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GENE THERAPY OF USH2A-ASSOCIATED DISEASES

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of priority to U.S. Provisional Patent Application
No. 63/322,083, filed March 21, 2022; and U.S. Provisional Patent Application No. 63/344,428,
filed May 20, 2022; the contents of which are hereby incorporated by reference herein in their

entireties.

REFERENCE TO SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing which has been submitted
electronically in XML format and is hereby incorporated by reference in its entirety. Said XML

copy, created on March 21, 2023, is named P1686 WO _Seq.xml and is 102,889 bytes in size.

FIELD OF DISCLOSURE

[0003] The present disclosure relates to compositions, methods, formulations for the therapeutic
administration of antisense recombinant polynucleotides capable of inducing skipping of an exon
in USH2A pre-mRNA, e.g., exon 13. The present disclosure further relates to methods of treating
USH2A related disorders, including USH2A-associated retinopathy and hearing loss.

BACKGROUND

[0004] Usher syndrome (USH) is an autosomal recessive inherited retinal dystrophy (IRD)
characterized by retinitis pigmentosa (RP), a progressive degeneration of the retinal photoreceptor
cells, and a sensorineural hearing defect. USH has an estimated global prevalence of between 4
and 17 cases per 100,000 individuals, and accounts for approximately 50% of all hereditary deat-
blindness cases and 3—6% of all childhood hearing loss (HL) cases (Whatley ez a/. (2020) Frontiers
in Genetics 11: 565216).

[0005] Usher syndrome is genetically and clinically heterogeneous with at least ten causative
genes. The proteins encoded by these genes form complexes that play critical roles in the
development and maintenance of cellular structures within the inner ear and retina, which have

minimal capacity for repair or regeneration (Whatley ef al. (2020)). There are three clinical
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subtypes of Usher Syndrome: Usher Type I (USH1), Usher Type 11 (USH2), and Usher Type II1
(USH3) that are distinguishable based upon the presence, severity, and progression of auditory,

visual, and vestibular symptoms, with Usher Type I being the severest form of the disease.

[0006] To date, over 1500 USH2A gene mutations distributed throughout the gene have been
identified, of which >700 mutations are pathogenic (see LOVD database at lovd.nl website). The
majority of these mutations are sporadic. Two recurrent mutations, ¢.2276G>T and ¢.2299delG,
are located 22 bp from each other in exon 13. These mutations are the two most prevalent USH2A
mutations and together they account for approximately one-third of the cases of USH2 and
autosomal recessive Retinitis Pigmentosa (arRP). A single base deletion and frameshift at position
2299 (¢.2299delG) in exon 13 creates a premature stop codon and subsequent nonsense mediated
decay (NMD) of the USH2A mRNA resulting in autosomal recessive non syndromic retinitis
pigmentosa (RP) and vestibular dysfunction (hearing loss). The disease typically initially
manifests itself during adolescence with symptoms of night blindness that progresses to a severe
constriction of the visual field (tunnel vision), decreased central visual acuity by the 4th or 5th
decade, and often blindness in old age. Hearing loss may present after birth into teenage years and

may be progressive.

[0007] Currently, no approved drug is available for the treatment of visual loss and deafness
associated with Usher Syndrome. Because of the size constraints required for AAV gene therapy,
gene replacement of the USH2A gene is not possible. Accordingly, there is an urgent, unmet

medical need for innovative gene therapies that treat this otherwise incurable disease.
SUMMARY

[0008] In a first aspect, a nucleic acid engineered to express a recombinant RNA molecule in a
cell containing at least a first and a second antisense ribonucleotide sequence capable of
hybridizing to a human USH2A pre-mRNA is disclosed, the recombinant RNA comprising a first
antisense ribonucleotide sequence having complementarity to a 3’ splice site region of USH2A
exon 13, and a second antisense ribonucleotide sequence with complementarity to a 5’ splice site
region of USH2A exon 13, wherein the second antisense ribonucleotide sequence comprises at
least 10 nucleotides of a ribonucleotide sequence of SEQ ID NO: 8, or a ribonucleotide sequence

having about 80%, 85%, 90%, or 95% sequence identity with the ribonucleotide sequence of SEQ
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ID NO: 8, wherein the nucleic acid encoding the recombinant RNA is operably linked to a

promoter.

[0009] In one aspect, the second antisense ribonucleotide sequence may comprise 11, 12, 13, 14,
15, 16, 17, 18, 19, or 20 nucleotides of a ribonucleotide sequence of SEQ ID NO: 8 or a
ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence identity with the

ribonucleotide sequence of SEQ ID NO: 8.

[0010] In one aspect, the second antisense ribonucleotide sequence may comprise 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, or 23 contiguous nucleotides of a ribonucleotide sequence of
SEQ ID NO: 8 or a ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence
identity with the ribonucleotide sequence of SEQ ID NO: 8.

[0011] In one aspect, the second antisense ribonucleotide sequence may comprise a ribonucleotide
sequence of SEQ NO: 65.

[0012] In one aspect, the second antisense ribonucleotide sequence may comprise a ribonucleotide

sequence of SEQ NO: 66.

[0013] In one aspect, the first antisense ribonucleotide sequence may comprise 22, 23, or 24
contiguous nucleotides of a ribonucleotide sequence of SEQ ID NO: 4 or a ribonucleotide
sequence having about 80%, 85%, 90%, or 95% sequence identity with the ribonucleotide
sequence of SEQ ID NO: 4.

[0014] In one aspect, the first antisense ribonucleotide sequence may comprise 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23 or 24 nucleotides of a ribonucleotide sequence of SEQ ID NO: 4
or a ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence identity with the

ribonucleotide sequence of SEQ ID NO: 4.

[0015] In one aspect, the first antisense ribonucleotide sequence may comprise 10, 11, 12, 13, 14,
15,16, 17,18, 19, 20, 21, 22, 23 or 24 contiguous nucleotides of a ribonucleotide sequence of SEQ
ID NO: 4 or a ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence identity
with the ribonucleotide sequence of SEQ ID NO: 4.

[0016] In one aspect, the first antisense ribonucleotide sequence may comprise a ribonucleotide

sequence of SEQ ID NO: 67.
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[0017] In one aspect, the first antisense ribonucleotide sequence may comprise a ribonucleotide

sequence of SEQ ID NO: 68.

[0018] In one aspect, the recombinant RNA molecule comprises in a 5’ to 3’ order: the first
antisense ribonucleotide sequence, the second antisense ribonucleotide sequence, a consensus

Sm-binding site (SmOpt) element, and a stem and loop sequence.

[0019] In one aspect, the first nucleotide of the first antisense ribonucleotide sequence corresponds

to the first nucleotide of the recombinant RNA.

[0020] In one aspect, the first nucleotide of the second antisense ribonucleotide sequence

corresponds to the first nucleotide of the recombinant RNA.

[0021] In one aspect, the recombinant RNA molecule has the ribonucleotide sequence of SEQ ID
NO: 64.

[0022] In one aspect, the SmOpt element of the recombinant RNA comprises a ribonucleotide

sequence of SEQ ID NO: 24.

[0023] In one aspect, the stem and loop sequence of the recombinant RNA comprises a

ribonucleotide sequence of SEQ ID NO: 27.

[0024] In one aspect, the stem and loop sequences are located at about 40-80 nucleotides from the

5’ end of the recombinant RNA.

[0025] In one aspect, the 3’ end of the stem is located about 1-10 nucleotides from the 3’ end of

the recombinant RNA.

[0026] In one aspect, the expressed recombinant RNA molecule associates with one or more small

nuclear ribonucleoproteins to form an snRNP complex.

[0027] In one aspect, the snRNP complex comprises spliceosomal proteins.
[0028] In one aspect, the snRNP complex comprises non-spliceosomal proteins
[0029] In one aspect, the snRNP complex is transported to a cell’s nucleus.
[0030] In one aspect, the recombinant RNA molecule is not chemically modified.
[0031] In one aspect, the recombinant RNA comprises a 5’ cap.

[0032] In one aspect, the recombinant RNA comprises a hypermethylated 5 cap.
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[0033] In one aspect, the 5’ end of the recombinant RNA 5 end comprises a 2,2,7-trimethyl
guanosine (m3G) 5’ cap or 7-methyl guanosine (m7G) 5’ cap.

[0034] In one aspect, the recombinant RNA’s first antisense ribonucleotide sequence and the

second antisense ribonucleotide sequence are arranged in tandem.

[0035] In one aspect, the recombinant RNA’s first antisense ribonucleotide sequence is upstream

of the second antisense ribonucleotide sequence.

[0036] In one aspect, the recombinant RNA’s first antisense ribonucleotide sequence and the

second antisense ribonucleotide sequence are separated by a spacer sequence.

[0037] In one aspect, the spacer sequence is 1, 2, 3,4, 5, 6,7, 8,9, 10, 11-20, 20-30, 30-40, 40-

50, 50-100 or more nucleotides in length.

[0038] In one aspect, the antisense sequences capable of hybridizing to the USH2A pre-mRNA
have a total length of 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59 or 60 nucleotides.

[0039] In one aspect, the antisense sequences capable of hybridizing to the USH2A pre-mRNA

can have a length of 47 nucleotides.

[0040] In another aspect, a nucleic acid engineered to express a recombinant RNA molecule in a
cell is disclosed, the recombinant RNA molecule containing at least a first and a second antisense
ribonucleotide sequence capable of hybridizing to an USH2A pre-mRNA, the first antisense
ribonucleotide sequence having complementarity to the 3’ splice site region of exon 13, wherein
the first antisense ribonucleotide sequence may comprise 22, 23 or 24 nucleotides of a
ribonucleotide sequence of SEQ ID NO: 4 or a ribonucleotide sequence having about 80%, 85%,
90%, or 95% sequence identity with the ribonucleotide sequence of SEQ ID NO: 4 and the second
antisense ribonucleotide sequence having complementarity to the 5’ splice site region of USH2A

exon 13, wherein the nucleic acid encoding the recombinant RNA is operably linked to a promoter.

[0041] In one aspect, the second antisense ribonucleotide sequence may comprise 11, 12, 13, 14,
15,16, 17,18, 19, 20, 21, 22, 23 or 24 nucleotides of a ribonucleotide sequence of SEQ ID NO: 8
or a ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence identity with the

ribonucleotide sequence of SEQ ID NO: 8,
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[0042] In one aspect, the second antisense ribonucleotide sequence may comprise 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23 or 24 contiguous nucleotides of a ribonucleotide sequence of
SEQ ID NO: 8 or a ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence
identity with the ribonucleotide sequence of SEQ ID NO: 8.

[0043] In one aspect, the second antisense ribonucleotide sequence may comprise the

ribonucleotide sequence of SEQ NO: 65.

[0044] In another aspect, the second antisense ribonucleotide sequence may comprise the

ribonucleotide sequence of SEQ NO: 66.

[0045] In another aspect, a nucleic acid engineered to express in a cell an RNA molecule
containing at least two antisense ribonucleotide sequences capable of hybridizing with 5’ and 3’
splice site regions of exon 13 of an USH2A pre-mRNA is disclosed, the RNA comprising a first
antisense ribonucleotide sequence having complementarity to a 3’ splice site region of exon 13,
wherein the first antisense ribonucleotide sequence comprises at least 10 nucleotides of a
ribonucleotide sequence of SEQ ID NO: 4 or a ribonucleotide sequence having about 80%, 85%,
90%, or 95% sequence identity with the ribonucleotide sequence of SEQ ID NO: 4, and a second
antisense ribonucleotide sequence with complementarity to the 5° splice site region of exon 13,
wherein the first antisense ribonucleotide sequence comprises at least 10 nucleotides of a
ribonucleotide sequence of SEQ ID NO: 8, and wherein the nucleic acid encoding the recombinant

RNA is operably linked to a promoter.

[0046] In one aspect, the second antisense ribonucleotide sequence may comprise 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23 or 24 nucleotides of a ribonucleotide sequence of SEQ ID NO: 8
or a ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence identity with the

ribonucleotide sequence of SEQ ID NO: 8,

[0047] In one aspect, the second antisense ribonucleotide sequence may comprise 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23 or 24 contiguous nucleotides of a ribonucleotide sequence of
SEQ ID NO: 8 or a ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence
identity with the ribonucleotide sequence of SEQ ID NO: 8.

[0048] In one aspect, the second antisense ribonucleotide sequence may comprise the

ribonucleotide sequence of SEQ NO: 65.
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[0049] In one aspect, the second antisense ribonucleotide sequence may comprise the

ribonucleotide sequence of SEQ NO: 66.

[0050] In another aspect, a nucleic acid engineered to express a recombinant RNA molecule in a
cell is disclosed, the RNA containing a ribonucleotide sequence comprising 25, 26, 27, 28, 29, 30,
31,32, 33,34, 36,37, 38, 39,40, 41, 42, 43, 44, 45 or 46 nucleotides of a ribonucleotide sequence
of SEQ ID NO: 25 or a ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence
identity with the ribonucleotide sequence of SEQ ID NO: 25, wherein the nucleic acid encoding

the recombinant RNA is operably linked to a promoter.

[0051] In one feature of any of the previous aspects, the recombinant RNA is a modified

recombinant U snRNA or dCas13d guide RNA.
[0052] In one aspect, the U snRNA can be a modified U7 snRNA or Ul snRNA.

[0053] In one feature of any of the previous aspects, the promoter is constitutive, cell-specific, or

inducible.

[0054] In another aspect, the cell-specific promoter comprises a photoreceptor cell-specific

promoter.

[0055] In another aspect, the constitutive promoter comprises a U snRNA promoter.

[0056] In one aspect, the constitutive promoter is a U7 snRNA promoter.

[0057] In one aspect, the constitutive promoter is a U1, U2, U4, US or U6 snRNA promoter.
[0058] In another aspect, the U7 snRNA promoter further comprises an enhancer element.

[0059] In another aspect, the U7 snRNA promoter further comprises a photoreceptor or cochlear

cell-specific enhancer element.

[0060] In one feature of any of the previous aspects, the nucleic acid is flanked by adeno-

associated virus (AAV) inverted terminal repeat sequences (ITRs).

[0061] In another aspect, a recombinant adeno-associated virus (AAV) is disclosed, comprising

any one of the aforementioned nucleic acids.
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[0062] In one aspect, the recombinant adeno-associated virus (AAV) comprises a capsid protein
of a serotype selected from: rh10, AAV1, AAV2, AAV2.7m8, AAV3, AAV4, AAVS, AAV6, AAV7,
AAVS, AAV9, AAV10, AAV11, AAV12, Anc80, AV2/1, 2/2, 2/6, 2/8, 2/9 and AAV2/Anc80L6.

[0063] In another aspect, a therapeutically effective amount of a recombinant RNA is disclosed,
comprising a first antisense ribonucleotide sequence capable of hybridizing with a 3’ splice site
region of exon 13 within an USH2A pre-mRNA, covalently linked to a second antisense
ribonucleotide sequence capable of hybridizing with a 5” splice site region of exon 13 within an
USH2A pre-mRNA, wherein the second antisense ribonucleotide sequence comprises at least 10
nucleotides of a ribonucleotide sequence of SEQ ID NO: 8 or a ribonucleotide sequence having
about 80%, 85%, 90%, or 95% sequence identity with the ribonucleotide sequence of SEQ ID NO:
8, the amount of recombinant RNA being effective at facilitating synergy between the covalently
linked first and second ribonucleotide antisense sequences to induce skipping of USH2A’s exon

13.

[0064] In one aspect, the second antisense ribonucleotide sequence may comprise 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23 or 24 nucleotides of a ribonucleotide sequence of SEQ ID NO: 8
or a ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence identity with the

ribonucleotide sequence of SEQ ID NO: 8.

[0065] In one aspect, the second antisense ribonucleotide sequence may comprise 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23 or 24 contiguous nucleotides of a ribonucleotide sequence of
SEQ 1D NO: 8 or a ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence
identity with the ribonucleotide sequence of SEQ ID NO: 8.

[0066] In one aspect, the second antisense ribonucleotide sequence may comprise the

ribonucleotide sequence of SEQ NO: 65.

[0067] In one aspect, the second antisense ribonucleotide sequence may comprise the

ribonucleotide sequence of SEQ NO: 66.

[0068] In one aspect, the first antisense ribonucleotide sequence may comprise 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, or 23 nucleotides of a ribonucleotide sequence of SEQ ID NO: 4 or
a ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence identity with the

ribonucleotide sequence of SEQ ID NO: 4.
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[0069] In one aspect, the first antisense ribonucleotide sequence may comprise 10, 11, 12, 13, 14,
15,16, 17,18, 19, 20, 21, 22, 23 or 24 contiguous nucleotides of a ribonucleotide sequence of SEQ
ID NO: 4 or a ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence identity
with the ribonucleotide sequence of SEQ ID NO: 4.

[0070] In one aspect, the first antisense ribonucleotide sequence may comprise 22, 23, or 24
contiguous nucleotides of a ribonucleotide sequence of SEQ ID NO: 4 or a ribonucleotide
sequence having about 80%, 85%, 90%, or 95% sequence identity with the ribonucleotide

sequence of SEQ ID NO: 4.

[0071] In one aspect, the first antisense ribonucleotide sequence may comprise the ribonucleotide

sequence of SEQ ID NO: 67.

[0072] In one aspect, the first antisense ribonucleotide sequence may comprise the ribonucleotide

sequence of SEQ ID NO: 68.

[0073] In one aspect, the first antisense ribonucleotide sequence comprises a 5’ cap.

[0074] In one aspect, the first antisense ribonucleotide sequence comprises a 2,2,7-trimethyl
guanosine (m3G) 5’ cap or 7-methyl guanosine (m7G) 5’ cap.

[0075] In one aspect, the second antisense ribonucleotide sequence comprises a 5’ cap.

[0076] In one aspect, the second antisense ribonucleotide sequence comprises a 2,2,7-trimethyl

guanosine (m3G) 5 cap or a 7-methyl guanosine (m7G) cap.

[0077] In one aspect of any of the aforementioned aspects, exon 13 comprises a pathogenic

mutation. In one aspect, the pathogenic mutation comprises ¢.2276G>T and/or ¢.2299delG.

[0078] In another aspect, a therapeutically effective amount of a RNA is disclosed containing a
ribonucleotide sequence having 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 36, 37, 38, 39, 40, 41, 42,
43, 44, 45 or 46 nucleotides of a ribonucleotide sequence of SEQ ID NO: 25 or a ribonucleotide
sequence having about 80%, 85%, 90%, or 95% sequence identity with the ribonucleotide
sequence of SEQ ID NO: 25, said amount of RNA being effective at inducing USH2A exon 13
skipping.

[0079] In one aspect, the ribonucleotide sequence of SEQ ID NO: 25 comprises a 5’ cap.
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[0080] In one aspect, the ribonucleotide sequence of SEQ ID NO: 25 comprises a 2,2, 7-trimethyl

guanosine (m3G) 5’ cap or a 7-methyl guanosine (m7G) 5’ cap.

[0081] In another aspect, a method for modulating the splicing of USH2A pre-mRNA in a cell is

disclosed comprising expressing the aforementioned recombinant RNAs in the cell.

[0082] In another aspect, a method for treating an USH2A associated retinopathy in a human
subject is disclosed comprising administering the aforementioned engineered nucleic acids to the
human by injection into the eye, wherein the subject’s photoreceptor cells express an USH2A pre-

mRNA having a pathogenic mutation in exon 13.

[0083] In one aspect, the aforementioned engineered nucleic acids are administered by subretinal
injection.
[0084] In one aspect, the engineered nucleic acids are packaged into a recombinant adeno-

associated virus (rAAV).
[0085] In one aspect, the pathogenic mutation comprises ¢.2276G>T and/or ¢.2299delG.

[0086] In another aspect, a method for treating an USH2A associated hearing loss in a human
subject is disclosed comprising administering the aforementioned engineered nucleic acids by
injection into the subject’s inner ear, wherein cochlear cells of the inner ear express an USH2A

pre-mRNA having a pathogenic mutation in exon 13.

[0087] In one aspect, the aforementioned engineered nucleic acids are packaged into a

recombinant adeno-associated virus (rAAV).

[0088] In another aspect, a host cell for the manufacture of a recombinant USH2A-U7 adeno-
associated virus (rAAV) is disclosed comprising one of the aforementioned engineered nucleic

acids.

[0089] In another aspect, a pharmaceutical composition is disclosed comprising the
aforementioned recombinant adeno-associated virus (rAAV) and a pharmaceutically acceptable:

excipient, diluent, or carrier.

[0090] In one aspect, the pharmaceutical composition comprises empty adeno-associated virus

(rAAV) capsids at a percentage from at least about 50% cp/cp up to about 90% cp/cp.

10
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[0091] In another aspect, a cell is disclosed comprising an USH2A mRNA comprising a nucleotide
sequence of SEQ ID NO: 43, and a recombinant RNA comprising any one of the ribonucleotide
sequences of SEQ ID Nos: 1-16 and 25.

[0092] In another aspect, a cell is disclosed comprising an USH2A mRNA comprising a nucleotide
sequence of SEQ ID NO: 43, and a recombinant RNA comprising at least 10 nucleotides of a
ribonucleotide sequence of SEQ ID NO: 8, or a ribonucleotide sequence having about 80%, 85%,
90%, or 95% sequence identity with the ribonucleotide sequence of SEQ ID NO: 8.

[0093] In another aspect, a cell is disclosed comprising an USH2A mRNA comprising a nucleotide
sequence of SEQ ID NO: 43, and a recombinant RNA comprising at least 10 nucleotides of a
ribonucleotide sequence of SEQ ID NO: 4, or a ribonucleotide sequence having about 80%, 85%,

90%, or 95% sequence identity with the ribonucleotide sequence of SEQ ID NO: 4.

[0094] In one aspect, the recombinant RNA comprises a 5’ cap. In another feature, the 5’ cap is

hypermethylated. In yet another feature, the 5’ cap comprises 2,2,7-trimethyl guanosine (m3G).

[0095] In one aspect, a cell is disclosed comprising an USH2A mRNA comprising a nucleotide
sequence of SEQ ID NO: 43, and a recombinant RNA comprising at least 10 nucleotides of a
ribonucleotide sequence of SEQ ID NO: 25.

[0096] In another aspect, a cell is disclosed comprising an USH2A mRNA and a recombinant RNA
comprising at least 10 nucleotides of a ribonucleotide sequence of SEQ ID NO: 4, wherein the

USH2A mRNA does not comprise the ribonucleotide sequence of SEQ ID NO: 55.

[0097] In another aspect, a cell is disclosed comprising an USH2A mRNA and a recombinant RNA
comprising at least 10 nucleotides of a ribonucleotide sequence of SEQ ID NO: 8, wherein the

USH2A mRNA does not comprise the ribonucleotide sequence of SEQ ID NO: 55.

[0098] In another aspect, a cell is disclosed comprising an USH2A mRNA and a recombinant RNA
comprising at least 10 nucleotides of a ribonucleotide sequence of SEQ ID NO: 25, wherein the

USH2A mRNA does not comprise the ribonucleotide sequence of SEQ ID NO: 55.
[0099] In one aspect, the cell can be a photoreceptor cell or cochlear cell.

[0100] In another aspect, a dual targeting composition is disclosed comprising a first nucleic acid
engineered to express a first antisense ribonucleotide sequence in a cell, capable of hybridizing to

a 3’ splice site region of USH2A exon 13 of human USH2A pre-mRNA, wherein the first antisense

11
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ribonucleotide sequence comprises 22, 23, or 24 contiguous nucleotides of a ribonucleotide
sequence of SEQ ID NO: 4 or a ribonucleotide sequence having about 80%, 85%, 90%, or 95%
sequence identity with the ribonucleotide sequence of SEQ ID NO: 4, and a second nucleic acid
engineered to express a second antisense ribonucleotide sequence in a cell capable of hybridizing
to a 5° splice site region of USH2A exon 13 of human USH2A pre-mRNA, wherein the second
antisense ribonucleotide sequence comprises at least 10 nucleotides of a ribonucleotide sequence
of SEQ ID NO: 8, or a ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence
identity with the ribonucleotide sequence of SEQ ID NO: 8.

[0101] In one aspect, a method for treating an USH2A associated disorder in a human subject is
disclosed comprising administering the aforementioned dual targeting composition to the human,
wherein the subject’s photoreceptor and/or inner ear cells express an USH2A pre-mRNA having a

pathogenic mutation in exon 13.

[0102] In one aspect, a method for treating an USH2A associated disorder in a human subject is
disclosed comprising administering a recombinant USH2A-U7 adeno-associated virus (rAAV) to
the human subject, wherein the USH2A-U7 adeno-associated virus expresses a therapeutically
effective amount of a recombinant RNA containing a ribonucleotide sequence having 25, 26, 27,
28,29, 30, 31, 32, 33, 34, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45 or 46 nucleotides of a ribonucleotide
sequence of SEQ ID NO: 25 or a ribonucleotide sequence having about 80%, 85%, 90%, or 95%
sequence identity with the ribonucleotide sequence of SEQ ID NO: 25, wherein the subject’s
photoreceptor and/or inner ear cells express an USH2A pre-mRNA having a pathogenic mutation
in exon 13, and wherein said amount of recombinant RNA is effective at inducing USH2A exon

13 skipping in said cells.
[0103] In one aspect, the pathogenic mutation comprises ¢.2276G>T and/or ¢.2299delG.

[0104] In another aspect, a kit is disclosed that comprises any one of the aforementioned nucleic
acids and recombinant USH2A-U7 adeno-associated virus (rAAV) compositions with instructions

for their use.

[0105] In another aspect, a cell is disclosed that comprises any one or more of the aforementioned
nucleic acids and recombinant USH2A-U7 adeno-associated virus (rAAV) compositions. In some
aspects, the cell is suitable for manufacturing an AAV. In yet further aspects, the cell is a HEK293
cell, a HELA cell, or an insect derived SO cell.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0106] FIG. 1 is a schematic diagram summarizing the prevalence of the USH2A pathogenic
variants (reproduced from Toualbi ez al., (2020), Experimental Eye Research 201: 108330).

[0107] FIG. 2A shows a schematic representation of the USH2A exon — intron structure, regions
of alternative splicing (horizontal bars) and protein products (reproduced from Adato ef a/. Hum
Mol Genet (2005) 14(24):3921-32). Cryptic splice sites within exons 2 and 6 lead to the
transcription of an mRNA lacking 950 nucleotides; the predicted protein begins at amino acid
position 420, and therefore lacks the TSPN-LG and N-terminal part of LN domain. Alternative
splicing of exons 20 — 22 leads to a predicted protein that lacks one FnIIT module and most of the
first LG domain (amino acids 1347-1377). Cryptic splice sites within exons 33 and 38 lead to a
shorter mRNA, predicted to encode an isoform lacking four entire FnllIl repeats (amino acids 2101-
2381). Alternative splicing before exon 45 up to a cryptic splice site within exon 53 leads to a
predicted protein isoform that lacks at least three Fnlll repeats (amino acids 2938-3282). Finally,
alternative splicing before exon 59 and within exon 64 is predicted to result in the deletion of six
Fn IIT repeats (amino acids 3580-4121). Numbers indicate the number of exons in the longest TM

usherin isoform (amino acids 1-5213). The putative protein modules are represented by symbols.

[0108] FIG. 2B shows the in-frame and out-of-frame exons of the USH2A gene together with the
location of missense mutations (reproduced from Pendse ef a/., bioRxiv 2020.02.04.934240)

[0109] FIG. 3 shows a schematic diagram of usherin localization in photoreceptors. (A) Cellular
organization of a photoreceptor. The photoreceptor possesses an inner segment and an outer
segment responsible for light detection. The inner segment is connected to the outer segment
through the connecting cilium. The connecting cilium is wrapped in the periciliary membrane
complex, where the usherin long isoform (light gray) is spatially restricted. Side view and cross
section views of the periciliary membrane complex show the location of whirlin and VLGR1 (very
large G protein-coupled receptor-1) with respect to usherin (reproduced from Toualbi ez al. (2020)
Exp Eye Res. (2020) 201:108330).

[0110] FIG. 4A depicts a map of an exemplary USH2A minigene plasmid.
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[0111] FIG. 4B shows an exemplary schematic of the USH2A minigene including all of exon 12,
exon 13, and exon 14 with approximate location of USH2A exon 13 3’ and 5’ splice site regions

(SEQ ID Nos: 19 and 20) respectively.

[0112] FIG. SA shows the nucleotide sequence of an exemplary USH2A exon 13 3’ splice site
region (SEQ ID NO: 19; nucleotides 1600-1900) including the location of exemplary antisense
sequences (SEQ ID Nos: 1-4, 11- 15 and 19).

[0113] FIG. 5B shows the nucleotide sequence of an exemplary USH2A exon 13 5 splice site
region (SEQ ID NO: 20; nucleotides 1900-2200) including the location of exemplary antisense
sequences (SEQ ID Nos: 5-10, 21 and 22).

[0114] FIG. 5Ci-ii shows the nucleotide sequence of an USH2A exon 12 — exon 14 vector that

expresses an RNA corresponding to a spliced USH2A minigene transcript after exon 13 skipping.

[0115] FIG. 5D shows the location of the AS RNA4 antisense sequence within USHZA exon 13.
An exemplary AS RNA4 recombinant U7 is also depicted with the antisense sequence at its 5’

end upstream of a consensus SmOpt sequence and a U7 stem-loop structure.

[0116] FIG. 6 shows an exemplary schematic of the USH2A minigene pre-mRNA after normal
splicing (resulting in an RT-PCR product of 1022bp) or exon 13 skipping (resulting in an RT-PCR
product of 297bp).

[0117] FIG. 7A shows an exemplary RT-PCR analysis of USH2A exon 13 skipping in HEK293
cells transfected with the USH2A minigene and single target AS RNA recombinant U7 snRNAs
(AS_RNA4, AS RNAS, AS RNA8, AS RNA9, AS RNAI10, and AS RNA13). GAPDH acts as
an internal control. DelEx13 is a positive control for exon 12-exon 14 splicing. scU7 refers to a

scrambled U7snRNA. No RT: no reverse transcriptase.

[0118] FIG.7B shows a bar graph of the USH2A exon 13 skipping depicted in FIG. 7A normalized
to DelEx13.

[0119] FIG. 7C shows an exemplary RT-PCR analysis of USH2A exon 13 skipping in HEK293
cells transfected with the USH2A minigene and combinations of AS RNA4 with AS RNAS,
AS RNA8 AS RNA9, AS RNAI10,or AS RNA13. GAPDH acts as an internal control. DelEx13
is a positive control for exon 12-exon 14 splicing. scU7 refers to a scrambled U7snRNA. NoRT:

no reverse transcriptase.
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[0120] FIG. 7D shows a bar graph of the USH2A exon 13 skipping depicted in FIG. 7C normalized
to DelEx13.

[0121] FIG. 8Ai-iii shows an exemplary expression vector comprising a mouse U7 promoter (SEQ
ID NO: 30) expressing a dual targeting AS RNA4+8 recombinant U7 RNA upstream of a U7 3’
box (SEQ ID NO: 26).

[0122] FIG. 8B shows an exemplary AS RNA4+8 recombinant U7 snRNA comprising a
consensus SmOpt sequence (SEQ ID NO: 24) and a U7 snRNA stem and loop (SEQ ID NO: 27).

[0123] FIG. 8C shows exemplary AS RNA recombinant U7 snRNAs (AS RNA2+6, AS RNA
2+5, AS_RNA2+4, AS RNA2+6, AS RNA3, AS RNA4+6)targeting the 5’ and/or 3’ splicing site
regions of USH2A’s exon 13.

[0124] FIG. 8D shows an exemplary scrambled AS RNA2+6 recombinant U7 snRNA (scU7)

[0125] FIG. 9A shows end point RT-PCR analysis of total RNA of HEK293 cells transfected with
an USH2A minigene and 3, 1, or 0.3 mg of recombinant U7 antisense RNA expression vectors
((AS_RNA2+6, AS RNA 4+6, AS RNA2+4, AS RNA3, AS RNA2+5 and AS RNA2+7)
targeting the 5” and/or 3’ splicing sites of USH2A’s exon 13. Arrows point to either full-length
USH2A minigene RT-PCR product (no exon skipping) or a short USH2A minigene RT-PCR

product (exon skipping, Aexon 13). GAPDH acts as an internal control.

[0126] FIG. 9B shows a bar graph of the USH2A exon 13 skipping depicted in FIG. 7A normalized
to DelEx13.

[0127] FIG. 9C depicts an exemplary sequence analysis of RT-PCR products resulting from exon

skipping confirming the correct splicing between exon 12 and exon 14.
[0128] FIG. 10A shows an exemplary AS RNA4+6 gRNA dCas13d expression vector.

[0129] FIG. 10B shows an exemplary RT-PCR analysis of USH2A exon 13 skipping in HEK293
cells transfected with the USH2A minigene and 3, 1 or 0.3 ug of AS RNA4+6 recombinant U7 or
AS RNA4+6 gRNA dCas13d. USH2A exon 13 skipping in HEK293 cells transfected with the
USH2A minigene in the presence of 200, 40, or 8nM of AS RNA3 ASO is also depicted. GAPDH
acts as an internal control. DelEx13 is a positive control for exon 12-exon 14 splicing. SCu7 refers

to a scrambled U7snRNA. NoRT: no reverse transcriptase. Arrows point to either full-length
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USH2A minigene RT-PCR product (no exon skipping) or a short USH2A minigene RT-PCR
product (exon skipping, Aexon 13).

[0130] FIG. 10C shows a bar graph of the USH2A exon 13 skipping depicted in FIG. 10B

normalized to DelEx13.

[0131] FIG. 11A shows the location of USH2A sequences hybridized with AS RNA4 and
AS RNAS8 USH2A antisense sequences.

[0132] FIG. 11B shows a schematic diagram of exemplary recombinant U7 constructs used to
evaluate exon 13 skipping by antisense sequences AS RNAX and AS RNAY either by (1) co-
expression of two recombinant U7 RNAs constructs each targeting X or Y or (2) a single

recombinant U7 RNA targeting both antisense sequences X and Y.

[0133] FIG. 11C shows an exemplary RT-PCR analysis of USH2A exon 13 skipping in HEK293
cells transfected with the USH2A minigene and (1) a combination of a AS RNA4 U7 with a
AS RNAG6 U7, (2) a dual targeting AS RNA4+6 U7, (3) a combination of AS RNA4 U7 and
AS RNA8UT7or(4)aAS RNA4+8 U7. GAPDH was an internal control. DelEx13 was a positive
control for exon 12-exon 14 splicing. scU7 (a scrambled U7snRNA) was a negative control. NoRT:

no reverse transcriptase.

[0134] FIG. 11D shows a bar graph of the USH2A exon 13 skipping depicted in FIG. 11C

normalized to DelEx13.

[0135] FIG. 12A shows an exemplary RT-PCR analysis of USH2A exon 13 skipping in HEK293
cells transfected with the USH2A minigene and (1) a dual targeting AS RNA4+6 U7, (2) a
AS RNA4+8 U7 of (3) an AS RNA3 ASO. GAPDH was an internal control. DelEx13 was a
positive control for exon 12-exon 14 splicing. scU7 (scrambled U7snRINA) was a negative control.

NoRT: no reverse transcriptase.

[0136] FIG. 12B shows a schematic diagram of GPF+ transfected human Weri-Rb-1
retinoblastoma cells are selected using a fluorescent activated FACS Melody cell sorter (BD

Biosciences).

[0137] FIG. 12C shows an exemplary RT-PCR analysis of USH2A exon 13 skipping in FACS
selected GFP+ Weri-Rb-1 retinoblastoma cells transfected with the USH2A minigene, CMV-EGFP
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plasmid and (1) a dual targeting AS RNA4+6 U7, (2) a AS RNA4+8 U7 of (3) an AS RNA3
ASO. GAPDH was an internal control. scU7 (scrambled U7snRNA) was a negative control.

[0138] FIG. 13 shows Exon12 skipping of mouse Ush2a RNA in retinas of wt mice administered
subretinally with 3 x 109 vg/eye of (1) AAV8-EFla-dCas13d-mUsh2aEX12-7, (2) an AAV8-
dCas13d-mUsh2aEX12-7 (Scrambled control) (3) AAV8-U7mUSh2aEx12-26 or (4) an AAVS-
U7mUSh2aEx12-26 (scrambled control).

[0139] FIG. 14 shows an analysis of the purity and genome integrity of scAAV8-stuffer-
U7hUsh2aEX13-46 and 13-48 vectors (FIG.14A) produced in-house including silver staining,
alkaline gel analysis (FIG. 14B) and sequencing (FIG.14C).

[0140] FIG. 15 shows the scAAV8-stuffer-U7hUsh2aEX13-46 and 13-48 vectors transduced into
wt human WeriRb-1 cells induced efficient exon 13 skipping of the endogenous USH2A pre-
mRNA in a dose-dependent manner as determined by endpoint PCR (FIG. 15A) and amplicon
sequencing (FIG. 15B).

[0141] FIG. 16 shows wt human retinal organoids treated with AAV2 U7hUsh2aEX13-46, AAV2
U7hUsh2aEX13-48 or AAV2/7m8 U7hUsh2aEX13-48 vectors all induced exon 13 skipping as
determined by endpoint PCR (FIG. 16A) and qPCR (FIG. 16B).

[0142] FIG. 17 shows AAV8-U7hUsh2aEX13-48 vector-induced exon skipping of both human
and non-human primate (NHP) USH2A minigene pre-mRNA in wt human WeriRb-1 cells. FIG.
17Ai-ii depicts a sequence alignment of NHP USH2A exon 13 with human NHP USH2A exon 13.
Endpoint PCR (FIG. 17B) and qPCR (FIG. 17C) confirmed efficient exon 13 skipping of NHP
USH2A minigene pre-RNA, despite one mismatch sequence in the AS RNA4 sequence between

the human and NHP sequences.
DETAILED DESCRIPTION OF THE DISCLOSURE

[0143] The disclosure describes the discovery of a dual targeting recombinant U7 RNA comprising
at least two covalently linked USH2A -specific antisense sequences that act in synergy to disrupt
the splicing of USH2A exon 13 and induce exon 13 skipping. Because the most prevalent
pathogenic mutations causing USH2A retinitis pigmentosa reside in USH2A exon 13, for example,
€.2299delG, removal of exon 13 from USH2A pre-mRNA not only deletes these mutations but
also restores the USH2A open reading frame, USH2A Aexon 13 translation and consequently
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USH2A function. The AAV USH2A-specific recombinant U7 vector disclosed herein therefore
provides a gene therapy approach for the treatment of USH2A associated disorders, including

USH2A associated retinopathy and hearing loss.

[0144] Unless explained 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 this disclosure
belongs. Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the present disclosure, the materials, methods, and examples are
illustrative only and not intended to be limiting. Other features of the disclosure are apparent from

the following detailed description and the claims.

[0145] Titles or subtitles may be used in the specification for the sole convenience of the reader
but are not intended to influence the scope of the present disclosure or to limit any aspect of the

disclosure to any subsection, subtitle, or paragraph.
I. TERMINOLOGY

[0146] As used herein, the singular forms “a,” “an,” and “the” are intended to include the plural

forms as well, unless the context clearly indicates otherwise.

[0147] The phrase “and/or,” as used herein and in the claims, is understood to mean “either or
both” of the elements so conjoined, i.e., elements that are conjunctively present in some cases and
disjunctively present in other cases. Thus, as a non-limiting example, a reference to “A and/or B,”
when used in conjunction with open-ended language such as “comprising” can refer, in one aspect,
to A only (optionally including elements other than B); in another aspect, to B only (optionally
including elements other than A); in yet another aspect, to both A and B (optionally including other

elements); etc.

2% <l

[0148] It will be further understood that the terms “comprises,” “comprising,” “includes,” and/or
“including,” when used herein, specify the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the presence or addition of one or more other

features, integers, steps, operations, elements, components, and/or groups thereof.

[0149] As used herein and in the claims, the phrase “at least one,” in reference to a list of one or
more elements, should be understood to mean at least one element selected from any one or more

of the elements in the list of elements, but not necessarily including at least one of each and every
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element specifically listed within the list of elements, and not excluding any combinations of
elements in the list of elements. This definition also allows that elements may optionally be present
other than the elements specifically identified within the list of elements to which the phrase “at
least one” refers, whether related or unrelated to those elements specifically identified. Thus, as a
non-limiting example, “at least one of A and B” (or, equivalently, “at least one of A or B,” or,
equivalently “at least one of A and/or B”) can refer, in one aspect, to at least one, optionally
including more than one, A, with no B present (and optionally including elements other than B);
in another aspect, to at least one, optionally including more than one, B, with no A present (and
optionally including elements other than A); in yet another aspect, to at least one, optionally
including more than one, A, and at least one, optionally including more than one, B (and optionally

including other elements); etc.

[0150] The term “or combinations thereof” as used herein refers to all permutations and
combinations of the listed items preceding the term. For example, “A, B, C, or combinations
thereof” are intended to include at least one of: A, B, C, AB, AC, BC, or ABC, and if order is
important in a particular context, also BA, CA, CB, CBA, BCA, ACB, BAC, or CAB. Continuing
with this example, expressly included are combinations that contain repeats of one or more items
or terms, such as BB, AAA, BBC, AAABCCCC, CBBAAA, CABABB, and so forth. The skilled
artisan will understand that typically there is no limit on the number of items or terms in any

combination, unless otherwise apparent from the context.

[0151] When the term “about” is used in conjunction with a numerical range, it modifies that range
by extending the boundaries above and below those numerical values. In general, the term “about”
is used herein to modify a numerical value above and below the stated value by a variance of 20%,
10%, 5%, or 1%. In certain aspects, the term “about” is used to modify a numerical value above
and below the stated value by a variance of 10%. In certain aspects, the term “about” is used to
modify a numerical value above and below the stated value by a variance of 5%. In certain aspects,
the term “about” is used to modify a numerical value above and below the stated value by a
variance of 1%. Thus, for example, if the term “about” (or “around”) in all numerical values allows

for a 5% variation, i.e., a value of about 1.25% would mean between 1.19%-1.31%.

[0152] Reference to an integer with more (greater) or less than includes any number greater or less

than the reference number, respectively. Thus, for example, a reference to less than 100, includes
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99, 98, 97, etc. all the way down to the number one (1); and less than 10, includes 9, 8, 7, etc. all

the way down to the number one (1).

[0153] As used herein, all numerical values or numerical ranges include integers within such
ranges and fractions of the values or the integers within ranges unless the context clearly indicates
otherwise. Thus, to illustrate, reference to 80% or more identity, includes 81 %, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91 %, 92%, 93%, 94%, etc., as well as 81.1 %, 81.2%, 81.3%,
81.4%, 81.5%, etc., 82.1 %, 82.2%, 82.3%, 82.4%, 82.5%, etc., and so forth. In another example,
“1-5 ng” or arange of “1 ng to 5 ng” is intended to encompass 1 ng, 2 ng, 3 ng, 4 ng, 5 ng, 1-2 ng,
1-3 ng, 1-4 ng, 1-5 ng, 2-3 ng, 2-4 ng, 2-5 ng, 3-4 ng, 3-5 ng, and 4-5 ng.

[0154] A "vector" can be any genetic element that contains a nucleic acid of interest (e.g., a
transgene) that is capable of being expressed in a host cell, e.g., a nucleic acid of interest within a
larger nucleic acid sequence or structure suitable for delivery to a cell, tissue, and/or organism,
such as a plasmid, phage, transposon, cosmid, chromosome, virus, virion, etc. For instance, a
vector may comprise an insert (e.g., a heterologous nucleic acid comprising a transgene encoding
the gene to be expressed) and one or more additional elements, €.g., a minigene cassette as
described herein, and/or elements suitable for delivering or controlling expression of the insert.
The vector may be capable of replication and/or expression, e.g., when associated with proper
control elements, and it may be capable of transferring genetic information to a cell. In some
aspects, a vector may be a replication-deficient vector suitable for episomal transgene expression
in a host cell, ¢.g., an adeno-associated virus (AAV) vector. In some aspects, a vector may be a
plasmid suitable for expression and/or replication, e.g., in a cell or bioreactor. In some aspects,
vectors designed specifically for the expression of a heterologous nucleic acid sequence, e.g., non-
coding RNA, e.g., recombinant U snRNA or gRNAs, in the target cell may be referred to as
expression vectors, and generally have a promoter sequence that drives the expression of the

transgene.

[0155] The term “recombinant” or “engineered,” as used herein, means that the vector is the
product of various combinations of cloning, restriction, or ligation steps (e.g., relating to a
polynucleotide comprised therein), and/or other procedures that result in a construct that is distinct
from a product found in nature. A recombinant virus or vector is a viral particle comprising a

recombinant polynucleotide.
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[0156] As used herein, “not chemically modified” means the chemical structure of a recombinant
RNA of the disclosure (including the nucleobase, backbone linkage or ribose) is not changed. The
structure of the recombinant RNA is therefore the same as the native form that is transcribed in a

cell.

[0157] A "fragment" of a defined nucleotide sequence is a segment of the sequence in which the
5" and/or 3' end is truncated relative to the defined nucleotide sequence. The sequence of the
fragment is present within the defined nucleotide sequence as a single, contiguous nucleotide
sequence. In certain aspects, an “antisense sequence” refers to a single-stranded polynucleotide
fragment that is substantially complementary to a target nucleotide sequence present in USH2A

pre-mRNA.

[0158] A “therapeutically effective amount” means a minimal amount of a recombinant USH2A-
specific antisense RNA, which is necessary to impart a therapeutic benefit to a subject. In one
example, a “therapeutically effective amount” is an amount which induces, ameliorates, stabilizes,
slows down USH2A disease progression. In this instance, a therapeutically effective amount can
mean the amount of a recombinant USH2 A-specific antisense RNA needed to induce USH2A exon
13 skipping in an amount sufficient to reduce at least one or more symptom(s) of USH2A retinitis
pigmentosa, for example, retinal degeneration. In another example, the term “therapeutically
effective amount” can refer to an amount of a recombinant USH2A-specific antisense RNA that is
sufficient to produce a therapeutically or prophylactically significant reduction in a symptom or
clinical marker associated with USH2A disease, for example, an improvement in eyesight and/or
visual acuity in a subject with USH2A retinitis pigmentosa. The effective amount will depend on
a variety of factors such as, for example, species, age, weight, health of the subject, and the mode

or site of administration, and may thus vary among subjects and administrations.

[0159] The terms “subject,” “host,” “individual,” and “patient” are as used interchangeably herein
to refer to animals, typically mammalian animals. Any suitable mammal can be treated by the
method, cell or composition described herein. A mammal can be administered a vector, an
engineered polynucleotide, a precursor guide RNA, a nucleic acid, or a pharmaceutical
composition, as described herein. Non-limiting examples of mammals include humans, non-
human primates (¢.g., apes, gibbons, chimpanzees, orangutans, monkeys, macaques, and the like),

domestic animals (e.g., dogs and cats), farm animals (e.g., horses, cows, goats, sheep, pigs) and
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experimental animals (e g., mouse, rat, rabbit, guinea pig). In some aspects, a mammal is a human.
A mammal can be any age or at any stage of development (e.g., an adult, teen, child, infant, or
mammal in utero). A mammal can be male or female. A mammal can be a pregnant female. In
some aspects, a subject is human. In some aspects, a subject has or is suspected of having a disease
such as USH2A retinopathy. In other aspects, a subject has or can be suspected of having a disease
or disorder associated with aberrant protein expression. In some cases, a human can be more than
about: 1 day to about 10 months old, from about 9 months to about 24 months old, from about 1
year to about 8 years old, from about 5 years to about 25 years old, from about 20 years to about
50 years old, from about 1 year old to about 130 years old or from about 30 years to about 100
years old. Humans can be more than about: 1, 2, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, or
120 years of age. Humans can be less than about: 1, 2, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
110, 120, or 130 years of age.

[0160] Asused herein, the term “preventing” or “prevention” refers to delaying or forestalling the
onset, development or progression of a condition or disease for a period of time, including weeks,

months, or years.

77 <

[0161] As used herein, the terms “treat,” “treatment,” “treating” refer to therapeutic treatments,
wherein the object is to reverse, alleviate, ameliorate, inhibit, slow down or stop the progression
or severity of a disorder, e.g., USH2A retinopathy and/or hearing loss. The term “treating” includes
reducing or alleviating at least one adverse effect or symptom of a condition, disease, or disorder,
¢.g., USH2A retinopathy. Treatment is generally “effective” if one or more symptoms or clinical
markers are reduced. Alternatively, treatment is “effective” if the progression of a disorder is
reduced or halted. That is, “treatment” includes not just the improvement of symptoms or markers,
but also a cessation of, or at least slowing of, the progress or worsening of symptoms compared to
what would be expected in the absence of treatment. Beneficial or desired clinical results include,
but are not limited to, alleviation of one or more symptom(s), diminishment of the extent of
disease, stabilized (i.e., not worsening) state of the disease, delay or slowing of disease
progression, i.e. prevention of retinal degeneration, amelioration or palliation of the disease state,
remission (whether partial or total), whether detectable or undetectable. The term “treatment” of a
disease also includes providing relief from the symptoms or side effects of the disease (including

palliative treatment).
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[0162] Alleviating Usher Syndrome includes delaying the development or progression of the
disease or reducing disease severity. Alleviating the disease does not necessarily require curative
results. As used therein, “delaying ” the development of a disease (such as Usher Syndrome) means
to defer, hinder, slow, retard, stabilize, and/or postpone progression of the disease. This delay can
be of varying lengths of time, depending on the history of the disease and/or individuals being
treated. A method that "delays” or alleviates the development of a disease, or delays the onset of
the disease, is a method that reduces the probability of developing one or more symptoms of the
disease in a given time frame and/or reduces the extent of the symptoms in a given time frame,
when compared to not using the method. Such comparisons are typically based on clinical studies

, using a number of subjects sufficient to give a statistically significant result.

[0163] “Development” or “progression” of a disease means initial manifestations and / or ensuing
progression of the disease. Development of the disease can be detectable and assessed using
standard clinical techniques as well known in the art. However, development also refers to
progression that may be undetectable. For purpose of this disclosure , development or progression
refers to the biological course of the symptoms. “Development” includes occurrence, recurrence,
and onset. As used herein, “onset” or “occurrence” of Usher Syndrome includes initial onset and/or

recurrence.

2«

[0164] In various aspects, the terms “polynucleotide,” “nucleic acid” and “nucleic acid sequence”
may be used interchangeably and may comprise genetic material including, but not limited to:
RNA, DNA, mRNA, cDNA, etc., which may include full-length sequences, functional variants,

and/or fragments thereof.

[0165] As used herein, the term "contiguous" refers to those nucleotides that are immediately

adjacent to each other in a polynucleotide chain.

[0166] The term "align" refers to the process of comparing the nucleotide sequence of two or more
nucleotide sequences to assess their degree of sequence identity. As used herein, a "match" refers

to the alignment of two or more nucleotide sequences having 100% sequence identity.

[0167] Homology refers to sequence similarity attributed to descent from a common ancestor.
Homologous biological components (genes, proteins, structures) are called homologs. Homology
can be determined by comparing a position in each sequence which can be aligned for the purposes

of comparison. When a position in the compared sequence can be occupied by the same base or
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amino acid, then the molecules can be homologous at that position. The degree of homology
between sequences can be a function of the number of matching or homologous positions shared
by the sequences. An “unrelated” or “non-homologous” sequence shares less than 40% identity, or

less than 25% identity, with one of the sequences of the disclosure.

[0168] As used herein, the term “sequence identity” refers to the extent to which two (nucleotide
or amino acid) sequences have the same residues at the same position in an alignment, often
expressed as a percentage. Gaps are not counted. Thus, the sequence identity is not transitive, i.e.,

if sequences A = B and B = C then A is not necessarily equal to C.
[0169] A comparison of sequences A, B, and C is illustrative:

A: AAGGCTT
B: AAGGC
C: AAGGCAT

[0170] The sequence identity (A, B) = 100% (5 identical nucleotides A and B). The sequence
identity (B, C) = 100%, but the sequence identity (A, C) = 85% (6 identical nucleotides /7). Thus,

100% identity does not necessarily mean the two sequences are the same.

[0171] A suitable computer program for carrying out an alignment is the GCG Wisconsin Bestfit
package (University of Wisconsin, U.S.A; Devereux ef al., 1984, Nucleic Acids Research 12:387).
Examples of other software program that may perform sequence comparisons include, but are not
limited to, the BLAST package (see Ausubel ef al., 1999, ibid —Chapter 18), FASTA (Atschul ef
al., 1990, J. Mol. Biol. 403-410) and the GENEWORKS suite of comparison tools. Both BLAST
and FASTA are available for offline and online searching (see Ausubel ef al., 1999, ibid., pages 7-
58 to 7-60).

[0172] The term “mutation™ as used herein, refers to an alteration to a nucleic acid sequence
encoding a protein relative to the consensus sequence of said protein. “Missense” mutations result
in the substitution of one codon for another; “nonsense” mutations change a codon from one
encoding a particular amino acid to a stop codon. Nonsense mutations often result in truncated
translation of proteins. “Silent” mutations are those which have no effect on the resulting protein.
As used herein, the term “point mutation” refers to a mutation affecting only one nucleotide in a
gene sequence. “Splice site mutations” are those mutations present in pre-mRNA (prior to

processing to remove introns) resulting in mistranslation and often truncation of proteins resulting
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from an incorrect delineation of the splice site. A mutation can comprise a single nucleotide
variation (SNV). A mutation can comprise a sequence variant, a sequence variation, a sequence
alteration, or an allelic variant. The reference DNA sequence can be obtained from a reference
database. A mutation can affect function. A mutation may not affect function. A mutation can occur
at the DNA level in one or more nucleotides, at the ribonucleic acid (RNA) level in one or more
nucleotides, at the protein level in one or more amino acids, or any combination thereof. The
reference sequence can be obtained from a database such as the NCBI Reference Sequence
Database (RefSeq) database. Specific changes that can constitute a mutation can include, a
substitution, a deletion, an insertion, an inversion, or a conversion in one or more nucleotides or

one or more amino acids. A mutation can be a point mutation.

[0173] DNA is transcribed by RNA polymerase to synthesize a pre-mRNA transcript containing
sequences that are important for RNA stability and regulatory function. In the case of coding RNAs
(mRNAs), pre-mRNAs are subjected to RNA processing in order to convert a pre-mRNA into
mature mRNA through alternative splicing of exons. Mature mRNA is subsequently translated into
a protein by the ribosome. Mutations in genomic DNA can be present, arising from mutations in
the pre-mRNA transcript, affecting protein function or expression of the protein. These mutations,
if present at splicing sites, can prevent proper alternative splicing by affecting the selection of
affected exons. Specifically, the pre-mRNA splicing sites contain conserved splice acceptor and
splice donor sites. The splice donor site is characterized by a nucleotide motif, N/GT, wherein N
is any nucleotide, and “/” represents the exon-intron junction. A splice acceptor site is characterized
by the motif, NAG/NN, wherein N represents any nucleotide, and “/” denotes the exon-intron
junction. Mutations that remove or introduce this motif into intron and exon junctions can cause

aberrant mRNA splicing leading to improper protein production.

[0174] As used herein, the term “RNA” means a molecule comprising at least one ribonucleotide
residue. By “ribonucleotide” is meant a nucleotide with a hydroxyl group at the 2’ position of a
beta-D-ribo-furanose moiety. The terms include double-stranded RNA, partially double stranded
RNA, single-stranded RNA, isolated RNA such as partially purified RNA, essentially pure RNA,
synthetic RNA, recombinantly produced RNA, as well as altered RNA that differs from naturally
occurring RNA by the addition, deletion, substitution and/or alteration of one or more nucleotides.

RNAs can be synthesized in a cell by RNA polymerase I, II, or IIL
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[0175] The term “mRNA” refers to any RNA that is produced in a cell by RNA polymerase
transcription of a gene. In one aspect, the mRNA of the disclosure is capped and polyadenylated.
In one aspect, an mRNA of the disclosure encodes a recombinant USH2A-specific antisense RNA.
In one aspect, an mRNA of the disclosure can refer to a 5 capped U snRNA that is not
polyadenylated. In another aspect, mRNA can refer to processed or unprocessed pre-mRNA. In
another aspect, the mRNA of this disclosure includes, but is not limited to, pre-mRNA, spliced
mRNA, partially spliced mRNA, and alternatively spliced mRNA. In one aspect, the mRNA of the
disclosure is a transcript that comprises a nonsense mutation that causes nonsense-mediated decay

(NMD). In another aspect, the mRNA of the disclosure does not include USH2A exon 13.

[0176] A "pre-mRNA" is the first form of RNA created through transcription of DNA (e.g., of the
nucleic acid molecule described herein) that has not yet undergone further processing, such as, for
example, splicing. Thus, a pre-mRNA can include both introns and exons. Pre-mRNA molecules
are further processed, e.g., through splicing, to form the "mature RNA," “spliced RNA” or
"mRNA."

[0177] In eukaryotes, the 5' cap, found on the 5' end of an mRNA molecule, consists of a guanine
nucleotide connected to the mRNA via an 5’ to 5' triphosphate linkage. This guanosine is
methylated on the 7 position directly after capping in vivo by a methyltransferase. It is referred to

as a 7-methylguanylate 5’ cap, abbreviated m7G.

[0178] Small nuclear RNAs contain hypermethylated 5'-caps, e.g., a guanosine connected to the
mRNA via an 5' to 5' triphosphate linkage where the guanosine contains more than one methyl
group. Sm-class snRNAs can have, for example, a 5'-trimethylguanosine cap (see, for example,

Plesselet et al. (1994) Molecular and Cellular Biology 14 (6): 4160-72).

[0179] Splicing processes the primary messenger ribonucleic acid (mRNA) transcribed from
deoxyribonucleic acid (DNA) before the mRNA is translated into a protein. Splicing involves
removing one or more contiguous segments of mMRNA and is directed, in part, by a spliceosome.
The segments that are removed are often referred to as introns, but the spliceosome may remove

segments that contain both introns and exons.

[0180] An “exon” can be any part of a gene that is a part of the final mature RNA produced by
that gene after the introns have been removed by RNA splicing. The term “exon” refers to both the

DNA sequence within a gene and to the corresponding sequence in RNA transcripts. Exons may
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contain translated (e.g., protein coding region) or untranslated regions (e.g., 5’ or 3’ untranslated

regions or UTRs).

[0181] The term “intron” refers to both the DNA sequence within a gene and the corresponding
sequence in the unprocessed RNA transcript. As part of the RNA processing pathway, introns can
be removed by RNA splicing either shortly after or concurrent with transcription. They can be
found in a wide range of genes, including those that generate proteins, ribosomal RNA (rRNA),

and transfer RNA (tRNA).

[0182] Alternative splicing is the process in which pre-mRNA is processed in order to generate
mature RNA. Pre-mRNA is comprised of exons and introns, as well as other untranslated regions
(3’ and 5° UTR). During alternative splicing, splicing signals demarcating the exons and introns of
the pre-mRNA enable the spliceosome to join multiple exons together to form a functional protein,

and thereby removing the interceding introns.

[0183] In one aspect, the terms "canonical splice site" or "consensus splice site" can be used
interchangeably and refer to splice sites that are conserved across species. Consensus sequences
for the 5 ' splice site and the 3 ' splice site used in eukaryotic RNA splicing are well known in the
art (see, e.g., Gesteland e/ al. (eds.), The RNA World, 3rd Edition, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, New York, (2006), Watson e a/, supra, and Mount, Nucleic Acid Res.,
10: 459-472 (1982), the contents of which are incorporated by reference herein in their entirety).
These consensus sequences include nearly invariant dinucleotides at each end of the intron: GT at

the 5' end of the intron, and AG at the 3 ' end of an intron.

[0184] In one aspect, a “canonical 5° splice site” or splice donor site consensus sequence can be
(for DNA) CAG/GTRAG (where A is adenosine, T is thymine, G is guanine, C is cytosine, R is

purine and "/" indicates the site of cleavage).

[0185] In one aspect, the splice acceptor site consists of three separate sequence elements: the
branch point or branch site, a polypyrimidine tract, and the 3' splice site consensus sequence. The
branch point consensus sequence in eukaryotes is YNYTRAC (where Y is a pyrimidine, N is any
nucleotide, and R is purine; the underlined A is the site of branch formation. The 3' splice site
consensus sequence is YAG (where Y is a pyrimidine) (see, e.g., Griffiths ef al/, eds., Modern
Genetic Analysis, 2nd edition, W.H. Freeman and Company, New York (2002), the contents of

which are incorporated by reference herein in their entirety).
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[0186] As used herein, a “3’ splice site region” refers to a sequence up to approximately 145
nucleotides upstream and 150 nucleotides downstream of USH2A exon 13’s 3’ splice site
tttag/GGCT (where A is adenosine, T is thymine, G is guanine, C is cytosine, and "/" indicates the

site of cleavage). In some aspects, the “3’ splice site region” can have the nucleotide sequence of

SEQ ID NO: 19 (see FIG. 5A).

[0187] As used herein, a “5’ splice site region” refers to a sequence up to approximately 485
nucleotides upstream and 110 nucleotides downstream of the USH2A exon 13 5’ splice site, having
the sequence of CCAG/gtaag (where A is adenosine, T is thymine, G is guanine, C is cytosine, and
"/" indicates the site of cleavage). In some aspects, the “3’ splice site region” can have the

nucleotide sequence of SEQ ID NO: 20 (see FIG. 5Bi and 5Bii).
II. USH2A

[0188] Usher syndrome type II (USH2) is the most common subtype of Usher Syndrome. From
57-79% of USH2 cases harbor pathogenic mutations in the USH2A gene (OMIM: #608400),
making it the predominant causative gene of non-syndromic inherited retinal degeneration
(Whatley et al. (2020); Toualbi ef al. (2020) Exp Eye Res. (2020) 201:108330; FIG. 1). As shown
in FIG. 2A, the USH2A gene expresses two isoforms: a short, secreted protein of 1546 amino acids
encoded by 21 exons and a long 600 kDa transmembrane isoform of 5202 amino acids, called
usherin, that is expressed specifically in retinal photoreceptors and cochlear hair cells. In
mammalian photoreceptor cells, usherin is localized to the periciliary membrane complex (PMC)
where it binds to VLGR1 (USH2C) and whirlin (USH2D) at the apical inner segment recess that
wraps around the connecting cilium (see FIG. 3). A ¢.2299delG frameshift mutation USH2A in
exon 13 results in the expression of a truncated, glycosylated protein which is mislocalized to the
photoreceptor inner segment. The ensuing retinal degeneration is associated with a decline in
retinal function, structural abnormalities in connecting cilium and outer segment and
mislocalization of the usherin interactors very long G-protein receptor 1 and whirlin (Tebbe et al.

(2023) Nature Communications 14 (1): 972).

[0189] As used herein, “usherin,” also known as RP39, Usher Syndrome 2A (Autosomal
Recessive, Mild), Usher Syndrome Type Ila Protein, Usher Syndrome Type-2A Protein, USH2,
dJ1111A8.1 or US2, refers to a large 171.5 kD transmembrane protein (UniProtKB/Swiss-Prot:
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075445). Tts extracellular portion contains many repeated domains, including 10 Laminin EGF-
like (LE) domains and 35 Fibronectin type 3 (FN3) domains. Located on chromosome 1q41, the
800kb USH2A gene (HGNC: 12601; NCBI Entrez Gene: 7399; Ensembl: ENSG00000042781)

contains up to 72 exons, 25 of which are in frame with the remaining transcript (see FIG. 2B).

[0190] Exemplary Homo sapiens usherin cDNA transcript variant 2 (NCBI Reference Sequence:
NM_ 206933 4) has a nucleotide sequence of SEQ ID NO: 48 or a fragment thereof.

[0191] In certain aspects, an exemplary Homo sapiens usherin can refer to a polypeptide having
the amino acid sequence of SEQ ID NO: 49 (NCBI Reference Sequence: NP _996816.3) or

fragment thereof.

[0192] In one aspect, a Homo sapiens usherin cDNA comprises at least 10, 20, 30, 40, 50, 100,
150, 200, 250, 300, 400, 500 nucleotides of the sequence of SEQ ID NO: 48.

[0193] In another aspect, a Homo sapiens usherin protein comprises at least 10, 20, 30, 40, 50,

100, 150, 200, 250, 300, 400, 500 amino acids of the polypeptide sequence of SEQ ID NO: 49.
III. USH2A MINIGENE

[0194] As shown in FIG. 2B, removal of certain USH2A exons, e.g., exon 13, by exon skipping
does not disrupt USH2A’s open reading frame. Thus, splicing of exon 12 to exon 14 conserves the
USH2A open reading frame (see, for example, FIG. 5Ci-ii). The diagram of FIG. 2B also points
out the location of exemplary mutations within the USH2A mRNA, some of which result in
premature stop codons that cause USH2A mRNA degradation by nonsense mediated decay
(NMD). Thus, the skipping of exon 13 does not only remove the deleterious USH2A mutations
residing in exon 13, but it also maintains the open reading after splicing of exon 12 to exon 14
enabling the translation of a functional USH2A Aexon 13 protein, in which the amino acids

encoded by exon 13 are deleted.

[0195] A “minigene,” otherwise called a “minigene cassette” or simply “cassette,” refers to a
nucleic acid sequence comprising a selection of USH2A introns and exons, that when transcribed
in a cell can be used to identify antisense sequences that inhibit splicing of a targeted exon, i.e.,

induce exon skipping.
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[0196] In one aspect, the USH2A minigene may comprise any one of the “in-frame” USH2A exons
identified in FIG. 2B.

[0197] In one aspect, an USH2A minigene can be constructed with those genomic sequences
between exons 12 and 14 (see FIG. 4A; TABLE I). A constitutive CMV promoter/enhancer can

then be placed upstream of the minigene to drive transcription in a cell line, e.g., HEK 293 cells.

[0198] For example, the minigene may comprise all of USH2A’s exon 12, a 5™ intron, exon 13, a

3’ intron, and exon 14 (see, for example, FIGs. 4A and 4B; TABLE I).

[0199] In one aspect, the USH2A exon 13°s 5’ splice site region comprises 10, 20, 30, 40, 50, or
more nucleotides of a nucleotide sequence of SEQ ID NO: 20 (FIG. 5B).

[0200] In one aspect, the USH2A exon 13’s 3’ splice site region comprises 10, 20, 30, 40, 50, or
more nucleotides of a nucleotide sequence of SEQ ID NO: 19 (FIG. 5A).

[0201] In one aspect, the USH2A minigene comprises the nucleotide sequence of SEQ ID NO: 50
(see TABLE I).

[0202] In one aspect, the USH2A minigene’s exon 12 comprises 10, 20, 30, 40, 50, or more
nucleotides of a nucleotide sequence of SEQ ID NO: 52.

[0203] In one aspect, the USH2A minigene’s exon 13 comprises 10, 20, 30, 40, 50, or more
nucleotides of a nucleotide sequence of SEQ ID NO: 55.

[0204] In one aspect, the USH2A minigene’s exon 14 comprises 10, 20, 30, 40, 50, or more
nucleotides of a nucleotide sequence of SEQ ID NO: 58.

[0205] In one aspect, the USH2A minigene’s exon 13 upstream intron comprises 10, 20, 30, 40,
50, or more nucleotides of a nucleotide sequence of SEQ ID NO: 53.

[0206] In one aspect, the USH2A minigene’s exon 13 downstream intron comprises 10, 20, 30,

40, 50, or more nucleotides of a nucleotide sequence of SEQ ID NO: 56.

30



PCT/US2023/064789

WO 2023/183825

D013 3b1aee Heiooeieee HRIRILINI] Headaabar] vidbbebeebh 10H333173362 1091
eeel10bHhI1DHh eveRlREDID] DirRelIDERD JebHlreed]] BIRRRDDOHIR BORIRDDIR] IFLT
eebiibebi] eeveebbeer HebedDI]]] BIJIIREDID vbHEERDEREDIR DeDjlRRERR] 180T
17332321bedsee 137312100701 eeRlbeebH]] DedORIDIIQR eOHIDeDHebh]] reledl1l3r] 1791
13ebboaebo obeoideree Jevbeijiioel ebbebebiia aeadeairbie 333e1edbld 96T
1B]12LPRRD] 1B310BERI1]1] BIOPRIRIR] BORORRODIR J31'dDIi'lr]]l 23eabioeile I0G6T
DareREOOI]] 1BlllleEERD BADA10DHLAL 13316b31D333 HaooD10330 eeRAbbEIID® IFRT
©1210373232300 33eoebieed vOHILEODI]] JedrIle]1DL] veebereeber 109YIOVVIL I8ST
DOLOVILVYVYLD LOOVVOVYDD VYVOLODLYVL DDIOLOLOLOL DDIOLOVODDD LOVOLYVIDD TCET
YOLOLLLYDD V¥OOOLDOVLL YOVDOOOLLD DLIVOLOLOV DILOLOLYDOVD DDLOVYOUVVYOL T9CT
LLILVVOVOLL VOOVDLLLYVY DVLIODVOVIOL OJDDVDLDLOV DJLVVIOLODD LLIDLOOVOVVY 10T
LODOOVLLYVY VODLLODLOL VVOVDOVYOUYVY OJLVYVOVVLID LOLODLOLOL OJODLVVYVIVYVY TIFTT
DVDODLIOVOVY VIVOLOLOVY DOLLODOOLOL DLOLOIJLLLY LIVVIVVVVYD DODVILOOVLD T80T
LLOVVYVOODOV DOLLLOLVYVY LVVODLOVOV OVDIOVVOLL DLVVDIIDOVYV OOLIOLVOODLD TZ0T
VOODIVIVOVY VILODIVVIOL DLOLOVOOOL DIDLIODDLVD DLIODOVOVIVD IOLOVODILOLD 196
DOOVVLOLLY VOOVOLOLYD VILODOLVLL LLOVVVVOVD VODLOOVOVD LOLOVOLLOV T06
DOYVYVYDIOOVY IVVYVYYYVYIOL ODVDILOLOVID DOLOLIOVILD DIVVYIOLOLL VYYVIVYDLOVY T1¥8
DLODDLYOIL DOVVILOLOVD DOLIOIJDOVOL DLVODLLOLY DLVVLLILIOOV V¥ODOOLOLLLVY T8L
YYLLIVOOLL LIVVIOLLVYD IVOILOIOOVI LD99He71131D Jeijjiele] eeeiljiooe g/
0100731000 ] 133edjleerb Jeebirionie] D1H0101HBIL 131bB31eDbBR 1HEDHIDIBD TO9
1e31b0331b3b 33733e3ERRDO] DeoeeRERDERD 1H330HIRD LbHaelDDODD HBbaaebeeab 109
ebebiiiaee Haleon1bi3e Jeeeljeee] odbeeveljele 1bi1bedeer 0bHOIeDIIBE RS
ebleialeee eveljleelee] HeRI1eobhI] 103133373e0H eRlleoblly eoeedeerbE 8%
oeelbieaed bedolidbebre eeeebebeee 13DL133evbee 133323beiee vel1b111RD 120
eobebieer] 133eRIRIOR 1D0373eRIAHIe Jeal1biajer Joeeoeeeer belilloiell 196
D323 ebebe] 1303eORER] 1B1131]100Be ]130bedade] bijioeveeby obeadabada  1og¢
q1ed33ea3oe ebedD1obeb eieedoei1bld Diedoevdabe jeabeelie] jeiljljeebbl 1wz
SUOAU| (358D JOMOT D31eONOB1R] D303eoeD1b BoORl1beRR BOHORRIHH 0PIHDHIIVII DIVYVYIOWYY 18T
DOLOVVYIOLD VOOODVIOLLVY VYVVOOVIOLOL OJDOVLLVIVOV DOLVDOLOVD VODILOLOOV T[T
suox3j :asedsaddn LVYVIOLOVYI ODLODDLOVID LODOLIVOLID ILVDOLIOVOV VOVLOLVVYOVY IOLIVOOILVY 19
DOYDIOLOVIL VYVOOILOVODD VODIOLIOLOLYD OVOVOVODUYVL ODLLVVILIODLOV DVDOVODLIVY T
(09:ON dI O4S) IDONINOIS ¥NJO HANIODINIW ¥YZHSN NVWNH I JTdVL

31



PCT/US2023/064789

WO 2023/183825

(€S :ON dI 0FES) DSe3133d3e1133elR]lRRR]1]]1]D0R
030021 r0002123eoaeeRbleeb]103e30210073023021b333bayeobeabeobioqed
1e1bo13babiayaaeaeedi10oroeERRLRDIDII0DIIROODIRIDD0DDO00DI1ebeRD
epebiaiaeebiieolbijeqeeeljeeeldbeeellejeibilibeoeeedboyeoqllbe
1=JolaR=lalalial =il =}=3=XalaR =} =lak=3=Jal o) =} <lalali=lo]olatalalelalalatatal lo) o) <) =lalal =lo) s Jalalal sie) =i =Jol =i =} =34} =]
oepelbieieobeooiobebereeebeberellbiijieberiiiilibejeeee]110633180
eobebiepeel]iieeleloelolleelbieaelibillleejoeeoeeeeebe]1330318]]
O331ebebriiiojeorer1]1e3312100ee]100Pe030v]1biiiorverebl10be103073017
qeo33ellorebedOl0bebeleeorelblobiedoorvolbeielberijellellieedhdy

UoOJ3UI| O23rdor33rlo303rordOlbeoriyiibeeeedborelbiborib
(ZS :ON dI OFS) OHIIVIIOOVYYIOVVY
(TS :ON dI 0ISs) I A N ¥V ¥4
DOLOVYOIOLOVIDOOVILLYYYYIOVDLOLOIOVLLVYLVYOVIIOLYDOLOVOVOODLOLOOY
0 ¥ D 0 9 $s N O H 2 11 I aa ©9 a A I 9 S I
LYVOOLOVYLOLIDDLOVOOLOODLVYILOIDLVYDOLLOVOVVYOVLOLYVOVLOLLYDOLYY
N D N D2 4 $8s D 9 a 4a a T @24 0 T N X 4 9 N
OVODDLOVILYYOIOLOVIOOVIOIOLOLOLOIVIOVOVOVVILOLLYVLOLOVOVOOVOOLLY
¢T uoxy O D 0O N OD 0 ¥ 95 S A H ¥ ¥ D N O 0 9 95 1

SNOJYLNI dNV SNOXH HUNIDINIW V¥CHSN :II HTIV.L

(0S :ON dI 03S) 95DV VDOLIOVOVIL T1971¢C

ODOLVOLLLYD OLLLOVLLYD JDVOYVYVYOOLY VOOVDIOLLY OJV¥VOOIOLDD LLVOILIOOL TO0TZ
VOUVYODOLLL DLOLOVOLOD LOVOLODOVI VVLOLOLVYOV DIVVLILOVOD ILODLOVVYOVL T#0Z
VOODIVOLDD LVOIOLODDL D9DDLOVIIDL VVIOOVIOILD ILLVIVLLLL 1bHe3diiae 1867
17330333 eR] J33oFverRRlR JeRieilbeeee eilebbhibebe eveejeeel]l obieijeiae IZ61
eoleel1biby D33233236b307 eabeberbb 1300bbeiee eERlRRIJRER DlBDODIBOR 1987

32



PCT/US2023/064789

WO 2023/183825

uoIjur

oJolaksislo)=lal=Jotelal=lal=)=]olaRalo)=] Slalata si=l=1=] o) o) si=l=lo)=] o) =leTelalalalal =laRaRaRal =) <JolaN o=l o) =) =Je) =]=
DaepbeoipeeRrR]l311brorer]]]100000rRrRebrebyloror]o333red]oebeb
JQaleeleoll3elllebboieboobeoiorereiebellioeiebbebebiyyieioel1302
epl3leleobilolelleeeedllelloeellleloeRlelelROoRORROOIR]IRDIRIR]]
1e1bioe]aeo3ereRrO0331r]1]33eeredr103100b0b30623232300620323230730003073300
ea1bbeii0ore11b3113173100711voELIRRORODIDRD Y11 1rORIIRIb I ERRbRRRbER D

€T uoxXq

(GG :ON dI 0ES) HVIOVVIILOLOVILVVYIOLOOVYOVYOIVYILODIVYIOD
(vS :ON dI 0dSs) d 0 2 0 N O 9 ¥ 95 0 ¥ N 4
SIOILOLOLIIDLOVIINDILOVILVYIDIVOLOLLILYIOVOODLIDVILIVIVOOODLLODL
A D T D 0 © 8 I 4 a D I L 9 4 1T & 9 T S
IVOLOLOVOILOLOLVOVIIILIOVIVVILLLLVYOVOLIVIIOVOLLIVYYIOVIOOVIVILOD
a o2 ®3 2 W 0 2 H O 4 NI I T N X ¥9 H 4
OVOLOIOVILVVYILIOLOODIIILOOVIVYILOOOOVILILVYYIOLILODIOLVYYIVOOVIOVYOL
4 2 0 N D ¥ T 9 I A 95 T X D2 4 2 0 9 1 s
YYYOVVYIOLOLIOLOLOLOOOIVYYIVYOVOOOLIOVOVYLYOLOLOVYIOLIDIOLOIOL
¥ N D T T S 9 N I L 9 I X d 2 N D d4a 1T D
OILODLLLOLIVVIVVVYYO99IVLIIOVIDLLOVYVYOOOVOILLLOLVVYVIVVIOILOVOVOY
T 4 S N N 0 ¥4 T X 4 N 9 @& T D2 M N D O H«
9OOVYOLIOLYYIIIOVYIDLILVIDILOVIOOOVIVOVYLIOLVVIOLILOLOVOODLID
5 4 AN d X 2 I 2 0 9 I ¥ ¥ N D2 A I 9 4
DLOIILYODLOOVIVIVILOLIOVILILDDDOVVYILOLLVVIIVILOLVOVLIOOOLVLLLL
T 8§ 9 ¥ I @ 2 d 2 ¥ X 2 N I A a 1T 9 x 4
OYVYYVOVYOYIILIIVIVOLOLOVILIOVIOVYYIDOVYOVYVYYVYIOLOVIILOIOVYIDDD
N 3 949 D2 I a 2 0 1T 9 M ¥ 4 ¥ X oD T 2 0 9
IDILOVILIODIVYIOLILIYVYIVYOILOVILIOOLYIDLOIVYILOLOVIIOLIDIOVOLOLY
S H d N D 4 X N A S 9 H T N DO 0O D a 3 D
9OIIOILVOILVVYILIIOOVYOIDIOIIIVYYIIIVOOILLLYYIOIIVIIVOLOIOOVIIOOD
9 AN d N 4 8§ ¥ T 4 X 4 9 4 N D2 H d 2 9 1

33



PCT/US2023/064789

WO 2023/183825

sallepunoq
uoxa .|«

20 0 T 9 X ¥ T X M O 4 D O © S H 4 N D 4
YVYYOVYOLOVIOLIDDILYIDILIOVVIOLOVIIOLIDIOVIOLOLVODLLOLVOLVVLLLOOY
¥ N A S 9 H T N D2 0 D a4a T 2 9 A d N 4 S
VOOIILOIIIVVVIIIVOOILIIVYDOIIVOLYOIOLOOVILIO # || +DLIVILODVYYIOVYY
4 T 4 ¥ 4 9 4 N D2 H @ 2 ¥ 1 5 I A N ¥ M
DOLOVYIDLOVIIOOVILIVYVYIIVILOLIDVYLIVIVOVOIIVOOLOVIVOIDLILIIY
2 ¥ D 0 9 8 N O H O L I da 9© a A I 9 s L
LYVOOLOVYYIOLIDDLOVIOLIOOLVIOLODLVOILIOVOVVYIOVILOLVVOVLOLLVOOLYY
N D N D d 8 2 9 a 4a da T 49 080 T N X 4 9 N
OVIIOLOVIILVYVIOILOVIOOYIOOL OLOLOIVIVOVOVVYIOLIVYILOLOVOVOOVOOLLY)
0 2 0 N 2 0 ¥ 9 S A H ¥ X 2 N D2 0 9 9 1

(VT NOXH-E€T NOXI-ZT NOXH)V¥YNCO HENIADINIW dIDITAS VCHSA :III dAILVYL

pT uoXd

(85 :ON dI OdS) 9V
(LS :ON dI 04Ss)
YOOLOVOVYILODLVOLILIVOOLILIOVLIVIIVOVYYIOLVYYIIVOLOLIODVYIOOOL OO
9 I 0 4 a 4 9 4 X H @ X 2 0 a 2 9 0 9 ¥
LIVODLLOOLVYOVVIDOLLILOLOLOVILOOLOVOLODOVIVVILOLOLVOVOLVVLLOVOD
I S ¥ a 8 2 A D 0 9 L T S N D I H N A ¥
LODLOVYIYLYIIOLYILIDIVIDDIOIOLIOOLIOYIIDIVYIOOVIILOLIIVIVILILLLIO
5 I L H 2 8 2 4 T 2 9 L ¥ N 9 4 8 I X 4

(96 :ON

aIr 0dEs) Dbeaoiaiej11o3321eellll0eRERRIR]lRlIRlIDbERRRRRIRDDIDRDERRR
Qeeel330bieiaelleeoleel1b10630717133303033e0bebeabbiq00bbeaeeRR]R
plleeeoleO0obieordo312baaeebeiooeieeebejeiell11beqo0110b3e3eq000
ebeebr10bi113133b3eerea0bblobeeearebiol0olerRl0oRRbIRDIRRRDIIRIRRRD

34



PCT/US2023/064789

WO 2023/183825

(09:0N I 0ds) oY

(6G:ON dI OdS)
YOOLOVOVILIDILVOLILIVOOLLIOVIIYIIVOVYYVYIOLYYIIVOLOLLODYYIOOOL DD
59 L 0 4 da 4 9 4 X H a X D 0 a 2 9 0 9 ¥
LIVOOLLOOLVOVYIIILILIOLOIOVILOOLOVILIDOVIVVIOLOILVIOVIOLVVYLILOVYID
I s ¥ a 080 2 A D 0 9 IL T S N 2 I H N A Y
LOOLOVYOVIVIIOLVYIILOOIYIOIDILDIOLIODLIOVIIOILVVYIOOVIDLOLLLYIVLLLL
95 IL L H 2 8 2 4 1T 2 9 &L ¥ N 9 4 8 I X 4
ID¢ || *DYDOVYILOLOVILVYIOLOOVYOVYOOVYILODIVYILIIOIOLOLOLIIDLOVIIND

5 4a 0 2D 0 N D W ¥ 9 0 ¥ N d A DO T O 0 9
LOVOLVYVYOIOVILIDLLLVYIIOVODDLOIVLLYIOVIOIDLLIOILLYDLOLOVOLOLOLYDVYD
s I 4 d 2 I &L 9 4 1T L 9 T s a 5 4 2 W ©
DOLOVOVYOLLLLVVYOVILLVYOOVYOLLLVVYOVLOOVOVOLIOOIOVOLIOLOVOLYVYLOLODO
2 H 0O 4 N I L T N X 9 H g 3 D 0 N DO ¥
LLOLODVYOVVYLODODVLLVYYVYOIDLLODLOLYYOVYOOVOVYILYVYVYOVVYLOLOLODLOLOL
T 9 I A 9 T ¥ 0 4 0 0 9 &L 8 M N D T T S
ODDLVYVVYLYVYOVIIDLOVOVVYLYDLOLOVYIIDLLOIDDLILIDLILIDLLLOLLYVLYYYYD
9 N I &L 9 &Z1 X d D2 N D 4 T 20 T 4 S N N O
DOIVLIOVLILLIOVVYVIDOVOILLLOLVVVLYVYOOLOVOVOVIOOVVYOLLOLYVYOOOOVY
¥ T X 4 N 9 @ T D X N D 0 ¥ 9 38 A N g ¥
ODLOLYODLOVYOIDIIDVIOVOVVYLODLYYLOLOLOLOVOIDLIIILODILYIDDLOIOVYOVOVYD
2 I D 0 9 & X ¥ N O A L 9 4 T 8 9 ¥ I a
LOLOVOLOLOODIOVVYLOLLYVOOVOLILVOVLLIOOILYLLLLOVYYVOVDVYIOLOOVYOVD
20 @ O ¥ ¥ O N &L A a T 9 X 4 N d ¥ O L a
LOLOVOLLOVODVYVVYOIOIVVYIOVVYVYVVYVYOOLOVYOLOLOVIIIDLOLIOVILIOOLYVYODLOLL

35



PCT/US2023/064789

WO 2023/183825

salepunoq
uoxa

el

(Z9:0ON AI OFS) Y99IDVOVILIODLVOLLIVOD

(T9:0ON aI OdES) 95 I 0 a a a4 o
LIIOVLIVYDOVOVYVYIOLVYIOVOLOLLOIOVYIOOOLIOLIVIIDLLIOLVYOVYIIOLLLO
d X H a X 2 0 a 2 ¥ 0 9 ¥ I s ¥ a O 2 A
ILOIOYILOOLIOVOLIODOVIVYIOLDIYIOVILVYLIOVIOOLODILOVYIOVIVYODOLYILIOL
20 9 IL T &S N 2 I H N A ¥ 9 I &L H D2 S D

YOOIDLOOIDLIDOLIOVIIDLYVIOIOVOOLOLLLVLVLLLL IO || * SLIVIIOOVYVIOVYY

d T 2 9 I ¥ N 9 d4a s I X d 9 I A N ¥ M
DOLOVYIDLOVIIOOVILIVYVYYIOIOVILOLODYLIVIVOVOOIVOOLOVYIOVOOOLIOLIOOY
2 ¥ D 0 9 §$S N O H D 1L I a 9 a A L 95 s 1L
LYVYOOLOYYIOLIODDIOVIOILIOOLVOLOIILVYOOLIOVOVYOVILOIVYOVIDLIVOOLYY
N D2 N D2 d4d 8 2 9 da 4 d T 4 08 T N X 4 9 N
OVIIOLOVILVYVIDLOVIDOYIDILOLOLOIVIVOVOVVILOLIVVILOLOVIOVOOVOOLLY)
0 2 0 N 2 0 ¥ 9 S A H ¥ X 2 N DO 0 9 9 1

(7T uoxg-gT uoxd)butddris ¢ uox® I93Fe ¥YNJO €IV VZHSN :AI dATIVYL

36



WO 2023/183825 PCT/US2023/064789

IV.  ANTISENSE SEQUENCES

[0207] Introns are defined by a set of short “splice elements' which are conserved RNA segments
that bind splicing factors required for spliceosome assembly. Thus, each intron is defined by a §'

splice site, a 3' splice site, and a brand point situated there between.

[0208] Exon-skipping prevents splicing of a target exon, which results in a mature mRNA where

the targeted exon 1s removed from the mature transcript.

[0209] Within the context of the USH2A gene, an exon targeted for exon skipping can be any one
of the “in-frame” exons shown in FIG. 2B, including, for example, exon 13, where several of the

most common pathogenic USH2A mutations reside.

[0210] In one aspect, a splice element may be “blocked” using an antisense oligonucleotide (AON)

having a nucleotide sequence that can hybridize with a USH2A pre-mRNA.

[0211] The term “antisense” refers generally to any approach reliant upon a single-stranded
oligonucleotide, recombinant RNA or DNA, that is sufficiently complementary to a target
sequence to associate with the target sequence in a sequence-specific manner (e.g., hybridize to

the target sequence).

[0212] As used herein, the term “antisense sequence” (AS) refers to a nucleic acid having
sufficient sequence complementarity to a single target RNA sequence (i.e., the RNA for which
splice site selection is modulated) to block a region of a target RNA (e.g., pre-mRNA) in an

effective manner,

[0213] As used herein, an “antisense sequence” and “antisense oligonucleotide” are used
interchangeably and refer to a single strand of DNA or RNA that is complementary to a single
target sequence of a pre-mRNA. The term “complementary”, as used herein, refers to a nucleic
acid sequence that can form a hydrogen bond(s) with another nucleic acid sequence by either
traditional Watson-Crick base pairing or other non-traditional types of pairing (e.g., Hoogsteen or

reversed Hoogsteen hydrogen bonding) between complementary nucleosides or nucleotides.

[0214] As persons skilled in the art are aware, when using RNA as opposed to DNA, uracil rather
than thymine is the base that is considered to be complementary to adenosine. However, when a U
is denoted in the context of the present disclosure, the ability to substitute a T is implied, unless

otherwise stated.
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[0215] An “antisense sequence” having a “sequence sufficiently complementary to a target RNA
sequence to modulate splicing of the target RNA” means that the antisense sequence has a
sequence sufficient to trigger the masking of a binding site for a native protein that would otherwise

modulate splicing and/or alters the three-dimensional structure of the targeted RNA.

[0216] As used herein, “targeting” means the process of design and selection of nucleic acid

sequence that will hybridize to a target nucleic acid and induce a desired effect, e.g., exon skipping.

[0217] It is understood in the art that a nucleic acid molecule need not be 100% complementary
to a target nucleic acid sequence to be complementary. That is, two or more nucleic acid molecules
may be less than fully complementary. Complementarity is indicated by the percentage of
contiguous residues in a nucleic acid molecule that can form hydrogen bonds with a second nucleic
acid molecule. For example, if a first nucleic acid molecule has 10 nucleotides and a second nucleic
acid molecule has 10 nucleotides, then the base pairing of 5, 6, 7, 8, 9, or 10 nucleotides between
the first and second nucleic acid molecules represents 50%, 60%, 70%, 80%, 90%, and 100%
complementarity, respectively. “Fully” complementary nucleic acid molecules mean those in
which all the contiguous residues of a first nucleic acid molecule will hydrogen bond with the
same number of contiguous residues in a second nucleic acid molecule, wherein the nucleic acid
molecules either both have the same number of nucleotides (i.e., have the same length) or the two
molecules have different lengths. One of ordinary skill in the art would recognize that the antisense
sequence can have about 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to a nucleotide sequence
that is 100% complimentary to a selected target sequence, e.g., an USH2A pre-mRNA sequence.

[0218] In one aspect, the antisense sequence (AS) has sufficient complementarity with a target
RNA sequence to inhibit splicing of a specific exon without inhibiting the splicing of non-targeted

€xXons.

[0219] In one aspect, the antisense sequence (AS) has sufficient complementarity with a target
RNA sequence to inhibit splicing of a specific exon without inhibiting splicing of genes other than
USH2A.

[0220] In one aspect, the antisense sequence (AS) has sufficient complementarity with a target
RNA sequence to inhibit the splicing of USH2A exon 13 without inhibiting splicing of any of the
other USH2A exons.
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[0221] In another aspect, an antisense sequence (AS) can be 10, 11, 12,13, 14, 15,16, 17, 18, 19,
20, 21,22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50,60, 70, 80, 90, 100, 200 or more nucleotides in length.

[0222] In another aspect, an antisense sequence (AS) can have a % GC of about 25%, 26%, 27%,
28%, 29%. 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%,
45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%,
62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, or 75%.

[0223] In another aspect, the antisense sequence can be any one of the sequences shown in FIGs.

5A and 5B, including SEQ ID Nos. 1, 2,3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17 or 18.

[0224] In another aspect, the antisense sequence can be 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 nucleotides of the nucleotide sequence of SEQ ID NQO: 19
or 20.

Antisense oligonucleotides (10ONs)

[0225] In certain aspects, the antisense sequences disclosed herein can be delivered to a cell as an

antisense oligonucleotide (AON).

[0226] In one aspect, an AON may comprise one, two, three, or more covalently linked antisense
sequences, with each antisense sequence targeting a different USH2A pre-mRNA sequence

required for a target exon’s splicing.

[0227] In another aspect, an AON may comprise a population of AONs, each antisense sequence

targeting a single USH2A pre-mRNA sequence required for a target exon’s splicing.
[0228] In one aspect, the antisense oligonucleotides may not be chemically modified.
[0229] In one aspect, the antisense oligonucleotides are single stranded.

[0230] In one aspect, an antisense oligonucleotides can be modified oligonucleotides having a
length of about 5 to 50 nucleotides (or nucleotide analogs), e.g., 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,43, 44,45, 46,47, 48, 49, or 50 nucleotides (or nucleotide analogs). In certain aspects, antisense
oligonucleotides are modified oligonucleotides having a length of about 15 to 40 nucleotides (or

nucleotide analogs). In certain aspects, antisense oligonucleotides are modified oligonucleotides
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having a length of about 3 to 80 nucleotides (or nucleotide analogs), or for example, about 3-10,
10-15, 15-20, 20-25, 25-30, 30-35, 35-40, 40-45, 45-50, 50-55, 55-60, 60-65, 65-70, 70-75, 75-80

or 80 or more nucleotides (or nucleotide analogs).

[0231] Exemplary chemical modifications at certain positions may comprise or consist of one or
more (additional) modifications to the nucleobase or backbone linkage, which may or may not be
present in the same monomer, for instance at the 3’ and/or 5’ position. A backbone modification
indicates the presence of a modified version of the ribosyl moiety as naturally occurring in RNA
(i.e. the pentose moiety), such as bicyclic sugars, tetrahydropyrans, hexoses, morpholinos, 2’-
modified sugars, 4’- modified sugar, 5’-modified sugars and 4’-substituted sugars. Examples of
suitable modifications include, but are not limited to 2’-0-modified RNA monomers, such as 2’-
O-alkyl or 2’-0-(substituted)alkyl such as 2’-0-methyl, 2’-0-(2-cyanoethyl), 2'-0-(2-methoxy )ethyl
(2°-MOE), 2’- 0-(2-thiomethyl)ethyl, 2’-0-butyryl, 2’-O-propargyl, 2’-0-allyl, 2’-0-(2-
aminopropyl), 2’- 0-(2-(dimethylamino)propyl), 2’-0-(2-amino)ethyl, 2’-0-(2-
(dimethylamino)ethyl); 2’- deoxy (DNA), 2’-O-(haloalkyl)methyl such as 2’-0-(2-
chloroethoxy)methyl (MCEM), 2’°- 0-(2,2-dichloroethoxy)methyl (DCEM); 2°-0-alkoxycarbonyl
such as 2’-0-[2- (methoxycarbonyl)ethyl] (MOCE), 2’-0-[2-/V-methylcarbamoyl)ethyl] (MCE),
2’-0-[2- (/V,/V-dimethylcarbamoyl)ethyl] (DCME); 2’-halo e.g. 2’-F, 2'-F arabinosyl nucleic acid
(FANA); 2'-0-[2-(methylamino)- 2-oxoethyl] (NMA); a bicyclic or bridged nucleic acid (BNA)
backbone modification such as a conformationally restricted nucleotide (CRN) monomer, a locked
nucleic acid (LNA) monomer, a xylo- LNA monomer, an a-LNA monomer, an O-L-LNA
monomer, a b-D-LNA monomer, a 2’-amino-LNA monomer, a 2’-(alkylamino)-LNA monomer, a
2’-(acylamino)- LNA monomer, a 2’-/V-substituted 2’-amino-LNA monomer, a 2’-thio-LNA
monomer, a (2°-0,4’-C) constrained ethyl (cEt) BNA monomer, a (2°-0,4’-C) constrained
methoxyethyl (¢c(MOE) BNA monomer, a 2°,4’-BNANC(NH) monomer, a 2°,4’-BNANC(NMe)
monomer, a 2°,4’-BNANC(NBn) monomer, an ethylene-bridged nucleic acid (ENA) monomer, a
carba-LNA (cLNA) monomer, a 3,4-dihydro-2/-/-pyran nucleic acid (DpNA) monomer, a 2’-C-
bridged bicyclic nucleotide (CBBN) monomer, an oxo-CBBN monomer, a heterocyclic-bridged
BNA monomer (such as triazolyl or tetrazolyl-linked), an amido-bridged BNA monomer (such as
AmNA), an urea-bridged BNA monomer, a sulfonamide-bridged BNA monomer, a bicyclic
carbocyclic nucleotide monomer, a TriNA monomer, an a-L-TriNA monomer, a bicyclo DNA

(bcDNA) monomer, an F-bcDNA monomer, a tricyclo DNA (tcDNA) monomer, an F-tcDNA
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monomer, an alpha anomeric bicyclo DNA (abcDNA) monomer, an oxetane nucleotide monomer,
a locked PMO monomer derived from 2’-amino LNA, a guanidine-bridged nucleic acid (GuNA)
monomer, a spirocyclopropylene-bridged nucleic acid (scpBNA) monomer, and derivatives
thereof; cyclohexenyl nucleic acid (CeNA) monomer, altriol nucleic acid (ANA) monomer, hexitol
nucleic acid (HNA) monomer, fluorinated HNA (F-HNA) monomer, pyranosyl-RNA (p-RNA)
monomer, 3’-deoxypyranosyl DNA (p-DNA), unlocked nucleic acid UNA); an inverted version of

any of the monomers above.

[0232] A “backbone modification” indicates the presence of a modified version of the ribosyl
moiety, and/or the presence of a modified version of the phosphodiesteras naturally occurring in
RNA (“backbone linkage modification”). Examples of internucleoside linkage modifications are
phosphorothioate  (PS), chirally pure phosphorothioate, Rp phosphorothioate, Sp
phosphorothioate, phosphorodithioate (PS2), phosphonoacetate (PACE), thophosphonoacetate,
phosphonacetamide (PACA), thiophosphonacetamide, phosphorothioate prodrug, S- alkylated
phosphorothioate, H-phosphonate, methyl phosphonate, methyl phosphonothioate, methyl
phosphate, methyl phosphorothioate, ethyl phosphate, ethyl phosphorothioate, boranophosphate,
boranophosphorothioate, methyl boranophosphate, methyl boranophosphorothioate, methyl
boranophosphonate, methyl boranophosphonothioate, phosphoryl  guanidine (PGO),
methylsulfonyl phosphoroamidate, phosphoramidite, , N3’- P5’ phosphoramidate, N3°- P5’
thiophosphoramidate, phosphorodiamidate, phosphorothiodiamidate, sulfamate,
dimethylenesulfoxide, sulfonate, triazole, oxalyl, carbamate, methyleneimino (MMI), and

thioacetamido (TANA); and their derivatives.

[0233] In certain aspects, AONs are a chirally enriched population of modified AONs, wherein the
population is enriched for modified AONs comprising at least one particular phosphorothioate
internucleoside linkage having a particular stereochemical configuration, preferably wherein the
population is enriched for modified AONs comprising at least one particular phosphorothioate
internucleoside linkage having the Sp configuration, or wherein the population is enriched for
modified AONs comprising at least one particular phosphorothioate internucleoside linkage

having the Rp configuration.

[0234] In one aspect, the nucleotide analogue or equivalent comprises a modified backbone,

exemplified by morpholino backbones, carbamate backbones, siloxane backbones, sulfide,
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sulfoxide and sulfone backbones, formacetyl and thioformacetyl backbones, methyleneformacetyl
backbones, riboacetyl backbones, alkene containing backbones, sulfamate, sulfonate and
sulfonamide backbones, methyleneimino and methylenehydrazino backbones, and amide
backbones. Phosphorodiamidate morpholino oligomers are modified backbone oligonucleotides
that have previously been investigated as antisense agents. Morpholino oligonucleotides have an
uncharged backbone in which the deoxyribose sugar of DNA is replaced by a six-membered ring
and the phosphodiester linkage is replaced by a phosphorodiamidate linkage. Morpholino
oligonucleotides are resistant to enzymatic degradation and appear to function as antisense agents
by arresting translation or interfering with pre-mRNA splicing rather than by activating RNase H.
Morpholino oligonucleotides have been successfully delivered to tissue culture cells by methods
that physically disrupt the cell membrane, and one study comparing several of these methods found
that scrape loading was the most efficient method of delivery; however, because the morpholino
backbone is uncharged, cationic lipids are not effective mediators of morpholino oligonucleotide
uptake in cells. It is further preferred that the linkages between the residues in a backbone do not
include a phosphorus atom, such as a linkage that is formed by short chain alkyl or cycloalkyl
internucleoside linkages, mixed heteroatom and alkyl or cycloalkyl internucleoside linkages, or
one or more short chain heteroatomic or heterocyclic internucleoside linkages. A preferred
nucleotide analogue or equivalent comprises a Peptide Nucleic Acid (PNA), having a modified
polyamide backbone (Nielsen, ez al. (1991) Science 254, 1497-1500). PNA-based molecules are
true mimics of DNA molecules in terms of base- pair recognition. The backbone of the PNA is
composed of N-(2-aminoethyl)- glycine units linked by peptide bonds, wherein the nucleobases
are linked to the backbone by methylene carbonyl bonds. An alternative backbone comprises a
one-carbon extended pyrrolidine PNA monomer. Since the backbone of a PNA molecule contains
no charged phosphate groups, PNA-RNA hybrids are usually more stable than RNA-RNA or RNA-
DNA hybrids, respectively (Egholm ef al. (1993) Nature 365:566-568).

[0235] It 1s understood by a skilled person that it is not necessary for all positions in an AON to
be modified uniformly. In addition, more than one of the analogues or equivalents may be
incorporated in a single AON or even at a single position within an AON. In certain aspects, an
AON of the disclosure has at least two different types of analogues or equivalents. A preferred
exon skipping AON according to the disclosure comprises a 2'-0 alkyl phosphorothioated antisense

oligonucleotide, such as 2'-OMe modified ribose (RNA), 2'-0-ethyl modified ribose, 2'-0-propyl
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modified ribose, and/or substituted derivatives of these modifications such as halogenated
derivatives. An effective AON according to the disclosure comprises a 2'-OMe ribose and/or 2’-

MOE ribose with a preferably fully phosphorothioated backbone.

Recombinant RNAs

[0236] In one aspect, the antisense sequences disclosed herein can be stably expressed in vivo as
part of a recombinant RNA. Recombinant RNA refers to an engineered RNA having a plurality of
antisense sequences covalently linked to an RNA moiety such as a U snRNA, e.g., a Ul, U2, U4,
US, U6, or U7 snRNA. In one aspect, the antisense sequences target one or more splice junction
regions of an in-frame exon to induce antisense-mediated splicing modulation of pre-mRNA, e.g.,

exon skipping.

[0237] As used herein, “expression” refers to the process by which a transgene encoding a
recombinant RNA is transcribed into a single-stranded RNA suitable for gene therapy applications.

In certain aspects, single stranded RNA may form stem and loop structures.

[0238] As used herein, the term “antisense sequence” as it pertains to a recombinant RNA refers
to an oligonucleotide, preferably an oligoribonucleotide, that is substantially complementary to a
section of about 10-50 nucleotides, e.g., about 15-30, 16-25, 18-23 or 19-22 nucleotides of the pre-
mRNA targeted for modulation of splicing. The antisense sequence comprises a sequence
sufficiently complementary to the desired target pre-mRNA sequence to direct target-specific
modulation of RNA splicing (e.g., complementarity sufficient to trigger the formation of a desired
target mRNA through modulation of splicing, e.g., by altering the recruitment of the splicing

machinery or process).

[0239] As used herein, the “5' end”, as in the 5' end of an antisense sequence, refers to the 5'
terminal nucleotides, e.g., between one and about 5 nuclectides from the 5’ terminus of the

antisense sequence.

[0240] As used herein, the “3' end”, as in the 3' end of an antisense sequence, refers to the 3’
terminal nucleotides, e.g., between one and about 5 nucleotides, at the 3’ terminus of the antisense

sequence.
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[0241] In one aspect, a recombinant RNA comprises one, two, three, or more covalently linked
antisense sequences, cach being about 20-30 nucleotides in length, wherein each antisense

sequence targets a different pre-mRNA sequence required for a target exon’s splicing.

[0242] In another aspect, the antisense sequence that can anneal to its target RNA sequence may
have one or more mismatches comprising, for example, at least one adenine-guanine (A-G)
mismatch, at least one adenine-adenine (A-A) mismatch, or at least one adenine-cytosine (A-C)

mismatch.

[0243] In certain aspects, the recombinant RNA can be a modified recombinant U snRNA, eg., a
Ul or U7 snRNA, or RNA- or guide RNAs of non-catalytic RNA or DNA-targeting enzymes (e.g.
CRISPR-Cas guide RNASs).

[0244] In one aspect, the modified recombinant U snRNA comprises an Sm or Sm-like protein

binding domain, or variant thereof, from a spliceosomal snRNA small nuclear RNA (snRNA).

[0245] Recombinant U7 snRNAs for the expression of antisense RNA sequences were first
described by Gorman ef al. (1998) Proc. Natl. Acad. Sci. USA vol. 95, pp. 4929 — 493 and in the
published U.S. Patent Publication No. 2003/0114411, the contents of which are incorporated by
reference herein in their entireties. Comparable recombinant U1 snRNAs have also been reported

(see, for example, for example, Martone e al. (2012) Methods Mol Biol. 867:239-57).
Recombinant U snRNAs

[0246] U1 snRNP recognizes the 5' splice site by base pairing to the 5’ splice site exon-intron
junction (at positions —3 to +6) (reviewed by Rosbash et al. Trends Biochem Sci. (1991) 16(5):187-
90). In contrast, a U7 small nuclear ribonucleoprotein (snRNP) is an essential co-factor required
for the 3’ end processing of replication-dependent histone messenger pre-mRNAs (reviewed in
Schimperli, D., and R. S. Pillai (2004) Cellular and Molecular Life Sciences: CMLS 61 (19-20):
2560-70). The 5’ end of the U7 snRNA anneals to the histone downstream element (HDE) within
the histone mRNA’s 3 UTR. The U7 associated ribonucleoproteins then direct the 3’

endonucleolytic cleavage of the histone pre-mRNA.

[0247] In one aspect, a recombinant U snRNA refers to a modified U small nuclear RNA (snRNA),
e.g., amodified U7 or Ul snRNA comprising a targeting sequence that at least partially hybridizes

to at least a portion of a target RNA; an Sm or Sm-like protein binding domain or variant thereof
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from a spliceosomal snRNA or a non-spliceosomal small nuclear RNA (snRNA); and a hairpin

from a spliceosomal snRNA or a non-spliceosomal snRNA, a variant or any combination thereof.

[0248] In one aspect, those sequences at the 5” end of a U7 snRNA that anneal to the HDE can be
replaced by the antisense sequences of the present disclosure. In one aspect, the 5’ end of a U7
snRNA may comprise one, two, three, or more antisense sequences that anneal to single or multiple
targeted pre-mRNAs. In one aspect, an antisense sequence of a recombinant U7 RNA can be 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 or more nucleotides
in length.

[0249] In one aspect, any two antisense sequences within a recombinant RNA may be in tandem
or separated by a spacer sequence. In one aspect, the spacer sequence can be 0, 1,2, 3,4, 5,6, 7,
8,9 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 nucleotides in length.

[0250] Exemplary recombinant U7 RNAs are depicted in FIG. 5D and FIG. 8B.

[0251] In one aspect, the U7-specific Sm binding site (AAUUUGUCUAG (SEQ ID NO: 63) can
be replaced with a consensus Sm sequence (AAUUUUUGGAG; SEQ ID NO: 24; SmOpt). The
SmOPT modification of U7 snRNA renders the recombinant U7 particle inactive in histone pre-
mRNA processing. The antisense sequence embedded in an snRNP particle is also protected from

degradation and facilitates transport to the nucleus where splicing occurs.
[0252] In one aspect, a recombinant U7 RNA may be capped at its 5’ end.
[0253] In one aspect, the recombinant U7 snRNA may comprise a hypermethylated 5’ cap.

[0254] In one aspect, the recombinant U7 snRNA may comprise a 2,2,7-trimethyl guanosine

(m3G) 5’ cap (see Plessel ef al. Molecular and Cellular Biology 14 (6): 4160-72).
[0255] In one aspect, the recombinant U7 comprises an USH2A exon 13 antisense sequence.

[0256] In another aspect, the recombinant U7 comprises any one of the antisense sequences of
SEQ ID NO. 1-18.

[0257] In another aspect, the recombinant U7 comprises the USH2A antisense sequences of SEQ
ID NO: 25.

[0258] In one aspect, the recombinant U snRNA is not an aptamer.
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[0259] In another aspect, the recombinant U snRNA does not comprise enzymatic activity, e.g a

ribozyme.

[0260] In another aspect, the recombinant U snRNA does not comprise a guide RNA for gene
editing.

[0261] In another aspect, the recombinant U snRNA does not comprise a binding site for ADAR
(Adenosine Deaminases that Act on RNA) RNA editing.

[0262] In another aspect, the recombinant U snRNA is not bound to a polypeptide, either

covalently or noncovalently.

[0263] In another aspect, the recombinant U snRNA does not comprise a sequence configured for

RNA interference (RNAi or miRNA).

[0264] In another aspect, expression of the recombinant USH2A-specific U snRNA in a
photoreceptor or cochlear cell enhances the amount of USH2A AExon 13 protein expression to at
least 10%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, at least 90%, or at least 99% of the expression of wild-type
USH2A.

CRISPR-Cas Guide RNAs

[0265] In one aspect, the recombinant RNA can be a CRISPR-Cas system guide nucleic acid
molecule (such as a guide RNA, gRNA) comprising one or more antisense sequences that can
hybridize with one or more sequences of a target exon, e.g., USH2A exon 13. The Cas13d protein
forms a complex with the gRNA that then anneals to its target sequence (see the published U.S.
Patent Publication 2019/0062724, the content of which is incorporated by reference herein in its
entirety).

[0266] In one aspect, a Cas13d protein can include one or more HEPN domains, which is no more
than 150 kD, no more than 140 kD, no more than 130 kD, no more than 120 kD, such as about 90
to 120 kD, about 100 to 120 kD or about 110 kD; includes one or more mutated HEPN domains,
and can process the guide RNA, but cannot cleave or cut the one or more target RNA molecules,
includes an Cas13d ortholog from a prokaryotic genome or metagenome, gut metagenome, an

activated sludge metagenome, an anaerobic digester metagenome, a chicken gut metagenome, a
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human gut metagenome, a pig gut metagenome, a bovine gut metagenome, a sheep gut
metagenome, a goat gut metagenome, a capybara gut metagenome, a primate gut metagenome, a
termite gut metagenome, a fecal metagenome, a genome from the Order Clostridiales, or the
Family Ruminococcaceae; includes an Cas13d ortholog from Ruminococcus albus, Fubacterium
siraeum, a flavefaciens strain XPD3002, Ruminococcus flavefaciens FD-1, uncultured
Eubacterium sp TS28-c4095, uncultured Ruminococcus sp., Ruminococcus bicirculans, or

Ruminococcus sp CAGS7.

[0267] In one aspect, the Cas13d protein may comprise one or more mutations in the conserved
HEPN RNase domains. The resulting dCas13d is catalytically dead but retains the ability to bind
its guide RNA (see Konermann ef al. (2018), Cell 173 (3): 665-76 and the published U.S. Patent

Application No. 2019/0062724, the content of which is incorporated by reference herein in its
entirety).

[0268] An exemplary dCasl3d — recombinant gRNA expression vector is depicted in TABLE V.
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TABLE V: EXEMPLARY dCAS13d - RECOMBINANT gRNA VIRAL VECTOR
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V. EXPRESSION VECTORS

[0269] Nucleic acid sequences encoding recombinant RNAs can be inserted into delivery vectors
and expressed from transcription units within the vectors (e.g., AAV vectors). The recombinant
vectors can be DNA plasmids or viral vectors. Generation of the vector construct can be
accomplished using any suitable genetic engineering techniques well known in the art, including,
without limitation, the standard techniques of PCR, oligonucleotide synthesis, restriction
endonuclease digestion, ligation, transformation, plasmid purification, and DNA sequencing, for
example as described in Sambrook ef al. Molecular Cloning: A Laboratory Manual. (1989)), Coftin
et al. (Retroviruses. (1997)) and “RNA Viruses: A Practical Approach” (Alan J. Cann, Ed., Oxford
University Press, (2000)). As will be apparent with one of ordinary skill in the art, a variety of
suitable vectors are available for transferring nucleic acids of the disclosure into cells. The
selection of an appropriate vector to deliver nucleic acids and optimization of the conditions for
insertion of the selected expression vector into the cell are within the scope of one of ordinary skill
in the art without the need for undue experimentation. Viral vectors comprise nucleotide sequences
for the production of recombinant virus in a packaging cell. Viral vectors expressing nucleic acids
of the disclosure can be constructed based on viral backbones including, but not limited to,
retrovirus, lentivirus, adenovirus, adeno-associated virus (AAV), pox virus or alphavirus. The
recombinant vectors capable of expressing the nucleic acids of the disclosure can be delivered as

described herein, and persist in target cells (e.g., stable transformants).

[0270] Nucleic acid sequences used to practice this disclosure can be synthesized in vitro by well-
known chemical synthesis techniques, as described in, e.g.,, Adams (1983) J. Am. Chem. Soc.
105:661; Belousov (1997) Nucleic Acids Res. 25:3440-3444; Frenkel (1995) Free Radic. Biol.
Med. 19:373-380; Blommers (1994) Biochemistry 33:7886-7896; Narang (1979) Meth. Enzymol.
68:90; Brown (1979) Meth. Enzymol. 68:109; Beaucage (1981) Tetra. Lett. 22:1859; U.S. Pat. No.

4,458,066, the content of which is incorporated by reference herein in its entirety.
Transgene

[0271] As used herein, a transgene refers to a nucleotide sequence of a recombinant RNA as

disclosed herein. The transgene can be, for example, a modified recombinant U7 or dCas13d guide
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RNA comprising one, two, or three or more of the aforementioned USH2A exon 13-specific

antisense sequences.
Exemplary Regulatory Sequences

[0272] The term "promoter" or "promoter sequence” as used herein is a DNA regulatory sequence
capable of facilitating transcription (e.g., capable of causing detectable levels of transcription
and/or increasing the detectable level of transcription over the level provided in the absence of the
promoter) of an operatively linked to a downstream (3' direction) coding or non-coding sequence.
In some aspects, the promoter sequence is bounded at its 3' terminus by the transcription initiation
site and extends upstream (5' direction) to include the minimum number of bases or elements
needed to initiate transcription at levels detectable above background. In some aspects, a promoter
sequence may comprise a transcription initiation site, as well as binding sites for transcription
factors. In addition to sequences sufficient to initiate transcription, a promoter may also include
sequences of other cis-acting regulatory elements that are involved in modulating transcription
(e.g., enhancers, silencers, and/or insulators, such as locus control regions (LCRs) or matrix

attachment regions (MARS)).

[0273] Examples of promoters known in the art that may be used in some aspects, e.g., in the viral
vectors disclosed herein, include constitutive promoters, e.g., unregulated promoters that allow for
the continual transcription of its associated transgenes in any cell type and/or under any conditions.
Examples of constitutive promoters include, but are not limited to, a human -actin promoter, a
human elongation factor-1a promoter (Kim, D.W., Uetsuki, T., Kaziro ef al.(1990) Gene 91, 217—
223), a cytomegalovirus (CMV) promoter (Thomsen ef al. (1984) Proc. Natl. Acad. Sci. U.S.A.
81, 659-663), a modified CMV promoter that is resistant to gene silencing (see, for example, the
published U.S. Patent Application No. 2014/0017726 and International PCT Patent Application
WO02012099540, the contents of which are incorporated by reference herein in their entireties), a
chicken B-actin promoter combined with cytomegalovirus early enhancer (CBA) (see, for
example, U.S. Patent No. 5,770,400, the content of which is incorporated by reference herein in
its entirety), a truncated chimeric CMV-chicken -actin (smCBA) promoter (see, for example, U.S.
Patent No. 8,298,818, the content of which is incorporated by reference herein in its entirety), a
Cbh promoter (see, for example, Gray ef al. (2011) Human Gene Therapy 22 (9): 1143-53, the

content of which is incorporated by reference herein in its entirety); a CMVd2 promoter; an
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shCMV promoter; a SCP3 promoter (Even ef al. (2016) PLoS ONE 11(2): e0148918; a PGK
promoter (Gilham e7 al. (2010) J. Gene Med.12,129-136; a UbC promoter (Gill e7 al., Gene Ther.
8, 1539-154), an SV40 minimal promoter, an RSV promoter (Yamamoto et al.(19580), Cell 22,
787-797), or a murine stem cell virus (MSCV) promoter (Hawley et al. (1994) Gene Ther. 1, 136—
138).

[0274] In addition, standard techniques are known in the art for creating functional promoters by
mixing and matching known regulatory elements. Fragments of promoters, e.g., those that retain
at least a minimum number of bases or elements to initiate transcription at levels detectable above
the background, may also be used. In some aspects, a CMV enhancer may be combined with a

tissue-specific promoter.

[0275] In some aspects, a promoter can be a synthetic promoter (see, for example, Jiittner et al.
(2019), Nature Neuroscience 22 (8): 1345-56; Leeuw ef al. (2016) Molecular Brain 9 (1): 52;
Sanches-Medeiros ef al. (2019) J Med Artif. Intell. 2:25; Wu ef al. (2019) Nature Communications

10 (1): 2880, the contents of which are incorporated by reference herein in their entireties).

[0276] In some aspects, the promoter is tissue-specific such that, in a multicellular organism, the
promoter drives expression only in a subset of specific cells. For example, RPE-specific promoters
include, for example, the RPE-65 promoter, the tissue inhibitor of metalloproteinase 3 (Timp3)
promoter, and the tyrosinase promoter. Still, other RPE-specific promoters are known to those of
skill in the art. See, e.g., the promoters described in International Patent Publication No. WO

00/15822, the content of which is incorporated by reference herein in its entirety.

[0277] Examples of photoreceptor cell-specific promoters include, without limitation, the rod
opsin promoter, the red-green opsin promoter, the blue opsin promoter, the inter-photoreceptor
binding protein (IRBP) promoter and the cGMP-B-phosphodiesterase promoter. See, e.g., the
promoters described in International Patent Publication No. WO 98/48097, the content of which

is incorporated by reference herein in its entirety.

[0278] In other aspects, a promoter can be an inducible promoter (i.e., a promoter whose activity
is controlled by an external stimulus, e.g., the presence of a particular temperature, compound, or
protein). In some aspects, a promoter may be a temporally restricted promoter that drives

expression depending on the temporal context in which the promoter is found. For example, a
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temporally restricted promoter may drive expression only during specific stages of a biological

Pprocess.

[0279] Prokaryotic (Gossen ef al., TIBS 18: 471475, 1993) and insect regulatory systems (No ef
al. Proc. Natl. Aced. Sci., USA 93: 3346-3351, 1996) have been adapted to construct gene switches
that function in mammalian cells. Since inducer molecules are not expected to have targets
in mammalian cells, the possibility of interference with cellular processes is reduced. Of the
prokaryotic proteins, the repressors of the lac operon (Brown, M., et al. Cell 49: 603-612, 1987,
and Hu, M. C. -T. and N. Davidson Cel/l 48: 555-566, 1987), the tet operon (e.g., U.S. Patent No.
7,541,446, the content of which is incorporated by reference herein in its entirety) and the cumate
operon (e.g., US. Patent No. 7,745,592, the content of which is incorporated by reference herein
in its entirety) have been shown to function in mammalian cells. Many have been incorporated in
eukaryotic inducible expression systems using different strategies to control activation and
repression of expression. Activation of expression is mediated by a chimeric transactivator protein
formed by the fusion of the bacterial repressor with an activation domain (Gossen, M. and H.
Bujard, Proc. Natl. acad. Sci. USA 89: 5547-5551, 1992, and Gossen, M., et al. Science 268: 1766-
1769, 1995; U.S. Patent No. 7,745,592, the contents of which are incorporated by reference herein
in their entireties). The transactivator can activate transcription when bound to its DNA recognition
sequence placed upstream of the minimal promoter. The ability of the activator to bind DNA
depends on the presence/absence of the inducer molecule (e.g., doxycycline or cumate depending
on the inducible system being used). Repression of expression is mediated by the repressor bound
to operator sites placed downstream of the minimal promoter in the absence of an inducer and

repression is relieved by the addition of the inducer (Brown, M., ef al. Cell 49: 603-612, 1987).

[0280] In one aspect, the promoter may have a length of less than 1 kb. In other aspects, the
promoter may have a length of 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320,
330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510,
520, 530, 540, 550, 560, 570, 580, 590, 600, 610, 620, 630, 640, 650, 660, 670, 680, 690, 700,
710, 720, 730, 740, 750, 760, 770, 780, 790, 800 or more than 800. The promoter may have a
length between 200-300, 200-400, 200-500, 200-600, 200-700, 200-800, 300-400, 300-500, 300-
600, 300-700, 300-800, 400-500, 400-600, 400-700, 400-800, 500-600, 500-700, 500-800, 600-
700, 600-800 or 700-800 nucleotides.
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[0281] In one aspect, the promoter can be a pol IlI-dependent promoter, e.g., a U6 snRNA or H1-
RNA promoter.

[0282] In another aspect, the promoter can be a polymerase II U snRNA-dependent promoter, e.g.,
a human U1 or U7 snRNA gene promoter (see, for example, published U.S. Patent No. 7,947,823,
the content of which is incorporated by reference herein in its entirety). The transcriptional
regulation of human small nuclear RNA genes has been reviewed by Jawdekar er al., (2008)
Biochimica et Biophysica Acta 1779 (5): 295-305, the content of which is incorporated by

reference herein in its entirety.

[0283] In another aspect, the snRNA gene promoters used herein may contain an essential PSE
(proximal sequence element) and DSE (distal sequence element) unique to these genes together
with a 13-16-nt-long element (a so-called U snRNA 3’ box) that directs the production of a 3’ end
to pre-snRNA,. RNA promoter-specific recognition of the 3'-box RNA processing signal is
required for U snRNA transcription termination and 3’ end formation (reviewed by Egloff ef al.
(2008) Biochemical Society Transactions 36 (Pt 4): 590-94). In certain aspects, a U snRNA
promoter may be combined with a pol II enhancer element of a constitutive or tissue-specific

promoter, e.g., a photoreceptor cell-specific enhancer.

[0284] In one aspect, the promoter can be a U7 promoter having the nucleotide sequence of SEQ
ID NO: 30.

[0285] Use of a U7 snRNA as a carrier for gene therapy applications has been reviewed recently
by Lesman et al., (2021), Human Gene Therapy, 32(21-22):1317-1329 and by Gadgil, et al.,
(2021) The Journal of Gene Medicine 23 (4): e3321, the contents of which are incorporated by

reference herein in their entireties.
VI DESIGN OF VIRAL EXPRESSION VECTORS

[0286] A recombinant adeno associated virus or rAAV is a replication-deficient parvovirus, the
single-stranded DNA genome of which is about 4.7 kb in length including 145 nucleotide inverted
terminal repeats (ITRs). The nucleotide sequence of the AAV serotype 2 (AAV2) genome is
presented in Srivastava ef al. J Virol, 45: 555-564 (1983) as corrected by Ruffing ef al., J Gen
Virol, 75: 3385-3392 (1994). Cis-acting sequences directing viral DNA replication (rep),

encapsidation/packaging and host cell chromosome integration are contained within the ITRs.
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Three AAV promoters (named p5, pl19, and p40 for their relative map locations) drive the
expression of the two AAV internal open reading frames encoding the rep and cap genes. The two
rep promoters (pS and p 19), coupled with the differential splicing of the single AAV intron (at
nucleotides 2107 and 2227), result in the production of four rep proteins (rep 78, rep 68, rep 52,
and rep 40) from the rep gene. Rep proteins possess multiple enzymatic properties that are
ultimately responsible for replicating the viral genome. The cap gene is expressed from the p40
promoter and it encodes the three capsid proteins VP1, VP2, and VP3. Alternative splicing and
non-consensus translational start sites are responsible for the production of the three related capsid

proteins.

[0287] As the signals directing AAV replication, genome encapsidation, and integration are
contained within the ITRs of the AAV genome, some or all these internal sequences, approximately
4.3 kb of the genome encoding replication and structural capsid proteins, rep-cap can be replaced
with foreign DNA such as an expression cassette, as disclosed herein, with the rep and cap proteins
provided in #rans. The sequence located between ITRs of an AAV vector genome is referred to

herein as the “payload”.

[0288] The actual capacity of any AAV particle may vary depending on the viral proteins
employed. Typically, the vector genome (including ITRs) is not more than about 5 kb, e.g., not
more than about 4.9 kb, 4.8 kb, or 4.7 kb.

[0289] The ITRs are each 145 bases in length. Thus, the payload is typically not more than about
47 kb, 4.6 kb, 45 kb, or 4.4 kb in length Preferably it is not more than 4.4 kb in length. A
recombinant AAV (rAAV) may therefore contain up to about 4.7 kb, 4.6 kb, 4.5 kb, or 4.4 kb of

unique payload sequence.

[0290] However, following infection of a target cell, protein expression and replication of the
vector requires synthesis of a complementary DNA strand to form a double-stranded genome. This
second strand synthesis represents a rate-limiting step in transgene expression. The requirement
for second strand synthesis can be avoided using so-called “self-complementary AAV” (scAAV)
vectors in which the payload contains two copies of the same transgene payload in opposite
orientations to one another, i.e., a first payload sequence followed by the reverse complement of
that sequence. These scCAAV genomes can adopt either a hairpin structure, in which the

complementary payload sequences hybridize intramolecularly to each other, or a double-stranded

61



WO 2023/183825 PCT/US2023/064789

complex of two genome molecules hybridized to one another. Transgene expression by such
scAAVs is much more efficient than conventional rAAVs, but the effective payload capacity of the
vector genome is halved because of the need for the genome to carry two complementary copies

of the payload sequence.

[0291] An scAAV vector genome may contain one or more mutations in one of the ITR sequences
to inhibit resolution of one terminal repeat, and consequently increase yield in an scAAV
preparation. Thus, one of the ITRs in an scAAV may be deleted at the terminal resolution site or
may contain an inactivating mutation in the terminal resolution site. See, for example, Wang e al.
Gene Therapy (2003) 10, 2105-2111 and McCarty ef al., Gene Therapy (2003) 10, 2112-2118. It
will therefore be apparent that the two ITR sequences at either end of an AAV genome need not be

identical. scAAVs are reviewed in McCarty, Molecular Therapy, 16(10), 2008, 1648-1656.

[0292] In this specification, the term “rAAV vector” is generally used to refer to vectors having
only one copy of any given payload sequence (i.e., a rAAV vector is not an scAAV vector), and

the term “AAV vector” is used to encompass both rAAV and scAAV vectors.
Serotypes

[0293] AAV sequences in the AAV vector genomes (e.g., ITRs) may be from any AAV serotype
for which a recombinant virus can be derived including, but not limited to, AAV serotypes rth10,
AAV-1, AAV-2, AAV-3, AAV-4, AAV-5, AAV-6, AAV-7, AAV-8, AAV-9, AAV-10, AAV-11, Anc80
and AAV PHP.B. The nucleotide sequences of the genomes of the AAV serotypes are known in the
art. For example, the complete genome of AAV-1 is provided in GenBank Accession No.
NC 002077; the complete genome of AAV-2 is provided in GenBank Accession No. NC 001401
and Srivastava ef al., J. Virol., 45: 555-564 {1983); the complete genome of AAV-3 is provided in
GenBank Accession No. NC_1829; the complete genome of AAV-4 is provided in GenBank
Accession No. NC_001829; the AAV-5 genome is provided in GenBank Accession No. AF085716;
the complete genome of AAV-6 is provided in GenBank Accession No. NC 00 1862; at least
portions of AAV-7 and AAV-8 genomes are provided in GenBank Accession Nos. AX753246 and
AX753249, respectively; the AAV-9 genome is provided in Gao ef al., J. Virol., 78: 6381-6388
(2004); the AAV-10 genome is provided in Mol. Ther. 13(1): 67-76 (2006); the AAV-11 genome is
provided in Virology, 330(2): 375-383 (2004); AAV PHP B is described by Deverman ef al., Nature

62



WO 2023/183825 PCT/US2023/064789

Biotech. 34(2), 204-209 and its sequence deposited under GenBank Accession No. KU056473 1.
Reviews of AAV serotypes may be found in Chot ef al (2005) Curr Gene Ther 5(3); 299-310 and
Wu ef al (2006) Molecular Therapy 14(3), 316-327. AAV2/Anc80L6 and Anc80 capsids are
described, for example, in U.S. Patent No. 10,738,087, the content of which is incorporated by
reference in its entirety. Pseudotyped AAVs are described, for example, in Burger ef al. (2004)
Molecular Therapy: The Journal of the American Society of Gene Therapy 10 (2): 302—17). Other
exemplary serotypes that may used to transduce and express an USH2A-specific recombinant
RNA in a photoreceptor or cochlear cell are disclosed in U.S. Patent No. 11,603,542, the content

of which is incorporated by reference herein in its entirety).

[0294] In one aspect, AAV particles may utilize or be based on a serotype selected from any of the
following AAV1, AAV2, AAV2G9, AAV3, AAV3a, AAV3b, AAV3-3, AAV4, AAV4-4, AAVS,
AAV6, AAV6.1, AAV6.2, AAV6.1.2, AAV7, AAV7.2, AAVS, AAV9, AAV9.11, AAVO.13,
AAV9.16, AAV9.24, AAV9.45, AAVO.47, AAVO.61, AAVO.68, AAVO.84, AAV9.9, AAV100,
AAV11, AAV12, AAV16.3, AAV24.1, AAV27.3, AAV42.12, AAV42-1b, AAV42-2, AAV42-3a,
AAV42-3b, AAV42-4, AAV42-5a, AAV42-5b, AAV42-6b, AAV42-8, AAV42-10, AAV42-11,
AAV42-12, AAV42-13, AAV42-15, AAV42-aa, AAVA3-1, AAV43-12, AAV43-20, AAV43-21,
AAV43-23, AAVA43-25, AAV43-5, AAV4A4.1, AAV442 AAV44.5, AAV223.1, AAV2232,
AAV223 4, AAV223.5, AAV223.6, AAV223.7, AAV1-7/th.48, AAV1-8/th.49, AAV2-15/rh.62,
AAV2-3/th.61, AAV2-4/rh.50, AAV2-5/rh.51, AAV3.1/hu.6, AAV3.1/hu.9, AAV3-9/rh.52, AAV3-
11/th.53, AAV4-8/r11.64, AAV4-9/th.54, AAV4-19/h.55, AAVS5-3/rh.57, AAV5-22/rh.58,
AAV73/hu7, AAV168/hu.10, AAV16.12/hu.11, AAV293/bb.1, AAV295/bb2, AAVI106,
1/hu.37, AAV114.3/hu.40, AAV1272/hu.41, AAV127.5/hu.42, AAV128.3/hu.44,
AAV130.4/hu.48, AAV45.1/hu.53, AAVI145.5/Mhu.54, AAV145.6/hu.55, AAV161.10/hu.60,
AAV161.6/hu.61, AAV33.12/hu.17, AAV33.4/hu.15, AAV33.8/Mhu.16, AAVS52/hu.19,
AAV52.1/hu.20, AAV58.2/hu.25, AAVA3.3, AAVA3.4, AAVA3.5, AAVA3.7, AAVCI, AAVC2,
AAVCS, AAV-DJ, AAV-DJS, AAVF3, AAVFS, AAVH2, AAVrh.72, AAVhu.8, AAVrh.68,
AAVrh.70, AAVpi.1, AAVpi.3, AAVpi 2, AAVrh.60, AAVrh.44, AAVrh.65, AAVrh.55, AAVrh.47,
AAVTh.69, AAVTh 45, AAVTh.59, AAVhu.12, AAVH6, AAVLKO03, AAVH-1/hu.1, AAVH-5/hu 3,
AAVLG-10/rh 40, AAVLG-4/rh38, AAVLG-9/hu39, AAVN721-8/rh43, AAVChS5,
AAVCh.5R1, AAVcy.2, AAVcy.3, AAVcy.4, AAVey.5, AAVCy.5R1, AAVCy.5R2, AAVCy.5R3,
AAVCy.5R4, AAVcy.6, AAVhu.1, AAVhu.2, AAVhu.3, AAVhu.4, AAVhu.5, AAVhu.6, AAVhu.7,
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AAVhu 9, AAVhu.10, AAVhu.11, AAVhu.13, AAVhu.15, AAVhu.16, AAVhu.17, AAVhu.18,
AAVhu.20, AAVhu.21, AAVhu.22, AAVhu.23.2, AAVhu.24, AAVhu.25, AAVhu.27, AAVhu.28,
AAVhu.29, AAVhu.29R, AAVhu.31, AAVhu32, AAVhu.34, AAVhu.35, AAVhu.37, AAVhu.39,
AAVhu 40, AAVhu4l, AAVhu42, AAVhu43, AAVhud44, AAVhu44R1, AAVhu44R2,
AAVhu.44R3, AAVhu45, AAVhu46, AAVhu.47, AAVhu48, AAVhu48R1, AAVhu.48R2,
AAVhu 48R3, AAVhu.49, AAVhu.51, AAVhu.52, AAVhu.54, AAVhu.55, AAVhu.56, AAVhu.57,
AAVhu.58, AAVhu.60, AAVhu.61, AAVhu.63, AAVhu.64, AAVhu.66, AAVhu.67, AAVhu.14/9,
AAVhut 19, AAVrh2, AAVrh.2R, AAVrh 8, AAVih 8R, AAVrh.10, AAVrh.12, AAVrh.13,
AAVrh.13R, AAVrh.14, AAVrh.17, AAVrh.18, AAVrh.19, AAVrh.20, AAVrh.21, AAVrh.22,
AAVrh.23, AAVrh.24, AAVrh.25, AAVrh.31, AAVrh.32, AAVrh.33, AAVrh.34, AAVrh35,
AAVrh.36, AAVrh.37, AAVrh.37R2, AAVrh.38, AAVrh.39, AAVrh.40, AAVrh.46, AAVrh.48,
AAVrh 48 1, AAVrh 48 1.2, AAVrh .48 2, AAVrh 49, AAVrh.51, AAVrh .52, AAVrh.53, AAVrh 54,
AAVrh.56, AAVrh.57, AAVrh.58, AAVrh.61, AAVrh.64, AAVrh.64R1, AAVrh.64R2, AAVrh.67,
AAVrh.73, AAVrh.74, AAVrh8R, AAVrh8R AS86R mutant, AAVrh8R R533A mutant, AAAYV,
BAAYV, caprine AAV, bovine AAV, AAVhEI1.1l, AAVhErl.5, AAVhERI.14, AAVhErl 8,
AAVhErl.16, AAVhErl.18, AAVhErl.35, AAVhErl.7, AAVhEr1.36, AAVhEr2.29, AAVhE2 4,
AAVhEr2.16, AAVhEr2.30, AAVhEr2.31, AAVhEr2.36, AAVhER1.23, AAVhEr3.1, AAV2. 5T,
AAV-PAEC, AAV-LKO1, AAV-LK02, AAV-LKO03, AAV-LK04, AAV-LKO05, AAV-LK06, AAV-
LKO07, AAV-LKO08, AAV-LK09, AAV-LK10, AAV-LK11, AAV-LK12, AAV-LK13, AAV-LK 14,
AAV-LK15, AAV-LK16, AAV-LK17, AAV-LK 18, AAV-LK 19, AAV-PAEC2, AAV-PAEC4, AAV-
PAEC6, AAV-PAEC7, AAV-PAECS, AAV-PAECI11, AAV-PAECI12, AAV-2-pre-miRNA-101,
AAV-8h, AAV-8b, AAV-h, AAV-b, AAV SM 10-2, AAV Shuffle 100-1, AAV Shuffle 100-3, AAV
Shuftle 100-7, AAV Shuffle 10-2, AAV Shuffle 10-6, AAV Shuffle 10-8, AAV Shuffle 100-2, AAV
SM 10-1, AAV SM 10-8, AAV SM 100-3, AAV SM 100-10, BNP61 AAV, BNP62 AAV, BNP63
AAV, AAVrh.50, AAVrh.43, AAVrh.62, AAVrh.48, AAVhu.19, AAVhu.1l, AAVhu.53, AAV4-
8/rh.64, AAVLG-9/hu.39, AAV54.5/hu.23, AAV54.2/hu.22, AAV54, 7/hu.24, AAV54, 1/hu.2l,
AAV54.4R/hu.27, AAV46.2/hu.28, AAV46.6/hu.29, AAV128, 1/hu.43, true type AAV (tAAYV),
UPENN AAV10, Japanese AAV 10 serotypes, AAV CBr-7.1, AAV CBr-7.10, AAV CBr-7.2, AAV
CBr-7.3, AAV CBr-7.4, AAV CBr-7.5, AAV CBr-7.7, AAV CBr-7.8, AAV CBr-B7.3, AAV CBr-
B7.4, AAV CBr-E1l, AAV CBr-E2, AAV CBr-E3, AAV CBr-E4, AAV CBr-E5, AAV CBr-e5, AAV
CBr-E6, AAV CBr-E7, AAV CBr-E8, AAV CHt-1, AAV CHt-2, AAV CHt-3, AAV CHt-6.1, AAV
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CHt-6.10, AAV CHt-6.5, AAV CHt-6.6, AAV CHt-6.7, AAV CHt-6.8, AAV CHt-P1, AAV CHt-P2,
AAV CHt-P5, AAV CHt-P6, AAV CHt-P8, AAV CHt-P9, AAV CKd-1, AAV CKd-10, AAV CKd-
2, AAV CKd-3, AAV CKd-4, AAV CKd-6, AAV CKd-7, AAV CKd-8, AAV CKd-B1, AAV CKd-
B2, AAV CKd-B3, AAV CKd-B4, AAV CKd-B5, AAV CKd-B6, AAV CKd-B7, AAV CKd-BS,
AAV CKd-H1, AAV CKd-H2, AAV CKd-H3, AAV CKd-H4, AAV CKd-H5, AAV CKd-H6, AAV
CKd-N3, AAV CKd-N4, AAV CKd-N9, AAV CLg-F1, AAV CLg-F2, AAV CLg-F3, AAV CLg-
F4, AAV CLg-F5, AAV CLg-F6, AAV CLg-F7, AAV CLg-F8, AAV CLv-1, AAV CLvl-1, AAV
Clv1-10, AAV CLv1-2, AAV CLv-12, AAV CLv1-3, AAV CLv-13, AAV CLv1-4, AAV Clv1-7,
AAV Clv1-8, AAV CIv1-9, AAV CLv-2, AAV CLv-3, AAV CLv-4, AAV CLv-6, AAV CLv-8, AAV
CLv-D1, AAV CLv-D2, AAV CLv-D3, AAV CLv-D4, AAV CLv-D5, AAV CLv-D6, AAV CLv-
D7, AAV CLv-D8, AAV CLv-El, AAV CLv-K1, AAV CLv-K3, AAV CLv-K6, AAV CLv-L4,
AAV CLv-L5, AAV CLv-L6, AAV CLv-M1, AAV CLv-M11, AAV CLv-M2, AAV CLv-M5, AAV
CLv-M6, AAV CLv-M7, AAV CLv-M8, AAV CLv-M9, AAV CLv-R1, AAV CLv-R2, AAV CLv-
R3,AAV CLv-R4, AAV CLv-RS, AAV CLv-R6, AAV CLv-R7, AAV CLv-R8, AAV CLv-R9, AAV
CSp-1, AAV CSp-10, AAV CSp-11, AAV CSp-2, AAV CSp-3, AAV CSp-4, AAV CSp-6, AAV
CSp-7, AAV CSp-8, AAV CSp-8.10, AAV CSp-8.2, AAV CSp-8.4, AAV CSp-8.5, AAV CSp-8.6,
AAV CSp-8.7, AAV CSp-8.8, AAV CSp-8.9, AAV CSp-9, AAVhu 48R3, AAV.VR-355, AAV3B,
AAV4, AAVS, AAVFI/HSC1, AAVFI1/HSC11, AAVF12/HSC12, AAVF13/HSC13,
AAVF14/HSC14, AAVF15/HSCI15, AAVF16/HSC16, AAVF17/HSC17, AAVF2/HSC2,
AAVF3/HSC3, AAVF4/HSC4, AAVF5/HSCS, AAVF6/HSC6, AAVF7/HSC7, AAVF8/HSCS,
AAVF9/HSC9, AAV-PHP.B (PHP.B), AAV-PHP. A (PHP.A), G2B-26, G2B-13, TH1.1-32, TH1.1-
35, AAVPHPB2, AAVPHP.B3, AAVPHP.N/PHP.B-DGT, AAVPHP B-EST, AAVPHP.B-GGT,
AAVPHPB-ATP, AAVPHP B-ATT-T, AAVPHP B-DGT-T, AAVPHP B-GGT-T, AAVPHP.B-SGS,
AAVPHPB-AQP, AAVPHPB-QQP, AAVPHP.B-SNP(3), AAVPHP.B-SNP, AAVPHPB-QGT,
AAVPHPB-NQT, AAVPHPB-EGS, AAVPHPB-SGN, AAVPHPB-EGT, AAVPHPB-DST,
AAVPHPB-DST, AAVPHPB-STP, AAVPHPB-PQP, AAVPHPB-SQP, AAVPHPB-QLP,
AAVPHPB-TMP, AAVPHPB-TTP, AAVPHP.S/G2A12, AAVG2AI15/G2A3, AAVG2B4,
AAVG2BS and variants thereof.

[0295] The skilled person can select an appropriate serotype, Glade, clone, or isolate of AAV for
use in the present vector on the basis of their common general knowledge. It should be understood,

however, that also encompassed herein is the use of an AAV genome of other serotypes that may
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not yet have been identified or characterized. The AAV serotype can assist in determining the tissue
specificity of infection (or tropism) of an AAV virus. Accordingly, preferred AAV serotypes for
use in the AAV-AS RNA4+8 recombinant U7 to be administered to patients, as described herein,
are those which have a natural tropism for or a high efficiency of infection of target cells within
the eye. Depending on the mode of administration, it may also be advantageous for the AAV

serotype to be AAV8 or AAV2.
Packaging virions

[0296] Virion particles comprising vector genomes are generated by packaging cells capable of
replicating viral genomes, expressing viral proteins (e.g., rep and cap proteins), and assembling
virion particles. Packaging cells may also require helper virus functions, e.g., from adenovirus, El-
deleted adenovirus, or herpesvirus. Techniques to produce AAV vector particles in packaging cells
are standard in the art. Production of pseudotyped AAV is disclosed in, for example, WO 01/83692,
the content of which is incorporated by reference herein in its entirety. In various aspects, AAV
capsid proteins may be modified to enhance delivery of the recombinant vector. Modifications to
capsid proteins are generally known in the art (see, for example, the published U.S. Patent
Application Nos. US 2005/0053922 and US 2009/0202490, the contents of which are incorporated

by reference herein in their entireties).

[0297] One method of generating a packaging host cell is to create a cell line that stably expresses
all necessary components for AAV particle production. For example, a plasmid (or multiple
plasmids) comprising an AAV genome lacking AAV rep and cap genes, AAV rep and cap genes
separate from the AAV genome, and a selectable marker, such as a neomycin resistance gene, are
integrated into the genome of a cell. AAV genomes have been introduced into bacterial plasmids
by procedures such as GC tailing (Samulski ef a/., 1982, Proc. Natl. Acad. S6. USA, 79:2077-
2081), addition of synthetic linkers containing restriction endonuclease cleavage sites (Laughlin
et al., 1983, Gene, 23:65-73) or by direct, blunt-end ligation (Senapathy & Carter, 1984, J. Biol.
Chem., 259:4661-4666). The packaging cell line is then infected with a helper virus such as
adenovirus. The advantages of this method are that the cells are selectable and are suitable for
large-scale production of AAV. Other examples of suitable methods employ adenovirus or
baculovirus rather than plasmids to introduce AAV genomes and/or rep and cap genes into

packaging cells.
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[0298] Alternatively, a packaging cell can be generated by simply transforming a suitable cell with
one or more plasmids encoding an AAV genome, AAV proteins, and any required helper virus
functions. The so-called “triple transfection” method utilizes three plasmids, each carrying one of
these sets of genes. See Grieger ef al., Nature Protocols 1(3), 1412-128 (2006), and references
cited therein. General principles of AAV production are reviewed in, for example, Carter, 1992,
Current Opinions in Biotechnology, 1533-539; and Muzyczka, 1992, Curr. Topics in Microbiol
and Immunol., 158:97-129). Various approaches are described in Ratschin ef a/., Mol. Cell. Biol.
4:2072 (1984); Hermonat e/ al., Proc. Natl. Acad. Sci. USA, 81:6466 (1984), Tratschin ef al., Mol.
Cell. Biol. 5:3251 (1985); McLaughlin et al., J. Virol., 62:1963 (1988); and Lebkowski ez al., 1988
Mol. Cell. Biol., 7:349 (1988). Samulski ez al. (1989, J. Virol., 63:3822-3828); U.S. Pat. No.
5,173,414, WO 95/13365 and corresponding U.S. Pat. No. 5,658,776, WO 95/13392; WO
96/17947; PCT/US98/18600; WO  97/09441 (PCT/US96/14423); WO  97/08298
(PCT/US96/13872);, WO 97/21825 (PCT/US96/20777), WO 97/06243 (PCT/FR96/01064), WO
99/11764; Perrin et al. (1995) Vaccine 13:1244-1250; Paul et al. (1993) Human Gene Therapy
4:609-615; Clark et al. (1996) Gene Therapy 3:1124-1132; U.S. Pat. Nos. 5,786,211; 5,871,982,
and 6,258,595, the contents of each of which are incorporated by reference herein in their

entireties.

[0299] Techniques for scAAV production are described, for example, in Grieger ef al., Molecular
Therapy 24(2), 287-297, 2016, the content of which is incorporated by reference herein in its

entirety.

[0300] In one aspect, packaging cells may be stably transformed cell lines such as HeLa cells,
HEK 293 cells, and PerC.6 cells (a cognate 293 line). In another aspect, packaging cells are cells
that are not transformed cells such as low passage HEK 293 cells (human fetal kidney cells
transformed with ElA of adenovirus), MRC-5 cells (human fetal fibroblasts), WI-38 cells (human
fetal fibroblasts), Vero cells (monkey kidney cells) and FRhL-2 cells (rhesus fetal lung cells).

[0301] The term "recombinant virus," as used herein, is intended to refer to a non-wild-type and/or
artificially produced recombinant virus (e.g., parvovirus, adenovirus, lentivirus or adeno-
associated virus etc.) that comprises a transgene or other heterologous nucleic acid. The

recombinant virus may comprise a recombinant viral genome (e.g., comprising cis-acting
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regulatory sequences as described herein and a transgene) packaged within a viral (e.g., AAV)

capsid.

[0302] In various aspects, the disclosure provides a AAV viral particle as described herein

comprising any one or more of the aforementioned nucleic acids.
CpG content

[0303] In one aspect, a rAAV vector, including an rAAV vector genome as described herein,
comprises at least one synthetic AAV ITR, wherein one or more CpG islands (a cytosine base
followed immediately by a guanine base (CpQG) in which the cytosines tend to be methylated) that
typically occur at, or near the transcription start site in an ITR are deleted and/or substituted. In
one aspect, deletion or reduction in the number of CpG islands can reduce the immunogenicity of
the rAAV vector. This results in a reduction or complete inhibition in TLR-9 binding to the rAAV
vector DNA sequence, which occurs at CpG islands. It is also well known that methylation of CpG
motifs results in transcriptional silencing. Removal of CpG motifs in the ITR is expected to result
in decreased TLR-9 recognition and/or decreased methylation and therefore decreased transgene
silencing. In some aspects, it is the minimal functional ITR in which one or more CpG islands are
deleted and/or substituted. In one aspect, AAV ITR2 is known to contain 16 CpG islands of which

one or more, or all 16 can be deleted.

[0304] In some aspects, at least 1 CpG motif is deleted and/or substituted, e.g., at least 4 or more
or 8 or more CpG motifs, e.g., atleast 1, 2,3, 4,5,6,7,8,9,10, 11, 12, 13, 14, 15, or 16 CpG
motifs. The phrase “deleted and/or substituted” as used herein means that one or both nucleotides
in the CpG motif are deleted, substituted with a different nucleotide, or any combination of
deletions and substitutions. Examples of CpG modified recombinant adeno-associated viral (AAV)
vector is disclosed, for example, in U.S. Patent Publication No. 2022/0154208, the content of

which is incorporated by reference herein in its entirety).

[0305] In certain aspects, the transgene nucleic acid sequence can also be optimized to enhance
expression in vivo and/or to reduce the number of CpG islands and avoid an innate immune

response to the vector.

VII. PHARMACEUTICAL COMPOSITIONS AND MODES OF EXPRESSION
VECTOR ADMINISTRATION IN VIVO
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[0306] As is well known in the art, a vector is a tool that allows or facilitates the transfer of an
entity from one environment to another. By way of example, some vectors used in recombinant
DNA techniques allow entities, such as a segment of DNA (such as a heterologous DNA segment,
such as a heterologous cDNA segment), to be transferred into a target cell. Optionally, once within
the target cell, the vector may then serve to maintain the heterologous DNA within the cell.
Examples of vectors used in recombinant DNA techniques include plasmids, chromosomes,

artificial chromosomes, or viruses.

[0307] Non-viral delivery systems include but are not limited to DNA transfection methods. Here,
transfection includes a process using a non-viral vector to deliver a gene to a target mammalian
cell. Typical transfection methods include electroporation, DNA biolistics, lipid- mediated
transfection, compacted DNA-mediated transfection, liposomes, immunoliposomes, exosomes,
lipofectin, cationic agent-mediated, cationic facial amphiphiles (CFAs) (Nature Biotechnology

1996 14, 556), and combinations thereof.

[0308] Viral delivery systems include, but are not limited to, adenovirus vectors, adeno- associated
viral (AAV) vectors, herpes viral vectors, retroviral vectors, lentiviral vectors, or baculoviral
vectors. Other examples of vectors include ex vivo delivery systems, which include, but are not
limited to, DNA transfection methods, such as, for example, electroporation, DNA biolistics, lipid-

mediated transfection, or compacted DNA- mediated transfection.

[0309] For gene therapy applications, the expression vectors disclosed herein can be incorporated
into a non-replicating viral vector, for example, an adeno-associated virus (AAV). In certain
aspects, the rAAV vectors and/or rAAV genome as disclosed herein can be formulated in a solvent,
emulsion, or other diluent in an amount sufficient to obtain a desired titer of an rAAV vector

disclosed herein.

[0310] In certain aspects, the rAAV vectors and/or rAAV genome as disclosed herein may be
formulated in a solvent an emulsion or a diluent in an amount of, e.g., less than about 90% (v/v),
less than about 80% (v/v), less than about 70% (v/v), less than about 65% (v/v), less than about
60% (v/v), less than about 55% (v/v), less than about 50% (v/v), less than about 45% (v/v), less
than about 40% (v/v), less than about 35% (v/v), less than about 30% (v/v), less than about 25%
(v/v), less than about 20% (v/v), less than about 15% (v/v), less than about 10% (v/v), less than
about 5% (v/v), or less than about 1% (v/v). In other aspects, the rAAV vectors and/or rAAV
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genome as disclosed herein can be disclosed herein may comprise a solvent, emulsion or other
diluent in an amount in a range of, ¢.g., about 1% (v/v) to 90% (v/v), about 1% (v/v) to 70% (v/v),
about 1% (v/v) to 60% (v/v), about 1% (v/v) to 50% (v/v), about 1% (v/v) to 40% (v/v), about 1%
(v/v) to 30% (v/v), about 1% (v/v) to 20% (v/v), about 1% (v/v) to 10% (v/v), about 2% (v/v) to
50% (v/v), about 2% (v/v) to 40% (v/v), about 2% (v/v) to 30% (v/v), about 2% (v/v) to 20% (v/v),
about 2% (v/v) to 10% (v/v), about 4% (v/v) to 50% (v/v), about 4% (v/v) to 40% (v/v), about 4%
(v/v) to 30% (v/v), about 4% (v/v) to 20% (v/v), about 4% (v/v) to 10% (v/v), about 6% (v/v) to
50% (v/v), about 6% (v/v) to 40% (v/v), about 6% (v/v) to 30% (v/v), about 6% (v/v) to 20% (v/v),
about 6% (v/v) to 10% (v/v), about 8% (v/v) to 50% (v/v), about 8% (v/v) to 40% (v/v), about 8%
(v/v) to 30% (v/v), about 8% (v/v) to 20% (v/v), about 8% (v/v) to 15% (v/v), or about 8% (v/v)
to 12% (v/v).

[0311] The recombinant AAV containing the desired transgene and U snRNA promoter for use in
the target ocular cell, as detailed above, is preferably assessed for contamination by conventional
methods and then formulated into a pharmaceutical composition intended for subretinal injection.
Such formulation involves the use of a pharmaceutically and/or physiologically acceptable vehicle
or carrier, particularly one suitable for subretinal injection, such as buffered saline or other buffers,
e.g., HEPES, to maintain pH at appropriate physiological levels. A variety of such known carriers
are provided in, for example, U.S. Patent No. 7,629,322, the content of which is incorporated by
reference herein in its entirety. If the virus is to be stored long-term, it may be frozen in the presence

of glycerol or Tween 20.

[0312] As used herein, the phrase “pharmaceutically acceptable” is employed herein to refer to
those compounds, materials, compositions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of human beings and animals
without excessive toxicity, irritation, allergic response, or other problem or complication,

commensurate with a reasonable benefit/risk ratio.

[0313] In certain aspects, the pharmaceutically acceptable excipientis 1xPBS (e.g., 0.154M NaCl,
0.056M NapHPOQy4, and 0.0106 M KH,PO4) or DPBS (e.g., 0.337M NaCl, 0.27 M KCI, 0.015M
Na;HPQj4, and 0.0015M KH2PO4).

[0314] In certain aspects of the methods described herein, the pharmaceutical composition

described above is administered to the subject by subretinal injection. In other aspects, the
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pharmaceutical composition is administered by intravitreal, suprachoroidal or orbital injection.
Other forms of administration that may be useful in the methods described herein include, but are
not limited to, direct delivery to a desired organ (e.g., the eye), oral, inhalation, intranasal,
intratracheal, intravenous, intramuscular, subcutaneous, intradermal, and other parental routes of

administration. Routes of administration may be combined, if desired.

[0315] Furthermore, in certain aspects it is desirable to perform non-invasive retinal imaging and
functional studies to identify areas of specific ocular cells to be targeted for therapy. In these
aspects, clinical diagnostic tests are employed to determine the precise location(s) for one or more
subretinal injections). These tests may include ophthalmoscopy, electroretinography (ERG)
(particularly the b-wave measurement), perimetry, topographical mapping of the layers of the
retina and measurement of the thickness of its layers by means of confocal scanning laser
ophthalmoscopy (¢SLO) and optical coherence tomography (OCT), topographical mapping of
cone density via adaptive optics (AO), functional eye exam, etc. These, and other desirable tests,
are described in U.S. Patent No. 9,770,491, the content of which is incorporated by reference
herein in its entirety). In view of the imaging and functional studies, in some aspects, one or more
injections are performed in the same eye in order to target different areas of retained bipolar cells.
The volume and viral titer of each injection are determined individually, as further described below,
and may be the same or different from other injections performed in the same, or contralateral,
eye. In another aspect, a single, larger volume injection is made in order to treat the entire eye. In
one aspect, the volume and concentration of the rAAV composition is selected so that only a
specific region of ocular cells is impacted. In another aspect, the volume and/or concentration of
the rAAV composition is a greater amount, in order to reach larger portions of the eye, including

non-damaged ocular cells.

[0316] In various aspects, the composition can be delivered in a volume of from about 0.1 pL to
about 1 mL, including all numbers within the range, depending on the size of the area to be treated,
the viral titer used, the route of administration, and the desired effect of the method. In one aspect,
the volume 1s about 50 pL. In another aspect, the volume is about 70 pL. In another aspect, the
volume is about 100 pL. In another aspect, the volume is about 125 pL. In another aspect, the
volume is about 150 pL. In another aspect, the volume is about 175 pL. In yet another aspect, the
volume is about 200 pL. In another aspect, the volume is about 250 pL. In another aspect, the

volume is about 300 pL. In another aspect, the volume is about 450 pL. In another aspect, the
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volume is about 500 pL. In another aspect, the volume is about 600 pL. In another aspect, the
volume is about 750 pL. In another aspect, the volume is about 850 pL. In another aspect, the

volume is about 1000 pL.

[0317] In certain aspects, the viral vector is present at a concentration of 2.5x10! vg/ml, 7.5x10!

vg/ml, or 2.5%10'? vg/ml.

[0318] In certain aspects, the pH of the composition is 6.5 to 7.5; 7.0 to 7.5; 6.8 to 7.2. In some
aspects, the pH of the composition is 7.0 or 7.4.In one aspect, a pharmaceutical formulation is
disclosed comprising: (a) an TAAV8 USH2A-U7 vector, and (b) 1xPBS. The pharmaceutical
formulation optionally further comprises: (c¢) about 200 mM NaCl. The pharmaceutical
formulation optionally further comprises rAAV8 USH2A-U7 vector at a concentration of about
5.7x10" vg/ml. Particular note is made that the pharmaceutical formulation optionally further
comprises: (d) empty capsids. Particular note is made that the pharmaceutical formulation

optionally comprises empty capsids at a percentage of at least about 0.1% cp/cp.

[0319] In another aspect, compositions and methods for increasing rAAV8 USH2A-U7 gene
therapy transduction are disclosed. In one aspect, the disclosure provides a pharmaceutical
formulation comprising an rAAV8-USH2A-U7 vector and empty capsids. Optionally, the empty
capsids may be present in a percentage of at least about 0.1% cp/cp, at least about 10% cp/cp, at

least about 50% cp/cp, at least about 75% cp/cp, or at least about 90% cp/cp.

[0320] Optionally, the empty capsids may be present in a percentage ranging from about 0.1% to
about 90% cp/cp, from about 1% to about 90% cp/cp, from about 10% to about 80% cp/cp, from
about 20% to about 70% cp/cp, from about 40% to about 60% cp/cp, from about 10% to about
50% cp/cp, from about 10% to about 25% cp/cp, or from about 25% to about 75% cp/cp. Preferably
the empty capsids may be present in at about 10% vg/vg, about 20% vg/vg about 30% cp/cp, about
40% cp/cp, about 50% cp/cp, about 60% cp/cp, about 70% cp/cp, about 80% cp/cp, or about 90%
cp/cp. In one aspect, the percentage of empty capsids may be at least about 50% cp/cp. In another
particular aspect, the percentage of empty capsids may be at least about 88% cp/cp. In another
particular aspect, the percentage of empty capsids may be about 88% cp/cp. In another particular
aspect, the pharmaceutical formulation may comprise about 1.76x10'? ¢cp empty capsids and about

2.4x10" vg rAAV8 USH2A-U7 vector.
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[0321] Optionally, the empty capsids may be present in a ratio of empty capsids to rAAVS
USH2A-U7 vectors of at least about 9 to about 1, at least about 1 to about 1, or at least about 1 to
about 9. Optionally, the pharmaceutical formulation may comprise empty capsids that are present
in an excess over rAAV8 USH2A-U7 vectors. In one aspect, the pharmaceutical formulation may
comprise empty capsids that are present in at least about a 10> excess over rAAV8 USH2A-U7

vectors.

[0322] In one aspect, a pharmaceutical formulation may comprise: (a) rAAV8 USH2A-U7 vectors,
and (b) empty capsids. Optional aspects include, but are not limited to, pharmaceutical
formulations, wherein the percentage of empty capsids is at least about 0.1% cp/cp, at least about
10% cp/cp, at least about 50% cp/cp, at least about 75% cp/cp, or at least about 90% cp/cp. Another
optional aspect includes pharmaceutical formulations, wherein the percentage of empty capsids
ranges from about 10% to about 90%. In one particular aspect, the percentage of empty capsids is
at least about 88% cp/cp. In another particular aspect, the pharmaceutical formulation comprises

about 1.76x10'2 cp empty capsids, and about 2.4x 10! vg rAAV8 USH2A-U7 vector.

[0323] Other optional aspects include, but are not limited to, pharmaceutical formulations,
wherein the ratio of empty capsids to rAAV8 USH2A-U7 vectors is at least about 9:1, is at least
about 1:1, is at least about 1:9. Other optional aspects include, but are not limited to,
pharmaceutical formulations, wherein the ratio of empty capsids to rAAV8 USH2A-U7 vectors is
any ratio from about 1:1, to about 1:100,000. Other optional aspects include, but are not limited
to, pharmaceutical formulations, wherein the ratio of empty capsids to rAAV8 USH2A-U7 vectors
is about 1:10 to 1:100, 1:100 to 1:1000, 1:1000 to 1:10,000, 1:10,000 to 1:100,000, or 1:100,000
to 1:>100,000.

[0324] The term “empty capsid” shall mean a virus protein coat that does not contain a vector
genome. An empty capsid can be a virus-like particle in that it reacts with one or more antibodies
that react with intact (e.g., vector genome carrying) virus (e.g., adeno-associated virus, AAV). In
a non-limiting example, an empty AAV8 capsid retains the ability to react with one or more
antibodies that bind to an AAV, such as an AAVS8 or another AAV serotype. For example, an empty
AAV?2 capsid retains the ability to react with one or more antibodies that bind to AAVS.

[0325] Empty capsids may sometimes be naturally found in AAV vector preparations. Such

preparations can be used in accordance with this disclosure. Optionally, such preparations may be
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manipulated to increase or decrease the number of empty capsids. For example, the amount of
empty capsid can be adjusted to an amount that would be expected to reduce the inhibitory effect
of antibodies. Empty capsids can also be produced independently of vector preparations, and
optionally (i) added to vector preparations, or (ii) administered separately to a subject. See F.
Mingozzi et al., U.S. Patent Application Publication No. 2014/0336245 “Virus vectors for highly
efficient transgene delivery,” the content of which is incorporated by reference herein in its

entirety).

[0326] The term “mutant empty capsid” shall mean an empty capsid comprising a mutation that
disrupts virus receptor binding. In one aspect, a mutant empty capsid is a non-infective mutant
capsid. In another aspect, an empty capsid can absorb an antibody but cannot enter a target cell. In
another aspect, an empty capsid can absorb a neutralizing antibody. See C. J. Aalbers, et al.,
“Empty Capsids and Macrophage Inhibition/Depletion Increase rAAV Transgene Expression in
Joints of Both Healthy and Arthritic Mice,” Human Gene Therapy, 2017 February; 28(2):168-
1781; and Ayuso E, et al. “High AAV vector purity results in serotype- and tissue independent
enhancement of transduction efficiency.” Gene Ther 2010; 17:503-510, the contents of which are

incorporated by reference herein in their entireties.

[0327] The term “capsid particle” or “cp” shall be broadly understood to encompass any capsid.
For convenience, the capsids may be full (e.g., encapsulating a gene insert) or empty. Capsid
particles include, but not limited to, capsids carrying vector genomes (e.g., AAV viruses, and rAAV

vectors), empty capsids, modified capsids, content-modified capsids, and mutant empty capsids.

[0328] For quantitative purposes, “cp” is calculated as a count of the total number of combined
capsids carrying vector genomes (e.g., AAV viruses, and rAAV vectors), empty capsids, modified
capsids, content-modified capsids, and mutant empty capsids. In one example, “1 cp” shall mean
one empty capsid, while about 1.76x10'2 ¢p shall mean about 1.76x10'2 empty capsids. In another
example, a pharmaceutical formulation comprising 88% cp/cp empty capsids comprises 88 empty
capsid particles per 100 total capsid particles (full and empty). In another example, a
pharmaceutical formulation can comprise a total of about 2.0x10'? ¢p capsid particles, wherein the
pharmaceutical formulation comprises about 2.4x10!" vg rAAV8 USH2A-U7 vectors and about
1.76x10'? ¢p empty capsids.
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[0329] The term “decoy,” “decoy particle” or “viral decoy” shall mean a particle or other
composition that mimics a virus. The decoy is preferably devoid of virulent activity. Without being
bound by theory, a decoy can mimic a native virus in size, shape, structure, or composition thereby
causing, and thereby can be consumed by macrophages (e.g., through phagocytosis), leaving
functional vectors free to transduce cells. Examples of decoy particles include, but are not limited

to, empty capsids, modified capsids, and mutant empty capsids.

[0330] In one particular aspect, decoy particles are administered to a subject as part of the
disclosed method. A non-limiting example of a decoy particle is an empty capsid. In one particular

aspect, empty AAV capsids are administered to a subject as part of the disclosed method.

[0331] Much effort in gene-therapy research has been devoted to minimizing the presence of
empty capsids. Some researchers believe, counterintuitively, that the presence of empty capsids is
advantageous for gene transduction. See J. F. Wright, “AAV Empty Capsids: For Better or Worse?”
Molecular Therapy 2014 January; 22(1):1-2; D. Grimm, et al. “Titration of AAV-2 particles via a
novel capsid ELISA: packaging of genomes can limit production of recombinant AAV-2” Gene
Therapy, 1999, Volume 6, Number 7, Pages 1322-1330. Without being bound by theory, literature
reports that empty capsids act as decoys and therefore increase the chances that full virus particles
will be able to reach target cells. (see C. J. Aalbers, et al., “Empty Capsids and Macrophage
Inhibition/Depletion Increase rAAV Transgene Expression in Joints of Both Healthy and Arthritic
Mice,” Human Gene Therapy, 2017 February; 28(2):168-178; F. Mingozzi et al., “Overcoming
Preexisting Humoral Immunity to AAV Using Capsid Decoys,” Sci. Transl. Med. 2013 Jul. 17,
5(194)). Without being bound by theory, literature reports disclose using viral decoys that are
incapable of infectious behavior while at the same time being fully capable of effecting an immune
response and otherwise being antigenically bioreactive. See N. Kossovsky et al., U.S. Pat. No.
5,334,394 “A Human immunodeficiency virus decoy,” and F. Mingozzi et al., U.S. Patent

Application Publication No. 2014/0336245 “Virus vectors for highly efficient transgene delivery.”

[0332] The count of full and empty capsids can be, in one aspect, accomplished using transmission
electron microscopy and chromatography. One chromatographic method, which uses a linear
gradient elution on CIM QA disk, assesses charge differences between full and empty capsids (see

BIA Separations 2015, M. Lock, et al.: “Analysis of Particle Content of Recombinant Adeno-
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Associated Virus Serotype 8 Vectors by Ion-Exchange Chromatography.” Human Gene Therapy
Methods: Part B 23:56-64 (2012)).

[0333] Other counting techniques include, but are not limited to, (i) CsCl or iodixanol gradients,
and (ii) electron microscope (EM) assay, total particle assay (ELISA) combined with genome copy
titration (QPCR). Reference is also made to J. M. Sommer, “Quantification of Adeno-Associated
Virus Particles and Empty Capsids by Optical Density Measurement” Molecular Therapy 2003;
7(1):122-128, and D. Grimm, et al. “Titration of AAV-2 particles via a novel capsid ELISA:
packaging of genomes can limit production of recombinant AAV-2” Gene Therapy, 1999, Volume
6, Number 7, Pages 1322-1330. Methods for separating empty capsids from full capsids, include
but are not limited to, those provided in U.S. Pat. No. 8,137,948, “Methods for Producing
Preparations of Recombinant AAV Virions Substantially Free of Empty Capsids”, the contents of

which are incorporated by reference herein in their entireties).

[0334] In one aspect, a pharmaceutical formulation comprises: (a) rAAV8 USH2A-U7 vectors,
and (b) empty capsids. Optional aspects include but are not limited to, pharmaceutical
formulations, wherein the percentage of empty capsids is at least about 0.1% cp/cp, at least about
10% cp/cp, at least about 50% cp/cp, at least about 75% cp/cp, or at least about 90% cp/cp. Another
optional aspect includes pharmaceutical formulations, wherein the percentage of empty capsids
ranges from about 10% to about 90%. In other aspects, the percentage of empty capsids ranges
from about 10%-90%, 20%-90%, 30%-90%, 40%-90%, 50%-90%, 60% to 90%, 70% to 90%, or
80%-90% cp/cp. In yet more aspects, the percentage of empty capsids ranges from about 10% to
20%, 10% to 30%, 10% to 40%, 10% to 50%, 10% to 60%, 10% to 70%, or 10% to 80% cp/cp. In
yet more aspects, the percentage of empty capsids ranges from about 50% to 60%, 50% to 70%,
50% to 80%, or 50% to 90% cp/cp. In one particular aspect, the percentage of empty capsids is at
least about 88% cp/cp. In another particular aspect, the pharmaceutical formulation comprises

about 1.76x10'2 cp empty capsids, and about 2.4x 10! vg rAAV8 USH2A-U7 vector.

[0335] Other optional aspects include, but are not limited to, pharmaceutical formulations,
wherein the ratio of empty capsids to rAAV8 USH2A-U7 vectors is at least about 9:1, is at least
about 1:1, is at least about 1:9. Other optional aspects include, but are not limited to,
pharmaceutical formulations, wherein the ratio of empty capsids to rAAV8 USH2A-U7 vectors is

any ratio from about 1:1, to about 1:100,000. Other optional aspects include, but are not limited

76



WO 2023/183825 PCT/US2023/064789

to, pharmaceutical formulations, wherein the ratio of empty capsids to rAAV8 USH2A-U7 vectors
is about 1:10 to 1:100, 1:100 to 1:1000, 1:1000 to 1:10,000, 1:10,000 to 1:100,000, or 1:100,000
to 1:>100,000.

[0336] Another particular aspect includes a pharmaceutical formulation, wherein the empty
capsids are present in an excess over rTAAV8 USH2A-U7 vectors. Another particular aspect, it is
useful for empty capsids to be present in any number from about a 10x excess over rAAVS
USH2A-U7 vectors to about 1,000,000 excess over rAAV8 USH2A-U7 vectors. Other particular
aspects include a pharmaceutical formulation, wherein the empty capsids are present in at least

about a 10x excess, 100x excess, or 1,000x excess over rAAV8 USH2A-U7vectors.

[0337] In another example, a pharmaceutical formulation can comprise a total of about 2.0x10"
cp capsid particles, wherein the pharmaceutical formulation comprises about 2.4x10M vg rAAVS

USH2A-U7 vector and about 1.76x10'% cp empty capsids.

[0338] (1) an rAAV8 USH2A-U7 vector, and (ii) an empty capsid; and (b) delivering the

pharmaceutical formulation to the eye of the subject.

[0339] In another particular aspect, an rAAV8 USH2A-U7 vector, is also administered along with
an immunosuppressive agent to a subject as part of the disclosed method. A non-limiting example
of a method for increasing rAAV8 USH2A-U7 gene therapy transduction comprises the steps of:
(a) providing a pharmaceutical formulation comprising: (i) an rAAV8 USH2A-U7vector, and (i)
an immunosuppressive agent; and (b) delivering the pharmaceutical formulation to the eye of the
subject. Another non-limiting example of a method for increasing rAAV8 USH2A-U7gene therapy
transduction comprises the steps of: (a) providing a pharmaceutical formulation comprising: (i) an
rAAV8 USH2A-U7 vector, (ii) an empty capsid, and (iii) an immunosuppressive agent; and (b)

delivering the pharmaceutical formulation to the eye of the subject.

[0340] The composition may further comprise empty capsids at a percentage of about 95% cp/cp,
90% cp/cp, 85% cp/cp, 80% cp/cp, 75% cp/cp, 70% cp/cp, 65% cp/cp, 60% cp/cp, 55% cp/cp,
50% cp/cp, 45% cp/cp, 40% cp/cp, 35% cp/cp, 30% cp/cp, 25% cp/cp, 20% cp/cp, 15% cp/cp,
10% cp/cp, 5% cp/cp or less.
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[0341] In certain aspects, human subjects receive a one-time treatment of a subretinally delivered
vector (e.g., AAV8 or AAV2) comprising AS RNA4+6 recombinant U7 in an amount of about
1x10'* GC to about 10x10'* GC over a period of about 24 hours.

[0342] For example, a conventional syringe and needle can be used to inject a rAAV virion
suspension into the retina of a subject. Formulations for injection may be presented in unit dosage
form, for example, in ampoules or in multidose containers, with an added preservative. The
compositions may take such forms as suspensions, solutions, or emulsions in oily or aqueous
vehicles, and may contain agents for a pharmaceutical formulation, such as suspending, stabilizing
and/or dispersing agents or enough salts or monosaccharides to make the solution isotonic with
blood. Alternatively, the rA AV vectors and/or rAAV genome as disclosed herein can be in powder
form (e.g., lyophilized) for constitution with a suitable vehicle, for example, sterile pyrogen-free

water, before use.

[0343] In some aspects, the dose is an amount of about 1x10 vg, 2x10! vg, 3x10!! vg, 4x10!
vg, 5x10M vg, 6x101 vg, 7x10! vg, 8x10M vg, 9x10! vg, 1x10'? vg, 2x102 vg, 3x10'% vg, 4x10'*
vg, 5x10" vg, 6x10' vg, 7x10'* vg, 8x10'* vg, 9x10'* vg, 1x10"* vg, 2x10" vg, 3x10" vg, 4x10"
vg, 5x10" vg, 6x10" vg, 7x10" vg, 8x10" vg, 9x10" vg, 1x10" vg.

[0344] According to the method of this disclosure for treating an ocular disorder such as USH2A
associated retinitis pigmentosa in the ocular cells of a human or animal subject, the pharmaceutical
composition described above is administered to the subject having such a disease by subretinal
injection. The use of subretinal injection as the route of delivery is a critical component of this
method, as intravitreal administration may not enable the same therapeutic effects. The vector and
carrier may not diffuse across multiple cell layers in the retina to reach the RPE, when intravitreal
injection is used. Similarly, intravenous delivery is unacceptable because the material may not
penetrate the blood-brain (blood-retinal) barrier. Because the virus does not diffuse well, topical

administration of eye drops is similarly not preferred for this method.

[0345] An effective amount of a recombinant adeno-associated virus carrying a nucleic acid
sequence encoding the desired transgene under the control of the U7 snRNA promoter sequence
can have a range between about 1x10°to 2x10'*rAAV infectious units in a volume of between
about 150 to about 800 pl. The rAAV infectious units are measured as described in S. K.
McLaughlin et al, 1988 J. Virol., 62:1963. More desirably, an effective amount is between about
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1x10'to 2x 10" rAAV infectious units in a volume of between about 250 to about 500 ul. Still,
other dosages in these ranges may be selected by the attending physician, considering the physical
state of the subject, preferably human being treated, the age of the subject, the particular ocular

disorder and the degree to which the disorder, if progressive, has developed.

[0346] It may also be desirable to administer multiple “booster” dosages of the pharmaceutical
composition of this disclosure. For example, depending upon the duration of the transgene within
the ocular target cell, one may deliver booster dosages at 6 month intervals, or yearly following
the first administration. The fact that AAV-neutralizing antibodies may not be generated by
administration of the rAAV vector to the eye should allow additional booster administration(s) as

needed.

[0347] Such booster dosages and the need therefore can be monitored by the attending physicians,
using, for example, retinal and visual function tests and visual behavior tests. Other similar tests
may be used to determine the status of the treated subject over time. Selection of the appropriate
tests may be made by the attending physician. Still, alternatively, the method of this disclosure
may also involve the injection of a larger volume of virus-containing solution in a single or

multiple injections to allow levels of visual function close to those found in wild-type retinas.

[0348] Methods of delivering viral particles containing a transgene to inner ear cells in vivo are
known in the art (see, for example, the published U.S. Patent Application Nos. 2019/0351072 and

2019/0038778, the contents of which are incorporated by reference herein in their entireties).

[0349] For ocular or auditory canal administration, about 10® to about 10'? viral particles can be
administered to a subject, and the virus can be suspended within a suitable volume (e.g., 10 uL, 50

uL, 100 pL, 500 puL, or 1000 uL) of, for example, artificial perilymph solution.

[0350] A virus can be delivered to inner ear cells (e.g., cells in the cochlea) using methods that are
well known in the art. For example, a therapeutically effective amount of a composition including
virus particles can be injected through the round window or the oval window, typically in a
relatively simple (e.g., outpatient) procedure. In addition, delivery vehicles (e.g., polymers) are
available that facilitate the transfer of agents across the tympanic membrane and/or through the
round window, and any such delivery vehicles can be used to deliver the viral particles described

herein. See, for example, Arnold ef al., 2005, Audiol. Neurootol., 10:53-63.
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[0351] The methods described herein enable the highly efficient delivery of AAV8 USH2A-U7 to
inner ear cells, e.g., cochlear cells. For example, the compositions and methods described herein
enable the delivery to, and expression of, a transgene in at least 80% (e.g., at least 85, 90, 91, 92,
93, 94, 95, 96, 97, 98, or 99%) of inner hair cells or delivery to, and expression in, at least 80%
(e.g, at least 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99) of outer hair cells.

[0352] In certain aspects, an AAV vector capable of inducing USH2A exon 13 skipping, e.g.,
AAV8 USH2A-U7, may be delivered to cochlear cells or retinal as an AAV USH2A-U7 exosome
as disclosed in the published U.S. Patent Application No. 2019/0038778, the content of which is

incorporated by reference herein in its entirety.

[0353] In various aspects, the pharmaceutical composition is formulated for administration to the
eye or ear. When used for ocular applications, the pharmaceutical composition can be an
ophthalmic composition. The ophthalmic composition can comprise one or more carriers suitable
for administration to the eye. For example, the ophthalmic composition can be formulated as an
eye drop or a ointment. The ophthalmic composition can be formulated at a pH suitable for
administration to the eye. The ophthalmic composition can be, in various examples, formulated to
apHof47t0740,47t05.5,6.0t06.8,7.2t0 7.4, or 6.5 to 7.4. The ophthalmic composition can
be formulated as an oil in water emulsion or a water in oil emulsion. The ophthalmic composition
can be formulated as a semisolid. The ophthalmic composition can be formulated as an ocular drug
delivery system, which can include liposomes and other nanotechnology-based formulations

configured for administration to the eye.

[0354] In various aspects, the pharmaceutical composition can also be formulated for

administration to the ear. For example, the composition can be formulated as an ear drop.
VIII. USH2A GENE THERAPY

[0355] At least 10 genes have been implicated in the etiology of Usher syndrome (USH), a
condition that leads to progressive vision loss and hearing loss. Usher syndrome type 2 (Usher 2)
is the most common form of the disorder, representing over half of all cases, 80% of which are
initiated by mutations in the USH2A gene (Toms ez al. (2020) Therapeutic Adv Ophthalmol. 2020,
12: 1-19). The most common USH2A mutation, ¢.2299delG, is a single base pair (bp) deletion

and frameshift mutation in USH2A’s exon 13, which is predicted to result in a severely truncated
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nonfunctional protein and/or subject the transcribed mRNA to nonsense mediated decay. The
subsequent depletion of USH2A protein ultimately leads to a degeneration of light-sensitive
photoreceptor cells in the retina and auditory hair cells in the cochlea of the inner ear (Dinculescu

et al. (2021) International Ophthalmology Clinics 61 (4): 109-24).

[0356] The size of the USH2A coding sequence (15.6kb) exceeds the packaging capacity of viral
vectors and thus precludes any traditional gene replacement approach. However, the USH2A
protein contains multiple repetitive domains (see FIG. 2A). Recent CRISPR/cas9 gene editing
reports indicate the removal of exon 12 of murine Ush2a (homolog to human exon 13) not only
reconstitutes the reading frame but restores the production of a shortened, yet adequately
functional USH2A protein. Consistent with these observations, the expression of Ush2a-AEx12 in
Ush2a null mice was also able to rescue deficits in vision (Pendse er al. (2020). bioRxiv
2020.02.04.934240; Pendse et al., Adv Exp Med Biol. 2019;1185:91-96 and Thein Thuzar (2020)
Investigation of Base-Editing-Mediated Exon Skipping as a Potential Gene Therapy for Usher

Syndrome. Doctoral dissertation, Harvard Medical School).

[0357] Therefore, methods to induce targeted exon skipping in USH2A transcripts were
investigated as a potential therapy of USH2A-related retinopathy and congenital bilateral

sensorineural hearing loss.

[0358] U snRNAs can be modified into a versatile tool for splicing modulation. For example, U7
snRINA complexed with at least two U7-specific proteins (Lsm proteins) and eight common Sm
proteins forms a ribonucleoprotein particle (U7 snRNP) that is normally involved in processing
the 3'end of histone pre-mRNAs. The 5' end of the U7 snRNA includes a short antisense sequence
that can anneal to the HDE (histone downstream element), a conserved purine-rich region located
15 nucleotides downstream the histone mRNA cleavage site. The HDE-specific antisense sequence
can, however, be replaced with any antisense sequence targeting pre-mRNA splicing regulatory
sequences (Gorman et al. (1998) 'Stable Alteration of Pre-mRNA Splicing Patterns by Modified
U7 Small Nuclear RNAs. Proc. Natl. Acad. Sci. USA 95 (9): 4929-34). The composition of U7
snRNP can be further modified by introducing a mutation into the U7 Sm binding site that allows
U7 snRNA to bind to the spliceosomal proteins D1 and D2 (Schiimperli, D., and R. S. Pillai. 2004.
Cellular and Molecular Life Sciences: CMLS 61 (19-20): 2560-70). Incorporation of recombinant
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U7snRNA into modified U7 snRNPs protects the snRNA from degradation and drives the

accumulation of the engineered U7snRNA in the nucleus where splicing occurs.

[0359] The highly prevalent mutations (¢.2299delG and ¢.2276G > T) located in exon 13, account
for more than 30% of USH2A-related retinopathy. Antisense sequences targeting the 5' and 3' exon
13 splice site regions of USH2A pre-mRNA were tested for induction of USH2A exon 13 skipping
using a human USH2A minigene-derived transcript. AAV vectors expressing recombinant USH2A
U7 small nuclear RNAs (snRNAs) were then engineered to deliver antisense sequences to the
targeted mutant USH2A transcripts expressed in the retina or in the cochlear and vestibular cells

of the inner ear.

[0360] In various aspects, the disclosure provides use of 1) a recombinant RNA of the present
disclosure; 2) a polynucleotide encoding the recombinant RNA of the present disclosure; 3) a
vector of the present disclosure; or 4) a pharmaceutical composition of the present disclosure for

treating a disorder or symptom associated with USH2A.

[0361] In various aspects, the disclosure also provides 1) a recombinant RNA of the present
disclosure; 2) a polynucleotide encoding the recombinant RNA of the present disclosure; 3) a
vector of the present disclosure; or 4) a pharmaceutical composition of the present disclosure for

use in treating a disorder or symptom associated with USH2A.

[0362] In various aspects, the disclosure yet further provides a method of manufacturing a
medicament comprising 1) a recombinant RNA of the present disclosure; 2) a polynucleotide
encoding the recombinant RNA of the present disclosure; 3) a vector of the present disclosure; or
4) a pharmaceutical composition of the present disclosure. In various aspects, the medicament is

for treating a disorder or symptom associated with USH2A.

In various aspects, treating a disorder or symptom associated with USH2A can involve assessing
how a patient’s disease state has progressed relative to a baseline or earlier assessment of the
patient. In various aspects, changes in a disease state (e.g., vision loss) can be determined by
assessing one or more of best corrected visual acuity (BCVA), low luminance visual acuity
(LLVA), ellipsoid zone (EZ) area/width by spectral domain optical coherence tomography (SD-
OCT), static perimetry, microperimetry, optical coherence tomography (OCT) thickness of the

retinal nerve fiber layer, optic nerve and/or macula, or any combination thereof. Moreover, in
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various aspects, changes in vision can also be assessed using an eye chart, such as a Snellen Eye

Chart.
IX. KITS

[0363] The term “kit” as used herein refers to a packaged product or article of manufacture
comprising components. The kit preferably comprises a box or container that holds the components
of the kit. The box or container is affixed with a label, or a Food and Drug Administration approved
protocol. The box or container holds components of the disclosure which are preferably contained
within plastic, polyethylene, polypropylene, ethylene, or propylene vessels. The vessels can be

capped tubes or bottles. The kit can also include instructions for the use of the reagents.

[0364] Provided herein is a kit, comprising 1) the recombinant RNA of the present disclosure; 2)
a polynucleotide encoding the recombinant RNA of the present disclosure; 3) the vector of the
present disclosure; or 4) the pharmaceutical composition of the present disclosure aliquoted into

separate containers.

[0365] In another aspect, provided herein are kits comprising, in a container, AAV-AS RNA4+6
virions as described herein, and instructions for use. In some aspects, the kits further comprise a

negative control, such as phosphate buffered saline.

[0366] References and citations to other documents, such as patents, patent applications, patent
publications, journals, books, papers, web contents, have been made in this disclosure. All such
documents are hereby incorporated herein by reference in their entirety for all purposes. Any
material, or a portion thereof, that is said to be incorporated by reference herein, but which conflicts
with the existing definitions, statements, or other disclosure material explicitly set forth herein is
only incorporated to the extent that no conflict arises between that incorporated material and the present
disclosure material. In the event of a conflict, the conflict is to be resolved in favor of the present

disclosure as the preferred disclosure.
EXAMPLES

[0367] Examples are set forth below for the purpose of illustration and to describe certain specific
aspects of the disclosure. However, the scope of the claims is not to be in any way limited by the

examples set forth herein. Various changes and modifications to the disclosed aspects will be
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apparent to those skilled in the art and such changes and modifications may be made without

departing from the spirit of the disclosure and the scope of the appended claims.

[0266] The practice of the present disclosure employs, unless otherwise indicated, conventional
techniques of immunology, biochemistry, chemistry, molecular biology, microbiology, cell
biology, genomics, and recombinant DNA, which are within the skill of the art. See, e.g., Bailey,
J. E. and Ollis, D. F., Biochemical Engineering Fundamentals, McGraw-Hill Book Company, NY,
1986; Current Protocols in Immunology, John Wiley & Sons, Inc., NY, NY. (1991-2015),
including all supplements; Green and Sambrook, (Molecular Cloning: A Laboratory Manual. 4th,
ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 2014); Current Protocols In
Molecular Biology (F. M. Ausubel, et al eds., (2017)) including all supplements; Short Protocols
in Molecular Biology, (Ausubel ef al., 1999)) including all supplements; the series Methods In
Enzymology (Academic Press, Inc.): PCR 2: A Practical Approach (M. J. MacPherson, B. D.
Hames and G. R. Taylor eds. (1995)), Antibodies, A Laboratory Manual, Second Edition (Harlow
and Lane, eds. (2014) and Culture Of Animal Cells: A Manual Of Basic Technique, 7th Edition (R.
I. Freshney, ed. (2016)), all contents of which are incorporated by reference herein in their

entireties.
EXAMPLE I: USH2A MINIGENE CONSTRUCT

[0368] A human USH2A minigene was constructed to evaluate exon 13 skipping in a human
USH2A pre-mRNA. The minigene, hUSH2AEX12-14 consists of three exons (exon 12 to exon
14) and two shortened introns. The minigene includes short intron sequences flanking exon 13. A
human cytomegalovirus (CMYV) enhancer and promoter in pcDNA3.1 expression vector was
placed upstream of the minigene to drive transcription of USH2A minigene pre-mRNA (see Figs.
4A and 4B). The hUSH2AEX12-14 minigene was then co-transfected into HEK293 cells together
with various combinations of recombinant U7 or gRNA dCas13d constructs comprising one or
more antisense sequences capable of hybridizing to the 5’ or 3’ splice site regions of an USH2A

pre-mRNA. Exon 13 skipping was then evaluated by RT-PCR and qPCR analysis.
EXAMPLE I1: ANALYSIS OF MINIGENE SPLICING/EXON SKIPPING

Transfection protocol
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[0369] The indicated amounts of U7snRNA constructs or dCas13d constructs were co-transfected
into HEK239 with 0.3 pg minigene using Lipofectamine LTX (Life Technologies) according to
the manufacturer’s instructions. Combined DNAs were diluted in 250 pl Opti-MEM (Life
Technologies) followed by addition of 3.3 pl PLUS reagent. 6 pl of lipofectamine LTX (Life
Technologies) was separately diluted in 250 ul Opti-MEM (Life Technologies). The diluted DNA
and reagent were mixed and incubated for 20 minutes at room temperature, then added to each

well of a 6-well culture plate.
RNA purification

[0370] 24 hours or 48 hours after transfection, total RNA was extracted using RNeasy mini kit
(Qiagen) according to the manufacturer’s instructions. Transfected cells in 6-well culture plates
were homogenized in 350 pul RLT Plus Lysis buffer supplemented with 40 mM DTT. Further
purification used a QIAcube automatic extraction system (Qiagen) as per the standardized
protocol. The purity and quantity of all RNA samples were measured using the spectrophotometric

method on Nanodrop 8000 (ThermoFisher Scientific)..
RT-PCR analysis

[0371] Reverse transcription reaction was carried out with 3.75 ng (per PCR rxn) using the iScript
cDNA Synthesis Kit (Bio-Rad) according to the manufacturer’s instructions. Samples were
incubated at 46°C for 20 min, followed by 1 min at 95°C. Transcripts were amplified with Platinum
Taq DNA polymerase (Life Technologies) using synthesized cDNA and the primer set for \tUSH2A
or hGAPDH. Thermal cycling conditions for hUSH2A were 35 cycles of 94°C for 30 s, 58°C for
30 s, and 72°C for 60 s, preceded by 3 min at 98°C, and followed by a final elongation step at
72°C for 10 min. Thermal cycling conditions for hGAPDH were 25 cycles of 94°C for 30 s, 58°C
for 30 s, and 72°C for 60 s, preceded by 3 min at 98°C, and followed by a final elongation step at
72°C for 10 min. The PCR products were resolved by Mother E-Base electrophoresis system
(ThermoFisher Scientific) through 1% agarose gel.

RT-qPCR analysis

[0372] qPCR was performed with qScript XLT One-Step RT-qPCR ToughMix (Quantabio,
Beverly, MA) following the manufacturer’s instructions. For the reaction, 50 ng RNA, hUSH2A
primers/probe (FAM/MGB) and hGAPDH primers/probe (VIC/MGB, ThermoFisher Scientific)
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were added to the reaction mixture. Thermal cycling conditions using CFX384 Touch Real-Time
PCR Detection System (Bio-Rad) were 48°C for 15 min, 95 °C for 10 min, 39 cycles of 95 °C for
15 s, and 60°C for 1 min.

Primers

[0373] The primer sequences used for endpoint PCR specific to human USH2A and human
GAPDH were as follows: hUSH2A-F: 5'-CAATCAGTGCCAGAATGGAT-3' (SEQ ID NO: 32)
and hUSH2A-R: 5'- TTGCATTGGTCACAACGTTG-3"' (SEQ ID NO: 33); hGAPDH-F: 5'-
ATGACCCCTTCATTGACCTCA-3' (SEQ ID NO: 37) and hGAPDH-R: §5'-
TGATCTTGAGGCTGTTGTCATACTT-3' (SEQ ID NO: 38).

[0374] The primer and probe sequences for gPCR specific to the junction between exonl2 and
exon14 are as follows: the forward primer: 5'-GCAAAGCAAACGTTATTGGTT-3' (SEQ ID NO:
44), the reverse primer: 5S'-CCAGTTGTATGGCATGAGCA-3' (SEQ ID NO: 45) and the TagMan
probe (FAM/MGB): 5'- ATTTCTCCAGGCAATGCCACTGG-3' (SEQ ID NO: 46).

Sequence analysis

[0375] The PCR products were resolved in a 1% agarose gel and the PCR products corresponding
to the exon skipped band (297 bp) were excised. The DNAs in the gel slices were purified using
QIAquick Gel Extraction Kit (Qiagen) following the manufacturer’s instructions. Sanger
sequencing of purified DNA was performed using hUSH2A-F and hUSH2A-R primers at Genewiz
(South Plainfield, NJ).

EXAMPLE III: EXON SKIPPING ACTIVITY OF RECOMBINANT USH2A AS_RNA
U7 AND USH2A AS_RNA gRNA-dCas13d CONSTRUCTS

Single targeting USH2A AS-U7 constructs

[0376] USH2A AS-U7 constructs were engineered to screen for novel targeting sequences of
approximately 24 nucleotides in length within the 3’ splice site and the 5’ splice site regions (FIG.
5A and Fig. 5B). Antisense sequences capable of hybridizing to USH2A pre-mRNA were cloned
upstream of a recombinant U7 snRNA comprising an SmOpt sequence and a stem loop (see FIG.
5D). As an initial step, these new constructs were tested individually for exon 13 skipping of the

hUSH2ZAEX12-14 minigene pre-mRNA. 1 pug or 3 pug of the USH2A AS RNA4, AS RNAS,

86



WO 2023/183825 PCT/US2023/064789

AS RNAS, AS RNA9, and AS RNA10 U7 constructs were co-transfected into HEK293 cells
with 0.3 pg of the hUSH2AEX12-14 minigene using Lipofectamine LTX (Life Technologies,
Carlsbad, CA). A DelEx13 minigene construct expressing Exon 12 fused to Exon 14 was used as
a positive control for exon 13 skipping (see FIGs. SCi-ii). After 48 hours, total RNA was extracted
with RNeasy mini kit (Qiagen, Hilden, Germany). First-strand cDNA synthesis was carried out
using iScript cDNA Synthesis Kit (Bio-Rad, Hercules, CA). The resulting cDNA was amplified
by PCR using USH2A-specific primer set and a GADH primer set. RT-PCR products were then
visualized by gel electrophoresis and 297 bp RT-PCR fragments corresponding to exon 13 skipping
were identified and quantified (see FIG. 6). After normalization to GAPDH signals, the fold change

was calculated relative to DelEx13.

[0377] As shown in FIGs. 7A and 7B, only the AS RNA4 U7 recombinant RNA construct induced
exon 13 skipping that was approximately 20% relative to the splicing of the delEx13 control.

Co-expression of single targeting USH2A AS-U7 constructs

[0378] To evaluate if exon skipping could be enhanced by co-expressing different AS RNA U7
constructs, the single targeting USH2A AS RNAS, AS RNAS8, AS RNA9, and AS RNA10 U7
constructs were co-transfected into HEK293 cells with the USH2A AS- RNA4 construct and 0.3
ug of the hUSH2AEX12-14 minigene using Lipofectamine LTX (Life Technologies). The
combined amount of the two transfected USH2A AS-U7 constructs was either 1 ug or 3 ug. A
DelEx13 minigene construct expressing Exon 12 fused to Exon 14 was used as a positive control
for exon 13 skipping (see FIGs. 5Ci-ii). After 48 hours, total RNA was extracted with RNeasy mini
kit (Qiagen, Hilden, Germany). First-strand cDNA synthesis was carried out using iScript cDNA
Synthesis Kit (Bio-Rad, Hercules, CA). The resulting cDNA was amplified by PCR using USH2A-
specific primer set and GAPDH-specific primers. RT-PCR products were then visualized by gel
electrophoresis and 297 bp RT-PCR fragments corresponding to exon 13 skipping were identified
and quantified (see FIG. 6). After normalization to GAPDH signals, the fold change was calculated
relative to DelEx13. As shown in FIGs. 7C and 7D, the combination of USH2A AS4-U7 with
USH2A AS8-U7 led to an 8 fold increase in exon 13 skipping relative to the DelEx13 control.

Dual targeting USH2A AS-U7 constructs

[0379] A new dual targeting USH2A AS-U7 expression vector (AS RNA4+8) was constructed
containing a mouse U7 promoter (SEQ ID NO: 30), two USH2A antisense sequences: AS RNA4
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(SEQ ID NO: 4) in tandem with AS RNAS8 (SEQ ID NO: 8), an SmOPT sequence (SEQ ID NO:
24) and a U7 snRNA stem and loop (SEQ ID NO: 27) (see FIG. 8Ai-iii). An expression vector
expressing a scrambled recombinant U7 RNA sequence (scU7) acted as a negative control. The
exon skipping efficiency of the AS RNA4+8 RNA (FIG. 8C) was compared with that of other dual
AS RNA2+6, AS RNA4+6, AS RNA2+4, AS RNA2+5, AS RNA2+7, AS RNA2+6, U7
constructs targeting antisense USH2A sequences (see FIG. 8D).

[0380] Dual targeting AS RNA2+6, AS RNA4+6, AS RNA2+4, AS RNA2+5, AS RNA2+7,
and AS RNA2+6 U7 constructs were co-transfected into HEK293 cells with the hUSH2AEX12-
14 minigene using Lipofectamine LTX (Life Technologies). The combined amount of constructs
was either 3 ug, 1 ug, or 0.3 ug A DelEx13 minigene construct expressing Exon 12 fused to Exon
14 was used as a positive control for exon 13 skipping (see FIGs. 5Ci-ii). After 48 hours, total
RNA was extracted with RNeasy mini kit (Qiagen, Hilden, Germany). First-strand cDNA synthesis
was carried out using the iScript cDNA Synthesis Kit (Bio-Rad, Hercules, CA). The resulting
c¢DNA was amplified by PCR using USH2A-specific primer set and GAPDH-specific primers. RT-
PCR products were then visualized by gel electrophoresis and 297 bp RT-PCR fragments
corresponding to exon 13 skipping were identified and quantified (see FIG. 6). After normalization

to GAPDH signals, the fold change was calculated relative to DelEx13.

[0381] As shown in FIGs. 9A and 9B, AS RNA4+6 induced the highest level of exon skipping
relative to DelEx13. Sequence analysis of the RT-PCR fragment corresponding to the skipping of

exon 13 confirmed that exon 12 was correctly joined to exonl4 (see FIGs. 9Ci and 9Cii).

EXAMPLE IV: COMPARISON OF DUAL TARGETING USH2A-dCAS13d AND
USH2A-U7 CONSTRUCTS

[0382] An AS gRNA4+6 dCas13d targeting construct was generated containing a U6 promoter
driving the expression of a gRNA array and a human elongation factor-1 alpha (EF-1 alpha)
promoter driving the expression of a dCas13d transgene (FIG. 10A). The two gRNAs targeted the
same USH2A sequences asthe U7 AS  RNA4+6. The dCas13d transgene expressed a catalytically
deactivated Casl3 protein with mutations in the catalytic HEPN domain. These mutations

abolished the catalytic cleavage activity but not Cas13d RNA binding to target sequences.
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[0383] The exon 13 skipping activity of recombinant U7snRNA or dCas13d constructs having the
same dual targeting antisense sequences (AS RNA 4+6) was then tested in parallel. 0.03, 0.1, and
0.3 nM of AS RNA4+6 U7snRNA or AS gRNA4+6 dCas13d construct were co-transfected into
HEK?293 cells with 0.3 pg hUSH2AEX12-14 minigene. After 48 hours post-transfection, total
RNA was purified, and the amount of exon 13 skipping was determined by end-point RT-PCR and
RT-qPCR.

[0384] As shown in FIG. 10B and 10C, AS RNA4+6 U7 was significantly more effective at
inducing exon skipping than AS gRNA4+6 dCas13d.

EXAMPLE V: EXON 13 SKIPPING ACTIVITY OF SINGLE AND DUAL
TARGETING USH2A U7 CONSTRUCTS

[0385] The preceding experiments indicated that optimal exon 13 skipping was observed when
USH2A AS RNA4 was combined with either USH2A AS RNA6, or AS RNAS8 antisense
sequences (FIG. 11A). To determine which expression vector was most effective at inducing
USH2A exon 13 skipping, the combination of USH2A AS RNA4 with USH2A AS RNAG6 or
USH2A AS RNAS was tested either in a dual targeting recombinant U7 RNA configuration or by
co-expression of two single target recombinant U7 RNAs each targeting a different antisense

sequence (see, e.g., FIG. 11B).

[0386] The recombinant AS RNA4+6 U7 RNA expression vector or a combination of
recombinant USH2A AS RNA4 U7 and USH2A AS RNA6 U7 expression vectors was co-
transfected into HEK293 cells with 0.3 pg hUSH2AEX12-14 minigene using Lipofectamine LTX
(Life Technologies). In parallel, the recombinant AS RNA4+8 U7 expression vector or a
combination of recombinant USH2A AS RNA4 U7, and USH2A AS RNAS8 U7 expression
vectors was co-transfected into HEK293 cells with 0.3 pg hUSH2AEX12-14 minigene using
Lipofectamine LTX (Life Technologies). The combined amount of constructs was either 1 ug or
0.3 ng. A DelEx 13 minigene construct expressing Exon 12 fused to Exon 14 was used as a positive
control for exon 13 skipping (see FIGs. 5Ci-ii). An expression vector expressing a scrambled
recombinant U7 RNA sequence (scU7) acted as a negative control. After 48 hours, total RNA was
extracted with RNeasy mini kit (Qiagen, Hilden, Germany) and the level of exon 13 skipping was
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evaluated by RT-PCR as described above. After normalization to GAPDH signals, the fold change

was calculated relative to DelEx13.

[0387] As shown in FIG. 11C and 11D, the dual targeting recombinant AS RNA4+8 U7
expression vector (see FIG. 8Ai-iii and 8C) exhibited a 7 fold increase in exon 13 skipping relative

to DelEx13.

EXAMPLE VI: USH2A-U7 INDUCED EXON 13 SKIPPING OF ENDOGENOUS
USH2A PRE-mRNA IN WERI-Rb CELLS

[0388] The dual targeting recombinant AS RNA4+8 and AS RNA4+6 U7 RNA expression
vectors were then tested in a USH2A expressing Weri-Rb-1 human retinoblastoma cell line (HTB-
169™, ATCC, Manassas, VA) to determine if the U7 constructs could induce exon 13 skipping in
the endogenous USH2A pre-mRNA.

[0389] One million Weri-Rb-1 cells in 900 ul of Opti-MEM (Life Technologies) were seeded into
each well of a 6 well plate and incubated at 37°C for 1 hour in RPMI-1640 medium (Gibco,
Waltham, Massachusetts) with 10% fetal bovine serum (Gibco) to allow the cells to adhere to the
plate. The indicated molarities of U7snRNA constructs or AS RNA3 ASO were transfected into
the adherent Weri-Rb-1 cells using Lipofectamine 2000 (Life Technologies). The indicated
molarities of the U7snRNA constructs or the AS RNA3 ASO were diluted in 50 pl Opti-MEM
(Life Technologies) and 1.25 pl of lipofectamine 2000 was separately diluted in 50 ul Opti-MEM
(Life Technologies). The diluted ASO or DNA constructs and reagent were mixed and incubated
for 20 minutes at room temperature, then added to each well of the 6-well culture plate and cultured
for an additional 48 hours at 37°C. To evaluate exon 13 skipping of endogenous USH2A pre-
mRNA, total RNA was purified from the transfected cells using the RNeasy mini kit (Qiagen) and
37.5 ng (per PCR rxn) of purified RNA was used for cDNA synthesis using the iScript cDNA
Synthesis Kit (Bio-Rad). PCR was performed using Platinum Taq DNA polymerase (Life
Technologies) and the primer sets for hUSH2A or hGAPDH described previously. The number of
thermal cycles for hUSH2A and hGAPDH was 40 and 25, respectively.

[0390] As shown in FIG. 12A, the dual targeting recombinant AS RNA4+8 and AS RNA4+6
U7 RNA expression vectors induced exon 13 skipping of the endogenous USHAZ2A pre-mRNA.
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[0391] The results suggest the efficiency of exon 13 skipping was suboptimal because only a small
fraction of the Weri-Rb cells were transfected. To compensate for this possibility, the recombinant
AS RNA U7 constructs and the AS RNA3 ASO were co-transfected with 0.5 ug CMV-EGFP
plasmid using Lipofectamine 2000 (Life Technologies). After 48 hours post-transfection, 3 million
cells per sample were pooled from 3 wells of a 6 well plate and resuspended in FACS buffer (BD
Biosciences, Franklin Lakes, NJ). The suspended cells passed through a fluorescent activated
FACS Melody cell sorter (BD Biosciences; FIG. 12B) to separate and collect GFP-positive
fractions corresponding to those cells that were transfected. To minimize RNA degradation and
material loss during sorting, the sorted cells were directly collected into RLT Plus lysis buffer
supplemented with 40 mM DTT. Between 20,000 and 30,000 GFP-positive cells were collected
for each sample. Total RNA was purified from the sorted GFP-positive cells using the RNeasy
micro kit (Qiagen) according to the manufacturer’s instructions. 5 ng (per PCR rxn) of purified
RNA was used for cDNA synthesis using the iScript cDNA Synthesis Kit (Bio-Rad). PCR was
performed using Platinum Taq DNA polymerase (Life Technologies) and the primer set for
hUSH2A or hGAPDH described previously. The number of thermal cycles for hUSH2A and
hGAPDH was 40 and 25, respectively. As shown in FIG. 12C, the recombinant AS RNA4+8 U7
RNA expression vector induced efficient exon 13 skipping in the endogenous USH2A pre-mRNA
that was at least comparable to the exon skipping induced with the AS RNA3 ASO.

EXAMPLE VII: GENERATION OF AAVS USH2A-U7 VECTORS

[0392] Two self-complementary AAVS vectors for two selected U7snRNAs (13-46 and 13-48)
were generated in-house (FIG. 14A). The silver-stained gel demonstrated the high purity of viral
capsids (FIG. 14B), and the alkaline gel and sequencing results confirmed the high integrity and

purity of the viral genome with no detectable truncation of the viral genome (FIG. 14C).

EXAMPLE VIII: AAVS8 USH2A-U7 INDUCED EXON SKIPPING OF ENDOGENOUS
USH2A PRE-mRNA IN WERI-Rb CELLS

[0393] The potency of the two AAV8 USH2A-U7 vectors for inducing USH2A exon skipping of
endogenous USH2A RNA in transduced WeriRb-1 cells was evaluated. As shown in FIG. 15A, the
AAVS8 USH2A-U7 vector induced efficient exon13 skipping of endogenous USH2A RNA in a
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dose-dependent manner. Correct exon skipping was confirmed through amplicon sequencing (FIG.

15B).

EXAMPLE IX: AAVS USH2A-U7 INDUCED EXON SKIPPING IN RETINAL
ORGANOIDS GENERATED FROM USH2A PATIENT HUMAN
iPSCs

[0394] Six independent human induced pluripotent stem cells (hiPSCs) are generated from
fibroblasts taken from three USH2A patients having the ¢.2299delG mutation in USH2A exon 13

and three healthy control donors.

[0395] HiPSC-derived retinal organoids (ROs) are differentiated as previously described
(Achberger K et al. Stem Cell Rep., 2021. 16: p. 2242-56; Achberger et al. eLife 2019;8:¢46188).
Briefly, for embryoid body (EB) formation, 2.88 X 10° hiPSCs are detached on day 0 using TrypLE
(ThermoFisher Scientific, USA) and dissociated to single cells. Cells are then mixed with
PeproGrow (Peprotech, USA) medium, 10 mM Y-27632 (ROCK-inhibitor, Ascent Scientific,
USA) and 10 mM blebbistatin (Sigma-Aldrich, USA) and aliquoted to 96 untreated V-shaped 96-
wells (Sarstedt, Germany). For re-aggregation, the plate is centrifuged at 400 g for 4 min. On day
1, 80% of the medium is removed and replaced with N2 medium (DMEM/F12 (1:1)+Glutamax
supplement (ThermoFisher Scientific, USA), 24 nM sodium selenite (Sigma-Aldrich, USA), 16
nM progesterone (Sigma-Aldrich, USA), 80 mg/ml human holotransferrin (Serologicals, USA),
20 mg/ml human recombinant insulin (Sigma-Aldrich), 88 mM putrescin (Sigma-Aldrich, USA),
1x minimum essential media-non essential amino acids (NEAA, ThermoFisher Scientific, USA),
Ix antibiotics-antimycotics (AA, ThermoFisher Scientific, USA)). Medium is changed again on
day 4. On day 7, EBs are plated on Growth-Factor-Reduced Matrigel (BD Biosciences, USA)-
coated six well plates at a density of 32 EBs/well and medium is changed daily. On day 16, medium
is switched to a B27-based Retinal differentiation medium (BRDM) (DMEM/F12 (3:1) with 2%
B27 (w/o vitamin A, ThermoFisher Scientific, USA), I1x NEAA and 1x AA). On day 24, eye fields
are detached using 10 ml tips and collected in 10 cm bacterial petri dishes (Greiner Bio One,
Germany) with BRDM, adding 10 mM ROCK-Inhibitor Y-27632 for one day. After completed
formation, ROs are selected and if necessary, detached from non-retinal spheres using
microscissors. From day 40 onwards, ROs in BRDM are supplemented with 10% fetal bovine

serum (FBS, Thermo Fisher Scientific, USA) and 100 mM taurine (Sigma-Aldrich, USA). From
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day 70-100, BRDM with FBS and taurine is further supplemented with 1 mM retinoic acid
(Sigma-Aldrich, USA), which is reduced to 0.5 mM during days 100-190 and removed afterwards.

[0396] The recombinant AAV2 and the engineered AAV2 7m8 AS RNA4+8 U7 RNA or AAVS
AS RNA4+8 U7 RNA expression vectors are generated as described previously (see, for example,
U.S. Patent Nos. 7,282,199, 10,590,435, 8,962,332 and 9,193,956 , the contents of which are
incorporated by reference herein in their entireties). After 120 or 150 days of differentiation,
organoids are transferred to the wells of 96-well plate and incubated with from 1 to 3 10! viral

genomes (vg) of AAV8-AS RNA4+8 U7 RNA vectors.

[0397] After 180 or 210 days of differentiation, AAV treated- and untreated-patient-derived retinal

organoids are compared with healthy control organoids.

[0398] First, USHA2A induced exon 13 skipping of USH2A pre-mRNA is analyzed in the AAV

treated- and untreated-patient-derived retinal organoids.

[0399] Second, the effect of USH2A exon 13 skipping on disease-related parameters in patient-
derived retinal organoids is determined, including changes in the outer segment of photoreceptor
cells, changes in the thickness of the outer nuclear layer (ONL), as well as changes in rhodopsin

and cone opsin localization.

EXAMPLE X: AAV2 USH2A-U7 INDUCED EXON SKIPPING IN WT HUMAN
RETINAL ORGANOIDS

[0400] Fully differentiated WT human retinal organoids were generated as described above and
transduced with AAV2-13-48 AAV2-13-46 or AAV2 7Tm8-23-48 vectors at DD 200. USH2A exon
13 skipping was then evaluated using endpoint PCR and qPCR. As shown in FIG. 16A, highly
efficient exon skipping was detected in all transduced retinal organoids. The full-length band
resulting from normal splicing was significantly reduced and a smaller band corresponding to
transcripts without exon 13 (Aexon 13) was readily detected. The AAV2 7m8 vector induced the
highest exon skipping efficiency (FIG. 16B), which was confirmed through endpoint PCR and
qPCR.

EXAMPLE XI: USH2A-U7 INDUCED EXON SKIPPING IN RETINA OF WT MICE
AFTER SUBRETINAL INJECTION OF AAV8-U7mUSH2aEx12-26
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[0401] C57BL/6 mice were subretinally injected with 3 x 10° vg/eye AAVS vectors according to
the protocol depicted in TABLE VI. After 2 months, whole retina were collected from the treated
C57BL/6 WT mice, immediately frozen on dry ice, and stored at -80°C. Total RNA was then
extracted from the whole retina using AllPrep DNA/RNA kit (Qiagen) according to the
manufacturer’s instructions. Reverse transcription was performed with 5.2 ng (per PCR rxn) using
an iScript cDNA Synthesis Kit (Bio-Rad) according to the manufacturer’s instructions. Samples

were incubated at 46°C for 20 min, followed by 1 min at 95°C.

[0402] Synthesized cDNA was amplified with Platinum Taq DNA polymerase (Life Technologies)
using the primer set for mouse Ush2a (mUsh2a-F: 5'-CCTTCAGTGCCAGGATGGAT-3' (SEQ ID
NO: 69) and mUsh2a-R: 5'- TGACACTGGTGACAGCTACG-3' (SEQ ID NO: 70)) or mouse
GAPDH (mGAPDH-F: 5'-ACTCCACTCACGGCAAATTC-3' (SEQ ID NO: 17) and mGAPDH-
R: 5'- TCTCCATGGTGGTGAAGACA-3' (SEQ ID NO: 18)). Thermal cycling conditions for
mouse Ush2a were 35 cycles of 94°C for 30 s, 58°C for 30 s, and 72°C for 60 s, preceded by 3
min at 98°C, and followed by a final elongation step at 72°C for 10 min. Thermal cycling
conditions for mouse GAPDH were 30 cycles of 94°C for 30 s, 58°C for 30 s, and 72°C for 60 s,
preceded by 3 min at 98°C, and followed by a final elongation step at 72°C for 10 min. The PCR
products were resolved by Mother E-Base electrophoresis system (ThermoFisher Scientific) using

a 1% agarose gel.

[0403] As shown in FIG. 13, subretinal injection of AAV8-Stuffer U7mUsh2aEX12-26 in wild
type C57 Black mice resulted in mUsh2a exon 12 skipping within the endogenous wt mUsh2a
mRNAs. Neither the AAV8-EFla-dCas13d-mUsh2aEX12-11 vector, nor the AAVS8-Stuffer
U7mUsh2aEX12-26 (scrambled control) vectors induced exon 12 skipping.

TABLE V1
DOSE NUMBER OF ANALYSIS OF GFP
GROUP VECTOR (VG/EYE) C57BL/6 | DURATION SORTED
MICE PR/RETINAS
CAS13D MEDIATED EXON SKIPPING
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DOSE NUMBER OF ANALYSIS OF GFP
GROUP VECTOR (VG/EYE) C57BL/6 DURATION SORTED
MICE PR/RETINAS
AAVS8-EFla-
dCas13d-
Cas13d mUsh2aEX12-11
control 3e9vg 12
(Scrambled) PCR for exon
(Scrambled) o
+ skipping
AAV8-CMV-GFP 8 weeks
AAVS8-EFla- gPCR for Cas9/
Cas13d dCas13d- vector genome
targeting mUsh2aEX12-7 3e9vg 12
vector +
AAV8-CMV-GFP
7 MEDIATED EXON SKIPPING
AAV8-Stuffer
U7 control U7mUsh2aEX12-26
(Scrambled) 3e9vg 12 PCR for exon
(Scrambled) .
+ skipping
AAV8-CMV-GFP 8 weeks
U7 AAV8-Stuffer gPCR for vector
. U7mUsh2aEX12-26 genome
targeting . 3e9vg 12
vector AAVS-CMV-GFP
EXAMPLE XII: EXON 13 SKIPPING OF NON-HUMAN PRIMATE (NHP) USH2A

[0404] The human USH2A-targeting U7 snRNA (13-48) does not induce exon skipping of the
mouse USH2A minigene pre-RNA (data not shown). Therefore, human USH2A-targeting U7
snRNA was tested on a nonhuman primate (NHP) USH2A minigene RNA to determine if it could
induce exon skipping despite differences in sequence (FIG. 17A). Endpoint PCR and qPCR
confirmed that human USH2A-targeting U7 snRNA (13-48) was able to induce efficient exon 13
skipping in NHP USH2A minigene RNA, despite a mismatch sequence in the AS RNA4 sequence

MINIGENE RNA BY HUMAN USH2A-TARGETING U7 snRNA

between the human and NHP sequences (FIG. 17B and 17C).

EXAMPLE XIII: USH2A-U7 INDUCED EXON SKIPPING IN COCHLEAR CELLS
AFTER INIECTION OF AAVS8-U7mUSH2aEx12-26 INTO THE

INNER EAR OF Ush2a ¢.2290delG KNOCK-IN MOUSE

95




WO 2023/183825 PCT/US2023/064789

Animal Surgery

[0405] An usherin (USH2A) knock-in mouse is generated, which carries the common human
€.2299delG frameshift mutation (corresponding to Ush2A ¢.2290delG in mice) is generated for
inner ear gene therapy with the AAV8 USH2A-U7 wvirus (Tebbe er al. (2023. Nature
Communications 14 (1): 972). Mouse pups (PO to P2) or AAV2.7m8 USH2A-U7 virus (see, for
example, Isgrig ef al. (2019) “AAV2.7m8 Is a Powerful Viral Vector for Inner Ear Gene Therapy.”
Nature Communications 10 (1): 427) are injected via the round window membrane (RWM) using
beveled glass microinjection pipettes. The pipettes are pulled from capillary glass (WPI) with a P-
2000 pipette puller (Sutter Instrument, Novato, Calif.) and beveled ("20 um tip diameter at a 28 °©
angle) using a micropipette beveler (Sutter Instrument, Novato, Calif.). EMLA cream (lidocaine
2.5% and prilocaine 2.5%) is applied externally for analgesia using sterile swabs to cover the
surgical site (left mastoid prominence). Body temperature is maintained on a 38 © C heating pad
prior to surgery. Pups are anesthetized by rapid induction of hypothermia in ice / water for 2-3
minutes until loss of consciousness, and this state is maintained on a cooling platform for 5-10
minutes during surgery. The surgical site is disinfected by scrubbing with betadine and wiping with
70% Ethanol three times. A post-auricular incision is made to expose the transparent otic bulla, a
micropipette is advanced manually through the bulla and overlying fascia, and the RWM is
penetrated by the tip of the micropipette. Approximately 1 pL of virus is injected unilaterally
within 1 min in the left ear manually. Injections are performed per group in a nonblind fashion.
Occasionally, the injection needle is inserted too deep, too shallow, or at the wrong angle. If there
is visible damage to the structures of the middle or inner ear, the samples are excluded from further
analysis. Injection success rates range from <50% to <80% depending on the injector's level of
experience. After the injection, the skin incision is closed using a 6-0 black monofilament suture
(Surgical Specialties Corporation, Wyomissing, Pa, now Corza Medical). The pups are

subsequently returned to the 38 ° C. warming pad for 5-10 min and their mother for breeding.

Auditory Brainstem Response Measurements

[0406] Auditory brainstem response testing is used to evaluate hearing sensitivity. Testing is
carried out in all animals at P30 (normal control mice, untreated control mice, and treated mice
that received AAV8 USH2A-U7 gene therapy). In mice treated with AAV8 USH2A-U7 therapy
that show hearing recovery at P30, a repeat test is performed at P120. The animals are anaesthetised

with ketamine (100 mg/kg) and dexmedetomidine (0.5 mg/mL) via intraperitoneal injections and
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placed on a warming pad inside a sound booth (ETS-Lindgren Acoustic Systems). The animal’s
temperature is maintained using a closed feedback loop and monitored using a rectal probe (ATC-
1000; World Precision Instruments). Subdermal needle electrodes are inserted at the vertex (+) and
test the ear mastoid () with a ground electrode under the contralateral ear. Stimulus generation and
ABR recordings are completed using Tucker Davis Technologies hardware (RZ6 Multi /O
Processor) and software (BioSigRx, version 5.1). ABR thresholds are measured at 4, 8, 16, and 32
kHz using 3-ms Blackman-gated tone pips presented at 29.9/s with alternating stimulus polarity.
At each stimulus level, 512—1,024 responses are averaged. Thresholds are determined by visual
inspection of the waveforms and are defined as the lowest stimulus level at which any wave could
be reliably detected. The maximal stimulus level tested is at 90 dB SPL. A minimum of two
waveforms are obtained at the threshold level to ensure the repeatability of the response.
Physiological results are analyzed for individual frequencies and then averaged for each of these

frequencies from 4 to 32 kHz.

[0407] The treated mice show hearing recovery as measured by auditory brainstem response
(ABR) threshold testing. None of the untreated control mice show measurable ABR thresholds (0
of 15, p = 0.024, Fisher’s exact test). Improvement in hearing is seen at all four tested frequencies
(4, 8, 16, and 32 kHz), with most of the hearing improvement at 8 kHz, where the recorded ABR
thresholds are as low as 60 dB sound pressure level (SPL). Examination of cochleas from the

treated mice reveals robust AAV8 USH2A-U7 transduction of both inner and outer hair cells.
RNA preparation and Endpoint PCR

[0408] Four Ush2a ¢.2290delG knock-in mice aged 6 weeks are sacrificed by decapitation under
deep anesthesia induced by an intraperitoneal injection containing 75 mg / kg of Ketamine (Daiichi
Sankyo, Tokyo, Japan) and 32.4 mg / kg of pentobarbital sodium (Kyoritsu, Tokyo, Japan). Inner
ears are rapidly extracted from the temporal bone and transferred to a RNA-later solution (Ambion,
Austin, TX, USA). After removing the otic capsule, the cochlea including the lateral wall
comprising the stria vascularis, spiral ligament, and spiral prominence, the organ of Corti, and the
spiral ganglion neurons are dissected and separated into the apical, middle and basal turns. All of
these dissections are performed in RNA-later solution to prevent RNA degradation. Total RNA is
extracted using the QIAGEN RNeasy Mini Kit (QIAGEN, Hilden, Germany) according to the

manufacturer’s protocol.
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[0409] Reverse transcription is performed with 5.2 ng (per PCR rxn) using an iScript cDNA
Synthesis Kit (Bio-Rad) according to the manufacturer’s instructions. Samples are incubated at 46

¢ C for 20 min, followed by 1 min at 95 ° C.

[0410] Synthesized cDNA is amplified with Platinum Taq DNA polymerase (Life Technologies)
using the primer set for mouse Ush2a (mUsh2a-F: 5'-CCTTCAGTGCCAGGATGGAT-3 (SEQ ID
NO: 69) and mUsh2a-R: 5'- TGACACTGGTGACAGCTACG-3 (SEQ ID NO: 70)) or mouse
GAPDH (mGAPDH-F: 5'-ACTCCACTCACGGCAAATTC-3 (SEQ ID NO: 17) and mGAPDH-
R: 5'- TCTCCATGGTGGTGAAGACA-3 (SEQ ID NO: 18)). Thermal cycling conditions for
mouse Ush2a are 35 cycles of 94°C for 30 s, 58°C for 30 s, and 72°C for 60 s, preceded by 3 min
at 98°C, and followed by a final elongation step at 72°C for 10 min. Thermal cycling conditions
for mouse GAPDH are 30 cycles of 94 © C for 30 s, 58°C for 30 s, and 72°C for 60 s, preceded by
3 min at 98°C, and followed by a final elongation step at 72°C for 10 min. The PCR products are
resolved by the Mother E-Base electrophoresis system (ThermoFisher Scientific) using a 1%

agarose gel.

[0338] Cochlear injection of AAV8-Stuffer U7mUsh2aEX12-26 into knock-in mice of Ush2a
€.2290delG knock-in mice results in the skipping of mUsh2a exon 12 within endogenous wt
mUsh2a mRNAs expressed in the inner ear. Control AAV8-Stuffer U7 having scrambled antisense

sequences (scrambled control) vectors fail to induce exon 12 skipping.
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DLOLOJOILLLILOVOLLIIDLIIDILYDLYILLYLILIOOVIDVYILVVYOVOIDIOVYVOVY
VOVILIOLOODLIDIOLOLLILOLOLOVEDOLIODDILVLVYYOLOLIOVLLIOLOVOVYOLLO
VOLVLOVYVOOVOVLYOOOVODLLIDIDLIOVILVYIOVVYIOVDLVYYOVVYOLODLOOVYVY
LLVODLYVVYVILYYOOOOILVVOVLOLLLVYOLLYILODLOVOLODOLLODLOVIOVO
YOLLLLLOVODLOVYVOOVOLIOLYIVIOVVYOVYVLOVLOLVOVOLOVOVYOVOLVYD
VIVLOVYOLVIVOVVYLVLLVYVLVVODLVYYVLOVVYIDDIDVOIOVYIILOLODLNEYVOVLOL
YOLLOVVYOVOVLIOLLOVILVVYVVYOVODLVOVVYLIODVIOILOVVYLOVOVYVYOIODILIODD
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OV LOLIODLOLILLODVILLOLOVIOVYIOLOVIOIDLOLYILLLODOVYIIDDLIODLIOD
LODOODLYOVIILIOVOIVYIILIDIDLVVYIOLLVYVOVVYLVYLODLVOLOVVYLVYVOLLOOVD
DOVYVIDOVLVVYILLLVILYYDLOVYOVILIOLOVILVLOVYOOVLLLLDDLLODLIOODOL
VYOOLVYILIODLIDILLLIODVYVIVOVOVVOVODIIDVIVLIOLVOLOVYVVOVOLOLYVDO
LOLLODOVOVILOVVLVVILIOOVILOVOIIOVOVLOLVLOLLVLIVOIDLOVILLLLODLOVY
DLOVOVOVVYLLIOLOVOIDLVYVYLIIDIDILLLLIOIVIDVVOIDLOIVILDIOVIDIOVYVO
DDDDILVIDIOVIVIOVYVYILIOLLLOLOLYVYVYLOVIVVOIVVOLIDLDIDLIOVYOVLIOL
DYYDOLYVYVIDLODLIOVYIIIDDIDLILIDLIOLLODVYYIIDDIVIOLYIIONVYODLOVY
OVOLLODLLYOVLLLOEODLLOOLODLLLYDOOVLLODLODLVYLIODOVOLOVYOVYOLD
DLLYVOVYOOLVYVLLVYLVLODLVYOVLOLVLVLLVODLVYLLOVOOVOLVLLOLODLYVO
DOLVLVYYOLOIDVOLOVOILIOILIOLOLVYLLLODLIOVOLOOVYILLYLYOLOVODIOVY
YVYIDDI0DVIDDLOIDOVVYODIIVLVIVIIOYDIVOLIOVYVLIOIIDIVOLIVIIIOVYOL
DVOLIOVIVIILIDIDLIOLIOIVIVOILLIDVOIIDLIOIVVYOLYILIOLVILVVVLVYVLODL
OOVLLLLODVIVYOVLOOLVLVOLYOOVOILLLLOVVOVOVILOVOVVLIVILOLVYDLOL
OVODLLLYVOVLLLLIVOLYOVOVLVOOVVVOLOLVLVLVLLVLOLVLODOVYDILOL
LYOODLOVYLVVYVVYVOVYIIOVVYIVYVOILOVOVILVIOVOVILVLIOVVOVLOLLVOODLOD
LOLOVIOLILLOVIOIDLLVYODLIIVIVVOVIIVIIDLIDVIVIOVOVIOVLOLOVLIOD
LOODLIODLLOVIVYVYOVLIOLIOODIDLOLVIOVIOVIDLVYIDLOVYLOVLOLLLOVOIOVYOD
DOVOVLLLVLOVOOVLLLVOVOVOLOVLVYOVLOVVYOVOOVDLOVOOOVOLLVYLOLVYD
LODOVYOODLVIODLVYOVILVLLLOLOVLOVOLOVVLVLLVYLODLVYVODIOVYVYYYOOOVY
DOOYVOOLIILILODLODLLLILLOVIDILLIIDLYYYIODVLOVIOOVYIIOVILLOD
VYOVVYIOVYOIDDIVVOYVIVIILIOVLOLOLYIVVYDLLVYIDLVYIOVILIOVOVOLOVLOLD
ODLIOODLLLIOVIDLLIDLOVVYLIDIOVVILOVOODLVLIOVYVYVYILLIDIOVLODLLIODOV
OVDLLVLVIDIVIOVILIOVVIOVVOVLVYVYILIDLLLYVOLIODLOVIOODLOLODDDLVYD
DDDDIVIDLODIDOVIIVIVIOVILOVILVYLIOOOVVYILILLVYIOVILOVVOVOLLVYVYLOL
DOVOVOLOLLOLOIOYVOLYDODLOIOYILIODOVIOLLVYIDVOVLVODLVYVYVYLLOOVIDIOD
LOVOVVYILIODILIOVYOIOLOLOVIYVYIVIDLIODVIIOVIOOVIVYIVILODVOOVOILOVO
DLLVYDLOVLYLVLOVOLLODOVOONVVYOLYIDOLOOOVLYDLOVOOLVLOLOOVLYVYOVY
OV LLLLOIOVIILOLODLODIOVOIVLLLOLOVOVIDVOVVYVYODIVYIIVLLLODLOD
LVYIDLOVYDLYVYVOOIIVYIDLOVVYLLIOLIODLOVIVOLOVYVILVLOIDLVYOOLVOOLIL
YYOLOVOVOLILIODLODDIOVIILILIOLILVYIDDLLIOVYLLIOLOLIODLODODDOVIV.L
LLVVVLILOLVODVVYOLVIDLLODLODDLLLODVVYIOVVOILLLOLOLLLYOVVOLVY.L.L
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DOOLOVOVYOVLOLOOVYLVYVLVYVLOLYLOLYLOLLVYLOVOLOVOLOLLOLODLYYY
DOOYNYVYOLLOILOLYOVODLOLVYILOLOOVLOLIODVIOVLOVOVYILVYILVOLOLLDO
VYOVODLODLLIDLYIDODVILIIOVIODILYDIOLLIOVIOVVYIDLVYIOLLIOVOIVIOL
DVOVYVOLYIIOVIOVIODLOVOILYVYOLLOLOLOLOLVLLLOLYOIDLLVLOVOVOVOVYV
DOOVVYVLIOIOVIDIDLLVIOLOLVYIOLOLOVYVLOLYOVIODLLOLYVYVYVYLOLOLOYOD
YYVOLIOOVLIOILOLLOVOILLLLLLOVIVOVLLVLVVOLLOVVDLODVVYOVLOOVOVY
YOLLOLOVYDIVVVYLIODODLOOVILIODOVOILVYIDIOVIVIOVIOVYLLOILILOVOIODL
DYOLOLYVIOIVIOVOVOVOVIILLILIODLIODVLLOIOVVYIOVOLOLOVOLOVYOVOOD
DOVODIVOVLLLLOODLOLOVOVYOVOVILIOOLLOLODLVYLVILVYDLVLOOVVYOVLLLY
DOVOOVLLOLIODOVVYLVOVYDLVYLLLODILOVOLOVVYOOVOLLVLLLVLYYOYOIDLD
DOLVYVVLLLYOVVYOVYIODODLVYNVVYOILVYIDLLOVIDIVIOVOILVYVVYVLOOVOVIOLOL
LOOVDLYLVOVOLLLVYLIIOVYOILVYVYIIOVYIOLVYOIVIOVVYOIOILLOLLLYOLOL
LOLVILVOLVYVILOVYLIOVOOLLVYILOLILOLLYIDIDIDLLILVVYOVYILOIOVLODOVD
DOOVIOLIOVIOIOVLLOLVYLOOVLIOOVLLLOVOVOVIVIILODOVOILLOIVILOODOLYV.L
DOODIOVILIOOLLIOIDLLOLLYIIOVOLOLIOLLVLLVYLOVOLLLODLLVOLOLYOLOVL
LOVVYVVYILOVVYLLOLOVIODILLOVOLOLYVYOOVVYLLLOVOLYOVYILODDOVOLIODO
LYOVOLLVOVILVYLOOVLLOVLVIOVOVDOIVVYOVIDLYILIOVYIODODIVYVOILLOVD
LOOVIOILOVIOLYDIDIVVOILIIDLOVIVOLIODLIOLIOIDVIIOVIDLOIODLIOLIOOVY
DOVYILODOVIVVYOVOOVLLOVVYOVLODILLODLIOVIDVOVYVOVIOOIOYODLYOLLOL
DOYOOVILVYDLIOVLOIDDILVLVYDLVLYVYVOVODLVYIDIOVLLOLODLOLLOVOYVYD
VOLLVLLLOOVYOLYDILLVYILOVOIVODIILILIOVILIDLIODIVLIOVLLOVVOVYDO
VYVYVOOVYVOLIVOVVYOVOVOLLVYVVOVOLLLYVOVIILOIDLLODILYVYIDIOVOIIVL
DODIDIOVVYIODLLOLVIVLLVDLOLOLYIVYIILOVLYOLOLOLLOLOOVOVIOIDLOVY
DODLYDOIOVVIDIOVIIDOIDOVIDILIOVIVOILVYLILIOVOVIOILIVOVIIOVILLLOD
DLLOLVOIVVYVYILLOVIILIOIOVVYOVLOOVOLLLOVYLVYLOIDLOVIOVLVYIODIVOY
LLLVODLVDLOVOVODLLVYVLOVOLILVYYVODLODLOVVOVOLLOVLVYLOLODODIDL
VOVLOLVYLLLYOVVLVYLLVYODIVLILVLLODODLVYVYIILYVVYYOVLODLVYIOVIODLD
OYOLODLLOLYDLVYVYOVYILOVYDLILVODLOLLOLLYDODLIILLOVLILOOVIODL
DOVYYIOYOOVIOVIOIIOVOLYILLVYOILLYOILLOLLOVLVOVIOLOVIOIDLLLVYOODL
YVYIOOLOOOLLODLLODDLLLOLVLVLOVOVOYIVLIODIOVYDILOLVOLIOVOLOVYOL
VLOOVVLLODLVIODLOLLIOIDLYVIOOLLLLVLLOVOVLOLLLYDDLYDIIOVOILOYDD
DOLILODVOLVYDVIILIVVIIVILVOVIIDLOLIDDLIDLIDIOVVILVVLODLIOVIOV
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LOLLLLODOVIIIVYOLLIOVODLIOIDLIDLOLVYIOVLIOLLODVYOVLLOLOVOLLODOVD
VLOVYOOVOVLVYIOIOVIDLIOLOOVOIOVIOLODIVLVYIOVIVOVOOVIVOLOVOIVOVOL
DOVYIVYIILVYILILOOVVYODOLLIOOVIOIVILVYIVIIVLOVOVYVLLYDLODDDOVVY
DILVYVYIVYOLIOIDLOLOVOILIIOVILILVYIODLILIOIDDLOVIDLIOVVLIIDIDVIOVOLVYD
DOVYVYDOIVIIIDLIOIDLVIIVOVIOODILLOVIOIVYIDIVLIOVILIOVIDLLOVILODVVYIOV.L
DVYOIOVOIDLIOLIODOLIOLLIDIVOILLIDVVYVYILIOIVILVILVIOLLVLVVOOVYOLLLY
DOVVYILLVYDODVOVYVLVYOLIOLIOLLOOVOLIOVIOLVYIOVVOODIILLLLOIOVYOLLVYY
DOOLYVYYDOLLOLLODLYIOVLOVLLLVYLLIVLODLODLVYYVOLVVYOVLVLOOVYVVYOVYD
DLOVVYVLLOLOLLVYYOVLYOVVYOLLOLYVOVOVLYVYYOIVYOOLOOVLIODDDDLOVD
LOVOOVYOLOIDLOLVYIVVOVYVYVOVYIVYIIODVOVOLODLIDYVYIOVILOVOOVOOD
OOLVYLOOVIVVYODLODOLOLLLVOOVIVLOVOLVLVOVOLYIVLIDIOVVYILIOVYD
LOLVYOVOVIVLLOLIOVIDIVIOVYYLOLOVOOIVIOVLYILLVYDIOVVYVOVYVODIIDLOLY
DLLIOLIOLVVYVIVVYOLLVYYILVIIOVVYOIDOVIOVIDLLYVYIOVILILDOIDVOVVLYDLOL
OVOOLLLVOVIDIVIOVLLLOVYILLOVOLOLODOVIODLOLLVIOVYOVOVIIOVYDD
LYLOLVOOVIIIILOLODLVYDOVIDLOVOVYVIOVVYVOIVVOLYDLVYOLYVOOLOVY
OLLLVYOVVOVOLOLODLLLOLVYVLVVYYDLLLODLYVLVLVODLLOVODLVYVILOLIOOLY
YVYOVYOIOVOVYVIOLLVLLOVYDLOVOVOLOLODLYVYVYLOVYIODLOIDIOVOLYVD
VYVYVYVLLVILVIOVIOVVVLIOLOVOVOOLOVYIILLIOIOVILIODLIODLVILVIIOVIVOVILO
LYLYVYOLOLVLLVYOOVOOIIDLOLLOLOLLOLYLODVIILLIODILYVYIOVLOLODLOY
DOVYOVVYOVYOILOIDLIOLLOLOVOVLLLYDIOVYIIOVOLOLLYOVIOVOVOODLOLODLD
YVOVYDIOILYIIODOLVOLVYILLIOOIVOIILODLOLIODLLLVYIVIIVYVYOOVILOIVD
DLOVLIDIDLYVOVIDILILODLIODLLVOLODLILVIIDLLILILLLOIDDILVYYOVYIOD
VOVVOLVYOVIOILOLIODLVILOVVOLOOVIOVLIOLLVVYOVLIODDOVLIVLODDLOLIODLD
DLOVILVOILYVVYOIVVIOVODOVIOVOVIVYDIDIDOLODLIOLLOLLLOVODLOVLOLL
YYOLOLLOLLLOIODLVLVLOVYVYOVVOLOLLOLIOIDLYIOVODLIODIOVVIOIDIVV.L
YLOLODLOYDIIOVVYLOLLIOLLLIODVYLIOVYDLOLLOLLVLODLLLYIOVOVOOLOLO
LYLOLVYOLOIVVVYYVYILOLOOVILOVIOOVVYIDLIOLIOVILVYDLOVOVILVOOVIO
LOVLLOVVYVILOVYVYVYLIODODLVODLVLODLVYOVYVYODLYLODLOLYDLVLVYODL
LOLLVYILVODILYYVYODOVVYDODOVOILILOLOODDLLYDLLVYYVILLOLOLVYOYVYOLL
DOVYILVYIOOILODLLYYIVYDIIIVIVYDIVIVILYDLOVYOILIOVIVOVVODLOLIOVIIV.L
LYVYVYOOOVYDILYVYIOVYVYDLIOOLOIOLVLVYILVVYOVODLOLOVYDLLIOOVOLLYD
VOLVILOLVLOVOLLODDLOLOLIODVOVOVOLOLIVLLLDIOLODDLODDLOLVVOLVYVY
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LOVYVYVYYDIOOILVYYOLVYLIOLLLOLYLODLVYLYDLIOLIOVIODLILILOLOINVYOVIOL
DOVYOIOVYIDLLVYIVOOVOLODLIOLVYVYOILLOLIODVLOLOOVLVODODLOOVILLYVO
DLLOVIOVLOLVYVYVLVILIVYOLOLOVIDIEOOLVYIIOVVYOODLLLOOVIVIOVIOLVYVILVYLY
LVYLLLVOVLVVYOIOVYVDLIOVOVVILVLVYVVOVOVOLLLLOLLVVYVYDVYDIVYODDOOVYOD
LYVOVIOVILVVYVYIOIDLLIOOVVVYVOIDOVOILLIODLVOVIDILLEYDLOVYDILVLIODL
LYVLVYVYVYDILYYYOIOVVLLOLOIOVOLOLODLIIOVOLIOOVOLLOLOVIOIOVYIILD
YYOLOLOLOVIDLOLOVLIILIDDLIDVILILIOVIOVIILIIDIOVYDLVYOVIVIDLO
LILOOOYILOIDIDIDLIOVIVIILOLLIOVIDVOVIIVODLOIDIVYOILIODIOYDLIOVY
OYOVLIOLOLOVOLLLODLYODLIOIDIDDDILLOLILLLOVILODLYVOLLLODLOLD
VILOVYOIOLOOLLOIDIOVILIOVOLLOLVYOVYOVLVYOVOVVYLLVOLOLODLYVOOVYVOVD
LYLOOVYOVILIIDLOVIOVLOVLIODLLYIODDDIDDLVYOVOVVVYOVOVYOVLOVLVL
LLOVVVOVILIOVODLOVYVYIIDDLLIOLYVYOVLLIOOVVYYILLVYDLOLOVODLLIODOVY
LLLLVVYOVYDIVIDLVYIOVVYVIILOIDDLOLLOLIDLLYIDILVILVOVVYOVOLLVOOVY
VOVLLIOODIOVILOLOIOVIDIOVVYILVYIDIVYIVVIIIOVYOLOVOVILLLODILVIIOLOD
DV LIDIOVOVVYLLLYOVLIOLYDOVOOIOVOVOVIIVIIOVLOLODLOLODOVLLYOD
DLOLVYLLVIDOLYYIDILILVVOVIIOVYVYIOVODLLYYOLLOLOLLOVIOLILVOLIOL
DVOIVIIDOVYYILIODDILLODLIIVIOLLLLYOVVYOLOIOVIDLIODVVYDOLOLOVYVYOVY
OVYVLLVOLODLOLOLOVOVODLOVILLIOOOVVYIDLIOVYLOLOIOVOVILOODODLYILY
YOOVLIOLOVOVOLLLODOIYDLIOIOVOVOVOOVYDLYODLVLLLVYDLLOODOVODOY
YOVOLOOLOLOLLLVYLLLLOLOLOVODVOVYODLLVYIIDLODLIIIOIOVOVOVLLLVL
LLOVLOVVYILVYILYILYVYOOLVVYYDIOVYVYYDLODVOIDLVYOOLOVYLLYOVOVLVYD
DLLODVILIIDILIOVIODVVLLILLOLIDLOLLVVYLLILVOILVYVYOIDIOVIOIVYOL
DOVIOVVVYVIOLIOLLLOLVODVILOVIOVLILOVODLOLLOVVOIDLVYVVYVVYOLOLVYIOVYOVY
LYDOVVLVOVILVLIOVIOVIOVILLVYODLIOVOLLLVYVVYVOILOLLODOVIIDLVYVOLYOL
YOLODLLODDLIOLLODODLILIIOVIOVVYLOLOVVOILYDLYVOLOVLLIOLOLVVYOVLO
YOOLOLOILLYVYYDIODOLYILIILYODOVIIVOIVLYODLLIOOVLOLLLVLYLOLL
VILLODOODLILVVLOVOVOLVLVVILVLVYOOLODLVLOLYVVOVYVOVOOVIOVVYOILOLVL
DOVONVVYYOLLIOLLYOVLLVDLYOLOVLIOLOVOOVIIDLODOVYIDLOVYVVOLOVYDOY
LLOVVYOVLLOVOVLVOVOOVLYVYIOIOVODLOIOVVVYVVLVYIOLIOVOLLLYVOVOOYDD
YOLOVIOOILODIDLOIDLLLLIDLLOVYVOILYVLODLOVOLLVYVYOLVLVYVOLOLLLOD
LIDDDLYVIIIDVVYYYIVYIIDLIOLOVOILLVILVLLVYVODLOVOVVYOVLOLLVYYOLVYD
LVYLLVOVOVDILIOVOVOLODDLLILOVOOVYDLIODLIDOVIDDVIDLIOVOVOVILIODVY
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DODOVOVLIOVVVYOVYVOVLVYYVYIODYIIILOVLILIOIDLODIDVILOVOLODLIOOD
DLLOODLOIVIILLYVOILIOVYILVYLIIOVOVILLVYILOLODLYVIDIOLLOLYIDDD
DOLOVIDLOODDILLIILDIODIVOIVYILIDIDLIDIDDVYIODDLYVVIVIILILOILO
LOVOOVYOLODIVIOIDIDLIILYIIOVYIVOLIOVVYDLIDVIVOIIVOIVYVOIOVYOIILL
DLOVYVOLLOOILIOOVIILIOIDOVIOVLOVOILLYLIOLOVLOVYLOVOLLODOVYOLLOD
DODLYIODLOLIOVOVIIVIIOVIIIDLYIIDVVYIDILVLIDLOVIOVOVILIODDODLYOD
DDOOVIOVIILILLIOLIOIVIVLILILIOVILODLVYIIDINVYIIIDIVVYIIILIODIIDL
DVILVYOVYDLIODLOVIOVYIIIOVLIOLLILIOLYDLOLYIOLLIIVIODIODIOVOVILIOL
DOVYOVYIOVYIDIIDOYIIDDDIIVVIVIILIODLYIVIDLIOIOVLOVIDIDIOVYVVOOV
DIDLIOLLYVOLOVIOIDLOLIODVILVYLOVOLYLOVOVOVOLLLIODLLVYLOVVYODOLL
VYOVLVLLLLOLVOVYOLOOVVODIOVVLVLILYVLIDLOVIODLVYIOLYVYVVYOVLOOD
YOLOVYOOVILVVVOVOVVYOVOVILVLLYVYOOVLLVYLOLLLLOVYVYVYOOLVYYVYIOOVYIO
LODOOVOOVIOVIOILIOLLLLIOLILLLIOLIOVVYIIOVIDLLVYIDOVOOVOILOIDDLYVY OV
LOOVOOLIOLVYIVIOLODDIIVVIILVDLLLOOVIIDLLYOVOLIODDIOVOVOVILVYILLY
DVYDIDLIOVIOLIOVVILYOIDLILVYIIIDLIOIVIOVIDLIIDVVILLYVOIVILYVVVOLVYLD
OVOVILLLVYIIOVVDLIODVIIVVVLOVIVIVILVILOVIODLVYLODLLLLIOLLVVY.LYOL
DYV OVOYVVYLVYOVOVLVOLVYVVYVLOVYVOVOVVYVYDLLLVYLOVYDLODOLVYOLLOLOD
OV LVLLYVOLYDLVLVYDLOOLYVVYOVYIYDOLOVIILIODIOVOOIDLIOVVOLOVLLOLVYO
VOOVYILODLDIDIVIOIDOVIDLLYYYVYIOLIOIOVYIDLYDIOVYILIOIVIOVILIODD
DVYOOVVYDOILYOVVYVYOLOLLOLOILOVOLLLLYLODIOIOVVYOIOVIVYIOIOVIODLOVY
LOVOVIOVLOOVLVLOVODLOLIOOVYIIIDVILIOLOVLLLLYDLODLVYLIDIOVIVYYOO
LLODOVOVLVIVILOLLVYOIVVOILVYODIVOOVLLIOVVDLVLLOVVOVILVYOVOIOODL
YVYVYIODIOVVVYOVVYIIOLIOIOVVYVYIILIOOVIOLVVVYOVILVVYILVYVOVILIOOVOVILOVYOD
LLVYOVVOILOLIOVOILVIOVVYOVOVOIDLODIDOVIDLYVIVOILIODLOLVVYVOLD
LOLOVLIOOVIOVIILLOOVIDLYVYIOVIOILIIOVILIOLLIODDLOLLIOVVYLVLOVOLOLD
VYLLOOOYIOLIIOVOIOLLLIODLIDLIOIDLILIIDIDIVIIDIDLIIDLLOIIDLOVOVYV.L
VYV ILVOLVYLVOVLLOVLLLVILVYVLOVLILVOVVYVOIDLYVYVYVIOLOVOVYIDIDIOVILO
DLLOLVLOLYVOLYYVOLOVIIIOLOVYOLDOODDIDLLLOLVYOVIILDIOIVILOVYOVY
DLVYODLODLIOIDVOILILIOVYIVILVOIVYIIVIDIVVYIOVIIVIOLIDLEDOVOODL
DYOIVIDLOIIYVYIILIVIDLYLIOVLVLIOOVIOILLLLLIJLLOLLODVOVEDLYOL
OVYOVLLYVOLLLOVOLOLOIDLYDLLLODVLLLLODLVYLOLODLYVYDLYVOOVYVYYOL
LIDOVILVILIODLOVIOILVLLVLODLVYVLOLOVOVYOVYIIOVIODILVOIDLIOILLLYOLOD

113



PCT/US2023/064789

WO 2023/183825

DYV VYODLVYVILLLYOVOOVLOOVYOLLOLYOVOLOVLYVOVYOVOLVYLVYVOLOVOLL
YYOLOLOLLVVYVYVILVOLOLLLOVLOVYVOLLLLOVLVLLLLVLVLVOLLLVYLLLLLO
LVYVOOVYODLLOVLOLOOVIVYOOVLOVILLLOLOVYYIOVYVVOVOOVYOLLLLYOVLY
LLLVLLODOVOVVVLOVOOVVLOLYVYYVYVOILLLIVVYILVLLLIVODLLOLLOLOLOLO
LYVVILVOVOVLLOVVLVOVIOVVIOIOVVYIVOLLLLLOVYVOOVOLIOVLLODOVILVIOV.L
VYVYOVLLLVLLIVLOLLOOVYDLIDOVVYIVOLLLLLIOVYVOOVLLIOVLLODOVLVOVL
YOOVLLILVLLIVLOLLOOVYDLIOLLLLIOVYYOVOILODVIIVIDLLLIOVYVYIDILVY
DLVYYVLIODLOOVOVOLYDLVYVYLIOLLVYLLOVLYVOYYODLOODLYVOVOYDLLODOVYOL
DLOLLILVODOLOLVLOLLLYILLOLODLIOVOLOLVYOOVNVVYOLLOLOLLVODLYVVYYVYD
LODDLOVLLOVLLOVVYLOVLOVYOVLLOLLOVOVILODDLVOVYOLLLYVODDLOVD
LYVLVYVOLOVYLLODLODLODLVYILOVIODLLLOLOLLODLLOVOLOLLVVLOLYLO
VVOVVVYOVOVVYOVLOLLLLYLLOLIODLLLYDLLOVILYVYVYOLYLVOLLVILVVOYOVO
VOLVVVLLOLYOLOLLLLLVLVOLVYYVYOVYVLOLIODVOVLVVLIOOLLOILLOLOVYVO
LLLLLOLOVOLVILYVVOVVYVLLLOLLVVYLVLODLVLLIVLLLOLLYOIOVYVYOLOO
LYVVLVOLVYOVOVOLOVOLVLLIOOOLODLIOLLLVIIOIVIDLILDOVYIDLVYYIOLD
DOVVLIODVOVVYOVIIIOVYVOIDLVYIOVYVLIOLIOIVIDIVIOVOVIVILLYIOVIOIVIOOVY
YOOYVLOVOLIOVILOOVOLLLVYOOVYVYOLYIDIDIOVVYOLYDLOOVIOOVOVYDLVODLOL
VILOLOVOILOVIVYIOVIODODLVYILVOIOVYDODLOLIOVILOVYIOVOILVDLLOLOVY
YVOYVYOVYOVYVILLYOVDOLYOLIIOVOOIYILDIDVIIDOVILLOLOLLODOVIIOLD
VLOOVYVYLIOOOVIIVYVYIOVYVYILOVOIDILVYIDIDLIOILIOLIOLVIDLOVOIDDIVVD
DYIOIDLVLIOVOLOLOIVIOVYOIILIOLIDIODIILLVVYVYYIIVLYDIIOVLLOOODOLYL
YOOUYVYVYYOOIIDIOVOIOVLLLILVYYDLLVOILIOLOLYODOVOVYOVYOLLOLIOODVLDD
LLODDLOIOVOVVYVOVOVILVLVLVIOIOVOVYVIOVIILVYVVVVYOVVVYOVLOVIVOLOD
OLOLOLLLLLYIIDDLLOLLOLVYILLODODLIDLVOIDDLVVLLILOVLVOLLODLO
LIOVDIOVIOVLILLOVOVIVIOVVYVIOIVIIIDDLVIODIVVOVYVYVYIIILIODLIOVY
DYYLOOLODLLIIDLLIOVOILOVLOLOIVLYDLVYLVYVYIOILVYOLLDODDIOVOVYLLOL
DVYVOIOVVYOIVOLIOVOIVIDLILVYIOLOOVIILLLLLILLOIOVVYVIVIODIDDIOVVOVD
DOVLYIOYLOLIDIOVIOVIOVODLLIDIOIVIVLIOLIDIDIOVIIDIOVODIVIOIOVYVLLD
LODVLOVYOOVYDLOVYIODDIVVYILIOLOILLIODOVIVOLOVOIDLIOVVYOLOLOLOLDD
LOLOLOLLLYVIOVYIVODLODILLLLYDDIDIOVODIVLOVYILIDOLLYVOVVYYYYOD
DYOIVILLLOVILVYODLOVOIILLOIDDIVLOVIIIDLOIOVIOVYIVIVIIDLODLOVY
DOVYODLIOOVVIOVIVIOVYIOVIOVLIIIOVIDLIOLODIIDLLOIDVIIDVYVOVIODODODLIOO
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LYLVYOOVYLODIVLLOLVYVVYLLVLVVYYOOIOVYVODLVYVYVYLOVODLLLVVYLOLOVLOLYV.L
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CLAIMS

1. A nucleic acid engineered to express a recombinant RNA molecule in a cell containing at least
a first and a second antisense ribonucleotide sequence capable of hybridizing to a human USH2A
pre-mRNA, said recombinant RNA comprising: a first antisense ribonucleotide sequence having
complementarity to a 3’ splice site region of USH2A exon 13, and a second antisense
ribonucleotide sequence with complementarity to a 5° splice site region of USH2A exon 13,
wherein the second antisense ribonucleotide sequence comprises at least 10 nucleotides of a
ribonucleotide sequence of SEQ ID NO: 8, or a ribonucleotide sequence having about 80%, 85%,
90%, or 95% sequence identity with the ribonucleotide sequence of SEQ ID NO: 8, and wherein

the nucleic acid encoding the recombinant RNA is operably linked to a promoter.

2. The nucleic acid of claim 1, wherein the second antisense ribonucleotide sequence comprises
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, or 23 nucleotides of a ribonucleotide sequence of
SEQ 1D NO: 8 or a ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence
identity with the ribonucleotide sequence of SEQ ID NO: 8.

3. The nucleic acid of claim 1, wherein the second antisense ribonucleotide sequence comprises a

ribonucleotide sequence of SEQ NO: 65 or 66.

4. The nucleic acid of claim 1, wherein the first antisense ribonucleotide sequence may comprise
22, 23, or 24 contiguous nucleotides of a ribonucleotide sequence of SEQ ID NO: 4 or a
ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence identity with the
ribonucleotide sequence of SEQ ID NO: 4.

5. The nucleic acid of claim 1, wherein the first antisense ribonucleotide sequence comprises a

ribonucleotide sequence of SEQ NO: 67 or 68.

6. The nucleic acid of claim 1, wherein the recombinant RNA molecule comprises in a 5’ to 3’
order: the first antisense ribonucleotide sequence, the second antisense ribonucleotide sequence,

an SmOpt element, and a stem and loop sequence.

7. The nucleic acid of claim 6, wherein the SmOpt element comprises a ribonucleotide sequence

of SEQ ID NO: 24.
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8. The nucleic acid of claim 6, wherein the stem and loop sequence comprises a ribonucleotide
sequence that has at least 80%, at least 85%, at least 90%, at least 92%, at least 95%, at least 97%,

or at least 99% sequence identity to the ribonucleotide sequence of SEQ ID NO: 27.

9. The nucleic acid of claim 6, wherein the 5’ end of the recombinant RNA comprises a

hypermethylated cap.

10. The nucleic acid of claim 6, wherein the 5’ end of the recombinant RNA comprises a 2,2,7-

trimethyl guanosine (m3G) 5’ cap.

11. A nucleic acid engineered to express a recombinant RNA molecule in a cell, said recombinant
RNA molecule containing at least a first and a second antisense ribonucleotide sequence capable
of hybridizing to a human USH2A pre-mRNA, the first antisense ribonucleotide sequence having
complementarity to a 3’ splice site region of exon 13, wherein the first antisense ribonucleotide
sequence comprises 22, 23 or 24 nucleotides of a ribonucleotide sequence of SEQ ID NO: 4 or a
ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence identity with the
ribonucleotide sequence of SEQ ID NO: 4, and the second antisense ribonucleotide sequence with
complementarity to a 5’ splice site region of exon 13, wherein the nucleic acid encoding the

recombinant RNA is operably linked to a promoter.

12. The nucleic acid of claim 11, wherein the second antisense ribonucleotide sequence comprises

at least 10 nucleotides of a ribonucleotide sequence of SEQ ID NO: 8.

13. The nucleic acid of claim 11, wherein the second antisense ribonucleotide sequence comprises

a ribonucleotide sequence of SEQ NO: 65 or 66.

14. A nucleic acid engineered to express in a cell a recombinant RNA molecule containing at least
two antisense ribonucleotide sequences capable of hybridizing to 5 and 3’ splice site regions of
exon 13 of a human USH2A pre-mRNA, said recombinant RNA comprising: a first antisense
ribonucleotide sequence having complementarity to a 3’ splice site region of exon 13, wherein the
first antisense ribonucleotide sequence comprises at least 10 contiguous nucleotides of a
ribonucleotide sequence of SEQ ID NO: 4, and a second antisense ribonucleotide sequence with
complementarity to the 5’ splice site region of exon 13, wherein the second antisense

ribonucleotide sequence comprises at least 10 contiguous nucleotides of a ribonucleotide sequence
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of SEQ ID NO: 8, and wherein the nucleic acid encoding the recombinant RNA is operably linked

to a promoter.

15. A nucleic acid engineered to express a recombinant RNA molecule in a cell, said recombinant
RNA containing a ribonucleotide sequence comprising at least 25 nucleotides of a ribonucleotide
sequence of SEQ ID NO: 25 or a ribonucleotide having from 80%, 85%, 90%, or 95%, sequence
identity with the ribonucleotide sequence of SEQ ID NO: 25, wherein the nucleic acid encoding

the recombinant RNA is operably linked to a promoter.

16. The nucleic acid of any one of claims 1, 11, 14, and 15, wherein the recombinant RNA is a

modified recombinant U snRNA or a dCas13d guide RNA.

17. The nucleic acid of claim 16, wherein the modified recombinant U snRNA is a modified U7

or Ul snRNA.

18. The nucleic acid of any one of claims 1, 11, 14, and 15, wherein the promoter is a constitutive,

cell-specific, or inducible promoter.

19. The nucleic acid of claim 18, wherein the cell-specific promoter comprises a photoreceptor

cell-specific promoter.

20. The nucleic acid of claim 18, wherein the constitutive promoter comprises a U snRNA

promoter.
21. The nucleic acid of claim 20, wherein the U snRNA promoter is a U7 snRNA promoter.
22. The nucleic acid of claim 21, further comprising a U snRNA 3’-box RNA processing signal.

23. The nucleic acid of any one of claims 1, 11, 14, and 15, wherein the nucleic acid is flanked by

adeno-associated virus (AAV) inverted terminal repeat sequences (ITRs).
24. A recombinant adeno-associated virus (rAAV) comprising the nucleic acid of claim 23.

25. The recombinant adeno-associated virus of claim 24, further comprising a capsid protein of a
serotype selected from: AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAV7, AAVSE, AAVY,
AAV10, AAV11, AAVI12, Anc80, AV2/1, 2/2, 2/6, 2/8, 2/9 and AAV2/Anc80L6.
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26. A therapeutically effective amount of a recombinant RNA comprising a first antisense
ribonucleotide sequence capable of hybridizing with a 3 splice site region of human USH2A exon
13, covalently linked to a second antisense ribonucleotide sequence capable of hybridizing with
an exon’s 5 splice site region of human USH2A exon 13, wherein the second antisense
ribonucleotide sequence comprises at least 10 nucleotides of a ribonucleotide sequence of SEQ ID
NO: 8 or a ribonucleotide sequence having 80%, 85%, 90%, or 95% sequence identity with a
ribonucleotide sequence of SEQ ID NO: 8, said amount of recombinant RNA being effective at
facilitating synergy between the covalently linked first and second ribonucleotide antisense

sequences to induce skipping of USH2A’s exon 13.

27. The recombinant RNA of claim 26, wherein the first antisense ribonucleotide sequence
comprises at least 10 nucleotides of a ribonucleotide sequence of SEQ ID NO: 4 or a ribonucleotide
sequence having 80%, 85%, 90%, or 95% sequence identity with a ribonucleotide sequence of

SEQ ID NO: 4.
28. The recombinant RNA of claim 26, wherein the recombinant RNA comprises a 5’ cap.

29. The recombinant RNA of claim 28, wherein the first antisense ribonucleotide sequence

comprises a 5’ cap.

30. The recombinant RNA of claim 26, wherein the second antisense ribonucleotide sequence does

not comprise a 5’ cap.

31. The recombinant RNA of claim 23, wherein USH2A’s exon 13 comprises a pathogenic

mutation.

32. The recombinant RNA of claim 31, wherein the pathogenic mutation comprises a ¢.2299delG

or a ¢.2276G>T mutation.

33. A therapeutically effective amount of a 5’-capped recombinant RNA containing a
ribonucleotide sequence having at least 20 nucleotides of a ribonucleotide sequence of SEQ ID
NO: 25, or a ribonucleotide sequence having 80%, 85%, 90%, or 95% sequence identity with a
ribonucleotide sequence of SEQ ID NO: 25, said amount of recombinant RNA being effective at
inducing human USH2A exon 13 skipping.
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34. The recombinant RNA of claim 33, wherein the recombinant RNA comprises a

hypermethylated 5° cap.

35. The recombinant RNA of claim 33, wherein the recombinant RNA comprises a 2,2, 7-trimethyl

guanosine (m3G) 5’ cap.

36. A method for modulating splicing of USH2A pre-mRNA in a cell comprising expressing the
recombinant RNA of claim 26 or 33 in the cell.

37. A method for treating an USH2A associated retinopathy in a human patient, said method
comprising administering the recombinant adeno-associated virus (rAAV) of claim 24 to the
patient’s eye by subretinal injection, wherein the subject’s photoreceptor cells express an USH2A

pre-mRNA having a pathogenic mutation in exon 13.

38. A method for treating an USH2A associated hearing loss in a human patient, said method
comprising administering the recombinant adeno-associated virus (rAAV) of claim 24 by injection
into the patient’s inner ear, wherein cochlear cells of the inner ear express an USH2A pre-mRNA

having a pathogenic mutation in exon 13.

39. A method for preventing Usher Syndrome in a human patient, comprising administering the
recombinant adeno-associated virus (rAAV) of claim 24 to the patient’s eye and inner ear, wherein
the patient’s photoreceptor cells in the retina and cochlear cells in the inner ear express an USH2A

pre-mRNA having a pathogenic mutation in exon 13.

40. A method for treating an USH2A associated disorder in a human subject comprising
administering a recombinant USH2A-U7 adeno-associated virus (rAAV) to the human, wherein
the USH2A-U7 adeno-associated virus expresses a therapeutically effective amount of a
recombinant RNA containing a ribonucleotide sequence having 25, 26, 27, 28, 29, 30, 31, 32, 33,
34,36, 37,38, 39,40, 41, 42, 43, 44, 45 or 46 nucleotides of a ribonucleotide sequence of SEQ ID
NO: 25 or a ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence identity with
the ribonucleotide sequence of SEQ ID NO: 25, wherein the subject’s photoreceptor and/or inner
ear cells express an USH2A pre-mRNA having a pathogenic mutation in exon 13, and wherein

said amount of recombinant RNA is effective at inducing USH2A exon 13 skipping in said cells.
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41. The method of any one of claims 37-40, wherein the pathogenic mutation comprises

¢.2276G>T and/or ¢.2299del G.

42. A host cell for the manufacture of a recombinant USH2A-U7 adeno-associated virus (rAAV)

comprising the nucleic acid of claim 23.

43. A pharmaceutical composition in unit dose form comprising the recombinant adeno-associated

virus (rAAV) of claim 24 and a pharmaceutically acceptable excipient, diluent, or carrier.

44. The pharmaceutical composition of claim 43, wherein said formulation further comprises
empty adeno-associated virus (rAAYV) capsids at a percentage from at least about 50% cp/cp up to

about 90% cp/cp.

45. A cell comprising an USH2A mRNA comprising a nucleotide sequence of SEQ ID NO: 43,
and a recombinant RNA comprising any one of the ribonucleotide sequences of SEQ ID Nos: 1-
16.

46. A cell comprising an USH2A mRNA comprising a nucleotide sequence of SEQ ID NO: 43,
and a recombinant RNA comprising at least 10 nucleotides of a ribonucleotide sequence of SEQ
ID NO: 8, or a ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence identity
with the ribonucleotide sequence of SEQ ID NO: 8.

47. A cell comprising an USH2A mRNA comprising a nucleotide sequence of SEQ ID NO: 43,
and a recombinant RNA comprising at least 10 nucleotides of a ribonucleotide sequence of SEQ
ID NO: 4, or a ribonucleotide sequence having about 80%, 85%, 90%, or 95% sequence identity
with the ribonucleotide sequence of SEQ ID NO: 4.

48. A cell comprising an USH2A mRNA comprising a nucleotide sequence of SEQ ID NO: 43,
and a recombinant RNA comprising at least 10 nucleotides of a ribonucleotide sequence of SEQ

ID NO: 25.

49. A cell comprising an USH2A mRNA and a recombinant RNA comprising at least 10
nucleotides of a ribonucleotide sequence of SEQ ID NO: 4, wherein the USH2A mRNA does not
comprise the ribonucleotide sequence of SEQ ID NO: 55.
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50. A cell comprising an USH2A mRNA and a recombinant RNA comprising at least 10
nucleotides of a ribonucleotide sequence of SEQ ID NO: 8, wherein the USH2A mRNA does not
comprise the ribonucleotide sequence of SEQ ID NO: 55.

51. The cell of any one of claims 45-50, wherein the cell is a photoreceptor cell or cochlear cell.
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GGCCACTCCCTCTCTGCCCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAACGTCGC"GACC“ CGGECTTTGE

OGO CA e ACACOO O AGCEAGC AT RO T OO GO OO CETaa T T IO AE A OO CORCCCARACG
| LEFTITR
0CGG0CEECCTCARTCACCGACCCACCGCCCAGACABGEAGTGOCCAACTCCATCACTAGGAGTTCCTCRARGAG

GGCCCGCCERAGTCACTCRCTCECTCGCGCATCTCTCOCTCACCGETTGAGETACTGATCCCCARGGACCTCCCC
LEFTHTR

TGGAGTCGTG%““TAGCCVGGG““AAGA AAGCCTTAGA””AGTTGGGACCAGAC””PbGGAAuGGCTTTTACC ,

ACCTCAGCACTCRATCCCGCCCTCTICTAGTTCCCARTCTCC TCAACCCTCATCTCRRTCCCTTCCCCARRATCS
LEFT TR

%'AGGCTTTAGAGACACCTAAACTTCAAC&GTTTACACTmTTACAAGGATACTCAGGCAGA@Aﬁ&CTTACAGACA

TGTCCCARATCTC TG TCGATTTGAAGTTCCCARATGTGARARTGTTCCTATGAGTCCGTCTGTTCGAATGTCTCT

ARTTCTTTTTGCCAACCARRATCACACARGGRCAGTCAGCCTICCAGTGARCAGTCCCCTTGCIGTICTCTGRACTT |

T ACAARAAC G T T T AT T O T TC CTaTC AGTCGeACETC AL TTATC ACGGGARCGACAGAGACTTGAR
CTGCARAARACTACACCTCTTACCTCAGAGAGCAGTGCACAACAGAARAGTACACTTACGACACCRACGGGATTG

GACGTTTTTTGATGTGGAuAATCuAGTCTCTCGTCACGTGTTCTCTTTTCATCTCA&T@CTCTGGTTCCéCTAAC

CARGCTG! TTTTGQAT”CMTGC“”TLCICMTTT“”TTTI”TTG%A”TubA”AAGGT““AAGA AGGCATTGGCC ,

GTTCGACGARAACCTAAGGACGTGAGGAGGRARTAAAAARAACTTAACCTATTCCATCTTCTAGTCCGTAACCCE

AAT%C“APbGT”ACAATTTTTCCMTTGT”TTTI”CuAAAAPuTTT”TGGCT TTLTC AGCT TTLTC”TGCT”A

TTATGGTTCCARTGTTARAAAGGGAACAAARARACCTTTTTC ARARACCGATARGAC GTCGATARGAGAACGART
AATT”T”Ca&A&AAT”GTTG&%“TGGGAAATAC“AACTGTACTGA”TACTTTGACmTTTTTHAuGT“CGCCAC&

GTTARAAGGTTTTTTAAC AACTTCACCCTTTATCATTGACATGACTGATGAAACTGARAARATTCCARCCGRTGT
CARATTTTTTTGGACRCAAGCCCCAGTTTICCC “““AAGCAAC%G“GAAT”CMCAA‘TTTAACQTATACCTTTCC

GTTTAAAAAAACMTGTGTTéGGGuTCAAAubbTTCMTTCuTTbTCTCTT ACGGTTGAAATTCCATATGGARACE
“”TTGCAAC%A““AAACAMAAT”TuTTTTCAATCTPTLTAﬁuGT%”AALTC”GGGC”TTTGG”TQGTTTGAAT”C

TGAACGTTGTTCCTTTGTGTTARACARAAGTTAGATAGATTCCATATTGACACCOGARRACCAACCARACTTAAC
CACCAGCRARCTGACAARGCAGCACTCTGIGCTGAGCARGGRTTTCTGCCTGGTGGARACTTIGAGATTTTAGGT

TCOTCGTTTGACTOT TGO TOAGAC ACGACTC T T CT ARAGAC GOAC CACCTTTGAAA CTCTAAAATC A
AGTCAA C A GO TG0 TCTOTAC e AAGO T TGGCAAGGGAAACCTRACCCTARTCCC TG TR TTACTTCTCA

TCAGTTTCTTCCAACGAGACATGAGTTCCARCCGTTCCCTTTOEAT T GGATTACCGARCCAACC AR TGAAGAGT
éﬁTTbG”AﬁTCLTTKAGGTAGGCAAAAA AAC5AAACAGTTG&ACTGTATTCCAG%ATCLT”AQCTALTTRG”C

TTAACCGTTAGGARTTCCATCCO T TTTCE TG TT T TG TCARCTTC ACATARGGTC T TAGCARTCGATGARTCAG

FIG. BAI
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CACAGTGIGAARTAAGGTTAGGAAGAAC AAGGTAAGGTAGAGATTIGGT TICAGCAGTGAAATTTCTGTTCTTIC

TG ACAC T AT TCCAAT O TTC T TG P T AT OO ATC TC T ARAC CAAAGTC GTCACTTTARAGACARGARAG
TACCCABACAACTTTGTTCCTCTICTTCCAACAACTTTTGCARGAGAATTAGGTTGOTTCRTTICATTRTTTCCA .

ATGGETTTOTTGAAACARCGAGARGAAGGTTCTTCARAACCT TCTC T TANTCCAACC ARCCRARCTAACARAGE]
ABAARATTO T TTTTGCTTICACAACC TARAGAAGRACT T TTTGGGARRT TTTTCARCGT TTGGCARRTTGAT

T AR C AR AR ACCAAAC TG TG oA T T C T IO T C AR A CC T T T AAC ARACC T CC ARACCCTTTAACC
TGTGTG6TGTACTGTTTTTCGGTATIGETTTTGGGAARACCARGARARGART TAGRAATTGTGCTAAGGATTTGG

ACACACCAC ATGACAAAAAC COATAACCARRACCOTFPTCGTTCT T TC TTAATC TTTAACACGATTCCTARACC
ATTGCCANTTCTGATTTTTGTTATTCCCAARCAACACCARTTGGGAART TGARACANTTCARTT TGGTTGTTTGE

TAACGGTTAACAC TARAAAC AR T ARG GG T T TG T TG TGE TT AL OO TT TAAC T TG TTAAGT TARAC C ARCARACC
TTTACCCAAGARTTTTTTTCAACGTTACAAAGGARGAC AAATCCARAAGTCTTCC TETTCTTTCARAAT TAATCC

AAATGGOTTCT T AAAA AL G TTCC AR TG TP TCC TTC TG T T TAGET T TC AGAACCAAAAGARAGTTTTAATTAGS
TAAGGTTGAGAAACCARAAGAAATAGATTTGCTAGGARACCTTGTTTTOTTTTCCGARAGTTGTAATACAGAAGA

ATTCCARCTCTTTCCTTTTC TTTATC TARACCATCCTTTGGAACARAAC ARAACCCTTTC ARCATTATGTCTTCT
ATTITGCTGCCCTCTRGCCATTOCGCCECACCCGTTARCARCATACGACCTGTGATTCGC TTTTICAGCCARTC

TAAALCGACGGGAGACCGETAACGCGGCGTACGCARTTGTTGTATCCTCCACACTARCCGACARAAGTCGGTTAG
O MOUSE U7 snBNA PROMOTER (SEQID NG: 30)
BGCACTGACTCATTTGCATAGCCTTTAC AAGCGGTCAC ARAC TCARGAARCCAGCCOTT TTARTAGTCTTTTAGE

TCGTGACTGACTARACGTATCCCARATETTCGCCAGTGTTTGAGTICTT TGO TC GO ARAATTATC AGARRATCT

e MOUSE UT snBNA PROMOTER (SEQIDNO: 30k vz,
N
DSE (SFQ 1D NO: 28)

ATATTGTTTATCGAACCGART ARG ARC TETGCTI TG TGATTCACATATCAGTGGAGGGETGTGEARATGGCACT

TATAACARATAGC TTCGC T AT TCC T TG AC ACCARAC ACT ARG TG TATAGTCACCTCCCCACACCTTTACCATSE

s A MOUSE UT snRNA PROMOTER (SEQID NQ: 30) 20 e
TTGATCTCACCCTCATCGARAGTGRAGTTGATGICCTTCCCTGECTCGCTACAGACGCACTTOCGARGCTTCCGA

AACTAGAGTCGCACTAGC T TCACC TCAAC TACAGGARGECACCEAGCaATGTC TCCETGAAGGCTTCGAAGCD
v ier s MOUSE UT snRNA PROMOTER (SEG D NO: 30)so 2 \
ARG AS RNA4 (SEQ D NC: 4)
AN, AS RNA (SEQ D NO:4)

GAAATTTARATCCACTIGACGATTAGGCACACACAGGACARTTTT TGGAGCACGTTTIC TGACTICERTCGGARA

CTT AT TTAGCTCARC T TAATCCATOTC PO CC T T TARAAAC CTCCTCC ARAAGAC TCAAGC CAGCCTTT
AN AS RNAS {SEQ D NG: 8) i B
- AS RIA STOPT(SEQIDNO: 24— U7 snRNA STEM + LOOP
(SEQIDNG: 4) (SEQIDND: 27)

FIG. BAil
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CCOCTCCCARTTTCACTGGTCTACAATGARAGCAARACAGTTCTCTTCCCCGCTCCCCGRTGTGTGAGAGEEEC
TGGGCAGEGTTAARGTGACCAGATGTTACTTTCGTTTTGTCAAGAGAAGGGGCGAGGGECCACACACTCTCCCCE

- \ -

( = URNA 3 BOX (SEQ 1D NO: 26)
7 snRNA STEM + LOOP (SEC 1D NO: 27)
TTIGATCCTTCTCTGOTTICCTAGGARACGCGTATCTGCGTACCTITTTGCGRCCCCACTAGTCCACTCOCTCTC

MO TAGGAAGAGACC AR AGGATC CTT TG0 a0 ATACACCCATCEAAAAACGOCGOOGTCATC ACGTCAGEEAGAS

T6CGCGCTCGCTCACTCACTEAGECCGGRCACCARAGRTCOCCOACGCCCAGRCTTTR0CCGEGCE0CCTCAS

ACGCOCGAGCEAGCGAGTGACTCCOACCCGCTORTTTCCAGCCEECTGEGRB0CCE oCG

ARACGGGCCCELCGGAGTC

TGAGCGAGCCAGCCCCCACAGAGGGA (SFQ 1D NO: 31)
AcTcéqTCGCTCGcéCGTCTCchéi
st xBIGHT TR Ai:rs'-.5‘-"5-:{‘{-5':'5:{'-3?5%

FIG. A
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ttqacaacataggaactg*aattgactg:tttcaaccaatcqgcactgactcatttgcatqgccttwavaqg a9

aatwgttgtatcc:cgaca"taacvgqcaaaagtvggttaqtcatgqctqag*aachtatcaaaaatattcacc

(SEQID NC: 28)
tcacaaactcaagaaacgageggtittaatagicttttagaatatigtitatcgaaccyaataaggaactgtget

agtgittqaéttctétgctégccaéaattétcagéaaatéttaté&caaétagcftggcﬁtattécttgécacgé

ttgt gattca“atatCQg*agqggaqtgvagqaatqgcaﬂc gatct accctcawcaaqaatqgaattgatqt

aacaﬂtaaqtgtabagtcaﬂctccccayaﬂcthtaccqt@gaabtagagtgggagtaqﬂtttcacctcaacbaca
PSE {SEQID ND: 29)

bcttccctgabtcqﬂtacaaacgyact chCuACCA TTGGCGTCAAGBTATGCCHAACCTuACCAbTCCTGT
ggaagggacvgugcgatq tgugtgaagacICbTGG CARCCGCAGTTCCATACGGATTGRACTGGTGAGGACA
SURAMBLED AS RNAY SCRAMBLED AS BNAS
(SE D ND- 39) (SEQ 1D NO: 40)
gquAATI”TTGGaGcaggttttctqacwtcggt"qgaaaacc cteccaatt tcacwagtctacaataaanCG
uAtc”TAAAAALC:CgtccauaagactqaaqLcaqcc*tttggqgaqgattaaagtqavcagatgt*avtttcgt
g;\ 7 snRNA STEM:L0OP (SEQID NG 27) L RNA 3'BOX
SC%A\; BLED AS RNAG (SEQ 1D NO: 26)

SEQ 1D NO: 24
auacaqttctvttcwccqctccccqgtg*Gtgaqagqgavttuaatccttutctgqtttcc:aqgaaavqLgtat

ttt :waagaauagqggcgaqgggwcacacac:ctcccvauaavtaqgaugagaccaaaqgatwct*tacgcata

tg““TACCTTTTTGCGGCCGCACTAW(S?Q 1D ND: 41)
CcacCCATGGARRAACGOCGGCCTE T;";

FIG. 8D
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NORMALIZED SKIPPED mRNA
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SEQID NG 71

13-48 EXON 12 EXON 14
GCAAACGTTATTGIGTTTTTATATITIT

SEQID NG 7

13-46 EXON 12 EXON 14
GCAAACGTTATTGWGITTTTTATAT T




WO 2023/183825 PCT/US2023/064789

LENGTH
AEXON13

P

END-POINT PCH

<
0N
o
o3
—d
=

GAPDH



WO 2023/183825 PCT/US2023/064789
43/47
1.5+ SKIPPED mRNA
N 1.00
>
o 10 L
< 056
= 054 gl 5
0
0.0 ; f a ;
NT AAY2 AAVZ AAVYZ
13-48 13-46 7m8
13-48
VECTOR 5 49 ; AAVZ Tm8
RELATIVE 0.41 0.56 1.00




PCT/US2023/064789

WO 2023/183825

AANRIE

CINOY
0 0 W06 08 0 06, 0% &, 10f
O IRE L R AR R TR A L LR AL AT S AR LA LR B STk L LA RN AL L B RaL LRIk SRARL LRSI
i E0TOTE 2011008100010 T00 LS L Y T 00 Y Lo L L D000 L L Lo I LD DT 0¥ ¥ 0DV YD L IO VY O00DTRIONo
EINOY
WL W . . T AT

i 006 LYOOLOYODDOYOYDVVLIMNTIOLMDLOTO0DLI0ILI00LYI0LI0T.
6 LY OOLDY 0RO N ONYL 2D IV LDL0 DL 0001002 L2000 DD LY Y YD LD A DED L0000V L LVYDOYOLD LY DY ELDD DIV LLLLOY Y

<5
=

mumuwwm)mwawmuUwammwwmfmmu)muwwmmmmawzwwamnwawgm 1

EINCXS
007 sl 9L Wil 09 el il el ek I
%Nmmmamwﬁuswuumumwasmmm)ﬂ9umasxmmmmgmﬁsmmmmﬁmuwawmwamﬁsmuucm SOOI oD L LIV VYD LSY 0L oDDIN 3L 00YY L
007 Yy DYDY DL O oY YLD L ST O L. S D DY R S OV DY Y D0 L0V D IO LoV D00 Lo LR L0 0 LYY 0D LD LIV VYD IOV DL OO0 EY D0LOOYY il
PYNH G
R ENOYE CENOHIN]
00 06 08 g0e Sy g0 4 b

H
}
=

001 LOIDYO0DL0002YDLE

LYDDLEDIN DL LLLODVYDO0 LI LLIY DD LLLIYY DL I OIY DL DLOOVLL 0D DOV LLIOIY DL LIV LYIYYYE |

001 LOLEYRODLO00DYDED YOOIV DY DLV LLIYOOYYO 000 LIEYYY LAY DD LLLLVY D LIS LYDIDLDDY LESDDOV ELL OV L L LIV LY LYYV L |

B lets)

(54

B YZHST UL

“NHI00UAT) «




PCT/US2023/064789

WO 2023/183825

T8 .

m%m SY
EENDUINI YNER
« 9L 009 qlS L q0ee DS DR iR B9 L b
(620N 01 039) 209 DY LI LYY ORI 00Y DR L0 Y D IHY LD L0 YYD O 0Ty DD AT HY 100001018000 IOV 09918
(220N 01 TS) 780 DY 0 LY Sy Y VY LS Y D DY DS Lo LYY L ST ST YOV DS W Y DL DIV L0 00O LY L o090 IOV 0S5 IDYD 19

008, S, oA T L
00 T¥E900¥ T LLIR90¥oPDL 00N LTE NS0T 00D YL L 0D LN DL LI O LMD L ¥ O EOLI0DN I
009 Y00 0¥ DI LY D0Y 00100 LY 0¥ 0050 L1 00 Y Lo IS0 1A L0 LY S 00 L 0D L L LIV DY D LIV D0YS LIINY OV LSV 0L 009Y 106
IO
005 L 0 . 0% L w0 L e .
5 DIDIOUITRIIO 5D .H%wﬁﬁ&ééﬁ%ﬁ8@%%%%%3%%Sgu@aw& {IFYOYO0DLOYDYHIND |G

e

SEOYOLYY L0021 LS LODYOYY LODDOVLETYY DL L0 LDIYY DY OVOYY DL

T

JHBLDE

SOLoLoDDINTYINY Y D00 L0300 9

5INP8) 0
mmmm@ mmm




PCT/US2023/064789

WO 2023/183825

HOdYOu

(

S310AD GE)

dyl 421X3Y



WO 2023/183825 PCT/US2023/064789

NORMALIZED SKIPPED mRNA

(]
|

5.97
574 .- 7 547
] 538
5 0 L = 515 T
C.%}D oo
= 326
= 7 / / / .00
T e
1 1 i { { i i i
W sol7 o e Delfx 13
U7 13-48 7 13-48
0.3-1-3ug
0.3ug NHP MINIGENE +
DelEx3
HUMAN U7 13-48 NHP U7 13-48
PLASMID NAME: o
PLASMID \ y .
CONCENTRATION, sl 23 | 308 31 03
RELRWETD 326 | 574 | 558 | 516 | 6% | 547 | 100




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - description
	Page 105 - description
	Page 106 - description
	Page 107 - description
	Page 108 - description
	Page 109 - description
	Page 110 - description
	Page 111 - description
	Page 112 - description
	Page 113 - description
	Page 114 - description
	Page 115 - description
	Page 116 - description
	Page 117 - description
	Page 118 - description
	Page 119 - description
	Page 120 - description
	Page 121 - description
	Page 122 - description
	Page 123 - description
	Page 124 - description
	Page 125 - description
	Page 126 - claims
	Page 127 - claims
	Page 128 - claims
	Page 129 - claims
	Page 130 - claims
	Page 131 - claims
	Page 132 - claims
	Page 133 - drawings
	Page 134 - drawings
	Page 135 - drawings
	Page 136 - drawings
	Page 137 - drawings
	Page 138 - drawings
	Page 139 - drawings
	Page 140 - drawings
	Page 141 - drawings
	Page 142 - drawings
	Page 143 - drawings
	Page 144 - drawings
	Page 145 - drawings
	Page 146 - drawings
	Page 147 - drawings
	Page 148 - drawings
	Page 149 - drawings
	Page 150 - drawings
	Page 151 - drawings
	Page 152 - drawings
	Page 153 - drawings
	Page 154 - drawings
	Page 155 - drawings
	Page 156 - drawings
	Page 157 - drawings
	Page 158 - drawings
	Page 159 - drawings
	Page 160 - drawings
	Page 161 - drawings
	Page 162 - drawings
	Page 163 - drawings
	Page 164 - drawings
	Page 165 - drawings
	Page 166 - drawings
	Page 167 - drawings
	Page 168 - drawings
	Page 169 - drawings
	Page 170 - drawings
	Page 171 - drawings
	Page 172 - drawings
	Page 173 - drawings
	Page 174 - drawings
	Page 175 - drawings
	Page 176 - drawings
	Page 177 - drawings
	Page 178 - drawings
	Page 179 - drawings

