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Self-complementary AAV vectors carrying dominant negative RhoA and

methods of use to treat ocular diseases

Statement of Priority
[0001] This application claims the benefit of United States Provisional Patent
Application Serial No. 63/407,150, filed September 15, 2022; United States Provisional
Patent Application Serial No. 63/414,996, filed October 11, 2022; and United States
Provisional Patent Application Serial No. 63/426,725, filed November 19, 2022; the

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

Statement Regarding Electronic Filing of a Sequence Listing
[0002] A Sequence Listing in XML format, entitled 1635-2 ST26.xml, 16,536 bytes
in size, generated on September 13, 2023 and filed herewith, is hereby incorporated by

reference in its entirety for its disclosures.

Field of the invention
[0003] Provided herein are recombinant self-complementary adeno-associated virus
(scAAV) nucleic acid vectors that comprise a ubiquitous eukaryotic promoter, such as
elongation factor 1a (EFla), chicken beta-actin (CBA), and hybrid chicken beta-actin
(CBh), followed by a dominant negative RhoA. Also provided herein are methods of
use of said vectors, including intraocular injections (e.g., intracameral injections) to
reduce intra-ocular pressure (IOP). Also provided herein are plasmids, recombinant
scAAV particles, compositions, formulations, and other methods of use related to such

vectors.

Background of the invention
[0004] Advances in research and development for gene therapy for eye diseases is
leading the trend to bring hope for a cure to more patient groups soon. Traditional gene
therapies focus on inherited eye diseases such as retinitis pigmentosa, chloridemia,
Leber hereditary optic neuropathy, Leber congenital amaurosis (LCA), color blindness,
and X-rays Linked Retinitis Pigmentosa (XLRS), among others. New generations of
gene therapies target indications of chronic disease such as wet age-related macular

degeneration (AMD), diabetic retinopathy, and other chronic retinal conditions.
1
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[0005] Glaucoma is one of the leading causes of blindness in people over the age of 60
and the second leading cause of blindness in the world. In the United States, the
prevalence for glaucoma is about 19 out of 1,000 people. This translates to about 22
out of every 1,000 females and 16 out of every 1,000 males (National Eye

Institute. Glaucoma tables). The trabecular meshwork (TM) provides the resistance to

aqueous humor flow that is needed to maintain a physiological intraocular pressure
(IOP). TM dysfunction results in elevated IOP (e.g., ocular hypertension), which is the
major risk factor for the development of glaucoma.

[0006] Currently, the available treatments in clinics are daily eye drops and surgery to
lower IOP. There are several types of eye drops used to treat glaucoma, and they work
by different mechanisms to lower IOP. Common eye drops include prostaglandin
analogs, beta-blockers, alpha-agonists, carbonic anhydrase inhibitors and rho kinase
inhibitors. Most glaucoma patients are elderly individuals who often require additional
medications for other diseases, thus compliance of these patients for daily eye drop use
is poor.

[0007] When eye drop medications cannot lower IOP enough or cause significant side
effects, surgery becomes an option. Laser trabeculoplasty is one of the most common
surgeries used to treat open-angle glaucoma by helping to improve the outflow of
aqueous humor. Although the laser surgery has a very good safety profile, there are still
some drawbacks and limitations to be aware of, such as limited duration of effects,
variable responses, need for continued monitoring and temporary IOP spike. If the
patient’s IOP is not controlled with topical eye drops or laser trabeculoplasty,
Microinvasive Glaucoma Surgery (MIGS) is suggested. MIGS offers IOP lowering by
creating a bypass to normal aqueous outflow mechanisms. Bypass can be achieved by
placing a trabecular meshwork bypass stent or goniotomy (or trabeculotomy) that
improves aqueous outflow into Schlemm’s canal. The risks of these surgeries include
variations in efficacy, needs for repeated procedures and long-term durability.
Considering the drawbacks and limitation of current treatments, development of a gene
therapy regimen to reduce IOP which would allow infrequent (or sole) administrations
could bring great benefits to glaucoma patients.

[0008] RhoA is a GTP-binding protein known to play a role in cell contractility. RhoA
cycles between an active and inactive form, and the cycling between the two

conformations activates Rho-associated kinase (ROCK). The relevance of the RhoA
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pathway in modulating outflow facility was first reported as RhoA mediating cell
contraction in the TM. A study showed that the target of a smooth muscle cell
contraction inhibitor (Y-27632) was a ROCK inhibitor, and that this inhibitor reduced
cell contraction by decreasing calcium sensitivity in the vascular system. These
findings, together with the well-stablished role of TM cell contraction in aqueous
outflow facility, triggered a myriad of studies which demonstrated that Y-27632 was
also influencing IOP. Since then, ROCK inhibitors have been successfully developed
as new drugs for glaucoma treatment. However, the fast metabolism of chemical ROCK
inhibitors leads to inconveniently frequent doses to achieve a reduction of IOP. To fill
the unmet medical need to treat glaucoma, it is thus desirable to develop novel therapies
specifically targeting TM tissues and, more specifically, the RhoA pathway to benefit
the aged population.

Summary of the Invention

[0009] The present invention is based on the finding that gene therapies using
dominant negative mutation of RhoA (dnRhoA) can lower IOP in glaucoma patients
by inhibiting ROCK signaling. Universal expression promoters can be used to drive the
expression of the mutated dnRhoA. The present invention further relates to the
surprising enhancement of dnRhoA expression when shorter eukaryotic promoters are
used. Several AAV capsids, including mutated AAV2, can also be used to package the
viral vectors as described.

[0010] Thus, one aspect of the invention relates to recombinant self-complementary
adeno-associated virus (scAAV) particles comprising a viral capsid protein and a
scAAV nucleic acid vector that comprises a eukaryotic promoter and dominant
negative RhoA. In some embodiments, the dominant negative RhoA comprises at least
one amino acid mutation (e.g., TI9N). In some embodiments, the ubiquitous promotor
comprises truncated EFla, CBA, CBh, or other short eukaryotic promoter.

[0011] In some embodiments, the recombinant scAAV particles use capsids from
different viral serotypes. In some embodiments, the viral capsid comprises one or
more amino acid mutation, e.g., capsid with amino acid substitution at one or more
positions at Y444F, YS00F, and/or Y730F, numbered according to VP1 of AAV2
(SEQ ID NO:5). In some embodiments, the one or more amino acid mutations in the

viral capsid reduce the immunogenicity, increase the expression of the dominant
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negative RhoA transgene, and/or increase the duration of expression of the dominant
negative RhoA transgene.

[0012] Also provided herein are methods of reducing the IOP in a subject in need
thereof, the method comprising administering a therapeutically effective amount of
a recombinant scAAV particle as described herein. In some embodiments, the
recombinant scAAV particles can be administered by intraocular injection,
optionally wherein the injection is into the anterior chamber of the eye (e.g., to the
trabecular meshwork tissue and/or the cornea) and/or into the posterior chamber of
the eye (e.g., to the retinal cells, including retinal ganglion cells (RGC) and/or retinal
pigmented epithelial cells (RPE)) and/or into the iris.

[0013] Another aspect of the invention relates to methods of treating and/or
preventing an ocular disease in a subject in need thereof, the method comprising
administering a therapeutically effective amount of a recombinant scAAV particle
as described herein.

[0014] A further aspect of the invention is the use of a recombinant sSCAAV particle
as described herein for reducing the IOP in a subject in need thereof or methods of
treating and/or preventing an ocular disease in a subject in need thereof.

[0015] An additional aspect of the invention is the use of a recombinant scAAV
particle as described herein in the manufacture of a medicament for reducing the IOP
in a subject in need thereof or methods of treating and/or preventing an ocular disease
in a subject in need thereof.

[0016] These and other aspects of the invention are set forth in more detail in the

description of the invention below.

Brief description of the drawings

[0017] FIG. 1 is an image showing the schematics of the expression cassettes used in
the plasmids.

[0018] FIG. 2 is a series of fluorescent microscopy images and associated flow
cytometry measurement graphs showing the expression of eGFP from different
promoters at 72 hours post transfection in pooled human trabecular meshwork (HTM)
cells.

[0019] FIG. 3 is a series of fluorescent microscopy images and associated flow

cytometry measurement graphs showing the expression of eGFP from different
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promoters at 72 hours post-transduction (multiplicity of infection 10,000) on pooled
HTM cells.

[0020] FIG. 4 is a graph showing the quantification of GFP positive cells by flow
cytometry after plasmid transfection or viral infection.

[0021] FIG. 5 is an image of a Southern blot showing the restriction digestion of the
plasmids containing the dnRhoA gene with a Pvull-HF restriction enzyme, viewed on
a 1% agarose gel; lane 1 is a 1 kilobase (kb) ladder (Invitrogen), lane 2 is the digest of
pGVB-2001-015, and lane 3 is the digest of pGVB-2001-016.

[0022] FIG. 6 is an image of a Southern blot showing the restriction digestion of the
plasmids containing the dnRhoA gene with a Smal restriction enzyme, viewed on a 1%
agarose gel; lane 1 is a 1 kb ladder (Invitrogen), lane 2 is the digest of pGVB-2001-
015, and lane 3 is the digest of pGVB-2001-016.

[0023] FIG. 7 is a graph showing the ROCK activity in HTM cells after treatment with
three different ROCK activators: Sphingosine-1 phosphate (S1P) at 1 uM, Oleoyl L-
lysophosphatidic acid (LPA) at 10 uM, and Dimethyloxalylglycine (DMOG) at 0.5
mM); and one ROCK inhibitor, Y-27632 at 50 uM.

[0024] FIG. 8 is a graph showing the ROCK activity level in non-infected HTM cells,
HTM cells infected with wild-type scAAV2 capsid containing the dnRhoA gene, or
HTM cells infected with Y3 mutated scAAV2 capsid containing the dnRhoA gene;
three independent donors of HTM cells were tested and three technical replicates of
AAYV infection were analyzed; data is presented as the mean = SEM and a one-way
ANOVA followed by a Dunnett post-test was performed to compare between groups;
* indicates a p-value < 0.033 and ** indicates a p-value < 0.002.

[0025] FIG. 9 is a graph showing the IOP as measured by an Icare TonoLab tonometer
before and after Ad5. BMP2 injection; the average IOP value of 6 eyes are shown in
each bar; statistical analysis was performed with one-way ANOVA.

[0026] FIG. 10 is a graph showing the IOP as measured by an Icare TonoLab
tonometer after SCAAV2.Y3.CBh.dnRhoA injections.

Detailed description of the Invention
[0027] The present invention is explained in greater detail below. This description is
not intended to be a detailed catalog of all the different ways in which the invention

may be implemented, or all the features that may be added to the instant invention. For
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example, features illustrated with respect to one embodiment may be incorporated into
other embodiments, and features illustrated with respect to a particular embodiment
may be deleted from that embodiment. In addition, numerous variations and additions
to the various embodiments suggested herein will be apparent to those skilled in the art
in light of the instant disclosure which do not depart from the instant invention. Hence,
the following specification is intended to illustrate some particular embodiments of the
invention, and not to exhaustively specify all permutations, combinations and
variations thereof.

[0028] Unless the context indicates otherwise, it is specifically intended that the various
features of the invention described herein can be used in any combination. Moreover,
the present invention also contemplates that in some embodiments of the invention, any
feature or combination of features set forth herein can be excluded or omitted. To
illustrate, if the specification states that a complex comprises components A, B and C,
it is specifically intended that any of A, B or C, or a combination thereof, can be omitted
and disclaimed singularly or in any combination.

[0029] 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 belongs. The terminology used in the description of the invention herein is
for the purpose of describing particular embodiments only and is not intended to be
limiting of the invention. All publications, patent applications, patents, and other
references mentioned herein are incorporated by reference in their entirety. In case of a
conflict in terminology, the present specification is controlling.

[0030] Nucleotide sequences are presented herein by single strand only, in the 5° to 3’
direction, from left to right, unless specifically indicated otherwise. Nucleotides and
amino acids are represented herein in the manner recommended by the IUPAC-IUB
Biochemical Nomenclature Commission, or (for amino acids) by either the one-letter
code, or the three-letter code, both in accordance with 37 C.F R. §1.822 and established
usage.

[0031] Except as otherwise indicated, standard methods known to those skilled in the
art may be used for production of recombinant and synthetic polypeptides, antibodies
or antigen-binding fragments thereof, manipulation of nucleic acid sequences,
production of transformed cells, the construction of recombinant AAV (rAAV)

constructs, modified capsid proteins, packaging vectors expressing the AAV rep and/or

6



WO 2024/059823 PCT/US2023/074351

cap sequences, and transiently and stably transfected packaging cells. Such techniques
are known to those skilled in the art. See, e.g., SAMBROOK et al., MOLECULAR
CLONING: A LABORATORY MANUAL 4th Ed. (Cold Spring Harbor, NY, 2012);
F. M. AUSUBEL et al. CURRENT PROTOCOLS IN MOLECULAR BIOLOGY
(Green Publishing Associates, Inc. and John Wiley & Sons, Inc., New York).

[0032] All publications, patent applications, patents, nucleotide sequences, amino acid
sequences and other references mentioned herein are incorporated by reference in their

entirety.

Definitions

[0033] Asused inthe description of the invention and the appended claims, the singular
forms “a,” “an” and “the” are intended to include the plural forms as well, unless the
context clearly indicates otherwise.

[0034] As used herein, “and/or” refers to and encompasses any and all possible
combinations of one or more of the associated listed items, as well as the lack of
combinations when interpreted in the alternative (“or”

[0035] Moreover, the present invention also contemplates that in some embodiments
of the invention, any feature or combination of features set forth herein can be excluded
or omitted.

[0036] Furthermore, the term “about,” as used herein when referring to a measurable
value such as an amount of a compound or agent of this invention, dose, time,
temperature, and the like, is meant to encompass variations of + 10%, = 5%, + 1%, +
0.5%, or even + 0.1% of the specified amount.

[0037] As used herein, the transitional phrase “consisting essentially of” is to be
interpreted as encompassing the recited materials or steps and those that do not
materially affect the basic and novel characteristic(s) of the claimed invention. Thus,
the term “consisting essentially of” as used herein should not be interpreted as
equivalent to “comprising.”

[0038] The term “consists essentially of” (and grammatical variants), as applied to a
polynucleotide or polypeptide sequence of this invention, means a polynucleotide or
polypeptide that consists of both the recited sequence (e.g., SEQ ID NO) and a total of
tenorless (e.g, 1,2,3,4,5,6,7, 8,9, or 10) additional nucleotides or amino acids on

the 5° and/or 3’ or N-terminal and/or C-terminal ends of the recited sequence or
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between the two ends (e.g, between domains) such that the function of the
polynucleotide or polypeptide is not materially altered. The total of ten or less
additional nucleotides or amino acids includes the total number of additional
nucleotides or amino acids added together. The term “materially altered,” as applied
to polynucleotides of the invention, refers to an increase or decrease in ability to express
the encoded polypeptide of at least about 50% or more as compared to the expression
level of a polynucleotide consisting of the recited sequence. The term “materially
altered,” as applied to polypeptides of the invention, refers to an increase or decrease
in biological activity of at least about 50% or more as compared to the activity of a
polypeptide consisting of the recited sequence.

[0039] The term “enhance” or “increase” refers to an increase in the specified
parameter of at least about 1.25-fold, 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 8-
fold, 10-fold, twelve-fold, or even fifteen-fold.

[0040] The term “inhibit” or “reduce” or grammatical variations thereof as used herein
refers to a decrease or diminishment in the specified level or activity of at least about
15%, 25%, 35%, 40%, 50%, 60%, 75%, 80%, 90%, 95% or more. In particular
embodiments, the inhibition or reduction results in little or essentially no detectible
activity (at most, an insignificant amount, e.g., less than about 10% or even 5%).
[0041] A “therapeutically effective” or “treatment effective” amount as used herein is
an amount that provides some improvement or benefit to the subject. Alternatively
stated, a “therapeutically effective” or “treatment effective” amount is an amount that
will provide some alleviation, mitigation, or decrease in at least one clinical symptom
in the subject (e.g., reduce the IOP and/or reduce ocular degeneration). Those skilled
in the art will appreciate that the therapeutic effects need not be complete or curative,
as long as some benefit is provided to the subject.

[0042] By the term “treat,” “treating,” or “treatment of” (or grammatically equivalent
terms) is meant to reduce or to at least partially improve or ameliorate the severity of
the subject’s condition and/or to alleviate, mitigate or decrease in at least one clinical
symptom and/or to delay the progression of the condition.

[0043] As used herein, the term “prevent,” “prevents,” or “prevention” (and
grammatical equivalents thereof) means to delay or inhibit the onset of a disease. The

terms are not meant to require complete abolition of disease, and encompass any type
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of prophylactic treatment to reduce the incidence of the condition or delay the onset of
the condition.

[0044] A “prevention effective” amount as used herein is an amount that is sufficient
to prevent and/or delay the onset of a disease, disorder and/or clinical symptoms in a
subject and/or to reduce and/or delay the severity of the onset of a disease, disorder
and/or clinical symptoms in a subject relative to what would occur in the absence of the
methods of the invention. Those skilled in the art will appreciate that the level of
prevention need not be complete, as long as some benefit is provided to the subject.
[0045] As used herein, the terms “protein” and “polypeptide” are used interchangeably
and encompass both peptides and proteins, unless indicated otherwise.

[0046] The term “fragment,” as applied to a polypeptide, will be understood to mean
an amino acid sequence of reduced length relative to a reference polypeptide or amino
acid sequence and comprising, consisting essentially of, and/or consisting of an amino
acid sequence of contiguous amino acids identical or almost identical (e.g., 90%, 92%,
95%, 98%, 99% identical) to the reference polypeptide or amino acid sequence. Such
a polypeptide fragment according to the invention may be, where appropriate, included
in a larger polypeptide of which it is a constituent. In some embodiments, such
fragments can comprise, consist essentially of, and/or consist of peptides having a
length of at least about 4, 6, 8, 10, 12, 15, 20, 25, 30, 35, 40, 45, 50, 75, 100, 150, 200,
or more consecutive amino acids of a polypeptide or amino acid sequence according to
the invention.

[0047] Asused herein, “nucleic acid,” “nucleotide sequence,” and “polynucleotide" are
used interchangeably and encompass both RNA and DNA, including cDNA, genomic
DNA, mRNA, synthetic (e.g., chemically synthesized) DNA or RNA and chimeras of
RNA and DNA. The term polynucleotide, nucleotide sequence, or nucleic acid refers
to a chain of nucleotides without regard to length of the chain. The nucleic acid can be
a sense strand or an antisense strand.

[0048] As used herein, the term “gene” refers to a nucleic acid molecule capable of
being used to produce mRNA, antisense RNA, miRNA, and the like. Genes may or
may not be capable of being used to produce a functional protein. Genes can include
both coding and non-coding regions (e.g., introns, regulatory elements, promoters,
enhancers, termination sequences and 5 and 3’ untranslated regions). A gene may be

“isolated” by which is meant a nucleic acid that is substantially or essentially free from
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components normally found in association with the nucleic acid in its natural state.
Such components include other cellular material, culture medium from recombinant
production, and/or various chemicals used in chemically synthesizing the nucleic acid.
[0049] The terms “S’ portion” and “3’ portion” are relative terms to define a spatial
relationship between two or more elements. Thus, for example, a “3’ portion” of a
polynucleotide indicates a segment of the polynucleotide that is downstream of another
segment. The term “3’ portion” is not intended to indicate that the segment is
necessarily at the 3° end of the polynucleotide, or even that it is necessarily in the 3’
half of the polynucleotide, although it may be. Likewise, a “5° portion” of a
polynucleotide indicates a segment of the polynucleotide that is upstream of another
segment. The term “5’ portion” is not intended to indicate that the segment is
necessarily at the 5° end of the polynucleotide, or even that it is necessarily in the 5’
half of the polynucleotide, although it may be.

[0050] As used herein with respect to nucleic acids, the term “operably linked” refers
to a functional linkage between two or more nucleic acids. For example, a promoter
sequence may be described as being “operably linked” to a heterologous nucleic acid
sequence because the promoter sequences initiates and/or mediates transcription of the
heterologous nucleic acid sequence. In some embodiments, the operably linked nucleic
acid sequences are contiguous and/or are in the same reading frame.

[0051] The term “open reading frame (ORF),” as used herein, refers to the portion of a
polynucleotide (e.g., a gene) that encodes a polypeptide, and is inclusive of the
initiation start site (i.e., Kozak sequence) that initiates transcription of the polypeptide.
The term “coding region” may be used interchangeably with open reading frame.
[0052] The term “optimized” or “optimized for expression”, as used herein, refer to a
viral particle that has been optimized to increase expression of the gene in the viral
vector. In some embodiments, the viral particle is optimized to increase gene expression
in an organism (e.g., an animal such as a human, an animal, a plant, a fungus, an
archaeon, or a bacterium) and/or optimized for gene expression in a tissue type of said
organism (e.g., ocular tissue, brain tissue, muscle tissue, etc.). In some embodiments,
the viral particle is optimized by codon optimization of gene coding sequence in the
viral vector. In some embodiments, the viral particle is optimized by the use of a
specific viral serotype (e.g., AAV2 or AAVS). In some embodiments, the viral particle

is optimized by mutating the amino acid sequence of the viral capsid protein. In some
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embodiments, the optimized viral capsid protein comprises a Y3 mutation (e.g., a
Y444F, Y500F, and Y730F mutation). In some embodiments, the optimized viral
particle expresses the gene from the viral vector by about 5% to about 1000% (e.g.,
about 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 80%, 90%, 100%, 125%,
150%, 175%, 200%, 350%, 400%, 450%, 500%, 600%, 700%, 800%, 900%, or about
1000%) increased expression in the organism and/or tissue type when compared to the
reference particle but which have not been optimized.

[0053] The term “codon-optimized”, as used herein, refers to a gene coding sequence
or fragment of a gene coding sequence that has been optimized to increase expression
by substituting one or more codons normally present in a coding sequence (for example,
in a wildtype sequence, including, e.g., a coding sequence for a RhoA protein) with a
codon for the same (synonymous) amino acid. In this manner, the protein or protein
fragment encoded by the gene or gene fragment is identical, but the underlying
nucleobase sequence of the gene or gene fragment, or corresponding mRNA, is
different. In some embodiments, the optimization substitutes one or more rare codons
(that is, codons for tRNA that occur relatively infrequently in cells from a particular
species) with synonymous codons that occur more frequently to improve the efficiency
of translation. For example, in human codon-optimization one or more codons in a
coding sequence are replaced by codons that occur more frequently in human cells for
the same amino acid. Codon optimization can also increase gene or gene fragment
expression through other mechanisms that can improve efficiency of transcription
and/or translation. Strategies include, without limitation, increasing total GC content
(that is, the percent of guanines and cytosines in the entire coding sequence), decreasing
CpG content (that is, the number of CG or GC dinucleotides in the coding sequence),
removing cryptic splice donor or acceptor sites, and/or adding or removing ribosomal
entry and/or initiation sites, such as Kozak sequences. Desirably, a codon-optimized
gene or gene fragment exhibits improved protein expression, for example, the protein
or protein fragment encoded thereby is expressed at a detectably greater level in a cell
compared with the level of expression of the protein or protein fragment provided by
the wildtype gene or gene fragment in an otherwise similar cell. Codon-optimization
also provides the ability to distinguish a codon-optimized gene and/or corresponding

mRNA from an endogenous gene and/or corresponding mRNA in vitro or in vivo.
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[0054] As used herein, an “isolated” nucleic acid or nucleotide sequence (e.g., an
“isolated DNA” or an “isolated RNA”) means a nucleic acid or nucleotide sequence
separated or substantially free from at least some of the other components of the
naturally occurring organism or virus, for example, the cell or viral structural
components or other polypeptides or nucleic acids commonly found associated with the
nucleic acid or nucleotide sequence.

[0055] Likewise, an “isolated” polypeptide means a polypeptide that is separated or
substantially free from at least some of the other components of the naturally occurring
organism or virus, for example, the cell or viral structural components or other
polypeptides or nucleic acids commonly found associated with the polypeptide.

[0056] As used herein, the term “modified,” as applied to a polynucleotide or
polypeptide sequence, refers to a sequence that differs from a wildtype sequence due to
one or more deletions, additions, substitutions, or any combination thereof.

[0057] As used herein, by “isolate” (or grammatical equivalents) a virus vector, it is
meant that the virus vector is at least partially separated from at least some of the other
components in the starting material.

[0058] As used herein “sequence identity” refers to the extent to which two optimally
aligned polynucleotide or polypeptide sequences are invariant throughout a window of
alignment of components, e.g., nucleotides or amino acids. “Identity” can be readily
calculated by known methods including, but not limited to, those described in:
Computational Molecular Biology (Lesk, A. M., ed.) Oxford University Press, New
York (1988); Biocomputing: Informatics and Genome Projects (Smith, D. W., ed.)
Academic Press, New York (1993); Computer Analysis of Sequence Data, Part 1
(Griffin, A. M., and Griffin, H. G, eds.) Humana Press, New Jersey (1994); Sequence
Analysis in Molecular Biology (von Heinje, G., ed.) Academic Press (1987), and
Sequence Analysis Primer (Gribskov, M. and Devereux, J., eds.) Stockton Press, New
York (1991).

[0059] As used herein, the term “substantially identical” or “corresponding to” means
that two nucleic acid sequences have at least 60%, 70%, 80% or 90% sequence identity.
In some embodiments, the two nucleic acid sequences can have at least 85%, 90%,
95%, 96%, 97%, 98%, 99% or 100% of sequence identity.

[0060] An “identity fraction” for aligned segments of a test sequence and a reference

sequence is the number of identical components which are shared by the two aligned
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sequences divided by the total number of components in reference sequence segment,
i.e., the entire reference sequence or a smaller defined part of the reference sequence.
[0061] Asused herein, the term “percent sequence identity” or “percent identity” refers
to the percentage of identical nucleotides in a linear polynucleotide sequence of a
reference (“query”) polynucleotide molecule (or its complementary strand) as
compared to a test (“subject”) polynucleotide molecule (or its complementary strand)
when the two sequences are optimally aligned (with appropriate nucleotide insertions,
deletions, or gaps totaling less than 20 percent of the reference sequence over the
window of comparison). In some embodiments, “percent identity” can refer to the
percentage of identical amino acids in an amino acid sequence.

[0062] Optimal alignment of sequences for aligning a comparison window are well
known to those skilled in the art and may be conducted by tools such as the local
homology algorithm of Smith and Waterman, the homology alignment algorithm of
Needleman and Wunsch, the search for similarity method of Pearson and Lipman, and
optionally by computerized implementations of these algorithms such as GAP,
BESTFIT, FASTA, and TFASTA available as part of the GCG® Wisconsin Package®
(Accelrys Inc., Burlington, Mass.). Percent sequence identity is represented as the
identity fraction multiplied by 100. The comparison of one or more polynucleotide
sequences may be to a full-length polynucleotide sequence or a portion thereof, orto a
longer polynucleotide sequence. For purposes of this invention “percent identity” may
also be determined using BLASTX version 2.0 for translated nucleotide sequences and
BLASTN version 2.0 for polynucleotide sequences.

[0063] The percent of sequence identity can be determined using the “Best Fit” or
“Gap” program of the Sequence Analysis Software PackageTM (Version 10; Genetics
Computer Group, Inc., Madison, Wis.). “Gap” utilizes the algorithm of Needleman and
Wunsch (Needleman and Wunsch, J Mol. Biol. 48:443-453, 1970) to find the alignment
of two sequences that maximizes the number of matches and minimizes the number of
gaps. “BestFit” performs an optimal alignment of the best segment of similarity
between two sequences and inserts gaps to maximize the number of matches using the
local homology algorithm of Smith and Waterman (Smith and Waterman, Adv. Appl.
Math., 2:482-489, 1981, Smith et al., Nucleic Acids Res. 11:2205-2220, 1983).

[0064] Useful methods for determining sequence identity are also disclosed in Guide

to Huge Computers (Martin J. Bishop, ed., Academic Press, San Diego (1994)), and
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Carillo, H., and Lipton, D., (Applied Math 48:1073(1988)). More particularly,
preferred computer programs for determining sequence identity include but are not
limited to the Basic Local Alignment Search Tool (BLAST) programs which are
publicly available from National Center Biotechnology Information (NCBI) at the
National Library of Medicine, National Institute of Health, Bethesda, Md. 20894; see
BLAST Manual, Altschul et al., NCBI, NLM, NIH; (Altschul et al., J. Mol. Biol.
215:403-410 (1990)); version 2.0 or higher of BLAST programs allows the introduction
of gaps (deletions and insertions) into alignments; for peptide sequence BLASTX can
be used to determine sequence identity; and, for polynucleotide sequence BLASTN can
be used to determine sequence identity.

[0065] A “vector” refers to a compound used as a vehicle to carry foreign genetic
material into another cell, where it can be replicated and/or expressed. A cloning vector
containing foreign nucleic acid is termed a recombinant vector. Examples of nucleic
acid vectors are plasmids, viral vectors, cosmids, expression cassettes, and artificial
chromosomes. Recombinant vectors typically contain an origin of replication, a
multicloning site, and a selectable marker. The nucleic acid sequence typically consists
of an insert (recombinant nucleic acid or transgene) and a larger sequence that serves
as the “backbone” of the vector. The purpose of a vector which transfers genetic
information to another cell is typically to isolate, multiply, or express the insert in the
target cell. Expression vectors (expression constructs or expression cassettes) are for
the expression of the exogenous gene in the target cell, and generally have a promoter
sequence that drives expression of the exogenous gene/ORF. Insertion of a vector into
the target cell is referred to transformation or transfection for bacterial and eukaryotic
cells, although insertion of a viral vector is often called transduction. The term “vector”
may also be used in general to describe items to that serve to carry foreign genetic
material into another cell, such as, but not limited to, a transformed cell or a
nanoparticle.

[0066] The term “promoter” as used herein refers to a polynucleotide sequence to
which a polymerase (DNA or RNA) or associated transcription factors bind to begin
transcription. In some embodiments, the promoter may be a promoter sequence from
the genome of a virus (e.g., CMV, AAYV, etc.), prokaryotic (e.g., Escherichia coli), or
eukaryotic organism (e.g., human, chicken, mouse, yeast, etc.). In some embodiments,

the eukaryotic promoter has low immunogenicity, e.g., the viral vector comprising the

14



WO 2024/059823 PCT/US2023/074351

eukaryotic promoter has an anti-drug antibody (ADA) response rate of about 1% to
about 30% (e.g., about 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, or about 30%). In
some embodiments, the eukaryotic promoter has stable expression in the subject, e.g.,
expression from the viral vector comprising the eukaryotic promoter has a variance of
expression of about 1% to about 40% (e.g., about 1%, 2%, 3%, 4%, 5%, 10%, 15%,
20%, 25%, 30%, 35%, or about 40%) from a baseline expression level after
administration to said subject. In some embodiments, the promoter may be a short
promoter, e.g., has a sequence length of about 100 nucleotides to about 2,000
nucleotides (e.g., about 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, or
about 1200 nucleotides in length). In some embodiments, the short promoter is about
500 to about 1000 nucleotides in length (e.g., about 500, 600, 700, 800, 900, or about
1000 nucleotides). In some embodiments, the promoter is a CMVS5, CBA, or an EFla
promoter (e.g., a truncated EF 1a promoter). In some embodiments, the EF 1o promoter
is about 1000 to about 1400 nucleotides in length (e.g., about 1000, 1100, 1200, 1300,
or about 1400 nucleotides). In some embodiments, the promoter may be a hybrid
promoter, e.g., a promoter where two promoter sequences from one or more different
organism are operably linked to one another. In some embodiments, a hybrid promoter
is a CBh promoter (e.g., a CMV and chicken beta-actin hybrid promoter). In some
embodiments, the CBA and/or CBh promoter is about 400 to about 1000 nucleotides in
length (e.g., about 400, 500, 600, 700, 800, 900, or about 1000 nucleotides).

[0067] A “subject” of the invention may include any animal in need thereof. In some
embodiments, a subject may be, for example, a mammal, a reptile, a bird, an amphibian,
or a fish. A mammalian subject may include, but is not limited to, a laboratory animal
(e.g., arat, mouse, guinea pig, rabbit, primate, etc.), a farm or commercial animal (e.g.,
cattle, pig, horse, goat, donkey, sheep, etc.), or a domestic animal (e.g., cat, dog, ferret,
gerbil, hamster, etc.). In some embodiments, a mammalian subject may be a primate,
or a non-human primate (e.g., a chimpanzee, baboon, macaque (e.g., rhesus macaque,
crab-eating macaque, stump-tailed macaque, pig-tailed macaque), monkey (e.g.,
squirrel monkey, owl monkey, etc.), marmoset, gorilla, etc.). In some embodiments, a
mammalian subject may be a human.

[0068] A “subject in need” of the methods of the invention can be any subject known

or suspected of having increased risk of developing an ocular disease (e.g., glaucoma,

15



WO 2024/059823 PCT/US2023/074351

AMD (e.g., dry AMD or wet AMD), diabetic retinopathy, and/or retinal holes), and/or

ocular hypertension (increased 10P).

Compositions and Formulations

[0069] Provided herein are recombinant scAAV vectors and methods for the treatment
of an ocular disease (e.g., glaucoma), and/or ocular hypertension using the same.
Accordingly, the disclosure provides recombinant scAAV particles, compositions
comprising recombinant scAAV particles, and methods for the treatment of an ocular
disease (e.g., glaucoma), and/or ocular hypertension. In some embodiments, the
disclosed viral vectors may be used in conjunction with any AAV capsid, with or
without mutations, in the manufacture of an AAV particle for the treatment of an ocular
disease (e.g., glaucoma), and/or ocular hypertension, or any combination thereof.
Further provided herein are pharmaceutical formulations and doses of viral injectate
that can be used in intraocular injections. Another aspect of the disclosure provided
herein is injection routes that are commonly used in treating an ocular disease (e.g.,
glaucoma), and/or ocular hypertension, or any combination thereof. Other aspects of
the disclosure related to the therapeutic effects of the viral vectors in glaucoma patients.
[0070] The current inventors have been optimizing the delivery vector, its cargo, and
the potential mechanism to regulate the expression of a cargo gene. For the delivery
vehicle, the inventors sought a long TM duration, low immunogenicity, and serotype-
selected and mutated capsid virus with increased gene transfer efficiency. For the cargo,
an efficient dominant negative RhoA mutation was identified to reduce IOP in
glaucoma animal models. For the promoters, a hybrid chicken beta-actin (CBh)
promoter was selected to drive transgene expression. Taken together, a viral vector of
the present invention may contain a RhoA gene comprising a dominant negative
mutation (e.g., SEQ ID NO: 4) and a ubiquitous promoter such as CBh (SEQ ID NO:
3). The viral vector (SEQ ID NO: 7) was manufactured and characterized in vifro and
consequently tested in rat glaucoma models for its efficacy.

[0071] In some embodiments, the AAV particles can have altered VP1 capsid proteins,
altered VP2 capsid proteins, altered VP3 capsid proteins, or any combination thereof.
In some embodiments of the aspects and embodiments described above, the AAV viral
particle comprises AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT, AAVS,
AAVrh8, AAVrh8R, AAVO, AAV10, AAVTh10, AAV11, AAV12, mutant capsid
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containing tyrosine, mutant capsid with heparin-binding motif, capsid AAV2R471A,
capsid AAV2/2, and/or capsid AAV DJ. In some embodiments, the AAV viral particle
comprises an AAV capsid containing an amino acid substitution at one or more
positions Y444F, YS00F, and/or Y730F, numbered according to VP1 of AAV2 (SEQ
ID NO:5). In some embodiments, the vector contains inverted terminal repeats (ITR)
of serotypes AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAV7, AAVE, AAVrhSg,
AAVTh8R, AAV9, AAV10, AAVrh10, AAVI11, AAV12, AAV2R471A, AAVI2,
AAV2R471A, bovine AAV and/or mouse AAV. In some embodiments, the vector
comprises a mutated AAV ITR, which leads to the formation of self- complemented
AAV. In some embodiments, the AAV viral particle comprises one or more I[TRs and
a capsid derived from the same AAYV serotype. In other embodiments, the AAV viral
particle contains one or more ITRs derived from an AAV serotype other than that of
the recombinant sScAAYV viral particle capsid. In some embodiments, the recombinant
scAAV viral particle comprises an AAV2 capsid, and wherein the vector comprises an
AAV2 ITR.

[0072] In some embodiments, various formulations may be used to facilitate viral
transduction in ocular tissue. For example, for administration of an injectable aqueous
solution of recombinant scAAV particles, the solution may be suitably buffered, if
necessary, and the liquid diluent first rendered isotonic with sufficient saline or glucose.
Accordingly, in some embodiments, the viral injectate may comprise a
pharmaceutically acceptable carrier. The term “carrier” refers to a diluent, adjuvant,
excipient, or vehicle with which the recombinant scAAV particle is administered. By
“pharmaceutically acceptable” it is meant a material that is not toxic or otherwise
undesirable, 7.e., the material may be administered to a subject without causing any
undesirable biological effects. Such pharmaceutical carriers can be sterile liquids (e.g.,
water, oils, saline solutions, aqueous dextrose and/or glycerol solutions), suspending
agents, preserving agents (e.g., methyl-, ethyl-, and/or propyl-hydroxy-benzoates), and
pH adjusting agents (such as inorganic acids, organic acids, and/or bases). In some
embodiments, carriers include buffered saline solutions (e.g., phosphate buffered
saline, HEPES-buffered saline, etc.). In some embodiments, United States
Pharmacopeia (USP) grade carriers and excipients may be used for the delivery of
recombinant scAAV particles to human subjects. Such compositions may further

optionally comprise a liposome, a lipid, a lipid complex, a microsphere, a microparticle,
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a nanosphere, and/or a nanoparticle, or may be otherwise formulated for administration
to the cells, tissues, organs, or body of a subject in need thereof.

[0073] In some embodiments, a composition comprising any one of the recombinant
scAAV nparticles disclosed herein comprises a Balanced Salt Solution (BSS)
supplemented with about 0.001% to about 0.035% Tween 20 (polysorbate 20) (e.g.,
about 0.001%, 0.007%, 0.014%, 0.021%, 0.028%, or about 0.035% or any range
therein). In some embodiments, a composition comprising any one of the recombinant
scAAV particles disclosed herein comprises from about 25 mM to about 500 mM
sodium citrate (e.g., about 25, 50, 75, 100, 125, 150, 175, 200, 225, 250, 300, 350, 400,
450, or about 500 mM or any range therein), from about 1 mM to about 50 mM Tris
(e.g.,about 1,2,3,4,5,6,7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, or about 50 mM or any
range therein), pH 8.0, supplemented with about 0.0001% to about 0.005% Pluronic F-
68 (e.g., about 0.0001%, 0.0002%, 0.0003%, 0.0004%, 0.0005%, 0.0006%, 0.0007%,
0.0008%, 0.0009%, 0.001%, 0.002%, 0.003%, 0.004%, or about 0.005% or any range

therein).

Methods of Use

[0074] The methods of the present invention find use in both veterinary and medical
applications.

[0075] Dosages of the inventive AAV particles depend upon the mode of
administration, the disease or condition to be treated, the individual subject’s condition,
the viral vector, and the gene to be delivered, and can be determined in a routine
manner. Exemplary doses for achieving therapeutic effects are virus titers of at least
about 10°, 10°, 107, 10, 10, 10%°, 10'!, 10'2, 1013, 10'*, 10'° transducing units or more,
preferably about 10%-10'3 transducing units, yet more preferably 10!! transducing units.
[0076] The term “administering” or “administration” of a composition of the present
invention to a subject includes any route of introducing or delivering to a subject an
agent to perform its intended function (e.g., for reducing IOP or treating glaucoma in a
subject). In some embodiments, the recombinant scAAV viral vectors may be
administered via intraocular injection. The term “intraocular injection”, as used herein,
refers to any convenient injection route that can result in the delivery of the recombinant
scAAV vector to the ocular tissues (e.g., any part of the eye). In some embodiments,

the intraocular injection is an injection into the anterior portion (e.g., anterior chamber)
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of the eye, e.g, by intracameral injection. In some embodiments, the intraocular
injection is an injection into the posterior portion (e.g., posterior chamber) of the eye,
e.g., into the vitreous of the eye, e.g., by intravitreal injection In some embodiments,
the intraocular injection is an injection into the cornea of the eye, e.g., by intrastromal
corneal injection. In some embodiments, the intraocular injection is an injection under
the sensory retina of the eye, e.g., by subretinal injection. In some embodiments, the
intraocular injection is an injection into the subretinal space of the eye (e.g., the
suprachoroidal space), e.g., by suprachoroidal injection. Other convenient routes of
administration include, without limitation, intravenous, intra-arterial, periocular,
subconjunctival and sub-tenons injections, topical administration (e.g., topical
administration to the eye), and intranasal administration.

[0077] The present viral vectors may be effective in treating or preventing neurological
dysfunction. In some embodiments, the viral vectors described herein may provide
IOP-independent or IOP-dependent neuroprotective effects on retinal cells, such as
RGCs. In some embodiments, the viral vectors described herein prevent progression of
glaucoma by reducing IOP and/or by providing direct neuroprotection. In certain
embodiments, the viral vectors may prevent progression of glaucoma by both providing
direct neuroprotection and reducing intraocular pressure. This therapy offers an
unexpected dual benefit in the treatment of glaucoma. In some embodiments, the viral
vectors described herein may prevent progression of glaucoma without reducing IOP.
Thus, this method of treatment may provide an unexpected benefit in an IOP-
independent neuroprotective effect.

[0078] In some embodiments, the viral vectors described herein may accelerate the
wound healing of cornea after injury. Thus, this method of treatment provides an
unexpected benefit in cornea protection.

[0079] Having described the present invention, the same will be explained in greater
detail in the following examples, which are included herein for illustration purposes

only, and which are not intended to be limiting to the invention.

SEQ ID NO:1

Promoter CMV5
CGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGA
CCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAAT
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AGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCC
ACTTGGCAGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACG
TCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTA
CGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACC
ATGGTGATGCGGTTTTGGCAGTACACCAATGGGCGTGGATAGCGGTTTGA
CTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTT
TTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAATAACCCCGCCC
CGTTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGC
AGAGCTCGTTTAGTGAACCGTCAGATCCTCACTCTCTTCCGCATCGCTGTC
TGCGAGGGCCAGCTGTTGGGCTCGCGGTTGAGGACAAACTCTTCGCGGTC
TTTCCAGTACTCTTGGATCGGAAACCCGTCGGCCTCCGAACGGTACTCCGC
CACCGAGGGACCTGAGCGAGTCCGCATCGACCGGATCGGAAAACCTCTCG
AGAAAGGCGTCTAACCAGTCACAGTCGCAAGGTAGGCTGAGCACCGTGG
CGGGCGGCAGCGGGTGGCGGTCGGGOTTGTTTCTGGCGGAGGTGCTGCTG
ATGATGTAATTAAAGTAGGCGGTCTTGAGACGGCGGATGGTCGAGGTGAG
GTGTGGCCGGCTTGAGATCCAGCTGTTGGGGTGAGTACTCCCTCTCAAAA
GCGGGCATGACTTCTGCGCTAAGATTGTCAGTTTCCAAAAACGAGGAGGA
TTTGATATTCACCTGGCCCGATCTGGCCATACACTTGAGTGACAATGACAT
CCACTTTGCCTTTCTCTCCACAGGTGTCCACTCCCAGGTCCAA

SEQ ID NO:2

Promoter truncated EFla,
GAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTC
GTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGT
GCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACA
CAGGTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTTAT
GGCCCTTGCGTGCCTTGAATTACTTCCACGCCCCTGGCTGCAGTACGTGATT
CTTGATCCCGAGCTTCGGGTTGGAAGTGGGTGGGAGAGTTCGAGGCCTTG
CGCTTAAGGAGCCCCTTCGCCTCGTGCTTGAGTTGAGGCCTGGCCTGGGCG
CTGGGGCCGCCGCGTGCGAATCTGGTGGCACCTTCGCGCCTGTCTCGCTGC
TTTCGATAAGTCTCTAGCCATTTAAAATTTTTGATGACCTGCTGCGACGCTT
TTTTTCTGGCAAGATAGTCTTGTAAATGCGGGCCAAGATCTGCACACTGGT
ATTTCGGTTTTTGGGGCCGCGGGCGGCGACGGGGCCCGTGCGTCCCAGCG
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CACATGTTCGGCGAGGCGGGGCCTGCGAGCGCGGCCACCGAGAATCGGAC
GGGGGTAGTCTCAAGCTGGCCGGCCTGCTCTGGTGCCTGGCCTCGCGCCG
CCGTGTATCGCCCCGCCCTGGGCGGCAAGGCTGGCCCGGTCGGCACCAGT
TGCGTGAGCGGAAAGATGGCCGCTTCCCGGCCCTGCTGCAGGGAGCTCAA
AATGGAGGACGCGGCGCTCGGGAGAGCGGGCGGGTGAGTCACCCACACA
AAGGAAAAGGGCCTTTCCGTCCTCAGCCGTCGCTTCATGTGACTCCACGG
AGTACCGGGCGCCGTCCAGGCACCTCGATTAGTTCTCGAGCTTTTGGAGTA
CGTCGTCTTTAGGTTGGGGGGAGGGGTTTTATGCGATGGAGTTTCCCCACA
CTGAGTGGGTGGAGACTGAAGTTAGGCCAGCTTGGCACTTGATGTAATTCT
CCTTGGAATTTGCCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAGCCTCA
GACAGTGGTTC AAAGTTTTTTTCTTCCATTT CAGGTGTCGTGA

SEQ ID NO:3

Promoter hybrid chicken beta-actin (CBh)
CGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACC
CCCGCCCATTGACGTCAATAGTAACGCCAATAGGGACTTTCCATTGACGT
CAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGT
GTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGC
CCGCCTGGCATTGTGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGC
AGTACATCTACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAGCCCCA
CGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTA
TTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGGG
GGGGCGCGCGCCAGGCGGGGCGGGGCGGGGCGAGGGGCGGGGCGGGEL
GAGGCGGAGAGGTGCGGCGGCAGCCAATCAGAGCGGCGCGCTCCGAAAG
TTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGGCCCTATAAAAAGCGAAG
CGCGCGGCGGGCG

SEQ ID NO:4

Amino acid sequence of dominant negative RhoA (T19N)
MAAIRKKLVIVGDGACGKNCLLIVFSKDQFPEVYVPTVFENYVADIEVDGKQ
VELALWDTAGQEDYDRLRPLSYPDTDVILMCFSIDSPDSLENIPEKWTPEVKH
FCPNVPIILVGNKKDLRNDEHTRRELAKMKQEPVKPEEGRDMANRIGAFGYM
ECSAKTKDGVREVFEMATRAALQARRGKKKSGCLVL
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SEQ ID NO:5

Amino acid sequence of AAV2 VPI
MAADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDDSRGLVLPGYK
YLGPFNGLDKGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQ
ERLKEDTSFGGNLGRAVFQAKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEP
DSSSGTGKAGQQPARKRLNFGQTGDADSVPDPQPLGQPPAAPSGLGTNTMAT
GSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVITTSTRTWALPTYNNH
LYKQISSQSGASNDNHYFGYSTPWGYFDFNRFHCHFSPRDWQRLINNNWGFR
PKRLNFKLFNIQVKEVTQNDGTTTIANNLTSTVQVFTDSEYQLPYVLGSAHQG
CLPPFPADVFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTGNNFTFS
YTFEDVPFHSSYAHSQSLDRLMNPLIDQYLYYLSRTNTPSGTTTQSRLQFSQA
GASDIRDQSRNWLPGPCYRQQRVSKTSADNNNSEYSWTGATKYHLNGRDSL
VNPGPAMASHKDDEEKFFPQSGVLIFGKQGSEKTNVDIEKVMITDEEEIRTTN
PVATEQYGSVSTNLQRGNRQAATADVNTQGVLPGMVWQDRDVYLQGPIWA
KIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTTFSAAKFASFITQYS
TGQVSVEIEWELQKENSKRWNPEIQYTSNYNKSVNVDFTVDTNGVY SEPRPI
GTRYLTRNL

SEQ ID NO:6

Amino acid sequence of wild type RhoA
MAAIRKKLVIVGDGACGKTCLLIVFSKDQFPEVYVPTVFENYVADIEVDGKQ
VELALWDTAGQEDYDRLRPLSYPDTDVILMCFSIDSPDSLENIPEKWTPEVKH
FCPNVPIILVGNKKDLRNDEHTRRELAKMKQEPVKPEEGRDMANRIGAFGYM
ECSAKTKDGVREVFEMATRAALQARRGKKKSGCLVL

SEQ ID NO:7

Sequence of a scAAV2.CBh.dnRhoA vector comprising a CBh promoter and
dnRhoA gene
CTGGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTC
GGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGA
GGGAGTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAACCC
GCCATGCTACTTATCTACGTAGCCATGCTCTAGGATCTGAATTCGGTACCCG
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TTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCC
GCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGAC
TTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGC
AGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGAC
GGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTC
CTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTCGAGGT
GAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCA
ATTTTGTATTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGG
GGGGGGGGGEECGCGCGECCAGGCGGGGECGGGEGECGEEECGAGGGGCGGGH
CGGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGAGCGGCGCGCTC
CGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGGCCCTATAAAAA
GCGAAGCGCGCGGCGGGCGGGAGTCGCTGCGACGCTGCCTTCGCCCCGTG
CCCCGCTCCGCCGCCGCCTCGCGCCGCCCGCCCCGGCTCTGACTGACCGC
GTTACTCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCTCCGGGCTGTA
ATTAGCTGAGCAAGAGGTAAGGGTTTAAGGGATGGTTGGTTGGTGGGGTAT
TAATGTTTAATTACCTGGAGCACCTGCCTGAAATCACTTTTTTTCAGGTTGG
GAGCAATGGCTGCCATCCGGAAGAAACTGGTGATTGTTGGTGATGGAGCCT
GTGGAAAGAACTGCTTGCTCATAGTCTTCAGCAAGGACCAGTTCCCAGAG
GTGTATGTGCCCACAGTGTTTGAGAACTATGTGGCAGATATCGAGGTGGAT
GGAAAGCAGGTAGAGTTGGCTTTGTGGGACACAGCTGGGCAGGAAGATTA
TGATCGCCTGAGGCCCCTCTCCTACCCAGATACCGATGTTATACTGATGTGT
TTTTCCATCGACAGCCCTGATAGTTTAGAAAACATCCCAGAAAAGTGGACC
CCAGAAGTCAAGCATTTCTGTCCCAACGTGCCCATCATCCTGGTTGGGAAT
AAGAAGGATCTTCGGAATGATGAGCACACAAGGCGGGAGCTAGCCAAGAT
GAAGCAGGAGCCGGTGAAACCTGAAGAAGGCAGAGATATGGCAAACAGG
ATTGGCGCTTTTGGGTACATGGAGTGTTCAGCAAAGACCAAAGATGGAGT
GAGAGAGGTTTTTGAAATGGCTACGAGAGCTGCTCTGCAAGCTAGACGTG
GGAAGAAAAAATCTGGTTGCCTTGTCTTGTGAGCGGCCGCGGGGATCCAG
ACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGT
GAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACC
ATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGT
TTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAGTCGACTAGAGCTCGCT
GATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTC
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CCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTA
ATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTG
GGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATA
GCAGGAACCCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGG
CGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAG
CGAGCGAGCGCGCAGCTGCTGCATTAATGAATCGGCCAACGCGCGGGGAG
AGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCT
GCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGG
TAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAG
CAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGC
GTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTC
AAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTC
CCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCG
GATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTC
ACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTG
TGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTA
TCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGC
CACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTT
CTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTAT
CTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTG
ATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCA
GCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTC
TACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGG
TCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATG
AAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTCAG
AAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGC
GGCGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCT
CTTCAGCAATATCACGGGTAGCCAACGCTATGTCCTGATAGCGGTCCGCCA
CACCCAGCCGGCCACAGTCGATGAATCCAGAAAAGCGGCCATTTTCCACC
ATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGAGATCCTCGCCG
TCGGGCATGCTCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCC
CTGATGCTCTTCGTCCAGATCATCCTGATCGACAAGACCGGCTTCCATCCGA
GTACGTGCTCGCTCGATGCGATGTTTCGCTTGGTGGTCGAATGGGCAGGTA
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GCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCATGATGGATACTT
TCTCGGCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGGCACTTCG
CCCAATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAGCT
GCGCAAGGAACGCCCGTCGTGGCCAGCCACGATAGCCGCGCTGCCTCGTC
TTGCAGTTCATTCAGGGCACCGGACAGGTCGGTCTTGACAAAAAGAACCG
GGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCGATT
GTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGA
GAACCTGCGTGCAATCCATCTTGTTCAATCATACTCTTCCTTTTTCAATATTA
TTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTA
TTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGC
CACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAG
GCGTATCACGAGGCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAAAA
CCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGG
ATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGG
GTGTCGGGGCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGT
GCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCG
CATCAGGAATTCCAACATCCAATAAATCATACAGGCAAGGCAAAGAATTAG
CAAAATTAAGCAATAAAGCCTCAGAGCATAAAGCTAAATCGGTTGTACCAA
AAACATTATGACCCTGTAATACTTTTGCGGGAGAAGCCTTTATTTCAACGCA
AGGATAAAAATTTTTAGAACCCTCATATATTTTAAATGCAATGCCTGAGTAAT
GTGTAGGTAAAGATTCAAACGGGTGAGAAAGGCCGGAGACAGTCAAATCA
CCATCAATATGATATTCAACCGTTCTAGCTGATAAATTCATGCCGGAGAGGG
TAGCTATTTTTGAGAGGTCTCTACAAAGGCTATCAGGTCATTGCCTGAGAGT
CTGGAGCAAACAAGAGAATCGATGAACGGTAATCGTAAAACTAGCATGTC
AATCATATGTACCCCGGTTGATAATCAGAAAAGCCCCAAAAACAGGAAGAT
TGTATAAGCAAATATTTAAATTGTAAACGTTAATATTTTGTTAAAATTCGCGT
TAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAA
AATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCC
AGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAG
GGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCT
AATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTA
AAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGC
GAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGC
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AAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGC
GCCGCTACAGGGCGCGTACTATGGTTGCTTTGACGAGCACGTATAACGTGC
TTTCCTCGTTAGAATCAGAGCGGGAGCTAAACAGGAGGCCGATTAAAGGG
ATTTTAGACAGGAACGGTACGCCAGAATCCTGAGAAGTGTTTTTATAATCA
GTGAGGCCACCGAGTAAAAGAGTCTGTCCATCACGCAAATTAACCGTTGTC
GCAATACTTCTTTGATTAGTAATAACATCACTTGCCTGAGTAGAAGAACTCA
AACTATCGGCCTTGCTGGTAATATCCAGAACAATATTACCGCCAGCCATTGC
AACAGGAAAAACGCTCATGGAAATACCTACATTTTGACGCTCAATCGTCTG
GAATTCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTG
CGGGCCTCTTCGCTATTACGCCAG

Examples
Example 1: Comparison of promoters to drive GFP expression in HTM cells.

[0080] To identify a suitable promoter in HTM cells, the efficiency of several
promoters was compared in driving green fluorescent protein (GFP) expression. Four
commonly used promoters were selected to construct the plasmids (FIG. 1): CMVS5
(SEQ ID NO:1), EFla (SEQ ID NO:2), and CBh (SEQ ID NO:3). The first step was to
test the expression of the new plasmids in HTM cells by Lipofectamine (ThermoFisher)
transfection. HTM cells (pooled from two individual donors) were seeded in 24-well
plates the day before transfection to reach 70-80% confluency. Cells were transfected
with 0.5 pg of plasmids to check the promoter efficiency using Lipofectamine 3000
transfection reagent (ThermoFisher). Cells were grown for 72 hours before being
visualized by a fluorescent microscope. Later, cells were examined by flow cytometry
to quantify the ratio of GFP positive cells. Overall, the level of GFP expression in HTM
cells as recorded by fluorescent microscope and flow cytometry was similar between
groups of different promoters (FIG. 2 & FIG. 4).

[0081] The promoter efficiency was further tested in the form of AAV wiral
transduction in HTM cells. AAV particles were packaged with plasmids used in
previous transfection experiments. Since the plasmids all contain delta-ITR, viral DNA
was self-complementary. AAV2 with Y3 mutation (Y444F, Y500F, and Y730F) was
selected as the capsid. Then, HTM cells were seeded in 24-well plates. Cells were
infected with 10,000 MOIL. Cells were grown for 3 days before they were examined.

The ratio of GFP positive cells as recorded by flow cytometry showed different results
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between groups with different promoters. The cells infected with of the vector
comprising the CBh promoter were much higher in percentage of GFP positive cells
than the groups of cells infected with vectors comprising CMVS5 and EFla promoters

(FIG. 3 & FIG. 4).

Example 2: Construction of scAAV2.dnRhoA

[0082] To generate recombinant scCAAV viral particles, the cargo sequence (e.g.,
dominant negative RhoA) was inserted in the ITRs (wild-type and deleted, ITR-AITR)
to create specially designed plasmids, named pGVB-2001-15 and pGVB-2001-16. The
EFla and CBh promoters were used in the pGVB-2001-15 and pGVB-2001-16
plasmids, respectively. The amino acid sequence of RhoA is shown in SEQ ID NO:6,
with the dominant negative mutation being a T19N mutation shown in the dnRhoA
sequence of SEQ ID NO:4. The dnRhoA containing plasmid was verified by restriction
digestion with Pvull-HF, before going for the endotoxin-free maxi prep (FIG. 5). The
integrity of ITR regions were verified by Smal digestion (FIG. 6). Then, scAAV2 was
produced by triple transfection of plasmids into HEK293 cells. Virus preps were
purified by iodixanol gradient ultracentrifugation. The gradient was prepared by
layering the following: 6 mL of 15% iodixanol, 6 mL of 25% iodixanol, 5 mL of 40%
iodixanol and SmL of 54% iodixanol. 7-8 mL of lysate was added on top of the gradient
and tubes were topped off with phosphate buffered saline (PBS).

[0083] The samples were centrifuged for 2 hours at 350,000 x g at 18 °C. After
centrifugation, the tubes were punctured with a one-inch long and 18-gauge needle
attached to a 10 mL syringe 3-5 mm below the 40/54 interface. Approximately 1 mL
of the 54% interface was collected and 4 mL of the 40% interface was collected without
disturbing the proteinaceous material at the 40/25 interface.

[0084] Following purification by ultracentrifugation, the viruses were concentrated and
underwent a buffer exchange using Amicon ultra-15 50 kDa centrifugal filters. The
filters were prepared by adding 15 mL of 0.1% Pluronic F-68 in PBS and incubated at
room temperature for 10 minutes. Following the incubation, the 0.1% Pluronic solution
was discarded. Then 15 mL of 0.01% Pluronic in PBS was added to the filter and
centrifuged 2000 x g for 5 minutes, the flowthrough was discarded. Finally, 15 mL of
0.001% Pluronic and 200 mM NaCl in PBS was added to the filter and centrifuged
2000 x g for 5 minutes, the flowthrough was discarded. After the filter was prepared,
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the sample was diluted 1:2 with formulation buffer (0.001% Pluronic F-68 in PBS).
The sample was added to the filter and centrifuged at 2000 x g for 5 minutes. The
flowthrough was discarded, and more samples can be added and centrifuged again.
Once all the sample has been concentrated on the filter, formulation buffer was added,
and centrifugation was repeated until 50 mL of formulation buffer has passed through
the filter. Centrifugation was then continued in short intervals of 2-3 minutes until the

desired volume is reached.

Example 3: Using a cell-based assay to test the function of scAAV2.CBh.dnRhoA.
[0085] RhoA is a GTP-binding protein that cycles between an active and inactive form
to activate ROCK. Overexpression of dnRhoA competes with endogenous RhoA to
bind to ROCK, thus inhibiting the activation of ROCK. Measuring the activity of
ROCK in cells can be developed as a cell-based assay to test the function of
scAAV2.CBh.dnRhoA.

[0086] Members of the Rho family are essential regulatory components of the signaling
pathway that directs cell motility, adhesion, and cytokinesis through reorganization of
the action cytoskeleton. Rho is activated by extracellular signals such as
lysophosphatidic acid (LPA). The actions of Rho are mediated by downstream Rho
effectors. One of these effectors is ROCK. ROCK mediates Rho signaling and
reorganizes the actin cytoskeleton through phosphorylation of several substrates that
contribute to the assembly of actin filaments and contractility. For example, ROCK
inactivates myosin phosphatase through the specific phosphorylation of myosin
phosphatase target subunit 1 (MYPT1) at Thr696, which results in an increase in the
phosphorylated content of the 20-kDa myosin light chain.

[0087] The ROCK Activity Assay Kit is an enzyme immunoassay developed for
detection of the specific phosphorylation of MYPT1 at Thr696 by ROCK. A strip-well
microtiter plate is precoated with a recombinant MYPT 1. After incubating the substrate
wells with ROCK samples, the phosphorylated MYPT1 is detected by an anti-phospho-
MYPT1 (Thr696) antibody.

[0088] Human trabecular meshwork cells were seeded into 12-well plates at the density
of 500,000 cells per well. 48 hours after seeding, cells were harvested with cell lysis
buffer. Cell lysates were treated with ROCK activator or ROCK inhibitor before

incubating with precoated strip-wells. The ROCK activity was then measured with the
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protocol of the kit. Three chemicals were used to activate ROCK: S1P (Sphingosine-1
phosphate at 1 uM), LPA (Oleoyl L-lysophosphatidic acid at 10 uM) and DMOG
(Dimethyloxalylglycine at 0.5 mM). One chemical was used to inhibit ROCK activity:
Y-27632 (50 uM). Data was presented as relative ROCK activity normalized to the no
drug treated cell lysate. As shown in FIG. 7, all chemical activators increased the
activity of ROCK, as LPA is the most potent activator. Chemical inhibitor decreased
the ROCK activity as expected.

[0089] In the next experiment, human trabecular meshwork cells were seeded into 12-
well plates at the density of 500,000 cells per well. Infections of
scAAV2.Y3.CBh.dnRhoA or scAAV2.CBh.dnRhoA were performed at MOI 10,000
to compare the wild type AAV2 capsid and Y3 mutated AAV2 capsid. Cells were
harvested 2 days after infection. ROCK activity was measured. The reduction of ROCK
activity in cells infected by virus of Y3 mutated capsid was statistically significant,
while the reduction in cells infected by virus of wild type capsid was less prominent

(FIG. 8).

Example 4: Measuring RhoA expression in HTM cells after transduction of
scAAV2.CBh.dnRhoA
[0090] In the next experiment, human trabecular meshwork cells were seeded into 12-
well plates at the density of 500,000 cells per well. Infections of
scAAV2.Y3.CBh.dnRhoA were performed at MOI 10,000. Cells were harvested 2 days
after infection for total RNA extraction. RNA contents were measured by nano-drop.

RT-PCR was performed to measure the expression of total RhoA.

Example S: Using a transgene model of glaucoma to test the efficacy of
scAAV2.CBh.dnRhoA
[0091] Efficacy of scAAV2.Y3.CBh.dnRhoA was tested in a rat model of glaucoma
with elevated IOP obtained by Ad. BMP2 transduction. Elevated IOP is the result of an
increased resistance of the trabecular meshwork tissue to aqueous humor outflow. This
increased resistance can be caused by a variety of dysfunctional trabecular meshwork
cells and mechanisms. It is widely accepted though, that the most common source of
an increase in outflow resistance is the disruption of the organization of the trabecular

meshwork’s extracellular matrix (ECM). Bone morphogenetic protein 2 (BMP2)
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belongs to the superfamily of TGFp proteins. BMP2 by itself has the full potential to
initiate bone formation and to induce the differentiation of multipotent mesenchymal
progenitor cells to the osteogenic lineage. Similarly, BMP2 induces osteogenic-like
characteristics in primary HTM cells in vitro. Overexpression of the BMP2 gene in
primary HTM cells transduced by an adenoviral vector increased alkaline phosphatase
(ALP) activity, an enzyme that promote free phosphate and contributes to the formation
of calcium phosphate precipitates (hydroxyapatite crystals), which are part of the
mineralization process. Overexpression of BMP2 gene in the trabecular meshwork
tissue would be sufficient to elevate IOP and created an animal model like ocular
hypertension or glaucoma.

[0092] Intraocular pressure of rats at baseline was measured before AdS BMP2
injection, with a TonoLab tonometer (Icare). About 5 ul of AdS. BMP2 virus (titer at
1.8 X 10'° pfu/ml) was injected in the anterior chamber of rat eyes under anesthesia.
Then, IOP was monitored up to day 28 post-injection. The baseline IOP of rat eyes was
about 12 mmHg. After injection of Ad5.BMP2, the average IOP quickly increased to
about 25 mmHg, then stabilized around 15 mmHg (FIG. 9). At all time points of
measurement, the IOP elevation was significant.

[0093] Once the IOP elevation was established, scAAV2.Y3.CBh.dnRhoA was
injected to reduce the IOP. Only the eyes with more than 50% increase of IOP compared
to the baseline were selected for the AAV injection. Then, IOP was continuously
monitored up to 14 days post-AAV injections. As soon as 7 days after AAV injection,
about 50% IOP reduction was observed. Then, the IOP was maintained at a level close
to baseline up to day 14 (FIG. 10).

[0094] The foregoing is illustrative of the present invention, and is not to be construed
as limiting thereof. The invention is defined by the following claims, with equivalents

of the claims to be included therein.
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That which is claimed is:

1. A recombinant self-complementary adeno-associated virus (scAAV) particle
comprising:

a) an AAV capsid protein; and

b) ascAAV viral genome comprising a eukaryotic promoter operably linked

to a polynucleotide encoding a dominant negative RhoA.

2. The recombinant scAAYV particle of claim 1, wherein the dominant negative

RhoA comprises at least one amino acid mutation.

3. The recombinant scAAYV particle of claim 2, wherein the at least one amino
acid mutation is a threonine to asparagine mutation at amino acid position 19 (T19N)

of SEQ ID NO:6.

4. The recombinant scAAYV particle of any one of claims 1-3, wherein the
eukaryotic promoter is a short (e.g., about 100, 200, 300, 400, 500, 600, 700, 800,
900, 1000, 1100, or about 1200 nucleotides in length) eukaryotic promoter, optionally
wherein the short eukaryotic promoter is truncated elongation factor 1- o (EFla), a

chicken beta-actin (CBA), or hybrid chicken beta-actin (CBh) promoter.

5. The recombinant scAAYV particle of any one of claims 1-4, wherein the
polynucleotide encoding a dominant negative RhoA is codon optimized for
expression in human (e.g., wherein the optimized particle expresses the
polynucleotide encoding the dominant negative RhoA in human about 5%, 10%,
15%, 20%, 25%, 30%, 40%, 50%, 60%, 80%, 90%, 100%, 125%, 150%, 175%,
200%, 350%, 400%, 450%, or about 500% more than a non-optimized particle).

6. The recombinant scAAYV particle of any one of claims 1-5, wherein the capsid
protein is optimized for expression in ocular tissues (e.g., wherein the optimized
particle expresses the polynucleotide encoding the dominant negative RhoA in the

ocular tissues about 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 80%, 90%,
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100%, 125%, 150%, 175%, 200%, 350%, 400%, 450%, or about 500% more than a

non-optimized particle).

7. The recombinant scAAYV particle of any one of claims 1-6, wherein the
particle comprises an AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAV7, AAVS,
AAVThS, AAVTh8R, AAV9, AAV10, AAVTh10, AAV11, AAV12, AAV2R4TIA,
AAV12, AAV2RAT1A, bovine AAV, or mouse AAYV serotype.

8. The recombinant scAAYV particle of any one of claims 1-7, wherein the capsid

protein comprises one or more amino acid mutations.

9. The recombinant scAAYV particle of claim 8, wherein the one or more amino
acid mutations comprise a Y444F, Y500F, and/or Y730F amino acid mutation,

numbered according to VP1 of AAV2 (SEQ ID NO: 5).

10.  The recombinant scAAYV particle of claim 8, wherein the one or more amino
acid mutations reduce immunogenicity and/or increases expression of the dominant

negative RhoA.

11.  The recombinant scAAYV particle of claim 6, wherein the ocular tissues

comprise the trabecular meshwork, iris, cornea, and/or retina.

12. A method of reducing the intraocular pressure (IOP) in a subject in need
thereof, the method comprising administering to the subject a therapeutically effective
amount of the recombinant scCAAV particle of any one of claims 1-11, thereby

reducing the IOP in the subject.

13. The method of claim 12, wherein the administering comprises intraocular
injection.
14. The method of claim 13, wherein the intraocular injection comprises injection

into the anterior chamber of the eye, optionally to the trabecular meshwork tissue

and/or to the cornea.
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15. The method of claim 14, wherein the intraocular injection is an intracameral
injection.
16. The method of claim 13, wherein the intraocular injection comprises injection

into the posterior chamber of the eye, optionally to the retinal cells (e.g., the retinal

ganglion cells and/or the retinal pigmented epithelial cells).

17. A method of treating and/or preventing an ocular disease in a subject in need
thereof, the method comprising administering to the subject a therapeutically effective
amount of the recombinant scCAAV particle of any one of claims 1-11, thereby

treating and/or preventing the ocular disease in the subject.

18. The method of claim 17, wherein the ocular disease is associated with elevated
I0P.
19. The method of claim 18, wherein the ocular disease is glaucoma, age-related

macular degeneration (AMD), wet AMD, diabetic retinopathy, and/or retinal holes.

20. The method of any one of claims 17-19, wherein the administering comprises

intraocular injection.

21. The method of claim 20, wherein the intraocular injection comprises injection
into the anterior chamber of the eye, optionally to the trabecular meshwork tissue

and/or to the cornea.
22. The method of claim 21, wherein the intraocular injection comprises injection

into the posterior chamber of the eye, optionally to the retinal cells (e.g., the retinal

ganglion cells and/or the retinal pigmented epithelial cells).

33



PCT/US2023/074351

1/5

WO 2024/059823

| () () =

G e
o I 2 B 5 Ty B 5 By

= | 2. Bl B
=5 (=E SE S
5o 7 s T i o

mwm —o0E i
SINIAT #

£ (L L ..
L, L, L. L.

s it 1) i

o,
oahih,
Ty
Ll
i
e

T
" sINGA# .

ey

x

FIG

2| e | | e
e K (] (]

SiMAAA#H

H
H

—N
R
H4ITR
; ?

s o T =z putll
< & = G

2001+
{
o 00
3V8-2001

o3
i3
pls
ol

VPIToA
SINIAT#

IMEDSE40 1 AYLGNOLAD MO

FIG. 2

SUBSTITUTE SHEET (RULE 26)



PCT/US2023/074351

WO 2024/059823

2/5

@M

00 M
GINTAT # »

oy g ot
QINAAZ #

T
SINAAZE
L

05¢
SINGAG#
A N0 A0

Li“

FIG. 3

£

r@ e e e o e e

"

1
1
i
1
i
1
!
1
1
1
1
i
1
i
1
!
1
1
1
1
i
1
i
1
!
1
1
1
1
i
1
i
1
1
1
!
1
1
i
1
i
1
1
1
!
1
1
i
1

I
!
i
!
i
]
I
1
I
1
i
!
i
]
I
1
I
1
i
!
i
}
I
1
I
1
i
!
i
}
I
I
1
i
!
i
}
I
I
1
|
o o
=F &

[

L) ST13D INIS

Q.

d

]
e

0

1

4

9]

FIG. 4

SUBSTITUTE SHEET (RULE 26)



WO 2024/059823 PCT/US2023/074351

3/5

SUBSTITUTE SHEET (RULE 26)



WO 2024/059823 PCT/US2023/074351

4/5

D 2.0
(n'l
|_
=
®)
S 154
Eg : 1.34
L
= i
|_
< 1.0—-- - sy SEEET TR
L
(n'el
> 0.58
E 05— e Eotott
O
b
~
O 2 2
8:) o e

NO DRUGS S1P LPA DMOG Y-27632

(M) (10uM)  (0.5mM) (50 uM)
FIG. 7
D 1.2
E "
=
EB‘LO—
o
LLI 08_
=
|_
=<5 0.6
L
(n'el
= 04— T
= &
O ol
~
S \
0.0
DONOR
1 NO VIRUS scAAV2.dnRhoA scAAV2.Y3.dnRhoA

SUBSTITUTE SHEET (RULE 26)



WO 2024/059823 PCT/US2023/074351

5/5
N=6
30 — *x *P<0.04
T P < 0.007
 25- o s
Z T 1
E, 20— AdhBMP2 T L
o
o 15 — \V4 . T
10 —
5 T i — T 1 I
3 0 3 6 9 12 15 18 21 24 27 30
BASELINE  DAYS POST-AdhBMP2 INJECTION
FIG. 9
25
20
= 15
£ 1 - T
ét) 10 J_ 1 J_
5
0
0 7 1 14
DAYS AFTER AAV INJECTION
FIG. 10

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No,
PCT/US23/74351

A.
IPC

CPC -

CLASSIFICATION OF SUBJECT MATTER
- INV. A61K 39/235; CO7K 14/47 (2023.01)
ADD, A61K 39/00 (2023.01)

ADD. A61K 39/00

INV. A61K 39/235; A61K 39/001164; CO7K 14/47; CO7K 14/4705

According to International Patent Classification (IPC) or to both national classification and [PC

B.

. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History document

Electronic database consulted during the international search (name of database and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

paragraphs [0065], [0108], [0113], [0115], [0134]; Claim

6

Category* . Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y /fMCCARTY. DM ET AL. "Self-complementary recombinant adeno-associated virus (ScAAV) 1-4
* | vectors promote efficient transduction independently of DNA synthesis" pages 1248-1254.
Gene Therapy. Vol. 8, No. 16. August 2001; abstract; DOI: 10.1038/sj.gt.330151 4
Y US 2020/0261550 A1 (DANA-FARBER CANCER INSTITUTE INC.) 20 August 2020; 1-4

B

D Further documents are listed in the continuation of Box C.

D See patent family annex.

*

wp»

“p»
“g”

“

“«o»
«p»

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

document cited by the applicant in the international application
earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which
is cited to establish the t{mblication date of another citation or other
special reason (as specified)

AY
documentreferring to an oral disclosure, use, exhibition or other means

wp

wyn

cwy»

later document published after the international filing date ox;ipriority
date and not in conflict with the apghg:auon but cited to understand
the principle or theory underlying the invention

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

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

document published prior to the international filing date but later than “&” document member of the same patent family

the priority date claimed
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INTERNATIONAL SEARCH REPORT' ' International application No.

PCT/US23/74351

Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

L. 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: -

N/
a. , forming part of the international application as filed.

b. I:l furnished subsequent to the international filing date for the purposes of international search (Rule 13¢er. 1(a)),

D accompanied by a statement to the effect that the sequence listing does not go beyond the disclosure in the
international application as filed.

2. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this report has been
established to the extent that a meaningful search could be carried out without a WIPO Standard ST.26 compliant sequence
listing,

3. Additional comments:
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INTERNATIONAL SEARCH REPORT . International application No.

PCT/US23/74351

Box No.II  *Observations where certain claims were found unsearchable (Continuatfon 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. E] ‘Claims Nos.:

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

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

3. Claims Nos.: 5.22°
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

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

B

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

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

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

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

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

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

D No protest accompanied the payment of additional search fees.
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