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COMPOSITIONS AND METHODS OF TREATING USHER SYNDROME 111

RELATED APPLICATION

[0001] This application claims priority from U.S. Provisional Application
Nos. 62/076,114, filed November 6, 2014 and 62/158,846 filed May 8§, 2015, the subject

matter of which are incorporated herein by reference in their entirety.

TECHNICAL FIELD

[0002] This application relates to compositions and methods of treating a subject having
Usher syndrome III, and particularly relates to the use of a polynucleotide encoding Clarin-1

for the treatment of hearing and/or vision loss associated with Usher syndrome III.

BACKGROUND

[0003] Usher syndrome (USH) is the most common cause of sensory impairment wherein
deafness and blindness occur together. It is clinically subdivided into three types based on
the degree of deafness and the presence of vestibular dysfunction. USH type 1 (USH1) is the
most severe form and is characterized by profound congenital hearing loss and vestibular
dysfunction combined with pre-pubertal onset of retinitis pigmentosa (RP). In USH2,
hearing loss is milder, the onset of RP is after puberty and vestibular function is unaffected.
USH3 patients show progressive hearing loss and variable degrees of vestibular dysfunction.
At least 13 loci have been linked to the three types of Usher syndrome, including one locus
linked to USH3.

[0004] USH3 is caused by mutations in the clarin-1 (CLRNI) gene which encodes a four

transmembrane protein (CLRN1) closely related to tetraspanins. CLRNI yirex

and
CLRNI™¥ are the most common mutation among USH3 cases. CLRNI1 shares some of the
features common to tetraspanin proteins, including the predicted four transmembrane domain
topology, and very short intracellular loops. This protein may play a vital role in creating and
assembling membrane microdomains involved in adhesion strengthening and signaling.
However, the precise function of CLRNI1 in the inner ear is not known. There is no treatment

or cure for ear or eye disease in USHIII at this time.
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SUMMARY

[0005] This application relates to compositions and methods of treating a subject having
Usher syndrome III, and particularly relates to the use of a polynucleotide encoding Clarin-1
for the treatment of hearing and/or vision loss associated with Usher syndrome III (USH3).
[0006] In some embodiments, the composition can include an isolated polynucleotide
comprising a nucleic acid sequence that includes a cDNA coding sequence of a clarin-1 gene
and a 3’UTR nucleic acid that is derived from the 3’ UTR of the clarin-1 gene. The 3’UTR
nucleic acid can enhance expression of clarin-1 in a cell transfected with the polynucleotide
compared to a cell transfected with a similar polynucleotide devoid of the 3°’UTR nucleic
acid.

[0007] In some embodiments, the clarin-1 cDNA can include wild-type clarin-1 cDNA.
For example, the clarin-1 cDNA can have a sequence identity of SEQ ID NO: 3 or SEQ 1D
NO: 4. The nucleic acid sequence can further include the 5’-UTR of the clarin-1 gene or be
devoid of the 5’-UTR of the clarin-1 gene.

[0008] In other embodiments, the 3’ UTR nucleic acid can have at least about 70%, at
least about 80%, at least about 90%, at least about 95%, or at least about 99% sequence
identity to SEQ ID NO: 5 or SEQ ID NO: 6 and/or the 3°’UTR nucleic acid can include at
least about 100, at least about 500, at least about 1000, at least about 1500, or at least about
2000 consecutive nucleotides of SEQ ID NO: 5 or SEQ ID NO: 6.

[0009] In some embodiment, the isolated polynucleotide can include clarin-1 cDNA with
the associated 5’UTR and 3’UTR. For example, the isolated polynucleotide can include a
nucleic acid sequence having SEQ ID NO: 1 or SEQ 2.

[0010] In other embodiments, the polynucleotide can be included in a nucleic acid
construct or vector that can be used for transfecting cells, such as ocular cells or cells of the
inner ear. The transfected cells can express clarin-1 at amount effective to treat vision and/or
hearing loss in the subject associated with USH3. In some embodiments, the vector can be an
adeno-associated viral vector. Other embodiments relate to a method of treating vision
and/or hearing loss associated with USH3 in a subject in need thereof by administering to
ocular cells and/or cells of the inner ear of the subject a therapeutically effective amount of
vector that promotes expression of clarin-1 in the cells. The vector can include an isolated

polynucleotide comprising a nucleic acid sequence that includes a cDNA coding sequence of
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a clarin-1 gene and a 3’UTR nucleic acid that is derived from the 3’UTR of the clarin-1 gene.
The 3’ UTR nucleic acid can enhance expression of clarin-1 in the cells transfected with the
polynucleotide compared to a cell transfected with a similar polynucleotide devoid of the
3’UTR nucleic acid.

[0011] In some embodiments, the cells are cells of the inner ear and the vector is
administered at an amount effective to treat hearing loss in the subject. In other
embodiments, the cells are retinal cells and the vector is administered at an amount effective

to treat vision loss in the subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Figs. 1(A-D) illustrate: (A) Schematic diagram showing Atoh1-Clrnl and Atohl-
GFP transgene constructs. (B) Expression analysis of Clrnl and GIFFP mRNA from the
cochlea of KO-TgAC1 or WT mice at various time points. (C) GFP expression in the organ
of Corti at P1 and P11 from the Atoh1-GFP transgenic line. (D) ABR thresholds of wild-
type, KO and KO-TgAC1 mice from P22 to P70 at §, 16 and 32 kHz.

[0013] Figs. 2(A-D) illustrate FESEM images of P2 wild type, knockout and rescue organ
of Corti. The knockout shows some disturbance of the hair cell rows that is not visible in
either wild type or rescue. At P10, the knockout is again more disturbed than the rescue and
the wild type. Compared with the wild type, however, the knockout and rescue appear to
have longer inner pillar cell heads (IPC). At P21 and P36 the normal regularity of the organ
of Corti is evident in the rescue and wild type but not the knockout. Scale bars = 10 pm.
[0014] Figs. 3(A-D) illustrate: (A) AAV?2/8-GFP transduction in the KO-TgAC1 mice
organ of Corti. Representative specimens from mid-basal turn of the cochlea at P10 from 2
of the 5 mice injected with AAV2/8-GFP are shown here (middle and right panel). (B)
Representative ABR tracings to click stimulus from Clrnl+/+, KO-TgAC1 and AAV-KO-
TgAC1 (Clrn1-3' UTR). (C) Plots showing long term hearing preservation in KO-TgAC1
mice transfected with AAV2/8 Clrn1-3’UTR construct. (D) Plots showing hearing longevity,
as defined as the number of mice with ABR threshold levels within 20dB SPL of wild-type
levels at each time point, is measured for all mice injected with the AAV2/§ Clrn1-3’UTR
compared to the wild-type and the KO-TgAC1.
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[0015] Figs. 4(A-D) illustrate FESEM images of outer hair cells (OHC) of Organ of Corti
from P100 mice. The mice include (A) wild type control; (B) knockout (KO)-TgAC1; and
rescue (C) KO-TgAC1-AAV2-Clrn-UTR; and (D) resecue KO-TgAC1-AAVS-Clm1-UTR.
[0016] Figs. 5(A-C) illustrate: (A) A schematic of a transgene construct. The transgene
construct is composed of regulatory element Atohl enhancer fused to beta globin basal (GB)
promoter sequence. The Clrnl cDNA fused downstream of the regulatory elements is
composed 5’untranslated (UTR) sequence, coding sequence (isoform 2) and 3°’UTR
sequence. (B) The breeding scheme used to generate KO-TgAC1 mice. The expanded
symbol for the KO-TgAC1 mice is “TgAC1; Clrn1KO/KO”, marked by an asterisk in the 2
generation. (C) PCR-based genotyping to identify wild-type (2066 bp), knockout (782 bp)
and TgAC1 (1938 bp) allele of Clrnl. Lane #2 (*) shows genotype of 2 mice with the
desired genotype, TgAC1; Clrn1 KO/KO.

DETAILED DESCRIPTION

[0017] It should be understood that the present invention is not limited to particular
methods, reagents, compounds, compositions or biological systems, which can, of course,
vary. It should also to be understood that the terminology used herein is for the purpose of
describing particular aspects of the present invention only, and is not intended to be limiting.

Unless defined otherwise, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which the present
invention pertains. Although any methods and materials similar or equivalent to those
described herein can be used in the practice of the present invention, the preferred materials
and methods are described herein. In describing and claiming the present invention, the
following terminology will be used.

[0018] Methods involving conventional molecular biology techniques are described
herein. Such techniques are generally known in the art and are described in detail in
methodology treatises, such as Current Protocols in Molecular Biology, ed. Ausubel et al.,
Greene Publishing and Wiley-Interscience, New York, 1992 (with periodic updates). Unless
otherwise defined, all technical terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the present invention pertains.
Commonly understood definitions of molecular biology terms can be found in, for example,

Rieger et al., Glossary of Genetics: Classical and Molecular, 5th Edition, Springer-Verlag:
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New York, 1991, and Lewin, Genes V, Oxford University Press: New York, 1994. The
definitions provided herein are to facilitate understanding of certain terms used frequently
herein and are not meant to limit the scope of the present invention.

[0019] "AAV" is an abbreviation for adeno-associated virus, and may be used to refer to
the virus itself or derivatives thereof. The term covers all subtypes and both naturally
occurring and recombinant forms, except where required otherwise. The abbreviation
"rTAAV" refers to recombinant adeno-associated virus, also referred to as a recombinant AAV
vector (or "TAAV vector"). The term "AAV" includes AAV type 1 (AAV-1), AAV type 2
(AAV-2), AAV type 3 (AAV-3), AAV type 4 (AAV-4), AAV type 5 (AAV-5), AAV type 6
(AAV-6), AAV type 7 (AAV-T7), AAV type 8 (AAV-8), avian AAV, bovine AAV, canine
AAV, equine AAV, primate AAV, non-primate AAV, and ovine AAV. "Primate AAV"
refers to AAV that infect primates, "non-primate AAV" refers to AAYV that infect non-
primate mammals, "bovine AAV" refers to AAV that infect bovine mammals, etc.

[0020] The genomic sequences of various serotypes of AAV, as well as the sequences of
the native terminal repeats (TRs), Rep proteins, and capsid subunits are known in the art.
Such sequences may be found in the literature or in public databases such as GenBank. See,
e.g., GenBank Accession Numbers NC_gg2077 (AAV-1), AF063497 (AAV-1), NC_po1401
(AAV-2), AF043303 (AAV-2), NC_o01729 (AAV-3), NC_01820 (AAV-4), US9790 (AAV-4),
NC_ 06152 (AAV-5), AF513851 (AAV-T7), AF513852 (AAV-8), and NC_ooe261 (AAV-8); the
disclosures of which are incorporated by reference herein for teaching AAV nucleic acid and
amino acid sequences. See also, e.g., Srivistava et al. (1983) J. Virology 45:555; Chiorini et
al. (1998) J. Virology 71:6823; Chiorini et al. (1999) J. Virology 73:1309; Bantel-Schaal et
al. (1999) J. Virology 73:939; Xiao et al. (1999) J. Virology 73:3994; Muramatsu et al.
(1996) Virology 221:208; Shade et al. (1986) J. Virol. 58:921; Gao et al. (2002) Proc. Nat.
Acad. Sci. USA 99:11854; Moris et al. (2004) Virology 33:375-383; international patent
publications WO 00/28061, WO 99/61601, WO 98/11244; and U.S. Pat. No. 6,156,303.
[0021] A "TAAV vector" refers to an AAV vector comprising a polynucleotide sequence
not of AAV origin (i.e., a polynucleotide heterologous to AAV), typically a sequence of
interest for the genetic transformation of a cell. In general, the heterologous polynucleotide is
flanked by at least one, and generally by two, AAV inverted terminal repeat sequences

(ITRs). The term rAAV vector encompasses both rAAV vector particles and rAAV vector
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plasmids. A rAAYV vector may either be single-stranded (ssAAV) or self-complementary
(scAAYV).

[0022] An "AAYV virus" or "AAV viral particle" or "rAAV vector particle" refers to a
viral particle composed of at least one AAV capsid protein (typically by all of the capsid
proteins of a wild-type AAV) and an encapsidated polynucleotide rAAV vector. If the
particle comprises a heterologous polynucleotide (i.e., a polynucleotide other than a wild-type
AAYV genome, such as a transgene to be delivered to a mammalian cell), it is typically
referred to as a "TAAV vector particle” or simply a "rTAAV vector". Thus, production of
rAAYV particle necessarily includes production of rAAV vector; as such a vector is contained
within a rAAYV particle.

[0023] The term "construct” or “nucleic acid construct” refers to a recombinant
nucleotide sequence, generally a recombinant nucleic acid molecule or cDNA, that has been
generated for the purpose of the expression of a specific nucleotide sequence(s), or is to be
used in the construction of other recombinant nucleotide sequences.

[0024] The term “gene” refers to a nucleic acid comprising a nucleotide sequence that
encodes a polypeptide or a biologically active ribonucleic acid (RNA), such as a tRNA,
shRNA, miRNA, cDNA, etc. The nucleic acid can include regulatory elements

(e.g., expression control sequences, such as promoters, enhancers, an internal ribosome entry
site (IRES)) and/or introns. A “gene product” or “expression product” of a gene is an RNA
transcribed from the gene (e.g., pre- or post-processing) or a polypeptide encoded by an RNA
transcribed from the gene (e.g., pre- or post-modification).

[0025] The terms "gene of interest,” "nucleotide sequence of interest and "nucleic acid of
interest” refer to any nucleotide or nucleic acid sequence that encodes a protein or other
molecule that is desirable for expression in a host cell (e.g., for production of the protein or
other biological molecule (e.g., an RNA product) in the target cell). The nucleotide sequence
of interest is generally operatively linked to other sequences which are needed for its
expression, e.g., a promoter. Further, the sequence itself may be regulatory in nature and thus
of interest for expression of biologies in the target cell.

[0026] The term “gene therapy” refers to a treatment of a patient’s body or isolated
elements of a patient's body, for example isolated tissues/cells, by nucleic acids encoding a

peptide or protein. It typically may comprise at least one of the steps of a) administration of a

nucleic acid directly to the patient--by whatever administration route--or in vitro to isolated
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cells/tissues of the patient, which results in transfection of the patient's cells either in vivo, ex
vivo, or in vitro, b) transcription and/or translation of the introduced nucleic acid molecule;
and optionally ¢) re-administration of isolated, transfected cells to the patient, if the nucleic
acid has not been administered directly to the patient.

[0027] An "isolated" plasmid, nucleic acid, vector, virus, virion, host cell, or other
substance refers to a preparation of the substance devoid of at least some of the other
components that may also be present where the substance or a similar substance naturally
occurs or is initially prepared from. Thus, for example, an isolated substance may be
prepared by using a purification technique to enrich it from a source mixture. An isolated
plasmid, nucleic acid, vector, virus, host cell, or other substance is in some embodiments
purified, e.g., from about 80% to about 90% pure, at least about 90% pure, at least about 95%
pure, at least about 98% pure, or at least about 99%, or more, pure.

[0028] The terms “nucleic acid” and “nucleic acid molecule” refer to polynucleotides,
such as DNA or RNA. Nucleic acids can be single-stranded, partly or completely, double-
stranded, and in some cases partly or completely triple-stranded. Nucleic acids include
genomic DNA, cDNA, mRNA, etc. Nucleic acids can be purified from natural sources,
produced using recombinant expression systems and optionally purified, chemically
synthesized, e.g., iRNA, siRNAs, microRNAs, and ribonucleoproteins. Where appropriate,
e.g., in the case of chemically synthesized molecules, nucleic acids can comprise nucleoside
analogs such as analogs having chemically modified bases or sugars, backbone
modifications, etc. The term “nucleic acid sequence” as used herein can refer to the nucleic
acid material itself and is not restricted to the sequence information (i.e., the succession of
letters chosen among the five base letters A, G, C, T, or U) that biochemically characterizes a
specific nucleic acid, e.g., a DNA or RNA molecule. A nucleic acid sequence is presented in
the 5’ to 3’ direction unless otherwise indicated. The term “nucleic acid segment” is used
herein to refer to a nucleic acid sequence that is a portion of a longer nucleic acid sequence.
[0029] The terms “open reading frame” and “protein coding region” refer a sequence of
several nucleotide triplets which may be translated into a peptide or protein. An open reading
frame preferably contains a start codon, i.e., a combination of three subsequent nucleotides
coding usually for the amino acid methionine (ATG), at its 5'-end and a subsequent region
which usually exhibits a length which is a multiple of 3 nucleotides. An ORF is preferably
terminated by a stop-codon (e.g., TAA, TAG, TGA). Typically, this is the only stop-codon
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of the open reading frame. Thus, an open reading frame in the context of the present
invention is preferably a nucleotide sequence, consisting of a number of nucleotides that may
be divided by three, which starts with a start codon (e.g., ATG) and which preferably
terminates with a stop codon (e.g., TAA, TGA, or TAG). The open reading frame may be
isolated or it may be incorporated in a longer nucleic acid sequence, for example in a vector
or an mRNA.

[0030] The terms “operably linked” and “operably associated” refer to a functional
relationship between two nucleic acids, wherein the expression, activity, localization, etc., of
one of the sequences is controlled by, directed by, regulated by, modulated by, etc., the other
nucleic acid. The two nucleic acids are said to be operably linked or operably associated or
in operable association. “Operably linked” or “operably associated” can also refer to a
relationship between two polypeptides wherein the expression of one of the polypeptides is
controlled by, directed by, regulated by, modulated by, etc., the other polypeptide. Typically
a first nucleic acid sequence that is operably linked to a second nucleic acid sequence, or a
first polypeptide that is operatively linked to a second polypeptide, is covalently linked, either
directly or indirectly, to such a sequence, although any effective three-dimensional
association is acceptable. One of ordinary skill in the art will appreciate that multiple nucleic
acids, or multiple polypeptides, may be operably linked or associated with one another.
[0031] The term "plasmid" refers to a circular nucleic acid vector. Plasmids contain an
origin of replication that allows many copies of the plasmid to be produced in a bacterial or
eukaryotic cell (e.g., 293T producer cell) without integration of the plasmid into the host cell
DNA.

[0032] The term "promoter" as used herein refers to a recognition site of a DNA strand to
which the RNA polymerase binds. The promoter forms an initiation complex with RNA
polymerase to initiate and drive transcriptional activity. The complex can be modified by
activating sequences termed "enhancers" or inhibitory sequences termed "silencers".

[0033] The term "packaging" refers to the process of sequestering (or packaging) a viral
genome inside a protein capsid, whereby a virion particle is formed. This process is also
known as encapsidation. As used herein, the term "packaging signal" or "packaging
sequence" refers to sequences located within the viral genome which are required for

insertion of the viral RNA into the viral capsid or particle.
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[0034] The term “recombinant” refers to a nucleic acid sequence that comprises portions
that do not naturally occur together as part of a single sequence or that have been rearranged
relative to a naturally occurring sequence. A recombinant nucleic acid is created by a process
that involves the hand of man and/or is generated from a nucleic acid that was created by
hand of man (e.g., by one or more cycles of replication, amplification, transcription, etc.). A
recombinant virus or viral particle is one that comprises a recombinant nucleic acid. A
recombinant cell is one that comprises a recombinant nucleic acid.

[0035] The terms “regulatory sequence” and “regulatory element” refer to a nucleic acid
sequence that regulates one or more steps in the expression (particularly transcription, but in
some cases other events such as splicing or other processing) of nucleic acid sequence(s) with
which it is operatively linked. The terms include promoters, enhancers and other
transcriptional control elements that direct or enhance transcription of an operatively linked
nucleic acid. Regulatory sequences may direct constitutive expression (e.g., expression in
most or all cell types under typical physiological conditions in culture or in an organism), cell
type specific, lineage specific, or tissue specific expression, and/or regulatable (inducible or
repressible) expression.

[0036] The term "retinal cell” refers to any of the cell types that comprise the retina, such
as retinal ganglion cells, amacrine cells, horizontal cells, bipolar cells, and photoreceptor cells
including rods and cones, Muller glial cells, and retinal pigmented epithelium.

[0037] An "infectious" virus or viral particle is one that comprises a competently
assembled viral capsid and is capable of delivering a polynucleotide component into a cell for
which the viral species is tropic. The term does not necessarily imply any replication
capacity of the virus. Viral infectivity can be expressed as the ratio of infectious viral
particles to total viral particles. Methods of determining the ratio of infectious viral particle
to total viral particle are known in the art.

[0038] The term "transfection"” refers to the introduction of foreign DNA into eukaryotic
cells. Transfection may be accomplished by a variety of means known in the art including
but not limited to calcium phosphate-DNA co-precipitation, DEAE-dextran-mediated
transfection, polybrene-mediated transfection, electroporation, microinjection, liposome

fusion, lipofection, protoplast fusion, viral infection, and biolistics.
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[0039] The term "transduction" refers to the delivery of a gene(s) using a viral vector by
means of viral infection. In some embodiments, vectors are transduced by packaging the
vectors into virions prior to contact with a cell.

[0040] The terms “vector”, “expression vector”, and “vector construct” refer to a nucleic
acid molecule capable of transferring or transporting another passenger DNA or RNA nucleic
acid molecule (i.e., a sequence or gene of interest) into a host cell. For instance, either a
DNA or RNA vector can be used to derive viral particles. Similarly, a cDNA copy can be
made of a viral RNA genome. Alternatively, a cDNA (or viral genomic DNA) moiety can be
transcribed in vitro to produce RNA. The transferred nucleic acid (i.e., a sequence or gene of
interest) is generally linked to, e.g., inserted into, the vector nucleic acid molecule. A vector
may include sequences that direct autonomous replication in a cell, or may include sequences
sufficient to allow integration into host cell DNA. The vector is not a wild-type strain of a
virus, in as much as it comprises human- made mutations or modifications. Thus, the vector
typically is derived from a wild-type viral strain by genetic manipulation (e.g., by addition,
deletion, mutation, insertion or other techniques known in the art), as further described
herein. Useful vectors include, for example, plasmids (typically DNA plasmids, but RNA
plasmids are also of use), phages, cosmids, and viral vectors.

[0041] The term “viral vector” refers to either a nucleic acid molecule (e.g., a plasmid)
that includes virus-derived nucleic acid elements that typically facilitate transfer of the
nucleic acid molecule or integration into the genome of a cell or to a viral particle that
mediates nucleic acid transfer. Viral particles will typically include various viral components
and sometimes also host cell components in addition to nucleic acid(s).

[0042] The terms “subject,” “patient,” “individual,” and “host” used interchangeably
herein, refer to a mammal, including, but not limited to, murines, felines, simians, humans,
mammalian farm animals, mammalian sport animals, and mammalian pets.

[0043] The terms "treatment," "treating," and the like, refer to obtaining a desired
pharmacologic and/or physiologic effect. The effect may be prophylactic in terms of
completely or partially preventing a disease or symptom thereof and/or may be therapeutic in
terms of a partial or complete cure for a disease and/or adverse effect attributable to the
disease. "Treatment," as used herein, covers any treatment of a disease in a mammal,
particularly in a human, and includes: (a) preventing the disease from occurring in a subject

which may be predisposed to the disease or at risk of acquiring the disease but has not yet
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been diagnosed as having it; (b) inhibiting the disease, i.e., arresting its development; and (c)
relieving the disease, i.e., causing regression of the disease.

[0044] The term 3'-untranslated region (3’ UTR) refers to a part of an mRNA or
corresponding cDNA, which is located 3’ of the protein coding region (i.e., the open reading
frame). A 3’UTR is not translated into an amino acid sequence. The 3’UTR sequence is
generally encoded by the gene which is transcribed into the respective mRNA during the
gene expression process. The genomic sequence is first transcribed into pre-mature mRNA,
which comprises optional introns. The pre-mature mRNA is then further processed into
mature mRNA in a maturation process. This maturation process comprises the steps of
S'capping, splicing the pre-mature mRNA to excise optional introns and modifications of the
3'-end, such as polyadenylation of the 3'-end of the pre-mature mRNA and optional endo- or
exonuclease cleavages etc. The 3'UTR sequence may be an RNA sequence, such as in the
mRNA sequence used for defining the 3'UTR sequence, or a DNA sequence which
corresponds to such RNA sequence. The term "a 3'UTR of a gene", such as "a 3'UTR of a
clarin-1 gene", is the sequence which corresponds to the 3'UTR of the mature mRNA derived
from this gene, i.e., the mRNA obtained by transcription of the gene and maturation of the
pre-mature mRNA. The term "3'UTR of a gene" encompasses the DNA sequence and the
RNA sequence of the 3'UTR.

[0045] The term 5'-UTR refers to a particular section of messenger RNA (mRNA) or
corresponding cDNA, which is located 5' of the open reading frame of the mRNA.
Typically, the 5'-UTR starts with the transcriptional start site and ends one nucleotide before
the start codon of the open reading frame. The 5-'UTR may comprise elements for
controlling gene expression, also called regulatory elements. The 5'-UTR may be
posttranscriptionally modified, for example by addition of a 5'-cap. The 5'UTR corresponds
to the sequence which extends from a nucleotide located 3' to the 5'-cap, preferably from the
nucleotide located immediately 3' to the 5'cap, to a nucleotide located 5' to the start codon of
the protein coding region. The nucleotide located immediately 3’ to the 5'cap of a mature
mRNA typically corresponds to the transcriptional start site. The 5'-UTR sequence may be
an RNA sequence, such as in the mRNA sequence used for defining the 5'-UTR sequence, or
a DNA sequence which corresponds to such RNA sequence. The term "a S'UTR of a gene",
such as "a 5’UTR of a clarin-1 gene", is the sequence which corresponds to the 5'-UTR of the

mature mRNA derived from this gene, i.e., the mRNA obtained by transcription of the gene
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and maturation of the pre-mature mRNA. The term "5-UTR of a gene" encompasses the
DNA sequence and the RNA sequence of the 5-UTR.

[0046] Embodiments described herein relate to compositions and methods of treating a
subject having Usher syndrome III (USH3), and particularly relates to the use of a nucleic
acid construct comprising a polynucleotide encoding clarin-1 for the treatment of hearing
and/or vision loss associated with USH3, including syndromic hearing and/or loss, where the
subject exhibits both hearing and vision loss, and non-syndromic hearing and/or vision loss,
where the subject exhibits only vision or hearing loss, but not both.

[0047] Usher's syndrome is characterized by deafness and a gradual vision loss. The
hearing loss is associated with a defective inner ear, whereas the vision loss is associated with
retinitis pigmentosa (RP). Usher's syndrome has three clinical subtypes, known as I, II and
II. People with Usher I are born profoundly deaf, and begin to lose their vision in the first
decade of life. They also exhibit balance difficulties and learn to walk slowly as children,
due to problems in their vestibular system. People with Usher II are not born deaf, but do
have hearing loss. They do not seem to have noticeable problems with balance; they also
begin to lose their vision later (in the second decade of life) and may preserve some vision
even into middle age. People with Usher syndrome III are not born deaf, but experience a
gradual loss of their hearing and vision; they may or may not have balance difficulties. The
hearing impairment associated with Usher syndrome is better understood and is known to be
due to defective sensory cells (aka hair cells) in the cochlea of the inner ear. Hair cells are
mechanosensory cells that convert sound vibration to electrical current. These currents are
sent to the brain via the auditory nerve, enabling hearing. Defective hair cells results in loss
of hearing.

[0048] It was found that a cDNA coding sequence of a clarin-1 gene and a 3°’UTR nucleic
acid that is derived from the 3’ UTR of the clarin-1 gene can be provided in a nucleic acid
construct, such as a viral vector. The nucleic acid construct can be administered to cells of
the inner ear organ to treat hearing loss associated with USH3 or to retinal cells of the eye to
treat vision loss associated with USH3. Clarin-1 cDNA without the associated 3’UTR when
provided in a nucleic acid construct however failed to treat the hearing loss. Accordingly,
compositions for treating hearing loss and/or vision associated with USH3 can include a
polynucleotide comprising a nucleic acid sequence that includes a cDNA or mRNA coding

sequence of a clarin-1 gene and a 3’UTR nucleic acid that is derived from the 3’UTR of the
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clarin-1 gene, as well as nucleic acid constructs that include the polynucleotide, and/or
vectors that include the polynucleotide. These compositions can be administered to ocular
cells (e.g., retinal cells) and/or cells of the inner ear to treat vision and/or hearing loss in a
subject in need thereof.

[0049] In some embodiments, the nucleic acid coding sequence of the clarin-1 gene can
be substantially homologous or have a sequence identity that is substantially identical to
native (or nonmutated) clarin-1 mRNA and/or cDNA (i.e., clarin-1 mRNA and/or cDNA not
possessing the clarin-1 mutation responsible for USH3) such that when the clarin-1 mRNA
and/or cDNA and 3’UTR nucleic acid that is derived from the 3’ UTR of the clarin-1 gene are
administered to the subject with USH3, vision and/or hearing loss is mitigated. By
substantially homologous, it is meant the clarin-1 mRNA and/or cDNA has an at least about
80%, about 90%, about 95%, about 96%, about 97%, about 98%, about 99% or about 100%
sequence identity with the nucleotide sequence of the native (or nonmutated) clarin-1 mRNA
and/or cDNA.

[0050] In some aspects, the isolated polynucleotide can include a cDNA coding sequence
of a clarin-1 gene having a sequence identity of wild-type clarin-1 cDNA. For example, the
clarin-1 cDNA can have a sequence identity of SEQ ID NO: 3, which corresponds to mouse
clarin-1 cDNA, or SEQ ID NO: 4, which corresponds to human clarin-1 cDNA.

[0051] In other aspects, the isolated polynucleotide can include fragments of clarin-1
cDNA that can be expressed in ocular cells or cells of the inner ear of a subject with USH3 at
an amount effective to treat vision and/or hearing loss associated with USH3.

[0052] The 3’UTR nucleic derived from the 3°UTR of a clarin-1 gene refers to a nucleic
acid sequence based on the 3’UTR sequence of a clarin-1 gene or on a fragment or part
thereof and that can enhance expression of clarin-1 in a cell transfected with a nucleic acid
construct, which includes the nucleic acid coding sequence of the clarin-1 gene, compared to
a cell transfected with a similar polynucleotide devoid of the 3’UTR nucleic acid. The
3’UTR nucleic can include sequences corresponding to the entire 3’ UTR sequence, i.e., the
full length 3°UTR sequence of a clarin-1 gene, and sequences corresponding to a fragment of
the 3’UTR sequence of a clarin-1 gene.

[0053] In some embodiments, the fragment of a 3’UTR of a clarin-1 gene consists of a
continuous stretch of nucleotides corresponding to a continuous stretch of nucleotides in the

full-length 3°’UTR of a clarin-1 gene, which represents at least about 70%, at least about 80%,
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at least about 90%, at least about 95%, or at least about 99% sequence identity of the full-
length 3°UTR of a clarin-1 gene. Por example, the 3’ UTR nucleic acid can have at least
about 70%, at least about 80%, at least about 90%, at least about 95%, or at least about 99%
sequence identity to SEQ ID NO: 5 or SEQ ID NO: 6. In other embodiments, the fragment of
a 3’UTR of a clarin-1 gene consists of a continuous stretch of nucleotides corresponding to a
continuous stretch of nucleotides in the full-length 3’ UTR of a clarin-1 gene, which
represents at least about 100, at least about 500, at least about 1000, at least about 1500, or at
least about 2000 consecutive nucleotides of the full-length 3’ UTR of a clarin-1 gene. For
example, the 3°’UTR nucleic acid can include at least about 100, at least about 500, at least
about 1000, at least about 1500, or at least about 2000 consecutive amino acids of SEQ ID
NO: 5 or SEQID NO: 6.

[0054] Such 3’UTR nucleic acids derived from the 3’UTR of the clarin-1 gene including
fragments thereof can enhance expression of clarin-1 in a cell transfected with a nucleic acid
construct, which includes the nucleic acid coding sequence of the clarin-1 gene by, for
example, stabilizing clarin-1 mRNA/cDNA, stabilizing and/or promoting clarin-1 cDNA
transcription, stabilizing and/or prolonging clarin-1 production from an mRNA and/or
increasing clarin-1 expression or total clarin-1 production from an mRNA/cDNA in a
mammalian cell, such as in a human cell. The 3’UTR nucleic acid can stabilize, increase
clarin-1 production, and/or prolong clarin-1 production from an mRNA/cDNA in a
mammalian cell, such as in a human cell, compared to an mRNA/cDNA comprising a
reference 3'UTR or lacking a 3'UTR.

[0055] The increased efficiency of the one or more functions exerted by the 3’ UTR
nucleic acid, such as mRNA/cDNA and/or clarin-1 production stabilizing efficiency and/or
the clarin-1 production increasing efficiency, can be at least about 40%, at least about 50%, at
least about 60%, at least about 70%, at least about 80%, at least about 90% compared to an
mRNA/cDNA comprising a reference 3'UTR or lacking a 3'UTR. The effect of increasing or
prolonging clarin-1 production may be determined by (i) measuring clarin-1 amounts,

e.g., obtained by expression of a clarin-1 conjugated to a reporter protein, over time. This
stabilizing and/or prolonging effect on clarin-1 production can be within a time span of 48 or
72 hours and is at least the amount of clarin-1 produced from a reference nucleic acid
molecule lacking a 3’UTR or comprising a reference 3'UTR. Thus, the clarin-1 level

observed at a certain time point after initiation of expression, e.g., after transfection, of the
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nucleic acid construct, for example, 48 or 72 hours post transfection, is preferably higher than
the clarin-1 level observed at the same time point after initiation of expression, e.g., after
transfection, of a reference nucleic acid molecule comprising a reference 3°’UTR or lacking a
3’UTR

[0056] In some embodiments, the polynucleotide may comprise more than one 3’UTR
nucleic acid as described above. For example, the polynucleotide may comprise one, two,
three, four or more 3’ UTR nucleic acids, wherein the individual 3°’UTR nucleic acids may be
the same or they may be different. For example, the polynucleotide may comprise two
essentially identical 3’UTR nucleic acids as described above, e.g., two 3’UTR nucleic acids
comprising or consisting of a nucleic acid sequence which is derived from the 3'UTR of a
clarin-1 gene or a fragment of the 3°’UTR of a clarin-1 gene.

[0057] The polynucleotide can further include the 5’-UTR of the clarin-1 gene or be
devoid of the 5’-UTR of the clarin-1 gene. The optional 5'-UTR of the clarin-1 gene can be
located 5' to the clarin-1 mRNA/cDNA within the polynucleotide or nucleic acid construct
describe herein. In some embodiments, the polynucleotide can include clarin-1 cDNA with
associated 5’- and 3°’UTRs. For example, the isolated polynucleotide can include a nucleic
acid sequence having SEQ ID NO: 1 or SEQ 2.

[0058] The polynucleotide can be administered to cells through gene therapy using, for
example, a nucleic acid construct. In general, there are two approaches to gene therapy in
humans. For in vivo gene therapy, a nucleic acid construct encoding the gene or
polynucleotide of interest can be administered directly to the patient. Alternatively, in ex vivo
gene therapy, cells are removed from the patient and treated with a nucleic acid construct to
express the gene of interest. In the ex vivo method of gene therapy, the treated cells are then
re-administered to the patient.

[0059] Numerous different methods for gene therapy are well known in the art. These
methods include, but are not limited to, the use of nucleic acid constructs provided in DNA
plasmid vectors as well as DNA and RNA viral vectors. These vectors are engineered to
express clarin-1 when integrated into patient cells.

[0060] Additionally, nucleic acid constructs for use in methods described herein may
have expression signals such as a strong promoter, a strong termination codon, adjustment of
the distance between the promoter and the cloned gene, and the insertion of a transcription

termination sequence.
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[0061] In certain aspects, the nucleic acid construct includes a nucleic acid substantially
homologous to clarin-1 cDNA and a 3’UTR nucleic acid that is derived from the 3’UTR of
the clarin-1 gene operably linked to a promoter to facilitate clarin-1 expression within an
ocular cell or cell of the inner ear. The promoter may be a strong, viral promoter that
functions in eukaryotic cells such as a promoter derived from cytomegalovirus (CMV),
simian virus 40 (SV40), mouse mammary tumor virus (MMTYV), Rous sarcoma virus (RSV),
or adenovirus. In certain aspects, the promoter is a constitutive CMV promoter.

[0062] Alternatively, the promoter used may be tissue-specific, cell type-specific
promoter, or a strong general eukaryotic promoter, such as the actin gene promoter. In
another aspect, the promoter is a regulated promoter, such as a tetracycline-regulated
promoter, expression from which can be regulated by exposure to an exogenous substance
(e.g., tetracycline).

[0063] The nucleic acid construct may also include sequences in addition to promoters,
which enhance expression in the target cells. For example, a nucleic acid substantially
homologous to clarin-1 cDNA with associated 3’UTRs can be operably linked to a
polyadenylation signal sequence. The polyadenylation signal sequence may be selected from
any of a variety of polyadenylation signal sequences known in the art. An exemplary
polyadenylation signal sequence is the SV40 early polyadenylation signal sequence. In
addition, the nucleic acid construct may also include one or more introns, where appropriate,
which can increase levels of expression of the clarin-1.

[0064] In some aspects, the nucleic acid construct may include a reporter gene to aid in
identification of cells containing and/or expressing the nucleic acid construct provided to the
cells. The reporter gene preferably can include a light emitting reporter gene, for example
one that encodes a protein that is fluorescent. Accordingly, a reporter gene for use herein can
be a green fluorescent protein (GIFP) and light emitting derivatives thereof. GIP is from the
jellyfish Aquorea victoria and is able to absorb blue light and re-emits an easily detectable
green light. GFP may be advantageously used as a reporter because its measurement is
simple and reagent free and the protein is non-toxic.

[0065] In other aspects, the nucleic acid construct may include a marker to aid in the
selection of cells containing the nucleic acid construct. Alternatively, the marker may be co-

transfected with the nucleic acid construct. Typically, selectable markers provide for
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resistance to antibiotics such as but not limited to tetracycline, ampicillin, hygromycin, and
neomycin or thymidine kinase.

[0066] Introduction of one or more of the nucleic acid construct(s) including clarin-1
c¢DNA and a 3’UTR nucleic acid that is derived from the 3’UTR of the clarin-1 gene can be
achieved using a variety of gene transfer protocols permitting transfection of the
polynucleotide or nucleic acid construct into the cells. Genetic change can be accomplished
either by incorporation of the new nucleic acid into the genome of the host cell, or by
transient or stable maintenance of the new DNA as an episomal element. A cell has been
"transfected" when the nucleic acid construct has been introduced inside the cell membrane
using any technology used to introduce nucleic acid molecules into cells.

[0067] A number of transfection techniques are well known in the art and are disclosed
herein. See, for example, Graham et al., Virology, 52: 456 (1973); Sambrook et al.,
Molecular Cloning, a laboratory Manual, Cold Spring Harbor Laboratories (New York,
1989); Davis et al., Basic Methods in Molecular Biology, Elsevier, 1986; and Chu et al.,
Gene, 13: 197 (1981). Such techniques can be used to introduce one or more nucleic acid
constructs described herein into the cells.

[0068] In some aspects, the nucleic acid construct can be introduced into cells of the eye
or inner ear using a viral vector. The precise vector and vector formulation used will depend
upon several factors, such as the size of the nucleic acid construct to be transferred and the
delivery protocol to be used. The nucleic acid construct can also be introduced as infectious
particles, e.g., DNA-ligand conjugates, calcium phosphate precipitates, and liposomes.
[0069] In general, viral vectors used are composed of a viral particle derived from a
naturally occurring virus, which has been genetically altered to render the virus replication-
defective and to deliver a recombinant gene of interest for expression in a target cell.
Numerous viral vectors are well known in the art, including, for example, retrovirus,
adenovirus, adeno-associated virus, herpes simplex virus (HSV), cytomegalovirus (CMV),
vaccinia and poliovirus vectors. The viral vector may be selected according to its preferential
infection of the cells targeted.

[0070] Where a replication-deficient virus is used as the viral vector, the production of
infectious virus particles containing either DNA or RNA corresponding to the nucleic acid
construct can be achieved by introducing the viral construct into a recombinant cell line,

which provides the missing components essential for viral replication. Transformation of the
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recombinant cell line with the recombinant viral vector will not result in production or
substantial production of replication-competent viruses, e.g., by homologous recombination
of the viral sequences of the recombinant cell line into the introduced viral vector. Methods
for production of replication-deficient viral particles containing a nucleic acid of interest are
well known in the art and are described in, for example, Rosenfeld et al., Science 252:431-
434, 1991 and Rosenfeld et al., Cell 68:143-155, 1992 (adenovirus); U.S. Pat. No. 5,139,941
(adeno-associated virus); U.S. Pat. No. 4,861,719 (retrovirus); and U.S. Pat. No. 5,356,806
(vaccinia virus).

[0071] In some embodiments, the vector can be an adenovirus vector that includes a
polynucleotide or nucleic acid construct comprising the clarin-1 cDNA with the associated
3’UTR. Adenoviruses are able to transfect a wide variety of cell types, including non-
dividing cells. Any one of more than 50 serotypes of adenoviruses that are known in the art,
including the most commonly used serotypes for gene therapy: type 2 and type 5 can be used
as the vector. In order to increase the efficacy of gene expression, and prevent the unintended
spread of the virus, genetic modifications of adenoviruses have included the deletion of the
E1 region, deletion of the F1 region along with deletion of either the E2 or E4 region, or
deletion of the entire adenovirus genome except the cis-acting inverted terminal repeats and a
packaging signal (Gardlik et al., Med Sci Monit. 11: RA110-121, 2005).

[0072] In other embodiments, the vector can be an adeno-associated virus (AAYV) vector
that includes a polynucleotide comprising the clarin-1 cDNA with the associated 3’ UTRs.
The AAYV vectors can achieve latent infection of a broad range of cell types, exhibiting the
desired characteristic of persistent expression of a therapeutic gene in a patient. Any
appropriate type of adeno-associated virus known in the art including, but not limited to
AAVI1, AAV2, AAV3, AAV4, AAVS, AAV6, AAV7, and AAVS can be used. Previous
experiments have shown that genetic modification of the AAV capsid protein can be
achieved to direct infection towards a particular tissue type (Lieber, Nature Biotechnology.
21: 1011-1013, 2003). Modified serotype-2 and -8 AAV vectors in which tyrosine residues
in the viral envelope have been substituted for alanine residues that cannot be phosphorylated
are also contemplated. In the case of tyrosine mutant serotype-2, tyrosine 444 is substitute
with alanine (t2 mut 444). In the case of serotype 8, tyrosine 733 is substituted with an

alanine reside (t8 mut 733).
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[0073] In some embodiments, AAV vectors can include those with a mutation of one or
more surface-exposed tyrosine residues on capsid proteins. These mutated vectors avoid
degradation by the proteasome, and significantly increase the transduction efficiency of these
vectors. Mutation of one or more of the tyrosine residues on the outer surface of the capsid
proteins including, for example, but not limited to, mutation of Tyr252 to Phe272 (Y252F),
Tyr272 to Phe272 (Y272F), Tyr444 to Phe444 (Y444F), Tyr500 to Phe500 (YS00F), Tyr700
to Phe700 (Y700F), Tyr704 to Phe704), Tyr730 to Phe730 (Y730F) and Tyr733 to Phe733
(Y733F) provides improved transduction efficiency of the AAV vectors when compared to
wild-type.

[0074] In other embodiments, the nucleic acid construct may be introduced into a cell
using a non-viral vector. "Non-viral vector" as used herein is meant to include naked DNA
(e.g., DNA not contained within a viral particle, and free of a carrier molecules such as
lipids), chemical formulations comprising naked nucleic acid (e.g., a formulation of DNA
(and/or RNA) and cationic compounds (e.g., dextran sulfate, cationic lipids)), and naked
nucleic acid mixed with an adjuvant, such as a viral particle (e.g., the DNA of interest is not
contained within the viral particle, but the formulation is composed of both naked DNA and
viral particles (e.g., adenovirus particles) (see, e.g., Curiel et al. 1992 Am. J. Respir. Cell
Mol. Biol. 6:247-52). Thus, "non-viral vector" can include vectors composed of nucleic acid
plus viral particles where the viral particles do not contain the nucleic acid construct within
the viral genome.

[0075] In some aspects, a liposome non-viral vector can be used to introduce the nucleic
acid construct into the cell. Liposomes for use in the method described herein can include a
mixture of lipids, which bind to the nucleic acid construct and facilitate delivery of the
construct into the cell. Examples of liposomes that can be used include DOPE (dioleyl
phosphatidyl ethanol amine), CUDMEDA (N-(5-cholestrum-3--ol 3-urethanyl)-N1,N1-
dimethylethylene diamine).

[0076] The vector used with some embodiments as described herein can be incorporated
into pharmaceutical compositions suitable for administration to a subject. In some particular
embodiments, the pharmaceutical composition comprises the vectors described herein and a
pharmaceutically acceptable carrier. As used herein, "pharmaceutically acceptable carrier"
includes any and all solvents, dispersion media, coatings, antibacterial and antifungal agents,

isotonic and absorption delaying agents, and the like that are physiologically compatible.
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Examples of pharmaceutically acceptable carriers include one or more of water, saline,
phosphate buffered saline, dextrose, glycerol, ethanol and the like, as well as combinations
thereof. In many cases, it can be preferable to include isotonic agents, for example, sugars,
polyalcohols such as mannitol, sorbitol, or sodium chloride in the composition.
Pharmaceutically acceptable carriers can further comprise minor amounts of auxiliary
substances, such as wetting or emulsifying agents, preservatives or buffers, which enhance
the shelf life or effectiveness of the vector or pharmaceutical composition.

[0077] The compositions described herein may be in a variety of forms. These include,
for example, liquid, semi-solid and solid dosage forms, such as liquid solutions

(e.g., injectable and infusible solutions), dispersions or suspensions, tablets, pills, powders,
liposomes and suppositories. The form used depends on the intended mode of administration
and therapeutic application. Typical compositions are in the form of injectable or infusible
solutions. The typical mode of administration is intratympanic (in the middle ear),
intracochlear, intravitreal, parenteral (e.g., intravenous, subcutaneous, intraperitoneal,
intramuscular, intrathecal). In one example, the vector can be delivered to a specific location
using stereostatic delivery, particularly through the tympanic membrane or mastoid into the
middle ear.

[0078] Therapeutic compositions typically must be sterile and stable under the conditions
of manufacture and storage. The composition can be formulated as a solution,
microemulsion, dispersion, liposome, or other ordered structure suitable to high drug
concentration. Sterile injectable solutions can be prepared by incorporating the vector in the
required amount in an appropriate solvent with one or a combination of ingredients
enumerated above, as required, followed by filtered sterilization.

[0079] Generally, dispersions are prepared by incorporating the vector into a sterile
vehicle that contains a basic dispersion medium and the required other ingredients from those
enumerated above. In the case of sterile lyophilized powders for the preparation of sterile
injectable solutions, the methods of preparation can include vacuum drying and spray-drying
that yields a powder of the active ingredient plus any additional desired ingredient from a
previously sterile-filtered solution thereof. The proper fluidity of a solution can be
maintained, for example, by the use of a coating, such as lecithin, by the maintenance of the

required particle size in the case of dispersion and by the use of surfactants. Prolonged
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absorption of injectable compositions can be achieved by including an agent in the
composition that delays absorption, for example, monostearate salts and gelatin.

[0080] The vectors described herein can be administered by a variety of methods known
in the art. As will be appreciated by the skilled artisan, the route and/or mode of
administration will vary depending upon the desired results. In certain embodiments, the
vector may be prepared with a carrier that will protect the vector against rapid release, such
as a controlled release formulation, including implants, and microencapsulated delivery
systems. Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Many
methods for the preparation of such formulations are generally known to those skilled in the
art.

[0081] The pharmaceutical compositions described herein can include a "therapeutically
effective amount” or a "prophylactically effective amount” of the vectors described herein. A
"therapeutically effective amount" refers to an amount effective, at dosages and for periods of
time necessary, to achieve the desired therapeutic result, in this case for both prophylaxis and
treatment of vision loss, hearing loss or impairment of balance without unacceptable toxicity
or undesirable side effects.

[0082] A therapeutically effective amount of the vector can vary according to factors
such as the disease state, age, sex, and weight of the individual, and the ability of the vector
to elicit a desired response in the individual. A therapeutically effective amount can also be
one in which any toxic or detrimental effects of the vector are outweighed by the
therapeutically beneficial effects. A "prophylactically effective amount" refers to an amount
effective, at dosages and for periods of time necessary, to achieve the desired prophylactic
result. Typically, since a prophylactic dose can be used in subjects prior to or at an earlier
stage of disease, the prophylactically effective amount can be less than the therapeutically
effective amount.

[0083] Dosage regimens can be adjusted to provide the optimum desired response (e.g., a
therapeutic or prophylactic response). For example, a single bolus can be administered,
several divided doses can be administered over time or the dose can be proportionally
reduced or increased as indicated by the exigencies of the therapeutic situation. It can be
especially advantageous to formulate parenteral compositions in dosage unit form for ease of

administration and uniformity of dosage. Dosage unit form as used herein refers to
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physically discrete units suited as unitary dosages for the mammalian subjects to be treated;
each unit containing a predetermined quantity of vector calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier. The specification
for the dosage unit forms can be dictated by and directly dependent on (a) the unique
characteristics of the vector and the particular therapeutic or prophylactic effect to be
achieved, and (b) the limitations inherent in the art of formulating such vector for treating or
preventing vision and/or hearing loss.

[0084] In some embodiments, a nucleic acid construct and/or vector comprising a nucleic
acid sequence that includes a cDNA coding sequence of a clarin-1 gene and a 3’-UTR nucleic
acid that is derived from the 3’-UTR of the clarin-1 gene can be administered to cells of the
inner ear organ to treat hearing loss in a subject with USH3. The inner ear organ can include
both the hearing and the vestibular organs (including the semicircular canals and the otolith
organs (utricle and saccule). These organs have hair cells, which include 1) hearing related
sensory cells and supporting cells, including outer hair cells; 2) sensory cells and supporting
cells and matrix and mechanical structures for sensing vestibular function (both rotation,
linear motion and gravity); and 3) associated neural structures and spiral ganglion cells.
[0085] It is known that in the auditory system, three major viral vectors have been
investigated for cochlear gene transfection: (1) lentivirus, (2) adenovirus and (3) Adeno-
associated virus (AAV). The gene transfected by adenovirus vector has limited expression
time and the vector has been associated with adverse immune reactions (Staecker, Brough,
Praetorius, & Baker, 2004). The lentivirus vector, although capable of maintaining long term
expression, is particularly suited for targeting neurons, but not hair cells (Federico, 1999).
Since the AAV vector has several advantages such as long lasting expression of synthesized
genes (Cooper et al, 2006), and low risk for pathogenic reactions (because they are artificially
manufactured and not ototoxic) (Kaplitt et al., 1994), it can be a preferred viral vector for
cochlear protection by gene therapy.

[0086] Cochlear gene transfection in animals has utilized several approaches for vector
delivery: (1) direct injection through round window membrane (RWM) into the perilymph,
(2) intracochlear infusion through cochleostomy, and (3) transfusion through an intact RWM
(Aarnisalo, Aarnisalo, Pietola, Wahlfors, & Jero, 2006). The third approach (transfusion

through intact RWM) is least invasive and most likely to be accepted in human application.
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[0087] In other embodiments, a nucleic acid construct and/or vector including a nucleic
acid sequence that includes a cDNA coding sequence of a clarin-1 gene and a 3’-UTR nucleic
acid that is derived from the 3’-UTR of the clarin-1 gene can be administered to ocular cells
to treat vision loss in subject with USH3. In some embodiments the ocular cell can be a
retinal cell. The retinal cell can be a photoreceptor, a retinal ganglion cell, a Muller cell, a
bipolar cell, an amacrine cell, a horizontal cell, or a retinal pigmented epithelial cell. In some
cases, the retinal cell is a photoreceptor cell, e.g., a rod or cone cell.

[0088] In some embodiments, a vector, such as AAV vector, which includes clarin-1
c¢DNA with associated 5’- and 3’UTRs, can be administered to the retinal cells via intraocular
injection, by intravitreal injection, subretinal injection or by any other convenient mode or
route of administration. Other convenient modes or routes of administration include,

e.g., intravenous, intranasal, etc.

[0089] In other embodiments, more than one administration (e.g., two, three, four or more
administrations) may be employed to achieve the desired level of gene expression over a
period of various intervals, e.g., daily, weekly, monthly, yearly, etc.

[0090] The compositions and methods of the application will now be described in greater

detail in the following non limiting Example.
EXAMPLE

[0091] This Example describes the development of a mouse model for progressive
hearing loss (PHL) associated USH3, cell types that require Cirnl for the development and
preservation of hearing in mice, the use of AAV-mediated gene therapy to mitigate hearing

loss in an USH3 mouse model, and the requirement of 3’ UTR of clarin-1 for gene therapy.
Mice

[0092] The transgenic mouse founder (TgAC1) was generated in the Case Transgenic and

Targeting Facility. The TgAC1 was bred with Clrn1¥9%°

mice to generate KO-TgAC1 mice.
All protocols described in this report were approved by the Institutional Animal Care and Use
Committee (IACUC) at Case Western Reserve University (CWRU) and at University of

California San Francisco (UCSF).
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Generation of Transgenic line KO-TeAC1

[0093] The aim was to generate Clrn1 homozygous knockout mice (Clrn1™) that
conditionally express wild-type Clrnl gene in hair cells from embryonic stages and down-
regulated postnatally. We generated a construct in which the Atohl enhancer (GenBank:
AF218258)- B-globin basal promoter (nt 86 to 133 from human B-globin gene;
(GenBank:KJ480748) was fused to cDNA representing a full length transcript of mouse
Clrnl, including 5' and 3' UTRs (GenBAnk:NM_153385.3). The Atohl enhancer element- B-
globin basal promoter construct was used previously to achieve hair cell specific expression
of target genes. Mice carrying Transgene Atohl-enhacer-Clarin-1 (TgAC1) are produced by
pronuclear microinjection of TgAC1 into wild-type male pronucleus of fertilized eggs from
wild-type C57BL/6J (http://ko.cwru.edu/services/transgenics.shtml). The injected transgene
integrates into the host genome by non-homologous recombination or random, non-targeted
insertion. The endogenous Clrnl is intact in the founder generation. Eleven TgAC1 founders
were obtained from the Case transgenic core facility. TgAC1 mice were bred with Clm1
mice homozygous for the knockout allele (Clrn1™) to generate TgAC1; Clm1+/KO mice (F1
generation). TgACl; Clrn1*" mice were bred to generate TgAC1; Clrn1KO/KO mice (12
generation). The TgACl; Clrnl” mice was designated ‘KO-TgAC1’. The genotype of KO-
TgAC1 and control sibling mice (carrying at least one wild-type allele of Clrnl) were
screened by PCR as described below. Mice from two of the eleven TgAC1 founders restored

hearing to Clrn1” mice.

Genotype identification

[0094] A PCR-based protocol was used to identify TgACT mice. Genomic DNA was
isolated as described previously. The primers used for genotyping were 5'-
CCCTCTCTCACACCCCATTA-3" (KA1109) (SEQ ID NO: 7) and 5'-
TGAGAACCGGAAAGGCCTTGC-3' (KA1085) (SEQ ID NO: 8). The expected size of the
PCR product is 1938 base pairs (bp).

mRNA expression analysis

[0095] The Clrn1 mRNA expression was detected/amplified using forward primer 5’
TTTACCGAAGCCTTTTCTCG 3’ (KA893) (SEQ ID NO: 9) and reverse primer 5’
GTGGCCAAAGGAAGTCCATA 3’ (KA1061) (SEQ ID NO: 10). The expected PCR
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products size are 828 bp and 648 bp for WT and KO alleles, respectively. The TgAC1
mRNA was detected/amplified using forward primer 5’ CGGCGCCATGGCATATGAGGCC
3" (KA1138) (SEQ ID NO: 11) to the Atoh1 enhancer element- B-globin basal promoter
cassette (upstream of Clrnl sequence) and the reverse primer 5’
GTGGCCAAAGGAAGTCCATA 3' (KA1061) (SEQ ID NO: 10) specific to the Clrnl 3’
UTR. The GFP mRNA expression was detected as a 709 bp band using forward primer 5’
CAAGGGCGAGGAGCTGTT 3’ (KA1203) (SEQ ID NO: 12) and reverse primer 5’
CTTGTACAGCTCGTCCATGC 3’ (KA1192) (SEQ ID NO: 13).

Auditory-evoked brainstem response (ABR)

[0096] ABRs reflect the electrical responses of both the cochlear ganglion neurons and
the nuclei of the central auditory pathway to sound stimulation and ABR thresholds refers to
the lowest sound pressure level (SPL) that can generate these electrical responses. To
evaluate hearing in KO-TgAC1 mice, ABR to pure tone frequencies, representing the low

(8 kHz), mid (16 kHz) and high (32 kHz) frequency range of the cochlea, were recorded.
Since Atohl-enhancer is known to drive expression uniformly in all hair cells in the organ of
Corti ABR from 3 characteristic frequencies along the tonotopic gradient of the cochlea
should be representative of cochlear function in the KO-TgAC1 mice. Pure tone ABRs were
recorded as previously described.

[0097] To determine the efficacy of gene therapy in the KO-TgAC1 mice following viral
vector delivery (described later), we used an approach that allows us to test function along
most of the cochlear turn. Following viral transfection of KO-TgAC]1 mice, hearing was
evaluated by recording ABRs to broadband click stimuli. Mice were anesthetized by an
intraperitoneal injection of ketamine hydrochloride and xylazine hydrochloride. After
placing subdermal needle electrodes at the scalp vertex, below the pinna of the left ear
(reference), and below the contralateral ear (ground), sounds were presented and ABRs were
recorded in free-field conditions as previously described in a sound-proofed chamber. ABR
thresholds were determined postoperatively at varying time points, as early as 4 weeks after
viral delivery. The lowest stimulus level that yielded a detectable ABR waveform was
defined as the threshold, verified both by visual inspection, with complementary computer

analysis also defining ABR hearing thresholds for click stimuli.
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Scanning electron microscopy

[0098] Inner ears were excised from the head, and fixed by intra-labyrinthine perfusion
with 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer containing 2 mM CaCl,. They
were immersed in the fixative for 2 h and then stored in 1/10th fixative diluted with buffer
until collected together for further preparation. The samples were then dissected in buffer
and immersed in 1% OsQO4 in sodium cacodylatre buffer for 1 h, washed thoroughly and
immersed in a saturated aqueous solution of sodium thiocarbohydrazide for 20 min, washed
thoroughly and then immersed in 1% OsQOy in sodium cacodylatre buffer for a further 2 h.
The thiocarbohydrazide-osmium steps were repeated and the samples then dehydrated in a
graded series of ethanols, up to 100% ethanol dried over molecular sieve. They were placed
in 100% dry ethanol in a critical point dryer, dried using liquid CO, as the transitional fluid,
and mounted on stubs for insertion into an S4500 cold-field emission scanning electron
microscope (FESEM) operated at 5 kV.

Preparation of recombinant AAV vectors

[0099] The Clrn1 cDNA with its 5" and 3' UTR sequences was 2978 base pairs in length,
and comprised a 5’'UTR (172 bp), the mouse clarin coding sequence (699 bp), and a large 3'
downstream UTR (2107 bp). A construct containing only the above 5'and 3' UTR sequences
and a unique Notl site between them was synthesized by GenScript (Piscataway, NJ). This
fragment contained flanking Xhol and BamHI restriction sites and was directionally cloned
into an AAV vector to generate a parent plasmid devoid of transgene. The Clrnl coding
sequence including 10 nucleotides 5' proximal to the ATG start-codon, or a control hGFP
cDNA were inserted via Notl in the above parent construct to generate “smCBA-
mClarin(KA)-UTR” and control “smCBA-mCL-UTR-GFP” plasmids, respectively.
Transgene expression (mouse clarin-1 or GFP) is driven by the ubiquitous, constitutive
smCBA (small chicken B-actin) promoter. The smCBA-mClarin(KA)-UTR and smCBA-
mCL-UTR-GFP constructs were separately packaged in the AAV?2 capsid serotype or the
AAVS8(Y733F) capsid tyrosine mutant. All vectors were produced, packaged, and purified
according to previously reported methods. Viral vector titers were determined by real-time
PCR. Resulting titers for AAV2- smCBA-mClarin(KA)-UTR and AAV&(Y733F) - smCBA-
mClarin(KA)-UTR were 8.60x10"* and 3.41x10" vector genomes per milliliter (vg/mL),
respectively. Resulting titers for AAV2- smCBA-mCL-UTR-GFP and AAVS (Y733F) -
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smCBA-mCL-UTR-GFP were 2.29x10" and 2.13x10" vg/mL, respectively. A self-
complementary AAV8 (Y733F) vector was also generated containing solely the mouse
clarin-1 coding sequence with a human influenza hemagglutinin (HA) tag to its 3’ termini
(smCBA-mClarin-HA). The resulting titer for the scAAV8(Y733F)- smCBA-mClarin-HA

vector was 1.23x10" vg/mlL.

Viral vector delivery

[00100] AAV 2 or 8 was delivered to the KO-TgAC1 mice cochlea. For gene therapy
experiments, mice were used at postnatal day 1-3 (P1-P3) for AAV2 or AAVS vector
delivery to the inner ear through the round window membrane and at P21 and older for
auditory testing and cochlea histology. Mice were anesthetized either by hypothermia
anesthesia (by placing them on ice for mice younger than P4), or by intraperitoneal injections
of ketamine (100 mg/kg) and xylazine (10 mg/kg) (for older mice). Depth of anesthesia was
continuously checked by deep tissue response to toe pinch. Body temperature was
maintained with a heating pad and monitored with a rectal probe throughout procedures.
Animals were closely monitored for signs of distress and abnormal weight loss
postoperatively. Mice of either sex were used. All procedures and animal handling complied
with NIH ethics guidelines and approved protocol requirements of the IACUC at the CWRU
and UCSF.

Surgical procedures

[00101] The procedure for viral micro-injection through the cochlear round window
membrane (RWM) was performed on the neonatal mouse. Mice were anesthetized as
previously described and a left post-auricular approach was used to expose the tympanic
bulla. Subcutaneous tissue dissection with small scissors exposed the post-auricular muscle.
After retracting the adipose tissue to the posterior side of the incision, the muscles were
separated to the right and left side, perpendicular to the incision, to exposing the otic bulla.
The glass micropipette was inserted into the RW through the soft otic bulla, avoiding the
stapedial artery. A fixed volume of the viral vector [(2 ul of AAV2-GFP (2.29 10t vgu/ml)
or AAVS-GFP (2.13 10*"vgu/ml) or AAV2-mclarin+3’UTR (8.6 10*'? vgu/ml) or AAVS-
melarin+ 3°UTR (3.4 10" vgu/ml) or AAV8-mclarin-HA (1.23 10" vgu/ml)] previously
drawn into the glass micropipette, was gently injected through RWM into the scala tympani
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over 1lmin. To allow the vector to spread throughout the cochlear duct, the glass micropipette
was left in place for abou 1min after the injection. Because the hole in the RW membrane
was extremely small, leakage of perilymph was found to be insignificant after removing the
micropipette. The incision was then sealed with connective tissue and mice were kept in an
isolated warm cage until they were fully recovered from anesthesia, and were then moved

back with the mother.

Whole mouse cochlear epithelium for GFP imaging

[00102] Cochlear epithelium was dissected from P1 or P11 Atoh1-GFP mice and kept in

cold PBS for whole mount imaging.

Cochlear whole mount immunofluorescence

[00103] Mice cochleae were perfused with 4% PFA in 0.1M PBS (pH 7.4) and incubated
in the fixative for 2hrs at 4°C. The cochleae were subsequently rinsed with PBS three times
for 10min and then decalcified with 5% EDTA in 0.1M PBS. The otic capsule, the lateral
wall, tectorial membrane, and Reissner’s membrane were removed in that order. The
remaining organ of Corti was further dissected for a surface preparation (microdissected into
individual turns), then pre-incubated for 1hr in the blocking buffer containing 0.25% Triton
X-100 and 5% normal goat serum. For GFP labeling, the whole mount was then incubated
with rabbit anti-GFP antibody (Invitrogen A11122) at 1:250. After an overnight incubation
at 4°C, the cochlea turns were rinsed twice for 10min with PBS and then incubated for 2hrs in

goat anti-rabbit IgG conjugated to Cy2(Jackson ImmunoResearch) diluted to 1:2000 in PBS.
Results

[00104] To develop a delayed onset progressive hearing loss model of USH3, we utilized a
conditional expression strategy. Briefly, transgenic mice were generated that express Clrnl
under the control of an Atohl enhancer, a hair cell-specific regulatory element, in the KO
background. The Afohl enhancer mediated expression is detectable in mouse cochlear hair
cells from embryonic stages to a week after birth. The transgene (TgAC1) consists of a wild-
type Clrnl cDNA sequence fused downstream of the Atohl enhancer and B-globin basal
promoter regulatory sequences (Iig. 1A). Previous studies on other eukaryotic genes show
that UTRs could play crucial roles in posttranscriptional regulation of gene expression by

modulating mRNA localization, stability, and translation. We hypothesized that 3" UTR
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sequence of Clrnl is a critical non-coding element of the gene and thus included that
sequence in the transgene rescue experiment.

[00105] Semi-quantitative RT-PCR analysis of mouse cochlear RNA showed that Clrnl
expression derived from TgAC1 is robust at P1 and down regulated postnatally. In contrast,
wild-type Clrnl expression remained stable over time (Fig. 1B). Since specific antibodies to
mouse CLLRNT1 are not available, a mouse harboring an AtohI-GI'P transgene (Iig. 1A)
served as a proxy to monitor conditional expression of the mRNA/protein under the control
of Atohl enhancer. Semi-quantitative RT-PCR analysis of mouse cochlear RNA showed that
GIFP mRNA expression was robust at P1 but down regulated after P10 (Fig. 1B), a pattern
that was mirrored in TgQAC1 RT-PCR. At the protein level, GFP expression was robust in
inner hair cells (IHCs) and outer hair cells (OHCs) from the apex to the base of the cochlea at
P1 and dramatically reduced by P11 (Fig. 1c). These data imply that TgAC1 derived CLRNI1
expression is restricted to hair cells in the cochlea and significantly down regulated after P10.
[00106] Mice homozygous for the KO allele (Clrnl KO/KO) and carrying the transgene
were generated and designated “KO-TgAC1” (Fig. 5). Hearing in the KO-TgAC1 mice
(n=10) along with C{rnI KO/KO (KO) (n=10) and control (wild-type, n=5) mice were
monitored from P22 to P70 using auditory evoked brainstem response (ABR) thresholds at 8,
16 and 32 kHz. The median ABR threshold in control mice was 30+5 dB SPL (Fig. 1D). At
P22, KO mice developed profound hearing loss while most of the KO-TgAC1 mice had ABR
thresholds closer to control mice at all frequencies tested. Over the next 40 days, the hearing
sensitivity in the KO-TgAC1 mice gradually decreased, reaching a state of profound hearing
loss by P70 (ABR threshold >85-90 dB SPL) (Fig. 1D). One-way ANOVA confirmed the
statistical significance of these results (P<0.0001). Thus: 1) hair cell-specific expression of
Clrnl is sufficient to develop hearing, 2) postnatal expression of Clrnl is necessary to
maintain hearing; and 3) the KO-TgAC1 mice have a variable and progressive hearing loss
similar to that reported in USH3 patients.

[00107] To investigate the mechanism associated with delayed onset progressive hearing
loss in the KO-TgAC1 mice, hair bundle morphology was evaluated using field emission
scanning electron microscopy (FESEM) of mid cochlear regions of wild type, KO and KO-
TgAC1 mice at P2, P10, P21 and P36. Atrelatively low magnification, disrupted hair cell
bundle was obvious in the KO mice compared to wild type at all ages examined (Iig. 2A).

The disarray was more prominent in OHCs than IHCs. Virtually all the OHC bundles
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appeared disturbed to some degree. In the KO-TgAC1 mice, the OHC and IHC bundles had
their morphology restored at all ages examined virtually to the wild type appearance

(Fig. 2A). Higher magnification examination primarily of the OHC bundles was also
undertaken. In contrast to the KO, the appearance of the OHC bundle morphology and shape
of the cuticular plate in KO-TgAC1 was comparable to WT from P2 to P36 (Fig. 2B).
However, hair cells from the KO-TgAC1 mice failed to maintain stereocilia with age. The
shortest row of stereocilia became depleted by P21 to a greater extent than age-matched
control (Fig. 2C). The IHC bundle morphology was similar in both the KO and the KO-
TgAC1 mice and showed loss of the shortest one to two rows of stereocilia with age. At P36,
loss of the shortest row of stereocilia in the IHC is apparent (Fig. 2B). After P30, bundle
structure deteriorated progressively over time in the KO-TgAC1 mice. By P100, only few
OHC and IHC bundles remained in the specimens studied and these were severely disrupted
(Fig. 2D). These studies show that the hair cell bundle phenotype in the KO-TgAC1 mice is
consistent with the delayed onset progressive hearing loss observed in this model and
demonstrate postnatal expression of Clrn! in hair cells is required to maintain hair bundle
structure and hearing in adult mice.

[00108] We next sought to determine whether a virally-mediated gene therapy approach
could prevent or further delay the onset of hearing loss in the KO-TgAC1 model. For these
studies, the wild-type Clrnl gene with or without the 2.5 kb 3’ UTR sequence (Fig. 6) was
delivered to the cochlea of KO-TgAC1 mice at P1-3 using adeno-associated virus (AAV) 2/8
through the round window membrane. Initially GFP expression was examined at P10 to
assess the extent of transfection. At this age, almost all IHCs were GFP positive, whereas a
mosaic pattern of GIP positive cells were observed in the three rows of OHCs.
Representative specimens from mid-basal turn of the cochlea from two of the five mice
inoculated with AAV2/8-GFP are shown in Fig. 3A. Consistent with the literature, AAV2/8
was much more effective at transfecting IHCs as compared to OHCs, though the precise
reason behind this variable transfection in hair cells remains unknown.

[00109] Subsequently, AAV2/8 containing Clrnl gene, with or without the 3’ UTR was
directly injected through the RWM of KO or KO-TgAC1 mice at P1-P3. Functional
preservation of hearing was measured using click-evoked ABRs from 4 to 41 weeks after
birth. The KO-TgAC1 mice transfected with AAV2/8 Clrnl-3’UTR construct showed

significant preservation of structure and function. For example, at P100, un-transfected KO-
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TgAC1 mice are deaf while KO-TgAC1 mice transfected with Clrni-3" UTR construct
showed ABR thresholds and wave forms (Fig. 3B) and hair bundle structures (Fig. 4)

comparable to Clrnl*"*

mice. Interestingly, peaks 2, 4 and 5 from the rescued KO-TgACl1
mice show greater amplitudes compared to Clrnl ** control (Fig. 3b). The reason for this
‘gain-of-function’ in the rescued KO-TgAC1 mice is not clear, but it is certainly distinguishes
wild type from rescued hearing associated with Clrnl. The preservation of the hair cell
bundle phenotype provides an anatomical correlate to the rescue of hearing in the transfected
KO-TgACT mice. The KO-TgAC]1 mice transfected with AAV2/8 Cirnl-3' UTR construct
(n=3) showed robust and sustained preservation of hearing through adult life compared to
KO-TgAC1 mice transfected with Clrnl without the 3" UTR (n=10) or untransfected KO-
TgAC1 mice (n=6) (Fig. 3C).

[00110] The 3’UTR of Cirnl can play a substantial role in posttranscriptional regulation of
gene expression, by modulating mRNA localization, stability, and/or translation. The mice
with the greatest hearing preservation (n=3) had ABR thresholds close to WT mice (40-50 dB
SPL in KO-TgAC1-3' UTR vs 35 dB SPL in W'T), with sustained levels for the length of the
experiment through 41 weeks (Fig. 3C). One potential reason why ABR thresholds in
transfected KO-TgAC1 mice did not reach WT ABR thresholds is likely due to the variable
transfection of OHCs. Nevertheless, this data demonstrates that virally-mediated gene
transfer can provide robust, long-term preservation of hearing in the delayed onset hearing
loss model of USH3.

[00111] In summary, virally-mediated gene delivery in a mouse model of USH3 can
effectively prevent the onset of deafness associated with a Clrn/ mutation and deliver robust,
long-term hearing preservation. These results demonstrate that clarin-1 is well suited as a
strategy to prevent deafness in USH3 individuals.

[00112] While this application has been particularly shown and described with references
to preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the scope of the
application encompassed by the appended claims. All patents, publications and references

cited in the foregoing specification are herein incorporated by reference in their entirety.
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Having described the invention, the following is claimed:

1. A polynucleotide comprising a nucleic acid sequence that includes a cDNA
coding sequence of a clarin-1 gene and a 3’UTR nucleic acid that is derived from the 3’UTR
of the clarin-1 gene, wherein the 3°’UTR nucleic acid enhances expression of clarin-1 in a cell
transfected with the polynucleotide compared to a cell transfected with a similar

polynucleotide devoid of the 3’UTR nucleic acid.

2. The polynucleotide of claim 1, the clarin-1 cDNA comprising wild-type
clarin-1 cDNA.

3. The polynucleotide of claim 1, the nucleic acid sequence further comprising

the 5°-UTR of the clarin-1 gene.

4. The polynucleotide of claim 1, the nucleic acid sequence being devoid of the

5’-UTR of the clarin-1 gene.

5. The polynucleotide of claim 1, the 3’UTR nucleic acid having at least about
70%, at least about 80%, at least about 90%, at least about 95%, or at least about 99%
sequence identity to SEQ ID NO: 5.

6. The polynucleotide of claim 1, the 3’UTR nucleic acid comprising at least
about 100, at least about 500, at least about 1000, at least about 1500, or at least about 2000
consecutive nucleotides of SEQ ID NO: 5.

7. The polynucleotide of claim 1, the 3’UTR nucleic acid comprising SEQ ID
NO: 5.

8. The polynucleotide of claim 1, the clarin-1 cDNA having a sequence identity
of SEQ ID NO: 3 or SEQ ID NO: 4.
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0. The polynucleotide of claim 1, comprising a nucleic acid sequence having a

sequence identity of SEQ ID NO: 1 or SEQ ID NO: 2.

10. A nucleic acid construct comprising a polynucleotide of any of claims 1 to 9.

11. A vector for transfecting a cell comprising a polynucleotide of any of claims 1

to 10, wherein the transfected cell expresses clarin-1.

12. The vector of claim 5, comprising an adeno-associated viral vector.

13. The vector of claim 1, the cell being an ocular cell or a cell of an inner ear
organ.

14. A pharmaceutical composition comprising the vector of claim 11.

15. A method of treating vision and/or hearing loss associated with Usher

syndrome III in a subject in need thereof, the method comprising:

administering to ocular cells and/or cells of the inner ear of the subject a
therapeutically effective amount of a vector that promotes expression of clarin-1 in the cells,
the vector comprising a nucleic acid sequence that includes a cDNA coding sequence of a
clarin-1 gene and a 3’UTR nucleic acid that is derived from the 3’UTR of the clarin-1 gene,
wherein the 3’UTR nucleic acid enhances expression of clarin-1 in a cell transfected with the
polynucleotide compared to a cell transfected with a similar polynucleotide devoid of the

3’UTR nucleic acid.

16. The method of claim 15, the clarin-1 cDNA comprising wild-type clarin-1
cDNA.

17. The method of claim 15, the nucleic acid sequence further comprising the 5°-

UTR of the clarin-1 gene.
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18. The method of claim 15, the nucleic acid sequence being devoid of the 5’-

UTR of the clarin-1 gene.

19. The method of claim 15, the 3’UTR nucleic acid having at least about 70%, at
least about 80%, at least about 90%, at least about 95%, or at least about 99% sequence
identity to SEQ ID NO: 5.

20. The method of claim 15, the 3’UTR nucleic acid comprising at least about
100, at least about 500, at least about 1000, at least about 1500, or at least about 2000
consecutive nucleotides of SEQ ID NO: 5.

21. The method of claim 15, the 3’UTR nucleic acid comprising SEQ ID NO: 5.

22. The method of claim 15, the clarin-1 cDNA having a sequence identity of
SEQ ID NO: 3 or SEQ ID NO: 4.

23. The method of claim 15, comprising a nucleic acid sequence having a

sequence identity of SEQ ID NO: 1 or SEQ ID NO: 2.

24. The method of claim 15, wherein the cells are cells of the inner ear and the

vector is administered at an amount to treat hearing loss in the subject.

25. The method of claim 15, wherein the cells are retinal cells and the vector is

administered at an amount to treat vision loss in the subject.
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Pgs. 2748-2760. entire document
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D Further documents are listed in the continuation of Box C.
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“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specitied)

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

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

the priority date claimed

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

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

“v” dacument of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. D Claims Nos.:

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

2. D Claims Nos.:

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

3. Claims Nos.: 11, 14
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

This International Searching Authority found multiple inventions in this international application, as follows:

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

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

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

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

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

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

I:I No protest accompanied the payment of additional search fees.
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Box No. 1 Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

carried out on the basis of a sequence listing:

a. forming part of the international application as filed:
m in the form of an Annex C/ST.25 text file.
|:| on paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13¢er.1(a) for the purposes of international search

only in the form of an Annex C/ST.25 text filc.

c. D furnished subsequent to the international filing date for the purposes of international search only:

[] in the form of an Annex C/ST.25 text file (Rule 13fer. 1(a)).

D on paper or in the form of an image file (Rule 13fer.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
SEQ ID NOs: 1-5 were searched.
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