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COMPOSITIONS AND METHODS FOR

TREATING KCNQ4-ASSOCIATED HEARING LOSS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The application claims the benefit of U.S. Application Serial No. 63/250,857 filed
on September 30, 2021, U.S. Application Serial No. 63/305,740 filed on February 2, 2022, and
U.S. Application Serial No. 63/309,061 filed on February 2, 2022, the entire contents of each of

which is hereby incorporated by reference.

SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on September 28, 2022, is named ST26 2013615-0534.xml and is 1.07 MB

in size.

BACKGROUND

[0003] There are many types of hearing loss. Some hearing loss is related to one or more

genes. The present disclosure provides technologies related to KCNQ4-associated hearing loss.

SUMMARY

[0004] The present disclosure recognizes that diseases or conditions associated with
hearing loss can be treated via, e.g., replacement, addition and/or inhibition of certain gene
products. The present disclosure further provides that gene products involved in development,
function, and/or maintenance of ear cells, e.g., inner ear cells, e.g., hair cells can be useful for
treatment of diseases or conditions associated with cell loss, e.g., hair cell loss. Accordingly, the

present disclosure provides various technologies including those for methods of making, using,
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and/or administering compositions to express a gene product involved in the development,

function, and/or maintenance of inner ear cells, e.g., hair cells.

[0005] Technologies provided by the present disclosure also include use of such
compositions in treatment of hearing loss, or diseases or conditions associated with hearing loss.
In some embodiments, a gene product can be encoded by a Potassium Voltage-Gated Channel
Subfamily Q Member 4 (KCNQ4) gene or a characteristic portion thereof. In some embodiments,
a gene product can be KCNQ4 protein or a characteristic portion thereof. In some embodiments,
a variant KCNQ4 gene product is inhibited. In some embodiments, the present disclosure provides
technologies to express functional KCNQ4. In some embodiments, the present disclosure provides
technologies to inhibit a KCNQ4 variant. In some embodiments, the present disclosure provides

technologies to both express functional KCNQ4 and inhibit a KCNQ4 variant.

[0006] The present disclosure further provides that viral delivery, e.g., via AAV particles,
can be useful for administration of compositions to express gene products involved in
development, function, and/or maintenance of inner ear cells, and/or treatment of hearing loss, or
diseases or conditions associated with hearing loss. As described herein, AAV particles comprise
(i) a AAV polynucleotide construct (e.g., a recombinant AAV polynucleotide construct), and (ii)
a capsid comprising capsid proteins. In some embodiments, an AAV polynucleotide construct
comprises KCNQ4 gene or a characteristic portion thereof. In some embodiments, AAV particles
described herein are referred to as rAAV-KCNQ4 or rAAV-KCNQ4 particles. In some
embodiments, AAV particles described herein comprise Anc80 AAV capsid proteins and are
referred to as rAAV Anc80-KCNQ4 or rAAV Anc80-KCNQ#4 particles.

[0007] Among other things, the present disclosure provides a construct comprising a
coding sequence operably linked to a promoter, wherein the coding sequence encodes a Kv7.4

protein.

[0008] The present disclosure also provides a construct comprising a coding sequence
operably linked to a promoter, wherein the coding sequence encodes a KCNQ4 inhibitory nucleic

acid, which comprises a nucleotide sequence complementary to a KCNQ4 gene. In some



WO 2023/056329 PCT/US2022/077222

embodiments, AAV particles described herein are referred to as rAAV-KCNQ4-Inhibitory-RNA
or rAAV-KCNQ4-Inhibitory-RNA particles. In some embodiments, AAV particles described
herein comprise Anc80 AAV capsid proteins and are referred to as rAAV Anc80-KCNQ4-
Inhibitory-RNA or rAAV Anc80-KCNQ4-Inhibitory-RNA particles.

[0009] In some embodiments, the coding sequence is a KCNQ4 gene. In some
embodiments, the KCNQ4 gene is a primate KCNQ4 gene. In some embodiments, the KCNQ4
gene is a human KCNQ4 gene. In some embodiments, the KCNQ4 gene is a murine (or mouse)

KCNQ4 gene.

[0010] In some embodiments, the human KCNQ4 gene comprises a nucleic acid sequence
according to SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ
ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 25, SEQ
ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, or SEQ ID NO:
90. In some embodiments, the human KCNQ4 gene comprises a nucleic acid sequence according
to SEQ ID NO: 9 or 10. In some embodiments, the mouse (or murine) KCNQ4 gene comprises a
nucleic acid sequence according to SEQ ID NO: 91.

[0011] In some embodiments, the Kv7.4 protein is a primate Kv7.4 protein. In some
embodiments, the Kv7.4 protein is a human Kv7.4 protein. In some embodiments, the Kv7.4
protein is a mouse Kv7.4 protein. In some embodiments, the Kv7.4 protein comprises an amino
acid sequence according to SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, or SEQ ID NO:
92.

[0012] In some embodiments, the promoter is an inducible promoter, a constitutive
promoter, or a tissue-specific promoter. In some embodiments, a promoter is a cholinergic
receptor nicotinic alpha 10 subunit (CHRNA10) promoter, a dynamin 3 (DNM3) promoter, a
mucin 15 (MUC15) promoter, a phospholipase B domain containing 1 (PLBD1) promoter, a RAR
related orphan receptor B (RORB) promoter, a striatin interacting protein 2 (STRIP2) promoter,
an aquaporin 11 (AQP11) promoter, a KCNQ4 promoter, a LBH promoter, a stereocilin (STRC)
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promoter, a tubulin alpha 8 (TUBAS) promoter, an oncomodulin (OCM) promoter, a truncated (or

“short”) OCM promoter, a Prestin promoter, or a truncated (or “short”) Prestin promoter.

[0013] In some embodiments, the promotor is a cochlear hair cell-specific promoter. In
some embodiments, the cochlear hair cell-specific promoter is a ATOH1 promoter, a POU4F3
promoter, a LHX3 promoter, a MYO7A promoter, a MYO6 promoter, a d9ACHR promoter, or a
a10ACHR promoter. In some embodiments, the promoter is a CAG promoter, a CBA promoter,
an smCBA promoter, a CMV promoter, or a CB7 promoter. In some embodiments, the promoter
comprises a nucleic acid sequence according to SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO:
24, SEQ ID NO: 297, SEQ ID NO: 298, SEQ ID NO: 299, SEQ ID NO: 300, SEQ ID NO: 301,
SEQ ID NO: 302, SEQ ID NO: 303, SEQ ID NO: 304, SEQ ID NO: 305, SEQ ID NO: 306, SEQ
ID NO: 307, SEQ ID NO: 308, SEQ ID NO: 309, and/or SEQ ID NO: 310.

[0014] In some embodiments, a construct of the present disclosure comprises two AAV
inverted terminal repeats (ITRs), wherein the two AAV ITRs flank the coding sequence and
promoter. In some embodiments, the two AAV ITRs are or are derived from AAV2 ITRs. In
some embodiments, the two AAV ITRs comprise: (i) a 5” ITR comprising a nucleic acid sequence
according to SEQ ID NO: 15 and a 3’ ITR comprising a nucleic acid sequence according to SEQ
ID NO: 16. In some embodiments, the two AAV ITRs comprise: (i) a 5” ITR comprising a nucleic
acid sequence according to SEQ ID NO: 19 and a 3’ ITR comprising a nucleic acid sequence
according to SEQ ID NO: 20. In some embodiments, the two AAV ITRs comprise: (i) a 5° ITR
comprising a nucleic acid sequence according to SEQ ID NO: 311 and a 3’ ITR comprising a
nucleic acid sequence according to SEQ ID NO: 312 or SEQ ID NO: 313. In some embodiments,
the construct comprises a nucleic acid sequence according to SEQ ID NO: 1, SEQ ID NO: 2, SEQ
ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ
ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28,
SEQ ID NO: 29, SEQ ID NO: 30 or SEQ ID NO: 90. In some embodiments, the construct
comprises a nucleic acid sequence according to one or more of SEQ ID NOs: 1-41 and/or 42-70

and/or 96-97.
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[0015] The present disclosure also provides a construct comprising a coding sequence
operably linked to a promoter, wherein the coding sequence encodes a KCNQ4 inhibitory nucleic
acid, which comprises a nucleotide sequence complementary to a KCNQ4 gene. In some
embodiments, the KCNQ4 inhibitory nucleic acid is an miRNA, an siRNA, or shRNA. In some
embodiments, the KCNQ4 inhibitory RNA comprises a sequence according to SEQ ID NO: 42,
SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID
NO: 48, SEQ ID NO: 49, SEQ ID NO: 50, SEQ ID NO: 51, SEQ ID NO: 52, SEQ ID NO: 53,
SEQ ID NO: 54, SEQ ID NO: 55, SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID
NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID NO: 62, SEQ ID NO:63, SEQ ID NO: 64, SEQ
ID NO: 65, SEQ ID NO: 66, SEQ ID NO: 67, SEQ ID NO: 68, SEQ ID NO: 69, SEQ ID NO: 70,
SEQ ID NO: 96, or SEQ ID NO: 97. In some embodiments, the KCNQ4 inhibitory RNA is a
gRNA. In some embodiments, the KCNQ4 inhibitory RNA comprises a sequence according to
SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID
NO: 47, SEQ ID NO: 48. In some embodiments, the promoter is an H1 or U6 promoter.

[0016] In some embodiments, one or more KCNQ4 inhibitory nucleic acids are engineered
into a miR scaffold targeting region in a chimeric intron of a construct described herein. For
example, in some embodiments, one, two, three, four, five, six, seven, eight, nine, ten, or more
KCNQ#4 inhibitory nucleic acids are engineered into the miR scaffold targeting region in the
chimeric intron of a construct described herein. In some embodiments, one or more KCNQ4
inhibitory nucleic acids are engineered into a miR scaffold targeting region in a 3> UTR of a
construct described herein. For example, in some embodiments, one, two, three, four, five, six,
seven, eight, nine, ten, or more KCNQ4 inhibitory nucleic acids are engineered into the miR

scaffold targeting region in a 3° UTR of a construct described herein.

[0017] In some embodiments, the present disclosure provides a construct comprising an
inhibitory nucleic acid, wherein the inhibitory nucleic acid is or comprises one or more of miR1-
155; miR2-155; miR4-155; miR5-155; miR6-155; miR7-155 miR1-16; miR1-26; miR 1-96; miR1-
122; miR1-135; miR1-182; miR1-183; miR1-335; miR1-451 and/or an miRNA selected from the
group consisting of miR1-155; miR2-155; miR4-155; miR5-155; miR6-155; miR7-155; miR1-16;
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miR1-26; miR1-96; miR1-122; miR1-135; miR1-182; miR1-183; miR1-335; miR1-451 and
combinations thereof. In some embodiments, the present disclosure provides a construct
comprising an inhibitory nucleic acid, wherein the inhibitory nucleic acid is or comprises one or

more of miR2-26; mir6-26; and combinations thereof.

[0018] In some embodiments, a construct described herein can comprise a sequence
according to SEQ ID NO: 332, SEQ ID NO: 333, SEQ ID NO: 334, SEQ ID NO: 335, SEQ ID
NO: 336, SEQ ID NO: 337, SEQ ID NO: 338, SEQ ID NO: 339, SEQ ID NO: 340, SEQ ID NO:
341, SEQ ID NO: 342, SEQ ID NO: 343, SEQ ID NO: 344, SEQ ID NO: 345, SEQ ID NO: 346,
SEQ ID NO: 347, SEQ ID NO: 348, SEQ ID NO: 349, SEQ ID NO: 350, SEQ ID NO: 351, SEQ
ID NO: 352, SEQ ID NO: 353, SEQ ID NO: 354, or SEQ ID NO: 355.

[0019] In some embodiments, a construct described herein comprises a sequence
according to SEQ ID NO: 334, SEQ ID NO: 335, SEQ ID NO: 337, SEQ ID NO: 339, SEQ ID
NO: 345, SEQ ID NO: 346, SEQ ID NO: 347, SEQ ID NO: 348, SEQ ID NO: 349, SEQ ID NO:
350, SEQ ID NO: 351, SEQ ID NO: 352, SEQ ID NO: 353, SEQ ID NO: 354, or SEQ ID NO:
355, without a FLAG sequence.

[0020] In some embodiments, the present disclosure provides an AAV particle, further
comprising a construct as provided herein. In some embodiments, the AAV particle further
comprises an AAV capsid, wherein the AAV capsid is or is derived from an AAV2, AAV3, AAV4,
AAVS5, AAV6, AAV7, AAVS, AAVY, AAV10, AAV-rth8, AAV-rh10, AAV-rh39, AAV-rh43 or
AAV Anc80 capsid. In some embodiments, the AAV capsid is an AAV Anc80 capsid.

[0021] In some embodiments, the present disclosure provides a composition comprising at
least one construct provided herein. In some embodiments, the composition comprises an AAV
particle as provided herein. In some embodiments, a particle of the composition further comprises
an AAV capsid, wherein the AAV capsid is or is derived from an AAV2, AAV3, AAV4, AAVS,
AAV6, AAV7, AAVS, AAV9, AAV10, AAV-th8, AAV-rh10, AAV-rh39, AAV-rh43 or AAV
Anc80 capsid. In some embodiments, the AAV capsid of the AAV particle is an AAV Anc80



WO 2023/056329 PCT/US2022/077222

capsid. In some embodiments, the composition is a pharmaceutical composition. In some

embodiments, the composition further comprises a pharmaceutically acceptable carrier.

[0022] The present disclosure also provides a cell. In some embodiments, the cell
comprises one or more constructs, compositions and/or particles as provided herein. In some
embodiments, the cell is in vivo, ex vivo, or in vitro. In some embodiments, the cell is a mammalian
cell. In some embodiments, the mammalian cell is a human cell. In some embodiments, the cell
is immortalized to generate a stable cell line. In some embodiments, the human cell is in the ear
of a subject. In some embodiments, the cell has at least one copy of an endogenous KCNQ4 gene
has at least one sequence variation. In some embodiments, the at least one sequence variation

results in a loss-of-function gene product.

[0023] In some embodiments, the present disclosure provides a cell comprising a coding
sequence operably linked to a promoter, wherein the coding sequence encodes a Kv7.4 protein. In
some embodiments, the present disclosure provides a cell comprising a coding sequence operably
linked to a promoter, wherein the coding sequence encodes a loss-of-function KCNQ4 variant
gene product. In some embodiments, a KCNQ4 gene product is a Kv7.4 protein. In some such
embodiments, the present disclosure provides a population of cells comprising one or more cells,

wherein the population is or comprises a stable cell line.

[0024] In some embodiments, the inner ear cell is an outer hair cell. In some embodiments,
the inner ear cell is in the ear of a subject. In some embodiments, the inner ear cell is in vitro or

ex vivo.

[0025] The present disclosure also provides a system. In some embodiments, the system

comprises at least one composition as provided herein.

[0026] The present disclosure provides a method comprising contacting an inner ear cell

with at least one composition as described herein.

[0027] The present disclosure provides a system, a method, or a kit comprising a device

for as described in FIGs. 32-35.
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[0028] The present disclosure provides a method comprising contacting an inner ear cell
with at least one construct as provided herein and one or more plasmids comprising an AAV Rep

gene, AAV Cap gene, AAV VA gene, AAV E2a gene, and AAV E4 gene.

[0029] In some embodiments, the inner ear cell is an outer hair cell. In some embodiments,
the inner ear cell is in the ear of a subject. In some embodiments, the inner ear cell is in vitro or

ex vivo.

[0030] The present disclosure provides a method comprising introducing at least one
composition as provided herein into the inner ear of a subject. In some embodiments, the
composition is introduced into the cochlea of the subject. In some embodiments, the composition

is introduced via a round window membrane injection.

[0031] In some embodiments, a method of the present disclosure further comprises
measuring a hearing level of the subject. In some embodiments, a hearing level is measured by
performing an auditory brainstem response (ABR) test. In some embodiments, the method further
comprises comparing the hearing level of the subject to a reference hearing level. In some
embodiments, a decrease in an ABR threshold, the presences of an ABR threshold, and/or a normal
ABR morphology indicates that the subject’s hearing level has improved or increased. In some
embodiments, the reference hearing level is a published or historical reference hearing level. In
some embodiments, the hearing level of the subject is measured after any construct provided
herein, and the reference hearing level is a hearing level of the subject that was measured before

any construct as provided herein was introduced.

[0032] In some embodiments, a hearing level is measured by performing a distortion
product otoacoustic emissions (DPOAE) test. In some embodiments, the method further
comprises comparing the hearing level of the subject to a reference hearing level. In some
embodiments, a decrease in a DPOAE threshold, the presences of a DPOAE threshold, and/or a
normal DPOAE morphology indicates that the subject’s hearing level has improved or increased.
In some embodiments, the reference hearing level is a published or historical reference hearing

level. In some embodiments, the hearing level of the subject is measured after any construct
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provided herein, and the reference hearing level is a hearing level of the subject that was measured

before any construct as provided herein was introduced.

[0033] In some embodiments, the method further comprises measuring a level of a KCNQ4
gene product in a subject. In some embodiments, the level of the KCNQ4 gene product is
measured in the inner ear of the subject. In some embodiments, the level of the KCNQ4 gene
product is measured in the cochlea of the subject. In some embodiments, the method further
comprises comparing the level of a KCNQ4 gene product in the subject to a reference KCNQ4
gene product level. In some embodiments, the reference hearing level is a published or historical
reference KCNQ4 gene product level. In some embodiments, the level of a KCNQ4 gene product
in the subject is measured after any construct as provided herein is introduced, and the reference
KCNQ4 gene product level is a KCNQ4 gene product level of the subject that was measured before

any composition as provided herein was introduced.

[0034] The present disclosure also provides a method of treating hearing loss comprising
administering at least one composition as provided herein to a subject in need thereof. In some
embodiments, the present disclosure provides a method of treating hearing loss comprising

administering at least one particle as provided herein, to a subject in need thereof.

[0035] In some embodiments, any constructs as provided herein may be used in the
treatment of hearing loss. In some embodiments, any composition as provided herein may be used
in the treatment of hearing loss. In some embodiments, any particle as provided herein may be
used in the treatment of hearing loss. In some embodiments, the present disclosure provides a use
of a construct as provided herein for manufacture of a medicament to treat hearing loss. In some
embodiments, the present disclosure provides a use of a composition as provided herein for the
manufacture of a medicament to treat hearing loss. In some embodiments, the present disclosure
provides a use of a particle as provided herein for the manufacture of a medicament to treat hearing

loss.
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DEFINITIONS

[0036] The scope of the present disclosure is defined by the claims appended hereto and is
not limited by certain embodiments described herein. Those skilled in the art, reading the present
specification, will be aware of various modifications that may be equivalent to such described
embodiments, or otherwise within the scope of the claims. In general, terms used herein are in
accordance with their understood meaning in the art, unless clearly indicated otherwise. Explicit
definitions of certain terms are provided below; meanings of these and other terms in particular

instances throughout this specification will be clear to those skilled in the art from context.

[0037] Use of ordinal terms such as “first,” “second,” “third,” etc., in the claims to modify
a claim element does not by itself connote any priority, precedence, or order of one claim element
over another or the temporal order in which acts of a method are performed, but are used merely
as labels to distinguish one claim element having a certain name from another element having a

same name (but for use of the ordinal term) to distinguish the claim elements.

[0038] The articles “a” and “an,” as used herein, should be understood to include plural
referents unless clearly indicated to the contrary. Claims or descriptions that include “or” between
one or more members of a group are considered satisfied if one, more than one, or all of the group
members are present in, employed in, or otherwise relevant to a given product or process unless
indicated to the contrary or otherwise evident from the context. In some embodiments, exactly
one member of a group is present in, employed in, or otherwise relevant to a given product or
process. In some embodiments, more than one, or all group members are present in, employed in,
or otherwise relevant to a given product or process. It is to be understood that the present
disclosure encompasses all variations, combinations, and permutations in which one or more
limitations, elements, clauses, descriptive terms, etc., from one or more of the listed claims is
introduced into another claim dependent on the same base claim (or, as relevant, any other claim)
unless otherwise indicated or unless it would be evident to one of ordinary skill in the art that a

contradiction or inconsistency would arise. Where elements are presented as lists (e.g., in Markush

10
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group or similar format), it is to be understood that each subgroup of the elements is also disclosed,
and any element(s) can be removed from the group. It should be understood that, in general, where
embodiments or aspects are referred to as “comprising” particular elements, features, etc., certain
embodiments or aspects “consist,” or “consist essentially of,” such elements, features, etc. For
purposes of simplicity, those embodiments have not in every case been specifically set forth in so
many words herein. It should also be understood that any embodiment or aspect can be explicitly
excluded from the claims, regardless of whether the specific exclusion is recited in the

specification.

[0039] Throughout the specification, whenever a polynucleotide or polypeptide is
represented by a sequence of letters (e.g., A, C, G, and T, which denote adenosine, cytidine,
guanosine, and thymidine, respectively, in the case of a polynucleotide), such polynucleotides or

polypeptides are presented in 5’ to 3° or N-terminus to C-terminus order, from left to right.

[0040] Administration: As used herein, the term “administration” typically refers to
administration of a composition to a subject or system to achieve delivery of an agent to a subject
or system. In some embodiments, an agent is, or is included in, a composition; in some
embodiments, an agent is generated through metabolism of a composition or one or more
components thereof. Those of ordinary skill in the art will be aware of a variety of routes that
may, in appropriate circumstances, be utilized for administration to a subject, for example a
human. For example, in some embodiments, administration may be systematic or local. In some
embodiments, a systematic administration can be intravenous. In some embodiments,
administration can be local. Local administration can involve delivery to cochlear perilymph via,
e.g., injection through a round-window membrane or into scala-tympani, a scala-media injection
through endolymph, perilymph and/or endolymph following canalostomy. In some embodiments,
administration may involve only a single dose. In some embodiments, administration may involve
application of a fixed number of doses. In some embodiments, administration may involve dosing
that is intermittent (e.g., a plurality of doses separated in time) and/or periodic (e.g., individual
doses separated by a common period of time) dosing. In some embodiments, administration may

involve continuous dosing (e.g., perfusion) for at least a selected period of time.

11
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[0041] Allele: As used herein, the term “allele” refers to one of two or more existing

genetic variants of a specific polymorphic genomic locus.

[0042] Amelioration: As used herein, the term “amelioration” refers to prevention,
reduction or palliation of a state, or improvement of a state of a subject. Amelioration may include,

but does not require, complete recovery or complete prevention of a disease, disorder or condition.

[0043] Amino acid: In its broadest sense, as used herein, the term “amino acid” refers to
any compound and/or substance that can be incorporated into a polypeptide chain, e.g., through
formation of one or more peptide bonds. In some embodiments, an amino acid has a general
structure, e.g., HhN-C(H)(R)-COOH. In some embodiments, an amino acid is a naturally-
occurring amino acid. In some embodiments, an amino acid is a non-natural amino acid; in some
embodiments, an amino acid is a D-amino acid; in some embodiments, an amino acid is an L-
amino acid. “Standard amino acid” refers to any of the twenty standard L-amino acids commonly
found in naturally occurring peptides. “Nonstandard amino acid” refers to any amino acid, other
than standard amino acids, regardless of whether it is prepared synthetically or obtained from a
natural source. In some embodiments, an amino acid, including a carboxy- and/or amino-terminal
amino acid in a polypeptide, can contain a structural modification as compared with general
structure as shown above. For example, in some embodiments, an amino acid may be modified
by methylation, amidation, acetylation, pegylation, glycosylation, phosphorylation, and/or
substitution (e.g., of an amino group, a carboxylic acid group, one or more protons, and/or a
hydroxyl group) as compared with a general structure. In some embodiments, such modification
may, for example, alter circulating half-life of a polypeptide containing a modified amino acid as
compared with one containing an otherwise identical unmodified amino acid. In some
embodiments, such modification does not significantly alter a relevant activity of a polypeptide
containing a modified amino acid, as compared with one containing an otherwise identical

unmodified amino acid.

[0044] Approximately or About:. As used herein, the terms “approximately” or “about”
may be applied to one or more values of interest, including a value that is similar to a stated

reference value. In some embodiments, the term “approximately” or “about” refers to a range of

12
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values that fall within £10% (greater than or less than) of a stated reference value unless otherwise
stated or otherwise evident from context (except where such number would exceed 100% of a
possible value). For example, in some embodiments, the term “approximately” or “about” may
encompass a range of values that within 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or less of

a reference value.

[0045] Associated: As used herein, the term “associated” describes two events or entities
as “associated” with one another, if the presence, level and/or form of one is correlated with that
of the other. For example, a particular entity (e.g., polypeptide, genetic signature, metabolite,
microbe, etc.) is considered to be associated with a particular disease, disorder, or condition, if its
presence, level and/or form correlates with incidence of and/or susceptibility to the disease,
disorder, or condition (e.g., across a relevant population). In some embodiments, two or more
entities are physically “associated” with one another if they interact, directly or indirectly, so that
they are and/or remain in physical proximity with one another. In some embodiments, two or more
entities that are physically associated with one another are covalently linked to one another; in
some embodiments, two or more entities that are physically associated with one another are not
covalently linked to one another but are non-covalently associated, for example by means of
hydrogen bonds, van der Waals interaction, hydrophobic interactions, magnetism, and

combinations thereof.

[0046] Biologically active: As used herein, the term “biologically active” refers to an
observable biological effect or result achieved by an agent or entity of interest. For example, in
some embodiments, a specific binding interaction is a biological activity. In some embodiments,
modulation (e.g., induction, enhancement, or inhibition) of a biological pathway or event is a
biological activity. In some embodiments, presence or extent of a biological activity is assessed
through detection of a direct or indirect product produced by a biological pathway or event of

interest.

[0047] Characteristic portion. As used herein, the term “characteristic portion,” in the
broadest sense, refers to a portion of a substance whose presence (or absence) correlates with

presence (or absence) of a particular feature, attribute, or activity of the substance. In some

13
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embodiments, a characteristic portion of a substance is a portion that is found in a given substance
and in related substances that share a particular feature, attribute or activity, but not in those that
do not share the particular feature, attribute or activity. In some embodiments, a characteristic
portion shares at least one functional characteristic with the intact substance. For example, in some
embodiments, a “characteristic portion” of a protein or polypeptide is one that contains a
continuous stretch of amino acids, or a collection of continuous stretches of amino acids, that
together are characteristic of a protein or polypeptide. In some embodiments, each such
continuous stretch generally contains at least 2, 5, 10, 15, 20, 50, or more amino acids. In general,
a characteristic portion of a substance (e.g., of a protein, antibody, etc.) is one that, in addition to
a sequence and/or structural identity specified above, shares at least one functional characteristic
with the relevant intact substance. In some embodiments, a characteristic portion may be

biologically active.

[0048] Characteristic sequence: As used herein, the term “characteristic sequence” is a
sequence that is found in all members of a family of polypeptides or nucleic acids, and therefore

can be used by those of ordinary skill in the art to define members of the family.

[0049] Characteristic sequence element: As used herein, the phrase “characteristic
sequence element” refers to a sequence element found in a polymer (e.g., in a polypeptide or
nucleic acid) that represents a characteristic portion of that polymer. In some embodiments,
presence of a characteristic sequence element correlates with presence or level of a particular
activity or property of a polymer. In some embodiments, presence (or absence) of a characteristic
sequence element defines a particular polymer as a member (or not a member) of a particular
family or group of such polymers. A characteristic sequence element typically comprises at least
two monomers (e.g., amino acids or nucleotides). In some embodiments, a characteristic sequence
element includes at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, or
more monomers (e.g., contiguously linked monomers). In some embodiments, a characteristic
sequence element includes at least first and second stretches of contiguous monomers spaced apart
by one or more spacer regions whose length may or may not vary across polymers that share a

sequence element.
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[0050] Cleavage: As used herein, the term “cleavage” refers to generation of a break in
DNA. For example, in some embodiments, cleavage could refer to either a single-stranded break
or a double-stranded break depending on a type of nuclease that may be employed to cause such a

break.

[0051] Combination therapy: As used herein, the term “combination therapy” refers to
those situations in which a subject is simultaneously exposed to two or more therapeutic regimens
(e.g., two or more therapeutic agents). In some embodiments, two or more agents may be
administered simultaneously. In some embodiments, two or more agents may be administered
sequentially. In some embodiments, two or more agents may be administered in overlapping

dosing regimens.

[0052] Comparable: As used herein, the term “comparable” refers to two or more agents,
entities, situations, sets of conditions, subjects, populations, etc., that may not be identical to one
another but that are sufficiently similar to permit comparison therebetween so that one skilled in
the art will appreciate that conclusions may reasonably be drawn based on differences or
similarities observed. In some embodiments, comparable sets of agents, entities, situations, sets
of conditions, subjects, populations, etc. are characterized by a plurality of substantially identical
features and one or a small number of varied features. Those of ordinary skill in the art will
understand, in context, what degree of identity is required in any given circumstance for two or
more such agents, entities, situations, sets of conditions, subjects, populations, etc. to be considered
comparable. For example, those of ordinary skill in the art will appreciate that sets of agents,
entities, situations, sets of conditions, subjects, populations, etc. are comparable to one another
when characterized by a sufficient number and type of substantially identical features to warrant a
reasonable conclusion that differences in results obtained or phenomena observed under or with
different sets of circumstances, stimuli, agents, entities, situations, sets of conditions, subjects,

populations, etc. are caused by or indicative of the variation in those features that are varied.

[0053] Construct: As used herein, the term “construct” refers to a composition including
a polynucleotide capable of carrying at least one heterologous polynucleotide. In some

embodiments, a construct can be a plasmid, a transposon, a cosmid, an artificial chromosome (e.g.,
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a human artificial chromosome (HAC), a yeast artificial chromosome (YAC), a bacterial artificial
chromosome (BAC), or a P1-derived artificial chromosome (PAC)) or a viral construct, and any
Gateway® plasmids. A construct can, e.g., include sufficient cis-acting elements for expression;
other elements for expression can be supplied by the host primate cell or in an in vitro expression
system. A construct may include any genetic element (e.g., a plasmid, a transposon, a cosmid, an
artificial chromosome, or a viral construct, etc.) that is capable of replicating when associated with
proper control elements. Thus, in some embodiments, “construct” may include a cloning and/or
expression construct and/or a viral construct (e.g., an adeno-associated virus (AAV) construct, an

adenovirus construct, a lentivirus construct, or a retrovirus construct).

[0054] Conservative: As used herein, the term “conservative” refers to instances
describing a conservative amino acid substitution, including a substitution of an amino acid residue
by another amino acid residue having a side chain R group with similar chemical properties (e.g.,
charge or hydrophobicity). In general, a conservative amino acid substitution will not substantially
change functional properties of interest of a protein, for example, ability of a receptor to bind to a
ligand. Examples of groups of amino acids that have side chains with similar chemical properties
include: aliphatic side chains such as glycine (Gly, G), alanine (Ala, A), valine (Val, V), leucine
(Leu, L), and isoleucine (Ile, I); aliphatic-hydroxyl side chains such as serine (Ser, S) and threonine
(Thr, T); amide-containing side chains such as asparagine (Asn, N) and glutamine (Gln, Q);
aromatic side chains such as phenylalanine (Phe, F), tyrosine (Tyr, Y), and tryptophan (Trp, W);
basic side chains such as lysine (Lys, K), arginine (Arg, R), and histidine (His, H); acidic side
chains such as aspartic acid (Asp, D) and glutamic acid (Glu, E); and sulfur-containing side chains
such as cysteine (Cys, C) and methionine (Met, M). Conservative amino acids substitution groups
include, for example, valine/leucine/isoleucine (Val/Leu/Ile, V/L/I), phenylalanine/tyrosine
(Phe/Tyr, F/Y), lysine/arginine (Lys/Arg, K/R), alanine/valine (Ala/Val, A/V), glutamate/aspartate
(Glu/Asp, E/D), and asparagine/glutamine (Asn/Gln, N/Q). In some embodiments, a conservative
amino acid substitution can be a substitution of any native residue in a protein with alanine, as
used in, for example, alanine scanning mutagenesis. In some embodiments, a conservative

substitution is made that has a positive value in the PAM250 log-likelihood matrix disclosed in
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Gonnet et al., 1992, Science 256:1443-1445, which is incorporated herein by reference in its

entirety. In some embodiments, a substitution is a moderately conservative substitution wherein

the substitution has a nonnegative value in the PAM250 log-likelihood matrix. One skilled in the

art would appreciate that a change (e.g., substitution, addition, deletion, etc.) of amino acids that

are not conserved between the same protein from different species is less likely to have an effect

on the function of a protein and therefore, these amino acids should be selected for mutation.

Amino acids that are conserved between the same protein from different species should not be

changed (e.g., deleted, added, substituted, etc.), as these mutations are more likely to result in a

change in function of a protein.

CONSERVATIVE AMINO ACID SUBSTITUTIONS

For Amino Acid Code Replace With

Alanine A D-ala, Gly, Aib, B-Ala, Acp, L-Cys, D-Cys

Arginine R D-Arg, Lys, D-Lys, homo-Arg, D-homo-Arg, Met, Ile,
D-Met, D-Ile, Orn, D-Orn

Asparagine N D-Asn, Asp, D-Asp, Glu, D-Glu, Gln, D-GIn

Aspartic Acid D D-Asp, D-Asn, Asn, Glu, D-Glu, Gln, D-GIn

Cysteine C D-Cys, S-Me-Cys, Met, D-Met, Thr, D-Thr

Glutamine Q D-Gln, Asn, D-Asn, Glu, D-Glu, Asp, D-Asp

Glutamic Acid E D-Glu, D-Asp, Asp, Asn, D-Asn, Gln, D-GIn

Glycine G Ala, D-Ala, Pro, D-Pro, Aib, B-Ala, Acp

Isoleucine I D-Ile, Val, D-Val, AdaA, AdaG, Leu, D-Leu, Met, D-
Met

Leucine L D-Leu, Val, D-Val, AdaA, AdaG, Leu, D-Leu, Met, D-
Met

Lysine K D-Lys, Arg, D-Arg, homo-Arg, D-homo-Arg, Met, D-
Met, Ile, D-Ile, Orn, D-Orn
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Methionine M D-Met, S-Me-Cys, Ile, D-Ile, Leu, D-Leu, Val, D-Val

Phenylalanine F D-Phe, Tyr, D-Thr, L-Dopa, His, D-His, Trp, D-Trp,
Trans-3,4 or S-phenylproline, AdaA, AdaG, cis-3,4 or
5-phenylproline, Bpa, D-Bpa

Proline P D-Pro, L-I-thioazolidine-4-carboxylic acid, D-or-L-1-
oxazolidine-4-carboxylic acid (Kauer, U.S. Pat. No.
4,511,390)

Serine S D-Ser, Thr, D-Thr, allo-Thr, Met, D-Met, Met (O), D-
Met (O), L-Cys, D-Cys

Threonine T D-Thr, Ser, D-Ser, allo-Thr, Met, D-Met, Met (O), D-
Met (O), Val, D-Val

Tyrosine Y D-Tyr, Phe, D-Phe, L-Dopa, His, D-His

Valine \% D-Val, Leu, D-Leyu, Ile, D-Ile, Met, D-Met, AdaA,
AdaG

[0055] Control. As used herein, the term “control” refers to the art-understood meaning

of a “control” being a standard against which results are compared. Typically, controls are used
to augment integrity in experiments by isolating variables in order to make a conclusion about
such variables. In some embodiments, a control is a reaction or assay that is performed
simultaneously with a test reaction or assay to provide a comparator. For example, in one
experiment, a “test” (i.e., a variable being tested) is applied. In a second experiment, a “control,”
the variable being tested is not applied. In some embodiments, a control is a historical control
(e.g., of a test or assay performed previously, or an amount or result that is previously known). In
some embodiments, a control is or comprises a printed or otherwise saved record. In some
embodiments, a control is a positive control. In some embodiments, a control is a negative control.

[0056] Determining, measuring, evaluating, assessing, assaying and analyzing: As used

» o« ” o« LRI

herein, the terms “determining,” “measuring,” “evaluating,” “assessing,” “assaying,” and
“analyzing” may be used interchangeably to refer to any form of measurement, and include

determining if an element is present or not. These terms include both quantitative and/or
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qualitative determinations. Assaying may be relative or absolute. For example, in some
embodiments, “Assaying for the presence of” can be determining an amount of something present

and/or determining whether or not it is present or absent.

[0057] Editing: As used herein, the term “edit,” “editing,” or “edited” refers to a method
of altering a nucleic acid sequence of a polynucleotide (e.g., a wild type naturally occurring nucleic
acid sequence or a mutated naturally occurring sequence) by selective deletion of a specific nucleic
acid sequence (e.g., a genomic target sequence), a given specific inclusion of new sequence
through use of an exogenous nucleic acid sequence, or a replacement of nucleic acid sequence with
an exogenous nucleic acid sequence. In some embodiments, such a specific genomic target
includes, but may be not limited to, a chromosomal region, mitochondrial DNA, a gene, a

promoter, an open reading frame or any nucleic acid sequence.

[0058] Engineered: In general, as used herein, the term “engineered” refers to an aspect
of having been manipulated by the hand of man. For example, a cell or organism is considered to
be “engineered” if it has been manipulated so that its genetic information is altered (e.g., new
genetic material not previously present has been introduced, for example by transformation,
mating, somatic hybridization, transfection, transduction, or other mechanism, or previously
present genetic material is altered or removed, for example by substitution or deletion mutation,
or by mating protocols). As is common practice and is understood by those in the art, progeny of
an engineered polynucleotide or cell are typically still referred to as “engineered” even though the

actual manipulation was performed on a prior entity.

[0059] Excipient: As used herein, the term “excipient” refers to an inactive (e.g., non-
therapeutic) agent that may be included in a pharmaceutical composition, for example to provide
or contribute to a desired consistency or stabilizing effect. In some embodiments, suitable
pharmaceutical excipients may include, for example, starch, glucose, lactose, sucrose, gelatin,
malt, rice, flour, chalk, silica gel, sodium stearate, glycerol monostearate, talc, sodium chloride,

dried skim milk, glycerol, propylene, glycol, water, ethanol and the like.
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[0060] Expression: As used herein, the term “expression” of a nucleic acid sequence
refers to generation of any gene product (e.g., transcript, e.g., mRNA, e.g., polypeptide, etc.) from
a nucleic acid sequence. In some embodiments, a gene product can be a transcript. In some
embodiments, a gene product can be a polypeptide. In some embodiments, expression of a nucleic
acid sequence involves one or more of the following: (1) production of an RNA template from a
DNA sequence (e.g., by transcription); (2) processing of an RNA transcript (e.g., by splicing,
editing, 5’ cap formation, and/or 3’ end formation); (3) translation of an RNA into a polypeptide

or protein; and/or (4) post-translational modification of a polypeptide or protein.

[0061] Functional: As used herein, the term “functional” describes something that exists
in a form in which it exhibits a property and/or activity by which it is characterized. For example,
in some embodiments, a “functional” biological molecule is a biological molecule in a form in
which it exhibits a property and/or activity by which it is characterized. In some such
embodiments, a functional biological molecule is characterized relative to another biological
molecule which is non-functional in that the “non-functional” version does not exhibit the same or
equivalent property and/or activity as the “functional” molecule. A biological molecule may have

one function, two functions (i.e., bifunctional) or many functions (i.e., multifunctional).

[0062] Gene: As used herein, the term “gene” refers to a DNA sequence in a chromosome
that codes for a gene product (e.g., an RNA product, e.g., a polypeptide product). In some
embodiments, a gene includes coding sequence (i.e., sequence that encodes a particular product).
In some embodiments, a gene includes non-coding sequence. In some particular embodiments, a
gene may include both coding (e.g., exonic) and non-coding (e.g., intronic) sequence. In some
embodiments, a gene may include one or more regulatory sequences (e.g., promoters, enhancers,
etc.) and/or intron sequences that, for example, may control or impact one or more aspects of gene
expression (e.g., cell-type-specific expression, inducible expression, etc.). As used herein, the
term “gene” generally refers to a portion of a nucleic acid that encodes a polypeptide or fragment
thereof; the term may optionally encompass regulatory sequences, as will be clear from context to
those of ordinary skill in the art. This definition is not intended to exclude application of the term

“gene” to non-protein-coding expression units but rather to clarify that, in most cases, the term as
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used in this document refers to a polypeptide-coding nucleic acid. In some embodiments, a gene
may encode a polypeptide, but that polypeptide may not be functional, e.g., a gene variant may
encode a polypeptide that does not function in the same way, or at all, relative to the wild-type
gene. In some embodiments, a gene may encode a transcript which, in some embodiments, may
be toxic beyond a threshold level. In some embodiments, a gene may encode a polypeptide, but

that polypeptide may not be functional and/or may be toxic beyond a threshold level.

[0063] Genome Editing System: As used herein, the term “genome editing system” refers
to any system having DNA editing activity. Among other things, DNA editing activity can include
deleting, replacing, or inserting a DNA sequence in a genome. In some embodiments, a genome
editing system comprises RNA-guided DNA editing activity. In some embodiments, a genome
editing system of the present disclosure includes more than one component. In some
embodiments, a genome editing system includes at least two components adapted from naturally
occurring CRISPR systems: a guide RNA (gRNA) and an RNA-guided nuclease. In certain
embodiments, these two components form a complex that is capable of associating with a specific
nucleic acid sequence and editing DNA in or around that nucleic acid sequence, for instance by
making one or more of a single-strand break (an SSB or nick), a double-strand break (a DSB)
and/or a point mutation. In some embodiments, genome editing systems of the present disclosure
lack a component having cleavage activity but maintain a component(s) having DNA binding
activity. In some such embodiments, a genome editing system of the present disclosure comprises
a component(s) that functions as an inhibitor of DNA activity, e.g., transcription, translation, etc.
In some embodiments, a genome editing system of the present disclosure comprises a

component(s) fused to modulators to modulate target DNA expression.

[0064] Genomic modification: As used herein, the term “genomic modification” refers to
a change made in a genomic region of a cell that permanently alters a genome (e.g., an endogenous
genome) of that cell. In some embodiments, such changes are in vitro, ex vivo, or in vivo. In some
embodiments, every cell in a living organism is modified. In some embodiments, only a particular
set of cells such as, e.g., in a specific organ, is modified. For example, in some embodiments, a

genome is modified by deletion, substitution, or addition of one or more nucleotides from one or
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more genomic regions. In some embodiments, a genomic modification is performed in a stem cell
or undifferentiated cell. In some such embodiments, progeny of a genomically modified cell or
organism will also be genomically modified, relative to a parental genome prior to modification.
In some embodiments, a genomic modification is performed on a mature or post-mitotic cell such
that no progeny will be generated and thus, no genomic modifications propagated other than in a

particular cell.

[0065] Hearing loss. As used herein, the term “hearing loss” may be used to a partial or
total inability of a living organism to hear. In some embodiments, hearing loss may be acquired.
In some embodiments, hearing loss may be hereditary. In some embodiments, hearing loss may
be genetic. In some embodiments, hearing loss may be as a result of disease or trauma (e.g.,
physical trauma, treatment with one or more agents resulting in hearing loss, etc.). In some
embodiments, hearing loss may be due to one or more known genetic causes and/or syndromes.
In some embodiments, hearing loss may be of unknown etiology. In some embodiments, hearing

loss may or may not be mitigated by use of hearing aids or other treatments.

[0066] Heterologous: As used herein, the term “heterologous” may be used in reference
to one or more regions of a particular molecule as compared to another region and/or another
molecule. For example, in some embodiments, heterologous polypeptide domains, refers to the
fact that polypeptide domains do not naturally occur together (e.g., in the same polypeptide). For
example, in fusion proteins generated by the hand of man, a polypeptide domain from one
polypeptide may be fused to a polypeptide domain from a different polypeptide. In such a fusion
protein, two polypeptide domains would be considered “heterologous” with respect to each other,

as they do not naturally occur together.

[0067] Identity: As used herein, the term “identity” refers to overall relatedness between
polymeric molecules, e.g., between nucleic acid molecules (e.g., DNA molecules and/or RNA
molecules) and/or between polypeptide molecules. In some embodiments, polymeric molecules
are considered to be “substantially identical” to one another if their sequences are at least 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99% identical.

Calculation of percent identity of two nucleic acid or polypeptide sequences, for example, can be
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performed by aligning two sequences for optimal comparison purposes (e.g., gaps can be
introduced in one or both of a first and a second sequences for optimal alignment and non-identical
sequences can be disregarded for comparison purposes). In some embodiments, a length of a
sequence aligned for comparison purposes is at least 30%, at least 40%, at least 50%, at least 60%,
at least 70%, at least 80%, at least 90%, at least 95%, or substantially 100% of length of a reference
sequence; nucleotides at corresponding positions are then compared. When a position in the first
sequence is occupied by the same residue (e.g., nucleotide or amino acid) as a corresponding
position in the second sequence, then the two molecules (i.e., first and second) are identical at that
position. Percent identity between two sequences is a function of the number of identical positions
shared by the two sequences being compared, taking into account the number of gaps, and the
length of each gap, which needs to be introduced for optimal alignment of the two sequences.
Comparison of sequences and determination of percent identity between two sequences can be
accomplished using a mathematical algorithm. For example, percent identity between two
nucleotide sequences can be determined using the algorithm of Meyers and Miller (CABIOS,
1989, 4: 11-17, which is herein incorporated by reference in its entirety), which has been
incorporated into the ALIGN program (version 2.0). In some embodiments, nucleic acid sequence
comparisons made with the ALIGN program use a PAM120 weight residue table, a gap length
penalty of 12 and a gap penalty of 4.

[0068] Inhibitory nucleic acid: As used herein, the term “inhibitory nucleic acid” refers
to a nucleic acid sequence that hybridizes specifically to a target gene, including target DNA or
RNA (e.g., a target mRNA (e.g., a potassium channel gene product, e.g., a potassium channel
mRNA, e.g., KCNQ4 mRNA)). Thereby, in some embodiments, an inhibitory nucleic acid inhibits
expression and/or activity of a target gene. In some embodiments, an inhibitory nucleic acid is a
short interfering RNA (siRNA), a short hairpin RNA (shRNA), a microRNA ( or “miRNA”), an
antisense oligonucleotide, a guide RNA (gRNA), or a ribozyme. In some embodiments, an
inhibitory nucleic acid is between about 10 nucleotides to about 30 nucleotides in length (e.g.,
about 10 nucleotides to about 28 nucleotides, about 10 nucleotides to about 26 nucleotides, about

10 nucleotides to about 24 nucleotides, about 10 nucleotides to about 22 nucleotides, about 10
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In some

embodiments, an inhibitory nucleic acid is an inhibitory RNA that targets KCNQ4. In some such

embodiments, an inhibitory KCNQ4 RNA hybridizes specifically to a target on a KCNQ4. In

some such embodiments, a KCNQ4 inhibitory RNA includes, e.g., an inhibitory nucleic acid is a

short interfering RNA (siRNA), a short hairpin RNA (shRNA), a microRNA (miRNA), an

antisense oligonucleotide, a guide RNA (gRNA), or a ribozyme.
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hybridizing of an inhibitory KCNQ4 RNA reduces expression of a KCNQ4 gene product.
Exemplary KCNQ4 inhibitory RNA sequences are provided herein.

[0069] Improve, increase, enhance, inhibit or reduce: As used herein, the terms

LR34 ” o«

“improve,” “increase,” “enhance,” “inhibit,

” o«

reduce,” or grammatical equivalents thereof,
indicate values that are relative to a baseline or other reference measurement. In some
embodiments, a value is statistically significantly difference that a baseline or other reference
measurement. In some embodiments, an appropriate reference measurement may be or comprise
a measurement in a particular system (e.g., in a single individual) under otherwise comparable
conditions absent presence of (e.g., prior to and/or after) a particular agent or treatment, or in
presence of an appropriate comparable reference agent. In some embodiments, an appropriate
reference measurement may be or comprise a measurement in comparable system known or
expected to respond in a particular way, in presence of the relevant agent or treatment. In some
embodiments, an appropriate reference is a negative reference; in some embodiments, an

appropriate reference is a positive reference.

[0070] Knockdown: As used herein, the term “knockdown” refers to a decrease in
expression of one or more gene products. In some embodiments, an inhibitory nucleic acid achieve
knockdown. In some embodiments, a genome editing system described herein achieves

knockdown.

[0071] Knockout: As used herein, the term “knockout” refers to ablation of expression of
one or more gene products. In some embodiments, a genome editing system described herein

achieve knockout.

[0072] Modulating: As used herein, the term “modulating,” means mediating a detectable
increase or decrease in a level of a response in a subject compared with a level of a response in a
subject in absence of a treatment or compound, and/or compared with a level of a response in an
otherwise identical but untreated subject. The term encompasses perturbing and/or affecting a
native signal or response thereby mediating a beneficial therapeutic response in a subject,

preferably, a human.
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[0073] Nuclease: As used herein, the term “nuclease” refers to an agent, for example a
protein or a small molecule, capable of cleaving a phosphodiester bond connecting nucleotide
residues in a nucleic acid molecule. In some embodiments, a nuclease is a protein, e.g., an enzyme
that can bind a nucleic acid molecule and cleave a phosphodiester bond connecting nucleotide
residues within the nucleic acid molecule. A nuclease may be an endonuclease, cleaving a
phosphodiester bonds within a polynucleotide chain, or an exonuclease, cleaving a phosphodiester
bond at the end of the polynucleotide chain. In some embodiments, a nuclease is a site-specific
nuclease, binding and/or cleaving a specific phosphodiester bond within a specific nucleotide
sequence, which is also referred to herein as the “recognition sequence,” the “nuclease target site,”
or the “target site.” In some embodiments, a nuclease is a RNA-guided (i.e., RNA-programmable)
nuclease, which complexes with (e.g., binds with) an RNA having a sequence that complements a
target site, thereby providing the sequence specificity of a nuclease. In some embodiments, a
nuclease recognizes a single stranded target site, while in other embodiments, a nuclease
recognizes a double-stranded target site, for example a double-stranded DNA target site. Target
sites of many naturally occurring nucleases, for example, many naturally occurring DNA
restriction nucleases, are well known to those of skill in the art. In many cases, a DNA nuclease,
such as EcoRI, HindIIl, or BamHI, recognize a palindromic, double-stranded DNA target site of
4 to 10 base pairs in length, and cut each of the two DNA strands at a specific position within a
target site. Some endonucleases cut a double-stranded nucleic acid target site symmetrically, i.e.,
cutting both strands at the same position so that the ends comprise base-paired nucleotides, also
referred to herein as blunt ends. Other endonucleases cut a double-stranded nucleic acid target
sites asymmetrically, i.e., cutting each strand at a different position so that the ends comprise
unpaired nucleotides. Unpaired nucleotides at an end of a double-stranded DNA molecule are also
referred to as “overhangs,” e.g., as “5'-overhang” or as “3'-overhang,” depending on whether
unpaired nucleotide(s) form(s) the 5' or the 3' end of a given DNA strand. Double-stranded DNA
molecule ends ending with unpaired nucleotide(s) are also referred to as sticky ends, as they can
“stick to” other double-stranded DNA molecule ends comprising complementary unpaired

nucleotide(s). A nuclease protein typically comprises a “binding domain” that mediates interaction
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of a protein with a nucleic acid substrate, and also, in some cases, specifically binds to a target
site, and a “cleavage domain” that catalyzes the cleavage of a phosphodiester bond within a nucleic
acid backbone. In some embodiments, a nuclease protein can bind and cleave a nucleic acid
molecule in a monomeric form, while, in other embodiments, a nuclease protein has to dimerize
or multimerize in order to cleave a target nucleic acid molecule. Binding domains and cleavage
domains of naturally occurring nucleases, as well as modular binding domains and cleavage
domains that can be fused to create nucleases binding specific target sites, are well known to those

of skill in the art.

[0074] Nucleic acid:  As used herein, the term “nucleic acid”, in its broadest sense, refers
to any compound and/or substance that is or can be incorporated into an oligonucleotide chain. In
some embodiments, a nucleic acid is a compound and/or substance that is or can be incorporated
into an oligonucleotide chain via a phosphodiester linkage. As will be clear from context, in some
embodiments, “nucleic acid” refers to an individual nucleic acid residue (e.g., a nucleotide and/or
nucleoside); in some embodiments, “nucleic acid” refers to an oligonucleotide chain comprising
individual nucleic acid residues. In some embodiments, a “nucleic acid” is or comprises RNA; in
some embodiments, a “nucleic acid” is or comprises DNA. In some embodiments, a nucleic acid
is, comprises, or consists of one or more natural nucleic acid residues. In some embodiments, a
nucleic acid is, comprises, or consists of one or more nucleic acid analogs. In some embodiments,
a nucleic acid analog differs from a nucleic acid in that it does not utilize a phosphodiester
backbone. Alternatively or additionally, in some embodiments, a nucleic acid has one or more
phosphorothioate and/or 5’-N-phosphoramidite linkages rather than phosphodiester bonds. In
some embodiments, a nucleic acid is, comprises, or consists of one or more natural nucleosides
(e.g., adenosine, thymidine, guanosine, cytidine, uridine, deoxyadenosine, deoxythymidine, deoxy
guanosine, and deoxycytidine). In some embodiments, a nucleic acid is, comprises, or consists of
one or more nucleoside analogs (e.g., 2-aminoadenosine, 2-thiothymidine, inosine, pyrrolo-
pyrimidine, 3 -methyl adenosine, 5-methylcytidine, C-5 propynyl-cytidine, C-5 propynyl-uridine,
2-aminoadenosine, C5-bromouridine, C5-fluorouridine, C5-iodouridine, C5-propynyl-uridine, C5

-propynyl-cytidine, C5-methylcytidine, 2-aminoadenosine, 7-deazaadenosine, 7-deazaguanosine,
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8-oxoadenosine, 8-oxoguanosine, 0(6)-methylguanine, 2-thiocytidine, methylated bases,
intercalated bases, and combinations thereof). In some embodiments, a nucleic acid comprises
one or more modified sugars (e.g., 2’-fluororibose, ribose, 2’-deoxyribose, arabinose, and hexose)
as compared with those in natural nucleic acids. In some embodiments, a nucleic acid has a
nucleotide sequence that encodes a functional gene product such as an RNA or protein. In some
embodiments, a nucleic acid includes one or more introns. In some embodiments, nucleic acids
are prepared by one or more of isolation from a natural source, enzymatic synthesis by
polymerization based on a complementary template (in vivo or in vitro), reproduction in a
recombinant cell or system, and chemical synthesis. In some embodiments, a nucleic acid is at
least 3, 4,5, 6,7, 8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 1
10, 120, 130, 140, 150, 160, 170, 180, 190, 20, 225, 250, 275, 300, 325, 350, 375, 400, 425, 450,
475, 500, 600, 700, 800, 900, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000 or more
residues long. In some embodiments, a nucleic acid is partly or wholly single stranded; in some
embodiments, a nucleic acid is partly or wholly double stranded. In some embodiments, a nucleic
acid has a nucleotide sequence comprising at least one element that encodes, or is complementary
to a sequence that encodes, a polypeptide. In some embodiments, a nucleic acid has enzymatic

activity.

[0075] Operably linked. As used herein, refers to a juxtaposition wherein the components
described are in a relationship permitting them to function in their intended manner. A control
element “operably linked” to a functional element is associated in such a way that expression
and/or activity of the functional element is achieved under conditions compatible with the control
element. In some embodiments, “operably linked” control elements are contiguous (e.g.,
covalently linked) with coding elements of interest; in some embodiments, control elements act in
trans to or otherwise at a from the functional element of interest. In some embodiments, “operably
linked” refers to functional linkage between a regulatory sequence and a heterologous nucleic acid
sequence resulting in expression of the latter. For example, a first nucleic acid sequence is
operably linked with a second nucleic acid sequence when the first nucleic acid sequence is placed

in a functional relationship with the second nucleic acid sequence. In some embodiments, for
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example, a functional linkage may include transcriptional control. For instance, a promoter is
operably linked to a coding sequence if the promoter affects the transcription or expression of the
coding sequence. Operably linked DNA sequences can be contiguous with each other and, e.g.,

where necessary to join two protein coding regions, are in the same reading frame.

[0076] Pharmaceutical composition: As used herein, the term “pharmaceutical
composition” refers to a composition in which an active agent is formulated together with one or
more pharmaceutically acceptable carriers. In some embodiments, an active agent is present in
unit dose amount appropriate for administration in a therapeutic regimen that shows a statistically
significant probability of achieving a predetermined therapeutic effect when administered to a
relevant population. In some embodiments, a pharmaceutical composition may be specially
formulated for administration in solid or liquid form, including those adapted for, e.g.,
administration, for example, an injectable formulation that is, e.g., an aqueous or non-aqueous
solution or suspension or a liquid drop designed to be administered into an ear canal. In some
embodiments, a pharmaceutical composition may be formulated for administration via injection
either in a particular organ or compartment, e.g., directly into an ear, or systemic, e.g.,
intravenously. In some embodiments, a formulation may be or comprise drenches (aqueous or
non-aqueous solutions or suspensions), tablets, boluses, powders, granules, pastes, capsules,
powders, etc. In some embodiments, an active agent may be or comprise an isolated, purified, or

pure compound.

[0077] Pharmaceutically acceptable: As used herein, the term “pharmaceutically
acceptable” which, for example, may be used in reference to a carrier, diluent, or excipient used
to formulate a pharmaceutical composition as disclosed herein, means that a carrier, diluent, or
excipient is compatible with other ingredients of a composition and not deleterious to a recipient

thereof.

[0078] Pharmaceutically acceptable carrier: As used herein, the term “pharmaceutically
acceptable carrier” means a pharmaceutically-acceptable material, composition or vehicle, such as
a liquid or solid filler, diluent, excipient, or solvent encapsulating material, involved in carrying or

transporting a subject compound from one organ, or portion of a body, to another organ, or portion
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of a body. Each carrier must be is “acceptable” in the sense of being compatible with other
ingredients of a formulation and not injurious to a patient. Some examples of materials which can
serve as pharmaceutically-acceptable carriers include: sugars, such as lactose, glucose and sucrose;
starches, such as corn starch and potato starch; cellulose, and its derivatives, such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth; malt; gelatin;
talc; excipients, such as cocoa butter and suppository waxes; oils, such as peanut oil, cottonseed
oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil; glycols, such as propylene glycol,
polyols, such as glycerin, sorbitol, mannitol and polyethylene glycol; esters, such as ethyl oleate
and ethyl laurate; agar; buffering agents, such as magnesium hydroxide and aluminum hydroxide;
alginic acid; pyrogen-free water; isotonic saline; Ringer’s solution; ethyl alcohol, pH buffered
solutions; polyesters, polycarbonates and/or polyanhydrides; and other non-toxic compatible

substances employed in pharmaceutical formulations.

[0079] Polypeptide: Asused herein, the term “polypeptide” refers to any polymeric chain
of residues (e.g., amino acids) that are typically linked by peptide bonds. In some embodiments,
a polypeptide has an amino acid sequence that occurs in nature. In some embodiments, a
polypeptide has an amino acid sequence that does not occur in nature. In some embodiments, a
polypeptide has an amino acid sequence that is engineered in that it is designed and/or produced
through action of the hand of man. In some embodiments, a polypeptide may comprise or consist
of natural amino acids, non-natural amino acids, or both. In some embodiments, a polypeptide
may include one or more pendant groups or other modifications, e.g., modifying or attached to one
or more amino acid side chains, at a polypeptide’s N-terminus, at a polypeptide’s C-terminus, or
any combination thereof. In some embodiments, such pendant groups or modifications may be
acetylation, amidation, lipidation, methylation, pegylation, etc., including combinations thereof.
In some embodiments, polypeptides may contain L-amino acids, D-amino acids, or both and may
contain any of a variety of amino acid modifications or analogs known in the art. In some
embodiments, useful modifications may be or include, e.g., terminal acetylation, amidation,
methylation, etc. In some embodiments, a protein may comprise natural amino acids, non-natural

amino acids, synthetic amino acids, and combinations thereof. The term “peptide” is generally
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used to refer to a polypeptide having a length of less than about 100 amino acids, less than about
50 amino acids, less than 20 amino acids, or less than 10 amino acids. In some embodiments, a
protein is antibodies, antibody fragments, biologically active portions thereof, and/or characteristic

portions thereof.

[0080] Polynucleotide: Asused herein, the term “polynucleotide” refers to any polymeric
chain of nucleic acids. In some embodiments, a polynucleotide is or comprises RNA; in some
embodiments, a polynucleotide is or comprises DNA. In some embodiments, a polynucleotide is,
comprises, or consists of one or more natural nucleic acid residues. In some embodiments, a
polynucleotide is, comprises, or consists of one or more nucleic acid analogs. In some
embodiments, a polynucleotide analog differs from a nucleic acid in that it does not utilize a
phosphodiester backbone. Alternatively or additionally, in some embodiments, a polynucleotide
has one or more phosphorothioate and/or 5’-N-phosphoramidite linkages rather than
phosphodiester bonds. In some embodiments, a polynucleotide is, comprises, or consists of one
or more natural nucleosides (e.g., adenosine, thymidine, guanosine, cytidine, uridine,
deoxyadenosine, deoxythymidine, deoxy guanosine, and deoxycytidine). In some embodiments,
a polynucleotide is, comprises, or consists of one or more nucleoside analogs (e.g., 2-
aminoadenosine, 2-thiothymidine, inosine, pyrrolo-pyrimidine, 3 -methyl adenosine, 5-
methylcytidine, C-5 propynyl-cytidine, C-5 propynyl-uridine, 2-aminoadenosine, C5-
bromouridine, C5-fluorouridine, C5-iodouridine, CS5-propynyl-uridine, C5 -propynyl-cytidine,
C5-methylcytidine, 2-aminoadenosine, 7-deazaadenosine, 7-deazaguanosine, 8-oxoadenosine, 8-
oxoguanosine, 0(6)-methylguanine, 2-thiocytidine, methylated bases, intercalated bases, and
combinations thereof). In some embodiments, a polynucleotide comprises one or more modified
sugars (e.g., 2’-fluororibose, ribose, 2’-deoxyribose, arabinose, and hexose) as compared with
those in natural nucleic acids. In some embodiments, a polynucleotide has a nucleotide sequence
that encodes a functional gene product such as an RNA or protein. In some embodiments, a
polynucleotide includes one or more introns. In some embodiments, a polynucleotide is prepared
by one or more of isolation from a natural source, enzymatic synthesis by polymerization based

on a complementary template (in vivo or in vitro), reproduction in a recombinant cell or system,
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and chemical synthesis. In some embodiments, a polynucleotide is at least 3, 4, 5, 6, 7, 8, 9, 10,
15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 1 10, 120, 130, 140, 150, 160,
170, 180, 190, 20, 225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500, 600, 700, 800, 900,
1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000 or more residues long. In some
embodiments, a polynucleotide is partly or wholly single stranded; in some embodiments, a
polynucleotide is partly or wholly double stranded. In some embodiments, a polynucleotide has a
nucleotide sequence comprising at least one element that encodes, or is the complement of a
sequence that encodes, a polypeptide. In some embodiments, a polynucleotide has enzymatic

activity.

[0081] Protein: As used herein, the term “protein” refers to a polypeptide (i.e., a string of
at least two amino acids linked to one another by peptide bonds). Proteins may include moieties
other than amino acids (e.g., may be glycoproteins, proteoglycans, etc.) and/or may be otherwise
processed or modified. Those of ordinary skill in the art will appreciate that a “protein” can be a
complete polypeptide chain as produced by a cell (with or without a signal sequence), or can be a
characteristic portion thereof. Those of ordinary skill will appreciate that a protein can sometimes
include more than one polypeptide chain, for example linked by one or more disulfide bonds or

associated by other means.

[0082] Recombinant. As used herein, the term “recombinant” is intended to refer to
polypeptides that are designed, engineered, prepared, expressed, created, manufactured, and/or or
isolated by recombinant means, such as polypeptides expressed using a recombinant expression
construct transfected into a host cell; polypeptides isolated from a recombinant, combinatorial
human polypeptide library; polypeptides isolated from an animal (e.g., a mouse, rabbit, sheep, fish,
etc.) that is transgenic for or otherwise has been manipulated to express a gene or genes, or gene
components that encode and/or direct expression of the polypeptide or one or more component(s),
portion(s), element(s), or domain(s) thereof, and/or polypeptides prepared, expressed, created or
isolated by any other means that involves splicing or ligating selected nucleic acid sequence
elements to one another, chemically synthesizing selected sequence elements, and/or otherwise

generating a nucleic acid that encodes and/or directs expression of a polypeptide or one or more
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component(s), portion(s), element(s), or domain(s) thereof. In some embodiments, one or more of
such selected sequence elements is found in nature. In some embodiments, one or more of such
selected sequence elements is designed in silico. In some embodiments, one or more such selected
sequence elements results from mutagenesis (e.g., in vivo or in vitro) of a known sequence element,
e.g., from a natural or synthetic source such as, for example, in the germline of a source organism

of interest (e.g., of a human, a mouse, etc.).

[0083] Reference: As used herein, the term “reference” describes a standard or control
relative to which a comparison is performed. For example, in some embodiments, an agent,
animal, individual, population, sample, sequence or value of interest is compared with a reference
or control agent, animal, individual, population, sample, sequence or value. In some embodiments,
a reference or control is tested and/or determined substantially simultaneously with the testing or
determination of interest. In some embodiments, a reference or control is a historical reference or
control, optionally embodied in a tangible medium. Typically, as would be understood by those
skilled in the art, a reference or control is determined or characterized under comparable conditions
or circumstances to those under assessment. Those skilled in the art will appreciate when sufficient
similarities are present to justify reliance on and/or comparison to a particular possible reference
or control.  In some embodiments, a reference is a negative control reference; in some

embodiments, a reference is a positive control reference.

[0084] Regulatory Element. As used herein, the term “regulatory element” or “regulatory
sequence” refers to non-coding regions of DNA that regulate, in some way, expression of one or
more particular genes. In some embodiments, such genes are apposed or “in the neighborhood”
of a given regulatory element. In some embodiments, such genes are located quite far from a given
regulatory element. In some embodiments, a regulatory element impairs or enhances transcription
of one or more genes. In some embodiments, a regulatory element may be located in cis to a gene
being regulated. In some embodiments, a regulatory element may be located in trans to a gene
being regulated. For example, in some embodiments, a regulatory sequence refers to a nucleic

acid sequence which is regulates expression of a gene product operably linked to a regulatory
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sequence. In some such embodiments, this sequence may be an enhancer sequence and other

regulatory elements which regulate expression of a gene product.

[0085] Sample: As used herein, the term “sample” typically refers to an aliquot of material
obtained or derived from a source of interest. In some embodiments, a source of interest is a
biological or environmental source. In some embodiments, a source of interest may be or comprise
a cell or an organism, such as a microbe (e.g., virus), a plant, or an animal (e.g., a human). In some
embodiments, a source of interest is or comprises biological tissue or fluid. In some embodiments,
a biological tissue or fluid may be or comprise amniotic fluid, aqueous humor, ascites, bile, bone
marrow, blood, breast milk, cerebrospinal fluid, cerumen, chyle, chime, ejaculate, endolymph,
exudate, feces, gastric acid, gastric juice, lymph, mucus, pericardial fluid, perilymph, peritoneal
fluid, pleural fluid, pus, rheum, saliva, sebum, semen, serum, smegma, sputum, synovial fluid,
sweat, tears, urine, vaginal secretions, vitreous humour, vomit, and/or combinations or
component(s) thereof In some embodiments, a biological fluid may be or comprise an
intracellular fluid, an extracellular fluid, an intravascular fluid (blood plasma), an interstitial fluid,
a lymphatic fluid, and/or a transcellular fluid. In some embodiments, a biological fluid may be or
comprise a plant exudate. In some embodiments, a biological tissue or sample may be obtained,
for example, by aspirate, biopsy (e.g., fine needle or tissue biopsy), swab (e.g., oral, nasal, skin, or
vaginal swab), scraping, surgery, washing or lavage (e.g., bronchioalveolar, ductal, nasal, ocular,
oral, uterine, vaginal, or other washing or lavage). In some embodiments, a biological sample is
or comprises cells obtained from an individual. In some embodiments, a sample is a “primary
sample” obtained directly from a source of interest by any appropriate means. In some
embodiments, as will be clear from context, the term “sample” refers to a preparation that is
obtained by processing (e.g., by removing one or more components of and/or by adding one or
more agents to) a primary sample. For example, filtering using a semi-permeable membrane. Such
a “processed sample” may comprise, for example nucleic acids or proteins extracted from a sample
or obtained by subjecting a primary sample to one or more techniques such as amplification or

reverse transcription of nucleic acid, isolation and/or purification of certain components, etc.

34



WO 2023/056329 PCT/US2022/077222

[0086] Subject. Asused herein, the term “subject” refers an organism, typically a mammal
(e.g., a human, in some embodiments including prenatal human forms). In some embodiments, a
subject is suffering from a relevant disease, disorder or condition. In some embodiments, a subject
is susceptible to a disease, disorder, or condition. In some embodiments, a subject displays one or
more symptoms or characteristics of a disease, disorder or condition. In some embodiments, a
subject does not display any symptom or characteristic of a disease, disorder, or condition. In
some embodiments, a subject is someone with one or more features characteristic of susceptibility
to or risk of a disease, disorder, or condition. In some embodiments, a subject is a patient. In some
embodiments, a subject is an individual to whom diagnosis and/or therapy is and/or has been

administered.

[0087] Substantially: As used herein, the term “substantially” refers to a qualitative
condition of exhibiting total or near-total extent or degree of a characteristic or property of interest.
One of ordinary skill in the art will understand that biological and chemical phenomena rarely, if
ever, go to completion and/or proceed to completeness or achieve or avoid an absolute result. The
term “substantially” is therefore used herein to capture a potential lack of completeness inherent

in many biological and chemical phenomena.

[0088] Target site: As used herein, the term “target site” means a portion of a nucleic acid
to which a binding molecule, e.g., a microRNA, an siRNA, a guide RNA (“gRNA”) or a guide
RNA:Cas complex, will bind, provided sufficient conditions for binding exist. In some
embodiments, a nucleic acid comprising a target site is double stranded. In some embodiments, a
nucleic acid comprising a target site is single stranded. Typically, a target site comprises a nucleic
acid sequence to which a binding molecule, e.g., a gRNA or a gRNA:Cas complex described
herein, binds and/or that is cleaved as a result of such binding. In some embodiments, a target site
comprises a nucleic acid sequence (also referred to herein as a target sequence or protospacer) that
is complementary to a DNA sequence to which the targeting sequence (also referred to herein as
the spacer) of a gRNA described herein binds. In some embodiments in the context of RNA-
guided nucleases, e.g., CRISPR/Cas nucleases, a target site typically comprises a nucleotide

sequence (also referred to herein as a target sequence or a protospacer) that is complementary to a

35



WO 2023/056329 PCT/US2022/077222

sequence comprised in a gRNA (also referred to herein as the targeting sequence or the spacer) of
an RNA-programmable nuclease. In some such embodiments, a target site further comprises a
protospacer adjacent motif (PAM) at the 3’ end or 5° end adjacent to the gRNA-complementary
sequence. For an RNA-guided nuclease Cas9, a target sequence may be, in some embodiments,
16-24 base pairs plus a 3-6 base pair PAM (e.g., NNN, wherein N represents any nucleotide).
Exemplary PAM sequences for RNA-guided nucleases, such as Cas9, are known to those of skill
in the art and include, without limitation, NNG, NGN, NAG, NGA, NGG, NGAG and NGCG
wherein N represents any nucleotide. In addition, Cas9 nucleases from different species have been
described, e.g., S. thermophilus recognizes a PAM that comprises the sequence NGGNG, and Cas9
from S. aureus recognizes a PAM that comprises the sequence NNGRRT. In some embodiments,
Cas9 from S. aureus recognizes a PAM that comprises the sequence NNNRRT. Additional PAM
sequences are known in the art, including, but not limited to NNAGAAW and NAAR (see, e.g.,
Esvelt and Wang, Molecular Systems Biology, 9:641 (2013), the entire content of which is
incorporated herein by reference). For example, the target site of an RN A-guided nuclease, such
as, e.g., Cas9, may comprise a structure [Nz]-[PAM], where each N is, independently, any
nucleotide, and z is an integer between 1 and 50. In some embodiments, z is at least 2, at least 3,
at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at
least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, at least 20, at least
25, at least 30, at least 35, at least 40, at least 45, or at least 50. In some embodiments, zis 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. In some embodiments, Z is 20.

[0089] Treatment. As used herein, the term “treatment” (also “treat” or “treating”) refers
to any administration of a therapy that partially or completely alleviates, ameliorates, eliminates,
reverses, relieves, inhibits, delays onset of, reduces severity of, and/or reduces incidence of one or
more symptoms, features, and/or causes of a particular disease, disorder, and/or condition. In some
embodiments, such treatment may be of a subject who does not exhibit signs of the relevant
disease, disorder and/or condition and/or of a subject who exhibits only early signs of the disease,

disorder, and/or condition. Alternatively, or additionally, such treatment may be of a subject who
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exhibits one or more established signs of the relevant disease, disorder and/or condition. In some
embodiments, treatment may be of a subject who has been diagnosed as suffering from the relevant
disease, disorder, and/or condition. In some embodiments, treatment may be of a subject known
to have one or more susceptibility factors that are statistically correlated with increased risk of

development of a given disease, disorder, and/or condition.

[0090] Variant: As used herein, the term “variant” refers to a version of something, e.g., a
gene sequence, that is different, in some way, from another version. To determine if something is
a variant, a reference version is typically chosen and a variant is different relative to that reference
version. In some embodiments, a variant can have the same or a different (e.g., increased or
decreased) level of activity or functionality than a wild type sequence. For example, in some
embodiments, a variant can have improved functionality as compared to a wild-type sequence if it
is, e.g., codon-optimized to resist degradation, e.g., by an inhibitory nucleic acid, e.g., miRNA.
Such a variant is referred to herein as a gain-of-function variant. In some embodiments, a variant
has a reduction or elimination in activity or functionality or a change in activity that results in a
negative outcome (e.g., increased electrical activity resulting in chronic depolarization that leads
to cell death). Such a variant is referred to herein as a loss-of-function variant. For example, in
some embodiments, a KCNQ4 gene sequence is a wild-type sequence, which encodes a functional
protein and exists in a majority of members of species with genomes containing the KCNQ4 gene.
In some such embodiments, a gain-of-function variant can be a gene sequence of KCNQ4 that
contains one or more nucleotide differences relative to a wild-type KCNQ4 gene sequence. In
some embodiments, a wild-type sequence is not an endogenous sequence. In some embodiments,
a gain-of-function variant is a codon-optimized sequence which encodes a transcript or
polypeptide that may have improved properties (e.g., less susceptibility to degradation, e.g., less
susceptibility to miRNA mediated degradation) than its corresponding wild type(e.g., non-codon
optimized) version. In some embodiments, a loss-of-function variant has one or more changes that
result in a transcript or polypeptide that is defective in some way (e.g., decreased function, non-
functioning) relative to the wild type transcript and/or polypeptide. For example, in some

embodiments, a mutation in a KCNQ4 sequence results in a non-functional or otherwise defective
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KCNQ4 protein, which impairs or prevents function of a KCNQ4-containing potassium channel
in ear outer hair cells. In some such embodiments, such loss-of-function variant KCNQ4-
containing channels result in chronic depolarization of outer hair cells and, consequently, cell

death.

BRIEF DESCRIPTION OF THE DRAWING

[0091] FIG. 1 shows overall schematic of exons in a KCNQ4 gene and lists certain

exemplary mutations known to result in hearing loss.

[0092] FIG. 2 shows an exemplary inhibitory RN A knockdown strategy using at least one

construct, in accordance with an embodiment of the present disclosure.

[0093] FIG. 3 shows levels of expression of KCNQ4 in HEK293 cells with or without

treatment with exemplary shRNA-mediated knockdown.
[0094] FIG. 4 shows exemplary shRNA and miRNA constructs for KCNQ4 knockdown.

[0095] FIG. 5 shows exemplary designs of eight miRNA targeting constructs for inhibiting
KCNQ4 expression.

[0096] FIG. 6 depicts a schematic that displays exemplary miRNA constructs for choosing

miRNAs targeting sequences expressed within a variety of compartments within the ear.

[0097] FIG. 7 shows a schematic of exemplary miR constructs and reporter system for
KCNQ4 knockdown, in accordance with an embodiment of the present disclosure. In this reporter
system, if an miRNA binds to KCNQ4-mScarlet mRNA, cleavage of the mRNA occurs and no
detectable signal (mScarlet) is produced by the reporter, demonstrating effective KCNQ4
knockdown. By contrast, if an miRNA does not bind to KCNQ4-mScarlet mRNA, no cleavage
occurs and a detectable signal (mScarlet) produced, demonstrating KCNQ4 expression (i.e., no

knockdown).
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[0098] FIG. 8 shows an exemplary miR mediated knockdown (miR1-155), using a
luciferase reporter assay in accordance with an embodiment of the present disclosure. FIG. 8

discloses SEQ ID NOS 292-296, respectively, in order of appearance.

[0099] FIG. 9 shows an exemplary CRISPR-based construct and reporter system for

KCNQ4 knockdown, in accordance with an embodiment of the present disclosure.

[0100] FIG. 10 shows levels of expression of KCNQ4 in HEK cells after CRISPR-
mediated knockdown (N=3 biological replicates).

[0101] FIG. 11 shows results from an exemplary assay measuring levels of mRNA
expression of KCNQ4 in HEK cells after shRNA-mediated knockdown (N=3 biological replicates

per condition).

[0102] FIG. 12 shows results from an exemplary assay measuring levels of mRNA
expression of KCNQ4 in HEK cells after shRNA-mediated knockdown (N=3 biological replicates

per condition).

[0103] FIG. 13 shows an exemplary miR-based construct, reporter system and assay for

KCNQ4 knockdown, in accordance with an embodiment of the present disclosure.

[0104] FIGS. 14A-14B show results obtained when exemplary scaffolds and targeting

sequences were evaluated and level of KCNQ4 was assessed after evaluation.

[0105] FIG. 15 shows results obtained when exemplary scaffolds and targeting sequences

were used and KCNQ4 levels were assessed.

[0106] FIG. 16 shows results obtained when exemplary scaffolds and targeting sequences

were evaluated using an exemplary off-target reporter assay.

[0107] FIG. 17 shows results obtained when exemplary scaffolds and targeting sequences

were evaluated using an exemplary passenger reporter assay.

[0108] FIG. 18 shows results obtained when exemplary scaffolds and targeting sequences

were used and KCNQ4 levels were assessed.
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[0109] FIG. 19 shows results obtained when exemplary scaffolds and targeting sequences

were used and KCNQ4 levels were assessed.

[0110] FIG. 20 shows results obtained when exemplary scaffolds and targeting sequences

were used and KCNQ4 levels were assessed.

[0111] FIG. 21 shows in vitro knockdown of KCNQ4 by exemplary scaffolds and

targeting sequences described herein.

[0112] FIG. 22 shows an image depicting a western blot to assess in vifro knockdown of

KCNQ4 using exemplary scaffolds and targeting sequences described herein.

[0113] FIG. 23 shows in vitro knockdown of KCNQ4 by exemplary scaffolds and

targeting sequences described herein.

[0114] FIG. 24 shows an image depicting a western blot to assess in vitro knockdown of

KCNQ#4 using exemplary scaffolds and targeting sequences described herein.

[0115] FIG. 25 shows results obtained when exemplary scaffolds and targeting sequences

were evaluated and level of KCNQ4 was assessed after evaluation.

[0116] FIG. 26 shows images of HEK cells transduced with an exemplary AAV Anc80-
CAG.EGFP construct at three MOls.

[0117] FIG. 27 shows results obtained when exemplary scaffolds and targeting sequences

were used and KCNQ4 channel conductance levels were assessed.

[0118] FIG. 28 shows an image depicting a western blot to assess in vitro knockdown of

KCNQ#4 using exemplary scaffolds and targeting sequences described herein.

[0119] FIGS. 29A-29B is a schematic representation of an administration method as
described herein. FIG. 29A includes an image of a delivery device as described herein. A delivery
device as shown is intended for intracochlear administration of injected fluid through the round
window membrane, with a stopper (green) to guide insertion depth. FIG. 29B includes an images
showing an expected flow of injected fluid through scala tympani to scala vestibuli (via

communication at the helicotrema at the cochlear apex) and then out of the cochlea through a vent
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placed in the stapes footplate of a delivery device within the oval window (Talei 2019, which is

incorporated herein in its entirety by reference).

[0120] FIG. 30 depicts seven miRNA targeting constructs for inhibiting KCNQ4

expression that can be used in accordance with the present disclosure.

[0121] FIG. 31 depicts off-targets of seven miRNA targeting constructs for inhibiting

KCNQ4 expression that can be used in accordance with the present disclosure.

[0122] FIG. 32 illustrates a perspective of a device for delivering fluid to an inner ear,

according to aspects of the present disclosure.

[0123] FIG. 33 illustrates a sideview of a bent needle sub-assembly, according to aspects

of the present disclosure.

[0124] FIG. 34 illustrates a perspective view of a device for delivering fluid to an inner

ear, according to aspects of the present disclosure.

[0125] FIG. 35 illustrates a perspective view of a bent needle sub-assembly coupled to the

distal end of a device, according to aspects of the present disclosure.

[0126] FIGS. 36A-36C include data showing KCNQ4 expression measured from an
exemplary AAV vector as described herein following administration to mice. FIG. 36A includes
a table providing certain details about the experiment performed in Example 10 below. FIG. 36B
includes a bar graph showing the relative level of mouse KCNQ4 (mKCNQ4) expression in the
mouse cochlea as detected by qPCR. FIG. 36C includes a bar graph showing the relative level of
human KCNQ4 (hKCNQ#4) expression in the mouse cochlea as detected by qPCR.

[0127] FIG. 37 includes data showing that AAVAnc80 mediated knockdown of mouse
KCNQ4 (via miR) and gene transfer of human KCNQ4 preserved outer hair cell survival and/or
function. FIG. 37A includes a bar graph showing that, as the dose of the administered construct
was increased, the DPOAE thresholds decreased, indicating an improvement in outer hair cell
function. FIG. 37B includes an image demonstrating that an increasing dose of construct resulted

in increased survival of outer hair cells at P45, as visualized by whole-mount histology.
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[0128] FIGS. 38A-38B include data showing AAVAnc80(CRISPR)-mediated
knockdown with hKCNQ4 gene transfer preserved outer hair cell survival and/or function. FIG.
38A includes bar graphs showing that, as the dose of the construct was increased, the DPOAE
thresholds decreased as measured at various kHz, indicating an improvement in outer hair cell
function. The bar graphs of FIG. 38A also include data showing that the treatment was able to
partially rescue outer hair cell function. FIG. 38B shows a table depicting the number of animals

for each Treatment Group (6 per group) at a 30-day survival duration.

[0129] FIG. 39 shows an image depicting a western blot to assess in vitro knockdown of

KCNQ4 using exemplary scaffolds and targeting sequences described herein.

[0130] FIG. 40 shows a graph depicting distortion product otoacoustic emissions
(DPOAE) thresholds (dB SPL) measured at 8 kHz (left) and 16 kHz (right) for four treatment

groups.

[0131] FIG. 41 shows a graph depicting percent (%) survival of outer hair cells measured

at 8 kHz (left) and 16 kHz (right) for four treatment groups.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
1. Hearing Loss

[0132] Generally, an ear can be described as including: an outer ear, middle ear, inner ear,
hearing (acoustic) nerve, and auditory system (which processes sound as it travels from the ear to
the brain). In addition to detecting sound, ears also help to maintain balance. Thus, in some
embodiments, inner ear disorders can cause hearing loss, tinnitus, vertigo, imbalance, or

combinations thereof.

[0133] Hearing loss can be a result of genetic factors, environmental factors, or a
combination of genetic and environmental factors. About half of all people who have tinnitus-
phantom noises in their auditory system (ringing, buzzing, chirping, humming, or beating)-also

have an over-sensitivity to/reduced tolerance for certain sound frequency and volume ranges,
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known as hyperacusis (also spelled hyperacousis). A variety of nonsyndromic and syndromic-
related hearing losses will be known to those of skill in the art (e.g., DFNB4, and Pendred
syndrome, respectively). Environmental causes of hearing impairment or loss may include, e.g.,
certain medications, specific infections before or after birth, and/or exposure to loud noise over an
extended period. In some embodiments, hearing loss can result from noise, ototoxic agents,
presbyacusis, disease, infection or cancers that affect specific parts of an ear. In some
embodiments, ischemic damage can cause hearing loss via pathophysiological mechanisms. In
some embodiments, intrinsic abnormalities, like congenital mutations to genes that play an
important role in cochlear anatomy or physiology, or genetic or anatomical changes in supporting

and/or hair cells can be responsible for or contribute to hearing loss.

[0134] Hearing loss and/or deafness is one of the most common human sensory deficits,
and can occur for many reasons. In some embodiments, a subject may be born with hearing loss
or without hearing, while others may lose hearing slowly over time. Approximately 36 million
American adults report some degree of hearing loss, and one in three people older than 60 and half
of those older than 85 experience hearing loss. Approximately 1.5 in 1,000 children are born with
profound hearing loss, and another two to three per 1,000 children are born with partial hearing
loss (Smith et al., 2005, Lancet 365:879-890, which is incorporated in its entirety herein by
reference). More than half of these cases are attributed to a genetic basis (Di Domenico, et al.,

2011, J. Cell. Physiol. 226:2494-2499, which is incorporated in its entirety herein by reference).

[0135] Treatments for hearing loss currently consist of hearing amplification for mild to
severe losses and cochlear implantation for severe to profound losses (Kral and O’Donoghue,
2010, N. Engl. J. Med. 363:1438-1450, which is incorporated in its entirety herein by reference).
Recent research in this arena has focused on cochlear hair cell regeneration, applicable to the most
common forms of hearing loss, including presbycusis, noise damage, infection, and ototoxicity.
There remains a need for effective treatments, such as gene therapy, which can repair and/or

mitigate a source of a hearing problem.

[0136] In some embodiments, nonsyndromic hearing loss and/or deafness is not associated

with other signs and symptoms. In some embodiments, syndromic hearing loss and/or deafness
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occurs in conjunction with abnormalities in other body parts. Approximately 70 percent to
80 percent of genetic hearing loss and/or deafness cases are nonsyndromic; remaining cases are
often caused by specific genetic syndromes. Nonsyndromic deafness and/or hearing loss can have
different patterns of inheritance, and can occur at any age. Types of nonsyndromic deafness and/or
hearing loss are generally named according to their inheritance patterns. For example, autosomal
dominant forms are designated DFNA, autosomal recessive forms are DFNB, and X-linked forms
are DFN. Each type is also numbered in the order in which it was first described. For example,

DFNA1 was the first described autosomal dominant type of nonsyndromic deafness.

[0137] Between 75 percent and 80 percent of genetically causative hearing loss and/or
deafness cases are inherited in an autosomal recessive pattern, which means both copies of a gene
in each cell have mutations. Usually, each parent of an individual with autosomal recessive
hearing loss and/or deafness is a carrier of one copy of the mutated gene, but is not affected by this
form of hearing loss. Another 20 percent to 25 percent of nonsyndromic hearing loss and/or
deafness cases are autosomal dominant, which means one copy of the altered gene in each cell is
sufficient to result in deafness and/or hearing loss. People with autosomal dominant deafness
and/or hearing loss most often inherit an altered copy of the gene from a parent who is deaf and/or
has hearing loss. Between one to two percent of cases of deafness and/or hearing loss show an X-
linked pattern of inheritance, which means a mutated gene responsible for a condition is located
on an X chromosome (one of the two sex chromosomes). Males with X-linked nonsyndromic
hearing loss and/or deafness tend to develop more severe hearing loss earlier in life than females
who inherit a copy of the same gene mutation. A characteristic of X-linked inheritance is that

fathers cannot pass X-linked traits to their sons.

[0138] Mitochondrial nonsyndromic deafness, which results from changes to
mitochondrial DNA, occurs in less than one percent of cases in the United States. Altered
mitochondrial DNA is passed from a mother to all of her sons and daughters. This type of deafness
is not inherited from fathers. The causes of syndromic and nonsyndromic deafness and/or hearing
loss are complex. Researchers have identified more than 30 genes that, when altered, are

associated with syndromic and/or nonsyndromic deafness and/or hearing loss; however, some of
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these genes have not been fully characterized. Different mutations in a given gene can be
associated with different types of deafness and/or hearing loss, and some genes are associated with

both syndromic and nonsyndromic deafness and/or hearing loss.

[0139] In some embodiments, deafness and/or hearing loss can be conductive (arising from
the ear canal or middle ear), sensorineural (arising from the inner ear or auditory nerve), or mixed.
In some embodiments, nonsyndromic deafness and/or hearing loss is associated with permanent
hearing loss caused by damage to inner ear structures (sensorineural deafness). In some
embodiments, sensorineural hearing loss can be due to poor hair cell function. In some
embodiments, sensorineural hearing impairments involve the eighth cranial nerve (the
vestibulocochlear nerve) or auditory brain regions. In some such embodiments, only auditory
centers of a brain are affected. In such a situation, cortical deafness may occur, where sounds may
be heard at normal thresholds, but quality of sound perceived is so poor that speech cannot be

understood.

[0140] Hearing loss that results from middle ear changes is called conductive hearing loss.
Some forms of nonsyndromic deafness and/or hearing loss involve changes in both inner and
middle ear regions, called mixed hearing loss. Hearing loss and/or deafness that is present before
a child learns to speak can be classified as prelingual or congenital. Hearing loss and/or deafness
that occurs after development of speech can be classified as postlingual. Most autosomal recessive
loci related to syndromic or nonsyndromic hearing loss cause prelingual severe-to-profound

hearing loss.

[0141] As is known to those of skill in the art, hair cells are sensory receptors for both
auditory and vestibular systems of vertebrate ears. Hair cells detect movement in their
environments and, in mammals, hair cells are located within the cochlea of the ear, in the organ of
Corti. Mammalian ears are known to have two types of hair cells — inner hair cells and outer hair
cells. In some embodiments, outer hair cells amplify low level sound frequencies, either through
mechanical movement of hair cell bundles or electrically-driven movement of hair cell soma. In
some embodiments, inner hair cells transform vibrations in cochlear fluid into electrical signals

that the auditory nerve transmits to the brain. In some embodiments, hair cells may be abnormal
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at birth, or damaged during the lifetime of an individual. In some embodiments, outer hair cells
may be able to regenerate. In some embodiments, inner hair cells are not capable of regeneration
after illness or injury. In some embodiments, sensorineural hearing loss is due to abnormalities in

hair cells.

[0142] As is known to those of skill in the art, hair cells do not occur in isolation, and their
function is supported by a wide variety of cells which can collectively be referred to as supporting
cells. Supporting cells may fulfill numerous functions, and include a number of cell types,
including but not limited to Hensen’s cells, Deiters’ cells, pillar cells, Claudius cells, inner
phalangeal cells, and border cells. In some embodiments, sensorineural hearing loss is due to
abnormalities in supporting cells. In some embodiments, supporting cells may be abnormal at
birth, or damaged during the lifetime of an individual. In some embodiments, supporting cells
may be able to regenerate. In some embodiments, certain supporting cells may not be capable of

regeneration.
2. KCNQ4 and Hearing Loss

[0143] Typically, a human KCNQ4 gene has 4324 nucleic acid bases and encodes a 695
amino acid protein, with a predicted mass of approximately 77 kDa. A human KCNQ4 gene has
14 exons and located on chromosome 1. A KCNQ4 gene encodes a Kv7.4, a voltage-gated
potassium channel subunit that forms a homotetrameric potassium channel. In other words, four
KCNQ4 protein subunits form a single, voltage-gated potassium channel (Naito et al., 2013, which
is incorporated herein by reference in its entirety). In some embodiments, a KCNQ4 protein
(Kv7.4) may be part of a heteromeric channel, i.e, a heterotetrameric potassium channel
comprising Kv7.4 and other KCNQ proteins, e.g., KCNQ3.

[0144] In some embodiments, one or more mutations in a KCNQ4 gene product may be
associated with hearing loss. In some embodiments, distortion product optoacoustic emissions
(DPOAES) are absent in individuals affected by KCNQ4-mediated hearing loss.

[0145] Voltage-gated potassium channel subunit Kv7.4 is a protein encoded by a KCNQ4

gene and is normally most highly expressed in outer hair cells of the ear. As is known to those of
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skill in the art, OHCs are non-regenerative cells. Kv7.4 channels help maintain resting potential
in ear hair cells. For example, Kv7.4 is expressed in bases of hair cells that help maintain hair cell
resting potential (Kharkovets et al., 2006, which is incorporated in its entirety herein by reference)

and in some embodiments, is expressed at approximately 8-fold higher in OHCs than IHCs.

[0146] Without being bound by any particular theory, the present disclosure contemplates
that, either in addition or as an alternative to gene therapy that treats OHCs, gene therapy may be
used to treat IHCs. KCNQ4 is typically expressed at low levels in IHCs (e.g., relative to OHCs)
and, in some embodiments, gene therapy that impacts expression of KCNQ4 in IHCs may improve
function of K+ channels. In some such embodiments, when gene therapy is used to treat IHCs
instead of or in addition to OHCs in a subject in need thereof, channel conduction and/or hearing

may improve.

[0147] In some embodiments, defects or changes in ion channels are associated with
deafness. For example, in some embodiments, a change in a gene product of an ion channel, e.g.,
a Kv7.4 channel, may impact its function. In some embodiments, for example, one or more
mutations in a KCNQ4 gene product can result in a non-functional or less functional ion channels
as compared to ion channels comprises of subunits encoded by genes without one or more
mutations. In some such embodiments, where one or more variations exists in KCNQ4 (e.g.,
relative to a wild-type sequence), for example, a resultant loss-of-function Kv7.4 protein variant
can result in a non-functional or less functional channel. For example, in some embodiments, a
loss-of-function Kv7.4 variant is or is part of an ion channel that antagonizes potassium currents.
In some such embodiments, OHCs are chronically depolarized and eventually die (Jung et al.,
2018, which is incorporated in its entirety herein by reference). In some embodiments, changes in

one or more gene products of KCNQA4 is/are associated with hearing loss.

[0148] In some embodiments, KCNQ4-mediated hearing loss is DFNA2. DFNA2 is
nonsyndromic hearing loss inherited as an autosomal dominant mutation in a genomic sequence
of KCNQ4 (which, in turn, impacts function of Kv7.4 in hair cells). DFNA2 nonsyndromic
hearing loss, in some embodiments, manifests as sensorineural post-lingual hearing impairment

that is progressive and symmetric; generally, no vestibular impairment is present. In some such
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embodiments, hearing loss is symmetric, predominantly high-frequency sensorineural hearing loss
(SNHL). In some such embodiments, hearing loss is progressive or eventually progresses across

all frequencies.

[0149] Without wishing to be bound by any particular theory, in KCNQ4-related hearing
loss, at younger ages, hearing loss tends to be mild for low frequency sounds and moderate for
high frequency sounds. At older ages, hearing loss tends to moderate for low frequency sounds
and severe to profound for high frequency sounds. Hearing loss tends to be present at high
frequency sounds at all ages, likely present from birth. In some embodiments, patients with a
KCNQ4 mutation experience hearing loss that requires a hearing aid between approximately ten
to forty years of age, and experience severe-to-profound loss across all hearing frequencies by
approximately seventy years of age (see, e.g, Table 1 for an exemplary set of range

characterizations of hearing threshold vs severity of hearing loss).

TABLE 1: Exemplary Hearing Thresholds Associated with Severity of Hearing Loss

Mild 26-40 dB
Moderate 41-55 dB
Moderately-severe 56-70 dB
Severe 71-90 dB
Profound 90 dB
[0150] Without being bound by any particular theory, the present disclosure contemplates

technologies including gene therapy may be beneficial in one or more instances of a loss-of-
function KCNQ4 variant. For example, in some embodiments, gene therapy includes
administering a gain-of-function KCNQ4 variant (e.g., wild type, e.g., gain-of-function KCNQ4)
that restores function, e.g., Kv7.4 channel function. In some embodiments, a gain-of-function
KCNQ4 gene product (e.g., a wild type gene product, e.g., a codon-optimized gene product) is

administered to a subject in need thereof.
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[0151] In some embodiments, gene therapy includes suppressing one or more gene
products associated with a loss-of-function KCNQ4 variant. In some such embodiments,
suppression of a loss-of-function KCNQ4 variant may help to restore or prevent hearing loss. For
example, without being bound by any particular theory, it is contemplated that, in some
embodiments, a loss-of-function KCNQ4 variant gene product encodes a loss-of-function Kv7.4
variant. In some such embodiments, it is contemplated that such a loss-of-function Kv7.4 variant
needs to be suppressed. In some embodiments, suppression alleviates toxicity or damage caused
by a buildup of loss-of-function Kv7.4 variant protein. In some embodiments, a loss-of—function

KCNQ4 variant gene product (e.g., Kv7.4 variant protein) is suppressed using gene therapy.

[0152] In some embodiments, gene therapy is administered to suppress a loss-of-function
KCNQ4 variant and/or to express a gain-of-function KCNQ4 gene product (e.g., a wild type gene
product, e.g., a codon optimized gene product). In some such embodiments, suppression and/or
replacement of one or more KCNQ4 gene products mitigates, attenuates, or restores hearing loss
in a subject. For example, the present disclosure recognizes that, in some embodiments,
suppression of a loss-of-function KCNQ4 gene product variant (e.g., mRNA, e.g., protein) is
desirable. In some such embodiments, suppression of a loss-of-function KCNQ4 gene product
variant may occur alone, concomitant with, or subsequent to expression of a gain-of-function
KCNQ#4 gene product (e.g., functional Kv7.4 protein, e.g., functional ion channels that do not

result in chronic depolarization and cell damage or death).

[0153] In some embodiments, suppression and/or replacement is accomplished using a
single construct, or more than one construct (e.g., one construct comprising components to achieve
suppression of a loss-of-function KCNQ4 variant gene product and another construct comprising

components to achieve expression of a gain-of-function KCNQ4 gene product).
3. Compositions

[0154] Among other things, the present disclosure provides compositions. In some
embodiments, a composition comprises a construct as described herein. In some embodiments, a

composition comprises one or more constructs as described herein. In some embodiments, a
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composition comprises a plurality of constructs as described herein. In some embodiments, when
more than one construct is included in the composition, the constructs are different from one

another.

[0155] In some embodiments, a composition comprises a polynucleotide encoding a
KCNQ4 protein or characteristic portion thereof. In some embodiments, a composition comprises
a polynucleotide encoding an inhibitory molecule, e.g., an miRNA, etc. In some embodiments, a
composition comprises at least one polynucleotide encoding a KCNQ4 protein or characteristic

portion thereof and at least one polynucleotide encoding an inhibitory molecule, e.g., an miRNA.

[0156] In some embodiments, a composition comprises an AAV particle as described
herein. In some embodiments, a composition comprises one or more AAV particles as described
herein. In some embodiments, a composition comprises a plurality of AAV particles. In come
embodiments, when more than one type of AAV particle is included in a composition, the more

than one type of AAYV particles are each different types of particles.

[0157] In some embodiments, a composition comprises a cell.
[0158] In some embodiments, a composition is or comprises a pharmaceutical
composition.

a. KCNQ4 Polynucleotides

[0159] Among other things, the present disclosure provides polynucleotides, e.g.,
polynucleotides comprising a KCNQ gene or characteristic portion thereof. In some embodiments,
the present disclosure provides polynucleotides that are or comprise inhibitory molecules, e.g.,
inhibitory to target site of KCNQ4 genes or characteristics thereof, e.g., miRNA, etc. The present
disclosure also provides methods utilizing such polynucleotides and/or inhibitory molecules, e.g.,

in a composition (e.g., a pharmaceutical composition).

[0160] In some embodiments, a polynucleotide of the present disclosure may be or
comprise DNA or RNA. In some embodiments, DNA can be genomic DNA or cDNA. In some
embodiments, RNA can be an mRNA, an miRNA, an shRNA/siRNA, a gRNA, etc.
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[0161] In some embodiments, a polynucleotide comprises exons and/or introns of a
KCNQ4 gene.
[0162] In some embodiments, a gene product is expressed from a polynucleotide

comprising a KCNQ4 gene or characteristic portion thereof. In some embodiments, expression of
such a polynucleotide can utilize one or more control elements (e.g., promoters, enhancers, splice
sites, polyadenylation sites, translation initiation sites, etc.). Thus, in some embodiments, a

polynucleotide provided herein can comprise one or more control elements.

[0163] In some embodiments, a KCNQ4 gene is a mammalian KCNQ4 gene. In some
embodiments, a KCNQ4 gene is a murine KCNQ4 gene. An exemplary murine KCNQ4 ¢cDNA
sequence is or includes the sequence of SEQ ID NO: 91. In some embodiments, a KCNQ4 gene
is a primate KCNQ4 gene. In some embodiments, a KCNQ4 gene is a human KCNQ4 gene. An
exemplary human KCNQ4 ¢cDNA sequence is or includes the sequence of SEQ ID NO: 2. An
exemplary human KCNQ4 cDNA sequence is or includes the sequence of SEQ ID NO: 90. An
exemplary human KCNQ4 genomic DNA sequence can be found in SEQ ID NO: 5. Exemplary
human KCNQ4 cDNA sequences including untranslated regions is or includes the sequence of
SEQID NOs: 6, 7, or 8. An exemplary human KCNQ4 RNA sequence can be found in, e.g., SEQ
ID NO: 1. Exemplary human codon-optimized KCNQ4 sequences (e.g., optimized to resist gRNA
binding and/or miRNA degradation) can be found in, e.g., SEQ ID NOs: 9 or 10.

[0164] For example, in some embodiments, the present disclosure describes exemplary
constructs that have been codon-optimized (e.g., Exemplary pITR-
CMV.hKCNQ4codop v2.mScarlet, SEQ ID NO: 255) to resist microRNA. In some
embodiments, the present disclosure recognizes that one challenge of exogenously providing a
polynucleotide that encodes a functional (e.g., wild type, e.g., gain-of-function) KCNQ4 gene
product is that it may, in some embodiments, be vulnerable to microRNA-mediated (e.g.,
exogenously provided and/or endogenous miRNAs) degradation. In some such embodiments, the
present disclosure recognizes that codon optimization, which may change a polynucleotide
sequence without materially altering the polypeptide sequence of a KCNQ4 gene product, may be

more resistant to microRNA-mediated degradation as compared to a non-codon optimized (i.e.,
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wild-type) KCNQ4 gene sequence. In some embodiments, a construct comprising a codon-
optimized KCNQ4 polynucleotide can be used in conjunction with a construct comprising an
miRNA. In some embodiments, such miRNA can be used to knock-down (or suppress) a loss-of-

function KCNQ4 variant.

[0165] As another example, in some embodiments, the present disclosure describes
exemplary constructs that can for delivery of a gRNA to be used in conjunction with a
CRISPR/Cas9-mediated genome editing strategy as described herein. In some embodiments, such
exemplary constructs comprise a gRNA that targets a SaCas9 enzyme to an appropriate genomic
location. In some embodiments, such exemplary constructs comprise a gRNA that targets a
SaCas9 enzyme to an appropriate genomic location in addition to a KCNQ4 construct that has
been engineered to resist SaCas9-mediated gene silencing (e.g., Exemplary Construct pITR-
CMV.hKCNQ4codop.U6-hsammu386Fw sequence (SEQ ID NO: 269) or Exemplary pITR-
CMV.hKCNQ4codop.U6-hsa408Rev sequence (SEQ ID NOs: 270 or 273).

[0166] The present disclosure recognizes that one challenge of exogenously providing a
polynucleotide that encodes a functional (e.g., wild type, e.g., gain-of-function) KCNQ4 gene
product is that it may, in some embodiments, be vulnerable to microRNA-mediated degradation
(exogenously provided and/or endogenous miRNAs) or gRNA interference (e.g., via gRNA
binding). In some such embodiments, the present disclosure recognizes that codon optimization,
which changes a polynucleotide sequence without materially altering its resultant polypeptide
sequence, of, e.g, a KCNQ4 gene product, may be more resistant to microRNA-mediated
degradation or to gRNA binding, as compared to a non-codon optimized (i.e., wild-type) KCNQ4
gene sequence. In some embodiments, a construct comprising a codon-optimized KCNQ4
polynucleotide can be used in conjunction with a construct comprising an miRNA, which miRNA
can be used to knock-down (suppress) a loss-of-function KCNQ4 variant. Exemplary codon-
optimized sequences that resist miRNA-mediated degradation or gRNA binding may be or
comprise SEQ ID NO:s 9 or 10 or portions thereof, respectively.

[0167] Changes in a wild-type sequence of a KCNQ4 gene can be or comprise missense

or nonsense mutations. In some such embodiments, a resultant Kv7.4 protein is a loss-of-function
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variant (e.g., a protein that antagonizes normal channel function). In some such embodiments,
changes in a wild-type sequence of KCNQ4 can result in hearing loss or increase risk of hearing

loss in progeny of a subject that has at least one change in one copy of a KCNQ4 gene.

[0168] KCNQ4-mediated hearing loss is transmitted in an autosomal dominant manner;
that is, a mutation in one copy of KCNQ4 can result in hearing loss. Many allelic variants in
KCNQ4 are known and at least thirty different loss-of-function KCNQ4 mutations have been
identified, thus far, localized to various different genomic regions. In some embodiments, a
change in a wild-type sequence is a change in an exonic sequence. For example, the three most
frequent missense mutations described in the DVD (Deafness Variation Database) are F182L
(exon 4), V672M and S680F (exon 14). In some embodiments, a change in a wild-type sequence
is a change in an intronic sequence. For example, as is known to those of skill in the art, in some
embodiments, an intronic (splice acceptor) mutation causes DFNA2 (c.1044-1051del) or

A349PfsX19.

[0169] The present disclosure includes technologies that may, in some embodiments,
targeting a KCNQ4 gene product, e.g., a KCNQ4 transcript, e.g., a KCNQ4 mRNA (SEQ ID
NO:4). In some embodiments, an inhibitory nucleic acid molecule or genome editing system
targets nucleotides of SEQ ID NOs: 1-10 and/or 25-30 and/or 90-91, or a portion thereof. In some
embodiments, an inhibitory nucleic acid molecule or genome editing system comprises (i) a
nucleotide sequence that is at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to any one of SEQ ID NOs:42-70 or SEQ ID NOs: 96-97 (or a portion thereof)
and/or (ii) a nucleotide sequence that is complementary to a nucleotide sequence that is at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to any one of SEQ ID
NOs:1-10 and/or 25-30 and/or 90-91 (or a portion thereof).

[0170] The amino acid and nucleotide sequences of human KCNQ4 are known in the art
and can be found in publicly available databases, for example, the National Center for
Biotechnology Information (NCBI) Reference Sequence (RefSeq) database, where they are listed
under RefSeq accession numbers NP_004691 (current accession.version number NP_004691 .2)

and NM 004700 (current accession.version number NM_004700.4), respectively (where “amino
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acid sequence” refers to the sequence of the KCNQ4 polypeptide and “nucleotide sequence” in
this context refers to the KCNQ4 mRNA sequence as represented in genomic DNA, it being

understood that the actual mRNA nucleotide sequence contains U rather than T).

[0171] The human KCNQ4 gene has been assigned NCBI Gene ID: 9132, and the genomic
KCNQ4 sequence has RefSeq accession number NG_008139 (current accession.version number
NG 008139.3). The nucleotide sequence of human KCNQ4 mRNA is set forth as SEQ ID NO:
4,

[0172] In some embodiments, a KCNQ4 nucleic acid sequence is a codon optimized
sequence. In some embodiments, the codon optimized sequence is approximately 70, 75, 80, 85,
90, 95, 96, 97, 98, 99, 99.5 or 99.9% similar to the wild-type KCNQ4 nucleic acid sequence or
any known functional variant thereof, which variant is capable of generating a functional gene

product.

[0173] The present disclosure recognizes that certain changes to a polynucleotide sequence
will not impact its expression or a protein encoded by said polynucleotide. For example, in some
embodiments, a polynucleotide comprises a KCNQ4 gene having one or more silent mutations.
In some such embodiments, the disclosure provides a polynucleotide that comprises a KCNQ4
gene having one or more silent mutations, e.g., a KCNQ4 gene having a sequence different from
SEQ ID NOs: 1-10 and/or 25-30 and/or 90-91, but encoding the same amino acid sequence as a
wild-type or gain-of-function KCNQ4 gene.

[0174] In some embodiments, the disclosure provides a polynucleotide that comprises an
KCNQ4 gene or gene product having a sequence different from any of SEQ ID NOs: 1-10and/or
25-30 and/or 90-91 that encodes an amino acid sequence including one or more mutations (e.g., a
different amino acid sequence when compared to that produced from a functional, e.g., wild type,
e.g., gain-of-function (e.g., codon-optimized) KCNQ4 gene), where the one or more mutations are

conservative amino acid substitutions.

[0175] One skilled in the art would appreciate that a change (e.g., substitution, addition,

deletion, etc.) of amino acids that are not conserved between the same protein from different
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species is less likely to have an effect on the function of a protein and therefore, these amino acids
should be selected for mutation. Amino acids that are conserved between the same protein from
different species should not be changed (e.g., deleted, added, substituted, etc.), as these mutations

are more likely to result in a change in function of a protein.

[0176] In some embodiments, the disclosure provides a polynucleotide that comprises a
KCNQ4 gene having a sequence different from SEQ ID NOs: 1-10 and/or 25-30 and/or 90-91 that
encodes an amino acid sequence including one or more mutations (e.g., a different amino acid
sequence when compared to that produced from a functional (e.g., wild-type, e.g., gain-of-
function, e.g., codon-optimized) KCNQ4 gene), where the one or more mutations are not within a

characteristic portion of a KCNQ4 gene or encoded Kv7.4 protein.

[0177] In some embodiments, a polynucleotide in accordance with the present disclosure
comprises a KCNQ4 gene or gene product that is at least 85%, at least 90%, at least 95%, at least
98%, or at least 99% identical to a sequence of SEQ ID NOs: 1-10 and/or 25-30 and/or 90-91.

[0178] In some embodiments, a polynucleotide in accordance with the present disclosure
comprises KCNQ4 sequence that is identical to the sequence of SEQ ID NOs: 1-10 and/or 25-30
and/or 90-91. As will be understood to those of skill in the art, sequences disclosed herein can be
optimized or further (e.g., codon optimized) to achieve increased or optimal expression in an
animal, e.g., a mammal, e.g., a human. For example, in some embodiments, a polynucleotide of
the present disclosure comprises a sequence encoding KCNQ4, which sequence is codon

optimized to prevent, e.g., gRNA or miRNA binding, etc.

[0179] By way of non-limiting example, a KCNQ4 polynucleotide in accordance with the
present disclosure may be or comprise one or more of the following sequences according to SEQ

ID NOs. 1-10 or 90-91.

b. KCNOQ4 Polypeptides

[0180] Among other things, the present disclosure provides polypeptides encoded by a
KCNQ#4 gene or gene product or characteristic portion thereof. In some embodiments, a KCNQ4
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gene is a mammalian KCNQ4 gene. In some embodiments, a KCNQ4 gene is a murine KCNQ4
gene. In some embodiments, a KCNQ4 gene is a primate KCNQ4 gene. In some embodiments,

a KCNQ4 gene is a human KCNQ4 gene.

[0181] In some embodiments, a polypeptide comprises a Kv7.4 protein or characteristic
portion thereof In some embodiments, a Kv7.4 protein or characteristic portion thereof is a
mammalian Kv7.4 protein or characteristic portion thereof, e.g., primate Kv7.4 protein or
characteristic portion thereof. In some embodiments, a Kv7.4 protein or characteristic portion

thereof is a human Kv7.4 protein or characteristic portion thereof.

[0182] In some embodiments, a polypeptide provided herein comprises post-translational
modifications. In some embodiments, a Kv7.4 protein or characteristic portion thereof provided
herein comprises post-translational modifications. In some embodiments, post-translational
modifications can comprise but is not limited to glycosylation (e.g., N-linked glycosylation, O-
linked glycosylation), phosphorylation, acetylation, amidation, hydroxylation, methylation,

ubiquitylation, sulfation, and/or a combination thereof.

[0183] By way of non-limiting example, a KCNQ4 polypeptide in accordance with the
present disclosure may be or comprise one or more of the following sequences according to SEQ
ID NOs. 11-13 or 92.

c. Constructs

[0184] Among other things, the present disclosure provides that some polynucleotides as
described herein are polynucleotide constructs. Polynucleotide constructs according to the present
disclosure include all those known in the art, including cosmids, plasmids (e.g., naked or contained
in liposomes) and viral constructs (e.g., lentiviral, retroviral, adenoviral, and adeno-associated viral
constructs) that incorporate a polynucleotide comprising a KCNQ4 gene or characteristic portion
thereof. Those of skill in the art will be capable of selecting suitable constructs, as well as cells,
for making any of the nucleic acids described herein. In some embodiments, a construct is a
plasmid (i.e., a circular DNA molecule that can autonomously replicate inside a cell). In some

embodiments, a construct can be a cosmid (e.g., pWE or sCos series).
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[0185] Constructs provided herein can be of different sizes. In some embodiments, a
construct is a plasmid and can include a total length of up to about 1 kb, up to about 2 kb, up to
about 3 kb, up to about 4 kb, up to about 5 kb, up to about 6 kb, up to about 7 kb, up to about 8kb,
up to about 9 kb, up to about 10 kb, up to about 11 kb, up to about 12 kb, up to about 13 kb, up to
about 14 kb, or up to about 15 kb. In some embodiments, a construct is a plasmid and can have a
total length in a range of about 1 kb to about 2 kb, about 1 kb to about 3 kb, about 1 kb to about 4
kb, about 1 kb to about 5 kb, about 1 kb to about 6 kb, about 1 kb to about 7 kb, about 1 kb to
about 8 kb, about 1 kb to about 9 kb, about 1 kb to about 10 kb, about 1 kb to about 11 kb, about
1 kb to about 12 kb, about 1 kb to about 13 kb, about 1 kb to about 14 kb, or about 1 kb to about
15 kb.

[0186] In some embodiments, a construct is a viral construct and can have a total number
of nucleotides of up to 10 kb. In some embodiments, a viral construct can have a total number of
nucleotides in the range of about 1 kb to about 2 kb, 1 kb to about 3 kb, about 1 kb to about 4 kb,
about 1 kb to about 5 kb, about 1 kb to about 6 kb, about 1 kb to about 7 kb, about 1 kb to about 8
kb, about 1 kb to about 9 kb, about 1 kb to about 10 kb, about 2 kb to about 3 kb, about 2 kb to
about 4 kb, about 2 kb to about 5 kb, about 2 kb to about 6 kb, about 2 kb to about 7 kb, about 2
kb to about 8 kb, about 2 kb to about 9 kb, about 2 kb to about 10 kb, about 3 kb to about 4 kb,
about 3 kb to about 5 kb, about 3 kb to about 6 kb, about 3 kb to about 7 kb, about 3 kb to about 8
kb, about 3 kb to about 9 kb, about 3 kb to about 10 kb, about 4 kb to about 5 kb, about 4 kb to
about 6 kb, about 4 kb to about 7 kb, about 4 kb to about 8 kb, about 4 kb to about 9 kb, about 4
kb to about 10 kb, about 5 kb to about 6 kb, about 5 kb to about 7 kb, about 5 kb to about 8 kb,
about 5 kb to about 9 kb, about 5 kb to about 10 kb, about 6 kb to about 7 kb, about 6 kb to about
8 kb, about 6 kb to about 9 kb, about 6 kb to about 10 kb, about 7 kb to about 8 kb, about 7 kb to
about 9 kb, about 7 kb to about 10 kb, about 8 kb to about 9 kb, about 8 kb to about 10 kb, or about
9 kb to about 10 kb.

[0187] In some embodiments, a construct is an adeno-associated virus (AAV) construct
and can have a total number of nucleotides of up to 5 kb in a single construct. In some

embodiments, an AAV construct can have a total number of nucleotides in the range of about 1 kb
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to about 2 kb, 1 kb to about 3 kb, about 1 kb to about 4 kb, about 1 kb to about 5 kb, about 2 kb to
about 3 kb, about 2 kb to about 4 kb, about 2 kb to about 5 kb, about 3 kb to about 4 kb, about 3
kb to about 5 kb, about 4 kb to about 5 kb.

[0188] In some embodiments, a construct is a lentivirus construct and can have a total
number of nucleotides of up to 8 kb. In some examples, a lentivirus construct can have a total
number of nucleotides of about 1 kb to about 2 kb, about 1 kb to about 3 kb, about 1 kb to about 4
kb, about 1 kb to about 5 kb, about 1 kb to about 6 kb, about 1 kb to about 7 kb, about 1 kb to
about 8 kb, about 2 kb to about 3 kb, about 2 kb to about 4 kb, about 2 kb to about 5 kb, about 2
kb to about 6 kb, about 2 kb to about 7 kb, about 2 kb to about 8 kb, about 3 kb to about 4 kb,
about 3 kb to about 5 kb, about 3 kb to about 6 kb, about 3 kb to about 7 kb, about 3 kb to about 8
kb, about 4 kb to about 5 kb, about 4 kb to about 6 kb, about 4 kb to about 7 kb, about 4 kb to
about 8 kb, about 5 kb to about 6 kb, about 5 kb to about 7 kb, about 5 kb to about 8 kb, about 6
kb to about 8kb, about 6 kb to about 7 kb, or about 7 kb to about 8 kb

[0189] In some embodiments, a construct is an adenovirus construct and can have a total
number of nucleotides of up to 8 kb. In some embodiments, an adenovirus construct can have a
total number of nucleotides in the range of about 1 kb to about 2 kb, about 1 kb to about 3 kb,
about 1 kb to about 4 kb, about 1 kb to about 5 kb, about 1 kb to about 6 kb, about 1 kb to about 7
kb, about 1 kb to about 8 kb, about 2 kb to about 3 kb, about 2 kb to about 4 kb, about 2 kb to
about 5 kb, about 2 kb to about 6 kb, about 2 kb to about 7 kb, about 2 kb to about 8 kb, about 3
kb to about 4 kb, about 3 kb to about 5 kb, about 3 kb to about 6 kb, about 3 kb to about 7 kb,
about 3 kb to about 8 kb, about 4 kb to about 5 kb, about 4 kb to about 6 kb, about 4 kb to about 7
kb, about 4 kb to about 8 kb, about 5 kb to about 6 kb, about 5 kb to about 7 kb, about 5 kb to
about 8 kb, about 6 kb to about 7 kb, about 6 kb to about 8 kb, or about 7 kb to about 8 kb.

[0190] Any of the constructs described herein can further include a control sequence, e.g.,
a control sequence selected from the group of a transcription initiation sequence, a transcription
termination sequence, a promoter sequence, an enhancer sequence, an RNA splicing sequence, a
polyadenylation (polyA) sequence, a Kozak consensus sequence, and/or additional untranslated

regions which may house pre- or post-transcriptional regulatory and/or control elements. In some
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embodiments, a promoter can be a native promoter, a constitutive promoter, an inducible promoter,
and/or a tissue-specific promoter. Non-limiting examples of control sequences are described
herein. The foregoing methods for producing recombinant constructs are not meant to be limiting,

and other suitable methods will be apparent to the skilled artisan.

d. Viral Constructs

[0191] The present disclosure provides technologies (e.g., compositions, methods, etc.)
that are or comprise viral constructs. In some embodiments, a viral construct is an adenovirus. In
some embodiments, a viral construct is an adeno-associated virus (AAV). In some embodiments,
a viral construct may also be based on an alphavirus. Alphaviruses include Sindbis (and VEEV)
virus, Aura virus, Babanki virus, Barmah Forest virus, Bebaru virus, Cabassou virus, Chikungunya
virus, Eastern equine encephalitis virus, Everglades virus, Fort Morgan virus, Getah virus,
Highlands J virus, Kyzylagach virus, Mayaro virus, Me Tri virus, Middelburg virus, Mosso das
Pedras virus, Mucambo virus, Ndumu virus, O’nyong-nyong virus, Pixuna virus, Rio Negro virus,
Ross River virus, Salmon pancreas disease virus, Semliki Forest virus, Southern elephant seal
virus, Tonate virus, Trocara virus, Una virus, Venezuelan equine encephalitis virus, Western
equine encephalitis virus, and Whataroa virus. Generally, genomes of such viruses encode
nonstructural (e.g., replicon) and structural proteins (e.g., capsid and envelope) that can be
translated in cytoplasm of a host cell. Ross River virus, Sindbis virus, Semliki Forest virus (SFV),
and Venezuelan equine encephalitis virus (VEEV) have all been used to develop viral transfer
constructs for transgene delivery. Pseudotyped viruses may be formed by combining alphaviral
envelope glycoproteins and retroviral capsids. Examples of alphaviral constructs can be found in
U.S. Publication Nos. 20150050243, 20090305344, and 20060177819; constructs and methods of

their making are incorporated herein by reference in their entireties.
i. AAV constructs

[0192] Recombinant AAV constructs (“rAAVs”; see, e.g., Asokan et al., Mol. Ther. 20:
699-7080, 2012, which is herein incorporated by reference in its entirety) of the disclosure are

typically comprised of (i) a transgene or a portion thereof and a regulatory sequence, and (ii) 5’
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and 3’ AAV inverted terminal repeats (ITRs). It is this recombinant AAV construct which is
packaged into a capsid protein and delivered to a selected target cell. In some embodiments, the
transgene is a nucleic acid sequence (e.g., inhibitory nucleic acid sequence), heterologous to the
construct sequences, which encodes a polypeptide, protein, functional RNA molecule (e.g.,
miRNA, miRNA inhibitor) or other gene product, of interest. A nucleic acid coding sequence is
operatively linked to regulatory components in a manner which permits transgene transcription,
translation, and/or expression in a cell of a target tissue. In some embodiments, a recombinant
AAV construct is packaged into a capsid to form an rAAV particle and delivered to a selected
target cell (e.g., an outer hair cell). In some embodiments, a recombinant AAV construct is
packaged into a capsid to form an rAAV particle and delivered to the inner ear for expression in a

selected target cell (e.g., an outer hair cell).

[0193] In some embodiments, and rAAV construct also comprises conventional control
elements that are operably linked to a transgene in a manner which permits its transcription,
translation and/or expression in a cell transfected with a plasmid construct or infected with a virus

produced by the disclosure.

[0194] AAYV constructs as described in the present disclosure may include one or more
additional elements as described herein (e.g., regulatory elements e.g., one or more of a promoter,

a polyA sequence, and an IRES).

[0195] Methods for obtaining viral constructs are known in the art. For example, to
produce AAV constructs, methods typically involve culturing a host cell which comprises a
nucleic acid sequence encoding an AAV capsid protein or fragment thereof; a functional rep gene;
a recombinant AAV construct comprising an AAV inverted terminal repeats (ITRs) and a
transgene, and/or sufficient helper functions to permit packaging of the recombinant AAV

construct into AAV capsid proteins.

[0196] In some embodiments, components to be cultured in a host cell to package an AAV
construct in an AAV capsid may be provided to the host cell in trans. Alternatively, one or more

components (e.g., recombinant AAV construct, rep sequences, cap sequences, and/or helper
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functions) may be provided by a stable host cell that has been engineered to contain one or more
such components using methods known to those of skill in the art. In some embodiments, such a
stable host cell contains such component(s) under control of an inducible promoter. In some
embodiments, such component(s) may be under control of a constitutive promoter. In some
embodiments, a selected stable host cell may contain selected component(s) under control of a
constitutive promoter and other selected component(s) under control of one or more inducible
promoters. For example, a stable host cell may be generated that is derived from HEK293 cells
(which contain E1 helper functions under the control of a constitutive promoter), but that contain
rep and/or cap proteins under control of inducible promoters. Other stable host cells may be

generated by one of skill in the art using routine methods.

[0197] Recombinant AAV construct, rep sequences, cap sequences, and helper functions
required for producing an AAV of the disclosure may be delivered to a packaging host cell using
any appropriate genetic element (e.g., construct). A selected genetic element may be delivered by
any suitable method known in the art, e.g., to those with skill in nucleic acid manipulation and
include genetic engineering, recombinant engineering, and synthetic techniques (see, e.g.,
Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Press, Cold Spring
Harbor, N.Y., which is incorporated in its entirety herein by reference). Similarly, methods of
generating AAV virions are well known and any suitable method can be used with the present
disclosure (see, e.g., K. Fisher et al., J. Virol., 70:520-532 (1993) and U.S. Pat. No. 5,478,745,

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

[0198] In some embodiments, recombinant AAVs may be produced using a triple
transfection method (e.g., as described in U.S. Pat. No. 6,001,650, which is incorporated in its
entirety herein by reference). In some embodiments, recombinant AAVs are produced by
transfecting a host cell with a recombinant AAV construct (comprising a transgene) to be packaged
into AAV particles, an AAV helper function construct, and an accessory function construct. An
AAV helper function construct encodes “AAV helper function” sequences (i.e., rep and cap),
which function in trans for productive AAV replication and encapsidation. In some embodiments,

an AAV helper function construct supports efficient AAV construct production without generating
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any detectable wild-type AAV virions (i.e., AAV virions containing functional rep and cap genes).
Non-limiting examples of constructs suitable for use with the present disclosure include pHLP19
(see, e.g., U.S. Pat. No. 6,001,650, which is incorporated in its entirety herein by reference) and
pRep6eap6 construct (see, e.g., U.S. Pat. No. 6,156,303, which is incorporated in its entirety herein
by reference). An accessory function construct encodes nucleotide sequences for non-AAV
derived viral and/or cellular functions upon which AAV is dependent for replication (i.e.,
“accessory functions”). Accessory functions may include those functions required for AAV
replication, including, without limitation, those moieties involved in activation of AAV gene
transcription, stage specific AAV mRNA splicing, AAV DNA replication, synthesis of cap
expression products, and AAV capsid assembly. Viral-based accessory functions can be derived
from any known helper viruses such as adenovirus, herpesvirus (other than herpes simplex virus

type-1), and vaccinia virus.

[0199] Additional methods for generating and isolating AAV viral constructs suitable for
delivery to a subject are described in, e.g., U.S. Pat. No. 7,790,449; U.S. Pat. No. 7,282,199; WO
2003/042397; WO 2005/033321, WO 2006/110689; and U.S. Pat. No. 7,588,772, each of which
is incorporated in its entirety herein by reference. In one system, a producer cell line is transiently
transfected with a construct that encodes a transgene flanked by ITRs and a construct(s) that
encodes rep and cap. In another system, a packaging cell line that stably supplies rep and cap is
transiently transfected with a construct encoding a transgene flanked by ITRs. In each of these
systems, in some embodiments, AAV virions are produced in response to infection with helper
adenovirus or herpesvirus, and AAVs are separated from contaminating virus. In some
embodiments, systems do not require infection with helper virus to recover the AAV. As will be
understood to those of skill in the art, in some embodiments, a helper function is or comprises at
least one of e.g., adenovirus E1, E2a, VA, and E4 or herpesvirus ULS5, UL8, UL52, and UL29, and
herpesvirus polymerase. In some such embodiments, a helper function is supplied, in trans, by or
to a given system. In some such embodiments, helper functions can be supplied by transient
transfection of cells with constructs that encode helper functions. In some embodiments, cells can

be engineered to stably contain genes encoding at least one helper function. In some such
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embodiments, where cells are stably engineered to contain genes encoding helper function(s)

helper function expression can be controlled at a transcriptional or posttranscriptional level.
ii. AAV serotypes

[0200] As described herein, in some embodiments, a viral construct of the present
disclosure is an adeno-associated virus (AAV) construct. AAV systems are generally well known
in the art (see, e.g., Kelleher and Vos, Biotechniques, 17(6):1110-17 (1994); Cotten et al., P.N.A.S.
U.S.A., 89(13):6094-98 (1992); Curiel, Nat Immun, 13(2-3):141-64 (1994); Muzyczka, Curr Top
Microbiol Immunol, 158:97-129 (1992); and Asokan A, et al., Mol. Ther., 20(4):699-708 (2012),
each of which is incorporated in its entirety herein by reference). Methods for generating and
using AAV constructs are described, for example, in U.S. Pat. Nos. 5,139,941 and 4,797,368, each
of which is incorporated in its entirety herein by reference. Several AAV serotypes have been
characterized, including AAV1, AAV2, AAV3 (e.g., AAV3B), AAV4, AAVS, AAV6, AAV7T,
AAVS, AAV9, AAV10, and AAV11, as well as variants thereof. In some embodiments, an AAV
construct is an AAV2/6, AAV2/8 or AAV2/9 construct (e.g., AAV6, AAV8 or AAV9 serotype
having AAV2 ITR). Other AAV constructs are described in, e.g., Sharma et al., Brain Res Bull.
2010 Feb 15; 81(2-3): 273, which is incorporated in its entirety herein by reference. Generally,
any AAV serotype may be used to deliver a transgene described herein. However, serotypes are
known to have different tropisms, e.g., they preferentially infect different tissues. In some

embodiments, an AAV construct is a self-complementary AAV construct.

iii. Capsids

[0201] In some embodiments, one or more recombinant AAV constructs of the present
disclosure is packaged into a capsid of AAV2, 3, 4, 5, 6, 7, 8, 9, 10, rh8, rh10, rh39, rh43,
AAV2.7m8, AAV8BP2, or Anc80 serotype or one or more hybrids thereof. In some embodiments,
a capsid is from an ancestral serotype. For example, in some embodiments, a capsid is an Anc80
capsid (e.g., an Anc80L65 capsid). In some embodiments, a capsid comprises a polypeptide

represented by SEQ ID NO: 14. In some embodiments, a capsid comprises a polypeptide with at
least 85%, 90%, 95%, 98% or 99% sequence identity to a polypeptide of SEQ ID NO: 14.
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[0202] Any combination of ITRs and capsids may be used in recombinant AAV constructs
of the present disclosure, for example, wild-type or variant AAV2 ITRs and Anc80 capsid, wild-
type or variant AAV2 ITRs and AAV6 capsid, etc. In some embodiments of the present disclosure,
an rAAV particle is wholly comprised of AAV2 components (i.e., capsid and ITRs are AAV2
serotype). In some embodiments of the present disclosure an rAAYV particle is an rAAV2/Anc80
particle which comprises an Anc80 capsid (e.g., comprising a polypeptide of SEQ ID NO: 14) that
encapsidates a nucleic acid construct with wild-type AAV2 ITRs (e.g., any of SEQ ID NOs: 15,
16, 17, 18, 19, 20 and/or 21) flanking a portion of a construct comprising all or a characteristic
portion of a KCNQ4 encoding sequence (e.g., SEQ ID NOs:1-10). In some embodiments, an ITR
is at least 85%, 90%, 95%, 98% or 99% identical to an ITR of SEQ ID NOs: 15, 16, 17, 18, 19,
20, or 21.

iv. Inverted Terminal Repeat Sequences (ITRs)

[0203] AAYV sequences of a construct typically comprise the cis-acting 5’ and 3’ inverted
terminal repeat sequences (See, e.g., B. J. Carter, in “Handbook of Parvoviruses,” ed., P. Tijsser,
CRC Press, pp. 155 168 (1990), which is incorporated in its entirety herein by reference). In some
embodiments, ITR sequences are about 145 nt in length. For example, wild type AAV2 ITRs are
generally about 145 nt in length. Preferably, substantially the entire sequences encoding ITRs are
used in a given molecule, although some degree of minor modification of these sequences is
permissible. Ability to modify ITR sequences is within the skill of the art. (See, e.g., texts such as
Sambrook et al. “Molecular Cloning. A Laboratory Manual,” 2d ed., Cold Spring Harbor
Laboratory, New York (1989); and K. Fisher et al., J Virol., 70:520 532 (1996), each of which is
incorporated in its entirety herein by reference). An example of such a molecule employed in the
present disclosure is a “cis-acting” construct comprising a sequence encoding a gene product (e.g.,
a KCNQ4 gene product) or inhibitory nucleic acid thereof (e.g., an miRNA), in which such a
sequence and its associated regulatory elements are flanked by 5° or “left” and 3’or “right” AAV
ITR sequences. 5 and left designations refer to a position of an ITR sequence relative to an entire
construct, read left to right, in a sense direction. For example, in some embodiments, a 5° or left

ITR is an ITR that is closest to a promoter (as opposed to a polyadenylation sequence) for a given
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construct, when a construct is depicted in a sense orientation, linearly. 3 and right designations
refer to a position of an ITR sequence relative to an entire construct, read left to right, in a sense
direction. For example, in some embodiments, a 3’ or right ITR is an ITR that is closest to a
polyadenylation sequence (as opposed to a promoter sequence) for a given construct, when a
construct is depicted in a sense orientation, linearly. ITRs as provided herein are depicted in 5° to
3’ order in accordance with a sense strand. Accordingly, one of skill in the art will appreciate that
a 5° or “left” orientation ITR can also be depicted as a 3” or “right” ITR when converting from
sense to antisense direction. Further, it is well within the ability of one of skill in the art to
transform a given sense ITR sequence (e.g., a 5°/left AAV ITR) into an antisense sequence (e.g.,
3’/right ITR sequence). Accordingly, based upon known AAV ITRs one of skill in the art would
understand, in looking at sequences disclosed herein, whether an ITR was in a sense or antisense
orientation and whether it would go on a “left” or “right” side of a construct, whether or not it is
explicitly labeled as such. One of ordinary skill in the art would understand how to modify a given

ITR sequence for use as either a 5’/left or 3’/right ITR, or an antisense version thereof.

[0204] AAV ITR sequences may be obtained from any known AAV, including presently
identified mammalian AAYV types. In some embodiments, an ITR is or comprises 145 nucleotides.
In some embodiments an ITR is a wild-type AAV2 ITR, e.g., the 5’ ITR of SEQ ID NO: 15 and
the 3’ ITR of SEQ ID NO: 16. In some embodiments an ITR is derived from a wild-type AAV2
ITR and includes one or more modifications, e.g., truncations, deletions, substitutions or insertions
as is known in the art. In some embodiments, an ITR comprises fewer than 145 nucleotides (e.g.,
SEQ ID NO:s 19 or 20), e.g., 119, 127, 130, 134 or 141 nucleotides (see, e.g., SEQ ID Nos: 17,
18, 19, and 20. For example, in some embodiments, an ITR comprises 110, 111, 112, 113, 114,
115, 116, 117, 118, 119, 120, 121, 122, 123 ,124, 125, 126, 127, 128, 129, 130, 131, 132, 133,
134, 135, 136, 137, 138, 139, 140, 141, 142, 143 144, or 145 nucleotides.

[0205] A non-limiting example of a 5°/left AAV ITR sequence is SEQ ID NO: 17. A non-
limiting example of a 3’/right AAV ITR sequence is SEQ ID NO: 18. In some embodiments,
constructs and/or constructs of the present disclosure comprise a 5°/left AAV ITR and/or a 3’/right

AAV ITR. In some embodiments, a 5’/left AAV ITR sequence is SEQ ID NO: 16. In some
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embodiments, a 3’/right AAV ITR sequence is SEQ ID NO: 16. In some embodiments, a 5’/left
AAV ITR sequence is SEQ ID NO: 15 and a 3’/right AAV ITR sequence is SEQ ID NO: 16. In
some embodiments, an ITR is at least 85%, 90%, 95%, 98% or 99% identical to the ITR
represented by SEQ ID NOs: 15, 16, 17, 18, or 19. In some embodiments, 5°/left and a 3’/right
AAV ITRs (e.g., SEQ ID NOs: 15 and 16) flank a portion of a transgene and/or construct
comprising all or a portion of a KCNQ4 gene product (e.g., SEQ ID NOs: 1-10).

[0206] In some embodiments, an ITR sequence is at least 85%, 90%, 95%, 98% or 99%
identical to any ITR sequence disclosed herein. By way of non-limiting example, ITR sequences

may be or comprise the following sequences according to SEQ ID NOs. 15-21 or 311-313.
v. Promoters

[0207] Non-limiting examples of promoters are described herein. Additional examples of

promoters are known in the art.

[0208] In some embodiments, a construct (e.g., an rAAV construct) comprises a promoter.
The term “promoter” refers to a DNA sequence recognized by enzymes/proteins that can promote
and/or initiate transcription of an operably linked gene (e.g., an KCNQ+4 gene or inhibitory nucleic
acid thereof). In some embodiments, a construct encoding a KCNQO+4 gene product (e.g., a human
Kv7.4 protein, etc.) or inhibitory nucleic acid thereof (e.g., an miRNA, etc.) can include a promoter
and/or an enhancer. For example, a promoter typically refers to, e.g., a nucleotide sequence to
which an RNA polymerase and/or any associated factor binds and from which it can initiate
transcription. Thus, in some embodiments, a construct (e.g., an rAAV construct) comprises a

promoter operably linked to one of the non-limiting example promoters described herein.

[0209] In some embodiments, a promoter is an inducible promoter, a constitutive
promoter, a mammalian cell promoter, a viral promoter, a chimeric promoter, an engineered
promoter, a tissue-specific promoter, or any other type of promoter known in the art. In some
embodiments, a promoter is a RNA polymerase II promoter, such as a mammalian RNA
polymerase II promoter. In some embodiments, a promoter is a RNA polymerase III promoter,

including, but not limited to, a HI promoter, a human U6 promoter, a mouse U6 promoter, or a
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swine U6 promoter. An exemplary sequence U6 promoter may be or comprise a sequence

according to SEQ ID NO: 314.

[0210] In some embodiments that include an inhibitory nucleotide, e.g., an miRNA, guide
RNA, or DNA encoding an miRNA or guide RNA, a U6 promoter can promote and/or initiate

transcription of the inhibitory nucleotide.

[0211] In some embodiments, a promoter can be a promoter that, in its endogenous
context, is associated with a gene in the CRISPR/Cas system. For example, in some embodiments,
a promoter can be a Cas gene promoter. In some embodiments, a promoter can be a Cas9 promoter.
An exemplary sequence Cas9 promoter may be or comprise a sequence according to SEQ ID NO:

99.

[0212] In some embodiments that include an inhibitory nucleotide, e.g., an miRNA, guide
RNA, or DNA encoding an miRNA or guide RNA, a Cas9 promoter can promote and/or initiate

transcription of the inhibitory nucleotide.

[0213] A promoter will generally be one that is able to promote transcription in an inner
ear cell. In some embodiments, a promoter is a cochlea-specific promoter or a cochlea-oriented
promoter. In some embodiments, a promoter is a hair cell specific promoter, or a supporting cell

specific promoter.

[0214] A variety of promoters are known in the art, which can be used herein. Non-limiting
examples of promoters that can be used herein include: a human EFlo promoter, a human
cytomegalovirus (CMV) promoter (US Patent No. 5,168,062, which is incorporated in its entirety
herein by reference), a human ubiquitin C (UBC) promoter, a mouse phosphoglycerate kinase 1
promoter, a polyoma adenovirus promoter, a simian virus 40 (SV40) promoter, a B-globin
promoter, a B-actin promoter, an o-fetoprotein promoter, a y-globin promoter, a B-interferon
promoter, a y-glutamyl transferase promoter, a mouse mammary tumor virus (MMTYV) promoter,
a Rous sarcoma virus promoter, a rat insulin promoter, a glyceraldehyde-3-phosphate
dehydrogenase promoter, a metallothionein II (MT II) promoter, an amylase promoter, a cathepsin

promoter, a MI muscarinic receptor promoter, a retroviral LTR (e.g., human T-cell leukemia virus
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HTLV) promoter, an AAV ITR promoter, an interleukin-2 promoter, collagenase promoter, a
platelet-derived growth factor promoter, an adenovirus 5 E2 promoter, a stromelysin promoter, a
murine MX gene promoter, a glucose regulated proteins (GRP78 and GRP94) promoter, an a-2-
macroglobulin promoter, a vimentin promoter, an MHC class I gene H-2x b promoter, a HSP70
promoter, a proliferin promoter, a tumor necrosis factor promoter, a thyroid stimulating hormone
a gene promoter, an immunoglobulin light chain promoter, a T-cell receptor promoter, a HLA DQa
and DQ promoter, an interleukin-2 receptor promoter, an MHC class II promoter, an MHC class
II HLA-DRa promoter, a muscle creatine kinase promoter, a prealbumin (transthyretin) promoter,
an elastase I promoter, an albumin gene promoter, a c-fos promoter, a c-HA-ras promoter, a neural
cell adhesion molecule (NCAM) promoter, an H2B (TH2B) histone promoter, a rat growth
hormone promoter, a human serum amyloid (SAA) promoter, a troponin I (TN I) promoter, a
duchenne muscular dystrophy promoter, a human immunodeficiency virus promoter, a CHRNA10
promoter, a DNM3 promoter, an MUCI1S5 promoter, a PLBD1 promoter, a RORB promoter, a
STRIP2 promoter, a AQP11 promoter, a KCNQ4 promoter, a LBH promoter, or a Gibbon Ape
Leukemia Virus (GALV) promoter. Additional examples of promoters are known in the art. See,
e.g., Lodish, Molecular Cell Biology, Freeman and Company, New York 2007, each of which is
incorporated in its entirety herein by reference. In some embodiments, a promoter is the CMV

immediate early promoter.

[0215] In some embodiments, a promoter is an inducible promoter, a mammalian cell
promoter, a viral promoter, a chimeric promoter, an engineered promoter, a constitutive promoter,

a tissue-specific promoter, or any other type of promoter known in the art.

[0216] In some embodiments, a promoter is a RNA polymerase II promoter, such as a

mammalian RNA polymerase II promoter.

[0217] In some embodiments, a promoter is a RNA polymerase III promoter (e.g., an H1
promoter, a U6 promoter (e.g., a human U6 promoter, a mouse U6 promoter, a swine U6 promoter,

etc.).
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[0218] In some embodiments, a promoter of the present disclosure will generally be one

that is able to function (i.e., transcribe), in cochlear cells such as hair cells, e.g., IHCs, e.g., OHCs.

[0219] In some embodiments, a promoter is a cochlea-specific promoter or a cochlea-

oriented promoter.

[0220] A variety of promoters is known in the art, any of which can be used herein. Non-
limiting examples of promoters that can be used herein include promoters for: human elongation
factor lo-subunit (EFla) (Liu et al. (2007) Exp. Mol. Med. 39(2): 170-175; Accession No.
J04617.1; Gill et al., Gene Ther. 8(20):1539-1546, 2001; Xu et al., Human Gene Ther. 12(5):563-
573, 2001; Xu et al., Gene Ther. 8:1323-1332; Ikeda et al., Gene Ther. 9:932-938, 2002; Gilham
et al., J. Gene Med. 12(2):129-136, 2010, each of which is incorporated in its entirety herein by
reference), cytomegalovirus (Xu et al., Human Gene Ther. 12(5):563-573, 2001; Xu et al., Gene
Ther. 8:1323-1332; Gray et al., Human Gene Ther. 22:1143-1153, 2011, each of which is
incorporated in its entirety herein by reference), human immediate-early cytomegalovirus (CMV)
(US Patent No. 5,168,062, Liu et al. (2007) Exp. Mol. Med. 39(2): 170-175; Accession No.
X17403.1 or KY490085.1, each of which is incorporated in its entirety herein by reference),
human ubiquitin C (UBC) (Gill et al., Gene Ther. 8(20):1539-1546, 2001; Qin et al., PLoS One
5(5):e10611, 2010, each of which is incorporated in its entirety herein by reference), mouse
phosphoglycerate kinase 1, polyoma adenovirus, simian virus 40 (SV40), B-globin, B-actin, a-
fetoprotein, y-globin, B-interferon, y-glutamyl transferase, mouse mammary tumor virus (MMTYV),
Rous sarcoma virus, rat insulin, glyceraldehyde-3-phosphate dehydrogenase, metallothionein II
(MT II), amylase, cathepsin, MI muscarinic receptor, retroviral LTR (e.g., human T-cell leukemia
virus HTLV, each of which is incorporated in its entirety herein by reference), AAV ITR,
interleukin-2, collagenase, platelet-derived growth factor, adenovirus 5 E2, stromelysin, murine
MX gene, glucose regulated proteins (GRP78 and GRP94), a-2-macroglobulin, vimentin, MHC
class I gene H-2x b, HSP70, proliferin, tumor necrosis factor, thyroid stimulating hormone « gene,
immunoglobulin light chain, T-cell receptor, HLA DQa and DQp, interleukin-2 receptor, MHC
class II, MHC class II HLA-DRa, muscle creatine kinase, prealbumin (transthyretin), elastase I,
albumin gene, c-fos, c-HA-ras, neural cell adhesion molecule (NCAM), H2B (TH2B) histone, rat
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growth hormone, human serum amyloid (SAA), troponin I (TN I), duchenne muscular dystrophy,
human immunodeficiency virus, Gibbon Ape Leukemia Virus (GALV) promoters, promoter of
HNRPA2B1-CBX1 (UCOE) (Powell and Gray (2015) Discov. Med. 19(102): 49-57; Antoniou et
al., Human Gene Ther. 24(4):363-374, 2013), B-glucuronidase (GUSB) (Husain et al., Gene Ther.
16:927-932, 2009), chicken B-actin (CBA) (Liu et al. (2007) Exp. Mol. Med. 39(2): 170-175; Stone
et al. (2005) Mol. Ther. 11(6): 843-848; Klein et al., Exp. Neurol. 176(1):66-74, 2002; Ohlfest et
al., Blood 105:2691-2698, 2005; Gray et al., Human Gene Ther. 22:1143-1153, 2011, each of
which is incorporated in its entirety herein by reference), a human B-actin promoter (HBA)
(Accession No. Y00474.1), murine myosin VIIA (musMyo7) (Boeda et al. (2001) Hum. Mol.
Genet. 10(15): 1581-1589; Accession No. AF384559.1, each of which is incorporated in its
entirety herein by reference), human myosin VIIA (hsMyo7) (Boeda et al. (2001) Hum. Mol.
Genet. 10(15): 1581-1589; Accession No. NG _009086.1, each of which is incorporated in its
entirety herein by reference), murine poly(ADP-ribose) polymerase 2 (musPARP2) (Ame et al.
(2001) J. Biol. Chem. 276(14): 11092-11099; Accession No. AF191547.1, each of which is
incorporated in its entirety herein by reference), human poly(ADP-ribose) polymerase 2
(hsPARP2) (Ame et al. (2001) J. Biol. Chem. 276(14): 11092-11099; Accession No. X16612.1 or
AF479321.1, each of which is incorporated in its entirety herein by reference), acetylcholine
receptor epsilon-subunit (AChe) (Duclert et al. (1993) PNAS 90(7): 3043-3047; Accession No.
S58221.1 or CR933736.12, each of which is incorporated in its entirety herein by reference), Rous
sarcoma virus (RSV) (Liu et al. (2007) Exp. Mol. Med. 39(2): 170-175; Accession No. M77786.1,
each of which is incorporated in its entirety herein by reference), (GFAP) (Liu et al. (2007) Exp.
Mol. Med. 39(2): 170-175; Stone et al. (2005) Mol. Ther. 11(6): 843-848; Accession No.
NG _008401.1 or M67446.1, each of which is incorporated in its entirety herein by reference),
hAAT (Van Linthout et al., Human Gene Ther. 13(7):829-840, 2002; Cunningham et al., Mol.
Ther. 16(6):1081-1088, 2008, each of which is incorporated in its entirety herein by reference),
and a CBA hybrid (CBh) (Gray et al. (2011) Hum. Gen. Therapy 22: 1143-1153; Accession No.
KF926476.1 or KC152483.1, each of which is incorporated in its entirety herein by reference).
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Additional examples of promoters are known in the art. See, e.g., Lodish, Molecular Cell Biology,

Freeman and Company, New York 2007.

[0221] In some embodiments, a promoter is a CMV immediate early promoter.

[0222] In some embodiments, a promoter is a CAG promoter or a CAG/CBA promoter.
[0223] In some embodiments, a promoter is an smCBA promoter.

[0224] In some embodiments, a construct or construct of the present disclosure comprises

a CAG promoter. In some embodiments, a CAG promoter comprises, in order from 5’ to 3°,
nucleotide sequences of SEQ ID NOs: 22, 23, and 24. In some such embodiments, a CAG
promoter comprises a CMV early enhancer element (e.g., SEQ ID NO: 22 or SEQ ID NO: 298 or
SEQ ID NO: 299), a chicken beta actin (CBA) gene sequence (e.g., SEQ ID NO: 23), and a
chimeric intron/3” splice sequence from a rabbit beta globin gene (e.g., SEQ ID NO: 24). In some
embodiments, a promoter is at least 85%, 90%, 95%, 98% or 99% identical to CAG promoter
represented by SEQ ID NOs: 22, 23, 24, 300, or 301.

[0225] The term “constitutive” promoter refers to a nucleotide sequence that, when
operably linked with a nucleic acid encoding a protein (e.g., a KCNQ4 protein) or an inhibitory
nucleic acid (e.g., as described herein), causes RNA to be transcribed from the nucleic acid in a

cell under most or all physiological conditions.

[0226] Examples of constitutive promoters include, without limitation, a retroviral Rous
sarcoma virus (RSV) LTR promoter, a cytomegalovirus (CMV) promoter (see, e.g., Boshart et al.
Cell 41:521-530, 1985, which is incorporated in its entirety herein by reference), an SV40
promoter, a dihydrofolate reductase promoter, a beta-actin promoter, a phosphoglycerol kinase

(PGK) promoter, and an EF1-alpha promoter (Invitrogen).

[0227] In some embodiments, inducible promoters allow regulation of gene expression and
can be regulated by exogenously supplied compounds, environmental factors such as temperature,
or presence of a specific physiological state, e.g., acute phase, a particular functional or biological

state of a cell, e.g., a particular differentiation state of a cell, or in replicating cells only. Inducible

71



WO 2023/056329 PCT/US2022/077222

promoters and inducible systems are available from a variety of commercial sources, including,
without limitation, Invitrogen, Clontech, and Ariad. Additional examples of inducible promoters

are known in the art.

[0228] Examples of inducible promoters regulated by exogenously supplied compounds
include a zinc-inducible sheep metallothionine (MT) promoter, a dexamethasone (Dex)-inducible
mouse mammary tumor virus (MMTYV) promoter, a T7 polymerase promoter system (WO
98/10088, which is incorporated in its entirety herein by reference); an ecdysone insect promoter
(No et al. Proc. Natl. Acad. Sci. U.S.A. 93:3346-3351, 1996, which is incorporated in its entirety
herein by reference), a tetracycline-repressible system (Gossen et al. Proc. Natl. Acad. Sci. U.S.A.
89:5547-5551, 1992, which is incorporated in its entirety herein by reference), a tetracycline-
inducible system (Gossen et al. Science 268:1766-1769, 1995, see also Harvey et al. Curr. Opin.
Chem. Biol. 2:512-518, 1998, each of which is incorporated in its entirety herein by reference), an
RU486-inducible system (Wang et al. Nat. Biotech. 15:239-243, 1997; and Wang et al. Gene Ther.
4:432-441, 1997, each of which is incorporated in its entirety herein by reference), and a
rapamycin-inducible system (Magari et al. J. Clin. Invest. 100:2865-2872, 1997, which is

incorporated in its entirety herein by reference).

[0229] In some embodiments, regulatory sequences impart tissue-specific gene expression
capabilities. In some cases, tissue-specific regulatory sequences bind tissue-specific transcription

factors that induce transcription in a tissue-specific manner.

[0230] The term “tissue-specific” promoter refers to a promoter that is active only in
certain specific cell types and/or tissues (e.g., transcription of a specific gene occurs only within
cells expressing transcription regulatory and/or control proteins that bind to the tissue-specific

promoter).

[0231] In some embodiments, a tissue-specific promoter is a cochlea-specific promoter. In
some embodiments, the tissue-specific promoter is a cochlear hair cell-specific promoter. Non-
limiting examples of cochlear hair cell-specific promoters include but are not limited to an ATOH1

promoter, a POU4F3 promoter, an LHX3 promoter, a MYO7A promoter, a MYO6 promoter, an
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a9ACHR promoter, and aa a10ACHR promoter. In some embodiments, a promoter is a cochlear
hair cell-specific promoter such as a Prestin promoter or an ONCOMOD promoter. See, e.g.,
Zheng et al., Nature 405:149-155, 2000; Tian et al. Dev. Dyn. 23 1: 199-203, 2004; and Ryan et
al., Adv. Otorhinolaryngol. 66: 99-115, 2009, each of which is incorporated in their entirety herein

by reference.

[0232] In some embodiments, a tissue-specific promoter is an ear cell specific promoter.
In some embodiments, a tissue-specific promoter is an inner ear cell specific promoter. Non-
limiting examples of inner ear non-sensory cell-specific promoters include but are not limited to:
GJB2, GJB6, SLC2644, TECTA, DFNAS5, COCH, NDP, SYNI, GFAP, PLP, TAKI, or SOX21. In
some embodiments, a cochlear non-sensory cell specific promoter may be an inner ear supporting
cell specific promoter. Non-limiting examples of inner ear supporting cell specific promoters
include but are not limited to: SOX2, FGFR3, PROXI1, GLASTI, LGR5, HES1, HES5, NOTCH|,
JAGI, CDKNIA, CDKNIB, SOX10, P75, CD44, HEY2, LFNG, or S100b.

[0233] In some embodiments, provided AAV constructs comprise a promoter sequence
selected from a CAG, a CBA, a CMV, or a CB7 promoter. In some embodiments of any of the
therapeutic compositions described herein, the first or sole AAV construct further includes at least

one promoter sequence selected from Cochlea and/or inner ear specific promoters.

[0234] In some embodiments, constructs comprise a CHRNAI10 promoter, a DNM3
promoter, a MUC15 promoter, a PLBD1 promoter, a RORB promoter, a STRIP2 promoter, a
AQP11 promoter, a KCNQ4 promoter, a LBH promoter, a STRC promoter, a TUBAS8 promoter,
an OCM promoter, a truncated (or “short”) OCM promoter, a Prestin promoter, or a truncated (or

“short”) Prestin promoter.

[0235] In some embodiments, a promoter sequence is at least 85%, 90%, 95%, 98% or
99% identical to any promoter sequence disclosed herein. By way of non-limiting example,
promoter sequences provided in accordance with the present disclosure may be or comprise a

sequence according to SEQ ID NOs. 22, 23, 24, 297-301, or 315-329.

73



WO 2023/056329 PCT/US2022/077222

[0236] In certain embodiments, a promoter is an endogenous human A7OH1 enhancer-
promoter as set forth in SEQ ID NO: 302. In some embodiments, an enhancer-promoter sequence
is at least 85%, 90%, 95%, 98% or 99% identical to enhancer-promoter sequence represented by

SEQ ID NO: 302.

[0237] In certain embodiments, a promoter is an endogenous human SLC2644 immediate
promoter as set forth in SEQ ID NO: 303 or 304. In certain embodiments, a promoter is an
endogenous human SLC2644 enhancer-promoter as set forth in SEQ ID NO: 305, 306, or 307. In
some embodiments, an enhancer-promoter sequence is at least 85%, 90%, 95%, 98% or 99%
identical to a promoter or enhancer-promoter sequence represented by SEQ ID NO: 303, 304, 305,
306, or 307. In certain embodiments, a promoter is a human SLC2644 endogenous enhancer-

promoter sequence comprised within SEQ ID NO: 305, 306, or 307.

[0238] In certain embodiments, a promoter is a human LGRS enhancer-promoter as set
forth in SEQ ID NO: 308. In some embodiments, an enhancer-promoter sequence is at least 85%,
90%, 95%, 98% or 99% identical to enhancer-promoter sequence represented by SEQ ID NO: 308.
In some embodiments, a promoter is a human LGRS endogenous enhancer-promoter sequence

comprised within SEQ ID NO: 308.

[0239] In certain embodiments, a promoter is a human SYN/ enhancer-promoter as set
forth in SEQ ID NO: 309. In some embodiments, an enhancer-promoter sequence is at least 85%,
90%, 95%, 98% or 99% identical to enhancer-promoter sequence represented by SEQ ID NO: 309.
In some embodiments, a promoter is a human SYNI endogenous enhancer-promoter sequence

comprised within SEQ ID NO: 309.

[0240] In certain embodiments, a promoter is a human GFAP enhancer-promoter as set
forth in SEQ ID NO: 310. In some embodiments, an enhancer-promoter sequence is at least 85%,
90%, 95%, 98% or 99% identical to enhancer-promoter sequence represented by SEQ ID NO: 310.
In some embodiments, a promoter is a human GFAP endogenous enhancer-promoter sequence

comprised within SEQ ID NO: 310.
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vi. Enhancers and 5’ cap

[0241] In some instances, a construct can include a promoter sequence and/or an enhancer
sequence. In some embodiments, an enhancer is a nucleotide sequence that can increase a level of
transcription of a nucleic acid encoding a protein of interest (e.g., a KCNQ4 protein). In some
embodiments, enhancer sequences (50-1500 base pairs in length) generally increase a level of
transcription by providing additional binding sites for transcription-associated proteins (e.g.,
transcription factors). In some embodiments, an enhancer sequence is found within an intronic
sequence. Unlike promoter sequences, enhancer sequences can act at much larger distance away
from a transcription start site (e.g., as compared to a promoter). Non-limiting examples of
enhancers include a RSV enhancer, a CMV enhancer, and a SV40 enhancer. An example of a
CMYV enhancer is described in, e.g., Boshart et al., Cell 41(2):521-530, 1985, which is incorporated

in its entirety herein by reference.

[0242] As described herein, a 5’ cap (also termed an RNA cap, an RNA 7-methylguanosine
cap or an RNA m.sup.7G cap) is a modified guanine nucleotide that has been added to a “front”
or 57 end of a eukaryotic messenger RNA shortly after a start of transcription. In some
embodiments, a 5° cap consists of a terminal group which is linked to a first transcribed nucleotide.
Its presence is critical for recognition by a ribosome and protection from RNases. Cap addition is
coupled to transcription, and occurs co-transcriptionally, such that each influences the other.
Shortly after start of transcription, a 5’ end of an mRNA being synthesized is bound by a cap-
synthesizing complex associated with RNA polymerase. This enzymatic complex catalyzes a
chemical reactions that are required for mRNA capping. Synthesis proceeds as a multi-step
biochemical reaction. A capping moiety can be modified to modulate functionality of mRNA such

as its stability or efficiency of translation.
vii. Untranslated Regions (UTRs)

[0243] In some embodiments, any constructs described herein can include one or more

untranslated regions. In some embodiments, a construct can include a 5> UTR and/or a 3> UTR.
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In some embodiments, if more than one UTR is present, UTRs may come from a single gene or

more than one gene.

[0244] As is understood by those of skill in the art, an untranslated region (UTR) of a gene
is transcribed but not translated. In some embodiments, a 5> UTR starts at a transcription start site
and continues to a start codon but does not include that start codon. In some embodiments, a 3’
UTR starts immediately following a stop codon and continues until a transcriptional termination
signal. Without wishing to be bound by any particular theory, there is a growing body of evidence
regarding regulatory roles played by UTRs in terms of stability of nucleic acid molecule and
translation. In some embodiments, regulatory features of a UTR can be incorporated into any
technologies (e.g., constructs, compositions, kits, or methods) as described herein to, e.g., enhance

stability of a KCNQ4 protein.

[0245] For example, in some embodiments, a 5> UTR is included in any constructs
described herein. Non-limiting examples of 5 UTRs including those from the following genes:
albumin, serum amyloid A, Apolipoprotein A/B/E, transferrin, alpha fetoprotein, erythropoietin,
and Factor VIII, can be used to enhance expression of a nucleic acid molecule, such as a mRNA.
In some embodiments, 5 UTRs have also been known, e.g., to form secondary structures that are

involved in elongation factor binding.

[0246] In some embodiments, a 5 UTR from an mRNA that is transcribed by a cell in a
cochlea can be included in any technologies (e.g., constructs, compositions, kits, and methods)

described herein.

[0247] In some embodiments, 3° UTRs are known to have stretches of adenosines and
uridines embedded in them. These AU-rich signatures are particularly prevalent in genes with
high rates of turnover. Based on their sequence features and functional properties, AU-rich
elements (AREs) can be separated into three classes (Chen et al., Mol. Cell. Biol. 15:5777-5788,
1995; Chen et al., Mol. Cell Biol. 15:2010-2018, 1995, each of which is incorporated in its entirety
herein by reference): Class I AREs contain several dispersed copies of an AUUUA motif within

U-rich regions. For example, c-Myc and MyoD mRNAs contain class I AREs. Class II AREs
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possess two or more overlapping UUAUUUA(U/A) (U/A) nonamers. GM-CSF and TNF-alpha
mRNAs are examples that contain class II AREs. Class III AREs are less well defined. These U-
rich regions do not contain an AUUUA motif. Two well-studied examples of this class are c-Jun

and myogenin mRNAs.

[0248] Most proteins binding to AREs are known to destabilize a messenger, whereas
members of the ELAV family, most notably HuR, have been documented to increase stability of
mRNA. HuR binds to AREs of all three classes. Engineering HuR specific binding sites into a 3’
UTR of nucleic acid molecules will lead to HuR binding and thus, stabilization of a message in

Vivo.

[0249] In some embodiments, introduction, removal, or modification of 3 UTR AREs can
be used to modulate stability of an mRNA encoding a KCNQ4 protein (Kv7.4). In other
embodiments, AREs can be removed or mutated to increase intracellular stability and thus increase

translation and production of a KCNQ4 protein (Kv7.4).

[0250] In some embodiments, a UTR sequence is at least 85%, 90%, 95%, 98% or 99%
identical to any UTR sequence disclosed herein (e.g., SEQ ID Nos: 25, 26, 27, 28, 29, and/or 30).
By way of non-limiting example, untranslated regions may be or comprise a sequence according

to SEQ ID NOs. 25-30, or 330.
viii. Kozak Sequences

[0251] In some embodiments, a construct of the present disclosure comprises one or more
Kozak sequences. In some embodiments, natural 5° UTRs include a sequence that plays a role in
translation initiation. For example, in some embodiments, they harbor signatures like Kozak
sequences, which are commonly known to be involved in a process by which a ribosome initiates
translation of many genes. Kozak sequences generally have a consensus sequence
CCR(A/G)CCAUGG, where R is a purine (A or G) three bases upstream of a start codon (AUG),
which is followed by another “G”. In some embodiments, Kozak sequences may be included in

synthetic or additional sequence elements, such as cloning sites.

ix. Internal Ribosome Entry Site (IRES)
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[0252] In some embodiments, a construct of the present disclosure comprises one or more
polynucleotide internal ribosome entry site (IRES). For example, in some embodiments, a
construct of the present disclosure (e.g., a construct encoding a KCNQ4 gene product (e.g., human
Kv7.4 protein, etc.) may include an IRES. In some embodiments, an IRES sequence is used to
produce more than one polypeptide from a single gene transcript. In some embodiments, an IRES
forms a complex secondary structure that allows translation initiation to occur from any position
with an mRNA immediately downstream from where an IRES is located (see, e.g., Pelletier and
Sonenberg, Mol. Cell. Biol. 8(3):1103-1112, 1988, which is incorporated in its entirety herein by

reference).

[0253] There are several IRES sequences known to those skilled in the art, including those
from, e.g., foot and mouth disease virus (FMDYV), encephalomyocarditis virus (EMCV), human
rhinovirus (HRV), cricket paralysis virus, human immunodeficiency virus (HIV), hepatitis A virus
(HAYV), hepatitis C virus (HCV), and poliovirus (PV). See e.g., Alberts, Molecular Biology of the
Cell, Garland Science, 2002; and Hellen et al., Genes Dev. 15(13):1593-612, 2001, each of which

is incorporated in its entirety herein by reference.

[0254] In some embodiments, an IRES sequence incorporated into a construct that encodes
a KCNQ4 gene product (e.g., human Kv7.4 protein, etc.) or inhibitory nucleic acid (e.g., miRNA,
etc.) thereof'is foot and mouth disease virus (FMDYV). Foot and Mouth Disease Virus 2A sequence
is a small peptide (approximately 18 amino acids in length) that has been shown to mediate
cleavage of polyproteins (Ryan, M D et al., EMBO 4:928-933, 1994; Mattion et al., J. Virology
70:8124-8127, 1996; Furler et al., Gene Therapy 8:864-873, 2001; and Halpin et al., Plant Journal
4:453-459, 1999, each of which is incorporated in its entirety herein by reference). Cleavage
activity of the 2A sequence has previously been demonstrated in artificial systems including
plasmids and gene therapy constructs (AAV and retroviruses) (Ryan et al., FMBO 4:928-933,
1994; Mattion et al., J. Virology 70:8124-8127, 1996; Furler et al., Gene Therapy 8:864-873, 2001,
and Halpin et al., Plant Journal 4:453-459, 1999; de Felipe et al., Gene Therapy 6:198-208, 1999;
de Felipe et al., Human Gene Therapy 11:1921-1931, 2000; and Klump et al., Gene Therapy 8:811-

817, 2001, each of which is incorporated in its entirety herein by reference).
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X. IRNA sequences

[0255] In some embodiments, a construct of the present disclosure comprises a tRNA
sequence. For instance, in some embodiments, a tRNA sequence may be used to facilitate a
multiplex gRNA or shRNA/siRNA strategy. For example, in some embodiments, a tRNA may be
included in a construct comprising at least 2, 3, 4, 5, 6, 7, 8, 9, 10 gRNAs; at least 2, 3, 4, 5, 6, 7,
8,9, 10 shRNA/siRNAs etc. (see, e.g., PNAS 2015, 112 (11) 3570-3575, which is incorporated in

its entirety herein by reference).
xi. Other intronic sequences

[0256] In some embodiments a construct of the present disclosure includes one or more
intronic sequences, which intronic sequences do not comprise a UTR sequence. In some
embodiments, non-UTR sequences may be incorporated into 5’ or 3° UTRs. In some
embodiments, introns or portions of intron sequences may be incorporated into t flanking regions
of a polynucleotide in any constructs, compositions, kits, and methods provided herein.
Incorporation of intronic sequences may increase protein production as well as mRNA levels. An
intron can be an intron from a KCNQ4 gene or can be an intron from a heterologous gene, e.g., a
hybrid adenovirus/mouse immunoglobulin intron (Yew et al., Human Gene Ter. 8(5):575-584,
1997, which is incorporated in its entirety herein by reference), an SV40 intron (Ostedgaard et al.,
Proc. Natl. Acad. Sci. U.S.A. 102(8):2952-2957, 2005, which is incorporated in its entirety herein
by reference), an MVM intron (Wu et al., Mol. Ther. 16(2):280-289, 2008, which is incorporated
in its entirety herein by reference), a factor IX truncated intron 1 (Wu et al., Mol. Ther. 16(2):280-
289, 2008; Kurachi et al.,J. Biol. Chem. 270(10):5276-5281, 1995, each of which is incorporated
in its entirety herein by reference), a chimeric J-globulin splice donor/immunoglobulin heavy
chain splice acceptor intron (Wu et al., Mol. Ther. 16(2):280-289, 2008; Choi et al., Mol. Brain
7:17, 2014, each of which is incorporated in its entirety herein by reference), SV40 late splice
donor/splice acceptor intron (19S/16S) (Yew et al., Human Gene Ther. 8(5):575-584, 1997, which
is incorporated in its entirety herein by reference), hybrid adenovirus spice donor / IgG splice
acceptor (Choi et al., Mol. Brain 7:17, 1991; Huang and Gorman, Mol. Cell Biol. 10(4):1805-1810,

1990, each of which is incorporated in its entirety herein by reference). In some embodiments, an
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intronic sequence is at least 85%, 90%, 95%, 98% or 99% identical to any intronic sequence

disclosed herein.

[0257] By way of non-limiting example, an intronic sequence in accordance with the

present disclosure may be or comprise a sequence according to SEQ ID NOs. 31-32.
xii. Polyadenylation Sequences

[0258] In some embodiments, a construct of the present disclosure may comprise at least
one poly(A) sequence. Most nascent eukaryotic mRNA possesses a poly(A) tail at its 3’ end which
is added during a complex process that includes cleavage of a primary transcript and a coupled
polyadenylation reaction (see, e.g., Proudfoot et al., Ce// 108:501-512, 2002). A poly(A) tail
confers mRNA stability and transferability (see, e.g., Molecular Biology of the Cell, Third Edition
by B. Alberts et al., Garland Publishing, 1994). In some embodiments, a poly(A) sequence is
positioned 3’ to a nucleic acid sequence encoding a KCNQ4 gene product or inhibitory nucleic

acid molecule.

[0259] In some embodiments, polyadenylation refers to a covalent linkage of a
polyadenylyl moiety, or its modified variant, to a messenger RNA molecule. In eukaryotic
organisms, most messenger RNA (mRNA) molecules are polyadenylated at a 3’ end. In some
embodiments, a 3’ poly(A) tail is a long sequence of adenine nucleotides (often several hundred)
added to pre-mRNA through enzymatic action, polyadenylate polymerase. In higher eukaryotes,
a poly(A) tail is added onto transcripts that contain a specific sequence, a polyadenylation signal.
In some embodiments, a poly(A) tail and a protein bound to it aid in protecting mRNA from
degradation by exonucleases. As will be understood to those of skill in the art, polyadenylation is
also important for transcription termination, export of mRNA from a cell’s nucleus, and
translation. Polyadenylation occurs in a cell nucleus immediately after transcription of DNA into
RNA, but additionally can also occur later in the cytoplasm. After transcription has been
terminated, an mRNA chain is cleaved through action of an endonuclease complex associated with

RNA polymerase. A cleavage site is usually characterized by the presence of a base sequence
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AAUAAA near a given cleavage site. After an mRNA has been cleaved, adenosine residues are

added to the free 3 end at the cleavage site.

[0260] In some embodiments, a poly(A) signal sequence is a sequence that triggers
endonuclease cleavage of an mRNA and addition of a series of adenosines to the3’ end of a
cleaved mRNA. A “poly(A)” portion refers to a series of adenosines attached by polyadenylation
to an mRNA. In some embodiments of for the present disclosure, such as, e.g., transient
expression, a polyA is between 50 and 5000 (SEQ ID NO: 93), preferably greater than 64, more
preferably greater than 100, most preferably greater than 300 or 400. Poly(A) sequences can be
modified chemically or enzymatically to modulate mRNA functionality such as localization,

stability or efficiency of translation.

[0261] There are several poly(A) signal sequences that can be used, including those
derived from bovine growth hormone (bgh) (Woychik et al., Proc. Natl. Acad. Sci. U.S.A.
81(13):3944-3948, 1984; U.S. Patent No. 5,122,458, Yew et al., Human Gene Ther. 8(5):575-584,
1997; Xu et al., Human Gene Ther. 12(5):563-573,2001; Xu et al., Gene Ther. 8:1323-1332, 2001;
Wu et al., Mol. Ther. 16(2):280-289, 2008; Gray et al., Human Gene Ther. 22:1143-1153, 2011,
Choi et al., Mol. Brain7:17, 2014, each of which is incorporated in its entirety herein by reference),
mouse-B-globin, mouse-a-globin (Orkin et al., EMBO J. 4(2):453-456, 1985; Thein et al., Blood
71(2):313-319, 1988, each which is incorporated in its entirety herein by reference), human
collagen, polyoma virus (Batt et al., Mol. Cell Biol. 15(9):4783-4790, 1995, each of which is
incorporated in its entirety herein by reference), Herpes simplex virus thymidine kinase gene
(HSV TK), IgG heavy-chain gene polyadenylation signal (US 2006/0040354, which is
incorporated in its entirety herein by reference), human growth hormone (hGH) (Szymanski et al.,
Mol. Therapy 15(7):1340-1347, 2007, Ostegaard et al., Proc. Natl. Acad. Sci. U.S.A. 102(8):2952-
2957, 2005, each of which is incorporated in its entirety herein by reference), synthetic polyA
(Levitt et al., Genes Dev. 3(7):1019-1025, 1989; Yew et al., Human Gene Ther. 8(5):575-584,
1997; Ostegaard et al., Proc. Natl. Acad. Sci. U.S.A. 102(8):2952-2957, 2005; Choi et al., Mol.
Brain 7:17, 2014, each of which is incorporated in its entirety herein by reference), HIV-1
upstream poly(A) enhancer (Schambach et al., Mol. Ther. 15(6):1167-1173, 2007, each of which
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is incorporated in its entirety herein by reference), adenovirus (L3) upstream poly(A) enhancer
(Schambach et al., Mol. Ther. 15(6):1167-1173, 2007, which is incorporated in its entirety herein
by reference), \THGB upstream poly(A) enhancer (Schambach et al., Mol. Ther. 15(6):1167-1173,
2007), hC2 upstream poly(A) enhancer (Schambach et al., Mol. Ther. 15(6):1167-1173, 2007), the
group consisting of SV40 poly(A) signal sequence, such as the SV40 late and early poly(A) signal
sequence (Schek et al., Mol. Cell Biol. 12(12):5386-5393, 1992; Choi et al., Mol. Brain7:17, 2014;
Schambach et al., Mol. Ther. 15(6):1167-1173, 2007, each of which is incorporated in its entirety
herein by reference). Non-limiting examples of poly(A) signal sequences include SEQ ID NOs:
33, 34, or 35.

[0262] In some embodiments, a poly(A) signal sequence can be the sequence AATAAA.
In some embodiments, an AATAAA sequence may be substituted with other hexanucleotide
sequences with homology to AATAAA which are capable of signaling polyadenylation, including
ATTAAA, AGTAAA, CATAAA, TATAAA, GATAAA, ACTAAA, AATATA, AAGAAA,
AATAAT, AAAAAA, AATGAA, AATCAA, AACAAA, AATCAA, AATAAC, AATAGA,
AATTAA, or AATAAG (see, e.g., WO 06/12414, which is incorporated in its entirety herein by

reference).

[0263] In some embodiments, a poly(A) signal sequence can be a synthetic
polyadenylation site (see, e.g., the pCl-neo expression construct of Promega which is based on
Levitt el al, Genes Dev. 3(7):1019-1025, 1989, which is incorporated in its entirety herein by
reference). In some embodiments, a poly(A) signal sequence is a polyadenylation signal of soluble
neuropilin-1 (sNRP) (SEQ ID NO: 94) (see, e.g., WO 05/073384, which is incorporated in its
entirety herein by reference). In some embodiments, a poly(A) sequence is a bovine growth
hormone poly(A) sequence. In some such embodiments, a bGH poly(A) sequence is or comprises
SEQ ID NO: 36. In some embodiments, a construct or construct of the present disclosure
comprises a bovine growth hormone polyA sequence represented by SEQ ID NO: 36. Additional

examples of poly(A) signal sequences are known in the art.

[0264] In some embodiments, a polyA sequence is at least 85%, 90%, 95%, 98% or 99%
identical to the polyA sequence of SEQ ID NOs: 33, 34, 35, or 36. In some embodiments, a
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polyadenylation sequence is at least 85%, 90%, 95%, 98% or 99% identical to any polyadenylation

sequence disclosed herein.

[0265] By way of non-limiting example, a polyadenylation sequence may be or comprise

a sequence according to SEQ ID NOs. 33-36.
xiii. Other Regulatory Sequences

[0266] In some embodiments, a construct of the present disclosure can include one or more
additional regulatory elements, e.g., a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE), e.g., SEQ ID NO: 37. In some embodiments, a WPRE sequence is at least 85%,
90%, 95%, 98% or 99% identical to the WPRE sequence represented by SEQ ID NO: 37. In some
embodiments, a regulatory element impacts expression of, e.g., a coding sequence of a construct
(e.g., a sequence encoding a KCNQ4 gene product). In some embodiments, a regulatory element
is a WPRE. In some such embodiments, such a regulatory element enhances or strengthens
expression of one or more elements of a construct (e.g., a KCNQ4 gene product). By way of non-

limiting example, a regulatory sequence may be or comprise the following:
xiv. Destabilization domains

[0267] Any compositions (e.g., constructs) provided herein can optionally include a
sequence that is or encodes a destabilization domain. In some embodiments, a destabilization
domain is an amino acid sequence that decreases in vivo or in vitro half-life of a protein that
includes a destabilization domain, e.g., as compared to the same protein lacking a stabilization
domain. For example, in some embodiments, a destabilization domain may result in targeting of
a protein that includes a destabilization domain for proteosomal degradation. Non-limiting
examples of destabilization domains include a destabilizing domain of E. coli dihydrofolate
reductase (DHFR) (Iwamoto et al. (2010) Chem. Biol. 17(9): 981-998, which is incorporated in its
entirety herein by reference) and FK-506 binding protein (FKBP) (Wenlin et al. (2015) PLoS One
10(12): e0145783, which is incorporated in its entirety herein by reference). SEQ ID NO: 38 is an

exemplary amino acid sequence of a DHFR destabilization domain. In some embodiments, a
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degradation sequence is at least 85%, 90%, 95%, 98% or 99% identical to the degradation sequence
of SEQ ID NO: 38. Additional examples of destabilization domains are known in the art.

[0268] In some embodiments, any constructs provided herein can optionally include a
degradation sequence, e.g., a CL1 degradation sequence of SEQ ID NO: 39. In some
embodiments, a CL1 degradation sequence is at least 85%, 90%, 95%, 98% or 99% identical to

the degradation sequence of SEQ ID NO: 39.
xv. Degron domains

[0269] In some embodiments, any constructs provided herein can optionally include a
C2H2 Zinc Finger “controllable” degron sequence and/or controllable destabilizing domain for a
protein (e.g., a Cas9 protein). SEQ ID NO: 40 is an exemplary amino acid sequence of a C2H2

zinc finger degron domain.
xvi. Reporter Sequences or Elements

[0270] Any constructs provided herein can optionally include a sequence encoding a
reporter protein (“a reporter sequence”). For example, in some embodiments, a reporter sequence
may be a FLAG, an eGFP, an mScarlet, a luciferase or any variant thereof. In some embodiments,
a reporter sequence is visibly detectable without intervention. In some embodiments, a reporter
element may be detected using a combination of fluorescent, histochemical, and/or transcript or
protein analyses. Non-limiting examples of reporter sequences are described herein. Additional
examples of reporter sequences are known in the art. In some embodiments, reporter sequence
can be used to verify tissue-specific targeting capabilities and tissue-specific promoter regulatory

activity of any constructs described herein.

[0271] In some embodiments, a reporter sequence is a FLAG tag (e.g., a 3XFLAG tag). In
some embodiments, constructs or constructs of the present disclosure may comprise a 3XFLAG
sequence. In some embodiments, presence of a reporter (e.g., of a construct carrying a FLAG tag
in a mammalian cell (e.g., an inner ear cell, e.g., a cochlear hair or supporting cell) is detected by

protein binding or detection assays (e.g, Western blots, immunohistochemistry,

84



WO 2023/056329 PCT/US2022/077222

radioimmunoassay (RIA), mass spectrometry). An exemplary 3xFLAG tag sequence is provided

as SEQ ID NO: 41.
xvii. Additional Sequences

[0272] In some embodiments, constructs or constructs of the present disclosure may
comprise a T2A element or sequence. In some embodiments, constructs of the present disclosure
may include one or more cloning sites. In some such embodiments, cloning sites may not be fully

removed prior to manufacturing for administration to a subject.
xviii. Single Construct Systems

[0273] In some embodiments, the present disclosure provides compositions which may
include a single construct system. In some such embodiments, a single construct may deliver an
inhibitory nucleic acid and/or a nucleic acid that encodes a functional (e.g., wild-type or otherwise
functional, e.g., codon optimized) copy of KCNQ4. In some embodiments, a construct system is
or comprises an AAV construct. In some embodiments described herein, a single AAV construct
is capable of expressing a full-length KCNQ4 messenger RNA in a target cell In some
embodiments of any methods described herein, a single construct (e.g., any constructs described
herein) that includes a sequence encoding a functional KCNQ4 protein (e.g., any construct that

generates functional KCNQ4 protein) can be administered to a subject.
xix. Multiple Construct Systems

[0274] In some embodiments, a construct system of the present disclosure may comprise
more than one construct (e.g., a dual or triple construct, e.g., for delivery of various components
of a system provided by the present disclosure (e.g., a gene editing system and a transgene
expression system). For example, in some embodiments, a dual construct may include two
separate AAV constructs, each comprising a different component or construct (e.g., a
CRISPR/Cas9 component and a replacement KCNQ4 component). In some embodiments, one
construct (e.g., a first AAV construct) may comprise an inhibitory nucleic acid (e.g., an siRNA, a
microRNA) and a second construct (e.g., a second AAV construct) may comprise a sequence

encoding a functional KCNQ4 (e.g., a wild-type KCNQ4, e.g., a codon-optimized KCNQ4). In
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some embodiments, a dual AAV construct may include two separate AAV constructs, each
including different or the same regulatory regions or promoters. In some embodiments, each
construct comprises regulatory elements and promoters specific to a target, e.g., an ear cell, e.g., a

hair cell, e.g., an outer hair cell.

[0275] In some embodiments, the present disclosure provides technologies that comprise
multiple constructs. In some such embodiments, constructs may be all of a single construct type
(e.g., AAV), or more than one type (e.g., AAV, adeno, etc.). In some such embodiments that
comprise multiple constructs, each construct comprises a component of a system provided by the
present disclosure, e.g., one construct comprises an inhibitory nucleic acid (e.g., a KCNQ4
miRNA) and another construct comprises a sequence encoding a functional KCNQ4 (e.g., a wild-
type KCNQ4 gene that encodes a functional Kv7.4 protein, e.g., a codon-optimized KCNQ4 gene

that encodes a functional Kv7.4 protein, etc.).

[0276] In some embodiments comprising multiple AAV constructs, AAV constructs may

be of the same or different types, e.g., the same or different serotype.

[0277] In some embodiments, the present disclosure provides compositions comprising
one or more constructs to deliver a therapeutic gene product or portion thereof to a subject in need
thereof. For example, in some embodiments, a KCNQ4 gene is changed (e.g., via substitution,
deletion, addition) in a genome of a subject. In some such embodiments, one or more constructs
may be administered to a subject. In some such embodiments, one or more constructs may be
administered to either (i) knockdown a variant (e.g., with a substitution, addition, or deletion) or

nonfunctional (e.g., loss-of-function) KCNQ4 and/or (ii) provide a functional KCNQ4.
xx. Exemplary Constructs

[0278] In some embodiments, the present disclosure provides technologies (e.g.,
compositions, systems, particles, comprising AAV-based constructs. In some embodiments, such
technologies comprise a single construct. In some embodiments, such technologies comprise
multiple constructs. In some embodiments, the present disclosure provides compositions or

systems comprising multiple AAV particles each comprised of a single construct. In some
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embodiments, a single construct may deliver a polynucleotide that encodes a functional (e.g., wild
type or otherwise functional, e.g, codon optimized) copy of a KCNQ4 gene. In some
embodiments, a construct is or comprises an rAAV construct. In some embodiments described
herein, a single rAAV construct is capable of expressing a full-length KCNQ4 messenger RNA or
a characteristic protein thereof in a target cell (e.g., an inner ear cell). In some embodiments, a
single construct (e.g., any of the constructs described herein) can include a sequence encoding a
functional KCNQ4 protein (e.g., any construct that generates functional KCNQ4 protein). In some
embodiments, a single construct (e.g., any of the constructs described herein) can include a
sequence encoding a functional KCNQ4 protein (e.g., any construct that generates functional
KCNQ4 protein) and optionally additional polypeptide sequences (e.g., regulatory sequences,
and/or reporter sequences). In some embodiments, a single construct may deliver a polynucleotide
that encodes a functional Cas9 protein. In some embodiments, a single construct may deliver a
polynucleotide that encodes catalytically dead Cas9 protein. In some embodiments, a single
construct may deliver a polynucleotide that encodes any number of miRNA, siRNA, shRNA,

sgRNA, and/or associated regulatory regions.

[0279] In some embodiments, a single construct composition or system may comprise any
or all of the exemplary construct components described herein. In some embodiments, an
exemplary single construct is represented by SEQ ID NO: 172-291. In some embodiments, an
exemplary single construct is at least 85%, 90%, 95%, 98% or 99% identical to the sequences
represented by SEQ ID NO: 172 —291. One skilled in the art would recognize that constructs may
undergo additional modifications including codon-optimization, introduction of novel but
functionally equivalent (e.g., silent mutations), addition of reporter sequences, and/or other routine

modification.

Exemplary Construct Embodiments

miRNA construct sequences

[0280] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by

SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer

87



WO 2023/056329 PCT/US2022/077222

exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 104 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 104, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0281] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 105 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 105, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0282] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 106 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 106, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.
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[0283] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 104 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 107, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0284] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 105 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 108, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0285] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 106 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 104 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 109, optionally a cloning site exemplified
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by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0286] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 104 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 110, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0287] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 105 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 111, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0288] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 106 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
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103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 112, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0289] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 104 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 113, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0290] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 105 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 114, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0291] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
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sequence exemplified by SEQ ID NO: 106 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 115, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0292] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 107 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 107, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0293] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 108 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 108, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0294] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by

SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
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exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 109 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 109, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0295] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 107 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 110, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0296] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 108 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 111, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.
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[0297] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 109 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 112, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0298] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 107 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 113, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0299] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 108 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 114, optionally a cloning site exemplified
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by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0300] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 109 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 114, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0301] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 110 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 110, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0302] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 111 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
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103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 111, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0303] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 112 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 112, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0304] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 110 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 113, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0305] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
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sequence exemplified by SEQ ID NO: 111 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 114, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0306] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 112 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 115, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0307] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 113 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 113, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0308] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by

SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
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exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 114 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 114, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0309] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 115 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 115, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.
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miRNA construct sequences and background NNNNN sequences

[0310] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 116 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 116, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0311] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 116 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 158, a polyA site exemplified by SEQ
ID NO: 36, optionally a cloning site exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified
by SEQ ID NO: 20.

[0312] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 24, a chimeric
intron exemplified by SEQ ID NO: 102, optionally a cloning site exemplified by SEQ ID NO: 156,
an eGFP coding region exemplified by SEQ ID NO: 103, a microRNA backbone and KCNQ4
targeting sequence exemplified by SEQ ID NO: 134, optionally a cloning site exemplified by SEQ
ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site exemplified
by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.
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[0313] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 117 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 117, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0314] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 118 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 118, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0315] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 119 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 119, optionally a cloning site exemplified
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by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0316] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 120 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 120, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0317] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 121 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 121, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0318] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 122 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
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103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 122, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0319] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 123 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 123, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0320] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 124 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 124, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0321] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
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sequence exemplified by SEQ ID NO: 125 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 125, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0322] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 126 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 126, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0323] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 127 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 127, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0324] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by

SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
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exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 128 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 128, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0325] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 129 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 129, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0326] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 130 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 130, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.
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[0327] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 131 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 131, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0328] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 132 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 132, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0329] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 133 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 133, optionally a cloning site exemplified
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by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0330] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence exemplified by SEQ ID NO: 133 engineered into the chimeric intron, optionally a
cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO:
103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 133, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0331] In some embodiments, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence described herein engineered into the chimeric intron, optionally a cloning site
exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO: 103,
optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and KCNQ4
targeting sequence described herein, optionally a cloning site exemplified by SEQ ID NO: 158, a
polyA site exemplified by SEQ ID NO: 36, optionally a cloning site exemplified by SEQ ID NO:
159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0332] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a microRNA backbone and KCNQ4 targeting
sequence described herein engineered into the chimeric intron, optionally a cloning site

exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID NO: 103,
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optionally a cloning site exemplified by SEQ ID NO: 158, a polyA site exemplified by SEQ ID
NO: 36, optionally a cloning site exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by
SEQ ID NO: 20.

[0333] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 24, a chimeric
intron exemplified by SEQ ID NO: 102, optionally a cloning site exemplified by SEQ ID NO: 156,
an eGFP coding region exemplified by SEQ ID NO: 103, a microRNA backbone and KCNQ4
targeting sequence described herein, optionally a cloning site exemplified by SEQ ID NO: 158, a
polyA site exemplified by SEQ ID NO: 36, optionally a cloning site exemplified by SEQ ID NO:
159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0334] In some embodiments, a microRNA backbone with a KCNQ4 targeting sequence
occurs twice within the plasmid construct. For example, a microRNA backbone with a KCNQ4
targeting sequence can occur once in the 3’ untranslated region after the EGFP coding sequence.
In some embodiments, a microRNA backbone with a KCNQ4 targeting sequence occurs once in
the plasmid construct. For example, a microRNA backbone with a KCNQ4 targeting sequence
can occur in the intron of the CAG promoter region. As another example, a microRNA backbone
with a KCNQA4 targeting sequence can occur in the 3” untranslated region after the EGFP coding

sequence.
Luciferase and GFP knockdown constructs with shRNA sequences

[0335] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, a luciferase coding sequence exemplified by SEQ
ID NO: 140, optionally a cloning site exemplified by SEQ ID NO: 162, a T2A sequence
exemplified by SEQ ID NO: 141, a turboGFP coding region exemplified by SEQ ID NO: 142,
optionally a cloning site exemplified by SEQ ID NO: 163, an SV40 poly(A) site exemplified by
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SEQ ID NO: 143, optionally a cloning site exemplified by SEQ ID NO: 164, a U6 promoter
sequence exemplified by SEQ ID NO: 144, an shRNA sequence described herein, a Pol III
transcription termination sequence exemplified by SEQ ID NO: 149, optionally a cloning site

exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0336] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, a luciferase coding sequence exemplified by SEQ
ID NO: 140, optionally a cloning site exemplified by SEQ ID NO: 162, a T2A sequence
exemplified by SEQ ID NO: 141, a turboGFP coding region exemplified by SEQ ID NO: 142,
optionally a cloning site exemplified by SEQ ID NO: 163, an SV40 poly(A) site exemplified by
SEQ ID NO: 143, optionally a cloning site exemplified by SEQ ID NO: 164, a U6 promoter
sequence exemplified by SEQ ID NO: 144, an shRNA sequence exemplified by SEQ ID NO: 48,
a Pol III transcription termination sequence exemplified by SEQ ID NO: 149, optionally a cloning
site exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0337] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, a luciferase coding sequence exemplified by SEQ
ID NO: 140, optionally a cloning site exemplified by SEQ ID NO: 162, a T2A sequence
exemplified by SEQ ID NO: 141, a turboGFP coding region exemplified by SEQ ID NO: 142,
optionally a cloning site exemplified by SEQ ID NO: 163, an SV40 poly(A) site exemplified by
SEQ ID NO: 143, optionally a cloning site exemplified by SEQ ID NO: 164, a U6 promoter
sequence exemplified by SEQ ID NO: 144, an shRNA sequence exemplified by SEQ ID NO: 49,
a Pol III transcription termination sequence exemplified by SEQ ID NO: 149, optionally a cloning
site exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0338] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by

SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
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exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, a luciferase coding sequence exemplified by SEQ
ID NO: 140, optionally a cloning site exemplified by SEQ ID NO: 162, a T2A sequence
exemplified by SEQ ID NO: 141, a turboGFP coding region exemplified by SEQ ID NO: 142,
optionally a cloning site exemplified by SEQ ID NO: 163, an SV40 poly(A) site exemplified by
SEQ ID NO: 143, optionally a cloning site exemplified by SEQ ID NO: 164, a U6 promoter
sequence exemplified by SEQ ID NO: 144, an shRNA sequence exemplified by SEQ ID NO: 50,
a Pol III transcription termination sequence exemplified by SEQ ID NO: 149, optionally a cloning
site exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0339] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, a luciferase coding sequence exemplified by SEQ
ID NO: 140, optionally a cloning site exemplified by SEQ ID NO: 162, a T2A sequence
exemplified by SEQ ID NO: 141, a turboGFP coding region exemplified by SEQ ID NO: 142,
optionally a cloning site exemplified by SEQ ID NO: 163, an SV40 poly(A) site exemplified by
SEQ ID NO: 143, optionally a cloning site exemplified by SEQ ID NO: 164, a U6 promoter
sequence exemplified by SEQ ID NO: 144, an shRNA sequence exemplified by SEQ ID NO: 51,
a Pol III transcription termination sequence exemplified by SEQ ID NO: 149, optionally a cloning
site exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0340] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, a luciferase coding sequence exemplified by SEQ
ID NO: 140, optionally a cloning site exemplified by SEQ ID NO: 162, a T2A sequence
exemplified by SEQ ID NO: 141, a turboGFP coding region exemplified by SEQ ID NO: 142,
optionally a cloning site exemplified by SEQ ID NO: 163, an SV40 poly(A) site exemplified by
SEQ ID NO: 143, optionally a cloning site exemplified by SEQ ID NO: 164, a U6 promoter
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sequence exemplified by SEQ ID NO: 144, an shRNA sequence exemplified by SEQ ID NO: 52,
a Pol III transcription termination sequence exemplified by SEQ ID NO: 149, optionally a cloning
site exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0341] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, a luciferase coding sequence exemplified by SEQ
ID NO: 140, optionally a cloning site exemplified by SEQ ID NO: 162, a T2A sequence
exemplified by SEQ ID NO: 141, a turboGFP coding region exemplified by SEQ ID NO: 142,
optionally a cloning site exemplified by SEQ ID NO: 163, an SV40 poly(A) site exemplified by
SEQ ID NO: 143, optionally a cloning site exemplified by SEQ ID NO: 164, a U6 promoter
sequence exemplified by SEQ ID NO: 144, an shRNA sequence exemplified by SEQ ID NO: 53,
a Pol III transcription termination sequence exemplified by SEQ ID NO: 149, optionally a cloning
site exemplified by SEQ ID NO: 159, and a 3” ITR exemplified by SEQ ID NO: 20.

[0342] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, a luciferase coding sequence exemplified by SEQ
ID NO: 140, optionally a cloning site exemplified by SEQ ID NO: 162, a T2A sequence
exemplified by SEQ ID NO: 141, a turboGFP coding region exemplified by SEQ ID NO: 142,
optionally a cloning site exemplified by SEQ ID NO: 163, an SV40 poly(A) site exemplified by
SEQ ID NO: 143, optionally a cloning site exemplified by SEQ ID NO: 164, a U6 promoter
sequence exemplified by SEQ ID NO: 144, an shRNA sequence exemplified by SEQ ID NO: 54,
a Pol III transcription termination sequence exemplified by SEQ ID NO: 149, optionally a cloning
site exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0343] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
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cloning site exemplified by SEQ ID NO: 161, a luciferase coding sequence exemplified by SEQ
ID NO: 140, optionally a cloning site exemplified by SEQ ID NO: 162, a T2A sequence
exemplified by SEQ ID NO: 141, a turboGFP coding region exemplified by SEQ ID NO: 142,
optionally a cloning site exemplified by SEQ ID NO: 163, an SV40 poly(A) site exemplified by
SEQ ID NO: 143, optionally a cloning site exemplified by SEQ ID NO: 164, a U6 promoter
sequence exemplified by SEQ ID NO: 144, an shRNA sequence exemplified by SEQ ID NO: 55,
a Pol III transcription termination sequence exemplified by SEQ ID NO: 149, optionally a cloning
site exemplified by SEQ ID NO: 159, and a 3” ITR exemplified by SEQ ID NO: 20.

Wild-type hKCNQ4 construct sequences

[0344] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, mKCNQ4 wild-type coding sequence exemplified
by SEQ ID NO: 91, optionally a cloning site exemplified by SEQ ID NO: 165, a 3xFlag tag
sequence exemplified by SEQ ID NO: 145, optionally a cloning site exemplified by SEQ ID NO:
162, a T2A sequence exemplified by SEQ ID NO: 141, an mScarlet coding region exemplified by
SEQ ID NO: 146, optionally a cloning site exemplified by SEQ ID NO: 166, a bGHpoly(a) signal
exemplified by SEQ ID NO: 36, optionally a cloning site exemplified by SEQ ID NO: 159, and a
3’ ITR exemplified by SEQ ID NO: 18.

[0345] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, hKCNQ4 wild-type coding sequence exemplified
by SEQ ID NO: 90, optionally a cloning site exemplified by SEQ ID NO: 165, a 3xFlag tag
sequence exemplified by SEQ ID NO: 145, optionally a cloning site exemplified by SEQ ID NO:
162, a T2A sequence exemplified by SEQ ID NO: 141, an mScarlet coding region exemplified by
SEQ ID NO: 146, optionally a cloning site exemplified by SEQ ID NO: 166, a bGHpoly(a) signal
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exemplified by SEQ ID NO: 36, optionally a cloning site exemplified by SEQ ID NO: 159, and a
3” ITR exemplified by SEQ ID NO: 18.

Codon optimized hKCNQ4 construct sequences

[0346] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, a hKCNQ4 codon optimized coding sequence
exemplified by SEQ ID NO: 9, optionally a cloning site exemplified by SEQ ID NO: 165, a 3xFlag
tag sequence exemplified by SEQ ID NO: 145, optionally a cloning site exemplified by SEQ ID
NO: 162, a T2A sequence exemplified by SEQ ID NO: 141, a mScarlet coding region exemplified
by SEQ ID NO: 146, optionally a cloning site exemplified by SEQ ID NO: 166, a bGHpoly(a)
signal exemplified by SEQ ID NO: 36, optionally a cloning site exemplified by SEQ ID NO: 159,
and a 3’ ITR exemplified by SEQ ID NO: 20.

[0347] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, a hKCNQ4 codon optimized coding sequence
exemplified by SEQ ID NO: 10, optionally a cloning site exemplified by SEQ ID NO: 165, a
3xFlag tag sequence exemplified by SEQ ID NO: 145, optionally a cloning site exemplified by
SEQ ID NO: 162, a T2A sequence exemplified by SEQ ID NO: 141, a mScarlet coding region
exemplified by SEQ ID NO: 146, optionally a cloning site exemplified by SEQ ID NO: 166, a
bGHpoly(a) signal exemplified by SEQ ID NO: 36, optionally a cloning site exemplified by SEQ
ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0348] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 100, optionally a
cloning site exemplified by SEQ ID NO: 161, a hKCNQ4 codon optimized coding sequence
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exemplified by SEQ ID NO: 9, optionally a cloning site exemplified by SEQ ID NO: 166, a
bGHpoly(a) signal exemplified by SEQ ID NO: 36, optionally a cloning site exemplified by SEQ
ID NO: 164, a U6 promoter sequence exemplified by SEQ ID NO: 144, a guide RNA sequence
exemplified by SEQ ID NO: 42, a tcrRNA sequence exemplified by SEQ ID NO: 147, a Pol IIT
transcription termination sequence exemplified by SEQ ID NO: 149, optionally a cloning site
exemplified by SEQ ID NO: 167, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0349] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 100, optionally a
cloning site exemplified by SEQ ID NO: 161, a hKCNQ4 codon optimized coding sequence
exemplified by SEQ ID NO: 9, optionally a cloning site exemplified by SEQ ID NO: 166, a
bGHpoly(a) signal exemplified by SEQ ID NO: 36, optionally a cloning site exemplified by SEQ
ID NO: 164, a U6 promoter sequence exemplified by SEQ ID NO: 144, a guide RNA sequence
exemplified by SEQ ID NO: 43, a tcrRNA sequence exemplified by SEQ ID NO: 147, a Pol III
transcription termination sequence exemplified by SEQ ID NO: 149, optionally a cloning site

exemplified by SEQ ID NO: 167, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0350] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 100, optionally a
cloning site exemplified by SEQ ID NO: 161, a hKCNQ4 codon optimized coding sequence
exemplified by SEQ ID NO: 9, optionally a cloning site exemplified by SEQ ID NO: 166, a
bGHpoly(a) signal exemplified by SEQ ID NO: 36, optionally a cloning site exemplified by SEQ
ID NO: 164, a U6 promoter sequence exemplified by SEQ ID NO: 144, a guide RNA sequence
exemplified by SEQ ID NO: 150, a tcrRNA sequence exemplified by SEQ ID NO: 147, a Pol 111
transcription termination sequence exemplified by SEQ ID NO: 149, optionally a cloning site

exemplified by SEQ ID NO: 167, and a 3’ ITR exemplified by SEQ ID NO: 20.
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Cas9 construct sequences

[0351] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, an SV40 nuclear localization signal exemplified by
SEQ ID NO: 151, optionally a cloning site exemplified by SEQ ID NO: 168, a catalytically-
inactive saCas9 coding sequence exemplified by SEQ ID NO: 152, optionally a cloning site
exemplified by SEQ ID NO: 169, an SV40 nuclear localization signal exemplified by SEQ ID NO:
153, optionally a cloning site exemplified by SEQ ID NO: 166, an SV40 poly(A) signal sequence
exemplified by SEQ ID NO: 143, optionally a cloning site exemplified by SEQ ID NO: 159, and
a 3’ ITR exemplified by SEQ ID NO: 20.

[0352] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV promoter
exemplified by SEQ ID NO: 99, optionally a cloning site exemplified by SEQ ID NO: 161, an
SV40 nuclear localization signal exemplified by SEQ ID NO: 151, optionally a cloning site
exemplified by SEQ ID NO: 168, a catalytically-inactive saCas9 coding sequence exemplified by
SEQ ID NO: 152, optionally a cloning site exemplified by SEQ ID NO: 169, an SV40 nuclear
localization signal exemplified by SEQ ID NO: 153, optionally a cloning site exemplified by SEQ
ID NO: 166, an SV40 poly(A) signal sequence exemplified by SEQ ID NO: 143, optionally a
cloning site exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0353] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, an SV40 nuclear localization signal exemplified by
SEQ ID NO: 151, optionally a cloning site exemplified by SEQ ID NO: 168, a catalytically active
saCas9 coding sequence exemplified by SEQ ID NO: 154, optionally a cloning site exemplified
by SEQ ID NO: 169, an SV40 nuclear localization signal exemplified by SEQ ID NO: 153,
optionally a cloning site exemplified by SEQ ID NO: 166, an SV40 poly(A) signal sequence
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exemplified by SEQ ID NO: 143, optionally a cloning site exemplified by SEQ ID NO: 159, and
a 3’ ITR exemplified by SEQ ID NO: 20.

[0354] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV promoter
exemplified by SEQ ID NO: 99, optionally a cloning site exemplified by SEQ ID NO: 161, an
SV40 nuclear localization signal exemplified by SEQ ID NO: 151, optionally a cloning site
exemplified by SEQ ID NO: 168, a catalytically saCas9 coding sequence exemplified by SEQ ID
NO: 154, optionally a cloning site exemplified by SEQ ID NO: 169, an SV40 nuclear localization
signal exemplified by SEQ ID NO: 153, optionally a cloning site exemplified by SEQ ID NO: 166,
an SV40 poly(A) signal sequence exemplified by SEQ ID NO: 143, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

Cas9 with eGFP and sgRNA construct sequences

[0355] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, an SV40 nuclear localization signal exemplified by
SEQ ID NO: 151, optionally a cloning site exemplified by SEQ ID NO: 168, a catalytically active
saCas9 coding sequence exemplified by SEQ ID NO: 154, optionally a cloning site exemplified
by SEQ ID NO: 169, an SV40 nuclear localization signal exemplified by SEQ ID NO: 153,
optionally a cloning site exemplified by SEQ ID NO: 162, a T2A sequence exemplified by SEQ
ID NO: 141, a turboGFP sequence exemplified by SEQ ID NO: 142, optionally a cloning site
exemplified by SEQ ID NO: 158, a SV-40 poly(A) signal sequence exemplified by SEQ ID NO:
143, optionally a cloning site exemplified by SEQ ID NO: 164, a U6 promoter sequence
exemplified by SEQ ID NO: 144, a guide RNA sequence exemplified by SEQ ID NO: 43, a
tcrRNA sequence exemplified by SEQ ID NO: 147, a Pol III transcription termination sequence
exemplified by SEQ ID NO: 149, optionally a cloning site exemplified by SEQ ID NO: 170, and
a 3’ ITR exemplified by SEQ ID NO: 20.
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[0356] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, an SV40 nuclear localization signal exemplified by
SEQ ID NO: 151, optionally a cloning site exemplified by SEQ ID NO: 168, a catalytically-
inactive saCas9 coding sequence exemplified by SEQ ID NO: 152, optionally a cloning site
exemplified by SEQ ID NO: 169, an SV40 nuclear localization signal exemplified by SEQ ID NO:
153, optionally a cloning site exemplified by SEQ ID NO: 162, a T2A sequence exemplified by
SEQ ID NO: 141, a turboGFP sequence exemplified by SEQ ID NO: 142, optionally a cloning site
exemplified by SEQ ID NO: 158, a SV-40 poly(A) signal sequence exemplified by SEQ ID NO:
143, optionally a cloning site exemplified by SEQ ID NO: 164, a U6 promoter sequence
exemplified by SEQ ID NO: 144, a guide RNA sequence exemplified by SEQ ID NO: 43, a
tcrRNA sequence exemplified by SEQ ID NO: 147, a Pol III transcription termination sequence
exemplified by SEQ ID NO: 149, optionally a cloning site exemplified by SEQ ID NO: 170, and
a 3’ ITR exemplified by SEQ ID NO: 20.

[0357] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, an SV40 nuclear localization signal exemplified by
SEQ ID NO: 151, optionally a cloning site exemplified by SEQ ID NO: 168, a catalytically active
saCas9 coding sequence exemplified by SEQ ID NO: 154, optionally a cloning site exemplified
by SEQ ID NO: 169, an SV40 nuclear localization signal exemplified by SEQ ID NO: 153,
optionally a cloning site exemplified by SEQ ID NO: 162, a T2A sequence exemplified by SEQ
ID NO: 141, a turboGFP sequence exemplified by SEQ ID NO: 142, optionally a cloning site
exemplified by SEQ ID NO: 158, a SV-40 poly(A) signal sequence exemplified by SEQ ID NO:
143, optionally a cloning site exemplified by SEQ ID NO: 164, a U6 promoter sequence
exemplified by SEQ ID NO: 144, a guide RNA sequence exemplified by SEQ ID NO: 42, a
tcrRNA sequence exemplified by SEQ ID NO: 147, a Pol III transcription termination sequence
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exemplified by SEQ ID NO: 149, optionally a cloning site exemplified by SEQ ID NO: 170, and
a 3’ ITR exemplified by SEQ ID NO: 20.

[0358] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, an SV40 nuclear localization signal exemplified by
SEQ ID NO: 151, optionally a cloning site exemplified by SEQ ID NO: 168, a catalytically-
inactive saCas9 coding sequence exemplified by SEQ ID NO: 152, optionally a cloning site
exemplified by SEQ ID NO: 169, an SV40 nuclear localization signal exemplified by SEQ ID NO:
153, optionally a cloning site exemplified by SEQ ID NO: 162, a T2A sequence exemplified by
SEQ ID NO: 141, a turboGFP sequence exemplified by SEQ ID NO: 142, optionally a cloning site
exemplified by SEQ ID NO: 158, a SV-40 poly(A) signal sequence exemplified by SEQ ID NO:
143, optionally a cloning site exemplified by SEQ ID NO: 164, a U6 promoter sequence
exemplified by SEQ ID NO: 144, a guide RNA sequence exemplified by SEQ ID NO: 42, a
tcrRNA sequence exemplified by SEQ ID NO: 147, a Pol III transcription termination sequence
exemplified by SEQ ID NO: 149, optionally a cloning site exemplified by SEQ ID NO: 170, and
a 3’ ITR exemplified by SEQ ID NO: 20.

[0359] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, an SV40 nuclear localization signal exemplified by
SEQ ID NO: 151, optionally a cloning site exemplified by SEQ ID NO: 168, a catalytically active
saCas9 coding sequence exemplified by SEQ ID NO: 154, optionally a cloning site exemplified
by SEQ ID NO: 169, an SV40 nuclear localization signal exemplified by SEQ ID NO: 153,
optionally a cloning site exemplified by SEQ ID NO: 162, a T2A sequence exemplified by SEQ
ID NO: 141, a turboGFP sequence exemplified by SEQ ID NO: 142, optionally a cloning site
exemplified by SEQ ID NO: 158, a SV-40 poly(A) signal sequence exemplified by SEQ ID NO:
143, optionally a cloning site exemplified by SEQ ID NO: 164, a U6 promoter sequence
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exemplified by SEQ ID NO: 144, a guide RNA sequence exemplified by SEQ ID NO: 44, a
tcrRNA sequence exemplified by SEQ ID NO: 147, a Pol III transcription termination sequence
exemplified by SEQ ID NO: 149, optionally a cloning site exemplified by SEQ ID NO: 170, and
a 3’ ITR exemplified by SEQ ID NO: 20.

[0360] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, an SV40 nuclear localization signal exemplified by
SEQ ID NO: 151, optionally a cloning site exemplified by SEQ ID NO: 168, a catalytically active
saCas9 coding sequence exemplified by SEQ ID NO: 154, optionally a cloning site exemplified
by SEQ ID NO: 169, an SV40 nuclear localization signal exemplified by SEQ ID NO: 153,
optionally a cloning site exemplified by SEQ ID NO: 162, a T2A sequence exemplified by SEQ
ID NO: 141, a turboGFP sequence exemplified by SEQ ID NO: 142, optionally a cloning site
exemplified by SEQ ID NO: 158, a SV-40 poly(A) signal sequence exemplified by SEQ ID NO:
143, optionally a cloning site exemplified by SEQ ID NO: 164, a U6 promoter sequence
exemplified by SEQ ID NO: 144, a guide RNA sequence exemplified by SEQ ID NO: 45, a
tcrRNA sequence exemplified by SEQ ID NO: 147, a Pol III transcription termination sequence
exemplified by SEQ ID NO: 149, optionally a cloning site exemplified by SEQ ID NO: 170, and
a 3’ ITR exemplified by SEQ ID NO: 20.

[0361] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, an SV40 nuclear localization signal exemplified by
SEQ ID NO: 151, optionally a cloning site exemplified by SEQ ID NO: 168, a catalytically active
saCas9 coding sequence exemplified by SEQ ID NO: 154, optionally a cloning site exemplified
by SEQ ID NO: 169, an SV40 nuclear localization signal exemplified by SEQ ID NO: 153,
optionally a cloning site exemplified by SEQ ID NO: 162, a T2A sequence exemplified by SEQ
ID NO: 141, a turboGFP sequence exemplified by SEQ ID NO: 142, optionally a cloning site
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exemplified by SEQ ID NO: 158, a SV-40 poly(A) signal sequence exemplified by SEQ ID NO:
143, optionally a cloning site exemplified by SEQ ID NO: 164, a U6 promoter sequence
exemplified by SEQ ID NO: 144, a guide RNA sequence exemplified by SEQ ID NO: 46, a
tcrRNA sequence exemplified by SEQ ID NO: 147, a Pol III transcription termination sequence
exemplified by SEQ ID NO: 149, optionally a cloning site exemplified by SEQ ID NO: 170, and
a 3’ ITR exemplified by SEQ ID NO: 20.

[0362] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 99, optionally a
cloning site exemplified by SEQ ID NO: 161, an SV40 nuclear localization signal exemplified by
SEQ ID NO: 151, optionally a cloning site exemplified by SEQ ID NO: 168, a catalytically active
saCas9 coding sequence exemplified by SEQ ID NO: 154, optionally a cloning site exemplified
by SEQ ID NO: 169, an SV40 nuclear localization signal exemplified by SEQ ID NO: 153,
optionally a cloning site exemplified by SEQ ID NO: 162, a T2A sequence exemplified by SEQ
ID NO: 141, a turboGFP sequence exemplified by SEQ ID NO: 142, optionally a cloning site
exemplified by SEQ ID NO: 158, a SV-40 poly(A) signal sequence exemplified by SEQ ID NO:
143, optionally a cloning site exemplified by SEQ ID NO: 164, a U6 promoter sequence
exemplified by SEQ ID NO: 144, a guide RNA sequence exemplified by SEQ ID NO: 47, a
tcrRNA sequence exemplified by SEQ ID NO: 147, a Pol III transcription termination sequence
exemplified by SEQ ID NO: 149, optionally a cloning site exemplified by SEQ ID NO: 170, and
a 3’ ITR exemplified by SEQ ID NO: 20.
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e¢GFP and sgRNA construct sequences

[0363] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 100, optionally a
cloning site exemplified by SEQ ID NO: 161, a turboGFP coding sequence exemplified by SEQ
ID NO: 142, optionally a cloning site exemplified by SEQ ID NO: 166, a bGHpoly(a) signal
exemplified by SEQ ID NO: 36, optionally a cloning site exemplified by SEQ ID NO: 164, a U6
promoter sequence exemplified by SEQ ID NO: 144, a guide RNA sequence exemplified by SEQ
ID NO: 42, atcrRNA sequence exemplified by SEQ ID NO: 147, a Pol III transcription termination
sequence exemplified by SEQ ID NO: 149, optionally a cloning site exemplified by SEQ ID NO:
167, and a 3° ITR exemplified by SEQ ID NO: 20.

[0364] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 100, optionally a
cloning site exemplified by SEQ ID NO: 161, a turboGFP coding sequence exemplified by SEQ
ID NO: 142, optionally a cloning site exemplified by SEQ ID NO: 166, a bGHpoly(a) signal
exemplified by SEQ ID NO: 36, optionally a cloning site exemplified by SEQ ID NO: 164, a U6
promoter sequence exemplified by SEQ ID NO: 144, a guide RNA sequence exemplified by SEQ
ID NO: 43, atcrRNA sequence exemplified by SEQ ID NO: 147, a Pol Il transcription termination
sequence exemplified by SEQ ID NO: 149, optionally a cloning site exemplified by SEQ ID NO:
167, and a 3° ITR exemplified by SEQ ID NO: 20.

[0365] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 160, a CMV enhancer
exemplified by SEQ ID NO: 98, a CMV promoter exemplified by SEQ ID NO: 100, optionally a
cloning site exemplified by SEQ ID NO: 161, a turboGFP coding sequence exemplified by SEQ
ID NO: 142, optionally a cloning site exemplified by SEQ ID NO: 166, a bGHpoly(a) signal
exemplified by SEQ ID NO: 36, optionally a cloning site exemplified by SEQ ID NO: 164, a U6
promoter sequence exemplified by SEQ ID NO: 144, a guide RNA sequence exemplified by SEQ
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ID NO: 150, a tcrRNA sequence exemplified by SEQ ID NO: 147, a Pol III transcription
termination sequence exemplified by SEQ ID NO: 149, optionally a cloning site exemplified by
SEQ ID NO: 167, and a 3’ ITR exemplified by SEQ ID NO: 20.

miRNA construct sequences comprising mouse KCNQ4 targeting sequences

[0366] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a human microRNA backbone and mouse KCNQ4
targeting sequence exemplified by SEQ ID NO: 135 engineered into the chimeric intron, optionally
a cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID
NO: 103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 135, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0367] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a human microRNA backbone and mouse KCNQ4
targeting sequence exemplified by SEQ ID NO: 135 engineered into the chimeric intron, optionally
a cloning site exemplified by SEQ ID NO: 156, an KCNQ4 coding region exemplified by SEQ ID
NO: 10, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 135, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0368] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
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intron exemplified by SEQ ID NO: 102 with a human microRNA backbone and mouse KCNQ4
targeting sequence exemplified by SEQ ID NO: 136 engineered into the chimeric intron, optionally
a cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID
NO: 103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 135, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0369] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a human microRNA backbone and mouse KCNQ4
targeting sequence exemplified by SEQ ID NO: 136 engineered into the chimeric intron, optionally
a cloning site exemplified by SEQ ID NO: 156, an KCNQ4 coding region exemplified by SEQ ID
NO: 10, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 135, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by SEQ ID NO: 20.

[0370] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a human microRNA backbone and mouse KCNQ4
targeting sequence exemplified by SEQ ID NO: 137 engineered into the chimeric intron, optionally
a cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID
NO: 103, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 135, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.
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[0371] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a human microRNA backbone and mouse KCNQ4
targeting sequence exemplified by SEQ ID NO: 137 engineered into the chimeric intron, optionally
a cloning site exemplified by SEQ ID NO: 156, an KCNQ4 coding region exemplified by SEQ ID
NO: 10, optionally a cloning site exemplified by SEQ ID NO: 157, a microRNA backbone and
KCNQ4 targeting sequence exemplified by SEQ ID NO: 135, optionally a cloning site exemplified
by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a cloning site
exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 20.

[0372] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a human microRNA backbone and mouse KCNQ4
targeting sequence exemplified by SEQ ID NO: 136 engineered into the chimeric intron, optionally
a cloning site exemplified by SEQ ID NO: 156, an eGFP coding region exemplified by SEQ ID
NO: 103, optionally a cloning site exemplified by SEQ ID NO: 157, three copies of microRNA
backbone and KCNQ4 targeting sequence exemplified by SEQ ID NO: 138, optionally a cloning
site exemplified by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a
cloning site exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 18.

[0373] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with three copies of human microRNA backbone and
mouse KCNQ4 targeting sequence exemplified by SEQ ID NO: 139 engineered into the chimeric
intron, optionally a cloning site exemplified by SEQ ID NO: 156, an eGFP coding region
exemplified by SEQ ID NO: 103, optionally a cloning site exemplified by SEQ ID NO: 157, three
copies of microRNA backbone and KCNQ4 targeting sequence exemplified by SEQ ID NO: 138,
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optionally a cloning site exemplified by SEQ ID NO: 158, a polyA site exemplified by SEQ ID
NO: 36, optionally a cloning site exemplified by SEQ ID NO: 159, and a 3° ITR exemplified by
SEQ ID NO: 18.

[0374] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with a human microRNA backbone and mouse KCNQ4
targeting sequence exemplified by SEQ ID NO: 136 engineered into the chimeric intron, optionally
a cloning site exemplified by SEQ ID NO: 156, an KCNQ4 coding region exemplified by SEQ ID
NO: 10, optionally a cloning site exemplified by SEQ ID NO: 157, three copies of microRNA
backbone and KCNQ4 targeting sequence exemplified by SEQ ID NO: 138, optionally a cloning
site exemplified by SEQ ID NO: 158, a polyA site exemplified by SEQ ID NO: 36, optionally a
cloning site exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by SEQ ID NO: 18.

[0375] In one embodiment, an exemplary construct comprises: a 5° ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a CBA promoter exemplified by SEQ ID NO: 101, a chimeric
intron exemplified by SEQ ID NO: 102 with three copies of human microRNA backbone and
mouse KCNQ4 targeting sequence exemplified by SEQ ID NO: 139 engineered into the chimeric
intron, optionally a cloning site exemplified by SEQ ID NO: 156, an KCNQ4 coding region
exemplified by SEQ ID NO: 10, optionally a cloning site exemplified by SEQ ID NO: 157, three
copies of microRNA backbone and KCNQ4 targeting sequence exemplified by SEQ ID NO: 138,
optionally a cloning site exemplified by SEQ ID NO: 158, a polyA site exemplified by SEQ ID
NO: 36, optionally a cloning site exemplified by SEQ ID NO: 159, and a 3’ ITR exemplified by
SEQ ID NO: 18.

Codon optimized KCNQ4 with sgRNA construct sequences

[0376] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by

SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
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exemplified by SEQ ID NO: 22, a chicken B-actin promoter exemplified by SEQ ID NO: 101, a
chimeric intron exemplified by SEQ ID NO: 24, optionally a cloning site exemplified by SEQ ID
NO: 156, an KCNQ4 coding region exemplified by SEQ ID NO: 9, optionally a cloning site
exemplified by SEQ ID NO: 221, a bGH poly(A) signal exemplified by SEQ ID NO: 36, a U6
promoter sequence exemplified by SEQ ID NO: 144, a guide RNA sequence exemplified by SEQ
ID NO: 42, a tracrRNA sequence exemplified by SEQ ID NO: 147, a Pol III transcription
termination sequence exemplified by SEQ ID NO: 149, and a 3’ ITR exemplified by SEQ ID NO:
20.

[0377] In one embodiment, an exemplary construct comprises: a 5’ ITR exemplified by
SEQ ID NO: 19, optionally a cloning site exemplified by SEQ ID NO: 155, a CMV enhancer
exemplified by SEQ ID NO: 22, a chicken B-actin promoter exemplified by SEQ ID NO: 101, a
chimeric intron exemplified by SEQ ID NO: 24, optionally a cloning site exemplified by SEQ ID
NO: 156, an KCNQ4 coding region exemplified by SEQ ID NO: 9, optionally a cloning site
exemplified by SEQ ID NO: 221, a bGH poly(A) signal coding region exemplified by SEQ ID
NO: 36, a U6 promoter sequence exemplified by SEQ ID NO: 144, a guide RNA sequence
exemplified by SEQ ID NO: 150, a tracrRNA sequence exemplified by SEQ ID NO: 147, a Pol
III transcription termination sequence exemplified by SEQ ID NO: 149, and a 3’ ITR exemplified
by SEQ ID NO: 20.

Exemplary Construct Component Sequences

Exemplary miRNA Construct Sequences

[0378] Exemplary miRNA construct sequences may be or comprise a sequence according
to SEQ ID NOs. 172-254.

Exemplary hKCNQ4 codon optimized to resist microRNA Construct Sequences

[0379] Exemplary hKCNQ4 codon optimized to resist microRNA construct sequences
may be or comprise a sequence according to SEQ ID NO: 255.
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Exemplary wildtype KCNQ4 Construct Sequences

[0380] Exemplary wildtype KCNQ4 construct sequences may be or comprise a sequence

according to SEQ ID NOs. 256-257.
Exemplary U6shRNA-hKCNQ4 Construct Sequences

[0381] Exemplary U6shRNA-hKCNQ#4 construct sequences may be or comprise a
sequence according to SEQ ID NOs. 258-266.

Exemplary hKCNQ4 codon optimized to resist CRISPR, some with sgRNA Construct

Sequences

[0382] Exemplary hKCNQ4 codon optimized to resist CRISPR, some with sgRNA

construct sequences, may be or comprise a sequence according to SEQ ID NOs. 267-275.
Exemplary Base Cas9 Plasmids

[0383] Exemplary base Cas9 plasmids may be or comprise a sequence according to SEQ

ID NOs. 276-280.
Exemplary Cas9 with GFP and sgRNA Plasmids

[0384] Exemplary Cas9 with GFP and sgRNA plasmids may be or comprise a sequence
according to SEQ ID NOs. 281-288.

Exemplary eGFP with sgRNA plasmids

[0385] Exemplary eGFP with sgRNA plasmids may be or comprise a sequence according
to SEQ ID NOs. 289-291.

Additional Exemplary Constructs

Additional exemplary constructs described by the present disclosure may be or comprise a
sequence according to SEQ ID NOs. 332-355. xxi. AAV Particles

[0386] Among other things, the present disclosure provides AAV particles that comprise

a construct encoding a KCNQ4 gene or characteristic portion thereof and/or an inhibitory nucleic
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acid sequence as described herein, and a capsid described herein. In some embodiments, AAV
particles can be described as having a serotype, which is a description of a construct strain (e.g.,
serotype of viral components, e.g., ITRs), and a capsid strain. For example, in some embodiments
an AAV particle may be described as AAV2, wherein the particle has an AAV2 capsid and a
construct that comprises characteristic AAV2 Inverted Terminal Repeats (ITRs). In some
embodiments, an AAV particle may be described as a pseudotype, wherein a capsid and construct
are derived from different AAYV strains, for example, AAV2/9 would refer to an AAV particle that
comprises a construct utilizing AAV2 ITRs and an AAVO capsid. In some embodiments, an AAV
particle is described as Anc80, wherein a particle has an Anc80 capsid and AAV2 ITRs. In some
embodiments, a construct may be described, e.g., as provided herein, without specific mention of
a serotype of, e.g., an ITR in the name of the construct; however, it will be evident to one of skill
in the art, reading the disclosure, what type of ITR is present in a given construct, e.g., AAV2 ITR.
In some embodiments, an AAV particle of the present disclosure comprises at least one construct,

which construct can be or comprise any sequence disclosed herein.

e. KCNQ4 Genome Editing

[0387] In some embodiments, a genome editing system targets nucleotides within a
specific target site. In some such embodiments, a target site is or comprises a loss-of-function

KCNQ4 variant sequence.

[0388] In some embodiments, a genome editing system comprises a nucleic acid strand
that is complementary to a target site in a KCNQ4 gene product (e.g.,, complementary to a
nucleotide sequence that is at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to a portion of any of SEQ ID NOs: 1-10 and/or 25-30 and/or 90-91) or a
characteristic portion thereof. In some embodiments, a target site may be 15 — 30 nucleotides long,
eg, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides long, although

shorter and longer target sites are also contemplated.

[0389] In some embodiments, a genome editing system comprises a nucleic acid strand

that comprises a region that is perfectly complementary to at least 6, 7, 8, 9, 10, 11, 12, 13 14, 15,
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16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 consecutive nucleotides of a KCNQ4
gene product. In some embodiments, a KCNQ gene product is or comprises any of SEQ ID NOs:
1-10 and/or 25-30 and/or 90-91 or a characteristic portion thereof). In some embodiments such an
RNA-guided nuclease system is capable of inhibiting expression of KCNQ4 of one or more non-
human species, e.g., a non-human primate KCNQA4, e.g., Macaca fascicularis KCNQ4, in addition
to human KCNQ4. The Macaca fascicularis KCNQ4 gene has been assigned NCBI Gene ID:
102143586 and predicted amino acid and nucleotide sequences of Macaca fascicularis KCNQ4
are listed under NCBI RefSeq accession numbers XP 005543852 and XM 005543795.2,

respectively.

[0390] In some embodiments, a genome editing system is complementary to a target site
that is identical in human and Macaca fascicularis KCNQ4 transcripts. In some embodiments, a
genome editing system is complementary to a target site of a human KCNQ4 transcript that differs
by 1, 2, or 3 nucleotides from a sequence in a Macaca fascicularis KCNQ4 transcript. It will be
appreciated that a genome editing system that targets human KCNQ4 may also target non-primate
KCNQ4, e.g., rat or mouse KCNQ4, particularly if conserved regions of KCNQ4 transcript are
targeted.

i. RNA-guided nucleases

[0391] RNA-guided nucleases according to the present disclosure include, but are not
limited to, naturally-occurring Class 2 CRISPR nucleases such as Cas9, and Cpfl, as well as other
nucleases derived or obtained therefrom. In functional terms, RNA-guided nucleases are defined
as those nucleases that: (a) interact with (e.g., complex with) a gRNA; and (b) together with
gRNA, associate with, and optionally cleave or modify, a target region of a DNA that includes (i)
a sequence complementary to a targeting domain of a gRNA and, optionally, (ii) an additional
sequence referred to as a “protospacer adjacent motif,” or “PAM,” which is described in greater

detail herein.

[0392] Naturally occurring CRISPR systems are organized evolutionarily into two classes

and five types (Makarova et al. Nat Rev Microbiol. 2011 Jun; 9(6): 467-477 (“Makarova”), which
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is incorporated in its entirety herein by reference), and while genome editing systems of the present
disclosure may adapt components of any type or class of naturally occurring CRISPR system,
embodiments presented herein are generally adapted from Class 2, and type II or V CRISPR
systems. Class 2 systems, which encompass types II and V, are characterized by relatively large,
multidomain CRISPR proteins (e.g., Cas9 or Cpfl) and one or more gRNAs (e.g., a crRNA and,
optionally, a tracrRNA) that form ribonucleoprotein (RNP) complexes that associate with (i.e.,
target) and cleave specific loci complementary to a targeting (or spacer) sequence of a crRNA.
Genome editing systems according to the present disclosure similarly target and edit cellular DNA
sequences, but differ significantly from CRISPR systems occurring in nature. For example,
unimolecular gRNAs described herein do not occur in nature, and both gRNAs and CRISPR
nucleases according to this disclosure may incorporate any number of non-naturally occurring

modifications.

[0393] As described herein, it should be noted that a genome editing systems of the present
disclosure can be targeted to a single specific nucleotide sequence, or may be targeted to — and
capable of editing in parallel — two or more specific nucleotide sequences through use of two or
more gRNAs. In some embodiments, use of multiple gRNAs is referred to as “multiplexing.” As
described herein, multiplexing can be employed, for example, to target multiple, unrelated target
sequences of interest, or to form multiple SSBs or DSBs within a single target domain and, in some
cases, to generate specific edits within such target domain. For example, International Patent
Publication No. WO 2015/138510 by Maeder et al. , which is incorporated in its entirety herein by
reference; (“Maeder”) describes a genome editing system for correcting a point mutation
(C.2991+1655A to G) in human CEP290 that results in t creation of a cryptic splice site, which in
turn reduces or eliminates function of the gene. That genome editing system of Maeder utilizes
two gRNAs targeted to sequences on either side of (i.e., flanking) the point mutation, and forms
DSBs that flank the mutation. This, in turn, promotes deletion of the intervening sequence,
including the mutation, thereby eliminating the cryptic splice site and restoring normal gene

function.
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[0394] As another example, WO 2016/073990 by Cotta-Ramusino, et al. (“Cotta-
Ramusino”), which is incorporated in its entirety herein by reference. Cotta-Ramusino describes a
genome editing system that utilizes two gRNAs in combination with a Cas9 nickase (a Cas9 that
makes a single strand nick such as S. pyogenes D10A), an arrangement termed a “dual-nickase
system.” The dual-nickase system of Cotta-Ramusino is configured to make two nicks on opposite
strands of a sequence of interest that are offset by one or more nucleotides, which nicks combine
to create a double strand break having an overhang (5’ in the case of Cotta-Ramusino, though 3’
overhangs are also possible). The overhang, in turn, can facilitate homology directed repair events
in some circumstances. And, as another example, WO 2015/070083 by Palestrant et al., which is
incorporated in its entirety herein by reference; (‘“Palestrant”) describes a gRNA targeted to a
nucleotide sequence encoding Cas9 (referred to as a “governing RNA”), which can be included in
a genome editing system comprising one or more additional gRNAs to permit transient expression
of a Cas9 that might otherwise be constitutively expressed, for example in some virally transduced
cells. These multiplexing applications are intended to be exemplary, rather than limiting, and the
skilled artisan will appreciate that other applications of multiplexing are generally compatible with

the genome editing systems described here.

[0395] Genome editing systems can, in some instances, form double strand breaks that are
repaired by cellular DNA double-strand break mechanisms such as NHEJ or HDR. These
mechanisms are described throughout the literature, for example by Davis & Maizels, PNAS,
111(10):E924-932, March 11, 2014, which is incorporated in its entirety herein by reference
(“Davis”) (describing Alt-HDR); Frit et al. DNA Repair 17(2014) 81-97 , which is incorporated
in its entirety herein by reference (“Frit”) (describing Alt-NHEJ); and Iyama and Wilson ITI, DNA
Repair (Amst.) 2013-Aug; 12(8): 620-636 , which is incorporated in its entirety herein by reference
(“Iyama”) (describing canonical HDR and NHEJ pathways generally).

[0396] Where genome editing systems operate by forming DSBs, such systems optionally
include one or more components that promote or facilitate a particular mode of double-strand break
repair or a particular repair outcome. For instance, Cotta-Ramusino also describes genome editing

systems in which a single stranded oligonucleotide “donor template” is added; a donor template is
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incorporated into a target region of cellular DNA that is cleaved by a genome editing system, and

can result in a change in a target sequence.

[0397] In some embodiments, genome editing systems modify a target sequence, or modify
expression of a gene in or near a target sequence, without causing single- or double-strand breaks.
For example, a genome editing system may include a CRISPR protein fused to a functional domain
that acts on DNA, thereby modifying a target sequence or its expression. As one example, a
CRISPR protein can be connected to (e.g., fused to) a cytidine deaminase functional domain, and
may operate by generating targeted C-to-A substitutions. Exemplary nuclease/deaminase fusions
are described in Komor et al. Nature 533, 420-424 (19 May 2016) (“Komor”), which is
incorporated in its entirety herein by reference. In some embodiments, a genome editing system
may utilize a cleavage-inactivated (i.e., a “dead”) nuclease, such as a dead Cas9 (dCas9), and may
operate by forming stable complexes on one or more targeted regions of cellular DNA, thereby
interfering with functions involving a targeted region(s) including, without limitation, mRNA
transcription, chromatin remodeling, etc. In some embodiments, a genome editing system may be
self-inactivating to improve a safety profile, as described by Li et al. “A Self-Deleting AAV-
CRISPR System for /n vivo Editing” Mol Ther Methods Clin Dev. 2019 Mar 15; 12: 111-122;
published online (2018 Dec 6), the contents of which are hereby incorporated by reference in its

entirety.

[0398] As the following examples will illustrate, RNA-guided nucleases can be defined,
in broad terms, by their PAM specificity and cleavage activity, even though variations may exist
between individual RNA-guided nucleases that share the same PAM specificity or cleavage
activity. Skilled artisans will appreciate that some aspects of the present disclosure relate to
systems, methods and compositions that can be implemented using any suitable RNA-guided
nuclease having a certain PAM specificity and/or cleavage activity. For this reason, unless
otherwise specified, the term RNA-guided nuclease should be understood as a generic term, and
not limited to any particular type (e.g., Cas9 vs. Cpfl), species (e.g., S. pyogenes vs. S. aureus, etc.
) or variation (e.g., full-length vs. truncated or split; naturally-occurring PAM specificity vs.

engineered PAM specificity, etc.) of RNA-guided nuclease. In some embodiments, a CRISPR/Cas
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is derived from a type II CRISPR/Cas system. In some embodiments, a CRISPR/Cas system is
derived from a Cas9 protein. A Cas9 protein can be from Streptococcus pyogenes, Streptococcus
thermophilus, Staphylococcus aureus, Campylobacter jejuni, or other species. In some

embodiments, Cas9 can include: spCas9, Cpfl, CasY, CasX, saCas9, or CjCas9.

[0399] Administering bacterial Cas9 in humans presents immunogenicity concerns.
Therefore, it is important to develop a codon-optimized CRISPR system as described herein to
reduce immunogenicity. In addition, some other limitations include a need to use a two construct
system (instead of a single construct system such that is used in sShRNA and miRNA protocols),
and determination of off-target risk (e.g., even if using dCas9 to reduce expression of KCNQ4,

there may be repression of other targets besides from KCNQ4)

[0400] A PAM sequence takes its name from its sequential relationship to a “protospacer”
sequence that is complementary to gRNA targeting domains (or “spacers”). Together with
protospacer sequences, PAM sequences define target regions or sequences for specific RNA-

guided nuclease / gRNA combinations.

[0401] Various RNA-guided nucleases may require different sequential relationships
between PAMs and protospacers. In general, Cas9s recognize PAM sequences that are 3’ of a
protospacer. Cpfl, on the other hand, generally recognizes PAM sequences that are 5’ of a

protospacer.

[0402] In addition to recognizing specific sequential orientations of PAMs and
protospacers, RNA-guided nucleases can also recognize specific PAM sequences. S. aureus Cas9,
for instance, recognizes a PAM sequence of NNGRRT or NNGRRYV, wherein the N residues are
immediately 3’ of the region recognized by the gRNA targeting domain. S. pyogenes Cas9
recognizes NGG PAM sequences. And F. novicida Cpfl recognizes a TTN PAM sequence. PAM
sequences have been identified for a variety of RNA-guided nucleases, and a strategy for
identifying novel PAM sequences has been described by Shmakov et al., 2015, Molecular Cell 60,
385-397, November 5, 2015. It should also be noted that engineered RNA-guided nucleases can

have PAM specificities that differ from\ PAM specificities of reference molecules (for instance,
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in the case of an engineered RNA-guided nuclease, a reference molecule may be a naturally
occurring variant from which an RNA-guided nuclease is derived, or a naturally occurring variant

having the greatest amino acid sequence homology to an engineered RNA-guided nuclease).

[0403] In addition to their PAM specificity, RNA-guided nucleases can be characterized
by their DNA cleavage activity: naturally-occurring RNA-guided nucleases typically form DSBs
in target nucleic acids, but engineered variants have been produced that generate only SSBs
(discussed above) Ran & Hsu, et al., Cell 154(6), 1380-1389, September 12, 2013 (“Ran”)), or
that that do not cut at all.

CRISPR fusion proteins

[0404] As described herein, in some embodiments, a CRISPR nuclease is part of a fusion
protein comprising one or more heterologous protein domains (e.g., about or more than about 1,
2,3,4,5,6,7,8,9, 10, or more domains in addition to a CRISPR nuclease). A CRISPR nuclease
fusion protein may comprise any additional protein sequence, and optionally a linker sequence
between any two domains. Examples of protein domains that may be fused to a CRISPR nuclease
include, without limitation, epitope tags, reporter gene sequences, and protein domains having one
or more of the following activities: methylase activity, demethylase activity, transcription
activation activity, transcription repression activity, transcription release factor activity, histone
modification activity, RNA cleavage activity and nucleic acid binding activity. Additional
domains that may form part of a fusion protein comprising a CRISPR nuclease are described in
US20110059502, incorporated herein by reference. In some embodiments, a tagged CRISPR
nuclease is used to identify a location of a target sequence. In some embodiments, a CRISPR
nuclease that is part of a fusion protein has been engineered to produce only SSBs as described
herein. In some embodiments, a CRISPR nuclease that is part of a fusion protein has been

engineered to not cut at all as described herein.

CRISPR variants

[0405] In general, RN A-guided nucleases comprise at least one RNA recognition and/or

RNA binding domain. RNA recognition and/or RNA binding domains interact with a guiding
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RNA. CRISPR/Cas proteins can also comprise nuclease domains (i.e., DNase or RNase domains),
DNA binding domains, helicase domains, RNAse domains, protein-protein interaction domains,
dimerization domains, as well as other domains. RNA-guided nucleases can be modified to
increase nucleic acid binding affinity and/or specificity, alter an enzymatic activity, and/or change
another property of a protein. In some embodiments, a CRISPR/Cas-like protein of a fusion
protein can be derived from a wild type Cas9 protein or fragment thereof. In other embodiments,
a CRISPR/Cas can be derived from modified Cas9 protein. For example, an amino acid sequence
of a Cas9 protein can be modified to alter one or more properties (e.g., nuclease activity, affinity,
stability, and so forth) of a protein. Alternatively, domains of a Cas9 protein not involved in RNA-
guided cleavage can be eliminated from a protein such that a modified Cas9 protein is smaller than
a wild type Cas9 protein. In general, a Cas9 protein comprises at least two nuclease (i.e., DNase)
domains. For example, a Cas9 protein can comprise a RuvC-like nuclease domain and a HNH-
like nuclease domain. RuvC and HNH domains work together to cut single strands to make a
double-stranded break in DNA (Jinek et al., 2012, Science, 337:816-821, which is incorporated in

its entirety herein by reference).

[0406] In some embodiments, a Cas9-derived protein can be modified to contain only one
functional nuclease domain (either a RuvC-like or a HNH-like nuclease domain). For example, a
Cas9-derived protein can be modified such that one nuclease domain is deleted or mutated such
that it is no longer functional (i.e., nuclease activity is absent). In some embodiments in which
one nuclease domains is inactive, a Cas9-derived protein is able to introduce a nick into a double-
stranded nucleic acid (such protein is termed a “nickase”), but not cleave double-stranded DNA.
In any of the above-described embodiments, any or all of nuclease domains can be inactivated by
one or more deletion mutations, insertion mutations, and/or substitution mutations using well-
known methods, such as site-directed mutagenesis, PCR-mediated mutagenesis, and total gene

synthesis, as well as other methods known in the art.

[0407] One example of a CRISPR/Cas9 system used to inhibit gene expression, CRISPRi,
is described in U.S. Publication No. US2014/0068797, which is incorporated herein by reference
in its entirety. CRISPRi induces permanent gene disruption that utilizes the RNA-guided Cas9
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endonuclease to introduce DNA double stranded breaks which trigger error-prone repair pathways
to result in frame shift mutations. A catalytically dead Cas9 lacks endonuclease activity. When
coexpressed with a gRNA, a DNA recognition complex is generated that specifically interferes
with transcriptional elongation, RNA polymerase binding, or transcription factor binding. This

CRISPRI system efficiently represses expression of targeted genes.
ii. Guide RNAs (gRNAs)

gRNA Sequence Selection

[0408] A gRNA sequence may be specific for any gene, such as a gene that would affect
(e.g., ameliorate, improve, attenuate, mitigate) hearing loss. In some embodiments, a gene encodes
an ion channel subunit. In some such embodiments, a gene is KCNQ4. In some embodiments, a
gRNA sequence includes an RNA sequence, a DNA sequence, a combination thereof (a RNA-
DNA combination sequence), or a sequence with synthetic nucleotides. A gRNA sequence can be
a single molecule or a double molecule. In one embodiment, a gRNA sequence comprises a single
guide RNA (sgRNA).

[0409] In some embodiments, a gRNA sequence is specific for a gene and targets that gene
for Cas endonuclease-induced double strand breaks. A sequence of a gRNA may be within a loci
of the gene. In one embodiment, a gRNA sequence is at least 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40 or more nucleotides in
length. In some embodiments, a gRNA sequence is from about 18 to about 22 nucleotides in

length.

[0410] As described herein, in some embodiments in the context of formation of a CRISPR
complex, “target sequence” refers to a sequence to which a guide sequence is designed to have
some complementarity, where hybridization between a target sequence and a guide sequence
promotes formation of a CRISPR complex. Full complementarity is not necessarily required,
provided there is sufficient complementarity to cause hybridization and promote formation of a
CRISPR complex. A target sequence may comprise any polynucleotide, such as DNA or RNA

polynucleotides. In some embodiments, a target sequence is located in the nucleus or cytoplasm
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of'a cell. In other embodiments, a target sequence may be within an organelle of a eukaryotic cell,
for example, mitochondrion or nucleus. Typically, in the context of an endogenous CRISPR
system, formation of a CRISPR complex (comprising a guide sequence hybridized to a target
sequence and complexed with one or more Cas proteins) results in cleavage of one or both strands
in or near (e.g., withinabout 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 50 or more base pairs) a target sequence.
As with a target sequence, it is believed that complete complementarity is not needed, provided
this is sufficient to be functional. In some embodiments, a tracr sequence has at least 50%, 60%,
70%, 80%, 90%, 95% or 99% of sequence complementarity along the length of a tracr mate

sequence when optimally aligned.
[0411] In some embodiments, a gRNA sequence targets a KCNQ4 gene.

TABLE 2: Exemplary sRNA Sequences

Sequence Number | Name

SEQ ID NO: 42 guide RNA # 386Fw
SEQ ID NO: 43 guide RNA #

408Rev
SEQ ID NO: 44 guide RNA # 233Fw
SEQ ID NO: 45 guide RNA # 447Fw
SEQ ID NO: 46 guide RNA # 482Fw
SEQ ID NO: 47 guide RNA # 490Fw
gRNA Design
[0412] Methods for selection and validation of target sequences as well as off-target

analyses have been described previously, e.g., in Mali; Hsu; Fu et al., 2014 Nat biotechnol 32(3):
279-84, Heigwer et al., 2014 Nat methods 11(2):122-3; Bae et al. (2014) Bioinformatics 30(10):
1473-5; and Xiao A et al. (2014) Bioinformatics 30(8): 1180-1182, each of which is incorporated
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in its entirety herein by reference. As a non-limiting example, gRNA design may involve use of a
software tool to optimize choice of potential target sequences corresponding to a user’s target
sequence, e.g., to minimize total off-target activity across a genome. While off-target activity is
not limited to cleavage, cleavage efficiency at each off-target sequence can be predicted, e.g., using
an experimentally-derived weighting scheme. These and other guide selection methods are

described in detail in Maeder and Cotta-Ramusino.

[0413] For example, methods for selection and validation of target sequences as well as
off-target analyses can be performed using cas-offinder (Bae S, Park J, Kim J-S. Cas-OFFinder: a
fast and versatile algorithm that searches for potential off-target sites of Cas9 RNA-guided
endonucleases. Bioinformatics. 2014;30:1473-5, which is incorporated in its entirety herein by
reference). Cas-offinder is a tool that can quickly identify all sequences in a genome that have up

to a specified number of mismatches to a guide sequence.

[0414] As another example, methods for scoring how likely a given sequence is to be an
off-target (e.g., once candidate target sequences are identified) can be performed. An exemplary
score includes a Cutting Frequency Determination (CFD) score, as described by Doench JG, Fusi
N, Sullender M, Hegde M, Vaimberg EW, Donovan KF, et al. Optimized sgRNA design to
maximize activity and minimize off-target effects of CRISPR-Cas9. Nat Biotechnol. 2016;34:184—

91, which is incorporated in its entirety herein by reference.

oRNA Modifications

[0415] Activity, stability, or other characteristics of gRNAs can be altered through
incorporation of certain modifications. As one example, transiently expressed or delivered nucleic
acids can be prone to degradation by, e.g., cellular nucleases. Accordingly, gRNAs described
herein can contain one or more modified nucleosides or nucleotides that can introduce stability
toward nucleases. While not wishing to be bound by theory, it is also believed that certain
modified gRNAs described herein can exhibit a reduced innate immune response when introduced
into cells. Those of skill in the art will be aware of certain cellular responses commonly observed

in cells, e.g., mammalian cells, in response to exogenous nucleic acids, particularly those of viral
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or bacterial origin. Such responses, which can include induction of cytokine expression and

release and cell death, may be reduced or eliminated altogether by modifications presented herein.

[0416] Certain exemplary modifications discussed in this section can be included at any
position within a gRNA sequence including, without limitation at or near its 5’ end (e.g., within
1-10, 1-5, or 1-2 nucleotides of a 5” end) and/or at or near its 3’ end (e.g., within 1-10, 1-5, or 1-2
nucleotides of a 3” end). In some cases, modifications are positioned within functional motifs,
such as a repeat-anti-repeat duplex of a Cas9 gRNA, a stem loop structure of a Cas9 or Cpfl
gRNA, and/or atargeting domain of a gRNA. Others types of modified nucleobases are described

herein.

f. KCNQ4 Knockdown

[0417] The present disclosure provides technologies (e.g., comprising compositions) that
may, in some embodiments, reduce, suppress or otherwise decrease (“knock down”) expression of
one or more gene products. For example, in some embodiments, technologies of the present
disclosure may achieve knockdown of a KCNQ4 gene product (e.g., a KCNQ4 gene, mRNA,
protein, etc.). In some embodiments, a KCNQ4 gene product may be a wild-type KCNQ4 or may
have one or more mutations relative to a wild-type sequence, e.g., a loss-of-function KCNQ4

variant.

[0418] In some embodiments, knockdown of a KCNQ4 gene product (e.g., a KCNQ4 gene,
mRNA, protein, etc.) is achieved using one or more techniques to inhibit one or more gene
products or processes by which gene products are produced. For example, in some embodiments,
the present disclosure provides technologies that comprise compositions that are or comprise
inhibitory nucleic acid molecules to knock down expression of a gene product (e.g., a KCNQ4

gene product).

[0419] In some embodiments, an inhibitory nucleic acid molecule targets nucleotides

within a KCNQ4 gene product.

[0420] In some embodiments, an inhibitory nucleic acid molecule comprises a nucleic acid

strand that is complementary to a target site of a KCNQ4 gene product, e.g., KCNQ4 mRNA (e.g,,

138



WO 2023/056329 PCT/US2022/077222

complementary to a nucleotide sequence that is at least 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identical to a portion of SEQ ID NOs: 1-10 and/or 25-30 and/or
90-91). In some embodiments, a target site may be 15 — 30 nucleotides long, e.g., 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides long, although shorter and longer target

sites are also contemplated.

[0421] In some embodiments, an inhibitory nucleic acid molecule comprises a nucleic acid
strand that comprises a region that is perfectly complementary to at least 6, 7, 8, 9, 10, 11, 12, 13
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 consecutive nucleotides of any
of SEQ ID NOs:1-10 or 25-30 or 90-91 or characteristic portions thereof).

[0422] In some embodiments an inhibitory nucleic acid molecule is capable of inhibiting
expression of a KCNQ4 gene product of one or more non-human species, e.g., a non-human
primate KCNQ4, e.g., Macaca fascicularis KCNQ4, in addition to human KCNQ4. A Macaca
Jfascicularis KCNQ4 gene has been assigned NCBI Gene ID: 102143586 and predicted amino
acid and nucleotide sequences of Macaca fascicularis KCNQ4 are listed under NCBI RefSeq
accession numbers XP 005543852.2 and XM 005543795 .2, respectively. In some embodiments,
an inhibitory RNA molecule or Genome editing system is complementary to a target portion that
is identical in human and Macaca fascicularis KCNQ4 transcripts. In some embodiments, an
inhibitory RNA molecule is complementary to a target site of a human KCNQ4 transcript that
differs by 1, 2, or 3 nucleotides from a sequence in a Macaca fascicularis KCNQ4 transcript. It
will be appreciated that an inhibitory RNA molecule that inhibits expression of human KCNQ4
gene product may also inhibit expression of non-primate KCNQ4, e.g., rat or mouse KCNQ4,

particularly if conserved regions of KCNQ4 transcript are targeted.
i. Inhibitory Nucleic Acid Molecules

[0423] RNA interference (RNAI) is a process of sequence-specific post-transcriptional
gene silencing by which, e.g., double stranded RNA (dsRNA) homologous to a target locus can
specifically inactivate gene function (Hammond et al., Nature Genet. 2001; 2:110-119; Sharp,
Genes Dev. 1999; 13:139-141). For example, positional location of shRNAs targeting intronic-
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3XmiR, polyA-3XmiR, or both intronic-3XmiR and PolyA-3XmiR reduced PIZ serum level (%
knockdown as compared to GFP control) (Mueller et al 2012). As described herein, positional
impacts of miRNAs are tested and evaluated. In some embodiments, dsRNA-induced gene
silencing can be mediated by short double-stranded small interfering RNAs (siRNAs) generated
from longer dsSRNAs by ribonuclease 111 cleavage (Bernstein et al., Nature 2001; 409:363-366 and
Elbashir et al., Genes Dev. 2001; 15:188-200). Without being bound by any particular theory,
RNAi-mediated gene silencing is thought to occur via sequence-specific RNA degradation, where
sequence specificity is determined by interaction of a siRNA with its complementary sequence
within a target RNA (see, e.g., Tuschl, Chem. Biochem. 2001; 2:239-245). In some embodiments,
RNAI can involve use of, e.g., siRNAs (Elbashir, et al., Nature 2001; 411: 494-498, which is
incorporated in its entirety herein by reference) or short hairpin RNAs (shRNAs) bearing a fold
back stem-loop structure (Paddison et al., Genes Dev. 2002; 16: 948-958; Sui et al., Proc. Natl.
Acad. Sci. USA 2002; 99:5515-5520; Brummelkamp et al., Science 2002; 296:550-553; Paul et
al., Nature Biotechnol. 2002; 20:505-508, each of which is incorporated in its entirety herein by

reference).

[0424] In some embodiments, an inhibitory nucleic acid molecule is designed on a patient-
by-patient basis in accordance with the present disclosure. For example, in some embodiments, a
patient with a history (e.g., parent or symptoms of hearing loss) of hearing loss or at risk of hearing
loss may be evaluated (e.g., have samples diagnostically analyzed) for one or more variants (e.g.,
substitutions, additions, deletions, etc.) in one or more genes. In some such embodiments,
identified variants (e.g., mutations) may be novel (i.e., not previously described in the literature),
and inhibitory nucleic acid therapeutics will be personalized to variant(s) (e.g., mutation(s)) of a

particular patient.

[0425] In some embodiments an inhibitory nucleic acid is one or more of a short interfering
RNA (siRNA), a short hairpin RNA (shRNA), an antisense oligonucleotide, or a ribozyme. In
some embodiments, knockdown of KCNQ4 expression is achieved via inhibitory nucleic acids
that target a KCNQ4 sequence as described herein. In some such embodiments, a targeted KCNQ4
sequence may be a wild-type and/or pathogenic KCNQ4 variant gene product.
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[0426] In some embodiments, an inhibitory nucleic acid of the present disclosure may be
used to decrease expression of a KCNQ4 gene product (e.g., a loss-of-function KCNQ4 variant
gene product). In some such embodiments, a construct encodes an inhibitory nucleic acid that
may, in some embodiments, decrease expression of a KCNQ4 gene product, e.g., in a human cell
(e.g., a hair cell, e.g., an outer hair cell). Non-limiting examples of siRNAs that can decrease
expression of a KCNQ4 gene product, e.g., in a human cell (e.g., a hair cell, e.g., an outer hair cell)
are provided herein .In some embodiments, after an inhibitory nucleic acid is used to decrease
expression of a loss-of-function KCNQ4 variant gene product, another (i.e., non-inhibitory)
nucleic acid molecule may be used to express functional KCNQ4 protein. The present disclosure
recognizes that, in some such embodiments, it is contemplated that wild-type or other functional
(e.g., codon-optimized) KCNQ4 gene products may be vulnerable to miRNA degradation.
Accordingly, in some such embodiments, a KCNQ4 sequence that is used to express a functional

KCNQ4 gene product may be a codon-optimized KCNQ4 sequence.
SiRNA or shRNA

[0427] In some embodiments, the present disclosure provides an inhibitory nucleic acid e,
e.g., a chemically-modified siRNAs or a construct-driven expression of short hairpin RNA
(shRNA) that are then cleaved to siRNA, e.g., within a cell. Accordingly, one of skill in the art
will understand that, for purposes of sequences, an shRNA sequence is interchangeable with an
siRNA sequence and that where the disclosure refers to an siRNA, an shRNA sequence may be
used since the shRNA will be cleaved into siRNA. For example, in some embodiments, an
inhibitory nucleic acid can be a dsSRNA (e.g., siRNA) including 16-30 nucleotides, e.g., 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides in each strand, where one strand is
substantially identical, e.g., at least 80% (or more, e.g., 85%, 90%, 95%, or 100%) identical, e.g.,
having 3, 2, 1, or O mismatched nucleotide(s), to a target region in a potassium-channel (e.g.,
Kv7.4) encoding mRNA, and the other strand is complementary to the first strand. In some
embodiments, dsRNA molecules can be designed using methods known in the art, eg,
Dharmacon.com (see, siDESIGN CENTER) or “The siRNA User Guide,” available on the Internet
at mpibpc.gwdg.de/abteilungen/100/105/ sirna.html website which is incorporated in its entirety
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herein by reference. Without being bound by any particular theory, the present disclosure
contemplates that siRNA or shRNAs are more “endogenous” (e.g., no foreign proteins) in a way
that may be more recognizable to a cell compared to other available techniques that will be known
to those of skill in the art. Accordingly, in some embodiments, siRNA or shRNA have lower
immunogenicity and/or have less risk of off-target DNA cleavage as compared to other techniques

known to those of skill in the art.

[0428] Several methods for expressing siRNA duplexes within cells from a construct to
achieve long-term target gene suppression in cells are known in the art, e.g., including constructs
that use a mammalian Pol III promoter system (e.g., H1 or U6/snRNA promoter systems (Tuschl,
Nature Biotechnol., 20:440-448, 2002, which is incorporated in its entirety herein by reference) to
express functional double-stranded siRNAs; (Bagella et al., J. Cell. Physiol., 177:206-213, 1998;
Lee et al., Nature Biotechnol., 20:500-505, 2002; Paul et al., Nature Biotechnol., 20:505-508,
2002; Yu et al., Proc. Natl. Acad. Sci. U.S.A., 99(9):6047-6052, 2002; Sui et al., Proc. Natl. Acad.
Sci. U.S.A. 99(6):5515-5520, 2002, each of which is incorporated in its entirety herein by
reference). Transcriptional termination by RNA Pol III occurs at runs of four consecutive T
residues in a DNA template, and can be used to provide a mechanism to end the siRNA transcript
at a specific sequence. An siRNA is complementary to a sequence of a target gene in 5°-3” and
3°-5’ orientations, and the two strands of a given siRNA can be expressed in the same construct or
in separate constructs. Hairpin siRNAs, driven by H1 or U6 snRNA promoter and expressed in
cells, can inhibit target gene expression (Bagella et al., 1998, supra; Lee et al., 2002, supra; Paul

et al., 2002, supra; Yu et al., 2002, supra; Sui et al., 2002, supra).

[0429] In some embodiments, siRNAs of the present disclosure are double stranded
nucleic acid duplexes (of, e.g., 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, or 27 base pairs)
comprising annealed complementary single stranded nucleic acid molecules. In some
embodiments, siRNAs are short dsRNAs comprising annealed complementary single strand
RNAs. In some embodiments, siRNAs comprise an annealed RNA:DNA duplex, wherein the
sense strand of a duplex is a DNA molecule and the antisense strand of the same duplex is a RNA

molecule.
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[0430] In some embodiments, duplexed siRNAs comprise a 2 or 3 nucleotide 3’ overhang
on each strand of a duplex. In some embodiments, siRNAs comprise 5’-phosphate and 3’-

hydroxyl groups.

[0431] In some embodiments, a siRNA molecule of the present disclosure includes one or
more natural nucleobase and/or one or more modified nucleobases derived from a natural
nucleobase. Examples include, but are not limited to, uracil, thymine, adenine, cytosine, and
guanine having their respective amino groups protected by acyl protecting groups, 2-fluorouracil,
2-fluorocytosine, S-bromouracil, 5-iodouracil, 2,6-diaminopurine, azacytosine, pyrimidine
analogs such as pseudoisocytosine and pseudouracil and other modified nucleobases such as 8-
substituted purines, xanthine, or hypoxanthine (the latter two being natural degradation products).
Exemplary modified nucleobases are disclosed in Chiu and Rana, RNA, 2003, 9, 1034-1048,
Limbach et al. Nucleic Acids Research, 1994, 22 2183-2196 and Revankar and Rao,
Comprehensive Natural Products Chemistry, vol. 7, 313, each of which is incorporated in its

entirety herein by reference.

[0432] Modified nucleobases also include expanded-size nucleobases in which one or
more aryl rings, such as phenyl rings, have been added. Nucleic base replacements described in
the Glen Research catalog (available on the world wide web at glenresearch.com); Krueger AT et
al., Acc. Chem. Res., 2007, 40, 141-150; Kool, ET, Acc. Chem. Res., 2002, 35, 936-943; Benner
S A, et al, Nat. Rev. Genet., 2005, 6, 553-543; Romesberg, F.E., et al., Curr. Opin. Chem. Biol,,
2003, 7, 723-733; Hirao, 1., Curr. Opin. Chem. Biol,, 2006, 10, 622-627, each of which is
incorporated in its entirety herein by reference, are contemplated as useful for siRNA molecules
described herein. In some embodiments, modified nucleobases also encompass structures that are
not considered nucleobases but are other moieties such as, but not limited to, corrin- or porphyrin-
derived rings. Porphyrin-derived base replacements have been described in Morales-Rojas, H and

Kool, ET, Org. Lett., 2002, 4, 4377-4380, which is incorporated in its entirety herein by reference.

[0433] In some embodiments, modified nucleobases are of any one of the following

structures, optionally substituted:
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[0434] In some embodiments, a modified nucleobase is fluorescent. Exemplary such

fluorescent modified nucleobases include phenanthrene, pyrene, stillbene, isoxanthine,
isozanthopterin, terphenyl, terthiophene, benzoterthiophene, coumarin, lumazine, tethered

stillbene, benzo-uracil, and naphtho-uracil, as shown below:
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[0435] In some embodiments, a modified nucleobase is unsubstituted. In some
embodiments, a modified nucleobase is substituted. In some embodiments, a modified nucleobase
is substituted such that it contains, e.g., heteroatoms, alkyl groups, or linking moieties connected
to fluorescent moieties, biotin or avidin moieties, or other protein or peptides. In some
embodiments, a modified nucleobase is a “universal base” that is not a nucleobase in the most
classical sense, but that functions similarly to a nucleobase. One representative example of such

a universal base is 3-nitropyrrole.

[0436] In some embodiments, siRNA molecules described herein include nucleosides that
incorporate modified nucleobases and/or nucleobases covalently bound to modified sugars. Some
examples of nucleosides that incorporate modified nucleobases include 4-acetylcytidine; 5-
(carboxyhydroxylmethyl)uridine; 2'-0-methylcytidine; 5-carboxymethylaminomethyl-2-
thiouridine; 5-carboxymethylaminomethyluridine; dihydrouridine; 2'-O-methylpseudouridine;
beta,D-galactosylqueosine; 2'-O-methylguanosine; N°-isopentenyladenosine; 1-methyladenosine;
1-methylpseudouridine; 1-methylguanosine; I-methylinosine; 2,2-dimethylguanosine; 2-
methyladenosine; 2-methylguanosine; N’-methylguanosine; 3-methyl-cytidine; 5-methylcytidine;
5-hydroxymethylcytidine; S5-formylcytosine; S-carboxylcytosine; N°-methyladenosine; 7-
methylguanosine; S-methylaminoethyluridine, S5-methoxyaminomethyl-2-thiouridine; beta,D-
mannosylqueosine; S-methoxycarbonylmethyluridine; 5-methoxyuridine; ~2-methylthio-N°-
isopentenyladenosine; N-((9-beta,D-ribofuranosyl-2-methylthiopurine-6-yl)carbamoyl)threonine;
N-((9-beta,D-ribofuranosylpurine-6-yl)-N-methylcarbamoyl)threonine; uridine-5-oxyacetic acid
methylester; uridine-5-oxyacetic acid (v); pseudouridine; queosine; 2-thiocytidine; S-methyl-2-
thiouridine; 2-thiouridine; 4-thiouridine; 5-methyluridine; 2'-O-methyl-5-methyluridine; and 2'-
O-methyluridine.

[0437] In some embodiments, nucleosides include 6'-modified bicyclic nucleoside analogs
that have either (R) or (S)-chirality at the 6'-position and include the analogs described in US Patent
No. 7,399,845, which is incorporated in its entirety herein by reference. In other embodiments,
nucleosides include 5'-modified bicyclic nucleoside analogs that have either (R) or (S)-chirality at

the 5'-position and include the analogs described in U.S. Publ. No. 20070287831, which is
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incorporated in its entirety herein by reference. In some embodiments, a nucleobase or modified
nucleobase is S5-bromouracil, 5-iodouracil, or 2,6-diaminopurine. In some embodiments, a

nucleobase or modified nucleobase is modified by substitution with a fluorescent moiety.

[0438] Methods of preparing modified nucleobases are described in, e.g., U.S. Pat. Nos.
3,687,808, 4,845.205; 5,130,30; 5,134,066; 5,175,273; 5,367,066; 5432.272; 5,457,187;
5.457.191; 5,459,255: 5.484.908; 5,502,177, 5,525711: 5.,552,540: 5,587.469; 5,594,121,
5,596,091, 5,614,617; 5,681,941; 5,750,692, 6,015,886; 6,147,200, 6,166,197, 6,222,025
6,235,887, 6,380,368; 6,528,640; 6,639,062; 6,617,438, 7,045,610; 7,427,672; and 7,495,088,

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

[0439] In some embodiments, a siRNA molecule described herein includes one or more
modified nucleotides wherein a phosphate group or linkage phosphorus in its nucleotides are
linked to various positions of a sugar or modified sugar. As non-limiting examples, a phosphate
group or linkage phosphorus can be linked to a 2/, 3', 4" or 5’ hydroxyl moiety of a sugar or
modified sugar. Nucleotides that incorporate modified nucleobases as described herein are also

contemplated in this context.

[0440] Other modified sugars can also be incorporated within a siRNA molecule. In some
embodiments, a modified sugar contains one or more substituents at a 2' position including one of
the following: —F; —CF3;, —CN, —-N3, —-NO, -NO,, -OR’, —SR’, or —N(R’), wherein each R’ is
independently as defined above and described herein; —O—(C1—Cio alkyl), —-S—(C1—Cio alkyl), —
NH—(C1—Cio alkyl), or -N(C1—C1o alkyl),; -O—(C2—C1o alkenyl), —S—(C,—Cio alkenyl), -NH—(C»—
Cio alkenyl), or —-N(C2—C1o alkenyl),; —O—(C>—Cio alkynyl), —-S—(C,—Cio alkynyl), -NH—(C>—C1o
alkynyl), or —-N(Co—C1o alkynyl),; or -O—(C1—Cio alkylene)-O—(C1—Cio alkyl), -O—(Ci—Cio
alkylene)-NH—(C1—Cio alkyl) or —O—(Ci—Cio alkylene)-NH(Ci1—Cio alkyl),, -NH—(C1—Cio
alkylene)-O—(C1—Cio alkyl), or -N(C1—Cio alkyl)—(C1—Cio alkylene)-O—(Ci—Cio alkyl), wherein
the alkyl, alkylene, alkenyl and alkynyl may be substituted or unsubstituted. Examples of
substituents include, and are not limited to, —O(CH),OCHj3, and —O(CH»).NH,, wherein n is from
1 to about 10, MOE, DMAOE, DMAEOE. Also contemplated herein are modified sugars
described in WO 2001/088198; and Martin et al., Helv. Chim. Acta, 1995, 78, 486-504, each of
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which is incorporated in its entirety herein by reference. In some embodiments, a modified sugar
comprises one or more groups selected from a substituted silyl group, an RNA cleaving group, a
reporter group, a fluorescent label, an intercalator, a group for improving pharmacokinetic
properties of a nucleic acid, a group for improving pharmacodynamic properties of a nucleic acid,
or other substituents having similar properties. In some embodiments, modifications are made at
one or more of a 2', 3', 4', 5', or 6' positions of a sugar or modified sugar, including a 3' position

of a sugar on a 3'-terminal nucleotide or in a 5' position of a 5'-terminal nucleotide.

[0441] In some embodiments, a 2’-OH of a ribose is replaced with a substituent including
one of the following: —H, —F; —CF3, —CN, —N3, -NO, -NO,, -OR’, —SR’, or —-N(R’),, wherein each
R’ is independently as defined above and described herein; —O—(C1—Cio alkyl), —S—(C1—Cio alkyl),
—NH—(C1—Co alkyl), or -N(C1-Cio alkyl)2; -O—(C2—C1o alkenyl), —S—(C2—Cio alkenyl), -NH—(Co—
Cio alkenyl), or —-N(C2—C1o alkenyl),; —O—(C>—Cio alkynyl), —S—(C,—Ci0 alkynyl), -NH—(C>—C1o
alkynyl), or —-N(C>—Cio alkynyl),; or -O—(C1—Cio alkylene)-O—(Ci—Cio alkyl), -O—~(C1—Cio
alkylene)-NH—(C1—Cio alkyl) or —O—(Ci—Cio alkylene)-NH(C1—Cio alkyl),, —NH—(C1—Cio
alkylene)-O—(C1—Cio alkyl), or -N(C1—Cio alkyl)-(C1—Cio alkylene)-O—(C1—Cio alkyl), wherein
an alkyl, alkylene, alkenyl and alkynyl may be substituted or unsubstituted. In some embodiments,
a 2’-OH is replaced with —H (deoxyribose). In some embodiments, a 2’—OH is replaced with —F.
In some embodiments, a 2’—OH is replaced with —OR’. In some embodiments, a 2°—OH is replaced

with —-OMe. In some embodiments, a 2°—OH is replaced with —-OCH,CH>OMe.

[0442] Modified sugars also include locked nucleic acids (LNAs). In some embodiments,
a locked nucleic acid has the structure indicated below. A locked nucleic acid of the structure
below is indicated, wherein Ba represents a nucleobase or modified nucleobase as described

herein, and wherein R?*is ~-OCH,C4’—

; RZS =OCH v
C2'OCH,C4' = LNA (Locked Nucleic Acid) 2C4
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[0443] In some embodiments, a modified sugar is an ENA such as those described in, e.g.,
Seth et al., ] Am Chem Soc. 2010 October 27; 132(42): 14942—14950, which is incorporated in its
entirety herein by reference. In some embodiments, a modified sugar is any of those found in an
XNA (xenonucleic acid), for instance, arabinose, anhydrohexitol, threose, 2’fluoroarabinose, or

cyclohexene.

[0444] Modified sugars include sugar mimetics such as cyclobutyl or cyclopentyl moieties
in place of the pentofuranosyl sugar (see, e.g., U.S. Patent Nos.: 4,981,957; 5,118,800, 5,319,080;
and 5,359,044, each of which is incorporated in its entirety herein by reference). Some modified
sugars that are contemplated include sugars in which an oxygen atom within a ribose ring is
replaced by nitrogen, sulfur, selenium, or carbon. In some embodiments, a modified sugar is a
modified ribose wherein an oxygen atom within a ribose ring is replaced with nitrogen, and
wherein a nitrogen is optionally substituted with an alkyl group (e.g., methyl, ethyl, isopropyl,
etc.).

[0445] Non-limiting examples of modified sugars include glycerol, which form glycerol
nucleic acid (GNA) analogues. An exemplary GNA analogue is described in Zhang, R et al., J.
Am. Chem. Soc., 2008, 130, 5846-5847, which is incorporated in its entirety herein by reference;
see also Zhang L, et al., J. Am. Chem. Soc., 2005, 127, 4174-4175 and Tsai CH et al.,, PNAS,
2007, 14598-14603, each which is incorporated in its entirety herein by reference. Another
example of a GNA derived analogue, flexible nucleic acid (FNA) based on mixed acetal aminal of
formyl glycerol, is described in each of Joyce GF et al.,, PNAS, 1987, 84, 4398-4402 and Heuberger
BD and Switzer C, J. Am. Chem. Soc., 2008, 130, 412-413, each of which is incorporated in its
entirety herein by reference. Additional non-limiting examples of modified sugars include
hexopyranosyl (6’ to 4”), pentopyranosyl (4’ to 2”), pentopyranosyl (4’ to 3”), or tetrofuranosyl (3’

to 27) sugars.

[0446] Modified sugars and sugar mimetics can be prepared by methods known in the art,
including, but not limited to: A. Eschenmoser, Science (1999), 284:2118; M. Bohringer et al.,
Helv. Chim. Acta (1992), 75:1416-1477; M. Egli et al., J. Am. Chem. Soc. (2006), 128(33):10847-
56; A. Eschenmoser in Chemical Synthesis: Gnosis to Prognosis, C. Chatgilialoglu and V. Sniekus,
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Ed., (Kluwer Academic, Netherlands, 1996), p.293; K.-U. Schoning et al., Science (2000),
290:1347-1351; A. Eschenmoser et al., Helv. Chim. Acta (1992), 75:218; J. Hunziker et al., Helv.
Chim. Acta (1993), 76:259; G. Otting et al., Helv. Chim. Acta (1993), 76:2701; K. Groebke et al.,
Helv. Chim. Acta (1998), 81:375; and A. Eschenmoser, Science (1999), 284:2118. Modifications
to 2” modifications can be found in Verma, S. et al. Annu. Rev. Biochem. 1998, 67, 99-134
and all references therein, each of which is incorporated in its entirety herein by reference. Specific
modifications to a ribose can be found in the following references: 2’-fluoro (Kawasaki et. al.,
J. Med. Chem., 1993, 36, 831- 841), 2’-MOE (Martin, P. Helv. Chim. Acta 1996, 79, 1930-
1938), “LNA” (Wengel, J. Acc. Chem. Res. 1999, 32, 301-310); PCT Publication No.
WO02012/030683, each of which is incorporated in its entirety herein by reference.

[0447] In some embodiments, a sSiRNA described herein can be introduced to a target cell
as an annealed duplex siRNA. In some embodiments, a siRNA described herein is introduced to
a target cell as single stranded sense and antisense nucleic acid sequences that, once within a target
cell, anneal to form a siRNA duplex. Alternatively, sense and antisense strands of an siRNA can
be encoded by an expression construct (such as an expression construct described herein) that is
introduced to a target cell. Upon expression within a target cell, transcribed sense and antisense

strands can anneal to reconstitute an siRNA.

[0448] In some embodiments, an siRNA molecule as described herein can be synthesized
by standard methods known in the art, e.g., by use of an automated synthesizer. Without being
bound by any particular theory, RNAs produced by such methodologies tend to be highly pure and
to anneal efficiently to form siRNA duplexes. In some embodiments, following chemical
synthesis, single stranded RNA molecules can be deprotected, annealed to form siRNAs, and
purified (e.g., by gel electrophoresis or HPLC). Alternatively, in some embodiments, standard
procedures can be used for in vitro transcription of RNA from DNA templates, e.g., carrying one
or more RNA polymerase promoter sequences (e.g., T7 or SP6 RNA polymerase promoter
sequences). Protocols for preparation of siRNAs using T7 RNA polymerase are known in the art
(see, e.g., Donze and Picard, Nucleic Acids Res. 2002; 30:e46; and Yu et al., Proc. Natl. Acad.
Sci. USA 2002; 99:6047-6052, each of which is incorporated in its entirety herein by reference).
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In some embodiments, sense and antisense transcripts can be synthesized in two independent
reactions and annealed later. In some embodiments, sense and antisense transcripts can be

synthesized simultaneously in a single reaction.

[0449] In some embodiments, an siRNA molecule can also be formed within a cell by
transcription of RNA from an expression construct introduced into a cell (see, e.g., Yu et al., Proc.
Natl. Acad. Sci. USA 2002; 99:6047-6052, which is incorporated in its entirety herein by
reference). For example, in some embodiments, an expression construct for in vivo production of
siRNA molecules can include one or more siRNA encoding sequences operably linked to elements
necessary for proper transcription of an siRNA encoding sequence(s), including, e.g., promoter
elements and transcription termination signals. In some embodiments, preferred promoters for use
in such expression constructs may include, e.g., a polymerase-III promoter, e.g., a polymerase-III
HI-RNA promoter (see, e.g., Brummelkamp et al, Science 2002; 296:550-553, which is
incorporated in its entirety herein by reference), a U6 polymerase-III promoter (see, e.g., Sui et al.,
Proc. Natl. Acad. Sci. USA 2002; Paul et al., Nature Biotechnol. 2002; 20:505-508; and Yu et al.,
Proc. Natl. Acad. Sci. USA 2002; 99:6047-6052, each of which is incorporated in its entirety herein
by reference). In some embodiments, an siRNA expression construct can comprise one or more
construct sequences that facilitate cloning of an expression construct. Standard constructs that can

be used include, e.g., pSilencer 2.0-U6 construct (Ambion Inc., Austin, Tex.).

[0450] . In some embodiments, an siRNA is or comprises nucleotides of any one of SEQ
ID Nos: 48-55. In some embodiments, an siRNA comprises a mature guide strand having a
nucleotide sequence that is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% identical to any one of SEQ ID NOs:48-55 (or a portion thereof).. In some embodiments, a
portion is 15, 16, 17, 18, 19, or 20 nucleotides long. In some embodiments, an siRNA comprises
a mature guide strand having a nucleotide sequence that is 100% identical to nucleotides 2-8 of
any one of SEQ ID NOs: 48-55

[0451] In some embodiments, the present disclosure provides shRNA sequences, which,

when introduced into a cell will be cleaved to siRNAs. Accordingly, by way of non-limiting
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example, ShARNA sequences of the present disclosure may be or comprise those provided in SEQ

ID NOs 48-55 or elsewhere herein the disclosure.

[0452] Exemplary shRNA sequences are provided in SEQ ID NOS: 48-55.
miRNA
[0453] The present disclosure provides technologies related to or comprising one or more

inhibitory nucleic acid molecules such as, e.g., one or more nucleotide sequences that are,
comprise, or encode, microRNAs. MicroRNAs (miRNAs) are a highly conserved class of small
RNA molecules that are transcribed from DNA in genomes of plants and animals, but are not
translated into protein. As is known to those in the art, animal cells express a range of noncoding
RNAs of approximately 22 nucleotides termed micro RNA (miRNAs) and can regulate gene
expression at a post transcriptional or translational level during animal development. miRNAs are
excised from an approximately 70 nucleotide precursor RNA stem-loop. By substituting stem
sequences of an miRNA precursor with miRNA sequence complementary to a target mRNA, a
construct that expresses a novel miRNA can be used to produce siRNAs to initiate RNAi against
specific mRNA targets in mammalian cells (Zeng, Mol. Cell, 9:1327-1333, 2002). In some
embodiments, when expressed by DNA constructs containing polymerase III promoters, micro-

RNA designed hairpins can silence gene expression (McManus, RNA 8:842-850, 2002).

[0454] In some embodiments, miRNAs can be synthesized and locally or systemically
administered to a subject, e.g., for therapeutic purposes. In some embodiments, miRNAs can be
designed and/or synthesized as mature molecules or precursors (e.g., pri- or pre-miRNAs). In
some embodiments, a pre-miRNA includes a guide strand and a passenger strand that are the same
length (e.g., about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 nucleotides). In some embodiments,
a pre-miRNA includes a guide strand and a passenger strand that are different lengths (e.g., one
strand is about 19 nucleotides, and the other is about 21 nucleotides). In some embodiments, an
miRNA can target a coding region, a 5’ untranslated region, and/or a 3° untranslated region, of

endogenous mRNA. In some embodiments, an miRNA comprises a guide strand comprising a
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nucleotide sequence having sufficient sequence complementary with an endogenous mRNA of a

subject to hybridize with and inhibit expression of endogenous mRNA.

[0455] In some embodiments, miRNAs has advantages compared to shRNAs for inhibiting
nucleic acids. For example, shRNA requires a high level of expression, can clog Argonaut
machinery, is not endogenous, and relies on two promoters. By contrast, in some embodiments, it
is contemplated that miRNA is more “endogenous” than shRNA, and therefore, is expressed at
similar levels as KCNQ4 driven by a single promoter. That is, miRNAs can be synthetic or
naturally occurring and naturally-occurring miRNAs are present in cells across vertebrate and
invertebrate species. In contrast, to date, shRNAs have not been detected as a naturally occurring
component of a cell. In some embodiments, miRNAs have low or no passenger strand generation,

can be used therapeutically, and/or are expressed in neurons and hair cells.

[0456] The present disclosure describes that, in some embodiments, minor changes (e.g.,
one or more substitutions) were made to the passenger strand of a given mRNA. In some such
embodiments, such change(s) (e.g., substitution(s)) were made in order to ensure that the synthetic
KCNQ4 miRNA would have the same secondary structure as an endogenous miRNA gene. For
example, in some constructs, the G at position 73 of the KCNQ miR1 hsa-3miR-335 construct can
be substituted for a C to generate a bulge (e.g., Pyr:Pur (G:U) can be substituted for Pyr:Pyr (C:U)
base pairing). One or more such base changes (e.g., substitution) can, in some embodiments, result
in a secondary structure (e.g., bulge position) in the synthetic miRNA such that the secondary
structure is similar or identical to that of an endogenous miRNA gene. One of ordinary skill in the
art will appreciate that the exact location (e.g., base or bases) where one or more changes (e.g.,
substitutions) is made will vary with the exact sequence of a synthetic miRNA, and one of such
skill will understand how to modify bases relative to the sequence of a synthesized construct as

compared to its endogenous counterpart.

[0457] The present disclosure also recognizes the surprising finding that, in some
embodiments, an miRNA of the same sequence of an shRNA provides an unexpected increase in
efficiency. For example, in some embodiments, if an shRNA and miRNA are designed for a given

target, the present disclosure provides the surprising finding that an miRNA is much more efficient
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(as measured by KD) as compared to an shRNA of the same sequence. In some embodiments, an
miRNA comprises a mature guide strand having a nucleotide sequence that is at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to any one of SEQ ID NOs:56-
70(or a portion thereof). In some embodiments, a portion is 15, 16, 17, 18, 19, or 20 nucleotides
long. In some embodiments, an miRNA comprises a mature guide strand having a nucleotide

sequence that is 100% identical to nucleotides 2-8 of any one of SEQ ID NOs: 56-70.
[0458] Exemplary miR sequences are provided in SEQ ID NOs. 56-70, 96, 97, or 331.

[0459] In some embodiments, the present disclosure provides methods for choosing
miRNAs targeting sequences expressed within a variety of compartments within an ear. For
example, spiral ganglion: miR-96, -182, -183, -15a, -30b, -99a, -18a, -124a, -194; spiral limbus:
miR-96, -182, -193, -205; Reissner’s membrane: miR-205; marginal cells: miR-376a, -376b; spiral
ligament: miR-205; supporting cells: miR-15a, -30b, -99a; hair cells: miR-96, -182, -183, -15a, -
30D, -99a, -18a, -140, 194; basilar membrane: miR-205, -15a, -30b, -99a; inner sulcus: miR-96, -
182, -183). Ushakov et al., 2013. As described herein, miRNA scaffolds miR-16, miR-26, miR-
96 (hair cells), miR-122, miR-135, miR-155, miR-182 (hair cells), miR-183 (hair cells), miR-335,
and miR-451 were considered for initial testing of impact on KCNQ4 expression. In some
embodiments, an miRNA may comprise or consist of miR1-155; miR2-155; miR4-155; miR5-
155; miR6-155; miR7-155; miR1-16; miR1-26; miR1-96; miR1-122; miR1-135; miR1-182;
miR1-183; miR1-335; miR1-451. In some embodiments, a construct of the present disclosure may
comprise one or more miRNAs selected from miR1-155; miR2-155; miR4-155; miR5-155; miR6-
155; miR7-166 miR1-16; miR1-26; miR1-96; miR1-122; miR1-135; miR1-182; miR1-183; miR1-

335; miR1-451 and combinations thereof.

Antisense nucleic acid

[0460] In some embodiments, an inhibitory nucleic acid molecule may be or comprise an
antisense nucleic acid molecule, e.g., nucleic acid molecules whose nucleotide sequence is
complementary to all or part of an mRNA encoding a potassium channel (e.g., KCNQ4) protein.

In some embodiments, an antisense nucleic acid molecule can be antisense to all or part of a non-
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coding region of a coding strand of a nucleotide sequence encoding a potassium channel (e.g.,
KCNQ4) protein. In some embodiments, a non-coding regions (“5” and 3’ untranslated regions”)
are 5’ and 3’ sequences that flank a coding region and are not translated into amino acids. Based
upon sequences disclosed herein, one of skill in the art can easily choose and synthesize any of a
number of appropriate antisense molecules to target a potassium channel (e.g., KCNQ4) gene
described herein. For example, a “gene walk” comprising a series of oligonucleotides of 15-30
nucleotides spanning a length of a nucleic acid (e.g., a potassium channel (e.g., KCNQ4) mRNA)
can be prepared, followed by testing for inhibition of expression of ta gene. Optionally, gaps of
5-10 nucleotides can be left between oligonucleotides to reduce numbers of oligonucleotides

synthesized and tested.

[0461] In some embodiments, an antisense oligonucleotide can be, for example, about 5,
10, 15, 20, 25, 30, 35, 40, 45, or 50 nucleotides or more in length. One of skill in the art will

recognize that an antisense oligonucleotide can be synthesized using various different chemistries.

Ribozymes

[0462] In some embodiments, an inhibitory nucleic acid molecule may be or comprise a
ribozyme. As is known to those of skill in the art, ribozymes are catalytic RNA molecules with
ribonuclease activity. In some embodiments, a ribozyme may be used as a controllable promoter.
In some embodiments, ribozymes are capable of cleaving a single-stranded nucleic acid, such as
an mRNA, to which they have a complementary region. Thus, in some embodiments, ribozymes
(e.g., hammerhead ribozymes (described in Haselhoff and Gerlach, Nature, 334:585-591, 1988,
which is incorporated in its entirety herein by reference)) can be used to catalytically cleave mRNA
transcripts to thereby inhibit translation of a protein encoded by a given mRNA. Methods of
designing and producing ribozymes are known in the art (see, e.g., Scanlon, 1999, Therapeutic
Applications of Ribozymes, Humana Press, which is incorporated in its entirety herein by
reference). In some embodiments, for example, a ribozyme having specificity for a KCNQ4 gene
product mRNA can be designed based upon nucleotide sequence of a KCNQ4 gene product cDNA
(e.g., any exemplary cDNA sequences described herein). For example, a derivative of a

Tetrahymena L-19 IVS RNA can be constructed in which nucleotide sequence of an active site is
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complementary to a nucleotide sequence to be cleaved in a KCNQ4 gene product mRNA (Cech et
al. U.S. Patent No. 4,987,071, and Cech et al., U.S. Patent No. 5,116,742, each of which is
incorporated in its entirety herein by reference). Alternatively, an mRNA encoding a KCNQ4
gene product protein can be used to select a catalytic RNA having a specific ribonuclease activity
from a pool of RNA molecules (See, e.g., Bartel and Szostak, Science, 261:1411-1418, 1993,

which is incorporated in its entirety herein by reference).

g. Pharmaceutical Compositions and Kits

[0463] Pharmaceutical compositions of the present disclosure may include constructs, as
described herein. For example, in some embodiments, pharmaceutical compositions may
comprise AAV constructs and/or AAV particles. In some such embodiments, such AAV particles
comprise one or more constructs, which comprise a nucleic acid, e.g., one or a plurality of AAV
constructs. For example, a pharmaceutical composition of the present disclosure comprise as
described herein, in combination with one or more pharmaceutically or physiologically acceptable
carriers, diluents or excipients. Such compositions may comprise buffers such as neutral buffered
saline, phosphate buffered saline and the like; carbohydrates such as glucose, mannose, sucrose,
or dextrans; mannitol; proteins; polypeptides or amino acids such as glycine; antioxidants;
chelating agents such as EDTA or glutathione; adjuvants (e.g., aluminum hydroxide); and
preservatives. In some embodiments, compositions of the present disclosure are formulated for
intravenous administration. In some embodiments compositions of the present disclosure are

formulated for intra-cochlear administration.

[0464] In some embodiments, therapeutic compositions of the present disclosure are
formulated for intra-cochlear administration. In some embodiments, a therapeutic composition is
formulated to comprise a lipid nanoparticle, a polymeric nanoparticle, a mini-circle DNA or a

CELiD DNA.

[0465] In some embodiments, a therapeutic composition is formulated to comprise a
synthetic perilymph solution. For example, in some embodiments, a synthetic perilymph solution

includes 20-200mM NaCl; 1-5 mM KCI; 0.1-10mM CaCl2; 1-10mM glucose; and 2-50 mM
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HEPES, with a pH between about 6 and about 9.In some embodiments, any of the pharmaceutical
compositions described herein may further comprise one or more agents that promote entry of a
nucleic acid or any of the constructs described herein into a mammalian cell (e.g., a liposome or
cationic lipid).In some embodiments, any constructs described herein can be formulated using
natural and/or synthetic polymers. Non-limiting examples of polymers that may be included in
any compositions described herein can include, but are not limited to, DYNAMIC
POLYCONJUGATE® (Arrowhead Research Corp., Pasadena, Calif)), formulations from Mirus
Bio (Madison, Wis.) and Roche Madison (Madison, Wis.), PhaseRX polymer formulations such
as, without limitation, SMARTT POLYMER TECHNOLOGY® (PhaseRX, Seattle, Wash.),
DMRI/DOPE, poloxamer, VAXFECTIN® adjuvant from Vical (San Diego, Calif)), chitosan,
cyclodextrin from Calando Pharmaceuticals (Pasadena, Calif)), dendrimers and poly (lactic-co-
glycolic acid) (PLGA) polymers, RONDEL™ (RNAi/Oligonucleotide Nanoparticle Delivery)
polymers (Arrowhead Research Corporation, Pasadena, Calif.), and pH responsive co-block
polymers, such as, but not limited to, those produced by PhaseRX (Seattle, Wash.). Many of these
polymers have demonstrated efficacy in delivering oligonucleotides in vivo into a mammalian cell
(see, e.g., deFougerolles, Human Gene Ther. 19:125-132, 2008; Rozema et al., Proc. Natl. Acad.
Sci. U.S.A. 104:12982-12887, 2007, Rozema et al., Proc. Natl. Acad. Sci. U.S.A. 104:12982-
12887, 2007, Hu-Lieskovan et al., Cancer Res. 65:8984-8982, 2005; Heidel et al., Proc. Natl.
Acad. Sci. U.S.A. 104:5715-5721, 2007, each of which is incorporated in its entirety herein by

reference). Any compositions described herein can be, e.g., a pharmaceutical composition.

[0466] In some embodiments, a composition includes a pharmaceutically acceptable
carrier (e.g., phosphate buffered saline, saline, or bacteriostatic water). Upon formulation,
solutions can be administered in a manner compatible with a dosage formulation and in such
amount as is therapeutically effective. Formulations are easily administered in a variety of dosage

forms such as injectable solutions, injectable gels, drug-release capsules, and the like.

[0467] Compositions provided herein can be, e.g., formulated to be compatible with their
intended route of administration. A non-limiting example of an intended route of administration

is local administration (e.g., intra-cochlear administration).
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[0468] Also provided are kits including any compositions described herein. In some
embodiments, a kit can include a solid composition (e.g., a lyophilized composition including at

least one construct as described herein) and a liquid for solubilizing a lyophilized composition.

[0469] In some embodiments, a kit can include a pre-loaded syringe including any

compositions described herein.

[0470] In some embodiments, a kit includes a vial comprising any of the compositions
described herein (e.g., formulated as an aqueous composition, e.g., an aqueous pharmaceutical

composition).

[0471] In some embodiments, a kit can include instructions for performing any methods

described herein.
h. Cells

[0472] In some embodiments, the present disclosure provides a cell (e.g., a mammalian
cell, e.g., ahuman cell, e.g., an ear hair cell, e.g., an OHC, an IHC, etc.) that comprises any nucleic
acids, constructs (e.g., at least two different constructs described herein), compositions, etc., as
described herein. As will be appreciated by one of skill in the art, nucleic acids and constructs
described herein can be introduced into any cell (e.g., a mammalian cell, e.g., a human cell, e.g.,
an ear hair cell, e.g., an OHC, an IHC, etc.). Non-limiting examples of certain constructs and

methods for introducing constructs into cells are described herein.

[0473] In some embodiments, a cell is a human cell, a mouse cell, a porcine cell, a rabbit
cell, a dog cell, a rat cell, a sheep cell, a cat cell, a horse cell, a non-human primate cell, or an
insect cell. In some embodiments, a cell is a specialized cell of the cochlea. In some embodiments,
a cell is a cochlear inner hair cell or a cochlear outer hair cell. In some embodiments, a cell is a

cochlear inner hair cell. In some embodiments, a cell is a cochlear outer hair cell.

[0474] In some embodiments, a cell is in vitro. In some embodiments, a cell is in vivo or

ex vivo. For example, in some embodiments, cell is present in a mammal. In some embodiments,
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a cell (e.g., a mammalian cell) is autologous cell obtained, e.g., from a subject (e.g., a mammal)

and cultured ex vivo.

[0475] In some embodiments, cells provided by the present disclosure are transfected host
cells. In some embodiments, transfection is used to refer to uptake of foreign DNA by a cell, and
a cell has been “transfected” when exogenous DNA has been introduced inside a cell membrane.
A number of transfection techniques are generally known in the art (see, e.g., Graham et al. (1973)
Virology, 52:456; Sambrook et al. (1989) Molecular Cloning, a laboratory manual, Cold Spring
Harbor Laboratories, New York, Davis et al. (1986) Basic Methods in Molecular Biology,
Elsevier; and Chu et al. (1981) Gene 13:197, each of which is incorporated in its entirety herein
by reference). Such techniques can be used to introduce one or more exogenous nucleic acids,

such as a nucleotide integration construct and other nucleic acid molecules, into suitable host cells.

[0476] In some embodiments, a host cell is a mammalian cell. A host cell may be used as
a recipient of an AAV helper construct, an AAV minigene plasmid, an accessory function
construct, and/or other transfer DNA associated with production of recombinant AAVs. The term
includes progeny of an original cell that has been transfected. In some embodiments, a host cell
is a cell that has been transfected with an exogenous DNA sequence. It is understood that progeny
of a single parental cell may not necessarily be completely identical in morphology or in genomic

or total DNA complement as the original parent, due to natural, accidental, or deliberate mutation.
4. Methods

[0477] Among other things, the present disclosure provides methods. In some
embodiments, a method comprises introducing a composition as described herein into the inner
ear (e.g., a cochlea) of a subject. For example, provided herein are methods that in some
embodiments include administering to an inner ear (e.g., cochlea) of a subject (e.g., an animal,
e.g., a mammal, e.g, a primate, e.g, a human) a therapeutically effective amount of any

composition described herein.

[0478] In some embodiments, the present disclosure provides methods of generating

and/or testing one or more compositions of components thereof. In some such embodiments,
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compositions may be used to treat a subject with hearing loss. In some embodiments, the present
disclosure provides methods of genetically modifying one or more cells. In some embodiments,
methods of the present disclosure, including compositions produced or administered using such
methods include those in WO 2019/028246 A2, PCT/US2019/060324, and PCT/US2019/060328,

each of which is incorporated by reference herein, in its entirety.

[0479] For example, in some embodiments, in addition to the exemplary compositions
described herein, FIG. 6 depicts exemplary miRNA constructs that can be used in accordance with
the present disclosure. These sequences and constructs can be tested (e.g., via double transfection)
in cells (e.g., human cells, e.g., HEK cells, e.g., hair cells, e.g., outer hair cells), in single, and/or
in multiplexed format. mRNA and protein levels are or can be measured using appropriate
qualitative or quantitative techniques such as PCR, immunofluorescence (of cells) and western
blot techniques. As described herein, exemplary miRNA constructs can be delivered as plasmids

(or constructs), or via AAV compositions described herein.

a. Methods of Making

[0480] In some embodiments, viral constructs are prepared by any methods known to one
of skill in the art. For example, in some embodiments, viral constructs are prepared using a
standard triple transfection system (e.g., three plasmids/constructs, comprising (i) rep/cap genes,
(ii) helper genes, and (iii) payloads (e.g., miRNA, KCNQ4, etc) respectively, e.g., four
plasmids/constructs, etc.) followed by standard isolation and purification methods (e.g., CsCl
gradient). In some such embodiments, such viral preparations are formulated for delivery into a

subject.

[0481] The present disclosure provides, among other things, method of making AAV-
based constructs. In some embodiments, such methods include use of host cells. In some
embodiments, a host cell is a mammalian cell. A host cell may be used as a recipient of an AAV
helper construct, an AAV minigene plasmid, an accessory function construct, and/or other transfer
DNA associated with production of recombinant AAVs. The term includes progeny of an original

cell that has been transfected. Thus, a “host cell” as used herein may refer to a cell that has been
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transfected with an exogenous DNA sequence. It is understood that progeny of a single parental
cell may not necessarily be completely identical in morphology or in genomic or total DNA

complement as the original parent, due to natural, accidental, or deliberate mutation.

[0482] Additional methods for generating and isolating AAV viral constructs suitable for
delivery to a subject are described in, e.g., U.S. Pat. No. 7,790,449; U.S. Pat. No. 7,282,199; WO
2003/042397; WO 2005/033321, WO 2006/110689; and U.S. Pat. No. 7,588,772, each of which
is incorporated in its entirety herein by reference. In one system, a producer cell line is transiently
transfected with a construct that encodes a transgene flanked by ITRs and a construct(s) that
encodes rep and cap. In another system, a packaging cell line that stably supplies rep and cap is
transiently transfected with a construct encoding a transgene flanked by ITRs. In each of these
systems, AAYV virions are produced in response to infection with helper adenovirus or herpesvirus,
and AAVs are separated from contaminating virus. Other systems do not require infection with
helper virus to recover AAV--helper functions (i.e., adenovirus E1, E2a, VA, and E4 or
herpesvirus ULS, UL8, UL52, and UL29, and herpesvirus polymerase) are also supplied, in trans,
by a given system. In such systems, helper functions can be supplied by transient transfection of
cells with constructs that encode helper functions, or cells can be engineered to stably contain
genes encoding helper functions, expression of which can be controlled at a transcriptional and/or

posttranscriptional level.

[0483] In yet another embodiment, the present disclosure provides a system in which
transgene flanked by ITRs and rep/cap genes are introduced into insect host cells by infection with
insect virus(e.g., baculovirus)-based constructs. Such production systems are known in the art (see
generally, e.g., Zhang et al., 2009, Human Gene Therapy 20:922-929). Methods of making and
using these and other AAV production systems are also described in U.S. Pat. Nos. 5,139,941,
5,741,683; 6,057,152, 6,204,059; 6,268,213; 6,491,907, 6,660,514; 6,951,753; 7,094,604
7,172,893; 7,201,898; 7,229,823; and 7,439,065, each of which is incorporated in its entirety

herein by reference.
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b. Methods of Treatment

[0484] In some embodiments, technologies of the present disclosure are used to treat
subjects with or at risk of hearing loss. For example, in some embodiments, a subject has an
autosomal dominant hearing loss attributed to at least one variant of a KCNQ4 gene. It will be
understood by those in the art that many different changes (e.g., substitutions, deletions, additions,
etc.) in a KCNQ4 gene that can result in or risk causing hearing loss. In some such embodiments,

one or more changes in a KCNQ4 sequence results in a loss-of-function KCNQ4 gene variant.

[0485] In some embodiments, a subject experience hearing loss can be evaluated to
determine if and where one or more mutations may exists that may cause hearing loss. In some
such embodiments, status of a KCNQ4 gene product (e.g., polynucleotide, e.g., polypeptide) or
function can be evaluated (e.g., via protein or sequencing analyses). In some embodiments of any
methods described herein, a subject may be a mammal. In some embodiments, a mammal is a
rodent, a non-human primate, or a human. In some embodiments of any methods described herein,
a subject is an adult, a teenager, a juvenile, a child, a toddler, an infant, newborn, or fetus. In some
embodiments of any methods described herein, a subject is 1-5, 1-10, 1-20, 1-30, 1-40, 1-50, 1-60,
1-70, 1-80, 1-90, 1-100, 1-110, 2-5, 2-10, 10-20, 20-30, 30-40, 40-50, 50-60, 60-70, 70-80, 80-90,
90-100, 100-110, 10-30, 10-40, 10-50, 10-60, 10-70, 10-80, 10-90, 10-100, 10-110, 20-40, 20-50,
20-60, 20-70, 20-80, 20-90, 20-100, 20-110, 30-50, 30-60, 30-70, 30-80, 30-90, 30-100, 40-60,
40-70, 40-80, 40-90, 40-100, 50-70, 50-80, 50-90, 50-100, 60-80, 60-90, 60-100, 70-90, 70-100,
70-110, 80-100, 80-110, or 90-110 years of age. In some embodiments a subjectis 1, 2, 3,4, 5, 6,
7, 8,9, 10, or 11 months of age. In some embodiments, a subject is 1, 2, 3, 4, 5 or more weeks of
age. In some embodiments, a subject is between 23 and 42 gestational weeks of age (i.e., a fetus

of a gestational age).

[0486] In some embodiments of any methods described herein, such methods may result
in improvement in hearing (e.g., any metrics for determining improvement in hearing described
herein) in a subject in need thereof for at least 10 days, at least 15 days, at least 20 days, at least
25 days, at least 30 days, at least 35 days, at least 40 days, at least 45 days, at least 50 days, at least
55 days, at least 60 days, at least 65 days, at least 70 days, at least 75 days, at least 80 days, at least
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85 days, at least 100 days, at least 105 days, at least 110 days, at least 115 days, at least 120 days,
at least 5 months, at least 6 months, at least 7 months, at least 8 months, at least 9 months, at least

10 months, at least 11 months, or at least 12 months.

[0487] In some embodiments a subject (e.g., a mammal, e.g., a human) has or is at risk of
developing non-syndromic sensorineural hearing loss. In some embodiments a subject (e.g., a
mammal, e.g., a human) has been previously identified as having a mutation in a KCNQ4 gene.
In some embodiments a subject (e.g., a mammal, e.g., a human) has any mutations in a KCNQ4
gene that are described herein or are known in the art to be associated with non-symptomatic

sensorineural hearing loss.

[0488] In some embodiments a subject (e.g., a mammal, e.g., a human) has been identified
as being a carrier of a mutation in a KCNQ4 gene (e.g., via genetic testing). In some embodiments
a subject (e.g., a mammal, e.g., a human) has been identified as having a mutation in a KCNQ4
gene and has been diagnosed with non-symptomatic sensorineural hearing loss. In some
embodiments a subject (e.g., a mammal, e.g., a human) has been identified as having non-

symptomatic sensorineural hearing loss.

[0489] In some embodiments, a subject (e.g., amammal, e.g., a human) has been identified
as being at risk of hearing loss (e.g., at risk of being a carrier of a gene mutation, e.g., a KCNQ4
gene mutation). In some such embodiments, a subject (e.g., a mammal, e.g., a human) may have,
e.g., certain risk factors (e.g., parent or symptoms of hearing loss) of hearing loss or risk of hearing
loss. In some such embodiments, a subject (e.g., a mammal, e.g., a human) has been identified as
being a carrier of a mutation in a KCNQ4 gene (e.g., via genetic testing) that has not previously
been identified (i.e., is not a published, known variant of a KCNQ4 gene sequence). In some such
embodiments, identified mutations may be novel (i.e., not previously described in the literature),
and methods of treatment for a subject suffering from or susceptible to hearing loss can be

personalized to one or more mutation(s) of a particular subject (e.g., mammal, e.g., human).

[0490] In some embodiments, successful treatment of non-symptomatic sensorineural

hearing loss can be determined in a subject using any conventional functional hearing tests known

162



WO 2023/056329 PCT/US2022/077222

in the art. Non-limiting examples of functional hearing tests are various types of audiometric
assays (e.g., pure-tone testing, speech testing, middle ear test, auditory brainstem response, and

otoacoustic emissions).

[0491] In some embodiments, treatment comprises improve outer hair cell function and/or
survival. In some embodiments, outer hair cell function is determined by performing a distortion

product otoacoustic emissions (DPOAE) test, as described herein.

[0492] In some embodiments, treatment comprises improve inner hair cell function and/or

survival.

¢. Methods of Increasing Expression of KCNQ4

[0493] The present disclosure provides methods of increasing expression of a functional
(e.g., gain-of-function) KNCQ4 gene product (e.g., a wild type KCNQ4, e.g., a codon optimized
KCNQ4, a Kv7.4 protein) in a cell (e.g., a mammalian cell). In some such embodiments, such
methods comprise introducing any compositions (e.g., a construct encoding a functional KCNQ4,
e.g., a wild type KCNQ4, e.g., a codon optimized KCNQ4) described herein into a cell (e.g., a
mammalian cell). In some embodiments, introduction is in vifro. In some embodiments,

introduction is ex vivo. In some embodiments, introduction is in vivo.

[0494] In some such embodiments, a cell is a mammalian cell. In some embodiments, a
mammalian cell is a cochlear cell. In some embodiments, a cochlear cell is a hair cell. In some
embodiments, a cochlear hair cell is an inner hair cell. In some embodiments, a cochlear hair cell
is an outer hair cell. In such some embodiments, a mammalian cell is a human cell (e.g., a human

cochlear outer hair cell).

[0495] Methods for introducing any compositions described herein into a mammalian cell
are known in the art (e.g., via lipofection or through use of a viral construct, e.g., any viral
constructs described herein). In some embodiments, an increase in expression of a KCNQ4 gene
product (e.g., a gene product encoding a functional KCNQ4) is determined, e.g., as compared to a
control or to a level of expression of a KCNQ4 gene product prior to introduction of a composition

as described herein. In some embodiments a decrease in a KCNQ4 variant gene product (e.g., a
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gene product that occurs as a result of a variant KCNQ4 gene) occurs concomitantly or sequentially

with an increase in a functional KCNQ4 gene product.

d. Methods of Decreasing Expression of Endogenous KCNQ4 and/or Replacing Endogenous
KCNQ4

[0496] The present disclosure provides methods of decreasing expression of an
endogenous KNCQ4 gene product (e.g., a wild type KCNQ4, e.g., a loss-of-function KCNQ4
variant) in a cell (e.g., a mammalian cell) and/or replacing it with a different, functional (e.g., gain-
of-function) KCNQ4 (e.g., a codon-optimized KCNQ4). In some embodiments, as described
herein, endogenous KCNQ4 may be replaced by a codon-optimized version that has been
engineered to resist inhibitory nucleic acid-mediated degradation (e.g., miRNA-mediated
degradation). In some such embodiments, miRNA-mediated degradation is due to endogenous
and/or exogenously introduced miRNAs. In some embodiments as described herein, a genome
editing strategy may be or comprise, e.g., introduction of an exogenous miRNA and may be
preceding, followed or substantially simultaneously include replacement of endogenous KCNQ4

gene with a codon-optimized KCNQ4 gene.

[0497] In some such embodiments, such methods comprise introducing any compositions
(e.g., a construct encoding a functional KCNQ4, e.g., a wild type KCNQ4, e.g., a codon optimized
KCNQ4) described herein into a cell (e.g., a mammalian cell). In some embodiments, introduction
is in vitro. In some embodiments, introduction is ex vivo. In some embodiments, introduction is

in vivo.

[0498] In some such embodiments, a cell is a mammalian cell. In some embodiments, the
mammalian cell is a cochlear cell. In some embodiments, a cochlear cell is a hair cell. In some
embodiments, a cochlear hair cell is an inner hair cell. In some embodiments, a cochlear hair cell
is an outer hair cell. In some such embodiments, a mammalian cell is a human cell (e.g., a human

cochlear outer hair cell).

[0499] Methods for introducing any compositions described herein into a mammalian cell

are known in the art (e.g., via lipofection or through use of a viral construct, e.g., any viral
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constructs described herein). In some embodiments, a decrease in expression of an endogenous
KCNQ4 gene product is determined, e.g., as compared to a control or to a level of expression of a
KCNQ4 gene product prior to introduction of a composition as described herein. In some
embodiments a decrease in an endogenous KCNQ4 gene product occurs concomitantly or

sequentially with an increase in a codon-optimized KCNQ4 gene product.

e. Methods of Decreasing Expression of a Loss-of-Function KCNQ4 variant

[0500] The present disclosure provides methods of decreasing expression of a loss-of-
function KNCQ4 variant gene product in a cell (e.g., a mammalian cell). In some such
embodiments, such methods comprise introducing any compositions (e.g., an inhibitory nucleic
acid) described herein into a cell (e.g., a mammalian cell). In some embodiments, introduction is
in vitro. In some embodiments, introduction is ex vivo. In some embodiments, introduction is in

Vivo.

[0501] In some such embodiments, a cell is a mammalian cell. In some embodiments, a
mammalian cell is a cochlear cell. In some embodiments, a cochlear cell is a hair cell. In some
embodiments, a cochlear hair cell is an inner hair cell. In some embodiments, a cochlear hair cell
is an outer hair cell. In some such embodiments, a mammalian cell is a human cell (e.g., a human

cochlear outer hair cell).

[0502] Methods for introducing any compositions described herein into a mammalian cell
are known in the art (e.g., via lipofection or use of a viral construct, e.g., any viral constructs
described herein). A decrease in expression of a KCNQ4 variant gene product is determined, e.g.,
as compared to a control or to a level of expression of aKCNQ4 variant gene product prior to
introduction of a composition as described herein. In some embodiments a decrease in KCNQ4

variant occurs concomitantly or sequentially with an increase in functional KCNQ4.
5. Administration

[0503] Provided herein are technologies comprising, among other things, therapeutic
delivery systems for treating hearing loss (e.g., nonsyndromic sensorineural hearing loss or

syndromic sensorineural hearing loss). In some embodiments the present disclosure provides
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compositions that are part of or comprise at least one construct, e.g., viral construct, e.g., AAV
construct. In some embodiments, an inhibitory nucleic acid of the present disclosure is included
within or comprises at least one construct. In some such embodiments, a construct is an AAV
construct. In some embodiments, an AAV construct is used to deliver an inhibitory nucleic acid
to one or more cells. In some embodiments, an inhibitory nucleic acid is included within or
comprises at least one construct. In some such embodiments, a construct is an AAV construct. In
some embodiments, an AAV construct is used to deliver an inhibitory nucleic acid to one or more
cells. In some such embodiments, a construct encodes an inhibitory nucleic acid that may, in some
embodiments, decrease expression of a potassium channel gene product, e.g., a potassium channel
mRNA, e.g., KCNQ4 mRNA). In some embodiments, a single construct encodes more than one
inhibitory nucleic acid molecule (e.g., more than one miRNA targeting sequence, etc.). In some
embodiments, a single construct encodes 2, 3, 4, 5, 6, 7, 8, 9, or 10 inhibitory nucleic acid

molecules.

[0504] Non-limiting examples of siRNAs that can decrease expression of a potassium
channel gene product (e.g., protein) in a cell (e.g., a human cell, e.g., an outer hair cell) are
described herein. As described herein, in some embodiments, a subject has been previously
identified as having a loss-of-function KCNQ4 variant (e.g., a KCNQ4 gene having a sequence
variation that results in a defect (e.g., decrease) in expression and/or activity of a KCNQ4 protein
encoded by a gene or in a function that causes disease (e.g., DFNA2 or another dysfunction in a
potassium channel, e.g., chronic depolarization leading to death). In some embodiments, prior to
an introducing or administering step as provided herein, a subject is determined to have a KCNQ4
variant gene. In some embodiments, a method of treatment comprises detecting a variation in a
KCNQ#4 gene in a subject. In some embodiments, a method of treating comprises identifying or

diagnosing a subject as having non-symptomatic sensorineural hearing loss.

[0505] As described herein, technologies provided by the present disclosure (e.g.,
expression systems, inhibitory RN As or genome editing systems, etc.) can be implemented (e.g.,
administered or delivered to a cell or a subject) in a variety of ways, and different implementations

may be suitable for distinct applications. For example, in some embodiments, technologies of the
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present disclosure are used to increase a level of a gene, decrease a level of a gene, and/or increase
and decrease levels of certain genes or gene variants, simultaneously. For example, in some
embodiments, technologies of the present disclosure include increasing expression of a functional
KCNQ4 gene product, decreasing expression of a loss-of-function KCNQ4 gene variant, replacing
a functional KCNQ4 gene product with a codon-optimized version of a KCNQ4 gene product, or

any combination of increasing and decreasing thereof.
a. Routes of Administration

[0506] In some embodiments, the present disclosure provides various routes of and
formulations for administration. As will be known to one of skill in the art, pharmaceutical forms
suitable for injectable use include sterile aqueous solutions or dispersions and sterile powders for
extemporaneous preparation of sterile injectable solutions or dispersions. Dispersions may also be

prepared in glycerol, liquid polyethylene glycols, and mixtures thereof and in oils.

[0507] Under ordinary conditions of storage and use, these preparations contain a
preservative to prevent growth of microorganisms. In many cases the form is sterile and fluid to
the extent that easy syringability exists. It must be stable under the conditions of manufacture and
storage and must be preserved against contaminating action of microorganisms, such as bacteria
and fungi. In some embodiments, a carrier can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (e.g., glycerol, propylene glycol, and liquid polyethylene glycol,
and the like), suitable mixtures thereof, and/or vegetable oils. Proper fluidity may be maintained,
for example, by use of a coating, such as lecithin, by maintenance of the required particle size in
the case of dispersion and by use of surfactants. Prevention of action of microorganisms can be
brought about by various antibacterial and antifungal agents, for example, parabens, chlorobutanol,
phenol, sorbic acid, thimerosal, and the like. In many cases, it will be preferable to include isotonic

agents, for example, sugars or sodium chloride.

[0508] Prolonged absorption of injectable compositions can be brought about use in
compositions of agents delaying absorption, for example, aluminum monostearate and gelatin. For

administration of an injectable aqueous solution, for example, a solution may be suitably buffered,
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if necessary, and a liquid diluent first rendered isotonic with sufficient saline or glucose. These
particular aqueous solutions are especially suitable for intravenous, intramuscular, subcutaneous
and intraperitoneal administration. In this connection, a sterile aqueous medium that can be
employed will be known to those of skill in the art. For example, one dosage may be dissolved in
1 ml of isotonic NaCl solution and either added to 1000 ml of hypodermoclysis fluid or injected
at a proposed site of infusion, (see for example, “Remington’s Pharmaceutical Sciences” 15th
Edition, pages 1035-1038 and 1570-1580, which is incorporated in its entirety herein by
reference). Some variation in dosage will necessarily occur depending on condition of a host. A
person responsible for administration will, in any event, determine an appropriate dose for an

individual host.

[0509] In some embodiments, sterile injectable solutions are prepared by incorporating
active TAAV in a required amount in an appropriate solvent with various other ingredients
enumerated herein, as required, followed by filtered sterilization. Generally, dispersions are
prepared by incorporating various sterilized active ingredients into a sterile vehicle which contains
basic dispersion medium and required other ingredients from those enumerated above. In the case
of sterile powders for preparation of sterile injectable solutions, in some embodiments, preferred
methods of preparation are vacuum-drying and freeze-drying techniques which yield a powder of
active ingredient plus any additional desired ingredient from a previously sterile-filtered solution

thereof.

[0510] In some embodiments, rAAV compositions disclosed herein may also be
formulated in a neutral or salt form. Pharmaceutically-acceptable salts, include acid addition salts
(formed with free amino groups of a given protein) and which are formed with inorganic acids
such as, for example, hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic,
tartaric, mandelic, and the like. Salts formed with free carboxyl groups can also be derived from
inorganic bases such as, for example, sodium, potassium, ammonium, calcium, or ferric
hydroxides, and such organic bases as isopropylamine, trimethylamine, histidine, procaine and the
like. Upon formulation, solutions can be administered in a manner compatible with the dosage

formulation and in such amount as is therapeutically effective. Formulations are easily
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administered in a variety of dosage forms such as injectable solutions, drug-release capsules, and

the like.

[0511] Delivery vehicles such as liposomes, nanocapsules, microparticles, microspheres,
lipid particles, vesicles, and the like, may be used for introduction of compositions of the present
disclosure into suitable host cells. In particular, in some embodiments, rAAV-construct delivered
transgenes may be formulated for delivery either encapsulated in a lipid particle, a liposome, a

vesicle, a nanosphere, or a nanoparticle or the like.

[0512] Such formulations may be preferred for introduction of pharmaceutically
acceptable formulations of nucleic acids or rAAV constructs disclosed herein. Formation and use
of liposomes is generally known to those of skill in the art. Recently, liposomes were developed
with improved serum stability and circulation half-times (U.S. Pat. No. 5,741,516, which is
incorporated in its entirety herein by reference). Further, various methods of liposome and
liposome like preparations as potential drug carriers have been described (U.S. Pat. Nos.
5,567,434; 5,552,157, 5,565,213; 5,738,868 and 5,795,587, each of which is incorporated in its

entirety herein by reference).

[0513] Liposomes have been used successfully with a number of cell types that are
normally resistant to transfection by other procedures. In addition, liposomes are free of DNA
length constraints that are typical of viral-based delivery systems. Liposomes have been used
effectively to introduce genes, drugs, radiotherapeutic agents, viruses, transcription factors and
allosteric effectors into a variety of cultured cell lines and animals. In addition, several successful

clinical trials examining efficacy of liposome-mediated drug delivery have been completed.

[0514] Liposomes are formed from phospholipids that are dispersed in an aqueous medium
and spontaneously form multilamellar concentric bilayer vesicles (also termed multilamellar
vesicles (MLVs). MLVs generally have diameters of from 25 nm to 4 Tm. Sonication of MLV
results in formation of small unilamellar vesicles (SUVs) with diameters in a range of

approximately 200 to 500 .ANG., containing an aqueous solution in the core.
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[0515] Alternatively, nanocapsule formulations of rAAV may be used. Nanocapsules can
generally entrap substances in a stable and reproducible way. To avoid side effects due to
intracellular polymeric overloading, such ultrafine particles (sized around 0.1 Tm) should be
designed using polymers able to be degraded in vivo. Biodegradable polyalkyl-cyanoacrylate

nanoparticles that meet these requirements are contemplated for use.

[0516] In addition to methods of delivery described above, the following techniques are
also contemplated as alternative methods of delivering the rAAV compositions to a host.
Sonophoresis (i.e., ultrasound) has been used and described in U.S. Pat. No. 5,656,016, which is
incorporated in its entirety herein by reference, as a device for enhancing the rate and efficacy of
drug permeation into and through a circulatory system. Other drug delivery alternatives
contemplated are intraosseous injection (U.S. Pat. No. 5,779,708, which is incorporated in its
entirety herein by reference), microchip devices (U.S. Pat. No. 5,797,898, which is incorporated
in its entirety herein by reference), ophthalmic formulations (Bourlais et al,, 1998, which is
incorporated in its entirety herein by reference), transdermal matrices (U.S. Pat. Nos. 5,770,219
and 5,783,208, each of which is incorporated in its entirety herein by reference) and feedback-
controlled delivery (U.S. Pat. No. 5,697,899, which is incorporated in its entirety herein by

reference).

[0517] In some embodiments, administration of any compositions of the present disclosure
may be carried out in any convenient manner, including by aerosol inhalation, injection, ingestion,
transfusion, implantation or transplantation. Compositions described herein may be administered
to a patient trans arterially, subcutaneously, intradermally, intranodally, intramedullary,
intramuscularly, by intravenous (i.v.) injection, or intraperitoneally. In some embodiments, a
nucleic acid composition of the present disclosure is administered to a patient by intradermal or
subcutaneous injection. In some embodiments, a nucleic composition of the present disclosure is
administered by i.v. injection. In some embodiments, administration of any compositions of the
present disclosure may be carried out by administration into or through the round window
membrane of an inner ear of a subject. In some embodiments, administration of any compositions

of the present disclosure may be carried out by administration into perilymph fluid of an inner ear.
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In some embodiments, any compositions of the present disclosure may be formulated for
administration into or through the round window membrane of an inner ear of a subject. In some
embodiments, any compositions of the present disclosure may be formulated for administration

into perilymph fluid of an inner ear.

b. Dosing
i. rAAV-KCNQ4-Inhibitory-RNA
[0518] In some embodiments, any of the methods disclosed herein comprise a dose-

escalation study to assess safety and tolerability in subjects, e.g., mammals, e.g., humans, e.g.,
patients, with hearing loss. In some embodiments, a composition disclosed herein, e.g., rAAV-
KCNQ4-Inhibitory-RNA, is administered at a dosing regimen disclosed herein. In some
embodiments, the dosing regimen comprises either unilateral or bilateral intracochlear
administrations of a dose, e.g., as described herein, of a composition disclosed herein, e.g., rAAV-
KCNQ4-Inhibitory-RNA. In some embodiments, the dosing regimen comprises delivery in a
volume of at least 0.001 mL, 0.005 mL, 0.01 mL, at least 0.02 mL, at least 0.03 mL, at least 0.04
mL, at least 0.05 mL, at least 0.06 mL, at least 0.07 mL, at least 0.08 mL, at least 0.09 mL, at least
0.10 mL, at least 0.11 mL, at least 0.12 mL, at least 0.13 mL, at least 0.14 mL, at least 0.15 mL, at
least 0.16 mL, at least 0.17 mL, at least 0.18 mL, at least 0.19 mL, or at least 0.20 mL per cochlea.
In some embodiments, the dosing regimen comprises delivery in a volume of at most 0.30 mL, at
most 0.25 mL, at most 0.20 mL, at most 0.15 mL, at most 0.14 mL, at most 0.13 mL, at most 0.12
mL, at most 0.11 mL, at most 0.10 mL, at most 0.09 mL, at most 0.08 mL, at most 0.07 mL, at
most 0.06 mL, at most 0.05 mL, at most 0.01 mL, at most 0.005 mL, or at most 0.001 mL per
cochlea. In some embodiments, the dosing regimen comprises delivery in a volume of about 0.001
mL, 0.005 mL, 0.01 mL, 0.05 mL, about 0.06 mL, about 0.07 mL, about 0.08 mL, about 0.09 mL,
about 0.10 mL, about 0.11 mL, about 0.12 mL, about 0.13 mL, about 0.14 mL, or about 0.15 mL
per cochlea, depending on the population. In some embodiments, the dosing regimen comprises
delivery in a volume of at least 0.001 mL, 0.005 mL, 0.01 mL, at least 0.02 mL, at least 0.03 mL,
at least 0.04 mL, at least 0.05 mL, at least 0.06 mL, at least 0.07 mL, at least 0.08 mL, at least 0.09
mL, at least 0.10 mL, at least 0.11 mL, at least 0.12 mL, at least 0.13 mL, at least 0.14 mL, at least
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0.15 mL, at least 0.16 mL, at least 0.17 mL, at least 0.18 mL, at least 0.19 mL, or at least 0.20 mL
per cochlea. In some embodiments, the dosing regimen comprises delivery in a volume of at most
0.30 mL, at most 0.25 mL, at most 0.20 mL, at most 0.15 mL, at most 0.14 mL, at most 0.13 mL,
at most 0.12 mL, at most 0.11 mL, at most 0.10 mL, at most 0.09 mL, at most 0.08 mL, at most
0.07 mL, at most 0.06 mL, at most 0.05 mL, at most 0.01 mL, at most 0.005 mL, or at most 0.001
mL per cochlea. In some embodiments, the dosing regimen comprises delivery in a volume of
about 0.001 mL, about 0.005 mL, about 0.01 mL, 0.05 mL, about 0.06 mL, about 0.07 mL, about
0.08 mL, about 0.09 mL, about 0.10 mL, about 0.11 mL, about 0.12 mL, about 0.13 mL, about
0.14 mL, or about 0.15 mL per cochlea, depending on the population.

[0519] In some embodiments, a method disclosed herein evaluates the safety and
tolerability of escalating doses of a composition disclosed herein, e.g., rAAV- KCNQ4-Inhibitory-
RNA, administered via intracochlear injection to a subject, e.g.,18 to 80 years of age, with hearing

loss.

[0520] In some embodiments, a method disclosed herein evaluates the safety and
tolerability of escalating doses of a composition disclosed herein, e.g., rAAV- KCNQ4-Inhibitory-
RNA, administered via intraocular injection to a subject, e.g.,18 to 80 years of age, with hearing

loss.

[0521] In some embodiments, any of the methods disclosed herein comprise an evaluation
of the safety and tolerability of a composition disclosed herein, e.g., rAAV- KCNQ4-Inhibitory-
RNA. In some embodiments, evaluation of the efficacy of a composition disclosed herein, e.g.,
rAAV- KCNQ4-Inhibitory-RNA to treat hearing loss, is performed in a randomized, controlled

setting (using a concurrent, non-intervention observation arm).

[0522] In some embodiments, any of the methods disclosed herein comprise an evaluation
of the safety and tolerability of a composition disclosed herein, e.g., ., rAAV- KCNQ4-Inhibitory-
RNA. In some embodiments, evaluation of the efficacy of a composition disclosed herein, e.g.,
rAAV- KCNQ4-Inhibitory-RNA to treat vision loss, is performed in a randomized, controlled

setting (using a concurrent, non-intervention observation arm).
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iii. rAAV-KCNO4

[0523] In some embodiments, any of the methods disclosed herein comprise a dose-
escalation study to assess safety and tolerability in subjects, e.g., mammals, e.g., humans, e.g.,
patients, with hearing loss. In some embodiments, a composition disclosed herein, e.g., rAAV-
KCNQ4, is administered at a dosing regimen disclosed herein. In some embodiments, the dosing
regimen comprises either unilateral or bilateral intracochlear administrations of a dose, e.g., as
described herein, of a composition disclosed herein, e.g., rAAV-KCNQ4 In some embodiments,
the dosing regimen comprises delivery in a volume of at least 0.001 mL, 0.005 mL, 0.01 mL, at
least 0.02 mL, at least 0.03 mL, at least 0.04 mL, at least 0.05 mL, at least 0.06 mL, at least 0.07
mL, at least 0.08 mL, at least 0.09 mL, at least 0.10 mL, at least 0.11 mL, at least 0.12 mL, at least
0.13 mL, at least 0.14 mL, at least 0.15 mL, at least 0.16 mL, at least 0.17 mL, at least 0.18 mL, at
least 0.19 mL, or at least 0.20 mL per cochlea. In some embodiments, the dosing regimen
comprises delivery in a volume of at most 0.30 mL, at most 0.25 mL, at most 0.20 mL, at most
0.15 mL, at most 0.14 mL, at most 0.13 mL, at most 0.12 mL, at most 0.11 mL, at most 0.10 mL,
at most 0.09 mL, at most 0.08 mL, at most 0.07 mL, at most 0.06 mL, at most 0.05 mL, at most
0.01 mL, at most 0.005 mL, or at most 0.001 mL per cochlea. In some embodiments, the dosing
regimen comprises delivery in a volume of about 0.001 mL, 0.005 mL, 0.01 mL, 0.05 mL, about
0.06 mL, about 0.07 mL, about 0.08 mL, about 0.09 mL, about 0.10 mL, about 0.11 mL, about
0.12 mL, about 0.13 mL, about 0.14 mL, or about 0.15 mL per cochlea, depending on the
population. In some embodiments, the dosing regimen comprises delivery in a volume of at least
0.001 mL, 0.005 mL, 0.01 mL, at least 0.02 mL, at least 0.03 mL, at least 0.04 mL, at least 0.05
mL, at least 0.06 mL, at least 0.07 mL, at least 0.08 mL, at least 0.09 mL, at least 0.10 mL, at least
0.11 mL, at least 0.12 mL, at least 0.13 mL, at least 0.14 mL, at least 0.15 mL, at least 0.16 mL, at
least 0.17 mL, at least 0.18 mL, at least 0.19 mL, or at least 0.20 mL per cochlea. In some
embodiments, the dosing regimen comprises delivery in a volume of at most 0.30 mL, at most 0.25
mL, at most 0.20 mL, at most 0.15 mL, at most 0.14 mL, at most 0.13 mL, at most 0.12 mL, at
most 0.11 mL, at most 0.10 mL, at most 0.09 mL, at most 0.08 mL, at most 0.07 mL, at most 0.06
mL, at most 0.05 mL, at most 0.01 mL, at most 0.005 mL, or at most 0.001 mL per cochlea. In
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some embodiments, the dosing regimen comprises delivery in a volume of about 0.001 mL, about
0.005 mL, about 0.01 mL, 0.05 mL, about 0.06 mL, about 0.07 mL, about 0.08 mL, about 0.09
mL, about 0.10 mL, about 0.11 mL, about 0.12 mL, about 0.13 mL, about 0.14 mL, or about 0.15

mL per cochlea, depending on the population.

[0524] In some embodiments, a method disclosed herein evaluates the safety and
tolerability of escalating doses of a composition disclosed herein, e.g., rAAV-KCNQ4,

administered via intracochlear injection to a subject, e.g.,18 to 80 years of age, with hearing loss.

[0525] In some embodiments, a method disclosed herein evaluates the safety and
tolerability of escalating doses of a composition disclosed herein, e.g., rAAV-KCNQA4,

administered via intraocular injection to a subject, e.g.,18 to 80 years of age, with hearing loss.

[0526] In some embodiments, any of the methods disclosed herein comprise an evaluation
of the safety and tolerability of a composition disclosed herein, e.g., rAAV-KCNQ4. In some
embodiments, evaluation of the efficacy of a composition disclosed herein, e.g., rAAV-KCNQ4
to treat hearing loss, is performed in a randomized, controlled setting (using a concurrent, non-

intervention observation arm).

[0527] In some embodiments, any of the methods disclosed herein comprise an evaluation
of the safety and tolerability of a composition disclosed herein, e.g., rAAV-KCNQ4. In some
embodiments, evaluation of the efficacy of a composition disclosed herein, e.g., rAAV-KCNQ4
to treat vision loss, is performed in a randomized, controlled setting (using a concurrent, non-

intervention observation arm).
6. Delivery Strategies

a. Nucleic acid-based delivery of inhibitory RNAs or genome editing systems

[0528] In some embodiments, a genome editing system is implemented for one or more
nucleic acids encoding a CRISPR nuclease and gRNA components described herein (optionally
with one or more additional components). In some embodiments, a genome editing system is
implemented as one or more constructs comprising such nucleic acids, for instance a viral construct

such as an adeno-associated virus;, and in some embodiments, a genome editing system is
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implemented as a combination of any of the foregoing. Additional or modified implementations
that operate according to principles set forth herein will be apparent to the skilled artisan and are

within the scope of this disclosure.

[0529] In one non-limiting embodiment, a construct drives expression of a genome editing
system. The art is replete with suitable constructs that are useful in the present invention.
Constructs to be used are suitable for replication and, optionally, integration in eukaryotic cells.
Typical constructs contain transcription and translation terminators, initiation sequences, and
promoters useful for regulation of expression of a desired nucleic acid sequence. Constructs of
the present invention may also be used for nucleic acid standard gene delivery protocols. Methods
for gene delivery are known in the art (U.S. Pat. Nos. 5,399,346, 5,580,859 & 5,589,466,

incorporated by reference herein in their entireties).

[0530] CRISPR/Cas gene disruption occurs when a guide nucleic acid sequence specific
for a target gene and a Cas endonuclease are introduced into a cell and form a complex that enables
a Cas endonuclease to introduce a double strand break at a target gene. In some embodiments, a
CRISPR system comprises an expression construct, such as, but not limited to, an pAdSF35-
CRISPR construct. In other embodiments, the Cas expression construct induces expression of
Cas9 endonuclease. Other endonucleases may also be used, including but not limited to Cpfl, T7,
Cas3, Cas8a, Cas8b, Casl10d, Csel, Csyl, Csn2, Cas4, Cas10, Csm2, Cmr5, Fok1, other nucleases

known in the art, and any combination thereof.

[0531] In some embodiments, inducing a Cas expression construct comprises exposing a
cell to an agent that activates an inducible promoter in a Cas expression construct. In such
embodiments, a Cas expression construct includes an inducible promoter, such as one that is
inducible by exposure to an antibiotic (e.g., by tetracycline or a derivative of tetracycline, for
example doxycycline). However, it should be appreciated that other inducible promoters can be
used. An inducing agent can be a selective condition (e.g., exposure to an agent, for example an
antibiotic) that results in induction of an inducible promoter. This results in expression of a Cas

expression construct.
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[0532] In other embodiments, one or more constructs driving expression of one or more
elements of a CRISPR system are introduced into a host cell, such that expression of elements of
a CRISPR system direct formation of a CRISPR complex at one or more target sites. For example,
a Cas enzyme, a guide sequence linked to a tracr-mate sequence, and a tracr sequence could each
be operably linked to separate regulatory elements on separate constructs. Alternatively, two or
more elements expressed from the same or different regulatory elements may be combined in a
single construct, with one or more additional constructs providing any components of a CRISPR
system not included in a first construct. CRISPR system elements that are combined in a single
construct may be arranged in any suitable orientation, such as one element located 5’ with respect
to (“upstream” of) or 3' with respect to (“downstream” of) a second element. A coding sequence
of one element may be located on the same or opposite strand of a coding sequence of a second
element, and oriented in the same or opposite direction. In some embodiments, a single promoter
drives expression of a transcript encoding a CRISPR enzyme and one or more of a guide sequence,
tracr mate sequence (optionally operably linked to a guide sequence), and a tracr sequence
embedded within one or more intron sequences (e.g., each in a different intron, two or more in at

least one intron, or all in a single intron).

b. Viral delivery of genome modifying systems and/or transgenes

[0533] In some embodiments, a construct may be provided to a cell in the form of a viral
construct, e.g., an AAV construct. In some embodiments, a genome editing system is implemented
using one or more constructs comprising such nucleic acids, for instance a viral construct such as
an adeno-associated virus; and in some embodiments, a genome editing system is implemented as
a combination of any of the foregoing. In some embodiments, a transgene, e.g., a gene encoding
KCNQ4 (e.g., a functional KCNQ4) is administered using a viral construct. Viral construct
technology is well known in the art and is described, for example, in Sambrook et al. (4+Edition,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, New York, 2012,
which is incorporated in its entirety herein by reference), and in other virology and molecular
biology manuals. Viruses, which are useful as constructs include, but are not limited to,

retroviruses, adenoviruses, adeno-associated viruses, herpes viruses, Sindbis virus,
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gammaretrovirus and lentiviruses. In general, a suitable construct contains an origin of replication
functional in at least one organism, a promoter sequence, convenient restriction endonuclease sites,
and one or more selectable markers (e.g., WO 01/96584; WO 01/29058; and U.S. Pat. No.
6,326,193, each of which is incorporated in its entirety herein by reference). In some
embodiments, the present disclosure provides methods of delivery comprising administering one
or more constructs comprising one or more components that inhibit a KCNQ4 variant gene product
and/or one or more constructs comprising one or more components that express an exogenous
KCNQ4 (e.g., a functional KCNQ4, e.g., a wild type KCNQA4, e.g., a codon optimized KCNQ4)
gene product. Without being bound by any particular theory, in embodiments where viral delivery
of components to inhibit a KCNQ4 variant and express functional KCNQ4, a functional KCNQ4
is codon-optimized to resist impact of KCNQ4 inhibitory components that may exist and/or be
introduced into a cell or subject into which or whom they were delivered (e.g., inhibitory nucleic

acid, e.g., miRNA).
7. Devices and Surgical Methods

[0534] The present disclosure provides, among other things technologies (e.g., systems,
methods, devices, etc.) that may be used, in some embodiments, for treating deafness and other
hearing-associated diseases, disorders and conditions. Examples of such technologies are also
included in, e.g., W0O2017223193 and W0O2019084145, each of which is herein incorporated by
reference in its entirety. In some embodiments, for example, the present disclosure provides
therapeutic delivery systems for treating hearing loss (e.g., nonsyndromic sensorineural hearing
loss or syndromic sensorineural hearing loss). In some such embodiments, a therapeutic delivery
system may include: (i) a medical device capable of creating one or a plurality of incisions in a
round window membrane of an inner ear of a subject, and (ii) an effective dose of a composition
(e.g., any compositions described herein). In some embodiments, a medical device includes a

plurality of micro-needles.

[0535] AAV constructs are capable of constituting a full-length auditory polypeptide
messenger RNA in a target cell of an inner ear. In some embodiments, the present disclosure

provides a means for performing a surgical method, a method including the steps of: administering
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intra-cochlearly to a human subject in need thereof an effective dose of a therapeutic composition
of the present disclosure. A therapeutic composition is capable of being administered by using a
medical device including: a) means for creating one or a plurality of incisions in a round window

membrane, and b) an effective dose of a therapeutic composition.

[0536] The present disclosure provides, among other things, surgical methods for
treatment (e.g., prevention, reversal, mitigation, attenuation) of hearing loss. In one aspect,
methods include the steps of: introducing into a cochlea of a human subject a first incision at a
first incision point; and administering intra-cochlearly an effective dose of a therapeutic
composition (e.g., any compositions described herein) as provided herein. In one embodiment, a
therapeutic composition (e.g., any compositions described herein) is administered to a subject at a
first incision point. In some embodiments, a therapeutic composition is administered to a subject
into or through a first incision. In one embodiment, a therapeutic composition is administered to
a subject into or through a cochlea oval window membrane. In one embodiment, a therapeutic

composition is administered to a subject into or through a cochlea round window membrane.

[0537] For example, in some embodiments, a therapeutic composition is administered
using a medical device capable of creating a plurality of incisions in a round window membrane.
In some embodiments, a medical device includes a plurality of micro-needles. In some
embodiments, a medical device includes a plurality of micro-needles including a generally circular
first aspect, wherein each micro-needle includes a diameter of at least about 10 microns. In some
embodiments, a medical device includes a base and/or a reservoir capable of holding a therapeutic
composition. In some embodiments, a medical device includes a plurality of hollow micro-needles
individually including a lumen capable of transferring a therapeutic composition. In some

embodiments, a medical device includes a means for generating at least a partial vacuum.

a. Method of Introduction into Cochlea

[0538] The present disclosure provides, among other things, a method of introducing into

a cochlea of a mammal (e.g., a human) a therapeutically effective amount of any compositions or
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systems as described herein. Also provided are methods of increasing expression of a functional
KCNQ4 protein (e.g., a KCNQ4 protein that can be part of a functional potassium channel, e.g., a
potassium channel that does not result in chronically depolarized cells, e.g., outer hair cells) in a
cell (e.g., a hair cell, e.g., an outer hair cell) in a cochlea of a mammal (e.g., a human) that include
introducing into a cochlea of a subject a therapeutically effective amount of any compositions

described herein.

[0539] Also provided are methods of treating non-symptomatic sensorineural hearing loss
in a subject (e.g., a human) identified as having a defective (i.e., non-functional) KCNQ4 gene
product. In some such embodiments, methods include administering a therapeutically effective
amount of any compositions described herein into a cochlea of a subject. In some embodiments,
administration may include administering one or more compositions (e.g., one composition
comprising an inhibitory nucleic acid and another composition comprising a construct encoding a
functional KCNQ4; e.g., one composition comprising a construct encoding a functional KCNQ4
and another composition comprising a growth factor or other agent that will maintain ear hair cell
health, etc.). In some embodiments, methods of treating may further comprise administering a
cochlear implant to a subject (e.g., at substantially the same time as any compositions described

herein are administered to a subject).

[0540] In some embodiments a method of treating comprises administering two or more
doses of any compositions described herein. In some such embodiments, compositions are
introduced or administered into a cochlea of a mammal or subject. In some embodiments a method
of treating comprises introducing or administering a first dose of a composition into a cochlea of
a subject, assessing hearing function of a subject following introducing or administering of a first
dose, and administering at least one additional dose of a composition into a cochlea of a subject if
a subject is found not to have a hearing function within a normal range (e.g., as determined using

any test for hearing known in the art).

[0541] In some embodiments a method of treatment comprises intra-cochlear
administration. In some such embodiments of any methods described herein, compositions are

administered through use of a medical device (e.g., any exemplary medical devices described
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herein). In some embodiments, intra-cochlear administration can be performed as described herein
or known in the art. For example, in some embodiments, a composition can be administered or
introduced into a cochlea using the following surgical technique: first using visualization with a 0
degree, 2.5-mm rigid endoscope, an external auditory canal is cleared and a round knife is used to
sharply delineate an approximately 5-mm tympanomeatal flap. A tympanomeatal flap is then
elevated and the middle ear is entered posteriorly. The chorda tympani nerve is identified and
divided, and a currette is used to remove the scutal bone, exposing the round window membrane.
To enhance apical distribution of the administered or introduced composition, a surgical laser may
be used to make a small 2-mm fenestration in the oval window to allow for perilymph displacement
during trans-round window membrane infusion of the composition. The microinfusion device is
then primed and brought into the surgical field. The device is maneuvered to the round window,
and the tip is seated within the bony round window overhang to allow for penetration of the
membrane by the microneedle(s). The footpedal is engaged to allow for a measured, steady
infusion of the composition. The device is then withdrawn and the round window and stapes foot
plate are sealed with a gelfoam patch. One of skill in the art will understand that other variations
or methods of intra-cochlear administration are available. In some embodiments, any such
acceptable methods may be used to deliver one or more compositions and/or treat one or more

subjects as described herein.

[0542] In some embodiments, an exemplary device for use in any of the methods disclosed
herein is described in FIGs. 32-35. FIG. 35 illustrates an exemplary device 10 for delivering fluid
to an inner ear. Device 10 includes a knurled handle 12, and a distal handle adhesive 14 (for
example, an epoxy such as Loctite 4014) that couples to a telescoping hypotube needle support 24.
The knurled handle 12 (or handle portion) may include kurling features and/or grooves to enhance
the grip. The knurled handle 12 (or handle portion) may be from about 5 mm to about 15 mm
thick or from about 5 mm to about 12 mm thick, or from about 6 mm to about 10 mm thick, or
from about 6 mm to about 9 mm thick, or from about 7 mm to about 8 mm thick. The knurled
handle 12 (or handle portion) may be hollow such that fluid may pass through the device 10 during

use. The device 10 may also include a proximal handle adhesive 16 at a proximal end 18 of the
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knurled handle 12, a needle sub-assembly 26 (shown in FIG. 33) with stopper 28 (shown in FIG.
33) at a distal end 20 of the device 10, and a strain relief feature 22. Strain relief feature 22 may
be composed of a Santoprene material, a Pebax material, a polyurethane material, a silicone
material, a nylon material, and/or a thermoplastic elastomer. The telescoping hypotube needle

support 24 surrounds and supports a bent needle 38 (shown in FIG. 33) disposed therewithin.

[0543] Referring still to FIG. 32, the stopper 28 may be composed of a thermoplastic
material or plastic polymer (such as a UV-cured polymer), as well as other suitable materials, and
may be used to prevent the bent needle 38 from being inserted too far into the ear canal (for
example, to prevent insertion of bent needle 38 into the lateral wall or other inner ear structure).
Device 10 also may include a tapered portion 23 disposed between the knurled handle 12 and the
distal handle adhesive 14 that is coupled to the telescoping hypotube needle support 24. The
knurled handle 12 (or handle portion) may include the tapered portion 23 at the distal end of the
handle portion 12. Device 10 may also include tubing 36 fluidly connected to the proximal end
16 the device 10 and acts as a fluid inlet line connecting the device to upstream components (for
example, a pump, a syringe, and/or upstream components which, in some embodiments, may be
coupled to a control system and/or power supply (not shown)). In some embodiments, the bent
needle 38 (shown in FIG. 33) extends from the distal end 20, through the telescoping hypotube
needle support 24, through the tapered portion 23, through the knurled handle 12, and through the
strain relief feature 22 and fluidly connects directly to the tubing 36. In other embodiments, the
bent needle 38 fluidly connects with the hollow interior of the knurled handle (for example, via
the telescoping hypotube needle support 24) which in turn fluidly connects at a proximal end 16
with tubing 36. In embodiments where the bent needle 38 does not extend all the way through the
interior of the device 10, the contact area (for example, between overlapping nested hypotubes 42),
the tolerances, and/or sealants between interfacing components must be sufficient to prevent
therapeutic fluid from leaking out of the device 10 (which operates at a relatively low pressure (for
example, from about 1 Pascal to about 50 Pa, or from about 2 Pa to about 20 Pa, or from about 3

Pato about 10 Pa)).

181



WO 2023/056329 PCT/US2022/077222

[0544] FIG. 33 illustrates a sideview of the bent needle sub-assembly 26, according to
aspects of the present disclosed embodiments. Bent needle sub-assembly 26 includes a needle 38
that has a bent portion 32. Bent needle sub-assembly 26 may also include a stopper 28 coupled to
the bent portion 32. The bent portion 32 includes an angled tip 34 at the distal end 20 of the device
10 for piercing a membrane of the ear (for example, the RWM). The needle 38, bent portion 32,
and angled top 34 are hollow such that fluid may flow therethrough. The angle 46 (as shown in
FIG. 35) of the bent portion 32 may vary. A stopper 28 geometry may be cylindrical, disk-shaped,
annulus-shaped, dome-shaped, and/or other suitable shapes. Stopper 28 may be molded into place
onto bent portion 32. For example, stopper 28 may be positioned concentrically around the bent
portion 32 using adhesives or compression fitting. Examples of adhesives include an UV cure
adhesive (such as Dymax 203 A-CTH-F-T), elastomer adhesives, thermoset adhesives (such as
epoxy or polyurethane), or emulsion adhesives (such as polyvinyl acetate). Stopper 28 fits
concentrically around the bent portion 32 such that angled tip 34 is inserted into the ear at a desired
insertion depth. The bent needle 38 may be formed from a straight needle using incremental

forming, as well as other suitable techniques.

[0545] FIG. 34 illustrates a perspective view of exemplary device 10 for delivering fluid
to an inner ear. Tubing 36 may be from about 1300 mm in length (dimension 11 in FIG. 34) to
about 1600 mm, or from about 1400 mm to about 1500 mm, or from about 1430 mm to about 1450
mm. Strain release feature 22 may be from about 25 mm to about 30 mm in length (dimension 15
in FIG. 34), or from about 20 mm to about 35 mm in length. Handle 12 may be about 155.4 mm
in length (dimension 13 in FIG. 34), or from about 150 mm to about 160 mm, or from about 140
mm to about 170 mm. The telescoping hypotube needle support 24 may have two or more nested
hypotubes, for example three nested hypotubes 42A, 42B, and 42C, or four nested hypotubes 42A,
42B, 42C, and 42D. The total length of hypotubes 42A, 42B, 42C and tip assembly 26 (dimension
17 in FIG. 34) may be from about 25 mm to about 45 mm, or from about 30 mm to about 40 mm,
or about 35 mm. In addition, telescoping hypotube needle support 24 may have a length of about
36 mm, or from about 25 mm to about 45 mm, or form about 30 mm to about 40 mm. The three

nested hypotubes 42A, 42B, and 42C each may have a length of 3.5 mm, 8.0 mm, and 19.8 mm,
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respectively, plus or minus about 20%. The inner-most nested hypotube (or most narrow portion)

of the telescoping hypotube needle support 24 may be concentrically disposed around needle 38.

[0546] FIG. 35 illustrates a perspective view of bent needle sub-assembly 26 coupled to
the distal end 20 of device 10, according to aspects of the present disclosed embodiments. As
shown in FIG. 35, bent needle sub-assembly 26 may include a needle 38 coupled to a bent portion
32. In other embodiments, the bent needle 38 may be a single needle (for example, a straight
needle that is then bent such that it includes the desired angle 46). Needle 38 may be a 33-gauge
needle, or may include a gauge from about 32 to about 34, or from about 31 to 35. At finer gauges,
care must be taken to ensure tubing 36 is not kinked or damaged. Needle 38 may be attached to
handle 12 for safe and accurate placement of needle 38 into the inner ear. As shown in FIG. 35,
bent needle sub-assembly 26 may also include a stopper 28 disposed around bent portion 32. FIG.
35 also shows that bent portion 32 may include an angled tip 34 for piercing a membrane of the
ear (for example, the RWM). Stopper 28 may have a height 48 of about 0.5 mm, or from about
0.4 mm to about 0.6 mm, or from about 0.3 mm to about 0.7 mm. Bent portion 32 may have a
length 52 of about 1.45 mm, or from about 1.35 mm to about 1.55 mm, or from about 1.2 mm to
about 1.7 mm. In other embodiments, the bent portion 32 may have a length greater than 2.0 mm
such that the distance between the distal end of the stopper 28 and the distal end of the angled tip
34 is from about 0.5 mm to about 1.7 mm, or from about 0.6 mm to about 1.5 mm, or from about
0.7 mm to about 1.3 mm, or from about 0.8 mm to about 1.2 mm. FIG. 35 shows that stopper 28
may have a geometry that is cylindrical, disk-shaped, and/or dome-shaped. A person of ordinary

skill will appreciate that other geometries could be used.

[0547] In some embodiments, a delivery approach as disclosed herein comprises a
synthetic AAV capsid (e.g., AAV Anc80) for transduction of inner ear cells, and/or a device for
targeted delivery directly to the cochlea. In certain embodiments, the present disclosure provides

methods and compositions suitable for transduction of inner ear cells.

[0548] In some embodiments of any of the methods described herein, any composition
described herein is administered to the subject into or through the cochlea oval window membrane.

In some embodiments of any of the methods described herein, any of the compositions described
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herein is administered to the subject into or through the cochlea round window membrane. In
some embodiments of any of the methods described herein, the composition is administered using
a medical device capable of creating a plurality of incisions in the round window membrane. In
some embodiments, the medical device includes a plurality of micro-needles. In some
embodiments, the medical device includes a plurality of micro-needles including a generally
circular first aspect, where each micro-needle has a diameter of at least about 10 microns. In some
embodiments, the medical device includes a base and/or a reservoir capable of holding the
composition. In some embodiments, the medical device includes a plurality of hollow micro-
needles individually including a lumen capable of transferring the composition. In some

embodiments, the medical device includes a means for generating at least a partial vacuum.

[0549] In some embodiments, also disclosed herein is a sterile, one-time use delivery
device for intracochlear administration, to deliver a composition disclosed herein, e.g., rAAV-
KCNQ4, e.g., rAAV-KCNQ4-Inhibitory-RNA, to perilymph fluid of inner ear through a round
window membrane with a vent located in a stapes footplate. In some embodiments, in this
intracochlear administration approach, a composition disclosed herein, e.g., e.g., rAAV-KCNQ4,
e.g., TAAV-KCNQ4-Inhibitory-RNA, can be administered into the scala tympani through the
round window membrane, with a vent in a stapes footplate within the oval window, such that
composition is perfused through scala tympani, then through scala vestibuli via connection at the

helicotrema, and follows the fluid path to a vent in a stapes footplate (FIGS. 29A-29B).

9. Evaluating Hearing Loss and Recovery

a. Auditory Testing

[0550] In some embodiments, hearing function is determined using auditory brainstem
response measurements (ABRs). A decrease in an ABR threshold compared to a reference, the
presence (e.g., detection) of an ABR threshold, and/or a normal ABR morphology indicate
improved hearing. In some embodiments, hearing is tested by measuring distortion product
optoacoustic emissions (DPOAEs). A decrease in an DPOAE threshold compared to a reference,

the presence (e.g., detection) of an DPOAE threshold, and/or a normal DPOAE morphology
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indicate improved hearing. In some such embodiments, measurements are taken from one or both
ears of a subject. In some such embodiments, recordings are compared to prior recordings for the
same subject and/or known thresholds on such response measurements used to define, e.g., hearing
loss versus acceptable hearing ranges to be defined as normal hearing. In some embodiments, a
subject has ABR and/or DPOAE measurements recorded prior to receiving any treatment. In some
embodiments a subject treated with one or more technologies described herein will have
improvements on ABR and/or DPOAE measurements after treatment as compared to before
treatment. In some embodiments, ABR and/or DPOAE measurements are taken after treatment is

administered and at regular follow-up intervals post-treatment.

[0551] In some embodiments, hearing function is determined using speech pattern
recognition or is determined by a speech therapist. In some embodiments, hearing function is
determined by pure tone testing. In some embodiments, hearing function is determined by bone
conduction testing. In some embodiments, hearing function is determined by acoustic reflex
testing. In some embodiments hearing function is determined by tympanometry. In some
embodiments, hearing function is determined by any combination of hearing analysis known in
the art. In some such embodiments, measurements are taken holistically, and/or from one or both
ears of a subject. In some such embodiments, recordings and/or professional analysis are
compared to prior recordings and/or analysis for the same subject and/or known thresholds on such
response measurements used to define, e.g., hearing loss versus acceptable hearing ranges to be
defined as normal hearing. In some embodiments, a subject has speech pattern recognition, pure
tone testing, bone conduction testing, acoustic reflex testing and/or tympanometry measurements

and/or analysis conducted prior to receiving any treatment.

[0552] In some embodiments a subject treated with one or more technologies described
herein will have improvements on speech pattern recognition, pure tone testing, bone conduction
testing, acoustic reflex testing and/or tympanometry measurements after treatment as compared to
before treatment. In some embodiments, speech pattern recognition, pure tone testing, bone
conduction testing, acoustic reflex testing and/or tympanometry measurements are taken after

treatment is administered and at regular follow-up intervals post-treatment.
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b. Methods of Detecting or Characterizing

[0553] Methods of detecting expression and/or activity of KCNQ4 are known in the art.
In some embodiments, level of expression of KCNQ4 protein can be detected directly (e.g.,
detecting KCNQ4 protein, detecting KCNQ4 mRNA etc.). Non-limiting examples of techniques
that can be used to detect expression and/or activity of KCNQ4 directly include, e.g., real-time
PCR, Western blotting, immunoprecipitation, immunohistochemistry, or immunofluorescence. In
some embodiments, expression of KCNQ4 protein can be detected indirectly (e.g., through

functional hearing tests, ABRs, DPOAEg, etc.).

[0554] In some embodiments, tissue samples (e.g., comprising one or more hair cells, e.g.,
comprising one or more hair cells) can be evaluated for morphology of hair cells before and after
administration of any agents (e.g., compositions, e.g., compositions comprising constructs, etc.) as
described herein. In some such embodiments, standard immunohistochemical or histological
analyses can be performed. In some embodiments, if cells are used in vitro or ex vivo, additional
immunocytochemical or immunhistochemical analyses can be performed. In some embodiments,
one or more assays of one or more proteins or transcripts (e.g., western blot, ELISA, polymerase
chain reactions) can be performed on one or more samples from a subject or an in vitro cell

population.

[0555] The disclosure is further described in detail by reference to the following
experimental examples. These examples are provided for purposes of illustration only, and are
not intended to be limiting unless otherwise specified. Thus, the disclosure should in no way be
construed as being limited to the following examples, but rather should be construed to encompass

any and all variations that become evident as a result of the teaching provided herein.

[0556] For example, other assays, including those described in the Example section herein
as well as those that are known in the art, can also be used in accordance with the present

disclosure.
EXAMPLES

EXAMPLE 1: shRNA-mediated knockdown of KCNQ4
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[0557] The present example demonstrates that knockdown of KCNQ4 can be achieved
using shRNA and a reporter construct to measure KCNQ4 expression in human cells (FIG. 2; see

also FIG. 4 (top)). FIGS.

[0558] The following shRNA constructs and KCNQ4 constructs were tested in HEK293
cells: sh395, sh909, sh1095, sh1531, sh1593, sh1677, sh1721, and sh1827 (see FIG. 3). The
following constructs were tested in HEK293 cells as a positive control (e.g., as a reference for
maximum knockdown of KCNQ4 that can be achieved): SaCas9 + sgRNA 447Fw + KCNQ4 (lane
11). A shVEGF construct (targeting VEGF) and KCNQ4 construct were tested in HEK293 cells
as a negative control (lane 10). In addition, only the KCNQ4 construct was tested in HEK293
cells as a negative control (lane 12). FIG. 3 shows levels of expression of KCNQ4 in HEK293
cells with or without treatment with exemplary shRNA-mediated knockdown (lanes 2-9) and
CRISPR-mediated knockdown (lane 11) (N= 4 biological replicates) compared to controls (lanes
10 and 12). The level of expression of KCNQ4 was most reduced by sh1827 and sgRNA 447Fw
in this example. FIGS. 11 and 12 each show efficacy of knockdown with each of the shRNA
constructs as well as an empty shRNA construct (“Mock™). Levels of KCNQ4 were measured
using quantitative PCR, normalized to GAPDH. Two independent biological replicates were

performed (FIGS. 11 and 12), each of which had three replicates per condition.
EXAMPLE 2: miR-mediated knockdown of KCNQ4

[0559] The present example describes design of compositions for miR-mediated
knockdown of KCNQ4. In addition, the present example demonstrates miR-mediated knockdown

of KCNQ4 in human cells using compositions and methods described herein.

Example 2.1: miRNA construct design and methods

[0560] Eight miRNA targeting constructs for inhibiting KCNQ4 expression were designed
using iDesigner (see FIG. 5). The top off-targets for sequences 1, 2, and 4-7 shown in FIG. 30
are displayed in FIG. 31.

[0561] As described herein, miRNA KCNQ4 targeting sequences (based on the KCNQ4

targeting sequences presented in FIG. 30) were engineered into a variety of miRNA scaffolds, and
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evaluated for efficiency of KCNQ4 knockdown (see FIGS. 2, 4, 7-9). In particular, a KCNQ4-
mScarlet knockdown reporter assay (FIG. 7), luciferase reporter assays (FIGS. 8 and 13), and a
FLIPR assay were used to assess KCNQ4 knockdown efficiency of microRNA constructs and

compositions described herein.

Example 2.2: Results

[0562] In one experiment, HEK293 cells were contacted with a control or one of fifteen
different miRNA constructs targeting KCNQ4 and evaluated using a luciferase reporter assay as
described herein (see FIGS. 14A-14B). In particular, six human KCNQ4 targeting sequences
within a miR-155 scaffold [miR1-155 (SEQ ID NO: 56), miR2-155 (SEQ ID NO: 57), miR4-155
(SEQ ID NO: 58), miR5-155 (SEQ ID NO: 59), miR6-155 (SEQ ID NO: 60), miR7-155 (SEQ ID
NO: 61)], and nine microRNA scaffolds with miR1 targeting sequences [miR1-16 (SEQ ID NO:
62), miR1-26 (SEQ ID NO: 63), miR1-96 (SEQ ID NO: 64), miR1-122 (SEQ ID NO: 65), miR1-
135 (SEQ ID NO: 66), miR1-182 (SEQ ID NO: 67), miR1-183 (SEQ ID NO: 68), miR1-335 (SEQ
ID NO: 69), miR1-451 (SEQ ID NO: 70)] were tested for KCNQ4 knockdown efficiency (see
FIGS. 14A-14B). Immunofluorescent images were captured at 24 and 48 hours post-transfection,
and cells were harvested for Dual-Glo Luciferase reporter assay as described by the manufacturer’s
protocol (Promega). Luminescence was measured for 10 seconds per well from the top of the plate

in a standard luminometer.

[0563] Among these constructs, scaffolds exhibiting effective KCNQ4 knockdown
included miR-26, miR-16, miR-96, miR-135b, and miR-155 (see FIGS. 14A-14B). The level of
KCNQ4 remaining in each of these miRs was about 9.8% (miR-26); 11.4% (miR-16); 13.0%
(miR-96); 14.1% (miR-135b);, and 14.7% (miR-155). These data also show that, among the
constructs tested, KCNQ4 targeting sequences that exhibited effective KCNQ4 knockdown were
RNAi_ID6 (SEQ ID NO: 76), RNAi ID4 (SEQ ID NO: 74), RNAi ID5 (SEQ ID NO: 75),
RNAi ID2 (SEQ ID NO: 72), and RNAi _ID1 (SEQ ID NO: 71), respectively. The level of
KCNQ#4 remaining in each condition was RNAi ID6 (17.7%); RNAi ID4 (20.9%); RNAi_ID5
(23.7%); RNAi_ID2 (25.3%); and RNAi _ID1 (27.4%).
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[0564] These results surprisingly show, for example, that miR-based constructs
demonstrated substantially increased efficiency relative to the shRNA (as measured by KCNQ4
knockdown). For instance, when comparing KCNQ4 knockdown efficiency of an ShRNA1095
construct (SEQ ID NO: 50) to an miR6 construct (SEQ ID NO: 211) (each of which comprise a
KCNQ4 targeting sequence (SEQ ID NO: 95)), the efficiency of the miR6 construct was increased
as compared to the ShRNA construct (see, e.g., FIG. 3 vs FIGS. 14A-14B).

[0565] miR-mediated knockdown of KCNQ4 using a set of thirty-three miRNA
compositions was also evaluated using a dual luciferase reporter assay (see TABLE 3). HEK cells
(seeded at 4x10* cells/well) were transfected with 600ng of exemplary human microRNA plasmid
DNA or control CAG.GFP plasmid DNA, and 400ng of Dual Luciferase reporter DNA. Two days
post-transfection, a dual luciferase assay (Promega) was run following standard protocols, and
luciferase signals were read on a standard plate reader. FIG. 15 shows Renilla luciferase signals
normalized to Firefly luciferase signals, and then normalized to an CAG . EGFP control plasmid
(N=4; also see TABLE 3). A variety of levels of KCNQ4 knockdown with microRNA plasmids

was observed, ranging from almost no knockdown to nearly 80% knockdown (see FIG. 15).

TABLE 3: Results of miR-mediated knockdown of KCNQ4 using scaffolds and targeting

sequences described herein.

MIRNA ID AVERAGE | STDEV | STERROR
CAG.EGFP CAG 100.0% 0 0
miR2i_miR5u-26** 30 21.4% 7.7% 3.8%
miR6-26%* 20 28.0% 6.3% 3.1%
miR2i_miR5u-16** 24 30.1% 2.2% 1.1%
miR5i miR6u-26** 34 30.2% 7.7% 3.8%
miR4i_miRo6u-26** 33 32.3% 9.2% 4.6%
miR2i miR6u-26** 31 33.4% 9.3% 4.6%
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miR4i miR5u-26** 32 34.2% 6.1% 3.1%
miR1-26 22 35.9% 4.6% 2.3%
miR2-26%* 11 36.9% 14.7% 7.4%
miR4i_miR6u-96** 5 38.3% 8.9% 4.5%
miR2i miR6u-96 3 39.0% 5.3% 2.7%
miR2i_miR4u-26 29 39.9% 7.5% 3.8%
miR4i_miR5u-16 26 40.3% 8.4% 4.2%
miR2-16 10 42.0% 21.7% 10.9%
miR5i miR6u-96 6 42.2% 11.2% 5.6%
miR2-96 12 43.6% 4.9% 2.5%
miR6-96 21 45.0% 10.9% 5.5%
miR2i miR4u-16 23 45.1% 8.7% 4.3%
miR1-16 7 45.6% 7.7% 3.9%
miR5-26 17 46.7% 9.9% 5.0%
miR4-16 13 47.0% 11.4% 5.7%
miR5i miR6u-16 28 47.6% 21.2% 10.6%
miR4-26 14 48.2% 8.2% 4.1%
miR4i miR6u-16 27 48.3% 9.6% 4.8%
miR1-96 8 48.6% 19.9% 10.0%
miR5-16 16 51.4% 12.4% 6.2%
miR2i miR6u-16 25 55.8% 14.8% 7.4%
miR6-16 19 57.4% 19.2% 9.6%
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miR2i miR5u-96 2 65.1% 14.4% 7.2%
miR5-96 18 73.5% 22.3% 11.1%
miR4i_miR5u-96 4 74.4% 9.9% 5.0%
miR2i miR4u-96 1 85.5% 24.2% 12.1%
miR4-96 15 105.3% 42.0% 17.3%

**MicroRNA plasmids that exhibited residual KCNQ4 reporter activity ranging from 21.4-
38.3%.

[0566] An off-target reporter assay was also used to evaluate miRNA-mediated KCNQ4
knockdown using constructs and compositions described herein (see FIG. 16). HEK cells (seeded
at 4x10* cells/well) were transfected with 600ng of human microRNA plasmid DNA or control
CAG.GFP plasmid DNA, and 400ng of Dual Luciferase off-target reporter DNA. Eleven
microRNA plasmids were tested (see FIG. 16, where the number on the x-axis corresponds to the
number in the “ID” column of TABLE 3). Two days post-transfection, a dual luciferase assay
(Promega) was run following standard protocols, and luciferase signals were read on a standard
plate reader. FIG. 16 shows Renilla luciferase signals normalized to Firefly luciferase signals,
and then normalized to an CAG.EGFP control construct for eleven miR constructs (N=4). As can
be seen in FIG. 16, some miR constructs give more knockdown of the off-target reporter, which
suggests more likelihood of off-target effects and led to exclusion of those plasmids. Constructs
that showed greater than 75% signal (less than 25% knockdown) were considered for other

experiments described herein.

[0567] A passenger reporter assay was also used to assess miRNA-mediated KCNQ4
knockdown using constructs and compositions described herein (see FIG. 17). HEK cells (seeded
at 4x10* cells/well) were transfected with 600ng of human microRNA plasmid DNA or control
CAG.GFP plasmid DNA, and 400ng of Dual Luciferase passenger reporter DNA. Eleven
microRNA plasmids were tested (see FIG. 17, where the number on the x-axis corresponds to the

number in the “ID” column of TABLE 3). Two days post-transfection, a dual luciferase assay
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(Promega) was run following standard protocols, and luciferase signals were read on a standard
plate reader. FIG. 17 shows Renilla luciferase signals normalized to Firefly luciferase signals,
and then normalized to a CAG.EGFP control construct. As shown in FIG. 17, some miRNA
constructs result in more knockdown of passenger reporter, which suggests that passenger strand
is more frequently generated from those microRNA constructs. Constructs that showed greater
than 75% signal (less than 25% knockdown) were considered for other experiments described

herein.

[0568] A codon-optimized KCNQ4 reporter assay was also used to evaluate miRNA-
mediated KCNQ4 knockdown using constructs and compositions described herein (see FIG. 18).
HEK cells (seeded at 4x10* cells/well) were transfected with 600ng of human microRNA plasmid
DNA or control CAG.GFP plasmid DNA, and 400ng of Dual Luciferase KCNQ4 codon-modified
reporter DNA. Eleven microRNA plasmids were tested (see FIG. 18, where the number on the x-
axis corresponds to the number in the “ID” column of TABLE 3). Two days post-transfection, a
dual luciferase assay (Promega) was run following standard protocols, and luciferase signals were
read on a standard plate reader. FIG. 18 shows Renilla luciferase signals normalized to Firefly
luciferase signals, and then normalized to a CAG.EGFP control plasmid (N=4). Some miR
constructs were observed to give more knockdown of the KCNQ4 codon-modified reporter. miR
constructs that showed greater than 75% signal (less than 25% knockdown) were considered for

other experiments described herein.

[0569] A codon-optimized KCNQ4 30-mer guide reporter assay was also used to evaluate
miRNA-mediated KCNQ4 knockdown using constructs and compositions described herein (see
FIG. 19). HEK cells (seeded at 4x10* cells/well) were transfected with 600ng of human
microRNA plasmid DNA or control CAG.GFP plasmid DNA, and 400ng of Dual Luciferase
KCNQ4 30-mer reporter DNA. Eleven microRNA plasmids were tested (see FIG. 19, where the
number on the x-axis corresponds to the number in the “ID” column of TABLE 3). Two days
post-transfection, a dual luciferase assay (Promega) was run following standard protocols, and
luciferase signals were read on a standard plate reader. FIG. 19 shows Renilla luciferase signals

normalized to Firefly luciferase signals, and then normalized to a CAG.EGFP control plasmid
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(N=4). As many plasmids have two different microRNAs, each construct was tested against its
specific 30-mer reporters to assess the efficacy of knockdown of each microRNA in a given
plasmid. Surprisingly, some constructs show one microRNA that is more effective at knockdown

than the other microRNA in that same plasmid.

[0570] A codon-optimized KCNQ4 reporter assay was also used to evaluate miRNA-
mediated KCNQ4 knockdown using constructs and compositions described herein (see FIG. 20).
HEK cells (seeded at 4x10* cells/well) were transfected with 600ng of mouse microRNA plasmid
DNA or control CAG.GFP plasmid DNA, and 400ng of Dual Luciferase reporter DNA. Three
microRNA plasmids were tested (see FIG. 20, where the number on the x-axis corresponds to the
number in the “ID” column of TABLE 3). Two days post-transfection, a dual luciferase assay
(Promega) was run following standard protocols, and luciferase signals were read on a standard
plate reader. FIG. 20 shows Renilla luciferase signals normalized to Firefly luciferase signals,
and then normalized to an CAG.EGFP control construct (N=3). Similar knockdown levels
between microRNA constructs containing GFP and containing codon-modified KCNQ4 were

observed.

[0571] Invitro knockdown of KCNQ4 by miRNA constructs and compositions comprising
human KCNQ4 targeting sequences was also evaluated in HEK cells (see FIGS. 21 and 22). HEK
cells (seeded at 1.5x10° cells/well) were transfected with 600ng of human microRNA plasmid
DNA or control CAG.GFP plasmid DNA, and 400ng of human wild-type KCNQ4-mScarlet
reporter DNA. Four microRNA constructs were tested (see FIG. 21, N=3). Three days post-
transfection, cells were imaged for fluorescence (see FIG. 21, N=3) and then harvested for western
blot analysis (FIG. 22, N=3). Reduced KCNQ4-mScarlet signals were observed with the different
microRNA constructs compared to the CAG.GFP control construct. Without wishing to be bound
to any theory, the present example suggests that miR constructs described herein resulted in
microRNA-mediated knockdown of KCNQ4.

[0572] Invitro knockdown of KCNQ4 by miRNA constructs and compositions comprising
mouse KCNQ4 targeting sequences were also evaluated in HEK cells (see FIGS. 23 and 24). HEK

cells (seeded at 1.5x10° cells/well) were transfected with 600ng of mouse microRNA plasmid
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DNA or control CAG.GFP plasmid DNA, and 400ng of mouse KCNQ4-mScarlet reporter DNA.
Three microRNA constructs were tested (see FIG. 23, N=3). Three days post-transfection, cells
were imaged for fluorescence (FIG. 23, N=3) and then harvested for western blot analysis (FIG.
24, N=3). Reduced KCNQ4-mScarlet signals were observed with the different microRNA
constructs compared to the CAG.GFP control construct. Without wishing to be bound to any
theory, the present example suggests that miR constructs described herein resulted in microRNA-

mediated knockdown of KCNQ4.

[0573] AAVAnc80-mmumiR KCNQ4 knockdown constructs and compositions
comprising mouse KCNQ4 targeting sequences were also evaluated using a KCNQ4 reporter assay
(see FIGS. 25 and 26). HEK cells (4x10* cells/well) transduced with AAVAnc80-mmumiR
knockdown vectors at three MOIs (1E5 vg/cell, 4E5 vg/cell, and 1E6 vg/cell) or AAV Anc80-
CAG.EGFP control vector at three MOIs (1ES vg/cell, 4E5 vg/cell, and 1E6 vg/cell), then
transfected with 400ng of luciferase reporter plasmid. A dual luciferase assay (Promega) was
performed 72h after transduction via standard protocols. FIG. 25 shows Renilla luciferase signals
normalized to Firefly luciferase signals, then normalized to AAV Anc80-CAG.EGFP vector signal.
Fluorescence images of cells before dual luciferase assay are shown below their respective
histograms (see FIG. 26). A dose-dependent knockdown of dual luciferase KCNQ4 reporter with

increasing vector MOI across all vectors was observed.

[0574] Effects on KCNQ4 channel conductance using miRNA constructs and
compositions described herein were also evaluated (see FIG. 27). CHO cells stably expressing
human KCNQ4 were electroporated with different amounts of human microRNA plasmid DNA
(plasmid dose was in pg of DNA). An FLIPR assay was performed by adding flupirtine (KCNQ4
agonist) at none concentrations — 0.01, 0.03, 0.1, 0.3, 1, 3, 10, 30, and 100 uM, N = 4 wells per
concentration. Fluorescence emission was measured via a thallium flux assay (potassium ion
surrogate) after flupirtine addition. FIG. 27 shows maximum Relative Light Units (RLU) of
different treatment conditions. A dose-dependent knockdown effect with increasing plasmid dose
of the microRNA plasmids was observed, indicated by lower RLU from activated KCNQ4 in
microRNA-treated cells compared to CAG.GFP treated cells.
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[0575] In vitro knockdown of mouse KCNQ4 in HEK cells using mouse AAV Anc80-
mmumiR-GFP constructs and compositions described herein was also evaluated (see FIG. 28).
HEK cells (1.5x10° cells/well) were transfected with mouse KCNQ4-mScarlet reporter plasmid
(“CM” refers to an codon-optimized KCNQ4 sequence), then 24h later transduced with mouse
AAVAnc80-mmumiR-GFP vectors and harvested for Western protein analysis 72h post-
transduction. Expression of codon-modified KCNQ4 protein from the AAV Anc80-mmumiR-
KCNQ4CM vectors (lanes 12 and 15) were observed. Knockdown of mouse KCNQ4 levels
after treatment with AAV Anc80-mmumiR-GFP vectors was observed (e.g., comparing lane 3
(control) with lanes 6 and 9). Moreover, data provided in FIG. 28 shows that codon-modified
versions of KCNQ4 are resistant to microRNA knockdown effects using two different

microRNA vectors (lanes 12 and 15).

EXAMPLE 3: Generation of a stable human cell line expressing WT KCNQ4 and a loss-of-
function KCNQ4 variant

[0576] The present example seeks to overcome the problem that HEK293 cells express
KCNQ4 at near-undetectable levels when assayed by western blot analysis or quantitative PCR.
To address this issue, the present example describes generating a stable human cell line that
expresses wild-type KCNQ4 and a loss-of-function KCNQ4 variant. A stable human cell line can
be produced by knocking-in (e.g., using CRISPR technology, e.g., obtaining a cell from a patient
with a loss-of-function mutation, etc.) wild-type KCNQ4 and a loss-of-function KCNQ4 variant,
each with a different detectable (e.g., visualizable) reporter system, such as a reporter system
provided by the present disclosure. The wild-type KCNQA4 is either a native, wild-type sequence
or a codon-optimized sequence (to resist miRNA-mediated degradation). The engineered human
cell line is useful for a variety of purposes, such as, e.g., screening human plasmids and viruses for
effective KCNQ4 knockdown, such as those described in the present disclosure. In addition, the
engineered human cell line is useful for measuring K+ currents before and after treatment in

accordance with the present disclosure.
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EXAMPLE 4: Knockdown of KCNQ4 in mice

[0577] The present example describes a KCNQ4 knockdown strategy to improve hearing
in mice. Wild-type (+/4), heterozygous (Dn/+), and homozygous (Dn/Dn) groups of mice will
each be tested in one of four conditions Theas shown in TABLE 4, and as follows: (1)
administering +/+ and Dn/+ mice eGFP and miRNA constructs described herein (Group 1); (2)
administering +/+ mice eGFP only (transduction), and Dn/+ and Dn/Dn mice KCNQ and miRNA
constructs described herein; (3) administering Dn/+ and Dn/Dn mice KCNQ construct only (for
augmented KCNQ expression); and (4) not administering any constructs to mice (negative
control). Dn transgenic (hetero and homozygous) mice have been previously described (see
Kharkovets et al., Mice with altered KCNQ4+ channels implicate sensory outer hair cells in human

progressive deafness, EMBO, 2006; which is incorporated in its entirety herein by reference).

[0578] As one of skill in the art will appreciate, the “Kharkovets et al.,” mice are on a
C57BL/6 background, which background harbors a (naturally occurring, spontaneous) point
mutation in the Cdh23 gene, which results in age-related hearing loss. The present Example
describes studies to be performed in both CS57BL/6-based Dn transgenic mice and mice
backcrossed onto another background (e.g., FVB), that does not harbor the Cdh23 mutation, such
that experiments in older mice would not be confounded by any Cdh23-mediated hearing loss.
The miRNA can be delivered using AAV-based constructs comprising AAV2 ITRs and viral

particles can be encapsidated with a capsid comprising Anc80.

TABLE 4: KCNQ4 knockdown strategy

Genotype Group 1 Group 2 Group 3 Group 4
+/+ eGFP + eGFP only
microRNA (transduction)
Dn/+ eGFP + KCNQ4 + KCNQ4 only Uninjected
microRNA microRNA (augment)

196



WO 2023/056329 PCT/US2022/077222

Dn/Dn KCNQ4 + KCNQ4 only Uninjected
microRNA (augment)
[0579] In this study, miRNA or control constructs are injected into mice at a particular

time point. Outer hair cell (OHC) and histological analyses may be performed 2-4 weeks post
injection. Auditory brainstem response (ABR) measurements may be measured beginning at two
weeks post-injection and continuing at intervals of between 6-12 weeks. miRNA or control
constructs are administered to weanling or juvenile (e.g., P21, P30, P36, etc.) mice or adult (P42,
P60, etc.) mice. Here, mice are injected at P21 or P30. A first auditory readout is performed at
approximately 3 weeks post injection, using outer hair cell (OHC) recordings and histological
analyses. Auditory brainstem response measurements are performed at 12 weeks, 24 weeks, 30
weeks, and 42 weeks of age in the mice injected at P30, and at P50, P112, and P160 days of age

in the mice injected at P21.
EXAMPLE 5: Replacement and knockdown of KCNQ4 in HEK cells

[0580] The present example describes a targeting strategy that knocks out both KCNQ4
alleles and replaces wild-type KCNQ4 with a codon-optimized KCNQ4 using a SaCas9/gRNA
strategy FIG. (FIG. 9). The present example also describes an in vifro analysis of KCNQ4
knockdown in HEK cells via Western blot and quantitative PCR.

[0581] FIG. 10 shows a western blot demonstrating that transduction of SaCas9/gRNA in
HEK cells significantly reduced KCNQ4. The following guides were transfected with SaCas9 and
KCNQ4 DNA to determine knockdown efficiency: sg233Fw (lane 2), sg386Fw (lane 3), sg408Rev
(lane 4), sg447Fw(lane 5), sg482Fw (lane 6), and sg490Fw (lane 7). An untransfected control
(lane 8), sgVEGF (targeting VEGF) (lane 9), and Beta-Actin expression (lanes 2-9) were used as
controls. Based on TIDE, western blot, and immunofluorescence analyses (data not shown),
sgRNA 386Fw and sgRNA 408Rev inhibited KNCQ4 expression more than other sgRNAs that
were tested. To expand and/or improve upon results obtained thus far, similar experiments can be

performed in 3T3 cells using deadCas9 and mouse sgRNA sequences.
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[0582] The present example also describes delivery of CRISPR/Cas9 using AAV (AAV-
CRISPR). To begin, several constructs can be designed and characterized, in vitro, using TIDE,
quantitative and western blot analyses on dual transfected cells to determine extent of DNA and
RNA knockdown. The following exemplary constructs can be used: CMV.dCas9; CMV.SaCas9;
Hsa KCNQ4codop.U6-386Fw (n=3 in HEK); Hsa KCNQ4codop.U6-408Rev (n=3 in HEK); Mmu
KCNQ4codop.U6-386Fw (n=1, then explant); Mmu KCNQ4codop.U6-408Rev (n=1, then
explant); Hsa eGFP.U6-386Fw (n=3 in HEK), Hsa eGFP.U6-408Rev (n=3 in HEK); Mmu
eGFP.U6-386Fw (n=1, then explant), Mmu eGFP.U6-408Rev (n=1, then explant). Separately, a
dCas9.U6 gRNA (human) is designed and characterized, and analyzed using the same methods.

[0583] An Anc80-based construct can be used for sgRNA constructs. The AAV-CRISPR
construct efficiency is tested in wild-type mouse cochlear explants, human cells, or HEK cells
using an eGFP virus to determine knockdown of endogenous KCNQ4 without replacement.
Knockdown of KCNQ4 is evaluated using various assays such as, e.g., IHC, quantitative, and/or

western blot analyses. AAV2 capsids can also be tested.

[0584] The present example also describes mouse AAV-CRISPR experiments (N=24). At
21 and 30 days post-delivery of AAV-CRISPR, mice are sacrificed and analyses (e.g., IHC
analyses) for deadCas9, Myo7a (in both inner and outer hair cells) and KCNQ4 can be performed

EXAMPLE 6: Treatment of KCNQ4-mediated hearing loss

[0585] The present example describes a targeting strategy that knocks out both KCNQ4
alleles to eliminate any KCNQ4 variants and simultaneously or sequentially administers a
composition encoding a codon-optimized KCNQ4. This knockdown is achieved using an miRNA
or SaCas9/gRNA strategy. The present example also uses, either as a pre-treatment or quality
control assay, an in vitro assay of KCNQ4 knockdown in HEK cells via Western blot and

quantitative PCR to determine efficacy of approach.

[0586] The compositions are administered to a subject with at least one identified loss-of-

function KCNQ4 variant gene. The genomic KCNQ4 genes in the subject are suppressed and
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expression of the administered, codon-optimized wild type KCNQ4 is achieved. Prior to and post-

administration, hearing tests may be performed (e.g., ABRs, DPOAESs).

[0587] An Anc80-based or AAV2-based particle can be used to deliver all constructs (e.g.,
miRNA, CRISPR/Cas9, exogenous codon-optimized KCNQ4).

EXAMPLE 7: Device Description for Suitable Delivery of Compositions to the Inner Ear

[0588] This example relates to a device suitable for the delivery of rAAV particles to the
inner ear. A composition comprising rAAV particles is delivered to the cochlea of a subject using
a specialized microcatheter designed for consistent and safe penetration of the round window
membrane (RWM). The microcatheter is shaped such that the surgeon performing the delivery
procedure can enter the middle ear cavity via the external auditory canal and contact the end of the
microcatheter with the RWM. The distal end of the microcatheter may include at least one
microneedle with a diameter from about 10 microns to about 1,000 microns, which produces
perforations in the RWM that are sufficient to allow rAAYV particles as described (e.g., comprising
an rAAV construct of the present disclosure) to enter the cochlear perilymph of the scala tympani
at a rate which does not damage the inner ear (e.g., a physiologically acceptable rate, e.g., a rate
of approximately 30 pL/min to approximately 90 pL/min),) but small enough to heal without
surgical repair. The remaining portion of the microcatheter, proximal to the microneedle(s), is
loaded with the AAV particles/artificial perilymph formulation at at a defined titer (e.g,
approximately 1x10'2 to 5x10'3 vg/mL).) The proximal end of the microcatheter is connected to
a micromanipulator that allows for precise, low volume infusions of approximately 30 uL to

approximately 100 pL.
EXAMPLE 8: Human Clinical Example

[0589] A patient is diagnosed as having a loss-of-function KCNQ4 gene variant.
Inhibitory nucleic acids are designed to target the loss-of-function KCNQ4 gene variant. The
patient is put under general anesthesia. The surgeon approaches the tympanic membrane from
external auditory canal, makes a small incision at the inferior edge of the external auditory canal

where it meets the tympani membrane, and lifts the tympanic membrane as a flap to expose the
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middle ear space. A surgical laser is used to make a small opening (approximately 2 mm) in the
stapes footplate. The surgeon then penetrates the round window membrane with a microcatheter
loaded with a solution of a mixture of AAV-based constructs each comprising inhibitory nucleic
acids to KCNQ4 or exogenous, codon-optimized KCNQ4, prepared in artificial perilymph at a
titer of lel3 vg/mL. The microcatheter is connected to a micromanipulator that infuses
approximately 20 uL of the mixture at a rate of approximately 1 uL. / min. At the conclusion of
the infusion, the surgeon withdraws the microcatheter and patches the holes in the stapes foot plate
and RWM with a gel foam patch. The procedure concludes with replacement of the tympanic
membrane flap before the patient is allowed to withdraw and recover from the anesthesia.

EXAMPLE 9: Non-Invasive Prenatal Testing of Maternal Blood to Detect a KCNQ4
Mutation

[0590] Maternal blood samples (20-40 mL) are collected into Cell-free DNA tubes. At
least 7 mL of plasma is isolated from each sample via a double centrifugation protocol of 2,000 g
for 20 minutes, followed by 3,220 g for 30 minutes, with supernatant transfer following the first
spin. cfDNA is isolated from 7-20 mL plasma using a QTAGEN QIAmp Circulating Nuclei Acid
kit and eluted in 45 pL TE buffer. Pure maternal genomic DNA is isolated from the buffy coat

obtained following the first centrifugation.

[0591] By combining thermodynamic modeling of the assays to select probes with
minimized likelihood of probe-probe interaction with amplification approaches described
previously (Stiller et al. 2009 Genome Res 19(10):1843-1848, which is incorporated herein in its
entirety), multiplexing of 11,000 assays can be achieved. Maternal cfDNA and maternal genomic
DNA samples are pre-amplified for 15 cycles using 11,000 target-specific assays and an aliquot is
transferred to a second PCR reaction of 15 cycles using nested primers. Samples are prepared for
sequencing by adding barcoded tags in a third 12-cycle round of PCR. The targets include SNPs
corresponding to the greater than 30 mutations in KCNQ4 known to lead to KCNQ4 loss-of-
function and/or sequences that cover all exons of KCNQ4, in order to detect any presently

unknown but potentially pathogenic (e.g., loss-of-function) variant. The amplicons are then
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sequenced using an Illumina HiSeq sequencer. Genome sequence alignment is performed using

commercially available software.
EXAMPLE 10: Human and Mouse KCNQ4 Expression Following Construct Administration

[0592] This example demonstrates that human KCNQ4 can be expressed from a construct
as described herein when administered to the cochlea of a mouse. Further, this example
demonstrates that an miR sequence can be expressed from a construct as described herein when

administered to the cochlea of a mouse and decrease the level of mouse KCNQ4 expression.

[0593] At postnatal day 3, mice were divided into four treatment groups, as shown in FIG.
36A. Treatment Group 1 included KCNQ#4 heterozygous mice (“KI””) and was administered a low
dose of the pITR.CAG.mmu.miR2i miR6u-26 KCNQ4codop construct (SEQ ID NO: 24).
Treatment Group 2 included KCNQ4 heterozygous mice and was administered a medium dose of
the pITR.CAG.mmu.miR2i_miR6u-26 KCNQ4codop construct (SEQ ID NO: 24). Treatment
Group 3 included KCNQ4 heterozygous mice and was administered vehicle; and treatment Group

4 had a wild-type genotype and was administered vehicle.

[0594] Thirty (30) days post-surgery, cochlea were harvested from the mice in the
four treatment groups for RT-qPCR analysis. The relative expression level of mouse KCNQ4
mRNA measured in the cochlea for each treatment group is shown in FIG. 36B. As shown, the
relative quantities of mouse KCNQ4 was slightly reduced upon miR treatment (Treatment Group
1 = light solid line; Treatment Group 2 = long dashed line; Treatment Group 3 = solid dark line;
Treatment Group 4 = short dashed line). This data indicates that the miR was able to slightly
reduce mouse KCNQ4 mRNA. Without wishing to be bound by any particular theory, it has been
hypothesized that challenges associated with removing non-relevant (e.g., non-cochlear) cells
completely from the samples assayed may have contributed to the variability detected across

samples with in the same treatment.

[0595] The relative expression level of human codon-modified KCNQ4 mRNA measured
in the cochlea of the mice in Treatment Groups 1-3 is shown in FIG. 36C. As shown, the relative

quantities of human codon-modified KCNQ4 was increased upon treatment (Treatment Group 1
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= light solid line; Treatment Group 2 = long dashed line; Treatment Group 3 = solid dark line).
This data indicates that the human KCNQ4 knock-in was expressed and was not significantly

reduced by the miR treatment.

EXAMPLE 11: Construct Mediated Mouse KCNQ4 Knockdown (miR) with Human
KCNQ4 Gene Transfer Preserved Outer Hair Cell Survival and Function

[0596] This example demonstrates that AAVAnc80 mediated knockdown of mouse
KCNQ#4 (via miR) and gene transfer of human KCNQ4 preserved outer hair cell survival and

function.

[0597] At postnatal day 3, mice were divided into five treatment groups, as shown in FIG.
37A. Treatment group 1 (gray) included KCNQ4 heterozygous mice and was administered
vehicle. Treatment Group 2 (purple) included KCNQ4 heterozygous mice and was administered
3.0E9 vg/cochlea of the pITR.CAG.mmu.miR2i_miR6u-26 KCNQ4codop construct (SEQ ID
NO: 24). Treatment Group 3 (red) included KCNQ4 heterozygous mice and was administered
7.0E9 vg/cochlea of the pITR.CAG.mmu.miR2i miR6u-26 KCNQ4codop construct (SEQ ID
NO: 24). Treatment Group 4 (green) included KCNQ4 heterozygous mice and was administered
9.4E9 vg/cochlea of the pITR.CAG.mmu.miR2i miR6u-26 KCNQ4codop construct (SEQ ID
NO: 24). Treatment Group 5 (black) had a wild-type genotype and was administered vehicle. The
mice were administered the pITR.CAG mmu.miR2i miR6u-26 KCNQ4codop construct or

vehicle by intracochlear injection.

[0598] Cochlear physiology experiments (Distortion-Product Otoacoustic Emissions;
DPOAE) were performed at post-surgery day 30 and post-surgery day 45. Cochlea were harvested

for whole-mount cochlear histology at post-surgery day 45.

[0599] As shown in FIG. 37A, increasing the dose used in the treatment resulted in
reduced (improved) DPOAE thresholds. As shown in FIG. 37B, increasing the dose used in the
treatment resulted in increased survival of outer hair cells, as visualized by cochlear histology. In
particular, an increase in the number of red and blue (colors depicted in grey scale) hair cells were

observed with increasing doses of vector.
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EXAMPLE 12: Construct Mediated Mouse KCNQ4 Knockdown (CRISPR) with Human
KCNQ4 Gene Transfer Preserved Outer Hair Cell Survival and Function

[0600] This example demonstrates that AAVAnc80 mediated knockdown of mouse
KCNQ#4 (via miR) and gene transfer of human KCNQ4 preserved outer hair cell survival and
function. This example also demonstrates that AAVAnc80 mediated knockdown of mouse
KCNQ4 (via CRISPR) and gene transfer of human KCNQ4 preserved outer hair cell survival and

function.

[0601] At postnatal day 3, KCNQ4 wild-type mice and heterozygous mice were divided
into seven treatment groups. Data was collected at 30 days post administration from Treatment

Groups 1-6. Data was collected at 45 days post administration from Treatment Group 7.

[0602] FIG. 38A shows a graph depicting distortion product otoacoustic emissions
(DPOAE) thresholds (dB SPL) measured at 8 kHz (left), 11.3 kHz (middle), and 16 kHz (right)
for Treatment Groups 1-6. Treatment Group 1 (solid dark line, circle with diagonal lines) included
KCNQ4 heterozygous mice and was administered vehicle. Treatment Group 2 (thin solid line)
included KCNQ4 heterozygous mice and was administered 3.0E9 vg/cochlea of the
pITR.CAG. mmu.miR2i_miR6u-26 KCNQ4codop construct (SEQ ID NO: 24). Treatment Group
3 (long dashed line) included KCNQ4 heterozygous mice and was administered 7.0E9 vg/cochlea
of the pITR.CAG.mmu.miR2i miR6u-26 KCNQ4codop construct (SEQ ID NO: 24). Treatment
Group 4 (light dashed line) included KCNQ4 heterozygous mice and was administered 9.4E9
vg/cochlea of the pITR. CAG.mmu.miR2i_miR6u-26 KCNQ4codop construct (SEQ ID NO: 24).
Treatment Group 5 (solid dark line, open square) included KCNQ4 heterozygous mice and was
co-administered 5.5E9 vg/cochlea of the pITR-CAG hKCNQ4codop.U6-hsammu386Fw
construct (SEQ ID NO: 274) and the pITR.CMVEnhProm.SaCas9 (SEQ ID NO: 278). In some
embodiments, KCNQ4 heterozygous mice may be co-administered 1.3E10 vg/cochlea of the
pITR-CAG.hKCNQ4codop.U6-hsammu386Fw construct (SEQ ID NO: 274) and the
pITR.CMVEnhProm.SaCas9 (SEQ ID NO: 278). Treatment Group 6 (dashed line) had a wild-

type genotype and was administered vehicle. FIG. 38B includes a table with shows a table
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depicting the number of animals for each Treatment Group (6 per group) at a 30-day survival

duration. The mice were administered a construct or vehicle by intracochlear injection.

[0603] FIG. 40 shows a graph depicting distortion product otoacoustic emissions
(DPOAE) thresholds (dB SPL) measured at 8 kHz (left) and 16 kHz (right) for Treatment Group
6 (dark line, circle with diagonal line), Treatment Group 1 (light line, circle with diagonal line),
and Treatment Group 4 (dashed line, circle with crosses). FIG. 40 also shows DPOAE threshold
data collected from a Treatment Group 7 (dashed line, open square), which included KCNQ4
heterozygous mice that were administered 1.3E10 vg/cochlea of the pITR-
CAG.hKCNQ4codop.U6-hsammu386Fw construct (SEQ ID NO: 274) and the
pITR.CMVEnhProm.SaCas9 (SEQ ID NO: 278). FIG. 40 shows that AAV Anc80-mediated
delivery of KCNQ4 along with miR-mediated knock down (Treatment Group 4) or CRISPR-
mediated gene editing (Treatment Group 7) reduced DPOAE thresholds, thereby resulting in

improved cochlear function for Treatment Group 4 and for Treatment Group 7.

[0604] FIG. 41 shows a graph depicting percent (%) survival of outer hair cells measured
at 8 kHz (left) and 16 kHz (right) for Treatment Group 6 (solid line), Treatment Group 1 (light
line), Treatment Group 4 (long dashed line) and Treatment Group 5 (short dashed line). FIG. 41
shows that AAVAnc80-mediated delivery of KCNQ4 along with miR-mediated knock down
(Treatment Group 4) or CRISPR-mediated gene editing (Treatment Group 5) increased outer hair

cell survival in Treatment Group 4 and Treatment Group 5.

[0605] Taken together, the present example demonstrates AAV Anc80-mediated delivery
of KCNQ4 along with miR-mediated knock down or CRISPR-mediated gene editing resulted in

improvement of cochlear function and an increase in outer hair cell survival.

EXAMPLE 13: Codon-modification of add-back KCNQ4 gene resists CRISPR-mediated

knockdown

[0606] This example demonstrates that endogenous KCNQ4 may be replaced by a KCNQ4

gene that includes a sequence that differs from the endogenous KCQN4 gene sequence (e.g., a
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codon-modified version of KCNQ4 that has been engineered to resist CRISPR-mediated

degradation).

[0607] In vitro knockdown of mouse KCNQ4 in HEK cells using constructs and
compositions described herein was evaluated (see FIG. 39). Eight conditions were tested and the

samples run in each lane were transfected with the following:

LANES 1 and 3: CRISPR and mKCNQ4-CM plasmids (“CM” refers to an codon-
optimized KCNQ#4 sequence); different gRNAs were used for lanes 1 and 3.

LANES 2 and 4: mKCNQ4-CM plasmid only.
LANES 5 and 8: mKCNQ4-mScarlet plasmid only.

LANES 6 and 7: CRISPR and mKCNQ4-mScarlet reporter plasmids; different gRNAs

were used for lanes 6 and 7.

[0608] HEK cells (1.5x10° cells/well) were transfected with plasmids as described above
in this Example. Cells were transfected with mKCNQ4-CM (lanes 1-4) or mKCNQ4-mScarlet
(lanes 5-8) plasmids, then four hours later were transfected with CRISPR (lanes 1, 3, 6, 7)

plasmids. Cells were harvested for Western protein analysis 72h post-transfection.

[0609] As shown in lanes 1-4, expression of codon-modified KCNQ4 protein was
observed. Knockdown of mouse KCNQ4 levels after treatment with CRISPR plasmids was
observed (e.g., comparing lane 5 (control) with lanes 6 and 7). Moreover, data provided in FIG.
39 shows that codon-modified versions of KCNQ4 are resistant to CRISPR knockdown effects

using two different gRNA plasmids described herein (lanes 1 and 3).
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EMBODIMENTS

[0610] Embodiment 1. A construct comprising a coding sequence operably linked to a

promoter, wherein the coding sequence encodes a Kv7.4 protein.

[0611] Embodiment 2. The construct of embodiment 1, wherein the coding sequence is a
KCNQ4 gene.

[0612] Embodiment 3. The construct of embodiment 2, wherein the KCNQ4 gene is a
primate KCNQ4 gene.

[0613] Embodiment 4. The construct of embodiment 2 or 3, wherein the KCNQ4 gene is
a human KCNQ4 gene.

[0614] Embodiment 5. The construct of embodiment 4, wherein the human KCNQ4 gene

comprises a nucleic acid sequence according to SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3,
SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9,
SEQ ID NO: 10, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID
NO: 29, SEQ ID NO: 30 or SEQ ID NO: 90.

[0615] Embodiment 6. The construct of embodiment 4 or 5, wherein the human KCNQ4

gene comprises a nucleic acid sequence according to SEQ ID NO: 9 or 10.

[0616] Embodiment 7. The construct of embodiment 1, wherein the Kv7.4 protein is a

primate Kv7.4 protein.

[0617] Embodiment 8. The construct of embodiment 1 or 7, wherein the Kv7.4 protein is

a human Kv7.4 protein.

[0618] Embodiment 9. The construct of embodiment 8, wherein the Kv7.4 protein
comprises an amino acid sequence according to SEQ ID NO: 11, SEQ ID NO: 12, or SEQ ID NO:
13.

[0619] Embodiment 10. The construct of any one of embodiments 1-9, wherein the

promoter is an inducible promoter, a constitutive promoter, or a tissue-specific promoter.
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[0620] Embodiment 11. The construct of any one of embodiments 1-10, wherein the

promotor is a cochlear hair cell-specific promoter.

[0621] Embodiment 12. The construct of embodiment 11, wherein the cochlear hair cell-
specific promoter is a ATOH1 promoter, a POU4F3 promoter, a LHX3 promoter, a MYO7A
promoter, a MYOG6 promoter, a t99ACHR promoter, or a al0ACHR promoter.

[0622] Embodiment 13. The construct of any one of embodiments 1-10, wherein the
promoter is a CAG promoter, a CBA promoter, an smCBA promoter, a CMV promoter, or a CB7

promoter.

[0623] Embodiment 14. The construct of embodiment 13, wherein the promoter comprises
a nucleic acid sequence according to SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID
NO: 297, SEQ ID NO: 298, SEQ ID NO: 299, SEQ ID NO: 300, SEQ ID NO: 301, SEQ ID NO:
302, SEQ ID NO: 303, SEQ ID NO: 304, SEQ ID NO: 305, SEQ ID NO: 306, SEQ ID NO: 307,
SEQ ID NO: 308, SEQ ID NO: 309, and/or SEQ ID NO: 310.

[0624] Embodiment 15. The construct of any one of embodiments 1-10, wherein the
promoter is a CHRNA10 promoter, a DNM3 promoter, a MUC15 promoter, a PLBD1 promoter,
a RORB promoter, a STRIP2 promoter, a AQP11 promoter, a KCNQ4 promoter, a LBH promoter,
a STRC promoter, a TUBAS8 promoter, an OCM promoter, a truncated (or “short”) OCM promoter,

a Prestin promoter, or a truncated (or “short”) Prestin promoter.

[0625] Embodiment 16. The construct of embodiment 15, wherein the promoter comprises
a nucleic acid sequence according to SEQ ID NO: 316, SEQ ID NO: 317, SEQ ID NO: 318, SEQ
ID NO: 319, SEQ ID NO: 320, SEQ ID NO: 321, SEQ ID NO: 322, SEQ ID NO: 323, SEQ ID
NO: 324, SEQ ID NO: 325, SEQ ID NO: 326, SEQ ID NO: 327, SEQ ID NO: 328, and/or SEQ
ID NO: 329.

[0626] Embodiment 17. The construct of any one of embodiments 1-16, further comprising
two AAYV inverted terminal repeats (ITRs), wherein the two AAV ITRs flank the coding sequence

and promoter.
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[0627] Embodiment 18. The construct of embodiment 17, wherein the two AAV ITRs are
or are derived from AAV2 ITRs.

[0628] Embodiment 19. The construct of embodiment 16, wherein the two AAV ITRs
comprise: (i) a 5” ITR comprising a nucleic acid sequence according to SEQ ID NO: 15 and a 3’
ITR comprising a nucleic acid sequence according to SEQ ID NO: 16; or (ii) a 5 ITR comprising
a nucleic acid sequence according to SEQ ID NO: 19 and a 3’ ITR comprising a nucleic acid

sequence according to SEQ ID NO: 20.

[0629] Embodiment 20. The construct of embodiment 1, wherein the construct comprises
a nucleic acid sequence according to SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO:
4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO:
10, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID
NO: 30, SEQ ID NO: 90, or SEQ ID NO: 91.

[0630] Embodiment 21. The construct of embodiment 1, wherein the construct comprises
a nucleic acid sequence according to one or more of SEQ ID NOs: 1-41 and/or 42-70 and/or 96-

97.

[0631] Embodiment 22. A construct comprising a coding sequence operably linked to a
promoter, wherein the coding sequence encodes a KCNQ4 inhibitory nucleic acid, which

comprises a nucleotide sequence complementary to a KCNQ4 gene.

[0632] Embodiment 23. The construct of embodiment 22, wherein the KCNQ4 inhibitory
nucleic acid is an miRNA, an siRNA, or shRNA.

[0633] Embodiment 24. The construct of embodiment 22 or 23, wherein the KCNQ4
inhibitory RNA comprises a sequence according to SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID
NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO: 48, SEQ ID NO: 49,
SEQ ID NO: 50, SEQ ID NO: 51, SEQ ID NO: 52, SEQ ID NO: 53, SEQ ID NO: 54, SEQ ID
NO: 55, SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60,
SEQ ID NO: 61, SEQ ID NO: 62, SEQ ID NO:63, SEQ ID NO: 64, SEQ ID NO: 65, SEQ ID NO:
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66, SEQ ID NO: 67, SEQ ID NO: 68, SEQ ID NO: 69, SEQ ID NO: 70, SEQ ID NO: 96, or SEQ
ID NO: 97.

[0634] Embodiment 25. The construct of embodiment 22, wherein the KCNQ4 inhibitory
RNA is a gRNA.
[0635] Embodiment 26. The construct of embodiment 22 or 25, wherein the KCNQ4

inhibitory RNA comprises a sequence according to SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID
NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO: 48.

[0636] Embodiment 27. The construct of embodiment 22, wherein the KCNQ4 gene is a
primate KCNQ4 gene.

[0637] Embodiment 28. The construct of embodiment 22 or 27, wherein the KCNQ4 gene
is a human KCNQ4 gene.

[0638] Embodiment 29. The construct of embodiment 28, wherein the human KCNQ4
gene comprises a nucleic acid sequence according to SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO:
3, SEQID NO: 4, SEQID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9,
SEQ ID NO: 10, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID
NO: 29, SEQ ID NO: 30 or SEQ ID NO: 90.

[0639] Embodiment 30. The construct of any one of embodiments 22-29, wherein the

promoter is an inducible promoter, a constitutive promoter, or a tissue-specific promoter.

[0640] Embodiment 31. The construct of any one of embodiments 22-30, wherein the

promotor is a cochlear hair cell-specific promoter.

[0641] Embodiment 32. The construct of embodiment 31, wherein the cochlear hair cell-
specific promoter is a ATOH1 promoter, a POU4F3 promoter, a LHX3 promoter, a MYO7A
promoter, a MYO6 promoter, a t99ACHR promoter, or a tl0ACHR promoter.

[0642] Embodiment 33. The construct of any one of embodiments 22-30, wherein the

promoter is an H1 or U6 promoter.
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[0643] Embodiment 34. The construct of embodiment 33, wherein the promoter comprises
a nucleic acid sequence according to SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID
NO: 297, SEQ ID NO: 298, SEQ ID NO: 299, SEQ ID NO: 300, SEQ ID NO: 301, SEQ ID NO:
302, SEQ ID NO: 303, SEQ ID NO: 304, SEQ ID NO: 305, SEQ ID NO: 306, SEQ ID NO: 307,
SEQ ID NO: 308, SEQ ID NO: 309, and/or SEQ ID NO: 310.

[0644] Embodiment 35. The construct of any one of embodiments 22-34, further
comprising two AAYV inverted terminal repeats (ITRs), wherein the two AAV ITRs flank the

coding sequence and promoter.

[0645] Embodiment 36. The construct of embodiment 35, wherein the two AAV ITRs are
or are derived from AAV2 ITRs.

[0646] Embodiment 37. The construct of embodiment 35, wherein the two AAV ITRs
comprise: (i) a 5° ITR comprising a nucleic acid sequence according to SEQ ID NO: 15 and a 3’
ITR comprising a nucleic acid sequence according to SEQ ID NO: 16; or (ii) a 5’ ITR comprising
a nucleic acid sequence according to SEQ ID NO: 19 and a 3’ ITR comprising a nucleic acid

sequence according to SEQ ID NO: 20.

[0647] Embodiment 38. The construct of embodiment 1, wherein the construct comprises

a nucleic acid sequence according to any of SEQ ID NOs: 1-10.

[0648] Embodiment 39. The construct of embodiment 1, wherein the construct comprises

a nucleic acid sequence according to any of SEQ ID NOs: 25-30 or 90-91.

[0649] Embodiment 40. A construct comprising a sequence according to SEQ ID NO:
332, SEQ ID NO: 333, SEQ ID NO: 334, SEQ ID NO: 335, SEQ ID NO: 336, SEQ ID NO: 337,
SEQ ID NO: 338, SEQ ID NO: 339, SEQ ID NO: 340, SEQ ID NO: 341, SEQ ID NO: 342, SEQ
ID NO: 343, SEQ ID NO: 344, SEQ ID NO: 345, SEQ ID NO: 346, SEQ ID NO: 347, SEQ ID
NO: 348, SEQ ID NO: 349, SEQ ID NO: 350, SEQ ID NO: 351, SEQ ID NO: 352, SEQ ID NO:
353, SEQ ID NO: 354, or SEQ ID NO: 355.
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[0650] Embodiment 41. A construct comprising a sequence according to SEQ ID NO:
334, SEQ ID NO: 335, SEQ ID NO: 337, SEQ ID NO: 339, SEQ ID NO: 345, SEQ ID NO: 346,
SEQ ID NO: 347, SEQ ID NO: 348, SEQ ID NO: 349, SEQ ID NO: 350, SEQ ID NO: 351, SEQ
ID NO: 352, SEQ ID NO: 353, SEQ ID NO: 354, or SEQ ID NO: 355, without a FLAG sequence.

[0651] Embodiment 42. An AAV particle comprising the construct of any one of

embodiments 1-21.

[0652] Embodiment 43. An AAV particle comprising the construct of any one of
embodiments 22-41.

[0653] Embodiment 44. The AAV particle of embodiment 42 or 43, further comprising an
AAV capsid, wherein the AAV capsid is or is derived from an AAV2, AAV3, AAV4, AAVS,
AAV6, AAV7, AAVS, AAVY, AAV10, AAV-rh8, AAV-rh10, AAV-rh39, AAV-rh43 or AAV
Anc80 capsid.

[0654] Embodiment 45. The AAV particle of embodiment 44, wherein the AAV capsid is
an AAV Anc80 capsid.

[0655] Embodiment 46. A composition comprising: (i) the construct of any one of
embodiments 1-21; (ii) the construct of any one of embodiments 22-41; or (iii) a combination

thereof.

[0656] Embodiment 47. A composition comprising the AAV particle of any one of
embodiments 42-45.

[0657] Embodiment 48. A composition comprising: (i) the AAV particle of embodiment
42; (ii) the AAV particle of embodiment 43; or (iii) a combination thereof.

[0658] Embodiment 49. The composition of embodiment 48, wherein the AAV particle of
(1), (i1), or both further comprise an AAV capsid, wherein the AAV capsid is or is derived from an
AAV2, AAV3, AAV4, AAVS, AAV6, AAV7, AAVS, AAV9, AAV10, AAV-rh8, AAV-rhl0,
AAV-rh39, AAV-rh43 or AAV Anc80 capsid.
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[0659] Embodiment 50. The composition of embodiment 48, wherein the AAV capsid of
the AAV particle of (i), (ii), or both is an AAV Anc80 capsid.

[0660] Embodiment 51. The composition of any one of embodiments 46-50, wherein the

composition is a pharmaceutical composition.

[0661] Embodiment 52. The composition of embodiment 51, further comprising a

pharmaceutically acceptable carrier.

[0662] Embodiment 53. A cell comprising the composition of any one of embodiments 46-
52.

[0663] Embodiment 54. The cell of embodiment 53, wherein the cell is in vivo, ex vivo,
or in vitro.

[0664] Embodiment 55. The cell of embodiment 53 or 54, wherein the cell is a mammalian
cell.

[0665] Embodiment 56. The cell of embodiment 55, wherein the mammalian cell is a
human cell.

[0666] Embodiment 57. The cell of embodiment 56, wherein the cell is immortalized to

generate a stable cell line.

[0667] Embodiment 58. The cell of embodiment 56, wherein the human cell is in the ear

of a subject.

[0668] Embodiment 59. The cell of embodiment 56, wherein at least one copy of an

endogenous KCNQ4 gene has at least one sequence variation.

[0669] Embodiment 60. The cell of embodiment 59, wherein the at least one sequence

variation results in a loss-of-function gene product.

[0670] Embodiment 61. A system comprising the composition of any one of embodiments

46-52.
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[0671] Embodiment 62. A method comprising contacting an inner ear cell with the

composition of any one of embodiments 46-52.

[0672] Embodiment 63. The method of embodiment 62, where the inner ear cell is an

outer hair cell.

[0673] Embodiment 64. The method of embodiment 62 or 63, wherein the inner ear cell

is in the ear of a subject.

[0674] Embodiment 65. The method of embodiment 62 or 63, wherein the inner ear cell

is in vitro or ex vivo.

[0675] Embodiment 66. The method of any one of embodiments 62-65, wherein the cell
has been contacted with a construct of any one of embodiments 20-37.2, and wherein the
endogenous KCNQ4 gene product demonstrates reduced expression as compared to expression
of an endogenous KCNQ4 gene product in a comparable cell that has not been contacted with a

construct of any one of embodiments 22-41.

[0676] Embodiment 67. The method of embodiment 66, wherein the cell has been

contacted with the construct of any one of embodiments 1-21.

[0677] Embodiment 68. The method of embodiment 67, wherein the construct of
any one of embodiments 1-19 comprises a nucleic acid sequence that is different than the

endogenous human KCNQ4 gene.

[0678] Embodiment 69. The method of embodiment 68, wherein the construct of

any one of embodiments 1-21 encodes a codon modified human KCNQ4 nucleic acid sequence.

[0679] Embodiment 70. The method of embodiment 68 or 69, wherein the construct is

the construct of embodiment 6.

[0680] Embodiment 71. The method of any one of embodiments 67-70, wherein the
exogenous KCNQ4 gene product is expressed at a level that is at least 25% (e.g., at least 30%,
e.g., at least 35%, e.g., at least 40%, e.g., at least 45%, e.g., at least 50%, e.g., at least 75%, e.g.,
at least 100%, e.g., at least 125%) of the expression of endogenous KCNQ4 gene product.
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[0681] Embodiment 72. A method comprising, contacting a cell with: (i) the construct of
any one of embodiments 1-41; and (ii) one or more plasmids comprising an AAV Rep gene, AAV

Cap gene, AAV VA gene, AAV E2a gene, and AAV E4 gene.

[0682] Embodiment 73. The method of embodiment 72, where the cell is an inner ear cell.
[0683] Embodiment 74. The method of embodiment 73, wherein the inner ear cell is outer
hair cell.

[0684] Embodiment 75. The method of embodiment 73, wherein the inner ear cell is in

the ear of a subject.

[0685] Embodiment 76. The method of embodiment 62 or 63, wherein the inner ear cell

is in vitro or ex vivo.

[0686] Embodiment 77. A method comprising introducing the composition of any one of

embodiments 46-52 into the inner ear of a subject.

[0687] Embodiment 78. The method of embodiment 77, wherein the composition is

introduced into the cochlea of the subject.

[0688] Embodiment 79. The method of embodiment 77 or 78, wherein the composition is

introduced via a round window membrane injection.

[0689] Embodiment 80. The method of any one of embodiments 60, 65, or 67-69, further

comprising measuring a hearing level of the subject.

[0690] Embodiment 81. The method of embodiment 80, a hearing level is measured by

performing an auditory brainstem response (ABR) test.

[0691] Embodiment 82. The method of embodiment 80 or 81, further comprising

comparing the hearing level of the subject to a reference hearing level.

[0692] Embodiment 83. The method of embodiment 82, wherein the reference hearing

level is a published or historical reference hearing level.

[0693] Embodiment 84. The method of embodiment 83, wherein the hearing level of the
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subject is measured after the construct of any one of embodiments 1-19 is introduced, and the
reference hearing level is a hearing level of the subject that was measured before the construct of

any one of embodiments 1-21 was introduced.

[0694] Embodiment 85. The method of any one of embodiments 62-84, further comprising

measuring a level of a KCNQ4 gene product in a subject.

[0695] Embodiment 86. The method of embodiment 85, wherein the level of the KCNQ4

gene product is measured in the inner ear of the subject.

[0696] Embodiment 87. The method of embodiment 85, wherein the level of the KCNQ4

gene product is measured in the cochlea of the subject.

[0697] Embodiment 88. The method of any one of embodiments 62-87, further comprising
comparing the level of a KCNQ4 gene product in the subject to a reference KCNQ4 gene product
level.

[0698] Embodiment 89. The method of embodiment 88, wherein the reference hearing

level is a published or historical reference KCNQ4 gene product level.

[0699] Embodiment 90. The method of embodiment 85, wherein the level of a KCNQ4
gene product in the subject is measured after the construct of any one of embodiments 1-41 is
introduced, and the reference KCNQ4 gene product level is a KCNQ4 gene product level of the

subject that was measured before the composition of any one of embodiments 1-41 was introduced.

[0700] Embodiment 91. A method of treating hearing loss comprising administering the

composition of any one of embodiments 46-52 to a subject in need thereof.

[0701] Embodiment 92. A method of treating hearing loss comprising administering a

particle of any one of embodiments 42-45 to a subject in need thereof.

[0702] Embodiment 93. The method of embodiment 91 or 92, wherein the hearing loss is
DFNA2.
[0703] Embodiment 94. A construct of any one of embodiments 1-41 for use in the

treatment of hearing loss.
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[0704] Embodiment 95. The construct of embodiment 94, wherein the hearing loss is
DFNAZ2.
[0705] Embodiment 96. A composition of any one of embodiments 46-52 for use in the

treatment of hearing loss.

[0706] Embodiment 97. The composition of embodiment 96, wherein the hearing loss is
DFNA2.
[0707] Embodiment 98. A particle of any one of embodiments 42-45 for use in the

treatment of hearing loss.

[0708] Embodiment 99. The particle of embodiment 98, wherein the hearing loss is
DFNAZ2.
[0709] Embodiment 100. Use of a construct of any one of embodiments 1-41 for the

manufacture of a medicament to treat hearing loss.

[0710] Embodiment 101. Use of a composition of any one of embodiments 46-52 for the

manufacture of a medicament to treat hearing loss.

[0711] Embodiment 102. Use of a particle of any one of embodiments 42-45 for the

manufacture of a medicament to treat hearing loss.

[0712] Embodiment 103. Use of the construct of embodiment 100, the composition of

embodiment 100, or the particle of embodiment 101, wherein the hearing loss is DFNA2.

[0713] Embodiment 104. Use of the construct of embodiment 100, the composition of
embodiment 101, or the particle of embodiment 102, or the use of embodiment 103, wherein the

endogenous KCNQ4 gene product demonstrates reduced expression.

[0714] Embodiment 105. The use of embodiment 104, wherein a codon modified

exogenous KCNQ4 gene product is expressed.

[0715] Embodiment 106. The use of any one of embodiments 103-105, wherein an

exogenous KCNQ4 gene product is expressed from the construct of embodiment 6.
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[0716] Embodiment 107. The use of any one of embodiments 103-106, wherein the
endogenous KCNQ4 gene product demonstrates reduced expression as compared to expression

demonstrated by the exogenous KCNQ4 gene product.

[0717] Embodiment 108. A cell comprising a coding sequence operably linked to a

promoter, wherein the coding sequence encodes a Kv7.4 protein.

[0718] Embodiment 109. A cell comprising a coding sequence operably linked to a

promoter, wherein the coding sequence encodes a loss-of-function KCNQ4 variant gene product.

[0719] Embodiment 110. A population of cells comprising one or more cells according to

embodiment 108 or 109, wherein the population is or comprises a stable cell line.

[0720] Embodiment 111. The method of any one of embodiments 85-90, wherein the
KCNQ4 gene product is a Kv7.4 protein.

[0721] Embodiment 112. A construct comprising an inhibitory nucleic acid, wherein the
inhibitory nucleic acid is or comprises one or more of miR1-155; miR2-155; miR4-155; miR5-
155; miR6-155; miR7-155 miR1-16; miR1-26; miR1-96; miR1-122; miR1-135; miR1-182; miR1-
183; miR1-335; miR1-451.

[0722] Embodiment 113. An miRNA selected from the group consisting of miR1-155;
miR2-155; miR4-155; miR5-155; miR6-155; miR7-155; miR1-16; miR1-26; miR1-96; miR1-
122; miR1-135; miR1-182; miR1-183; miR1-335; miR1-451 and combinations thereof.

[0723] Embodiment 114. A kit comprising a composition of any one of embodiments 1-
113,
[0724] Embodiment 115. The kit of embodiment 114, wherein the composition is pre-

loaded in a device.

[0725] Embodiment 116. The kit of embodiment 115, wherein the device is a
microcatheter.
[0726] Embodiment 117. The kit of embodiment 116, wherein the microcatheter is shaped

such that it can enter the middle ear cavity via the external auditory canal and contact the end of
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the microcatheter with the RWM.

[0727] Embodiment 118. The kit of embodiment 116 or 117, wherein a distal end of the

microcatheter is comprised of at least one microneedle with diameter of between 10 and 1,000

microns.
[0728] Embodiment 119. The kit of any one of embodiments 114-118, further comprising
a device.
[0729] Embodiment 120. The kit of embodiment 119, wherein the device is a device

described in FIGS. 32-35 or a device as described herein.

[0730] Embodiment 121. The kit of embodiment 120, wherein the device comprises a

needle comprising a bent portion and an angled tip.

EQUIVALENTS

[0731] It is to be understood that the words which have been used are words of description
rather than limitation, and that changes may be made within the purview of the appended claims

without departing from the true scope and spirit of the invention in its broader aspects.

[0732] While the present invention has been described at some length and with some
particularity with respect to the several described embodiments, it is not intended that it should be
limited to any such particulars or embodiments or any particular embodiment, but it is to be
construed with references to the appended claims so as to provide the broadest possible
interpretation of such claims in view of the prior art and, therefore, to effectively encompass the

intended scope of the invention.

[0733] It is to be understood that while the disclosure has been described in conjunction
with the detailed description thereof, the foregoing description is intended to illustrate and not limit
the scope of the present disclosure, which is defined by the scope of the appended claims. Other

aspects, advantages, and modifications are within the scope of the following claims.
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[0734] All publications, patent applications, patents, and other references mentioned
herein are incorporated by reference in their entirety. In case of conflict, the present specification,

including definitions, will control. In addition, section headings, the materials, methods, and

examples are illustrative only and not intended to be limiting.
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CLAIMS
What is claimed is:

1. A construct comprising a coding sequence operably linked to a promoter, wherein the coding

sequence encodes a Kv7.4 protein.

2. The construct of claim 1, wherein the coding sequence is a KCNQ4 gene.

3. The construct of claim 2, wherein the KCNQ4 gene is a primate KCNQ4 gene.

4. The construct of claim 2 or 3, wherein the KCNQ4 gene is a human KCNQ4 gene.

5. The construct of claim 4, wherein the human KCNQ4 gene comprises a nucleic acid sequence
according to SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5,
SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO:
25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30 or SEQ
ID NO: 90.

6. The construct of claim 4 or 5, wherein the human KCNQ4 gene comprises a nucleic acid

sequence according to SEQ ID NO: 9 or 10.

7. The construct of claim 1, wherein the Kv7.4 protein is a primate Kv7.4 protein.

8. The construct of claim 1 or 7, wherein the Kv7.4 protein is a human Kv7.4 protein.
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9. The construct of claim 8, wherein the Kv7.4 protein comprises an amino acid sequence

according to SEQ ID NO: 11, SEQ ID NO: 12, or SEQ ID NO: 13.

10. The construct of any one of claims 1-9, wherein the promoter is an inducible promoter, a

constitutive promoter, or a tissue-specific promoter.

11. The construct of any one of claims 1-10, wherein the promoter is a Prestin promoter.

12. The construct of any one of claims 1-11, wherein the promoter is a truncated (or “short”)

Prestin promoter.

13. The construct of any one of claims 1-10, wherein the promoter is an oncomodulin (OCM)

promoter.

14. The construct of any one of claims 1-10, wherein the promotor is a cochlear hair cell-specific

promoter.

15. The construct of claim 14, wherein the cochlear hair cell-specific promoter is a ATOH1
promoter, a POU4F3 promoter, a LHX3 promoter, a MYO7A promoter, a MYO6 promoter, a
a9ACHR promoter, or a al0ACHR promoter.

16. The construct of any one of claims 1-10, wherein the promoter is a CAG promoter, a CBA

promoter, an SmCBA promoter, a CMV promoter, or a CB7 promoter.
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17. The construct of claim 16, wherein the promoter comprises a nucleic acid sequence
according to SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 297, SEQ ID NO:
298, SEQ ID NO: 299, SEQ ID NO: 300, SEQ ID NO: 301, SEQ ID NO: 302, SEQ ID NO: 303,
SEQ ID NO: 304, SEQ ID NO: 305, SEQ ID NO: 306, SEQ ID NO: 307, SEQ ID NO: 308, SEQ
ID NO: 309, and/or SEQ ID NO: 310.

18. The construct of any one of claims 1-17, further comprising two AAV inverted terminal

repeats (ITRs), wherein the two AAV ITRs flank the coding sequence and promoter.

19. The construct of claim 18, wherein the two AAV ITRs are or are derived from AAV2 ITRs.

20. The construct of claim 18, wherein the two AAV ITRs comprise:

(1) a 5" ITR comprising a nucleic acid sequence according to SEQ ID NO: 15 and a 3’
ITR comprising a nucleic acid sequence according to SEQ ID NO: 16; or

(i) a 5" ITR comprising a nucleic acid sequence according to SEQ ID NO: 19 and a 3’
ITR comprising a nucleic acid sequence according to SEQ ID NO: 20.

21. The construct of claim 1, wherein the construct comprises a nucleic acid sequence according
to SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO:
6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 25, SEQ ID
NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 90, or
SEQ ID NO: 91.

22. The construct of claim 1, wherein the construct comprises a nucleic acid sequence according

to one or more of SEQ ID NOs: 1-41 and/or SEQ ID NOs: 42-70 and/or SEQ ID NOs: 96-97.
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23. A construct comprising a coding sequence operably linked to a promoter, wherein the coding
sequence encodes a KCNQ4 inhibitory nucleic acid, which comprises a nucleotide sequence

complementary to a KCNQ4 gene.

24. The construct of claim 23, wherein the KCNQ4 inhibitory nucleic acid is an miRNA, an
siRNA, or shRNA.

25. The construct of claim 23 or 24, wherein the KCNQ4 inhibitory RNA comprises a sequence
according to SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO:
46, SEQ ID NO: 47, SEQ ID NO: 48, SEQ ID NO: 49, SEQ ID NO: 50, SEQ ID NO: 51, SEQ
ID NO: 52, SEQ ID NO: 53, SEQ ID NO: 54, SEQ ID NO: 55, SEQ ID NO: 56, SEQ ID NO:
57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID NO: 62, SEQ
ID NO:63, SEQ ID NO: 64, SEQ ID NO: 65, SEQ ID NO: 66, SEQ ID NO: 67, SEQ ID NO: 68,
SEQ ID NO: 69, SEQ ID NO: 70, SEQ ID NO: 96, or SEQ ID NO: 97.

26. The construct of claim 23, wherein the KCNQ4 inhibitory RNA is a gRNA.

27. The construct of claim 23 or 26, wherein the KCNQ4 inhibitory RNA comprises a sequence
according to SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO:
46, SEQ ID NO: 47, SEQ ID NO: 48.

28. The construct of claim 23, wherein the KCNQ4 gene is a primate KCNQ4 gene.

29. The construct of claim 23 or 28, wherein the KCNQ4 gene is a human KCNQ4 gene.
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30. The construct of claim 29, wherein the human KCNQ4 gene comprises a nucleic acid
sequence according to SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID
NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID
NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30 or
SEQ ID NO: 90.

31. The construct of any one of claims 23-30, wherein the promoter is an inducible promoter, a

constitutive promoter, or a tissue-specific promoter.

32. The construct of any one of claims 23-31, wherein the promoter is a Prestin promoter.

33. The construct of any one of claims 1-32, wherein the promoter is a truncated (or “short”)

Prestin promoter.

34. The construct of any one of claims 23-32, wherein the promoter is an oncomodulin (OCM)

promoter.

35. The construct of any one of claims 23-31, wherein the promotor is a cochlear hair cell-

specific promoter.

36. The construct of claim 35, wherein the cochlear hair cell-specific promoter is a ATOH1
promoter, a POU4F3 promoter, a LHX3 promoter, a MYO7A promoter, a MYO6 promoter, a
a9ACHR promoter, or a tl0ACHR promoter.
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37. The construct of any one of claims 23-31, wherein the promoter is an H1 or U6 promoter.

38. The construct of claim 37, wherein the promoter comprises a nucleic acid sequence
according to SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 297, SEQ ID NO:
298, SEQ ID NO: 299, SEQ ID NO: 300, SEQ ID NO: 301, SEQ ID NO: 302, SEQ ID NO: 303,
SEQ ID NO: 304, SEQ ID NO: 305, SEQ ID NO: 306, SEQ ID NO: 307, SEQ ID NO: 308, SEQ
ID NO: 309, and/or SEQ ID NO: 310.

39. The construct of any one of claims 23-38, further comprising two AAYV inverted terminal

repeats (ITRs), wherein the two AAV ITRs flank the coding sequence and promoter.

40. The construct of claim 39, wherein the two AAV ITRs are or are derived from AAV2 ITRs.

41. The construct of claim 39, wherein the two AAV ITRs comprise:

(i) a 5 ITR comprising a nucleic acid sequence according to SEQ ID NO: 15 and a 3’
ITR comprising a nucleic acid sequence according to SEQ ID NO: 16; or

(i1) a 5° ITR comprising a nucleic acid sequence according to SEQ ID NO: 19 and a 3’
ITR comprising a nucleic acid sequence according to SEQ ID NO: 20.

42. The construct of claim 1, wherein the construct comprises a nucleic acid sequence according
to any of SEQ ID NOs: 1-10.
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43. The construct of claim 1, wherein the construct comprises a nucleic acid sequence according

to any of SEQ ID NOs: 25-30 or 90-91.

44. A construct comprising a sequence according to SEQ ID NO: 332, SEQ ID NO: 333, SEQ ID
NO: 334, SEQ ID NO: 335, SEQ ID NO: 336, SEQ ID NO: 337, SEQ ID NO: 338, SEQ ID NO:
339, SEQ ID NO: 340, SEQ ID NO: 341, SEQ ID NO: 342, SEQ ID NO: 343, SEQ ID NO: 344,
SEQ ID NO: 345, SEQ ID NO: 346, SEQ ID NO: 347, SEQ ID NO: 348, SEQ ID NO: 349, SEQ
ID NO: 350, SEQ ID NO: 351, SEQ ID NO: 352, SEQ ID NO: 353, SEQ ID NO: 354, or SEQ ID
NO: 355.

45. A construct comprising a sequence according to SEQ ID NO: 334, SEQ ID NO: 335, SEQ
ID NO: 337, SEQ ID NO: 339, SEQ ID NO: 345, SEQ ID NO: 346, SEQ ID NO: 347, SEQ ID
NO: 348, SEQ ID NO: 349, SEQ ID NO: 350, SEQ ID NO: 351, SEQ ID NO: 352, SEQ ID NO:
353, SEQ ID NO: 354, or SEQ ID NO: 355, without a FLAG sequence.

46. An AAV particle comprising the construct of any one of claims 1-22.

47. An AAV particle comprising the construct of any one of claims 23-43.

48. An AAV particle comprising the construct of any one of claims 1-45.

49. The AAV particle of claim 44, further comprising an AAV capsid, wherein the AAV capsid
is or is derived from an AAV2, AAV3, AAV4, AAVS, AAV6, AAVT, AAVS, AAV9, AAV10,
AAV-rh8, AAV-rh10, AAV-rh39, AAV-rh43 or AAV Anc80 capsid.
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50. The AAYV particle of claim 49, wherein the AAV capsid is an AAV Anc80 capsid.

51. A composition comprising:
(1) the construct of any one of claims 1-22;
(i1) the construct of any one of claims 23-43;
(iii) the construct of claim 44 or 45; or

(iv) a combination thereof.

52. A composition comprising the AAV particle of any one of claims 46-50.

53. A composition comprising:
(i) the AAYV particle of claim 46;
(ii) the AAV particle of claim 47; or

(iii) a combination thereof.

54. The composition of claim 53, wherein the AAYV particle of (1), (ii), or both further comprise
an AAV capsid, wherein the AAV capsid is or is derived from an AAV2, AAV3, AAV4, AAVS,
AAV6, AAVT, AAVS, AAV9, AAV10, AAV-rh8, AAV-rh10, AAV-rh39, AAV-rh43 or AAV
Anc80 capsid.

55. The composition of claim 53, wherein the AAV capsid of the AAV particle of (i), (ii), or
both is an AAV Anc80 capsid.
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56. The composition of any one of claims 51-55, wherein the composition is a pharmaceutical

composition.

57. The composition of claim 56, further comprising a pharmaceutically acceptable carrier.

58. A cell comprising the composition of any one of claims 51-55.

59.

60.

61.

62.

63.

64.

The cell of claim 58, wherein the cell is in vivo, ex vivo, or in vitro.

The cell of claim 58 or 59, wherein the cell is a mammalian cell.

The cell of claim 60, wherein the mammalian cell is a human cell.

The cell of claim 61, wherein the cell is immortalized to generate a stable cell line.

The cell of claim 61, wherein the human cell is in the ear of a subject.

The cell of claim 61, wherein at least one copy of an endogenous KCNQ4 gene has at least

one sequence variation.

65.

The cell of claim 64, wherein the at least one sequence variation results in a loss-of-function

gene product.
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66. A system comprising the composition of any one of claims 51-57.

67. A method comprising contacting an inner ear cell with the composition of any one of claims

51-57.

68. The method of claim 67, where the inner ear cell is an outer hair cell.

69. The method of claim 67 or 68, wherein the inner ear cell is in the ear of a subject.

70. The method of claim 67 or 68, wherein the inner ear cell is in vitro or ex vivo.

71. A method comprising, contacting a cell with:

(1) the construct of any one of claims 1-45; and

(i1) one or more plasmids comprising an AAV Rep gene, AAV Cap gene, AAV VA gene,
AAV E2a gene, and AAV E4 gene.

72. The method of claim 71, where the cell is an inner ear cell.

73. The method of claim 72, wherein the inner ear cell is outer hair cell.

74. The method of claim 72, wherein the inner ear cell is in the ear of a subject.

75. The method of any one of claims 72-74, wherein the inner ear cell is in vitro or ex vivo.
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76. The method of any one of claims 67-75, wherein the cell has been contacted with a construct
of any one of claims 23-43, and wherein the endogenous KCNQ4 gene product demonstrates
reduced expression as compared to expression of an endogenous KCNQ4 gene product in a

comparable cell that has not been contacted with a construct of any one of claims 23-43.

77. The method of claim 76, wherein the cell has been contacted with the construct of any one

of claims 1-22.

78. The method of claim 77, wherein the construct of any one of claims 1-22 comprises a nucleic

acid sequence that is different than the endogenous human KCNQ4 gene.

79. The method of claim 78, wherein the construct of any one of claims 1-22 encodes a codon

modified human KCNQ4 nucleic acid sequence.

80. The method of claim 78 or 79, wherein the construct is the construct of claim 6.

81. The method of any one of claims 77-81, wherein the exogenous KCNQ4 gene product is
expressed at a level that is at least 25% (e.g., at least 30%, e.g., at least 35%, e.g., at least 40%,
e.g., at least 45%, e.g., at least 50%, e.g., at least 75%, e.g., at least 100%, e.g., at least 125%) of

the expression of endogenous KCNQ4 gene product.

82. A method comprising introducing the composition of any one of claims 51-57 into the inner

ear of a subject.
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83. The method of claim 82, wherein the composition is introduced into the cochlea of the

subject.

84. The method of claim 82 or 83, wherein the composition is introduced via a round window

membrane injection.

85. The method of any one of claims 69, 74, or 82-84, further comprising measuring a hearing

level of the subject.

86. The method of claim 85, a hearing level is measured by performing an auditory brainstem

response (ABR) test.

87. The method of claim 85 or 86, further comprising comparing the hearing level of the subject

to a reference hearing level.

88. The method of claim 87, wherein the reference hearing level is a published or historical

reference hearing level.

89. The method of any one of claims 85-88, wherein the hearing level of the subject is measured
after the construct of any one of claims 1-45 is introduced, and the reference hearing level is a
hearing level of the subject that was measured before the construct of any one of claims 1-45 was

introduced.
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90. The method of any one of claims 67-89, further comprising measuring a level of a KCNQ4

gene product in a subject.

91. The method of claim 90, wherein the level of the KCNQ4 gene product is measured in the

inner ear of the subject.

92. The method of claim 90 or 91, wherein the level of the KCNQ4 gene product is measured in
the cochlea of the subject.

93. The method of any one of claims 67-91, further comprising comparing the level of a KCNQ4

gene product in the subject to a reference KCNQ4 gene product level.

94. The method of claim 93, wherein the reference hearing level is a published or historical

reference KCNQ4 gene product level.

95. The method of any one of claims 90-94, wherein the level of a KCNQ4 gene product in the
subject is measured after the construct of any one of claims 1-45 is introduced, and the reference
KCNQ4 gene product level is a KCNQ4 gene product level of the subject that was measured

before the composition of any one of claims 1-45 was introduced.

96. A method of treating hearing loss comprising administering the composition of any one of

claims 51-57 to a subject in need thereof.
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97. A method of treating hearing loss comprising administering a particle of any one of claims

46-50 to a subject in need thereof.

98. The method of claim 96 or 97, wherein the hearing loss is DFNA2.

99. A construct of any one of claims 1-45 for use in the treatment of hearing loss.

100.  The construct of claim 99, wherein the hearing loss is DFNA2.

101. A composition of any one of claims 51-57 for use in the treatment of hearing loss.

102.  The composition of claim 101, wherein the hearing loss is DFNA2.

103. A particle of any one of claims 46-50 for use in the treatment of hearing loss.

104. The particle of claim 103, wherein the hearing loss is DFNA2.

105. Use of a construct of any one of claims 1-45 for the manufacture of a medicament to treat

hearing loss.

106. Use of a composition of any one of claims 51-57 for the manufacture of a medicament to

treat hearing loss.
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107. Use of a particle of any one of claims 46-50 for the manufacture of a medicament to treat

hearing loss.

108. Use of the construct of claim 105, the composition of claim 104, or the particle of claim

105, wherein the hearing loss is DFNA2.

109. Use of the construct of claim 105, the composition of claim 106, the particle of 107, or the
use of claim 108, wherein the cell has been contacted with a construct of any one of claims 23-
43, and wherein the endogenous KCNQ4 gene product demonstrates reduced expression as
compared to expression of an endogenous KCNQ4 gene product in a comparable cell that has

not been contacted with a construct of any one of claims 23-43.

110. The use of claim 109, wherein the cell has been contacted with the construct of any one of

claims 1-22.

111.  The use of claim 109, wherein the construct of any one of claims 1-22 comprises a

nucleic acid sequence that is different than the endogenous human KCNQ4 gene.

112.  The use of claim 111, wherein the construct of any one of claims 1-22 encodes a codon

modified human KCNQ4 nucleic acid sequence.

113. The use of claim 111 or 112, wherein the construct is the construct of claim 6.
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114. The use of any one of claims 109-113, wherein the exogenous KCNQ4 gene product is
expressed at a level that is at least 25% (e.g., at least 30%, e.g., at least 35%, e.g., at least 40%,
e.g., at least 45%, e.g., at least 50%, e.g., at least 75%, e.g., at least 100%, e.g., at least 125%) of
the expression of endogenous KCNQ4 gene product.

115. A cell comprising a coding sequence operably linked to a promoter, wherein the coding

sequence encodes a Kv7.4 protein.

116. A cell comprising a coding sequence operably linked to a promoter, wherein the coding

sequence encodes a loss-of-function KCNQ4 variant gene product.

117. A population of cells comprising one or more cells according to claim 115 or 116, wherein

the population is or comprises a stable cell line.

118. The method of any one of claims 90-95, wherein the KCNQ4 gene product is a Kv7.4

protein.

119. A construct comprising an inhibitory nucleic acid, wherein the inhibitory nucleic acid is or
comprises one or more of miR1-155; miR2-155; miR4-155; miR5-155; miR6-155; miR7-155;
miR1-16; miR1-26; miR1-96; miR1-122; miR1-135; miR1-182; miR1-183; miR1-335; miR1-
451.

120. An miRNA selected from the group consisting of miR1-155; miR2-155; miR4-155; miR5-
155; miR6-155; miR7-155; miR1-16; miR1-26; miR1-96; miR1-122; miR1-135; miR1-182;
miR1-183; miR1-335; miR1-451 and combinations thereof.
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121. A kit comprising a composition of any one of claims 51-57.

122. The kit of claim 121, wherein the composition is pre-loaded in a device.

123. The kit of claim 122, wherein the device is a microcatheter.

124. The kit of claim 123, wherein the microcatheter is shaped such that it can enter the middle
ear cavity via the external auditory canal and contact the end of the microcatheter with the

RWM.

125. The kit of claim 123 or 124, wherein a distal end of the microcatheter is comprised of at

least one microneedle with diameter of between 10 and 1,000 microns.

126. The kit of any one of claims 121-125, further comprising a device.

127. The kit of claim 126, wherein the device is a device described in FIGS. 32-35 or a device

as described herein.

128. The kit of claim 127, wherein the device comprises a needle comprising a bent portion and

an angled tip.

129.  The method of any one of claims 67-70 and 82-95, wherein the method is a method of

increasing expression of KCNQ4 in a target cell population.
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130. The method of claim 129, wherein the target cell population comprises outer hair cells.

131. The method of claim 129 or 130, wherein the target cell population comprises inner hair

cells.

132.  The method of any one of claims 129-131, wherein the target cell population is in the

subject.
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