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TREATMENTS FOR INTRAOCULAR PRESSURE
RELATED DISORDERS

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Provisional Application No. 63/133,947, filed
January 5, 2021 and U.S. Provisional Application No. 63/214,666, filed June 24, 2021. The

entirety of each of these applications is hereby incorporated by reference herein for all purposes.

FIELD OF THE INVENTION
The present invention relates to methods and compositions for treating a patient having
an ocular disorder related to intraocular pressure (IOP) such as normal-tension glaucoma (NTG),

glaucomatous optic neuropathy (GON), or radiation papillopathy.

INCORPORATION BY REFERENCE
The contents of the text file named “19081-013WO1_SequenceListing,” which was
created on January 5, 2022, and is 72.8 KB in size, are hereby incorporated by reference in their

entirety.

BACKGROUND OF THE INVENTION

Neuropathy associated with glaucoma (glaucomatous optic neuropathy (GON)) remains
the world’s leading cause of irreversible blindness, estimated to effect 80 million people
worldwide, and is a diagnosis that refers to a specific pattern of progressive retinal ganglion cell
loss that is pressure-sensitive in nature (Quigley et al., Br. J. Ophthalmol., 90(3):262-267
(2006)). GON is broadly divided into open-angle and closed-angle glaucoma each with primary
and secondary causes. For all of the glaucomas, the only reliable therapeutic target is the
reduction of I0P, the most prevalent risk factor for GON. Ocular hypertension, or clevated IOP
in the absence of GON may also be treated with IOP-lowering medications.

Neuropathy also occurs in normal-tension glaucoma (NTG), also known as low tension
or normal pressure glaucoma, which is a form of glaucoma in which damage occurs to the optic
nerve without eye pressure exceeding the normal range. In general, a "normal" pressure range is

between about 12-21 mm Hg. While the causes of NTG are still unknown, the optic nerve is
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susceptible to damage from even the normal amount of eye pressure. In treating NTG, it is
desirable to reduce the patient’s IOP as low as possible, including through the administration of
IOP-lowering medications, laser treatments, and conventional surgery.

IOP is a function of ocular aqueous humor production and drainage. Aqueous humor
drainage occurs via two major pathways (Costagliola et al. Surv Ophthalmol 65, 144-170
(2020)). The conventional, or trabecular pathway is the predominant pathway that drains the
majority of aqueous through the trabecular meshwork into a venous plexus in the episcleral
venous system which has a basal pressure known as episcleral venous pressure (EVP). The
second major pathway is known as the uveoscleral outflow pathway and drains fluid primarily
through the ciliary muscle. Treatment strategies for IOP reduction include pharmacologic or laser
therapies that try to reduce the production or increase the drainage of aqueous. If these modalities
are not sufficient, surgical intervention may be required to create a new drainage channel. Use of
topical eye drops that contain ocular hypotensive therapeutics is often the initial treatment due to
risks associated with laser or surgical intervention (Linden, C. et al. Acta Ophthalmol 96, 567-
572 (2018)).

Generally, topical prostaglandin F2 alpha (PGF2a) analogue eye drop monotherapy (e.g.,
latanoprost, bimatoprost) is the initial treatment of choice for patients with GON or ocular
hypertension (Linden et al., Acta Ophthalmol., 96(6):567-572 (2018)), and is a treatment option
for those with NTG. PGF2a analogues are pro-inflammatory molecules that indirectly lower
IOP by signaling through the prostaglandin F (FP) receptor (Doucette et al., Ophthalmic Genet.,
38(2):108-16(2017)).

There exist several problematic features of PGF2a eye drops, however, which involve the
method of application, side-effects, and overall compliance. For example, latanoprost eye drops
(Xalatan®, NDA 20-597/S-044) must be applied once per day and any deviation in dosage may
not only decrease the IOP lowering effect but paradoxically lead to elevations in IOP. The
requirement of daily administration contributes to substantial non-compliance in adherence to the
daily regimen, with estimates of non-compliant patients ranging between 23-60% of all
glaucoma patients (Richardson et al., Patient Preference and Adherence, 7:1025-1039(2013);
Gooch et al., Pharmaceutics, 4:197-211(2012); Mansberger et al., Trans Am Ophthalmol Soc.



10

15

20

25

30

WO 2022/150409 PCT/US2022/011344

111:1-16(2013); Budenz et al., Ophthalmology 116:543-7(2009); Sleath et al., Ophthalmology
118:2398-2402(2011)).

Another factor that also leads to poor regimen adherence is the collection of side effects
associated with latanoprost and other PGF2a analogue eye drops. Though generally well-
tolerated, latanoprost and other PGF2a analogues have notable inflammation-related side effects
including conjunctival hyperemia, punctate epithelial keratopathy, and ocular surface and
intraocular irritation (Toris et al., Surv Ophthalmol., 53 Suppl1:S107-120(2008); Smith et al.,
Acta Ophthalmol Scand., 77(6):668-72; Warwar et al.,, Ophthalmology, 105(2):263-8;
Razeghinejad et al., Ocul Immunol Inflamm. 2017:1-8(2017)). Poor compliance due to negative
side-effects or the difficulty of daily administration unfortunately results in increased disease
progression (Rajurkar et al., J Curr Ophthalmol, 30:125-9(2018); Newman-Casey et al,,
Ophthalmology, 122:1308-16(2015); Nordstrom et al., Am J Ophthalmol, 140:598-606(2005);
Hwang et al., JAMA Ophthalmol, 132:1446-52(2014); Feehan et al., J Clin Med, 5(2016)).

Despite the wide application of PGF2a analogues, a substantial segment (~20%) of
patients with ocular hypertension, GON, and NTG have diminished or absent responses to
PGF2a analogue eye drops such as latanoprost (Doucette et al., Ophthalmic Genet., 38(2):108-
116 (2017); King et al., BMJ, 346:£3518 (2013); Tanna et al., Curr. Opin. Ophthalmol., 26:116-
120 (2015); Winkler et al., J. Ocul. Pharmacol. Therap., 30(2-3):102-109 (2014); Cui et al., J.
Clin. Pharm. Ther., 42(1):87-92(2017); Zhang et al., Curr. Eye Res., 41(12):1561-1565 (2016);
Ussa et al., Ophthalmology, 122(5):1040-1048 e1044 (2015); Sakurai et al., Br. J. Ophthalmol.,
98(4):469-473 (2014); Sakurai et al., Ophthalmology, 114(6):1039-1045 (2007); Peng et al,,
Kobe J. Med. Sci., 53(1-2). 49-52 (2007)). This substandard response to PGF2a analogue
eyedrops has been associated with genetic polymorphisms in the FP receptor gene (PTGFR) (Cui
et al., J Clin Pharm Ther., 42(1):87-92(2017); Zhang et al., Curr Eye Res., 41(12):1561-5(2016);
Ussa et al., Ophthalmology, 122(5):1040-8(2015); Sakurai et al., Br J Ophthalmol, 98(4):469-
73(2014); Sakurai et al., Ophthalmology, 114(6):1039-45(2007); Peng et al., Kobe J Med Sci.,
53(1-2):49-52(2007)).

In order to combat these issues, sustained IOP reduction is an increasingly sought-after
therapeutic goal in order to minimize patient non-compliance, ocular surface side effects, and

IOP fluctuation. A variety of approaches to deliver available medications have been employed,
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including contact lens delivery and implants to the conjunctival fornix, lacrimal puncta,
periocular space, or anterior chamber (see recent review by Kompella et al. Prog Retin Eye Res,
100901 (2020)). Awvailable approaches, however, require the use of a scaffold to elute drug
which may lead to patient discomfort when used extraocularly or complications including
corneal endothelial cell loss when used intraocularly.

In addition to the ocular hypertensive neuropathies described above, additional
neuropathies have been associated with, for example, radiation-based ocular therapies, including
plaque, proton beam, and gamma knife treatments for ocular tumors, for example, uveal
melanoma (Jampol et al. Ophthalmol 109:2197-2206(2002), Papakostas et al. JAMA
Ophthalmol. 135:1191-6(2017); Lane et al. JAMA Ophthalmol. 133:792-796(2015); Gragoudas
et al. Trans Am Ophthalmol Soc. 100:43-9(2002); Gorovets et al. Brachytherapy 16:433-
43(2017); Reynolds et al. Int J Retin Vitreous 3:17(2017)). In certain patients, radiation side
effects limit long-term visual acuity, resulting in radiation papillopathy (see, e.g., Kim et al.
Natural history of radiation papillopathy after proton beam irradiation of parapapillary
melanoma, Ophthalmology 2010;117;1617-1622). Radiation dose to the optic disc is a well-
established risk factor for postradiation optic atrophy and is associated with a poor visual acuity
outcome. Over the course of several years, some cases of postradiation optic atrophy display
optic disc pallor as the predominant feature, whereas others develop concomitant neuroretinal
rim thinning (NRT). Preventing and treating these radiation papillopathies remains a challenge.

Accordingly, there is an unmet need for compositions and methods useful for treating
ocular neuropathies in patients in need thereof without the requisite issues associated with

current modalities.

SUMMARY OF THE INVENTION

Provided herein are compositions, and methods for using such compositions, to reduce
IOP in a patient suffering from an IOP-related ocular disorder or an ocular disorder responsive to
the lowering of IOP, the compositions comprising a nucleic acid encoding the hormone peptide
human stanniocalcin-1 (STC-1). In aspects provided herein, the STC-1 encoding nucleic acid is
contained in a recombinant adeno-associated virus (rAAV) vector comprising an AAV capsid

comprising a nucleic acid packaged therein, wherein the nucleic acid comprises an AAV 5’
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inverted terminal repeat (ITR), a promoter, and a coding sequence encoding a STC-1
polypeptide, and an AAV 3’ ITR (rAAV-STC-1). The rAAV-STC-1 compositions and methods
provided herein allow for repeatable, diffuse, and sustained expression of STC-1 for extended
periods, resulting in prolonged periods of IOP-reduction in patients most at need.

The methods and compositions provided herein can be used to treat or prevent an ocular
disorder in a patient associated with increased or elevated IOP, for example GON or ocular
hypertension. In addition, the methods and compositions provided herein can be used to treat or
prevent an ocular disorder in a patient wherein the disorder is responsive to a reduction of IOP,
for example, NTG. For example, administration of STC-1 to the eye is capable of lowering IOP
in eyes with hypertension and lowering IOP from normal baseline tension levels (see, e.g.,
Example 6, FIG. 23B). Furthermore, the methods and compositions provided herein can be used
to treat those at risk for developing radiation papillopathy, for example, individuals with elevated
baseline IOP at the time of receiving radiation to treat an ocular tumor, or who develop an
elevated IOP after receiving radiation to treat an ocular tumor. In some embodiments, the rAAV-
STC-1 compositions and methods provided herein can be used to repeatedly reduce IOP and/or
prevent elevated IOP in one or more eyes of a patient without the need for implanting a drug-
eluting device into the lacrimal puncta, ocular surface, or anterior chamber of the patient. In
some embodiments, the patient’s IOP is non-responsive to latanoprost or other PGF2a analogues.

Human STC-1 (UniProtKB - P52823 (STC1 _HUMAN)), a 50-kDa disulfide-linked
dimer with 11 paired cysteine residues, has been shown to function in mineral metabolism and
contains anti-inflammatory (Huang et al. Am J Pathol 174, 1368-1378 (2009)), anti-oxidative
stress (Sheikh-Hamad, D. Am J Physiol Renal Physiol 298, F248-254 (2010)) and
neuroprotective (Roddy et al. Mol Ther 20, 788-797 (2012)) properties. STC-1 functions as a
stress-response protein being produced at relatively low levels during periods of physiologic
homeostasis, but upregulated in times of cellular stress (Dalvin et al. Curr Eye Res, 1-6 (2019)),
including inflammation (Tang et al. Free Radic Biol Med 71, 321-331 (2014), oxidation (Nguyen
et al., Oncogene 28, 1982-1992 (2009)), and hypoxia (Ito et al. Biochemical and biophysical
research communications 452, 1091-1097 (2014); Shi et al., J Cardiovasc Pharmacol 64, 522-529
(2014); Durukan Tolvanen et al., Neuroscience 229, 49-54, (2013)).
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Advantageously, a rAAV-STC-1 composition provided herein can be repeatedly
administered, as needed. For example, a rAAV-STC-1 composition can be repeatedly
administered to, for example, the anterior chamber of the eye via intracameral injection or via
subconjunctival delivery or other suitable delivery area, without the induction of a
disadvantageous and further compounding inflammatory response. Surprisingly, it is believed
that the expression of STC-1 itself may contribute to the tolerability of repeat injections of the
present invention compositions due to its anti-inflammatory properties, possibly through the
inhibition of macrophage chemotaxis, modulation of transendothelial migration of leukocytes,
and reduction of T-cell infiltration. Thus STC-1 unexpectedly serves a dual purpose: 1) the
induction of IOP reduction to treat an ocular disorder, and ii) an anti-inflammatory adjunctive
therapy that unexpectedly assists with host tolerability of repeat viral vector administrations.
The ability to repeatedly administer an AAV vector comprising a nucleic acid encoding STC-1 as
described herein is believed to represent the first successful repeat delivery of an AAV viral
vector into the anterior chamber or subconjunctival space to achieve a therapeutic response for
the reduction of IOP. For example, and as described further below (see, e.g., Example 2 and
FIG. 6A-C, 7A-B) a repeat injection of a single strand (ss) AAV2 comprising a nucleic acid
encoding STC-1 via a constitutively active promoter (chicken (-actin) (ssAAV2-smCBA-STC-1-
FLAG) intracamerally into the anterior chamber leads to the reestablishment of IOP reduction in
relevant glaucoma animal models. Likewise, a repeat injection of a sSAAV2-smCBA-STC-1-
FLAG to the subconjunctival space also leads to the reestablishment of IOP reduction in relevant
glaucoma animal models (see, e.g., Example 2, Fig. 11).

The ability to repeatedly administer the recombinant viral vectors of the present invention
represents a significant advance in IOP-reducing treatments, as a major concern with the
therapeutic use of viral constructs including AAV for the repeated delivery of therapeutic agents
is the potential to induce an inflammatory response with initial or repeat injections that may limit
host tolerability of the treatment (Riviere et al., Gene Ther, 13:1300-08(2006)); Mingozzi et al.,
Blood, 122:23-36(2013); Perez et al., Brain Sci., 10, (2020)). For example, a single intravitreal
injection into vitreous humor of an AAV engineered to express green fluorescent protein was
shown to produce intraocular inflammation characterized by a CD45+ inflammatory infiltrate in

the vitreous (Goel et al., Open Ophthalmol, 4:52-59(2010)).
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In one aspect, these advantageous effects are derived via delivery of a rAAV-STC-1
composition to the anterior chamber of one or both eyes. The anterior chamber contains aqueous
humor, a water-like substance produced and secreted from the ciliary epithelium that nourishes
the tissues in the front of the eye and is removed through several drainage pathways. This
continuous production and removal of aqueous humor results in turnover of aqueous humor
every 90-120 minutes (see, e.g., Bakri et al., Ophthalmology 114, 855-859 (2007)), minimizing
viral exposure while allowing for diffuse expression and delivery into the natural outflow
pathway of the eye, allowing for the delivery of STC-1 to, for example, the iridocorneal angle.
Following administration of ssAAV2-smCBA-STC-1-FLAG into the anterior chamber,
expression of STC-1-FLAG was observed in the ciliary body, cornea, iris, and lens (see, e.g.,
FIG. SA-B, 9, 10A-B). Unexpectedly, anterior chamber delivery also resulted in STC-1-FLAG
expression and/or delivery to the retina (see, e.g., FIG. SA-B, 9, 10A-B), demonstrating robust in
situ retinal expression observed more than 4 months post-administration. The ability to
express/deliver STC-1 in the retina has important implications for direct neuroprotective effects
of retinal ganglion cells. Because GON and NTG are primarily an optic neuropathy by
definition, the use of an AAV to deliver a nucleic acid capable of constitutively expressing STC-
1 in the anterior chamber of the eye provides a unique, first-in-class, dual mechanism therapeutic
that provides both IOP reduction and neuroprotection. Furthermore, STC-1 acts downstream of
the FP-receptor, and the effects of STC-1 are not dependent on the FP-receptor for activity,
unlike PGF20 analogues such as latanoprost (Roddy et al., Invest Ophthalmol Vis Sci.
58(5):2715-24(2017); Roddy et al., PLoS One 15(5):1-12(2020)). Accordingly, the use of a
rAAV comprising a nucleic acid capable of expressing STC-1 provides better therapeutic benefit
to the substantial segment (~20%) of glaucoma patients with poor or absent responses to PGF2a.
analogues due to FP-receptor heterogeneity.

In an alternative aspect, these advantageous effects are derived via delivery of a rAAV-
STC-1 composition described herein to the subconjunctival space of one or both eyes. As shown
in Example 2, repeat subconjunctival injections of the compositions described herein
reestablishes IOP reduction after the initial effect of a first administration begin to wane (FIG.
11). Importantly, the ability to administer multiple doses of the present compositions to the

subconjunctival space provides a significantly less invasive administration route, eliminating



10

15

20

25

30

WO 2022/150409 PCT/US2022/011344

many of the risks associated with intraocular delivery, including for example bleeding in the eye
(hyphema) and/or infection (endophthalmitis), while allowing delivery of STC-1 into the anterior
chamber, which benefits are described above.

In additional alternative aspects, a rAAV-STC-1 composition described herein can be
repeatedly delivered to the eye via, for example, but not limited to, intravitreal, intrastromal,
intracameral, sub-tenon, sub-retinal, retro-bulbar, peribulbar, suprachoroidal, choroidal,
subchoroidal, conjunctival, episcleral, posterior juxtascleral, circumcorneal, or tear duct
injection.

In some embodiments, following administration of the rAAV-STC-1 compositions
provided herein, IOP in a treated eye of a patient is reduced from a baseline pre-administration
level by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, or greater. In
some embodiments, following administration of the rAAV-STC-1 compositions provided herein,
IOP in a treated eye of a patient 1s reduced from a pre-administration level by between about
10% and 75%, between about 10% and 65%, between about 10% and 50%, or between about
10% and 40%. In some embodiments, following administration of a rAAV-STC-1 composition
described herein, IOP normalizes between about 10 mmHg and 21 mmHg for at least 30 days, at
least 60 days, at least 90 days, at least 180 days, at least 1 year, at least 2 years, or longer. In
some embodiments, following administration of the rAAV-STC-1 compositions provided herein,
IOP in a treated eye of a patient is reduced from a baseline pre-administration level by at least 1
mmHg, at least 2 mmHg, at least 3 mmHg, at least 4 mmHg, at least 5 mmHg, at least 6 mmHg,
at least 7 mmHg, at least 8, mm Hg, at least 9 mmHg, at least 10 mmHg, or greater than 10
mmHg. In some embodiments, IOP is determined using Goldmann Applanation Tonometry
(GAT).

In one aspect, provided herein is a method for reducing IOP in a patient suffering from an
IOP-related ocular disorder or an ocular disorder responsive to the lowering of IOP, wherein the
method comprises administering to at least one eye of the patient a therapeutically effective
amount of an adeno-associated virus (rAAV) comprising a nucleic acid encoding a stanniocalcin-
1 (STC-1) polypeptide operably linked to a promoter. In some embodiments, the STC-1 has
been codon optimized for expression from an AAV vector. In some embodiments, the STC-1 has

been codon optimized for expression in a human ocular cell. Such STC-1 sequences may share
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at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% identity to the wild-type or native human STC-1 coding sequence
(SEQ ID NO:1)(NCBI CCDS 6043.1). In some embodiments, the nucleic acid encodes an STC-
1 polypeptide having the amino acid sequence of SEQ ID NO:2, or an amino acid at least 70%,
at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identical thereto. In some embodiments, the nucleic acid encodes an STC-1
polypeptide having the amino acid sequence of SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8,
SEQ ID NO:10, SEQ ID NO:12, SEQ ID NO:14, SEQ ID NO:16, SEQ ID NO:18, SEQ ID NO:
20; SEQ ID NO: 21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:25, SEQ ID NO: 27, or SEQ
ID NO: 29, or an amino acid at least 70%, at least 75%, at least 80%, at least 90%, at least 95%,
at least 96%, at least 97%, at least 98%, or at least 99% identical thereto. In some embodiments,
the nucleic acid encoding STC- 1 is SEQ ID NO:1, or a nucleic acid having at least 70%, at least
75%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identical thereto. In some embodiments, the nucleic acid encoding STC- 1 is selected from
SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 11, SEQ ID NO: 13,
SEQ ID NO: 15, SEQ ID NO:17, SEQ ID NO:19, SEQ ID NO:24, SEQ ID NO:26, or SEQ ID
NO:28, or a nucleic at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identical thereto.

In some embodiments, the promoter operably linked to the nucleic acid encoding STC-1
is a constitutively active promoter. In some embodiments, the constitutively active promoter is
derived from, for example but not limited to a cytomegalovirus (CMV) promoter, a beta actin
promoter, for example but not limited to a chicken beta actin (CBA) promoter or a human beta
actin (hACTB) promoter, cytomegalovirus (CMV) immediate-early enhancer and chicken beta-
actin (CAG) promoter, a human elongation factor-1 alpha (hEF-la) promoter, a
phosphoglycerate kinase (PGK) promoter, a ubiquitin C (UbiC) promoter, or other constitutively
active promoter described herein. In some embodiments, the promoter is a CBA promoter
derived from the nucleic acid sequence of SEQ ID NO:33, SEQ ID NO:34, or SEQ ID NO:35, or
a nucleic acid sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% identical thereto. In some embodiments,

the CBA promoter is SEQ ID NO:34, or a nucleic acid at least 70%, at least 75%, at least 80%, at
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least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical thereto.
In some embodiments, the CBA promoter is SEQ ID NO:35, or a nucleic acid at least 70%, at
least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% identical thereto.

In some embodiments, the promoter is an ocular cell specific promoter. In some
embodiments, the ocular cell specific promoter is derived from, for example but not limited to,
human synapsin 1 gene (hSYNT1) promoter, Purkinje cell protein 2 (PCP2) promoter, G Protein
Subunit Gamma Transducin 2 (GNGT2) promoter, Phosphodiesterase 6H (PDE6H) promoter,
Paired Like Homeodomain 3 (PITX3) promoter, claudin 5 (CLDNS) promoter, Nuclear Receptor
Subfamily 2 Group E Member 1 (NR2E1) promoter, paired box 6 (PAX6) promoter, or other
ocular cell specific promoter described herein. In some embodiments, the promoter is a hSYN1
promoter derived from the nucleic acid sequence of SEQ ID NO:42, or a nucleic acid sequence
at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% identical thereto. In some embodiments, the promoter is a hRK1
promoter derived from the nucleic acid sequence of SEQ ID NO:54, or a nucleic acid sequence
at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% identical thereto.

In some embodiments, the promoter is endothelial cell specific promoters. In some
embodiments, the promoter is an epithelial cell specific promoter. In some embodiments, the
promoter is a fibroblast cell specific promoter. In some embodiments, the endothelial cell-
specific promoter is derived from, for example but not limited to, fibroblast-specific protein 1
(FSP1/S100A4) promoter, angiopoietin receptor (TEK/TIE2) promoter, vascular endothelial
cadherin 5 (CDHS) promoter, vascular endothelial growth factor receptor 2
(VEGFR2/KDR/FLK1) promoter, platelet derived growth factor B (PDGFB) promoter, SRY-Box
transcription factor 17 (SOX17) promoter, BMX non-receptor tyrosine kinase (BMX) promoter,
endothelial cell specific molecule 1 (ESM1) promoter, apelin (APLN) promoter, apelin receptor
(APLNR/APJ) promoter, fatty acid binding protein 4 (FABP4/AP2) promoter,
calcium/calcineurin-dependent transcription factor (NFATC1) promoter, natriuretic peptide

receptor 3 (NPR3) promoter, or other endothelial cell specific promoter described herein.



10

15

20

25

30

WO 2022/150409 PCT/US2022/011344
11

When the STC-1 encoding nucleic acid is packaged for delivery in an AAV vector, the
promoter and STC-1 encoding nucleic acid are flanked by AAV inverted terminal repeats (ITRs).
In some embodiments, the ITRs are derived from the same AAV serotype as the AAV capsid. In
some embodiments, the ITRs are derived from a different AAV serotype than the AAV capsid. In
some embodiments, the ITR is derived from an AAV2 ITR. In some embodiments, the ITR is
derived from the nucleic acid of SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ 1D
NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:56, or SEQ ID NO:57, or a nucleic acid at
least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% identical thereto. In some embodiments, the 5’ ITR is derived from
the nucleic acid of SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, or SEQ ID NO:56, or a
nucleic acid at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identical thereto. In some embodiments, the 3° ITR is
derived from the nucleic acid of SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, or SEQ ID
NO:570r a nucleic acid at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% identical thereto.

In some embodiments, the AAV vector is a single stranded (ss) AAV vector. In some
embodiments, the AAV vector is a self-complementary (sc) AAV vector.

In certain embodiments, the nucleic acid further comprises one or more regulatory
elements, enhancer elements, cis-regulatory modules (CRMs), introns, exons, polyadenylation
signals, and/or post-transcriptional elements such as a Woodchuck Hepatitis Virus (WHP)
Posttranscriptional Regulatory Element (WPRE).

In some embodiments, the AAV capsid is derived from AAV1, AAV2, AAV4, AAVS,
AAV6, AAVS, or AAVO serotype. In some embodiments, the AAV capsid is derived from AAV2.
In some embodiments, the AAV2 is AAV2(Triple Y-F). In some embodiments, the AAV capsid is
derived from AAV8. In some embodiments, the AAV capsid is derived from AAV9. In some
embodiments, the AAV capsid is a hybrid of AAVs such as AAV8/AAV9 capsid, for example,
AAVSGI.

In some embodiments, the rAAV comprises a nucleic acid sequence of SEQ ID NO:50,
SEQ ID NO:51, SEQ ID NO:52, or SEQ ID NO:53, or a nucleic acid at least 70%, at least 75%,
at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
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identical thereto. In some embodiments, the rAAV comprises a nucleic acid sequence of SEQ ID
NO:50, SEQ ID NO:51, SEQ ID NO:52, or SEQ ID NO:53, or a nucleic acid at least 70%, at
least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% identical thereto, and the AAV is an AAV2 serotype. In some embodiments, the rAAV
comprises a nucleic acid sequence of SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, or SEQ
ID NO:53, or a nucleic acid at least 70%, at least 75%, at least 80%, at least 90%, at least 95%,
at least 96%, at least 97%, at least 98%, or at least 99% identical thereto, and the AAV is an
AAV2(Triple Y-F) serotype having a tyrosine to phenylalanine mutation in its capsid protein as
follows: Y444F, YSOOF, and Y730F (Petrs-Silva et al. Mol Ther. 19(2):293-301(2011)). In some
embodiments, the rAAV comprises a nucleic acid sequence of SEQ ID NO:50, SEQ ID NO:51,
SEQ ID NO:52, or SEQ ID NO:53, or a nucleic acid at least 70%, at least 75%, at least 80%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical thereto,
and the AAV is an AAVS serotype. In some embodiments, the rAAV comprises a nucleic acid
sequence of SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, or SEQ ID NO:53, or a nucleic
acid at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% identical thereto, and the AAV is an AAV9 serotype. In some
embodiments, the rAAV comprises a nucleic acid sequence of SEQ ID NO:50, SEQ ID NO:51,
SEQ ID NO:52, or SEQ ID NO:53, or a nucleic acid at least 70%, at least 75%, at least 80%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical thereto,
and the AAV is an AAV8G9 serotype.

In some embodiments, the nucleic acid encoding STC-1 is delivered via an alternative
vector, for example, but not limited to an adenoviral vector, a lentiviral vector, for example but
not limited to an human-immunodeficiency virus-derived lentiviral vector or equine infectious
anemia virus (EIAV)-derived lentivirus pseudotypes with VSV-G envelope protein vector, or
DNA plasmid, or as an mRNA vector.

The methods and compositions described herein are particularly useful in reducing IOP in
a patient, including a human, in need thereof. In some embodiments, the patient suffers from an
increase in IOP, and the increase in IOP is a result of an underlying ocular disease or disorder. In
some embodiments, the patient has a normal IOP, but has an ocular disorder that is responsive to

a reduction in IOP, including but not limited to normal-tension glaucoma. In some embodiments,
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the underlying ocular disease or disorder is glaucomatous optic neuropathy (GON). In some
embodiments, the underlying ocular disorder is a glaucoma. In some embodiments, the
glaucoma is a primary glaucoma, for example but not limited to open angle glaucoma, normal-
tension glaucoma, angle-closure glaucoma, or congenital glaucoma. In some embodiments, the
glaucoma is a secondary glaucoma, for example but not limited to neovascular glaucoma,
pigmentary glaucoma, exfoliation glaucoma, or uveitic glaucoma.

In an alternative aspect, the methods and compositions described herein are used to
prevent or reduce the development of radiation papillopathy, which is a complication of
irradiation of intraocular tumors, for example in the parapapillary area. As described in Example
5 and FIG. 15-21, it has been discovered that individuals who experience increased IOP before or
during radiation treatments for an ocular tumor are at a significant risk for developing radiation
papillopathy. Accordingly, in some embodiments, the compositions and methods described
herein are used to treat or prevent radiation papillopathy in a patient receiving radiation for the
treatment of an ocular tumor. In some embodiments, the patient is administered a composition
described herein prior to initiation of the radiation. In some embodiments, the patient is
administered a composition described herein two or more times during the course of radiation
treatment, for example, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, or more times during
treatment. In some embodiments, the patient has an elevated IOP prior to administration of the
radiation, for example, an IOP of greater than 21 mmHg. In some embodiments, the patient has
an elevated IOP after administration of the radiation, for example, an IOP of greater than 21
mmHg. In some embodiments, the intraocular tumor is, for example but not limited to a
melanoma, for example a choroidal melanoma or uveal melanoma, a choroidal hemangioma, a
choroidal nevus, an iris tumor, a retinoblastoma, a lacrimal gland tumor, or an intraocular
lymphoma. In some embodiments, the patient is suffering from radiation papillopathy following
receitving radiation treatment for an ocular tumor, and is administered a composition described
herein two or more times following radiation papillopathy onset, for example, 2, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 13, 14, 15 or more administrations. In some embodiments, the patient with
radiation papillopathy has optic disc pallor. In some embodiments, the patient with radiation

papillopathy has optic disc pallor with concomitant neuroretinal rim thinning (NRT).
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The compositions described herein are particularly suitable for multiple administrations,
for example, 2, 3, 4, 5, 6,7, 8, 9, 10, 11, 12, 13, 14, 15, or more administrations, for example,
unlimited administrations, spaced over time, for example 1 week apart, 2 weeks apart, 1 month
apart, 2 months apart, 3 months apart, 4 months apart, S months apart, 6 months apart, 7 months
apart, 8 months apart, 9 months apart, 10 months apart, 11 months apart, 12 months apart, 16
months apart, 18 months apart, 24 months apart, 30 months apart, 36 months apart, 48 months
apart, 60 months apart or longer. In some embodiments, the compositions described herein are
administered once a week, once every two weeks, once a month, once every 2 months, once
every 3 months, once every 4 months, once every 5 months, once every 6 months, once every 7
months, once every 8 months, once every 9 months, once every 10 months, once every 12
months, once every 16 months, once every 18 months, once every 24 months, once every 30
months, once every 36 months, once every 48 months, once every 60 months, or once every 10
years. In some embodiments, the composition is administered two or more times into the
anterior chamber via intracameral injection. In some embodiments, the composition is
administered two or more times into the subconjunctival space. In some embodiments, the
composition is administered one or more times into each of the anterior chamber via intracameral
injection and into the subconjunctival space. In some embodiments, the composition is
administered two or more times via injection into the intravitreal, intrastromal, intracameral, sub-
tenon, sub-retinal, retro-bulbar, peribulbar, suprachoroidal, choroidal, subchoroidal, conjunctival,
episcleral, posterior juxtascleral, circumcorneal, or tear duct, or a combination thereof.

In one aspect, a recombinant adeno-associated virus (rAAV) vector carrying a nucleic
acid encoding STC-1 is provided for use in reducing IOP in a patient. In some embodiments, the
rAAV vector comprises a nucleic acid of SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, or
SEQ ID NO:53, or a nucleic acid at least 70%, at least 75%, at least 80%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identical thereto. In some
embodiments, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, or SEQ ID NO:53 is packaged
into an AAV2 serotype capsid. In some embodiments, the AAV2 is a AAV2(Triple Y-F) mutant
or modification thereof.

In one aspect, provided herein is an rAAV for use in reducing IOP in an eye of a patient,

the rAAV comprising a AAV2 serotype capsid and a nucleic acid encoding a STC-1 polypeptide
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operably linked to a constitutively active promoter sequence. In some embodiments, the rAAV
comprises a nucleic acid encoding an STC-1 polypeptide comprising the amino acid sequence of
SEQ ID NO:2, or an amino acid sequence at least 70%, at least 75%, at least 80%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical thereto. In some
embodiments, the STC-1 polypeptide comprises the amino acid sequence of SEQ ID NO:4, or an
amino acid sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identical thereto. In some embodiments, the
STC-1 polypeptide comprises the amino acid sequence of SEQ ID NO:6, or an amino acid
sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identical thereto. In some embodiments, the STC-1
polypeptide comprises the amino acid sequence of SEQ ID NO: 14, or an amino acid sequence at
least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% identical thereto. In some embodiments, the STC-1 polypeptide
comprises the amino acid sequence selected from SEQ ID NO:16, 18, 20, 21, 22, 23, 25, 27, or
29, or an amino acid sequence at least 70%, at least 75%, at least 80%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identical thereto.

In an alternative aspect, the STC-1 polypeptide further comprises an amino acid tag
sequence. In some embodiments, the amino acid tag is a FLAG tag selected from the amino acid
sequence of SEQ ID NO:30, SEQ ID NO:31, or SEQ ID NO:32, or an amino acid sequence at
least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% identical thereto.

In additional alternative aspects, the rAAV comprising a nucleic acid encoding STC-1
comprises SEQ ID NO:1, or a nucleic acid sequence at least 70%, at least 75%, at least 80%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical thereto.
In some embodiments, the nucleic acid encoding STC-1 comprises SEQ ID NO:3, or a nucleic
acid sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identical thereto. In some embodiments, the nucleic acid
encoding STC-1 comprises SEQ ID NO:5, or a nucleic acid sequence at least 70%, at least 75%,
at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%

identical thereto. In some embodiments, the nucleic acid encoding STC-1 comprises SEQ ID
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NO:13, or a nucleic acid sequence at least 70%, at least 75%, at least 80%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identical thereto. In some
embodiments, the nucleic acid encoding STC-1 comprises a nucleic acid selected from SEQ ID
NO:7, 9, 11, 15, 17, 19, 24, 26, or 28, or a nucleic acid sequence at least 70%, at least 75%, at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identical thereto.

In additional alternative aspects, the TAAV comprising a nucleic acid encoding STC-1
operably linked to a promoter comprises a chicken B-actin promoter. In some embodiments, the
chicken B-actin promoter is derived from a nucleic acid sequence of SEQ ID NO:33, 34, or 35, or
a nucleic acid sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% identical thereto. In some embodiments,
the chicken B-actin promoter is derived from a nucleic acid sequence of SEQ ID NO:33, or a
nucleic acid sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identical thereto. In some embodiments, the
chicken B-actin promoter is derived from a nucleic acid sequence of SEQ ID NO:34, or a nucleic
acid sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identical thereto. In some embodiments, the chicken [-
actin promoter is derived from a nucleic acid sequence of SEQ ID NO:35, or a nucleic acid
sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identical thereto. In additional alternative embodiments,
the promoter is selected from a cytomegalovirus (CMV) promoter, a SV40 promoter, human -
actin promoter, a human elongation factor-1-alpha (hEF-1a) promoter, a phosphoglycerate kinase
(PGK) promoter, or a ubiquitin C (UbiC) promoter.

In additional alternative aspects, the rAAV comprising a nucleic acid encoding STC-1
comprises nucleic acid SEQ ID NO:52 or SEQ ID NO:53, or a nucleic acid sequence at least
70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% identical thereto.

In additional alternative aspects, the AAV2 capsid comprises one or more tyrosine (Y) to
phenylalanine (F) mutations on the surface of the capsid protein. In some embodiments, the one

or more tyrosine to phenylalanine mutations on the surface of the capsid protein is selected from
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a Y444F mutation in its capsid protein, a Y730F mutation, a Y500F, a Y272F, a Y447F mutation,
a Y733F mutation, or a Y733F mutation. In some embodiments, the AAV2 capsid comprises a
tyrosine (YY) to phenylalanine (F) mutation on the surface of the capsid protein at the following
amino acids: Y444F, Y500F, and Y730F.

In additional aspects, provided herein are cells comprising a nucleic acid encoding an
STC-1 nucleic acid sequence as described herein.

In additional aspects, provided herein are plasmids comprising a nucleic acid encoding an
STC-1 nucleic acid sequence as described herein.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and advantages of

the invention will be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows an exemplary construct incorporating a FLAG at the C-terminus of a
human STC-1 (hSTC-1) polypeptide and maintaining the STC-1 signal peptide, which can
express a hSTC-1 polypeptide under the control of a promoter, for example a chicken beta-actin
constitutively active promoter. The hSTC-1 coding sequence is inserted into a plasmid
containing 5° and 3’ inverted terminal repeats (TRs) for subsequent packaging into an AAV
capsid. Other construct elements may include: bovine growth hormone polyadenylation (bGH
polyA) signal sequence and a simian virus 40 splice donor/splice acceptor (SV40 SD/SA) site.

FIG. 1B shows an exemplary construct incorporating a FLAG tag at the C-terminus of a
hSTC-1 polypeptide and maintaining an the STC-1 signal peptide, which can express a hSTC-1
polypeptide under the control of a ocular cell specific promoter, for example the retinal ganglion
cell (RGC) specific human synapsin 1 (hSYN1) promoter. The hSTC-1 coding sequence is
inserted into a plasmid containing 5’ and 3’ inverted terminal repeats (TRs) for subsequent
packaging into an AAV capsid. Other construct elements may include: bovine growth hormone
polyadenylation (bGH polyA) signal sequence and a simian virus 40 splice donor/splice acceptor
(SV40 SD/SA) site.

FIG. 2 is a diagram showing exemplary routes of sSAAV2-smCBA-STC-1-FLAG

administration (arrows) to the eye. The administration routes include, but are not limited to: (1)
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intracameral injection into the anterior chamber (AC), (2) subretinal injection between the retina
and the retinal pigmented epithelium, (3) intravitreal to the vitreous fluid, and (4)
subconjunctival injection underneath the conjunctiva lining the eyelid.

FIG. 3 is a line graph showing that ssAAV2-smCBA-STC-1-FLAG reduces intraocular
pressure (IOP) after intracameral injection in mice. The x-axis represents the longitudinal time
length of the experiment in three phases: baseline (pre-injection) and weeks post-injection. The
number of mice measured in each phase are indicated below (n=12; n=9). The y-axis represents
the value of IOP in units of millimeters of mercury (mmHg). Arrows indicate the point of
administration of the first and second injection in the experiment. After baseline IOP
measurements, normotensive 3-month-old mice were administered intracameral injections of
sSAAV-smCBA-STC-1-FLAG (m) in one eye and PBS mock control (e) in the other eye. IOP
measurements were collected longitudinally twice per week for 14 weeks post injection. IOP
was reduced an average of 16.5% throughout the study period.

FIG. 4 is a bar graph showing IOP lowering response following injection with ssAAV2-
smCBA-STC-1-FLAG. IOP measurements were collected longitudinally for 4 days in three-
month-old C57BL/6J mice (n=26) receiving single intracameral injection of sSAAV2-smCBA-
STC-1-FLAG (m) in one eye and ssAAV2-smCBA-GFP (o) in the fellow eye. The x-axis
represents the longitudinal time length of the experiment from baseline (pre-injection) to days
post-injection. The number of mice measured in each phase are indicated below. Average IOP
values, percent change and significance (P-value) are listed for each treatment group at each time
point. The y-axis represents the value of IOP in units of mmHg. A significant IOP decrease was
observed following treatment with sSAAV2-smCBA-STC-1-FLAG starting at day 2 and
persisting until the end of the experiment at day 4.

FIG. 5A - FIG. 5B is a collection of micrographs of IF-stained sections showing AAV2-
smCBA-STC-1-FLAG is expressed locally as well as distal to the injection site following
intracameral administration. GFP was labeled with a red fluorochrome while the FLAG tag was
labeled with a green fluorochrome. GFP and FLAG staining compared to secondary only
controls demonstrates robust protein expression. FIG. SA: Robust STC-1-FLAG expression in in
the ciliary body (*) and evident in many tissues including the anterior segment (#), iris (%), lens

capsule (>), and the retina only one day following administration of sSAAV2-smCBA-STC-1-
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FLAG in three-month-old C57BL/6J mice (n=26). FIG. 5B: Prolonged AAV2 transgene
expression was observed until termination of experiment at day 4 post-injection.

FIG. 6A — FIG. 6C shows that ssAAV2-smCBA-STC-1-FLAG reduces IOP in a
sustained fashion. FIG. 6A is a line plot showing sustained IOP reduction following
intracameral injection with ssAAV2-smCBA-STC-1-FLAG. This experiment is an extended
timeline of observation from the same initial experiment described in FIG. 3 — 4. The x-axis
represents the longitudinal time length of the experiment in three phases: baseline (pre-injection),
weeks post-injection, and re-injection. The number of mice measured in each phase are
indicated below. The y-axis represents the value of IOP in units of mmHg. Arrows indicate the
point of administration of the first and second injection in the experiment. Following a single
intracameral injection with ssAAV2-smCBA-STC-1-FLAG (m) or PBS (¢) at time 0 weeks after
injection, IOP was reduced and remained lower than baseline pressure and fellow control eye for
28 weeks. At 28 weeks, a second intracameral injection of sSAAV-smCBA-STC-1-FLAG was
performed. IOP was reduced to levels at or lower than first injection. FIG. 6B is a line graph
showing sustained IOP reduction following intracameral injection with sSAAV2-smCBA-STC-1-
FLAG. IOP measurements were collected longitudinally for 39 weeks in C57BL/6J with no
difference in baseline IOP between fellow eyes receiving single intracameral injection of
sSAAV2-smCBA-STC-1-FLAG in one eye (x) and PBS control in the fellow eye (intracameral
injection of ssAAV2-smCBA-STC-1-FLAG in one eye (®) and PBS control in the fellow eye
(A). Two groups of six animals each were injected with a second intracameral injection of
sSAAV2-smCBA-STC-1-FLAG in one eye (®) and PBS control in the fellow eye (m). The x-
axis represents the longitudinal time length of the experiment from baseline (pre-injection) to 39
weeks post-first injection. The number of mice measured in each phase are indicated below.
The y-axis represents the value of IOP in units of mmHg. Arrows indicate the point of
administration of the first and second injection in the experiment. FIG. 6C is a bar graph
showing average weekly IOP measurements in ssSAAV2-smCBA-STC-1-FLAG injected eyes
when compared to the contralateral eye. The x-axis represents average IOP measurements of
PBS injected (m) and ssAAV2-smCBA-STC-1-FLAG injected (O0) mice at different months over

the course of the experiment. The percent change in IOP and statistical significance (P-value)
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between conditions are listed below each time point. The y-axis represents the value of IOP in
units of mmHg.

FIG. 7A - FIG. 7B shows that ssSAAV2-smCBA-STC-1-FLAG reduces IOP compared to
sSAAV2-smCBA-GFP. FIG. 7A is a line graph showing average IOP measurements in mice only
administered one ssAAV2-smCBA-GFP injection (e), three month-old mice (n=22) only
administered one ssAAV2-smCBA-STC-1-FLAG injection (©0), mice administered two
injections of sSAAV2-smCBA-GFP (horizontal stripe circle), and mice administered two
injections of ssAAV2-smCBA-STC-1-FLAG (diagonal stripe circle). The x-axis represents the
longitudinal time length of the experiment from baseline (pre-injection) to 18 weeks post-first
injection. The number of mice measured in each phase of the experiment are indicated below.
The y-axis represents the value of IOP in units of mmHg. Arrows indicate the point of
administration of the first and second injections. FIG. 7B is a bar graph showing average IOP
measurements in mice administered one or two injections of sSAAV2-smCBA-GFP or ssAAV2-
smCBA-STC-1-FLAG. The x-axis represents the treatment groups including mice only
administered one ssAAV2-smCBA-GFP injection (left black bar), mice only administered one
sSAAV2-smCBA-STC-1-FLAG injection (left white bar), mice administered two injections of
ssAAV2-smCBA-GFP (right black bar), and mice administered two injections of ssAAV2-
smCBA-STC-1-FLAG (right white bar). The percent change in IOP and statistical significance
(P-value) between conditions are listed below each time point. The y-axis represents the value of
IOP in units of mmHg.

FIG. 8 is an agarose gel showing transgene expression of STC-1-FLAG by PCR. PCR
amplification of a 728 base pair product consistent with STC-1 FLAG transcripts was only found
in mice (n=6) administered intracameral sSAAV2-smCBA-STC-1-FLAG injection.

FIG. 9 is a collection of micrographs of IF-stained sections showing ssAAV2-smCBA-
STC-1-FLAG is expressed in a sustained fashion 8 weeks post-injection. GFP was labeled with
a red fluorochrome while the FLAG tag was labeled with a green fluorochrome. GFP and FLAG
staining signals reflect robust protein expression when compared to secondary only controls. At
8 weeks post injection, diffuse intraocular STC-1-FLAG expression was observed in the
iridocorneal angle including ciliary body (*), the anterior segment including cornea (#), iris (*),

lens capsule (>), and retina.
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FIG. 10A — FIG. 10B shows STC-1-FLAG expression is retained at 18 weeks in mice
administered either single or double ssAAV2-smCBA-STC-1-FLAG intracameral injections.
GFP was labeled with a red fluorochrome while the FLAG tag was labeled with a green
fluorochrome. GFP and FLAG staining signals reflect robust protein expression when compared
to secondary only controls. FIG. 10A is a collection of micrographs of IF-stained sections of
mice administered single injections of sSAAV2-smCBA-STC-1-FLAG or ssAAV2-smCBA-GFP
constructs. Sustained STC-1-FLAG expression was observed in multiple tissues at week 18. GFP
staining displayed a similar pattern of expression to that of STC-1-FLAG demonstrating the
ubiquitous expression under the CBA promoter of the AAV2 construct. FIG. 10B is a collection
of micrographs of IF-stained sections of mice administered two injections of sSAAV2-smCBA-
STC-1-FLAG or ssAAV2-smCBA-GFP constructs (week 0 and week 9) at week 18.

FIG. 11 is a line plot showing sustained IOP reduction following subconjunctival
injection with sSAAV2-smCBA-STC-1-FLAG. The x-axis represents the longitudinal time
length of the experiment comprising baseline (pre-injection) and weeks post-injection. The y-
axis represents the value of IOP in units of mmHg. Arrows indicate the point of administration
of the first and second injection in the experiment. Following a single subconjunctival injection
with ssAAV2-smCBA-STC-1-FLAG (e, n=8) or ssAAV2-smCBA-GFP (m, n=8) at time O
weeks after injection, sSAAV2-smCBA-STC-1-FLAG significantly lowered IOP for several
weeks. Following week 13, a second intracameral injection of each AAV condition was
performed. IOP was reduced to levels obtained after first injection with ssSAAV2-smCBA-STC-
1-FLAG.

FIG. 12A — FIG. 12D shows that intravitreal ssSAAV2-hSynl-STC-1-FLAG does not
provide IOP reduction but is neuroprotective in the DBA/2J mouse model of pigment dispersion
glaucoma. FIG. 12A is a line graph showing similar IOP measurements in 2-month-old DBA/2J
mice administered intravitreal injections with ssAAV2-hSynl1-STC-1-FLAG (m) in one eye and
ssSAAV2-hSyn1-GFP in the fellow eye (®). IOP was measured weekly for 9 months. The x-axis
represents the longitudinal time length of the experiment in three phases: baseline (pre-injection)
and weeks and months post-injection. The number of mice measured in each phase are indicated
below. The y-axis represents the value of IOP in units of mmHg. There was no difference in

IOP between eyes that received an intravitreal injection of sSAAV2-hSyn1-STC-1 compared to
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those that received intravitreal sSAAV2-hSynl-GFP. FIG. 12B is a micrograph showing
immunofluorescence (IF) staining revealing GFP expression (top panel, red fluorochrome) in
sSAAV2-hSynl-GFP injected eyes and STC-1-FLAG expression (lower panel, green
fluorochrome) in ssAAV2-hSynl1-STC-1-FLAG injected eyes. DAPI stain (blue) shows retinal
cell nuclei. FIG. 12C is a montage of IF micrographs of DAPI stained retinal sections revealing
fewer retinal ganglion cells (RGCs, white arrows) in eyes injected with ssAAV2-hSynl1-GFP
(top panel) compared to those injected with ssAAV2-hSyn1-STC-1-FLAG (bottom panel). FIG.
12D is a bar graph showing number of RGCs in ssAAV2-hSyn1-GFP and AAV2-hSyn1-STC-1-
FLAG injected mice. The x-axis represents the treatment group. The y-axis represents the
average RGC counts per retina.

FIG. 13A — FIG. 13B shows that topical STC-1 but not latanoprost reduces inflammation
in the mouse model of experimental autoimmune uveitis. Following induction of experimental
autoimmune uveitis (EAU), mice were treated daily with topical latanoprost free acid (LFA; 100
uM) or STC-1 (0.5 ug/mL) in one eye and vehicle in the other eye. At day 18, OCT was
performed and retinal thickness was measured in a masked manner. At day 21, eyes were
enucleated and processed for hematoxylin and eosin (H&E) staining. FIG. 13A is a collection of
micrographs of histological sections from each treatment group stained by H&E. There was a
trend toward greater vitreous cell in all LFA treated animals versus control (as denoted by
arrows). FIG. 13B is a bar graph showing STC-1 eyes exhibit a significant preservation of
retinal thickness compared to vehicle control eyes (P = 0.02), whereas there was no significant
difference in retinal thickness between LFA and the contralateral control eye.

FIG. 14A — FIG. 14C shows that virally-delivered STC-1 reduces IOP independent of the
FP receptor. Following 4 consecutive days of baseline IOP measurements, 3-month-old FP
receptor knockout mice (n=0) received a single intracameral injection of ssAAV2-smCBA-STC-
1-FLAG in one eye and ssAAV2-smCBA-GFP into the fellow eye. FIG. 14A is a line graph
showing reduced IOP in FP receptor knockout mice (n=6) with no difference in baseline IOP
between ssAAV2-smCBA-STC-1-FLAG (o) injected eyes and ssAAV2-smCBA-GFP (e)
control injected eyes. The x-axis represents measurement time points beginning at week 0
(baseline) to week 14. The y-axis represents the value of IOP in units of mmHg. FIG. 14B is a
bar graph showing sSAAV2-smCBA-STC-1-FLAG reduces IOP in FP receptor knockout mice.
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The x-axis represents different treatment groups in the baseline and week 1 time points. Average
IOP measurements are detailed for each treatment group/timepoint below, including the %
change between groups at each time point. The y-axis represents the value of IOP in units of
mmHg. Following 4 consecutive days of baseline IOP measurements, 3-month-old FP receptor
knockout mice (n=7) received a single intracameral injection of 1 uL ssAAV2-smCBA-STC-1-
FLAG (3E+12VG/mL) in one eye and the same volume and copy number of ssAAV2-smCBA-
GFP into the fellow eye. FIG. 14C is bar graph showing differences in average 1OP in Prgfr-/-
knockout mice receiving single intracameral injection of sSAAV2-smCBA-STC-1-FLAG in one
eye (0) and ssAAV2-smCBA-GFP control (m) in the fellow eye. The x-axis represents collected
measurements for the different treatment groups at Weeks 0 (baseline), 1, 4, 8, and 14. Average
IOP measurements are detailed for each treatment group/timepoint below, including the %
change between groups at each time point. The y-axis represents the value of IOP in units of
mmHg. This experiment is an extended timeline of observation from the same initial experiment
described in FIG. 14B.

FIG. 15A - FIG. 151 shows retinal fundus photographs of a patient having uveal
melanoma treated with plaque radiotherapy with no radiation papillopathy, papillopathy with
pallor only, and papillopathy with pallor and neuroretinal rim thinning. A 73-year-old female
was treated for choroidal melanoma in the temporal periphery from the equator or ora serrata.
No optic neuropathy was present (FIG. 15A) before plaque radiotherapy, (FIG. 15B) 36 months
after radiotherapy, or (FIG. 15C) 60 months after radiotherapy. A 65-year-old female was
treated for choroidal melanoma involving the macula. No optic neuropathy was present (FIG.
15D) before plaque radiotherapy. (FIG. 15E) Optic disc edema was noted 24 months after
treatment, with (FIG. 15F) progression to optic disc pallor after 36 months. A 54-year-old male
was treated for choroidal melanoma in the nasal mid-periphery from the macula to equator. No
optic neuropathy was present (FIG. 15G) before plaque radiotherapy. (FIG. 15H) Optic disc
edema and Drance hemorrhage were noted 12 months after treatment, with (FIG. 15I)
progression to optic disc pallor with neuroretinal rim thinning after 36 months.

FIG. 16. is a table showing values of risk factors and demographics for Radiation
Papillopathy following Plaque Radiotherapy for Uveal Melanoma. Abbreviations: NA = not

applicable. Bold values indicate significant P-value. Initial P-value compares all 3 groups.



10

15

20

25

WO 2022/150409 PCT/US2022/011344
24

*Second P-value directly compares the latter two groups with optic neuropathy characterized by
pallor only or pallor with additional neuroretinal rim thinning.

FIG. 17A - 17C. 1is a table showing values of risk factors and clinical features for
Radiation Papillopathy following Plaque Radiotherapy for Uveal Melanoma. Abbreviations: NA
= not applicable, OCT = optical coherence tomography. Bold values indicate significant P-
value. Initial P-value compares all 3 groups. *Second P-value directly compares the latter two
groups with optic neuropathy characterized by pallor only or pallor with additional neuroretinal
rim thinning,

FIG. 18. is a table showing values of risk factors and treatment features for Radiation
Papillopathy following Plaque Radiotherapy for Uveal Melanoma. Abbreviations: NA = not
applicable, Gy = gray, hr = hour, VEGF = vascular endothelial growth factor. Bold values
indicate significant P-value. Initial P-value compares all 3 groups. *Second P-value directly
compares the latter two groups with optic neuropathy characterized by pallor only or pallor with
additional neuroretinal rim thinning.

FIG. 19A — 19B. is a table showing values of risk factors and outcomes for Radiation
Papillopathy following Plaque Radiotherapy for Uveal Melanoma. Abbreviations: NA = not
applicable, CF = count fingers, HM = hand motion, LP = light perception. Bold values indicate
significant P-value. Initial P-value compares all 3 groups. *Second P-value directly compares
the latter two groups with optic neuropathy characterized by pallor only or pallor with additional
neuroretinal rim thinning.

FIG. 20A — 20H. is a table showing values of risk factors and optic disc features for
Radiation Papillopathy following Plaque Radiotherapy for Uveal Melanoma, comprising before
plaque (FIG. 20A), 6 months after plaque (FIG. 20B), 12 months after plaque (FIG. 20C), 24
months after plaque (FIG. 20D), 36 months after plaque (FIG. 20E), 60 months after plaque
(FIG. 20F), 120 months after plaque (FIG. 20G) and at any time after plaque (FIG. 20H).
Abbreviations: NA = not applicable, IOP = intraocular pressure, C/D = cup to disc ratio. Bold
values indicate significant P-value. Initial P-value compares all 3 groups. *Second P-value
directly compares the latter two groups with optic neuropathy characterized by pallor only or

pallor with additional neuroretinal rim thinning. **P-value given for pallor present versus absent.
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FIG. 21. is a table showing values of risk factors and predictors of Papillopathy by
Logistic Regression Analysis for Radiation Papillopathy following Plaque Radiotherapy for
Uveal Melanoma. Abbreviations: IOP = intraocular pressure, Gy = gray, OR=odds ratio,
Cl=confidence interval. Bold values indicate significant P-value. Critical values were calculated
using the Benjamini-Hochberg procedure with a false discovery rate of 0.10. For any type of
papillopathy, the model for multivariate analysis included mean radiation dose to optic disc, IOP
at presentation, subfoveal subretinal fluid, prescription depth, and radiation dose to foveola. For
papillopathy with neuroretinal rim thinning, the model for multivariate analysis included mean
radiation dose to optic disc, [OP maximum, and subfoveal subretinal fluid.

FIG. 22 is a table showing treatment group conditions for ocular hypertensive mouse
models. Between experimental weeks 1-3, a sustained and elevated IOP response was observed
in the dexamethasone injected group. Following this, mice were randomly assigned to two
groups: one group treated with topical PBS (Group 1) while the other group of mice were treated
with topical STC-1 (Group 2) during experimental weeks 4-6. During experimental weeks 7-9,
dexamethasone-injected animals in Group 2 continued to receive topical STC-1 while treatment
was the vehicle-injected fellow eye underwent a medication wash-out period. The final week of
each treatment phase was selected (i.e. weeks 3, 6, and 9) for analysis.

FIG. 23A — 23D shows that topical STC-1 reduces IOP in the dexamethasone-injected
ocular hypertension mouse model. FIG. 23A is a line graph showing increased IOP in
dexamethasone-treated mice. The x-axis represents the longitudinal time length of the
experiment. The y-axis represents the value of IOP in units of mmHg. Injections of PBS to the
left eye (m) and dexamethasone to the right eye (¢) were performed at week one of the
experiment. FIG. 10B) is a line graph showing IOP of both normotensive and hypertensive mice
administered with STC-1 is decreased. The x-axis represents the longitudinal time length of the
experiment. The y-axis represents the value of IOP in units of mmHg. Injections of PBS to the
left eye (m) and dexamethasone to the right eye (¢) were performed at week one of the
experiment. STC-1 topical treatments were initiated at week 4 and lasted until the end of week 6
in the right eye, whereas in the left eye STC-1 administration was carried out from week 4 until
study termination. FIG. 10C) is a bar plot showing IOP is reduced in vehicle-injected right eyes

(black bar) and dexamethasone-injected left eyes (white bar) with STC-1 administration. The x-



10

15

20

25

WO 2022/150409 PCT/US2022/011344
26

axis represents the different treatment groups at different time points (Week 0, Week 3, Week 6,
Week 9). The y-axis represents the value of IOP in units of mmHg. FIG. 10D) shows
representative micrographs of toluidine-blue stained sections of dexamethasone-induced ocular
hypertension mice following administration of PBS (left panel) versus STC-1 (right panel). In
both treatment groups, normal-appearing open angles (asterisk), iris (arrow), and ciliary body
(chevron) were observed.

FIG. 24A — 24C shows that topical STC-1 reduces IOP in the DBA/2J mouse model of
chronic ocular hypertension and glaucomatous ocular neuropathy (GON). FIG. 24A is a line
graph showing reduced intraocular pressure in the DBA/2J mouse topically administered STC-1
(w) as compared to PBS (#). The x-axis represents the longitudinal time length of the
experiment. The y-axis represents the fold-change in IOP relative to the baseline measurement
for each treatment group. FIG. 24B is a bar plot showing significant decrease in intraocular
pressure (IOP) in STC-1 treated mice compared to PBS between experimental days 6-8 (***P <
0.001). The x-axis represents the PBS and STC-1 treatment groups. The y-axis represents the
value of IOP in units of mmHg. FIG. 24C shows representative micrographs of toluidine blue-
stained sections of 14 month-old mice following administration of PBS (left panel) in one eye
and STC-1 (right panel) in the fellow eye. Angle closure with synechiae formation (asterisk), iris

atrophy (arrow), and pigment-laden macrophages (chevron) are shown.

DETAILED DESCRIPTION

The present invention provides methods and compositions for treating a patient (e.g., a
human) having ocular hypertension and/or one or more diseases or disorders associated with
elevated IOP (e.g., glaucoma) or which are responsive to a reduction in IOP (e.g., NTG). The
present invention also provides methods and compositions for treating or preventing radiation
papillopathy. For example, one or more nucleic acids designed to express a STC-1 polypeptide
can be delivered to one or both eyes (e.g., to cells within one or both eyes) of a patient (e.g., a
human) having ocular hypertension and/or one or more diseases or disorders associated with
elevated IOP or which are responsive to a reduction in IOP to treat the patient. In some
embodiments, nucleic acid designed to express a STC-1 polypeptide can be delivered to cells

within an eye of a patient (e.g., a human) having ocular hypertension and/or one or more diseases
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or disorders associated with elevated IOP or which are responsive to a reduction in IOP in the
form of a viral vector (e.g., an adeno-associated virus (AAV) vector).

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
pertains. Although methods and materials similar or equivalent to those described herein can be
used to practice the invention, suitable methods and materials are described below. All
publications, patent applications, patents, and other references mentioned herein are incorporated
by reference in their entirety. In case of conflict, the present specification, including definitions,
will control. In addition, the materials, methods, and examples are illustrative only and not
intended to be limiting.

Each of the references cited herein are incorporated by reference in its entirety.

The term “AAV” or “adeno-associated virus” refers to a Dependoparvovirus within the
Parvoviridae genus of viruses. The AAV can be an AAV derived from a naturally occurring
“wild-type” virus, an AAV derived from a rAAV genome packaged into a capsid comprising
capsid proteins encoded by a naturally occurring cap gene and/or from a rAAV genome packaged
into a capsid comprising capsid proteins encoded by a non-naturally occurring capsid cap gene.
An example of the latter includes a rAAV having a capsid protein comprising a peptide insertion
into the amino acid sequence of the naturally-occurring capsid.

The term “rAAV” refers to a “recombinant AAV.” In some embodiments, a recombinant
AAV has an AAV genome in which part or all of the rep and cap genes have been replaced with
heterologous sequences, for example a nucleic acid sequence encoding an STC-1 protein.

As used herein, the terms “subject”, “host”, and “patient” are used interchangeably. As
used herein, a subject is a subject, host, and patient is a mammal such as a non-primate (e.g.,
cows, pigs, horses, cats, dogs, rats etc.) or a primate (e.g., monkey and human), or, in certain
embodiments, a human. In particular embodiments, the patient is a human.

As used herein, “operably linked” refers to positioning of a regulatory element in a vector
relative to a nucleic acid encoding a polypeptide in such a way as to permit or facilitate
expression of the encoded polypeptide.

The term “elevated” as used herein with respect to an IOP refers to any IOP that is greater

than an IOP typically observed in the eye of a healthy patient (e.g., a patient that does have
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ocular hypertension and/or one or more diseases or disorders associated with elevated IOP such
as glaucoma). In some embodiments, an elevated IOP can be any IOP that is greater than about
21 millimeters of mercury (mmHg). For example, a human that has ocular hypertension and/or
one or more diseases or disorders associated with elevated IOP can have an IOP that is from
about 22 mmHg to about 75 mmHg (e.g., from about 22 to about 65, from about 22 to about 55,
from about 22 to about 45, from about 22 to about 35, from about 22 to about 25, from about 25
to about 75, from about 30 to about 75, from about 35 to about 75, from about 40 to about 75,
from about 45 to about 75, from about 50 to about 75, from about 55 to about 75, from about 60
to about 75, from about 25 to about 60, from about 30 to about 50, from about 25 to about 35,
from about 30 to about 40, from about 35 to about 45, from about 40 to about 50, from about 45
to about 55, from about 50 to about 60, or from about 55 to about 65 mmHg. Methods of
measuring IOP are well known in the art, and include, for example, the use of a tonometry, for
example, Goldmann Applanation Tonometry (GAT), Perkins tonometry, non-contact tonometry,
Tono-pen, Rebound tonometry, pneumotonometry, ICare, and other applicable methods. In some

embodiments, a suitable technique for determining IOP can be performed using GAT.

Methods of Reducing IOP

Any appropriate method can be used to deliver one or more nucleic acids designed to
express a STC-1 polypeptide to one or both eyes (e.g., to cells within one or both eyes) of a
patient for the purposes of reducing IOP in a patient in need thereof. In some embodiments,
nucleic acid encoding a STC-1 polypeptide can be administered to one or both eyes (e.g., to cells
within one or both eyes) of a patient by direct injection of naked nucleic acid molecules (e.g.,
such that STC-1 polypeptides are expressed within one or both eyes). In some embodiments,
nucleic acid encoding a STC-1 polypeptide can be administered to one or both eyes (e.g., to cells
within one or both eyes) of a patient using one or more vectors (e.g., such that STC-1
polypeptides are expressed within one or both eyes). In some embodiments, nucleic acid
encoding a STC-1 polypeptide can be administered to one or both eyes (e.g., to cells within one
or both eyes) of a patient using one or more carrier molecules (e.g., peptide carriers and

nanoparticles such as liposomes). In some embodiments, nucleic acid encoding a STC-1
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polypeptide can be administered to one or both eyes (e.g., to cells within one or both eyes) of a
patient using one or more targeting molecules.

In some embodiments, a patient (e.g, a human) can be administered a single
administration (e.g., a single injection) of one or more nucleic acids designed to express a STC-1
polypeptide to one or both eyes (e.g., to cells within one or both eyes) of the patient.

In some embodiments, a patient (e.g., a human) can be administered two or more (e.g.,
two, three, four, or more) administrations (e.g., injections) of one or more nucleic acids designed
to express a STC-1 polypeptide to one or both eyes (e.g., to cells within one or both eyes) of the
patient. In some embodiments, when a patient is administered two or more administrations of
one or more nucleic acids designed to express a STC-1 polypeptide to one or both eyes of the
patient the administrations are about once a week. In some embodiments, when a patient is
administered two or more administrations of one or more nucleic acids designed to express a
STC-1 polypeptide to one or both eyes of the patient the administrations are no more frequent
than about 2 weeks. In some embodiments, two or more administrations of one or more nucleic
acids designed to express a STC-1 polypeptide to one or both eyes of a patient can be
administered about a week apart, at least 2 weeks apart, at least 30 days apart, at least 180 days
apart, at least 1 year apart, at least 3 years apart, at least 5 years apart, at least 8 years apart, or at
least 10 years apart. For example, two or more administrations of one or more nucleic acids
designed to express a STC-1 polypeptide to one or both eyes of a patient can be administered
with at least 1 week, 2 weeks, at least 30 days, at least 180 days, at least 1 year, at least 3 years,
at least 5 years, at least 8 years, or at least 10 years apart separating the administrations. In some
embodiments, two or more administrations of one or more nucleic acids designed to express a
STC-1 polypeptide to one or both eyes of a patient can be administered from about 2 weeks to 10
years apart (e.g., from about 2 weeks to about 9 years, from about 2 weeks to about 8 years, from
about 2 weeks to about 7 years, from about 2 weeks to about 6 years, from about 2 weeks to
about 5 years, from about 2 weeks to about 4 years, from about 2 weeks to about 3 years, from
about 2 weeks to about 2 years, from about 2 weeks to about 1 year, from about 2 weeks to about
6 months, from about 2 weeks to about 180 days, or from about 2 weeks to about 1 month, from
about 30 days to about 10 years, from about 30 days to about 9 years, from about 30 days to

about 8 years, from about 30 days to about 7 years, from about 30 days to about 6 years, from
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about 30 days to about 5 years, from about 30 days to about 4 years, from about 30 days to about
3 years, from about 30 days to about 2 years, from about 6 months to about 10 years, from about
1 year to about 10 years, from about 2 years to about 10 years, from about 3 years to about 10
years, from about 4 years to about 10 years, from about 5 years to about 10 years, from about 6
years to about 10 years, from about 7 years to about 10 years, from about 8 years to about 10
years, from about 9 years to about 10 years, from about 6 months to about 9 years, from about 1
year to about 8 years, from about 2 years to about 7 years, from about 3 years to about 6 years,
from about 4 years to about 5 years, from about 1 year to about 3 years, from about 2 years to
about 4 years, from about 3 years to about 5 years, from about 4 years to about 6 years, from
about 5 years to about 7 years, from about 6 years to about 8 years, or from about 7 years to
about 9 years apart) separating the administrations. For example, two or more administrations of
one or more nucleic acids designed to express a STC-1 polypeptide to one or both eyes of a
patient can be administered from about 2 weeks to 10 years apart (e.g., from about 2 weeks to
about 9 years, from about 2 weeks to about 8 years, from about 2 weeks to about 7 years, from
about 2 weeks to about 6 years, from about 2 weeks to about 5 years, from about 2 weeks to
about 4 years, from about 2 weeks to about 3 years, from about 2 weeks to about 2 years, from
about 2 weeks to about 1 year, from about 2 weeks to about 6 months, from about 2 weeks to
about 180 days, or from about 2 weeks to about 1 month, from about 30 days to about 10 years,
from about 30 days to about 9 years, from about 30 days to about 8 years, from about 30 days to
about 7 years, from about 30 days to about 6 years, from about 30 days to about 5 years, from
about 30 days to about 4 years, from about 30 days to about 3 years, from about 30 days to about
2 years, from about 6 months to about 10 years, from about 1 year to about 10 years, from about
2 years to about 10 years, from about 3 years to about 10 years, from about 4 years to about 10
years, from about 5 years to about 10 years, from about 6 years to about 10 years, from about 7
years to about 10 years, from about 8 years to about 10 years, from about 9 years to about 10
years, from about 6 months to about 9 years, from about 1 year to about 8 years, from about 2
years to about 7 years, from about 3 years to about 6 years, from about 4 years to about 5 years,
from about 1 year to about 3 years, from about 2 years to about 4 years, from about 3 years to
about 5 years, from about 4 years to about 6 years, from about 5 years to about 7 years, from

about 6 years to about 8 years, or from about 7 years to about 9 years apart) separating the
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administrations. In some embodiments, two or more administrations of one or more nucleic
acids designed to express a STC-1 polypeptide to one or both eyes of a patient can be
administered once a week. In some embodiments, two or more administrations of one or more
nucleic acids designed to express a STC-1 polypeptide to one or both eyes of a patient can be
administered no more frequently than about 2 weeks. In some embodiments, two or more
administrations of one or more nucleic acids designed to express a STC-1 polypeptide to one or
both eyes of a patient can be administered no more frequently than about 30 days. In some
embodiments, two or more administrations of one or more nucleic acids designed to express a
STC-1 polypeptide to one or both eyes of a patient can be administered no more frequently than
about 90 days. In some embodiments, two or more administrations of one or more nucleic acids
designed to express a STC-1 polypeptide to one or both eyes of a patient can be administered no
more frequently than about 120 days. In some embodiments, two or more administrations of one
or more nucleic acids designed to express a STC-1 polypeptide to one or both eyes of a patient
can be administered no more frequently than about 180 days.

In general, one aspect of this present invention features methods for treating patients, for
example a human, having ocular hypertension or disorders responsive to a reduction in IOP. The
methods can include, or consist essentially of, administering a nucleic acid encoding a STC-1
polypeptide or a variant of the STC-1 polypeptide to cells within an eye of the patient, where the
STC-1 polypeptide or the variant is expressed by the cells, and where an IOP of the eye is
reduced. The patient can have a disease or disorder associated with elevated IOP. The patient
can have a disease or disorder that is responsive to a lowering of IOP or whose symptoms or
etiology is ameliorated with a reduction in IOP. The patient can be a human. The nucleic acid
can encode the STC-1 polypeptide. The nucleic acid can encode the variant of the STC-1
polypeptide. The nucleic acid can be administered to the cells in the form of a viral vector. The
viral vector can be an AAV vector, for example, but not limited to AAV2, AAVS8, and AAV9. In
some embodiments, the AAV vector is an AAV2 vector. In an alternative embodiment, the
nucleic acid is administered to the cells in the form of a non-viral vector. The non-viral vector
can be an expression plasmid. In some embodiments, the nucleic acid can be administered to the
cells using a carrier molecule. The carrier molecule can be a nanoparticle. The nucleic acid can

be operably linked to a promoter sequence. The promoter sequence can be a ubiquitous
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promoter (e.g., a chicken B-actin (CBA) promoter). The promoter can be a cell-specitic
promoter (e.g., a synapsin 1 (SYNI1) promoter. The administration can be an intracameral
injection. The administration can be a subconjunctival injection. The method can be effective to
reduce the IOP by about 10% to about 50% or greater, for example 10%, 15%, 20%, 25%, 30%,
40%, 45%, 50%, 55%, 60%, or greater than 60%, from a baseline measurement taken before
treatment. The method can be effective to reduce the IOP to between 10 mmHg to about 21
mmHg. The method can be effective to reduce the IOP by about 1 mm Hg, 2 mmHg, 3mmHg, 4
mmHg, 5 mmHg, 6 mmHg, 7mmHg, 8mmHg, 9mmHg, 10mmHg, or greater than 10 mmHg
from a baseline measurement taken before treatment. The method can be effective to reduce the
1OP for from about 1 day to about 2 years. The method can include a single administration of the
nucleic acid encoding the STC-1 polypeptide or the variant of the STC-1 polypeptide. The
single administration can be effective for the cells to express the STC-1 polypeptide or the
variant of the STC-1 polypeptide for from about 2 weeks to about 10 years. The method can
include two or more administrations, for example 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 or
more than 15 administrations of the nucleic acid encoding the STC-1 polypeptide or the variant
of the STC-1 polypeptide. The administrations can be administered from about 1 weeks to about
10 years apart. The method can include three administrations of the nucleic acid encoding the
STC-1 polypeptide or the variant of the STC-1 polypeptide.

In another aspect, provided herein are methods for treating a patient having a disease or
disorder associated with elevated IOP. The methods can include, or consist essentially of,
administering nucleic acid encoding a STC-1 polypeptide or a variant of the STC-1 polypeptide
to cells within an eye of the patient, where the STC-1 polypeptide or the variant is expressed by
the cells, and where an IOP of the eye is reduced. The disease or disorder associated with
elevated IOP can be glaucoma or radiation papillopathy. The patient can be a human. The
nucleic acid can encode the STC-1 polypeptide. The nucleic acid can encode the variant of the
STC-1 polypeptide. The nucleic acid can be administered to the cells in the form of a viral
vector. The viral vector can be an AAV vector. The AAV vector can be an AAV2 vector. The
nucleic acid can be administered to the cells in the form of a non-viral vector. The non-viral
vector can be an expression plasmid. The nucleic acid can be administered to the cells using a

carrier molecule. The carrier molecule can be a nanoparticle. The nucleic acid can be operably
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linked to a promoter sequence. The promoter sequence can be a ubiquitous promoter (e.g., a
CBA promoter). The promoter can be a cell-specific promoter (e.g., a SYN1 promoter). The
administration can be an intracameral injection. The administration can be an intracameral
injection. The administration can be a subconjunctival injection. The method can be effective to
reduce the IOP by about 10% to about 50% or greater, for example 10%, 15%, 20%, 25%, 30%,
40%, 45%, 50%, 55%, 60%, or greater than 60%, from a baseline measurement taken before
treatment. The method can be effective to reduce the IOP to between 10 mmHg to about 21
mmHg. The method can be effective to reduce the IOP by about 1 mm Hg, 2 mmHg, 3mmHg, 4
mmHg, 5 mmHg, 6 mmHg, 7mmHg, 8mmHg, 9mmHg, 10mmHg, or greater than 10 mmHg
from a baseline measurement taken before treatment. The method can be effective to reduce the
IOP for from about 1 day to about 2 years. The method can include a single administration of the
nucleic acid encoding the STC-1 polypeptide or the variant of the STC-1 polypeptide. The
single administration can be effective for the cells to express the STC-1 polypeptide or the
variant of the STC-1 polypeptide for from about 2 weeks to about 10 years. The method can
include two or more administrations, for example 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 or
more than 15 administrations of the nucleic acid encoding the STC-1 polypeptide or the variant
of the STC-1 polypeptide. The administrations can be administered from about 1 weeks to about
10 years apart. The method can include three administrations of the nucleic acid encoding the
STC-1 polypeptide or the variant of the STC-1 polypeptide.

In another aspect, provided herein are methods for treating a patient having glaucomatous
optic neuropathy. The methods can include, or consist essentially of, administering nucleic acid
encoding a STC-1 polypeptide or a variant of the STC-1 polypeptide to cells within an eye of the
patient, where the STC-1 polypeptide or the variant is expressed by the cells, and where an IOP
of the eye is reduced. The patient can be a human. The nucleic acid can encode the STC-1
polypeptide. The nucleic acid can encode the variant of the STC-1 polypeptide. The nucleic
acid can be administered to the cells in the form of a viral vector. The viral vector can be an
AAV vector. The AAV vector can be an AAV2 vector. The nucleic acid can be administered to
the cells in the form of a non-viral vector. The non-viral vector can be an expression plasmid.
The nucleic acid can be administered to the cells using a carrier molecule. The carrier molecule

can be a nanoparticle. The nucleic acid can be operably linked to a promoter sequence. The
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promoter sequence can be a ubiquitous promoter (e.g., a CBA promoter). The promoter can be a
cell-specific promoter (e.g., a SYNI promoter). The administration can be an intracameral
injection. The administration can be a subconjunctival injection. The method can be effective to
reduce the IOP by about 10% to about 50% or greater, for example 10%, 15%, 20%, 25%, 30%,
40%, 45%, 50%, 55%, 60%, or greater than 60%, from a baseline measurement taken before
treatment. The method can be effective to reduce the IOP to between 10 mmHg to about 21
mmHg. The method can be effective to reduce the IOP by about 1 mm Hg, 2 mmHg, 3mmHg, 4
mmHg, 5 mmHg, 6 mmHg, 7mmHg, 8mmHg, 9mmHg, 10mmHg, or greater than 10 mmHg
from a baseline measurement taken before treatment. The method can be effective to reduce the
1OP for from about 1 day to about 2 years. The method can include a single administration of the
nucleic acid encoding the STC-1 polypeptide or the variant of the STC-1 polypeptide. The
single administration can be effective for the cells to express the STC-1 polypeptide or the
variant of the STC-1 polypeptide for from about 2 weeks to about 10 years. The method can
include two or more administrations, for example 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 or
more than 15 administrations of the nucleic acid encoding the STC-1 polypeptide or the variant
of the STC-1 polypeptide. The administrations can be administered from about 1 weeks to about
10 years apart. The method can include three administrations of the nucleic acid encoding the
STC-1 polypeptide or the variant of the STC-1 polypeptide.

In another aspect, provided herein are methods for reducing ocular inflammation in a
patient. The methods can include, or consist essentially of, administering nucleic acid encoding
a STC-1 polypeptide or a variant of said STC-1 polypeptide to cells within an eye of a patient,
where the STC-1 polypeptide or the variant is expressed by the cells. The patient can be a
human. The nucleic acid can encode the STC-1 polypeptide. The nucleic acid can encode the
variant of the STC-1 polypeptide. The nucleic acid can be administered to the cells in the form
of a viral vector. The viral vector can be an AAV vector. The AAV vector can be an AAV2
vector. The nucleic acid can be administered to the cells in the form of a non-viral vector. The
non-viral vector can be an expression plasmid. The nucleic acid can be administered to the cells
using a carrier molecule. The carrier molecule can be a nanoparticle. The nucleic acid can be
operably linked to a promoter sequence. The promoter sequence can be a ubiquitous promoter

(e.g., a CBA promoter). The promoter can be a cell-specific promoter (e.g., a SYNI promoter).
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The administration can be an intracameral injection. The administration can be an intravitreal
injection. The administration can be a subconjunctival injection.

In another aspect, provided herein are methods for providing neuroprotection of an ocular
neuron in a patient. The methods can include, or consist essentially of, administering nucleic
acid encoding a STC-1 polypeptide or a variant of said STC-1 polypeptide to cells within an eye
of a patient, where the STC-1 polypeptide or the variant is expressed by the cells. The patient
can be a human. The nucleic acid can encode the STC-1 polypeptide. The nucleic acid can
encode the variant of the STC-1 polypeptide. The nucleic acid can be administered to the cells in
the form of a viral vector. The viral vector can be an AAV vector. The AAV vector can be an
AAV2 vector. The nucleic acid can be administered to the cells in the form of a non-viral vector.
The non-viral vector can be an expression plasmid. The nucleic acid can be administered to the
cells using a carrier molecule. The carrier molecule can be a nanoparticle. The nucleic acid can
be operably linked to a promoter sequence. The promoter sequence can be a ubiquitous
promoter (e.g2., a CBA promoter). The promoter can be a cell-specific promoter (e.g., a SYN1
promoter). The administration can be an intracameral injection. The administration can be an
intravitreal injection. The administration can be a subconjunctival injection.

In some embodiments, the methods and materials described herein can be used to treat
neuropathy associated with ocular hypertension and/or one or more diseases or disorders
associated with elevated IOP (e.g., can be used to treat GON). For example, one or more nucleic
acids designed to express a STC-1 polypeptide can be delivered to one or both eyes (e.g., to cells
within one or both eyes) of a patient (e.g., a human) in need thereof (e.g., a human having ocular
hypertension and/or one or more diseases or disorders associated with elevated IOP such as
glaucoma) to slow, delay, or prevent progression of neuropathy associated with ocular
hypertension and/or one or more diseases or disorders associated with elevated IOP (e.g., to slow,
delay, or prevent the development of GON).

In some cases, the methods and materials described herein can be used to treat ocular
hypertension. For example, one or more nucleic acids designed to express a STC-1 polypeptide
can be delivered to one or both eyes (e.g., to cells within one or both eyes) of a patient (e.g., a

human) in need thereof (e.g., a human having ocular hypertension) to slow, delay, or prevent



10

15

20

25

30

WO 2022/150409 PCT/US2022/011344
36

progression of ocular hypertension (e.g., to slow, delay, or prevent the development of ocular
hypertension).

In some embodiments, the methods and materials described herein can be used to reduce
or eliminate one or more symptoms of ocular hypertension and/or one or more diseases or
disorders associated with elevated IOP (e.g., glaucoma). For example, one or more nucleic acids
designed to express a STC-1 polypeptide can be delivered to one or both eyes (e.g., to cells
within one or both eyes) of a patient (e.g., a human) in need thereof (e.g., a human having ocular
hypertension and/or one or more diseases or disorders associated with elevated IOP) to reduce or
eliminate one or more symptoms of ocular hypertension and/or one or more diseases or disorders
associated with elevated IOP. Examples of symptoms of ocular hypertension and one or more
diseases or disorders associated with elevated IOP such as glaucoma include, without limitation,
blind spots in peripheral and/or central vision in one or both eyes, tunnel vision (e.g., in
advanced stage glaucoma), headaches, pain (e.g., eye pain), nausea, vomiting, blurred vision,
halos around lights, and eye redness. In some embodiments, the materials and methods
described herein can be used to reduce the severity of one or more symptoms of ocular
hypertension and/or one or more diseases or disorders associated with elevated IOP (e.g,
glaucoma) in a patient (e.g., a human) by, for example, 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, or
more percent. In embodiments where a glaucoma is an asymptomatic glaucoma, the methods
and materials described herein can be used to delay or prevent the development of one or more
symptoms of glaucoma. For example, one or more nucleic acids designed to express a STC-1
polypeptide can be delivered to one or both eyes (e.g., to cells within one or both eyes) of a
patient (e.g., a human) in need thereof (e.g., a human having glaucoma) to delay or prevent the
development of one or more symptoms of glaucoma.

In some embodiments, the methods and materials described herein can be used to reduce
IOP. For example, one or more nucleic acids designed to express a STC-1 polypeptide can be
delivered to one or both eyes (e.g., to cells within one or both eyes) of a patient (e.g., a human) in
need thereof (e.g., a human having ocular hypertension and/or one or more diseases or disorders
associated with elevated IOP) to reduce the IOP in one or both eyes of the patient, or a disorder
that is responsive to the reduction of IOP (e.g., NTG). In some embodiments, the methods and

materials described herein can be used to achieve an IOP that is effective to reduce the risk of a
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patient developing progressive nerve damage. In some embodiments, the methods and materials
described herein can be used to achieve an IOP of from about 21 mmHg to about 10 mmHg (e.g.,
from about 20 mmHg to about 10 mmHg, from about 18 mmHg to about 10 mmHg, from about
15 mmHg to about 10 mmHg, from about 12 mmHg to about 10 mmHg, from about 21 mmHg to
about 13 mmHg, from about 21 mmHg to about 15 mmHg, from about 21 mmHg to about 17
mmHg, from about 21 mmHg to about 19 mmHg, from about 20 mmHg to about 12 mmHg,
from about 18 mmHg to about 14 mmHg, from about 15 mmHg to about 12 mmHg, from about
18 mmHg to about 15 mmHg, or from about 20 mmHg to about 18 mmHg). In some
embodiments, the methods and materials described herein can be used to reduce the IOP in one
or both eyes of a patient (e.g., a human) by, for example, 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, or
more percent. In some embodiments, one or more nucleic acids designed to express a STC-1
polypeptide can be delivered to one or both eyes (e.g., to cells within one or both eyes) of a
patient (e.g., a human) to reduce the IOP in an eye of the patient by at least about 10%. For
example, one or more nucleic acids designed to express a STC-1 polypeptide can be delivered to
one or both eyes (e.g., to cells within one or both eyes) of a patient (e.g., a human) to reduce the
IOP in an eye of the patient by from about 10% to about 40% (e.g., from about 10% to about
40%, from about 15% to about 40%, from about 20% to about 40%, from about 25% to about
40%, from about 30% to about 40%, from about 35% to about 40%, from about 10% to about
35%, from about 15% to about 35%, from about 10% to about 30%, from about 15% to about
30%, from about 20% to about 30%, from about 10% to about 25%, from about 15% to about
25%, from about 10% to about 20%, from about 20% to about 30%, or from about 25% to about
35%).

In embodiments where the methods and materials described herein are used to reduce
IOP, the reduced IOP can be a sustained reduction. For example, one or more nucleic acids
designed to express a STC-1 polypeptide can be delivered to one or both eyes (e.g., to cells
within one or both eyes) of a patient (e.g., a human) in need thereof (e.g., a human having ocular
hypertension and/or one or more diseases or disorders associated with elevated IOP) to reduce
the IOP in one or both eyes of the patient for from about from about 1 day to about 2 years (e.g.,
from about 1 day to about 1.5 years, from about 1 day to about 1 year, from about 1 day to about

9 months, from about 1 day to about 6 months, from about 1 day to about 3 months, from about 1
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day to about 1 month, from about 1 day to about 2 weeks, from about 2 weeks to about 2 years,
from about 1 month to about 2 years, from about 3 months to about 2 years, from about 6 months
to about 2 years, from about 1 year to about 2 years, from about 1 week to about 1 year, from
about 2 weeks to about 9 months, from about 1 month to about 6 months, from about 1 week to
about 1 month, from about 1 month to about 3 months, from about 3 months to about 6 months,
from about 6 months to about 9 months, from about 9 months to about 1 year, or from about 1
year to about 1.5 years).

In some embodiments, the methods and materials described herein can be used to reduce
or eliminate uveitis (ocular inflammation) in one or both eyes of a patient (e.g., a human). For
example, one or more nucleic acids designed to express a STC-1 polypeptide can be delivered to
one or both eyes (e.g., to cells within one or both eyes) of a patient (e.g., a human) in need
thereof (e.g., a human having ocular hypertension and/or one or more diseases or disorders
associated with elevated IOP) to reduce or eliminate inflammation in one or both eyes. In some
embodiments, the materials and methods described herein can be used to reduce inflammation in
one or both eyes of a patient (e.g., a human) by, for example, 10, 20, 30, 40, 50, 60, 70, 80, 90,
95, or more percent.

In some embodiments, the methods and materials described herein can be used for
neuroprotection of one or more neurons within a patient (e.g., a human). For example, one or
more nucleic acids designed to express a STC-1 polypeptide can be delivered to one or both eyes
(e.g., to cells within one or both eyes) of a patient (e.g., a human) in need thereof (e.g., a human
having ocular hypertension and/or one or more diseases or disorders associated with elevated
IOP such as glaucoma) to slow, delay, or prevent damage, degeneration, and/or impairment of
function of one or more neurons within one or both eyes of a patient (e.g., a human). For
example, one or more nucleic acids designed to express a STC-1 polypeptide can be delivered to
one or both eyes (e.g., to cells within one or both eyes) of a patient (e.g., a human) in need
thereof (e.g., a human having ocular hypertension and/or one or more diseases or disorders
associated with elevated IOP) to slow, delay, or prevent reduction of retinal thickness within one
or both eyes of a patient (e.g., a human). For example, one or more nucleic acids designed to
express a STC-1 polypeptide can be delivered to one or both eyes (e.g., to cells within one or

both eyes) of a patient (e.g., a human) in need thereof (e.g., a human having ocular hypertension
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and/or one or more diseases or disorders associated with elevated IOP) to preserve retinal
thickness within one or both eyes of a patient (e.g., a human). In some embodiments, the
expression of a STC-1 polypeptide can result in neuroprotection that is independent of IOP
reduction.

In some embodiments, when a patient (e.g., a human) having ocular hypertension and/or
one or more diseases or disorders associated with elevated IOP (e.g., glaucoma) or a disease or
disorder responsive to a reduction in IOP is administered one or more nucleic acids designed to
express a STC-1 polypeptide, the one or more nucleic acids designed to express a STC-1
polypeptide can be well tolerated by the patient. For example, when one or more nucleic acids
designed to express a STC-1 polypeptide are delivered to one or both eyes (e.g., to cells within
one or both eyes) of a patient (e.g., a human) in need thereof (e.g., a human having ocular
hypertension and/or one or more diseases or disorders associated with elevated IOP), the patient
can experience minimal, reduced, or no side effects (e.g., conjunctival hyperemia, surface
irritation, pigmentation of the iris and periocular skin, orbital fat atrophy, hypertrichosis,
intraocular inflammation, reactivation of herpes simplex keratitis, and macular edema).

Any appropriate patient can be treated as described herein (e.g., by delivering one or
more nucleic acids designed to express a STC-1 polypeptide to one or both eyes of the patient).
In some embodiments, a patient can have ocular hypertension and/or one or more diseases or
disorders associated with elevated IOP. In some embodiments, a patient can have a disease or
disorder that is responsive to a reduction in IOP, for example NTG. In some embodiments, a
patient can be non-responsive to PGF2a analogues (e.g., latanoprost). In some embodiments, a
patient can be non-responsive to beta blockers. In some embodiments, a patient can be non-
responsive to carbonic anhydrase inhibitors. In some embodiments, a patient can be non-
responsive to Rho kinase inhibitors. In some embodiments, a patient can be a human that is
about 60 years of age or older. In some embodiments, a patient can be using or can have a
history of using steroid medication (e.g., corticosteroid eye drops). In some embodiments, a
patient can have one or more medical conditions (e.g., diabetes, heart disease, high blood
pressure, and/or sickle cell anemia). In some embodiments, a patient can have one or more
corneas that are thin in the center. In some embodiments, a patient can have one or more corneas

that are thick in the center. In some embodiments, a patient can have had an eye injury. In some
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embodiments, a patient can have had an eye surgery. Examples of patients that can be treated as
described herein include, without limitation, humans, non-human primates such as monkeys,
dogs, cats, horses, cows, pigs, sheep, llamas, mice, rats, guinea pigs, and rabbits.

When treating a patient (e.g., a human) having ocular hypertension and/or one or more
diseases or disorders associated with elevated IOP (e.g., glaucoma) as described herein (e.g., by
delivering one or more nucleic acids designed to express a STC-1 polypeptide to one or both
eyes of the patient), the disease or disorder associated with elevated IOP can be any type of
disease or disorder associated with elevated IOP. An example of a disease or disorder associated
with elevated IOP includes, without limitation, glaucoma. When treating a patient (e.g., a
human) having glaucoma as described herein, the glaucoma can be any type of glaucoma. In
some embodiments, a glaucoma can include GON. In some embodiments, a glaucoma can be a
high pressure glaucoma. Examples of types of glaucoma include, without limitation, primary
open angle glaucoma (POAG; also known as chronic open angle glaucoma, chronic simple
glaucoma and glaucoma simplex), primary angle closure glaucoma, pediatric glaucoma, pseudo-
exfoliative glaucoma, pigmentary glaucoma, traumatic glaucoma, neovascular glaucoma, and
irido corneal endothelial glaucoma, and closed-angle glaucoma (e.g., narrow angle glaucoma and
acute congestive glaucoma).

When treating a patient (e.g., a human) having a disease or disorder responsive to a
reduction or lowering of IOP in an affected eye as described herein (e.g., by delivering one or
more nucleic acids designed to express a STC-1 polypeptide to one or both eyes of the patient),
the disease or disorder responsive to a reduction or lowering of IOP can be any disease or
disorder responsive to a reduction or lowering of IOP. An example of such a disease or disorder
responsive to a reduction in or lowering of IOP is normal-tension glaucoma (NTG). In some
embodiments, the patient has NTG, and does not have a history of elevated IOP, for example, a
history with chronic or acute IOP above 22 mmHg.

In some embodiments, a patient (e.g., a human) can be identified as having ocular
hypertension and/or one or more diseases or disorders associated with elevated IOP (e.g.,
glaucoma), or responsive to the reduction in or lowering of IOP using any appropriate diagnostic
technique. For example, dilated eye examination (e.g., to look for optic nerve damage), ocular

tonometry (to measure IOP), visual field test, pachymetry (e.g., to measure corneal thickness),
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gonioscopy (e.g.,, to measure the drainage angle), optical coherence tomography, and/or
electroretinogram analysis can be used to diagnose a human as having ocular hypertension
and/or one or more diseases or disorders associated with elevated IOP.

In an alternative aspect, the methods and compositions described herein are used to
prevent or reduce the development of radiation papillopathy, which is a complication of
irradiation of intraocular tumors, for example in the parapapillary area. As described in Example
5 and Figures 15-21 below, it has been discovered that individuals who experience increased IOP
before or during radiation treatments for an ocular tumor are at a significant risk for developing
radiation papillopathy. Accordingly, in some embodiments, the compositions and methods
described herein are used to treat or prevent radiation papillopathy in a patient, for example a
human, receiving radiation for the treatment of an ocular tumor. In some embodiments, the
patient is administered a composition described herein prior to initiation of the radiation. In
some embodiments, the patient is administered a composition described herein two or more
times during the course of radiation treatment. In some embodiments, the patient has an elevated
IOP prior to administration of the radiation, for example, an [OP greater than 22 mmHg. In some
embodiments, the patient has an IOP greater than 18 mmHg prior to receiving radiation therapy.
In some embodiments, the patient does not have a history of elevated IOP prior to receiving
radiation therapy. In some embodiments, the intraocular tumor is, for example but not limited to,
a melanoma, for example a choroidal melanoma or uveal melanoma, a choroidal hemangioma, a
choroidal nevus, an iris tumor, a retinoblastoma, a lacrimal gland tumor, or an intraocular
lymphoma. In some embodiments, the compositions described herein are administered to the
patient within 1 month, 2 weeks, one week, 72 hours, 48 hours, 36 hours, 24 hours, 12, hours, 8
hours, 6 hours, 4 hours, or less prior to receiving the radiation treatment. In some embodiments,
the rAAV administration to the eye comprises administration within 4 hours of the administration
of radiation dose to eye. In some embodiments, the patient is administered a composition
described herein to prevent radiation papillopathy after receiving radiation treatment to the eye,
for example, immediately after receiving radiation, 1 day, 3 days, 7 days, 14 days, 30 days, 45

days, 60 days, 90 days, 180 days, 1 year, or greater after receiving radiation treatment to the eye.
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Nucleic Acid Sequences Encoding Stanniocalcin-1

Nucleic acids designed to express any appropriate STC-1 polypeptide can be delivered to
one or both eyes (e.g., to cells within one or both eyes) of a patient (e.g., a human) as described
herein. Examples of STC-1 polypeptides and nucleic acids encoding STC-I polypeptides
include, without limitation, those set forth in Table 1. In some embodiments, a nucleic acid
encoding a STC-1 polypeptide can contain a nucleic acid sequence encoding a detectable label.
For example, a vector can include a nucleic acid encoding a STC-1 polypeptide and nucleic acid
encoding a detectable label positioned such that the encoded polypeptide is a fusion polypeptide
that includes a STC-1 polypeptide fused to a detectable polypeptide. In some embodiments, a
detectable label can be a peptide tag. Examples of detectable labels that can be used as described
herein include, without limitation, an HA tag, a Myc-tag, a FLAG-tag, and a fluorescent
polypeptide (e.g., a green fluorescent polypeptide (GFP)).

In some embodiments, the STC-1 nucleic acid is derived from the wild-type, consensus,
or native human STC-1 mRNA sequence. In some embodiments, the nucleic acid is derived
from the wild-type or native human STC-1 coding sequence (SEQ ID NO:1)(NCBI CCDS
6043.1), or a nucleic acid sequence at least 70%, at least 75%, at least 80%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to SEQ ID NO:1. In
some embodiments, the nucleic acid is SEQ ID NO:1. In some embodiments, the STC-1 has
been codon optimized for expression from an AAV vector. In some embodiments, the STC-1 has
been codon optimized for expression in a human ocular cell. In some embodiments, the nucleic
acid of SEQ ID NO:1 further comprising a nucleic acid sequence that encodes a polypeptide tag.

In some embodiments, the nucleic acid encodes an STC-1 polypeptide having an amino
acid sequence of SEQ ID NO:2, or an amino acid sequence at least 70%, at least 75%, at least
80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical
to SEQ ID NO:2. In some embodiments, the nucleic acid encodes an STC-1 polypeptide having
an amino acid sequence of SEQ ID NO:2. In some embodiments, the amino acid of SEQ ID
NO:2 further comprises an amino acid sequence tag. In some embodiments, the amino acid
sequence tag is selected from DYKDDDDK (SEQ ID NO:30), SDYKDDDDK (SEQ ID NO:31),
or ASDYKDDDDK (SEQ ID NO:32).
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In some embodiments, the nucleic acid is derived from the wild-type or native human
STC-1 propeptide coding sequence (SEQ ID NO:3), or a nucleic acid sequence at least 70%, at
least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% identical to SEQ ID NO:3. In some embodiments, the nucleic acid is SEQ 1D NO:3.
In some embodiments, the STC-1 has been codon optimized for expression from an AAV vector.
In some embodiments, the STC-1 has been codon optimized for expression in a human ocular
cell. In some embodiments, the nucleic acid of SEQ ID NO:3 further comprising a nucleic acid
sequence that encodes a polypeptide tag.

In some embodiments, the nucleic acid encodes an STC-propeptide having an amino acid
sequence of SEQ ID NO:4, or an amino acid sequence at least 70%, at least 75%, at least 80%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to SEQ
ID NO:4. In some embodiments, the nucleic acid encodes an STC-1 propeptide having an amino
acid sequence of SEQ ID NO:4. In some embodiments, the amino acid of SEQ ID NO:4 further
comprises an amino acid sequence tag. In some embodiments, the amino acid sequence tag is
selected from DYKDDDDK (SEQ ID NO:30), SDYKDDDDK (SEQ ID NO:31), or
ASDYKDDDDK (SEQ ID NO:32).

In some embodiments, the nucleic acid is derived from the wild-type or native human
STC-1 chain polypeptide coding sequence SEQ ID NO:5, or a nucleic acid sequence at least
70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% identical to SEQ ID NO:5. In some embodiments, the nucleic acid is SEQ
ID NO:5. In some embodiments, the STC-1 has been codon optimized for expression from an
AAV vector. In some embodiments, the STC-1 has been codon optimized for expression in a
human ocular cell. In some embodiments, the nucleic acid of SEQ ID NO:5 further comprising a
nucleic acid sequence that encodes a polypeptide tag.

In some embodiments, the nucleic acid encodes an STC-chain polypeptide having an
amino acid sequence of SEQ ID NO:6, or an amino acid sequence at least 70%, at least 75%, at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identical to SEQ ID NO:6. In some embodiments, the nucleic acid encodes an STC-1 chain
polypeptide having an amino acid sequence of SEQ ID NO:6. In some embodiments, the amino

acid of SEQ ID NO:6 further comprises an amino acid sequence tag. In some embodiments, the
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amino acid sequence tag is selected from DYKDDDDK (SEQ ID NO:30), SDYKDDDDK (SEQ
ID NO:31), or ASDYKDDDDK (SEQ ID NO:32).

In some embodiments, the nucleic acid encoding STC-1 is derived from SEQ ID NO:7,
or a nucleic acid sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% identical to SEQ ID NO:7. In some
embodiments, the nucleic acid is SEQ ID NO:7. In some embodiments, the STC-1 has been
codon optimized for expression from an AAV vector. In some embodiments, the STC-1 has been
codon optimized for expression in a human ocular cell.

In some embodiments, the nucleic acid encodes an STC-1 polypeptide having an amino
acid sequence of SEQ ID NO:8, or an amino acid sequence at least 70%, at least 75%, at least
80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical
to SEQ ID NO:8. In some embodiments, the nucleic acid encodes an STC-1 polypeptide having
an amino acid sequence of SEQ ID NO:8.

In some embodiments, the nucleic acid is derived from the nucleic acid sequence of SEQ
ID NO:9, or a nucleic acid sequence at least 70%, at least 75%, at least 80%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to SEQ ID NO:9. In
some embodiments, the nucleic acid is SEQ ID NO:9. In some embodiments, the STC-1 has
been codon optimized for expression from an AAV vector. In some embodiments, the STC-1 has
been codon optimized for expression in a human ocular cell.

In some embodiments, the nucleic acid encodes an STC-1 propeptide having an amino
acid sequence of SEQ ID NO:10, or an amino acid sequence at least 70%, at least 75%, at least
80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical
to SEQ ID NO:10. In some embodiments, the nucleic acid encodes an STC-1 propeptide having
an amino acid sequence of SEQ ID NO:10.

In some embodiments, the nucleic acid is derived from nucleic acid sequence of SEQ ID
NO:11, or a nucleic acid sequence at least 70%, at least 75%, at least 80%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to SEQ ID NO:11. In
some embodiments, the nucleic acid is SEQ ID NO:11. In some embodiments, the STC-1 has
been codon optimized for expression from an AAV vector. In some embodiments, the STC-1 has

been codon optimized for expression in a human ocular cell.
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In some embodiments, the nucleic acid encodes an STC-chain polypeptide having an
amino acid sequence of SEQ ID NO:12, or an amino acid sequence at least 70%, at least 75%, at
least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identical to SEQ ID NO:12. In some embodiments, the nucleic acid encodes an STC-1 chain
polypeptide having an amino acid sequence of SEQ ID NO:12.

In some embodiments, the nucleic acid is derived from the nucleic acid encoding STC-1
isoform 2 (SEQ ID NO:13), or a nucleic acid sequence at least 70%, at least 75%, at least 80%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to
SEQ ID NO:13. In some embodiments, the nucleic acid is SEQ ID NO:13. In some
embodiments, the STC-1 has been codon optimized for expression from an AAV vector. In some
embodiments, the STC-1 has been codon optimized for expression in a human ocular cell. In
some embodiments, the nucleic acid of SEQ ID NO:13 further comprising a nucleic acid
sequence that encodes an amino acid tag.

In some embodiments, the nucleic acid encodes an STC-1 isoform 2 polypeptide having
an amino acid sequence of SEQ ID NO:14, or an amino acid sequence at least 70%, at least 75%,
at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identical to SEQ ID NO:14. In some embodiments, the nucleic acid encodes an STC-1 chain
polypeptide having an amino acid sequence of SEQ ID NO:14. In some embodiments, the
nucleic acid encodes an STC-1 chain polypeptide having an amino acid sequence of SEQ ID
NO:14 In some embodiments, the amino acid of SEQ ID NO:14 further comprises an amino
acid sequence tag. In some embodiments, the amino acid sequence tag is selected from
DYKDDDDK (SEQ ID NO:30), SDYKDDDDK (SEQ ID NO:31), or ASDYKDDDDK (SEQ
ID NO:32).

In some embodiments, the STC-1 nucleic acid is derived from the wild-type, consensus,
or native STC-1 mRNA sequence of a mammal, for example, Mus musculus, Rat rattus, or a
non-human primate. In some embodiments, the nucleic acid is derived from the STC-1 coding
sequence of a non-human sequence selected from SEQ ID NO:15, SEQ ID NO:17, SEQ ID
NO:19, SEQ ID NO:24, SEQ ID NO:26, or SEQ ID NO:28, or a nucleic acid sequence at least
70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% identical thereto. In some embodiments, the nucleic acid is SEQ ID NO:15.
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In some embodiments, the nucleic acid is SEQ ID NO:17. In some embodiments, the nucleic
acid is SEQ ID NO:19. In some embodiments, the nucleic acid is SEQ ID NO:24. In some
embodiments, the nucleic acid is SEQ ID NO:26. In some embodiments, the nucleic acid is SEQ
ID NO:28 In some embodiments, the STC-1 has been codon optimized for expression from an
AAYV vector. In some embodiments, the STC-1 has been codon optimized for expression in a
human ocular cell. In some embodiments, the nucleic acid selected from SEQ ID NO:15, SEQ
ID NO:17, SEQ ID NO:19, SEQ ID NO:24, SEQ ID NO:26, or SEQ ID NO:28 further
comprising a nucleic acid sequence that encodes a polypeptide tag.

In some embodiments, the nucleic acid encodes an STC-1 polypeptide having an amino
acid sequence of SEQ ID NO:16, SEQ ID NO:18, SEQ ID NO:20, SEQ ID NO:21, SEQ ID
NO:22, SEQ ID NO:23, SEQ ID NO:25, SEQ ID NO:27, or SEQ ID NO:29, or an amino acid
sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identical thereto. In some embodiments, the nucleic acid
encodes an STC-1 polypeptide having an amino acid sequence of SEQ ID NO:16. In some
embodiments, the nucleic acid encodes an STC-1 polypeptide having an amino acid sequence of
SEQ ID NO:2. In some embodiments, the nucleic acid encodes an STC-1 polypeptide having an
amino acid sequence of SEQ ID NO:18. In some embodiments, the nucleic acid encodes an
STC-1 polypeptide having an amino acid sequence of SEQ ID NO:20. In some embodiments,
the nucleic acid encodes an STC-1 polypeptide having an amino acid sequence of SEQ ID
NO:21. In some embodiments, the nucleic acid encodes an STC-1 polypeptide having an amino
acid sequence of SEQ ID NO:22. In some embodiments, the nucleic acid encodes an STC-1
polypeptide having an amino acid sequence of SEQ ID NO:23. In some embodiments, the
nucleic acid encodes an STC-1 polypeptide having an amino acid sequence of SEQ ID NO:25.
In some embodiments, the nucleic acid encodes an STC-1 polypeptide having an amino acid
sequence of SEQ ID NO:27. In some embodiments, the nucleic acid encodes an STC-1
polypeptide having an amino acid sequence of SEQ ID NO:29. In some embodiments, the
amino acid selected from SEQ ID NO:16, SEQ ID NO:18, SEQ ID NO:20, SEQ ID NO:21, SEQ
ID NO:22, SEQ ID NO:23, SEQ ID NO:25, SEQ ID NO:27, or SEQ ID NO:29 further

comprises a polypeptide tag. In some embodiments, the amino acid sequence tag is selected
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from DYKDDDDK (SEQ ID NO:30), SDYKDDDDK (SEQ ID NO:31), or ASDYKDDDDK
(SEQ ID NO:32).

Table 1: STC-1 Nucleic Acid and Amino Acid Sequences.

SEQ ID NO:

Sequence

1

Nucleic acid
sequence -
wild-type
human STC-
1

ATGCTCCAAAACTCAGCAGTGCTTCTGGTGCTGGTGATCAGTGCTT
CTGCAACCCATGAGGCGGAGCAGAATGACTCTGTGAGCCCCAGGA
AATCCCGAGTGGCGGCTCAAAACTCAGCTGAAGTGGTTCGTTGCCT
CAACAGTGCTCTACAGGTCGGCTGCGGGGCTTTTGCATGCCTGGAA
AACTCCACCTGTGACACAGATGGGATGTATGACATCTGTAAATCCTT
CTTGTACAGCGCTGCTAAATTTGACACTCAGGGAAAAGCATTCGTC
AAAGAGAGCTTAAAATGCATCGCCAACGGGGTCACCTCCAAGGTCT
TCCTCGCCATTCGGAGGTGCTCCACTTTCCAAAGGATGATTGCTGA
GGTGCAGGAAGAGTGCTACAGCAAGCTGAATGTGTGCAGCATCGC
CAAGCGGAACCCTGAAGCCATCACTGAGGTCGTCCAGCTGCCCAAT
CACTTCTCCAACAGATACTATAACAGACTTGTCCGAAGCCTGCTGG
AATGTGATGAAGACACAGTCAGCACAATCAGAGACAGCCTGATGG
AGAAAATTGGGCCTAACATGGCCAGCCTCTTCCACATCCTGCAGAC
AGACCACTGTGCCCAAACACACCCACGAGCTGACTTCAACAGGAG
ACGCACCAATGAGCCGCAGAAGCTGAAAGTCCTCCTCAGGAACCT
CCGAGGTGAGGAGGACTCTCCCTCCCACATCAAACGCACATCCCAT
GAGAGTGCATAA

2 _
hSTC-1
amino acid
sequence

wt

MLQNSAVLLVLVISASATHEAEQNDSVSPRKSRVAAQNSAEVVRCLNS
ALQVGCGAFACLENSTCDTDGMYDICKSFLYSAAKFDTQGKAFVKES
LKCIANGVTSKVFLAIRRCSTFQRMIAEVQEECYSKLNVCSIAKRNPEA
ITEVVQLPNHFSNRYYNRLVRSLLECDEDTVSTIRDSLMEKIGPNMASL
FHILQTDHCAQTHPRADFNRRRTNEPQKLKVLLRNLRGEEDSPSHIKR
TSHESA

3 — hSTC-1
propeptide
nucleic acid
sequence

ATGCATGAGGCGGAGCAGAATGACTCTGTGAGCCCCAGGAAATCCC
GAGTGGCGGCTCAAAACTCAGCTGAAGTGGTTCGTTGCCTCAACA
GTGCTCTACAGGTCGGCTGCGGGGCTTTTGCATGCCTGGAAAACTC
CACCTGTGACACAGATGGGATGTATGACATCTGTAAATCCTTCTTGT
ACAGCGCTGCTAAATTTGACACTCAGGGAAAAGCATTCGTCAAAGA
GAGCTTAAAATGCATCGCCAACGGGGTCACCTCCAAGGTCTTCCTC
GCCATTCGGAGGTGCTCCACTTTCCAAAGGATGATTGCTGAGGTGC
AGGAAGAGTGCTACAGCAAGCTGAATGTGTGCAGCATCGCCAAGC
GGAACCCTGAAGCCATCACTGAGGTCGTCCAGCTGCCCAATCACTT
CTCCAACAGATACTATAACAGACTTGTCCGAAGCCTGCTGGAATGT
GATGAAGACACAGTCAGCACAATCAGAGACAGCCTGATGGAGAAA
ATTGGGCCTAACATGGCCAGCCTCTTCCACATCCTGCAGACAGACC
ACTGTGCCCAAACACACCCACGAGCTGACTTCAACAGGAGACGCA
CCAATGAGCCGCAGAAGCTGAAAGTCCTCCTCAGGAACCTCCGAG
GTGAGGAGGACTCTCCCTCCCACATCAAACGCACATCCCATGAGAG
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TGCATAA

4-  hSTC-1
propeptide
amino acid
sequence

MHEAEQNDSVSPRKSRVAAQNSAEVVRCLNSALQVGCGAFACLENST
CDTDGMYDICKSFLYSAAKFDTQGKAFVKESLKCIANGVTSKVFLAIR
RCSTFQRMIAEVQEECY SKLNVCSIAKRNPEAITEVVQLPNHFSNRYY
NRLVRSLLECDEDTVSTIRDSLMEKIGPNMASLFHILQTDHCAQTHPR
ADFNRRRTNEPQKLKVLLRNLRGEEDSPSHIKRTSHESA

5 — hSTC-1
chain
nucleic acid
sequence

ATGGTGGCGGCTCAAAACTCAGCTGAAGTGGTTCGTTGCCTCAACA
GTGCTCTACAGGTCGGCTGCGGGGCTTTTGCATGCCTGGAAAACTC
CACCTGTGACACAGATGGGATGTATGACATCTGTAAATCCTTCTTGT
ACAGCGCTGCTAAATTTGACACTCAGGGAAAAGCATTCGTCAAAGA
GAGCTTAAAATGCATCGCCAACGGGGTCACCTCCAAGGTCTTCCTC
GCCATTCGGAGGTGCTCCACTTTCCAAAGGATGATTGCTGAGGTGC
AGGAAGAGTGCTACAGCAAGCTGAATGTGTGCAGCATCGCCAAGC
GGAACCCTGAAGCCATCACTGAGGTCGTCCAGCTGCCCAATCACTT
CTCCAACAGATACTATAACAGACTTGTCCGAAGCCTGCTGGAATGT
GATGAAGACACAGTCAGCACAATCAGAGACAGCCTGATGGAGAAA
ATTGGGCCTAACATGGCCAGCCTCTTCCACATCCTGCAGACAGACC
ACTGTGCCCAAACACACCCACGAGCTGACTTCAACAGGAGACGCA
CCAATGAGCCGCAGAAGCTGAAAGTCCTCCTCAGGAACCTCCGAG
GTGAGGAGGACTCTCCCTCCCACATCAAACGCACATCCCATGAGAG
TGCATAA

6- hSTC-1
chain amino
acid
sequence

MVAAQNSAEVVRCLNSALQVGCGAFACLENSTCDTDGMYDICKSFLY
SAAKFDTQGKAFVKESLKCIANGVTSKVFLAIRRCSTFQRMIAEVQEE
CYSKLNVCSIAKRNPEAITEVVQLPNHFSNRY YNRLVRSLLECDEDTV
STIRDSLMEKIGPNMASLFHILQTDHCAQTHPRADFNRRRTNEPQKLK
VLLRNLRGEEDSPSHIKRTSHESA

7 — hSTC-1
hSTC-1
with FLAG-
tag nucleic
acid
sequence

ATGCTCCAAAACTCAGCAGTGCTTCTGGTGCTGGTGATCAGTGCTT
CTGCAACCCATGAGGCGGAGCAGAATGACTCTGTGAGCCCCAGGA
AATCCCGAGTGGCGGCTCAAAACTCAGCTGAAGTGGTTCGTTGCCT
CAACAGTGCTCTACAGGTCGGCTGCGGGGCTTTTGCATGCCTGGAA
AACTCCACCTGTGACACAGATGGGATGTATGACATCTGTAAATCCTT
CTTGTACAGCGCTGCTAAATTTGACACTCAGGGAAAAGCATTCGTC
AAAGAGAGCTTAAAATGCATCGCCAACGGGGTCACCTCCAAGGTCT
TCCTCGCCATTCGGAGGTGCTCCACTTTCCAAAGGATGATTGCTGA
GGTGCAGGAAGAGTGCTACAGCAAGCTGAATGTGTGCAGCATCGC
CAAGCGGAACCCTGAAGCCATCACTGAGGTCGTCCAGCTGCCCAAT
CACTTCTCCAACAGATACTATAACAGACTTGTCCGAAGCCTGCTGG
AATGTGATGAAGACACAGTCAGCACAATCAGAGACAGCCTGATGG
AGAAAATTGGGCCTAACATGGCCAGCCTCTTCCACATCCTGCAGAC
AGACCACTGTGCCCAAACACACCCACGAGCTGACTTCAACAGGAG
ACGCACCAATGAGCCGCAGAAGCTGAAAGTCCTCCTCAGGAACCT
CCGAGGTGAGGAGGACTCTCCCTCCCACATCAAACGCACATCCCAT
GAGAGTGCAAGCGACTACAAGGACGACGATGACAAGTAA

8 — hSTC-1
with FLAG-

MLQNSAVLLVLVISASATHEAEQNDSVSPRKSRVAAQNSAEVVRCLNS
ALQVGCGAFACLENSTCDTDGMYDICKSFLYSAAKFDTQGKAFVKES
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tag  amino
acid

sequence

LKCIANGVTSKVFLAIRRCSTFQRMIAEVQEECYSKLNVCSIAKRNPEA
ITEVVQLPNHFSNRY YNRLVRSLLECDEDTVSTIRDSLMEKIGPNMASL
FHILQTDHCAQTHPRADFNRRRTNEPQKLKVLLRNLRGEEDSPSHIKR
TSHESASDYKDDDDK

9 - hSTC-1
propeptide
with FLAG-
tag nucleic
acid
sequence

ATGGTGGCGGCTCAAAACTCAGCTGAAGTGGTTCGTTGCCTCAACA
GTGCTCTACAGGTCGGCTGCGGGGCTTTTGCATGCCTGGAAAACTC
CACCTGTGACACAGATGGGATGTATGACATCTGTAAATCCTTCTTGT
ACAGCGCTGCTAAATTTGACACTCAGGGAAAAGCATTCGTCAAAGA
GAGCTTAAAATGCATCGCCAACGGGGTCACCTCCAAGGTCTTCCTC
GCCATTCGGAGGTGCTCCACTTTCCAAAGGATGATTGCTGAGGTGC
AGGAAGAGTGCTACAGCAAGCTGAATGTGTGCAGCATCGCCAAGC
GGAACCCTGAAGCCATCACTGAGGTCGTCCAGCTGCCCAATCACTT
CTCCAACAGATACTATAACAGACTTGTCCGAAGCCTGCTGGAATGT
GATGAAGACACAGTCAGCACAATCAGAGACAGCCTGATGGAGAAA
ATTGGGCCTAACATGGCCAGCCTCTTCCACATCCTGCAGACAGACC
ACTGTGCCCAAACACACCCACGAGCTGACTTCAACAGGAGACGCA
CCAATGAGCCGCAGAAGCTGAAAGTCCTCCTCAGGAACCTCCGAG
GTGAGGAGGACTCTCCCTCCCACATCAAACGCACATCCCATGAGAG
TGCAGCAAGCGACTACAAGGACGACGATGACAAGTAA

10 - hSTC-1
propeptide
with FLAG-
tag  amino
acid
sequence

MTHEAEQNDSVSPRKSRVAAQNSAEVVRCLNSALQVGCGAFACLENS
TCDTDGMYDICKSFLY SAAKFDTQGKAFVKESLKCIANGVTSKVFLAI
RRCSTFQRMIAEVQEECY SKLNVCSIAKRNPEAITEVVQLPNHFSNRY
YNRLVRSLLECDEDTV STIRDSLMEKIGPNMASLFHILQTDHCAQTHP
RADFNRRRTNEPQKLKVLLRNLRGEEDSPSHIKRTSHESAASDYKDDD
DK

11 —hSTC-1
chain with
FLAG-tag
nucleic acid
sequence

ATGGTGGCGGCTCAAAACTCAGCTGAAGTGGTTCGTTGCCTCAACA
GTGCTCTACAGGTCGGCTGCGGGGCTTTTGCATGCCTGGAAAACTC
CACCTGTGACACAGATGGGATGTATGACATCTGTAAATCCTTCTTGT
ACAGCGCTGCTAAATTTGACACTCAGGGAAAAGCATTCGTCAAAGA
GAGCTTAAAATGCATCGCCAACGGGGTCACCTCCAAGGTCTTCCTC
GCCATTCGGAGGTGCTCCACTTTCCAAAGGATGATTGCTGAGGTGC
AGGAAGAGTGCTACAGCAAGCTGAATGTGTGCAGCATCGCCAAGC
GGAACCCTGAAGCCATCACTGAGGTCGTCCAGCTGCCCAATCACTT
CTCCAACAGATACTATAACAGACTTGTCCGAAGCCTGCTGGAATGT
GATGAAGACACAGTCAGCACAATCAGAGACAGCCTGATGGAGAAA
ATTGGGCCTAACATGGCCAGCCTCTTCCACATCCTGCAGACAGACC
ACTGTGCCCAAACACACCCACGAGCTGACTTCAACAGGAGACGCA
CCAATGAGCCGCAGAAGCTGAAAGTCCTCCTCAGGAACCTCCGAG
GTGAGGAGGACTCTCCCTCCCACATCAAACGCACATCCCATGAGAG
TGCAAGCGACTACAAGGACGACGATGACAAGTAA

12 —hSTC-1
chain with
FLAG-tag
amino acid
sequence

MVAAQNSAEVVRCLNSALQVGCGAFACLENSTCDTDGMYDICKSFLY
SAAKFDTQGKAFVKESLKCIANGVTSKVFLAIRRCSTFQRMIAEVQEE
CYSKLNVCSIAKRNPEAITEVVQLPNHFSNRYYNRLVRSLLECDEDTV
STIRDSLMEKIGPNMASLFHILQTDHCAQTHPRADFNRRRTNEPQKLK
VLLRNLRGEEDSPSHIKRTSHESASDYKDDDDK
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13 —hSTC-1
isoform 2
nucleic acid
sequence

ATGTATGACATCTGTAAATCCTTCTTGTACAGCGCTGCTAAATTTGAC
ACTCAGGGAAAAGCATTCGTCAAAGAGAGCTTAAAATGCATCGCCA
ACGGGGTCACCTCCAAGGTCTTCCTCGCCATTCGGAGGTGCTCCAC
TTTCCAAAGGATGATTGCTGAGGTGCAGGAAGAGTGCTACAGCAAG
CTGAATGTGTGCAGCATCGCCAAGCGGAACCCTGAAGCCATCACTG
AGGTCGTCCAGCTGCCCAATCACTTCTCCAACAGATACTATAACAG
ACTTGTCCGAAGCCTGCTGGAATGTGATGAAGACACAGTCAGCACA
ATCAGAGACAGCCTGATGGAGAAAATTGGGCCTAACATGGCCAGCC
TCTTCCACATCCTGCAGACAGACCACTGTGCCCAAACACACCCACG
AGCTGACTTCAACAGGAGACGCACCAATGAGCCGCAGAAGCTGAA
AGTCCTCCTCAGGAACCTCCGAGGTGAGGAGGACTCTCCCTCCCAC
ATCAAACGCACATCCCATGAGAGTGCATAA

14 —hSTC-1
isoform 2
amino acid
sequence

MYDICKSFLY SAAKFDTQGKAFVKESLKCIANGVTSKVFLAIRRCSTF

QRMIAEVQEECYSKLNVCSIAKRNPEAITEVVQLPNHFSNRY YNRLVR
SLLECDEDTVSTIRDSLMEKIGPNMASLFHILQTDHCAQTHPRADFNR

RRTNEPQKILKVLLRNLRGEEDSPSHIKRTSHESA

15 — Mus
musculus
STC-1
nucleic acid
sequence

ATGCTCCAAAACTCAGCAGTGATTCTGGCGCTGGTCATCAGTGCAG
CTGCAGCGCACGAGGCGGAACAAAATGATTCTGTGAGCCCCAGAA
AATCCCGGGTGGCGGCTCAAAATTCAGCTGAAGTGGTTCGCTGCCT
CAACAGTGCCCTGCAGGTTGGCTGCGGGGCTTTTGCATGCCTGGAA
AACTCCACATGTGACACAGATGGGATGTACGACATTTGTAAATCCTT
CTTGTACAGTGCTGCTAAATTTGACACTCAGGGAAAAGCATTTGTC
AAAGAGAGCTTAAAGTGCATCGCCAATGGGATCACCTCCAAGGTAT
TCCTTGCCATTCGGAGGTGTTCGACTTTCCAGAGGATGATCGCCGA
GGTGCAGGAGGACTGCTACAGCAAGCTTAACGTTTGCAGCATCGCC
AAGCGCAACCCGGAAGCCATCACTGAAGTCATACAGCTGCCCAATC
ACTTCTCCAACAGATACTACAACAGACTTGTCCGAAGCCTTCTGGA
ATGTGATGAAGACACGGTCAGTACAATCAGAGACAGCCTGATGGAG
AAGATCGGGCCCAACATGGCCAGCCTCTTCCACATCCTGCAGACAG
ACCACTGTGCCCAGACACACCCCAGAGCTGACTTCAATAGGAGGC
GCACAAATGAGCCACAGAAGCTGAAAGTCCTCCTCAGGAACCTCC
GAGGTGAGGGGGACTCTCCCTCACACATCAAACGCACCTCCCAAG
AGAGTGCGTAA

16 — Mus
musculus
STC-1
amino acid
sequence

MLQNSAVILALVISAAAAHEAEQNDSVSPRKSRVAAQNSAEVVRCLNS
ALQVGCGAFACLENSTCDTDGMYDICKSFLY SAAKFDTQGKAFVKES
LKCIANGITSKVFLAIRRCSTFQRMIAEVQEDCY SKLNVCSIAKRNPEA
ITEVIQLPNHFSNRYYNRLVRSLLECDEDTVSTIRDSLMEKIGPNMASL
FHILQTDHCAQTHPRADFNRRRTNEPQKLKVLLRNLRGEGDSPSHIKR
TSQESA

17 - Mus
musculus
STC-1
propeptide
nucleic acid
sequence

ATGCACGAGGCGGAACAAAATGATTCTGTGAGCCCCAGAAAATCCC
GGGTGGCGGCTCAAAATTCAGCTGAAGTGGTTCGCTGCCTCAACAG
TGCCCTGCAGGTTGGCTGCGGGGCTTTTGCATGCCTGGAAAACTCC
ACATGTGACACAGATGGGATGTACGACATTTGTAAATCCTTCTTGTA
CAGTGCTGCTAAATTTGACACTCAGGGAAAAGCATTTGTCAAAGAG
AGCTTAAAGTGCATCGCCAATGGGATCACCTCCAAGGTATTCCTTGC
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CATTCGGAGGTGTTCGACTTTCCAGAGGATGATCGCCGAGGTGCAG
GAGGACTGCTACAGCAAGCTTAACGTTTGCAGCATCGCCAAGCGCA
ACCCGGAAGCCATCACTGAAGTCATACAGCTGCCCAATCACTTCTC
CAACAGATACTACAACAGACTTGTCCGAAGCCTTCTGGAATGTGAT
GAAGACACGGTCAGTACAATCAGAGACAGCCTGATGGAGAAGATC
GGGCCCAACATGGCCAGCCTCTTCCACATCCTGCAGACAGACCACT
GTGCCCAGACACACCCCAGAGCTGACTTCAATAGGAGGCGCACAA
ATGAGCCACAGAAGCTGAAAGTCCTCCTCAGGAACCTCCGAGGTG
AGGGGGACTCTCCCTCACACATCAAACGCACCTCCCAAGAGAGTG
CGTAA

18 - Mus
musculus
STC-1
propeptide
amino acid
sequence

MHEAEQNDSVSPRKSRVAAQNSAEVVRCLNSALQVGCGAFACLENST
CDTDGMYDICKSFLY SAAKFDTQGKAFVKESLKCIANGITSKVFLAIR
RCSTFQRMIAEVQEDCY SKLNVCSIAKRNPEAITEVIQLPNHFSNRYYN
RLVRSLLECDEDTVSTIRDSLMEKIGPNMASLFHILQTDHCAQTHPRA
DFNRRRTNEPQKLKVLLRNLRGEGDSPSHIKRTSQESA

19 - Mus
musculus
STC-1 chain
nucleic acid
sequence

ATGGTGGCGGCTCAAAATTCAGCTGAAGTGGTTCGCTGCCTCAACA
GTGCCCTGCAGGTTGGCTGCGGGGCTTTTGCATGCCTGGAAAACTC
CACATGTGACACAGATGGGATGTACGACATTTGTAAATCCTTCTTGT
ACAGTGCTGCTAAATTTGACACTCAGGGAAAAGCATTTGTCAAAGA
GAGCTTAAAGTGCATCGCCAATGGGATCACCTCCAAGGTATTCCTTG
CCATTCGGAGGTGTTCGACTTTCCAGAGGATGATCGCCGAGGTGCA
GGAGGACTGCTACAGCAAGCTTAACGTTTGCAGCATCGCCAAGCGC
AACCCGGAAGCCATCACTGAAGTCATACAGCTGCCCAATCACTTCT
CCAACAGATACTACAACAGACTTGTCCGAAGCCTTCTGGAATGTGA
TGAAGACACGGTCAGTACAATCAGAGACAGCCTGATGGAGAAGAT
CGGGCCCAACATGGCCAGCCTCTTCCACATCCTGCAGACAGACCAC
TGTGCCCAGACACACCCCAGAGCTGACTTCAATAGGAGGCGCACA
AATGAGCCACAGAAGCTGAAAGTCCTCCTCAGGAACCTCCGAGGT
GAGGGGGACTCTCCCTCACACATCAAACGCACCTCCCAAGAGAGT
GCGTAA

20 - Mus
musculus
STC-1 chain
amino acid
sequence

MVAAQNSAEVVRCLNSALQVGCGAFACLENSTCDTDGMYDICKSFLY
SAAKFDTQGKAFVKESLKCIANGITSKVFLAIRRCSTFQRMIAEVQED
CYSKLNVCSIAKRNPEAITEVIQLPNHFSNRYYNRLVRSLLECDEDTVS
TIRDSLMEKIGPNMASLFHILQTDHCAQTHPRADFNRRRTNEPQKLKV
LLRNLRGEGDSPSHIKRTSQESA

21 - Mus
musculus
STC-1
amino acid
sequence

MLQNSAVILALVISAAAAHEAEQNDSVSPRKSRVAAQNSAEVVRCLNS
ACRLAAGFACLENSTCDTDGMYDICKSFLYSAAKFDTQGKAFVKESL

KCIANGITSKVFLAIRRCSTFQRMIAEVQEDCY SKLNVCSIAKRNPEAI

TEVIQLPNHFSNRY YNRLVRSLLECDEDTVSTIRDSLMEKIGPNMASLF
HILQTDHCAQTHPRADFNRRRTNEPQKLKVLLRNLRGEGDSPSHIKRT
SQESA

22 - Mus
musculus
STC-1

MHEAEQNDSVSPRKSRVAAQNSAEVVRCLNSACRLAAGFACLENSTC
DTDGMYDICKSFLY SAAKFDTQGKAFVKESLKCIANGITSKVFLAIRR
CSTFQRMIAEVQEDCYSKLNVCSIAKRNPEAITEVIQLPNHFSNRYYNR
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propeptide
amino acid
sequence

LVRSLLECDEDTVSTIRDSLMEKIGPNMASLFHILQTDHCAQTHPRADF
NRRRTNEPQKLKVLLRNLRGEGDSPSHIKRTSQESA

23 - Mus
musculus
STC-1 chain
amino acid
sequence

MVAAQNSAEVVRCLNSACRLAAGFACLENSTCDTDGMYDICKSFLYS
AAKFDTQGKAFVKESLKCIANGITSKVFLAIRRCSTFQRMIAEVQEDC
YSKLNVCSIAKRNPEAITEVIQLPNHFSNRY YNRLVRSLLECDEDTVSTI
RDSLMEKIGPNMASLFHILQTDHCAQTHPRADFNRRRTNEPQKLKVL
LRNLRGEGDSPSHIKRTSQESA

24 -
rattus
norvegicus
STC-1
nucleic acid
sequence

Rat

ATGCTCCAAAACTCAGCAGTGATTCTGGCGCTGGTCATCAGTGCTG
CTGCAGCTCACGAGGCGGAACAGAATGATTCTGTGAGCCCCAGAA
AATCCCGGGTGGCGGCTCAAAATTCAGCTGAAGTGGTCCGCTGCCT
CAACAGTGCCCTACAGGTTGGCTGTGGGGCTTTTGCATGCCTGGAA
AACTCCACATGTGACACAGATGGGATGTACGACATTTGTAAATCCTT
CTTGTACAGTGCTGCTAAATTTGACACTCAGGGAAAAGCATTTGTC
AAAGAGAGCTTAAAGTGCATCGCCAATGGGATCACCTCCAAGGTCT
TCCTTGCCATTCGGAGGTGTTCTACTTTCCAGAGGATGATCGCCGAG
GTGCAGGAGGACTGCTACAGCAAGCTCAATGTTTGCAGCATTGCCA
AGCGCAACCCGGAAGCCATCACTGAAGTCATACAGCTGCCCAATCA
CTTCTCCAACAGATACTACAACAGACTTGTCCGAAGCCTTCTGGAA
TGTGATGAAGATACGGTCAGCACAATCAGAGACAGCCTGATGGAGA
AGATCGGGCCCAACATGGCCAGCCTCTTCCATATCCTGCAGACAGA
CCACTGTGCCCAGACACACCCCAGAGCTGACTTCAATAGGAGGCGC
ACAAATGAGCCACAGAAGCTGAAAGTCCTCCTCAGGAACCTCCGA
GGTGAGGGGGATTCTCCCTCACACATCAAACGCACCTCCCAAGAGA
ATGCGTAA

25 -
rattus
norvegicus
STC-1
amino acid
sequence

Rat

MLQNSAVILALVISAAAAHEAEQNDSVSPRKSRVAAQNSAEVVRCLNS
ALQVGCGAFACLENSTCDTDGMYDICKSFLY SAAKFDTQGKAFVKES
LKCIANGITSKVFLAIRRCSTFQRMIAEVQEDCYSKLNVCSIAKRNPEA
ITEVIQLPNHFSNRY YNRLVRSLLECDEDTVSTIRDSLMEKIGPNMASL

FHILQTDHCAQTHPRADFNRRRTNEPQKLKVLLRNLRGEGDSPSHIKR
TSQENA

26 —
rattus
norvegicus
STC-1
propeptide
nucleic acid
sequence

Rat

ATGCACGAGGCGGAACAGAATGATTCTGTGAGCCCCAGAAAATCCC
GGGTGGCGGCTCAAAATTCAGCTGAAGTGGTCCGCTGCCTCAACA
GTGCCCTACAGGTTGGCTGTGGGGCTTTTGCATGCCTGGAAAACTC
CACATGTGACACAGATGGGATGTACGACATTTGTAAATCCTTCTTGT
ACAGTGCTGCTAAATTTGACACTCAGGGAAAAGCATTTGTCAAAGA
GAGCTTAAAGTGCATCGCCAATGGGATCACCTCCAAGGTCTTCCTT
GCCATTCGGAGGTGTTCTACTTTCCAGAGGATGATCGCCGAGGTGC
AGGAGGACTGCTACAGCAAGCTCAATGTTTGCAGCATTGCCAAGCG
CAACCCGGAAGCCATCACTGAAGTCATACAGCTGCCCAATCACTTC
TCCAACAGATACTACAACAGACTTGTCCGAAGCCTTCTGGAATGTG
ATGAAGATACGGTCAGCACAATCAGAGACAGCCTGATGGAGAAGAT
CGGGCCCAACATGGCCAGCCTCTTCCATATCCTGCAGACAGACCAC
TGTGCCCAGACACACCCCAGAGCTGACTTCAATAGGAGGCGCACA
AATGAGCCACAGAAGCTGAAAGTCCTCCTCAGGAACCTCCGAGGT
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GAGGGGGATTCTCCCTCACACATCAAACGCACCTCCCAAGAGAATG

CGTAA
27 — Rat | MHEAEQNDSVSPRKSRVAAQNSAEVVRCLNSALQVGCGAFACLENST
rattus CDTDGMYDICKSFLY SAAKFDTQGKAFVKESLKCIANGITSKVFLAIR
norvegicus | RCSTFQRMIAEVQEDCY SKLNVCSIAKRNPEAITEVIQLPNHFSNRYYN
STC-1 RLVRSLLECDEDTVSTIRDSLMEKIGPNMASLFHILQTDHCAQTHPRA

propeptide DFNRRRTNEPQKLKVLLRNLRGEGDSPSHIKRTSQENA
amino acid
sequence

28 — Rat | ATGGTGGCGGCTCAAAATTCAGCTGAAGTGGTCCGCTGCCTCAACA
rattus GTGCCCTACAGGTTGGCTGTGGGGCTTTTGCATGCCTGGAAAACTC
norvegicus | CACATGTGACACAGATGGGATGTACGACATTTGTAAATCCTTCTTGT
STC-1 chain | ACAGTGCTGCTAAATTTGACACTCAGGGAAAAGCATTTGTCAAAGA
nucleic acid | GAGCTTAAAGTGCATCGCCAATGGGATCACCTCCAAGGTCTTCCTT
sequence GCCATTCGGAGGTGTTCTACTTTCCAGAGGATGATCGCCGAGGTGC
AGGAGGACTGCTACAGCAAGCTCAATGTTTGCAGCATTGCCAAGCG
CAACCCGGAAGCCATCACTGAAGTCATACAGCTGCCCAATCACTTC
TCCAACAGATACTACAACAGACTTGTCCGAAGCCTTCTGGAATGTG
ATGAAGATACGGTCAGCACAATCAGAGACAGCCTGATGGAGAAGAT
CGGGCCCAACATGGCCAGCCTCTTCCATATCCTGCAGACAGACCAC
TGTGCCCAGACACACCCCAGAGCTGACTTCAATAGGAGGCGCACA
AATGAGCCACAGAAGCTGAAAGTCCTCCTCAGGAACCTCCGAGGT
GAGGGGGATTCTCCCTCACACATCAAACGCACCTCCCAAGAGAATG

CGTAA
29 - Rat | MVAAQNSAEVVRCLNSALQVGCGAFACLENSTCDTDGMYDICKSFLY
rattus SAAKFDTQGKAFVKESLKCIANGITSKVFLAIRRCSTFQRMIAEVQED

norvegicus CYSKLNVCSIAKRNPEAITEVIQLPNHFSNRY YNRLVRSLLECDEDTYVS
STC-1 chain | TIRDSLMEKIGPNMASLFHILQTDHCAQTHPRADFNRRRTNEPQKLKY
amino acid | LLRNLRGEGDSPSHIKRTSQENA

sequence

In some embodiments, STC-1 polypeptides and nucleic acids encoding STC-I
polypeptides are as described elsewhere (see, e.g., US 9,498,517, incorporated herein by
reference).

In some embodiments, a nucleic acid can encode a variant of a STC-1 polypeptide in
place of or in addition to a STC-1 polypeptide. A variant of a STC-1 polypeptide can have the
amino acid sequence of a naturally-occurring STC-1 polypeptide with one or more (e.g., e.g.,
one, two, three, four, five, six, seven, eight, nine, ten, or more) amino acid deletions, additions,
substitutions, or combinations thereof, provided that the variant retains the function of a

naturally-occurring STC-1 polypeptide (e.g., reduction of inflammation).
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Any appropriate amino acid residue set forth in the amino acid sequences of Table 1 can
be deleted, and any appropriate amino acid residue (e.g., any of the 20 conventional amino acid
residues or any other type of amino acid such as ornithine or citrulline) can be added to or
substituted within the sequences set forth in Table 1. The majority of naturally occurring amino
acids are L-amino acids, and naturally occurring polypeptides are largely comprised of L-amino
acids. D-amino acids are the enantiomers of L-amino acids. In some embodiments, a
polypeptide provided herein can contain one or more D-amino acids. In some embodiments, a
polypeptide can contain chemical structures such as g-aminohexanoic acid; hydroxylated amino
acids such as 3-hydroxyproline, 4-hydroxyproline, (SR)-5-hydroxy-L-lysine, allo-hydroxylysine,
and S-hydroxy-L-norvaline; or glycosylated amino acids such as amino acids containing
monosaccharides (e.g., D-glucose, D-galactose, D-mannose, D-glucosamine, and D-
galactosamine) or combinations of monosaccharides.

Amino acid substitutions can be made, in some cases, by selecting substitutions that do
not differ significantly in their effect on maintaining (a) the structure of the peptide backbone in
the area of the substitution, (b) the charge or hydrophobicity of the molecule at particular sites, or
(c) the bulk of the side chain. For example, naturally occurring residues can be divided into
groups based on side-chain properties: (1) hydrophobic amino acids (norleucine, methionine,
alanine, valine, leucine, and isoleucine); (2) neutral hydrophilic amino acids (cysteine, serine,
and threonine); (3) acidic amino acids (aspartic acid and glutamic acid); (4) basic amino acids
(asparagine, glutamine, histidine, lysine, and arginine); (5) amino acids that influence chain
orientation (glycine and proline); and (6) aromatic amino acids (tryptophan, tyrosine, and
phenylalanine).  Substitutions made within these groups can be considered conservative
substitutions. Non-limiting examples of substitutions that can be used herein for the amino acids
of Table 1 include, without limitation, substitution of valine for alanine, lysine for arginine,
glutamine for asparagine, glutamic acid for aspartic acid, serine for cysteine, asparagine for
glutamine, aspartic acid for glutamic acid, proline for glycine, arginine for histidine, leucine for
isoleucine, isoleucine for leucine, arginine for lysine, leucine for methionine, leucine for
phenyalanine, glycine for proline, threonine for serine, serine for threonine, tyrosine for
tryptophan, phenylalanine for tyrosine, and/or leucine for valine. Further examples of

conservative substitutions that can be made at any appropriate position within the amino acids of



10

WO 2022/150409 PCT/US2022/011344
55

Table 1 are set forth in Table 2 below.

Table 2. Examples of conservative amino acid substitutions.

Original Residue Exemplary substitutions Preferred substitutions
Ala Val, Leu, Ile Val
Arg Lys, Gln, Asn Lys
Asn Gln, His, Lys, Arg Gln
Asp Glu Glu
Cys Ser Ser
Gln Asn Asn
Glu Asp Asp
Gly Pro Pro
His Asn, Gln, Lys, Arg Arg
lle Leu, Val, Met, Ala, Phe, Norleucine Leu
Leu Norleucine, Ile, Val, Met, Ala, Phe Tle
Lys Arg, Gln, Asn Arg
Met Leu, Phe, Ile Leu
Phe Leu, Val, Ile, Ala Leu
Pro Gly Gly
Ser Thr Thr
Thr Ser Ser
Trp Tyr Tyr
Tyr Trp, Phe, Thr, Ser Phe
Val Ile, Leu, Met, Phe, Ala, Norleucine Leu

In some embodiments, a variant of a STC-1 polypeptide can be designed to include the
amino acid sequences set forth in Table 1 with the proviso that it includes one or more non-
conservative substitutions. Non-conservative substitutions typically entail exchanging a member
of one of the classes described above for a member of another class. Whether an amino acid
change results in a functional polypeptide can be determined by assaying the specific activity of
the polypeptide using, for example, the methods described herein.

In some embodiments, a variant of a STC-1 polypeptide having an amino acid or nucleic
acid sequence with at least 70% (e.g., 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99.0%) sequence identity to the nucleic acid or amino

acid sequence set forth in Table 1, provided that it includes at least one difference (e.g., at least
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one amino acid addition, deletion, or substitution) with respect to the nucleic acid or amino acid
sequences of Table 1, can be used. Percent sequence identity is calculated by determining the
number of matched positions in aligned sequences, dividing the number of matched positions by
the length of an aligned sequence, and multiplying by 100. A matched position refers to a
position in which identical amino acids or nucleic acids occur at the same position in aligned
sequences.

The percent sequence identity between a particular nucleic acid or amino acid sequence
and a sequence referenced by a particular sequence identification number (e.g., SEQ ID NO:1,
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, etc.) is determined as follows. First, a nucleic acid
or amino acid sequence is compared to the sequence set forth in a particular sequence
identification number using the BLAST 2 Sequences (Bl2seq) program from the stand-alone
version of BLASTZ containing BLASTN version 2.0.14 and BLASTP version 2.0.14. This
stand-alone version of BLASTZ can be obtained online at fr.com/blast or at ncbi.nlm.nih.gov.
Instructions explaining how to use the Bl2seq program can be found in the readme file
accompanying BLASTZ. Bl2seq performs a comparison between two sequences using either the
BLASTN or BLASTP algorithm. BLASTN is used to compare nucleic acid sequences, while
BLASTP is used to compare amino acid sequences. To compare two nucleic acid sequences, the
options are set as follows: -i is set to a file containing the first nucleic acid sequence to be
compared (e.g., C:\seql.txt); -j is set to a file containing the second nucleic acid sequence to be
compared (e.g., C:\seq2.txt), -p is set to blastn; -0 is set to any desired file name (e.g.,
C:\output.txt); -q is set to -1; -r is set to 2; and all other options are left at their default setting.
For example, the following command can be used to generate an output file containing a
comparison between two sequences: C:\Bl2seq -1 c:\seql.txt -j c:\seq2.txt -p blastn -o
c:\output.txt -q -1 -r 2. To compare two amino acid sequences, the options of Bl2seq are set as
follows: -i is set to a file containing the first amino acid sequence to be compared (e.g.,
C:\seql.txt); -j is set to a file containing the second amino acid sequence to be compared (e.g.,
C:\seq2.txt); -p is set to blastp; -o is set to any desired file name (e.g., C:\output.txt); and all other
options are left at their default setting. For example, the following command can be used to
generate an output file containing a comparison between two amino acid sequences: C:\Bl2seq -i

c\seql.txt - c:i\seq2.txt -p blastp -o coutput.txt. If the two compared sequences share
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homology, then the designated output file will present those regions of homology as aligned
sequences. If the two compared sequences do not share homology, then the designated output
file will not present aligned sequences.

Once aligned, the number of matches is determined by counting the number of positions
where an identical nucleotide or amino acid residue is presented in both sequences. The percent
sequence identity is determined by dividing the number of matches by the length of the sequence
set forth in the identified sequence (e.g., SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID
NO:4, etc.), followed by multiplying the resulting value by 100. For example, an amino acid
sequence that has 247 matches when aligned with the sequence set forth in SEQ ID NO:2 is 96.5
percent identical to the sequence set forth in SEQ ID NO:8 (i.e., 247 +~ 256 x 100 = 96.5%). Itis
noted that the percent sequence identity value is rounded to the nearest tenth. For example,
75.11, 75.12, 75.13, and 75.14 is rounded down to 75.1, while 75.15, 75.16, 75.17, 75.18, and
75.19 is rounded up to 75.2. It also is noted that the length value will always be an integer.

A nucleic acid encoding a STC-1 polypeptide can be produced by techniques including,
without limitation, common molecular cloning, polymerase chain reaction (PCR), chemical
nucleic acid synthesis techniques, and combinations of such techniques. For example, PCR or
RT-PCR can be used with oligonucleotide primers designed to amplify nucleic acid (e.g.,
genomic DNA or RNA) encoding a STC-1 polypeptide.

As provided herein, the nucleic acid sequences encoding STC-1 described herein are

operably linked to a promoter, as described further below.

Vectors Comprising a Nucleic Acid Encoding STC-1

A nucleic acid encoding a STC-1 polypeptide can be delivered to one or both eyes (e.g.,
to cells within one or both eyes) of a patient for transient expression of a STC-1 polypeptide or
for stable expression of a STC-1 polypeptide. In embodiments where a nucleic acid encoding a
STC-1 polypeptide is used for stable expression of a STC-1 polypeptide, the nucleic acid
encoding a STC-1 polypeptide can be engineered to integrate into the genome of a cell. A
nucleic acid can be engineered to integrate into the genome of a cell using any appropriate

method. For example, gene editing techniques (e.g., CRISPR or TALEN gene editing) can be
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used to integrate a nucleic acid designed to express a STC-1 polypeptide into the genome of a
cell.

When a nucleic acid encoding a STC-1 polypeptide is delivered to one or both eyes (e.g.,
to cells within one or both eyes) of a patient for stable expression of a STC-1 polypeptide, the
expression of the STC-1 polypeptide can persist for any appropriate amount of time (e.g.,
following a single delivery such as a single injection). In some embodiments, expression of a
STC-1 polypeptide can be detected within one or both eyes of a patient for greater than about 2
weeks following a single delivery (e.g., a single injection) of a nucleic acid encoding a STC-1
polypeptide. For example, expression of a STC-1 polypeptide can be detected within one or both
eyes of a patient for at least 2 weeks, at least 30 days, at least 180 days, at least 1 year, at least 3
years, at least 5 years, at least 8 years, or at least 10 years following a single delivery (e.g., a
single injection) of a nucleic acid encoding a STC-1 polypeptide. For example, expression of a
STC-1 polypeptide can be detected within one or both eyes of a patient for from about 2 weeks
to about 10 years (e.g., from about 2 weeks to about 9 years, from about 2 weeks to about 8
years, from about 2 weeks to about 7 years, from about 2 weeks to about 6 years, from about 2
weeks to about S years, from about 2 weeks to about 4 years, from about 2 weeks to about 3
years, from about 2 weeks to about 2 years, from about 2 weeks to about 1 year, from about 2
weeks to about 180 days, from about 2 weeks to about 30 days, from about 30 days to about 9
years, from about 30 days to about 8 years, from about 30 days to about 7 years, from about 30
days to about 6 years, from about 30 days to about 5 years, from about 30 days to about 4 years,
from about 30 days to about 3 years, from about 30 days to about 2 years, from about 6 months
to about 10 years, from about 1 year to about 10 years, from about 2 years to about 10 years,
from about 3 years to about 10 years, from about 4 years to about 10 years, from about 5 years to
about 10 years, from about 6 years to about 10 years, from about 7 years to about 10 years, from
about 8 years to about 10 years, from about 9 years to about 10 years, from about 6 months to
about 9 years, from about 1 year to about 8 years, from about 2 years to about 7 years, from
about 3 years to about 6 years, from about 4 years to about 5 years, from about 1 year to about 3
years, from about 2 years to about 4 years, from about 3 years to about 5 years, from about 4
years to about 6 years, from about 5 years to about 7 years, from about 6 years to about 8 years,

or from about 7 years to about 9 years) following a single delivery (e.g., a single injection) of a
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nucleic acid encoding a STC-1 polypeptide. In some embodiments, stable expression of a STC-1
polypeptide can be detected within one or both eyes of a patient following a single injection of a
nucleic acid encoding a STC-1 polypeptide for about 2 weeks. In some embodiments, stable
expression of a STC-1 polypeptide can be detected within one or both eyes of a patient following
a single injection of a nucleic acid encoding a STC-1 polypeptide for about 30 days. In some
embodiments, stable expression of a STC-1 polypeptide can be detected within one or both eyes
of a patient following a single injection of a nucleic acid encoding a STC-1 polypeptide for about
90 days. In some embodiments, stable expression of a STC-1 polypeptide can be detected within
one or both eyes of a patient following a single injection of a nucleic acid encoding a STC-1
polypeptide for about 120 days. In some embodiments, stable expression of a STC-1
polypeptide can be detected within one or both eyes of a patient following a single injection of a
nucleic acid encoding a STC-1 polypeptide for about 180 days.

When a vector used to deliver a nucleic acid encoding STC-1 polypeptide to an eye (e.g.,
to cells within an eye) of a patient is a viral vector, any appropriate viral vector can be used. A
viral vector can be derived from a positive-strand virus or a negative-strand virus. A viral vector
can be derived from a virus having a single-stranded genome or a virus having a double stranded
genome. A viral vector can be derived from a virus with a DNA genome or a RNA genome. In
some embodiments, a viral vector can be a chimeric viral vector. In some embodiments, a viral
vector can infect dividing cells. In some embodiments, a viral vector can infect non-dividing
cells. Examples of virus-based vectors that can be used to deliver a nucleic acid encoding a
STC-1 polypeptide to one or both eyes (e.g., to cells within one or both eyes) of a patient
include, without limitation, virus-based vectors based on adenoviruses, AAVs, Sendai viruses,
retroviruses, and lentiviruses. When a vector used to deliver nucleic acid encoding a STC-1
polypeptide is delivered to one or more eyes using an AAV vector, the AAV vector can include
three tyrosine to phenylalanine mutations (e.g., can be a AAV2(Triple Y-F) vector) to enhance
transduction. When a vector used to deliver a nucleic acid encoding a STC-1 polypeptide is
delivered to one or more eyes using an AAV vector, the AAV vector can be any serotype (e.g.,
AAV2). In some embodiments, nucleic acid encoding a STC-1 polypeptide can be delivered to
one or both eyes (e.g., to cells within one or both eyes) of using a viral vector as described

elsewhere (see, e.g., Roddy et al., Fxp. Eye Res., 165:175-181 (2017); and Ryals et al., Mol. Vis.,
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17:1090-102 (2011) incorporated herein by reference).

When a vector used to deliver a nucleic acid encoding a STC-1 polypeptide to one or
both eyes (e.g., to cells within one or both eyes) of a patient (e.g., a human) is a non-viral vector,
any appropriate non-viral vector can be used. In some embodiments, a non-viral vector can be
an expression plasmid (e.g., a cDNA expression vector).

In addition to nucleic acid encoding a STC-1 polypeptide, a vector (e.g., a viral vector or
a non-viral vector) can contain one or more regulatory elements operably linked to the nucleic
acid encoding a STC-1 polypeptide. Such regulatory elements can include promoter sequences,
enhancer sequences, response elements, signal peptides, internal ribosome entry sequences,
polyadenylation signals, terminators, and inducible elements that modulate expression (e.g.,
transcription or translation) of a nucleic acid. The choice of regulatory element(s) that can be
included in a vector depends on several factors, including, without limitation, inducibility,
targeting, and the level of expression desired. For example, a promoter can be included in a
vector to facilitate transcription of a nucleic acid encoding a STC-1 polypeptide. A promoter can
be a naturally occurring promoter or a recombinant promoter. A promoter can be constitutive or
inducible (e.g., in the presence of tetracycline), and can affect the expression of a nucleic acid
encoding a polypeptide in a general or cell/tissue-specific manner (e.g., a SYNI1 promoter
sequence such as a human SYN1 (hSYNT1) promoter sequence).

In some embodiments, the STC-1 encoding nucleic acid is operably linked to a
constitutively active promoter. Examples of promoters that can be used to drive expression of a
STC-1 polypeptide in cells include, without limitation, a cytomegalovirus (CMV) promoter
(Boshart et al. Cell 41(2):521-30(1985);, Zolotukhin et al. J Virol. 70(7).4646-54(1996);,
Zolotukhin et al. Gene Ther 6:973-85(1999), each incorporated herein by reference), a B-actin
promoter, for example but not limited to a chicken B-actin (CBA) promoter (Acland et al. Nat
Genet 28:92-95(2001); Cideciyan et al. Proc Natl Acad Sci 105(39):15112-7(2008); Haire et al ,
Invest Ophthalmol Vis Sci 2006 Sept.; 47(9):3745-3753, each incorporated herein by reference)
or a human B-actin (hACTB) promoter, cytomegalovirus (CMV) immediate-early enhancer and
chicken B-actin (CAG) promoter (Haire et al., Invest Ophthalmol Vis Sci 2006 Sept.; 47(9):3745-
3753, incorporated herein by reference), a human elongation factor-1 alpha (hEF-1a) promoter, a

phosphoglycerate kinase (PGK) promoter, and a ubiquitin C (UbiC) promoter (Schorpp et al.
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Nucleic Acids Res. 24(9):1787-8(1996); Lois et al. Science 295(5556):868-72(2002), each
incorporated herein by reference). In some embodiments, the promoter may include additional
regulatory nucleic acid sequences which increase or modulate expression, for example native
exons or chimeric introns. Suitable constitutively active promoters for use in expressing STC-1
in the compositions and methods described herein can be derived from, for example, the nucleic

acids described in Table 3 below.

Table 3: Exemplary Constitutively Active Promoters

SEQ ID | Sequence

NO:

33 — | ACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCAT
Chicken - | ATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCT
actin GACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTT

promoter | CCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGA
GTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATAT
GCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCT
GGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGT
ACATCTACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAGCCCCA
CGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTT
TGTATTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGG
GGGGGGGGGGCGCGCGCCAGGCGGGGCGGGGLCGGGGCGAGGGGC
GGGGCGGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGAGCG
GCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCG
GCCCTATAAAAAGCGAAGCGCGCGGCGGGCGGGGAGTCGCTGCGA
CGCTGCCTTCGCCCCGTGCCCCGCTCCGCCGCCGCCTCGCGCCGCCC
GCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGGGCGG
GACGGCCCTTCTCCTCCGGGCTGTAATTAGCGCTTGGTTTAATGACG
GCTTGTTTCTTTTCTGTGGCTGCGTGAAAGCCTTGAGGGGCTCCGGG
AGGGCCCTTTGTGCGGGGGGAGCGGCTCGGGGGGTGCGTGCGTGTG
TGTGTGCGTGGGGAGCGCCGCGTGCGGCTCCGCGCTGCCCGGCGGC
TGTGAGCGCTGCGGGCGCGGCGCGGGGCTTTGTGCGCTCCGCAGTG
TGCGCGAGGGGAGCGCGGCCGGGGGCGGETGCCCCGCGGTGCGGGE
GGGGCTGCGAGGGGAACAAAGGCTGCGTGCGGGGTGTGTGCGTGG
GGGGGTGAGCAGGGGGTGTGGGCGCGTCGGTCGGGCTGCAACCCC
CCCTGCACCCCCCTCCCCGAGTTGCTGAGCACGGCCCGGCTTCGGG
TGCGGGGCTCCGTACGGGGCGTGGCGCGGGGCTCGCCGTGCCGGGC
GGGGGGTGGCGGCAGGTGGGGGTGCCGGGCGGGGCGGGGCCGCCT
CGGGCCGGGGAGGGCTCGGGGGAGGGGCGCGGCGGCCCCCGGAGC
GCCGGCGGCTGTCGAGGCGCGGCGAGCCGCAGCCATTGCCTTTTAT
GGTAATCGTGCGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTGT
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GCGGAGCCGAAATCTGGGAGGCGCCGCCGCACCCCCTCTAGCGGGC
GCGGGGCGAAGCGGTGCGGCGCCGGCAGGAAGGAAATGGGCGEGGE
AGGGCCTTCGTGCGTCGCCGCGCCGCCGTCCCCTTCTCCCTCTCCAG
CCTCGGGGCTGTCCGCGGGGGGACGGCTGCCTTCGGGGGGGACGG
GGCAGGGCGGGGTTCGGCTTCTGGCGTGTGACCGGCGGCTCTAGAG
CCTCTGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACAGCTCCTGG
GCAACGTGCTGGTTATTGTGCTGTCTCATCATTTTGGCAAAGAATTC

34 -
Chicken [3-
actin
promoter

CTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATA
TATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCT
GACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTT
CCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGA
CTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATAT
GCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCT
GGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGT
ACATCTACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAGCCCCA
CGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTT
TGTATTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGG
GGGGGGGGGGCGCGCGCCAGGCGGGGCGGGGLCGGGGCGAGGGGC
GGGGCGGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGAGCG
GCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCG
GCCCTATAAAAAGCGAAGCGCGCGGCGGGCGGGAGTCGCTGCGAC
GCTGCCTTCGCCCCGTGCCCCGCTCCGCCGCCGCCTCGCGCCGCCC
GCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGGGCGG
GACGGCCCTTCTCCTCCGGGCTGTAATTAGCGCTTGGTTTAATGACG
GCTTGTTTCTTTTCTGTGGCTGCGTGAAAGCCTTGAGGGGCTCCGGG
AGCTAGAGCCTCTGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACA
GCTCCTGGGCAACGTGCTGGTTATTGTGCTGTCTCATCATTTTGGCA
AAGAATTCCTCGAAGATCTAGGCCTGCAGGCGGCCGC

35 — small
Chicken B-
actin
promoter

CATGGTCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCC
CCCCCTCCCCACCCCCAATTTTGTATTTATTTATTTTTTAATTATTTTGT
GCAGCGATGGGGGCGGEGGEEGEGEEEEGEGEEGCECGCGCCAGGCGG
GGCGGGGCGGGGCGAGGGGCGGGGCGGGGCGAGGCGGAGAGGTG
CGGCGGCAGCCAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTTAT
GGCGAGGCGGCGGCGGCGGCGGCCCTATAAAAAGCGAAGCGCGCG
GCGGGCG

36 -
cytomegal
ovirus
(CMYV)
promoter

TAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATAT
ATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTG
ACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTC
CCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAG
TATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATG
CCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTG
GCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTA
CATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCA

GTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAA
GTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAAT
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CAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGC
AAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGC
TGGTTTAGTGAACCGTCAGATC

37 - SV40
promoter

CTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCC
CAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAAC
CAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAA
AGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCC
GCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCC
ATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCTG
CCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTA
GGCTTTTGCAAAAAGCT

38 -
human f-
actin
promoter

GTTCCATGTCCTTATATGGACTCATCTTTGCCTATTGCGACACACACT
CAATGAACACCTACTACGCGCTGCAAAGAGCCCCGCAGGCCTGAGG
TGCCCCCACCTCACCACTCTTCCTATTTTTGTGTAAAAATCCAGCTTC
TTGTCACCACCTCCAAGGAGGGGGAGGAGGAGGAAGGCAGGTTCC
TCTAGGCTGAGCCGAATGCCCCTCTGTGGTCCCACGCCACTGATCGC
TGCATGCCCACCACCTGGGTACACACAGTCTGTGATTCCCGGAGCA
GAACGGACCCTGCCCACCCGGTCTTGTGTGCTACTCAGTGGACAGA
CCCAAGGCAAGAAAGGGTGACAAGGACAGGGTCTTCCCAGGCTGG
CTTTGAGTTCCTAGCACCGCCCCGCCCCCAATCCTCTGTGGCACATG
GAGTCTTGGTCCCCAGAGTCCCCCAGCGGCCTCCAGATGGTCTGGG
AGGGCAGTTCAGCTGTGGCTGCGCATAGCAGACATACAACGGACGG
TGGGCCCAGACCCAGGCTGTGTAGACCCAGCCCCCCCGCCCCGCAG
TGCCTAGGTCACCCACTAACGCCCCAGGCCTGGTCTTGGCTGGGCG
TGACTGTTACCCTCAAAAGCAGGCAGCTCCAGGGTAAAAGGTGCCC
TGCCCTGTAGAGCCCACCTTCCTTCCCAGGGCTGCGGCTGGGTAGGT
TTGTAGCCTTCATCACGGGCCACCTCCAGCCACTGGACCGCTGGCCC
CTGCCCTGTCCTGGGGAGTGTGGTCCTGCGACTTCTAAGTGGCCGC
AAGCCACCTGACTCCCCCAACACCACACTCTACCTCTCAAGCCCAG
GTCTCTCCCTAGTGACCCACCCAGCACATTTAGCTAGCTGAGCCCCA
CAGCCAGAGGTCCTCAGGCCCTGCTTTCAGGGCAGTTGCTCTGAAG
TCGGCAAGGGGGAGTGACTGCCTGGCCACTCCATGCCCTCCAAGAG
CTCCTTCTGCAGGAGCGTACAGAACCCAGGGCCCTGGCACCCGTGC
AGACCCTGGCCCACCCCACCTGGGCGCTCAGTGCCCAAGAGATGTC
CACACCTAGGATGTCCCGCGGTGGGTGGGGGGCCCGAGAGACGGG
CAGGCCGGGGGCAGGCCTGGCCATGCGGGGCCGAACCGGGCACTG
CCCAGCGTGGGGCGCGGGGGCCACGGCGCGCGCCCCCAGCCCCCG
GGCCCAGCACCCCAAGGCGGCCAACGCCAAAACTCTCCCTCCTCCT
CTTCCT

39 -
human
elongation
factor-1-
alpha
(hEF-10)

CAATCTCGCTCTCGCTCTTTTTTTTTTTCGCAAAAGGAGGGGAGAGG
GGGTAAAAAAATGCTGCACTGTGCGGCGAAGCCGGTGAGTGAGCG
GCGCGGGGCCAATCAGCGTGCGCCGTTCCGAAAGTTGCCTTTTATGG
CTCGAGCGGCCGCGGCGGCGCCCTATAAAACCCAGCGGCGCGACGC
GCCACCACCGCCGAGACCGCGTCCGCCCCGCGAGCACAGAGCCTC
GCCTTTGCCGATCCGCCGCCCGTCCACACCCGCCGCCAG
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promoter

40 -

TTCTACCGGGTAGGGGAGGCGCTTTTCCCAAGGCAGTCTGGAGCAT

phosphogl | GCGCTTTAGCAGCCCCGCTGGGCACTTGGCGCTACACAAGTGGCCT
ycerate CTGGCCTCGCACACATTCCACATCCACCGGTAGGCGCCAACCGGCTC
kinase CGTTCTTTGGTGGCCCCTTCGCGCCACCTTCTACTCCTCCCCTAGTCA
(PGK) GGAAGTTCCCCCCCGCCCCGCAGCTCGCGTCGTGCAGGACGTGACA
promoter | AATGGAAGTAGCACGTCTCACTAGTCTCGTGCAGATGGACAGCACC
GCTGAGCAATGGAAGCGGGTAGGCCTTTGGGGCAGCGGCCAATAGC
AGCTTTGCTCCTTCGCTTTCTGGGCTCAGAGGCTGGGAAGGGGTGG
GTCCGGGGGCGGGCTCAGGGGCGGGCTCAGGGGCGGGEGCGGGCGC
CCGAAGGTCCTCCGGAGGCCCGGCATTCTGCACGCTTCAAAAGCGC
ACGTCTGCCGCGCTGTTCTCCTCTTCCTCATCTCCGGGCCTTTCGACC
T
41 - | GGTGCAGCGGCCTCCGCGCCGGGTTTTGGCGCCTCCCGCGGGCGLC
ubiquitin | CCCCTCCTCACGGCGAGCGCTGCCACGTCAGACGAAGGGCGCAGG
C (UbiC) | AGCGTTCCTGATCCTTCCGCCCGGACGCTCAGGACAGCGGCCCGCT
promoter | GCTCATAAGACTCGGCCTTAGAACCCCAGTATCAGCAGAAGGACATT

TTAGGACGGGACTTGGGTGACTCTAGGGCACTGGTTTTCTTTCCAGA
GAGCGGAACAGGCGAGGAAAAGTAGTCCCTTCTCGGCGATTCTGCG
GAGGGATCTCCGTGGGGCGGTGAACGCCGATGATTATATAAGGACGC
GCCGGGTGTGGCACAGCTAGTTCCGTCGCAGCCGGGATTTGGGTCG
CGGTTCTTGTTTGTGGATCGCTGTGATCGTCACTTGGTGAGTTGCGG
GCTGCTGGGCTGGCCGGGGCTTTCGTGGCCGCCGGGCCGCTCGGTG
GGACGGAAGCGTGTGGAGAGACCGCCAAGGGCTGTAGTCTGGGTC
CGCGAGCAAGGTTGCCCTGAACTGGGGGTTGGGGGGAGCGCACAA
AATGGCGGCTGTTCCCGAGTCTTGAATGGAAGACGCTTGTAAGGCG
GGCTGTGAGGTCGTTGAAACAAGGTGGGGGGCATGGTGGGCGGCA
AGAACCCAAGGTCTTGAGGCCTTCGCTAATGCGGGAAAGCTCTTATT
CGGGTGAGATGGGCTGGGGCACCATCTGGGGACCCTGACGTGAAGT
TTGTCACTGACTGGAGAACTCGGGTTTGTCGTCTGGTTGCGGGGGC
GGCAGTTATGCGGTGCCGTTGGGCAGTGCACCCGTACCTTTGGGAG
CGCGCGCCTCGTCGTGTCGTGACGTCACCCGTTCTGTTGGCTTATAA
TGCAGGGTGGGGCCACCTGCCGGTAGGTGTGCGGTAGGCTTTTCTC
CGTCGCAGGACGCAGGGTTCGGGCCTAGGGTAGGCTCTCCTGAATC
GACAGGCGCCGGACCTCTGGTGAGGGGAGGGATAAGTGAGGCGTC
AGTTTCTTTGGTCGGTTTTATGTACCTATCTTCTTAAGTAGCTGAAGC
TCCGGTTTTGAACTATGCGCTCGGGGTTGGCGAGTGTGTTTTGTGAA
GTTTTTTAGGCACCTTTTGAAATGTAATCATTTGGGTCAATATGTAATT
TTCAGTGTTAGACTAGTAAA

PCT/US2022/011344

In some embodiments, the nucleic acid encoding an STC-1 polypeptide is operably
linked to a promoter derived from a chicken B-actin promoter. In some embodiments, the

chicken B-actin promoter is derived from a nucleic acid sequence of SEQ ID NO: 33, or a nucleic
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acid sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identical to SEQ ID NO:33. In some embodiments, the
chicken B-actin promoter is derived from the nucleic acid sequence of SEQ ID NO: 33. In some
embodiments, the chicken B-actin promoter is derived from a nucleic acid sequence of SEQ ID
NO: 34, or a nucleic acid sequence at least 70%, at least 75%, at least 80%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to SEQ ID NO:34. In
some embodiments, the chicken [-actin promoter is derived from the nucleic acid sequence of
SEQ ID NO: 34. In some embodiments, the chicken B-actin promoter is derived from a nucleic
acid sequence of SEQ ID NO: 35, or a nucleic acid sequence at least 70%, at least 75%, at least
80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical
to SEQ ID NO:35. In some embodiments, the chicken fB-actin promoter is derived from the
nucleic acid sequence of SEQ ID NO: 35.

In some embodiments, the nucleic acid encoding an STC-1 polypeptide is operably
linked to a promoter derived from a cytomegalovirus (CMV) promoter. In some embodiments,
the CMV promoter is derived from a nucleic acid sequence of SEQ ID NO: 36, or a nucleic acid
sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identical to SEQ ID NO:36. In some embodiments, the
CMYV promoter is derived from the nucleic acid sequence of SEQ ID NO: 36.

In some embodiments, the nucleic acid encoding an STC-1 polypeptide is operably
linked to a promoter derived from a SV40 promoter. In some embodiments, the SV40 promoter
is derived from a nucleic acid sequence of SEQ ID NO: 37, or a nucleic acid sequence at least
70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% identical to SEQ ID NO:37. In some embodiments, the SV40 promoter is
derived from the nucleic acid sequence of SEQ ID NO: 37.

In some embodiments, the nucleic acid encoding an STC-1 polypeptide is operably
linked to a promoter derived from a human B-actin promoter. In some embodiments, the human
B-actin promoter is derived from a nucleic acid sequence of SEQ ID NO: 38, or a nucleic acid
sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identical to SEQ ID NO:38. In some embodiments, the

human (B-actin promoter is derived from the nucleic acid sequence of SEQ ID NO: 38.
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In some embodiments, the nucleic acid encoding an STC-1 polypeptide is operably
linked to a promoter derived from a human elongation factor 1-a (hEF-1a) promoter. In some
embodiments, the hEF-1a promoter is derived from a nucleic acid sequence of SEQ ID NO: 39
or a nucleic acid sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% identical to SEQ ID NO:39. In some
embodiments, the hEF-1o promoter is derived from the nucleic acid sequence of SEQ ID NO:
39,

In some embodiments, the nucleic acid encoding an STC-1 polypeptide is operably
linked to a promoter derived from a phosphoglycerate kinase (PGK) promoter. In some
embodiments, the PGK promoter is derived from a nucleic acid sequence of SEQ ID NO: 40 or a
nucleic acid sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identical to SEQ ID NO:40. In some
embodiments, the PGK promoter is derived from the nucleic acid sequence of SEQ ID NO: 40.

In some embodiments, the nucleic acid encoding an STC-1 polypeptide is operably
linked to a promoter derived from a ubiquitin C (UbiC) promoter. In some embodiments, the
UbiC promoter is derived from a nucleic acid sequence of SEQ ID NO: 41 or a nucleic acid
sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identical to SEQ ID NO:41. In some embodiments, the
UbiC promoter is derived from the nucleic acid sequence of SEQ ID NO: 41.

In some embodiments, the STC-1 encoding nucleic acid is operably linked to a ocular
cell specific promoter. Examples of promoters that can be used to drive expression of a STC-1
polypeptide in cells include, without limitation, a promoter derived from a human synapsin 1
gene (hSYNT1) promoter, human rhodopsin (Rho) promoter (see, e.g., Allocca et al. J Virol.
81(20):11372-80(2007), Busskamp et al. Science. 329(5990):413-7(2010), each incorporated
herein by reference), human rhodopsin kinase 1 (hRK1) promoter (see, e.g., Khani et al. Invest
Ophthalmol Vis Sci. 48(9):3954-61(2007); Boye et al. PLoS One. 5(6):¢11306(2010); Boye et al.
Hum Gene Ther. 23(10):1101-1115(2012), each incorporated herein by reference), human inter-
photoreceptor retinoid binding protein/retinol-binding protein 3 (IRBP/hIRBP241) promoter
(see, e.g., Beltran et al. Proc Natl Acad Sci 109(6):2132-7(2012), each incorporated herein by
reference), human red opsin (PR2.1/CHOPS2053) promoter (see, e.g., Alexander et al. Nat Med.
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13:685-7(2007), Mancuso et al. Nature 461(7265):784-7(2009); Komaromy et al. Hum Mol
Genet. 19(13):2581-93(2010), each incorporated herein by reference), hIRBP enhancer fused to
cone transducin alpha promoter (IRBP/GNAT2) promoter, human vitelliform macular
dystrophy/bestrophin 1 (VMD2/BEST1) promoter (see, e.g., Esumi et al. J Biol Chem.
279(18):19064-73(2004); Deng et al. Invest Ophthalmol Vis Sci. 53(4):1895-904(2012), each
incorporated herein by reference), VE-cadherin/Cadherin 5 (CDHS)/CD144 promoter (see, e.g.,
Cai et al. 2011; Qi et al. 2012, each incorporated herein by reference), Thyl promoter (see, e.g.,
Alic et al. Neurosci Lett. 634:62-41(2016), incorporated herein by reference), neurofilament
heavy chain (NEFH) promoter, (see, e.g., Hanlon et al. Front Neurosci. 11:521(2017),
incorporated herein by reference), retinal pigmented epithelium 65 (RPE65) promoter, Purkinje
cell protein 2 (PCP2) promoter (see, e.g., Korecki et al. Gene Ther. 28(6):351-72(2021),
incorporated herein by reference), G Protein Subunit Gamma Transducin 2 (GNGT2) promoter,
Phosphodiesterase 6H (PDE6H) promoter (see, e.g., Korecki et al. Gene Ther. 28(6):351-
72(2021), incorporated herein by reference), Paired Like Homeodomain 3 (PITX3) promoter
(see, e.g., Korecki et al. Gene Ther. 28(6):351-72(2021), incorporated herein by reference),
claudin 5 (CLDNS) promoter, Nuclear Receptor Subfamily 2 Group E Member 1 (NR2EI)
promoter (see, e.g., Korecki et al. Gene Ther. 28(6):351-72(2021), incorporated herein by
reference), paired box 6 (PAX6) promoter (see, e.g., Korecki et al. Gene Ther. 28(6):351-
72(2021), incorporated herein by reference), 770En_454P(hGRM®6) promoter (see, e.g., Hulliger
et al. Mol Ther Methods Clin Dev. 17:505-19(2020), incorporated herein by reference), or other
ocular cell specific promoter described herein. In some embodiments, the ocular cell specific
promoter may include additional regulatory nucleic acid sequences which increase or modulate
expression, for example native exons, introns, or chimeric introns.

In some embodiments, the nucleic acid encoding an STC-1 polypeptide is operably
linked to a promoter derived from a human SYN1 (hSYNI1) promoter. In some embodiments,
the hSYNI1 promoter is derived from a nucleic acid sequence of SEQ ID NO: 42, or a nucleic
acid sequence at least 70%, 75%, 80%, 90%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID
NO:42. In some embodiments, the hSYN1 promoter is derived from the nucleic acid sequence

of SEQ ID NO: 42. SEQ ID NO:42 is provided in Table 4 below.
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In some embodiments, the nucleic acid encoding an STC-1 polypeptide is operably
linked to a promoter derived from a human rhodopsin kinase 1 (hRK1) promoter. In some
embodiments, the hRK1 promoter is derived from a nucleic acid sequence of SEQ ID NO: 55, or
a nucleic acid sequence at least 70%, 75%, 80%, 90%, 95%, 96%, 97%, 98%, or 99% identical
to SEQ ID NO:55. In some embodiments, the hRK1 promoter is derived from the nucleic acid
sequence of SEQ ID NO: 55. SEQ ID NO:55 is provided in Table 4 below.

In some embodiments, the nucleic acid encoding an STC-1 polypeptide is operably
linked to a promoter derived from a fibroblast specific protein 1 (FSP1/S100A4) promoter. In
some embodiments, the FSP1/S100A4 promoter is derived from a nucleic acid sequence of SEQ
ID NO: 56, or a nucleic acid sequence at least 70%, 75%, 80%, 90%, 95%, 96%, 97%, 98%, or
99% identical to SEQ ID NO:56. In some embodiments, the FSP1/S100A4 promoter is derived
from the nucleic acid sequence of SEQ ID NO: 55. SEQ ID NO:55 is provided in Table 4 below.

Table 4. Exemplary Cell-Specific Promoter Sequences

SEQ 1D | Sequence

NO:
42 — | GATCTAGGCCTACTAGTCTGCAGAGGGCCCTGCGTATGAGTGCAAGTG
hSYN1 GGTTTTAGGACCAGGATGAGGCGGGGTGGGGGTGCCTACCTGACGACC

GACCCCGACCCACTGGACAAGCACCCAACCCCCATTCCCCAAATTGCG
Promoter | CATCCCCTATCAGAGAGGGGGAGGGGAAACAGGATGCGGCGAGGCGC
GTGCGCACTGCCAGCTTCAGCACCGCGGACAGTGCCTTCGCCCCCGCC
TGGCGGCGCGCGCCACCGCCGCCTCAGCACTGAAGGCGCGCTGACGT
CACTCGCCGGTCCCCCGCAAACTCCCCTTCCCGGCCACCTTGGTCGCG
TCCGCGCCGCCGCCGGCCCAGCCGGACCGCACCACGCGAGGCGCGAG
ATAGGGGGGCACGGGCGCGACCATCTGCGCTGCGGCGCCGGCGACTCA
GCGCTGCCTCAGTCTGCGGTGGGCAGCGGAGGAGTCGTGTCGTGCCTG
AGAGCGCAGTCGA

54 — | GGGCCCCAGAAGCCTGGTGGTTGTTTGTCCTTCTCAGGGGAAAAGTGA
GGCGGCCCCTTGGAGGAAGGGGCCGGGCAGAATGATCTAATCGGATTC
CAAGCAGCTCAGGGGATTGTCTTTTTCTAGCACCTTCTTGCCACTCCTA
rhodopsin | AGCGTCCTCCGTGACCCCGGCTGGGATTTAGCCTGGTGCTGTGTCAGCC
CCGGTCTCCCAGGGGCTTCCCAGTGGTCCCCAGGAACCCTCGACAGGG
CCCGGTCTCTCTCGTCCAGCAAGGGCAGGGACGGGCCACAGGCCAAG
(hRK1) | GGC

human

kinase 1

promoter
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55 — | CTACTTCTAACCCTCACTGGGTTTGTAGCCCACCCTGAGAGGTTGACCC
fibroblast GAATTATAACTCCCCTATTTCATGCCATTTCACCTCTAACTCTCCACCCC
AACCTGGATTCTTCATTCCTGACACTCATCCCAACTTTAAATGGCCCCTC
specific CTGATACCCTCTCCGAACCTGAGATCTATCCGTGAGCCCCCACGCCTCA
CTGCCACTCCACTCCATCACTACCTCACCCAGGACCTTTCCCACTGACG
TTCCTGAGGTGGTCCCAGAGCCTCCTTTGGGTGTGAGCCTGTTCCCCTC
(FSP1/S10 | CAGATCCCCCCGCCCCGACCCTGAGCCTTACTTGGCATGGCAGACAGT
0A4) ACCGGGCATGGGGATCCCCACCCCAGTTTTTGTTTCTGAATCTTTATTTT

TTTAAGAGACAAGGTCCTCTGTGTTGCTCAGGCTGGAGAGCAGTGGCT
promoter TGAGCATAGCCAACTGCAGTCTCGAACTCCTGGGCTCAAATGATCCTCC
TGTCTCAGCTTCCTGACTAGCTGGGACTACAGGCTACAGCCATGCTGCC
CAGCTAATTAAAAAAAAAAATTGTTTTTCCTTTTTATAGAGACAGAAGT
CTCTCTATGTTGCCTAGGCTGGTCTTGAACTCCTGGCCTCAGGCGATCC
TCCCATCTCCCCCCTAGCTTTTGTGTCACCACATTTCCAGGGCAATCTCC
CACCTGTCACCCACCACCCCCTGCATCTCCTTTCCTAGGTCCCCATGGG
ACTACTCCCTGTCCCCCATGCTCCAGGCACAGGCTGCCCCTTCCTCCAC
CTCTCTAAAACTCAGGCTGAGCTATGTACACTGGGTGGTGCCCATCTCA
TCCAGTCCCCTGCTAGTAACCGCTAGGGCTTACCCGTTACCCACGGGTG
CCCACCTGGGAACAGGAGGCTTGGTTCCACGGCTGGGCTGGTGGAGG
GTGCTGTGGCACTTACCGCATCAGCCCACAGCAGGAAGGCAGTATCCG
CTCTCCCCTGTCCCCTGCTATGGGCAGGGCCTGGCTGGGGTATAAATAG
GTCAGACCTCTGGGCCGTCCCCATTCTTCCCCTCTCTACAACCCTCTCT
CCTCAGCGCTTCTTCTTTCTTGGTTTGGTGAGTTGTGTTGGCCTGACTG
GCATGCAAGGGGTGTCAGAGGCCAGGGCTGGGGAAGGAGAAGGGGA
GGCTGGTGGGGGCCAGATGTGCTAAAGAGATCCAGATGTGAGATTCTG
ATGTGGAACTCTGGGTGGATTGTGTGCGTGGGTGTGCATGGCACACAC
ACACATGCACGTAAGACGGAGGAAAAAACAAACAGAAAAGTGAGCAA
GT

protein 1

The nucleic acid sequence encoding STC-1 may also include additional regulatory
sequences, for example transcription terminating signals, efficient RNA processing signals such
as splicing and polyadenylation signals (polyA), sequences that stabilize cytoplasmic mRNA, for
example Woodchuck Hepatitis Virus (WHP) Posttranscriptinal Regulatory Element (WPRE),
sequences that enhance translation efficiency (ie., Kozak consensus sequence), and/or sequences
that enhance protein stability.

In some embodiments, the nucleic acid sequence encoding STC-1 is operably linked to a
suitable polyA sequence. Examples of suitable polyA sequences include, but are not limited to,
SV40, bovine growth hormone (bGH), and TK polyA. In certain embodiments, the polyA is the
bGH poly A sequence. In some embodiments, the bGH poly A sequence is derived from the
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nucleic acid sequence of SEQ ID NO:43, or a nucleic acid sequence at least 70%, at least 75%, at
least 80%, at least 90%, at least 95%., at least 96%, at least 97%, at least 98%, or at least 99%
identical to SEQ ID NO:43. In some embodiments, the bGH poly A sequence is derived from
the nucleic acid sequence of SEQ ID NO: 43. SEQ ID NO:43 is provided in Table 5 below.

Table 5: Exemplary bGH PolyA Sequence

SEQ ID | TCGACTAGAGCTCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCA
NO-43 TCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACT
' CCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGT
AGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGG
AGGATTGGGAAGACAATAGCAGGCATGCTGGGGA

In some embodiments, the nucleic acid sequence encoding STC-1 is operably linked to a
suitable enhancer. Examples of suitable enhancers include, but are not limited to, the alpha-
fetoprotein enhancer, the TTR minimal promoter/enhancer, LSP (TH-binding globulin

promoter/alpha 1-microglobulin/bikunin enhancer).

AAYV Viral Vectors

In particular aspects, a recombinant adeno-associated virus (rAAV) containing a nucleic
acid encoding a STC-1 polypeptide described herein is provided herein for use in the methods of
treatment described herein. The rAAV includes an AAV capsid and the nucleic acid encoding
STC-1 packaged in the AAV capsid, wherein the nucleic acid encoding STC-1 is operably linked
to a promoter as described herein and AAV inverted terminal repeats (ITRs) required for packing
the nucleic acid into the capsid. The nucleic acid to be packaged into the AAV capsid contains
the STC-1 encoding sequences, promoter sequences, and may include other regulatory sequences
described herein, which are flanked by packaging signals of the AAV genome, allowing for the
efficient packaging of the nucleic acid into the AAV capsid for delivery and expression in the
eye.

The components of the STC-1 encoding nucleic acid are flanked at the 5’ end and the 3’
end by AAV inverted terminal repeat sequences. For example, a 5 AAV ITR, the nucleic acid
sequence encoding an STC-1 polypeptide and operably linked to a promoter and other regulatory

sequences, and a 3° AAV ITR form the nucleic acid that is packaged into the AAV capsid.
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The ITRs are the genetic elements responsible for the replication and packaging of the
nucleic acid during vector production and are the only viral cis elements required to generate
rAAV. In some embodiments, the ITRs are from an AAYV different than that supplying a capsid.
In some embodiments, the ITR sequences are derived from AAV2, or the deleted version thereof
(AITR). Where the source of the ITRs is from AAV2 and the AAV capsid is from another AAV
source, the resulting vector may be termed pseudotyped. Typically, AAV vector genome
comprises an AAV 5’ ITR, the nucleic acid sequences encoding STC-1 and any regulatory
sequences, and an AAV 3’ ITR. However, other configurations of these elements may be
suitable. In some embodiments, a self-complementary AAV is provided. A shortened version of
the 57 ITR, termed AITR, has been described in which the D-sequence and terminal resolution
site (TRs) are deleted. In certain embodiments, the nucleic acid for packaging includes a
shortened AAV2 ITR of 130 base pairs, wherein the external “a” element is deleted. The
shortened ITR is reverted back to the wild-type length during vector DNA amplification using
the internal A element as a template. In other embodiments, the full-length AAV 5” and 3’ ITRs
are used. In other embodiments, a full-length or engineered ITR may be selected.

Suitable AAV ITR sequences are known in the art (see, e.g, Yan et al., J Virol
2005;79(1):364-379, incorporated herein by reference). Exemplary ITRs suitable for use to
package the STC-1 encoding nucleic acid are provided in Table 6 below. In some embodiments,
the 5 ITR is derived from SEQ ID NO:44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO:56, or
a sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identical thereto. In some embodiments, the 3° ITR is
derived from SEQ ID NO:47, SEQ ID NO: 48, SEQ ID NO: 49, SEQ ID NO:57, or a sequence
at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% identical thereto.
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Table 6: Exemplary ITRs

SEQ 1D

NO:

Sequence

44 - 5" ITR

TTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCG
ACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTG
AGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGG
GGTTCCTCAGATCTGAATTCGGT

45 -5 ITR

GGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGG
CGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAG
TGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTA
GGGGT

46 -5 ITR

CTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGC
GTCGGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCG
CAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTA
ATGATTAACCCGCCATGCTACTTATCTACG

56 -5 ITR

TTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCG
ACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTG
AGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGG
GGTTCCT

47 -3° ITR

AACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCG
CTCACTGAGGCCGCCCGGGCAAAGCCCGGGCAGTCGGGCGACCTTTG
GTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGG
CCAA

48 -3’ ITR

AACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCG
CTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCGACCTTTG
GTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGG
CCAACC

49 —-3° ITR

GTAGATAAGTAGCATGGCGGGTTAATCATTAACTACAAGGAACCCC
TAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGC
TCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCG
GGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAG CGCGCAG

57-3"ITR

AGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCG
CTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCGACC
TTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGA
GTGGCCAA

In some embodiments, the nucleic acid for packaging into an AAV capsid is shown in
any of SEQ ID NO:50-53 (Table 7). In some embodiments, the nucleic acid for packaging into
an AAYV capsid is SEQ ID NO:50, or a sequence at least 70%, at least 75%, at least 80%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical thereto. In
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some embodiments, the nucleic acid for packaging into an AAV capsid is SEQ ID NO:50. In
some embodiments, a nucleic acid sequence of SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:5,
SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:11, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:17,
SEQ ID NO:19, SEQ ID NO:24, SEQ ID NO:26, or SEQ ID NO:28 is substituted for nucleic
acids 866-1606 of SEQ ID NO:50.

In some embodiments, the nucleic acid for packaging into an AAV capsid is SEQ ID
NO:51, or a sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identical thereto. In some embodiments, the
nucleic acid for packaging into an AAV capsid is SEQ ID NO:51. In some embodiments, a
nucleic acid sequence of SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID
NO:9, SEQ ID NO:11, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:17, SEQ ID NO:19, SEQ
ID NO:24, SEQ ID NO:26, or SEQ ID NO:28 is substituted for nucleic acids 866-1606 of SEQ
ID NO:51.

In some embodiments, the nucleic acid for packaging into an AAV capsid is SEQ ID
NO:52, or a sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identical thereto. In some embodiments, the
nucleic acid for packaging into an AAV capsid is SEQ ID NO:52. In some embodiments, a
nucleic acid sequence of SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID
NO:9, SEQ ID NO:11, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:17, SEQ ID NO:19, SEQ
ID NO:24, SEQ ID NO:26, or SEQ ID NO:28 is substituted for nucleic acids 1143-1883 of SEQ
ID NO:52.

In some embodiments, the nucleic acid for packaging into an AAV capsid is SEQ ID
NO:53, or a sequence at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identical thereto. In some embodiments, the
nucleic acid for packaging into an AAV capsid is SEQ ID NO:53. In some embodiments, a
nucleic acid sequence of SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID
NO:9, SEQ ID NO:11, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:17, SEQ ID NO:19, SEQ
ID NO:24, SEQ ID NO:26, or SEQ ID NO:28 is substituted for nucleic acids 1143-1883 of SEQ
ID NO:53.
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SEQ ID | Sequence Comments

NO:

50 — | GGTTGGCCACTCCCTCTCTGCGCGCTCGCT | 5° ITR 1-143

hSYN- | CGCTCACTGAGGCCGGGCGACCAAAGGTC | hSynl 166-655

hSTC1- | GCCCGACGCCCGGGCTTTGCCCGGGCGGC | SV40 SD/SA  686-827

FLAG CTCAGTGAGCGAGCGAGCGCGCAGAGAG | hSTC1 866-1606

nucleic | GGAGTGGCCAACTCCATCACTAGGGGTTC | FLAG 1607-

acid CTAGATCTGAATTCGGTACCGATCTAGGC | 1630

packagin | CTACTAGTCTGCAGAGGGCCCTGCGTATG | bGHPoly A 1635-

ginsert | AGTGCAAGTGGGTTTTAGGACCAGGATGA | 1870
GGCGGGGTGGGGGTGCCTACCTGACGACC | 3° ITR 1882-

GACCCCGACCCACTGGACAAGCACCCAAC
CCCCATTCCCCAAATTGCGCATCCCCTATC
AGAGAGGGGGAGGGGAAACAGGATGCGG
CGAGGCGCGTGCGCACTGCCAGCTTCAGC
ACCGCGGACAGTGCCTTCGCCCCCGCCTG
GCGGCGCGCGCCACCGCCGCCTCAGCACT
GAAGGCGCGCTGACGTCACTCGCCGGTCC
CCCGCAAACTCCCCTTCCCGGCCACCTTG
GTCGCGTCCGCGCCGCCGCCGGCCCAGCC
GGACCGCACCACGCGAGGCGCGAGATAG
GGGGGCACGGGCGCGACCATCTGCGCTGC
GGCGCCGGCGACTCAGCGCTGCCTCAGTC
TGCGGTGGGCAGCGGAGGAGTCGTGTCGT
GCCTGAGAGCGCAGTCGAGAATTCACTCT
AGAGGATCCGGTACTCGAGGAACTGAAA
AACCAGAAAGTTAACTGGTAAGTTTAGTC
TTTTTGTCTTTTATTTCAGGTCCCGGATCC
GGTGGTGGTGCAAATCAAAGAACTGCTCC
TCAGTGGATGTTGCCTTTACTTCTAGGCCT
GTACGGAAGTGTTACTTCTGCTCTAAAAG
CTGCGGAATTGTACCCGCGGCCGCATGCT
CCAAAACTCAGCAGTGCTTCTGGTGCTGG
TGATCAGTGCTTCTGCAACCCATGAGGCG
GAGCAGAATGACTCTGTGAGCCCCAGGA
AATCCCGAGTGGCGGCTCAAAACTCAGCT
GAAGTGGTTCGTTGCCTCAACAGTGCTCT
ACAGGTCGGCTGCGGGGCTTTTGCATGCC
TGGAAAACTCCACCTGTGACACAGATGGG
ATGTATGACATCTGTAAATCCTTCTTGTAC
AGCGCTGCTAAATTTGACACTCAGGGAAA
AGCATTCGTCAAAGAGAGCTTAAAATGCA
TCGCCAACGGGGTCACCTCCAAGGTCTTC

2024
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CTCGCCATTCGGAGGTGCTCCACTTTCCA
AAGGATGATTGCTGAGGTGCAGGAAGAG
TGCTACAGCAAGCTGAATGTGTGCAGCAT
CGCCAAGCGGAACCCTGAAGCCATCACTG
AGGTCGTCCAGCTGCCCAATCACTTCTCC
AACAGATACTATAACAGACTTGTCCGAAG
CCTGCTGGAATGTGATGAAGACACAGTCA
GCACAATCAGAGACAGCCTGATGGAGAA
AATTGGGCCTAACATGGCCAGCCTCTTCC
ACATCCTGCAGACAGACCACTGTGCCCAA
ACACACCCACGAGCTGACTTCAACAGGAG
ACGCACCAATGAGCCGCAGAAGCTGAAA
GTCCTCCTCAGGAACCTCCGAGGTGAGGA
GGACTCTCCCTCCCACATCAAACGCACAT
CCCATGAGAGTGCAGACTACAAGGACGA
CGATGATAAGTAAGTCGACTAGAGCTCGC
TGATCAGCCTCGACTGTGCCTTCTAGTTGC
CAGCCATCTGTTGTTTGCCCCTCCCCCGTG
CCTTCCTTGACCCTGGAAGGTGCCACTCC
CACTGTCCTTTCCTAATAAAATGAGGAAA
TTGCATCGCATTGTCTGAGTAGGTGTCATT
CTATTCTGGGGGGTGGGGTGGGGCAGGAC
AGCAAGGGGGAGGATTGGGAAGACAATA
GCAGGCATGCTGGGGAGAGATCTAGGAA
CCCCTAGTGATGGAGTTGGCCACTCCCTC
TCTGCGCGCTCGCTCGCTCACTGAGGCCG
CCCGGGCAAAGCCCGGGCGTCGGGCGAC
CTTTGGTCGCCCGGCCTCAGTGAGCGAGC
GAGCGCGCAGAGAGGGAGTGGCCAACC

51 -
hSYN-
hSTCI1
nucleic
acid
packagin
g insert

GGTTGGCCACTCCCTCTCTGCGCGCTCGCT
CGCTCACTGAGGCCGGGCGACCAAAGGTC
GCCCGACGCCCGGGCTTTGCCCGGGCGGC
CTCAGTGAGCGAGCGAGCGCGCAGAGAG
GGAGTGGCCAACTCCATCACTAGGGGTTC
CTAGATCTGAATTCGGTACCGATCTAGGC
CTACTAGTCTGCAGAGGGCCCTGCGTATG
AGTGCAAGTGGGTTTTAGGACCAGGATGA
GGCGGGGTGGGGGTGCCTACCTGACGACC
GACCCCGACCCACTGGACAAGCACCCAAC
CCCCATTCCCCAAATTGCGCATCCCCTATC
AGAGAGGGGGAGGGGAAACAGGATGCGG
CGAGGCGCGTGCGCACTGCCAGCTTCAGC
ACCGCGGACAGTGCCTTCGCCCCCGCCTG
GCGGCGCGCGCCACCGCCGCCTCAGCACT
GAAGGCGCGCTGACGTCACTCGCCGGTCC

5" TR 1-143
hSyn1 166-655
SV40 SD/SA 686-827
hSTC1 866-1606
bGH Poly A 1611-
1847
3’ ITR
2000

1858-
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CCCGCAAACTCCCCTTCCCGGCCACCTTG
GTCGCGTCCGCGCCGCCGCCGGCCCAGCC
GGACCGCACCACGCGAGGCGCGAGATAG
GGGGGCACGGGCGCGACCATCTGCGCTGC
GGCGCCGGCGACTCAGCGCTGCCTCAGTC
TGCGGTGGGCAGCGGAGGAGTCGTGTCGT
GCCTGAGAGCGCAGTCGAGAATTCACTCT
AGAGGATCCGGTACTCGAGGAACTGAAA
AACCAGAAAGTTAACTGGTAAGTTTAGTC
TTTTTGTCTTTTATTTCAGGTCCCGGATCC
GGTGGTGGTGCAAATCAAAGAACTGCTCC
TCAGTGGATGTTGCCTTTACTTCTAGGCCT
GTACGGAAGTGTTACTTCTGCTCTAAAAG
CTGCGGAATTGTACCCGCGGCCGCATGCT
CCAAAACTCAGCAGTGCTTCTGGTGCTGG
TGATCAGTGCTTCTGCAACCCATGAGGCG
GAGCAGAATGACTCTGTGAGCCCCAGGA
AATCCCGAGTGGCGGCTCAAAACTCAGCT
GAAGTGGTTCGTTGCCTCAACAGTGCTCT
ACAGGTCGGCTGCGGGGCTTTTGCATGCC
TGGAAAACTCCACCTGTGACACAGATGGG
ATGTATGACATCTGTAAATCCTTCTTGTAC
AGCGCTGCTAAATTTGACACTCAGGGAAA
AGCATTCGTCAAAGAGAGCTTAAAATGCA
TCGCCAACGGGGTCACCTCCAAGGTCTTC
CTCGCCATTCGGAGGTGCTCCACTTTCCA
AAGGATGATTGCTGAGGTGCAGGAAGAG
TGCTACAGCAAGCTGAATGTGTGCAGCAT
CGCCAAGCGGAACCCTGAAGCCATCACTG
AGGTCGTCCAGCTGCCCAATCACTTCTCC
AACAGATACTATAACAGACTTGTCCGAAG
CCTGCTGGAATGTGATGAAGACACAGTCA
GCACAATCAGAGACAGCCTGATGGAGAA
AATTGGGCCTAACATGGCCAGCCTCTTCC
ACATCCTGCAGACAGACCACTGTGCCCAA
ACACACCCACGAGCTGACTTCAACAGGAG
ACGCACCAATGAGCCGCAGAAGCTGAAA
GTCCTCCTCAGGAACCTCCGAGGTGAGGA
GGACTCTCCCTCCCACATCAAACGCACAT
CCCATGAGAGTGCATAAGTCGACTAGAGC
TCGCTGATCAGCCTCGACTGTGCCTTCTA
GTTGCCAGCCATCTGTTGTTTGCCCCTCCC
CCGTGCCTTCCTTGACCCTGGAAGGTGCC
ACTCCCACTGTCCTTTCCTAATAAAATGA
GGAAATTGCATCGCATTGTCTGAGTAGGT
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GTCATTCTATTCTGGGGGGTGGGGTGGGG
CAGGACAGCAAGGGGGAGGATTGGGAAG
ACAATAGCAGGCATGCTGGGGAGAGATC
TAGGAACCCCTAGTGATGGAGTTGGCCAC
TCCCTCTCTGCGCGCTCGCTCGCTCACTGA
GGCCGCCCGGGCAAAGCCCGGGCGTCGG
GCGACCTTTGGTCGCCCGGCCTCAGTGAG
CGAGCGAGCGCGCAGAGAGGGAGTGGCC
AACC

52 -

CBA-
hSTC1-
FLAG
nucleic
acid
packagin
g insert

GGTTGGCCACTCCCTCTCTGCGCGCTCGCT
CGCTCACTGAGGCCGGGCGACCAAAGGTC
GCCCGACGCCCGGGCTTTGCCCGGGCGGC
CTCAGTGAGCGAGCGAGCGCGCAGAGAG
GGAGTGGCCAACTCCATCACTAGGGGTTC
CTCAGATCTGAATTCGGTACCCTAGTTATT
AATAGTAATCAATTACGGGGTCATTAGTT
CATAGCCCATATATGGAGTTCCGCGTTAC
ATAACTTACGGTAAATGGCCCGCCTGGCT
GACCGCCCAACGACCCCCGCCCATTGACG
TCAATAATGACGTATGTTCCCATAGTAAC
GCCAATAGGGACTTTCCATTGACGTCAAT
GGGTGGACTATTTACGGTAAACTGCCCAC
TTGGCAGTACATCAAGTGTATCATATGCC
AAGTACGCCCCCTATTGACGTCAATGACG
GTAAATGGCCCGCCTGGCATTATGCCCAG
TACATGACCTTATGGGACTTTCCTACTTGG
CAGTACATCTACGTATTAGTCATCGCTATT
ACCATGGTCGAGGTGAGCCCCACGTTCTG
CTTCACTCTCCCCATCTCCCCCCCCTCCCC
ACCCCCAATTTTGTATTTATTTATTTTTTA
ATTATTTTGTGCAGCGATGGGGGCGGGGG
GGGGGGGGGGGCGCGCGCCAGGCGGGGC
GGGGCGGGGCGAGGGGCGGGGCGGGGCG
AGGCGGAGAGGTGCGGCGGCAGCCAATC
AGAGCGGCGCGCTCCGAAAGTTTCCTTTT
ATGGCGAGGCGGCGGCGGCGGCGGCCCT
ATAAAAAGCGAAGCGCGCGGCGGGCGGG
AGTCGCTGCGACGCTGCCTTCGCCCCGTG
CCCCGCTCCGCCGCCGCCTCGCGCCGLCC
GCCCCGGCTCTGACTGACCGCGTTACTCC
CACAGGTGAGCGGGCGGGACGGCCCTTCT
CCTCCGGGCTGTAATTAGCGCTTGGTTTA
ATGACGGCTTGTTTCTTTTCTGTGGCTGCG
TGAAAGCCTTGAGGGGCTCCGGGAGCTAG
AGCCTCTGCTAACCATGTTCATGCCTTCTT

5 ITR 1-143
CBA promoter526-808
Exonl 809-901
Chimeric intron
902-1103
hSTC1 1143-
1883
FLAG-1
1907
bGH polyA
2147
3’ ITR
2300

1884-

1933-

2159-
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CTTTTTCCTACAGCTCCTGGGCAACGTGCT
GGTTATTGTGCTGTCTCATCATTTTGGCAA
AGAATTCCTCGAAGATCTAGGCCTGCAGG
CGGCCGCATGCTCCAAAACTCAGCAGTGC
TTCTGGTGCTGGTGATCAGTGCTTCTGCA
ACCCATGAGGCGGAGCAGAATGACTCTGT
GAGCCCCAGGAAATCCCGAGTGGCGGCTC
AAAACTCAGCTGAAGTGGTTCGTTGCCTC
AACAGTGCTCTACAGGTCGGCTGCGGGGC
TTTTGCATGCCTGGAAAACTCCACCTGTG
ACACAGATGGGATGTATGACATCTGTAAA
TCCTTCTTGTACAGCGCTGCTAAATTTGAC
ACTCAGGGAAAAGCATTCGTCAAAGAGA
GCTTAAAATGCATCGCCAACGGGGTCACC
TCCAAGGTCTTCCTCGCCATTCGGAGGTG
CTCCACTTTCCAAAGGATGATTGCTGAGG
TGCAGGAAGAGTGCTACAGCAAGCTGAA
TGTGTGCAGCATCGCCAAGCGGAACCCTG
AAGCCATCACTGAGGTCGTCCAGCTGCCC
AATCACTTCTCCAACAGATACTATAACAG
ACTTGTCCGAAGCCTGCTGGAATGTGATG
AAGACACAGTCAGCACAATCAGAGACAG
CCTGATGGAGAAAATTGGGCCTAACATGG
CCAGCCTCTTCCACATCCTGCAGACAGAC
CACTGTGCCCAAACACACCCACGAGCTGA
CTTCAACAGGAGACGCACCAATGAGCCGC
AGAAGCTGAAAGTCCTCCTCAGGAACCTC
CGAGGTGAGGAGGACTCTCCCTCCCACAT
CAAACGCACATCCCATGAGAGTGCAGACT
ACAAGGACGACGATGATAAGTAAGTCGA
CTAGAGCTCGCTGATCAGCCTCGACTGTG
CCTTCTAGTTGCCAGCCATCTGTTGTTTGC
CCCTCCCCCGTGCCTTCCTTGACCCTGGAA
GGTGCCACTCCCACTGTCCTTTCCTAATAA
AATGAGGAAATTGCATCGCATTGTCTGAG
TAGGTGTCATTCTATTCTGGGGGGTGGGG
TGGGGCAGGACAGCAAGGGGGAGGATTG
GGAAGACAATAGCAGGCATGCTGGGGAG
AGATCTGAGGAACCCCTAGTGATGGAGTT
GGCCACTCCCTCTCTGCGCGCTCGCTCGCT
CACTGAGGCCGCCCGGGCAAAGCCCGGG
CGTCGGGCGACCTTTGGTCGCCCGGCCTC
AGTGAGCGAGCGAGCGCGCAGAGAGGGA
GTGGCCAA
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53 -

CBA-
hSTC1
nucleic
acid
packagin
g insert

GGTTGGCCACTCCCTCTCTGCGCGCTCGCT
CGCTCACTGAGGCCGGGCGACCAAAGGTC
GCCCGACGCCCGGGCTTTGCCCGGGCGGC
CTCAGTGAGCGAGCGAGCGCGCAGAGAG
GGAGTGGCCAACTCCATCACTAGGGGTTC
CTCAGATCTGAATTCGGTACCCTAGTTATT
AATAGTAATCAATTACGGGGTCATTAGTT
CATAGCCCATATATGGAGTTCCGCGTTAC
ATAACTTACGGTAAATGGCCCGCCTGGCT
GACCGCCCAACGACCCCCGCCCATTGACG
TCAATAATGACGTATGTTCCCATAGTAAC
GCCAATAGGGACTTTCCATTGACGTCAAT
GGGTGGACTATTTACGGTAAACTGCCCAC
TTGGCAGTACATCAAGTGTATCATATGCC
AAGTACGCCCCCTATTGACGTCAATGACG
GTAAATGGCCCGCCTGGCATTATGCCCAG
TACATGACCTTATGGGACTTTCCTACTTGG
CAGTACATCTACGTATTAGTCATCGCTATT
ACCATGGTCGAGGTGAGCCCCACGTTCTG
CTTCACTCTCCCCATCTCCCCCCCCTCCCC
ACCCCCAATTTTGTATTTATTTATTTTTTA
ATTATTTTGTGCAGCGATGGGGGCGGGGG
GGGGGGGGGGGCGCGCGCCAGGCGGGGC
GGGGCGGGGCGAGGGGCGGGGCGGEGEGCEG
AGGCGGAGAGGTGCGGCGGCAGCCAATC
AGAGCGGCGCGCTCCGAAAGTTTCCTTTT
ATGGCGAGGCGGCGGCGGCGGCGGCCCT
ATAAAAAGCGAAGCGCGCGGCGGGCGEE
AGTCGCTGCGACGCTGCCTTCGCCCCGTG
CCCCGCTCCGCCGCCGCCTCGCGCCGCCC
GCCCCGGCTCTGACTGACCGCGTTACTCC
CACAGGTGAGCGGGCGGGACGGCCCTTCT
CCTCCGGGCTGTAATTAGCGCTTGGTTTA
ATGACGGCTTGTTTCTTTTCTGTGGCTGCG
TGAAAGCCTTGAGGGGCTCCGGGAGCTAG
AGCCTCTGCTAACCATGTTCATGCCTTCTT
CTTTTTCCTACAGCTCCTGGGCAACGTGCT
GGTTATTGTGCTGTCTCATCATTTTGGCAA
AGAATTCCTCGAAGATCTAGGCCTGCAGG
CGGCCGCATGCTCCAAAACTCAGCAGTGC
TTCTGGTGCTGGTGATCAGTGCTTCTGCA
ACCCATGAGGCGGAGCAGAATGACTCTGT
GAGCCCCAGGAAATCCCGAGTGGCGGCTC
AAAACTCAGCTGAAGTGGTTCGTTGCCTC
AACAGTGCTCTACAGGTCGGCTGCGGGGC

5" ITR 1-143

CBA promoter526-808

Exonl 809-901

Chimeric intron
902-1103

hSTC1 1143-

1883

bGH polyA  1892-

2122

3’ ITR 2135-

2276
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TTTTGCATGCCTGGAAAACTCCACCTGTG
ACACAGATGGGATGTATGACATCTGTAAA
TCCTTCTTGTACAGCGCTGCTAAATTTGAC
ACTCAGGGAAAAGCATTCGTCAAAGAGA
GCTTAAAATGCATCGCCAACGGGGTCACC
TCCAAGGTCTTCCTCGCCATTCGGAGGTG
CTCCACTTTCCAAAGGATGATTGCTGAGG
TGCAGGAAGAGTGCTACAGCAAGCTGAA
TGTGTGCAGCATCGCCAAGCGGAACCCTG
AAGCCATCACTGAGGTCGTCCAGCTGCCC
AATCACTTCTCCAACAGATACTATAACAG
ACTTGTCCGAAGCCTGCTGGAATGTGATG
AAGACACAGTCAGCACAATCAGAGACAG
CCTGATGGAGAAAATTGGGCCTAACATGG
CCAGCCTCTTCCACATCCTGCAGACAGAC
CACTGTGCCCAAACACACCCACGAGCTGA
CTTCAACAGGAGACGCACCAATGAGCCGC
AGAAGCTGAAAGTCCTCCTCAGGAACCTC
CGAGGTGAGGAGGACTCTCCCTCCCACAT
CAAACGCACATCCCATGAGAGTGCATAAG
TCGACTAGAGCTCGCTGATCAGCCTCGAC
TGTGCCTTCTAGTTGCCAGCCATCTGTTGT
TTGCCCCTCCCCCGTGCCTTCCTTGACCCT
GGAAGGTGCCACTCCCACTGTCCTTTCCT
AATAAAATGAGGAAATTGCATCGCATTGT
CTGAGTAGGTGTCATTCTATTCTGGGGGG
TGGGGTGGGGCAGGACAGCAAGGGGGAG
GATTGGGAAGACAATAGCAGGCATGCTG
GGGAGAGATCTGAGGAACCCCTAGTGAT
GGAGTTGGCCACTCCCTCTCTGCGCGCTC
GCTCGCTCACTGAGGCCGCCCGGGCAAAG
CCCGGGCGTCGGGCGACCTTTGGTCGCCC
GGCCTCAGTGAGCGAGCGAGCGCGCAGA
GAGGGAGTGGCCAA

The source of the AAV capsid may be a naturally occurring or engineered AAV capsid.
An adeno-associated virus (AAV) viral vector is an AAV DNase-resistant particle having an
AAYV protein capsid into which is packaged nucleic acid sequences for delivery to target cells.
An AAV capsid is composed of 60 capsid (cap) protein subunits, VP1, VP2, and VP3, that are
arranged in an icosahedral symmetry in a ratio of approximately 1:1:10 to 1:1:20, depending

upon the selected AAV. Various AAVs may be selected as sources for capsids of AAV viral
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vectors as identified above. See, e.g., US Published Patent Application No.2007-0036760-A1;
US Published Patent Application No0.2009-0197338-A1; EP 1310571. See also, WO
2003/042397 (AAV7 and other simian AAV), US Patent 7790449 and US Patent 7282199
(AAVS), WO 2005/033321 and US 7,906,111 (AAV9), and WO 2006/110689, WO
2003/042397 (rh.10) and WO 2018/160582 (AAVhu68), each of the above references
incorporated herein by reference. These documents also describe other AAV which may be
selected for generating AAV and are incorporated by reference.

Unless otherwise specified, the AAV capsid, ITRs, and other selected AAV components
described herein, may be readily selected from among any AAV, including, without limitation,
the AAVs commonly identified as AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT,
AAV8, AAV9, AAVS8bp, AAVIMS, AAVAnc80, AAVrh10, and AAVPHP B and variants of
any of the known or mentioned AAVs or AAVs yet to be discovered or variants or mixtures
thereof. See, e.g,, WO 2005/033321, which is incorporated herein by reference. In one
embodiment, the AAV capsid is an AAV1 capsid or variant thereof, AAV8 capsid or variant
thereof, an AAVO capsid or variant thereof.

In some embodiments, the AAV comprises a capsid mutation which assists in delivery.
In some embodiments, the AAV comprises a capsid having one or more mutations of the amino
acid tyrosine (Y) to phenylalanine (F) on the surface of the capsid protein. In some
embodiments, the AAV capsid is an AAV2 capsid comprising one or more mutations of the
amino acid tyrosine (Y) to phenylalanine (F) on the surface of the capsid protein. In some
embodiments, the AAV?2 is selected from AAV2 having a Y444F mutation in its capsid protein,
a Y444F and Y730F mutation in its capsid protein, a Y444F and YS500F and Y730F mutation in
its capsid protein, a Y272F and Y444F and YS500F and Y730F mutation in its capsid protein, a
Y272F and Y444F and Y500F and Y730F and T491V mutation in its capsid protein, and a
Y444F and Y500F and Y730F and T491V mutation in its capsid protein. In some embodiments,
the AAV capsid is an AAV2 capsid having a Y444F and YS500F and Y730F mutation in its
capsid protein. In some embodiments, the AAV capsid is an AAVS8 capsid having a Y447F
mutation, a Y733F mutation, a Y447F and Y733F mutation, or a Y447F and Y733F and T494V
mutation. AAV capsid having tyrosine to phenylalanine mutations are known in the art, as

described for example in US 8445267, US 8802440, US 9157098, US 9611302, US 9775918,
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US 9920097, US 10011640, US 10294281, US 10723768, US 10815279, and US 10934327,
each of which is incorporated by refence.

For use in producing an AAV viral vector (e.g., a recombinant (r) AAV), the nucleic acid
to be packaged can be carried on any suitable vector, e.g., a plasmid, which is delivered to a
packaging host cell. The plasmids useful in this invention may be engineered such that they are
suitable for replication and packaging in vitro in prokaryotic cells, insect cells, mammalian cells,
among others. Suitable transfection techniques and packaging host cells are known and/or can be
readily designed by one of skill in the art. Exemplary plasmids are described in FIG. 1A and
FIG. 1B.

Methods for generating and isolating AAVs suitable for use as vectors are known in the
art. See generally, e.g., Grieger & Samulski, 2005, “Adeno-associated virus as a gene therapy
vector: Vector development, production and clinical applications,” Adv. Biochem.
Engin/Biotechnol . 99: 119-145; Buning et al., 2008, “Recent developments in adeno-associated
virus vector technology,” J. Gene Med.10:717-733; and the references cited below, each of
which is incorporated herein by reference in its entirety. For packaging a transgene into virions,
the ITRs are the only AAV components required in cis in the same construct as the nucleic acid
molecule containing the coding sequence of STC-1. The cap and rep genes can be supplied in
trans.

The recombinant adeno-associated virus (AAV) described herein may be generated using
techniques which are known. See, e.g., WO 2003/042397; WO 2005/033321, WO 2006/110689;
US 7588772 B2. Such a method involves culturing a host cell which contains a nucleic acid
sequence encoding an AAV capsid protein; a functional rep gene; an expression cassette
composed of, at a minimum, AAV inverted terminal repeats (ITRs) and a nucleic acid sequence
encoding STC-1; and sufficient helper functions to permit packaging of the expression cassette
into the AAYV capsid protein. Methods of generating the capsid, coding sequences therefor, and
methods for production of rAAV viral vectors have been described. See, e.g., Gao, et al, Proc.
Natl. Acad. Sci. U.S.A.100 (10), 6081-6086 (2003) and US 2013/0045186A1.

In one embodiment, a production cell culture useful for producing a recombinant AAV is
provided. Such a cell culture contains a nucleic acid which expresses the AAV capsid protein in

the host cell; a nucleic acid molecule suitable for packaging into the AAV capsid, e.g., a vector
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genome which contains AAV ITRs and a non-AAV nucleic acid sequence encoding STC-1
operably linked to sequences which direct expression of the product in a host cell; and sufficient
AAYV rep functions and adenovirus helper functions to permit packaging of the nucleic acid
molecule into the recombinant AAV capsid. In one embodiment, the cell culture is composed of
mammalian cells (e.g., human embryonic kidney 293 cells, among others) or insect cells (e.g.,
baculovirus).

Optionally the rep functions are provided by an AAV other than the AAV providing the
capsid. For example, the rep may be, but is not limited to, AAV1 rep protein, AAV2 rep protein,
AAV3 rep protein, AAV4 rep protein, AAVS rep protein, AAV6 rep protein, AAV7 rep protein,
AAV8 rep protein; or rep 78, rep 68, rep 52, rep 40, rep68/78 and rep40/52; or a fragment
thereof, or another source. Optionally, the rep and cap sequences are on the same genetic
element in the cell culture. There may be a spacer between the rep sequence and cap gene. Any
of these AAV or mutant AAV capsid sequences may be under the control of exogenous
regulatory control sequences which direct expression thereof in a host cell.

In one embodiment, cells are manufactured in a suitable cell culture (e.g., HEK 293
cells). Methods for manufacturing the rAAV vectors described herein include methods well
known in the art such as generation of plasmid DNA used for production of the gene therapy
vectors, generation of the vectors, and purification of the vectors. In some embodiments, the
gene therapy vector is an AAV vector and the plasmids generated are an AAV cis-plasmid
encoding the AAV genome and STC-1 nucleic acid coding sequence, an AAV trans-plasmid
containing AAV rep and cap genes, and an adenovirus helper plasmid. The vector generation
process can include method steps such as initiation of cell culture, passage of cells, seeding of
cells, transfection of cells with the plasmid DNA, post-transfection medium exchange to serum
free medium, and the harvest of vector-containing cells and culture media. The harvested vector-
containing cells and culture media are referred to herein as crude cell harvest. In yet another
system, the gene therapy vectors are introduced into insect cells by infection with baculovirus-
based vectors. For reviews on these production systems, see generally, e.g., Zhang et al., 2009,
“Adenovirus-adeno-associated virus hybrid for large-scale recombinant adeno-associated virus
production,” Human Gene Therapy 20:922-929, the contents of each of which is incorporated

herein by reference in its entirety. Methods of making and using these and other AAV production
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systems are also described in the following U.S. patents, the contents of each of which is
incorporated herein by reference in its entirety: 5,139,941; 5,741,683; 6,057,152; 6,204,059,
6,268,213; 6,491,907; 6,660,514; 6,951,753; 7,094,604; 7,172,893; 7,201,898; 7,229,823; and
7,439,065.

The crude cell harvest may thereafter be subject method steps such as concentration of
the vector harvest, diafiltration of the vector harvest, microfluidization of the vector harvest,
nuclease digestion of the vector harvest, filtration of microfluidized intermediate, crude
purification by chromatography, crude purification by ultracentrifugation, buffer exchange by
tangential flow filtration, and/or formulation and filtration to prepare bulk vector.

In some embodiments, a two-step affinity chromatography purification at high salt
concentration followed anion exchange resin chromatography are used to purify the vector drug
product and to remove empty capsids. These methods are described in more detail in
International Patent Publication No. WO 2017/160360, which is incorporated by reference
herein.

To calculate empty and full particle content, VP3 band volumes for a selected sample
(e.g., in examples herein an iodixanol gradient-purified preparation where # of GC = # of
particles) are plotted against GC particles loaded. The resulting linear equation (y = mx+c) is
used to calculate the number of particles in the band volumes of the test article peaks. The
number of particles (pt) per 20 uL loaded is then multiplied by 50 to give particles (pt) /mL.
Pt/mL divided by GC/mL gives the ratio of particles to genome copies (pt/GC). Pt/mL—-GC/mL
gives empty pt/mL. Empty pt/mL divided by pt/mL and x 100 gives the percentage of empty
particles.

Generally, methods for assaying for empty capsids and AAV vector particles with
packaged genomes have been known in the art. See, e.g., Grimm et al., Gene Therapy (1999)
6:1322-1330; Sommer et al., Molec. Ther. (2003) 7:122-128. To test for denatured capsid, the
methods include subjecting the treated AAV stock to SDS-polyacrylamide gel electrophoresis,
consisting of any gel capable of separating the three capsid proteins, for example, a gradient gel
containing 3-8% Tris-acetate in the buffer, then running the gel until sample material is
separated, and blotting the gel onto nylon or nitrocellulose membranes, preferably nylon. Anti-

AAYV capsid antibodies are then used as the primary antibodies that bind to denatured capsid
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proteins, preferably an anti-AAV capsid monoclonal antibody, most preferably the B1 anti-
AAV-2 monoclonal antibody (Wobus et al., J. Virol. (2000) 74:9281-9293). A secondary
antibody is then used, one that binds to the primary antibody and contains a means for detecting
binding with the primary antibody, more preferably an anti-IgG antibody containing a detection
molecule covalently bound to it, most preferably a sheep anti-mouse IgG antibody covalently
linked to horseradish peroxidase. A method for detecting binding is used to semi-quantitatively
determine binding between the primary and secondary antibodies, preferably a detection method
capable of detecting radioactive isotope emissions, electromagnetic radiation, or colorimetric
changes, most preferably a chemiluminescence detection kit. For example, for SDS-PAGE,
samples from column fractions can be taken and heated in SDS-PAGE loading buffer containing
reducing agent (e.g., DTT), and capsid proteins were resolved on pre-cast gradient
polyacrylamide gels (e.g., Novex). Silver staining may be performed using SilverXpress
(Invitrogen, CA) according to the manufacturer's instructions or other suitable staining method,
i.e. SYPRO ruby or coomassie stains. In one embodiment, the concentration of AAV vector
genomes (vg) in column fractions can be measured by quantitative real time PCR (Q-PCR).
Samples are diluted and digested with DNase I (or another suitable nuclease) to remove
exogenous DNA. After inactivation of the nuclease, the samples are further diluted and amplified
using primers and a TagMan™ fluorogenic probe specific for the DNA sequence between the
primers. The number of cycles required to reach a defined level of fluorescence (threshold cycle,
Ct) is measured for each sample on an Applied Biosystems Prism 7700 Sequence Detection
System. Plasmid DNA containing identical sequences to that contained in the AAV vector is
employed to generate a standard curve in the Q-PCR reaction. The cycle threshold (Ct) values
obtained from the samples are used to determine vector genome titer by normalizing it to the Ct
value of the plasmid standard curve. End-point assays based on the digital PCR can also be used.

In one aspect, an optimized q-PCR method is used which utilizes a broad-spectrum serine
protease, e.g., proteinase K (such as is commercially available from Qiagen). More particularly,
the optimized qPCR genome titer assay is similar to a standard assay, except that after the DNase
I digestion, samples are diluted with proteinase K buffer and treated with proteinase K followed
by heat inactivation. Suitably samples are diluted with proteinase K buffer in an amount equal to

the sample size. The proteinase K buffer may be concentrated to 2-fold or higher. Typically,
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proteinase K treatment is about 0.2 mg/mL, but may be varied from 0.1 mg/mL to about 1
mg/mL. The treatment step is generally conducted at about 55 °C for about 15 minutes, but may
be performed at a lower temperature (e.g., about 37 °C to about 50 °C) over a longer time period
(e.g., about 20 minutes to about 30 minutes), or a higher temperature (e.g., up to about 60 °C) for
a shorter time period (e.g., about 5 to 10 minutes). Similarly, heat inactivation is generally at
about 95 °C for about 15 minutes, but the temperature may be lowered (e.g., about 70 to about
90 °C) and the time extended (e.g., about 20 minutes to about 30 minutes). Samples are then
diluted (e.g., 1000-fold) and subjected to TagMan analysis as described in the standard assay.

Additionally, or alternatively, droplet digital PCR (ddPCR) may be used. For example,
methods for determining single-stranded and self-complementary AAV vector genome titers by
ddPCR have been described. See, e.g., M. Lock et al, Hu Gene Therapy Methods, Hum Gene
Ther Methods.2014 Apr;25(2):115-25. doi:10.1089/hgtb.2013.131. Epub 2014 Feb 14.

In brief, the method for separating rAAV particles having packaged genomic sequences
from genome-deficient AAV intermediates involves subjecting a suspension comprising
recombinant AAV viral particles and AAV capsid intermediates to fast performance liquid
chromatography, wherein the AAV viral particles and AAV intermediates are bound to a strong
anion exchange resin equilibrated at a high pH, and subjected to a salt gradient while monitoring
eluate for ultraviolet absorbance at about 260 and about 280. The pH may be adjusted depending
upon the AAYV selected. In this method, the AAV full capsids are collected from a fraction which
is eluted when the ratio of A260/A280 reaches an inflection point. In one example, for the
Affinity Chromatography step, the diafiltered product may be applied to a Capture SelectTM
Poros- AAV2/9 affinity resin (Life Technologies) that efficiently captures the AAV2 serotype.
Under these ionic conditions, a significant percentage of residual cellular DNA and proteins flow

through the column, while AAV particles are efficiently captured.

Pharmaceutical Compositions

In some embodiments, one or more nucleic acids designed to express a STC-1
polypeptide can be formulated into a composition (e.g., a pharmaceutical composition) for
administration to a patient (e.g., a human). For example, one or more nucleic acids designed to

express a STC-1 polypeptide can be formulated into a pharmaceutically acceptable composition
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for administration to a patient (e.g., a human) having glaucoma. In some embodiments, one or
more nucleic acids designed to express a STC-1 polypeptide can be formulated together with one
or more pharmaceutically acceptable carriers (additives), excipients, and/or diluents. Examples
of pharmaceutically acceptable carriers, excipients, and diluents that can be used in a
composition described herein include, without limitation, sucrose, lactose, starch (e.g., starch
glycolate), cellulose, cellulose derivatives (e.g., modified celluloses such as microcrystalline
cellulose and cellulose ethers like hydroxypropyl cellulose (HPC) and cellulose ether
hydroxypropyl methylcellulose (HPMC)), xylitol, sorbitol, mannitol, gelatin, polymers (e.g.,
polyvinylpyrrolidone (PVP), polyethylene glycol (PEG), crosslinked polyvinylpyrrolidone
(crospovidone), carboxymethyl cellulose, polyethylene-polyoxypropylene-block polymers, and
crosslinked sodium carboxymethyl cellulose (croscarmellose sodium)), titanium oxide, azo dyes,
silica gel, fumed silica, talc, magnesium carbonate, vegetable stearin, magnesium stearate,
aluminum stearate, stearic acid, antioxidants (e.g., vitamin A, vitamin E, vitamin C, retinyl
palmitate, and selenium), citric acid, sodium citrate, parabens (e.g., methyl paraben and propyl
paraben), petrolatum, dimethyl sulfoxide, mineral oil, serum proteins (e.g., human serum
albumin), glycine, sorbic acid, potassium sorbate, water, salts or electrolytes (e.g., saline,
protamine sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate, sodium
chloride, and zinc salts), colloidal silica, magnesium trisilicate, polyacrylates, waxes, wool fat,
and lecithin.

A composition (e.g., a pharmaceutical composition) containing one or more nucleic acids
designed to express a STC-1 polypeptide can be formulated into any appropriate dosage form.
Examples of dosage forms include solid or liquid forms including, without limitation, gels,
liquids, suspensions, solutions (e.g., sterile solutions), sustained-release formulations, and
delayed-release formulations.

A composition (e.g., a pharmaceutical composition) containing one or more nucleic acids
designed to express a STC-1 polypeptide can be designed for parenteral (e.g., topical, periocular,
and intraocular (e.g., subconjunctival, sub tenon’s, intracameral, intravitreal, and subretinal)
administration. Compositions suitable for parenteral administration include aqueous and non-
aqueous sterile injection solutions that can contain anti-oxidants, buffers, bacteriostats, and

solutes which render the formulation isotonic with the blood of the intended recipient; and
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aqueous and non-aqueous sterile suspensions which may include suspending agents and
thickening agents. The formulations can be presented in unit-dose or multi-dose containers, for
example, sealed ampules and vials, and may be stored in a freeze dried (lyophilized) condition
requiring only the addition of the sterile liquid carrier, for example water for injections,
immediately prior to use. Extemporaneous injection solutions and suspensions may be prepared
from sterile powders, granules, and tablets. In some embodiments, compositions designed for
topical administration can be prepared as eye drops (e.g., liquid eye drops and gel eye drops).

A composition (e.g., a pharmaceutical composition) containing one or more nucleic acids
designed to express a STC-1 polypeptide can be administered locally or systemically. For
example, a composition containing one or more nucleic acids designed to express a STC-1
polypeptide can be administered locally by a topical administration to one or both eyes of patient
(e.g., a human). For example, a composition containing one or more nucleic acids designed to
express a STC-1 polypeptide can be administered locally by an intracameral or subconjunctival
injection to one or both eyes of a patient (e.g., a human). In alternative embodiments, a
composition containing one or more nucleic acids designed to express a STC-1 polypeptide can
be administered locally by subconjunctival injection to one or both eyes of a patient (e.g., a
human).

An effective amount (e.g., effective dose) of one or more nucleic acids designed to
express a STC-1 polypeptide can vary depending on the severity of the disease or disorder, the
route of administration, the age and general health condition of the subject, excipient usage, the
possibility of co-usage with other therapeutic treatments such as use of other agents, and/or the
judgment of the treating physician.

An effective amount of a composition (e.g., a pharmaceutical composition) containing
one or more nucleic acids designed to express a STC-1 polypeptide can be any amount that can
treat the patient without producing significant toxicity to the patient. An effective amount of one
or more nucleic acids designed to express a STC-1 polypeptide can be any appropriate amount.
In embodiments where a viral vector (e.g., an AAV vector) is used to administer nucleic acid
designed to express a STC-1 polypeptide, an effective amount of nucleic acid designed to
express a STC-1 polypeptide can be from about 1 x 10° viral genomes per mL (VG/mL) per dose
to about 1 x 10 VG/mL per dose (e.g., from about 1 x 10° VG/mL to about 1 x 10'* VG/mL,
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from about 1 x 10°> VG/mL to about 1 x 10?2 VG/mL, from about 1 x 10° VG/mL to about 1 x
10 VG/mL, from about 1 x 10° VG/mL to about 1 x 10!° VG/mL, from about 1 x 10° VG/mL
to about 1 x 10° VG/mL, from about 1 x 10° VG/mL to about 1 x 10®* VG/mL, from about 1 x 10°
VG/mL to about 1 x 10° VG/mL, from about 1 x 10* VG/mL to about 1 x 10" VG/mL, from
about 1 x 10° VG/mL to about 1 x 10 VG/mL, from about 1 x 10° VG/mL to about 1 x 10
VG/mL, from about 1 x 10" VG/mL to about 1 x 10 VG/mL, from about 1 x 10® VG/mL to
about 1 x 10"* VG/mL, from about 1 x 10° VG/mL to about 1 x 10** VG/mL, from about 1 x 10
VG/mL to about 1 x 10!* VG/mL, from about 1 x 10'! VG/mL to about 1 x 10* VG/mL, from
about 1 x 10° VG/mL to about 1 x 10° VG/mL, from about 1 x 10* VG/mL to about 1 x 10®
VG/mL, or from about 1 x 10® VG/mL to about 1 x 10'? VG/mL per dose). For example, an
effective amount of nucleic acid designed to express a STC-1 polypeptide can be from about 1 x
102 VG/mL to about 1 x 10 VG/mL (e.g., about 3.28 x 102 VG/mL). The effective amount
can remain constant or can be adjusted as a sliding scale or variable dose depending on the
patient’s response to treatment. Various factors can influence the actual effective amount used
for a particular application. For example, the frequency of administration, duration of treatment,
use of multiple treatment agents, route of administration, and severity of the condition (e.g., the
disease or disorder associated with elevated IOP such as glaucoma) may require an increase or
decrease in the actual effective amount administered.

The frequency of administration of a composition (e.g., a pharmaceutical composition)
containing one or more nucleic acids designed to express a STC-1 polypeptide can be any
frequency that can treat the glaucoma without producing significant toxicity to the patient. For
example, the frequency of administration can be from about once a week to about once a month,
from about once every two week to once every other month, or from about once a month to
about once a year. The frequency of administration can remain constant or can be variable
during the duration of treatment. A course of treatment with a composition containing one or
more nucleic acids encoding STC-1 provided herein can include rest periods. For example, a
composition containing one or more nucleic acids designed to express a STC-1 polypeptide can
be administered daily over a six-week period. As with the effective amount, various factors can
influence the actual frequency of administration used for a particular application. For example,

the effective amount, duration of treatment, use of multiple treatment agents, route of
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administration, and severity of the condition (e.g., the disease or disorder associated with
elevated IOP such as glaucoma) may require an increase or decrease in administration frequency.

An effective duration for administering a composition (e.g., a pharmaceutical
composition) containing one or more nucleic acids designed to express a STC-1 polypeptide can
be any duration that treat the disease or disorder associated with elevated IOP (e.g., glaucoma)
without producing significant toxicity to the patient. For example, the effective duration can
vary from several weeks to several months or years. In some embodiments, the effective
duration for the treatment of ocular hypertension and/or one or more diseases or disorders
associated with elevated IOP (e.g., glaucoma) can range in duration from about one month to
about a lifetime. Multiple factors can influence the actual effective duration used for a particular
treatment. For example, an effective duration can vary with the frequency of administration,
effective amount, use of multiple treatment agents, route of administration, and severity of the
condition (e.g., the disease or disorder associated with elevated IOP such as glaucoma) being

treated.

Combination Therapy

In some embodiments, the one or more nucleic acids designed to express a STC-1
polypeptide can be used as the sole active agent used to treat a patient having ocular
hypertension and/or one or more diseases or disorders associated with elevated IOP (e.g.,
glaucoma), or a disease or disorder responsive to a reduction in IOP (e.g., NTG).

In some embodiments, the methods and materials described herein can include one or
more (e.g., one, two, three, four, five or more) additional therapeutic agents used to treat a
patient (e.g., a human) having ocular hypertension and/or one or more diseases or disorders
associated with elevated IOP (e.g., glaucoma). In some embodiments, a therapeutic agent used
to treat ocular hypertension and/or one or more diseases or disorders associated with elevated
IOP can be a prostaglandin. In some embodiments, a therapeutic agent used to treat ocular
hypertension and/or one or more diseases or disorders associated with elevated IOP can be an
alpha-adrenergic agonist. In some embodiments, a therapeutic agent used to treat ocular
hypertension and/or one or more diseases or disorders associated with elevated IOP can be a beta

blocker. In some embodiments, a therapeutic agent used to treat ocular hypertension and/or one



10

15

20

25

30

WO 2022/150409 PCT/US2022/011344
91

or more diseases or disorders associated with elevated IOP can be a carbonic anhydrase inhibitor.
In some embodiments, a therapeutic agent used to treat ocular hypertension and/or one or more
diseases or disorders associated with elevated IOP can be a rho kinase inhibitor. In some
embodiments, a therapeutic agent used to treat ocular hypertension and/or one or more diseases
or disorders associated with elevated IOP can be a miotic or cholinergic agent. Examples of
therapeutic agents used to treat diseases and disorders associated with elevated IOP that can be
administered to a patient having ocular hypertension and/or one or more diseases or disorders
associated with elevated IOP such as glaucoma together with nucleic acid designed to express a
STC-1 polypeptide include, without limitation, latanoprost (XALATAN®), travoprost
(TRAVATAN Z%), tafluprost (ZIOPTAN®), bimatoprost (LUMIGAN®), latanoprostene bunod
(VYZULTA®), timolol (BETIMOL®, ISTALOL®, and TIMOPTIC®), betaxolol (BETOPTIC®),
apraclonidine (IOPIDINE®), brimonidine (ALPHAGAN® P and QOLIANA®), dorzolamide
(TRUSOPT®) and brinzolamide (AZOPT®), netarsudil (RHOPRESSA®), pilocarpine (e.g.,
ISOPTO® CARPINE), timolol-dorzolamide (COSOPT®), brinzolamide/brimonidine tartrate
(SIMBRINZA®), brimonidine (COMBIGAN®), netarsudil/latanoprost (ROCKLATAN®),
methazolamide, acetazolamide (DIAMOX®), and medicinal marijuana. In some embodiments,
the one or more additional therapeutic agents can be administered together with one or more
nucleic acids designed to express a STC-1 polypeptide (e.g., in the same composition). In some
embodiments, the one or more additional therapeutic agents can be administered independent of
the one or more nucleic acids designed to express a STC-1 polypeptide. When the one or more
additional therapeutic agents are administered independent of the one or more nucleic acids
designed to express a STC-1 polypeptide, the one or more nucleic acids designed to express a
STC-1 polypeptide can be administered first, and the one or more additional therapeutic agents
administered second, or vice versa.

In some embodiments, the methods and materials described herein can include subjecting
a patient having ocular hypertension and/or one or more diseases or disorders associated with
elevated IOP (e.g., glaucoma) to one or more (e.g., one, two, three, four, five or more) additional
treatments (e.g., therapeutic interventions) that are effective to treat glaucoma. Examples of
additional treatments that can be used as described herein to treat ocular hypertension and/or one

or more diseases or disorders associated with elevated IOP such as glaucoma include, without
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limitation, laser therapy (e.g., laser trabeculoplasty, and laser peripheral iridotomy), surgery (e.g.,
a trabeculectomy, implantation of drainage tubes, and minimally invasive glaucoma surgery),
lifestyle changes (e.g., increased physical activity, and sleeping with the head elevated), and/or
dietary changes (e.g., reduced caffeine consumption, increased hydration, maintaining healthy
zinc, copper, selenium, vitamin C, vitamin E, and vitamin A levels). In some embodiments, the
one or more additional treatments that are effective to treat ocular hypertension and/or one or
more diseases or disorders associated with elevated IOP (e.g., glaucoma) can be performed at the
same time as the administration of the one or more nucleic acids designed to express a STC-1
polypeptide. In some embodiments, the one or more additional treatments that are effective to
treat glaucoma can be performed before and/or after the administration of the one or more
nucleic acids designed to express a STC-1 polypeptide.

The invention will be further described in the following examples, which do not limit the

scope of the invention described in the claims.

EXAMPLES
Example 1: Sustained Ocular Delivery of STC-1

This Example demonstrates that delivery of a nucleic acid capable of expressing an STC-

1 polypeptide using a viral vector provides targeted and long-lasting reduction of IOP.

Methods

Single strand (ss) AAV2 (Triple Y-F) (Petrs-Silva et al. Mol Ther. 19(2):293-301(2011))
constructs were generated to deliver the human STC-1 coding region (SEQ ID NO:1) encoding
an STC-1 polypeptide (SEQ ID NO:2) with the signal peptide and a C-terminal FLAG tag (SEQ
ID NO:30) using either the ubiquitously active small chicken B-actin (smCBA) promotor (SEQ
ID NO:34)(ssAAV2-smCBA-STC-1-FLAG: packaging insert SEQ ID NO:50)(FIG.1A) or the
retinal ganglion cell (RGC) specific promoter human synapsin 1 (hSynl, SEQ ID
NO:42)(ssAAV2-hSYN1-STC-1-FLAG: package insert SEQ ID NO:52). The constitutively
active small CBA (smCBA) promoter is a truncated version of the CBA promoter, which is a
fusion of the CBA promoter and the CMV immediate-early cytomegalovirus enhancer (Sawicki

et al. Exp Cell Res 244:367-9(1998)). The full-length CBA promoter was truncated by internal
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sequence removal of 780 base pairs and condensing the hybrid chicken B-actin/rabbit B-globin
intron. The smCBA promoter retinal expression pattern is similar to that of the full-length CBA
promoter. To drive expression in several tissues the SSAAV2-STC-1-FLAG construct with the
smCBA promoter was used for administration to the anterior chamber of the eye by intracameral
injection (FIG. 2). Wild-type mice were injected with a single intracameral injection of 1 puL
AAV2-STC-1 (3.28E + 12 VG/mL), and the same volume of PBS was injected in the fellow eye
using a 32g Hamilton needle and syringe. IOP was measured twice weekly with a handheld

rebound tonometer following injection.

Results

After baseline IOP measurements, sSAAV2-smCBA-STC-1-FLAG was injected in one
eye and PBS was injected into the fellow eye of wild-type 3-month-old mice (n=12, 1puL,
intracameral injection). IOP was checked twice weekly for 14 weeks (experiment still ongoing
at time of application submission. Sustained IOP reduction of 16.5 £ 2.3% was seen
continuously for 98 days (FIG. 3).

These results demonstrate that STC-1 administration can reduce IOP in ocular

hypertension.

Example 2: Targeted and sustained reduction of intraocular pressure by AAV expressed

Stanniocalcin-1
This Example demonstrates that single or multiple administrations of transgenic STC-1 in
the anterior chamber of the mouse eye provides sustainable IOP reduction via increased outflow

facility.

Methods

Mouse experiments

All animal studies and treatment protocols were pre-approved by the Mayo Clinic
(Rochester, MN) Institutional Animal Care and Use Committee and adhered to the ARVO
Statement for the Use of Animals in Ophthalmic and Vision Research. All mouse strains had

unrestricted access to food and water and were housed with 12 hour alternating light and dark
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cycles. Mice were humanely euthanized using carbon dioxide asphyxiation followed by cervical

dislocation.

Adeno-associated viral vector
AAV2 to express STC-1 with a FLAG tag (ssAAV2-STC-1-FLAG) was generated as
previously described (Jacobson et al., Mol Ther. 13:1074-84(2006)) (Example 1). The construct

was designed based on prior neuroprotection studies performed using ssAAV2-STC-1-FLAG
containing a hSYN1 promoter (SEQ ID NO:42), specific for retinal ganglion cells (Roddy et al.,
Exp Eye Res. 165:175-81(2017)) (FIG. 1B). For the current studies, the hSYN1 promoter was
replaced with the CBA promotor (ssAAV2-smCBA-STC-1-FLAG, SEQ ID NO:34, FIG. 1A) to
allow for ubiquitous ocular expression following an intracameral injection. The vector was
packaged in a capsid-modified AAV2 vector containing 3 surface-exposed tyrosine to
phenylalanine mutations (triple Y-F) (Petrs-Silva et al. Mol Ther. 19(2):293-301(2011)). For a
control, an identical vector was generated comprising a nucleic acid encoding green fluorescent

protein (GFP; ssAAV2-smCBA-GFP) in place of the STC-1-FLAG transgene.

Intracameral injection

Three-month-old C57B/6J wild-type or FP receptor knockout mice generated (Roddy et

al., PLoS One. 15(2020)) were anesthetized with an intraperitoneal injection of

ketamine/xylazine/acepromazine (80/6/1 mg/kg body weight) for intracameral injections. Mice
were subsequently placed on a dissecting microscope to visualize the anterior chamber. A 32G
beveled needle (Hamilton Company, Reno, NV) containing the AAV2 construct (1 pL; 3 x 1012
VG/mL) or 1 uL phosphate buffered saline (PBS) was placed parallel to the cornea and inserted
anterior to the limbus into the anterior chamber. Care was taken to avoid iris trauma as well as
avoidance of the corneal endothelium and anterior lens capsule. The injected volume was

administered into the anterior chamber over 2 seconds. The needle was then slowly removed to

minimize reflux.
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Intraocular Pressure Measurements

IOP was measured in conscious mice using a handheld rebound tonometer (Icare
TonoLab; Colonial Medical Supply, Franconia, NH). For measurements of IOP, the conscious
mouse was gently restrained in a decapicone (Braintree, MA) and the probe of the Tonolab
tonometer was positioned perpendicular and approximately 3 mm from the mouse cornea. Upon
initiation, the probe extends out and rebounds off the cornea six times, each time taking a
measurement. The internal software discards the highest and lowest values and shows the
average of the remaining four values as a single measurement. For each IOP measurement, three
sequential but independent readings were obtained, averaged, and recorded. A single laboratory
technician measured and recorded all IOPs while a second laboratory member who was masked
to treatment groups checked IOP at multiple points throughout the experiment to ensure accurate
data collection.

For all experimental protocols, mice underwent 3-4 days of twice daily Tonolab
measurements to obtain baseline IOP prior to treatment. These measurements were averaged and
taken as a single baseline value. After treatment, [OPs were measured twice daily for up to four
times weekly for the duration of each experiment. For summary graphs and statistical analysis,
IOP was averaged, taken as a single value, and presented as weekly, bi-monthly, or monthly

values.

Evaluation of RNA Expression by ssAAV2- smCBA-STC-1-FLAG

To determine expression of sSAAV2-smCBA-STC-1-FLAG at the gene level, mice were
euthanized and eyes were enucleated by surgical excision and immediately placed in RNA
isolation reagent (RNA Bee; Tel-Test, Friendswood, TX) and frozen at -80°C. Prior to RNA
isolation, samples were removed from the freezer, thawed and homogenized on ice. Following
removal of the aqueous phase, total RNA was isolated and purified (RNeasy Mini kit; Qiagen,
Valencia, CA). cDNA was generated by reverse transcription using 1 ug total RNA (iScript
cDNA synthesis kit, Biorad, Hercules, CA). Oligonucleotides were designed to amplify STC-1-
FLAG avoiding amplification of endogenous STC-1 transcripts by designing the forward primer
in the STC-1 sequence and the reverse primer in the FLAG tag sequence (Forward primer: 5’-

GTGCTTCTGCAACCCATGAGG-3; Reverse primer: 5%-
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CTTGTCATCGTCGTCCTTGTAGTCG-3"). PCR reactions were prepared and the following
PCR conditions were used: 95°C, 6 min, 1 cycle; 95°C, 1 min, 60°C, 1 min, 68°C, 2.5 min, 40
cycles; 68°C, 7 min, 1 cycle; 4°C until recovery, 1 cycle. Aliquots of each PCR reaction (15 uL)

were separated on a 1% agarose gel.

Assessment of STC-1-FLAG Protein Expression

To confirm expression of STC-1-FLAG at the protein level, immunohistochemistry
(IHC) was performed. Mice were euthanized, whole globes were enucleated, fixed in 4%
paraformaldehyde in 0.1M phosphate buffer, and embedded in paraffin. Paraffin blocks were
sectioned at 5 um and mounted on poly-L-lysine coated slides. Following deparaffinization,
antigen retrieval was performed by placing slides in a 1 mM solution of EDTA pH 8.0 at 95°C
for 30 min. Slides were rinsed twice at room temperature for five minutes each in PBS. Slides
were placed in a humidified chamber and sections were blocked with 10% goat serum and 3%
albumin in PBS at room temperature for 30 minutes. Following incubation, slides were rinsed
with PBS at room temperature twice for 2 minutes. Sections were incubated with anti-FLAG
primary antibody (1:100; Sigma, St. Lois, MO) in 1% ovalbumin overnight at 4°C. Slides were
rinsed twice in PBS at room temperature for 5 minutes and then incubated with Alexa Fluor 488
antibody (1:200; Abcam) for one hour at room temperature. Vectashield containing DAPI
(Vector Laboratories, Burlingame, CA) was added to the slides, followed by placement of a

coverslip, and imaged on a Zeiss LSM780 confocal microscope (Zeiss, Dublin, CA).

Assessment of Aqueous Outflow Parameters by Constant Flow Infusion

To determine the effects of ssAAV2-smCBA-STC-1-FLAG on parameters of aqueous

outflow, 3-month old C57BL/6J mice were separately treated with the following: 1) intracameral
sSAAV2-smCBA-STC-1-FLAG (n=5), 2) intracameral ssAAV2-smCBA-GFP (n=95), 3) topical
recombinant human STC-1 (n=4; Biovender Research and Diagnostic Products, Czech Republic)
(Roddy et al., Invest Ophthalmol Vis Sci. 58:2715-24(2017);Roddy et al., PLoS ONE.
15(2020)), 4) topical latanoprost free acid (LFA ; n=5; Cayman Chemical, Ann Arbor, MI), or 5)
untreated mice (n=4). Mice that received topical treatments were treated with once daily topical

doses of STC-1 (5 pul of 0.5 pg/ul) or LFA (10-4 M) for 5 days prior to aqueous outflow
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experiments. Mice that received intracameral injections were treated 6 weeks prior to aqueous
outflow measurements. Aqueous outflow was assessed using the protocols previously
established (Millar et al., Invest Ophthalmol Vis Sci. 52:685-94(2011); Roy Chowdhury et al.,
Invest Ophthalmol Vis Sci. 58:5731-42(2017)). Briefly, a 33-g needle was used to cannulate the
anterior chamber of anesthetized mice. The needle was connected to a flow-through pressure
transducer (World Precision Instruments, Sarasota, FL) that was also connected to an SP101i
microdialysis infusion pump (World Precision Instruments) and an open-ended, variable-height,
raised reservoir manometer. Episcleral venous pressure was obtained by visualizing the reflux of
blood into Schlemm’s canal by direct ophthalmoscopy as the reservoir was lowered. Outflow
facility was determined by slowly increasing the flow rate with the infusion pump and recording
the pressure. Uveoscleral outflow was calculated when the inflow is presumed to be zero
immediately after animal sacrifice. Aqueous humor formation was then estimated by using the
modified Goldmann equation, i.e. aqueous formation rate = [outflow facility X (IOP — episcleral
venous pressure)] + uveoscleral outflow as previously described (Millar et al., Invest Ophthalmol
Vis Sci. 52:685-94(2011)). To validate the calculated IOP values based on the Goldman
equation, IOP was also assessed with a handheld rebound tonometer. All data were recorded and

analyzed using LabScribe software (World Precision Instruments).

Results

Intraocular Pressure Lowering Response Following Injection with ssAAV2-smCBA-
STC-1-FLAG

In order to determine whether STC-1-FLAG expressed by an AAV lowered IOP, AAV

vectors designed to express a STC-1 polypeptide were administered locally by an intracameral
injection to mice as described in Example 1. C57BL/6J mice with no difference in baseline IOP
between fellow eyes (16.5 = 0.8 mmHg vs 16.6 + 0.8 mmHg, P=0.4, n=26, FIG. 4) received a
single intracameral injection of sSAAV2-smCBA-STC-1-FLAG (3 x 10° VGs) in one eye and
ssAAV2-smCBA-GFP (3 x 10° VGs) in the fellow eye. IOP was assessed daily and tissues were
collected at days 1, 2, and 4 for expression analysis. At day one post injection, there was no
significant difference in IOP between ssAAV2-smCBA-STC-1-FLAG and ssAAV2-smCBA-
GFP-injected animals (13.5 £ 0.9 vs. 14.0 £ 2.0 mmHg, P=0.5, n=26, FIG. 4), although both eyes
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showed an IOP drop from baseline. On day 2, IOP in the eyes injected with sSAAV2-smCBA-
GFP had returned to baseline levels (16.6 = 1.3 mmHg), but the eyes injected with ssAAV2-
smCBA-STC-1-FLAG remained lower (13.4 + 1.4 mmHg) showing a significant change
(P<0.01, n=16, FIG. 4). Immunofluorescence revealed GFP fluorescence (red fluorochrome) as
well as STC-1-FLAG expression (green fluorochrome) starting at day 1 in the iridocorneal angle
with highest levels of expression in the ciliary body, in the anterior segment with expression in
the cornea, iris, and lens capsule, and in the retina (FIG. 5A). Expression in these tissues

remained evident until termination of the experiment at day 4 (FIG. 5B).

ssSAAV2-smCBA-STC-1-FLAG Reduces Intraocular Pressure in a Sustained Manner

In order to determine whether STC-1 expression in the anterior chamber results in IOP
reduction in a sustained manner, C57BL/6] mice with no difference in baseline IOP between
fellow eyes (164 = 0.5 vs 16.6 £ 0.4 mmHg, P=02, n=12, FIG. 6A-C), received a single
intracameral injection of ssAAV2-smCBA-STC-1-FLAG (3 x10° VGs) in one eye and an
intracameral injection of PBS in the fellow eye. Averaged weekly IOP measurements showed
TOP reduction in ssAAV2-smCBA-STC-1-FLAG injected eyes compared to PBS injected fellow
eyes from week 1 through week 28 following the single intracameral injection (FIG. 6A). This
experiment is an extended timeline of observation from the same initial experiment described in
Example 1 (see, e.g., FIGS. 3, 4). For the first 4 months, IOP in the ssAAV2-smCBA-STC-1-
FLAG injected eye was lower compared to the contralateral eye by 13.1-16.3% (>2.1 mmHg).
In months 5 and 6, the IOP reduction was slightly less with percent change of 8.4-9.7% (>1.3
mmHg). Statistically, IOP reduction remained significant from month 1 with a 16.2% reduction
(168 £ 0.8 vs 14.1 + 1.4 mmHg, P<0.001, n=12, FIG. 6C) to month 7 with a 6.2% reduction
(16.1+£0.6 vs 15.1 £ 0.9 mmHg, P = 0.01, n=8, FIG. 6C). Though, the average IOP reduction at
month 7 was less than 50% of the IOP reduction seen at 1 month, the difference was not
statistically significant (14.1 vs 15.0 mmHg, P=0.2).

To determine whether a second injection would restore the IOP reduction observed
within the first 4 months, eight animals were re-injected with a second dose of sSAAV2-smCBA-
STC-1-FLAG or PBS in the fellow eye according to the original treatment protocol at 7.5 months

(FIG. 6B). Two animals did not survive repeat anesthesia. One week following the second
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injection, IOP was 20.9% lower in eyes re-injected with ssAAV2-smCBA-STC-1-FLAG
compared to fellow PBS re-injected control eyes (13.1 = 1.5 vs. 16.5 + 0.9 mmHg, P=0.0002,
n=06, FIG. 6C) and remained lower for 2 additional months when the experiment was stopped to
collect tissues for expression analysis (see below). Assessment of IOPs in animals at month 8
(second injection) compared to month 7 (single injection) showed that following the second
injection of ssAAV2-smCBA-STC-1-FLAG, eyes had a significantly lower IOP (15.1 = 0.9 vs
12.8 £ 1.0 mmHg, P<0.05). To determine whether the initial IOP lowering was superior
following two injections compared to one injection, month 8 ssAAV2-smCBA-STC-1-FLAG
twice-injected eyes were compared to once-injected ssAAV2-smCBA-STC-1-FLAG eyes at
month 1 and no significant difference was seen (13.1 £ 1.5 vs 14.1 + 1.4 mmHg, P=0.5). FIG.
7A contains a separate line graph showing the six re-injected animals are a representative sample
of the original cohort.

To assess STC-1-FLAG and GFP expression, ocular issues were collected from the
remaining animals sacrificed at the completion of the experiment (week 38). Mice that received
two intracameral injections of sSAAV2-smCBA-STC-1-FLAG showed RNA expression of the
STC-1-FLAG transgene at the expected size of 728 base pairs (FIG. 8).

ssSAAV2-smCBA-STC-1-FLAG Reduces Intraocular Pressure in a Sustained Manner
Compared to ssAAV2-smCBA-GFP

In order to correlate tissue expression with repeat injections of ssAAV2-smCBA-STC-1-
FLAG, C57BL/6J mice with no difference in baseline IOP between fellow eyes (16.6 £ 0.4 vs
16.5 +£0.4 mmHg, P=0.4, n=12, FIG. 7A — 7B) received an intracameral injection of sSAAV2-
smCBA-STC-1-FLAG (3x10° VGs) in one eye and an intracameral injection of ssAAV2-
smCBA-GFP (3x10° VGs) in the fellow eye. Eyes that received ssAAV2-smCBA-GFP showed
no major change in IOP after injection throughout the course of the experiment (FIG. 7A — 7B).
In contrast, eyes that received ssAAV2-smCBA-STC-1-FLAG showed IOP reduction throughout
the course of the experiment. At week 2 post injection, IOP was lowered an average of 14.6% in
sSAAV2-smCBA-STC-1-FLAG injected eyes compared to fellow ssAAV2-smCBA-GFP
injected eyes (14.2 £ 2.1 vs 16.7 = 0.8 mmHg, n=12, P<0.001, FIG. 7B). Four animals were

euthanized at week 8 for expression analysis. To address whether additional IOP-reduction
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could be obtained with a repeat injection, at week 9 half of the remaining 8 animals were
randomized to a second injection (n=4). At week 10 of the experimental protocol (one week
after the second injection), IOP was lowered 22.6% in sSAAV2-smCBA-STC-1-FLAG twice
injected eyes compared to ssAAV2-smCBA-GFP twice injected eyes (12.7 £ 1.6 vs. 164+ 1.6
mmHg, P<0.001, FIG. 7B). This trend continued until the completion of the experiment at week
18 when animals were euthanized for tissue isolation.

When comparing eyes that had received a single injection of sSAAV2-smCBA-STC-1-
FLAG with eyes that received a second injection, both at week 10, the values were not
statistically different (14.2 + 0.5 vs 12.7 + 1.6 mmHg, n=4, P=0.1, FIG. 7B). To determine
whether IOP was lower one month after the second injection compared to 1 month after the first
injection, week 14 twice injected ssSAAV2-smCBA-STC-1-FLAG eyes were compared to week 4
once injected sSSAAV2-smCBA-STC-1-FLAG eyes. Though there was a trend toward lower IOP
(12.6 £ 0.8 vs 14.3 £ 1.4 mmHg, P=0.1, FIG. 7B), the results were not statistically significant.

Eyes that received an intracameral injection of ssAAV2-smCBA-STC-1-FLAG showed
diffuse STC-1-FLAG expression in the ciliary body, corneal endothelium, lens epithelium, iris,
and retina (green fluorochrome) at week 8 (FIG. 9). Similar patterns of expression were seen at
week 18 after a single intracameral injection and at week 18 after a second injection at week 10
(FIG. 10A — 10B). Eyes that were injected with sSAAV2-smCBA-GFP (red fluorochrome)
showed a similar pattern of expression to ssSAAV2-smCBA-STC-1-FLAG in that expression
could be detected in the ciliary body, corneal endothelium, lens epithelium, iris, and retina (FIG.

10A — 10B).

Repeat subconjunctival injections sustainably lowers IOP

ssAAV2-smCBA-STC-1-FLAG (3 x 1012 VG/mL; 2uL; 6 x 10° VGs) was injected in a

sub-conjunctival manner (FIG. 2) after baseline IOP measurements. The same volume and titer
of ssAAV2-smCBA-GFP was given in the fellow eye. Greater than 15% IOP reduction was seen
in eyes injected with sSAAV2-smCBA-STC-1-FLAG compared to controls for the first month
(FIG. 11). After this, the IOP-lowering effect began to wane and eventually lost statistical

significance. At the end of experimental week 13, when IOP had returned to baseline, animals
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were re-injected with the same volume and titer of the initial AAV construct. IOP reduction 2

weeks after second injection was re-established (experiment still in progress) (FIG. 11).

ssAAV2-smCBA-STC-1-FLAG reduces intraocular pressure by increasing outflow

facility

In order to determine the mechanism of action of IOP lowering by ssAAV2-smCBA-
STC-1-FLAG, aqueous outflow measurements were performed. Three-month-old C57BL/6J
mice (n=14) were randomized to treatment with a single injection of intracameral sSAAV2-
smCBA-STC-1-FLAG (n=5), a single injection of intracameral ssAAV2-smCBA-GFP (n=5), or
a no treatment control (n=4). In addition, a separate cohort of age-matched C57BL/6J mice (n=9)
were randomized to treatment with daily topical administration of LFA (n=5) or STC-1 (n=4). At
maximal IOP reduction (6 weeks post injection for intracameral injections and treatment day 5
for topical treatments), aqueous humor dynamic studies by perfusion were performed. Eyes
injected with ssAAV2-smCBA-STC-1-FLAG showed a statistically significant decrease in [OP
as well as an increase in outflow facility when compared to untreated controls or sSAAV2-
smCBA-GFP injected eyes (Table 8). Likewise, topically administered STC-1 also showed IOP
reduction and an increase in outflow facility. This was similar to results obtained for topical LFA
which showed a decrease in IOP and an increase in outflow facility suggesting a similar
mechanism of action to STC-1. No change in uveoscleral outflow, episcleral venous pressure or

aqueous inflow was seen in any of the treatment groups (Table 8).
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Table 8. ssAAV2-smCBA-STC-1-FLAG reduces IOP by increasing outflow facility

SSAAV2- SSAé];Z: Untreated Topical Topical
smCBA- sm nireate LFA STC-1
GFP (n=5) | . O1¢1- (n=4) (n=5) (n=4)
FLAG (n=5)
Outflow facility, 0.016+ 0.038 = 0.025 = 0.046 + 0.048 =
ul/min/mmHg 0.005 0.008 0.006 0.02 0.02
sSAAV2-smCBA-
GFP
SSAAV2-smCBA- .
STC-1-FLAG P=0.001
Untreated P=0.05 P=0.03
Topical LFA | P=0.008 P=0.4 P=0.06
Topical STC-1| P=0.003 P=03 P=0.03 P=0.9
Uveoscleral 0.078 + 0.046 £
outflow, uL/min 0.03 0.044 £0.03 | 0.04+0.03 oy | 00432003
Episcleral venous |\, , , 1 o | 119107 | 125427 | 100£24 | 105+ 16
pressure, mmHg
Measured IOP, 160+£12 | 134205 | 159+05 | 132409 | 13.2+06
mmHg
Calculated IOP, | (05 (2 | 139014 | 148417 | 140419 | 121409
mmHg

Example 3: Virally expressed Stanniocalcin-1 is anti-inflammatory and neuroprotective

This example demonstrates the anti-inflammatory and neuroprotective properties of STC-

Methods

AAV2 (Triple Y-F) (Petrs-Silva et al. Mol Ther. 19(2):293-301(2011)) was used to
deliver the human STC-1 coding region (SEQ ID NO:3) with the signal peptide and a C terminal
FLAG tag using the chicken B-actin (CBA) ubiquitous promotor (FIG. 1A). Wild-type mice
were administered a single intracameral injection to the anterior chamber of the eye (FIG. 2) 1
uL of ssAAV2-smCBA-STC-1-FLAG (3.28E + 12 VG/mL), and the same volume of PBS was

injected in the fellow eye using a 32g Hamilton needle and syringe. IOP was measured twice

weekly with a handheld rebound tonometer following injection.
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DBA/2J mice were injected by intravitreal injection at 2 months of age with sSAAV2-
smCBA-STC-1-FLAG in one eye and ssAAV2-smCBA-GFP in the fellow eye. IOP was
recorded weekly for 9 months.

Experimental autoimmune uveitis (EAU) was induced in the C57B/6 mouse with a
protocol described elsewhere (see, e.g., Avichezer et al., Invest. Ophthalmol. Vis. Sci,,
41(1):127-31 (2004)). Briefly, human interphotoreceptor retinoid binding protein (IRBP) in
complete Freund’s adjuvant was injected subcutaneously and pertussis toxin was injected

intraperitoneally as an additional immune stimulus.

Results

STC-1 is Neuroprotective

In 2-month-old DBA/2J mice administered intravitreal injections of ssAAV2-hSynl-
STC-1-FLAG in one eye and ssAAV2- hSynl-GFP in the fellow eye, no difference in IOP was
observed throughout the experimental period (FIG. 12A). At the end of the experimental period
whole eyes were collected, stained, and retinal ganglion cell counts were performed. Expression
of GFP was observed in ssAAV2-hSynl-GFP-injected eyes, and expression of STC-1-FLAG
was observed in ssAAV2-hSynl-STC-1-FLAG-injected eyes at the end of the experimental
period (FIG. 12B). Retinas in eyes injected with sSAAV2-hSyn1-GFP show the age-expected
sparse retinal ganglion cell (RGC) layer with regions of complete dropout while eyes injected
with ssAAV2-hSyn1-STC-1-FLAG show preservation of the RGC layer (FIG. 12C). Despite the
initial cohort comprising a limited sample size, eyes injected with ssAAV2-hSyn1-STC-1-FLAG
had 50% more retinal ganglion cells (RGCs) than fellow ssAAV2-hSyn1-GFP injected control
eyes after 9 months (FIG. 12D). RGC loss is the hallmark of optic neuropathies including
glaucoma (Smith et al., Eye, 31:209-17(2017)). The data suggest that intravitreal administered
sSAAV2-hSynl-STC-1-FLAG provides neuroprotection independent of IOP reduction.

STC-1 is Anti-Inflammatory

In C57B/6 mice induced with experimental autoimmune uveitis (EAU) a trend toward

fewer inflammatory cells was observed in the vitreous in STC-1 treated mice was observed (n=5;
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FIG. 13A). Retinal thickness was preserved in STC-1 treated mice compared to vehicle control
(n=5, p=0.02; FIG. 13B). Retinal thinning by OCT is a marker of retinal damage in EAU.

Taken together, these results demonstrate that STC-1 can reduce intraocular
inflammation, and that sustained expression of STC-1 by an AAV can provide neuroprotection

(e.g., neuroprotection independent of IOP reduction).

Example 4. ssAAV-STC-1 Reduces IOP Independent of the FP Receptor
This Example demonstrates that IOP-lowering properties of ssAAV2-smCBA-STC-1-

FLAG are not dependent on the FP receptor.

Methods

FP receptor knockout mice were generated using CRISPR/Cas9 (Roddy et al., PLoS One
15(5):1-12(2020)). A Schier stop cassette was introduced within exon 2 of the Ptfr gene,
producing a non-functional truncated FP receptor protein product.

Following 4 consecutive days of baseline IOP measurements, 3-month-old FP receptor
knockout mice (n=7) received a single intracameral injection of 1 ul. sSAAV2-smCBA-STC-1-
FLAG (BE+12VG/mL) in one eye and the same volume and copy number of ssAAV2-smCBA-
GFP was injected into the fellow eye. IOP was measured twice weekly starting day four post-

injection with a handheld rebound tonometer.

Results

To determine whether sustained IOP reduction following ssAAV2-smCBA-STC-1-
FLAG injection was regulated by the FP receptor, intracameral injections of ssAAV2-smCBA-
STC-1-FLAG were administered in one eye and sSAAV2-smCBA-GFP in the fellow eye of FP
receptor knockout mice previously generated (Roddy et al., Mol Ther. 20:788-97(2012)). There
was no difference in baseline IOP measurements between fellow eyes (16.3 £ 0.8 vs 163 + 0.9
mmHg, n=6, P=0.8, FIG. 14A-B). Compared to fellow control eyes, IOP was reduced in FP
receptor knockout mice injected with sSAAV2-smCBA-STC-1-FLAG by 15.5% at month 1
(163 £ 1.1 vs 14.0 £ 0.7 mmHg, n=6, P<0.001, FIG. 14C) and by 19.4% (16.2 + 0.4 vs 13.5 =
1.1 mmHg, n=6 P<0.001, FIG. 14C) at month 2. FIG. 14C is an extended timeline of
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observation from the same initial experiment illustrated in FIG. 14B.  This suggests that
sustained IOP reduction with STC-1-FLAG expression is not dependent on the FP receptor.
These results demonstrate that AAV-STC-1 can be used to provide sustained IOP
reduction downstream of the first line topical glaucoma medication latanoprost and downstream
of the FP receptor. AAV-STC-1 may be a therapeutic that can revolutionize glaucoma patient
care and compliance rates, as the interval dosage regimen, anti-inflammatory, neuroprotective
and IOP-lowering benefits of STC-1 are demonstrable improvements over current day standard

of care topical prostaglandin treatments.

Table 9: Comparison between prostaglandin and AAV-STC-1 treatment modalities.

Topical AAV-STC-1
prostaglandin
(standard of care)
Daily dosing X
Activation of pro-inflammatory pathways X
Ocular surface side effects X

Avoidance of the FP receptor

Minimization of IOP fluctuation

Monthly/quarterly/yearly dosing?

Minimization of involuntary compliance problems

Minimization of voluntary compliance problems

R K| R R X

Neuroprotection, anti-inflammatory/anti-oxidant
effects

Example 5: Risk Factors for Radiation Papillopathy following Plaque Radiotherapy for Uveal

Melanoma

Some cases of radiation papillopathy displayed optic disc pallor as the predominant
feature, while others developed concomitant neuroretinal rim thinning (NRT). This Example
demonstrates that higher radiation dose to optic disc and higher baseline IOP are risk factors for

radiation papillopathy.
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Methods

Retrospective chart review was performed on a subset of patients enrolled in the
Prospective Ocular Tumor Study (POTS). Included patients were diagnosed with uveal
melanoma involving the choroid and/or ciliary body and treated with plaque radiotherapy.
Patients were required to have a minimum of three years follow-up after plaque and at least two
fundus photographs containing a clear, unobstructed view of the optic disc, one prior to plaque
and one >3 years after treatment. Patients with isolated iris melanoma, <3 years follow-up, or
lack of clear photographs of the optic disc were excluded.

All patients underwent a complete eye examination by an ocular oncologist (LAD, TWO)
with color fundus drawing, fundus photography, autofluorescence, A and B scan
ultrasonography, fluorescein angiography (FA), and optical coherence tomography (OCT) as
indicated. Plaque radiotherapy was performed under anesthesia using I-125 Collaborative
Ocular Melanoma Study (COMS) plaques with tumor localization using transillumination and/or
indirect ophthalmoscopy. Intraoperative ultrasonography was used to confirm proper plaque
placement. Planned treatment duration was approximately 94 hours. Records were reviewed for
patient demographics, clinical tumor features, treatment parameters, and outcomes, with
attention to IOP and optic disc features.

Radiation papillopathy was defined as first appearance of optic disc edema or diffuse
optic disc pallor. Sectoral disc pallor associated with retinal vein occlusion or TTT was not
counted as radiation papillopathy. Disc color over time was compared with baseline optic disc
color of the treated eye and disc color of the fellow eye at each matching time point. Attention
was taken not to overestimate optic disc pallor if the treated eye was rendered pseudophakic by
considering overall change in fundus color from baseline. Detailed optic disc data were
collected from photographic review before treatment and after treatment when available at 6, 12,
24, 36, 48, 60, and 120 months, including IOP, cup to disc ratio (C/D), inferior and superior optic
disc rim (expressed as percentage of total disc vertical height), Drance hemorrhage, disc edema,
diffuse pallor, neovascularization of the disc (NVD), and treatment with IOP-lowering therapy.
All images were graded by a single observer (LAD) who was masked to all clinical data. Optic
disc rim was measured using calipers at the 12:00 and 6:00 positions. Any hesitations by the

grader (LAD) were addressed by consensus review with a glaucoma specialist (GWR).
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Radiation dosages to the tumor, fovea, and optic disc were calculated using EyeDose.
The program utilizes Monte Carlo methods to calculate three-dimensional heterogeneity
corrected dose distributions for I-125 COMS plaques and has been validated against published
Monte Carlo results for eight different tumor positions.

Statistical analysis was performed using SPSS Statistics Software Version 22 (IBM,
Armonk, New York). Demographics, clinical features, treatment features, and outcomes were
compared for eyes with no radiation papillopathy, papillopathy with pallor only, and
papillopathy with pallor plus NRT. Categorical variables were compared using Fisher’s exact
test, and continuous variables were compared using the Kruskal-Wallis H test. A subanalysis
was performed to compare eyes affected by radiation papillopathy manifesting as pallor only
versus pallor plus NRT. Categorical variables were compared using Fisher’s exact test, and
continuous variables were compared using the Mann-Whitney U test. Logistic regression
analysis was used to determine risk factors for radiation papillopathy by univariate and
multivariate analysis using the stepwise method. The Benjamini-Hochberg procedure was used
to control the false discovery rate for multiple comparisons using a g-value of 0.10. A P-value

<0.05 was considered statistically significant.

Results

There were 87 eyes of 87 patients included in the study. Of these, 40 (46%) developed
no radiation papillopathy and 47 (54%) developed radiation papillopathy, with pallor only in 31
(36%) or pallor and NRT in 16 (18%) (FIG. 15). Patient demographics are described in FIG. 16,
and a comparison (no papillopathy vs. pallor vs. pallor and NRT) revealed no differences
between groups.

Clinical features are detailed in FIG. 17A-C. A comparison (no papillopathy vs. pallor
vs. pallor and NRT) revealed eyes with papillopathy of any type presented with worse LogMAR
visual acuity (P<0.001), shorter tumor distance to optic disc (£<0.001) and foveola (£<0.001),
and more frequent subfoveal fluid (£<0.001).

Treatment features are described in FIG. 18. A comparison (no papillopathy vs. pallor vs.
pallor and NRT) revealed eyes with papillopathy of any type were treated with greater
prescription depth (£=0.03), greater radiation dose to fovea (point dose) (£<0.001), greater mean
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radiation dose to optic disc (P<0.001), and greater maximum radiation dose to optic disc
(P<0.001). No specific treatment was recommended for radiation papillopathy, although 72% of
all study eyes received intravitreal anti-VEGF at some point for radiation retinopathy and/or
maculopathy.

Clinical outcomes are described in FIG. 19A-B. A comparison (no papillopathy vs. pallor
vs. pallor and NRT) revealed eyes with both pallor and NRT had longer follow-up time
(P=0.02). Eyes with radiation papillopathy of any type had worse final LogMAR visual acuity
(P<0.001), greater frequency of radiation maculopathy (P=0.04), nonproliferative radiation
retinopathy (£=0.002), branch retinal vein occlusion (£<0.001), and proliferative radiation
retinopathy (P<0.001). There were no cases of neovascular glaucoma. There was no difference in
time to radiation papillopathy by papillopathy subtype (pallor only vs. pallor and NRT) (27 [23]
vs. 29 [20] months, P=0.76).

Detailed optic disc features over time are listed in FIG. 20A — 20H. No eyes had baseline
glaucoma, Drance hemorrhage, disc edema, pallor, or NVD, and no eyes were being treated with
IOP-lowering therapy. Eyes with any type of radiation papillopathy had greater frequency of
Drance hemorrhage (P<0.001). Eyes with pallor only had the greatest frequency of disc edema
(P<0.001), and eyes with pallor and NRT had the greatest maximum IOP after plaque (P=0.04)
and most frequent requirement for topical IOP-lowering therapy (£=0.002). One eye in the pallor
and NRT group had a single time point spike in IOP to 33 mmHg at 12 months after plaque,
which responded to topical dorzolamide hydrochloride-timolol maleate. There were no other
instances of IOP higher than 25 mmHg. No fellow eyes developed ocular hypertension, NRT,
glaucoma, or other optic neuropathies during the study period. On subanalysis comparing
radiation papillopathy eyes with pallor alone versus pallor and NRT, eyes with both pallor and
NRT had greater maximum IOP after plaque (£=0.02) and more frequent requirement for topical
IOP-lowering therapy (P=0.04), but there was no difference in the overall frequency of Drance
hemorrhage or optic disc edema.

Factors associated with radiation papillopathy on univariate and multivariate logistic
regression analysis are listed in FIG. 21. A primary analysis was performed for patients with any
type of radiation papillopathy (pallor with or without NRT), and a model was constructed for

multivariate analysis using objective factors that were significant on univariate analysis,
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including IOP at presentation, subfoveal subretinal fluid, radiation prescription depth, radiation
dose to fovea, and mean radiation dose to optic disc. Significant predictors of all type
papillopathy on multivariate analysis were greater mean radiation dose to optic disc (P=0.03) and
higher baseline IOP (P=0.03). A subanalysis was performed to examine risk factors specific to
development of concomitant NRT and optic disc pallor. A model was constructed for
multivariate analysis using objective factors that were significant on univariate analysis,
including higher maximum IOP after plaque, subfoveal subretinal fluid at presentation, and mean
radiation dose to optic disc. Significant predictors of papillopathy with NRT on multivariate
analysis were higher maximum IOP (P=0.003) and subfoveal subretinal fluid (P=0.004). All

significant variables remained significant after controlling the false discovery rate.

Example 6: Stanniocalcin-1 reduces intraocular pressure in two models of ocular hypertension

With the goal of being able to maintain the IOP-lowering properties of latanoprost, avoid
the side-effects, and offer a novel therapy to PGF2a non-responders, Stanniocalcin-1 (STC-1)
was identified as a downstream effector molecule in latanoprost-mediated IOP reduction (Roddy
et al., Invest Ophthalmol Vis Sci. 58:2715-24(2017)). STC-1 was identified as an independent
ocular hypotensive agent as it lowered pressure in the human anterior segment perfusion culture
model and in wild-type C57BL/6J mice. Though the point of signaling overlap and divergence
has not yet been defined, current data suggests that latanoprost induces expression of STC-1
downstream of the FP receptor in the pathway responsible for IOP reduction.

This Example demonstrates that administration of STC-1 reduces intraocular pressure in

two distinct rodent models.

Methods

All studies were approved by the Mayo Clinic (Rochester, MN) TACUC and adhered to
ARVO guidelines. To develop the steroid-induced ocular hypertension model, IOP was
measured in both eyes of wild-type C57BL/6J mice (n = 7, 6—8 months old) twice daily with an
iCare rebound tonometer and averaged for 3 consecutive days to obtain baseline pressure as
previously described (Roddy et al., Invest Ophthalmol Vis Sci. 58:2715-24(2017)). At this point,

dexamethasone acetate suspension (200 pg in 20 pl volume) was injected weekly into the
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inferior conjunctival fornix of one eye in a slow release formulation (sodium chloride [0.667
2/100 mL], edetate disodium USP dehydrate [0.05 g/100 mL], sodium bisulfate [0.1 g/100 mL],
and creatinine [0/5 g/100 mL], pH 7) as previously described (Patel et al., Am J Pathol. 187:713-
23(2017). The fellow eye received a weekly injection with slow release formulation (vehicle)
without the dexamethasone. IOP was obtained 48 and 72 hrs post-injection, averaged, and
recorded as the weekly IOP. After a sustained and elevated IOP response was observed in the
dexamethasone injected group (experimental weeks 1-3), mice were randomized into two groups
and dexamethasone injections were continued weekly for the duration of the experiment: in
Group 1, both eyes were treated once daily with topical PBS (5 uL, n = 8; experimental weeks 4—
6, treatment weeks 1-3), and in Group 2, both eyes were treated once daily with topical STC-1
(Biovender, Asheville, NC, 5 uL; 0.5 ug/ul,, n = 10; experimental weeks 4-6, treatment weeks
1-3). In the final phase of the experiment (experimental weeks 7-9, treatment weeks 4-6),
dexamethasone-injected animals in Group 2 continued to receive topical STC-1 while treatment
was halted in the vehicle-injected fellow eye for a medication wash-out period (FIG. 22). For
statistical purposes, the final week of each condition was selected (i.e. weeks 3, 6, and 9) for
analysis. To determine if a difference in IOP was present among groups at week 6 and 9, a
Kruskal-Wallis test was performed. An unpaired t-test was used to directly compare the two
groups. Values for all statistical tests were considered significant at P < .05.

For examination of STC-1 treatment in a chronic model of ocular hypertension and GON,
DBA/2J mice aged 14 months (n = 10) were selected. Since variability in IOP is high between
eyes and among mice (Turner et al., Clin Exp Ophthalmol. 45:911-22(2017), for expression of
data in a longitudinal fashion, [OP was expressed normalized to an average of the baseline TOPs.
Utilizing mice without corneal calcification (Turner et al, Clin Exp Ophthalmol. 45:911-
22(2017), baseline IOP measurements were obtained, and then one eye was treated once daily for
5 days with topical STC-1 (5 uL; 0.5 ug/ul.) and the fellow eye received topical PBS (5 ul). For
statistical purposes, at full treatment response, experimental days 6-8 (treatment days 3-5) were
averaged and taken as a single value of IOP. A paired T-test was performed, and values were
considered significant at P < .05. For both models, a second laboratory member unfamiliar with
the experimental design independently validated the IOP measurements at multiple time-points

during the experiment.
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For both models histologic analysis was performed. At the conclusion of each
experiment, whole eyes were enucleated, fixed, processed, sectioned, stained with toluidine blue,
and examined under a light microscope as previously described (Roddy et al., Invest Ophthalmol

Vis Sci. 58:2715-24(2017)).

Results

For the steroid-induced ocular hypertension model, prior to injection of dexamethasone,
baseline IOP measurements were assessed and found to be similar between left and right eyes
(16.1+1.1vs16.2+ 1.2 mmHg, P> .8 n= 18, FIG. 23A - 23D). Following 3 weekly injections
of dexamethasone, a significant increase in IOP in the dexamethasone-injected eyes compared to
vehicle-injected eyes occurred (18%, 16.6 £ 1.0 vs 19.7 + 1.8 mmHg, P < .05, n= 18, FIG. 23A -
23C). This was maintained with weekly dexamethasone injections for 3 additional weeks
comparing PBS-treated vehicle-injected mice (n = 8, 15.6 £ 1.1 mmHg) to PBS-treated
dexamethasone-injected mice (n =8, 19.5 + 1.7 mmHg, P < .001, 25% change, FIG. 23A). With
the steroid-induced ocular hypertensive model established, treatment with topical STC-1 resulted
in a 25% IOP reduction when compared to PBS-treatment of dexamethasone-injected eyes (19.5
+17,n=8 vs 146 £ 1.2 mmHg, n = 10, P < .001, FIG. 23B, week 6). This was maintained
through 3 additional weeks of dexamethasone-injections and topical STC-1 treatments (26%,
197+ 1.3, n=38, vs 14.6 £ 0.9 mmHg, n = 10, P < .001, FIG. 23B, week 9). When comparing
STC-1-treated dexamethasone-injected eyes (n = 10, FIG. 23B) to PBS-treated vehicle-injected
eyes (n = 8, FIG. 23A), there was no significant difference in IOP (6%, 14.6 £ 1.0 vs 156 £ 1.2
mm Hg, P = .08, FIG. 23C) indicating that STC-1 treatment reduced IOP in the steroid-induced
ocular hypertension eye to levels seen in normotensive mice.

In addition to STC-1 lowering IOP in steroid induced ocular hypertension eyes, STC-1
also reduced pressure in normotensive eyes as previously reported (Roddy et al., Invest
Ophthalmol Vis Sci. 58:2715-24(2017); Roddy et al., PLoS ONE. (2020)). STC-1 treatment of
vehicle-injected eyes (n = 8) reduced IOP from 15.6 £ 1.1 mmHg to 13.4 + 1.2 mmHg (14%
decrease, P < .005, FIG. 23B). Once STC-1 was washed out from the vehicle-injected eye, IOP
returned to baseline levels (16.2 £ 0.7, n = 10, vs 16.1 £ 1.7 mmHg, n =8, P > .1, FIG. 23B).

Interestingly, the IOP was even lower in the STC-1-treated dexamethasone-injected eyes when
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comparing to the untreated vehicle-injected eyes (10%, 16.2+ 0.7 vs 14.6 = 1.0 mmHg, P < .001,
FIG. 23C). Representative toluidine blue-stained eye sections of steroid-induced ocular
hypertension mice were examined following treatment with PBS and STC-1 (FIG. 23D). In both
treatment groups, normal-appearing open angles (asterisk), iris (arrow), and ciliary body
(chevron) were observed.

For DBA/2J mice, eyes treated with STC-1 showed a steady decrease in IOP until the
treatment plateaued at treatment days 3-5 (FIG. 24A). No detectable change in IOP was
observed in PBS treated eyes. Using the combined average IOP from treatment days 3-5
compared to baseline, STC-1 lowered IOP compared to vehicle control (37%, 20.7 + 2.6 mmHg
vs 13.1 £ 1.7 mm Hg, P < .001, FIG. 24B). Representative toluidine blue-stained sections of 14-
month-old DBA/2J mice treated with PBS in one eye and STC-1 in the fellow eye showed age-
appropriate angle anatomy in this model (John et al., Invest Ophthalmol Vis Sci. 39:951-
62(1998)) including angle closure with synechiae formation (asterisk), iris atrophy (arrow), and
pigment-laden macrophages (chevron) (FIG. 24C). Though subtle variations in elements of the
disease phenotype were observed in this chronic model, significant differences in angle
morphology were not observed when comparing PBS-treated eyes with STC-1-treated eyes.

These results demonstrate that administration of STC-1 can successfully reduce IOP in

both conditions of normal ocular tension and ocular hypertension.

OTHER EMBODIMENTS

It is to be understood that while the invention has been described in conjunction with the
detailed description thereof, the foregoing description is intended to illustrate and not limit the
scope of the invention, which is defined by the scope of the appended claims. Other aspects,

advantages, and modifications are within the scope of the following claims.
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WHAT IS CLAIMED IS:
1. A method of treatment for reducing intraocular pressure (IOP) in an eye of a patient in
need thereof, wherein the method comprises:

administering to the anterior chamber of the patient’s eye a therapeutically effective
amount of a recombinant adeno-associated virus (rAAV) comprising a AAV capsid and a nucleic
acid encoding a stanniocalcin-1 (STC-1) polypeptide operably linked to a promoter.
2. The method of claim 1, wherein the rAAV is administered intracamerally.
3. The method of claims 1-2, wherein the STC-1 polypeptide comprises the amino acid

sequence of SEQ ID NO:2, or an amino acid sequence at least 70% identical thereto.

4. The method of claim 3, wherein the STC-1 polypeptide comprises the amino acid
sequence of SEQ ID NO:2.
5. The method of claims 1-2, wherein the STC-1 polypeptide comprises the amino acid

sequence of SEQ ID NO:4, or an amino acid sequence at least 70% identical thereto.

6. The method of claim 5, wherein the STC-1 polypeptide comprises the amino acid
sequence of SEQ ID NO:4.

7. The method of claims 1-2, wherein the STC-1 polypeptide comprises the amino acid
sequence of SEQ ID NO:6, or an amino acid sequence at least 70% identical thereto.

8. The method of claim 7, wherein the STC-1 polypeptide comprises the amino acid
sequence of SEQ ID NO:6.

9. The method of claims 1-2, wherein the STC-1 polypeptide comprises the amino acid
sequence of SEQ ID NO: 14, or an amino acid sequence at least 70% identical thereto.

10. The method of claim 9, wherein the STC-1 polypeptide comprises the amino acid
sequence of SEQ ID NO:14.

11. The method of claims 1-2, wherein the STC-1 polypeptide comprises the amino acid
sequence selected from SEQ ID NO:16, SEQ ID NO:18, SEQ 1D NO:20, SEQ ID NO:21, SEQ
ID NO:22, SEQ ID NO:23, SEQ ID NO:25, SEQ ID NO:27, or SEQ ID NO:29, or an amino acid
sequence at least 70% identical thereto.

12. The method of claims 3-10, wherein the STC-1 polypeptide further comprises an amino

acid tag sequence.
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13. The method of claim 12, wherein the amino acid tag is a FLAG tag selected from the
amino acid sequence of SEQ ID NO:30, SEQ ID NO:31, or SEQ ID NO:32.

14, The method of claim 1 or 2, wherein the nucleic acid encoding STC-1 comprises SEQ ID
NO:1, or a nucleic acid sequence at least 70% identical thereto.

15, The method of claim 15, wherein the nucleic acid encoding STC-1 comprises SEQ ID
NO:1.

16. The method of claim 1 or 2, wherein the nucleic acid encoding STC-1 comprises SEQ ID
NO:3, or a nucleic acid sequence at least 70% identical thereto.

17. The method of claim 16, wherein the nucleic acid encoding STC-1 comprises SEQ ID
NO:3.

18.  The method of claim 1 or 2, wherein the nucleic acid encoding STC-1 comprises SEQ ID
NO:5, or a nucleic acid sequence at least 70% identical thereto.

19. The method of claim 18, wherein the nucleic acid encoding STC-1 comprises SEQ ID
NO:S.

20.  The method of claim 1 or 2, wherein the nucleic acid encoding STC-1 comprises SEQ ID
NO:13, or a nucleic acid sequence at least 70% identical thereto.

21.  The method of claim 20, wherein the nucleic acid encoding STC-1 comprises SEQ ID
NO:13.

22, The method of claim 1 or 2, wherein the nucleic acid encoding STC-1 comprises a
nucleic acid selected from SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:11, SEQ ID NO:15, SEQ
ID NO:17, SEQ ID NO:19, SEQ ID NO:24, SEQ ID NO:26, or SEQ ID NO:28, or a nucleic acid
sequence at least 70% identical thereto.

23. The method of claims 1-22, wherein the promoter is a constitutively active promoter.

24.  The method of claim 23, wherein the constitutively active promoter is a chicken B-actin
promoter derived from a nucleic acid sequence selected from the group consisting of the nucleic
acid sequence of SEQ ID NO: 33, SEQ ID NO:34, or SEQ ID NO:35, or a nucleic acid sequence
at least 80% identical thereto.

25. The method of claim 23, wherein the constitutively active promoter is selected from a

cytomegalovirus (CMV) promoter, a SV40 promoter, human B-actin promoter, a human
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elongation factor-1-alpha (hEF-1a) promoter, a phosphoglycerate kinase (PGK) promoter, or a
ubiquitin C (UbiC) promoter.

26. The method of claims 1-22, wherein the promoter is a cell specific promoter.

27. The method of claim 26, wherein the cell specific promoter is a human synapsin 1
(hSYN1) promoter.

28. The method of claim 27, wherein the hSYN1 promoter is derived from a nucleic acid

sequence of SEQ ID NO:42, or a nucleic acid at least 70% identical thereto.

29. The method of claim 28, wherein the hSYN1 promoter is derived from a nucleic acid
sequence comprising SEQ ID NO:42.

30. The method of claim 26, wherein the cell specific promoter is selected from human
rhodopsin (Rho) promoter, human rhodopsin kinase 1 (hRK1) promoter, human inter-
photoreceptor retinoid binding protein/retinol-binding protein 3 (IRBP/hIRBP241) promoter,
human red opsin (PR2.1/CHOPS2053) promoter, hIRBP enhancer fused to cone transducin alpha
promoter (IRBP/GNAT2) promoter, human vitelliform macular dystrophy/bestrophin 1
(VMD2/BEST1) promoter, VE-cadherin/Cadherin 5 (CDHS)/CD144 promoter, Thyl promoter,
neurofilament heavy chain (NEFH) promoter, retinal pigmented epithelium 65 (RPE6S)
promoter, Purkinje cell protein 2 (PCP2) promoter, G Protein Subunit Gamma Transducin 2
(GNGT2) promoter, Phosphodiesterase 6H (PDE6H) promoter, Paired Like Homeodomain 3
(PITX3) promoter, claudin 5 (CLDNS) promoter, Nuclear Receptor Subfamily 2 Group E
Member 1 (NR2E1) promoter, paired box 6 (PAX6) promoter, 770En_454P(hGRMS6), or
fibroblast-specific protein 1 (FLP1/S100A4) promoter.

31 The method of claims 1-2, wherein the nucleic acid is selected from SEQ ID NO:51 or
SEQ ID NO:53, or a nucleic acid sequence at least 70% identical thereto.

32 The method of claims 1-31, wherein the AAV capsid is derived from an AAV2 capsid.

33. The method of claim 32 wherein the AAV2 capsid comprises one or more tyrosine (Y) to
phenylalanine (F) mutations on the surface of the capsid protein.

34 The method of claim 33, wherein the one or more tyrosine to phenylalanine mutations on
the surface of the capsid protein is selected from a Y444F mutation in its capsid protein, a Y730F

mutation, a Y500F, a Y272F, a Y447F mutation, a Y733F mutation, or a Y733F mutation.
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35. The method of claim 33, wherein the AAV2 capsid comprises a tyrosine (Y) to
phenylalanine (F) mutation on the surface of the capsid protein at the following amino acids:
Y444F, Y500F, and Y730F.

36. The method of claims 1-35, wherein the rAAV is administered two or more times.

37. The method of claim 36, wherein the rAAV is administered once a week.

38. The method of claim 36, wherein the rAAV is administered at least 120 days apart.

39. The method of claim 36, wherein the rAAV is administered at least 1 year apart.

40. The method of claims 1-39, wherein the ocular disorder is selected from glaucomatous
optic neuropathy or ocular hypertension.

41. The method of claim 40, wherein the glaucoma is a primary glaucoma.

42. The method of claim 41, wherein the primary glaucoma is open angle glaucoma angle-
closure glaucoma, or congenital glaucoma.

43, The method of claim 40, wherein the glaucoma is a secondary glaucoma.

44, The method of claim 43, wherein the secondary glaucoma is neovascular glaucoma,

pigmentary glaucoma, exfoliation glaucoma, or uveitic glaucoma.

45, The method of claim 40, wherein the patient has normal-tension glaucoma (NTG).
46. The method of any of claims 1-39, wherein the ocular disorder is radiation papillopathy.
47. A method of treatment for reducing intraocular pressure (IOP) in an eye of a patient in

need thereof, wherein the method comprises:

administering to the eye of the patient a therapeutically effective amount of a
recombinant adeno-associated virus (rAAV) comprising a AAV capsid and a nucleic acid
encoding a stanniocalcin-1 (STC-1) polypeptide operably linked to a promoter, wherein the
rAAV is administered into the subconjunctival space of the eye.
48. The method of claim 47, wherein the STC-1 polypeptide comprises the amino acid
sequence of SEQ ID NO:2, or an amino acid sequence at least 70% identical thereto.
49. The method of 48, wherein the STC-1 polypeptide comprises the amino acid sequence of
SEQ ID NO:2.
50. The method of claim 47, wherein the STC-1 polypeptide comprises the amino acid

sequence of SEQ ID NO:4, or an amino acid sequence at least 70% identical thereto.
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51. The method of claim 50, wherein the STC-1 polypeptide comprises the amino acid
sequence of SEQ ID NO:4.

52. The method of claim 47, wherein the STC-1 polypeptide comprises the amino acid
sequence of SEQ ID NO:6, or an amino acid sequence at least 70% identical thereto.

53. The method of claim 52, wherein the STC-1 polypeptide comprises the amino acid
sequence of SEQ ID NO:6.

54. The method of claim 47, wherein the STC-1 polypeptide comprises the amino acid
sequence of SEQ ID NO: 14, or an amino acid sequence at least 70% identical thereto.

55. The method of claim 54, wherein the STC-1 polypeptide comprises the amino acid
sequence of SEQ ID NO:14.

56. The method of claim 47, wherein the STC-1 polypeptide comprises the amino acid
sequence selected from SEQ ID NO:16, SEQ ID NO:18, SEQ ID NO:20, SEQ ID NO:21, SEQ
ID NO:22, SEQ ID NO:23, SEQ ID NO:25, SEQ ID NO:27, or SEQ ID NO:29, or an amino acid
sequence at least 70% identical thereto.

57. The method of claims 48-56, wherein the STC-1 polypeptide further comprises an amino
acid tag sequence.

58. The method of claim 57, wherein the amino acid tag is a FLAG tag selected from the
amino acid sequence of SEQ ID NO:30, SEQ ID NO:31, or SEQ ID NO:32.

59. The method of claim 47, wherein the nucleic acid encoding STC-1 comprises SEQ ID
NO:1, or a nucleic acid sequence at least 70% identical thereto.

60.  The method of claim 59, wherein the nucleic acid encoding STC-1 comprises SEQ ID
NO:1.

61.  The method of claim 47, wherein the nucleic acid encoding STC-1 comprises SEQ ID
NO:3, or a nucleic acid sequence at least 70% identical thereto.

62. The method of claim 61, wherein the nucleic acid encoding STC-1 comprises SEQ ID
NO:3.

63.  The method of claim 47, wherein the nucleic acid encoding STC-1 comprises SEQ ID
NO:5, or a nucleic acid sequence at least 70% identical thereto.

64.  The method of claim 63, wherein the nucleic acid encoding STC-1 comprises SEQ ID
NO:5.
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65. The method of claim 47, wherein the nucleic acid encoding STC-1 comprises SEQ ID
NO:13, or a nucleic acid sequence at least 70% identical thereto.

66.  The method of claim 65, wherein the nucleic acid encoding STC-1 comprises SEQ ID
NO:13.

67. The method of claim 47, wherein the nucleic acid encoding STC-1 comprises a nucleic
acid selected from SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:11, SEQ ID NO:15, SEQ 1D
NO:17, SEQ ID NO:19, SEQ ID NO:24, SEQ ID NO:26, or SEQ ID NO:28, or a nucleic acid
sequence at least 70% identical thereto.

68. The method of claim 47, wherein the promoter is a constitutively active promoter.

69. The method of claim 68, wherein the constitutively active promoter is a chicken B-actin
promoter derived from a nucleic acid sequence selected from the group consisting of the nucleic
acid sequence of SEQ ID NO: 33, SEQ ID NO:34, or SEQ ID NO:35, or a nucleic acid sequence
at least 70% identical thereto.

70. The method of claim 68, wherein the constitutively active promoter is selected from a
cytomegalovirus (CMV) promoter, a SV40 promoter, human B-actin promoter, a human
elongation factor-1-alpha (hEF-10) promoter, a phosphoglycerate kinase (PGK) promoter, or a
ubiquitin C (UbiC) promoter.

71. The method of claims 47, wherein the promoter is a cell specific promoter.

72. The method of claim 71, wherein the cell specific promoter is a human synapsin 1
(hSYN1) promoter.

73. The method of claim 72, wherein the hSYN1 promoter is derived from a nucleic acid

sequence of SEQ ID NO:42, or a nucleic acid at least 70% identical thereto.

74. The method of claim 73, wherein the hSYN1 promoter is derived from a nucleic acid
sequence comprising SEQ ID NO:42.

75. The method of claim 71, wherein the cell specific promoter is selected from human
rhodopsin (Rho) promoter, human rhodopsin kinase 1 (hRK1) promoter, human inter-
photoreceptor retinoid binding protein/retinol-binding protein 3 (IRBP/hIRBP241) promoter,
human red opsin (PR2.1/CHOPS2053) promoter, hIRBP enhancer fused to cone transducin alpha
promoter (IRBP/GNAT2) promoter, human vitelliform macular dystrophy/bestrophin 1
(VMD2/BEST1) promoter, VE-cadherin/Cadherin 5 (CDHS5)/CD144 promoter, Thyl promoter,
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neurofilament heavy chain (NEFH) promoter, retinal pigmented epithelium 65 (RPE6S)
promoter, Purkinje cell protein 2 (PCP2) promoter, G Protein Subunit Gamma Transducin 2
(GNGT2) promoter, Phosphodiesterase 6H (PDE6H) promoter, Paired Like Homeodomain 3
(PITX3) promoter, claudin 5 (CLDNS) promoter, Nuclear Receptor Subfamily 2 Group E
Member 1 (NR2E1) promoter, paired box 6 (PAX6) promoter, 770En_454P(hGRMS6), or
fibroblast-specific protein 1 (FLP1/S100A4) promoter.

76. The method of claim 47, wherein the nucleic acid is selected from SEQ ID NO:51 or
SEQ ID NO:53, or a nucleic acid sequence at least 70% identical thereto.

77. The method of claims 47-76, wherein the AAV capsid is derived from an AAV2 capsid.
78. The method of claim 77, wherein the AAV2 capsid comprises one or more tyrosine (Y) to
phenylalanine (F) mutations on the surface of the capsid protein.

79. The method of claim 78, wherein the one or more tyrosine to phenylalanine mutations on
the surface of the capsid protein is selected from a Y444F mutation in its capsid protein, a Y730F
mutation, a Y500F, a Y272F, a Y447F mutation, a Y733F mutation, or a Y733F mutation.

80. The method of claim 77, wherein the AAV2 capsid comprises a tyrosine (Y) to
phenylalanine (F) mutation on the surface of the capsid protein at the following amino acids:
Y444F, Y500F, and Y730F.

81. The method of claims 47-80, wherein the rAAV is administered two or more times.

82. The method of claim 81, wherein the rAAYV is administered once a week.

83. The method of claim 81, wherein the rAAV is administered at least 30 days apart.

84. The method of claim 81, wherein the rAAV is administered at least 60 days apart.

85. The method of claim 81, wherein the rAAYV is administered at least 90 days apart.

86. The method of claim 81, wherein the rAAV is administered at least 180 days apart.

87. The method of claim 81, wherein the rAAV is administered at least 1 year apart.

88. The method of claim 81, wherein the rAAYV is administered at least 2 years apart.

89. The method of claims 47-88, wherein the ocular disorder is selected from glaucomatous
optic neuropathy (GON) or ocular hypertension.

90. The method of claim 89, wherein the glaucoma is a primary glaucoma.

91. The method of claim 90, wherein the primary glaucoma is open angle glaucoma angle-

closure glaucoma, or congenital glaucoma.
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92. The method of claim 47-88, wherein the patient has normal-tension glaucoma (NTG).
93. The method of claim 89, wherein the glaucoma is a secondary glaucoma.
94, The method of claim 93, wherein the secondary glaucoma is neovascular glaucoma,
pigmentary glaucoma, exfoliation glaucoma, or uveitic glaucoma.
95. The method of any of claims 47-88, wherein the ocular disorder is radiation papillopathy.
96. A method of treatment for reducing intraocular pressure (IOP) in an eye of a patient in
need thereof, wherein the method comprises:

administering to the eye of a patient a therapeutically effective amount of a rAAV
comprising an AAV capsid and a nucleic acid encoding a STC-1 polypeptide operably linked to a
promoter,
wherein the rAAV is administered to the eye two or more times.
97. The method of claim 96, wherein the rAAV administration to the eye comprises
subretinal injection.
98. The method of claim 96, wherein the rAAV administration to the eye comprises
subconjunctival injection.
99. The method of claim 96, wherein the rAAV administration to the eye comprises
intracameral injection.
100. The method of claim 96, wherein the rAAV administration to the eye comprises
intravitreal injection.
101. A method of treatment for reducing intraocular pressure (IOP) in an eye of a patient in
need thereof, wherein the method comprises:

administering to the anterior chamber of the patient’s eye a therapeutically effective
amount of a rAAV comprising an AAV capsid and nucleic acid encoding a STC-1 polypeptide
operably linked to a promoter,
wherein the rAAV is administered to the anterior chamber of the eye 2 or more times.
102. The method of claim 101, wherein the rAAV is administered to the anterior chamber of
the eye by intracameral injection.
103. A method of treatment for reducing intraocular pressure (IOP) in an eye of a patient in

need thereof, wherein the method comprises:
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administering to the subconjunctival space of the patient’s eye a therapeutically effective
amount of a rAAV comprising a nucleic acid encoding a STC-1 polypeptide operably linked to a
promoter,
wherein the rAAV is administered to the eye two or more times.
104. The method of any of claims 96-103, wherein the STC-1 polypeptide comprises the
amino acid sequence of SEQ ID NO:2, or an amino acid sequence at least 70% identical thereto.
105. The method of any of claims 96-103, wherein the STC-1 polypeptide comprises the
amino acid sequence of SEQ ID NO:4, or an amino acid sequence at least 70% identical thereto.
106. The method of any of claims 96-103, wherein the STC-1 polypeptide comprises the
amino acid sequence of SEQ ID NO:6, or an amino acid sequence at least 70% identical thereto.
107. The method of any of claims 96-103, wherein the STC-1 polypeptide comprises the
amino acid sequence of SEQ ID NO:14, or an amino acid sequence at least 70% identical
thereto.
108.  The method of any of claims 96-103, wherein the nucleic acid encoding STC-1 comprises
SEQ ID NO:16, SEQ ID NO:18, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID
NO:23, SEQ ID NO:25, SEQ ID NO:27, or SEQ ID NO:29, or a nucleic acid sequence at least
70% identical thereto.
109. The method of claims 104-108, wherein the STC-1 polypeptide further comprises an
amino acid tag sequence.
110.  The method of claim 109, wherein the amino acid tag is a FLAG tag selected from the
amino acid sequence of SEQ ID NO:30, SEQ ID NO:31, or SEQ ID NO:32.
111.  The method of claims 96-103, wherein the nucleic acid encoding STC-1 comprises SEQ
ID NO:1, or a nucleic acid sequence at least 70% identical thereto.
112.  The method of claims 96-103, wherein the nucleic acid encoding STC-1 comprises SEQ
ID NO:3, or a nucleic acid sequence at least 70% identical thereto.
113.  The method of claims 96-103, wherein the nucleic acid encoding STC-1 comprises SEQ
ID NO:5, or a nucleic acid sequence at least 70% identical thereto.
114.  The method of claims 96-103, wherein the nucleic acid encoding STC-1 comprises SEQ

ID NO:13, or a nucleic acid sequence at least 70% identical thereto.
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115.  The method of claims 96-103, wherein the nucleic acid encoding STC-1 comprises a
nucleic acid selected from SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:11, SEQ ID NO:15, SEQ
ID NO:17, SEQ ID NO:19, SEQ ID NO:24, SEQ ID NO:26, or SEQ ID NO:28, or a nucleic acid
sequence at least 70% identical thereto.

116. The method of any of claims 96-115, wherein the promoter is a constitutively active
promoter.

117.  The method of claim 116, wherein the constitutively active promoter is a chicken B-actin
promoter.

118.  The method of claim 117, wherein the chicken B-actin promoter is derived from a nucleic
acid sequence of SEQ ID NO: 33, SEQ ID NO:34, or SEQ ID NO:35, or a nucleic acid sequence
at least 70% identical thereto.

119.  The method of claim 116, wherein the constitutively active promoter is selected from a
cytomegalovirus (CMV) promoter, a SV40 promoter, human [-actin promoter, a human
elongation factor-1-alpha (hEF-10) promoter, a phosphoglycerate kinase (PGK) promoter, or a
ubiquitin C (UbiC) promoter.

120. The method of claims 96-113, wherein the promoter is a cell specific promoter.

121.  The method of claim 120, wherein the cell specific promoter is a human synapsin 1
(hSYN1) promoter.

122, The method of claim 121, wherein the hSYN1 promoter is derived from a nucleic acid
sequence of SEQ ID NO: 42, or a nucleic acid at least 70% identical thereto.

123.  The method of claim 120, wherein the cell specific promoter is selected from human
rhodopsin (Rho) promoter, human rhodopsin kinase 1 (hRK1) promoter, human inter-
photoreceptor retinoid binding protein/retinol-binding protein 3 (IRBP/hIRBP241) promoter,
human red opsin (PR2.1/CHOPS2053) promoter, hIRBP enhancer fused to cone transducin alpha
promoter (IRBP/GNAT2) promoter, human vitelliform macular dystrophy/bestrophin 1
(VMD2/BEST1) promoter, VE-cadherin/Cadherin 5 (CDHS)/CD144 promoter, Thyl promoter,
neurofilament heavy chain (NEFH) promoter, retinal pigmented epithelium 65 (RPE65)
promoter, Purkinje cell protein 2 (PCP2) promoter, G Protein Subunit Gamma Transducin 2
(GNGT?2) promoter, Phosphodiesterase 6H (PDE6H) promoter, Paired Like Homeodomain 3
(PITX3) promoter, claudin 5 (CLDNS) promoter, Nuclear Receptor Subfamily 2 Group E
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Member 1 (NR2EI) promoter, paired box 6 (PAX6) promoter, 770En_454P(hGRMS6), or
fibroblast-specific protein 1 (FLP1/S100A4) promoter.

124.  The method of claims 96-103, wherein the nucleic acid is selected from SEQ ID NO:51
or SEQ ID NO:53, or a nucleic acid sequence at least 90% identical thereto.

125.  The method of claims 96-124, wherein the AAV capsid is an AAV2 serotype capsid and
comprises one or more tyrosine (Y) to phenylalanine (F) mutations on the surface of the capsid
protein.

126. The method of claim 125, wherein the AAV capsid is an AAV2 serotype capsid and
comprises one or more tyrosine to phenylalanine mutations on the surface of the capsid protein is
selected from a Y444F mutation in its capsid protein, a Y730F mutation, a Y500F, a Y272F, a
Y447F mutation, a Y733F mutation, or a Y733F mutation.

127.  The method of claims 96-124, wherein the AAV capsid is an AAV?2 capsid and comprises
a tyrosine (Y) to phenylalanine (F) mutation on the surface of the capsid protein at the following
amino acids: Y444F, Y500F, and Y730F.

128. The method of claims 96-127, wherein the rAAV is administered three or more times.
129.  The method of claims 96-128, wherein the rAAV is administered four or more times.

130. The method of claims 96-128, wherein the rAAV is administered once a week.

131. The method of claims 96-128, wherein the rAAV is administered at least 30 days apart.
132.  The method of claims 96-128, wherein the rAAV is administered at least 60 days apart.
133. The method of claims 96-128, wherein the rAAV is administered at least 90 days apart.
134.  The method of claims 96-128, wherein the rAAV is administered at least 180 days apart.
135. The method of claims 96-128, wherein the rAAV is administered at least 1 year apart.

136.  The method of claims 96-128, wherein the rAAV is administered at least 2 years apart.
137.  The method of claims 96-136, wherein the ocular disorder is selected from glaucomatous
optic neuropathy (GON) or ocular hypertension.

138.  The method of claim 137, wherein the glaucoma is a primary glaucoma.

139.  The method of claim 138, wherein the primary glaucoma is open angle glaucoma,
normal-tension glaucoma, angle-closure glaucoma, or congenital glaucoma.

140.  The method of claim 96-136, wherein the patient has normal-tension glaucoma (NTG).

141. The method of claim 137, wherein the glaucoma is a secondary glaucoma.
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142, The method of claim 141, wherein the secondary glaucoma is neovascular glaucoma,
pigmentary glaucoma, exfoliation glaucoma, or uveitic glaucoma.

143.  The method of claims 96-136, wherein the ocular disorder is radiation papillopathy.

144,  An rAAV for use in a treatment for reducing IOP an eye of a patient, the rAAV
comprising a AAV2 capsid and a nucleic acid encoding a STC-1 polypeptide operably linked to a
constitutively active promoter sequence.

145. The rAAV of claim 144, wherein the STC-1 polypeptide comprises the amino acid
sequence of SEQ ID NO:2, or an amino acid sequence at least 70% identical thereto.

146. The rAAV of claim 144, wherein the STC-1 polypeptide comprises the amino acid
sequence of SEQ ID NO:4, or an amino acid sequence at least 70% identical thereto.

147.  The rAAV of claim 144, wherein the STC-1 polypeptide comprises the amino acid
sequence of SEQ ID NO:6, or an amino acid sequence at least 70% identical thereto.

148. The rAAV of claim 144, wherein the STC-1 polypeptide comprises the amino acid
sequence of SEQ ID NO: 14, or an amino acid sequence at least 70% identical thereto.

149. The rAAV of claim 144, wherein the STC-1 polypeptide comprises the amino acid
sequence selected from SEQ ID NO:16, SEQ ID NO:18, SEQ 1D NO:20, SEQ ID NO:21, SEQ
ID NO:22, SEQ ID NO:23, SEQ ID NO:25, SEQ ID NO:27, or SEQ ID NO:29, or an amino acid
sequence at least 70% identical thereto.

150. TherAAV of claims 145-149, wherein the STC-1 polypeptide further comprises an amino
acid tag sequence.

151.  The rAAV of claim 150, wherein the amino acid tag is a FLAG tag selected from the
amino acid sequence of SEQ ID NO:30, SEQ ID NO:31, or SEQ ID NO:32.

152.  The rAAV of claim 144, wherein the nucleic acid encoding STC-1 comprises SEQ ID
NO:1, or a nucleic acid sequence at least 70% identical thereto.

153. The rAAV of claim 144, wherein the nucleic acid encoding STC-1 comprises SEQ ID
NO:3, or a nucleic acid sequence at least 70% identical thereto.

154.  The rAAV of claim 144, wherein the nucleic acid encoding STC-1 comprises SEQ ID
NO:5, or a nucleic acid sequence at least 70% identical thereto.

155.  The rAAV of claim 144, wherein the nucleic acid encoding STC-1 comprises SEQ ID

NO:13, or a nucleic acid sequence at least 70% identical thereto.
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156. The rAAV of claim 144, wherein the nucleic acid encoding STC-1 comprises a nucleic
acid selected from SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:11, SEQ ID NO:15, SEQ ID
NO:17, SEQ ID NO:19, SEQ ID NO:24, SEQ ID NO:26, or SEQ ID NO:28, or a nucleic acid
sequence at least 90% identical thereto.
157.  The rAAV of claim 144-156, wherein the constitutively active promoter is a chicken -
actin promoter.
158.  The rAAV of claim 157, wherein the chicken B-actin promoter is derived from a nucleic
acid sequence of SEQ ID NO: 33, SEQ ID NO:34, or SEQ ID NO:35, or a nucleic acid sequence
at least 70% identical thereto.
159.  The rAAV of claim 144-157, wherein the constitutively active promoter is selected from
a cytomegalovirus (CMV) promoter, a SV40 promoter, human [-actin promoter, a human
elongation factor-1-alpha (hEF-10) promoter, a phosphoglycerate kinase (PGK) promoter, or a
ubiquitin C (UbiC) promoter.
160. The rAAV of claim 144, wherein the nucleic acid is SEQ ID NO:52 or SEQ ID NO:53, or
a nucleic acid sequence at least 70% identical thereto.
161. The rAAV of claims 144-160, wherein the AAV?2 capsid comprises one or more tyrosine
(Y) to phenylalanine (F) mutations on the surface of the capsid protein.
162.  The rAAV of claim 161, wherein the one or more tyrosine to phenylalanine mutations on
the surface of the capsid protein is selected from a Y444F mutation in its capsid protein, a Y730F
mutation, a Y500F, a Y272F, a Y447F mutation, a Y733F mutation, or a Y733F mutation.
163. The rAAV of claim 162, wherein the AAV2 capsid comprises a tyrosine (Y) to
phenylalanine (F) mutation on the surface of the capsid protein at the following amino acids:
Y444F, Y500F, and Y730F.
164. A method for treating normal-tension glaucoma (NTG) in an eye of a patient, wherein the
method comprises:

administering to the patient’s eye a therapeutically effective amount of a rAAV
comprising an AAV capsid and a nucleic acid encoding a STC-1 polypeptide operably linked to a
promoter,

wherein the rAAV is administered to the eye.
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165. A method for treating normal-tension glaucoma (NTGQG) in an eye of a patient, wherein the
method comprises:

administering to the patient’s eye a therapeutically effective amount of a rAAV
comprising a AAV capsid and a nucleic acid encoding a STC-1 polypeptide operably linked to a
promoter,
wherein the rAAV2 is administered to the eye two or more times.
166. The method of claims 164-165, wherein the patient does not have a history of intraocular
pressure exceeding 22 mmHg.
167. The methods of claims 164-166, wherein the rAAV administration to the eye comprises
subretinal injection.
168. The methods of claims 164-166, wherein the rAAV administration to the eye comprises
subconjunctival injection.
169. The methods of claims 164-166, wherein the rAAV administration to the eye comprises
intracameral injection.
170.  The methods of claims 164-166, wherein the rAAV administration to the eye comprises
intravitreal injection.
171.  The method of any of claims 164-170, wherein the STC-1 polypeptide comprises the
amino acid sequence of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:14, or an
amino acid sequence at least 70% identical thereto.
172.  The method of claims 164-170, wherein the nucleic acid encoding STC-1 comprises a
nucleic acid selected from SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:13, or a
nucleic acid sequence at least 70% identical thereto.
173.  The method of claims 164-162, wherein the promoter is a constitutively active promoter.
174.  The method of claim 173, wherein the constitutively active promoter is a chicken B-actin
promoter.
175. The method of claim 174, wherein the chicken B-actin promoter is derived from a nucleic
acid sequence of SEQ ID NO: 33, 34, or 35, or a nucleic acid sequence at least 70% identical
thereto.
176. The method of claims 164-175, wherein the rAAV is administered three or more times.

177. The method of claims 164-176, wherein the rAAV is administered at least once a week.
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178. The method of claims 164-176, wherein the rAAV is administered at least 30 days apart.
179.  The method of claims 164-176, wherein the rAAV is administered at least 60 days apart.
180. The method of claims 164-176, wherein the rAAV is administered at least 90 days apart.
181.  The method of claims 164-176, wherein the rAAV is administered at least 180 days apart.
182. The method of claims 164-176, wherein the rAAV is administered at least 1 year apart.
183.  The method of claims 164-176, wherein the rAAV is administered at least 2 years apart.
184. The method of claims 1-143 and 164-183, wherein the rAAV administration results in
IOP levels being lowered by greater than 10%.
185. The method of claims 1-143 and 164-183, wherein the rAAV administration results in
IOP levels being lowered by greater than 20%.
186. The method of claims 1-143 and 164-183, wherein the rAAV administration results in
IOP levels being lowered by greater than 30%.
187. The method of claim 165-183, wherein the rAAV administration results in 10P levels
being lowered by greater than 40%.
188. A method for preventing radiation papillopathy in an eye of a patient undergoing a
radiation treatment for an ocular tumor, wherein the method comprises:

administering to the patient’s eye a therapeutically effective amount of a rAAV
comprising an AAV capsid and a nucleic acid encoding a STC-1 polypeptide operably linked to a
promoter,
wherein the rAAV is administered to the patient prior to or after receiving radiation.
189. A method for treating radiation papillopathy characterized by optic disc pallor alone or
optic disc pallor concomitant with neuroretinal rim thinning (NRT) in an eye of a patient,
wherein the method comprises:

administering to the patient’s eye a therapeutically effective amount of a rAAV
comprising an AAV capsid and a nucleic acid encoding a STC-1 polypeptide operably linked to a
promoter,
wherein the rAAV is administered to the eye two or more times.
190. The methods of claims 188-189, wherein the rAAV administration to the eye comprises

subretinal injection.
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191. The methods of claims 188-189, wherein the rAAV administration to the eye comprises
subconjunctival injection.

192.  The methods of claims 188-189, wherein the rAAV administration to the eye comprises
intracameral injection.

193. The methods of claims 188-189, wherein the rAAV administration to the eye comprises
intravitreal injection.

194. The methods of claims 188-193, wherein the rAAV administration to the eye comprises
administration within 4 hours of the administration of radiation dose to eye.

195. The method of claim 194, wherein the rAAV administration to the eye comprises
administration within 4 hours prior to the administration of radiation dose to the eye.

196. The methods of claims 188-193, wherein the rAAV administration to the eye comprises
administration within 1 week following the administration of radiation dose to the eye.

197. The methods of claims 188-193, wherein the rAAV administration to the eye comprises
administration within 30 days following the administration of radiation dose to the eye.

198. The method of any of claims 188-197, wherein the STC-1 polypeptide comprises the
amino acid sequence of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:14, or an
amino acid sequence at least 70% identical thereto.

199. The method of claims 188-197, wherein the nucleic acid encoding STC-1 comprises a
nucleic acid selected from SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:13, or a
nucleic acid sequence at least 70% identical thereto.

200. The method of claims 188-197, wherein the promoter is a constitutively active promoter.
201. The method of claim 200, wherein the constitutively active promoter is a chicken B-actin
promoter.

202. The method of claim 201, wherein the chicken B-actin promoter is derived from a nucleic
acid sequence of SEQ ID NO: 33, 34, or 35, or a nucleic acid sequence at least 70% identical
thereto.

203. The method of claims 188-202, wherein the rAAV is administered three or more times.
204. The method of claims 188-203, wherein the rAAV is administered at least once a week.
205. The method of claims 188-203, wherein the rAAV is administered at least 30 days apart.
206. The method of claims 188-203, wherein the rAAV is administered at least 60 days apart.
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207. The method of claims 188-203, wherein the rAAV is administered at least 90 days apart.
208. The method of claims 188-203, wherein the rAAV is administered at least 180 days apart.
209. The method of claims 188-203, wherein the rAAV is administered at least 1 year apart.
210.  The method of claims 188-203, wherein the rAAV is administered at least 2 years apart.
211. The method of claims 188-210, wherein the rAAV administration results in IOP levels
being lowered by greater than 10%.

212. The method of claim 188-210, wherein the rAAV administration results in 10P levels
being lowered by greater than 20%.

213. The method of claim 188-210, wherein the rAAV administration results in IOP levels
being lowered by greater than 30%.

214. The method of claim 188-210, wherein the rAAV administration results in IOP levels
being lowered by greater than 40%.

215. The method of claims 1-143 and 164-214, wherein the patient is non-responsive to
treatment with a PGF2a analogue.

216. The method of claims 1-143 and 164-215, wherein the patient is non-responsive to
latanoprost.

217. The method of claims 1-143 and 164-216, wherein the patient is a human.
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smCBA-GFP| 170 | 173 | 168 | 17.1 | 167 | 158 | 162 | 16.1 | 163 | 164 | 165 | 158 | 16.7 | 163 | 162 | 16.5 | 16.5

(@=8)

® sSAAV2-
smCBA-STC-1-[ 169 | 149 | 140 | 141 [ 139 | 135 | 137 | 139 | 145 | 148 [ 155 | 158 | 16,1 | 16.0 | 149 | 150 | 14,1
FLAG (n=8)
P-valug|] 0.1 |<0.001]<0.001|<0.001]|<0,001{<0.001{<0.001]|<0,001|<0.001{<0.001] 0.03 1 0.04 | 03 ] 0.02 |<0.001]{<0.001

Percent Decrease| 0.9 136 | 165 | 174 | 169 | 145 | 152 | 136 | 114 | 96 6.1 0 35 1.8 77 87 | 146
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18
17
3 16|
E 15 E
Y
o R
9 13
12
11
10 Ml |
Week|Baseline 1 4 8 14
m sSAAV2-smCBA-GFP| 16.17 | 1588 | 16.69 | 1633 | 16.65
0 sSAAV2-smCBA-STC-1-FLAG| 1585 | 13.75 14.1 13.15 | 14.72
% change| -1.75 | -13.33 | -1547 | -1943 | -11.56
P-value| 04 0.02 |0.0003]0.0003| 0.001
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e [
Demographics ) (n=31) ] Pvalues | P-values* | (N=§7)
(1=40) . Pallor (n=16) .
] [1(%)] ] [N (o]
Age (years)
mngga“(medla”’ 56(%,2897) | 60(642380) | ST@0.2875) | 050 | 013 | 38(6.238)
Race
Caucasian 000 | 300 60 1 6O
Hispanic 0(0) 1) 0(0) ' ' 1(1)
Sex
Male 11(28) 3 (4) 7(4) 3136)
033 099
Female (1) 18(39) 9(36) 56 (64
[nvolved eye
Righ 21(53) 19.61) 7(4) o | oox 464
Lef 19 (4) 12(39) 9(56) | | 4 (46)
Medical History
Didbetes 1) 3(10) () 09 | 031 | 4
Hypertenson B3) 3 (4) 3(19) 03| 09 | 9
Smokinghistory | 11(2%) 1165) 561) im | 0w | 21p)
Ocular history
Ocular
— 0(0) 0(0) 0(0) NA NA 0(0)
Pre-existing
dcoms 0(0) 0(0) 0(0) NA NA 0(0)
FIG. 16
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No Radiation Neuroretinal Rim ol
Clinical Features Papﬂl_opathy Pellor Oy (=31 Thmmng_and P-values | P-values* | (N=87)
(n=40) [ (%)] Pallor (n=16) Nl
) ) °
Snellen visual acuity
20120~ 2040 39 (%8) N 8500 | <000t | 020 | (79
20/50 - 20/150 1(3) 1(23) 7(44) <0001 | 0.8 15(17)
20200 or worse 0(0) 2(6) 16 00 | 0% | 30)
Visual acuity (Snellen -
equ‘;valen‘tl)y 2005 (20020, [20/40 (20630, 2020- 20550 (204, (205,
, 20120-20/30) 201200) 20120-20/200) 20/20-
Mean (median, range) <0000 | 019 )
Visual acuity (LogMAR) | 0.07(0.00,000-| 027(0.18,000- | 0.37(0.33, 0.00- 0.20(0.10,
Mean (median, range) 040) 1.00) 1.00) 0.00-1.00)
FIG. 17A
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No Radiation Neuroretinal Rim ol
Clinical Features Papﬂl_opathy bl Oniy )| - Thmng nd P-values  |P-values* |  (N=87)
(n=40) [n(%)] Pallor (n=16) N
(%] (%) °
Tumor Features
Distance to optic disc (mm) | 7.8(70,10- | . , 56(50,00-
Y 19 38(.0,00-150) | 3835, 00-150)| <0001 | 097 10
Distance to foveola (mm) | 6.8(70,00- | \ 48(3.0,0.0-
Y 50 31(20,00-30) | 32(25,00-150) | <0001 | 036 50
Tumor basal diameter (mm) | 11.8(12.0,7.0- 122(13.0,6.0- 11.6{110,
Mean (median, range) 200) 0110, 20-80) 180) e o 20-200)
Tumor thickness (mm) \ i \ 37(32,09-
Mean nedian, ane) 340320970 37(3.0,11-83) | 45(40,10-117) 0380 0.77 117
Bruch’s membrane rupture 0(0) 2(6) 2(13) 006 | 0.60 4(5)
Sentinel vessels 1(3) 1(3) 1(6) 077 | 099 3(3)
Extraocular extension 0(0) 0(0) 0(0) NA NA 0(0)
Tumor epicenter
Macula 7(18) 18 (38) 7w oo |03 | e
Macula to equator 30(75) 12(39) 8 (50) 000 | 03 | 500
Equator to ora serrata 3(8) 0(0) 0(0) 029 | NA 3(3)
Ciliary body 0(0) 1) 1(6) 029 | 099 2(2)
FIG. 17B

SUBSTITUTE SHEET (RULE 26)




WO 2022/150409 PCT/US2022/011344
3151
No Radiation Neurlore'tinal Rim ol
Clinical Features Papﬂl_opathy Pellor Oy (=31 Thmmng_and P-values | P-values* | (N=87)
(n=40) [n(%)] Pallor (n=16) N
[n ()] [n ()]
Tumor configuration by
ultrasound
Dome 38 99) 27 (87) BE) | o | ooss | w0
Mushroom 0(0) 2(6) 1 (6 030 | 0% | 3p)
Plateau 0(0) 16) 0(0) TRECHED
Bilobed or mulflobed 2() 16) 213 049 | 03t | 5
Subretmal fluid quadrants
Absent 9(2) 1) 1(6) 032 | 065 | 14(16)
I quadrant 28 (10) 20 (69) 9.36) 06 | 0% | 57(66)
2 quadrants 3(8) 6(19) 5(31) 007 | 047 | 14(l6)
3 quadrants 0(0) 1(3) 1(6) 029 | 0% 2(2)
4 quadrants 0(0) 0(0) 0(0) NA NA 0(0)
Subfoveal subretinal fluid by
0CT
Absent 38 99) 20 (69) 609 | g | op 204
Present 269) 11 (%) 10(63) 2 (26)
Orange pigment by
autofluorescence
Absent 1743) 11(35) 5(31) o | 0 33(38)
Present 23(%9) 20(65) 11(69) 54(62)
FIG. 17C
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No Radiation Pallor Ouy Neuroretinal Rim
Treatment Features Papillopathy = (%)] Thinning and Pallor| P-values| P-vatues* | Total (N=87) [N (%)]
(0=40) [n (o) (1F16) [n (%)

Plague shape Round WM | 3L | 16000 | NA | NA 87 (10)
ﬂiqaﬁe(i{:;ﬂnge) 706,142 | 1708,122) | 1808.142) | 06 | 071 | 170181
Radiation features
Prscnplon ose () 80 (85.6096) | T6(65.6045) | 105,608 | 034 | 00 | 78(85. 6040
Mean (median, range)
Pﬁgﬂ“ﬁgﬁﬂ%ﬂgg 5639 | 6649 | 662 [ as | oy | sE
Prespion e (four) OF (94, 9494) | 404, 9490) | HOLOM) | NA | NA | 0h(oh 940y
Mean (median, range)
Tl riondos o umorapes(Cy) | 80235149 (0004 7168 9600,76056) | | BOL3SGY
Memn (median, rngg) [F95E perentle] | [129] | sy | pensp || 74156
Raiiondos e tumoraes (G (104038 062106 099079 12096081 || [10h09806217)
Mean median, rnge)[S™95" prcentl] |.56)[0.19-L37][L79) 0 9-Ls1)| 145) ss-L3g] | | 1079144
M adaondos 0 tmortse Gy) | 1717111 187 (082124 [ 0000 2038 [ 18007, 1984
Mean (median, rnge) [S"95% perentile] | 313)[131200] | 2y 34263 | (waey | | (128264
Raaondosio e o o) G5) | (24676 (10083 D281 1309 ] o T | o609
Mean (median, rngg) [958 perentile] | 1117 | [007] 3] sl 113208
Meanrdaion o oopic i (Gr) | 27,796 655 B [S8EL 206 o T | 5166700
Mean (median, range) [3*-95° percentile] [11-35] [22-137] 23] ' ' [12-136]
Mo nltondose oapcdse (G| 33234129 [ 8561 59| 098 3049) [ T | 66006849
Mean (median, rge) [958 perentl) | [1570] | pel | s ||V (1417
Additional treatment
Transpupillary thermotherapy (TTT) at time 1) 1 85) 50l 05 |05 00
of plaque removal

TTT locaion near e dis 30 5(16) 6 | 032 | 04l 9(10)
Intravitreal anti-VEGF for radiation side (65 08 169 o | o G0
effects

FIG. 18
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No Radiation Neuroretinal Rim Todl
Ol Papﬂl_opathy Pallor Onﬂly (1=31) Thnnung_and Pallor paes | Poaest | (VT
(n=40) [n(%) (1=16) Nl
] 4] °
Followptime om0y 0e o0 | @l | @y | oo |08 |mEne
Mean (median, range) " ’ ) ' ' ’
Emicleation 0(0) 3(10) 0(0) 0.8 031 30)
Snellen visual acuity =40 =28 n=16 N=§4
2020 - 20140 20(30) 0(0) 1(6) <0001 0.34 21 (25)
2050~ 20/150 8(20) 6(1) L(6) 049 | o | o158
201200 or worse 12(30) (M) 14(88) <0001 0.29 #57)
Visual acuity (Snellen ‘ / ‘
equivalent) 202/3/02% %%go’ CF (20400, 20/50-LP) | CF (CF,20440-LP) 20/; 8/(; %)2)00’
Mean (median, rang) <0001 0.57
Visual acuity (LogMAR) 0.67(0.39, 0.00- I e 1.27(1.00,
Mean (nedian, e 310) 1.76.(1.30, 0.40-4.00) | 1.95 (1,63, 0.30-4.00) 400
Tumor Features
Tumor thickness (mm) , / / 13(09,00-
Mean (median, ) 1.3(1.1,0.04.1) 14(09,00-6.4) 1.3(0.9,0.0-4.0) 0.79 0.90 6
Recurrence =40 1=31 n=16 N=87
Recurrence after plaque 0(0) 2(0) 0(0) 0.16 054 2
Radiation Complications
Scleral necrosis 0(0) 0(0) 1(6) 0.18 034 1(1)
Radiation maculopathy 31(78) 30(97) 14 (88) 0.4 0.4 75(86)
Time to radiation
maculopathy (months) 31(29,5-75) 26(24,4-78) 3531, 3-103) 045 029 | 30(26,4-103)
Mean (median, range)
FIG. 19A
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No Radiation Neuroretinal Rim Toad
- Papﬂl_gpathy Pallor On[lly (1=31) Thnnnng_and Pallor Pales | Pst | (8D
(n=40) [n (%) (1=16) N
] 4] "
Nonproliferative radiation , i ,
B 24(60) 29(%) 14 (88) 0.002 0.60 67(77)
Time fo NPR (months) e . N , -
Mean (i, g 3935, 5-100) 26(25,4-78) 3423, 5-103) 030 080 | 32(26,4-103)
Branch retinal vein , N ,
cchsion 1(3) 6(19) 1(H) <0.001 0.10 14(16)
Central retinal vein
eclision 0(0) 103) 0(0) 0.54 099 1{1)
Proliferative radiation o / .
—— 0(0) 4(13) 1(6) 0.04 0.63 5(6)
Time to PR (months)
. NA 62 (65,40-78 3131, 31431 NA NA | 36(61,31-78
Mean (median, range) 3,401 013K LI
[ris novascularization 0(0) 103) 0(0) 0.54 099 1{1)
Neovascular glaucoma 0(0) 0(0) 0(0) NA NA 0(0)
Neovascularization of the ‘
disc (VD) 0(0) 103) 1(6) 029 099 2()
Neovascularization )
deslere (VB 0(0) 3(10) 1(6) 009 099 4(3)
Radiation papillopathy 0(0) 31(100) 16(100) <0001 NA 47(34)
Time to radiation papillopathy
(months) NA 27(23,4-54) 29(20,5-82) NA 076 | 27(22,4-80)
Mean (median, range)
Systemic Outcomes
Metastasis 3(8) 2(6) 2(13) 040 0.60 1(8)
Death 0(0) 0(0) 0(0) NA NA 0(0)
FIG. 19B
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Optic Disc Features p_p ) (n=31) g_ P-values | P-values* | (N=87)
= e | N
(%) ° (4] "

Before plaque =4 1=31 1=16 N=§7
[OP (mm Hg) ,
\ea e, [4015,720) | 16(16,1005) | 16(15,135) | 012 | 077 |15(15,79)
D 02(02,0005[02(02,00-05) 03(03,01-05) | 017 | 017 0'2(8?;0'0'
— _
ferorom (oot A5 | 30 0 1459 | swnaesty | ssgeadg | os | o | M
5i2¢) 54)

—— -
e (oct 68 | o700 | e | umna | ow | om TP
size) 1)
Drance heme 0(0) 0(0) 0(0) NA NA 0(0)
Disc edema 0(0) 0(0) 0(0) NA | NA 0(0)
Pallor**

None 000y | 31(100) 16(100) NA | NA | 87(100)
I+ 0(0) 0(0) 0(0) 0(0)
2 0(0) 0(0) 0(0) 0(0)
3 0(0) 0(0) 0(0) 0(0)
i 0(0) 0(0) 0(0) 0(0)
NVD 0(0) 0(0) 0(0) NAO[ A ] o)
[OP-lowering therapy 0(0) 0(0) 0(0) NA NA 0(0)

FIG. 204
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Optic Disc Features p_p ' (1=31) g_ P-valugs | Pvalues* | (N=87)
O ey | T NG
4] " 4] °
6 months after plaque =39 =23 =14 N=T8
0P Fg) BO32) | 34724 | 404118 | 060 | 03 (1304724
Mean (median, range) ’ . ’ | ’ ’
W) 02(02,0005){02(02,0005) 03(03,0105) | o1 | ou 0‘2(8?;0‘0'
—— :
nferornm (oot dse | sy | wgoassy | ey | ow | ooss | D05
size) 51)
C ‘ (2
wperarin (oot 65 | o0 onn | o1 | weoisag | oo | om | PO
size) 5)
Drance heme 1(5) 0(0) 0(0) 099 | NA 1(1)
Disc edema 0(0) 1(4) 0(0) 050 | 099 1{1)
Pallor**
Nore W) | 0 11(19) Wl |06 | RO
I+ 0(0) 3(1) 2(14) 56
2 0 ) 0/() 1) 1)
3 00 0/ 0/) 0(0)
# 0(0) 0/() 0 () ()
NVD 0(0) 0(0) /() NA | NA |0
[OP-lowering therapy 0(0) 0(0) 0(0) NA | NA 0(0)
FIG. 208
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Optic Disc Features p_p ) (n=31) g_ P-values | P-values* | (N=87)
e pey | MY N
4] ° (4] "
12 months after plaque 1=36 1=20 =12 N=T75
0P g (03,62 | 404918) | 17051233 | 018 | 021 |14(14.63)
Mean (median, range) b ’ ’ ' ' o
W) 02(02,0005[02(03,0005)| 03030105 | 089 | 012 0'2(8;0'0'
—— _
feroram (oot dSe | sy | ey | s | ow | om | PO
5i2¢) 53)
—— :
per i (oot | o6 o (st | sy | o | oss |CEAT
size) 5)
Drance heme 0(0) 0(0) 1(8) 016 | 032 1(1)
Disc edema 0(0) 2(8) 1(§) 017 | 099 3(4)
Pallor**
Nore 6000 | 18(69) o) | <amt | 09 | 64
I+ 0/0) 5(19 1) 6()
2 () 3(12) 1) 46)
3 0(0) 0/() 1) 1)
# () () 0 ) 0(0)
NVD () 0(0) () NA | A | 00)
[OP-lowering therapy 0(0) 0(0) 1(8) 016 | 032 1(1)
FIG. 200
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bty | P | i T
Optic Disc Features p_p 4 (1=31) g_ P-valugs | Pvalues* | (N=87)
0 ey | N
4] " 4] °
24 months after plaque 11=32 1=26 =12 N=10
0P (um g 15(15.991) | 150151022 | 16(16,1320) | 053 | 025 15159
Mean (median, range) ’ ’ - - | ’
0303, 00
W) V202,0009 02020005) 04040148) | 0H5 | ot |
—— :
nferornm (oot dse | 4o oy | wgsassn | st | am | oons | O P
size) 52)
o :
;‘;E;“Ofﬂm(“fd““ 6E717-53) [ 3807205 | 4@e 137 | 00w | 000 34(%12
Drance heme 0(0) 2(8) 2(17) 005 | 056 4(6)
Disc edema () 5 (19 217) 02 | 0% | 71
Pallor**
Nore R0 | 10 68| <amt | om |
I+ 0(0) 1) 2(17) 9(13)
2 0(0) 29 1) 34
3 00 1) 2(17) 34
# 0(0) 3(1) 0 () 34
NVD 0(0) 0(0) () NA | A | 0()
[OP-lowering therapy 0(0) 0(0) 2(17) 003 | 009 2(3)
FIG. 20D
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Optic Disc Features p_p 4 (1=31) g_ P-valugs | Pvalues* | (N=87)
O ey | T NG
4] " 4] °
36 months after plaque 11=33 1=27 =12 N=74
0P (um g (31020 | 403,920 | 1506419 | 019 | 012 |14(14 42])
Mean (median, range) ’ ’ ’ | | ’
0303, 00
W) D202,000902030005) 05050148 | aat | i |
——
nferornm (oot dse |30 0 sy | snanss | sy | amn | <o | S0P
size) 5)
o -
;‘;E;“Ofﬂm(“fd““ W6(7.2154) [ 37061657 | (@2, 135 | <0001 | <000l 34(2%1’
Drance heme 0(0) 1(27) 2(17) 0002 | 069 | 9(12)
Disc edema () 5(2) 0() WM | 05 | 60
Pallor**
Nore 000 | 706 sy | <t | ok | 4706
I+ 0(0) 14(32) 1) 15 20)
2 0(0) 20 3(25) (1)
3 () 0/ 3(25) 34
# 0(0) 4(15) 0 () 465
NVD 0(0) 1) 1) 04 | 0% | 20
[OP-lowering therapy 0(0) 1) 1(8) 014 | 099 2(3)
FIG. 20F
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Optic Disc Features p_p 4 (1=31) g_ P-valugs | Pvalues* | (N=87)
O ey | T NG

4] " 4] °

60 months after plaque 1=26 =18 =14 N=58
0P Fg) 105, 1021) | 1505,1000) | 155,920 | 07 | 0% [15015,91)

Mean (median, range) ’ ’ ’ | | ’
0303, 00

W) D202,000903030005) 06070348 | 4t | i |
— ,
nferornm (oot dse o 0 sty | e8| e | <o | <o | P
size) 54)
o -
;‘;E;“Ofﬂm(“fd““ 09,145 | 504165 | 007,13 | <000 | <0001 32(3%1’

J

Drance heme 1(4) 4(2) 3(20) 012 | 09 8(9)
Disc edema 0(0) 0(0) 0(0) NA | NA 0(0)

Pallor**
Nore 26 (100 0.0 W) | <t | o | w60
I+ 0(0) 1(9) (1) 10(17
2 0 ) 5 (08 (1) (0
3 00 6(33) 4(9) 10(17
# 0(0) 0/() 1) 1)
NVD 0(0) 0(0) /() NA | A | 0()
[OP-lowering therapy 0(0) 1(6) 1) 030 | 099 2(3)
FIG, 20F
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bty | P | i T

Optic Disc Features p_p ' (1=31) g_ P-valugs | Pvalues* | (N=87)
0 ey | N

4] " 4] °

120 months after plaque 1= 1= =] =13
[OP (mm T , s
el gy | 1041 | WOAIRO) | IS W03 | T
05(04,03-

W) DAOLOEYA040305) 05040408 | N |0 T
— :
feornm (oot dse iy | s ey | wenisw | w | o | BEB
size) 39)
f f 0 f o] ’3_
Supercrim (oot | o ooy (s sy | @y | v | o | PEF
size) 30)
Drance heme 0(0) 0(0) 1(14) 099 | 09 1(8)
Disc edema 0(0) 0(0) 0(0) NA | NA 0(0)
Pallor**
Nore 1(100) 0.0 0 ) 08 | NA | O1E)
I+ () 2(40) 4(57) 6 (46)
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Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed:

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

E] on paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ser. 1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:
in the form of an Annex C/ST.25 text file (Rule 13¢ter 1(a)).

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

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

3. Additional comments:
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. I:l Claims Nos.:

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

2. I:l Claims Nos.:

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

3. Claims Nos.: 3-13, 23-46, 57-58, 77-95, 109-143, 150-151, 157-159, 161-163, 166-187, 190-217
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

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

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

continued on supplemental sheet

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

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

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

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
1-2, 14-15, 96, 99, 101-102, (104) (in part), 144-145, 152, 160 and 164-165, limited to SEQ ID NOs: 1, 2, 30 and 51

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

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

I—__] No protest accompanied the payment of additional search fees.
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Box Ill: Observations where unity of invention is lacking:

Group I+: Claims 1-2, 14-22, 47-56, 59-76, 96-108, 144-148, 152-156, 160, 164-165 directed to a method of treatment for reducing
intraocular pressure (IOP) in an eye comprising administering to the patient's eye a recombinant adeno-associated virus (rAAV)
comprising a AAV capsid and a nucleic acid encoding a stanniocalcin-1 (STC-1) polypeptide operably linked to a promoter. The method
will be searched to the extent wherein the method administering is to the anterior chamber of the patient's eye, wherein the rAAV is
administered intracamerally, wherein the STC-1 polypeptide comprises the amino acid sequence of SEQ 1D NO:2, wherein the nucleic
acid encoding STC-1 comprises SEQ ID NO:1, wherein the nucleic acid is selected from SEQ ID NO:51 wherein the amino acid tag is a
FLAG tag selected from the amino acid sequence of SEQ ID NO:30. Itis believed that claims 1-2, 14-15, 96, 99, 101-102, (104) (in
part), 144-145, 152, 160 and 164-165 encompass this first named invention, and thus these claims will be searched without fee to the
extent wherein the method administering is to the anterior chamber of the patient's eye, wherein the rAAV is administered
intracamerally, wherein the STC-1 polypeptide comprises the amino acid sequence of SEQ ID NO:2, wherein the nucleic acid encoding
STC-1 comprises SEQ ID NO:1, wherein the nucleic acid is selected from SEQ ID NO:51 wherein the amino acid tag is a FLAG tag
selected from the amino acid sequence of SEQ ID NO:30. Additional methods will be searched upon the payment of additional fees.
Applicants must specify the claims that encompass any additionally elected methods. Applicants must further indicate, if applicable, the
claims which encompass the first named invention, if different than what was indicated above for this group. Failure to clearly identify
how any paid additional invention fees are to be applied to the “+" group(s) will result in only the first claimed invention to be searched.
An exemplary election would be wherein the method administering is to the subconjunctival space of the eye, wherein the rAAV is
administered subconjunctivally, wherein the STC-1 polypeptide comprises the amino acid sequence of SEQ ID NO:4, wherein the
nucleic acid encoding STC-1 comprises SEQ ID NO:3, wherein the nucleic acid is selected from SEQ ID NO:53 wherein the amino acid
tag is a FLAG tag selected from the amino acid sequence of SEQ ID NO:31, wherein the promoter is a constitutively active promoter, a
chicken beta-actin promoter with nucleic acid sequence of SEQ D NO: 33 (claims 47, 50-51, 61-62, 68-69, 76, 96, 98, 103, (105) (in
part), 144, 146, 153, 160, 164-166).

Group |I: Claims 188-189 directed to a method for preventing radiation papillopathy in an eye of a patient undergoing a radiation
treatment for an ocular tumor comprising administering a rAAV comprising an AAV capsid and a nucleic acid encoding a STC-1
polypeptide operably linked to a promoter.

The inventions listed as Groups 1+ and Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

Group I+ requires treatment for reducing intraocular pressure (IOP) in an eye, not required by Group .

Group |l requires a method for preventing radiation papillopathy, not required by Group 1+.

Common Technical Features

The features shared by the inventions listed as Group I+ and !l are a recombinant adeno-associated virus (rAAV) comprising a AAV
capsid and a nucleic acid encoding a stanniocalcin-1 (STC-1) polypeptide operably linked to a promoter.

However, these shared technical features do not represent a contribution over prior art, because the shared technical features are
taught by US 2013/0143814 A1 to Rosa et al. (hereinafter '‘Rosa’).

Rosa teaches a recombinant adeno-associated virus (rAAV) comprising a AAV capsid and a nucleic acid encoding a stanniocalcin-1
(STC-1) polypeptide operably linked to a promoter (claim 1- " effective amount of a composition that comprises an isolated polypeptide
comprising a domain comprising a stanniocalcin family member polypeptide, wherein the stanniocalcin family member polypeptide is a
STC-1 polypeptide"; para [0139}- "One method for delivery of the recombinant DNA involves the use of an adenovirus expression
vector... The vector comprises a genetically engineered form of adenovirus").

. The features shared by the inventions listed as Group I+ are a method of treatment for reducing intraocular pressure (IOP) in an eye
comprising administering to the patient's eye a recombinant adeno-associated virus (rAAV) comprising a AAV capsid and a nucleic acid
encoding a stanniocalcin-1 (STC-1) polypeptide operably linked to a promoter.

However, these shared technical features do not represent a contribution over prior art, because the shared technical features are
taught by Rosa in view of US 2004/0198658 A1 to Olsen et al. (hereinafter 'Olsen’).

continued on next sheet
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Rosa discloses (instant claim 1) a method of treatment for reducing intraocular pressure (IOP) in an eye of a patient in need thereof
(claim 10; claim 14- "wherein the eye disease is a retinal disease or an eye disease which comprises elevated intraocular pressure”),
wherein the method comprises: administering to the anterior chamber of the patient's eye a therapeutically effective amount of a
recombinant adeno-associated virus (rAAV) comprising a AAV capsid and a nucleic acid encoding a stanniocalcin-1 (STC-1) polypeptide
operably linked to a promoter (claim 1- " effective amount of a composition that comprises an isolated polypeptide comprising a domain
comprising a stanniocalcin family member polypeptide, wherein the stanniocalcin family member polypeptide is a STC-1 polypeptide”;
para [0139]- "One method for delivery of the recombinant DNA involves the use of an adenovirus expression vector... The vector
comprises a genetically engineered form of adenovirus”; para [0021]- "polynucleotide is comprised in an expression cassette wherein
the polynucleotide is operatively coupled to a promoter that facilitates expression of the polypeptide in a target cell"; para [0043]-
"demonstrating that intracameral injection of TSG-6 (2 ug) decreased corneal opacity and neovascularization in cornea after injury").

Rosa discloses (instant claim 2) the method of claim 1, wherein the rAAV is administered intracamerally (para [0043])- "demonstrating
that intracameral injection of TSG-6 (2 ug) decreased corneal opacity and neovascularization in cornea after injury"”).

Rosa discloses (instant claim 47) a method of treatment for reducing intraocular pressure (IOP) in an eye of a patient in need thereof
(claim 10, claim 14- "wherein the eye disease is a retinal disease or an eye disease which comprises elevated intraocular pressure"),
wherein the method comprises: administering to the eye of the patient a therapeutically effective amount of a recombinant adeno-
associated virus (rAAV) comprising a AAV capsid and a nucleic acid encoding a stanniocalcin-1 (STC-1) polypeptide operably linked to
a promoter, wherein the rAAV is administered into the subconjunctival space of the eye (claim 1- " effective amount of a composition that
comprises an isolated polypeptide comprising a domain comprising a stanniocalcin family member polypeptide, wherein the
stanniocalcin family member polypeptide is a STC-1 polypeptide"; para [0139]- "One method for delivery of the recombinant DNA
involves the use of an adenovirus expression vector... The vector comprises a genetically engineered form of adenovirus"; para [0021]-
"polynucleotide is comprised in an expression cassette wherein the polynucleotide is operatively coupled to a promoter that facilitates
expression of the polypeptide in a target cell”; para [0023]- "subconjunctival delivery of the stanniocalcin family member polypeptide”).

Rosa discloses (claim 96) a method of treatment for reducing intraocular pressure (IOP) in an eye of a patient in need thereof (claim 10;
claim 14- "wherein the eye disease is a retinal disease or an eye disease which comprises elevated intraocular pressure”), wherein the
method comprises: administering to the eye of a patient a therapeutically effective amount of a rAAV comprising an AAV capsid and a
nucleic acid encoding a STC-1 polypeptide operably linked to a promoter, wherein the rAAV is administered to the eye two or more
times (claim 1- " effective amount of a composition that comprises an isolated polypeptide comprising a domain comprising a
stanniocalcin family member polypeptide, wherein the stanniocalcin family member polypeptide is a STC-1 polypeptide"; para [0139]-
"One method for delivery of the recombinant DNA involves the use of an adenovirus expression vector... The vector comprises a
genetically engineered form of adenovirus"; para [0021]- “polynucleotide is comprised in an expression cassette wherein the
polynucleotide is operatively coupled to a promoter that facilitates expression of the polypeptide in a target cell"; para [0213)- " are
delivered to the surface of the eye one to four times per day according to the routine discretion of a skilled clinician").

Rosa discloses (instant claim 101), a method of treatment for reducing intraccular pressure (IOP) in an eye of a patient in need thereof
(claim 10; claim 14- "wherein the eye disease is a retinal disease or an eye disease which comprises elevated intraocular pressure"),
wherein the method comprises: administering to the anterior chamber of the patient's eye a therapeutically effective amount of a rAAV
comprising an AAV capsid and nucleic acid encoding a STC-1 polypeptide operably linked to a promoter, wherein the rAAV is
administered to the anterior chamber of the eye 2 or more times (claim 1- * effective amount of a composition that comprises an isolated
polypeptide comprising 2 domain comprising a stanniocalcin family member polypeptide, wherein the stanniocalcin family member
polypeptide is a STC-1 polypeptide"; para [0139]- "One method for delivery of the recombinant DNA involves the use of an adenovirus
expression vector... The vector comprises a genetically engineered form of adenovirus"; para {0043]- "demonstrating that intracameral
injection of TSG-6 (2 ug) decreased corneal opacity and neovascularization in cornea after injury”; para [0021]- "polynucleotide is
comprised in an expression cassette wherein the polynucleotide is operatively coupled to a promoter that facilitates expression of the
polypeptide in a target cell"; para [0213]- " are delivered to the surface of the eye one to four times per day according to the routine
discretion of a skilled clinician”).

Rosa discloses (instant claim 103) a method of treatment for reducing intraocular pressure (IOP) in an eye of a patient in need thereof
(claim 10; claim 14- "wherein the eye disease is a retinal disease or an eye disease which comprises elevated intraocular pressure"),
wherein the method comprises: administering to the subconjunctival space of the patient's eye a therapeutically effective amount of a
rAAV comprising a nucleic acid encoding a STC-1 polypeptide operably linked to a promoter, wherein the rAAV is administered to the
eye two or more times (claim 1- " effective amount of a composition that comprises an isolated polypeptide comprising a domain
comprising a stanniocalcin family member polypeptide, wherein the stanniocalcin family member polypeptide is a STC-1 polypeptide”;
para [0139]- "One method for delivery of the recombinant DNA involves the use of an adenovirus expression vector... The vector
comprises a genetically engineered form of adenovirus"; para [0023])- "subconjunctival delivery of the stanniocalcin family member
polypeptide"; para [0021]- "polynucleotide is comprised in an expression cassette wherein the polynucleotide is operatively coupled to a
promoter that facilitates expression of the polypeptide in a target cell"; para [0213])- " are delivered to the surface of the eye one to four
times per day according to the routine discretion of a skilled clinician").

continued on next sheet
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Rosa discloses (instant claim 144) an rAAV for use in a treatment for reducing IOP an eye of a patient, the rAAV comprising a AAV2
capsid and a nucleic acid encoding a STC-1 polypeptide operably linked to a promoter sequence (claim 10; claim 14- "wherein the eye
disease is a retinal disease or an eye disease which comprises elevated intraocular pressure"; claim 1- " effective amount of a
composition that comprises an isolated polypeptide comprising a domain comprising a stanniocalcin family member polypeptide,
wherein the stanniocalcin family member polypeptide is a STC-1 polypeptide”; para [0139]- "One method for delivery of the recombinant
DNA involves the use of an adenovirus expression vector... The vector comprises a genetically engineered form of adenovirus"; para
[0023}- "subconjunctival delivery of the stanniocalcin family member polypeptide”; para [0021]- "polynucleotide is comprised in an
expression cassette wherein the polynucleotide is operatively coupled to a promoter that facilitates expressmn of the polypeptide in a
target cell"), but does not teach constitutively active promoter.

However, Rosa teaches that discloses STC-1 is coupled to a promoter (para [0021]).

Olsen teaches an expression vector comprising STC-1 coupled to constitutive promoter (para [0472]- "Expression of the sequence
encoding stanniocalcin, or fragments thereof, can be by any promoter known in the art to act in vertebrate, preferably human cells. Such
promoters can be inducible or constitutive"). Therefore, it would have been obvious to one of ordinary skill in the art, to have combined
the teachings of Rosa with Olsen and optimized the promoter to be constitutive, to achieve a desired expression, using routine
experimentation.

Rosa discloses (instant claim 164) a method for treating an eye of a patient, wherein the method comprises: administering to the
patient's eye a therapeutically effective amount of a rAAV comprising an AAV capsid and a nucleic acid encoding a STC-1 polypeptide
operably linked to a promoter, wherein the rAAV is administered to the eye (claim 10; claim 14; claim 1- " effective amount of a
composition that comprises an isolated polypeptide comprising a domain comprising a stanniocalcin family member polypeptide,
wherein the stanniocalcin family member polypeptide is a STC-1 polypeptide"; para [0139]- "One method for delivery of the recombinant
DNA involves the use of an adenovirus expression vector... The vector comprises a genetically engineered form of adenovirus”; para
[0023]- "subconjunctival delivery of the stanniocalcin family member polypeptide”; para {0021]- "polynucleotide is comprised in an
expression cassette wherein the polynucleotide is operatively coupled to a promoter that facilitates expression of the polypeptide in a
target cell”; para [0213)- " are delivered to the surface of the eye one to four times per day according to the routine discretion of a skilled
clinician®), but does not teach treating normal-tension glaucoma.

However, Rosa teaches that the disclosed method can be used for treating eye disorder including glaucoma (para [0422)- "Ocular
disorders associated with neovascularization which can be treated with the stanniocalcin polynucleotides and polypeptides of the
present invention (including stanniocalcin agonists and/or antagonists) include, but are not limited to: neovascular glaucoma").
Therefore, it would have been obvious to one of ordinary skill in the art, to have used the teachings of Rosa and optimized the method to
treat normal-tension glaucoma, using routine experimentation.

Rosa discloses (instant claim 165) a method for treating an eye of a patient, wherein the method comprises: administering to the
patient’s eye a therapeutically effective amount of a rAAV comprising a AAV capsid and a nucleic acid encoding a STC-1 polypeptide
operably linked to a promoter, wherein the rAAV2 is administered to the eye two or more times (claim 1- * effective amount of a
composition that comprises an isolated polypeptide comprising a domain comprising a stanniocalcin family member polypeptide,
wherein the stanniocalcin family member polypeptide is a STC-1 polypeptide"; para [0139]- "One method for delivery of the recombinant
DNA involves the use of an adenovirus expression vector... The vector comprises a genetically engineered form of adenovirus"; para
[0023]- "subconjunctival delivery of the stanniocalcin family member polypeptide"; para [0021]- "polynucleotide is comprised in an
expression cassette wherein the polynucleotide is operatively coupled to a promoter that facilitates expression of the polypeptide in a
target cell”; para [0213]- " are delivered to the surface of the eye one to four times per day according to the routine discretion of a skilled
clinician”), but does nat teach treating normal-tension glaucoma.

However, Rosa teaches that the disclosed method can be used for treating eye disorder including glaucoma (para [0422]- "Ocular
disorders associated with neovascularization which can be treated with the stanniocalcin polynucleotides and polypeptides of the
present invention (including stanniocalcin agonists and/or antagonists) include, but are not limited to: neovascular glaucoma").
Therefore, it would have been obvious to one of ordinary skill in the art, to have used the teachings of Rosa and optimized the method to
treat normal-tension glaucoma, using routine experimentation.

As the technical features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Groups I+ and |l therefore lack unity of invention under PCT Rule 13 because they do not share a same or corresponding special
technical feature.

Note:
As recited, Claim 15 is self-dependent. For the purposes of this search and wntten opinion, claim 15 is considered to be dependent on

claim 14.

As recited Claim 173 depends on claims 164-162. For the purposes of this search and written opinion, claim 173 is considered to be
dependent on claim 164-172.

ltem 4 (continued)
Claims 3-13, 23-46, 57-58, 77-95, 109-143, 150-151, 157-159, 161-163, 166-187, 190-217 are dependent claims and are not drafted in
accordance with the second and third sentences of Rule 6.4(a).

Form PCT/ISA/210 (extra sheet) (July 2019)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - description
	Page 105 - description
	Page 106 - description
	Page 107 - description
	Page 108 - description
	Page 109 - description
	Page 110 - description
	Page 111 - description
	Page 112 - description
	Page 113 - description
	Page 114 - description
	Page 115 - claims
	Page 116 - claims
	Page 117 - claims
	Page 118 - claims
	Page 119 - claims
	Page 120 - claims
	Page 121 - claims
	Page 122 - claims
	Page 123 - claims
	Page 124 - claims
	Page 125 - claims
	Page 126 - claims
	Page 127 - claims
	Page 128 - claims
	Page 129 - claims
	Page 130 - claims
	Page 131 - claims
	Page 132 - drawings
	Page 133 - drawings
	Page 134 - drawings
	Page 135 - drawings
	Page 136 - drawings
	Page 137 - drawings
	Page 138 - drawings
	Page 139 - drawings
	Page 140 - drawings
	Page 141 - drawings
	Page 142 - drawings
	Page 143 - drawings
	Page 144 - drawings
	Page 145 - drawings
	Page 146 - drawings
	Page 147 - drawings
	Page 148 - drawings
	Page 149 - drawings
	Page 150 - drawings
	Page 151 - drawings
	Page 152 - drawings
	Page 153 - drawings
	Page 154 - drawings
	Page 155 - drawings
	Page 156 - drawings
	Page 157 - drawings
	Page 158 - drawings
	Page 159 - drawings
	Page 160 - drawings
	Page 161 - drawings
	Page 162 - drawings
	Page 163 - drawings
	Page 164 - drawings
	Page 165 - drawings
	Page 166 - drawings
	Page 167 - drawings
	Page 168 - drawings
	Page 169 - drawings
	Page 170 - drawings
	Page 171 - drawings
	Page 172 - drawings
	Page 173 - drawings
	Page 174 - drawings
	Page 175 - drawings
	Page 176 - drawings
	Page 177 - drawings
	Page 178 - drawings
	Page 179 - drawings
	Page 180 - drawings
	Page 181 - drawings
	Page 182 - drawings
	Page 183 - wo-search-report
	Page 184 - wo-search-report
	Page 185 - wo-search-report
	Page 186 - wo-search-report
	Page 187 - wo-search-report
	Page 188 - wo-search-report

