-invasive application to the human ear, preferably
to the ear canal. In various embodiments the composition is formulated as a cream, a foam, a mousse, a paste, an
ointment, an emulsion, a solution, a gel, a spray, a suspension, a microemulsion, microspheres, microcapsules, nano-
spheres, nanoparticles, lipid vesicles, liposomes, polymeric vesicles, patches, a biological insert.
[0035] In various embodiments the pharmaceutical composition is formulated as liquid eardrops, ear cream, ear oint-
ment, ear foam or mousse. In preferred embodiments the pharmaceutical composition is formulated as liquid eardrops.
[0036] In some embodiments the oligonucleotide is an inhibitory nucleic acid compound selected from the group
consisting of an antisense, an unmodified siRNA, a chemically modified siRNA, an shRNA, a ribozyme or a dsRNA. In
various preferred embodiment the oligonucleotide is siRNA.
[0037] In various embodiments the siRNA is chemically modified to increase stability, increase activity, reduce off
target effects, and or to reduce innate immune stimulation. The concentration of siRNA in the composition is between
0.1mg/ml to 100mg/ml, preferably between 1mg/ml to 100mg/ml, and more preferably between 5mg/ml to 20mg/ml.
[0038] The target gene is selected from one or more of: TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1,
DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain), HES1, HES5, CDKN1B and ID3.
[0039] In some embodiments the oligonucleotide reduces or inhibits expression of a gene associated with a middle
ear disorder or an inner ear disorder.
[0040] In some embodiments the pharmaceutical composition according to the present invention comprises a chem-
ically modified siRNA compound comprising one of Structures (A)-(P) disclosed herein.

BRIEF DESCRIPTION OF THE FIGURES

[0041]

Fig. 1. Cy3 labelled DDIT4 siRNA in spiral ganglion (ganglion of Corti) in the apical turn of the organ of Corti, 3 days
after application of eardrops.

Fig. 2. Shows Cy3 labelled DDIT4 siRNA in three rows of outer hear cells, inner hear cells and supporting cells in
all, basic, second and apical turns of organ of Corti.

Fig. 3. Shows fluorescence in all parts of the auditory epithelium of dissected rat cochlea 3 days post administration
of eardrops (perfused and non perfused).

Fig 4. provides Tables A1-A7 which set forth antisense and sense sequences useful in the preparation of siRNA
compounds to certain target genes useful in practicing the present invention.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0042] The present invention relates in general to compositions and to said composition for use in methods useful in
the treatment if middle and inner ear disorders.
[0043] Methods, molecules and compositions, which inhibit the genes of the invention, are discussed herein at length,
and any of said molecules and/or compositions may be beneficially employed in the treatment of a subject suffering
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from any of said conditions.
[0044] The inhibitory nucleic acids of the present invention are preferably siRNA compounds that possess modifications
which may increase activity, increase stability, and/or minimize toxicity when compared to the unmodified compound.
These compounds, when admixed with a pharmaceutical vehicle that effects delivery of the nucleic acid to the middle
and inner ear, provide effective, safe and patient compliant therapeutic compounds useful in treating a variety of ear
disorders. The compounds are designed to prevent or attenuate target gene expression associated with the ear disorder.
The target gene is selected from one or more of: TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4,
DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain), ID3, HES1, HES5, CDKN1B.
[0045] Without wishing to be bound to theory the target genes are classified in two groups, group I directed to genes
associated with otoprotection and include TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L,
NOX4, HTRA2, CAPNS1 (Calpain), ID3, and group II associated with regeneration in cells of the inner ear and include
ID3, HES1, HES5, CDKN1B. For some of the genes there is no clear group delineation and the grouping is provided for
convenience only.
[0046] Details of several target genes are presented in Table 1, hereinbelow. This list is intended to be representative
and non-limiting.

Table 1: Non-limiting example of human target genes for treating hearing loss

No. Gene Full name and Human Gene ID

1 TP53BP2 tumor protein p53 binding protein, 2
gi|112799848|ref|NM_001031685.2 (SEQ ID NO:1)

gi|112799845|ref|NM_005426.2 (SEQ ID NO:2)

2 LRDD leucine-rich repeats and death domain containing
gi|61742781|ref|NM_018494.3 (SEQ ID NO:3)
gi|61742783|ref|NM_145886.2 (SEQ ID NO:4)
gi|61742785|ref|NM_145887.2 (SEQ ID NO:5)

3 CYBA cytochrome b-245, alpha polypeptide
gi|68509913|ref|NM_000101.2| (SEQ ID NO:6)

4 p53 tumor protein p53
gi8400737, NM 000546.2 (SEQ ID NO:7)

5 CASP2 caspase 2, apoptosis-related cysteine peptidase
gi|39995058|ref|NM_032982.2 (SEQ ID NO:8)
gi|39995060|ref|NM_032983.2 (SEQ ID NO:9)

6 NOX3 NADPH oxidase 3
gi|11136625|ref|NM_015718.1 (SEQ ID NO:10)

7 HRK harakiri
gi|4504492|ref|NM_003806.1 (SEQ ID NO:11)

8 CAPNS1 Calpain small subunit 1
gi|51599152|ref|NM_001749.2| (SEQ ID NO:12)
gi|51599150|ref|NM_001003962.1| (SEQ ID NO:13)

9 RTP801 Redd1; DNA-damage-inducible transcript 4
gi|56676369|ref|NM_019058.2| (SEQ ID NO:14)

10 RTP801L Redd2; DNA-damage-inducible transcript 4-like
gi|34222182|ref|NM_145244.2| (SEQ ID NO:15)

11 Notch 1 Notch homolog 1, translocation-associated (Drosophila)
gi|148833507|ref|NM_017617.3| (SEQ ID NO:16)

12 Rac1 ras-related C3 botulinum toxin substrate 1 (rho family, small GTP binding protein)
gi|38505164|ref|NM_198829.1 (SEQ ID NO:17)

gi|156071511|ref|NM_018890.3 (SEQ ID NO:18)
gi|156071503|ref|NM_006908.4 (SEQ ID NO:19)
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Ear Disorders

[0047] The present invention is directed to compositions useful in treating a patient suffering from or at risk of various
ear disorders. Ear disorders include hearing loss induced for example by ototoxins, excessive noise or ageing. Middle
and inner ear disorders produce many of the same symptoms, and a disorder of the middle ear may affect the inner ear
and vice versa.
[0048] In addition to hearing loss, ear disorders include Myringitis, an eardrum infection caused by a variety of viruses
and bacteria; Temporal bone fracture for example due to a blow to the head; Auditory nerve tumors (acoustic neuroma,
acoustic neurinoma, vestibular schwannoma, eighth nerve tumor).
[0049] In various embodiments, the compositions of the invention are useful in treating various conditions of hearing
loss. Without being bound by theory, the hearing loss may be due to apoptotic inner ear hair cell damage or loss (Zhang
et al., Neuroscience 2003. 120:191-205; Wang et al., J. Neuroscience 23((24):8596-8607), wherein the damage or loss
is caused by infection, mechanical injury, loud sound (noise), aging (presbycusis), or chemical-induced ototoxicity.
[0050] By "ototoxin" in the context of the present invention is meant a substance that through its chemical action
injures, impairs or inhibits the activity of the sound receptors component of the nervous system related to hearing, which
in turn impairs hearing (and/or balance). In the context of the present invention, ototoxicity includes a deleterious effect

(continued)

No. Gene Full name and Human Gene ID

13 HES1 hairy and enhancer of split 1, (Drosophila)
gi|8400709|ref|NM_005524.2| (SEQ ID NO:20)

14 HES5 hairy and enhancer of split 5 (Drosophila)
gi|145301612|ref|NM_001010926.2| (SEQ ID NO:21)

15 ID1 inhibitor of DNA binding 1, dominant negative helix-loop-helix protein
gi|31317298|ref|NM_002165.2| transcript variant 1 (SEQ ID NO:22)
gi|31317296|ref|NM_181353.1| transcript variant 2 (SEQ ID NO:23)

16 ID2 inhibitor of DNA binding 2, dominant negative helix-loop-helix protein 
gi|33946335|ref|NM_002166.4| (SEQ ID NO:24)

17 ID3 inhibitor of DNA binding 3, dominant negative helix-loop-helix protein 
gi|156119620|ref|NM_002167.3| (SEQ ID NO:25)

18 CDKN1B cyclin-dependent kinase inhibitor 1B (p27, Kip1)
gi|17978497|ref|NM_004064.2| (SEQ ID NO:26)

19 CDKN2A cyclin-dependent kinase inhibitor 2A (melanoma, p 16, inhibits CDK4)
gi|47132605|ref|NM_058195.2| transcript variant 4 (SEQ ID NO:27)

gi|98985803|ref|NM_058197.3| transcript variant 3 (SEQ ID NO:28)
gi|47132606|ref|NM_0000773| transcript variant 1 (SEQ ID NO:29)

20

HTRA2

Htra serine peptidase 2
var 1 gi:73747817|ref|NM_013247 (SEQ ID NO:30)
var 2 gi:73747818|ref|NM_145074 (SEQ ID NO:31)

21

KEAP1

Kelch-like ECH-associated protein 1
var 1 gi:45269144|ref|NM_203500 (SEQ ID NO:32)
var 2 gi:45269143|ref|NM_012289 (SEQ ID NO:33)

22

SHC1

Src homology 2 domain containing) transforming prot. 1
var 1 gi:52693920|ref|NM_183001 (SEQ ID NO:34)
var 2 gi:34147725|ref|NM_003029 (SEQ ID NO:35)

23
ZNHIT1

Zn finger HIT type 1
gi:37594439|ref|NM_006349 (SEQ ID NO:36)

Table 1 provides the gi (GeneInfo identifier) and accession numbers for polynucleotide sequences of the mRNA for
certain target genes set forth above.
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on the inner ear hair cells. Ototoxins include therapeutic drugs including antineoplastic agents, salicylates, loop-diuretics,
quinines, and aminoglycoside antibiotics, contaminants in foods or medicinals, and environmental or industrial pollutants.
Typically, treatment is performed to prevent or reduce ototoxicity, especially resulting from or expected to result from
administration of therapeutic drugs. Preferably a composition comprising therapeutically effective amount of a chemically
modified siRNA compound of the invention is given immediately after the exposure to prevent or reduce the ototoxic
effect. More preferably, treatment is provided prophylactically, either by administration of the pharmaceutical composition
of the invention prior to or concomitantly with the ototoxic pharmaceutical or the exposure to the ototoxin.
[0051] Chapters 196, 197, 198 and 199 of The Merck Manual of Diagnosis and Therapy, 14th Edition, (1982), Merck
Sharp & Dome Research Laboratories, N.J. and corresponding chapters in the most recent 16th edition, including
Chapters 207 and 210) relate to description and diagnosis of hearing and balance impairments.
[0052] Accordingly, in one aspect the present invention provides pharmaceutical compositions for treating a mammal,
preferably human, to prevent, reduce, or treat a hearing impairment, disorder or imbalance, preferably an ototoxin-
induced hearing condition, by administering to a mammal in need of such treatment a chemically modified siRNA com-
pound of the invention. One embodiment of the invention is for treating a hearing disorder or impairment wherein the
ototoxicity results from administration of a therapeutically effective amount of an ototoxic pharmaceutical drug. Typical
ototoxic drugs are chemotherapeutic agents, e.g. antineoplastic agents, and antibiotics. Other possible candidates
include loop-diuretics, quinines or a quinine-like compound, PDE-5 inhibitors and salicylate or salicylate-like compounds.
[0053] Ototoxicity is a dose-limiting side effect of antibiotic administration. From 4 to 15% of patients receiving 1 gram
per day for greater than 1 week develop measurable hearing loss, which slowly becomes worse and can lead to complete
permanent deafness if treatment continues. Ototoxic aminoglycoside antibiotics include but are not limited to neomycin,
paromomycin, ribostamycin, lividomycin, kanamycin, amikacin, tobramycin, viomycin, gentamicin, sisomicin, netilmicin,
streptomycin, dibekacin, fortimicin, and dihydrostreptomycin, or combinations thereof. Particular antibiotics include ne-
omycin B, kanamycin A, kanamycin B, gentamicin C1, gentamicin C1a, and gentamicin C2, and the like that are known
to have serious toxicity, particularly ototoxicity and nephrotoxicity, which reduce the usefulness of such antimicrobial
agents (see Goodman and Gilman’s The Pharmacological Basis of Therapeutics, 6th ed., A. Goodman Gilman et al.,
eds; Macmillan Publishing Co., Inc., New York, pp. 1169-71 (1980)).
[0054] 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 cisplatin-like compounds and taxol and taxol-like compounds.
Cisplatin-like compounds include carboplatin (Paraplatin ®), tetraplatin, oxaliplatin, aroplatin and transplatin inter alia
and are platinum based chemotherapeutics.
[0055] Diuretics with known ototoxic side-effect, particularly "loop" diuretics include, without being limited to, furosem-
ide, ethacrylic acid, and mercurials.
[0056] 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 (Viagra®), vardenafil (Levitra®) and tadalafil (Cialis).
[0057] Salicylates, such as aspirin, are the most commonly used therapeutic drugs for their antiinflammatory, analgesic,
anti-pyretic and anti-thrombotic effects. Unfortunately, they too have ototoxic side effects. They often lead to tinnitus
("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.
[0058] In some embodiments a composition is provided for use in the treatment of infection of a mammal by admin-
istration of an aminoglycoside antibiotic, the improvement comprising administering a therapeutically effective amount
of one or more chemically modified siRNAs compounds which down-regulate expression a target gene, to the subject
in need of such treatment to reduce or prevent ototoxin-induced hearing impairment associated with the antibiotic.
[0059] The pharmaceutical compositions of the present invention are also effective in the treatment of acoustic trauma
or mechanical trauma, preferably acoustic or mechanical trauma that leads to inner ear hair cell loss. With more severe
exposure, injury can proceed from a loss of adjacent supporting cells to complete disruption of the organ of Corti. Death
of the sensory cell can lead to progressive Wallerian degeneration and loss of primary auditory nerve fibers. The com-
positions of the invention are useful in treating acoustic trauma caused by a single exposure to an extremely loud sound,
or following long-term exposure to everyday loud sounds above 85 decibels, for treating mechanical inner ear trauma,
for example, resulting from the insertion of an electronic device into the inner ear or for preventing or minimizing the
damage to inner ear hair cells associated with the operation.
[0060] Another type of hearing loss is presbycusis, which is hearing loss that gradually occurs in most individuals as
they age. About 30-35 percent of adults between the ages of 65 and 75 years and 40-50 percent of people 75 and older
experience hearing loss. The compositions of the invention are useful in preventing, reducing or treating the incidence
and/or severity of inner ear disorders and hearing impairments associated with presbycusis.
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Definitions

[0061] For convenience certain terms employed in the specification, examples and claims are described herein.
[0062] 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.
[0063] Where aspects or embodiments of the invention are 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.
[0064] A "polypeptide" refers to an amino acid sequence encoded by any of the above listed genes, including splice
variants, isoforms, orthologs, or paralogs and the like.
[0065] An "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 achieve a desired biological or physiological effect. The term "inhibitor" as used
herein refers to one or more of an oligonucleotide or nucleic acid including antisense, siRNA, shRNA, miRNA and
ribozyme. Inhibition may also be referred to as down-regulation or, for RNAi, silencing.
[0066] The term "inhibit" as used herein refers to reducing the expression of a gene or the activity of the product of
such gene to an extent sufficient to achieve a desired biological or physiological effect. Inhibition may be complete or
partial.
[0067] As used herein, the terms "polynucleotide" and "nucleic acid" may be used interchangeably and refer to nucle-
otide sequences comprising deoxyribonucleic acid (DNA), and ribonucleic acid (RNA). The terms should also be under-
stood 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. The terms "mRNA polynucleotide sequence"
and mRNA are used interchangeably.
[0068] "Oligonucleotide" or "oligomer" refers to a single stranded or double stranded deoxyribonucleotide or ribonu-
cleotide sequence or chimera thereof, from about 2 to about 100 nucleotides, preferably about 15 to about 60, or 18 to
about 23. Each DNA or RNA nucleotide that makes up the oligonucleotide may be independently natural or synthetic,
and or modified or unmodified. Modifications include changes to the sugar moiety, the base moiety and or the linkages
between nucleotides in the oligonucleotide. The oligonucleotides or oligonucleotide compounds of the present invention
are single or double stranded compounds comprising deoxyribonucleotides, ribonucleotides, modified deoxyribonucle-
otides, modified ribonucleotides and combinations thereof.
[0069] "Nucleotide" or "nucleotide monomer" is meant to encompass a deoxyribonucleotide and a ribonucleotide,
which may be natural or synthetic, and or modified or unmodified. Modifications include changes and substitutions to
the sugar moiety, the base moiety and/or the internucleotide linkages.
[0070] Analogs of, or modifications to, a nucleotide / oligonucleotide are preferably employed with the present invention,
provided that said analog or modification does not substantially adversely affect the function of the nucleotide / oligonu-
cleotide. In some embodiments a chemical modification results in an increase in activity or stability or a reduction in of-
target effects or induction of innate immune responses. Acceptable modifications include modifications of the sugar
moiety, modifications of the base moiety, modifications in the internucleotide linkages and combinations thereof.
[0071] 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, hypox-
anthine, 2- aminoadenine, 6-methyl, 2-propyl and other alkyl adenines, 5-halo uracil, 5-halo cytosine, 6-aza cytosine
and 6-aza 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.
[0072] In addition, compounds comprising nucleotide analogs prepared wherein the structure of one or more nucleotide
is fundamentally altered and better suited as therapeutic or experimental reagents. An example of a nucleotide analog
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. PNA analogs have been shown to be resistant to
enzymatic degradation and to have extended lives in vivo and in vitro.
[0073] Possible modifications to the sugar residue are manifold and include 2’-O alkyl, locked nucleic acid (LNA),
glycol nucleic acid (GNA), threose nucleic acid (TNA), arabinoside, altritol (ANA) and other, 6-membered sugars including
morpholinos, and cyclohexinyls.
[0074] LNA compounds are disclosed in International Patent Publication Nos. WO 00/47599, WO 99/14226, and WO
98/39352. Examples of siRNA compounds comprising LNA nucleotides are disclosed in Elmen et al., (NAR 2005.
33(1):439-447) and in International Patent Publication No. WO 2004/083430.
[0075] Backbone modifications, such as ethyl (resulting in a phospho-ethyl triester); propyl (resulting in a phospho-
propyl triester); and butyl (resulting in a phospho-butyl triester) are also possible. Other backbone modifications include
polymer backbones, cyclic backbones, acyclic backbones, thiophosphate-D-ribose backbones, amidates, phosphonoa-
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cetate derivatives. Certain structures include siRNA compounds having one or a plurality of 2’-5’ internucleotide linkages
(bridges or backbone).
[0076] Additional modifications which may be present in the molecules of the present invention include nucleoside
modifications such as artificial nucleic acids, peptide nucleic acid (PNA), morpholino and locked nucleic acid (LNA),
glycol nucleic acid (GNA), threose nucleic acid (TNA), arabinoside, and mirror nucleoside (for example, beta-L-deoxy-
nucleoside instead of beta-D-deoxynucleoside Further, said molecules may additionally contain modifications on the
sugar, such as 2’-alkyl, 2’-fluoro (2’-deoxy-2’-fluoro), 2’O-allyl, 2’amine and 2’alkoxy. Additional sugar modifications are
discussed herein.
[0077] Further, the inhibitory nucleic acid molecules of the present invention may comprise one or more gaps and/or
one or more nicks and/or one ore 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 inhibitory components.
[0078] In the context of the present invention, a gap in a nucleic acid refers to the absence of one or more internal
nucleotides in one strand, while a nick in a nucleic acid refers to the absence of an internucleotide linkage between two
adjacent nucleotides in one strand. Any of the molecules of the present invention may contain one or more gaps and/or
one or more nicks.

siRNAs and RNA interference

[0079] RNA interference (RNAi) is a phenomenon involving double-stranded (ds) RNA-dependent gene specific post-
transcriptional silencing. Originally, attempts to study this phenomenon and to manipulate mammalian cells experimen-
tally were frustrated by an active, non-specific antiviral defense mechanism which was activated in response to long
dsRNA molecules (Gil et al. Apoptosis, 2000. 5:107-114). Later it was discovered that synthetic duplexes of 21 nucleotide
RNAs could mediate gene specific RNAi in mammalian cells, without the stimulation of the generic antiviral defense
mechanisms (see Elbashir et al. Nature 2001, 411:494-498 and Caplen et al. PNAS USA 2001, 98:9742-9747). As a
result, small interfering RNAs (siRNAs), which are short double-stranded RNAs, have become powerful tools in attempting
to understand gene function. Thus RNA interference (RNAi) refers to the process of sequence-specific post-transcriptional
gene silencing in mammals mediated by small interfering RNAs (siRNAs) (Fire et al, Nature 1998. 391, 806) or microRNAs
(miRNA; Ambros, Nature 2004 431:7006,350-55; and Bartel, Cell. 2004. 116(2):281-97). The corresponding process in
plants is commonly referred to as specific post transcriptional gene silencing or RNA silencing and is referred to as
quelling in fungi.
[0080] A siRNA is a double-stranded RNA molecule which inhibits, either partially or fully, the expression of a gene/
mRNA of its endogenous or cellular counterpart, or of an exogenous gene such as a viral nucleic acid. The mechanism
of RNA interference is detailed infra.
[0081] Several studies have revealed that siRNA therapeutics are effective in vivo in both mammals and in humans.
Bitko et al., have shown that specific siRNA molecules directed against the respiratory syncytial virus (RSV) nucleocapsid
N gene are effective in treating mice when administered intranasally (Bitko et al., Nat. Med. 2005, 11(1):50-55). siRNA
has recently been successfully used for inhibition in primates (Tolentino et al., Retina 2004. 24(1):132-138). For a review
of the use of siRNA as therapeutics, see for example Barik (J. Mol. Med. 2005. 83: 764-773) or Dykxhoorn et al (2006.
Gene Ther. 13:541-552).

siRNA Structures

[0082] The selection and synthesis of siRNA corresponding to known genes has been widely reported; (see for example
Ui-Tei et al., J Biomed Biotech. 2006; 2006: 65052; Chalk et al., BBRC. 2004, 319(1): 264-74; Sioud & Leirdal, Met. Mol
Biol.; 2004, 252:457-69; Levenkova et al., Bioinform. 2004, 20(3):430-2; Ui-Tei et al., NAR. 2004, 32(3):936-48).
[0083] For examples of the use of, and production of, modified siRNA see, for example, Braasch et al., Biochem. 2003,
42(26):7967-75; Chiu et al., RNA, 2003, 9(9):1034-48; PCT publications WO 2004/015107 (atugen AG) and WO 02/44321
(Tuschl et al). US Patent Nos. 5,898,031 and 6,107,094, teach chemically modified oligomers. US Patent Publication
Nos. 2005/0080246 and 2005/0042647 relate to oligomeric compounds having an alternating motif and dsRNA com-
pounds having chemically modified internucleoside linkages, respectively.
[0084] Other modifications have been disclosed. The inclusion of a 5’-phosphate moiety was shown to enhance activity
of siRNAs in Drosophila embryos (Boutla, et al., Curr. Biol. 2001, 11:1776-1780) and is required for siRNA function in
human HeLa cells (Schwarz et al., Mol. Cell, 2002, 10:537-48). Amarzguioui et al., (NAR, 2003, 31(2):589-95) showed
that siRNA activity depended on the positioning of the 2’-O-methyl modifications. Holen et al (NAR. 2003, 31(9):2401-07)
report that an siRNA having small numbers of 2’-O-methyl modified nucleosides gave good activity compared to wild
type but that the activity decreased as the numbers of 2’-O-methyl modified nucleosides was increased. Chiu and Rana
(RNA. 2003, 9:1034-48) teach that incorporation of 2’-O-methyl modified nucleosides in the sense or antisense strand
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(fully modified strands) severely reduced siRNA activity relative to unmodified siRNA. The placement of a 2’-O-methyl
group at the 5’-terminus on the antisense strand was reported to severely limit activity whereas placement at the 3’-
terminus of the antisense and at both termini of the sense strand was tolerated (Czauderna et al., NAR. 2003,
31(11):2705-16; WO 2004/015107). The molecules of the present invention offer an advantage in that they are non-
toxic and may be formulated as pharmaceutical compositions for treatment of various diseases.
[0085] International Patent Publication No. WO 2008/050329 to the assignee of the present invention relates to siRNA
compounds, compositions comprising same and to methods of use thereof for treating diseases and disorders related
to expression of proapoptotic genes. US Ser. No. 11/ 655610 relates to methods of treating hearing impairment by
inhibiting a pro-apoptotic gene in general and p53 in particular. International Patent Publication No. WO 2005/119251
relates to methods of treating deafness. International Patent Publication No. WO/2005/055921 relates to foam compo-
sitions for treatment of ear disorders. US Patent No. 7,087,581 relates to methods of treating diseases and disorders of
the inner ear.
[0086] According to one aspect the present description discloses a method for the treatment of ear disorders comprising
the step of administering a pharmaceutical composition comprising a chemically modified inhibitory oligonucleotide
compound; a permeability enhancer and pharmaceutically acceptable carrier. 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.
[0087] The present invention also relates to compounds which down-regulate expression of various genes, particularly
to novel small interfering RNAs (siRNAs), and to the use of these novel siRNAs in the treatment of hearing loss, in the
regeneration of inner ear cells and in preventing chemical-induced hearing loss.
[0088] A non-limiting list of human target genes is disclosed in Table 1, set forth in SEQ ID NOS 1-36. The target gene
is selected from one or more of: TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4,
HTRA2, CAPNS1 (Calpain), HES1, HES5, CDKN1B and ID3. The reference to mRNA associated with those genes is
set forth therein. For each gene 19-mer, 21-mer and 23-mer sequences is generated, which are prioritized based on
their score in the proprietary algorithm as the best sequences for targeting the human gene expression. The 21- or 23-
mer siRNA sequences can also be generated by 5’ and/or 3’ extension of the 19-mer sequences disclosed herein. Such
extension is preferably complementary to the corresponding mRNA sequence. Certain 23-mer oligomers were devised
by this method where the order of the prioritization is the order of the corresponding 19-mer. The siRNA oligomers useful
in practicing the invention are disclosed in Tables B of US Ser. No. 11/978,089, assigned to the assignee of the present
invention and are set forth as SEQ ID NOS:97-68654 in that application. Certain siRNA oligomers useful in the compo-
sitions and methods of the present invention are disclosed in US Ser. Nos.. 11/207119, 11/811,112, 11/655636, and
International Patent Application Nos. PCT/IL2008/000797, PCT/IL2008/000874, PCT/IL2009/000053,
PCT/IL2009/000302, assigned to the assignee of the present invention. Certain 19-mer antisense and sense oligonu-
cleotides sequences useful in the preparation of siRNA compounds of various lengths are shown in Fig. 4. The abbre-
viations for cross species sequences are as follows: Chp: chimpanzee, Ms: Mouse, Chn: chinchilla; GP: guinea-pig.
[0089] In some embodiments the present invention provides a composition comprising a long oligonucleotide, typically
about 41-500 nucleotides in length) comprising none or one or more stem and loop structures, which is processed
intracellularly by endogenous cellular complexes (e.g. by DROSHA and DICER as described above) to produce one or
more smaller double stranded oligonucleotides (siRNAs). In some embodiments the long oligonucleotide is a single
stranded oligonucleotide comprising one or more stem and loop structures, wherein each stem region comprises a sense
and corresponding antisense siRNA sequence. Any molecules, such as, for example, antisense DNA molecules which
comprise the inhibitory sequences disclosed herein (with the appropriate nucleic acid modifications) are particularly
desirable and may be used in the same capacity as their corresponding RNAs / siRNAs for all uses and methods disclosed
herein.

Oligonucleotides

[0090] The present invention provides double-stranded oligonucleotides (e.g. siRNAs), which down-regulate the ex-
pression of a desired gene. An siRNA of the invention is a duplex oligoribonucleotide in which the sense strand is derived
from the mRNA sequence of the desired gene, and the antisense strand is complementary to the sense strand. In
general, some deviation from the target mRNA sequence is tolerated without compromising the siRNA activity (see e.g.
Czauderna et al., NAR. 2003, 31(11):2705-2716). An siRNA of the invention inhibits gene expression on a post-tran-
scriptional level with or without destroying the mRNA. Without being bound by theory, siRNA may target the mRNA for
specific cleavage and degradation and/ or may inhibit translation from the targeted message.
[0091] In various embodiments the siRNA comprises an RNA duplex comprising a first strand and a second strand,
whereby the first strand comprises a ribonucleotide sequence at least partially complementary to about 18 to about 40
consecutive nucleotides of a target nucleic acid which is mRNA transcribed from a target gene, and the second strand
comprises a ribonucleotide sequence at least partially complementary to the first strand and wherein said first strand
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and or said second strand comprises a one or more chemically modified ribonucleotides and or unconventional moieties.
[0092] In one embodiment the siRNA 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’O-allyl or any other 2’ modification, optionally on alternate positions. Other stabilizing modifications are also possible
(e.g. terminal modifications). In some embodiments a preferred 2’O-alkyl is 2’O-methyl (methoxy, 2’OMe) sugar modi-
fication.
[0093] 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.
[0094] 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-nitropyrrole, 5-
nitroindole, Ds, Pa, N3-Me ribo U, N3-Me riboT, N3-Me dC, N3-Me-dT, N1-Me-dG, N1-Me-dA, N3-ethyl-dC, N3-Me dC.
In some embodiments the non-base pairing nucleotide analog is a ribonucleotide. In other embodiments it is a deoxyri-
bonucleotide. In addition, analogues of polynucleotides may be prepared wherein the structure of one or more nucleotide
is fundamentally 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. PNA analogues have been shown to be resistant
to enzymatic degradation and to enhance stability in vivo and in vitro. Other useful modifications include polymer back-
bones, cyclic backbones, acyclic backbones, thiophosphate-D-ribose backbones, triester backbones, thioate backbones,
2’-5’ bridged backbone, artificial 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-deoxyribonucl-
eoside). The compounds of the present invention can be 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). Additional mod-
ifications 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, a sugar
and inverted abasic moiety.
[0095] 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 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.
[0096] 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 joined to an adjacent nucleotide by a 2’-5’ internucleotide phosphate bond; bridged nucleic acids including
LNA and ethylene bridged nucleic acids. 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 joined to an adjacent nucleotide by a 2’-5’ internucleotide phosphate bond.
[0097] Abasic deoxyribose moiety includes for example abasic deoxyribose-3’-phosphate; 1,2-dideoxy-D-ribofuran-
ose-3-phosphate; 1,4-anhydro-2-deoxy-D-ribitol-3-phosphate. Inverted abasic deoxyribose moiety includes inverted de-
oxyriboabasic; 3’,5’ inverted deoxyabasic 5’-phosphate.
[0098] A "mirror" nucleotide is a nucleotide with reversed chirality to the naturally occurring 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 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’-phosphate (mirror dU).
[0099] The term "capping moiety" as used herein includes abasic ribose moiety, abasic deoxyribose moiety, modifi-
cations abasic ribose and abasic deoxyribose moieties including 2’ O 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’O-Me nucleotide; and nucleotide analogs including 4’,5’-methylene nucleotide; 1-(β-D-erythrofuranosyl)nucleotide; 4’-
thio nucleotide, carbocyclic nucleotide; 5’-amino-alkyl phosphate; 1,3-diamino-2-propyl phosphate, 3-aminopropyl phos-
phate; 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-di-
hydroxypentyl nucleotide, 5’-5’-inverted abasic moiety; 1,4-butanediol phosphate; 5’-amino; and bridging or non bridging
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methylphosphonate and 5’-mercapto moieties.
[0100] Certain preferred capping moieties are abasic ribose or abasic deoxyribose moieties; inverted abasic ribose
or abasic deoxyribose moieties; C6-amino-Pi; a mirror nucleotide including L-DNA and L-RNA.
[0101] A further end modification is a biotin group. Such biotin group may preferably be attached to either the most 5’
or the most 3’ nucleotide of the first and/or second strand or to both ends. In a more preferred embodiment the biotin
group is coupled to a polypeptide or a protein. It is also within the scope of the present invention that the polypeptide or
protein is attached through any of the other aforementioned end modifications.
[0102] The various end modifications as disclosed herein are preferably located at the ribose moiety of a nucleotide
of the nucleic acid according to the present invention. More particularly, the end modification may be attached to or
replace any of the OH-groups of the ribose moiety, including but not limited to the 2’OH, 3’OH and 5’OH position, provided
that the nucleotide thus modified is a terminal nucleotide. Inverted abasic or abasic are nucleotides, either deoxyribo-
nucleotides or ribonucleotides which do not have a nucleobase moiety (for example see Sternberger, et al., (2002).
Antisense Nucleic Acid Drug Dev, 12, 131-43).
[0103] 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 1); PACE (deoxyriboadenine 3’ phospho-
noacetate, deoxyribocytidine 3’ phosphonoacetate, deoxyriboguanosine 3’ phosphonoacetate, deoxyribothymidine 3’
phosphonoacetate.
[0104] Bridged nucleic acids include LNA (2’-O, 4’-C-methylene bridged Nucleic Acid adenosine 3’ monophosphate,
2’-O,4’-C-methylene bridged Nucleic Acid 5-methyl-cytidine 3’ monophosphate, 2’-O,4’-C-methylene bridged Nucleic
Acid guanosine 3’ monophosphate, 5-methyl-uridine (or thymidine) 3’ monophosphate); and ENA (2’-O,4’-C-ethylene
bridged nucleic acid adenosine 3’ monophosphate, 2’-O,4’-C-ethylene bridged nucleic acid 5-methyl-cytidine 3’ mono-
phosphate, 2’-O,4’-C-ethylene bridged nucleic acid guanosine 3’ monophosphate, 5-methyl-uridine (or thymidine) 3’
monophosphate).
[0105] In certain embodiments the complementarity between said first strand and the target nucleic acid is perfect. In
some embodiments, the strands are substantially complementary, i.e. having one, two or up to three mismatches between
said first strand and the target nucleic acid. 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 substantially complementary. Accordingly substantially identical refers to
identity of greater than about 84%, to another sequence.
[0106] In some embodiments the first strand and the second, strand of the compound are linked by a loop structure,
which is comprised of a non-nucleic acid polymer such as, inter alia, polyethylene glycol. Alternatively, the loop structure
is comprised of a nucleic acid, including modified and non-modified ribonucleotides and modified and non-modified
deoxyribonucleotides.
[0107] In further embodiments, the 5’-terminus of the first strand of the siRNA is linked to the 3’-terminus of the second
strand, or the 3’-terminus of the first strand is linked to the 5’-terminus of the second strand, said linkage being via a
nucleic acid linker typically having a length between 2-100 nucleobases, preferably about 2 to about 30 nucleobases.
[0108] In preferred embodiments of the compounds of the invention having alternating ribonucleotides modified in at
least one of the antisense and the sense strands of the compound, for 19 mer and 23 mer oligomers the ribonucleotides
at the 5’ and 3’ termini of the antisense strand are modified in their sugar residues, and the ribonucleotides at the 5’ and
3’ termini of the sense strand are unmodified in their sugar residues. For 21 mer oligomers the ribonucleotides at the 5’
and 3’ termini of the sense strand are modified in their sugar residues, and the ribonucleotides at the 5’ and 3’ termini
of the antisense strand are unmodified in their sugar residues, or may have an optional additional modification at the 3’
terminus. As mentioned above, it is preferred that the middle nucleotide of the antisense strand is unmodified.
[0109] According to one preferred embodiment of the invention, the antisense and the sense strands of the oligonu-
cleotide / siRNA are phosphorylated at the 3’-terminus and not at the 5’-terminus. According to another preferred em-
bodiment of the invention, the antisense and the sense strands are non-phosphorylated. According to yet another
preferred embodiment of the invention, the 5’ most ribonucleotide in the sense strand is modified to abolish any possibility
of in vivo 5’-phosphorylation.
[0110] Any siRNA sequence can be prepared having any of the modifications / structures disclosed herein. The
compound comprising a combination of sequence plus structure is useful in the treatment of the conditions disclosed
herein.

Structural motifs

[0111] According to the present invention the siRNA compounds comprised in the compositions of the invention are
chemically and or structurally modified according to one of the following modifications set forth in Structures (A)-(P) or
as tandem siRNA or RNAstar.
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[0112] In one aspect the present invention provides a compound set forth as Structure (A):
(A)

wherein each of N and N’ is a nucleotide selected from an unmodified ribonucleotide, a modified ribonucleotide, an
unmodified deoxyribonucleotide and a modified deoxyribonucleotide;
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 x and y is an integer between 18 and 40;
wherein each of Z and Z’ may be present or absent, but if present is 1-5 consecutive nucleotides covalently attached at
the 3’ terminus of the strand in which it is present;
wherein the sequence of (N’)y is a sequence substantially complementary to (N)x; and wherein the sequence of (N)x
comprises an antisense sequence substantially complementary to from about 18 to about 40 consecutive ribonucleotides
in an mRNA of a target gene associated with an ear disorder, selected from the group consisting of TP53BP2 (ASPP2),
BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain), HES1, HES5, CDKN1B and
ID3.
[0113] In certain embodiments the present invention provides a compound having structure (B)
(B)

wherein each of (N)x and (N’)y is an oligomer in which each consecutive N or N’ is an unmodified ribonucleotide or
a modified ribonucleotide joined to the next N or N’ by a covalent bond;

wherein each of Z and Z’ may be present or absent, but if present is 1-5 consecutive nucleotides covalently attached
at the 3’ terminus of the strand in which it is present;

wherein each of x and y =19, 21 or 23 and (N)x and (N’)y are fully complementary wherein alternating ribonucleotides
in each of (N)x and (N’)y are modified to result in a 2’-O-methyl modification in the sugar residue of the ribonucleotides;

wherein the sequence of (N’)y is a sequence substantially complementary to (N)x; and wherein the sequence of
(N)x comprises an antisense sequence substantially complementary to the substantially complementary to from
about 18 to about 40 consecutive ribonucleotides in an mRNA of a target gene associated with an ear disorder,
selected from the group consisting of TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L,
NOX4, HTRA2, CAPNS1 (Calpain), HES 1, HES5, CDKN1B and ID3.

[0114] In some embodiments each of (N)x and (N’)y is independently phosphorylated or non-phosphorylated at the 3’
and 5’ termini.
[0115] In certain embodiments wherein each of x and y =19 or 23, each N at the 5’ and 3’ termini of (N)x is modified;
and each N’ at the 5’ and 3’ termini of (N’)y is unmodified.
[0116] In certain embodiments wherein each of x and y =21, each N at the 5’ and 3’ termini of (N)x is unmodified; and
each N’ at the 5’ and 3’ termini of (N’)y is modified.
[0117] In particular embodiments, when x and y =19, the siRNA is modified such that a 2’-O-methyl (2’-OMe) group
is present on the first, third, fifth, seventh, ninth, eleventh, thirteenth, fifteenth, seventeenth and nineteenth nucleotide
of the antisense strand (N)x, and whereby the very same modification, i. e. a 2’-OMe group, is present at the second,
fourth, sixth, eighth, tenth, twelfth, fourteenth, sixteenth and eighteenth nucleotide of the sense strand (N’)y. In various
embodiments these particular siRNA compounds are blunt ended at both termini.
[0118] In some embodiments, the present invention provides a compound having Structure (C):
(C)

5’ (N)x-Z 3’ (antisense strand)
3’ Z’-(N’)y 5’ (sense strand)

5’ (N)x-Z 3’ (antisense strand)

3’ Z’-(N’)y 5’ (sense strand)

5’ (N)x -Z 3’ antisense strand
3’ Z’-(N’)y 5’ sense strand
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wherein each of N and N’ is a nucleotide independently selected from an unmodified ribonucleotide, a modified
ribonucleotide, an unmodified deoxyribonucleotide and a modified deoxyribonucleotide;

wherein each of (N)x and (N’)y is an oligomer in which each consecutive nucleotide is joined to the next nucleotide
by a covalent bond and each of x and y is an integer between 18 and 40;

wherein in (N)x the nucleotides are unmodified or (N)x comprises alternating modified ribonucleotides and unmodified
ribonucleotides; each modified ribonucleotide being modified so as to have a 2’-O-methyl on its sugar and the
ribonucleotide located at the middle position of (N)x being modified or unmodified preferably unmodified;

wherein (N’)y comprises unmodified ribonucleotides further comprising one modified nucleotide at a terminal or
penultimate position, wherein the modified nucleotide is selected from the group consisting of a mirror nucleotide,
a bicyclic nucleotide, a 2’-sugar modified nucleotide, an altritol nucleotide, or a nucleotide joined to an adjacent
nucleotide by an internucleotide linkage selected from a 2’-5’ phosphodiester bond, a P-alkoxy linkage or a PACE
linkage;

wherein if more than one nucleotide is modified in (N’)y, the modified nucleotides may be consecutive;

wherein each of Z and Z’ may be present or absent, but if present is 1-5 deoxyribonucleotides covalently attached
at the 3’ terminus of any oligomer to which it is attached;

wherein the sequence of (N’)y comprises a sequence substantially complementary to (N)x; and wherein (N)x com-
prises an antisense sequence substantially complementary to from about 18 to about 40 consecutive ribonucleotides
in an mRNA of a target gene associated with an ear disorder, selected from the group consisting of TP53BP2
(ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain), HES1, HES5,
CDKN1B and ID3.

[0119] In particular embodiments, x=y=19 and in (N)x each modified ribonucleotide is modified so as to have a 2’-O-
methyl on its sugar and the ribonucleotide located at the middle of (N)x is unmodified. Accordingly, in a compound
wherein x=19, (N)x comprises 2’-O-methyl sugar modified ribonucleotides at positions 1, 3, 5, 7, 9, 11, 13, 15, 17 and
19. In other embodiments, (N)x comprises 2’O Me modified ribonucleotides at positions 2, 4, 6, 8, 11, 13, 15, 17 and 19
and may further comprise at least one abasic or inverted abasic unconventional moiety for example in position 5. In
other embodiments, (N)x comprises 2’O Me modified ribonucleotides at positions 2, 4, 8, 11, 13, 15, 17 and 19 and may
further comprise at least one abasic or inverted abasic unconventional moiety for example in position 6. In other em-
bodiments, (N)x comprises 2’O Me modified ribonucleotides at positions 2, 4, 6, 8, 11, 13, 17 and 19 and may further
comprise at least one abasic or inverted abasic unconventional moiety for example in position 15. In other embodiments,
(N)x comprises 2’O Me modified ribonucleotides at positions 2, 4, 6, 8, 11, 13, 15, 17 and 19 and may further comprise
at least one abasic or inverted abasic unconventional moiety for example in position 14. In other embodiments, (N)x
comprises 2’O Me modified ribonucleotides at positions 1, 2, 3, 7, 9, 11, 13, 15, 17 and 19 and may further comprise at
least one abasic or inverted abasic unconventional moiety for example in position 5. In other embodiments, (N)x comprises
2’O Me modified ribonucleotides at positions 1, 2, 3, 5, 7, 9, 11, 13, 15, 17 and 19 and may further comprise at least
one abasic or inverted abasic unconventional moiety for example in position 6. In other embodiments, (N)x comprises
2’O Me modified ribonucleotides at positions 1, 2, 3, 5, 7, 9, 11, 13, 17 and 19 and may further comprise at least one
abasic or inverted abasic unconventional moiety for example in position 15. In other embodiments, (N)x comprises 2’O
Me modified ribonucleotides at positions 1, 2, 3, 5, 7, 9, 11, 13, 15, 17 and 19 and may further comprise at least one
abasic or inverted abasic unconventional moiety for example in position 14. In other embodiments, (N)x comprises 2’O
Me modified ribonucleotides at positions 2, 4, 6, 7, 9, 11, 13, 15, 17 and 19 and may further comprise at least one abasic
or inverted abasic unconventional moiety for example in position 5. In other embodiments, (N)x comprises 2’O Me
modified ribonucleotides at positions 1, 2, 4, 6, 7, 9, 11, 13, 15, 17 and 19 and may further comprise at least one abasic
or inverted abasic unconventional moiety for example in position 5 . In other embodiments, (N)x comprises 2’O Me
modified ribonucleotides at positions 2, 4, 6, 8, 11, 13, 14, 16, 17 and 19 and may further comprise at least one abasic
or inverted abasic unconventional moiety for example in position 15. In other embodiments, (N)x comprises 2’O Me
modified ribonucleotides at positions 1, 2, 3, 5, 7, 9, 11, 13, 14, 16, 17 and 19 and may further comprise at least one
abasic or inverted abasic unconventional moiety for example in position 15. In other embodiments, (N)x comprises 2’O
Me modified ribonucleotides at positions 2, 4, 6, 8, 11, 13, 15, 17 and 19 and may further comprise at least one abasic
or inverted abasic unconventional moiety for example in position 7. In other embodiments, (N)x comprises 2’O Me
modified ribonucleotides at positions 2, 4, 6, 11, 13, 15, 17 and 19 and may further comprise at least one abasic or
inverted abasic unconventional moiety for example in position 8. In other embodiments, (N)x comprises 2’O Me modified
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ribonucleotides at positions 2, 4, 6, 8, 11, 13, 15, 17 and 19 and may further comprise at least one abasic or inverted
abasic unconventional moiety for example in position 9. In other embodiments, (N)x comprises 2’O Me modified ribo-
nucleotides at positions 2, 4, 6, 8, 11, 13, 15, 17 and 19 and may further comprise at least one abasic or inverted abasic
unconventional moiety for example in position 10. In other embodiments, (N)x comprises 2’O Me modified ribonucleotides
at positions 2, 4, 6, 8, 13, 15, 17 and 19 and may further comprise at least one abasic or inverted abasic unconventional
moiety for example in position 11. In other embodiments, (N)x comprises 2’O Me modified ribonucleotides at positions
2, 4, 6, 8, 11, 13, 15, 17 and 19 and may further comprise at least one abasic or inverted abasic unconventional moiety
for example in position 12. In other embodiments, (N)x comprises 2’O Me modified ribonucleotides at positions 2, 4, 6,
8, 11, 15, 17 and 19 and may further comprise at least one abasic or inverted abasic unconventional moiety for example
in position 13.
[0120] In yet other embodiments (N)x comprises at least one nucleotide mismatch relative to the one of the genes. In
certain preferred embodiments, (N)x comprises a single nucleotide mismatch on position 5, 6, or 14. In one embodiment
of Structure (C), at least two nucleotides at either or both the 5’ and 3’ termini of (N’)y are joined by a 2’-5’ phosphodiester
bond. In certain preferred embodiments x=y=19 or x=y=23; in (N)x the nucleotides alternate between modified ribonu-
cleotides and unmodified ribonucleotides, each modified ribonucleotide being modified so as to have a 2’-O-methyl on
its sugar and the ribonucleotide located at the middle of (N)x being unmodified; and three nucleotides at the 3’ terminus
of (N’)y are joined by two 2’-5’ phosphodiester bonds (set forth herein as Structure I). In other preferred embodiments,
x=y=19 or x=y=23; in (N)x the nucleotides alternate between modified ribonucleotides and unmodified ribonucleotides,
each modified ribonucleotide being modified so as to have a 2’-O-methyl on its sugar and the ribonucleotide located at
the middle of (N)x being unmodified; and four consecutive nucleotides at the 5’ terminus of (N’)y are joined by three 2’-
5’ phosphodiester bonds. In a further embodiment, an additional nucleotide located in the middle position of (N)y may
be modified with 2’-O-methyl on its sugar. In another preferred embodiment, in (N)x the nucleotides alternate between
2’-O-methyl modified ribonucleotides and unmodified ribonucleotides, and in (N’)y four consecutive nucleotides at the
5’ terminus are joined by three 2’-5’ phosphodiester bonds and the 5’ terminal nucleotide or two or three consecutive
nucleotides at the 5’ terminus comprise 3’-O-methyl modifications.
[0121] In certain preferred embodiments of Structure C, x=y=19 and in (N’)y, at least one position comprises an abasic
or inverted abasic unconventional moiety, preferably five positions comprises an abasic or inverted abasic unconventional
moieties. In various embodiments, the following positions comprise an abasic or inverted abasic: positions 1 and 16-19,
positions 15-19, positions 1-2 and 17-19, positions 1-3 and 18-19, positions 1-4 and 19 and positions 1-5. (N’)y may
further comprise at least one LNA nucleotide.
[0122] In certain preferred embodiments of Structure C, x=y=19 and in (N’)y the nucleotide in at least one position
comprises a mirror nucleotide, a deoxyribonucleotide and a nucleotide joined to an adjacent nucleotide by a 2’-5’ inter-
nucleotide bond;.
[0123] In certain preferred embodiments of Structure C, x=y=19 and (N’)y comprises a mirror nucleotide. In various
embodiments the mirror nucleotide is an L-DNA nucleotide. In certain embodiments the L-DNA is L-deoxyribocytidine.
In some embodiments (N’)y comprises L-DNA at position 18. In other embodiments (N’)y comprises L-DNA at positions
17 and 18. In certain embodiments (N’)y comprises L-DNA substitutions at positions 2 and at one or both of positions
17 and 18. In certain embodiments (N’)y further comprises a 5’ terminal cap nucleotide such as 5’-O-methyl DNA or an
abasic or inverted abasic moiety as an overhang.
[0124] In yet other embodiments (N’)y comprises a DNA at position 15 and L-DNA at one or both of positions 17 and
18. In that structure, position 2 may further comprise an L-DNA or an abasic unconventional moiety.
[0125] Other embodiments of Structure C are envisaged wherein x=y=21 or wherein x=y=23; in these embodiments
the modifications for (N’)y discussed above instead of being on positions 15, 16, 17, 18 are on positions 17, 18, 19, 20
for 21 mer and on positions 19, 20, 21, 22 for 23 mer ; similarly the modifications at one or both of positions 17 and 18
are on one or both of positions 19 or 20 for the 21 mer and one or both of positions 21 and 22 for the 23 mer. All
modifications in the 19 mer are similarly adjusted for the 21 and 23 mer.
[0126] According to various embodiments of Structure (C), in (N’)y 2, 3, 4, 5, 6, 7, 8 , 9, 10, 11, 12, 13 or 14 consecutive
ribonucleotides at the 3’ terminus are linked by 2’-5’ internucleotide linkages In one preferred embodiment, four consec-
utive nucleotides at the 3’ terminus of (N’)y are joined by three 2’-5’ phosphodiester bonds, wherein one or more of the
2’-5’ nucleotides which form the 2’-5’ phosphodiester bonds further comprises a 3’-O-methyl sugar modification. Pref-
erably the 3’ terminal nucleotide of (N’)y comprises a 2’-O-methyl sugar modification. In certain preferred embodiments
of Structure C, x=y=19 and in (N’)y two or more consecutive nucleotides at positions 15, 16, 17, 18 and 19 comprise a
nucleotide joined to an adjacent nucleotide by a 2’-5’ internucleotide bond. In various embodiments the nucleotide forming
the 2’-5’ internucleotide bond comprises a 3’ deoxyribose nucleotide or a 3’ methoxy nucleotide. In some embodiments
the nucleotides at positions 17 and 18 in (N’)y are joined by a 2’-5’ internucleotide bond. In other embodiments the
nucleotides at positions 16, 17, 18, 16-17, 17-18, or 16-18 in (N’)y are joined by a 2’-5’ internucleotide bond.
[0127] In certain embodiments (N’)y comprises an L-DNA at position 2 and 2’-5’ internucleotide bonds at positions
16-17, 17-18, or 16-18. In certain embodiments (N’)y comprises 2’-5’ internucleotide bonds at positions 16-17, 17-18,
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or 16-18 and a 5’ terminal cap nucleotide.
[0128] According to various embodiments of Structure (C), in (N’)y 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive
nucleotides at either terminus or 2-8 modified nucleotides at each of the 5’ and 3’ termini are independently mirror
nucleotides. In some embodiments the mirror nucleotide is an L-ribonucleotide. In other embodiments the mirror nucle-
otide is an L-deoxyribonucleotide. The mirror nucleotide may further be modified at the sugar or base moiety or in an
internucleotide linkage.
[0129] In one preferred embodiment of Structure (C), the 3’ terminal nucleotide or two or three consecutive nucleotides
at the 3’ terminus of (N’)y are L-deoxyribonucleotides.
[0130] In other embodiments of Structure (C), in (N’)y 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive ribonucleotides
at either terminus or 2-8 modified nucleotides at each of the 5’ and 3’ termini are independently 2’ sugar modified
nucleotides. In some embodiments the 2’ sugar modification comprises the presence of an amino, a fluoro, an alkoxy
or an alkyl moiety. In certain embodiments the 2’ sugar modification comprises a methoxy moiety (2’-OMe). In one series
of preferred embodiments, three, four or five consecutive nucleotides at the 5’ terminus of (N’)y comprise the 2’-OMe
modification. In another preferred embodiment, three consecutive nucleotides at the 3’ terminus of (N’)y comprise the
2’-O-methyl modification.
[0131] In some embodiments of Structure (C), in (N’)y 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive ribonucleotides
at either or 2-8 modified nucleotides at each of the 5’ and 3’ termini are independently bicyclic nucleotide. In various
embodiments the bicyclic nucleotide is a locked nucleic acid (LNA). A 2’-O, 4’-C-ethylene-bridged nucleic acid (ENA) is
a species of LNA (see below).
[0132] In various embodiments (N’)y comprises modified nucleotides at the 5’ terminus or at both the 3’ and 5’ termini.
[0133] In some embodiments of Structure (C), at least two nucleotides at either or both the 5’ and 3’ termini of (N’)y
are joined by P-ethoxy backbone modifications. In certain preferred embodiments x=y=19 or x=y=23; in (N)x the nucle-
otides alternate between modified ribonucleotides and unmodified ribonucleotides, each modified ribonucleotide being
modified so as to have a 2’-O-methyl on its sugar and the ribonucleotide located at the middle position of (N)x being
unmodified; and four consecutive nucleotides at the 3’ terminus or at the 5’ terminus of (N’)y are joined by three P-ethoxy
backbone modifications. In another preferred embodiment, three consecutive nucleotides at the 3’ terminus or at the 5’
terminus of (N’)y are joined by two P-ethoxy backbone modifications.
[0134] In some embodiments of Structure (C), in (N’)y 2, 3, 4, 5, 6, 7 or 8, consecutive ribonucleotides at each of the
5’ and 3’ termini are independently mirror nucleotides, nucleotides joined by 2’-5’ phosphodiester bond, 2’ sugar modified
nucleotides or bicyclic nucleotide. In one embodiment, the modification at the 5’ and 3’ termini of (N’)y is identical. In
one preferred embodiment, four consecutive nucleotides at the 5’ terminus of (N’)y are joined by three 2’-5’ phosphodiester
bonds and three consecutive nucleotides at the 3’ terminus of (N’)y are joined by two 2’-5’ phosphodiester bonds. In
another embodiment, the modification at the 5’ terminus of (N’)y is different from the modification at the 3’ terminus of
(N’)y. In one specific embodiment, the modified nucleotides at the 5’ terminus of (N’)y are mirror nucleotides and the
modified nucleotides at the 3’ terminus of (N’)y are joined by 2’-5’ phosphodiester bond. In another specific embodiment,
three consecutive nucleotides at the 5’ terminus of (N’)y are LNA nucleotides and three consecutive nucleotides at the
3’ terminus of (N’)y are joined by two 2’-5’ phosphodiester bonds. In (N)x the nucleotides alternate between modified
ribonucleotides and unmodified ribonucleotides, each modified ribonucleotide being modified so as to have a 2’-O-methyl
on its sugar and the ribonucleotide located at the middle of (N)x being unmodified, or the ribonucleotides in (N)x being
unmodified
[0135] In another embodiment of Structure (C), the present invention provides a compound wherein x=y=19 or x=y=23;
in (N)x the nucleotides alternate between modified ribonucleotides and unmodified ribonucleotides, each modified ribo-
nucleotide being modified so as to have a 2’-O-methyl on its sugar and the ribonucleotide located at the middle of (N)x
being unmodified; three nucleotides at the 3’ terminus of (N’)y are joined by two 2’-5’ phosphodiester bonds and three
nucleotides at the 5’ terminus of (N’)y are LNA such as ENA.
[0136] In another embodiment of Structure (C), five consecutive nucleotides at the 5’ terminus of (N’)y comprise the
2’-O-methyl sugar modification and two consecutive nucleotides at the 3’ terminus of (N’)y are L-DNA.
[0137] In yet another embodiment, the present invention provides a compound wherein x=y=19 or x=y=23; (N)x consists
of unmodified ribonucleotides; three consecutive nucleotides at the 3’ terminus of (N’)y are joined by two 2’-5’ phos-
phodiester bonds and three consecutive nucleotides at the 5’ terminus of (N’)y are LNA such as ENA.
[0138] According to other embodiments of Structure (C), in (N’)y the 5’ or 3’ terminal nucleotide, or 2, 3, 4, 5 or 6
consecutive nucleotides at either termini or 1-4 modified nucleotides at each of the 5’ and 3’ termini are independently
phosphonocarboxylate or phosphinocarboxylate nucleotides (PACE nucleotides). In some embodiments the PACE nu-
cleotides are deoxyribonucleotides. In some preferred embodiments in (N’)y, 1 or 2 consecutive nucleotides at each of
the 5’ and 3’ termini are PACE nucleotides.
[0139] In some embodiments, the present invention provides a compound having Structure (D):
(D)
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wherein each of N and N’ is a nucleotide selected from an unmodified ribonucleotide, a modified ribonucleotide, an
unmodified deoxyribonucleotide or a modified deoxyribonucleotide;

wherein each of (N)x and (N’)y is an oligomer in which each consecutive nucleotide is joined to the next nucleotide
by a covalent bond and each of x and y is an integer between 18 and 40;

wherein (N)x comprises unmodified ribonucleotides further comprising one modified nucleotide at the 3’ terminal or
penultimate position, wherein the modified nucleotide is selected from the group consisting of a bicyclic nucleotide,
a 2’ sugar modified nucleotide, a mirror nucleotide, an altritol nucleotide, or a nucleotide joined to an adjacent
nucleotide by an internucleotide linkage selected from a 2’-5’ phosphodiester bond, a P-alkoxy linkage or a PACE
linkage;

wherein (N’)y comprises unmodified ribonucleotides further comprising one modified nucleotide at the 5’ terminal
or penultimate position, wherein the modified nucleotide is selected from the group consisting of a bicyclic nucleotide,
a 2’ sugar modified nucleotide, a mirror nucleotide, an altritol nucleotide, or a nucleotide joined to an adjacent
nucleotide by an internucleotide linkage selected from a 2’-5’ phosphodiester bond, a P-alkoxy linkage or a PACE
linkage;

wherein in each of (N)x and (N’)y modified and unmodified nucleotides are not alternating;

wherein each of Z and Z’ may be present or absent, but if present is 1-5 deoxyribonucleotides covalently attached
at the 3’ terminus of any oligomer to which it is attached;

wherein the sequence of (N’)y is a sequence substantially complementary to (N)x; and wherein (N)x comprises an
antisense sequence substantially complementary to from about 18 to about 40 consecutive ribonucleotides in an
mRNA of a target gene associated with an ear disorder, selected from the group consisting of TP53BP2 (ASPP2),
BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain), HES1, HES5, CDKN1B
and ID3.

[0140] In one embodiment of Structure (D), x=y=19 or x=y=23; (N)x comprises unmodified ribonucleotides in which
two consecutive nucleotides linked by one 2’-5’ internucleotide linkage at the 3’ terminus; and (N’)y comprises unmodified
ribonucleotides in which two consecutive nucleotides linked by one 2’-5’ internucleotide linkage at the 5’ terminus.
[0141] In some embodiments, x=y=19 or x=y=23; (N)x comprises unmodified ribonucleotides in which three consec-
utive nucleotides at the 3’ terminus are joined together by two 2’-5’ phosphodiester bonds; and (N’)y comprises unmodified
ribonucleotides in which four consecutive nucleotides at the 5’ terminus are joined together by three 2’-5’ phosphodiester
bonds (set forth herein as Structure II).
[0142] According to various embodiments of Structure (D) 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive
ribonucleotides starting at the ultimate or penultimate position of the 3’ terminus of (N)x and 2, 3, 4, 5, 6, 7, 8 , 9, 10, 11,
12, 13, or 14 consecutive ribonucleotides starting at the ultimate or penultimate position of the 5’ terminus of (N’)y are
linked by 2’-5’ internucleotide linkages.
[0143] According to one preferred embodiment of Structure (D), four consecutive nucleotides at the 5’ terminus of
(N’)y are joined by three 2’-5’ phosphodiester bonds and three consecutive nucleotides at the 3’ terminus of (N’)x are
joined by two 2’-5’ phosphodiester bonds. Three nucleotides at the 5’ terminus of (N’)y and two nucleotides at the 3’
terminus of (N’)x may also comprise 3’-O-methyl modifications.
[0144] According to various embodiments of Structure (D), 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive
nucleotides starting at the ultimate or penultimate position of the 3’ terminus of (N)x and 2, 3, 4, 5, 6, 7, 8 , 9, 10, 11, 12,
13 or 14 consecutive ribonucleotides starting at the ultimate or penultimate position of the 5’ terminus of (N’)y are
independently mirror nucleotides. In some embodiments the mirror is an L-ribonucleotide. In other embodiments the
mirror nucleotide is L-deoxyribonucleotide.
[0145] In other embodiments of Structure (D), 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive ribonucleotides
starting at the ultimate or penultimate position of the 3’ terminus of (N)x and 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14
consecutive ribonucleotides starting at the ultimate or penultimate position of the 5’ terminus of (N’)y are independently
2’ sugar modified nucleotides. In some embodiments the 2’ sugar modification comprises the presence of an amino, a
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fluoro, an alkoxy or an alkyl moiety. In certain embodiments the 2’ sugar modification comprises a methoxy moiety (2’-
OMe).
[0146] In one preferred embodiment of Structure (D), five consecutive nucleotides at the 5’ terminus of (N’)y comprise
a 2’OMe sugar modification and five consecutive nucleotides at the 3’ terminus of (N’)x comprise the 2’OMe sugar
modification. In another preferred embodiment of Structure (D), ten consecutive nucleotides at the 5’ terminus of (N’)y
comprise the 2’OMe sugar modification and five consecutive nucleotides at the 3’ terminus of (N’)x comprise the 2’OMe
sugar modification. In another preferred embodiment of Structure (D), thirteen consecutive nucleotides at the 5’ terminus
of (N’)y comprise the 2’OMe sugar modification and five consecutive nucleotides at the 3’ terminus of (N’)x comprise
the 2’-O-methyl modification.
[0147] In some embodiments of Structure (D), in (N’)y 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive ribonucleotides
starting at the ultimate or penultimate position of the 3’ terminus of (N)x and 2, 3, 4, 5, 6, 7, 8 , 9, 10, 11, 12, 13 or 14
consecutive ribonucleotides starting at the ultimate or penultimate position of the 5’ terminus of (N’)y are independently
a bicyclic nucleotide. In various embodiments the bicyclic nucleotide is a locked nucleic acid (LNA) such as a 2’-O, 4’-
C-ethylene-bridged nucleic acid (ENA).
[0148] In various embodiments of Structure (D), (N’)y comprises a modified nucleotide selected from a bicyclic nucle-
otide, a 2’ sugar modified nucleotide, a mirror nucleotide, an altritol nucleotide or a nucleotide joined to an adjacent
nucleotide by an internucleotide linkage selected from a 2’-5’ phosphodiester bond, a P-alkoxy linkage or a PACE linkage;
[0149] In various embodiments of Structure (D), (N)x comprises a modified nucleotide selected from a bicyclic nucle-
otide, a 2’ sugar modified nucleotide, a mirror nucleotide, an altritol nucleotide or a nucleotide joined to an adjacent
nucleotide by an internucleotide linkage selected from a 2’-5’ phosphodiester bond, a P-alkoxy linkage or a PACE linkage;
[0150] In embodiments wherein each of the 3’ and 5’ termini of the same strand comprises a modified nucleotide, the
modification at the 5’ and 3’ termini is identical. In another embodiment, the modification at the 5’ terminus is different
from the modification at the 3’ terminus of the same strand. In one specific embodiment, the modified nucleotides at the
5’ terminus are mirror nucleotides and the modified nucleotides at the 3’ terminus of the same strand are joined by 2’-
5’ phosphodiester bond.
[0151] In one specific embodiment of Structure (D), five consecutive nucleotides at the 5’ terminus of (N’)y comprise
the 2’OMe sugar modification and two consecutive nucleotides at the 3’ terminus of (N’)y are L-DNA. In addition, the
compound may further comprise five consecutive 2’OMe sugar modified nucleotides at the 3’ terminus of (N’)x.
[0152] In various embodiments of Structure (D), the modified nucleotides in (N)x are different from the modified nu-
cleotides in (N’)y. For example, the modified nucleotides in (N)x are 2’ sugar modified nucleotides and the modified
nucleotides in (N’)y are nucleotides linked by 2’-5’ internucleotide linkages. In another example, the modified nucleotides
in (N)x are mirror nucleotides and the modified nucleotides in (N’)y are nucleotides linked by 2’-5’ internucleotide linkages.
In another example, the modified nucleotides in (N)x are nucleotides linked by 2’-5’ internucleotide linkages and the
modified nucleotides in (N’)y are mirror nucleotides.
[0153] In additional embodiments, the present invention provides a compound having Structure (E):
(E)

wherein each of N and N’ is a nucleotide selected from an unmodified ribonucleotide, a modified ribonucleotide, an
unmodified deoxyribonucleotide or a modified deoxyribonucleotide;

wherein each of (N)x and (N’)y is an oligomer in which each consecutive nucleotide is joined to the next nucleotide
by a covalent bond and each of x and y is an integer between 18 and 40;

wherein (N)x comprises unmodified ribonucleotides further comprising one modified nucleotide at the 5’ terminal or
penultimate position, wherein the modified nucleotide is selected from the group consisting of a bicyclic nucleotide,
a 2’ sugar modified nucleotide, a mirror nucleotide, an altritol nucleotide, or a nucleotide joined to an adjacent
nucleotide by an internucleotide linkage selected from a 2’-5’ phosphodiester bond, a P-alkoxy linkage or a PACE
linkage;

wherein (N’)y comprises unmodified ribonucleotides further comprising one modified nucleotide at the 3’ terminal
or penultimate position, wherein the modified nucleotide is selected from the group consisting of a bicyclic nucleotide,
a 2’ sugar modified nucleotide, a mirror nucleotide, an altritol nucleotide, or a nucleotide joined to an adjacent
nucleotide by an internucleotide linkage selected from a 2’-5’ phosphodiester bond, a P-alkoxy linkage or a PACE
linkage;
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wherein in each of (N)x and (N’)y modified and unmodified nucleotides are not alternating;

wherein each of Z and Z’ may be present or absent, but if present is 1-5 deoxyribonucleotides covalently attached
at the 3’ terminus of any oligomer to which it is attached;

wherein the sequence of (N’)y is a sequence substantially complementary to (N)x; and wherein the sequence of
(N)x comprises an antisense sequence substantially complementary to from about 18 to about 40 consecutive
ribonucleotides in an mRNA of a target gene associated with an ear disorder, selected from the group consisting of
TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain),
HES1, HES5, CDKN1B and ID3.

[0154] In certain preferred embodiments the ultimate nucleotide at the 5’ terminus of (N)x is unmodified.
[0155] According to various embodiments of Structure (E) 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive
ribonucleotides starting at the ultimate or penultimate position of the 5’ terminus of (N)x, preferably starting at the 5’
penultimate position, and 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive ribonucleotides starting at the ultimate
or penultimate position of the 3’ terminus of (N’)y are linked by 2’-5’ internucleotide linkages.
[0156] According to various embodiments of Structure (E), 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive
nucleotides starting at the ultimate or penultimate position of the 5’ terminus of (N)x, preferably starting at the 5’ penultimate
position, and 2, 3, 4, 5, 6, 7, 8 , 9, 10, 11, 12, 13 or 14 consecutive nucleotides starting at the ultimate or penultimate
position of the 3’ terminus of (N’)y are independently mirror nucleotides. In some embodiments the mirror is an L-
ribonucleotide. In other embodiments the mirror nucleotide is L-deoxyribonucleotide.
[0157] In other embodiments of Structure (E), 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive ribonucleotides
starting at the ultimate or penultimate position of the 5’ terminus of (N)x, preferably starting at the 5’ penultimate position,
and 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive ribonucleotides starting at the ultimate or penultimate position
of the 3’ terminus of (N’)y are independently 2’ sugar modified nucleotides. In some embodiments the 2’ sugar modification
comprises the presence of an amino, a fluoro, an alkoxy or an alkyl moiety. In certain embodiments the 2’ sugar modi-
fication comprises a methoxy moiety (2’-OMe).
[0158] In some embodiments of Structure (E), in (N’)y 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive ribonucleotides
starting at the ultimate or penultimate position of the 5’ terminus of (N)x, preferably starting at the 5’ penultimate position,
and 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive ribonucleotides starting at the ultimate or penultimate position
of the 3’ terminus of (N’)y are independently a bicyclic nucleotide. In various embodiments the bicyclic nucleotide is a
locked nucleic acid (LNA) such as a 2’-O, 4’-C-ethylene-bridged nucleic acid (ENA).
[0159] In various embodiments of Structure (E), (N’)y comprises modified nucleotides selected from a bicyclic nucle-
otide, a 2’ sugar modified nucleotide, a mirror nucleotide, an altritol nucleotide, a nucleotide joined to an adjacent
nucleotide by a P-alkoxy backbone modification or a nucleotide joined to an adjacent nucleotide by an internucleotide
linkage selected from a 2’-5’ phosphodiester bond, a P-alkoxy linkage or a PACE linkage at the 3’ terminus or at each
of the 3’ and 5’ termini.
[0160] In various embodiments of Structure (E), (N)x comprises a modified nucleotide selected from a bicyclic nucle-
otide, a 2’ sugar modified nucleotide, a mirror nucleotide, an altritol nucleotide, or a nucleotide joined to an adjacent
nucleotide by an internucleotide linkage selected from a 2’-5’ phosphodiester bond, a P-alkoxy linkage or a PACE linkage
at the 5’ terminus or at each of the 3’ and 5’ termini.
[0161] In one embodiment where both 3’ and 5’ termini of the same strand comprise a modified nucleotide, the
modification at the 5’ and 3’ termini is identical. In another embodiment, the modification at the 5’ terminus is different
from the modification at the 3’ terminus of the same strand. In one specific embodiment, the modified nucleotides at the
5’ terminus are mirror nucleotides and the modified nucleotides at the 3’ terminus of the same strand are joined by 2’-
5’ phosphodiester bond.
[0162] In various embodiments of Structure (E), the modified nucleotides in (N)x are different from the modified nu-
cleotides in (N’)y. For example, the modified nucleotides in (N)x are 2’ sugar modified nucleotides and the modified
nucleotides in (N’)y are nucleotides linked by 2’-5’ internucleotide linkages. In another example, the modified nucleotides
in (N)x are mirror nucleotides and the modified nucleotides in (N’)y are nucleotides linked by 2’-5’ internucleotide linkages.
In another example, the modified nucleotides in (N)x are nucleotides linked by 2’-5’ internucleotide linkages and the
modified nucleotides in (N’)y are mirror nucleotides.
[0163] In additional embodiments, the present invention provides a compound having Structure (F):
(F)
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wherein each of N and N’ is a nucleotide selected from an unmodified ribonucleotide, a modified ribonucleotide, an
unmodified deoxyribonucleotide or a modified deoxyribonucleotide;

wherein each of (N)x and (N’)y is an oligomer in which each consecutive nucleotide is joined to the next nucleotide
by a covalent bond and each of x and y is an integer between 18 and 40;

wherein each of (N)x and (N’)y comprise unmodified ribonucleotides in which each of (N)x and (N’)y independently
comprise one modified nucleotide at the 3’ terminal or penultimate position wherein the modified nucleotide is
selected from the group consisting of a bicyclic nucleotide, a 2’ sugar modified nucleotide, a mirror nucleotide, a
nucleotide joined to an adjacent nucleotide by a P-alkoxy backbone modification or a nucleotide joined to an adjacent
nucleotide by a 2’-5’ phosphodiester bond;

wherein in each of (N)x and (N’)y modified and unmodified nucleotides are not alternating;

wherein each of Z and Z’ may be present or absent, but if present is 1-5 deoxyribonucleotides covalently attached
at the 3’ terminus of any oligomer to which it is attached;

wherein the sequence of (N’)y is a sequence substantially complementary to (N)x; and wherein the sequence of
(N)x comprises an antisense sequence substantially complementary to from about 18 to about 40 consecutive
ribonucleotides in an mRNA of a target gene associated with an ear disorder, selected from the group consisting of
TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain), HES
1, HES5, CDKN1B and ID3.

[0164] In some embodiments of Structure (F), x=y=19 or x=y=23; (N’)y comprises unmodified ribonucleotides in which
two consecutive nucleotides at the 3’ terminus comprises two consecutive mirror deoxyribonucleotides; and (N)x com-
prises unmodified ribonucleotides in which one nucleotide at the 3’ terminus comprises a mirror deoxyribonucleotide
(set forth as Structure III).
[0165] According to various embodiments of Structure (F) 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive
ribonucleotides independently beginning at the ultimate or penultimate position of the 3’ termini of (N)x and (N’)y are
linked by 2’-5’ internucleotide linkages.
[0166] According to one preferred embodiment of Structure (F), three consecutive nucleotides at the 3’ terminus of
(N’)y are joined by two 2’-5’ phosphodiester bonds and three consecutive nucleotides at the 3’ terminus of (N’)x are
joined by two 2’-5’ phosphodiester bonds.
[0167] According to various embodiments of Structure (F), 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive
nucleotides independently beginning at the ultimate or penultimate position of the 3’ termini of (N)x and (N’)y are inde-
pendently mirror nucleotides. In some embodiments the mirror nucleotide is an L-ribonucleotide. In other embodiments
the mirror nucleotide is an L-deoxyribonucleotide.
[0168] In other embodiments of Structure (F), 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive ribonucleotides
independently beginning at the ultimate or penultimate position of the 3’ termini of (N)x and (N’)y are independently 2’
sugar modified nucleotides. In some embodiments the 2’ sugar modification comprises the presence of an amino, a
fluoro, an alkoxy or an alkyl moiety. In certain embodiments the 2’ sugar modification comprises a methoxy moiety (2’-
OMe).
[0169] In some embodiments of Structure (F), 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive ribonucleotides
independently beginning at the ultimate or penultimate position of the 3’ termini of (N)x and (N’)y are independently a
bicyclic nucleotide. In various embodiments the bicyclic nucleotide is a locked nucleic acid (LNA) such as a 2’-O, 4’-C-
ethylene-bridged nucleic acid (ENA).
[0170] In various embodiments of Structure (F), (N’)y comprises a modified nucleotide selected from a bicyclic nucle-
otide, a 2’ sugar modified nucleotide, a mirror nucleotide, an altritol nucleotide, or a nucleotide joined to an adjacent
nucleotide by an internucleotide linkage selected from a 2’-5’ phosphodiester bond, a P-alkoxy linkage or a PACE linkage
at the 3’ terminus or at both the 3’ and 5’ termini.
[0171] In various embodiments of Structure (F), (N)x comprises a modified nucleotide selected from a bicyclic nucle-
otide, a 2’ sugar modified nucleotide, a mirror nucleotide, an altritol nucleotide, or a nucleotide joined to an adjacent
nucleotide by an internucleotide linkage selected from a 2’-5’ phosphodiester bond, a P-alkoxy linkage or a PACE linkage
at the 3’ terminus or at each of the 3’ and 5’ termini.
[0172] In one embodiment where each of 3’ and 5’ termini of the same strand comprise a modified nucleotide, the
modification at the 5’ and 3’ termini is identical. In another embodiment, the modification at the 5’ terminus is different
from the modification at the 3’ terminus of the same strand. In one specific embodiment, the modified nucleotides at the
5’ terminus are mirror nucleotides and the modified nucleotides at the 3’ terminus of the same strand are joined by 2’-
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5’ phosphodiester bond.
[0173] In various embodiments of Structure (F), the modified nucleotides in (N)x are different from the modified nu-
cleotides in (N’)y. For example, the modified nucleotides in (N)x are 2’ sugar modified nucleotides and the modified
nucleotides in (N’)y are nucleotides linked by 2’-5’ internucleotide linkages. In another example, the modified nucleotides
in (N)x are mirror nucleotides and the modified nucleotides in (N’)y are nucleotides linked by 2’-5’ internucleotide linkages.
In another example, the modified nucleotides in (N)x are nucleotides linked by 2’-5’ internucleotide linkages and the
modified nucleotides in (N’)y are mirror nucleotides.
[0174] In additional embodiments, the present invention provides a compound having Structure (G):
(G)

wherein each of N and N’ is a nucleotide selected from an unmodified ribonucleotide, a modified ribonucleotide, an
unmodified deoxyribonucleotide or a modified deoxyribonucleotide;

wherein each of (N)x and (N’)y is an oligomer in which each consecutive nucleotide is joined to the next nucleotide
by a covalent bond and each of x and y is an integer between 18 and 40;

wherein each of (N)x and (N’)y comprise unmodified ribonucleotides in which each of (N)x and (N’)y independently
comprise one modified nucleotide at the 5’ terminal or penultimate position wherein the modified nucleotide is
selected from the group consisting of a bicyclic nucleotide, a 2’ sugar modified nucleotide, a mirror nucleotide, a
nucleotide joined to an adjacent nucleotide by a P-alkoxy backbone modification or a nucleotide joined to an adjacent
nucleotide by a 2’-5’ phosphodiester bond;

wherein for (N)x the modified nucleotide is preferably at penultimate position of the 5’ terminal;

wherein in each of (N)x and (N’)y modified and unmodified nucleotides are not alternating;

wherein each of Z and Z’ may be present or absent, but if present is 1-5 deoxyribonucleotides covalently attached
at the 3’ terminus of any oligomer to which it is attached;

wherein the sequence of (N’)y is a sequence substantially complementary to (N)x; and wherein the sequence of
(N)x comprises an antisense sequence substantially complementary to from about 18 to about 40 consecutive
ribonucleotides in an mRNA of a target gene associated with an ear disorder, selected from the group consisting of
TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain),
HES1, HES5, CDKN1B and ID3.

[0175] In some embodiments of Structure (G), x=y=19 or x=y=23.
[0176] According to various embodiments of Structure (G) 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive
ribonucleotides independently beginning at the ultimate or penultimate position of the 5’ termini of (N)x and (N’)y are
linked by 2’-5’ internucleotide linkages. For (N)x the modified nucleotides preferably starting at the penultimate position
of the 5’ terminal.
[0177] According to various embodiments of Structure (G), 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive
nucleotides independently beginning at the ultimate or penultimate position of the 5’ termini of (N)x and (N’)y are inde-
pendently mirror nucleotides. In some embodiments the mirror nucleotide is an L-ribonucleotide. In other embodiments
the mirror nucleotide is an L-deoxyribonucleotide. For (N)x the modified nucleotides preferably starting at the penultimate
position of the 5’ terminal.
[0178] In other embodiments of Structure (G), 2, 3, 4, 5, 6, 7, 8 , 9, 10, 11, 12, 13 or 14 consecutive ribonucleotides
independently beginning at the ultimate or penultimate position of the 5’ termini of (N)x and (N’)y are independently 2’
sugar modified nucleotides. In some embodiments the 2’ sugar modification comprises the presence of an amino, a
fluoro, an alkoxy or an alkyl moiety. In certain embodiments the 2’ sugar modification comprises a methoxy moiety (2’-
OMe). In some preferred embodiments the consecutive modified nucleotides preferably begin at the penultimate position
of the 5’ terminus of (N)x.
[0179] In one preferred embodiment of Structure (G), five consecutive ribonucleotides at the 5’ terminus of (N’)y
comprise a 2’OMe sugar modification and one ribonucleotide at the 5’ penultimate position of (N’)x comprises a 2’OMe
sugar modification. In another preferred embodiment of Structure (G), five consecutive ribonucleotides at the 5’ terminus
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of (N’)y comprise 2’OMe sugar modification and two consecutive ribonucleotides at the 5’ terminal position of (N’)x
comprise a 2’OMe sugar modification.
[0180] In some embodiments of Structure (G), 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive ribonucleotides
independently beginning at the ultimate or penultimate position of the 5’ termini of (N)x and (N’)y are bicyclic nucleotides.
In various embodiments the bicyclic nucleotide is a locked nucleic acid (LNA) such as a 2’-O, 4’-C-ethylene-bridged
nucleic acid (ENA). In some preferred embodiments the consecutive modified nucleotides preferably begin at the pe-
nultimate position of the 5’ terminus of (N)x.
[0181] In various embodiments of Structure (G), (N’)y comprises a modified nucleotide selected from a bicyclic nucle-
otide, a 2’ sugar modified nucleotide, a mirror nucleotide, an altritol nucleotide, or a nucleotide joined to an adjacent
nucleotide by an internucleotide linkage selected from a 2’-5’ phosphodiester bond, a P-alkoxy linkage or a PACE linkage
at the 5’ terminus or at each of the 3’ and 5’ termini.
[0182] In various embodiments of Structure (G), (N)x comprises a modified nucleotide selected from a bicyclic nucle-
otide, a 2’ sugar modified nucleotide, a mirror nucleotide, an altritol nucleotide, or a nucleotide joined to an adjacent
nucleotide by an internucleotide linkage selected from a 2’-5’ phosphodiester bond, a P-alkoxy linkage or a PACE linkage
at the 5’ terminus or at each of the 3’ and 5’ termini.
[0183] In one embodiment where each of 3’ and 5’ termini of the same strand comprise a modified nucleotide, the
modification at the 5’ and 3’ termini is identical. In another embodiment, the modification at the 5’ terminus is different
from the modification at the 3’ terminus of the same strand. In one specific embodiment, the modified nucleotides at the
5’ terminus are mirror nucleotides and the modified nucleotides at the 3’ terminus of the same strand are joined by 2’-
5’ phosphodiester bond. In various embodiments of Structure (G), the modified nucleotides in (N)x are different from the
modified nucleotides in (N’)y. For example, the modified nucleotides in (N)x are 2’ sugar modified nucleotides and the
modified nucleotides in (N’)y are nucleotides linked by 2’-5’ internucleotide linkages. In another example, the modified
nucleotides in (N)x are mirror nucleotides and the modified nucleotides in (N’)y are nucleotides linked by 2’-5’ internu-
cleotide linkages. In another example, the modified nucleotides in (N)x are nucleotides linked by 2’-5’ internucleotide
linkages and the modified nucleotides in (N’)y are mirror nucleotides.
[0184] In additional embodiments, the present invention provides a compound having Structure (H):
(H)

wherein each of N and N’ is a nucleotide selected from an unmodified ribonucleotide, a modified ribonucleotide, an
unmodified deoxyribonucleotide or a modified deoxyribonucleotide;

wherein each of (N)x and (N’)y is an oligomer in which each consecutive nucleotide is joined to the next nucleotide
by a covalent bond and each of x and y is an integer between 18 and 40;

wherein (N)x comprises unmodified ribonucleotides further comprising one modified nucleotide at the 3’ terminal or
penultimate position or the 5’ terminal or penultimate position, wherein the modified nucleotide is selected from the
group consisting of a bicyclic nucleotide, a 2’ sugar modified nucleotide, a mirror nucleotide, an altritol nucleotide,
or a nucleotide joined to an adjacent nucleotide by an internucleotide linkage selected from a 2’-5’ phosphodiester
bond, a P-alkoxy linkage or a PACE linkage;

wherein (N’)y comprises unmodified ribonucleotides further comprising one modified nucleotide at an internal po-
sition, wherein the modified nucleotide is selected from the group consisting of a bicyclic nucleotide, a 2’ sugar
modified nucleotide, a mirror nucleotide, an altritol nucleotide, or a nucleotide joined to an adjacent nucleotide by
an internucleotide linkage selected from a 2’-5’ phosphodiester bond, a P-alkoxy linkage or a PACE linkage;

wherein in each of (N)x and (N’)y modified and unmodified nucleotides are not alternating;

wherein each of Z and Z’ may be present or absent, but if present is 1-5 deoxyribonucleotides covalently attached
at the 3’ terminus of any oligomer to which it is attached;

wherein the sequence of (N’)y is a sequence substantially complementary to (N)x; and wherein the sequence of
(N)x comprises an antisense sequence substantially complementary to from about 18 to about 40 consecutive
ribonucleotides in an mRNA of a target gene associated with an ear disorder, selected from the group consisting of
TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain),
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HES1, HES5, CDKN1B and ID3.

[0185] In one embodiment of Structure (H), 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive ribonucleotides
independently beginning at the ultimate or penultimate position of the 3’ terminus or the 5’ terminus or both termini of
(N)x are independently 2’ sugar modified nucleotides, bicyclic nucleotides, mirror nucleotides, altritol nucleotides or
nucleotides joined to an adjacent nucleotide by a 2’-5’ phosphodiester bond and 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or
14 consecutive internal ribonucleotides in (N’)y are independently 2’ sugar modified nucleotides, bicyclic nucleotides,
mirror nucleotides, altritol nucleotides or nucleotides joined to an adjacent nucleotide by a 2’-5’ phosphodiester bond.
In some embodiments the 2’ sugar modification comprises the presence of an amino, a fluoro, an alkoxy or an alkyl
moiety. In certain embodiments the 2’ sugar modification comprises a methoxy moiety (2’-OMe).
[0186] In another embodiment of Structure (H), 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive ribonucleotides
independently beginning at the ultimate or penultimate position of the 3’ terminus or the 5’ terminus or 2-8 consecutive
nucleotides at each of 5’ and 3’ termini of (N’)y are independently 2’ sugar modified nucleotides, bicyclic nucleotides,
mirror nucleotides, altritol nucleotides or nucleotides joined to an adjacent nucleotide by a 2’-5’ phosphodiester bond,
and 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive internal ribonucleotides in (N)x are independently 2’ sugar
modified nucleotides, bicyclic nucleotides, mirror nucleotides, altritol nucleotides or nucleotides joined to an adjacent
nucleotide by a 2’-5’ phosphodiester bond.
[0187] In one embodiment wherein each of 3’ and 5’ termini of the same strand comprises a modified nucleotide, the
modification at the 5’ and 3’ termini is identical. In another embodiment, the modification at the 5’ terminus is different
from the modification at the 3’ terminus of the same strand. In one specific embodiment, the modified nucleotides at the
5’ terminus are mirror nucleotides and the modified nucleotides at the 3’ terminus of the same strand are joined by 2’-
5’ phosphodiester bond.
[0188] In various embodiments of Structure (H), the modified nucleotides in (N)x are different from the modified nu-
cleotides in (N’)y. For example, the modified nucleotides in (N)x are 2’ sugar modified nucleotides and the modified
nucleotides in (N’)y are nucleotides linked by 2’-5’ internucleotide linkages. In another example, the modified nucleotides
in (N)x are mirror nucleotides and the modified nucleotides in (N’)y are nucleotides linked by 2’-5’ internucleotide linkages.
In another example, the modified nucleotides in (N)x are nucleotides linked by 2’-5’ internucleotide linkages and the
modified nucleotides in (N’)y are mirror nucleotides.
[0189] In one preferred embodiment of Structure (H), x=y=19; three consecutive ribonucleotides at the 9-11 nucleotide
positions 9-11 of (N’)y comprise 2’OMe sugar modification and five consecutive ribonucleotides at the 3’ terminal position
of (N’)x comprise 2’OMe sugar modification.
[0190] For all the above Structures (A)-(H), in various embodiments x = y and each of x and y is 19, 20, 21, 22 or 23.
In certain embodiments, x=y=19. In yet other embodiments x=y=23. In additional embodiments the compound comprises
modified ribonucleotides in alternating positions wherein each N at the 5’ and 3’ termini of (N)x are modified in their
sugar residues and the middle ribonucleotide is not modified, e.g. ribonucleotide in position 10 in a 19-mer strand,
position 11 in a 21 mer and position 12 in a 23-mer strand.
[0191] In some embodiments where x = y =21 or x = y =23 the position of modifications in the 19 mer are adjusted for
the 21 and 23 mers with the proviso that the middle nucleotide of the antisense strand is preferably not modified.
[0192] 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. In yet another embodiment, either or both (N)x and
(N’)y are phosphorylated at the 3’ termini using 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 non-cleavable phosphate
groups. These particular siRNA compounds are also blunt ended and are non-phosphorylated at the termini; however,
comparative experiments have shown that siRNA compounds phosphorylated at one or both of the 3’-termini have
similar activity in vivo compared to the non-phosphorylated compounds.
[0193] In certain embodiments for all the above-mentioned Structures, the compound is blunt ended, for example
wherein both Z and Z’ are absent. In an alternative embodiment, the compound comprises at least one 3’ overhang,
wherein at least one of Z or Z’ is present. Z and Z’ independently comprises one or more covalently linked modified or
non-modified nucleotides, for example inverted dT or dA; dT, LNA, mirror nucleotide and the like. In some embodiments
each of Z and Z’ are independently selected from dT and dTdT. siRNA in which Z and/or Z’ is present have similar activity
and stability as siRNA in which Z and Z’ are absent.
[0194] In certain embodiments for all the above-mentioned Structures, the compound comprises one or more phospho-
nocarboxylate and /or phosphinocarboxylate nucleotides (PACE nucleotides). In some embodiments the PACE nucle-
otides are deoxyribonucleotides and the phosphinocarboxylate nucleotides are phosphinoacetate nucleotides. Examples
of PACE nucleotides and analogs are disclosed in US Patent Nos. 6,693,187 and 7,067,641.
[0195] In certain embodiments for all the above-mentioned Structures, the compound comprises one or more locked
nucleic acids (LNA) also defined as bridged nucleic acids or bicyclic nucleotides. Preferred locked nucleic acids are 2’-
O, 4’-C-ethylene nucleosides (ENA) or 2’-O, 4’-C-methylene nucleosides. Other examples of LNA and ENA nucleotides
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are disclosed in WO 98/39352, WO 00/47599 and WO 99/14226.
[0196] In certain embodiments for all the above-mentioned Structures, the compound comprises one or more altritol
monomers (nucleotides), also defined as 1,5 anhydro-2-deoxy-D-altrito-hexitol (see for example, Allart, et al., 1998.
Nucleosides & Nucleotides 17:1523-1526; Herdewijn et al., 1999. Nucleosides & Nucleotides 18:1371-1376; Fisher et
al., 2007, NAR 35(4):1064-1074).
[0197] The present invention explicitly excludes compounds in which each of N and /or N’ is a deoxyribonucleotide
(D-A, D-C, D-G, D-T). In certain embodiments (N)x and (N’)y may comprise independently 1, 2, 3, 4, 5, 6, 7, 8, 9 or more
deoxyribonucleotides. In certain embodiments the present invention provides a compound wherein each of N is an
unmodified ribonucleotide and the 3’ terminal nucleotide or 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive nucleotides
at the 3’ terminus of (N’)y are deoxyribonucleotides.
[0198] In yet other embodiments each of N is an unmodified ribonucleotide and the 5’ terminal nucleotide or 2, 3, 4,
5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive nucleotides at the 5’ terminus of (N’)y are deoxyribonucleotides. In further
embodiments the 5’ terminal nucleotide or 2, 3, 4, 5, 6, 7, 8, or 9 consecutive nucleotides at the 5’ terminus and 1, 2, 3,
4, 5, or 6 consecutive nucleotides at the 3’ termini of (N)x are deoxyribonucleotides and each of N’ is an unmodified
ribonucleotide. In yet further embodiments (N)x comprises unmodified ribonucleotides and 1 or 2, 3 or 4 consecutive
deoxyribonucleotides independently at each of the 5’ and 3’ termini and 1 or 2, 3, 4, 5 or 6 consecutive deoxyribonucle-
otides in internal positions; and each of N’ is an unmodified ribonucleotide. In certain embodiments the 3’ terminal
nucleotide or 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 13 or 14 consecutive nucleotides at the 3’ terminus of (N’)y and the terminal
5’ nucleotide or 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 13 or 14 consecutive nucleotides at the 5’ terminus of (N)x are deoxyri-
bonucleotides. The present invention excludes compounds in which each of N and/or N’ is a deoxyribonucleotide. In
some embodiments the 5’ terminal nucleotide of N or 2 or 3 consecutive of N and 1,2, or 3 of N’ is a deoxyribonucleotide.
Certain examples of active DNA/RNA siRNA chimeras are disclosed in US patent publication 2005/0004064, and Ui-
Tei, 2008 (NAR 36(7):2136-2151).
[0199] Unless otherwise indicated, in preferred embodiments of the structures discussed herein the covalent bond
between each consecutive N or N’ is a phosphodiester bond.
[0200] An additional novel molecule provided by the present invention is an oligonucleotide comprising consecutive
nucleotides wherein a first segment of such nucleotides encode a first inhibitory RNA molecule, a second segment of
such nucleotides encode a second inhibitory RNA molecule, and a third segment of such nucleotides encode a third
inhibitory RNA molecule. Each of the first, the second and the third segment may comprise one strand of a double
stranded RNA and the first, second and third segments may be joined together by a linker. Further, the oligonucleotide
may comprise three double stranded segments joined together by one or more linker.
[0201] Thus, one molecule provided by the present invention is an oligonucleotide comprising consecutive nucleotides
which encode three inhibitory RNA molecules; said oligonucleotide may possess a triple stranded structure, such that
three double stranded arms are linked together by one or more linker, such as any of the linkers presented hereinabove.
This molecule forms a "star"-like structure, and may also be referred to herein as RNAstar. Such structures are disclosed
in PCT patent publication WO 2007/091269, assigned to the assignee of the present invention.
[0202] A covalent bond refers to an internucleotide 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. Covalent bond encompasses non-phos-
phorous-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
or N’ is a phosphodiester bond.
[0203] For all of the structures above, in some embodiments the oligonucleotide 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 a target sequence. In other embodiments (N)x is substantially complementary
to a target sequence.
[0204] 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 non-cleavable phosphate
groups. Further, the inhibitory nucleic acid molecules of the present 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 inhibitory components.
[0205] In the context of the present invention, a gap in a nucleic acid refers to the absence of one or more internal
nucleotides in one strand, while a nick in a nucleic acid refers to the absence of an internucleotide linkage between two
adjacent nucleotides in one strand. Any of the molecules of the present invention may contain one or more gaps and/or
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one or more nicks.
[0206] In one aspect the present invention provides a compound having Structure (I):
(I)

wherein each of N and N’ is a ribonucleotide 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 Z and Z’ may be present or absent, but if present is independently 1-5 consecutive nucleotides 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;

wherein x =18 to 27;

wherein y =18 to 27;

wherein (N)x comprises modified and unmodified ribonucleotides, each modified ribonucleotide having a 2’-O-methyl
on its sugar, wherein N at the 3’ terminus of (N)x is a modified ribonucleotide, (N)x comprises at least five alternating
modified ribonucleotides beginning at the 3’ end and at least nine modified ribonucleotides in total and each remaining
N is an unmodified ribonucleotide;

wherein in (N’)y at least one unconventional moiety is present, which unconventional moiety may be an abasic
ribose moiety, an abasic deoxyribose moiety, a modified or unmodified deoxyribonucleotide, a mirror nucleotide,
and a nucleotide joined to an adjacent nucleotide by a 2’-5’ internucleotide phosphate bond; and

wherein the sequence of (N’)y is a sequence substantially complementary to (N)x; and wherein the sequence of
(N)x comprises an antisense sequence substantially complementary to from about 18 to about 40 consecutive
ribonucleotides in an mRNA of a target gene associated with an ear disorder, selected from the group consisting of
TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain),
HES1, HES5, CDKN1B and ID3.

[0207] In some embodiments x =y=19. In other embodiments x =y=23. In some embodiments the at least one uncon-
ventional moiety is present at positions 15, 16, 17, or 18 in (N’)y. In some embodiments the unconventional moiety is
selected from a mirror nucleotide, an abasic ribose moiety and an abasic deoxyribose moiety. In some preferred em-
bodiments the unconventional moiety is a mirror nucleotide, preferably an L-DNA moiety. In some embodiments an L-
DNA moiety is present at position 17, position 18 or positions 17 and 18.
[0208] In other embodiments the unconventional moiety is an abasic moiety. In various embodiments (N’)y comprises
at least five abasic ribose moieties or abasic deoxyribose moieties.
[0209] In yet other embodiments (N’)y comprises at least five abasic ribose moieties or abasic deoxyribose moieties
and at least one of N’ is an LNA.
[0210] In some embodiments (N)x comprises nine alternating modified ribonucleotides. In other embodiments of Struc-
ture (I) (N)x comprises nine alternating modified ribonucleotides further comprising a 2’O modified nucleotide at position
2. In some embodiments (N)x comprises 2’O Me modified ribonucleotides at the odd numbered positions 1, 3, 5, 7, 9,
11, 13, 15, 17, 19. In other embodiments (N)x further comprises a 2’O Me modified ribonucleotide at one or both of
positions 2 and 18. In yet other embodiments (N)x comprises 2’O Me modified ribonucleotides at positions 2, 4, 6, 8,
11, 13, 15, 17, 19.
[0211] In various embodiments z" is present and is selected from an abasic ribose moiety, a deoxyribose moiety; an
inverted abasic ribose moiety, a deoxyribose moiety; C6-amino-Pi; a mirror nucleotide.
[0212] In another aspect the present invention provides a compound having Structure (J) set forth below:
(J)

5’ (N)x-Z 3’ (antisense strand)
3’ Z’-(N’)y- z" 5’ (sense strand)

5’ (N)x-Z 3’ (antisense strand)
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wherein each of N and N’ is a ribonucleotide 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 Z and Z’ may be present or absent, but if present is independently 1-5 consecutive nucleotides 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;

wherein x =18 to 27;

wherein y =18 to 27;

wherein (N)x comprises modified or unmodified ribonucleotides, and optionally at least one unconventional moiety;

wherein in (N’)y at least one unconventional moiety is present, which unconventional moiety may be an abasic
ribose moiety, an abasic deoxyribose moiety, a modified or unmodified deoxyribonucleotide, a mirror nucleotide, a
non-base pairing nucleotide analog or a nucleotide joined to an adjacent nucleotide by a 2’-5’ internucleotide phos-
phate bond; and

wherein the sequence of (N’)y is a sequence substantially complementary to (N)x; and wherein the sequence of
(N)x comprises an antisense sequence substantially complementary to from about 18 to about 40 consecutive
ribonucleotides in an mRNA of a target gene associated with an ear disorder, selected from the group consisting of
TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain),
HES1, HES5, CDKN1B and ID3.

[0213] In some embodiments x =y=19. In other embodiments x =y=23. In some preferred embodiments (N)x comprises
modified and unmodified ribonucleotides, and at least one unconventional moiety.
[0214] In some embodiments in (N)x the N at the 3’ terminus is a modified ribonucleotide and (N)x comprises at least
8 modified ribonucleotides. In other embodiments at least 5 of the at least 8 modified ribonucleotides are alternating
beginning at the 3’ end. In some embodiments (N)x comprises an abasic moiety in one of positions 5, 6, 7, 8, 9, 10, 11,
12, 13, 14 or 15.
[0215] In some embodiments the at least one unconventional moiety in (N’)y is present at positions 15, 16, 17, or 18.
In some embodiments the unconventional moiety is selected from a mirror nucleotide, an abasic ribose moiety and an
abasic deoxyribose moiety. In some preferred embodiments the unconventional moiety is a mirror nucleotide, preferably
an L-DNA moiety. In some embodiments an L-DNA moiety is present at position 17, position 18 or positions 17 and 18.
In other embodiments the at least one unconventional moiety in (N’)y is an abasic ribose moiety or an abasic deoxyribose
moiety.
[0216] In yet another aspect the present invention provides a compound having Structure (K) set forth below:
(K)

wherein each ofN and N’ is a ribonucleotide 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 Z and Z’ may be present or absent, but if present is independently 1-5 consecutive nucleotides covalently
attached at the 3’ terminus of the strand in which it is present;

(continued)

3’ Z’-(N’)y-z" 5’ (sense strand)

5’ (N)x-Z 3’ (antisense strand)
3’ Z’-(N’)y-z" 5’ (sense strand)
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wherein z" may be present or absent but if present is a capping moiety covalently attached at the 5’ terminus of (N’)y;

wherein x =18 to 27;

wherein y =18 to 27;

wherein (N)x comprises a combination of modified or unmodified ribonucleotides and unconventional moieties, any
modified ribonucleotide having a 2’-O-methyl on its sugar;

wherein (N’)y comprises modified or unmodified ribonucleotides and optionally an unconventional moiety, any mod-
ified ribonucleotide having a 2’OMe on its sugar;

wherein the sequence of (N’)y is a sequence substantially complementary to (N)x; and wherein the sequence of
(N)x comprises an antisense sequence substantially complementary to from about 18 to about 40 consecutive
ribonucleotides in an of a target gene associated with an ear disorder, selected from the group consisting of TP53BP2
(ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain), HES1, HES5,
CDKN1B and ID3.

[0217] In some embodiments x =y=19. In other embodiments x =y=23. In some preferred embodiments the at least
one preferred one unconventional moiety is present in (N)x and is an abasic ribose moiety or an abasic deoxyribose
moiety. In other embodiments the at least one unconventional moiety is present in (N)x and is a non-base pairing
nucleotide analog. In various embodiments (N’)y comprises unmodified ribonucleotides. In some embodiments (N)x
comprises at least five abasic ribose moieties or abasic deoxyribose moieties or a combination thereof. In certain em-
bodiments (N)x and/or (N’)y comprise modified ribonucleotides which do not base pair with corresponding modified or
unmodified ribonucleotides in (N’)y and/or (N)x.
[0218] In various embodiments the present invention provides an siRNA set forth in Structure (L):
(L)

wherein each of N and N’ is a nucleotide selected from an unmodified ribonucleotide, a modified ribonucleotide, an
unmodified deoxyribonucleotide and a modified deoxyribonucleotide;

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 Z and Z’ are absent;

wherein x=y= 19;

wherein in (N’)y the nucleotide in at least one of positions 15, 16, 17, 18 and 19 comprises a nucleotide selected
from an abasic unconventional moiety, a mirror nucleotide, a deoxyribonucleotide and a nucleotide joined to an
adjacent nucleotide by a 2’-5’ internucleotide bond;

wherein (N)x comprises alternating 2’OMe sugar modified ribonucleotides and unmodified ribonucleotides so as to
have 2’OMe sugar modified ribonucleotide at the middle position of (N)x; and

wherein the sequence of (N’)y is a sequence substantially complementary to (N)x; and wherein the sequence of
(N)x comprises an antisense substantially complementary to from about 18 to about 40 consecutive ribonucleotides
in an mRNA of a target gene associated with an ear disorder, selected from the group consisting of TP53BP2
(ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain), HES1, HES5,
CDKN1B and ID3.

[0219] In some embodiments of Structure (L), in (N’)y the nucleotide in one or both of positions 17 and 18 comprises
a modified nucleotide selected from an abasic unconventional moiety, a mirror nucleotide and a nucleotide joined to an
adjacent nucleotide by a 2’-5’ internucleotide bond. In some embodiments the mirror nucleotide is selected from L-DNA

5’ (N)x-Z 3’ (antisense strand)
3’ Z’-(N’)y 5’ (sense strand)
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and L-RNA. In various embodiments the mirror nucleotide is L-DNA.
[0220] In various embodiments (N’)y comprises a modified nucleotide at position 15 wherein the modified nucleotide
is selected from a mirror nucleotide and a deoxyribonucleotide.
[0221] In certain embodiments (N’)y further comprises a modified nucleotide or pseudo nucleotide at position 2 wherein
the pseudo nucleotide may be an abasic unconventional moiety and the modified nucleotide is optionally a mirror
nucleotide.
[0222] In various embodiments the antisense strand (N)x comprises 2’O-Me modified ribonucleotides at the odd
numbered positions (5’ to 3’; positions 1, 3, 5, 7, 9, 11, 13, 15, 17, 19). In some embodiments (N)x further comprises
2’O-Me modified ribonucleotides at one or both positions 2 and 18. In other embodiments (N)x comprises 2’O Me modified
ribonucleotides at positions 2, 4, 6, 8, 11, 13, 15, 17, 19.
[0223] Other embodiments of Structures (L) are envisaged wherein x=y=21 or wherein x=y=23; in these embodiments
the modifications for (N’)y discussed above instead of being in positions 17 and 18 are in positions 19 and 20 for 21-
mer oligonucleotide and 21 and 22 for 23 mer oligonucleotide; similarly the modifications in positions 15, 16, 17, 18 or
19 are in positions 17, 18, 19, 20 or 21 for the 21-mer oligonucleotide and positions 19, 20, 21, 22, or 23 for the 23-mer
oligonucleotide. The 2’O Me modifications on the antisense strand are similarly adjusted. In some embodiments (N)x
comprises 2’O Me modified ribonucleotides at the odd numbered positions (5’ to 3’; positions 1, 3, 5, 7, 9, 12, 14, 16,
18, 20 for the 21 mer oligonucleotide [nucleotide at position 11 unmodified] and 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23
for the 23 mer oligonucleotide [nucleotide at position 12 unmodified]. In other embodiments (N)x comprises 2’O Me
modified ribonucleotides at positions 2, 4, 6, 8, 10, 12, 14, 16, 18, 20 [nucleotide at position 11 unmodified for the 21
mer oligonucleotide and at positions 2, 4, 6, 8, 10, 13, 15, 17, 19, 21, 23 for the 23 mer oligonucleotide [nucleotide at
position 12 unmodified].
[0224] In some embodiments (N’)y further comprises a 5’ terminal cap nucleotide. In various embodiments the terminal
cap moiety is selected from an abasic unconventional moiety, an inverted abasic unconventional moiety, an L-DNA
nucleotide, and a C6-imine phosphate (C6 amino linker with phosphate at terminus).
[0225] In other embodiments the present invention provides a compound having Structure (M) set forth below:
(M)

wherein each of N and N’ is selected from a pseudo-nucleotide and a nucleotide;

wherein each nucleotide is selected from an unmodified ribonucleotide, a modified ribonucleotide, an unmodified
deoxyribonucleotide and a modified deoxyribonucleotide;

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 Z and Z’ are absent;

wherein x =18 to 27;

wherein y =18 to 27;

wherein the sequence of (N’)y is a sequence substantially complementary to (N)x; and wherein the sequence of
(N)x comprises an antisense sequence substantially complementary to from about 18 to about 40 consecutive
ribonucleotides in an mRNA of a target gene associated with an ear disorder, selected from the group consisting of
TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain),
HES1, HES5, CDKN1B and ID3.

[0226] In other embodiments the present invention provides a double stranded compound having Structure (N) set
forth below:
(N)

5’ (N)X-Z 3’ (antisense strand)
3’ Z’-(N’)y 5’ (sense strand)

5’ (N)x-Z 3’ (antisense strand)
3’ Z’-(N’)y 5’ (sense strand)
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wherein each of N and N’ is a nucleotide selected from an unmodified ribonucleotide, a modified ribonucleotide, an
unmodified deoxyribonucleotide and a modified deoxyribonucleotide;

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 Z and Z’ are absent;

wherein each of x and y is an integer between 18 and 40;

wherein the sequence of (N’)y is a sequence substantially complementary to (N)x; and wherein the sequence of
(N)x comprises an antisense sequence substantially complementary to from about 18 to about 40 consecutive
ribonucleotides in an antisense sequence to the mRNA of a target gene associated with an ear disorder selected
from the group consisting of TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4,
HTRA2, CAPNS1 (Calpain), HES1, HES5, CDKN1B and ID3;

wherein (N)x, (N’)y or (N)x and (N’)y comprise non base-pairing modified nucleotides such that (N)x and (N’)y form
less than 15 base pairs in the double stranded compound.

[0227] In other embodiments the present invention provides a compound having Structure (O) set forth below:
(O)

wherein each of N is a nucleotide selected from an unmodified ribonucleotide, a modified ribonucleotide, an un-
modified deoxyribonucleotide and a modified deoxyribonucleotide;

wherein each of N’ is a nucleotide analog selected from a six membered sugar nucleotide, seven membered sugar
nucleotide, morpholino moiety, peptide nucleic acid and combinations thereof;

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 Z and Z’ are absent;

wherein each of x and y is an integer between 18 and 40;

wherein the sequence of (N’)y is a sequence substantially complementary to (N)x; and wherein the sequence of
(N)x comprises an antisense sequence substantially complementary to from about 18 to about 40 consecutive
ribonucleotides in an mRNA of a target gene associated with an ear disorder, selected from the group consisting of
TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain),
HES1, HES5, CDKN1B and ID3.

[0228] In other embodiments the present invention provides a compound having Structure (P) set forth below:
(P)

wherein each of N and N’ is a nucleotide selected from an unmodified ribonucleotide, a modified ribonucleotide, an
unmodified deoxyribonucleotide and a modified deoxyribonucleotide;

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;

5’ (N)x-Z 3’ (antisense strand)
3’ Z’-(N’)y 5’ (sense strand)

5’ (N)x-Z 3’ (antisense strand)
3’ Z’-(N’)y 5’ (sense strand)
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wherein Z and Z’ are absent;

wherein each of x and y is an integer between 18 and 40;

wherein one of N or N’ in an internal position of (N)x or (N’)y or one or more of N or N’ at a terminal position of (N)x
or (N’)y comprises an abasic moiety or a 2’ modified nucleotide;

wherein the sequence of (N’)y is a sequence substantially complementary to (N)x; and wherein the sequence of
(N)x comprises an antisense sequence substantially substantially complementary to from about 18 to about 40
consecutive ribonucleotides in an mRNA of a target gene associated with an ear disorder, selected from the group
consisting of TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1
(Calpain), HES 1, HES5, CDKN1B and ID3.

[0229] In various embodiments (N’)y comprises a modified nucleotide at position 15 wherein the modified nucleotide
is selected from a mirror nucleotide and a deoxyribonucleotide.
[0230] In certain embodiments (N’)y further comprises a modified nucleotide at position 2 wherein the modified nu-
cleotide is selected from a mirror nucleotide and an abasic unconventional moiety.
[0231] In various embodiments the antisense strand (N)x comprises 2’O-Me modified ribonucleotides at the odd
numbered positions (5’ to 3’; positions 1, 3, 5, 7, 9, 11, 13, 15, 17, 19). In some embodiments (N)x further comprises
2’O-Me modified ribonucleotides at one or both positions 2 and 18. In other embodiments (N)x comprises 2’O Me modified
ribonucleotides at positions 2, 4, 6, 8, 11, 13, 15, 17, 19.
[0232] An additional novel molecule provided by the present invention is an oligonucleotide comprising consecutive
nucleotides wherein a first segment of such nucleotides encode a first inhibitory RNA molecule, a second segment of
such nucleotides encode a second inhibitory RNA molecule, and a third segment of such nucleotides encode a third
inhibitory RNA molecule. Each of the first, the second and the third segment may comprise one strand of a double
stranded RNA and the first, second and third segments may be joined together by a linker. Further, the oligonucleotide
may comprise three double stranded segments joined together by one or more linker.
[0233] Thus, one molecule provided by the present invention is an oligonucleotide comprising consecutive nucleotides
which encode three inhibitory RNA molecules; said oligonucleotide may possess a triple stranded structure, such that
three double stranded arms are linked together by one or more linker, such as any of the linkers presented hereinabove.
This molecule forms a "star"-like structure, and may also be referred to herein as RNAstar.
[0234] Said triple-stranded oligonucleotide may be an oligoribonucleotide having the general structure:

or

or

wherein one or more of linker A, linker B or linker C is present; any combination of two or more oligonucleotides and
one or more of linkers A-C is possible, so long as the polarity of the strands and the general structure of the molecule
remains. Further, if two or more of linkers A-C are present, they may be identical or different.
[0235] Thus, a triple-armed structure is formed, wherein each arm comprises a sense strand and complementary
antisense strand (i.e. Oligo1 antisense base pairs to Oligo1 sense etc.). The triple armed structure may be triple stranded,
whereby each arm possesses base pairing.
[0236] Further, the above triple stranded structure may have a gap instead of a linker in one or more of the strands.

5’ Oligo1 (sense) LINKER A Oligo2 (sense) 3’
3’ Oligo1 (antisense) LINKER B Oligo3 (sense) 5’
3’ Oligo3 (antisense) LINKER C Oligo2 (antisense) 5’

5’ Oligo1 (sense) LINKER A Oligo2 (antisense) 3’
3’ Oligo1 (antisense) LINKER B Oligo3 (sense) 5’

3’ Oligo3 (antisense) LINKER C Oligo2 (sense) 5’

5’ Oligo1 (sense) LINKER A Oligo3 (antisense) 3’
3’ Oligo1 (antisense) LINKER B Oligo2 (sense) 5’
5’ Oligo3 (sense) LINKER C Oligo2 (antisense) 3’
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Such a molecule with one gap is technically quadruple stranded and not triple stranded; inserting additional gaps or
nicks will lead to the molecule having additional strands. Preliminary results obtained by the inventors of the present
invention indicate that said gapped molecules are more active in inhibiting certain target genes than the similar but non-
gapped molecules. This may also be the case for nicked molecules.
[0237] According to one preferred embodiment of the invention, the antisense and the sense strands of the siRNA
are phosphorylated only at the 3’-terminus and not at the 5’-terminus. According to another preferred embodiment of
the invention, the antisense and the sense strands are non-phosphorylated. According to yet another preferred embod-
iment of the invention, the 5’ most ribonucleotide in the sense strand is modified to abolish any possibility of in vivo 5’-
phosphorylation.
[0238] The description further discloses a vector capable of expressing any of the aforementioned oligoribonucleotides
in unmodified form in a cell after which appropriate modification may be made. In preferred embodiment the cell is a
mammalian cell, preferably a human cell.

Pharmaceutical Compositions

[0239] The inventors of the present invention have overcome many of the obstacles in development of a composition
for delivery of a therapeutic oligonucleotide to the middle and inner ear. Accordingly the present invention 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 compound.
[0240] The "penetration enhancer" or "permeability enhancer" is glycerol (glycerin).
[0241] In some embodiments the composition further includes a preservative. Accepted preservatives such as ben-
zalkonium 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.
[0242] The description further discloses a pharmaceutical composition comprising at least one compound of the in-
vention covalently or non-covalently bound to one or more compounds of the invention in an amount effective to inhibit
one or more genes as disclosed above; and a pharmaceutically acceptable carrier. In some aspects the compound is
processed intracellularly by endogenous cellular complexes to produce one or more oligoribonucleotides of the invention.
[0243] Additionally, the invention provides a composition of the invention for use in a method of inhibiting the expression
of a target gene, by at least 50% as compared to a control, comprising contacting an mRNA transcript of the target gene
with the composition of the invention. In some embodiments an active siRNA compound inhibits gene expression at a
level of at least 50%, 60% or 70% as compared to control. In certain preferred embodiments inhibition is at a level of at
least 75%, 80% or 90% as compared to control. The target gene is a human gene as disclosed herein.
[0244] In one embodiment the oligoribonucleotide inhibits one or more of the genes as disclosed in the present invention,
whereby the inhibition is selected from the group comprising inhibition of gene function, inhibition of polypeptide and
inhibition of mRNA expression. In certain embodiments, the target gene is a a mammalian gene, preferably a human
gene, selected from the group consisting of TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L,
NOX4, HTRA2, CAPNS1 (Calpain), HES1, HES5, CDKN1B and ID3.
[0245] In one embodiment the compound inhibits expression of a polypeptide encoded by a target gene whereby the
inhibition is selected from the group comprising inhibition of function (which may be examined by an enzymatic assay
or a binding assay with a known interactor of the native gene / polypeptide, inter alia), inhibition of protein (which may
be examined by Western blotting, ELISA or immuno-precipitation, inter alia) and inhibition of mRNA expression (which
may be examined by Northern blotting, quantitative RT-PCR, in-situ hybridisation or microarray hybridisation, inter alia).
[0246] In additional embodiments the description discloses a method of treating a subject suffering from a disease
accompanied by an elevated level a gene of the present invention, the method comprising administering to the subject
a compound of the invention in a therapeutically effective dose thereby treating the subject.

Delivery

[0247] The siRNA molecules of the present invention is delivered to the ear by direct application of pharmaceutical
composition to the outer ear. In some embodiments the pharmaceutical composition is applied to the ear canal. Delivery
to the ear may also be refereed to as aural or otic delivery comprising siRNA; a penetration enhancer and a pharma-
ceutically acceptable vehicle.
[0248] In some embodiments the siRNA molecules of the invention are delivered in liposome or lipofectin formulations
and the like and can be prepared by methods well known to those skilled in the art. Such methods are described, for
example, in US Patent Nos. 5,593,972, 5,589,466, and 5,580,859.
[0249] Delivery systems aimed specifically at the enhanced and improved delivery of siRNA into mammalian cells
have been developed, (see, for example, Shen et al FEBS Let. 2003, 539:111-114; Xia et al., Nat. Biotech. 2002,
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20:1006-1010; Reich et al., Mol. Vision 2003, 9: 210-216; Sorensen et al., J. Mol. Biol. 2003. 327: 761-766; Lewis et al.,
Nat. Gen. 2002, 32: 107-108 and Simeoni et al., NAR 2003, 31,11: 2717-2724). siRNA has recently been successfully
used for inhibition of gene expression in primates (see for example, Tolentino et al., Retina 24(4):660.
[0250] The "therapeutically effective dose" for purposes herein is thus determined by such considerations as are known
in the art. The dose 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.
[0251] In general, the active dose of compound for humans is in the range of from 1ng/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 one dose per day
or twice or three or more times per day for a period of 1-4 weeks or longer. In various embodiments the siRNA is
chemically modified to increase stability, increase activity, reduce off target effects, and or to reduce innate immune
stimulation. Dosage to the ear is determined, inter alia, by the activity of the oligonucleotide, the indication and the
severity of the disorder and comprises administering a dose of about 0.1 ng to about 10 mg, about 1 ng to about 1 mg,
or about 10 ng to about 1 mg, total oligonucleotide in pharmaceutically acceptable agent. The concentration of siRNA
in the composition is between 0.1 mg/ml to 100 mg/ml, preferably between 1 mg/ml to 100 mg/ml, and more preferably
between 5 mg/ml to 20 mg/ml.
[0252] The compounds of the present invention are to be administered by topical administration. It should be noted
that the compound can be administered as the compound or as pharmaceutically acceptable salt and is to be administered
as an active ingredient in combination with pharmaceutically acceptable carriers, solvents, diluents, excipients, adjuvants
and vehicles. The compounds are to be administered as eardrops, ear cream, ear ointment, foam, mousse or any of
the above in combination with a delivery device. Liquid forms are prepared as drops. 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 another embodiment the administration comprises non-invasive topical or local
administration. Eardrops may also be referred to as otic drops or aural drops. In a preferred embodiment, the ear drops
remain in the ear canal for about 30 min in order to prevent leakage of the drops out of the canal. It is thus preferable
that the subject receiving the drops keep his head on the side with the treated ear facing upward to prevent leakage of
the drop out of the canal.
[0253] In preferred embodiments the subject being treated is a warm-blooded animal and, in particular, mammals
including human.

Methods of Treatment

[0254] In another aspect, the present description discloses a method for the treatment of a subject in need of treatment
for an ear disease or disorder associated with the abnormal expression of a target gene, comprising administering to
the subject an amount of an oligonucleotide which reduces or inhibits expression of a target gene associated with the
ear disorder in a pharmaceutical composition comprising the oligonucleotide, a permeability enhancer and a pharma-
ceutically acceptable carrier. The target gene is selected from one or more of: TP53BP2 (ASPP2), BNIP3, CASP2,
NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain), HES 1, HES5, CDKN1B and ID3.
[0255] In preferred embodiments the subject being treated is a warm-blooded animal and, in particular, mammals
including human.
[0256] The methods of the description comprise administering to the subject a pharmaceutical composition comprising
one or more inhibitory compounds which down-regulate expression of a gene associated with an ear disorder; and a
pharmaceutically acceptable vehicle, in a therapeutically effective dose so as to thereby treat the subject.
[0257] The term "treatment" refers to both therapeutic treatment and prophylactic or preventative measures, wherein
the object is to prevent or slow down (lessen) the ear disorder. Those in need of treatment include those already
experiencing the disease or condition, those prone to having the disease or condition, and those in which the disease
or condition is to be prevented. The compounds of the invention may be administered before, during or subsequent to
the onset of the disease or condition or symptoms associated therewith. In cases where treatment is for the purpose of
prevention, then the present invention relates to a method for delaying the onset of or averting the development of the
disease or disorder. In some embodiments the method comprises administering eardrops which are warmed to 35°C to
about 38°C to the subject’s ear. In some embodiments the method of comprises administering the composition of the
present invention unilaterally, e.g. to one of the subject’s ear. In various embodiments the composition is allowed to
penetrate the subject’s ear for about 5 minutes to about 60 minutes.
[0258] One aspect of the present description relates to combination therapy. The active ingredients that comprise a
combination therapy may be administered together via a single dosage form or by separate administration of each active
agent. In some embodiments the combination therapy comprises administering to a subject in need thereof a composition
according to the present invention and an ototoxin. For example, the present description discloses an improved method
for treatment of hearing loss in a mammal comprising co-administering to the mammal an ototoxin and a therapeutically



EP 2 293 800 B1

34

5

10

15

20

25

30

35

40

45

50

55

effective amount of one or more compounds of the present invention. Ototoxic agents include cisplatin and cisplatin-like
compounds, aminoglycosides, loop diuretics, and hydroquinone and their analogs.
[0259] Co-administration comprises administering two or more agents, each of which is formulated and administered
separately, or by administering two or more agents in a single formulation. While the two or more agents can be admin-
istered simultaneously, they need not be. For example, administration of a first agent (or combination of agents) can
precede administration of a second agent (or combination of agents) by minutes, hours, days, or weeks. Thus, the two
or more agents can be administered within minutes of each other or within any number of hours of each other or within
any number or days or weeks of each other. In some cases even longer intervals are possible.
[0260] Methods, molecules and compositions, which inhibit the genes of the invention, are discussed herein at length,
and any of said molecules and/or compositions may be beneficially employed in the treatment of a subject suffering
from any of said conditions.

Oligonucleotide Synthesis

[0261] The compounds of the present invention can be synthesized by any of the methods that are well-known in the
art for synthesis of ribonucleic (or deoxyribonucleic) oligonucleotides. Such synthesis is, among others, described in
Beaucage and Iyer, Tetrahedron 1992; 48:2223-2311; Beaucage and Iyer, Tetrahedron 1993; 49: 6123-6194 and Caru-
thers, et. al., Methods Enzymol. 1987; 154: 287-313; the synthesis of thioates is, among others, described in Eckstein,
Annu. 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 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.
[0262] Other synthetic procedures are known in the art e.g. the procedures as described in Usman et al., J. Am. Chem.
Soc., 1987, 109:7845; Scaringe et al., NAR, 1990, 18:5433; Wincott et al., NAR 1995,. 23:2677-2684; and Wincott et
al., Methods Mol. Bio., 1997, 74:59, and these procedures 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’-O-methylated)
nucleotides and unmodified nucleotides are incorporated as desired.
[0263] The oligonucleotides of the present invention can be synthesized separately and joined together post-synthet-
ically, for example, by ligation (Moore et al., Science 1992, 256:9923; International Patent Publication No. WO 93/23569;
Shabarova et al., NAR 1991, 19:4247; Bellon et al., Nucleosides & Nucleotides, 1997, 16:951; Bellon et al., Bioconjugate
Chem 1997, 8:204), or by hybridization following synthesis and/or deprotection.
[0264] It is noted that a commercially available machine (available, inter alia, from Applied Biosystems) can be used;
the oligonucleotides are prepared according to the sequences disclosed herein. Overlapping pairs of chemically syn-
thesized 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 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.
[0265] The compounds of the invention can also be synthesized via tandem synthesis methodology, as described for
example in US Patent Publication No. 2004/0019001 (McSwiggen), wherein both siRNA strands are synthesized as a
single contiguous oligonucleotide fragment or strand separated by a cleavable linker which is subsequently cleaved to
provide separate siRNA fragments or strands that hybridize and permit purification of the siRNA duplex. The linker can
be a polynucleotide linker or a non-nucleotide linker.
[0266] The present invention further provides for a pharmaceutical composition comprising two or more siRNA mol-
ecules for the treatment of any of the diseases and conditions mentioned herein, whereby said two molecules may be
physically mixed together in the pharmaceutical composition in amounts which generate equal or otherwise beneficial
activity, or may be covalently or non-covalently bound, or joined together by a nucleic acid linker of a length ranging
from 2-100, preferably 2-50 or 2-30 nucleotides.
[0267] Thus, the siRNA molecules may be covalently or non-covalently bound or joined by a linker to form a tandem
siRNA compound. Such tandem siRNA compounds comprising two siRNA sequences are typically about 38-150 nu-
cleotides in length, more preferably 38 or 40-60 nucleotides in length, and longer accordingly if more than two siRNA
sequences are included in the tandem molecule. A longer tandem compound comprised of two or more longer sequences
which encode siRNA produced via internal cellular processing, e.g., long dsRNAs, is also envisaged, as is a tandem
molecule encoding two or more shRNAs. Such tandem molecules are also considered to be a part of the present
invention. A tandem compound comprising two or more siRNAs sequences of the invention is envisaged.
[0268] An siRNA molecule that targets a gene associated with an ear disorder may be the main active component in
a pharmaceutical composition, or may be one active component of a pharmaceutical composition containing two or more
siRNAs (or molecules which encode or endogenously produce two or more siRNAs, be it a mixture of molecules or one
or more tandem molecules which encode two or more siRNAs), said pharmaceutical composition further being comprised
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of one or more additional siRNA molecule which targets one or more additional gene. Simultaneous inhibition of said
additional gene(s) will likely have an additive or synergistic effect for treatment of the diseases disclosed herein.
[0269] Additionally, the siRNA disclosed herein or any nucleic acid molecule comprising or encoding such siRNA can
be linked or bound (covalently or non-covalently) to antibodies (including aptamer molecules) against cell surface inter-
nalizable molecules expressed on the target cells, in order to achieve enhanced targeting for treatment of the diseases
disclosed herein. For example, anti-Fas antibody (preferably a neutralizing antibody) may be combined (covalently or
non-covalently) with any other siRNA.
[0270] The compounds of the present invention can be delivered for example as double stranded compounds, as
double stranded hairpin compounds or as tandem compounds. It is also envisaged that a long oligonucleotide (typically
25-500 nucleotides in length) comprising one or more stem and loop structures, where stem regions comprise the
sequences of the oligonucleotides of the invention, may be delivered in a carrier, preferably a pharmaceutically acceptable
carrier, and may be processed intracellularly by endogenous cellular complexes (e.g. by DROSHA and DICER as
described above) to produce one or more smaller double stranded oligonucleotides (siRNAs) which are oligonucleotides
of the invention. This oligonucleotide can be termed a tandem shRNA construct. It is envisaged that this long oligonu-
cleotide is a single stranded oligonucleotide comprising one or more stem and loop structures, wherein each stem region
comprises a sense and corresponding antisense siRNA sequence of the genes of the invention. In particular, it is
envisaged that this oligonucleotide comprises an antisense sequence (N)x relative to the mRNA transcribed from a
mammalian gene selected from the group set forth in Table 1. The target gene is selected from one or more of: TP53BP2
(ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain), HES1, HES5,
CDKN1B and ID3.
[0271] A number of PCT applications have recently been published that relate to the RNAi phenomenon. These include:
PCT publication WO 00/44895; PCT publication WO 00/49035; PCT publication WO 00/63364; PCT publication WO
01/36641; PCT publication WO 01/36646; PCT publication WO 99/32619; PCT publication WO 00/44914; PCT publication
WO 01/29058; and PCT publication WO 01/75164.
[0272] RNA interference (RNAi) is based on the ability of dsRNA species to enter a cytoplasmic protein complex,
where it is then targeted to the complementary cellular RNA and specifically degrade it. The RNA interference response
features an endonuclease complex containing an siRNA, commonly referred to as an RNA-induced silencing complex
(RISC), which mediates cleavage of single-stranded RNA having a sequence complementary to the antisense strand
of the siRNA duplex. Cleavage of the target RNA may take place in the middle of the region complementary to the
antisense strand of the siRNA duplex (Elbashir et al., Genes Dev., 2001, 15(2):188-200). In more detail, longer dsRNAs
are digested into short (17-29 bp) dsRNA fragments (also referred to as short inhibitory RNAs, "siRNAs") by type III
RNAses (DICER, DROSHA, etc.; Bernstein et al., Nature, 2001, 409(6818):363-6; Lee et al., Nature, 2003,
425(6956):415-9). The RISC protein complex recognizes these fragments and complementary mRNA. The whole process
is culminated by endonuclease cleavage of target mRNA (McManus & Sharp, Nature Rev Genet, 2002, 3(10):737-47;
Paddison & Hannon, Curr Opin Mol Ther. 2003, 5(3):217-24). (For additional information on these terms and proposed
mechanisms, see for example Bernstein et al., RNA 2001, 7(11):1509-21; Nishikura, Cell 2001, 107(4):415-8 and PCT
publication WO 01/36646).
[0273] Several groups have described the development of DNA-based vectors capable of generating siRNA within
cells. The method generally involves transcription of short hairpin RNAs that are efficiently processed to form siRNAs
within cells (Paddison et al. PNAS USA 2002, 99:1443-1448; Paddison et al. Genes & Dev 2002, 16:948-958; Sui et al.
PNAS USA 2002, 8:5515-5520; and Brummelkamp et al. Science 2002, 296:550-553). These reports describe methods
to of generate generating siRNAs capable of specifically targeting numerous endogenously and exogenously expressed
genes.
[0274] 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 rather than of limitation.
[0275] Obviously, 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. The present invention is illustrated in detail below with reference to examples, but is not
to be construed as being limited thereto.
[0276] 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 to the correctness of such a statement.

EXAMPLES

[0277] 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 preferred specific embodiments are, therefore, to be construed
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as merely illustrative, and not limitative of the claimed invention in any way.

Material and Methods: General

[0278] Standard molecular biology protocols known in the art not specifically 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 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. Polymerase chain reaction (PCR) was carried
out generally as in PCR Protocols: A Guide To Methods And Applications, Academic Press, San Diego, CA (1990). In
situ (In cell) PCR in combination with Flow Cytometry can be used for detection of cells containing specific DNA and
mRNA sequences (Testoni et al., Blood 1996, 87:3822.) Methods of performing RT-PCR are also well known in the art.
Cell culture:

HeLa cells (American Type Culture Collection) were cultured as described in Czauderna, et al. (NAR, 2003.
31:670-82). Human keratinocytes were cultured at 37°C in Dulbecco’s modified Eagle medium (DMEM) containing
10% FCS. The mouse cell line, B16V (American Type Culture Collection), was cultured at 37°C in Dulbecco’s
modified Eagle medium (DMEM) containing 10% FCS. Culture conditions were as described in (Methods Find Exp
Clin Pharmacol. 1997 May; 19(4):231-9).:

[0279] In each case, the cells were subject to the experiments as described herein at a density of about 50,000 cells
per well and the double-stranded nucleic acid according to the present invention was added at 20 nM, whereby the
double-stranded nucleic acid was complexed using 1 mg/ml of a proprietary lipid as described below.

Induction of hypoxia-like conditions:

[0280] Where required, cells were treated with CoCl2 for inducing a hypoxia-like condition as follows: siRNA transfec-
tions were carried out in 10-cm plates (30-50% confluency) as described by Czauderna et al., 2003; Kretschmer et al.,
2003. Briefly, siRNA were transfected by adding a preformed 10x concentrated complex of GB and lipid in serum-free
medium to cells in complete medium. The total transfection volume was 10 ml. The final lipid concentration was 1.0
mg/ml; the final siRNA concentration was 20 nM unless otherwise stated. Induction of the hypoxic responses was carried
out by adding CoCl2 (100mM) directly to the tissue culture medium 24 h before lysis.

Preparation of cell extracts and immuno blotting

[0281] The preparation of cell extracts and immuno blot analysis were carried out essentially as described (Klippel et
al. Mol Cell Biol, 1998. 18:5699-711; Klippel, A., et al., Mol Cell Biol, 1996. 16:4117-27).

Example 1: in vitro testing of siRNA compounds

[0282] About 1.5-2x105 tested cells (HeLa cells and/or 293T cells for siRNA targeting human genes and NRK52 cells
and/or NMUMG cells for siRNA targeting the rat/mouse gene) were seeded per well in a 6 well plate (70-80% confluent).
[0283] 24 hours later, cells were transfected with siRNA compounds using the Lipofectamine™ 2000 reagent (Invit-
rogen) at final concentrations of 5nM or 20nM. The cells were incubated at 37°C in a CO2 incubator for 72 hours.
[0284] As positive control for transfection PTEN-Cy3 labeled siRNA compounds were used. An additional positive
control used was a blunt-ended 19-mer siRNA, i.e. x=y=19 wherein Z and Z’ are both absent. This siRNA was non-
phosphorylated and had alternating ribonucleotides modified at the 2’ position of the sugar residue in both the antisense
and the sense strands, wherein the moiety at the 2’ position is methoxy (2’OMe) and wherein the ribonucleotides at the
5’ and 3’ termini of the antisense strand are modified in their sugar residues, and the ribonucleotides at the 5’ and 3’
termini of the sense strand are unmodified in their sugar residues.
[0285] As negative control for siRNA activity GFP siRNA compounds were used.
[0286] At 72 hours after transfection the cells were harvested and RNA is extracted from the cells. Transfection
efficiency was tested by fluorescent microscopy.
[0287] The percent of inhibition of gene expression using specific preferred siRNA structures is determined using
qPCR analysis of a target gene in cells expressing the endogenous gene. In general, the siRNAs having specific se-
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quences that were selected for in vitro testing were specific for human and a second species such as rat or rabbit genes.
In some examples, similar results are obtained using siRNAs having these RNA sequences and modified as described
herein. The siRNA oligomers tested herein are selected from siRNA compounds comprising oligonucleotides in Fig. 4,
from Tables B of US Ser. No. 11/978,089, which are set forth as SEQ ID NOS:97-68654. The siRNA oligomers tested
herein are also disclosed in US Ser. Nos. or PCT application Nos. 11/207119, 11/811,112, 11/655636,
PCT/IL2008/000797, PCT/IL2008/000874, PCT/IL2009/000053, PCT/IL2009/000302.

Example 2: Middle/inner ear delivery routes of Cy3 labelled DDIT4 1 siRNA.

[0288] The objectives of the study were as follows: To establish procedures for topical, non-invasive delivery of a
therapeutic oligonucleotide to the middle/ inner ear.
[0289] To estimate the temporal pattern of distribution of siRNA DDIT4-Cy3 into cochlear structures, following instillation
of pharmaceutical compositions into right external auditory canal in rats (REAC).
[0290] The substance tested was Cy3-labeled siRNA against RTP801 (DDIT4_1-Cy3) (sense strand: GUGCCAAC-
CUGAUGCAGCU; antisense strand: AGCUGCAUCAGGUUGGCAC).
[0291] Description of the test material: double-stranded Cy3-labeled 19-mer siRNA, Cy3 is linked to the 3’ end of the
antisense strand via a dT nucleotide. Both sense and anti-sense strands harbor alternating 2’-OMe modifications on
every odd nucleotide of the anti-sense strand and on every even nucleotide of the sense strand. Under sterile conditions,
42.43mg of DDIT4_1-Cy3 powder (BioSpring) were dissolved in 2.1 ml of sterile double distilled water, to achieve clear
20 mg/ml (1.5mM) solution. The solution was stored at-80°C until use. Formulated (formulated compound) sterile 10mg/ml
Cy3DDIT4_1 in 20% sterile glycerol solution in pyrogen free water.
[0292] Control Article(s) (including positive/negative controls and vehicle)
[0293] Vehicle - 20% sterile glycerol solution in pyrogen free water.
[0294] Test system: Male rats, 10-14 weeks old, weighing 200-220gr
[0295] Experimental design: The study included 5 experimental groups as described in Table 2, below: Experimental
groups I-IV (treated with siRNA (DDIT4_1-Cy3) glycerol based eardrop/3 rats/time point) and group V (a; b and c)-3
rats/time point (20% glycerol treated control group). Rats were treated with a single siRNA (DDIT4_1-Cy3) glycerol
based or 20% glycerol only eardrop (warmed to 37°C; only one ear treated: a.d. = aurio dexrta= right ear (right external
auditory canal: REAC) / a.s. aurio sinister = left ear was used as non- treated control) as follows:

Groups I-IV: dose regime: 100 mg/10 ml/ear of 20% glycerol/time point, administration route: REAC 3 rats per time
point.

Group V (a-c): REAC 10ml 20% glycerol only treated control.

Preparation of test and control articles for administration: One (1) ml of 100% glycerol with 4 ml pyrogen free water,
were mixed by inversion for no less than 30 minutes.

Anesthesia: Rats were anesthetized with Equithesine 4ml/kg body weight.

Right external auditory canal (REAC) delivery: A 10ml sample volume (warm glycerol based eardrops, 37°C) was
slowly instilled into external REAC, using blunt pipette tip. This volume was delivered into each right ear (groups I-
IV according study design). During and after REAC instillations, rats were observed and returned to cage after
regaining consciousness.

Table 2: Study Design

Group SiRNA Type Dose mg/rat Volume (ml) Route Time point (Days) Group Size

I DDIT4_1-Cy3 100 mg 10.00 REAC 1 3

II DDIT4_1-Cy3 100 mg 10.00 REAC 3 3

III DDIT4_1-Cy3 100 mg 10.00 REAC 7 3

IV DDIT4_1-Cy3 100 mg 10.00 REAC 14 3

V (a, b, c) Glycerol 20% none 10.00 REAC 3; 7; 14 3x3
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Scheduled euthanasia: Rats from all groups were euthanized according to the study design (Table 2, Time points
termination).

Termination step: was accomplished by cardiac puncture and blood collection; collected serum/plasma was stored
(-20°C) for further siRNA blood detection analysis (back up). Tissue Collection: Rats were sacrificed. Left and right
temporal bones including cochlea were gently harvested from all animals; and bony cochlea were prepared and
proceed for cryosections as described below.

Tissue embedding protocol for cryosections

[0296] Perforated bony cochlea: the cochlear apical end of the cochlear capsule was placed in fixative: 4% PFA in
PBS pH 7.2-7.4 and incubated at room temperature 1.5 h with rotation on a rotator. The samples were washed 3x5 min
with PBS with rotation. The bony cochlea was decalcified in 10% EDTA / PBS pH 7.2-7.4 overnight or longer at 4°C with
rotation. Decalcification was determined by gently pressing on the bony cochlea with a forceps/syringe needles. If
decalcification required more time, the decalcification solution (fresh 10% EDTA in PBS) was changed.
[0297] For the infiltration step: stock solutions of 10% and 30% sucrose in PBS were prepared. The tissue was rinsed
2x5 min in PBS, pH 7.2-7.4, followed by washing 30 min in 10% sucrose, at room with rotation on the tissue rotator. The
tissue was washed 30 min in a 2:1 solution of 10:30% sucrose at of the room temperature with rotation, followed by a
30 min wash in a 1:1 solution of 10:30% sucrose at room temperature with rotation, then in a 1:2 solution of 10:30%
sucrose at room temperature with rotation for 30 min, and finally at 4°C in 30% sucrose with rotation, overnight.
[0298] The cochleae were transferred into tubes with degassed OCT (30 min in desiccator) and the vials maintained
at 4°C overnight with rotation.
[0299] The cochleae were placed in the OCT and oriented by aligning an imaginary plane through the modiolus parallel
with the bottom of the embedding mold, followed by placement in cryostat for cryosectioning.

Evaluation:

[0300] Delivery of siRNA was evaluated using fluorescent microscopy and digital imaging. A tissue fragments (cochlea)
will be considered positive (i.e., a successful Cy3 DDIT4_1 siRNA transfer incorporation occurred) only if histological
(microscopic) examination showed clear fluorescence signal within specific cochlear structures. Background DAPI stain-
ing was assisted in identification of cochlea tissue (anatomical or topographical) structure. Inner ear delivery was con-
sidered positive if histological examination showed consistency within the group (i.e. time points, time course etc).
[0301] Figure 1 shows the delivery of Cy3-labelled DDIT4 siRNA into the spiral ganglion (ganglion of Corti) in the
apical turn of the organ of Corti following application of ear drops containing Cy3-labelled siRNA formulated in 20%
glycerol. Upper panel is X40 magnification of phalloidin-labelled cells (left panel), bright field (BF, right panel) and the
merge thereof (middle panel, M). Bottom panel is X60 magnification of phalloidin-labelled cells (left panel), bright field
(BF, right panel) and the merge thereof (middle panel, M). Three days after eardrop application (100 ug in 10 ul of 20%
glycerol of Cy3-labeled DDIT4 siRNA) the rats were perfused with 4% PFA. Temporal bones were removed and the
bony cochleae were dissected. Whole mount Corti were prepared with Alexa488 labelled phalloidin which binds to actin
filaments. Delivery of siRNA was evaluated using confocal microscopy and digital imaging. A tissue fragment was
considered positive (i.e., a successful Cy3 DDIT4 siRNA transfer intracellular incorporation occurred) only where histo-
logical (microscopic) examination showed clear fluorescence signal within specific cells or structures.
[0302] Figure 2 shows the delivery of Cy3 labelled DDIT4 siRNA in three rows of outer hair cells, inner hair cells and
supporting cells in basic, second and apical turns of organ of Corti. The delivery of Cy3 labelled DDIT4 siRNA was
determined three days after eardrop application (100 ug in 10 ul of 20% glycerol of Cy3-labeled DDIT4 siRNA).
[0303] Figure 3 shows the delivery of Cy3 labelled DDIT4 siRNA into the rat auditory epithelium. Top panel is dissected
rat bony cochlea (perfused with 4% PFA). Bottom panel demonstrates the delivery of Cy3 labelled DDIT4 siRNA into
the basic, second and apical turns of the auditory epithelium.

Example 3: Examination of Inner Ear Non-invasive Delivery of Formulated Cy3-DDIT4_1 siRNA in Rats (for 
comparative purposes)

[0304] Description of the test material: double-stranded Cy3-labeled 19-mer DDIT4_1 siRNA, Cy3 is linked to the 3’
end of the antisense strand via an extra ’dT’ nucleotide. Both sense and anti-sense strands harbor alternating 2’OMe
sugar modified ribonucleotides on every odd nucleotide of the antisense strand and on every even nucleotide of the
sense strand.
[0305] Three different formulations were tested:
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Formulation 1: 100 mg of Cy3 DDIT4 siRNA in 10 ml of 30% glycerol.

Formulation 2: 100 mg of Cy3 DDIT4 siRNA in 10 ml of PBS.

Formulation 3: 100 mg of Cy3 DDIT4 siRNA in 10 ml of 20% mineral oil (v/v), 40% Propylene glycol (v/v) and 10%
Ethanol (v/v).

[0306] Right external auditory canal (REAC) delivery: A 10ml sample volume (warm formulated eardrops, 37°C) was
slowly instilled into external REAC, using blunt pipette tip. This volume was delivered into the right ear. During and after
REAC instillations, rats were kept on contralateral side for 40 minutes and returned to its cage following recovery.
[0307] Tissue Collection: Rats were decapitated. Both temporal bones were gently harvested from all animals and
postfixed for additional 1 hour in 10% neutral buffered formalin. Thereafter the bony cochlea was dissected, followed by
Alexa488-phalloidin immunostaining and whole mount organ of Corti preparation and contra stained with DAPI stain.
[0308] Delivery of siRNA was evaluated using fluorescence microscopy and digital imaging. Tissue fragments (organ
of Corti) were considered positive (i.e., a successful Cy3 DDIT4_1 siRNA delivery occurred) only if histological (micro-
scopic) examination showed clear fluorescent signal within specific cochlea’s structures. Background DAPI staining was
used for the identification of cochlea tissue structure. Inner ear delivery was considered positive if histological examination
had consistency within all turns of organ of Corti (basal, second and apical).
[0309] Results: Positive siRNA delivery into the inner ear cochlear structures was detected following application of
30% glycerol (Formulation 1) or 20% mineral oil (v/v), 40% Propylene glycol (v/v) and 10% Ethanol (v/v) (Formulation
3) using ear drops. All turns of organ of Corti and spiral ganglions were labeled at the amount of 100ug, however the
signal with the mineral oil formulation was weaker than the glycerol formulation.

Example 4:QM5 siRNA Treatment in ear drops Induced Knockdown of p53 Protein Expression Levels in the Rat 
Inner Ear After Cisplatin Administration (for comparative purposes)

[0310] The objective of this experiment was to evaluate the knockdown of Cisplatin induced p53 protein in the inner
ear (Cochlea) of rats that were treated with eardrops contain QM5 siRNA (rat siRNA targeting rat p53).
[0311] Experimental group I: was treated once with QM5 siRNA (sense strand: GAAGAAAAUUUCCGCAAAA; an-
tisense strand: UUUUGCGGAAAUUUUCUUC): at a dose of 100mg/ 30% Glycerol /10ml, delivered by the eardrops
(ErD), route: REAC; QM5 siRNA treatment was performed on day 1, prior to the 1st Cisplatin administration. The contra
lateral ear (Left), serves as untreated control. QM5 siRNA is designed as alternating ribonucleotides modified at the 2’
position of the sugar residue in both the antisense and the sense strands, wherein the moiety at the 2’ position is methoxy
(2’OMe sugar modified).

Experimental Group II: untreated normal control rats

[0312]

[0313] Measured Variables: Body weight, Serum Creatinine and P53 protein signal by ELISA.

P53 Protein signal

[0314] The Cisplatin control group (Sample 2) exhibited an increase of 49% in the level of P53 protein signal compared
to the Naive group (Sample 1). Namely, the rats receiving Cisplatin treatment showed increased p53 levels in cochlea
with respect naive rats. The QM5 siRNA treatment caused a reduction of p53 signal to 2.69, which is only 12% higher
compared to the Naive group.

Experiment Design:

Group 
No.:

Treatment QM5 siRNA 
100mg/10ml of 30% glycerol

Delivery route 
REAC (10ml)

Cisplatin I.P. dose 
regime (2mg/kg)

Termination 
time point 
(hrs)

Group 
size

I Day 1 ErD X5 72 19

II none none none N/A 12 
(6x2)
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Example 5: Inner Ear Delivery of Fluorescence Labelled siRNA with L-DNA structure in Rats (for comparative 
purposes)

[0315] Description of the test material: sterile 10mg/ml Cy3-AS-CASP2_4-Struc-L-DNA (alternating 2-O-methylation
in the antisense strand and L-DNA nucleotide in position 18 of the sense strand; Sense: GCCAGAAUGUGGAACUCCU
Antisense: AGGAGUUCCACAUUCUGGC) or DDIT4_1-Cy3.5 (alternating 2-O-methylation in the sense and antisense
strands) in 30% sterile glycerol solution in pyrogen free water. Cy3 is linked to the 3’ end of the antisense strand.
[0316] General: The study included 4 experimental groups as described in Table 4: Experimental groups I-IV (treated
by siRNA (DDIT4_1-Cy3.5 or Cy3-AS-CASP2_4-Struc-L-DNA) glycerol based eardrop). Rats were treated by Ear Drops
(ErD) with a single siRNA dose as follows:

Groups I-IV: dose regime: 100 mg/10ml/ear of 30% glycerol administration route: REAC (right external auditory
canal))/unilateral (Groups I and III) and REAC/LEAC (right/left external auditory canals)/bilateral (Groups II and IV).

[0317] Right external auditory canal (REAC/unilateral) delivery: A 10ml sample volume (warm glycerol based
eardrops, 37°C) was slowly instilled into REAC, using blunt pipette tip. This volume was delivered into each right ear
(groups I and III according study design). During and after REAC instillations, rats were kept on contra lateral recumbency
(left side) for 40 minutes and then returned to its cage after recovery.
[0318] Right and Left bilateral external auditory canal (REAC/LEAC/bilateral) delivery: A 10ml sample volume
(warm glycerol based eardrops, 37°C) was slowly instilled into external REAC, using blunt pipette tip. This volume was
delivered into each right ear (groups II and IV according study design). During and after REAC instillations, rats were
kept on contra lateral recumbency (left side) for 30 minuets, after that turned to the right side and a 10ml sample volume
(warm glycerol based eardrops, 37°C) was slowly instilled into LEAC, using blunt pipette tip and were kept for additional
30 minutes and returned to its cage after recovery.
[0319] Tissue Collection: Rats were decapitated. Left and right temporal bones including cochlea were collected and
post fixed in 4%PFA, whole mount Corti staining was performed.
[0320] EVALUATION: Delivery of siRNA was evaluated using light microscopy and digital imaging. Tissue fragments
(cochlea) were considered positive (i.e., a successful siRNA delivery) only if histological (microscopic) examination
showed clear fluorescence signal within specific cochlea’s structures. Background DAPI staining was used to assist in
identifying cochlea tissue structure.
[0321] Results: Positive siRNA delivery into the inner ear cochlear structures following application of the siRNA by
ear drops was observed with both siRNA molecules (Cy3.5 labelled DDIT4 with alternating structure, and Cy3 labelled
Casp2_4 with L-DNA structure). The siRNA which was delivered by unilateral application (right ear) was detected in all

Table 3: QM5 siRNA Treatment in eardrop Induced Knockdown of p53 Protein Expression Levels in the Rat Inner 
Ear After Cisplatin Administration

Sample Sample Description P53 protein level

1 Naïve rat cochlea 346ug/well 2.40

2 Cisplatin only Left ear 346ug/well 3.58

3 Cisplatin plus QM5 siRNA Right ear 
346ug/well

2.69

Table 4: Study Design

Group SiRNA Type Dose 
mg/rat

Delivery 
Vol.(ml)

Route Termination 
(Days)

Group 
Size

I DDIT4_1-Cy3.5 100 mg 10.00 REAC/Unilateral 3 1

II DDIT4_1-Cy3.5 100 mg 10.00 REAC/LEAC/Bilateral 3 1

III Cy3-AS-CASP2_4-Struc-L-
DNA

100 mg 10.00 REAC/Unilateral 3 1

IV Cy3-AS-CASP2_4-Struc-L-
DNA

100 mg 10.00 REAC/LEAC/Bilateral 3 1
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turns of organ of Corti and spiral ganglions at the concentration of 100ug in 10ul 30% warm glycerol.

Example 6: The effect of glycerol concentration on siRNA delivery to rat inner ear tissues using ear drop for-
mulation as determined by siRNA quantitation.

[0322] 6-A: Rats were subjected to unilateral application of eardrops containing 200mg siRNA / 10ml of PBS, 5%, 10%,
20% or 30% Glycerol. The concentration of siRNA was 10mg/ml and the siRNA molecule tested was specific to
CASP2_mRNA (CASP_4 siRNA molecule having alternating 2’OMe sugar modified ribonucleotides in the antisense
strand and L-DNA nucleotide in position 18 of the sense strand; Sense sequence: GCCAGAAUGUGGAACUCCU An-
tisense sequence: AGGAGUUCCACAUUCUGGC). The cochlear tissue was dissected four hours following eardrops
application and the amount of siRNA in the tissue was determined quantitatively using qPCR. Table 5 below summarizes
the quantitative results obtained in this experiment.
[0323] These results revealed that the delivery of siRNA into the cochlea by eardrops was effective when the eardrop
formulation comprises between 5-20% glycerol as a carrier. The delivery of siRNA into the cochlea by eardrops was
most effective when the eardrop formulation comprises 10% glycerol as a carrier.

[0324] 6-B: The above experiment is carried out in the same format with the exception of treating the animals with
cisplatin. 10 experimental groups of (6 rats/group each) as follows: Groups are treated with a single siRNA administration:
at a dose of 100mg/ 10ml, PBS, 5%5, 10%, 20% 25% or 30% Glycerol delivered by eardrops (ErD), route: REAC; siRNA
treatment is performed on day 1 (study initiation), 24 hours prior to the 1st Cisplatin administration (at Cisplatin dose
regime: 4mg/kg daily; administration route: I.P.; injection volume: 1ml for 250g rat BW). Rats are subjected to 3 consecutive
i.p. injections of Cisplatin (stock concentration: 50mg/ml; LD50 I.P. dose 6.4mg/kg). Termination step is performed 24
hrs after the last Cisplatin administration on Day 5 after study initiation. Control Group is treated with a single Vehicle
ErD application 10ml in the same manner as test groups. One experimental group is untreated intact control. The
scheduled euthanasia is performed according to the study design. SiRNA to target genes TP53BP2 (ASPP2), BNIP3,
CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain), ID3, HES1, HES5, CDKN1B and ID3.

Example 7: chinchilla models of hearing loss

(i) Chinchilla model of carboplatin-induced or cisplatin-induced cochlea hair cell death

[0325] Chinchillas are pre-treated by direct administration of specific siRNA in 5%, 10%, 12.5%, 15%, 20%, 25% or
30% glycerol or other permeability enhancer to the left ear of each animal. Glycerol or other vehicle/agent (same final
concentrations) is administered to the right ear of each animal as placebo. Two days following the administration of the
specific siRNA compounds of the invention, the animals are treated with carboplatin (75 mg/kg i.p.) or cisplatin (intra-
peritoneal infusion of 13mg/kg over 30 minutes). After sacrifice of the chinchillas (two weeks post carboplatin treatment)
the % of dead cells of inner hair cells (IHC) and outer hair cells (OHC) is calculated in the left ear (siRNA treated) and
in the right ear (saline treated). It is calculated that the percent of dead cells of inner hair cells (IHC) and outer hair cells
(OHC) is lower in the left ear (siRNA treated) than in the right ear (vehicle control).

(ii) Chinchilla model of acoustic-induced cochlea hair cell death

[0326] The activity of specific siRNA in an acoustic trauma model is studied in chinchilla. The animals are exposed to
an octave band of noise centered at 4 kHz for 2.5h at 105 dB. The left ear of the noise-exposed chinchillas is pre-treated
(48 h before the acoustic trauma) with 30 mg of siRNA in ∼10 mL of glycerol; the right ear is pre-treated with vehicle
(10% glycerol). The compound action potential (CAP) is a convenient and reliable electrophysiological method for meas-

Table 5:

Treatment No of animals SiRNA quantity (fmol/1mg RNA) Std

200mg/10ml PBS, 3 29.09 21.20

200mg/10ml 5% Glycerol 2 92.17 27.72

200mg/10ml 10% Glycerol 3 161.21 16.26

200mg/10ml 20% Glycerol 2 93.78 6.52

200mg/10ml 30% Glycerol 3 39.21 22.83
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uring the neural activity transmitted from the cochlea. The CAP is recorded by placing an electrode near the base of the
cochlea in order to detect the local field potential that is generated when a sound stimulus, such as click or tone burst,
is abruptly turned on. The functional status of each ear is assessed 2.5 weeks after the acoustic trauma. Specifically,
the mean threshold of the compound action potential recorded from the round window is determined 2.5 weeks after
the acoustic trauma in order to determine if the thresholds in the siRNA-treated ear are lower (better) than the untreated
(vehicle control) ear. In addition, the amount of inner and outer hair cell loss is determined in the siRNA-treated and the
control ear.

Claims

1. An otic pharmaceutical composition formulated for topical application, comprising: (a) at least one oligonucleotide
compound which is directed against and inhibits the expression of a human target gene associated with an ear
disorder in the inner ear and/or in the middle ear, wherein the target gene is selected from the group consisting of
TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain),
HES1, HES5, CDKN1B and ID3; (b) 5% to about 25% (v/v) glycerol; and (c) at least one pharmaceutically acceptable
excipient or carrier, or mixtures thereof.

2. The otic pharmaceutical composition of claim 1, comprising glycerol at a final concentration of about 7% to about
15% (v/v) of the composition or at a final concentration of about 5% to about 20% (v/v) of the composition.

3. The otic pharmaceutical composition of claim 2, comprising glycerol at a final concentration of about 10% to about
20% (v/v) of the composition.

4. The otic pharmaceutical composition of claim 2, comprising glycerol at a final concentration of about 10% (v/v) of
the composition.

5. The otic pharmaceutical composition of any one of claims 1 to 4, wherein the oligonucleotide compound is selected
from the group consisting of an antisense, an unmodified siRNA, a chemically modified siRNA, a shRNA, a ribozyme
or a dsRNA compound.

6. The otic pharmaceutical composition of claim 5, wherein the oligonucleotide compound is an unmodified siRNA or
a chemically modified siRNA.

7. The otic pharmaceutical composition of claim 6, wherein the compound has structure set forth below:

wherein each of N and N’ is a ribonucleotide 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 Z and Z’ may be present or absent, but if present is independently 1 to 5 consecutive nucleotides
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;
wherein each of x and y is independently an integer between 18 and 40;
wherein the sequence of (N’)y is substantially complementary to the sequence of (N)x; and wherein (N)x com-
prises an antisense sequence substantially complementary to from about 18 to about 40 consecutive ribonu-
cleotides in an mRNA of a TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4,
HTRA2, CAPNS1 (Calpain), ID3, HES1, HES5, CDKN1B or ID3 gene.

8. The otic pharmaceutical composition of claim 1, comprising between 0.1 mg/ml to 100 mg/ml or between 1 mg/ml
to 50 mg/ml or between 5 mg/ml to 20 mg/ml of at least one oligonucleotide compound.

9. The otic pharmaceutical composition according to any of claims 1 to 8, wherein such composition is designed for
topical non-invasive administration, selected from instillation, deposition or spraying into the ear canal.

5’ (N)x-Z 3’ (antisense strand)
3’ Z’-(N’)y-z" 5’ (sense strand)
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10. The otic pharmaceutical composition according to claim 9, wherein the composition is formulated as a cream, a
foam, a paste, an ointment, an emulsion, a liquid solution, a gel, spray, a suspension, a microemulsion, microspheres,
microcapsules, nanospheres, nanoparticles, lipid vesicles, liposomes, polymeric vesicles, a patch, a biological insert,
preferably as an eardrop.

11. The otic pharmaceutical composition according to any of claims 1 to 10, for use in treatment of an ear disorder,
selected from ototoxin-induced hearing loss, acoustic induced hearing loss or age related hearing loss.

12. The otic pharmaceutical composition according to any of claims 1 to 10, for use in inducing ear hair cell regeneration
in a subject’s ear, wherein the ear hair cell is an outer hair cell and/or an inner hair cell.

Patentansprüche

1. Otische pharmazeutische Zusammensetzung, die zur topischen Anwendung formuliert ist, umfassend: (a) mindes-
tens eine Oligonukleotidverbindung, die gegen die Expression eines humanen Zielgens gerichtet ist und diese
hemmt, das mit einer Ohrerkrankung im Innenohr und/oder im Mittelohr verbunden ist, wobei das Zielgen ausgewählt
ist aus der Gruppe bestehend aus TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4,
HTRA2, CAPNS1 (Calpain), HES1, HES5, CDKN1B und ID3; (b) 5 % bis etwa 25 % (Vol./Vol.) Glycerin; und (c)
mindestens einem pharmazeutisch annehmbaren Exzipienten oder Träger oder Mischungen davon.

2. Otische pharmazeutische Zusammensetzung nach Anspruch 1, umfassend Glycerin in einer Endkonzentration von
etwa 7 % bis etwa 15 % (Vol./Vol.) der Zusammensetzung oder in einer Endkonzentration von etwa 5 % bis etwa
20% (Vol./Vol.) der Zusammensetzung.

3. Otische pharmazeutische Zusammensetzung nach Anspruch 2, umfassend Glycerin in einer Endkonzentration von
etwa 10 % bis etwa 20 % (Vol./Vol.) der Zusammensetzung.

4. Otische pharmazeutische Zusammensetzung nach Anspruch 2, umfassend Glycerin in einer Endkonzentration von
etwa 10 % (Vol./Vol.) der Zusammensetzung.

5. Otische pharmazeutische Zusammensetzung nach einem der Ansprüche 1 bis 4, wobei die Oligonukleotidverbin-
dung ausgewählt ist aus der Gruppe bestehend aus einer Antisense-, einer unmodifizierten siRNA-, einer chemisch
modifizierten siRNA-, einer shRNA-, einer Ribozym- oder einer dsRNA-Verbindung.

6. Otische pharmazeutische Zusammensetzung nach Anspruch 5, wobei die Oligonukleotidverbindung eine unmodi-
fizierte siRNA oder eine chemisch modifizierte siRNA ist.

7. Otische pharmazeutische Zusammensetzung nach Anspruch 6, wobei die Verbindung die unten angegebene Struk-
tur aufweist:

wobei jedes von N und N’ ein Ribonukleotid ist, das unmodifiziert oder modifiziert oder eine unkonventionelle
Gruppierung sein kann;
wobei jedes von (N)x und (N’)y ein Oligonukleotid ist, bei dem jedes aufeinanderfolgende N oder N’ durch eine
kovalente Bindung mit dem nächsten N oder N’ verbunden ist;
wobei Z und Z’ vorhanden oder nicht vorhanden sein können, wenn vorhanden jedoch unabhängig 1 bis 5
aufeinanderfolgende Nukleotide sind, die kovalent am 3’-Terminus des Strangs angebracht sind, in dem sie
vorhanden sind;
wobei z" vorhanden oder nicht vorhanden sein kann, wenn vorhanden jedoch eine Capping-Gruppierung ist,
die kovalent am 5’-Terminus von (N’)y angebracht ist;
wobei jedes von x und y unabhängig eine ganze Zahl zwischen 18 und 40 ist;
wobei die Sequenz von (N’)y im Wesentlichen komplementär mit der Sequenz von (N)x ist; und wobei (N)x eine
Antisensesequenz umfasst, die im Wesentlichen komplementär zu etwa 18 bis etwa 40 aufeinanderfolgenden
Ribonukleotiden in einer mRNA eines TP53BP2- (ASPP2), BNIP3-, CASP2-, NOX3-, HRK-, RAC1-, DDIT4-,

5’ (N)x - Z 3’ (Antisense-Strang)
3’ Z’-(N’)y -z" 5’ (Sense-Strang)
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DDIT4L-, NOX4-, HTRA2-, CAPNS1-(Calpain), ID3-, HES1-, HES5-, CDKN1B- oder ID3-Gens ist.

8. Otische pharmazeutische Zusammensetzung nach Anspruch 1, umfassend zwischen 0,1 mg/ml und 100 mg/ml
oder zwischen 1 mg/ml und 50 mg/ml oder zwischen 5 mg/ml und 20 mg/ml mindestens einer Oligonukleotidver-
bindung.

9. Otische pharmazeutische Zusammensetzung nach einem der Ansprüche 1 bis 8, wobei eine solche Zusammen-
setzung für eine topische nicht-invasive Verabreichung ausgewählt aus Instillation, Deposition oder Sprühen in den
Gehörgang, konzipiert ist.

10. Otische pharmazeutische Zusammensetzung nach Anspruch 9, wobei die Zusammensetzung als eine Creme, ein
Schaum, eine Paste, eine Salbe, eine Emulsion, eine flüssige Lösung, ein Gel, Spray, eine Suspension, eine Mi-
kroemulsion, Mikrokügelchen, Mikrokapseln, Nanosphären, Nanopartikel, Lipidvesikel, Liposome, polymere Vesikel,
ein Pflaster, ein biologischer Einsatz, vorzugsweise als Ohrentropfen, formuliert ist.

11. Otische pharmazeutische Zusammensetzung nach einem der Ansprüche 1 bis 10 zur Verwendung bei einer Be-
handlung einer Ohrerkrankung, ausgewählt aus Ototoxin-induziertem Hörverlust, Akustik-induziertem Hörverlust
oder Altersschwerhörigkeit.

12. Otische pharmazeutische Zusammensetzung nach einem der Ansprüche 1 bis 10 zur Verwendung bei der Indu-
zierung einer Ohrhaarzellregeneration in einem Ohr eines Subjekts, wobei die Ohrhaarzelle eine äußere Haarzelle
und/oder eine innere Haarzelle ist.

Revendications

1. Composition pharmaceutique otique formulée pour une application topique, comprenant : (a) au moins un composé
oligonucléotide qui cible et qui inhibe l’expression d’un gène humain cible associé à un trouble otique de l’oreille
interne et/ou de l’oreille moyenne, le gène cible étant choisi dans le groupe composé de TP53BP2 (ASPP2), BNIP3,
CASP2, NOX3, HRK, RAC1, DDIT4, DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain), HES1, HES5, CDKN1B et ID3 ;
(b) 5 % à environ 25 % (v/v) de glycérol ; et (c) au moins un excipient ou un support pharmaceutiquement acceptable,
ou des mélanges de ceux-ci.

2. Composition pharmaceutique otique de la revendication 1, comprenant le glycérol à une concentration finale d’en-
viron 7 % à environ 15 % (v/v) de la composition ou à une concentration finale d’environ 5 % à environ 20 % (v/v)
de la composition.

3. Composition pharmaceutique otique de la revendication 2, comprenant le glycérol à une concentration finale d’en-
viron 10 % à environ 20 % (v/v) de la composition.

4. Composition pharmaceutique otique de la revendication 2, comprenant le glycérol à une concentration finale d’en-
viron 10 % (v/v) de la composition.

5. Composition pharmaceutique otique de l’une quelconque des revendications 1 à 4, dans laquelle le composé oli-
gonucléotide est choisi dans le groupe composé d’un composé anti-sens, d’un siRNA non modifié, d’un siRNA
chimiquement modifié, d’un shRNA, d’un ribozyme ou d’un dsRNA.

6. Composition pharmaceutique otique de la revendication 5, dans laquelle le composé oligonucléotide est un siRNA
non modifié ou un siRNA chimiquement modifié.

7. Composition pharmaceutique otique de la revendication 6, dans laquelle le composé a la structure décrite ci-
dessous :

dans laquelle chaque N et N’ est un ribonucléotide qui peut être modifié ou non, ou une entité non

5’ (N)x-Z 3’ (brin anti-sens)
3’ Z’-(N’)y-z" 5’ (brin sens)
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conventionnelle ;
dans laquelle chacun de (N)x et (N’)y est un oligonucléotide dans lequel chaque N ou N’ est lié au prochain N
ou N’par une liaison covalente ;
dans laquelle Z et Z’ peuvent être présents ou absents, et s’ils sont présents, représentent indépendamment
1 à 5 nucléotides consécutifs liés de façon covalente à l’extrémité 3’ du brin dans lequel ils sont présents ;
dans laquelle z" peut être présent ou absent, mais s’il est présent, il représente un groupe de coiffage lié de
façon covalente à l’extrémité 5’ de (N’)y ;
dans laquelle chacun de x et y est indépendamment un entier entre 18 et 40 ;
dans laquelle la séquence de (N’)y est sensiblement complémentaire à la séquence de (N)x ; et dans laquelle
(N)x comprend une séquence anti-sens sensiblement complémentaire de environ 18 à environ 40 ribonucléo-
tides consécutifs dans un ARNm d’un gène TP53BP2 (ASPP2), BNIP3, CASP2, NOX3, HRK, RAC1, DDIT4,
DDIT4L, NOX4, HTRA2, CAPNS1 (Calpain), ID3, HES1, HES5, CDKN1B ou ID3.

8. Composition pharmaceutique otique de la revendication 1, comprenant entre 0,1 mg par ml à 100 mg par ml ou
environ 1 mg par ml à environ 50 mg par ml ou environ 5 mg par ml à environ 20 mg par ml d’au moins un composé
oligonucléotide.

9. Composition pharmaceutique otique selon l’une quelconque des revendications 1 à 8, dans laquelle une telle com-
position est conçue pour une administration topique non invasive, choisie parmi l’instillation, le dépôt ou la pulvéri-
sation dans le canal auriculaire.

10. Composition pharmaceutique otique selon la revendication 9, dans laquelle la composition est préparée sous forme
d’une crème, d’une mousse, d’une pâte, d’un onguent, d’une émulsion, d’une solution liquide, un gel, d’un pulvéri-
sateur, d’une suspension, d’une micro-émulsion, de microsphères, de microcapsules, de nanosphères, de nano-
particules, de vésicules lipidiques, de liposomes, de vésicules polymères, d’un timbre, d’un insert biologique, de
préférence sous forme de gouttes auriculaires.

11. Composition pharmaceutique otique selon l’une quelconque des revendications 1 à 10, pour une utilisation dans le
traitement d’un trouble auriculaire, choisi parmi une perte de la capacité auditive induite par l’ototoxine, une perte
de la capacité auditive induite par le son et une perte de la capacité auditive apparentée à l’âge.

12. Composition pharmaceutique otique selon l’une quelconque des revendications 1 à 10, pour une utilisation dans
l’induction de la régénération des cellules ciliées de l’oreille dans l’oreille d’un sujet, la cellule ciliée de l’oreille étant
une cellule ciliée externe et/ou une cellule ciliée interne.
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