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AAYV VIRION ENCODING NEUROTROPHIC FACTOR AND USES THEREOF
CROSS-RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application Serial No.
63/185,889 filed May 7, 2021. The entire contents of which is incorporated herein by this

reference.

REFERENCE TO SEQUENCE LISTING
[0002] The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format via EFS-Web, and is hereby incorporated by reference in its
entirety. Said ASCII copy, created on April 29, 2022, is named
OYST 015 03WO_SeqList ST25 and is 72,019 bytes in size.

BACKGROUND

[0003] Medical treatment of ocular conditions that affect the ocular surface, such as
neurotrophic keratopathy; chemical burn; corneal wounds; persistent epithelial defect; dry eye
disease; herpes simplex viral infection of the trigeminal nerve and/or the eye; varicella zoster
virus infection of the trigeminal nerve and/or the eye; and diabetic complications of the corneal
nerves, are known. In addition, medical treatment of glaucoma, presbyopia, myopia, and other
anterior chamber disorders are known. These medical treatments include topical eye drops, oral
pharmaceuticals, and others.

[0004] Despite available treatments these ocular conditions remain a challenge for
ophthalmologists and therapeutic strategies focus on the severity of the disease. Treatments for
less severe cases may include bandage contact lenses and lubricating eyedrops. For more severe
cases, amniotic membrane transplantation, blood derivates at specified concentrations in serum
tears, tarsorrhaphy, and topically applied autologous serum eye drops have been widely used
(Di Zazzo et al. Ocul Surf. 17(4):619-623 (2019)). Emerging treatment strategies are derived
from the efficacy of autologous serum eye drops. Autologous serum eye drops are prepared by
diluting serum harvested from patient blood with saline solution ((Bradley et al. Clin Exp
Ophthalmol. 36(8):717-20 (2008)). The preparation is performed on an individual basis, and is
thought to be effective in treating ocular conditions due to the presence of growth factors,
including neurotrophic factors such as NGF and glial cell line-derived neurotrophic factor

(GDNF).
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[0005] Delivery of neurotrophic factors for treatment of the ocular surface currently relies on
repeated application of autologous serum eye drops or eye drops containing a purified
recombinant neurotrophic factor. Autologous serum eye drops may vary due to differences in
the serum composition between patients, the possibility for contamination during preparation
of the drops, and special storage conditions required to minimize degradation of the
neurotrophic factors. Likewise, eye drops containing recombinant neurotrophic factors require
expression and purification conditions that result in an active neurotrophic factor and have
limited stability and require special storage conditions. In addition, recombinant human
neurotrophic factor, such as NGF, must be administered by the patient 6 times per day at 2-
hour intervals, for eight weeks to provide benefit. Thus, there is a need for methods to deliver
neurotrophic factors to the ocular surface without the need for repeated topical applications
that can be challenging or impossible for some patients.

[0006] Improvement to medical treatment of ocular surface disorders would be desirable.

SUMMARY OF INVENTION

[0007] The disclosure relates generally to expression of neurotrophic factors in the eye using
adeno-associated virus (AAV) vectors. For example, the disclosure provides vectors for
expression of Nerve Growth Factor (NGF) or Glial Derived Neurotrophic Factor (GDNF), and
medical uses thereof.

[0008] In one aspect, the disclosure provides a method of treating an ocular condition in a
subject in need thereof, the method comprising administering an rAAYV virion, the rAAYV virion
comprising an AAV capsid and an expression cassette comprising a polynucleotide encoding
a neurotrophic factor operatively linked to a promoter, to the eye of the subject or to a lacrimal
gland of the eye of the subject. In some embodiments, the rAAV virion is administered to at
least one eye and/or lacrimal gland of the subject and transduces the cells of the at least one
eye and/or lacrimal gland of a subject. Transduced cells within at least one eye and/or lacrimal
gland express a neurotrophic factor. The neurotrophic factor expressed by the transduced cells
of the at least one eye and/or lacrimal gland express the neurotrophic factor into the tear film
and/or onto the ocular surface of the subject. The expressed neurotrophic factor can be, for
example, human Nerve Growth Factor (NGF) protein or Glial Derived Neurotrophic Factor
(GDNF) protein. Expression of the gene product results in a reduction of the symptoms

associated with the ocular condition in the subject.
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[0009] In some embodiments, the disclosure provides a method of treating an ocular condition
in a subject in need thereof, the method comprising administering a recombinant adeno-
associated virus (rAAV) virion, the rAAV virion comprising an AAV capsid and an expression
cassette comprising a polynucleotide encoding a neurotrophic factor operatively linked to a
promoter, wherein the rAAYV virion is administered to at least one eye of the subject or to at
least one lacrimal gland of the eye of the subject, thereby treating an ocular condition in a
subject in need thereof.

[0010] In some embodiments, the rAAYV virion is administered to at least one lacrimal gland
of the subject. In some embodiments, the lacrimal gland is the main lacrimal gland. In some
embodiments, the at least one lacrimal gland is the main lacrimal gland or any one of the
Wolfring’s glands or the Krause’s glands of the subject. In some embodiments, cells within the
at least one lacrimal gland are transduced by the rAAYV virion. In some embodiments the
transduced cells within the at least one lacrimal gland express a therapeutically effective
amount of the neurotrophic factor into the tear film and optionally onto the ocular surface of
the subject. In some embodiments the transduced cells within the at least one lacrimal gland
express an effective amount of the neurotrophic factor into the tear film and optionally onto the
ocular surface of the subject.

[0011] In some embodiments, the neurotrophic factor is a Nerve Growth Factor (NGF) protein.
In some embodiments, the polynucleotide encoding the NGF protein comprises a sequence that
shares at least 95% identity to (SEQ ID NO. 2) In some embodiments, the NGF protein
comprises a sequence that shares at least 95% identity to (SEQ ID NO: 1). In some
embodiments, the NGF protein comprises SEQ ID NO: 1. In some embodiments, the
polynucleotide encoding the NGF protein comprises SEQ ID NO: 2.

[0012] In some embodiments, the neurotrophic factor is a Glial Derived Neurotrophic Factor
(GDNF) protein. In some embodiments, the polynucleotide encoding the GDNF protein
comprises a sequence that shares at least 95% identity to (SEQ ID NO: 4). In some
embodiments, the GDNF protein comprises a sequence that shares at least 95% identity to
(SEQ ID NO: 3). In some embodiments, the GDNF protein comprises SEQ ID NO: 3. In some
embodiments, the polynucleotide encoding the GDNF protein comprises SEQ ID NO: 4.
[0013] In some embodiments, the AAV capsid comprises a capsid that shares at least 95%,
98%, or 100% identity to a capsid of AAV2 VP1, AAV2 VP3, AAVS, AAVS, or AAV9.
[0014] In some embodiments, the promoter is a CMV enhancer, chicken beta-Actin (CAG)
promoter (SEQ ID NO: 5).
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[0015] In some embodiments, the ocular condition is chemical burn of the ocular surface,
corneal wound, persistent epithelial defect, dry eye disease, neurotrophic keratitis, herpes
simplex viral infection of the trigeminal nerve and/or the eye, varicella zoster virus infection
of the trigeminal nerve, and/or the eye, and diabetic complications of the corneal nerves.
[0016] In some embodiments, the ocular condition is chemical burn of the ocular surface,
corneal wound, corneal ulcer, persistent epithelial defect, dry eye disease, neurotrophic
keratitis, herpes simplex viral infection of the trigeminal nerve and/or the eye, varicella zoster
virus infection of the trigeminal nerve, and/or the eye, and diabetic complications of the corneal
nerves.

[0017] In some embodiments, the ocular condition is characterized by clinical signs as defined
under Mackie’s Classification.

[0018] In some embodiments, one or more symptoms of the ocular condition are reduced
compared to the symptoms of the ocular condition before administration of the rAAV virion.
In some embodiments, one or more symptoms of the ocular condition are reduced compared to
the symptoms of the ocular condition in an untreated control subject. In some embodiments,
one or more symptoms of the ocular condition are reduced compared to the symptoms of the
ocular condition in a contralateral eye.

[0019] In another aspect, the disclosure provides an rAAV virion, comprising an AAV capsid
and an expression cassette comprising a polynucleotide encoding a neurotrophic factor
operatively linked to a promoter.

[0020] In some embodiments, the neurotrophic factor is a Nerve Growth Factor (NGF) protein.
In some embodiments, the polynucleotide encoding the NGF protein comprises a sequence that
shares at least 95% identity to (SEQ ID NO: 2). In some embodiments, the NGF protein
comprises a sequence that shares at least 95% identity to (SEQ ID NO: 1). In some
embodiments, the NGF protein comprises SEQ ID NO: 1. In some embodiments, the
polynucleotide encoding the NGF protein comprises SEQ ID NO: 2.

[0021] In some embodiments, the neurotrophic factor is a Glial Derived Neurotrophic Factor
(GDNF) protein. In some embodiments, the polynucleotide encoding the GDNF protein
comprises a sequence that shares at least 95% identity to (SEQ ID NO: 4). In some
embodiments, the GDNF protein comprises a sequence that shares at least 95% identity to
(SEQ ID NO: 3). In some embodiments, the GDNF protein comprises SEQ ID NO: 3. In some
embodiments, the polynucleotide encoding the GDNF protein comprises SEQ ID NO: 4.
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[0022] In some embodiments, the AAV capsid comprises a capsid that shares at least 95%,
98%, or 100% identity to a capsid of AAV2 VP1, AAV2 VP3, AAVS5, AAVS8, or AAV9.
[0023] In some embodiments, the promoter is a CAG promoter (SEQ ID NO: 5).

[0024] In one aspect, the disclosure relates to a pharmaceutical composition comprising the
rAAV virion as disclosed herein and a pharmaceutically acceptable carrier. In some
embodiments, the pharmaceutical composition comprises about 1x10°to about 1x10'* genome
copies per milliliter of the rAAV virion. In some embodiments, the pharmaceutical
composition comprises about 1x10”to about 1x10'* genome copies per milliliter of the rAAV
virion. In some embodiments, the pharmaceutical composition comprises about 1x10'?to about
6.2x10'2 genome copies per milliliter of the rAAV virion.

[0025] In one aspect, the disclosure relates to a method of treating an ocular condition in a
subject in need thereof, the method comprising administering a therapeutically effective
amount of the pharmaceutical composition as disclosed herein to the eye of the subject to an
ocular secretory gland of the subject. In one aspect, the disclosure relates to a method of treating
an ocular condition in a subject in need thereof, the method comprising administering an
effective amount of the pharmaceutical composition as disclosed herein to the eye of the subject
to an ocular secretory gland of the subject.

[0026] In some embodiments, the rAAV virion is administered to at least one eye and/or
lacrimal gland of the subject. In some embodiments, cells within the at least one eye and/or
lacrimal gland are transduced by the rAAYV virion. In some embodiments, the transduced cells
within the at least one eye and/or lacrimal gland express a therapeutically effective amount of
the neurotrophic factor into the tear film and optionally onto the ocular surface of the subject.
In some embodiments, the transduced cells within the at least one eye and/or lacrimal gland
express an effective amount of the neurotrophic factor into the tear film and optionally onto the
ocular surface of the subject.

[0027] In some embodiments, the rAAV virion may be administered repeatedly to at least one
eye and/or lacrimal gland of the subject to ensure that the gland is secreting an appropriate
amount of target (protein, peptide, enzyme, etc) into the tear film. In some embodiments, cells
within the at least one eye and/or lacrimal gland are transduced by the rAAYV virion. In some
embodiments, the transduced cells within the at least one eye and/or lacrimal gland express a
therapeutically effective amount of the neurotrophic factor into the tear film and optionally

onto the ocular surface of the subject. In some embodiments, the transduced cells within the at
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least one eye and/or lacrimal gland express an effective amount of the neurotrophic factor into
the tear film and optionally onto the ocular surface of the subject.

[0028] In some embodiments, the ocular condition is neurotrophic keratitis. In some
embodiments, one or more symptoms of the ocular condition are reduced compared to the
symptoms of the ocular condition before administration of the rAAV virion. In some
embodiments, one or more symptoms of the ocular condition are reduced compared to the
symptoms of the ocular condition in an untreated control subject. In some embodiments, one
or more symptoms of the ocular condition are reduced compared to the symptoms of the ocular
condition in a contralateral eye.

[0029] Also provided are rAAYV virions and pharmaceutical compositions described herein for
use in the preparation of a medicament for the treatment of an ocular condition.

[0030] In some aspects, the disclosure provides a method of treating an ocular condition in a
subject in need thereof, the method comprising administering a recombinant adeno-associated
virus (rAAV) virion, the rAAV virion comprising an AAV capsid and an expression cassette
comprising a polynucleotide encoding a neurotrophic factor operatively linked to a promoter,
to at least one eye of the subject or to at least one lacrimal gland of the eye of the subject.
[0031] In the embodiments described herein, the rAAV virion is administered to a lacrimal
gland of the subject. In some embodiments, the lacrimal gland is the main lacrimal gland or
any one of the Wolfring’s glands or the Krause’s glands of the subject. In some embodiments,
the lacrimal gland is the main lacrimal gland.

[0032] In the embodiments described herein, cells within the lacrimal gland are transduced by
the rAAYV virion. In some embodiments, the transduced cells within the lacrimal gland express
an effective amount of the neurotrophic factor into the tear film and optionally onto the ocular
surface of the subject. In some embodiments, the neurotrophic factor is a Nerve Growth Factor
(NGF) protein. In some embodiments, the polynucleotide encoding the NGF protein comprises
a sequence that shares at least 95% identity to SEQ ID NO: 2. In some embodiments, the NGF
protein comprises a sequence that shares at least 95% identity to SEQ ID NO: 1. In some
embodiments, the NGF protein comprises SEQ ID NO: 1. In some embodiments, the
polynucleotide encoding the NGF protein comprises SEQ ID NO: 2.

[0033] In the embodiments described herein, the neurotrophic factor is a Glial Derived
Neurotrophic Factor (GDNF) protein. In some embodiments, the polynucleotide encoding the
GDNF protein comprises a sequence that shares at least 95% identity to SEQ ID NO: 4. In

some embodiments, the GDNF protein comprises a sequence that shares at least 95% identity
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to SEQ ID NO: 3. In some embodiments, the GDNF protein comprises SEQ ID NO: 3. In some
embodiments, the polynucleotide encoding the GDNF protein comprises SEQ ID NO: 4.
[0034] In the embodiments described herein, the AAV capsid shares at least 95%, 98%, or
100% identity to AAV2 VP1 (SEQ ID NO: 6), AAV2 VP3 (SEQ ID NO: 8), AAV5 (SEQ ID
NO: 10), AAVS (SEQ ID NO: 12), or AAVO (SEQ ID NO: 14).

[0035] In the embodiments described herein, the promoter is a CAG promoter (SEQ ID NO:
5).

[0036] In the embodiments described herein, the ocular condition is a chemical burn of the
ocular surface, corneal wound, corneal ulcer, persistent epithelial defect, dry eye disease,
neurotrophic keratitis, herpes simplex viral infection of the trigeminal nerve and/or the eye,
varicella zoster virus infection of the trigeminal nerve and/or the eye, or diabetic complications
of the corneal nerves.

[0037] In the embodiments described herein, one or more symptoms of the ocular condition
are reduced compared to the symptoms of the ocular condition before administration of the
rAAV virion. In some embodiments, one or more symptoms of the ocular condition are reduced
compared to the symptoms of the ocular condition in an untreated control subject. In some
embodiments, one or more symptoms of the ocular condition are reduced compared to the
symptoms of the ocular condition in a contralateral eye.

[0038] In some embodiments, the disclosure provides a recombinant adeno-associated virus
(rAAYV) virion, comprising an AAV capsid and an expression cassette, wherein the expression
cassette comprises a polynucleotide encoding a neurotrophic factor operatively linked to a
promoter.

[0039] In the embodiments described herein, the neurotrophic factor is a Nerve Growth Factor
(NGF) protein. In some embodiments, the polynucleotide encoding the NGF protein comprises
a sequence that shares at least 95% identity to SEQ ID NO: 2 or SEQ ID NO: 17. In some
embodiments, the NGF protein comprises a sequence that shares at least 95% identity to SEQ
ID NO: 1. In some embodiments, the NGF protein comprises SEQ ID NO: 1. In some
embodiments, the polynucleotide encoding the NGF protein comprises SEQ ID NO: 2 or SEQ
IDNO: 17.

[0040] In the embodiments described herein, the neurotrophic factor is a Glial Derived
Neurotrophic Factor (GDNF) protein. In some embodiments, the polynucleotide encoding the
GDNF protein comprises a sequence that shares at least 95% identity to SEQ ID NO: 4 or SEQ
ID NO: 18.
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In some embodiments, the GDNF protein comprises a sequence that shares at least 95% identity
to SEQ ID NO: 3. In some embodiments, the GDNF protein comprises SEQ ID NO: 3. In some
embodiments, the polynucleotide encoding the GDNF protein comprises SEQ ID NO: 4 or
SEQ ID NO: 18.
[0041] In the embodiments described herein, the AAV capsid comprises a VP3 that shares at
least 95%, 98%, or 100% identity to AAV2 VP1 (SEQ ID NO: 6), AAV2 VP3 (SEQ ID NO:
8), AAV5 (SEQ ID NO: 10), AAVS (SEQ ID NO: 12), or AAV9 (SEQ ID NO: 14).
[0042] In the embodiments described herein, the promoter is a CAG promoter (SEQ ID NO: 5
or a CMV promoter (SEQ ID NO: 16).
[0043] In the embodiments described herein, the expression cassette comprises a sequence that
shares at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 23.
[0044] In the embodiments described herein, the expression cassette comprises a sequence that
shares at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 24.
[0045] In the embodiments described herein, the expression cassette comprises a sequence that
shares at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 25.
[0046] In some embodiments, the disclosure provides a recombinant adeno-associated virus
(rAAYV) virion comprising an expression cassette comprising a polynucleotide of SEQ ID NO:
25.
[0047] In the embodiments described herein, the rAAV comprises an AAV capsid.
[0048] In the embodiments described herein, the AAV capsid shares at least 95%, 98%, or
100% identity to AAV2 VP1 (SEQ ID NO: 6), AAV2 VP3 (SEQ ID NO: 8), AAVS5 (SEQ ID
NO: 10), AAVS (SEQ ID NO: 12), or AAVO (SEQ ID NO: 14).
[0049] In some embodiments, the disclosure provides a composition comprising an rAAV
virion, wherein the rAAYV virion comprises:

(a) an AAV capsid, and

(b) an expression cassette, wherein the expression cassette comprises a
polynucleotide sharing at least 95% identity to SEQ ID NO: 2 or SEQ ID NO: 17, and wherein
the polynucleotide is linked to a promoter.
[0050] In some embodiments, the disclosure provides a composition comprising an rAAV
virion, wherein the rAAYV virion comprises:

(a) an AAV capsid, and
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(b) an expression cassette, wherein the expression cassette comprises a
polynucleotide sharing at least 95% identity to SEQ ID NO: 4 or SEQ ID NO: 18, and wherein
the polynucleotide is linked to a promoter.

[0051] In some embodiments, the disclosure provides a composition comprising an rAAV
virion, wherein the rAAYV virion comprises:

(a) an AAV2, AAVS5, AAVS, or AAVO capsid, and

(b) an expression cassette, wherein the expression cassette comprises a
polynucleotide sharing at least 95% identity to SEQ ID NO: 2 or SEQ ID NO: 17, and wherein
the polynucleotide is linked to a promoter.

[0052] In some embodiments, the disclosure provides a composition comprising an rAAV
virion, wherein the rAAV virion comprises:

(a) an AAV2, AAVS5, AAVS, or AAV9 capsid, and

(b) an expression cassette, wherein the expression cassette comprises a
polynucleotide sharing at least 95% identity to SEQ ID NO: 4 or SEQ ID NO: 18, and wherein
the polynucleotide is linked to a promoter.

[0053] In the embodiments described herein, the AAV capsid shares at least 95%, 98%, or
100% identity to AAV2 VP1 (SEQ ID NO: 6), AAV2 VP3 (SEQ ID NO: 8), AAV5 (SEQ ID
NO: 10), AAVS8 (SEQ ID NO: 12), or AAV9 (SEQ ID NO: 14). In some embodiments, the
AAV capsid is AAV2. In some embodiments, the AAV capsid is AAVS. In some
embodiments, the AAV capsid is AAVO.

[0054] In some embodiments, the disclosure provides a composition comprising an rAAV
virion, wherein the rAAYV virion comprises:

(a) an AAV2 capsid, and

(b) an expression cassette, wherein the expression cassette comprises a
polynucleotide sharing at least 95% identity to SEQ ID NO: 25.

[0055] In some embodiments, the disclosure provides a composition comprising an rAAV
virion, wherein the rAAYV virion comprises:

(a) an AAVS capsid, and

(b) an expression cassette, wherein the expression cassette comprises a
polynucleotide sharing at least 95% identity to SEQ ID NO: 25.

[0056] In some embodiments, the disclosure provides a composition comprising an rAAV
virion, wherein the rAAYV virion comprises:

(a) an AAVO capsid, and
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(b) an expression cassette, wherein the expression cassette comprises a
polynucleotide sharing at least 95% identity to SEQ ID NO: 25.
[0057] In some embodiments, the disclosure provides a pharmaceutical composition
comprising an rAAV virion or composition described herein, and a pharmaceutically
acceptable carrier.
[0058] In the embodiments described herein, the composition comprises about 1 x 107 to about
1 x 10" genome copies per milliliter of the rAAV virion.
[0059] In the embodiments described herein, the composition comprises about 1 x 10** to about
6.2 x 10'? genome copies per milliliter of the rAAV virion.
[0060] In the embodiments described herein, the composition is formulated for administration
into the lacrimal gland. In some embodiments, the composition is formulated for
administration onto the ocular surface.
[0061] In the embodiments described herein, the composition is formulated for use, or
adaptable for use, in the treatment of an ocular disease, disorder, or condition.
[0062] In some embodiments, the disclosure provides a method of treating an ocular condition
in a subject in need thereof, the method comprising administering an effective amount of a
pharmaceutical composition described herein to the eye of the subject to an ocular secretory
gland of the subject.
[0063] In the embodiments described herein, the rAAYV virion is administered to the lacrimal
gland of the subject. In some embodiments, cells within the lacrimal gland are transduced by
the rAAV virion. In some embodiments, the transduced cells within the lacrimal gland express
an effective amount of the neurotrophic factor into the tear film and optionally onto the ocular
surface of the subject.
[0064] In the embodiments described herein, the ocular condition is neurotrophic keratitis.
[0065] In the embodiments described herein, one or more symptoms of the ocular condition
are reduced compared to the symptoms of the ocular condition before administration of the
rAAV virion.
In some embodiments, one or more symptoms of the ocular condition are reduced compared to
the symptoms of the ocular condition in an untreated control subject.
[0066] In the embodiments described herein, one or more symptoms of the ocular condition

are reduced compared to the symptoms of the ocular condition in a contralateral eye.
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[0067] In some embodiments, the disclosure provides for use of an rAAYV virion, composition,
or pharmaceutical composition of any one of foregoing or related aspects for use in a method
of any one of the foregoing or related aspects.

[0068] In some embodiments, the disclosure provides for use of an rAAV or composition of
any of the foregoing or related aspects, in the manufacture of a medicament for use in the
method of any one of the foregoing or related aspects.

[0069] In some embodiments, the disclosure provides a kit comprising an rAAV virion,
composition, or pharmaceutical composition of any of the foregoing or related aspects, and
instructions for use in the method of any one of the foregoing or related aspects.

[0070] In some embodiments, the disclosure provides a recombinant adeno-associated virus
(rAAV) virion for use in a method of treating an ocular condition in a subject in need thereof,
the method comprising administering a recombinant adeno-associated virus (rAAV) virion, the
rAAV virion comprising an AAV capsid and an expression cassette comprising a
polynucleotide encoding a neurotrophic factor operatively linked to a promoter, to at least one
eye of the subject or to at least one lacrimal gland of the eye of the subject.

[0071] In the embodiments described herein, the rAAV virion is administered to a lacrimal
gland of the subject.

[0072] In the embodiments described herein, cells within the lacrimal gland are transduced by
the rAAV virion.

[0073] In the embodiments described herein, the neurotrophic factor is a Nerve Growth Factor
(NGF) protein. In some embodiments, the neurotrophic factor is a Glial Derived Neurotrophic
Factor (GDNF) protein.

[0074] In the embodiments described herein, the ocular condition is a chemical burn of the
ocular surface, corneal wound, persistent epithelial defect, dry eye disease, neurotrophic
keratitis, herpes simplex viral infection of the trigeminal nerve and/or the eye, varicella zoster
virus infection of the trigeminal nerve and/or the eye, or diabetic complications of the corneal

nerves.

BRIEF DESCRIPTION OF FIGURES

[0075] FIG. 1A-FIG.1C show illustrative plasmids containing rAAV expression cassettes of

the disclosure with inverted terminal repeats (ITRs), a CAG promoter, and glial-derived

11



WO 2022/235780 PCT/US2022/027647

neurotrophic factor (GDNF)(FIG. 1A), nerve growth factor (NGF)(FIG. 1B), or enhanced
green fluorescent protein (eGFP)(FIG. 1C) transgene polynucleotide elements.

[0076] FIGs. 2A-2B each show an example of delivery of a viral vector to the lacrimal gland
of a human subject.

[0077] FIG. 3 shows an example of the visual analog scale used in the Eye Dryness test for
subjects to record the severity of their symptoms.

[0078] FIG. 4 shows a grading diagram of the division of the corneal surface based on the
NEVIndustry Workshop scale.

[0079] FIG. 5 shows the Mackie Classification of Neurotrophic Keratitis

[0080] FIGS. 6A-6K are images of lacrimal tissue stained with anti-eGFP antibody. Lacrimal
glands were dosed with rAAYV virions containing an expression cassettes with eGFP transgene
by intralacrimal injection. Lacrimal tissue was stained with anti-eGFP antibody to assess eGFP
expression. Black arrows indicate staining showing eGFP expression.

[0081] FIGS. 7A-7E are images of lacrimal tissue stained with anti-hNGF antibody. Lacrimal
glands were dosed with rAAV virions (AAV9 serotype) engineered to deliver an expression
cassettes with hNGF transgene by intralacrimal injection. Lacrimal tissue was stained with
anti-hNGF antibody to assess hNGF expression. Black arrows indicate staining showing hNGF
expression.

[0082] FIG. 8 is a plot showing the concentration of hNGF in tear film in animals treated with
AAV.hNGF. Protein concentration was measured using Schirmer strips to collect tear film
from Dutch-belted rabbits at the indicated number of days following intralacrimal
administration of AAV2. hNGF, AAV5 hNGF, AAV9 hNGF, or control (no injection of AAV).
[0083] FIG. 9 shows a schematic diagram depicting the elements between the ITRs of an AAV
plasmid. The plasmid encodes EGFP linked to a secretion signal at its N-terminus (“secEGFP”)
under control of a CMV promoter. The woodchuck hepatitis virus post-translational regulatory
element (WPRE) serves to increase transgene expression and is proximal to the bovine growth
hormone polyadenylation (pA) signal.

[0084] FIG. 10 provides images of porcine lacrimal gland that received an injection of AAV-
secEGFP (AAV2 or AAV9 serotype) and was harvested on Day 103 and fixed in paraffin. IHC
of 5 uM sections was performed using anti-GFP antibody and DAPI (nuclear) counterstain.
Images were captured using a confocal microscope at 100X magnification. Negative control

animals received no injection.
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[0085] FIG. 11 provides an image of porcine lacrimal gland that received an injection of
AAV9-secEGFP and was harvested on Day 103 and fixed in paraffin. IHC of 5 uM sections
was performed using anti-GFP antibody and DAPI (nuclear) counterstain. In addition to
lacrimal gland acinar cells, ductile epithelial cells appear to be transduced by AAV9 (white
arrows).

[0086] FIG. 12 provides an image of porcine lacrimal gland that received an injection of AAV
was harvested at Day 103 and fixed in paraffin. H&E staining of SuM paraffin sections at 100x
reveal no inflammatory infiltrate, macro, or micro abnormalities.

[0087] FIGs. 13A-13C are plots showing concentration (pg/mL) of hNFGf in tear film of pigs.
Tears were collected from the left eye of pigs (n=4) on Day 7, 14, 21, 28, and 35 after
transduction with an adeno-associated viral vector (AAV) encoding human nerve growth factor
(AAV-hNGFp). AAV2-hNGEFB (FIG. 13A) and AAV5-hNGF (FIG. 13B), had a detectable
levels of hNGFf3 within the standard curve range of the MSD assay 7 days after transduction.
AAVIO-hNGFp (FIG. 13C) had tear levels of hNGF[} above the level of quantitation for the
upper limit of the MSD assay 7 days after transduction.

[0088] FIG. 14 shows an illustrative plasmid containing an rAAV expression cassette of SEQ
ID NO: 25 with inverted terminal repeats (ITRs), a CAG promoter, and nerve growth factor

(NGF) transgene polynucleotide elements.

DETAILED DESCRIPTION

Overview

[0089] The present disclosure provides methods of treating an ocular condition in a subject in
need thereof. In healthy subjects, neurotrophic factors provide maintenance and repair to the
cornea. Corneal epithelial cells release the soluble neurotrophic factors NGF and GDNF on the
ocular surface, promoting survival and healing of corneal cells through activation of the TrkA
and GFRa-1 receptors, respectively. NGF and GDNF are constitutively present in tear film,
and increase in abundance during the response to irritation or damage to the cornea.

[0090] As disclosed herein, AAV-based delivery of transgenes to the eye provides a method to
treat ocular disorders. TAAV virions have distinct advantages for transgene delivery. A
transgene delivered by an rAAYV virion is likely to be incorporated into the genome of the
transduced cell, allowing potential long-term expression of the transgene product. In addition,

rAAV virions are not as immunogenic as other viral delivery vectors, such as adenovirus.
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AAV-based delivery vectors using subretinal and intravitreal injection to transduce cells in the
posterior segment of the eye are described and show efficacy in vivo (U.S. Pat. No. 10,308,957,
Petrs-Silva et al., Mol Ther.19:293-301 (2011); Rodriques et al., Pharm Res. 36:29 (2019)).
[0091] AAV serotypes used in AAV-based delivery of transgene to the eye include AAV1,
AAV2, AAV4, AAVS, AAV6, AAVT, AAVS, and AAVI used to deliver transgene (Lebherz
et al. J] Gene Med.; 10(4): 375-382 (2008)). AAYV serotypes used in AAV-based delivery of a
transgene to the lacrimal gland include AAV2, AAV4, AAVS, AAV5w8, AAV x5, AAV 9,
AAYV 12, and BAAYV (Rocha et al., Invest Ophthalmol Vis Sci. 52:9567-9572 (2011)).

[0092] Viral vector-based delivery of transgenes encoding a protein product by injection into
the lacrimal gland (i.e. intralacrimal delivery, intralacrimal injection, or intralacrimal
administration) can be advantageous for treating ocular diseases and symptoms. Proteins
produced in the lacrimal gland and secreted in the lacrimal fluid of a subject may be improved
due to post-translational modification (PTM) (covalent and generally enzymatic modification
of proteins following protein biosynthesis) whereby the proteins are synthesized by ribosomes
translating mRNA into polypeptide chains, which may then undergo PTM to form the mature
protein product. PTMs may confer important properties in cell signaling that would otherwise
be absent with topical delivery of recombinant human proteins that are often made in bacteria
such as escherichia coli. In addition, when secreted with natural tear film components that may
contain co-factors, chaperones, enzymes or other proteins, administration via the lacrimal fluid
may confer biologic activity that could not be achieved with only administration of topically
administered protein alone.

[0093] In one aspect, an rAAV virion is provided for the expression of a neurotrophic factor.
In some embodiments, cells of the at least one eye and/or lacrimal gland are transduced with
the rAAV virion of the disclosure. The lacrimal glands are the major source of tear fluid
responsible for promoting a healthy ocular surface and maintaining normal visual function. The
main lacrimal gland comprises palpebral and orbital lobes, which are continuous with each
other at the lateral edge of the aponeurosis of levator palpebrae superioris. The lobules have
many acini and intralobular ducts that form excretory ducts that open into the fornix of the
conjunctiva. The main lacrimal gland is comprised of acinar cells, ductal cells, and/or
myoepithelial cells (Obata Cornea.; 25(10 Suppl 1):S82-9 (2006)). The main lacrimal gland
secretes an aqueous layer of tear film onto the ocular surface of the eye of a subject. As used
herein, the term “lacrimal gland” refers to the main lacrimal gland, as well as the Wolfring’s

glands and the Krause’s glands of a subject. The accessory glands, known as the Wolfring’s
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glands and Krause’s glands are located in the eyelid. In the upper eyelid there are about 2 to 5
Wolfring’s glands and about forty Krause’s glands. In the lower eyelid there are about 6 to 8
Krause’s glands. Specific location and anatomy of the lacrimal functional unit is well-known
(Conrady et al., J Ophthalmol. Article ID 7542929 (2016)).

Expression Cassette

[0094] The rAAV virions of the disclosure may comprise an expression cassette. As used
herein, the term “expression cassette” refers to a polynucleotide comprising at least one
polynucleotide sequence encoding a protein of interest or transgene, e.g., a neurotrophic factor,
flanked by inverted terminal repeats. The expression cassette may further comprise other
polynucleotide sequences, e.g., promoters, regulatory elements (e.g., one or more promoters or
enhancers), translation initiation sequences, coding sequences, and termination sequences
(FIGs. 1A-1C and FIG. 14). Regulatory elements may be operably linked to the transgene and
promote expression.

[0095] In some embodiments, the expression cassette of the present disclosure comprises a
polynucleotide sequence encoding a neurotrophic factor. In some embodiments, the expression
cassette provides increased expression of a neurotrophic factor in the at least one eye and/or
lacrimal glands. In some embodiments, expression of the neurotrophic factor may be increased
5%, 10%, 15%, 20%, or 25% compared to expression of the neurotrophic factor in an untreated
subject, or in the contralateral eye of a treated subject. As used herein, “subject” means any
mammal, including mice, rabbits, pigs, canines, non-human primates (NHP) and humans. In
some embodiment, the subject is a human or NHP. Moreover, “individual” or “patient” may
be used interchangeably with “subject.” In some embodiments, expression of the neurotrophic
factor may be increased 1-fold, 2-fold, 3-fold, 4-fold, or 5-fold compared to expression of the
neurotrophic factor in an untreated subject, or in the contralateral eye of a treated subject. In
some embodiments, expression of the neurotrophic factor is increased 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99%
compared to expression of the neurotrophic factor in an untreated subject, or in the contralateral
eye of a treated subject. In some embodiments, expression of the neurotrophic factor may be
increased 1-fold, 2-fold, 3-fold, 4-fold, or 5-fold, 6-fold, 7-fold, 8-fold, or 9-fold compared to
expression of the neurotrophic factor in an untreated subject, or in the contralateral eye of a
treated subject. In some embodiments, the neurotrophic factor may be expression at any
detectable level in the treated eye, whereas the neurotrophic factor may be not be expressed, or
expressed at undetectable levels, in an untreated subject, or in the contralateral eye of a treated

15



WO 2022/235780 PCT/US2022/027647

subject. Put another way, the eye or lacrimal gland to which the rAAYV virion is administered
may express a neurotrophic factor in higher abundance than in an eye or lacrimal gland that
has only endogenous (i.e., native) expression of the neurotrophic factor or in eyes that have a
lower or impaired secretion of endogenous (i.e., native) expression of the neurotrophic factor.
[0096] In some embodiments, the neurotrophic factor is nerve growth factor (NGF) protein or
a functional variant thereof. As used herein, “NGF”, “NGFp”, or “Nerve Growth Factor Beta”
refer to Nerve Growth Factor which is a gene that encodes a protein which homodimerizes and
performs nerve growth stimulating activity. NGF is also involved in the regulation and
differentiation of neurons. As used herein, the term “NGF protein” refers to an NGF protein
from any species. The term “functional variant” refers to variants having sequence
substitutions, insertions, deletions, and/or N- or C-terminal truncations, where the functional
variant retains one or more functions of the reference protein, e.g., a native NGF protein. NGF
is a 26-kDa polypeptide involved primarily in the growth, maintenance, proliferation, and
survival of nerve cells. In the cornea, NGF binds its receptor trkANC® and p75NTR  eliciting
signal transduction pathways associated with healing of both cornea and conjunctiva (Micera
et al., Exp Eye Res. 83:747-57 (2006)). In some embodiments, the NGF protein comprises SEQ
ID NO. 1. In some embodiments, the NGF protein comprises a sequence at least 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 1. In some embodiments,
the NGF protein shares a sequence with at least 80%, at least 85%, at least 90%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99%, or 100% identity to SEQ ID NO: 1. In
some embodiments, the polynucleotide encoding the NGF protein comprises SEQ ID NO: 2.
In some embodiments, the polynucleotide encoding the NGF protein comprises a sequence at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 2. In
some embodiments, the polynucleotide encoding the NGF protein is encoded by a sequence
that shares at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% identity to SEQ ID NO: 2. In some embodiments, the
polynucleotide encoding the NGF protein is codon optimized. In some embodiments, the
polynucleotide encoding the NGF protein comprises SEQ ID NO: 17. In some embodiments,
the polynucleotide encoding the NGF protein comprises a sequence at least 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 17. In some embodiments, the
polynucleotide encoding the NGF protein is encoded by a sequence that shares at least 80%, at
least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% identity to SEQ ID NO: 17.
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[0097] >Codon optimized NGF
atgagcatgctgttttacaccctgatcaccgecttectgatcggeatccaggecgagecccacagegagageaacgtgeccgetgga
cacacaatccctcaggeccactggacaaaactgecageatagectggatacageectgagaagggecagaagegeccetgecgeeg
ccatcgecgetagagtggecggecagacaagaaatatcaccgtggacceecggetgttcaagaaaagaagactgeggtctectaga
gtgctcttttcaacacagectcctcgggaagecgetgatacccaggacctggacttcgaggtgggaggcgecgetcectttcaatagaa
cccacagatccaagagaagetctagecaccectatettccaccggggegagttcagegtgtgcgacagegtttetgtgtgggtgggaga
taagaccaccgcaaccgatatcaagggcaaggaagtgatggtgctgggcgaagtgaacatcaacaacagegtctttaageagtactt
cttcgagacaaagtgccgggacccaaaccecgtggacageggetgcagaggeattgactccaageactggaactectactgeaccea
caacacacaccttcgtgaaggecctgaccatggacggcaaacaagetgectggeggttcatcagaatcgacaccgectgtgtetgtgt
gctgagecagaaaggcecgtgegecgggectag (SEQ ID NO: 17)

[0098] In some embodiments, the NGF protein is a human NGF protein.

[0099] In some embodiments, the neurotrophic factor is glial derived neurotrophic factor
(GDNF) protein. As used herein, the term “GDNF protein” refers to a GDNF protein from any
species. The term, “functional variant” refers to variants having sequence substitutions,
insertions, deletions, and/or N- or C-terminal truncations, where the functional variant retains
one or more functions of the reference protein, e.g., a native GDNF protein. GDNF is a 21 kDa
protein that supports the growth, maintenance, and differentiation of a wide variety of neuronal
systems by GDNF acting on its receptor GFRa-1 (Qi et al., Br J Ophthalmol. 92:1269-74
(2008)). In some embodiments, the GDNF protein comprises SEQ ID NO: 3. In some
embodiments, the GDNF protein comprises a sequence at least 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99%, or 100% identical to SEQ ID NO: 3. In some embodiments, the GDNF protein
shares a sequence with at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% identity to SEQ ID NO: 3. In some embodiments,
the polynucleotide encoding the GDNF protein comprises SEQ ID NO: 4. In some
embodiments, the polynucleotide encoding the GDNF protein comprises a sequence at least
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 4. In some
embodiments, the GDNF protein is encoded by a sequence that shares a sequence at least 80%,
at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%,
or 100% identity to SEQ ID NO: 4. In some embodiments, the polynucleotide encoding the
GDNF protein comprises SEQ ID NO: 18. In some embodiments, the polynucleotide encoding
the GDNF protein comprises a sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to SEQ ID NO: 18. In some embodiments, the polynucleotide encoding the

GDNF protein is codon optimized. In some embodiments, the polynucleotide encoding the
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GDNF protein is encoded by a sequence that shares at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identity to SEQ ID
NO: 18.

[00100] > Codon Optimized GDNF
atgaactgtgggacgttgtggccgtgtgcctggtectectgecacaccgectecgectttccactgectgetggaaageggectectgag
geecctgetgaagatagaagectgggcagaagaagageccccticgecctgagetctgatageaacatgectgaggactaceccga
ccagttcgacgacgtgatggactttatccaggecaccatcaagagactgaaacggagecctgacaageagatggecgtgctgectag
acgggaaagaaatagacaggccgeagetgecaaccecgagaacageagaggcaaaggecggagaggccagaggggaaaaaa
cagaggatgtgtectgaccgecatccatctgaacgtgacagatctgggcctggectatgagaccaaggaagagetgatcttcagatac
tgcagcggceagcetgegacgecgecgagacaacctacgacaagatcctgaagaacctgtecccggaatcggeggcetggtgtetgaca
aggtgggccaagcettgctgcagaccaattgecttcgacgatgatctgtctttcctggatgacaacctggtgtaccacatcctgagaaage
acagcgccaagegetgeggcetgtatctag (SEQ ID NO: 18)

[00101] In some embodiments, the GDNF is human GDNF.

Table 1: Sequences of Neurotrophic Factors

Protein Nucleotide (Open Reading Frame)

NGF MSMLFYTLITAFLIGIQAEPHS | ATGTCCATGTTGTTCTACACTCTGATCA
ESNVPAGHTIPQVHWTKLQHS | CAGCTTTTCTGATCGGCATACAGGCGG
LDTALRRARSAPAAATAARVA | AACCACACTCAGAGAGCAATGTCCCTG
GQTRNITVDPRLFKKRRLRSPR | CAGGACACACCATCCCCCAAGTCCACT
VLESTQPPREAADTQDLDFEV | GGACTAAACTTCAGCATTCCCTTGACA
GGAAPFNRTHRSKRSSSHPIFH | CTGCCCTTCGCAGAGCCCGCAGCGCCC
RGEFSVCDSVSVWVGDKTTA | CGGCAGCGGCGATAGCTGCACGCGTGG
TDIKGKEVMVLGEVNINNSVF | CGGGGCAGACCCGCAACATTACTGTGG
KQYFFETKCRDPNPVDSGCRG | ACCCCAGGCTGTTTAAAAAGCGGCGAC
IDSKHWNSY (SEQ ID NO: 1) TCCGTTCACCCCGTGTGCTGTTTAGCAC
CCAGCCTCCCCGTGAAGCTGCAGACAC
TCAGGATCTGGACTTCGAGGTCGGTGG
TGCTGCCCCCTTCAACAGGACTCACAG
GAGCAAGCGGTCATCATCCCATCCCAT
CTTCCACAGGGGCGAATTCTCGGTGTG
TGACAGTGTCAGCGTGTGGGTTGGGGA
TAAGACCACCGCCACAGACATCAAGGG
CAAGGAGGTGATGGTGTTGGGAGAGGT
GAACATTAACAACAGTGTATTCAAACA
GTACTTTTTTGAGACCAAGTGCCGGGA
CCCAAATCCCGTTGACAGCGGGTGCCG
GGGCATTGACTCAAAGCACTGGAACTC
ATATTGTACCACGACTCACACCTTTGTC
AAGGCGCTGACCATGGATGGCAAGCA
GGCTGCCTGGCGGTTTATCCGGATAGA
TACGGCCTGTGTGTGTGTGCTCAGCAG
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Protein Nucleotide (Open Reading Frame)
GAAGGCTGTGAGAAGAGCCTGA (SEQ
ID NO: 2)
GDNF | MKLWDVVAVCLVLLHTASAF | ATGAAGTTATGGGATGTCGTGGCTGTC

PLPAGKRPPEAPAEDRSLGRR
RAPFALSSDSNMPEDYPDQFD
DVMDFIQATIKRLKRSPDKQM
AVLPRRERNRQAAAANPENSR
GKGRRGQRGKNRGCVLTAIH
LNVTDLGLGYETKEELIFRYCS
GSCDAAETTYDKILKNLSRNR
RLVSDKVGQACCRPIAFDDDL
SFLDDNLVYHILRKHSAKRCG
CI (SEQ ID NO: 3)

TGCCTGGTGCTGCTCCACACCGCGTCC
GCCTTCCCGCTGCCCGCCGGTAAGAGG
CCTCCCGAGGCGCCCGCCGAAGACCGC
TCCCTCGGCCGCCGCCGCGCGCCCTTC
GCGCTGAGCAGTGACTCAAATATGCCA
GAGGATTATCCTGATCAGTTCGATGAT
GTCATGGATTTTATTCAAGCCACCATTA
AAAGACTGAAAAGGTCACCAGATAAA
CAAATGGCAGTGCTTCCTAGAAGAGAG
CGGAATCGGCAGGCTGCAGCTGCCAAC
CCAGAGAATTCCAGAGGAAAAGGTCG
GAGAGGCCAGAGGGGCAAAAACCGGG
GTTGTGTCTTAACTGCAATACATTTAAA
TGTCACTGACTTGGGTCTGGGCTATGA
AACCAAGGAGGAACTGATTTTTAGGTA
CTGCAGCGGCTCTTGCGATGCAGCTGA
GACAACGTACGACAAAATATTGAAAAA
CTTATCCAGAAATAGAAGGCTGGTGAG
TGACAAAGTAGGGCAGGCATGTTGCAG
ACCCATCGCCTTTGATGATGACCTGTC
GTTTTTAGATGATAACCTGGTTTACCAT

ATTCTAAGAAAGCATTCCGCTAAAAGG
TGTGGATGTATCTGA (SEQ ID NO: 4)

[00102] In some embodiments, the expression cassette of the present disclosure comprises a
promoter. The term “promoter” as used herein refers to a DNA sequence that directs the binding
of RNA polymerase and thereby promotes RNA synthesis, i.e., a minimal sequence sufficient
to direct transcription. A promoter can be operably linked to a transgene, e.g., a neurotrophic
factor. Transcription of a transgene can be initiated and regulated by the promoter to which it
is operably linked. For example, an expression cassette comprising a promoter operably linked
to a transgene will express the transgene if the RNA synthesis initiated at the promoter.
Promoters and corresponding protein or polypeptide expression may be ubiquitous, meaning
strongly active in a wide range of cells, tissues and species or cell-type specific, tissue-specific,
or species specific. Promoters may be “constitutive,” meaning continually active, or
“inducible,” meaning the promoter can be activated or deactivated by the presence or absence
of biotic or abiotic factors. Also included in the nucleic acid constructs or vectors of the

invention are enhancer sequences that may or may not be contiguous with the promoter
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sequence. Enhancer sequences influence promoter-dependent gene expression and may be
located in the 5’ or 3’ regions of the native gene.

[00103] Any suitable promoter region or promoter sequence therein can be used in the subject
polynucleotide cassettes, so long as the promoter region promotes expression of a
polynucleotide sequence encoding an NGF or a GNDF protein in the at least one eye and/or
lacrimal glands. In some embodiments, the promoter promotes expression of the gene in
mammalian eye and/or lacrimal glands. In some embodiments, the expression cassette
comprises a cell-type specific promoter. The promoter may specifically promote transcription
in the cells of the eye and/or the cells of the lacrimal gland.

[00104] In some embodiments, the promoter is a CAG promoter. In some embodiments, the
promoter comprises SEQ ID NO: 5. In some embodiments, the promoter comprises a sequence
at least 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 5. In some embodiments,
the promoter shares at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to a CAG
promoter sequence (SEQ ID NO: 5).

[00105] >CAG promoter
ataacttacggtaaatggcccgectggetgaccgeccaacgacceecgeccattgacgtcaataatgacgtatgtteccatagtaacge
caatagggactttccattgacgtcaatgggtggagtatttacggtaaactgeccacttggeagtacatcaagtgtatcatatgecaagtac
geccecctattgacgtcaatgacggtaaatggeecgectggeattatgeccagtacatgaccttatgggactttectacttggeagtacate
tactcgaggccacgttctgettcactcteeccatctececeeccctccccacceecaattttgtatttatttattttttaattattttgtgcagegat
8882LCILEILLIILBIILIIICICLCLCCAZZCLIZZCLZILCIZILICTATLZICTILICLIILCLAZZCLZAZAZ
gtgcggeggeagecaatcagageggegegetccgaaagtttecttttatggegaggcggeggeggeggeggecctataaaaageg
aagcgcgeggegggcgggagegggatcagecaccgeggtggeggectagagtcgacgaggaactgaaaaaccagaaagttaac
tg (SEQ ID NO: 5)

[00106] In some embodiments, the promoter is a CMV promoter. In some embodiments, the
promoter comprises SEQ ID NO: 16. In some embodiments, the promoter comprises a
sequence at least 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 16. In some
embodiments, the promoter shares at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity
to a CMYV promoter sequence (SEQ ID NO: 16):

[00107] >CMYV promoter
ctagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgegttacataacttacggtaaatggeccgectg
gctgaccgeccaacgacccecgeccattgacgtcaataatgacgtatgttcecatagtaacgecaatagggactttccattgacgtcaat
gggtggactatttacggtaaactgeccacttggeagtacatcaagtgtatcatatgecaagtacgecccctattgacgtcaatgacggta
aatggcccgectggceattatgeccagtacatgaccttatgggactttcetacttggeagtacatctacgtattagtcatcgetattaccatg
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gtgatgeggttttggcagtacatcaatgggegtggatageggtttgactcacggggatttccaagtctecaccecattgacgtcaatggg
agtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgecccattgacgcaaatgggeggtaggcgtgtacg
gtgggaggatctatataagcagagcetctetggctaactagagaacccactgcettactggettatcgaaat (SEQ ID NO: 16)
[00108] In some embodiments, the expression cassette comprises a nucleotide sequence
operably linked to a polyadenylation sequence. Suitable polyadenylation sequences include
bovine growth hormone polyA signal (bGHpolyA) and short poly A signal. In some
embodiments, the polyadenylation sequence comprises SEQ ID NO: 21. Optionally the rAAV
vectors of the disclosure comprise the Woodchuck Post-transcriptional Regulatory Element
(WPRE). In some embodiments, the rAAV vector comprises a WPRE comprising SEQ ID NO:
22.

[00109] >bGHpolyA Sequence
cgactgtgccttctagttgccagecatetgttgtttgecccteccecegtgecttecttgaccetggaaggtgccacteccactgtectttect
aataaaatgaggaaattgcatcgceattgtctgagtaggtgteattetattctggggggtegggteggacaggacagcaaggeggagg

attgggaagacaatagcaggcatgctggggatgcggtggoctctatgg (SEQ ID NO: 21)
[00110] >WPRE Sequence

tectgttaatcaacctctggattacaaaatttgtgaaagattgactgatattcttaactatgttgctecttttacgcetgtgtggatatgetgcttta
atgcctctgtatcatgctattgettccegtacggctttegttttetectecttgtataaatectggttgctgtctetttatgaggagttgtggcee
gttgtecgtcaacgtggegtggtatactetgtgtttgctgacgeaacceccactggetggggeattgecaccacctgtcaactectttetg
ggactttcgctttcceecteectategecacggeagaactcatcgecgectgecttgeccgetgetggacaggggctaggttgctgggc
actgataattccgtggtgttatcggggaagctgacgte (SEQ ID NO: 22)

[00111] In some embodiments, the expression cassette comprises SEQ ID NO: 23. In some
embodiments, the expression cassette comprises a sequence at least 90%, 95%, 96%, 97%,
98%, 99%, or 100% identical to SEQ ID NO: 23. In some embodiments, the expression cassette
comprises a sequence sharing at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to
SEQ ID NO: 23.

[00112] >Expression cassette comprising sequence encoding GDNF
gcgegetegetegetcactgaggecgeccgggeaaageccgggegtegggegacctttggtegeccggectcagtgagegageg
agcgcgeagagagggagtggccaactceatcactaggggttecttgtagttaatgattaacggatctttacaaattcaagecaggtgatt
tcaacaaattttgctgacgatttaggcgeactatceectaaactacaaattagaaaatagegttecttgacactagtctagttattaatagta
atcaattacggggtcattagttcatagcccatatatggagttccgegttacataacttacggtaaatggeccgectggetgaccgeccaa
cgaccececgeccattgacgtcaataatgacgtatgtteccatagtaacgecaatagggactttccattgacgtcaatgggtegactattta
cggtaaactgcccacttggeagtacatcaagtgtatcatatgecaagtacgecccctattgacgtcaatgacggtaaatggeecgectg
gcattatgcccagtacatgaccttatgggactttcctacttggeagtacatctacgtattagtcatcgetattaccatggtgatgeggttttgg
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cagtacatcaatgggcegtggatageggtttgactcacggggatttccaagtctccaccecattgacgtcaatgggagtttgttttggcac

caaaatcaacgggactttccaaaatgtcgtaacaactccgecccattgacgcaaatgggeggtaggegtotacggtgggaggtetata
taagcagagctctctggctaactagagaacccactgcettactggcettatcgaaataagctttctcaggggagatetegtttagtgaaccgt
cagatcctcactctettccgeategetgtetgegagggecagetgttgggctegeggttgaggacaaactettcgeggtcetttccagtact
cttggatcggaaacccgtecggecteccgaacggtactccgecaccgagggacctgagegagtecgeatcgaccggatcggaaaacct
ctcgagaaaggcgtctaaccagtcacagtcgcaaggtaggetgageaccgtggegggcggcagegggtegcggtcgggattattt

ctggcggaggtgctgctgatgatgtaattaaagtaggcggtettgagacggecggatggtcgaggtgaggetgtgacaggcttgagate

cagctgttggggtgagtactcectctcaaaagegggcattacttctgegetaagattgtcagtttccaaaaacgaggaggatttgatatte
acctggcccgatetggecatacacttgagtgacaatgacatecactttgectttetctccacaggtgtecactcccaggtecaagtttaaa

cgecgecgecatgaagetgtgggacgttgtggecgtgtgcctggtectectgecacaccgectecgectttccactgectgetggaaag
cggectectgaggeccctgctgaagatagaagectgggeagaagaagagecccettcgecctgagetctgatageaacatgectga

ggactacccecgaccagttcgacgacgtgatggactttatccaggecaccatcaagagactgaaacggagecctgacaageagateg

ccgtgetgectagacgggaaagaaatagacaggecgeagetgecaaccecgagaacageagaggcaaaggecggagaggccag
aggggaaaaaacagaggatgtgtectgaccgecatccatctgaacgtgacagatctgggectgggctatgagaccaaggaagagcet
gatcttcagatactgcageggceagcetgegacgecgecgagacaacctacgacaagatcctgaagaacctgtecccggaateggeggc
tggtgtetgacaaggtgggccaagettgctgcagaccaattgecttcgacgatgatcetgtetttectggatgacaacctggtgtaccacat
cctgagaaagcacagegecaagegetgeggctgtatetagtectgttaatcaacctctggattacaaaatttgtgaaagattgactgatat
tcttaactatgttgetecttttacgetgtgtggatatgetgctttaatgectctgtatcatgetattgetteccgtacggcetttegttttetectectt
gtataaatcctggttgctgtetetttatgaggagttotggccegttgtecgtcaacgtggegtggtatgctetgtgtttgctgacgeaacce

ccactggcetggggcattgecaccacctgtcaactectttetgggactttcgcetttcceectecctatcgecacggeagaactcatcgecg

cctgecttgeecgetgetggacaggggctaggttgctggecactgataattcegtggtattotcggggaagetgacgtecgactgtee

cttctagttgccagecatctgttgtttgecectcececgtgecttecttgaccetggaaggtgccacteeccactgtectttcctaataaaatg

aggaaattgcatcgcattgtctgagtaggtgteattetatictggggggtegggtggggcaggacagcaagggggaggattgggaag
acaatagcaggcatgctgggegatgcggetggectetatggagegetggctagaattacctaccggectcecaccataccttcgatattcge
gccecactcteccattaatccgecacaagtggatgtgatgegattgecccgetaagatagttaatcattaactacaaggaacccctagtgatg

gagttggecactcectetetgegegetegetegetcactgaggecgggcgaccaaaggtegeccgacgeccgggctttgceegggc

ggccteagtgagegagegagegcgc (SEQ ID NO: 23)

[00113] In some embodiments, the expression cassette comprises SEQ ID NO: 24. In some
embodiments, the expression cassette comprises a sequence at least 90%, 95%, 96%, 97%,
98%, 99%, or 100% identical to SEQ ID NO: 24. In some embodiments, the expression cassette
comprises a sequence shares at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to
SEQ ID NO: 24.

[00114] >Expression cassette comprising sequence encoding NGF

22



WO 2022/235780 PCT/US2022/027647

gegegcetegetegeteactgaggecgeccgggcaaageecgggegtegggcgacctitggtegeecggecteagtgagegageg
agcgegeagagagggagtggccaactecatcactaggggttecttgtagttaatgattaacggatctttacaaattcaagecaggtgatt
tcaacaaattttgctgacgatttaggcgeactatcecctaaactacaaattagaaaatagegticcttgacactagtctagttattaatagta
atcaattacggggtcattagttcatagcccatatatggagttccgegttacataacttacggtaaatggeccgectggctgaccgeccaa
cgacccccgeccattgacgtcaataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggactattta
cggtaaactgcccacttggcagtacatcaagtgtatcatatgecaagtacgeeccctattgacgtcaatgacggtaaatggecegectg
gcattatgcccagtacatgaccttatgggactttectacttggeagtacatctacgtattagtcatcgcetattaccatggtgatgeggtttteg
cagtacatcaatgggcgtggatageggtttgactcacggggatttccaagtctccaccccattgacgtcaatgggagtttgttttggcac
caaaatcaacgggactttccaaaatgtcgtaacaactccgecccattgacgcaaatgggeggtaggegtotacggtgggagetcetata
taagcagagctctctggctaactagagaacccactgcettactggcettatcgaaataagettictcaggggagatctegtttagtgaaccgt
cagatcctcactctettccgeategetgtetgegagggecagcetgttgggctegeggttgaggacaaactcettcgeggtcettteccagtact
cttggatcggaaaccegteggectccgaacggtactccgecaccgagggacctgagegagtecgeategaccggatcggaaaacct
ctcgagaaaggcegtctaaccagtcacagtcgcaaggtaggetgageaccgtggegggeggcagegggtegeggtcggggttattt
ctggcggaggtectgctgatgatataattaaagtaggcggtcttgagacggcggategtcgaggtgagetatggcaggcttgagate
cagctgttggggtgagtactccctctcaaaagegggceattacttctgegetaagattgtcagtttccaaaaacgaggaggatttgatattc
acctggcccgatctggecatacacttgagtgacaatgacatecactttgectttctctccacaggtgtecactcccaggtecaagtttaaa
cgecegeegecatgagceatgetgttttacaccctgatcaccgecttectgateggeatccaggecgageeccacagegagageaacgt
geecgetggacacacaatcectcaggeccactggacaaaactgeageatagectggatacageectgagaagggecagaagegec
cctgeecgecgecatcgecgetagagtggecggecagacaagaaatatcaccgtggaceeccggetgttcaagaaaagaagactge
ggtctcctagagtgctcttttcaacacagectectcgggaagecgetgatacccaggacctggacttcgaggtgggaggegecgetce
tttcaatagaacccacagatccaagagaagcetctagecaccctatcttccaccggggcgagttcagegtgtgcgacagegtttetgtgt
gggtegoagataagaccaccgeaaccgatatcaagggcaaggaagteategtecteggcgaagtgaacatcaacaacagegtettt
aagcagtacttcttcgagacaaagtgecgggacccaaacccegtggacageggetgcagaggeattgactccaageactggaacte
ctactgcaccacaacacacaccttcgtgaaggeectgaccatggacggeaaacaagetgectggeggttcatcagaatcgacaccge
ctgtgtctgtgtgctgagcagaaaggecgtgegecgggectagtectgttaatcaacctetggattacaaaatttgtgaaagattgactg
atattcttaactatgttgctccttttacgcetgtgtggatatgetectttaatgectetgtatcatgcetattgcttcecgtacggetttegttttetect
ccttgtataaatcctggttgctgtetetttatgaggagttatgeccegttgtecgtcaacgtggegtggtgtgctetgtatttgetgacgcaa
cceecactggetggggcattgecaccacctgtcaactectttctgggactttegetttcceectecctatcgecacggeagaacteateg

ccgectgecttgecegetgetggacaggggctaggttgctgggeactgataatteegtggtgttgtcggggaagetgacgteegactg

tgccttctagttgecagcecatctgttgtttgecectecccecgtgecttecttgaccctggaaggtgccactecccactgtectticctaataaa

atgaggaaattgcatcgcattgtctgagtaggtgtcattctattctggggggtogggotogoocaggacagcaagggggaggattgeg
aagacaatagcaggcatgctggggatgcggteggctctatggagegetggctagaattacctaccggectecaccataccttegatatt

cgegeccactctcecattaatccgeacaagtggatgtgatgegattgecegetaagatagttaatcattaactacaaggaaccectagtg
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atggagttggccactcectetetgegegetegetegeteactgaggeegggegaccaaaggtegeccgacgeccgggctttgeceg

ggcggectcagtgagegagegagegege (SEQ ID NO: 24)

[0001] In some embodiments, the rAAYV virion comprises the nucleotide sequence of SEQ ID

NO: 25. In some embodiments, the rAAYV virion comprises the expression cassette depicted

by the plasmid in FIG. 14. In some embodiments, the expression cassette comprises a

sequence at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 25. In

some embodiments, the expression cassette comprises a sequence shares at least 90%, 95%,
96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 25.
[00115] Table 2. pAAV-CMVE-NGF Sequence

pAAV-CMVE-NGF
comprising a:

5’ ITR

CMYV Promoter
NGF Codon-
optimized sequence
WPRE

3’ ITR

Where each domain
above corresponds in
the sequence to a
region in the same
typeface.

(SEQ ID NO: 25)

tcgegegtttcggtgatgacggtgaaaacctetgacacatgcagetcccggagacggtcacag
cttgtctgtaageggatgecgggagcagacaageccgtcagggegegtcagegggtattgec
gggtotcgggactggcttaactatgecggcatcagageagattgtactgagagtgcaccatatge
ggtotgaaataccgcacagatgegtaaggagaaaataccgcatcaggegecattcgecattca
ggctgegeaactgttgggaagggcgatcggtgcgggcctettcgetattacgecagetggega
aagggggatgtgctgcaaggcgattaagttgggtaacgecagggtittcccagtcacgacgttg
taaaacgacggccagtgaattgacgcgtattgggattgacctaacgaaaagtgaacttcataata
cgtgctgtcccacgeacatggtagatttggacaaaattgaatggagtctgatcaaccttcacace
gatctagatatcgegegetecgetegeteactgaggeegeccgggeaaagecegggegtegg
gegacctttggtegeccggectecagtgagegagegagegegeagagagggagiggecaa
ctccatcactaggggttccttgtagttaatgattaacggatctttacaaattcaageccaggtgat
ttcaacaaattttgctgacgatttaggegeactatcccctaaactacaaattagaaaatagegttcct
tgacactagtctagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttc
cgcgttacataacttacggtaaatggcccgecrggelgaccgeecaacgacceccgeccattg
acgtcaataaigacgtaigticccatagtaacgcecaatagggactticcatigacgtcaaiggg
1ggactatitacggtaaacigcccactiggeagtacatcaagigiaicataigecaagtacgec
cectatigacgicaatgacgglaaaiggeccgectggeatialgeccagitacaigacctiatgg
gactticctactiggeagilacalctacglattagicatcgelattaccaiggigatgceggiitiggc
aglacaicaatgggegiggatageggiligacicacggggatticcaagiciccaccecatlg
acgrcaaigggagitigititggcaccaaaatcaacgggactticcaaaatgicgtaacaactc
cgececatigacgeaaatgggegglaggegiglacggigggaggictalataagecagagct
cictggctaactagagaacccacigeltaciggctialcgaaataagcetttctcaggggagatct
cgtttagtgaaccgtcagatcctcactctettccgeatcgetgtetgegagggcecagetgttgggc
tcgeggttgaggacaaactcttcgeggtctttccagtactettggatcggaaaccegteggectee
gaacggtactccgecaccgagggacctgagegagtccgeatcgaccggatcggaaaacctet
cgagaaaggcgtctaaccagtcacagtcgcaaggtaggcetgagcacegtggeggecggcag
cgggtgocggteggoottotttctggcggagotoctgctgatgatgtaattaaagtaggcggtct
tgagacggcggatggtegaggtogagototogcaggcttgagatccagetgttggggtoagtac
tcectctcaaaagegggcattactictgegetaagattgtcagtticcaaaaacgaggaggatttg
atattcacctggceccgatctggcecatacacttgagtgacaatgacatccactttgectttetctecac
aggtgtccactcccaggtccaagtitaaacgecgecgecatgageatgetgttttacacectg
atcaccgecttectgatecggeatecaggecgageeccacagegagageaacgtgceeget
ggacacacaateccteaggeccactggacaaaactgecageatagectggatacagecect
agaaggoccagaagegeccctgecgeegecategecgetagagtggeeggecagaca

agaaatatcaccgtggacceccggetgttcaagaaaagaagactgeggtctectagagts

ctettttcaacacagectectegggaagecgetgatacccaggacctggacticgaggtoo
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gaggcgecgcetectttcaatagaacccacagatccaagagaagetctagecaccctatett

cgcaaccgatatcaagggcaaggaagtgatggtgctgggcgaagtgaacatcaacaac
agcgtcetttaagcagtacticttcgagacaaagtgcecgggacccaaaccecgtggacage

ggctgcagaggceattgactccaagecactggaactectactgecaccacaacacacacctic
gtgaaggccctgaccatggacggcaaacaagetgectggeggttcatcagaategacac
cgectgtgtetgtgtogctgagecagaaaggecgtgcgecgggcectagicergitaarcaacct
clggattacaaaattigigaaagatigacigataticttaactatgtigcicciittacgcigigiog
atatgcigcetitaatgeciciglatcalgciatigeticecgtacggctitcgiiticiccicetigiat
aaaicctggtigeigicictitaigaggagiigiggcccgiligicegicaacgiggcgiggigioc

lergigitigetgacgeaacceccactggeiggggeatigecaccaccigtcaacicctiicigg
gactttcgctttccccctccctatcgccacggcagaactcatcgccgcctgccttgcccgctgct

ggtgccactcecactgtectttcctaataaaatgaggaaattgeatcgeattgtctgagtaggtgte

attctattctgggggstegostegoocaggacagcaagggggaggattgggaagacaatage

aggcatgctggggatgeggtgggctctatggagegetggetagaattacctaccggectecac
cataccttcgatattcgcgeccactctcccattaatccgeacaagtggatgtgatgegattgeecg

ctaagatagftaatcattaactacaaggaacccctagigarggagtiggccactecctetctge

gegctcgctcgcteactgaggecgggegaccaaaggicgeccgacgeccgggcttigeecg
ggeggecteagigagegagegagegegegatatcgaatcgaatgeagtgatctcccaggtge
gaatcaaaaatactaggtaactagaggatttgcgacgtictaagegttggtccatgtgaatcgeca
tccaggatcccaatggegegecgagettggetcgageatggtcatagcetgtttcctgtgtgaaatt
gttatccgctcacaattccacacaacatacgagecggaagcataaagtgtaaagectggggtac
ctaatgagtgagctaactcacattaattgegttgegetcactgeccgcetttccagtcgggaaacct
gtcgtgecagetgceattaatgaatcggecaacgegeggggagaggceggtitgegtattgggcg
ctettecgettectegetcactgactegetgegeteggtegttcggctgeggcgageggtatcag
ctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgt
gagcaaaaggccagcaaaaggccaggaaccgtaaaaaggecgegttgetggegtttttccata
ggctccgeecccctgacgagceatcacaaaaatcgacgcetcaagtcagaggtggcgaaacceg
acaggactataaagataccaggcgtttccccctggaagcteectegtgegetcetectgttecgac
cctgeegcettaccggatacctgteccgecttteteccttcgggaagegtggegcttictcatagetca
cgctgtaggtatctcagttcggtgtaggtcegtticgetccaagetgggctgtgtgcacgaacceee
cgttcageccgaccgetgegecttatccggtaactatcgtettgagtccaacceggtaagacacg
acttatcgccactggcageagecactggtaacaggattagcagagegaggtatgtaggcggts
ctacagagttcttgaagtggtggcctaactacggctacactagaagaacagtatttggtatctgeg
ctctgetgaagecagttaccttcggaaaaagagttggtagcetcttgatccggcaaacaaaccace
getggtageggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaaga
agatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttg
gtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatc
taaagtatatatgagtaaacttggtctgacagttagaaaaactcatcgagcatcaaatgaaactgce
aatttattcatatcaggattatcaataccatatttttgaaaaagccgtttctgtaatgaaggagaaaac
tcaccgaggcagttccataggatggcaagatcctggtatcggtctgegattccgactegtccaac
atcaatacaacctattaatttcccctcgtcaaaaataaggttatcaagtgagaaatcaccatgagtg
acgactgaatccggtgagaatggcaaaagtttatgcatttctttccagacttgttcaacaggecag
ccattacgctcgtcatcaaaatcactcgcatcaaccaaaccgttattcattcgtgattgecgectgag
cgagacgaaatacgcgatcgcetgttaaaaggacaattacaaacaggaatcgaatgcaaccggce
gcaggaacactgccagcegcatcaacaatattttcacctgaatcaggatattcttctaatacctgga
atgctgttttcccagggatcgeagtggtoagtaaccatgcatcatcaggagtacggataaaatge
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ttgatggtcggaagaggcataaattccgtcagecagtttagtctgaccatcteatetgtaacatcat
tggcaacgctacctttgecatgtttcagaaacaactctggegeatcgggcetteccatacaatcgat
agattgtcgcacctgattgeccgacattatcgegageccatttatacccatataaatcagcatecat
gttggaatttaatcgeggectagagcaagacgtttcecgttgaatatggetcatactcttectttttca
atattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaat
aaacaaataggggttccgegeacatttccccgaaaagtgecacctgacgtctaagaaaccattat
tatcatgacattaacctataaaaataggcgtatcacgaggecctttcgte

Recombinant AAYV Virion

[00116] In some aspects of the present invention, the subject expression cassettes are used to
deliver a neurotrophic factor to at least one eye and/or lacrimal gland of a subject, e.g. to treat
an ocular disorder. Accordingly, in some embodiments of the invention, the composition that
provides for the expression of a neurotrophic factor in at least one eye and/or lacrimal gland of
a subject is a gene delivery vector, wherein the gene delivery vector comprises the
polynucleotide cassettes of the present disclosure.

[00117] In some embodiments, the gene delivery vector is an rAAV virion. In such
embodiments, the subject expression cassette comprises AAV inverted terminal repeat
sequences. In some embodiments, the expression cassette is flanked on the 5’ and 3’ ends by
functional AAV inverted terminal repeat (ITR) sequences. By “functional AAV ITR
sequences” is meant that the ITR sequences function as intended for the rescue, replication and
packaging of the AAV virion. Hence, AAV ITRs for use in the gene delivery vectors of the
present disclosure need not have a wild-type nucleotide sequence, and may be altered by the
insertion, deletion or substitution of nucleotides or the AAV ITRs may be derived from any of
several AAV serotypes, e.g. AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT, AAVS,
AAV9, AAVI10. In some embodiments, the AAV ITR is derived from AAV1. In some
embodiments, the AAV ITR is derived from AAV2. In some embodiments, the AAV ITR is
derived from AAV3. In some embodiments, the AAV ITR is derived from AAV4. In some
embodiments, the AAV ITR is derived from AAVS. In some embodiments, the AAV ITR is
derived from AAV6. In some embodiments, the AAV ITR is derived from AAV7. In some
embodiments, the AAV ITR is derived from AAV9. In some embodiments, the AAV ITR is
derived from AAV1. In some embodiments, the AAV ITR is derived from AAV10. Certain
rAAYV virions have the wild type REP and CAP genes deleted in whole or part, but retain
functional flanking ITR sequences. In some embodiments, the 5° ITR comprises SEQ ID NO:
19. In some embodiments, the 5 ITR comprises a sequence at least 90%, 95%, 96%, 97%,
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98%, 99%, or 100% identical to SEQ ID NO: 19. In some embodiments, the 5° ITR shares a
sequence with at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 19.
[00118] >Tllustrative 5’ ITR Sequence
gcgegetegetegetcactgaggecgeccgggeaaagecegggegtegggegacctttggtegeccggectcagtgagegageg
agcgcgeagagagggagtggccaactccatcactaggggttecttgtagttaatgattaac (SEQ ID NO: 19)

[00119] In some embodiments, the 5’ ITR comprises SEQ ID NO: 20. In some embodiments,
the 5” ITR comprises a sequence at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to SEQ ID NO: 20. In some embodiments, the 5’ ITR shares a sequence with at least 90%,
95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 20.

[00120] >Tllustrative 3’ ITR Sequence
gttaatcattaactacaaggaacccctagtgatggagttggccactecctetctgegegetegetegeteactgaggecgggegaccaa
aggtcgeccgacgeccgggctttgecegggeggecteagtgagegagegagegcge (SEQ ID NO: 20)

[00121] In such embodiments, the rAAV virion comprises an AAV capsid, derived from any
adeno-associated virus serotype known in the art, or prospectively discovered, including
without limitation, AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAV7, AAVS, AAVO,
AAV10, etc. For example, the AAV capsid may be a wild type (or “native”) capsid. In some
embodiments, the rAAV virion comprises an AAV capsid derived from AAV1. In some
embodiments, the rAAV virion comprises an AAV capsid derived from AAV2. In some
embodiments, the rAAV virion comprises an AAV capsid derived from AAV3. In some
embodiments, the rAAV virion comprises an AAV capsid derived from AAV4. In some
embodiments, the rAAV virion comprises an AAV capsid derived from AAVS. In some
embodiments, the rAAV virion comprises an AAV capsid derived from AAV6. In some
embodiments, the rAAV virion comprises an AAV capsid derived from AAV7. In some
embodiments, the rAAV virion comprises an AAV capsid derived from AAVS8. In some
embodiments, the rAAV virion comprises an AAV capsid derived from AAV9. In some
embodiments, the rAAYV virion comprises an AAV capsid derived from AAV10. AAV capsids
of particular interest include AAV2, AAVS, AAVS, and AAV9 (Table 3).

[00122] However, as with the ITRs, the capsid need not have a wild-type nucleotide sequence,
but rather may be altered by the insertion, deletion or substitution of nucleotides in the VP1,
VP2 or VP3 sequence, so long as the capsid is able to transduce cells of the eye and/or lacrimal
glands. Put another way, the AAV capsid may be a variant AAV capsid. In some embodiments,
the rAAYV virion is a “pseudotyped” AAV created by using the capsid (cap) gene of one AAV
and the rep gene and ITRs from a different AAV, e.g. a pseudotyped AAV2 created by using
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rep from AAV2 and cap from AAV1, AAV3, AAV4, AAVS, AAV6, AAVT, AAVS, or AAV9
together with a plasmid containing a vector based on AAV2. For example, the rAAV virion
may be rAAV2/1, rAAV2/3, rAAV2/4, rAAV2/5, rAAV2/6, TAAV2/7, rAAV2/8, rAAV2/9,
etc. In some embodiments, the rAAV is rAAV2/1. In some embodiments, the rAAV is
rAAV2/3. In some embodiments, the rAAV is rAAV2/4. In some embodiments, the TAAV is
rAAV2/5. In some embodiments, the rAAV is rAAV2/6. In some embodiments, the rAAYV is
rAAV2/7. In some embodiments, the rAAV is rAAV2/8. In some embodiments, the rAAV is
rAAV2/9.

[00123] In some embodiments, the TAAV is replication defective, in that the rAAV virion
cannot independently further replicate and package its genome. For example, when eye and/or
lacrimal glands are transduced with rAAYV virions, the gene is expressed in the transduced eye
and/or lacrimal gland, however, due to the fact that the transduced eye and/or lacrimal glands
lack AAV rep and cap genes and accessory function genes, the rAAV is not able to replicate.
[00124] rAAV virions of the present disclosure encapsulating the expression cassettes as
described herein, can be produced using helper-free production. rAAVs are replication-
deficient viruses and normally require components from a live helper virus, such as adenovirus,
in a host cell for packaging of infectious rAAV virions. rAAV helper-free production systems
allow the production of infectious rAAV virions without the use of a live helper virus. In the
helper-free system, a host packaging cell line is co-transfected with three plasmids. A first
plasmid contains adenovirus gene products (i.e., E2A, E4, and VA RNA genes) needed for the
packaging of rAAV virions. A second plasmid contains the required AAV genes (i.e., REP and
CAP genes). A third plasmid contains the polynucleotide sequence encoding the protein of
interest and a promoter flanked by ITRs. A host packaging cell line can be, for example, AAV-
293 host cells. Suitable host cells contain additional components required for packaging
infectious rAAYV virions that are not supplied by the plasmids. In some embodiments, the CAP
genes can encode, for example, AAV capsid proteins as described herein. In some
embodiments, the promoter is a promoter sequence as described herein. In some embodiments,
the promoter sequence is a CAG sequence. In some embodiments, the protein of interest is a
neurotrophic factor. In some embodiments, the neurotrophic factor is NGF. In some
embodiments, the neurotrophic factor is GDNF.

[00125] AAYV serotypes shown to infect the eye and/or lacrimal gland include AAV2, AAVS,
AAV 5w8, and AAV9 (Rocha et al., supra). In some embodiments, the AAV serotype used to

infect the eye and/or lacrimal gland is AAV2. In some embodiments, the AAV capsid protein
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comprises SEQ ID NO: 6. In some embodiments, the AAV capsid protein comprises a
sequence at least 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 6. In some
embodiments, the AAV capsid protein shares at least 95%, 98%, or 100% identity to the AAV2
VP1 protein (SEQ ID NO: 6). In some embodiments, the polynucleotide sequence encoding
the AAV2 VPI protein comprises SEQ ID NO: 7. In some embodiments, the polynucleotide
sequence encoding the AAV2 VP1 protein comprises a sequence at least 95%, 96%, 97%, 98%,
99%, or 100% identical to SEQ ID NO: 7. In some embodiments, the polynucleotide sequence
encoding the AAV2 VP1 protein shares at least 95%, 98%, or 100% identity with SEQ ID NO:
7. In some embodiments, the AAV capsid protein comprises SEQ ID NO: 8. In some
embodiments, the AAV capsid protein comprises a sequence at least 95%, 96%, 97%, 98%,
99%, or 100% identical to SEQ ID NO: 8. In some embodiments, the AAV capsid protein
shares at least 95%, 98%, or 100% identity to the AAV2 VP3 protein (SEQ ID NO: 8). In
some embodiments, the polynucleotide sequence encoding the AAV2 VP3 protein comprises
SEQ ID NO: 9. In some embodiments, the polynucleotide sequence encoding the AAV capsid
protein comprises a sequence at least 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ
ID NO: 9. In some embodiments, the polynucleotide sequence encoding the AAV2 VP3 protein
shares at least 95%, 98%, or 100% identity with SEQ ID NO: 9. In some embodiments, the
AAYV serotype used to infect the eye and/or lacrimal gland is AAVS. In some embodiments,
the AAV capsid protein comprises SEQ ID NO: 10. In some embodiments, the AAV capsid
protein comprises a sequence at least 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ
ID NO: 10. In some embodiments, the AAV capsid protein shares at least 95%, 98%, or 100%
identity to the AAVS capsid protein (SEQ ID NO: 10). In some embodiments, the
polynucleotide sequence encoding the AAVS capsid protein comprises SEQ ID NO: 11. In
some embodiments, the polynucleotide sequence encoding the AAV capsid protein comprises
a sequence at least 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 11. In some
embodiments, the polynucleotide sequence encoding the AAVS5 capsid protein shares at least
95%, 98%, or 100% identity with SEQ ID NO: 11. In some embodiments, the AAV serotype
used to infect the eye and/or lacrimal gland is AAVS. In some embodiments, the capsid protein
comprises SEQ ID NO: 12. In some embodiments, the AAV capsid protein comprises a
sequence at least 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 12. In some
embodiments, the AAV capsid protein shares at least 95%, 98%, or 100% identity to the AAVS
capsid protein (SEQ ID NO: 12). In some embodiments, the polynucleotide encoding the
AAVS capsid protein comprises SEQ ID NO: 13. In some embodiments, the polynucleotide
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sequence encoding the AAV capsid protein comprises a sequence at least 95%, 96%, 97%,
98%, 99%, or 100% identical to SEQ ID NO: 13. In some embodiments, the polynucleotide
sequence encoding the AAV8 capsid protein shares at least 95%, 98%, or 100% identity with
SEQ ID NO: 13. In some embodiments, the AAV serotype used to infect the eye and/or lacrimal
gland is AAV9. In some embodiments, the AAV capsid protein comprises SEQ ID NO: 14. In
some embodiments, the AAV capsid protein comprises a sequence at least 95%, 96%, 97%,
98%, 99%, or 100% identical to SEQ ID NO: 14. In some embodiments, the AAV capsid
protein shares at least 95%, 98%, or 100% identity to the AAV9 capsid protein (SEQ ID NO:
14). In some embodiments, the polynucleotide sequence encoding the AAV9 capsid protein
comprises SEQ ID NO: 15. In some embodiments, the polynucleotide sequence encoding the
AAYV capsid protein comprises a sequence at least 95%, 96%, 97%, 98%, 99%, or 100%
identical to SEQ ID NO: 15. In some embodiments, the polynucleotide sequence encoding the

AAV9 capsid protein shares at least 95%, 98%, or 100% identity with SEQ ID NO: 15.

Table 3. AAV Capsid Sequences

DSRGLVLPGYKYLGPFNGLDK
GEPVNEADAAALEHDKAYDR
QLDSGDNPYLK YNHADAEFQ

ERLKEDTSFGGNLGRAVFQAK
KRVLEPLGLVEEPVKTAPGKK
RPVEHSPVEPDSSSGTGKAGQ

QPARKRLNFGQTGDADSVPDP
QPLGQPPAAPSGLGTNTMATG
SGAPMADNNEGADGVGNSSG
NWHCDSTWMGDRVITTSTRT

WALPTYNNHLYKQISSQSGAS
NDNHYFGYSTPWGYFDFNRF

HCHFSPRDWQRLINNNWGFRP
KRLNFKLFNIQVKEVTQNDGT
TTIANNLTSTVQVFTDSEYQLP
YVLGSAHQGCLPPFPADVFMV
PQYGYLTLNNGSQAVGRSSFY
CLEYFPSQMLRTGNNFTFSYT

FEDVPFHSSYAHSQSLDRLMN
PLIDQYLYYLSRTNTPSGTTTQ
SRLQFSQAGASDIRDQSRNWL
PGPCYRQQRVSKTSADNNNSE
YSWTGATKYHLNGRDSLVNP

GPAMASHKDDEEKFFPQSGVL
IFGKQGSEKTNVDIEKVMITDE

Protein Nucleotide (Open Reading Frame)
AAV2 | MAADGYLPDWLEDTLSEGIR | atggctgccgatggttatcttccagattggetcgaggacactetct
VP1 QWWKLKPGPPPPKPAERHKD | ctgaaggaataagacagtggtggaagctcaaacctggeccace

accaccaaagcccgcagageggcataaggacgacageaggg
gtettgtgcttectgggtacaagtacctcggacccttcaacggac
tcgacaagggagagecggtcaacgaggragacgccgeggce
ctcgagcacgacaaagcectacgaccggceagetcgacagegga
gacaacccgtacctcaagtacaaccacgecgacgeggagtttc
aggagcgccttaaagaagatacgtcttttggggoocaacctegga
cgagcagtcttccaggcgaaaaagagggttcttgaacctctggg
cctggttgaggaacctgttaagacggcteccgggaaaaaagagg
ccggtagagcactctcctgtggagecagactectectcgggaa
ccggaaaggcegggccageagectgcaagaaaaagattgaattt
tggtcagactggagacgcagactcagtacctgacccccagect
ctcggacagccaccagceagecccctetggtetgggaactaata
cgatggctacaggcagtggcegeaccaatggcagacaataacg
agggcgccgacggagtgggtaattcctcgggaaattggeattg
cgattccacatggatgggcgacagagtcatcaccaccageacce
cgaacctgggcecctgeccacctacaacaaccacctctacaaac
aaatttccagccaatcaggagcctcgaacgacaatcactactttg
gctacagceacccecttggggotattttgacttcaacagattccactg
ccacttttcaccacgtgactggcaaagactcatcaacaacaactg
gggattccgacccaagagactcaacttcaagetctttaacattca
agtcaaagaggtcacgcagaatgacggtacgacgacgattgee
aataaccttaccagcacggttcaggtgtttactgactcggagtac
cagctcecgtacgtecteggeteggcgeatcaaggatgectece
geegttecccageagacgtettcatggtgccacagtatggatacct
caccctgaacaacgggagtcaggcagtaggacgctcttcatttt
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Protein

Nucleotide (Open Reading Frame)

EEIRTTNPVATEQYGSVSTNLQ
RGNRQAATADVNTQGVLPGM
VWQDRDVYLQGPIWAKIPHT
DGHFHPSPLMGGFGLKHPPPQ
ILIKNTPVPANPSTTFSAAKFAS
FITQYSTGQVSVEIEWELQKEN
SKRWNPEIQYTSNYNKSVNVD
FTVDTNGVYSEPRPIGTRYLTR
NL (SEQ ID NO: 6)

actgcctggagtactttccttctcagatgetgegtaccggaaaca
actttaccttcagctacacttttgaggacgttcctttccacagcage
tacgctcacagccagagtctggaccgtetcatgaatcctctcate
gaccagtacctgtattacttgagcagaacaaacactccaagtgg
aaccaccacgcagtcaaggcttcagttttctcaggccggagega
gtgacattcgggaccagtctaggaactggcettcctggacccetgtt
accgccagcagegagtatcaaagacatctgecggataacaacaa
cagtgaatactcgtggactggagctaccaagtaccacctcaatg
gcagagactctctggtgaatccgggeecggecatggcaagec

acaaggacgatgaagaaaagttttttcctcagageggggttctca
tetttgggaagcaaggcetcagagaaaacaaatgtggacattgaa
aaggtcatgattacagacgaagaggaaatcaggacaaccaatc
ccgtggcetacggagcagtatggttctgtatctaccaacctccaga
gaggcaacagacaagcagctaccgcagatgtcaacacacaag
gegttcttccaggceatggtctggcaggacagagatgtgtaccttc
aggggcccatctgggcaaagattccacacacggacggacattt
tcaccccteteecectecatgggtggattcggacttaaacaccctect
ccacagattctcatcaagaacaccccggtacctgegaatectte

gaccaccttcagtgcggcaaagtttgcttccttcatcacacagta

ctccacgggacaggtcagegtggagatcgagtgggagetgea
gaaggaaaacagcaaacgctggaatcccgaaattcagtacact
tccaactacaacaagtctgttaatgtggactttactgtggacacta
atggcgtgtattcagagectcgecccattggcaccagatacctg

actcgtaatctgtaa (SEQ ID NO: 7)

AAV2
VP3

MATGSGAPMADNNEGADGV
GNSSGNWHCDSTWMGDRVIT
TSTRTWALPTYNNHLYKQISS
QSGASNDNHYFGYSTPWGYF
DFNRFHCHFSPRDWQRLINNN
WGFRPKRLNFKLFNIQVKEVT
QNDGTTTIANNLTSTVQVFTD
SEYQLPYVLGSAHQGCLPPFP
ADVFMVPQYGYLTLNNGSQA
VGRSSFYCLEYFPSQMLRTGN
NFTFSYTFEDVPFHSSYAHSQS
LDRLMNPLIDQYLYYLSRTNT
PSGTTTQSRLQFSQAGASDIRD
QSRNWLPGPCYRQQRVSKTS
ADNNNSEYSWTGATKYHLNG
RDSLVNPGPAMASHKDDEEK
FFPQSGVLIFGKQGSEKTNVDI
EKVMITDEEEIRTTNPVATEQY
GSVSTNLQRGNRQAATADVN
TQGVLPGMVWQDRDVYLQG
PIWAKIPHTDGHFHPSPLMGG
FGLKHPPPQILIKNTPVPANPST
TFSAAKFASFITQYSTGQVSVE

IEWELQKENSKRWNPEIQYTS

atggctacaggcagtggcgceaccaatggcagacaataacgag
ggcgecgacggagtgggtaattcctcgggaaattggeattgeg
attccacatggatgggcgacagagtcatcaccaccagcaccecg
aacctgggcecctgeccacctacaacaaccacctctacaaacaa
atttccagccaatcaggagcectcgaacgacaatcactactttgge
tacagcaccccttgggggtattttgacttcaacagattccactgec
acttttcaccacgtgactggcaaagactcatcaacaacaactgg
ggattccgacccaagagactcaacttcaagctctttaacattcaa
gtcaaagaggtcacgcagaatgacggtacgacgacgattgeca
ataaccttaccagcacggttcaggtgtttactgactcggagtacc
agctcccgtacgtecteggetcggegeatcaaggatgectece
geegttcccageagacgtcettcatggtoccacagtatggatacct
caccctgaacaacgggagtcaggcagtaggacgctcttcatttt
actgcctggagtactttccttctcagatgetgegtaccggaaaca
actttaccttcagctacacttttgaggacgttcctttccacagcage
tacgctcacagccagagtctggaccgtetcatgaatectetcate
gaccagtacctgtattacttgagcagaacaaacactccaagtgg
aaccaccacgcagtcaaggcttcagttttctcaggccggagega
gtgacattcgggaccagtctaggaactggettcctggacccetgtt
accgccagcagcgagtatcaaagacatctgcggataacaacaa
cagtgaatactcgtggactggagctaccaagtaccacctcaatg
gcagagactctctggtgaatccgggeccggecatggeaagec
acaaggacgatgaagaaaagttttttcctcagagcggggttctca
tctitgggaagcaaggctcagagaaaacaaatgtggacattgaa
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Protein

Nucleotide (Open Reading Frame)

NYNKSVNVDFTVDTNGVYSE
PRPIGTRYLTRNL (SEQ ID NO:

8)

aaggtcatgattacagacgaagaggaaatcaggacaaccaatc
ccgtggctacggagcagtatggttctgtatctaccaacctccaga
gaggcaacagacaagcagctaccgcagatgtcaacacacaag
gegttettccaggceatggtctggeaggacagagatgtgtaccttc
aggggcccatctgggcaaagattccacacacggacggacattt
tcaccectetececteatgggtggattcggacttaaacaccctect
ccacagattctcatcaagaacaccccggtacctgegaatectte

gaccaccttcagtgcggcaaagtttgcttecttcatcacacagta

ctccacgggacaggtcagegtggagatcgagtgggagetgea
gaaggaaaacagcaaacgcetggaatcccgaaattcagtacact
tccaactacaacaagtctgttaatgtggactttactgtggacacta

atggcgtgtattcagagcctcgecccattggecaccagatacctg

actcgtaatctgtaa (SEQ ID NO: 9)

AAVS

MSFVDHPPDWLEEVGEGLREF
LGLEAGPPKPKPNQQHQDQA

RGLVLPGYNYLGPGNGLDRG

EPVNRADEVAREHDISYNEQL
EAGDNPYLKYNHADAEFQEK
LADDTSFGGNLGKAVFQAKK

RVLEPFGLVEEGAKTAPTGKR
IDDHFPKRKKARTEEDSKPSTS
SDAEAGPSGSQQLQIPAQPASS
LGADTMSAGGGGPLGDNNQG
ADGVGNASGDWHCDSTWMG
DRVVTKSTRTW VLPSYNNHQ

YREIKSGSVDGSNANAYFGYS
TPWGYFDFNRFHSHWSPRDW
QRLINNYWGFRPRSLRVKIFNI
QVKEVTVQDSTTTIANNLTST

VQVFTDDDYQLPYVVGNGTE
GCLPAFPPQVFTLPQYGYATL

NRDNTENPTERSSFFCLEYFPS
KMLRTGNNFEFTYNFEEVPFH
SSFAPSQNLFKLANPLVDQYL

YRFVSTNNTGGVQFNKNLAG

RYANTYKNWFPGPMGRTQG

WNLGSGVNRASVSAFATTNR

MELEGASYQVPPQPNGMTNN
LQGSNTYALENTMIFNSQPAN
PGTTATYLEGNMLITSESETQP
VNRVAYNVGGQMATNNQSST
TAPATGTYNLQEIVPGSVWME
RDVYLQGPIWAKIPETGAHFH
PSPAMGGFGLKHPPPMMLIKN
TPVPGNITSFSDVPVSSFITQYS
TGQVTVEMEWELKKENSKRW
NPEIQYTNNYNDPQFVDFAPD

atgtcttttgttgatcaccctccagattggttggaagaagttggtga
aggtcttcgegagtttitgggccttgaagegggeccaccgaaac
caaaacccaatcagcagcatcaagatcaagcccgtggtcttgtg
ctgectggttataactatctcggacccggaaacggtctcgatcga
ggagagcctgtcaacagggcagacgaggtcgegegagagea
cgacatctcgtacaacgagcagcttgaggcgggagacaacce
ctacctcaagtacaaccacgcggacgcecgagtttcaggagaag
ctcgecgacgacacatccttcgggggaaacctcggaaaggea
gtctttcaggccaagaaaagggtictcgaaccttitggectggttg
aagagggtgctaagacggceccctaccggaaageggatagacg
accactttccaaaaagaaagaaggctcggaccgaagaggactc
caagccttccacctegtcagacgecgaagetggacccagegg
atcccagcagctgcaaatcccageccaaccagectcaagtttgg
gagctgatacaatgtctgegggaggtggcggcccattgggcga
caataaccaaggtgccgatggagtgggcaatgectcgggagat
tggcattgcgattccacgtggatgggegacagagtcgtcacca
agtccacccgaacctgggtgctgeccagetacaacaaccacca
gtaccgagagatcaaaagcggetccgtcgacggaageaacge
caacgcctactttggatacagcaccccctgggggtactttgacttt
aaccgcttccacagecactggageccccgagactggcaaaga
ctcatcaacaactactggggcttcagaccccggtecctcagagt
caaaatcttcaacattcaagtcaaagaggtcacggtgcaggact
ccaccaccaccatcgecaacaacctcacctccaccgtccaagt
gtttacggacgacgactaccagctgecctacgtcgtcggeaac
gggaccgagggatgectgecggcectteectecgeaggtctttac
getgecgeagtacggttacgegacgetgaaccgegacaacac
agaaaatcccaccgagaggagcagcttcttctgectagagtact
ttcccagcaagatgetgagaacgggcaacaactttgagtttacct
acaactttgaggaggtgcccttccactccagettcgeteccagte
agaacctgttcaagctggccaaccegetggtggaccagtacttg
taccgcttcgtgagcacaaataacactggeggagtccagttcaa
caagaacctggccgggagatacgccaacacctacaaaaactg
gttcceggggeccatgggecgaacccagggcetggaacctggg
ctccggggtcaaccgegecagtgtcagegecttcgecacgace
aataggatggagctcgagggcgcgagttaccaggtgcccccg
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Protein Nucleotide (Open Reading Frame)
STGEYRTTRPIGTRYLTRPL cagccgaacggeatgaccaacaacctccagggeageaacace

(SEQ ID NO: 10)

tatgccctggagaacactatgatcttcaacagecagecggegaa
cccgggceaccaccgecacgtacctcgagggcaacatgetcate
accagcgagagcgagacgeagecggtgaaccgegtggcgta
caacgtcggegggceagatggcecaccaacaaccagagetecac
cactgcccccgegaccggeacgtacaacctccaggaaatcegtg
cccggeagcegtgtggatggagagggacgtatacctccaagga
cccatctgggecaagatcccagagacgggggegeactttcace
cctetecggecatgggeggattcggactcaaacacccaccgee
catgatgctcatcaagaacacgcctgtgeccggaaatatcacca
gcettetcggacgtgeccgtcageagcettcatcacccagtacage
accgggcaggtcaccgtggagatggagtgggagctcaagaag
gaaaactccaagaggtggaacccagagatccagtacacaaac

aactacaacgacccccagtttgtggactttgeccccggacageac
cggggaatacagaaccaccagacctatcggaacccgatacctt
acccgacccctttaa (SEQ ID NO: 11)

AAVS

MAADGYLPDWLEDNLSEGIR
EWWALKPGAPKPKANQQKQ
DDGRGLVLPGYKYLGPFNGL
DKGEPVNAADAAALEHDKAY
DQQLQAGDNPYLRYNHADAE
FQERLQEDTSFGGNLGRAVFQ
AKKRVLEPLGLVEEGAKTAPG
KKRPVEPSPQRSPDSSTGIGKK
GQQPARKRLNFGQTGDSESVP
DPQPLGEPPAAPSGVGPNTMA
AGGGAPMADNNEGADGVGSS
SGNWHCDSTWLGDRVITTSTR
TWALPTYNNHLYKQISNGTSG
GATNDNTYFGYSTPWGYFDF
NRFHCHFSPRDWQRLINNNW
GFRPKRLSFKLFNIQVKEVTQ
NEGTKTIANNLTSTIQVFTDSE
YQLPYVLGSAHQGCLPPFPAD
VFMIPQYGYLTLNNGSQAVGR
SSFYCLEYFPSQMLRTGNNFQ
FTYTFEDVPFHSSYAHSQSLDR
LMNPLIDQYLYYLSRTQTTGG
TANTQTLGFSQGGPNTMANQ
AKNWLPGPCYRQQRVSTTTG
QNNNSNFAWTAGTK YHLNGR
NSLANPGIAMATHKDDEERFF
PSNGILIFGKQNAARDNADYS
DVMLTSEEEIKTTNPVATEEY
GIVADNLQQQNTAPQIGTVNS
QGALPGMVWQNRDVYLQGPI
WAKIPHTDGNFHPSPLMGGFG

LKHPPPQILIKNTPVPADPPTTF

atggctgccgatggttatcttccagattggetcgaggacaaccte
tctgagggcattcgegagtggtgggcgcetgaaacctggagecc
cgaagcccaaagcecaaccageaaaageaggacgacggcecg
gggtctggtacttcctggctacaagtacctcggacccttcaacg
gactcgacaagggggagececgtcaacgeggeggacgcageg
gecectcgageacgacaaggectacgaccageagetgeagge
gggtgacaatccgtacctgeggtataaccacgecgacgecgag
tttcaggagcgtctgcaagaagatacgtcttitgggggocaaccte
gggcgagcagtcttccaggccaagaagegggttctcgaaccte
tcggtctggttgaggaaggcgctaagacggcetcctggaaagaa
gagaccggtagagccatcaccccagegtictccagactectcta
cgggcatcggcaagaaaggcecaacageccgecagaaaaaga
ctcaattttggtcagactggcgactcagagtcagttccagaccct
caacctctcggagaacctccageagegcecctetggtgtgggac
ctaatacaatggctgcaggcggtggcgcaccaatggcagacaa
taacgaaggcgcecgacggagtgggtagttcctcgggaaattgg
cattgcgattccacatggctgggcgacagagtcatcaccaccag
cacccgaacctgggecctgeccacctacaacaaccacctctac
aagcaaatctccaacgggacatcgggaggagcecaccaacgac
aacacctacttcggctacagcaccccctgggggtattttgacttta
acagattccactgccacttttcaccacgtgactggcagcegactca
tcaacaacaactggggattccggeccaagagactcagettcaa
gctettcaacatccaggtcaaggaggtcacgcagaatgaaggc
accaagaccatcgccaataacctcaccagcaccatccaggtgtt
tacggactcggagtaccagctgccgtacgttctecggetetgece
accagggctgcctgectecgticccggeggacgtgttcatgatt
ccccagtacggetacctaacactcaacaacggtagtcaggccg
tgggacgctectecttctactgectggaatactttecttcgeagat
gctgagaaccggceaacaacttccagtttacttacacctticgagga
cgtgcctttccacagcagctacgeccacagecagagettggac
cggctgatgaatcctctgattgaccagtacctgtactacttgtete
ggactcaaacaacaggaggcacggcaaatacgcagactctgg
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Protein

Nucleotide (Open Reading Frame)

NQSKLNSFITQYSTGQVSVEIE
WELQKENSKRWNPEIQYTSN
YYKSTSVDFAVNTEGVYSEPR
PIGTRYLTRNL (SEQ ID NO:
12)

gcttcagecaaggtgggcctaatacaatggecaatcaggcaaa
gaactggctgecaggaccctgttaccgecaacaacgegtcetca
acgacaaccgggcaaaacaacaatagcaactttgcectggactg
ctgggaccaaataccatctgaatggaagaaattcattggcetaate
ctggcatcgctatggcaacacacaaagacgacgaggagegttt
ttttcccagtaacgggatcctgatttttggcaaacaaaatgetgee
agagacaatgcggattacagcgatgtcatgetcaccagegagg
aagaaatcaaaaccactaaccctgtggctacagaggaatacgg
tatcgtggcagataacttgcagcagcaaaacacggetcctcaaa
ttggaactgtcaacagccagggggccttacccggtatggtetgg
cagaaccgggacgtgtacctgcagggtcccatctgggecaag
attcctcacacggacggcaacttccaccegtcteccgetgatggg
cggctttggectgaaacatcctccgectcagatectgatcaagaa
cacgcctgtacctgeggatecteccgaccaccticaaccagtcaa
agctgaactctttcatcacgcaatacagcaccggacaggtcage
gtggaaattgaatgggagctgcagaaggaaaacagcaagcge
tggaaccccgagatccagtacacctccaactactacaaatctac
aagtgtgoactttgctgttaatacagaaggcgtgtactctgaace
ccgeeccattggeacccgttacctcaccegtaatetg (SEQ
ID NO: 13)

AAV9

MAADGYLPDWLEDNLSEGIR
EWWALKPGAPQPKANQQHQ
DNARGLVLPGYKYLGPGNGL
DKGEPVNAADAAALEHDKAY
DQQLKAGDNPYLKYNHADAE
FQERLKEDTSFGGNLGRAVFQ
AKKRLLEPLGLVEEAAKTAPG
KKRPVEQSPQEPDSSAGIGKSG
AQPAKKRLNFGQTGDTESVPD
PQPIGEPPAAPSGVGSLTMASG
GGAPVADNNEGADGVGSSSG
NWHCDSQWLGDRVITTSTRT
WALPTYNNHLYKQISNSTSGG
SSNDNAYFGYSTPWGYFDFNR
FHCHFSPRDWQRLINNNWGFR
PKRLNFKLFNIQVKEVTDNNG
VKTIANNLTSTVQVFTDSDYQ
LPYVLGSAHEGCLPPFPADVF
MIPQYGYLTLNDGSQAVGRSS
FYCLEYFPSQMLRTGNNFQFS
YEFENVPFHSSYAHSQSLDRL
MNPLIDQYLY YLSKTINGSGQ
NQQTLKFSVAGPSNMAVQGR
NYIPGPSYRQQRVSTTVTQNN
NSEFAWPGASSWALNGRNSL
MNPGPAMASHKEGEDRFFPLS
GSLIFGKQGTGRDNVDADKV

MITNEEEIKTTNPVATESYGQV

atggctgccgatggttatcttccagattggctcgaggacaacctt
agtgaaggaattcgcgagtggtgogctttgaaacctggagece
ctcaacccaaggcaaatcaacaacatcaagacaacgctcgagg
tettgtgcttccgggttacaaataccttggaccecggcaacggact
cgacaagggggagccggtcaacgcagcagacgcggcgece
ctcgagcacgacaaggectacgaccageagetcaaggecgga
gacaacccgtacctcaagtacaaccacgecegacgecgagttee
aggagcggctcaaagaagatacgtcttttgggggcaacctcgg
gcgagcagtcttccaggecaaaaagaggceticttgaacctettg
gtctggttgaggaageggctaagacggetectggaaagaaga
ggcctgtagagcagtctcctcaggaaccggactectecgeggg
tattggcaaatcgggtgcacageccgctaaaaagagactcaatt
tcggtcagactggcgacacagagtcagtcccagaccctcaace
aatcggagaacctcccgcageccectcaggtgtgggatctctta
caatggcttcaggtggtggcgcaccagtggcagacaataacga
aggtgccgatggagtgggtagttcctcgggaaattggcattgeg
attcccaatggctggggoacagagtcatcaccaccageacceg
aacctgggcecctgeccacctacaacaatcacctctacaagcaaa
tctccaacagceacatctggaggatcttcaaatgacaacgectact
tcggctacagcaccecctgggggtattttgacttcaacagattee
actgccacttctcaccacgtgactggcagegactcatcaacaac
aactggggattccggcctaagegactcaacttcaagetcettcaac
attcaggtcaaagaggttacggacaacaatggagtcaagaccat
cgccaataaccttaccagcacggtccaggtcttcacggactcag
actatcagctccegtacgtgetcgggteggetcacgagggetge
ctceecgecgttcccageggacgttttcatgattcctcagtacggg
tatctgacgcttaatgatggaagccaggecgtgggtegttcgtee
ttttactgcctggaatatttccecgtcgcaaatgctaagaacgggta
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Protein Nucleotide (Open Reading Frame)
ATNHQSAQAQAQTGWVQNQ | acaacttccagttcagctacgagtttgagaacgtacctttccatag
GILPGMVWQDRDVYLQGPIW | cagctacgctcacagccaaagectggaccgactaatgaatcca
AKIPHTDGNFHPSPLMGGFGM | ctcatcgaccaatacttgtactatctctcaaagactattaacggttc
KHPPPQILIKNTPVPADPPTAF | tggacagaatcaacaaacgctaaaattcagtgtggccggacce
NKDKLNSFITQYSTGQVSVEIE | agcaacatggctgtccagggaagaaactacatacctggaccea
WELQKENSKRWNPEIQYTSN | gctaccgacaacaacgtgtctcaaccactgtgactcaaaacaac
YYKSNNVEFAVNTEGVYSEPR | aacagcgaatttgcttggectggagettcttcttgggetctcaatg
PIGTRYLTRNL (SEQ ID NO: gacgtaatagcttgatgaatcctggacctgctatggecagecac
14) aaagaaggagaggaccgtttctttectttgtctggatctttaattttt
ggcaaacaaggaactggaagagacaacgtggatgeggacaa
agtcatgataaccaacgaagaagaaattaaaactactaacccgg
tagcaacggagtcctatggacaagtggccacaaaccaccaga
gtgcccaagcacaggegeagaccggcetgggticaaaaccaag
gaatacttccgggtatggtttggcaggacagagatgtgtacctge
aaggacccatttgggccaaaattcctcacacggacggcaacttt
cacccttctcegetgatgggagggtttggaatgaageaccegee
tcctcagatcctcatcaaaaacacacctgtacctgeggatectee
aacggccttcaacaaggacaagcetgaactctttcatcacccagt
attctactggccaagtcagegtggagatcgagtgggagetgea
gaaggaaaacagcaagegetggaacccggagatccagtacac
ttccaactattacaagtctaataatgttgaatttoctgttaatactga
aggtgtatatagtgaaccccgecccattggeaccagatacctga
ctegtaatctet (SEQ ID NO: 15)
Exemplary rAAVs

[00126] In some embodiments, the rAAV comprises an AAV capsid. In some embodiments,
an TAAV described herein comprises an expression cassette comprising a polynucleotide
encoding a neurotrophic factor. In some embodiments, the rAAV comprises an expression
cassette comprising a polynucleotide encoding a neurotrophic factor operably linked to a
promoter. In some embodiments, the rAAV comprises an AAV capsid, and an expression
cassette comprising a polynucleotide encoding a neurotrophic factor operatively linked to a
promoter. In some embodiments, the rAAV comprises an AAV capsid, and an expression
cassette comprising a polynucleotide encoding a neurotrophic factor operatively linked to a
CAG promoter.

[00127] In some embodiments, the rAAV comprises an AAV capsid and an expression cassette
comprising a polynucleotide encoding NGF operatively linked to a promoter. In some
embodiments, the rAAV comprises an AAV capsid and an expression cassette comprising a
polynucleotide encoding an NGF protein comprising a sequence that shares at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identity to SEQ ID NO: 2, and wherein the polynucleotide is operatively linked to a promoter.
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In some embodiments, the rAAV comprises an AAV capsid and an expression cassette
comprising a polynucleotide encoding an NGF protein comprising a sequence that shares at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identity to SEQ ID NO: 17, and wherein the polynucleotide is operatively linked
to a promoter. In some embodiments, the rAAV comprises an AAV capsid and an expression
cassette comprising a polynucleotide encoding an NGF protein comprising an amino acid
sequence that shares at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% identity to SEQ ID NO: 1, and wherein the polynucleotide
is operatively linked to a promoter. In some embodiments, the rAAYV comprises an AAV capsid
and an expression cassette comprising a polynucleotide encoding NGF operatively linked to a
CAG promoter.

[00128] In some embodiments, the rAAV comprises an AAV capsid and an expression cassette
comprising a polynucleotide encoding GDNF operatively linked to a promoter. In some
embodiments, the rAAV comprises an AAV capsid and an expression cassette comprising a
polynucleotide encoding an GDNF protein comprising a sequence that shares at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identity to SEQ ID NO: 4, and wherein the polynucleotide is operatively linked to a promoter.
In some embodiments, the rAAV comprises an AAV capsid and an expression cassette
comprising a polynucleotide encoding an GDNF protein comprising a sequence that shares at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identity to SEQ ID NO: 18, and wherein the polynucleotide is operatively linked
to a promoter. In some embodiments, the rAAV comprises an AAV capsid and an expression
cassette comprising a polynucleotide encoding an GDNF protein comprising an amino acid
sequence that shares at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% identity to SEQ ID NO: 3, and wherein the polynucleotide
is operatively linked to a promoter. In some embodiments, the rAAYV comprises an AAV capsid
and an expression cassette comprising a polynucleotide encoding GDNF operatively linked to

a CAG promoter.
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[00129] In some embodiments, the rAAV comprises an AAV2 capsid and an expression
cassette comprising a polynucleotide encoding NGF operatively linked to a promoter. In some
embodiments, the rAAV comprises an AAV2 capsid and an expression cassette comprising a
polynucleotide encoding an NGF protein comprising a sequence that shares at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identity to SEQ ID NO: 2, and wherein the polynucleotide is operatively linked to a promoter.
In some embodiments, the rAAV comprises an AAV2 capsid and an expression cassette
comprising a polynucleotide encoding an NGF protein comprising a sequence that shares at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identity to SEQ ID NO: 17, and wherein the polynucleotide is operatively linked
to a promoter. In some embodiments, the rAAV comprises an AAV2 capsid and an expression
cassette comprising a polynucleotide encoding an NGF protein comprising an amino acid
sequence that shares at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% identity to SEQ ID NO: 1, and wherein the polynucleotide
is operatively linked to a promoter.

[00130] In some embodiments, the rAAV comprises an AAV2 capsid and an expression
cassette comprising a polynucleotide encoding GDNF operatively linked to a promoter. In
some embodiments, the TAAV comprises an AAV2 capsid and an expression cassette
comprising a polynucleotide encoding an GDNF protein comprising a sequence that shares at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identity to SEQ ID NO: 4, and wherein the polynucleotide is operatively linked to
a promoter. In some embodiments, the rAAV comprises an AAV2 capsid and an expression
cassette comprising a polynucleotide encoding an GDNF protein comprising a sequence that
shares at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% identity to SEQ ID NO: 18, and wherein the polynucleotide is operatively
linked to a promoter. In some embodiments, the rAAV comprises an AAV2 capsid and an
expression cassette comprising a polynucleotide encoding an GDNF protein comprising an

amino acid sequence that shares at least 85%, at least 86%, at least 87%, at least 88%, at least
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89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identity to SEQ ID NO: 3, and wherein the
polynucleotide is operatively linked to a promoter.

[00131] In some embodiments, the rAAV comprises an AAVS capsid and an expression
cassette comprising a polynucleotide encoding NGF operatively linked to a promoter. In some
embodiments, the rAAV comprises an AAVS5 capsid and an expression cassette comprising a
polynucleotide encoding an NGF protein comprising a sequence that shares at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identity to SEQ ID NO: 2, and wherein the polynucleotide is operatively linked to a promoter.
In some embodiments, the rAAV comprises an AAVS capsid and an expression cassette
comprising a polynucleotide encoding an NGF protein comprising a sequence that shares at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identity to SEQ ID NO: 17, and wherein the polynucleotide is operatively linked
to a promoter. In some embodiments, the rAAV comprises an AAVS capsid and an expression
cassette comprising a polynucleotide encoding an NGF protein comprising an amino acid
sequence that shares at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% identity to SEQ ID NO: 1, and wherein the polynucleotide
is operatively linked to a promoter.

[00132] In some embodiments, the rAAV comprises an AAVS capsid and an expression
cassette comprising a polynucleotide encoding GDNF operatively linked to a promoter. In
some embodiments, the rAAV comprises an AAVS5 capsid and an expression cassette
comprising a polynucleotide encoding an GDNF protein comprising a sequence that shares at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identity to SEQ ID NO: 4, and wherein the polynucleotide is operatively linked to
a promoter. . In some embodiments, the rAAV comprises an AAVS capsid and an expression
cassette comprising a polynucleotide encoding an GDNF protein comprising a sequence that
shares at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% identity to SEQ ID NO: 18, and wherein the polynucleotide is operatively
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linked to a promoter. In some embodiments, the rAAV comprises an AAVS capsid and an
expression cassette comprising a polynucleotide encoding an GDNF protein comprising an
amino acid sequence that shares at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identity to SEQ ID NO: 3, and wherein the
polynucleotide is operatively linked to a promoter.

[00133] In some embodiments, the rAAV comprises an AAV9 capsid and an expression
cassette comprising a polynucleotide encoding NGF operatively linked to a promoter. In some
embodiments, the rAAV comprises an AAV9 capsid and an expression cassette comprising a
polynucleotide encoding an NGF protein comprising a sequence that shares at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identity to SEQ ID NO: 2, and wherein the polynucleotide is operatively linked to a promoter.
In some embodiments, the rAAV comprises an AAV9 capsid and an expression cassette
comprising a polynucleotide encoding an NGF protein comprising a sequence that shares at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identity to SEQ ID NO: 17, and wherein the polynucleotide is operatively linked
to a promoter. In some embodiments, the rAAV comprises an AAV9 capsid and an expression
cassette comprising a polynucleotide encoding an NGF protein comprising an amino acid
sequence that shares at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% identity to SEQ ID NO: 1, and wherein the polynucleotide
is operatively linked to a promoter.

[00134] In some embodiments, the rAAV comprises an AAV9 capsid and an expression
cassette comprising a polynucleotide encoding GDNF operatively linked to a promoter. In
some embodiments, the rAAV comprises an AAV9 capsid and an expression cassette
comprising a polynucleotide encoding an GDNF protein comprising a sequence that shares at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identity to SEQ ID NO: 4, and wherein the polynucleotide is operatively linked to
a promoter. In some embodiments, the rAAV comprises an AAV9 capsid and an expression

cassette comprising a polynucleotide encoding an GDNF protein comprising a sequence that
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shares at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% identity to SEQ ID NO: 18, and wherein the polynucleotide is operatively
linked to a promoter. In some embodiments, the rAAV comprises an AAV9 capsid and an
expression cassette comprising a polynucleotide encoding an GDNF protein comprising an
amino acid sequence that shares at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identity to SEQ ID NO: 3, and wherein the
polynucleotide is operatively linked to a promoter.

[00135] In some embodiments, the rAAV comprises an AAV capsid and an expression cassette
comprising a polynucleotide sequence comprising SEQ ID NO: 23.

[00136] In some embodiments, the rAAV comprises an AAV capsid and an expression cassette
comprising a polynucleotide sequence comprising SEQ ID NO: 24.

[00137] In some embodiments, the rAAV comprises an AAV capsid and expression cassette

comprising a polynucleotide sequence comprising SEQ ID NO: 25

Methods of Use

[00138] Methods and compositions described herein can treat ocular conditions and reduce the

LRI
>

associated symptoms of the ocular conditions. The terms “treatment”, “treating” and the like
are used herein to generally mean obtaining a desired pharmacologic and/or physiologic effect.
The effect may be prophylactic in terms of completely or partially preventing a disease or
symptom thereof, e.g. reducing the likelihood that the disease or symptom thereof occurs in
the subject, and/or may be therapeutic in terms of a partial or complete cure for a disease and/or
adverse effect attributable to the disease. “Treatment” as used herein covers any treatment of a
disease in a mammal, and includes: (a) inhibiting progress of the disease; (b) alleviating,
reducing, or reducing an increase in one or more symptoms of the disease; (c) alleviating,
reducing, or reducing an increase in one or more signs of the disease; (d) causing regression of
the disease. The therapeutic agent may be administered before, during or after the onset of
disease or injury. The treatment of ongoing disease, where the treatment stabilizes or reduces
the undesirable clinical symptoms of the patient, is of particular interest. Such treatment is
desirably performed prior to complete loss of function in the affected tissues. The subject
therapy will desirably be administered during the symptomatic stage of the disease, and in some
cases after the symptomatic stage of the disease.
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[00139] As used herein, “administer,” “administering,” “administration” and the like refers to
providing a substance (e.g., rAAV virion) to a subject in a manner that is pharmacologically
useful (e.g., to treat a disease, disorder, or condition in the subject).

[00140] The methods and compositions of the present disclosure may support, maintain, and/or
repair the ocular surface in a subject with an ocular condition. Ocular conditions can be, for
example, neurotrophic keratitis, chemical burn of the ocular surface, corneal wound, persistent
epithelial defect, dry eye disease, herpes simplex viral infection of the trigeminal nerve and/or
the eye, varicella zoster virus infection of the trigeminal nerve and/or the eye, and diabetic
complications of the corneal nerves. In some embodiments, the ocular condition is neurotrophic
keratitis, chemical burn of the ocular surface, corneal wound, corneal ulcer, persistent epithelial
defect, dry eye disease, herpes simplex viral infection of the trigeminal nerve and/or the eye,
varicella zoster virus infection of the trigeminal nerve and/or the eye, or diabetic complications
of the corneal nerves. In some embodiments, the ocular condition is neurotrophic keratitis. In
some embodiments, the ocular condition is chemical burn of the ocular surface. In some
embodiments, the ocular condition is a corneal wound. In some embodiments, the ocular
condition is a corneal ulcer. In some embodiments, the ocular condition is a persistent epithelial
defect. In some embodiments, the ocular condition is dry eye disease. In some embodiments,
the ocular condition is herpes simplex viral infection of the trigeminal nerve and/or the eye. In
some embodiments, the ocular condition is varicella zoster virus infection of the trigeminal
nerve and/or the eye. In some embodiments, the ocular condition is diabetic complications of
the corneal nerves.

[00141] Neurotrophic keratitis, or neurotrophic keratopathy, presents as epithelial keratopathy,
ulceration, and perforation in the cornea. Neurotrophic keratitis is a degenerative disease of the
corneal epithelium resulting from impaired corneal innervation. Symptoms include reduced or
total loss of corneal sensitivity. Neurotrophic keratitis is diagnosed and staged using one or
more of eye exam as described herein, observations of a combination of rose bengal staining
of the inferior palpebral conjuctiva, tear mucus viscosity, tear break-up time, fluorescein stain,
observation of nonhealing corneal defect, swelling and edematous stroma within the
Descemet’s membrane, corneal ulcer, corneal perforation, and corneal stromal melting
(Sacchetti ef al. Clin Ophthalmol.; 8: 571-579 (2014)).

[00142] In some embodiments, the disclosure provides a method of maintaining and/or
repairing the ocular surface in a subject with a chemical burn of the ocular surface. Chemical

burn of the ocular surface typically presents as a sudden onset of severe pain, epiphoria, and
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blepharospasm. Chemical burn of the ocular surface can be diagnosed through a complete eye
examination. Acute periocular signs of injury include periorbital edema and erythema,
deepithelialized skin, and loss of eyelashes and eyebrows. Other signs include corneal and
conjunctival epithelial defects, chemosis, conjunctival inflammation, limbal ischemia, corneal
cloudiness, sterile ulceration, edema, and occasionally perforation. High intraocular pressure
may also be a symptom and result from damage and/or inflammation of the trabecular
meshwork (Eslani ef al. J Ophthalmol.; 2014:196827 (2014)).

[00143] In some embodiments, the disclosure provides a method of maintaining and/or
repairing the ocular surface in a subject with a corneal wound. Corneal wounds typically
present with symptoms of eye pain, tearing, sensitivity to light, and foreign body sensation.
Diagnosis is performed using one or more of an eye examination, vision loss assessment,
identification of corneal infiltrate or ulcer, identification of hypopyon or hyphema, evidence of
penetrating eye injury, identification of irregular pupils, and extension of ocular contents.
Diagnosis is performed using one or more of an eye examination, vision loss assessment,
identification of corneal infiltrate or ulcer, identification of hypopyon or hyphema, evidence of
penetrating eye injury, presence for foreign bodies in any ocular structures, identification of
irregular pupils, and extension of ocular contents. In addition, fluorescein staining may be used
to help identify any corneal abrasion (Wipperman ef a/. Am Fam Physician.; 87(2):114-120
(2013)).

[00144] In some embodiments, the disclosure provides a method of maintaining and/or
repairing the ocular surface in a subject with a corneal ulcer. Corneal ulcer occurs when there
is a failure of healing in the corneal epithelium within a normal two-week period following an
injury to the ocular surface. when there is a failure of healing in the corneal epithelium within
a normal two-week period following an injury to the ocular surface. Diagnosis is performed
using an eye examination as described herein.

[00145] Persistent epithelial defect occurs when there is a failure of healing in the corneal
epithelium within a normal two-week period following an injury to the ocular surface.
Diagnosis is performed using an eye examination as described herein.

[00146] In some embodiments, the disclosure provides a method of maintaining and/or
repairing the ocular surface in a subject with dry eye disease. Dry eye disease presents with
blurry vision, eye irritation, a gritty or foreign body sensation, burning, tearing, photophobia,
stinging, or intermittent sharp pain. Dry eye disease may be diagnosed using one or more of an

eye examination as described herein, a Schirmer test or tear function index analysis to assess
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tear production, fluorescein staining to identify corneal epithelial defects, rose bengal staining,
lissamine green staining, tear break-up time, a functional visual acuity test, and a tear meniscus
assessment (Zeev et al. Clin Ophthalmol.; 8: 581-590 (2014)).

[00147] In some embodiments, the disclosure provides a method of maintaining and/or
repairing the ocular surface in a subject with a herpes simplex viral infection. Herpes simplex
viral infection of the trigeminal nerve and/or the eye, also known as herpes simplex keratitis,
presents with symptoms that include redness, discharge, watery eyes, irritation, itching, pain,
photophobia, and/or coarse granular spots that form punctuate lesions. Diagnosis is performed
using one or more of an eye examination as described herein, slit-lamp examination, lissamine
green staining, rose bengal staining, PCR, immunofluorescence antibody assay, and ELISA
assay (Azher et al. Clin Ophthalmol. 11: 185-191 (2017)).

[00148] In some embodiments, the disclosure provides a method of maintaining and/or
repairing the ocular surface in a subject with a varicella zoster virus infection. Varicella zoster
virus infection of the trigeminal nerve, also herpes zoster ophthalmicus, has corneal
complications that present with varying degrees of decreased vision, pain, and light sensitivity.
Diagnosis includes identification of punctate epithelial keratitis, elevated dendritic plaques,
granular infiltrates, or other irregularities using slit lamp examination, rose bengal staining, and
fluorescein staining (Shaikh er al. Am Fam Physician. 66(9):1723-1730 (2002)).

[00149] In some embodiments, the disclosure provides a method of maintaining and/or
repairing the ocular surface in a subject with diabetic complications of the corneal nerves.
Diabetic complications of the corneal nerves present with corneal alterations that include
increased corneal thickness, epithelial defects, epithelial fragility and recurrent erosions, ulcers,
edema, superficial punctate keratitis, delayed and incomplete wound repair, endothelial
changes, low tear secretion, dry eye syndrome, and reduced corneal sensitivity (Ljubimov ef
al. Vision Res.; 139: 138-152 (2017)).

[00150] As herein, the term “subject” refers to a mammal, including, but not limited to, human
and non-human primates, including simians and humans; mammalian sport animals (e.g.,
horses); mammalian farm animals (e.g., sheep, goats, etc.); mammalian pets (dogs, cats, etc.);
and rodents (e.g., mice, rats, etc.).

[00151] A subject can have, for example, any of the symptoms or ocular disorders described
herein.

[00152] In some embodiments, the methods described herein result in one or more symptoms

of the ocular condition being reduced compared to the symptoms of the ocular condition before
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administration of the rAAYV virion. As used herein, “symptoms” include any of the diagnostic
criteria or symptoms associated with a given ocular condition, including those described herein.
In some embodiments, symptoms can be reduced following administration of the compositions
and rAAVs of the disclosure. In some embodiments, one or more symptoms of the ocular
condition are reduced compared to the symptoms of the ocular condition in an untreated control
subject. In some embodiments, one or more symptoms of the ocular condition are reduced
compared to the symptoms of the ocular condition in a contralateral eye. By “contralateral eye”
it is meant the eye of the subject that is opposite from the eye that has been treated with a
composition according to the present disclosure. The contralateral eye can be used as a control
for treatment, so long as the subject suffers from bilateral disease, or in the case of a model
animal, has been subjected to the experimental protocol leading up to treatment in both eyes.
[00153] In some embodiments, expression of human NGF is increased 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99%
compared to expression of human NGF in an untreated subject, or in the contralateral eye of a
treated subject. In some embodiments, expression of human NGF may be increased 1-fold, 2-
fold, 3-fold, 4-fold, or 5-fold, 6-fold, 7-fold, 8-fold, or 9-fold compared to expression of human
NGF in an untreated subject, or in the contralateral eye of a treated subject.

[00154] In some embodiments, expression of human NGF is increased for about 1 day, 2 days,
3 days, 4 days, 5 days, 6 days, 7 days, 1 week, 2 weeks, 3 weeks, 4 weeks, 1 month, 2 months,
3 months, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 10 months, 11 months,
or 1 year compared to expression of human NGF in an untreated subject, or in the contralateral
eye of a treated subject.

[00155] As used herein, “approximately” or “about,” as applied to one or more values of
interest, refers to a value that is similar to a stated reference value. In certain embodiments,
“about” refers to a range of values that fall within 25%, 20%, 19%, 18%, 17%, 16%, 15%,
14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1% or less in either direction
(greater than or less than) of the stated reference value unless otherwise stated or otherwise
evident from the context (except where such number would exceed 100% of a possible value).
[00156] In some embodiments, a subject is administered an rAAV comprising a nucleotide
encoding human NGF described herein, wherein expression of human NGF is increase in the
subject compared to expression of human NGF in an untreated subject, or in the contralateral

eye of a treated subject.
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[00157] In some embodiments, the disclosure provides a method of treating a subject with an
ocular disease or disorder, comprising administering to the subject an rAAV comprising a
nucleotide encoding a human NGF protein, wherein expression of human NGF is increase in
the subject compared to expression of human NGF in an untreated subject, or in the
contralateral eye of a treated subject.

[00158] In some embodiments, expression of human GDNF is increased 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99%
compared to expression of human GDNF in an untreated subject, or in the contralateral eye of
a treated subject. In some embodiments, expression of human GDNF may be increased 1-fold,
2-fold, 3-fold, 4-fold, or 5-fold, 6-fold, 7-fold, 8-fold, or 9-fold compared to expression of
human GDNF in an untreated subject, or in the contralateral eye of a treated subject.

[00159] In some embodiments, expression of human GDNF is increased for about 1 day, 2
days, 3 days, 4 days, 5 days, 6 days, 7 days, 1 week, 2 weeks, 3 weeks, 4 weeks, 1 month, 2
months, 3 months, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 10 months,
11 months, or 1 year compared to expression of human GDNF in an untreated subject, or in
the contralateral eye of a treated subject.

[00160] In some embodiments, a subject is administered an rAAV comprising a nucleotide
encoding human GDNF described herein, wherein expression of human GDNF is increase in
the subject compared to expression of human GDNF in an untreated subject, or in the
contralateral eye of a treated subject.

[00161] In some embodiments, the disclosure provides a method of treating a subject with an
ocular disease or disorder, comprising administering to the subject an rAAV comprising a
nucleotide encoding a human GDNF protein, wherein expression of human GDNF is increase
in the subject compared to expression of human GDNF in an untreated subject, or in the
contralateral eye of a treated subject.

[00162] In some embodiments, the disclosure provides rAAYV virions for use in a method of
treating an ocular condition in a subject in need thereof, the method comprising administering
a recombinant adeno-associated virus (rAAV) virion, the rAAV virion comprising an AAV
capsid and an expression cassette comprising a polynucleotide encoding a neurotrophic factor
operatively linked to a promoter, to at least one eye of the subject or to at least one lacrimal
gland of the eye of the subject. In some embodiments, the rAAYV virion for use is administered

to the lacrimal gland of a subject. In some embodiments, the rAAV virion for use comprises
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an expression cassette encoding an NGF protein. In some embodiments, the rAAV virion for
use comprises an expression cassette encoding an GDNF protein.

[00163] In some embodiments, the disclosure provides rAAYV virion for use, or adaptable for
use, to treat a subject with an ocular disease, disorder, or condition. In some embodiments, the
rAAYV virion for use or adaptable for use comprise an AAV capsid and an expression cassette
comprising a polynucleotide encoding a neurotrophic factor operatively linked to a promoter.
[00164] In some embodiments, the disclosure provides rAAYV virions for use in a method of
treating an ocular condition in a subject in need thereof, the method comprising administering
a recombinant adeno-associated virus (rAAV) virion described herein to at least one eye of the
subject or to at least one lacrimal gland of the eye of the subject.

In some embodiments, the disclosure provides rAAYV virions for use in a method of treating an
ocular condition in a subject in need thereof, the method comprising administering a
recombinant adeno-associated virus (rAAV) virion comprising an expression cassette
comprising the nucleic acid sequence of SEQ ID NO: 25 to at least one eye of the subject or to
at least one lacrimal gland of the eye of the subject. In some embodiments, the disclosure
provides rAAYV virions for use in a method of treating an ocular condition in a subject in need
thereof, the method comprising administering a recombinant adeno-associated virus (rAAV)
virion comprising an expression cassette comprising the nucleic acid sequence of SEQ ID NO:
24 to at least one eye of the subject or to at least one lacrimal gland of the eye of the subject.
In some embodiments, the disclosure provides rAAV virions for use in a method of treating an
ocular condition in a subject in need thereof, the method comprising administering a
recombinant adeno-associated virus (rAAV) virion comprising an expression cassette
comprising the nucleic acid sequence of SEQ ID NO: 23 to at least one eye of the subject or to
at least one lacrimal gland of the eye of the subject.

Modes of Administration

[00165] In some aspects, the disclosure provides methods comprising administering an rAAV
virion, the rAAYV virion comprising an AAV capsid and an expression cassette comprising a
polynucleotide encoding a neurotrophic factor operatively linked to a promoter, to the eye of
the subject or to a lacrimal gland of the eye of the subject.

[00166] As noted above, the lacrimal functional unit is composed of main and accessory
lacrimal glands, the ocular surface, and the interconnecting innervation. For each eye, a main
lacrimal gland is situated superotemporally in the orbital within the lacrimal fossa of the frontal
bone. The accessory glands, known as the Wolfring’s glands and Krause’s glands are located
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in the eyelid. In the upper eyelid there are about 2 to 5 Wolfring’s glands and about forty
Krause’s glands. In the lower eyelid there are about 6 to 8 Krause’s glands. Specific location
and anatomy of the lacrimal functional unit is well-known (Conrady ez a/. J Ophthalmol.; 2016:
7542929 (2016)). Together, the lacrimal glands secrete tear film onto the ocular surface through
lacrimal ducts. Lacrimal glands also express and secrete proteins and products necessary for
corneal regeneration and promoting transparency into the tear film, such as transforming
growth factor-f and retinol (Conrady ef al/. J Ophthalmol.; 2016: 7542929 (2016); Pan ef al.
Optom Vis Sci.; 95:27-31 (2018)).

[00167] Administration of a viral vector to the lacrimal gland may be accomplished by topical
administration to the ocular surface, direct injection into the lacrimal gland, and/or topical
administration to the lacrimal gland. In some embodiments, the rAAV is administered to the
lacrimal gland by topical administration. In some embodiments, the rAAV is administered to
the lacrimal gland by direct injection. The lacrimal gland may be accessed surgically or by
manipulation of the eyelid. Manipulation of the eyelid provides access to the tissue for
administration topically (e.g. by lavage of the tissue with a pharmaceutical composition
comprising the viral vector). Direct injection into the lacrimal gland may be done by
penetrating the skin over the lacrimal gland (FIG. 2A) or by manipulating the eyelid to access
the lacrimal gland (FIG. 2B). In some embodiments, the rAAYV is administered to the lacrimal
gland by direct injection as depicted in FIG. 2A. In some embodiments, the rAAV is
administered to the lacrimal gland by manipulating the eyelid as depicted in FIG. 2B.

[00168] In some embodiments, cells within the eye and/or lacrimal gland are transduced by the
rAAYV virion. Cells within the eye and/or lacrimal gland are, without limitation, acinar cells,
ductal cells, and/or myoepithelial cells. In some embodiments, acinar cells, ductal cells, and
myoepithelial cells are transduced by the rAAYV virion. In some embodiments, acinar cells are
transduced by the rAAV virion. In some embodiments, ductal cells are transduced by the rAAV
virion. In some embodiments, myoepithelial cells are transduced by the rAAV virion. In some
embodiments, the transduced cells within the eye and/or lacrimal gland express a
therapeutically effective amount of the neurotrophic factor into the tear film and optionally
onto the ocular surface of the subject. In some embodiments, the transduced cells within the
eye and/or lacrimal gland express an effective amount of the neurotrophic factor into the tear
film and optionally onto the ocular surface of the subject. An “effective amount,” as used
herein, refers to an amount or dose of an rAAYV, treatment, or composition described herein

that is sufficient to reduce the symptoms and or signs of an ocular condition described herein.
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The term “amount” as used herein refers to an absolute amount (e.g., an absolute amount of
protein or rAAV particles) or concentration (e.g. a concentration of protein in a solution),
whether the amount referred to in a given instance refers to an absolute amount, concentration,
or both, will be clear to the skilled artisan based on the context provided herein.

[00169] Delivery of rAAYV virions to the eye and/or lacrimal gland to express a transgene into
tear film has been demonstrated in vivo. In one example, the main lacrimal glands of mice were
directly injected with rAAV virions encoding a luciferase transgene with serotypes AAV2,
AAV4, AAVS, AAV 5w8, AAV x5, AAV 9, AAV12, and bovine AAV (BAAV). AAV9, AAV
5w8, AAVS5, and AAV2 each are able to transduce the lacrimal ductal and acinar cells of the
lacrimal gland (Rocha et al., supra).

[00170] In some embodiments, the rAAV virion is administered to a lacrimal gland of the
subject. In some embodiments, the lacrimal gland is the main lacrimal gland. In some
embodiments, the lacrimal gland is any one of the Wolfring’s glands or the Krause’s glands of
the subject.

[00171] Compositions and rAAV virions of the disclosure may be administered to the lacrimal
gland of the subject by any suitable method. For example, the subject composition may be
administered by direct injection to the main or accessory lacrimal glands.

[00172] Access to the lacrimal gland in human subjects can be achieved, for example, by
manually elevating the upper eyelid to expose the palpebral lobe of the lacrimal gland and
delivering the therapeutic agent using a syringe, e.g., with a 30G needle.

[00173] The viral vectors of the disclosure are generally delivered to the subject as a
pharmaceutical composition. Pharmaceutical compositions comprise a pharmaceutically
acceptable solvent (e.g. water, etc.) and one or more excipients. In some embodiments, the
pharmaceutical compositions comprise a buffer at about neutral pH (pH 5, 6, 7, 8, or 9). In
some embodiments, the pharmaceutical composition comprises phosphate buffered saline (e.g.
PBS at pH of about 7). The pharmaceutical compositions may comprise a pharmaceutically
acceptable salt. The concentration of the salt may be selected to ensure that the pharmaceutical
composition is isotonic to, or nearly isotonic to, the target tissue.

[00174] In various embodiments, the pharmaceutical compositions of the disclosure comprise
about 1 x 10® genome copies per milliliter (GC/mL), about 5 x 10® GC/mL, about 1 x 10°
GC/mL, about 5 x 10° GC/mL, about 1 x 10'° GC/mL, about 5 x 10'° GC/mL, about 1 x 10!
GC/mL, about 5 x 10! GC/mL, about 1 x 10'> GC/mL, about 5 x 10'> GC/mL, about 5 x 10"
GC/mL, or about 1 x 10 GC/mL of the viral vector (e.g. TAAV virion). In various
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embodiments, the pharmaceutical compositions of the disclosure comprise about 1 x 10%
genome copies per milliliter (GC/mL), about 5 x 108 GC/mL to about 1 x 10° GC/mL, about 1
x 10° GC/mL to about 5 x 10° GC/mL, about 5 x 10° GC/mL to about 1 x 10 GC/mL, about
1 x 10 GC/mL to about 5 x 10'° GC/mL, about 5 x 10 GC/mL to about 1 x 10'! GC/mL,
about 1 x 10 GC/mL to about 5 x 10'' GC/mL, about 5 x 10! GC/mL to about 1 x 10!
GC/mL, about 1 x 10'2 GC/mL to about 5 x 102 GC/mL, about 5 x 10> GC/mL to about 5 x
10" GC/mL, or about 5 x 10" GC/mL to about 1 x 10* GC/mL of the viral vector (e.g. TAAV
virion). In various further embodiments, the pharmaceutical compositions of the disclosure
comprise about 5 x 10® GC/mL to about 5 x 10° GC/mL, about 5 x 10° GC/mL to about 5 x
101 GC/mL, about 5 x 10! GC/mL to about 5 x 10 GC/mL, about 5 x 10 GC/mL to about
5 x 102 GC/mL, or about 5 x 102 GC/mL to about 1 x 10* GC/mL of the viral vector (e.g.
rAAV virion). In yet further embodiments, the pharmaceutical compositions of the disclosure
comprise about 5 x 10 GC/mL to about 5 x 10! GC/mL, about 5 x 10'° GC/mL to about 5 x
102 GC/mL, or about 5 x 10'2 GC/mL to about 1 x 10 GC/mL of the viral vector (e.g. TAAV
virion).

[00175] In some embodiments, the pharmaceutical compositions of the disclosure comprise
about 1 x 10'?> GC/mL to about 6.2 x 10" GC/mL of the viral vector (e.g., rAAV virion). In
some embodiments, the pharmaceutical compositions of the disclosure comprise about 1 x 102
GC/mL or about 6.2 x 102 GC/mL of the viral vector (e.g., rAAV virion).

[00176] In some embodiments, the pharmaceutical compositions of the disclosure are
administered in a total volume of about 10 uL, about 20 pL, about 30 pL, about 40 pL, about
50 pL, about 60 puL, about 70 uL, about 80 ul, about 90 pL, about 100 uL, 110 pL, about 120
uL, about 130 uL, about 140 pL, about 150 uL, about 160 uL, about 170 uL, about 180 puL,
about 190 uL, or about 200 pL. In some embodiments, the pharmaceutical compositions of the
disclosure are administered in a total volume of about 10 uL to about 20 puL, about 20 pL to
about 30 pL, about 30 uL to about 40 pL, about 40 uL to about 50 uL, about 50 pL to about
60 uL, about 60 uL to about 70 uL, about 70 pL to about 80 pL, about 80 uL to about 90 uL,
about 90 uL to about 100 uL, about 100 uL. to 110 uL, 110 pL to about 120 uL, about 120 uL
to about 130 pL, about 130 uL to about 140 pL, about 140 uL to about 150 uL, about 150 uL.
to about 160 pL, about 160 pL to about 170 pL, about 170 uL to about 180 uL, about 180 uL
to about 190 pL, or about 190 uL to about 200 pL.

[00177] Genome copies per milliliter can be determined by quantitative polymerase change

reaction (qQPCR) using a standard curve generated with a reference sample having a known

49



WO 2022/235780 PCT/US2022/027647

concentration of the polynucleotide genome of the virus. For AAV, the reference sample used
is often the transfer plasmid used in generation of the rAAV virion but other reference samples
may be used.

[00178] Alternatively, or in addition, the concentration of a viral vector can be determined by
measuring the titer of the vector on a cell line. Viral titer is typically expressed as viral particles
(vp) per unit volume (e.g., vp/mL). In various embodiments, the pharmaceutical compositions
of the disclosure comprise about 1 x 10® viral particles per milliliter (vp/mL), about 5 x 10®
vp/mL, about 1 x 10° vp/mL, about 5 x 10° vp/mL, about 1 x 10 vp/mL, about 5 x 10
vp/mL, about 1 x 10! vp/mL, about 5 x 10! vp/mL, about 1 x 10'? yvp/mL, about 5 x 1012
vp/mL, about 5 x 10'* vp/mL, or about 1 x 10'* vp/mL of the viral vector (e.g., TAAV virion).
In various further embodiments, the pharmaceutical compositions of the disclosure comprise
about 1 x 10® viral particles per milliliter (vp/mL) to about 5 x 10® vp/mL, about 5 x 10® vp/mL
to about 1 x 10° vp/mL, about 1 x 10° vp/mL to about 5 x 10° vp/mL, about 5 x 10° vp/mL to
about 1 x 10'° vp/mL, about 1 x 10'° vp/mL to about 5 x 10'° vp/mL, about 5 x 10'° vp/mL to
about 1 x 10! vp/mL, about 1 x 10! vp/mL to about 5 x 10'! vp/mL, about 5 x 10" vp/mL to
about 1 x 10'2 vp/mL, about 1 x 102 vp/mL to about 5 x 10'2 vp/mL, about 5 x 102 vp/mL to
about 5 x 10" vp/mL, or about 5 x 10'* vp/mL to about 1 x 10'* vp/mL of the viral vector (e.g.,
rAAYV virion).

[00179] A variety of tests are available to evaluate ocular conditions in a subject before, during,
and after treatment with any of the methods or compositions disclosed herein. In some of the
embodiments disclosed herein, the effective treatment of the subject is indicated by one or more
of the tests that can be, for example, a) Eye Dryness score test on a visual analog scale, b)
Schirmer’s test, ¢) Corneal Fluorescein Staining test, and d) Ocular Surface Disease Index test.
Tests to evaluate the signs and symptoms of an ocular condition may be administered under
standardized or reproducible conditions in order to obtain a subject’s test score. Conditions
include exposing the subject to an environment artificially created to adversely challenge the
subject or where the environment (temperature, humidity, air flow) is monitored and carefully
controlled.

[00180] The next sections provide further details on the Eye Dryness Score test on a visual
analog scale, Schirmer’s test, Corneal Staining test, and Ocular Surface Disease Index test.

Eye Dryness Score Test

[00181] An Eye Dryness Score test on a visual analog scale may be used to evaluate ocular
conditions, tearing levels, or ocular discomfort in a subject. The test involves the use of a visual
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analog scale and comprises a 100 mm horizontal line where one endpoint at 0 is labeled “no
discomfort” and the other endpoint at 100 is labeled “maximal discomfort.” FIG. 3 shows an
example of the visual analog scale (not shown at actual scale). The subject is asked to rate their
ocular symptoms due to eye dryness by placing a vertical mark on the horizontal line to indicate
their level of discomfort. The Eye Dryness score is then obtained by identifying where the
subject’s response is on the 100mm scale.

[00182] The Eye Dryness score, measured in mm, can be used to evaluate the severity of the
ocular symptom, and the effectiveness of a particular treatment of a subject. This test has the
advantage of being administered to the subject as frequently as every 5 minutes, which allows
the test administrator to closely monitor the changes in the subject’s symptoms over time.
Higher numbers indicate more discomfort for an ocular symptom compared to lower numbers,
which indicate relatively lower levels of discomfort. A decrease in the Eye Dryness score is
evidence that the treatment is effective in treating an ocular condition, increasing tear
production, or improving ocular discomfort. Reduction in Eye Dryness scores over time is
evidence of a reduction in or alleviation of the ocular symptom and generally indicates an
improvement in the subject’s condition.

[00183] In some of the embodiments disclosed herein, effective treatment is indicated by a
statistically significant decrease in the subject’s Eye Dryness score, and wherein the
statistically significant decrease in the subject’s Eye Dryness score is determined after
administration to the subject of the first dose, or the optionally one or more subsequent doses,
of the rAAV virion, and the first dose, or the optionally one or more subsequent doses, of the
treatment that increases tear production, wherein the subject’s Eye Dryness score is compared
to a) an Eye Dryness score of the subject prior to administration of the first dose of the rAAV
virion, and the first dose of the treatment that increases tear production; b) an Eye Dryness
score of a subject administered a control; ¢) an Eye Dryness score of a subject administered a
comparator compound; or d) an Eye Dryness score in a contralateral eye.

[00184] As used herein, the term “statistically significant” refers to a method of analysis
selected by a person of skill in the art based upon study design and the data type generated to
assess the difference observed between two or more groups, wherein the analysis determines
if the difference is not random or due strictly to chance.

[00185] In some of the embodiments disclosed herein, the subject’s Eye Dryness score is
compared to an Eye Dryness score of the subject prior to administration of the first dose of the

rAAYV virion, and the first dose of the treatment that increases tear production.
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[00186] In some of the embodiments disclosed herein, the subject’s Eye Dryness score is
compared to an Eye Dryness score of a subject administered a control.

[00187] In some of the embodiments disclosed herein, the subject’s Eye Dryness score is
compared to an Eye Dryness score of a subject administered a comparator compound.

[00188] In some of the embodiments disclosed herein, the subject’s Eye Dryness score is
compared to an Eye Dryness score in a contralateral eye.

[00189] In some embodiments, a statistically significant decrease in a subject’s Eye Dryness
score is observed in a subject administered an rAAYV virion described herein compared to a
control. In some of the embodiments described herein, the statistically significant decrease in
the subject’s Eye Dryness Score is at least 5%, 10%, 15%, 20%, 25%, 50%, 75%, 80%, 90%,
95%, 100%, 125%, 150%, 200%, 250%, 300%, or 350%. In some embodiments, a statistically
significant decrease in a subject’s Eye Dryness score is observed in a subject administered an
rAAYV virion described herein compared to a control, wherein the statistically significant
decrease in the subject’s Eye Dryness Score is at least 5%, 10%, 15%, 20%, 25%, 50%, 75%,
80%, 90%, 95%, 100%, 125%, 150%, 200%, 250%, 300%, or 350%.

[00190] In some of the embodiments described herein, the statistically significant decrease in
the subject’s Eye Dryness score is at least 3 mm, at least 5 mm, at least 10 mm, at least 15 mm,
at least 20 mm, at least 25 mm, at least 30 mm, at least 35 mm, at least 40 mm, at least 45 mm,
or at least 50 mm. In some embodiments, a statistically significant decrease in a subject’s Eye
Dryness score is observed in a subject administered an rAAV virion described herein compared
to a control, wherein the statistically significant decrease in the subject’s Eye Dryness Score is
at least 3 mm, at least 5 mm, at least 10 mm, at least 15 mm, at least 20 mm, at least 25 mm, at
least 30 mm, at least 35 mm, at least 40 mm, at least 45 mm, or at least 50 mm.

[00191] In some of the embodiments described herein, the statistically significant decrease in
the subject’s Eye Dryness score is between 3 mm and 10 mm, between 3 mm and 20 mm,
between 3 mm and 25 mm, between 3 mm and 30 mm, between 3 mm and 35 mm, between 3
mm and 40 mm, between 3 mm and 45 mm, between 3 mm and 50 mm, between 5 mm and 10
mm, between 5 mm and 20 mm, between 5 mm and 25 mm, between 5 mm and 30 mm, between
5 mm and 35 mm, between 5 mm and 40 mm, between 5 mm and 45 mm, between 5 mm and
50 mm, between 10 mm and 15 mm, between 10 mm and 20 mm, between 10 mm and 25 mm,
between 10 mm and 30 mm, between 10 mm and 35 mm, between 10 mm and 40 mm, between

10 mm and 45 mm, between 10 mm and 50 mm, between 15 mm and 20 mm, between 20 mm
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and 30 mm, between 25 mm and 35 mm, between 30 mm and 40 mm, between 30 mm and 45
mm, or between 30 mm and 50 mm.

[00192] In some of the embodiments described herein, the statistically significant decrease in
the subject’s Eye Dryness Score is characterized by a p value of 0.05 or less, 0.01 or less, 0.005
or less, or 0.001 or less. In some of the embodiments described herein, the statistically
significant decrease in the subject’s Eye Dryness Score is characterized by a p value of 0.05 or
less. In some of the embodiments described herein, the statistically significant decrease in the
subject’s Eye Dryness Score is characterized by a p value of 0.01 or less.

[00193] In some of the embodiments described herein, the statistically significant decrease in
the subject’s Eye Dryness Score is within 1 day, within 2 days, within 3 days, within 4 days,
within 1 week, within 2 weeks, within 3 weeks, within 4 weeks, within 1 month, within 2
months, within 3 months, within 4 months, within 5 months or within 6 months after treatment
with any of the methods or compositions disclosed.

[00194] In some embodiments, the decrease in a subject’s Eye Dryness Score persists for about
1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 1 week, 2 weeks, 3 weeks, 4 weeks, 1
month, 2 months, 3 months, 4 months, 5 months, 6 months, 9 months, or 1 year after treatment
with any of the methods or compositions disclosed herein.

[00195] In some of the embodiments described herein, wherein the statistically significant
decrease in the subject’s Eye Dryness score is based on the subject’s Eye Dryness score
determined after administering the first dose of the rAAYV virion.

[00196] In some of the embodiments described herein, the statistically significant decrease is
based on the subject’s Eye Dryness score determined after treatment with any of the methods

or compositions disclosed herein.
Schirmer Score Test

[00197] Ocular conditions may affect tear volume and tear production. A Schirmer’s test may
be used to evaluate tear production and assess the severity of dry eye disease, insufficient
tearing, or ocular discomfort in a subject. The test measures the amount of tears produced in
each eye. The test typically involves first placing an anesthetic into one or both of the subject’s
eyes. These drops prevent the eyes from watering in reaction to the test strips. Then, the test
administrator places a piece of filter paper inside one or both lower eyelids and the person
closes their eyes. After 5 minutes, the test administrator removes the filter paper and assesses
how far the tears have travelled on the paper. The Schirmer’s test may be administered to one
or both eyes.
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[00198] In general, the smaller the amount of moisture on the paper, the fewer tears that person
has produced. In healthy eyes, each strip of paper typically contains more than 10 millimeters
of moisture. A Schirmer’s score of less than 10 millimeters of moisture may indicate one or
more of the following conditions including the ocular conditions described herein, abnormally
low tearing, or ocular discomfort.

[00199] A Schirmer’s test may be used to evaluate the effectiveness of a particular treatment
in a subject and may be administered multiple times to monitor any change in the severity of
the subject’s symptoms over a period of time. An increase in Schirmer’s scores over time in a
subject being treated for ocular conditions described herein, insufficient tearing, or ocular
discomfort is evidence for an increase in tear volume or tear production and generally indicates
improvement in the subject’s condition. An increase in the Schirmer’s score over time is
evidence that treatment is effective in treating ocular conditions described herein, increasing
tear production, or improving ocular discomfort.

[00200] In some of the embodiments disclosed herein, effective treatment is indicated by a
statistically significant increase in the subject’s Schirmer’s score, and wherein the statistically
significant increase in the subject’s Schirmer’s score is determined after treatment with any of
the methods or compositions disclosed herein, wherein the subject’s Schirmer’s score is
compared to a) a Schirmer’s score of the subject prior to administration of the first dose of the
rAAV virion, and the first dose of the treatment that increases tear production; b) a Schirmer’s
score of a subject administered a control; ¢) a Schirmer’s score of a subject administered a
comparator compound; or d) a contralateral eye.

[00201] In some of the embodiments disclosed herein, the subject’s Schirmer’s score is
compared to a Schirmer’s score of the subject prior to administration of a pharmaceutical
composition described herein. In some of the embodiments disclosed herein, the subject’s
Schirmer’s score is compared to a Schirmer’s score of a subject administered a control. In some
of the embodiments disclosed herein, the subject’s Schirmer’s score is compared to a
Schirmer’s score of a subject administered a comparator compound. In some of the
embodiments disclosed herein, the subject’s Schirmer’s score is compared to a contralateral
eye.

[00202] In some embodiments, a statistically significant increase in a subject’s Schirmer’s
score is observed in a subject administered an rAAYV virion described herein compared to a

control.
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[00203] In some of the embodiments described herein, the statistically significant increase in
the subject’s Schirmer’s score is at least 5%, 10%, 15%, 20%, 25%, 50%, 75%, 80%, 90%,
95%, 100%, 125%, 150%, 200%, 250%, 300%, or 350%. In some of the embodiments
described herein, the increase in the subject’s Schirmer’s score is at least 100%, 200%, or
300%. In some embodiments, a statistically significant increase in a subject’s Schirmer’s score
is observed in a subject administered an rAAYV virion described herein compared to a control,
wherein the statistically significant increase in the subject’s Schirmer’s Score is at least 5%,
10%, 15%, 20%, 25%, 50%, 75%, 80%, 90%, 95%, 100%, 125%, 150%, 200%, 250%, 300%,
or 350%.

[00204] In some of the embodiments described herein, the statistically significant increase in
the subject’s Schirmer’s score is at least 3 mm, at least 5 mm, at least 10 mm, at least 15 mm,
at least 20 mm, at least 25 mm, at least 30 mm, at least 35 mm, at least 40 mm, at least 45 mm,
or at least 50 mm.

[00205] In some of the embodiments described herein, the statistically significant increase in
the subject’s Schirmer’s score is between 3 mm and 5 mm, between 3 mm and 10 mm, between
3 mm and 15 mm, between 3 mm and 20 mm, between 3 mm and 25 mm, between 3 mm and
30 mm, between 5 mm and 10 mm, between 5 mm and 15 mm, between 5 mm and 20 mm,
between 5 mm and 25 mm, between 5 mm and 30 mm, between 10 mm and 15 mm, between
10 mm and 20 mm, between 10 mm and 25 mm, between 10 mm and 30 mm, 15 mm and 20
mm, between 15 mm and 25 mm, between 15 mm and 30 mm, between 20 mm and 25 mm, or
between 20 mm and 30 mm.

[00206] In some embodiments, a statistically significant increase in a subject’s Schirmer score
is observed in a subject administered an rAAYV virion described herein compared to a control,
wherein the statistically significant increase in the subject’s Schirmer Score is at least 3 mm,
at least 5 mm, at least 10 mm, at least 15 mm, at least 20 mm, at least 25 mm, at least 30 mm,
at least 35 mm, at least 40 mm, at least 45 mm, or at least 50 mm.

[00207] In some of the embodiments described herein, the statistically significant increase in
the subject’s Schirmer’s score is characterized by a p value of 0.05 or less, 0.01 or less, 0.005
or less, or 0.001 or less.

[00208] In some of the embodiments described herein, the statistically significant increase in
the subject’s Schirmer’s score is within 1 day, within 2 days, within 3 days, within 4 days,
within 1 week, within 2 weeks, within 3 weeks, within 4 weeks, within 1 month, within 2

months, within 3 months, within 4 months, within 5 months or within 6 months after treatment

55



WO 2022/235780 PCT/US2022/027647

according to the methods or compositions disclosed herein. In some of the embodiments
described herein, the statistically significant increase in the subject’s Schirmer’s score is within
1 minute, 2 minutes, 5 minutes, when measured acutely, or withing 1 day, within 2 days, within
3 days, within 4 days, within 1 week, within 2 weeks, within 3 weeks, within 4 weeks, within
1 month, within 2 months, within 3 months, within 4 months, within 5 months or within 6
months when measured chronically after treatment according to the methods or compositions
disclosed herein.

[00209] In some embodiments, the increase in a subject’s Schirmer’s score persists for 1
minute, 2 minutes, 3 minutes, or at least 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days,
1 week, 2 weeks, 3 weeks, 4 weeks, 1 month, 2 months, 3 months, 4 months, 5 months, 6
months, 9 months, or 1 year after treatment with any of the methods or compositions disclosed
herein.

[00210] In some of the embodiments described herein, wherein the statistically significant
increase in the subject’s Schirmer’s score is based on the subject’s Schirmer’s score determined
after treatment according to the methods or compositions disclosed herein.

[00211] In some of the embodiments described herein, the statistically significant increase is
based on the subject’s Schirmer’s score determined after treatment according to any of the
methods or compositions disclosed herein.

Corneal Staining Test

[00212] Corneal surface changes are associated with insufficient tear flow and excessive
dryness, as well as the ocular conditions described herein and ocular discomfort. Corneal
surface changes may include disruption of the mucin coating protecting the surface epithelial
cells, and/or damage to the epithelial cell walls.

[00213] Corneal Staining, including fluorescein staining, lissamine green staining, and rose
bengal staining, tests are diagnostic tests for determining corneal surface health and can
indicate areas of damage on the corneal surface. The normal corneal surface does not take up
water-soluble dyes instilled into the tear film. However, damaged epithelial cells allow water-
soluble dyes to diffuse into the surface cells. The dyes, which stain damaged epithelial cells,
may be visualized on the corneal surface indicating damage on the corneal surface.

[00214] To administer a Corneal Staining test, a staining dye is applied to one or both eyes.
The dye is allowed to penetrate and stain the area between surface cells. Devitalized cells and
strands of devitalized surface tissue (filaments) can be visualized with this test. A test
administrator then uses a corneal surface scoring system developed to rate the severity of
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damage observed. This scoring system is useful for treatment of an ocular condition over time.
FIG. 4 depicts the NEI/Industry Workshop Scale used in the scoring system. Other equivalent
standardized scoring systems may be used. A test administrator grades the areas of the corneal
surface that are damaged and calculates the corneal score reflecting the severity of damage to
the corneal surface.

[00215] A test administrator may use the corneal score to evaluate the effectiveness of a
particular treatment in a subject. The test may be administered multiple times to monitor any
change in the severity of the subject’s ocular surface over a period of time. In general, higher
numbers indicate more damage to the corneal surface compared to lower numbers, which
indicate lower levels of damage to the corneal surface. Reduction in corneal scores over time
is evidence of a reduction in the damage to corneal surface. The decrease in corneal scores
generally indicates and improvement in the subject’s condition. The decrease in corneal scores
over time is also evidence that the treatment is effective in treating dry eye disease, increasing
tear production, or improving ocular discomfort.

[00216] In some of the embodiments disclosed herein, effective treatment is indicated by a
statistically significant decrease in the subject’s corneal score, and wherein the statistically
significant decrease in the subject’s corneal score is determined after administration to the
subject of the first dose, or the optionally one or more subsequent doses, of the compositions
described herein, wherein the subject’s corneal score is compared to a) a corneal score of the
subject prior to administration of the first dose of the rAAYV virion, and the first dose of the
treatment that increases tear production; b) a corneal score of an subject administered a control;
¢) a corneal score of an subject administered a comparator compound; or d) a contralateral eye.
[00217] In some of the embodiments disclosed herein, the subject’s corneal score is compared
to a corneal score of the subject prior to administration of the pharmaceutical composition
according to the methods described herein. In some of the embodiments disclosed herein, the
subject’s corneal score is compared to a corneal score of a subject administered a control. In
some of the embodiments disclosed herein, the subject’s corneal score is compared to a corneal
score of a subject administered a comparator compound. In some of the embodiments disclosed
herein, the subject’s corneal score is compared to a contralateral eye.

[00218] In some of the embodiments disclosed herein, the subject’s corneal score may be used
to measure a definition of corneal healing defined as less than 0.5-mm fluorescein staining or

no (zero) fluorescein staining (Bonini et al., Ophthalmology. 125:1332—1343 (2018)).
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[00219] In some embodiments, a statistically significant decrease in a subject’s corneal healing
score is observed in a subject administered an rAAV virion described herein compared to a
control.

[00220] In some of the embodiments described herein, the statistically significant decrease in
the subject’s corneal healing score is at least 5%, 10%, 15%, 20%, 25%, 50%, 75%, 80%, 90%,
95%, 100%, 125%, 150%, 200%, 250%, 300%, or 350%.

[00221] In some embodiments, a statistically significant decrease in a subject’s corneal healing
score is observed in a subject administered an rAAYV virion described herein compared to a
control, wherein the statistically significant decrease in the subject’s corneal healing score is at
least 5%, 10%, 15%, 20%, 25%, 50%, 75%, 80%, 90%, 95%, 100%, 125%, 150%, 200%,
250%, 300%, or 350%.

[00222] In some of the embodiments described herein, the statistically significant decrease in
the subject’s corneal score is characterized by a p value of 0.05 or less, 0.01 or less, 0.005 or
less, or 0.001 or less.

[00223] In some of the embodiments described herein, the statistically significant decrease in
the subject’s corneal score is within 1 day, within 2 days, within 3 days, within 4 days, within
1 week, within 2 weeks, within 3 weeks, within 4 weeks, within 1 month, within 2 months,
within 3 months, within 4 months, within 5 months or within 6 months after treatment
according to the methods or compositions disclosed herein.

[00224] In some embodiments, the decrease in a subject’s corneal score persists for at least 1
day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 1 week, 2 weeks, 3 weeks, 4 weeks, 1 month,
2 months, 3 months, 4 months, 5 months, 6 months, 9 months, or 1 year after treatment with
any of the methods or compositions disclosed herein.

[00225] In some of the embodiments described herein, the statistically significant decrease is
based on the subject’s corneal score determined after administering one or more subsequent
doses of the rAAV virion, and optionally the first or the one or more subsequent doses of the
treatment that increases tear production.

Ocular Surface Disease Index Test

[00226] Subjects treated for ocular conditions and associated symptoms can provide important
information used to diagnose their condition and determine the severity of symptoms through
questionnaires. A well-designed questionnaire can be validated for reproducibility and should
consist of relevant questions that elicit responsive answers. One example of a questionnaire is
the Ocular Surface Disease Index (OSDI), a 12-question survey for subjects with an ocular
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condition that’s been shown to be a reliable and valid instrument for directly assessing
symptom frequency. The ocular symptoms that are evaluated include, but are not limited to,
burning/stinging, itching, foreign body sensation, eye discomfort, eye dryness, photophobia,
and pain. Most people are familiar with questionnaires and understand that they are an efficient
way for a health provider to gather information. Questionnaires also reduce bias, as there are
no verbal or visual cues to inadvertently influence the respondent. The test administrator
collects the response from the subject and calculates an OSDI based on the subject’s answers
to the questions.

[00227] The OSDI score can be used to evaluate the severity of the ocular symptom, and the
effectiveness of a particular treatment of a subject. Higher numbers indicate a higher severity
of an ocular condition. Reduction in OSDI scores over time is evidence of a reduction in or
alleviation of the ocular symptoms and generally indicates an improvement in the subject’s
condition. A decrease in the OSDI score is also evidence that the treatment is effective in
treating an ocular conditions and reducing symptoms.

[00228] In some of the embodiments disclosed herein, effective treatment is indicated by a
statistically significant decrease in the subject’s OSDI score, and wherein the statistically
significant decrease in the subject’s OSDI score is determined after administration to the
subject of the first dose, or the optionally one or more subsequent doses, of the rAAYV virion,
and the first dose, or the optionally one or more subsequent doses, of the treatment that
increases tear production, wherein the subject’s OSDI score is compared to a) an OSDI score
of the subject prior to administration of the first dose of the rAAYV virion, and the first dose of
the treatment that increases tear production; b) an OSDI score of an subject administered a
control; ¢) an OSDI score of a subject administered a comparator compound; or d) a
contralateral eye.

[00229] In some of the embodiments disclosed herein, the subject’s OSDI score is compared
to an OSDI score of the subject prior to treatment according to the disclosed methods described
herein. In some of the embodiments disclosed herein, the subject’s OSDI score is compared to
an OSDI score of a subject administered a control. In some of the embodiments disclosed
herein, the subject’s OSDI score is compared to an OSDI score of a subject administered a
comparator compound. In some of the embodiments disclosed herein, the subject’s OSDI score
is compared to an OSDI score of a contralateral eye.

[00230] In some embodiments, a statistically significant decrease in a subject’s OSDI score is

observed in a subject administered an rAAYV virion described herein compared to a control.
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[00231] In some of the embodiments described herein, the statistically significant decrease in
the subject’s OSDI score is at least 5%, 10%, 15%, 20%, 25%, 50%, 75%, 80%, 90%, 95%,
100%, 125%, 150%, 200%, 250%, 300%, or 350%. In some embodiments, a statistically
significant decrease in a subject’s OSDI score is observed in a subject administered an rAAV
virion described herein compared to a control, wherein the statistically significant decrease in
the subject’s OSDI Score is at least 5%, 10%, 15%, 20%, 25%, 50%, 75%, 80%, 90%, 95%,
100%, 125%, 150%, 200%, 250%, 300%, or 350%.

[00232] In some of the embodiments described herein, the statistically significant decrease in
the subject’s OSDI score is characterized by a p value of 0.05 or less, 0.01 or less, 0.005 or
less, or 0.001 or less.

[00233] In some of the embodiments described herein, the statistically significant decrease in
the subject’s OSDI score is within 1 day, within 2 days, within 3 days, within 4 days, within 1
week, within 2 weeks, within 3 weeks, within 4 weeks, within 1 month, within 2 months, within
3 months, within 4 months, within 5 months or within 6 months after treatment according to
the methods or compositions disclosed herein.

[00234] In some embodiments, the decrease in a subject’s OSDI score persists for at least 1
day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 1 week, 2 weeks, 3 weeks, 4 weeks, 1 month,
2 months, 3 months, 4 months, 5 months, 6 months, 9 months, or 1 year after treatment with
any of the methods or compositions disclosed herein.

[00235] In some of the embodiments described herein, wherein the statistically significant
decrease in the subject’s OSDI score is based on the subject’s OSDI score determined after
administering the first dose of the rAAYV virion.

[00236] In some of the embodiments described herein, the statistically significant decrease is
based on the subject’s OSDI score determined after treatment according to the methods or
compositions disclosed herein.

Maintenance Of Effective Treatment Over Time

[00237] The present disclosure may provide for effective treatment over a period of time where
a statistically significant improvement in a subject’s score is maintained. The term
“maintained” as used in the present disclosure and as it relates to the maintenance of a
statistically significant improvement in a subject’s score (EDS, Schirmer, corneal staining, or
OSDI) refers to the statistically significant improvement not diminishing below a certain
threshold over time. A statistically significant improvement can be maintained even if, at a later
point in time, the subject’s score changes. An improvement after treatment according to the
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disclosed methods, can be maintained without additional dosing or after one or more
subsequent doses.

[00238] For example, a corneal staining score of 0.5-mm or 0-mm could be defined as corneal
healing and represent a significant improvement at 30 or 60 days after initiation of therapy
(Bonini et al., Ophthalmology. 125:1332—-1343 (2018)).

[00239] For example, an Eye Dryness score being “maintained within 10% means” that the
decrease in subject’s Eye Dryness score does not diminish by more than 10% during the
specified time. A further improvement in the subject’s Eye Dryness score would also be
considered maintenance of the statistically significant improvement (e.g., if the Eye Dryness
score further improved by 15% during the specified time, this would be considered “maintained
within 10%”).

[00240] In another example, if there is a statistically significant decrease (improvement) in a
subject’s Eye Dryness score 30 days after treatment according to the methods described herein,
and at a later point, the subject’s score is the same or lesser (indicating a benefit to the subject),
then the statistically significant improvement is said to be maintained. Alternatively, if at a
later point, the subject’s Eye Dryness score is greater than the Eye Dryness score 30 days after
treatment according to the methods described herein, the subject may still be receiving a
therapeutic benefit and the later determined score may still be a statistically significant
improvement compared to prior administration of the first dose, or their pre-treatment baseline
score.

[00241] In another example, if there is a statistically significant decrease (improvement) in a
subject’s Eye Dryness score 60 days after treatment according to the methods described herein,
and at a later point, the subject’s score is the same or lesser (indicating a benefit to the subject),
then the statistically significant improvement is said to be maintained. Alternatively, if at a
later point, the subject’s Eye Dryness score is greater than the Eye Dryness score 60 days after
treatment according to the methods described herein, the subject may still be receiving a
therapeutic benefit and the later determined score may still be a statistically significant
improvement compared to prior to treatment according to the methods described herein.
[00242] Note that what constitutes an improvement differs depending on the score being
measured. For example, an improvement in an Eye Dryness score, the corneal score and the
OSDI score is a decrease in the numerical value of the score. For the Schirmer’s test, an

improvement is typically an increase in the numerical value of the Schirmer’s score.
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[00243] In some of the embodiments described herein, the maintenance of the statistically
significant improvement of the subject’s score (e.g., EDS, Schirmer, corneal staining, or OSDI)
means that the statistically significant improvement does not diminish by more than 10%, 20%,
30%, 40%, 50%, or 60%.

[00244] In some of the embodiments described herein, the statistically significant
improvement in the subject’s score (e.g., EDS, Schirmer, corneal, or OSDI) is maintained for
at least 1 week, at least 1 month, at least 3 months, at least 6 months, at least 9 months, or at
least 12 months. In some of the embodiments described herein, the statistically significant
improvement in the subject’s score is maintained for at least 30 days after treatment according
to the methods described herein, wherein the statistically significant improvement does not
diminish by more than 30%. In some embodiments, the statistically significant improvement
in the subject’s score is maintained for at least 1 month from administration of the first dose of
the rAAYV virion, and, optionally, the first dose of the treatment that increases tear production,
wherein the statistically significant improvement does not diminish by more than 30%.
[00245] In some of the embodiments described herein, the statistically significant
improvement in the subject’s score (e.g., EDS, Schirmer, corneal, or OSDI) is maintained for
at least 1 week, at least 1 month, at least 3 months, at least 6 months, at least 9 months, or at
least 12 months after treatment according to the methods described herein, wherein the
statistically significant improvement does not diminish by more than 10%, 20%, 30%, 40%,
50%, or 60% compared to the subject’s score within 60 days after treatment according to the
methods described herein.

[00246] In some of the embodiments described herein, the statistically significant
improvement in the subject’s score (e.g., EDS, Schirmer, corneal staining, or OSDI) is
maintained for at least 1 week, at least 1 month, at least 3 months, at least 6 months, at least 9
months, or at least 12 months after treatment according to the methods described herein,
wherein the statistically significant improvement does not diminish by more than 20%
compared to the subject’s corresponding Eye Dryness Score, corneal score, or OSDI score
within 60 days after treatment according to the methods described herein.

Dosing Timing And Method Of Administration

[00247] The schedule of doses administered to a subject depends on various considerations
including the duration of effectiveness of each dose, the transduction efficiency of the rAAV
virion, and the effect of the dose on the body. For example, wherein the patient’s condition
does not improve, upon the health provider’s discretion, the method of treating an ocular
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condition as described herein, may be adjusted in dose or administered repeatedly in order to
ameliorate or otherwise control or limit the symptoms of the subject’s ocular condition. For
instance, the period of time between administrations of one or more doses is extended, or the
period of time between days the subject is administered one or more doses is extended. As a
non-limiting example, administration of one or more doses is modified to administration of one
or more doses after measuring symptoms of the ocular condition.

[00248] The term “dose”, as used herein, may refer to a dose of a pharmaceutical composition
of the disclosure, or a dose of the treatment that reduces symptoms in an ocular condition.
[00249] In some of the embodiments described herein, a dose of the rAAV virion is a dose of
arAAYV virion carrying an expression cassette. In such cases, delivery of an appropriate dose
(e.g., effective amount) of the gene product is achieved by administering an appropriate
amount/titer of the viral vector to the target site which allows expression of a therapeutically
effective amount of the gene product over a period of time. In such cases, delivery of an
appropriate dose (e.g., effective amount) of the gene product is achieved by administering an
appropriate amount/titer of the viral vector to the target site which allows expression of an
effective amount of the gene product over a period of time. In some embodiments, the viral
vector is an rAAYV virion. In some embodiments, the viral vector is administered to the lacrimal
gland. In some embodiments, a dose of the viral vector results in the stable production of the
gene product for a period of time (e.g., about 1 day, about 2 days, about 4 days, about 1 week,
about 2 weeks, about 3 weeks, about 4 weeks, about 1 month, about 2 months, about 3 months,
about 4 months, about 5 months, about 6 months, about 9 months, about 12 months, or longer).
In some embodiments, a dose of the rAAV results in the stable production of the gene product
for about 1 week. In some embodiments, a dose of the rAAYV results in the stable production
of the gene product for about 2 weeks. In some embodiments, a dose of the rAAYV results in
the stable production of the gene product for about 3 weeks. In some embodiments, a dose of
the rAAYV results in the stable production of the gene product for about 4 weeks. In some
embodiments, a dose of the rAAYV results in the stable production of the gene product for about
1 month. In some embodiments, a dose of the rAAYV results in the stable production of the gene
product for about 2 months. In some embodiments, a dose of the TAAV results in the stable
production of the gene product for about 3 months. In some embodiments, a dose of the rAAV
results in the stable production of the gene product for about 4 months. In some embodiments,
a dose of the rAAYV results in the stable production of the gene product for about 5 months. In

some embodiments, a dose of the rAAYV results in the stable production of the gene product for
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about 6 months. In some embodiments, a dose of the rAAYV results in the stable production of
the gene product for about 9 months. In some embodiments, a dose of the rAAV results in the
stable production of the gene product for about 12 months.

[00250] In some embodiments, the rAAV is administered in repeat doses. In some
embodiments, the rAAYV is administered in 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more doses. In some
embodiments, the rAAV is administered in two doses. In some embodiments, the rAAV is
administered in three doses. In some embodiments, the rAAV is administered in four doses. In
some embodiments, the rAAYV is administered in five doses. In some embodiments, the rAAV
is administered in six doses. In some embodiments, the rAAYV is administered in seven doses.
In some embodiments, the rAAV is administered in eight doses. In some embodiments, the
rAAYV is administered in nine doses. In some embodiments, the rAAV is administered in ten
doses.

[00251] In some embodiments, the method comprises delivering an effective amount of a gene
product by administering a rAAV. In some embodiments, the method comprises delivering a
first dose and one or more subsequent doses of the rAAV The one or more subsequent doses
are administered after a period of time after the first dose. In some embodiments, this period of
time between the first dose and the next subsequent dose is at least 1 day, at least 3 days, at
least 1 week, at least 2 weeks, at least 3 weeks, at least 4 weeks, at least 1 month, at least 2
months, at least 4 months, at least 6 months, at least 9 months, at least 12 months, or longer. In
some embodiments, this period of time between the first dose and the next subsequent dose is
between 1-7 days, between 1-4 weeks, between 2-6 weeks, between 4-8 weeks, between 1-3
months, between 2-4 months, between 3-6 months, between 4-12 months, between 6-24
months. In some embodiments, the period of time between the one or more subsequent doses
is at least 1 day, at least 3 days, at least 1 week, at least 2 weeks, at least 3 weeks, at least 4
weeks, at least 1 month, at least 2 months, at least 4 months, at least 6 months, at least 9 months,
at least 12 months, or longer. In some embodiments, the period of time between the one or
more subsequent doses is between 1-7 days, between 1-4 weeks, between 2-6 weeks, between
4-8 weeks, between 1-3 months, between 2-4 months, between 3-6 months, between 4-12
months, between 6-24 months.

[00252] In some embodiments, the doses are the same concentration of rAAV. In some

embodiments, the doses are different concentrations of rAAV.
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[00253] In some embodiments, the repeat doses are administered to the same eye or lacrimal
gland. In some embodiments, the repeat doses are administered to at least one eye or lacrimal

gland.

Pharmaceutical Compositions and Kits

[00254] In some embodiments, the disclosure provides a pharmaceutical composition
comprising an rAAYV virion described herein. In some embodiments, the pharmaceutical
composition comprises an rAAYV virion described herein, and a pharmaceutically acceptable
carrier, delivery agent, or excipient.

[00255] In some embodiments, the disclosure provides use of an rAAV virion or
pharmaceutical composition described herein, in the manufacture of a medicament for
treatment of an ocular disease, disorder, or condition. In some embodiments, the disclosure
provides use of an rAAV virion or pharmaceutical composition herein for use, or adaptable for
use, in the treatment of an ocular disease, disorder, or condition.

[00256] In some embodiments, the pharmaceutically acceptable carrier comprises phosphate
buffered saline. In some embodiments, the pharmaceutical composition is formulated to be
compatible with its intended route of administration (e.g., intralacrimal). In some
embodiments, the pharmaceutical composition is formulated for administration into the
lacrimal gland. In some embodiments, the pharmaceutical composition is formulated for
administration onto the ocular surface.

[00257] Any concentration of viral particles suitable to effectively transduce cells of the eye
and/or lacrimal gland can be prepared for contacting cells of the eye and/or lacrimal gland in
vitro or in vivo. For example, the viral particles may be formulated at a concentration of 108
vector genomes per ml or more, for example, 5x10% vector genomes per mL; 10° vector
genomes per mL; 5x10° vector genomes per mL, 10'° vector genomes per mL, 5x10'° vector
genomes per mL; 10'! vector genomes per mL; 5x10!! vector genomes per mL; 10'2 vector
genomes per mL; 5x10'2 vector genomes per mL; 10" vector genomes per mL; 1.5x10" vector
genomes per mL; 3x10" vector genomes per mL; 5x10'® vector genomes per mL; 7.5x10"
vector genomes per mL; 9x10" vector genomes per mL; 1x10' vector genomes per mL,
5x10' vector genomes per mL or more, but typically not more than 1x10' vector genomes
per mL. Similarly, any total number of viral particles suitable to provide appropriate
transduction of cells of the eye and/or lacrimal gland to confer the desired effect or treat the
disease can be administered to the mammal or to the primate’s eye. In various embodiments,
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at least 107; 5x107;10% 5x10% 10% 5x10° 10', 5x10'; 10'; 5x10'; 10'%; 5x10'% 10%;
1.5%10%3; 3x10%%; 5x10'3; 7.5x10'%; 9x1013, 1x10™ viral particles, or 5x10'* viral particles or
more, but typically not more than 1x10'° viral particles are injected per eye. In various
embodiments, at least 10%; 5x10% 10%; 5x10°, 101°, 5x101°; 10!%; 5x10'; 102, 5x10'2; 10%;
1.5x10%%; 3x10'%; 5x10'%; 7.5x10"%; 9x10%3, 1x10 viral particles, or 5x10'* viral particles or
more, but typically not more than 1x10" viral particles are injected per eye. Any suitable
number of administrations of the vector to the mammal or the primate eye can be made. In one
embodiment, the methods comprise a single administration; in other embodiments, multiple
administrations are made over time as deemed appropriate by an attending clinician.

[00258] The subject viral vector may be formulated into any suitable unit dosage, including,
without limitation, 1x10® vector genomes or more, for example, 1x10°, 1x101%, 1x10!, 1x102,
or 1x10" vector genomes or more, in certain instances, 1x10'* vector genomes, but usually no
more than 4x10% vector genomes. In some embodiments, the viral vector is formulated into
any suitable unit dosage, including, without limitation, 1x107, 1x10%, 1x10° 1x101°, 1x10!,
110", or 1x10" vector genomes or more. In some cases, the unit dosage is at most about
5x10% vector genomes, e.g., 1x10* vector genomes or less, for example 1x10%3, 1x10!2,
1x10M, 1x10' or 1x10° vector genomes or less, in certain instances 1x10® vector genomes or
less, and typically no less than 1x10® vector genomes. In some cases, the unit dosage is at most
about 5x10'% vector genomes, e.g., 1x10'* vector genomes or less, for example 1x1013, 1x1012,
110, 1x10', 1x107, 1x10®* or 1x107 vector genomes or less. In some cases, the unit dosage
is 1x10% to 1x10!! vector genomes. In some cases, the unit dosage is 1x10'° to 3x10'? vector
genomes. In some cases, the unit dosage is 1x10° to 3x10' vector genomes. In some cases, the
unit dosage is 1x10® to 3x10' vector genomes.

[00259] In some cases, the unit dosage of pharmaceutical composition may be measured using
multiplicity of infection (MOI). By MOI it is meant the ratio, or multiple, of vector or viral
genomes to the cells to which the nucleic acid may be delivered. In some cases, the MOI may
be 1x10°. In some cases, the MOI may be 1x10° -1x107. In some cases, the MOI may be 1x10*
-1x108. In some cases, recombinant viruses of the disclosure are at least about 1x10!, 1x102,
13103, 1x10% 1x10%, 1x106, 1x107, 1x108, 1x10°, 1x101°, 1x10'L 1x102, 1x10%3, 1x101,
1x10'% 1x10'¢ 1x10'7, and 1x10'® MOI. In some cases, recombinant viruses of this disclosure
are 1x10% to 3x10'* MOL In some cases, recombinant viruses of the disclosure are at most
about 1x10%, 1x102, 1x10%, 1x10%, 1x10%, 1x10%, 1x107, 1x108, 1x10°%, 1x10°, 1x10!1, 1x10'2,
1x1013, 1x10™, 1105, 1x10'6, 1x107, and 1x10'® MOL
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[00260] In some embodiments, the amount of pharmaceutical composition comprises about
1x10% to about 1x10"° recombinant viruses, about 1x10° to about 1x10'* recombinant viruses,
about 1x10'°to about 1x10"* recombinant viruses, or about 1x10'! to about 3x10'? recombinant
viruses.

[00261] In preparing the subject TAAV compositions, any host cells for producing rAAV
virions may be employed, including, for example, mammalian cells (e.g., 293 cells), insect
cells (e.g., SF9 cells), microorganisms and yeast. Host cells can also be packaging cells in
which the AAV rep and cap genes are stably maintained in the host cell or producer cells in
which the rAAYV virion genome is stably maintained and packaged. Exemplary packaging and
producer cells are derived from SF-9, 293, A549 or HeLa cells. rAAYV virions are purified and
formulated using standard techniques known in the art.

[00262] In some embodiments, the disclosure provides for use of an rAAV virion described
herein in the manufacture of a medicament. In some embodiments, the disclosure provides for
use of an rAAYV virion described herein in the manufacture of a medicament for use in a method
described herein.

[00263] In some embodiments, the disclosure provides a kit comprising an rAAV herein, and
instructions for use. In some embodiments, the kit comprises an rAAYV herein, and a package
insert containing instructions for use of the kit. In some embodiments, the kit comprises an
rAAV herein, and a pharmaceutically acceptable carrier, or a pharmaceutical composition
comprising the rAAV and instructions for treating or delaying progression of a disease,
disorder, or condition described herein in a subject in need thereof.

EXEMPLARY EMBODIMENTS

[00264] The disclosure relates to the following embodiments. Throughout this section, the term
embodiment is abbreviated as “E” followed by an ordinal. For example, EI-1 is equivalent to
Embodiment I-1.

[00265] Embodiment I-1. A method of treating an ocular condition in a subject in need thereof,
the method comprising administering a recombinant adeno-associated virus (rAAV) virion, the
rAAV virion comprising an AAV capsid and an expression cassette comprising a
polynucleotide encoding a neurotrophic factor operatively linked to a promoter, to at least one
eye of the subject or to at least one lacrimal gland of the eye of the subject.

[00266] Embodiment I-2. The method of embodiment I-1, wherein the rAAV virion is

administered to a lacrimal gland of the subject.
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[00267] Embodiment I-3. The method of embodiment I-2, wherein the lacrimal gland is the
main lacrimal gland or any one of the Wolfring’s glands or the Krause’s glands of the subject.
[00268] Embodiment I-4. The method of embodiment I-2, wherein the lacrimal gland is the
main lacrimal gland.

[00269] Embodiment I-5. The method of any one of embodiments I-2 to I-4, wherein cells
within the lacrimal gland are transduced by the rAAYV virion.

[00270] Embodiment I-6. The method of embodiment I-5, wherein the transduced cells within
the lacrimal gland express an effective amount of the neurotrophic factor into the tear film and
optionally onto the ocular surface of the subject.

[00271] Embodiment I-7. The method of any one of embodiments I-1 to I-6, wherein the
neurotrophic factor is a Nerve Growth Factor (NGF) protein.

[00272] Embodiment I-8. The method of embodiment I-7, wherein the polynucleotide
encoding the NGF protein comprises a sequence that shares at least 95% identity to SEQ ID
NO: 2.

[00273] Embodiment I-9. The method of embodiment I-7, wherein the NGF protein comprises
a sequence that shares at least 95% identity to SEQ ID NO: 1.

[00274] Embodiment 1-10. The method of embodiment I-7, wherein the NGF protein
comprises SEQ ID NO: 1.

[00275] Embodiment I-11. The method of embodiment I-7, wherein the polynucleotide
encoding the NGF protein comprises SEQ ID NO: 2.

[00276] Embodiment I-12. The method of any one of embodiments I-1 to I-6, wherein the
neurotrophic factor is a Glial Derived Neurotrophic Factor (GDNF) protein.

[00277] Embodiment I-13. The method of embodiment I-12, wherein the polynucleotide
encoding the GDNF protein comprises a sequence that shares at least 95% identity to SEQ ID
NO: 4.

[00278] Embodiment I-14. The method of embodiment I-12, wherein the GDNF protein
comprises a sequence that shares at least 95% identity to SEQ ID NO: 3.

[00279] Embodiment I-15. The method of embodiment 1-12, wherein the GDNF protein
comprises SEQ ID NO: 3.

[00280] Embodiment I-16. The method of embodiment I-12, wherein the polynucleotide
encoding the GDNF protein comprises SEQ ID NO: 4.

[00281] Embodiment I-17. The method of any one of embodiments I-1 to I-16, wherein the
AAYV capsid shares at least 95%, 98%, or 100% identity to AAV2 VP1 (SEQ ID NO: 6), AAV2
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VP3 (SEQ ID NO: 8), AAVS (SEQ ID NO: 10), AAV8 (SEQ ID NO: 12), or AAV9 (SEQ ID
NO: 14).

[00282] Embodiment I-18. The method of any one of embodiments I-1 to I-17, wherein the
promoter is a CAG promoter (SEQ ID NO: 5).

[00283] Embodiment 1-19. The method of any one of embodiments I-1 to I-18, wherein the
ocular condition is a chemical burn of the ocular surface, corneal wound, corneal ulcer,
persistent epithelial defect, dry eye disease, neurotrophic keratitis, herpes simplex viral
infection of the trigeminal nerve and/or the eye, varicella zoster virus infection of the trigeminal
nerve and/or the eye, and diabetic complications of the corneal nerves.

[00284] Embodiment I-20. The method of any one of embodiments I-1 to I-19, wherein one
or more symptoms of the ocular condition are reduced compared to the symptoms of the ocular
condition before administration of the rAAV virion.

[00285] Embodiment I-21. The method of any one of embodiments I-1 to I-20, wherein one
or more symptoms of the ocular condition are reduced compared to the symptoms of the ocular
condition in an untreated control subject.

[00286] Embodiment I-22. The method of any one of embodiments I-1 to I-21, wherein one
or more symptoms of the ocular condition are reduced compared to the symptoms of the ocular
condition in a contralateral eye.

[00287] Embodiment I-23. A recombinant adeno-associated virus (rAAV) virion, comprising
an AAV capsid and an expression cassette, wherein the expression cassette comprises a
polynucleotide encoding a neurotrophic factor operatively linked to a promoter.

[00288] Embodiment 1-24. The rAAYV virion of embodiment I-23, wherein the neurotrophic
factor is a Nerve Growth Factor (NGF) protein.

[00289] Embodiment I-25. The rAAYV virion of embodiment I-24, wherein the polynucleotide
encoding the NGF protein comprises a sequence that shares at least 95% identity to SEQ ID
NO: 2 or SEQ ID NO: 17.

[00290] Embodiment 1-26. The rAAYV virion of embodiment I-24, wherein the NGF protein
comprises a sequence that shares at least 95% identity to SEQ ID NO: 1.

[00291] Embodiment 1-27. The rAAYV virion of embodiment I-24, wherein the NGF protein
comprises SEQ ID NO: 1.

[00292] Embodiment I-28. The rAAV virion of embodiment I-24, wherein the polynucleotide
encoding the NGF protein comprises SEQ ID NO: 2 or SEQ ID NO: 17.
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[00293] Embodiment 1-29. The rAAYV virion of embodiment I-23, wherein the neurotrophic
factor is a Glial Derived Neurotrophic Factor (GDNF) protein.

[00294] Embodiment I-30. The rAAV virion of embodiment I-29, wherein the polynucleotide
encoding the GDNF protein comprises a sequence that shares at least 95% identity to SEQ ID
NO: 4 or SEQID NO: 18.

[00295] Embodiment I-31. The rAAYV virion of embodiment 1-29, wherein the GDNF protein
comprises a sequence that shares at least 95% identity to SEQ ID NO: 3.

[00296] Embodiment I-32. The rAAV virion of embodiment I-29, wherein the GDNF protein
comprises SEQ ID NO: 3.

[00297] Embodiment I-33. The rAAYV virion of embodiment I-29, wherein the polynucleotide
encoding the GDNF protein comprises SEQ ID NO: 4 or SEQ ID NO: 18.

[00298] Embodiment I-34. The rAAYV virion of any one of embodiments 1-23 to I-33, wherein
the AAYV capsid comprises a VP3 that shares at least 95%, 98%, or 100% identity to AAV2
VP1 (SEQ ID NO: 6), AAV2 VP3 (SEQ ID NO: 8), AAV5 (SEQ ID NO: 10), AAVS (SEQ
ID NO: 12), or AAV9 (SEQ ID NO: 14).

[00299] Embodiment I-35. The rAAV virion of any one of embodiments I-23 to [-34, wherein
the promoter is a CAG promoter (SEQ ID NO: 5) or a CMV promoter (SEQ ID NO: 16).
[00300] Embodiment 1-36. The rAAV virion of embodiment 1-23, wherein the expression
cassette comprises a sequence that shares at least 90%, 95%, 96%, 97%, 98%, 99%, or 100%
identity to SEQ ID NO: 23.

[00301] Embodiment 1-37. The rAAYV virion of embodiment 1-23, wherein the expression
cassette comprises a sequence that shares at least 90%, 95%, 96%, 97%, 98%, 99%, or 100%
identity to SEQ ID NO: 24.

[00302] Embodiment 1-38. The rAAV virion of embodiment 1-23, wherein the expression
cassette comprises a sequence that shares at least 90%, 95%, 96%, 97%, 98%, 99%, or 100%
identity to SEQ ID NO: 25.

[00303] Embodiment [-39. A recombinant adeno-associated virus (rAAV) virion comprising
an expression cassette comprising a polynucleotide of SEQ ID NO: 25.

[00304] Embodiment I-40. The rAAV of embodiment I-39, wherein the rAAV comprises an
AAYV capsid.

[00305] Embodiment 1-41. The rAAV of embodiment I-40, wherein the AAV capsid shares
at least 95%, 98%, or 100% identity to AAV2 VP1 (SEQ ID NO: 6), AAV2 VP3 (SEQ ID NO:
8), AAV5 (SEQ ID NO: 10), AAVS (SEQ ID NO: 12), or AAV9 (SEQ ID NO: 14).
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[00306] Embodiment [-42. A composition comprising an rAAV virion, wherein the rAAV
virion comprises:
[00307] (a) an AAYV capsid, and
[00308] (b) an expression cassette, wherein the expression cassette comprises a polynucleotide
sharing at least 95% identity to SEQ ID NO: 2 or SEQ ID NO: 17, and wherein the
polynucleotide is linked to a promoter.
[00309] Embodiment I-43. A composition comprising an rAAV virion, wherein the rAAV
virion comprises:
[00310] (a) an AAV capsid, and
[00311] (b) an expression cassette, wherein the expression cassette comprises a polynucleotide
sharing at least 95% identity to SEQ ID NO: 4 or SEQ ID NO: 18, and wherein the
polynucleotide is linked to a promoter.
[00312] Embodiment I-44. A composition comprising an rAAV virion, wherein the rAAV
virion comprises:
[00313] (a) an AAV2, AAVS, AAVS, or AAVO capsid, and
[00314] (b) an expression cassette, wherein the expression cassette comprises a polynucleotide
sharing at least 95% identity to SEQ ID NO: 2 or SEQ ID NO: 17, and wherein the
polynucleotide is linked to a promoter.
[00315] Embodiment I-45. A composition comprising an rAAV virion, wherein the rAAV
virion comprises:

(a) an AAV2, AAVS5, AAVS, or AAV9 capsid, and

(b) an expression cassette, wherein the expression cassette comprises a
polynucleotide sharing at least 95% identity to SEQ ID NO: 4 or SEQ ID NO: 18, and wherein
the polynucleotide is linked to a promoter.
[00316] Embodiment I-46. The composition of any one of embodiments I-42 to I-45, wherein
the AAV capsid shares at least 95%, 98%, or 100% identity to AAV2 VP1 (SEQ ID NO: 6),
AAV2 VP3 (SEQ ID NO: 8), AAVS5 (SEQ ID NO: 10), AAVS8 (SEQ ID NO: 12), or AAV9
(SEQ ID NO: 14).
[00317] Embodiment I-47. The composition of any one of embodiments I-42 to I-45, wherein
the AAV capsid is AAV2.
[00318] Embodiment [-48. The composition of any one of embodiments I-42 to I-45, wherein
the AAV capsid is AAVS.
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[00319] Embodiment I-49. The composition of any one of embodiments I-42 to I-45, wherein
the AAV capsid is AAV9.

[00320] Embodiment I-50. A composition comprising an rAAV virion, wherein the rAAV
virion comprises:

[00321] (a) an AAV2 capsid, and

[00322] (b) an expression cassette, wherein the expression cassette comprises a polynucleotide
sharing at least 95% identity to SEQ ID NO: 25.

[00323] Embodiment I-51. A composition comprising an rAAV virion, wherein the rAAV
virion comprises:

[00324] (a) an AAVS capsid, and

[00325] (b) an expression cassette, wherein the expression cassette comprises a polynucleotide
sharing at least 95% identity to SEQ ID NO: 25.

[00326] Embodiment I-52. A composition comprising an rAAV virion, wherein the rAAV
virion comprises:

[00327] (a) an AAV9 capsid, and

[00328] (b) an expression cassette, wherein the expression cassette comprises a polynucleotide
sharing at least 95% identity to SEQ ID NO: 25.

[00329] Embodiment I-53. A pharmaceutical composition comprising the rAAV virion of any
one of embodiments I-23 to I-41, or the composition of any one of embodiments [-42 to I-52,
and a pharmaceutically acceptable carrier.

[00330] Embodiment I-54. The pharmaceutical composition of embodiment I-53, wherein the
composition comprises about 1 x 107 to about 1 x 10'* genome copies per milliliter of the TAAV
virion.

[00331] Embodiment I-55. The pharmaceutical composition of embodiment I-53, wherein the
composition comprises about 1 x 10'? to about 6.2 x 10'? genome copies per milliliter of the
rAAV virion.

[00332] Embodiment [-56. The pharmaceutical composition of any one of embodiments I-53
to I-55, wherein the composition is formulated for administration into the lacrimal gland.
[00333] Embodiment [-57. The pharmaceutical composition of any one of embodiments I-53
to I-55, wherein the composition is formulated for administration onto the ocular surface.
[00334] Embodiment I-58. The pharmaceutical composition of any one of embodiments 1-53
to [-57, wherein the composition is formulated for use, or adaptable for use, in the treatment of

an ocular disease, disorder, or condition.
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[00335] Embodiment 1-59. A method of treating an ocular condition in a subject in need
thereof, the method comprising administering an effective amount of the pharmaceutical
composition of any one of embodiments I-53 to I-58 to the eye of the subject to an ocular
secretory gland of the subject.

[00336] Embodiment I-60. The method of embodiment I-59, wherein the rAAV virion is
administered to the lacrimal gland of the subject.

[00337] Embodiment I-61. The method of embodiment I-60, wherein cells within the lacrimal
gland are transduced by the rAAYV virion.

[00338] Embodiment 1-62. The method of embodiment I-61, wherein the transduced cells
within the lacrimal gland express an effective amount of the neurotrophic factor into the tear
film and optionally onto the ocular surface of the subject.

[00339] Embodiment I-63. The method of any one of embodiments 1-59 to I-62, wherein the
ocular condition is neurotrophic keratitis.

[00340] Embodiment I-64. The method of any one of embodiments I-59 to [-63, wherein one
or more symptoms of the ocular condition are reduced compared to the symptoms of the ocular
condition before administration of the rAAV virion.

[00341] Embodiment I-65. The method of any one of embodiments 1-59 to I-64, wherein one
or more symptoms of the ocular condition are reduced compared to the symptoms of the ocular
condition in an untreated control subject.

[00342] Embodiment I-66. The method of any one of embodiments I-59 to I-65, wherein one
or more symptoms of the ocular condition are reduced compared to the symptoms of the ocular
condition in a contralateral eye.

[00343] Embodiment [-67. The rAAYV virion of any one of embodiments 1-23 to 1-41, the
composition of any one of embodiments I-42 to I-52, or the pharmaceutical composition of any
one of embodiments I-53 to I-58 for use in the method of any one of embodiments I-1 to [-22.
[00344] Embodiment I-68. Use of the rAAYV virion of any one of embodiments [-23 to I-41 or
the composition of any one of embodiments 1-42 to 1-52 in the manufacture of a medicament
for use in the method of any one of embodiments I-1 to [-22.

[00345] Embodiment 1-69. A kit comprising the rAAYV virion of any one of embodiments I-
23 to I-41, the composition of any one of embodiments 1-42 to 1-52, or the pharmaceutical
composition of any one of embodiments I-53 to I-58, and instructions for use in the method of

any one of embodiments I-1 to I-22.
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[00346] Embodiment I-70. A recombinant adeno-associated virus (rAAV) virion for use in a
method of treating an ocular condition in a subject in need thereof, the method comprising
administering a recombinant adeno-associated virus (rAAV) virion, the rAAV virion
comprising an AAV capsid and an expression cassette comprising a polynucleotide encoding
a neurotrophic factor operatively linked to a promoter, to at least one eye of the subject or to at
least one lacrimal gland of the eye of the subject.

[00347] Embodiment I-71. The rAAV virion for use of embodiment I-70, wherein the rAAV
virion is administered to a lacrimal gland of the subject.

[00348] Embodiment I-72. The rAAYV virion for use of embodiment I-71, wherein cells within
the lacrimal gland are transduced by the rAAV virion.

[00349] Embodiment I-73. The rAAYV virion for use of any one of embodiments I-70 to I-72,
wherein the neurotrophic factor is a Nerve Growth Factor (NGF) protein.

[00350] Embodiment I-74. The rAAV virion for use of any one of embodiments I-70 to I-72,
wherein the neurotrophic factor is a Glial Derived Neurotrophic Factor (GDNF) protein.
[00351] Embodiment I-75. The rAAV virion for use of any one of embodiments I-70 to I-74,
wherein the ocular condition is selected from chemical burn of the ocular surface, corneal
wound, persistent epithelial defect, dry eye disease, neurotrophic keratitis, herpes simplex viral
infection of the trigeminal nerve and/or the eye, varicella zoster virus infection of the trigeminal
nerve and/or the eye, and diabetic complications of the corneal nerves.

[00352] Some embodiments of this disclosure relate to Embodiment I, as follows:

[00353] Embodiment II-1. A method of treating an ocular condition in a subject in need
thereof, the method comprising administering a recombinant adeno-associated virus (rAAV)
virion, the rAAYV virion comprising an AAV capsid and an expression cassette comprising a
polynucleotide encoding a neurotrophic factor operatively linked to a promoter, to at least one
eye of the subject or to at least one lacrimal gland of the eye of the subject.

[00354] Embodiment II-2. The method of embodiment II-1, wherein the rAAYV virion is
administered to a lacrimal gland of the subject.

[00355] Embodiment II-3. The method of embodiment II-2, wherein the lacrimal gland is the
main lacrimal gland.

[00356] Embodiment I1-4. The method of embodiment I1-2, wherein the lacrimal gland is the
main lacrimal gland or any one of the Wolfring’s glands or the Krause’s glands of the subject.
[00357] Embodiment II-5. The method of any one of embodiments II-2 to 1I-4, wherein cells

within the lacrimal gland is transduced by the rAAYV virion.
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[00358] Embodiment II-6. The method of embodiment II-5, wherein the transduced cells
within the lacrimal gland express a therapeutically effective amount of the neurotrophic factor
into the tear film and optionally onto the ocular surface of the subject.

[00359] Embodiment II-7. The method of any one of embodiments II-1 to II-6, wherein the
neurotrophic factor is a Nerve Growth Factor (NGF) protein.

[00360] Embodiment II-8. The method of embodiment II-7, wherein the polynucleotide
encoding the NGF protein comprises a sequence that shares at least 95% identity to SEQ ID
NO: 2.

[00361] Embodiment I1-9. The method of embodiment II-7, wherein the NGF protein
comprises a sequence that shares at least 95% identity to SEQ ID NO: 1.

[00362] Embodiment 1I-10. The method of embodiment II-7, wherein the NGF protein
comprises SEQ ID NO: 1.

[00363] Embodiment II-11. The method of embodiment II-7, wherein the polynucleotide
encoding the NGF protein comprises SEQ ID NO: 2.

[00364] Embodiment II-12. The method of any one of embodiments I1-1 to II-6, wherein the
neurotrophic factor is a Glial Derived Neurotrophic Factor (GDNF) protein.

[00365] Embodiment I1-13. The method of embodiment II-12, wherein the polynucleotide
encoding the GDNF protein comprises a sequence that shares at least 95% identity to SEQ ID
NO: 4.

[00366] Embodiment 1I-14. The method of embodiment II-12, wherein the GDNF protein
comprises a sequence that shares at least 95% identity to SEQ ID NO: 3.

[00367] Embodiment I1-15. The method of embodiment II-12, wherein the GDNF protein
comprises SEQ ID NO: 3.

[00368] Embodiment I1-16. The method of embodiment II-12, wherein the polynucleotide
encoding the GDNF protein comprises SEQ ID NO: 4.

[00369] Embodiment II-17. The method of any one of embodiments II-1 to II-6, wherein the
AAV capsid shares at least 95%, 98%, or 100% identity to AAV2 VP1 (SEQ ID NO: 6), AAV2
VP3 (SEQ ID NO: 8), AAV5 (SEQ ID NO: 10), AAV8 (SEQ ID NO: 12), or AAV9 (SEQ ID
NO: 14).

[00370] Embodiment I1-18. The method of any one of embodiments II-1 to II-16, wherein the
promoter is a CAG promoter (SEQ ID NO: 5).

[00371] Embodiment I1-19. The method of any one of embodiments II-1 to II-18, wherein the

ocular condition is chemical burn of the ocular surface, corneal wound, persistent epithelial
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defect, dry eye disease, neurotrophic keratitis, herpes simplex viral infection of the trigeminal
nerve and/or the eye, varicella zoster virus infection of the trigeminal nerve ,and/or the eye or
diabetic complications of the corneal nerves.

[00372] Embodiment II-20. The method of any one of embodiments II-1 to II-19, wherein one
or more symptoms of the ocular condition are reduced compared to the symptoms of the ocular
condition before administration of the rAAV virion.

[00373] Embodiment II-21. The method of any one of embodiments II-1 to II-20, wherein one
or more symptoms of the ocular condition are reduced compared to the symptoms of the ocular
condition in an untreated control subject.

[00374] Embodiment I1I-22. The method of any one of embodiments II-1 to II-21, wherein one
or more symptoms of the ocular condition are reduced compared to the symptoms of the ocular
condition in a contralateral eye.

[00375] Embodiment II-23. A recombinant adeno-associated virus (rAAV) virion, comprising
an AAV capsid and an expression cassette comprising a polynucleotide encoding a
neurotrophic factor operatively linked to a promoter.

[00376] Embodiment [1-24. The rAAYV virion of embodiment I1-23, wherein the neurotrophic
factor is a Nerve Growth Factor (NGF) protein.

[00377] Embodiment II-25. The rAAV virion of embodiment II-24, wherein the
polynucleotide encoding the NGF protein comprises a sequence that shares at least 95%
identity to SEQ ID NO: 2 or SEQ ID NO: 17.

[00378] Embodiment [1-26. The rAAYV virion of embodiment II-24, wherein the NGF protein
comprises a sequence that shares at least 95% identity to SEQ ID NO: 1.

[00379] Embodiment I11-27. The rAAYV virion of embodiment 11-24, wherein the NGF protein
comprises SEQ ID NO: 1.

[00380] Embodiment II-28.  The rAAV virion of embodiment II-24, wherein the
polynucleotide encoding the NGF protein comprises SEQ ID NO: 2 or SEQ ID NO: 17.
[00381] Embodiment I1-29. The rAAYV virion of embodiment 1I-23, wherein the neurotrophic
factor is a Glial Derived Neurotrophic Factor (GDNF) protein.

[00382] Embodiment II-30. The rAAV virion of embodiment II-29, wherein the
polynucleotide encoding the GDNF protein comprises a sequence that shares at least 95%
identity to SEQ ID NO: 4 or SEQ ID NO: 18.

[00383] Embodiment II-31. The rAAYV virion of embodiment II-29, wherein the GDNF
protein comprises a sequence that shares at least 95% identity to SEQ ID NO: 3.
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[00384] Embodiment II-32. The rAAV virion of embodiment I1-29, wherein the GDNF
protein comprises SEQ ID NO: 3.

[00385] Embodiment 1I-33.  The rAAV virion of embodiment II-29, wherein the
polynucleotide encoding the GDNF protein comprises SEQ ID NO: 4 or SEQ ID NO: 19.
[00386] Embodiment 1I-34. The rAAV virion of any one of embodiments 1I-23 to II-33,
wherein the AAV capsid comprises a VP3 that shares at least 95%, 98%, or 100% identity to
AAV2 VP1 (SEQ ID NO: 6), AAV2 VP3 (SEQ ID NO: 8), AAVS5 (SEQ ID NO: 10), AAVS
(SEQ ID NO: 12), or AAV9 (SEQ ID NO: 14).

[00387] Embodiment II-35. The rAAV virion of any one of embodiments 1I-23 to II-34,
wherein the promoter is a CAG promoter (SEQ ID NO: 5) or a CMV promoter (SEQ ID NO:
16).

[00388] Embodiment 1I-36. The rAAV virion of embodiment II-23, wherein the expression
cassette comprises a sequence that shares at least 90%, 95%, 96%, 97%, 98%, 99%, or 100%
identity to SEQ ID NO: 23.

[00389] Embodiment II-37. The rAAV virion of embodiment II-23, wherein the expression
cassette comprises a sequence that shares at least 90%, 95%, 96%, 97%, 98%, 99%, or 100%
identity to SEQ ID NO: 24.

[00390] Embodiment II-38. A pharmaceutical composition comprising the rAAV virion of
any one of embodiments I1-23 to I1-37 and a pharmaceutically acceptable carrier.

[00391] Embodiment II-39. The pharmaceutical composition of embodiment II-38, wherein
the composition comprises about 1 x 10° to about 1 x 10'* genome copies per milliliter of the
rAAV virion.

[00392] Embodiment 1I-40. The pharmaceutical composition of embodiment II-38, wherein
the composition comprises about 1 x 10'? to about 6.2 x 10'? genome copies per milliliter of
the rAAYV virion.

[00393] Embodiment II-41. A method of treating an ocular condition in a subject in need
thereof, the method comprising administering a therapeutically effective amount of the
pharmaceutical composition of any one of embodiments II-38 to I1-40 to the eye of the subject
to an ocular secretory gland of the subject.

[00394] Embodiment I1-42. The method of embodiment II-41, wherein the rAAV virion is
administered to the lacrimal gland of the subject.

[00395] Embodiment 11-43. The method of embodiment 1I-42, wherein cells within the

lacrimal gland are transduced by the rAAYV virion.
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[00396] Embodiment 11-44. The method of embodiment I1-43, wherein the transduced cells
within the lacrimal gland express a therapeutically effective amount of the neurotrophic factor
into the tear film and optionally onto the ocular surface of the subject.

[00397] Embodiment 1I-45. The method of any one of embodiments 11-41 to 11-44, wherein
the ocular condition is neurotrophic keratitis.

[00398] Embodiment 1I-46. The method of any one of embodiments I1-41 to 1I-45, wherein
one or more symptoms of the ocular condition are reduced compared to the symptoms of the
ocular condition before administration of the rAAV virion.

[00399] Embodiment 1I-47. The method of any one of embodiments 11-41 to I1-46, wherein
one or more symptoms of the ocular condition are reduced compared to the symptoms of the
ocular condition in an untreated control subject.

[00400] Embodiment 1I-48. The method of any one of embodiments 11-41 to 1I-46, wherein
one or more symptoms of the ocular condition are reduced compared to the symptoms of the
ocular condition in a contralateral eye.

[00401] Embodiment 11-49. The rAAYV virion of any one of embodiments I1-23 to I11-34 or the
pharmaceutical composition of any one of embodiments I1-35 to II-38 for use in the method of
any one of embodiments II-1 to 11-22.

[00402] Embodiment I1-50. Use of the rAAYV virion of any one of embodiments 11-23 to I1-37
in the manufacture of a medicament for use in the method of any one of embodiments II-1 to
I1-22.

[00403] Embodiment II-51. A kit comprising the rAAYV virion of any one of embodiments II-
23 to 1I-37 or the pharmaceutical composition of any one of embodiments 1I-38 to 11-40, and

instructions for use in the method of any one of embodiments II-1 to 11-22.

EXAMPLES

[00404] The following specific examples are to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way whatsoever.

Example 1: Expression of GFP Transgene in Lacrimal Gland Delivered by rAAYV via
Intralacrimal Injection

[00405] This example shows a 9-day pilot study of single dose rAAV virions administered as
an Intralacrimal Gland Injection to Dutch-Belted Rabbits. It evaluates the effectiveness and

tolerability of a panel of rAAV virion embodiments administered one time via injection to the
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lacrimal gland. Each rAAYV virion composition in the panel was tested at two concentrations
(1x10' GC/mL and 6.2x10'2 GC/mL). The panel of rAAV virions include embodiments with
capsid proteins having AAV2, AAVS5, AAVS, and AAV9 serotypes. The expression cassette
delivered by the rAAV virion encodes an enhanced green fluorescent protein (eGFP) transgene
that is operatively linked to a CMYV promoter (as depicted in FIG. 1C). This approach evaluated
the feasibility of capsid protein serotypes AAV2, AAVS, AAVS, and AAV9 to deliver a
transgene to cells in the lacrimal gland resulting in measurable CAG promoter-driven
expression of the transgene within the cells.

[00406] Animal studies were carried out in the Charles River Laboratories (CRL) facilities by
CRL staff scientific personnel.

Animal Test System, Husbandry, and In-life Monitoring

[00407] The animals used in this study were male Dutch-Belted rabbits between the ages of 4
to 5 months and weighed between 1.3 to 2.3 kg. Animals were acclimated for 10 days prior to
the start of treatment. Each animal was housed individually and cared for using standard
caregiving protocols including regular environmental conditions, feeding schedules, and
veterinary care.

rAAYV Virion Compositions and Formulations

[00408] In this study, the panel of compositions comprising rAAV virions containing an
expression cassette encoding an eGFP transgene operatively linked to a CAG promoter are
provided for intralacrimal injection under the conditions in Table 4. Each composition contains
an rAAYV virion with a different AAV capsid protein serotype. The compositions are labeled
as OC-100a-d, each corresponding to a different AAV capsid protein serotype. Dose
formulations for intralacrimal injection were prepared using clean procedures at the target
concentrations described below in Table 4 by diluting with phosphate buffered saline solution.

Table 4. Summary of rAAV Compositions

rAAV rAAV rAAV rAAV
Composition 1 | Composition 2 | Composition 3 | Composition 4
(0OC-100a) (0OC-100b) (0OC-100¢) (0C-100d)
AAV Capsid AAV2 AAV5 AAVS AAV9
Serotype
Physical . I _— .
Description Clear Liquid Clear Liquid Clear Liquid Clear Liquid
. 1.5x 10" 1.3x 10" 1.1x 10" 13
Concentration GC/mL GC/mL GC/mL 4x 10" GC/mL
Storage o o o ono
Condifions -80°C -80°C -80°C 80°C
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Intralacrimal Injection of rAAV Compositions

[00409] Animals were dosed via intralacrimal injection on day 1 of the study. A summary of
the formulation concentration for each composition tested, dose volume, dose frequency, and
number of animals and lacrimal glands is found in Table 5. Prior to the injection, animals were
anesthetized by intramuscular injection of dexmedetomidine (0.25 mg/kg) followed by an
isoflurane/oxygen mix through a mask to maintain anesthesia, if necessary. A topical antibiotic

was applied to each eye after dose administration.

Table 5. Summary of Experimental Design

Formulation Numbe Number

Grou rAAV Concentratio | Dose Volume Dose rof of
No Compositio | n (genome | (uL/gland/dos | Frequenc Animal Lacrima
p X0 n copies (GC) / e) y S 1 Glands
mL) Injected

1 0OC-100a 1x1012 100 once 1 2

2 0OC-100a 6.2x1012 100 once 2 4

3 OC-100b 1x10"2 100 once 1 2

4 OC-100b 6.2x1012 100 once 2 4

5 OC-100c 1x10' 100 once 1 2

6 0OC-100c 6.2x10"12 100 once 2 4

7 0OC-100d 1x1012 100 once 1 2

8 0OC-100d 6.2x10'2 100 once 2 4

Bioanalysis

[00410] Blood was collected on Day 1 before dosing, and again on Day 8 and 9 from an
auricular vessel from all animals. Blood samples were placed on ice until plasma was separated
by centrifugation. Plasma samples were separated into 250 uL aliquots and frozen at -80°C for
subsequent analysis.

[00411] A Schirmer tear test was performed to collect eye moisture from the animals on Day
8 and 9. Test strips were placed inside the lower eyelid for approximately 1 minute. The paper
was removed and placed into separate tubes and frozen at -80°C for subsequent analysis.
[00412] Plasma samples and Schirmer’s test strips were analyzed for concentration of eGFP
and eGFP mRNA concentration using a validated procedure at Syneos analytical laboratories.

Anaylsis in the plasma samples detected no eGFP protein or eGFP mRNA, indicating that
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intralacrimal delivery of the rAAV did not induce cell lysis. This result suggests the
intralacrimal route of administration may be safely used for delivering rAAV.
Immunohistochemistry of Lacrimal Gland Tissue

[00413] Animals were euthanized on day 9 following collection of blood and eye moisture by
intravenous injection of sodium pentobarbital. Five sagittal sections of the left eye and sections
of the left and right lacrimal glands were prepared for immunohistochemistry (IHC) according
to Charles River lab standard operating procedure. Lacrimal gland THC samples were stained
for eGFP and subject to microscopic evaluation.

[00414] Microscopic evaluation was performed to determine the efficiency of eGFP expression
in lacrimal gland tissues dosed in vivo with the rAAV compositions. Isolated positive acinar
cells in the IHC samples had pink to red cytoplasmic staining indicative of GFP expression
(FIGS. 6A-6K; exemplary staining indicated by black arrows). Positive eGFP expression was
observed for the rAAV composition containing an AAV2 capsid protein (OC-100a) at 6.2x10'?
GC/mL (FIG. 6A), the rAAV composition containing an AAVS5 capsid protein at both 1x10"
GC/mL (FIG. 6B) and 6.2x10'? GC/mL (FIGS. 6C-6H), and the rAAV composition
containing an AAV9 capsid protein at 6.2x10'2 GC/mL (FIGS. 61-6K).

Conclusion
[00415] These results from this example show that rAAV virions can be used to deliver an

expression cassette to the lacrimal gland by direct injection. The results also show that rAAV
virions containing capsid proteins with at least the AAV2, AAVS, or AAVO serotypes can be
used to deliver an expression cassette to cells within the lacrimal gland. Furthermore, the results
demonstrate delivery of an expression cassette containing a transgene operatively linked to a
CAG promoter sequence results in expression of the transgene in the cells of the lacrimal gland.
Example 2. Expression of Neurotrophic Factors in Lacrimal Gland Delivered by rAAV
via Intralacrimal Injection

[00416] This example describes a seven-day, single-dose study of varenicline administered as
a single intranasal dose to Dutch-Belted rabbits after an AAV vector is administered as an intra-
lacrimal gland injection. It evaluates the tolerability and effectiveness of various AAV vectors
at two dose levels (1x10GC/mL or 6.2x10>?GC/mL as a 100 pL injection) administered as an
intra-lacrimal gland injection followed by a single administration of varenicline nasal spray
(1.2 mg/ml as a 50 pL spray) into each nostril of the subject. Specifically, this study design has

two main objectives:
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(1) To assess transduction of the lacrimal gland using adeno-associated virus vectors
of serotype 2, 5, or 9 (AAV2, AAVS, AAV9) containing an expression cassette
encoding either human nerve growth factor ((NGF) or human glial-derived
neurotrophic factor (\GDNF) administered by intralacrimal injection. hANGF and
hGDNF proteins are neutrophic factors that play a role in the maintenance and
health of the corneal surface.

(2) To assess increasing the relative amount of protein present on the ocular surface
by stimulating tear production with varenicline nasal spray.

Varenicline is the following compound:

[00417] In this study an experimental viral vector or a control vector is administered to the
lacrimal gland of Dutch-Belted Rabbits. The AAVx hNGF and AAVx.hGDNF (x being 2, 5,
or 9) vectors include a transgene encoding hNGF and hGDNF proteins, respectively. hNGF
and hGDNF are illustrative therapeutic proteins to demonstrate feasibility for intralacrimal
expression of AAV delivered transgene, whose secretion into tear film can be increased using
a tear inducing agent, such as varenicline. AAVx.nNGF and AAVx. hGDNF is administered at
a dose of 6.2x10'"! GC/mL. A vehicle control is used for comparison.

[00418] Animals are evaluated under anesthesia on Day 7 via slit lamp biomicroscopy using a
blue light and appropriate filters. This evaluation is documented with slit lamp photography.
[00419] On Day 8, animals are administered a single 50 pL spray of 1.2 mg/mL varenicline
nasal spray into each nostril. Immediately or within minutes after administration, animals are
evaluated under anesthesia via slit lamp biomicroscopy using a blue light and appropriate
filters. This evaluation is documented with slit lamp photography.

Methods

[00420] Dose administration (route): Intralacrimal injection, 100 pL into each lacrimal
gland. Dose Frequency: Single injection into each lacrimal gland. Procedure: Under
anesthesia, approximately 100 uL. of Reference Item 1 (PBS+0.001% F68), AAVx hNGF
(6.2x10"GC/mL), or AAVx. hNGF (6.2x10''GC/mL) is administered to each lacrimal gland

under direct visualization. Lacrimal gland injection procedure is as follows: (1) a vertical
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incision is made underneath the right (OD) superior lid; (2) blunt dissection extends to the
superior orbital rim until the lacrimal gland is visualized; (3) the lacrimal gland is injected with
a 0.1 mL of Reference Item 1, AAVxhNGF (6.2x10"2GC/mL), or AAVxhNGF
(6.2x1012GC/mL) with a 1-mL sterile syringe with a 27G 12-inch sterile needle; (4) the
incision is closed with sutures/cyanoacrylate glue; and (5) the procedure is repeated for the left

(OS) lacrimal gland. Gene therapy administration is summarized in Table 6.

Table 6. Administration of rAAV

Group Dose Formulation Dose Volume Dose No.
No. Concentration Frequency | Animals
(uL/animal/dose)
(genome (M/F)
copies/volume)
Main
Study
1 Reference Item 1 | NA 100 pL injection once 2/2
into each gland
2 AAV2hNGF | 6.2x10"GC/mL | 100 uL injection once 22
into each gland
3 AAV5hNGF | 6.2x10"”GC/mL | 100 puL injection once 2/2
into each gland
4 AAV9. hNGF | 6.2x10"GC/mL | 100 puL injection once 2/2
into each gland
5 AAV2hGDNF | 6.2x10"?GC/mL | 100 puL injection once 2/2
into each gland
6 AAV5hGDNF | 6.2x10"”GC/mL | 100 uL injection once 2/2
into each gland
7 AAV9. hGDNF | 6.2x102GC/mL | 100 pL injection once 2/2
into each gland

Nasal Spray Tear Stimulation

[00421] Dose administration (route): Intranasal spray, both nostrils. Dose Frequency: One
single administration; 50 ul spray once into each nostril; Day 8. Procedure: Animals is
administered a 50 pL spray into each nostril utilizing an Aptar, Preservative Free nasal pump
filled with varenicline solution 1.2 mg/ml. Termination: Day 8. Nasal spray tear stimulation

is summarized in Table 7.
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Table 7: Administration of varenicline

Group | Test Item | Dose Formulation Dose Dose No.
No. (mg/ | Concentration Volume? Frequency | Animals
animal (weight/ (uL/animal/ (M/F)
) volume) day) Main
Study
1 Reference | 0.12 NA once 2/2
Item 2 mg
(PBS+0.0
01% 100 pL
Pluronic
F-68)
2 Vareniclin | 0.12 1.2 mg/ml 100 uL once 2/2
e mg
3 Vareniclin | 0.12 1.2 mg/ml 100 pL once 2/2
e mg
4 Vareniclin | 0.12 1.2 mg/ml 100 UL once 2/2
e mg
5 Vareniclin | 0.12 1.2 mg/ml 100 puL once 2/2
e mg
6 Vareniclin | 0.12 1.2 mg/ml 100 uL once 2/2
e mg
7 Vare;nchn Orﬁl g2 1.2 mg/ml 100 L, once 2/2

2 The dose volume is administered to each animal, with the total volume to be administered
100 pL split equally between each nostril (50 puL per nostril per dose).

Transgene mRNA Quantification in the Lacrimal Tissue

[00422] The required section of lacrimal gland (0.005g to ~0.025 g) was immediately placed
in RNAlater® (fully immersed) and stored at room temperature and within 8 hours was
transferred to a refrigerator set to maintain a temperature of 4°C for overnight storage. On the
following day, the RNAlater® was removed and the samples were stored frozen in a freezer
set to maintain a temperature -80°C. The samples were analyzed for hNGF expression using
RT-qPCR.

[00423] The samples of (0.005g to 0.01g) from the harderian gland, optic nerve, trigeminal
nerve, nasal cavity via epithelial cell scraping, nictitating membrane, and extraocular muscles
will be collected from the right side and placed in RNAlater (fully immersed) and stored at
room temperature and within 8 hours will be transferred to a refrigerator set to maintain a
temperature of 4°C for overnight storage. On the following day, the RNAlater® will be
removed and the samples will be stored frozen in a freezer set to maintain a temperature -80°C

for potential vg DNA and mRNA analysis.
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Histology for Immunohistochemistry (IHC)

[00424] The appropriate section of left and right lacrimal glands were harvested for
morphologic and immunohistochemical evaluation. Samples were embedded in 4%
paraformaldehyde and fixed in 70% ethanol. After paraffin blocking, 5-um thick sections were
obtained and mounted on a slide; for each sample one section was stained with H&E and
immunohistochemistry staining were also performed. Staining of hNGF was accomplished
using an anti-hNGF antibody. Slides were observed and images captured by microscope are
assessed for hNGF protein expression.

Schirmer Test

[00425] A Schirmer tear test was performed to collect eye moisture from the animals on Days
7,14, 21, 28, 41, and 42. Test strips were placed inside the lower eyelid for approximately 1
minute. The paper was removed and placed into separate tubes and frozen at -80°C for
subsequent analysis. Schirmer test strips were collected following intranasal administration of
varenicline on Days 21, 28, and 41. Test strips were placed inside the lower eyelid for
approximately 1 minute. The paper was removed and placed into separate tubes and frozen at
-80°C for subsequent analysis. Protein content absorbed onto Schirmer’s test strips was

analyzed for concentration of hNGF by ELISA assay.
Results

[00426] Quantification of transgene expression in the lacrimal gland is shown in Table 8.

Table 8. Expression of neurotrophic factors in lacrimal gland

Gr Formulation | No. N(-)' (ss co ie:/lRI\{[ﬁ’tal RNA)
Nou rAAV Vector | Dose Level |Animal|Lacrima PIESTHE
PO s |1Glands
- |Injected
M i Mean St. Dev.
GC/gland/dos S a
tudy
© M| F RT LT RT LT
1 Vehicle NA 2] 2] 8 00 | 00 0.0 0.0
Control
2 (Ag\(;;}g\lléF) 62x10 |22 8 |10673.8| 00 [15505.4| 0.0
OC-101b 11
3 6.2x10 202 8 [121597.|156887. (223042, | 286366.
(AAV5 hNGF) . ; s ;
4 Agc‘lﬁ)lc 62x1010 | 2| 2| 8 [18994.5|87761.3|31843.4]160533.
(AAV9 hNGF) 3
5|, A,S\SZ_L(E}ZSNF 62x101 | 22| 8 |36742]| 1322349065 | 1750.4
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)

0C-102b
(AAV5 hGDNF
)
0C-102¢
(AAV9 hGDNF
)

6.2x10!! 212 8 8817.6 [124730.|14948.1 |249461.
8 5

6.2x101 212 8 6271.2 | 3520.7 | 4671.0 | 3815.8

[00427] Tissues from all vehicle control animals tested negative for bGH gene expression,
demonstrating that cross contamination was well controlled from animal dosing, sample
collection, RNA extraction and RT-qPCR analysis. rAAV vector-derived hGDNF mRNAs
were detected in all injected lacrimal gland tissues. For Groups 3 to 6, some injected lacrimal
gland tissues had hNGF or hGDNF mRNAs from 1151 to 585,401 ss copies per ug of total
RNA, while some others had no detectable vector-derived mRNA.

[00428] Lacrimal tissue was further assessed for hNGF expression using
immunohistochemistry (FIGs. 7A-7E). Following intralacrimal injection, animals were
euthanized and sections of the injected lacrimal glands were prepared for
immunohistochemistry (IHC). Lacrimal gland IHC samples were stained for hANGF and subject
to microscopic evaluation. Microscopic evaluation was performed to determine the efficiency
of hNGF expression in lacrimal gland tissues dosed in vivo with the rAAV compositions. FIG.
7A and FIGs. 7D-7E show illustrative examples of IHC staining in the lacrimal gland of rabbits
injected with rAAV with an AAV9 serotype (exemplary staining shown by black arrows). The
hNGF stained tissue shows strong expression of the hNGF transgene. The result is confirmed
by comparing with the negative control sample (FIG. 7B and FIG. 7C), which shows little
staining and thus rules out staining due to background. These results indicate intralacrimal
injection of rAAV can be used to deliver and express a neurotrophic factor transgene, e.g.
hNGF, in the lacrimal tissue.

[00429] A Schirmer tear test was performed to collect eye moisture from the animals on Days
7 and 14 following administration of rAAV. Test strips were placed inside the lower eyelid for
approximately 1 minute. The paper was removed and placed into separate tubes and frozen at
-80°C for subsequent analysis. Test strips were placed inside the lower eyelid for
approximately 1 minute. The paper was removed and placed into separate tubes and frozen at
-80°C for subsequent analysis. Protein content absorbed onto Schirmer’s test strips was

analyzed for concentration of hNGF by ELISA assay.
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[00430] Schirmer’s test strips were analyzed for concentration of hNGF in the collected tear
film (FIG. 8). Normal NGF concentration in tears is expected to be about 50 pg/mL. Following
intralacrimal administration of rAAV9 hNGF or rAAV2 hNGF, the hNGF concentration was
over 100-fold greater than the normal concentration. On day 14, the concentration of hNGF in
rabbits dosed with rAAV9.hNGF remained over 100-fold greater than the normal
concentration, and the hNGF concentration in rabbits dosed with rAAV2 hNGF dropped, but
remained well above the no rAAYV control group. In rabbits dosed with rAAVS5 hNGF showed
an in increased of hNGF concentration at day 7, and dropped back to control levels by day 14.
[00431] In summary, the results show that neurotrophic factors, such as hNGF and hGDNF,
are expressed as transgenes when delivered via intralacrimal injection with rAAV, including

AAV2, AAVS, and AAV9 serotypes, with AAV9 serotype showing the best results.

Example 3: Expression of EGFP Transgene in Porcine Lacrimal Gland Delivered by
rAAY via Intralacrimal Injection
[00432] The study objective was to assess if the lacrimal gland is able to be leveraged as a
method to modify or enrich the tear film with a protein of interest in pigs. Subsequently, in vivo
study was performed to test if EGFP could be produced in the acinar cells of the lacrimal gland
and then secreted into the tear film after delivery of an adenoviral vector consisting of a plasmid
encoding eGFP. To get cDNA encoding EGFP into acinar cells, our approach was to inject the
lacrimal gland with an adeno-associated virus (AAV) which contained cDNA encoding for
secreted EGFP (secEGFP). To create each AAV of 2 different serotypes (2 and 9) for secEGFP,
an AAV transfer plasmid was generated which contained between the inverted terminal repeats
(ITRs) the essential elements for secEGFP expression. The DNA sequence between the ITRs
was packaged into the AAV (FIG. 9) that was manufactured.
[00433] Eleven serotypes of AAV have been identified with the best characterized being
AAV2. AAV pseudotyping is the mixing of a capsid and genome from different serotypes to
improve transduction efficiency and these serotypes are denoted with a slash. For example,
AAV2/5 indicates a virus containing serotype 2 packaged in the capsid from serotype 5. AAVS
and AAV9 have been reported to be capable of delivering a luciferase reporter gene to the
lacrimal gland of mice (Rocha ef al., Transduction, Tropism, and Biodistribution of AAV
Vectors in the Lacrimal Gland, 2011; 52(13):9567-9572). Mouse lacrimal gland transduction
with GFP as well as mouse nerve growth factor (nNGF) has been observed for pseudotypes
AAV2/5 and AAV2/9 and reported recently on a pre-print server site (Gautier et al., AAV2/9-
87



WO 2022/235780 PCT/US2022/027647

mediated gene transfer into murine lacrimal gland leads to a long-term targeted tear film
modification; bioRxiv, 2022).

Design Analysis and Methodology

[00434] Research grade AAVs for secreted EGFP (serotypes 2 and 9) were synthesized at
Sirion and were provided at a stock concentration of 5x10'2. The AAV's were in vifro tested by
CJ Solutions using HEK 293T cells and ELISA to ensure that the manufactured AAVs would
transduce cells. At Texas A&M, eight domestic pigs received a one-time intralacrimal gland
injection of EGFP with the right (OD; oculus dexter) gland receiving a low dose and the left
(OS; oculus sinister) gland receiving a high dose. Six weeks after the first injection, a second
injection with AAV2 and AAV9 high doses were performed. The study assessed EGFP
expression at Day 35. Following tear EGFP level confirmation, the study was terminated 8
weeks after the second injection to assess the presence of EGFP in the lacrimal glands and
assess any potential inflammation or gland abnormalities. (Tables 9 & 10). In the study, nasal

spray dosing was administered between weeks 3 to 4 (Table 11).

Table 9: Study plan for in vivo study of AAV2-secEGFP and AAV9-secEGFP in
domestic pigs.

Title Fifteen week porcine study of AAV2-secEGFP and
AAV9-secEGFP following repeat intralacrimal gland
injection and OC-01 nasal spray administration.

GLP Status No

Objective(s) Fifteen week in vivo study to assess lacrimal gland
transduction following two intralacrimal gland injections
given 6 weeks apart. An initial of low-dose (1x10° vg)- or
high-dose (1x10!! vg) of AAV2-secEGFP or AAV9-
secEGFP was administered at Day O to transduce the
porcine lacrimal gland followed by a high dose (1x10! vg)
at week 6 (Day 47). The results are needed to: 1) confirm
expression and secretion of EGFP; 2) determine if EGFP is
detectable up to 8 weeks post-injection; and 3) assess any
AAV related safety signals following repeat

administration.
Breed Domestic pig
Species Sus scrofa domesticus
Age 8-10 weeks
i?llicifllals Body ~18-23 kg
Weight
Sex-(#M/#F) | 8 males
Total 8 for study (+ naive)
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Test article(s)

First Injection- AAV2-secEGFP injected ata 1.0 x 10° vg
dose (OD) or 1.0 x 10! vg dose (OS) into the lacrimal
gland

- AAV9-secEGFP injected at a 1.0 x 10° vg dose (OD) or
1.0 x 10'! vg dose (OS) into the lacrimal gland

Second injection: AAV2-secEGFP and AAV9-secEGFP at
a 1x10'! vg dose

Route of Administration

- Intralacrimal gland injection for AAV and intranasal dose
0C-01

Study Groups and Dose
Levels

See Table Below

Dosing Regimen

1. First injection into each lacrimal gland;
OD: single injection of 40uL low dose
OS: single injection of 40pL high dose

2. Nasal spray given twice daily from day 21 to day

28
3. Second injection into each lacrimal gland
4.
Randomization No
Planned Sacrifice Timepoint | Day 103

Table 10: Injected dose and volume of AAV.

Grou Dose Level Injectio Dose Route Route Number
p (vg) n number | (Right Gland) | (Left Gland) of
Time and Animals
volume (gender )
(nL) M
1 OD: low dose | Day0 OD: Intralacrimal Intralacrimal 4
1.0 x 10° 40uL | AAV2- AAV2-
OS: high dose single | secEGFP secEGFP
1.0x 10 injection | OD: 40uL 0S: 40uL
OS: single injection | single
40uL | low dose injection high
single dose
injection
2 OD: low dose | Day0 OD: Intralacrimal Intralacrimal 4
1.0 x 10° 40uL | AAVO- AAVO-
OS: high dose single | secEGFP secEGFP
1.0x 10! injection | OD: 40pL 0S: 40uL
OS: single injection | single
40uL | low dose injection high
single dose
injection
1 OD: high dose | Day 47 OD: Intralacrimal Intralacrimal 4
1x10" 40uL | AAV9- AAV9-
secEGFP secEGFP
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Grou Dose Level Injectio Dose Route Route Number
p (vg) n number | (Right Gland) | (Left Gland) of
Time and Animals
volume (gender )
(nL) M
OS: high dose single | OD: 40pL OS: 40uL
1.0x 10! injection | single injection | single
0OS: injection
40uL
single
injection
OD: high dose | Day 47 OD: Intralacrimal Intralacrimal 4
1x10!! 40uL | AAV2- AAV2-
OS: high dose single | secEGFP secEGFP
1.0x 10! injection | OD: 40uL 0S: 40uL
OS: single injection | single
40uL injection
single
injection

vg= viral genomes

Table 11: OC-01 nasal spray dosing was from day 21 to day 28.

Group 0cC-01 Dose Dose number Number
Dose Level of

Animals

(gender)

Male
1- Bilateral nares dose 0.05mL of BID Twice daily from 4
30mcg day 21-28
2- 0.05mL of BID Twice daily 4
Bilateral nares dose 30mcg from day 21-28

mcg= micrograms

[00435] Following the second AAV-secEGFP injection, tears were collected from each eye via

Schirmer strips on day 82. Tears were collected by placing a Schirmer’s Tear Test strip in the

lower conjunctival cul-de-sac and leaving in place for 2 minutes. Tear protein was extracted

from the Schirmer’s Tear Test strip and mesoscale discovery (MSD) analysis was conducted

to detect the presence of EGFP protein in the tears.

[00436] Lacrimal gland was collected for ocular histopathology on Day 103 and samples were

sent to Zyagen, Inc. (San Diego, CA) for EGFP immunohistochemistry (IHC).

[00437] ELISA results showed that the AAV serotypes that were manufactured could

transduce HEK 293T cells and produced secreted EGFP in vitro. EGFP expression in the tear

samples was confirmed by MSD analysis 82 days after AAV transduction with eGFP some
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levels >400 pg/mL as well as by IHC (FIG. 10). IHC indicated that EGFP expression was
within the acinar cells with greater acinar cell infectivity observed for AAV2 compared to
AAV9. Additionally, transduction of ductile epithelial cells was observed for AAV9 injected
lacrimal glands (FIG. 11). Hematoxylin and eosin staining of pig lacrimal gland after repeat
AAY injections did not show any inflammatory infiltrate, atrophy or edema (FIG. 12).

[00438] Porcine lacrimal gland that is injected with either AAV2-secEGFP or AAV9-secEGFP
expressed the EGFP transgene product in acinar cells as well as ductile epithelial cells. The
EGFP that was expressed in the lacrimal gland was found to be secreted into the tear film.
Additionally, no safety signals or inflammatory infiltrates were observed in any animals after
repeat injections of AAV2 or AAV9 regardless if they initially received a low or high dose of
AAYV during the first injection. The results of this study demonstrate that the acinar cells of the

lacrimal gland are a target for a gene therapy approach to modify and/or enrich the tear film.

Example 4. Detection of Human Nerve Growth Factor Beta Protein in Porcine Tears
Following Transduction

[00439] Tears were collected from twelve pigs (Sus scrofa domesticus) seven (7), fourteen
(14), twenty-one (21), twenty-eight (28), and thirty-five (35) days following transduction of
lacrimal gland (via intralacrimal injection) using a single dose (2el11 vg/mL) of an adeno-
associated viral vector (AAV) encoding human nerve growth factor (AAV-hNGFp) utilizing
adeno-associated virus serotypes 2 (n=4), 5 (n=4), and 9 (n=4) vectors. Collection of tear
samples was performed on Day 7, 14, 21, 28, and 35 utilizing Schirmer Tear Test strips placed
under the lower eyelid of both the right (OD) and left (OS) eyes individually for approximately
120 seconds in anesthetized animals. On Days 22-27, 0.03 mg varenicline solution was
administered to each nostril twice a day (BID). For the Day 28 tear collection, 0.03 mg of
varenicline solution was administered to each nostril via a nasal spray pump 2 minutes prior to
tear collection. On all collection days, the Schirmer Tear Test strip was cut just above the fluid
migration line and then the fluid-saturated portion of the test strip was immediately placed into
a microcentrifuge on ice. Collected samples were stored at -20 Celsius before being shipped to
a testing facility on dry ice.

[00440] Protein was extracted from the Schirmer Tear Test strips of the left eye and a meso-
scale discovery assay detecting human nerve growth factor protein (hNGF[3) was conducted on
each sample. The minimum and maximum standard curve values of the MSD assay for human
NGFB were 0.104 to 427 pg/mL, respectively. Transduction of (comprising the expression

91



WO 2022/235780 PCT/US2022/027647

cassette of SEQ ID NO: 25; depicted in FIG. 14) generated expression of hNFGf in tears
(FIGs. 13A-13C, respectively). The AAV9-hNGFf transduction generated such high
expression that the sample had to be diluted 16-128X for detection (Table 12). The average
calculated tear film level of hNGFP from AAV9-hNGFp transduced pigs derived from the
dilution study is 5,612.84 pg/mL. It should be noted that ANGF[} was not detected in non-
transduced porcine tear film based upon hNGF MSD data collected from previous studies
utilizing AAV vectors encoding different proteins. Therefore, any hNGFf3 protein detected
from extracts of the Schirmer strip tear samples was easily identified during the MSD assay
and attributed to transduction of the lacrimal gland by AAV-hNGF[} constructs. The samples
collected on Day 21 for AAV2- hNGFf (FIG. 13A) includes an outlier (p <0.05 as determined
by Grubb’s test) which was omitted from the analysis. No significant decrease was observed
between Days 7-28 for AAV9- hNGFf as shown in FIG. 13C). Additionally, hNGF protein
levels were compared between samples from animals administered AAV9--hNGF collected
on Day 21 (no nasal spray), Day 28 (nasal spray administration), and Day 35 (no nasal spray).
Administration of nasal spray increased tear AINGFf protein concentration when administered
the nasal spray compared to AAV administration alone (data not shown).

[00441] Together, this data demonstrates transduction of the porcine lacrimal gland with an
adenoviral-associated vector encoding hNGF[} resulted in expression, secretion, and transport
of hNGF to the tear film in detectable quantities. Expression was detectable within 7 days of
lacrimal gland transduction with significant variability in expression levels dependent upon the
AAYV serotype utilized. AAV9 demonstrated the highest level of expression within 7 days and
AAV2 showed the lowest level, albeit still within the range of the analytical assay utilized for
detection of human nerve growth factor beta protein. AAV2 protein levels in tears is steadily
increased out to 28 days, while AAVS decreased after the first 7 days and appeared to have
reached a steady-state at Days 14 through28 with further reduction at day 35. AAV9 transduced
animals had a significant level of hNGF detected in the tear film at Day 7 that remained

constant out to Day 35.

Table 12. Serial dilution of AAV9-hNGFp tear sample

Dilution of AAV9- hNGFp Concentration Range of Detection
hNGF Tears (pg/mL)

1:2 8,729.83 Above Upper Assay Limit
1:4 10,001.39 Above Upper Assay Limit
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1:8 7,613.18 Above Upper Assay Limit
1:16 6,439.27 Within Range of Detection
1:32 5,499.16 Within Range of Detection
1:64 4,763.83 Within Range of Detection
1:128 5,749.08 Within Range of Detection

* %k ok %k

[00442] While embodiments of the present invention have been shown and described herein,

those skilled in the art will understand that such embodiments are provided by way of example

only. Numerous variations, changes, and substitutions will now occur to those skilled in the art

without departing from the invention. It should be understood that various alternatives to the

embodiments of the invention described herein may be employed in practicing the invention.

It is intended that the following claims define the scope of the invention and that methods and

structures within the scope of these claims and their equivalents be covered thereby.
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CLAIMS

1. A method of treating an ocular condition in a subject in need thereof, the method
comprising administering a recombinant adeno-associated virus (rAAYV) virion, the rAAV
virion comprising an AAV capsid and an expression cassette comprising a polynucleotide
encoding a neurotrophic factor operatively linked to a promoter, to at least one eye of the

subject or to at least one lacrimal gland of the eye of the subject.

2. The method of claim 1, wherein the rAAYV virion is administered to a lacrimal gland of the

subject.

3. The method of claim 2, wherein the lacrimal gland is the main lacrimal gland or any one of

the Wolfring’s glands or the Krause’s glands of the subject.
4. The method of claim 2, wherein the lacrimal gland is the main lacrimal gland.

5. The method of any one of claims 2 to 4, wherein cells within the lacrimal gland are

transduced by the rAAYV virion.

6. The method of claim 5, wherein the transduced cells within the lacrimal gland express an
effective amount of the neurotrophic factor into the tear film and optionally onto the ocular

surface of the subject.

7. The method of any one of claims 1 to 6, wherein the neurotrophic factor is a Nerve Growth

Factor (NGF) protein.

8. The method of claim 7, wherein the polynucleotide encoding the NGF protein comprises a

sequence that shares at least 95% identity to SEQ ID NO: 2.

9. The method of claim 7, wherein the NGF protein comprises a sequence that shares at least
95% identity to SEQ ID NO: 1.

10. The method of claim 7, wherein the NGF protein comprises SEQ ID NO: 1.

11. The method of claim 7, wherein the polynucleotide encoding the NGF protein comprises

SEQ ID NO: 2.
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12. The method of any one of claims 1 to 6, wherein the neurotrophic factor is a Glial

Derived Neurotrophic Factor (GDNF) protein.

13. The method of claim 12, wherein the polynucleotide encoding the GDNF protein
comprises a sequence that shares at least 95% identity to SEQ ID NO: 4.

14. The method of claim 12, wherein the GDNF protein comprises a sequence that shares at

least 95% identity to SEQ ID NO: 3.
15. The method of claim 12, wherein the GDNF protein comprises SEQ ID NO: 3.

16. The method of claim 12, wherein the polynucleotide encoding the GDNF protein
comprises SEQ ID NO: 4.

17. The method of any one of claims 1 to 16, wherein the AAV capsid shares at least 95%,
98%, or 100% identity to AAV2 VP1 (SEQ ID NO: 6), AAV2 VP3 (SEQ ID NO: 8), AAVS
(SEQ ID NO: 10), AAVS (SEQ ID NO: 12), or AAV9 (SEQ ID NO: 14).

18. The method of any one of claims 1 to 17, wherein the promoter is a CAG promoter (SEQ
ID NO: 5).

19. The method of any one of claims 1 to 18, wherein the ocular condition is a chemical burn
of the ocular surface, corneal wound, corneal ulcer, persistent epithelial defect, dry eye
disease, neurotrophic keratitis, herpes simplex viral infection of the trigeminal nerve and/or
the eye, varicella zoster virus infection of the trigeminal nerve and/or the eye, or diabetic

complications of the corneal nerves.

20. The method of any one of claims 1 to 19, wherein one or more symptoms of the ocular
condition are reduced compared to the symptoms of the ocular condition before

administration of the rAAV virion.

21. The method of any one of claims 1 to 20, wherein one or more symptoms of the ocular
condition are reduced compared to the symptoms of the ocular condition in an untreated

control subject.
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22. The method of any one of claims 1 to 21, wherein one or more symptoms of the ocular
condition are reduced compared to the symptoms of the ocular condition in a contralateral

eye.

23. A recombinant adeno-associated virus (rAAV) virion, comprising an AAV capsid and an
expression cassette, wherein the expression cassette comprises a polynucleotide encoding a

neurotrophic factor operatively linked to a promoter.

24. The rAAV virion of claim 23, wherein the neurotrophic factor is a Nerve Growth Factor

(NGF) protein.

25. The rAAYV virion of claim 24, wherein the polynucleotide encoding the NGF protein
comprises a sequence that shares at least 95% identity to SEQ ID NO: 2 or SEQ ID NO: 17.

26. The rAAV virion of claim 24, wherein the NGF protein comprises a sequence that shares

at least 95% identity to SEQ ID NO: 1.
27. The rAAYV virion of claim 24, wherein the NGF protein comprises SEQ ID NO: 1.

28. The rAAYV virion of claim 24, wherein the polynucleotide encoding the NGF protein
comprises SEQ ID NO: 2 or SEQ ID NO: 17.

29. The rAAV virion of claim 23, wherein the neurotrophic factor is a Glial Derived

Neurotrophic Factor (GDNF) protein.

30. The rAAYV virion of claim 29, wherein the polynucleotide encoding the GDNF protein
comprises a sequence that shares at least 95% identity to SEQ ID NO: 4 or SEQ ID NO: 18.

31. The rAAYV virion of claim 29, wherein the GDNF protein comprises a sequence that
shares at least 95% identity to SEQ ID NO: 3.

32. The rAAYV virion of claim 29, wherein the GDNF protein comprises SEQ ID NO: 3.

33. The rAAYV virion of claim 29, wherein the polynucleotide encoding the GDNF protein
comprises SEQ ID NO: 4 or SEQ ID NO: 18.

34. The rAAYV virion of any one of claims 23 to 33, wherein the AAV capsid comprises a
VP3 that shares at least 95%, 98%, or 100% identity to AAV2 VP1 (SEQ ID NO: 6), AAV2
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VP3 (SEQ ID NO: 8), AAV5 (SEQ ID NO: 10), AAVS (SEQ ID NO: 12), or AAV (SEQ
ID NO: 14).

35. The rAAYV virion of any one of claims 23 to 34, wherein the promoter is a CAG promoter
(SEQ ID NO: 5) or a CMV promoter (SEQ ID NO: 16).

36. The rAAYV virion of claim 23, wherein the expression cassette comprises a sequence that

shares at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 23.

37. The rAAYV virion of claim 23, wherein the expression cassette comprises a sequence that

shares at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 24.

38. The rAAYV virion of claim 23, wherein the expression cassette comprises a sequence that

shares at least 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 25.

39. A recombinant adeno-associated virus (rAAV) virion comprising an expression cassette

comprising a polynucleotide of SEQ ID NO: 25.

40. The rAAYV of claim 39, wherein the rAAV comprises an AAV capsid.

41. The rAAV of claim 40, wherein the AAV capsid shares at least 95%, 98%, or 100%
identity to AAV2 VP1 (SEQ ID NO: 6), AAV2 VP3 (SEQ ID NO: 8), AAVS (SEQ ID NO:
10), AAV8 (SEQ ID NO: 12), or AAV9 (SEQ ID NO: 14).

42. A composition comprising an rAAV virion, wherein the rAAV virion comprises:

(a) an AAV capsid, and

(b) an expression cassette, wherein the expression cassette comprises a polynucleotide
sharing at least 95% identity to SEQ ID NO: 2 or SEQ ID NO: 17, and wherein the

polynucleotide is linked to a promoter.

43. A composition comprising an rAAV virion, wherein the rAAYV virion comprises:

(a) an AAV capsid, and

(b) an expression cassette, wherein the expression cassette comprises a polynucleotide
sharing at least 95% identity to SEQ ID NO: 4 or SEQ ID NO: 18, and wherein the

polynucleotide is linked to a promoter.
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44. A composition comprising an rAAYV virion, wherein the rAAYV virion comprises:

(a) an AAV2, AAVS, AAVS, or AAV9 capsid, and

(b) an expression cassette, wherein the expression cassette comprises a polynucleotide
sharing at least 95% identity to SEQ ID NO: 2 or SEQ ID NO: 17, and wherein the

polynucleotide is linked to a promoter.

45. A composition comprising an rAAV virion, wherein the rAAV virion comprises:
(a) an AAV2, AAVS, AAVS, or AAV9 capsid, and

(b) an expression cassette, wherein the expression cassette comprises a polynucleotide

sharing at least 95% identity to SEQ ID NO: 4 or SEQ ID NO: 18, and wherein the

polynucleotide is linked to a promoter.

46. The composition of any one of claims 42-45, wherein the AAV capsid shares at least
95%, 98%, or 100% identity to AAV2 VP1 (SEQ ID NO: 6), AAV2 VP3 (SEQ ID NO: 8),
AAVS5 (SEQ ID NO: 10), AAVS (SEQ ID NO: 12), or AAV9 (SEQ ID NO: 14).

47. The composition of any one of claims 42-45, wherein the AAV capsid is AAV2.

48. The composition of any one of claims 42-45, wherein the AAV capsid is AAVS.

49. The composition of any one of claims 42-45, wherein the AAV capsid is AAVO.

50. A composition comprising an rAAV virion, wherein the rAAV virion comprises:
(a) an AAV2 capsid, and
(b) an expression cassette, wherein the expression cassette comprises a polynucleotide

sharing at least 95% identity to SEQ ID NO: 25.

51. A composition comprising an rAAYV virion, wherein the rAAV virion comprises:
(a) an AAVS capsid, and
(b) an expression cassette, wherein the expression cassette comprises a polynucleotide

sharing at least 95% identity to SEQ ID NO: 25.

52. A composition comprising an rAAYV virion, wherein the rAAV virion comprises:
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(a) an AAVO capsid, and
(b) an expression cassette, wherein the expression cassette comprises a polynucleotide

sharing at least 95% identity to SEQ ID NO: 25.

53. A pharmaceutical composition comprising the rAAYV virion of any one of claims 23 to 41,

or the composition of any one of claims 42-52, and a pharmaceutically acceptable carrier.

54. The pharmaceutical composition of claim 53, wherein the composition comprises about 1

x 107 to about 1 x 10™ genome copies per milliliter of the rAAV virion.

55. The pharmaceutical composition of claim 53, wherein the composition comprises about 1

x 10" to about 6.2 x 10'? genome copies per milliliter of the rAAV virion.

56. The pharmaceutical composition of any one of claims 53-55, wherein the composition is

formulated for administration into the lacrimal gland.

57. The pharmaceutical composition of any one of claims 53-55, wherein the composition is

formulated for administration onto the ocular surface.

58. The pharmaceutical composition of any one of claims 53-57, wherein the composition is
formulated for use, or adaptable for use, in the treatment of an ocular disease, disorder, or

condition.

59. A method of treating an ocular condition in a subject in need thereof, the method
comprising administering an effective amount of the pharmaceutical composition of any one

of claims 53 to 58 to the eye of the subject to an ocular secretory gland of the subject.

60. The method of claim 59, wherein the rAAYV virion is administered to the lacrimal gland of

the subject.

61. The method of claim 60, wherein cells within the lacrimal gland are transduced by the

rAAV virion.

62. The method of claim 61, wherein the transduced cells within the lacrimal gland express
an effective amount of the neurotrophic factor into the tear film and optionally onto the

ocular surface of the subject.
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63. The method of any one of claims 59 to 62, wherein the ocular condition is neurotrophic

keratitis.

64. The method of any one of claims 59 to 63, wherein one or more symptoms of the ocular
condition are reduced compared to the symptoms of the ocular condition before

administration of the rAAV virion.

65. The method of any one of claims 59 to 64, wherein one or more symptoms of the ocular
condition are reduced compared to the symptoms of the ocular condition in an untreated

control subject.

66. The method of any one of claims 59 to 65, wherein one or more symptoms of the ocular
condition are reduced compared to the symptoms of the ocular condition in a contralateral

eye.

67. The rAAV virion of any one of claims 23 to 41, the composition of any one of claims 42-
52, or the pharmaceutical composition of any one of claims 53 to 58 for use in the method of

any one of claims 1 to 22.

68. Use of the rAAV virion of any one of claims 23 to 41 or the composition of any one of
claims 42-52 in the manufacture of a medicament for use in the method of any one of claims

1to 22.

69. A kit comprising the rAAYV virion of any one of claims 23 to 41, the composition of any
one of claims 42-52, or the pharmaceutical composition of any one of claims 53 to 58, and

instructions for use in the method of any one of claims 1 to 22.

70. A recombinant adeno-associated virus (rAAV) virion for use in a method of treating an
ocular condition in a subject in need thereof, the method comprising administering a
recombinant adeno-associated virus (rAAV) virion, the rAAYV virion comprising an AAV
capsid and an expression cassette comprising a polynucleotide encoding a neurotrophic factor
operatively linked to a promoter, to at least one eye of the subject or to at least one lacrimal

gland of the eye of the subject.

71. The rAAYV virion for use of claim 70, wherein the rAAYV virion is administered to a

lacrimal gland of the subject.

100



WO 2022/235780 PCT/US2022/027647

72. The rAAYV virion for use of claim 71, wherein cells within the lacrimal gland are

transduced by the rAAYV virion.

73. The rAAYV virion for use of any one of claims 70-72, wherein the neurotrophic factor is a

Nerve Growth Factor (NGF) protein.

74. The rAAV virion for use of any one of claims 70-72, wherein the neurotrophic factor is a

Glial Derived Neurotrophic Factor (GDNF) protein.

75. The rAAV virion for use of any one of claims 70-74, wherein the ocular condition is a
chemical burn of the ocular surface, corneal wound, persistent epithelial defect, dry eye
disease, neurotrophic keratitis, herpes simplex viral infection of the trigeminal nerve and/or
the eye, varicella zoster virus infection of the trigeminal nerve and/or the eye, or diabetic

complications of the corneal nerves.
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