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NEUROPROTECTION OF NEURONAL SOMA AND AXON BY MODULATING
ER STRESS/UPR MOLECULES

GOVERNMENT RIGHTS

[0001] This invention was made with Government support under contract EY023295 awarded by
the National Institutes of Health. The Government has certain rights in the invention.

CROSS REFERENCE

[0002] This application claims benefit of U.S. Provisional Patent Application No. 62/812,038,
filed February 28, 2019, which applications are incorporated herein by reference in their entirety.

INTRODUCTION

[0003] Optic neuropathies are a group of optic nerve (ON) diseases characterized by the progressive
death of retinal ganglion cells (RGCs) and ON degeneration, which are the leading causes of
irreversible blindness (Ghaffarieh and Levin, 2012; Benowitz et al., 2017; Carelli et al., 2017; DeBusk
and Moster, 2018). RGCs relay visual information from retina to brain through the ON, which is
formed by projection axons of RGCs. The ON is highly vulnerable to injury and insult by trauma,
inflammation, ischemia, toxicity, hereditary deficits, glaucoma and high intraocular pressure, any of
which can cause retrograde RGC death and ON degeneration. Optic neuropathy can also be
associated with other central nervous system (CNS) neurodegenerative diseases (Carelli et al.,
2017), including multiple sclerosis (Talman et al., 2010; Toosy et al., 2014; Balcer et al., 2015),
Alzheimer’s disease (McKinnon, 2003; Chiasseu et al., 2016) and amyotrophic lateral sclerosis
(Minegishi et al., 2016; Wiggs and Pasquale, 2017). Lack of effective neuroprotective or regenerative
therapy for RGCs and ON significantly impedes preservation of vision in patients with optic
neuropathies.

[0004] Optic neuropathy is the most common clinical cause of irreversible blindness, and until now,
with the present disclosure, there was no effective neuroprotective treatment to prevent RGC/ON
degeneration. An increasing number of genes involved in RGC intrinsic signaling and are believed
to play important roles in RGC/ON survival and regeneration. These genes are promising neural
repair targets that could potentially be modulated directly by gene therapy, if RGC specific gene
targeting could be achieved. Novel treatments are desperately needed. The instant disclosure
provides novel compositions and methods of treatment for optic neuropathies.
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SUMMARY

[0005] As described in the present disclosure, adeno associated virus (AAV)-mediated gene transfer
was used to perform a low throughput in vivo screening with neuronal promoters, and the mouse y-
synuclein (mSncg) promoter identified herein (1446 base pairs (bp) in length) was found to provide
specific, potent and sustained transgene expression in RGCs. The full length mSncg promoter was
truncated into several smaller but functional variants of the promoter (1025 bp, 657 bp, and 265 bp
in length) allowing SpCas9 to be incorporated into the AAV vector. AAV-mSncg promoter (using the
265 bp fragment) mediated CRISPR/Cas9 knockdown of pro-degenerative genes, C/EBP
homologous protein (CHOP) and Sterile alpha and TIR motif-containing protein 1 (SARM1), in mouse
RGCs increased survival of RGC somata and axons and promoted functional recovery. These
results, therefore, successfully demonstrate that gene therapy employing an RGC-specific promoter
with CRISPR/Cas9 gene editing can provide effective neuroprotection in optic neuropathies.

[0006] The present disclosure provides compositions and methods for treating a mammalian subject
for an optic nerve (ON) neuropathy and/or reducing or ameliorating degeneration of axons and/or
soma of RGCs. Aspects of the composition include a mammalian viral vector, comprising a murine
v-synuclein promoter, or functional fragment thereof, that promotes expression of a transgene
specifically in retinal ganglion cells (RGCs), said promoter in operable linkage with an expression
cassette encoding the transgene, wherein the expressed transgene inhibits activity of an expression
product of an endogenous pro-neurodegenerative gene involved in an ER stress and/or UPR
pathway that leads to axon or soma degeneration in the RGCs. Aspects of the methods include
intravitreally administering the composition to treat the subject for the ON neuropathy. A variety of
ON neuropathies may be treated by practicing the methods, including retinal ganglion cell
degeneration, glaucoma, optic neuritis, ON traumatic injury and other ON-related diseases.

[0007] In some embodiments a promoter is provided for the selective expression of an operably
linked gene in retinal ganglion cells (RGCs). In some embodiments the promoter comprises or
consists of an mSncg promoter, optionally selected from the sequence set forth in SEQ ID NO:45,
46, 47, 48 or 63, or a sequence having at least 95% sequence identity to a sequence on SEQ ID
NO:45, 46, 47, 48 or 63. In some embodiments the promoter sequence is provided in the context of
a vector for expression, including without limitation a viral vector, e.g. an AAV vector. Cells of interest
for expression include, without limitation, cells in the eye and progenitors thereof, e.g. retinal cells,
particularly retinal ganglion cells, and their progenitors.

[0008] The promoter may further be operably linked to an expressible sequence, e.g. reporter genes,
genes encoding a polypeptide of interest, regulatory RNA sequences such as miRNA, siRNA, anti-
sense RNA, etc., and the like. Reporter gene sequences include, for example luciferase, beta-
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galactosidase, green fluorescent protein, enhanced green fluorescent protein, and the like as known
in the art. The expressible sequence may encode a protein of interest, for example a therapeutic
protein, receptor, antibody, growth factor, and the like. The expressible sequence may encode an
RNA interference molecule. The expressible sequence is typically heterologous to the promoter, i.e.
a gene not linked to the promoter in a native state.

BRIEF DESCRIPTION OF THE FIGURES

[0009] The invention is best understood from the following detailed description when read in
conjunction with the accompanying drawings. It is emphasized that, according to common practice,
the various features of the drawings are not to-scale. On the contrary, the dimensions of the various
features are arbitrarily expanded or reduced for clarity. Included in the drawings are the following
figures.

[0010] FIG. 1A-1B: FIG. 1A a diagram of AAV vectors containing the various promoters; FIG. 1B
confocal images of retinal cross sections in which EGFP expression is driven by various promoters
in an AAV2 vector.

[0011] FIG. 2A-2B: FIG. 2A confocal images of retinal wholemounts showing EGFP expression at
varying intensity levels driven by diverse promoters in RGCs; FIG. 2B Low magnification epi-
fluorescence images of wholemount optic nerve (ON) showing EGFP expression in RGC axons.

[0012] FIG. 3A-3D shows co-labeling AAV-mSncg-EGFP infected cells in mouse retina with RGC
markers, RBPMS or retrograde tracing dye Dil. FIG. 3A Co-labeling AAV-mSncg-EGFP infected
cells in mouse retina with RGC markers, RBPMS or Dil. FIG. 3B Quantification of EGFP/RBPMS
double positive cells in retina. FIG. 3C Confocal images of wholemount retina showing EGFP+ and
Dil+ RGCs. FIG. 3D Quantification of EGFP/Dil double positive cells in retina.

[0013] FIG. 4A-4C shows long-term EGFP expression driven by mSncg or CAG (SEQ ID NO: 44)
promoters in mouse RGCs. FIG. 4A Live scanning laser ophthalmoscopy (SLO) retina fundus
images showing EGFP expression in RGCs at different time points after AAV intravitreal injection.
FIG. 4B Quantification of EGFP fluorescence intensities at different time points after AAV intravitreal
injection. FIG. 4C Confocal images of retina and ON wholemounts showing EGFP+ RGC somata
and axons.

[0014] FIG. 5A-5D shows the specificity and potency of different truncated forms of mSncg promoter
in mouse RGCs. FIG. 5A Schematic illustration of the mouse Sncg gene and its promoters. The
Sncg gene is located on chromosome 14 (34370274-34374669) adjacent to multimerine 2 gene
(Mmrn2). The 1.45 kb mSncg includes partial sequence of the first intron and the whole first exon of
Mmrn2, the non-transcription regions between Mmrn2 and mSncg genes, and the non-translated
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region of the first exon of mSncg. The green "boxes" represent non-translated regions. FIG. 5B Epi-
fluorescence low magnification images of ON wholemounts showing EGFP expression in RGC
axons. FIG. 5C Confocal images of wholemount retinas showing EGFP positive RGCs. FIG. 5D
Confocal images of cross sections of retinas showing EGFP signals in different retina layers.

[0015] FIG. 6A-6C shows CHOP and SARM1 knock down by AAV-mSncg-CRISPR/Cas9 in mouse
RGCs. FIG. 6A Confocal images of wholemount retinas showing AAV-mSncg-HA-SpCas9
expression in retina (upper panel) and the expression of C/S gRNAs in RGCs (GFP positive cells)
and CHOP-mCherry inhibition. FIG. 6B Confocal images of wholemount retinas showing AAV-
mSncg-Cre-mediated Flag-SpCas9 expression in retinas of LSL-Flag-SpCas9 mice, and SARM1-
mCherry inhibition by C/S gRNAs-GFP. FIG. 6C Confocal images of cross sections of retinas
showing CHOP and SARM1 mRNA levels in GCL by ISH.

[0016] FIG. 7A-7D shows in vivo morphological and functional assays of RGCs after ON crush
injury. FIG. 7A Representative OCT images of mouse retina. GCC: ganglion cell complex, including
RNFL, GCL and IPL layers. FIG. 7B Quantification of GCC thickness, represented as percentage of
GCC thickness in the injured eyes, compared to the intact contralateral eye. FIG. 7C Representative
waveforms of PERG in the contralateral naive (CL, red) and crush injured (black) eyes. P1: the first
positive peak after the pattern stimulus; N2: the second negative peak after the pattern stimulus.
FIG. 7D Quantification of P1-N2 amplitude, represented as percentage of P1-N2 amplitude in the
injured eye, compared to the intact contralateral eye.

[0017] FIG. 8A-8D shows AAV-mSncg-CRISPR/Cas9 mediated CHOP/SARM1 inhibition promotes
significant RGC soma and axon survival after ON crush injury. FIG. 8A Confocal images of
wholemount retinas showing surviving EGFP positive (gRNA expressed cells) and RBPMS positive
(red) RGCs. AAVs were injected intravitreally 2 weeks before ON crush and mice were sacrificed 14
days post crush (14dpc). FIG. 8C Light microscope images of semi-thin transverse sections of ON
with PPD staining. FIG. 8B and 8D Quantification of surviving RGC somata and axons, represented
as percentage of crush injured eyes compared to the sham contralateral control eyes.

[0018] FIG. 9A-9B show that the mSncg promoter drives EGFP expression more efficiently than
hSncg promoter in human RGCs. FIG. 9A Epi-fluorescence images of human primary RGCs infected
with AAV-mSncg-EGFP or AAV-hSncg-EGFP at the same ratio. FIG. 9B Epi-fluorescence images
of human stem cell-derived RGCs infected with AAV-mSncg-EGFP or AAV-hSncg-EGFP at different
ratio.

[0019] FIG. 10A-10C shows in vitro assays to select effective CHOP and SARM1 gRNAs. FIG. 10A
Schematic illustration of AAV vectors for U6 promoter driven gRNA expression. The C/S gRNAs
include 4 U6 promoters that drive 2 CHOP and SARM1 gRNAs individually. FIG. 10B Sequences of
4 CHOP gRNAs and SARM1 gRNAs tested in vitro. The red coded sequences are selected to make
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C/S gRNAs. (Control identified as SEQ ID NO: 5; C1 identified as SEQ ID NO: 6; C2 identified as
SEQ ID NO: 7; C3 identified as SEQ ID NO: 8; C4 identified as SEQ ID NO: 9; S1 identified as SEQ
ID NO: 10; S2 identified as SEQ ID NO: 11; S3 identified as SEQ ID NO: 12; S4 identified as SEQ
ID NO: 13). FIG. 10C Co-transfection of SpCas9, gRNAs and reporters (CHOP-mCherry or SARM1-
mCherry) in HEK293T cells to determine knock down effects.

[0020] FIG. 11A-11B shows AAV-mSncg-Cre mediated reporter expression and ON regeneration.
FIG. 11A Live SLO fundus images of mouse retinas showing EGFP expression in RGCs and
confocal images of retina cross sections showing EGFP expression in RGCs. FIG. 11B Confocal
images of ON longitudinal sections showing regenerating fibers labeled with CTB-Alexa 488 at
14dpc. (* denotes crush site).

DEFINITIONS

[0021] The terms "treatment," "treating," "treat" and the like are used herein to generally refer to
obtaining a desired pharmacologic and/or physiologic effect. The effect can be prophylactic in terms
of completely or partially preventing a disease or symptom(s) thereof and/or may be therapeutic in
terms of a partial or complete stabilization or cure for a disease and/or adverse effect attributable to
the disease. The term “treatment" encompasses any treatment of a disease in a mammal, particularly
a human, and includes: (a) preventing the disease and/or symptom(s) from occurring in a subject
who may be predisposed to the disease or symptom(s) but has not yet been diagnosed as having it;
(b) inhibiting the disease and/or symptom(s), i.e., arresting development of a disease and/or the
associated symptoms; or (c) relieving the disease and the associated symptom(s), i.e., causing
regression of the disease and/or symptom(s). Those in need of treatment can include those already
inflicted (e.g., those with cancer, e.g. those having tumors) as well as those in which prevention is
desired (e.g., those with increased susceptibility to cancer; those with cancer; those suspected of
having cancer; efc.).

[0022] The terms “recipient,” “individual,” “subject,

host,” and “patient” are used interchangeably
herein and refer to any mammalian subject for whom diagnosis, treatment, or therapy is desired,
particularly humans. "Mammal" for purposes of treatment refers to any animal classified as a
mammal, including humans, domestic and farm animals, and zoo, sports, or pet animals, such as
dogs, horses, cats, cows, sheep, goats, pigs, camels, etc. In some embodiments, the mammal is
human.

[0023] The terms “specific binding,” “specifically binds,” and the like, refer to non-covalent or
covalent preferential binding to a molecule relative to other molecules or moieties in a solution or
reaction mixture (e.g., an antibody specifically binds to a particular polypeptide or epitope relative to

other available polypeptides). In some embodiments, the affinity of one molecule for another
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molecule to which it specifically binds is characterized by a Kp (dissociation constant) of 10° M or
less (e.g., 108 M or less, 107 M or less, 108 M or less, 10° M or less, 107 M or less, 10" M or less,
1072 M or less, 10"* M or less, 10" M or less, 107'° M or less, or 10'¢ M or less). "Affinity" refers to
the strength of binding, increased binding affinity being correlated with a lower Kp.

[0024] The terms “antibody” and “immunoglobulin,” as used herein, are used interchangeably may
generally refer to whole or intact molecules or fragments thereof and modified and/or conjugated
antibodies or fragments thereof that have been modified and/or conjugated. Antibody or
immunoglobulin may refer to a class of structurally related glycoproteins consisting of two pairs of
polypeptide chains, one pair of light (L) low molecular weight chains and one pair of heavy (H) chains,
all four inter-connected by disulfide bonds. The structure of immunoglobulins has been well
characterized (see for instance Fundamental Immunology Ch. 7 (Paul, W., ed., 2nd ed. Raven Press,
N.Y. (1989); incorporated by reference herein). Briefly, each heavy chain typically is comprised of a
heavy chain variable region (abbreviated as Vi) and a heavy chain constant region (abbreviated as
Ch). The heavy chain constant region typically is comprised of three domains, Cu1, Ch2, and Ch3.
Each light chain typically is comprised of a light chain variable region (abbreviated as V.) and a light
chain constant region (abbreviated herein as C.). The light chain constant region typically is
comprised of one domain, C.. The V4 and V. regions may be further subdivided into regions of
hypervariability (or hypervariable regions which may be hypervariable in sequence and/or form of
structurally defined loops), also termed complementarity determining regions (CDRs), interspersed
with regions that are more conserved, termed framework regions (FRs).

[0025] Multispecific (e.g., bispecific) antibodies, which bind multiple species of antigen, may be
readily engineered by those of ordinary skill in the art and, thus, may be encompassed within the
use of the term “antibody” used herein where appropriate. Also, multivalent antibody fragments may
be engineered, e.g., by the linking of two monovalent antibody fragments. As such, bivalent and/or
multivalent antibody fragments may be encompassed within the use of the term “antibody”, where
appropriate, as the ordinary skilled artisan will be readily aware of antibody fragments, e.g., those
described below, which may be linked in any convenient and appropriate combination to generate
multivalent monospecific or polyspecific (e.g., bispecific) antibody fragments.

[0026] In the context of the present disclosure, exemplary antibody fragments can include, but are
not limited to, antigen-binding fragments (Fab or F(ab), including Fab' or F(ab'), (Fab)., F(ab'), efc.);
single chain variable fragments (scFv or Fv) which are genetically engineered fragments containing
the variable region of the light chain and the variable region of the heavy chain expressed as two
chains; single chain antibodies ("SCA") which are genetically engineered molecules containing the
variable region of the light chain, the variable region of the heavy chain, linked by a suitable
polypeptide linker as a genetically fused single chain molecule (SCAs may be in the form of multimers
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such as diabodies, triabodies, tetrabodies, etc. which may or may not be polyspecific (see, for
example, WO 94/07921 and WO 98/44001)); and “third generation” (3G) molecules, etc., including
single domain (typically a variable heavy domain devoid of a light chain) and “miniaturized” antibody
molecules (typically a full-sized Ab or mAb in which non-essential domains have been
removed),which are capable of binding the epitopic determinant.

[0027] The terms "co-administration” and "in combination with" include the administration of two or
more therapeutic agents either simultaneously, concurrently or sequentially within no specific time
limits. In one embodiment, the agents are present in the cell or in the subject's body at the same time
or exert their biological or therapeutic effect at the same time. In one embodiment, the therapeutic
agents are in the same composition or unit dosage form. In other embodiments, the therapeutic
agents are in separate compositions or unit dosage forms. In certain embodiments, a first agent can
be administered prior to (e.g., minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours,
6 hours, 12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5
weeks, 6 weeks, 8 weeks, or 12 weeks before), concomitantly with, or subsequent to (e.g., 5 minutes,
15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48 hours,
72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks)
after the administration of a second therapeutic agent.

[0028] The term “sample” as used herein relates to a material or mixture of materials, typically,
although not necessarily, in fluid, i.e., aqueous, form, containing one or more components of interest.
Samples may be derived from a variety of sources such as from food stuffs, environmental materials,
a biological sample or solid, such as tissue or fluid isolated from an individual, including but not
limited to, for example, plasma, serum, spinal fluid, semen, lymph fluid, the external sections of the
skin, respiratory, intestinal, and genitourinary tracts, tears, saliva, milk, blood cells, tumors, organs,
and also samples of in vitro cell culture constituents (including but not limited to conditioned medium
resulting from the growth of cells in cell culture medium, putatively virally infected cells, recombinant
cells, and cell components). In certain embodiments of the method, the sample includes a cell. In
some instances of the method, the cell is in vitro. In some instances of the method, the cell is in vivo.

[0029] The terms “polynucleotide” and “nucleic acid,” used interchangeably herein, refer to a
polymeric form of nucleotides of any length, either ribonucleotides or deoxynucleotides. Thus, this
term includes, but is not limited to, single-, double-, or multi-stranded DNA or RNA, genomic DNA,
cDNA, DNA-RNA hybrids, or a polymer comprising purine and pyrimidine bases or other natural,
chemically or biochemically modified, non-natural, or derivatized nucleotide bases. The terms
“polynucleotide” and “nucleic acid” should be understood to include, as applicable to the embodiment
being described, single-stranded (such as sense or antisense) and double-stranded polynucleotides.
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[0030] The terms "polypeptide," "peptide," and "protein”, are used interchangeably herein, refer to a
polymeric form of amino acids of any length, which can include genetically coded and non-genetically
coded amino acids, chemically or biochemically modified or derivatized amino acids, and
polypeptides having modified peptide backbones. The term includes fusion proteins, including, but
not limited to, fusion proteins with a heterologous amino acid sequence, fusions with heterologous
and homologous leader sequences, with or without N-terminal methionine residues; immunologically
tagged proteins; and the like. The term “polypeptide” includes lipoproteins, glycoproteins, and the
like.

[0031] A “host cell,” as used herein, denotes an in vivo or in vitro eukaryotic cell, or a cell from a
multicellular organism (e.g., a cell line) cultured as a unicellular entity, which eukaryotic cells can be,
or have been, used as recipients for a nucleic acid (e.g., an expression vector), and include the
progeny of the original cell which has been genetically modified by the nucleic acid. It is understood
that the progeny of a single cell may not necessarily be completely identical in morphology or in
genomic or total DNA complement as the original parent, due to natural, accidental, or deliberate
mutation. A “recombinant host cell” (also referred to as a “genetically modified host cell”) is a host
cell into which has been introduced a heterologous nucleic acid, e.g., an expression vector, a guide
RNA, a donor DNA template, and the like. For example, a subject eukaryotic host cell is a genetically
modified eukaryotic host cell, by virtue of introduction into a suitable eukaryotic host cell of a
heterologous nucleic acid, e.g., an exogenous nucleic acid that is foreign to the eukaryotic host cell,
or a recombinant nucleic acid that is not normally found in the eukaryotic host cell.

[0032] As used herein, “CRISPER/Cas9 system” typically includes a polynucleotide sequence
(which may, together, be referred to as an expression cassette, or one or more sgRNAs may be
separately encoded and referred to as a cassette), wherein the polynucleotide sequence encodes
the Cas9 nuclease alone, or also encodes one or more single guide RNAs (sgRNAs) as well as the
Cas9 nuclease. In some instances, the expression cassette encoding the CRISPER/Cas9 system is
referred to as a “transgene.”

[0033] In some instances, the expression cassette encodes a transgene that encodes polypeptide.
In some instances, the transgene encodes an antibody or antibody fragment.

[0034] As used herein, “expression product” can refer to either a polynucleotide or polypeptide
product of a gene or transgene.

DETAILED DESCRIPTION

[0035] Endoplasmic reticulum (ER) stress and its downstream unfolded protein response (UPR)
pathways play a critical role in both neuronal cell body and axon degeneration. In 2012, Hu et al. first
reported that ON injury induces ER stress in RGCs (Hu et al., 2012). ER stress activates a complex

8



WO 2020/176862 PCT/US2020/020418

cascade of reactions, in general called the unfolded protein response (UPR) (Walter and Ron, 2011;
Wang and Kaufman, 2016). Striking neuroprotection has been accomplished by manipulating
downstream signaling molecules individually or combined of ER stress/UPR, including C/EBP
homologous protein (CHOP), X-Box-Binding Protein 1 (XBP-1), eukaryotic translation initiation factor
2 alpha (elF2a), Activating Transcription Factor 6 (ATF6) and Activating Transcription Factor 4
(ATF4) (R. Sano, J.C. Reed, (2013), Biochimica et Biophysica Acta 1833:3460-3470). Of special
interest, it was found that modulating these molecules could achieve neuroprotection in three optic
neuropathy models (Hu et al., 2012; Yang et al., 2016a; Huang et al., 2017), indicating that ER stress
is a common mechanism for neurodegeneration. Thus, targeting ER stress/UPR molecules have
considerable therapeutic neuroprotective potential in  neural injury/diseases associated
neurodegeneration.

[0036] As described herein, deletion of CHOP, one of the critical UPR genes that mediates ER
stress-induced apoptosis in many disease models (Zinszner et al., 1998; Oyadomari et al., 2002;
Silva et al., 2005; Song et al., 2008), preserves the structure and function of both RGC somata and
axons in experimental ON crush, glaucoma and experimental autoimmune encephalomyelitis (EAE)
/ optic neuritis (Hu et al., 2012; Yang et al., 2016a; Huang et al., 2017). Because neuronal soma and
axon degenerations are active autonomous processes with distinct molecular mechanisms (Calkins
and Horner, 2012; Wang et al., 2012; Howell et al, 2013; Conforti et al., 2014; Geden and
Deshmukh, 2016; Gerdts et al., 2016), targeting both provides better functional recovery than
targeting either alone. Sterile alpha and TIR motif-containing protein 1 (SARM1) has recently been
found to be critical for axon degeneration, and its deletion reported to preserve the integrity of injured
axons (Osterloh et al., 2012; Gerdts et al., 2013). Therefore, with the present disclosure CHOP and
SARM1 have been shown to be viable targets for neuroprotection of injured RGCs and their ON
axons.

[0037] Gene therapy utilizing a viral vehicle to deliver genetic material into cells is a promising way
to directly target pathogenetic molecules (Keeler et al., 2017). The retina is an advantageous target
for gene therapy due to its easy access, confined non-systemic localization, partial immune privilege,
and well-established definitive functional readouts (Ratican et al., 2018). The Clustered Regularly
Interspaced Short Palindromic Repeats (CRISPR) and CRISPR-associated protein (Cas) system,
which bacteria use to edit foreign viral gene intrusion, has been adapted for efficient gene editing of
the mammalian genome (Cong et al., 2013; Jinek et al., 2013; Mali et al., 2013). Mature retinal
neurons are post-mitotic cells, in which specific gene deletion can be achieved by CRISPR/Cas9-
mediated double-stranded DNA breaks and nonhomologous end joining (NEJ) (Wang et al., 2014b;
Bakondi et al., 2016). The simplicity and specificity of the RNA-guided CRISPR/Cas9 endonuclease
system has revolutionized gene therapy by enabling precise, efficient and even multiplex gene
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editing in mammalian cells (Cong et al., 2013; Jinek et al., 2013; Mali et al., 2013). Taking advantage
of these powerful genetic tools to develop neuroprotective treatments for optic neuropathy is a
scientifically important and clinically urgent undertaking.

[0038] The success of adeno-associated virus (AAV)-mediated gene replacement in treating
inherited retinal disease (Bainbridge et al, 2008; Hauswirth et al., 2008; Maguire et al., 2008;
Maguire et al., 2009; Busskamp et al., 2010; Gorbatyuk et al., 2010; Simonelli et al., 2010; Mingozzi
and High, 2011; Boye et al., 2013; Smalley, 2017) makes RGC-specific CRISPR/Cas9 gene editing
by AAV a promising gene therapy strategy for optic neuropathies. Because AAV is non-pathogenic
and cannot reproduce itself without helper viruses, it has served as a primary vehicle for gene therapy
(Bainbridge et al., 2008; Hauswirth et al., 2008; Maguire et al., 2008; Maguire et al., 2009; Busskamp
et al., 2010; Gorbatyuk et al., 2010; Simonelli et al., 2010; Mingozzi and High, 2011; Boye et al.,
2013). It is a single-stranded DNA virus that stably and efficiently infects a wide variety of cells in
multiple tissues. AAV2, the best-characterized AAV serotype, efficiently infects RGCs in retina after
intravitreal injection. RGCs are located in the innermost layer of the retina, which is directly opposed
to the vitreous (Pang ef al., 2008; Park et al., 2008; Hu et al., 2012; Boye et al., 2013; Yang et al.,
2014; Miao et al., 2016; Yang et al., 2016a). However, other cell types, including amacrine cells,
Miiller glia and bipolar cells, can also be infected, although to a lesser degree (Pang et al., 2008;
Nickells et al., 2017). Therefore, one critical requirement for safe clinical treatment of RGCs by AAV-
mediated gene therapy is to achieve precise targeting and sustained gene expression in RGCs
without unwanted gene expression in other retinal cells.

[0039] An RGC-specific promoter was hypothesized to allow precise manipulation of RGC gene
expression without affecting other retinal cell types. Mouse y-synuclein (mSncg) promoter was found
to drive specific, potent and sustained transgene expression in rodent RGCs and human primary
RGCs, as well as human induced Pluripotent Stem Cell (iPS) stem cell-derived RGCs. Thus, for the
first time, the present disclosure demonstrates that an AAV2-mSncg promoter-driven CRISPR/Cas9
system significantly knocks down endogenous CHOP and SARM1 expression in vivo in mouse
RGCs, and preserves the morphology and function of acutely injured RGC somata and axons. The
present disclosure demonstrates that AAV-mediated CRISPR gene therapy using an RGC-specific
promoter to directly modulate endogenous degenerative genes can be used to treat devastating optic
neuropathies.

[0040] Compositions and methods for treating a mammalian subject for an optic nerve (ON)
neuropathy and/or reducing or ameliorating degeneration of axons and/or soma of RGCs are
provided. Aspects of the composition include a mammalian viral vector, comprising a murine y-
synuclein promoter, or functional fragment thereof, that promotes expression of a transgene

specifically in retinal ganglion cells (RGCs), said promoter in operable linkage with an expression
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cassette encoding the transgene, wherein the expressed transgene inhibits activity of an expression
product of an endogenous pro-neurodegenerative gene involved in an ER stress and/or UPR
pathway that leads to axon or soma degeneration in the RGCs. Aspects of the methods include
intravitreally administering the composition to treat the subject for the ON neuropathy. A variety of
ON neuropathies may be treated by practicing the methods, including retinal ganglion cell
degeneration, glaucoma, optic neuritis, ON traumatic injury and other ON-related diseases.

[0041] In some aspects, provided herein is a composition comprising a mammalian viral vector
which comprises a murine y-synuclein promoter, or functional fragment thereof, that promotes
expression of a transgene specifically in retinal ganglion cells (RGCs), wherein the promoter is in
operable linkage with an expression cassette encoding the transgene, wherein the expressed
transgene inhibits activity of an expression product of an endogenous pro-neurodegenerative gene
in an ER stress and/or UPR pathway, and wherein uninhibited activity of the endogenous pro-
neurodegenerative gene leads to axon or soma degeneration in the RGCs.

[0042] In some embodiments of the composition, the transgene encodes a CRISPER/Cas9 system.
In some embodiments, the transgene encodes a protein that binds to the expression product of the
endogenous pro-neurodegenerative gene.

[0043] In some embodiments, the composition comprises an AAV vector, which comprises a murine
v-synuclein promoter in operable linkage with a nucleic acid encoding a Cas9 nuclease; and a U6
promoter in operable linkage with at least one single guide (sgRNA) 19-20 nucleotides in length,
wherein each sgRNA precedes an -NGG protospacer, and wherein each sgRNA targets at least one
gene selected from the group of neurodegenerative genes consisting of SARM1, CHOP, elF2 and
ATF4 for elimination by the CRISPER/Cas9 system. In some embodiments of the composition, the
murine y-synuclein promoter is selected from mSncg, mSncg-1.45kb (SEQ ID NO: 45), mSncg-
1.03kb (SEQ ID NO: 46), mSncg-0.66kb (SEQ ID NO: 47), and mSncg-0.27kb (SEQ ID NO: 48). In
some embodiments, the mSncg promoter is used to drive express of XBP1 and/or ATF6
neuroprotective genes.

[0044] In some embodiments, a first transgene encoding an sgRNA targeting the CHOP
neurodegenerative gene or transcript, and a second transgene (contiguous with the first transgene,
or in a second cassette, non-contiguous with the first transgene) overexpressing the XBP1 and/or
ATF6 neuroprotective gene product or protein, for example, to achieve synergistic neuroprotection
effects. In some embodiments, the transgene inhibits expression of one or more pro-degenerative
genes selected from CHOP, elF2, ATF4 and SARM1, or their gene products, e.g., polynucleotide

transcripts, polypeptides and proteins, or fragments thereof. In some embodiments, the murine y-
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synuclein promoter (mSncg, mSncg-1.45kb, mSncg-1.03kb, mSncg-0.66kb, or mSncg-0.27kb) is
used to drive express of XBP1 and/or ATF6 neuroprotective genes.

[0045] In some aspects, provided herein is a method of treating an optic nerve (ON) neuropathy in
a mammalian subject in need thereof, comprising intravitreally administering the composition into
the subject, thereby treating the ON neuropathy.

[0046] In some aspects, provided herein is a method of reducing or ameliorating degeneration of
axons and/or soma of RGCs, comprising intravitreally administering the composition into a
mammalian subject experiencing or at imminent risk of an ON neuropathy.

[0047] In some aspects, provided herein is a method of inducing neuroprotection / increasing
survival / promoting functional recovery of RGC somata and axons, comprising intravitreally
administering the composition into a mammalian subject experiencing or at imminent risk of an ON
neuropathy. In some embodiments of the method, the ON neuropathy is retinal ganglion cell
degeneration, including glaucoma, optic neuritis, ON traumatic injury and other ON-related diseases.

[0048] In some aspects, provided herein is a kit comprising an AAV vector, wherein the vector
comprises a murine y-synuclein promoter that promotes expression of a transgene specifically in
RGCs, wherein the murine y-synuclein promoter is in operable linkage with an expression cassette
that expresses Cas9 and a sgRNA, wherein the sgRNA targets at least one endogenous pro-
neurodegenerative gene in an ER stress and/or UPR pathway, wherein uninhibited activity of the
endogenous pro-neurodegenerative gene leads to axon or soma degeneration in the RGCs; and

instructions for use.

[0049] Before the present invention is described in greater detail, it is to be understood that this
invention is not limited to particular embodiments described, as such may, of course, vary. It is also
to be understood that the terminology used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting, since the scope of the present invention will be
limited only by the appended claims.

[0050] Where a range of values is provided, it is understood that each intervening value, to the tenth
of the unit of the lower limit unless the context clearly dictates otherwise, between the upper and
lower limit of that range and any other stated or intervening value in that stated range, is
encompassed within the invention. The upper and lower limits of these smaller ranges may
independently be included in the smaller ranges and are also encompassed within the invention,
subject to any specifically excluded limit in the stated range. Where the stated range includes one or
both of the limits, ranges excluding either or both of those included limits are also included in the
invention.
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[0051] Certain ranges are presented herein with numerical values being preceded by the term
"about." The term "about" is used herein to provide literal support for the exact number that it
precedes, as well as a number that is near to or approximately the number that the term precedes.
In determining whether a number is near to or approximately a specifically recited number, the near
or approximating unrecited number may be a number which, in the context in which it is presented,
provides the substantial equivalent of the specifically recited number.

[0052] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention belongs.
Although any methods and materials similar or equivalent to those described herein can also be
used in the practice or testing of the present invention, representative illustrative methods and
materials are now described.

[0053] All publications and patents cited in this specification are herein incorporated by reference in
their entirety, as if each individual publication or patent were specifically and individually indicated to
be incorporated by reference, and are incorporated herein by reference to disclose and describe the
methods and/or materials in connection with which the publications are cited. The citation of any
publication is for its disclosure prior to the filing date and should not be construed as an admission
that the present invention is not entitled to antedate such publication by virtue of prior invention.
Further, the dates of publication provided may be different from the actual publication dates which
may need to be independently confirmed.

[0054] It is noted that, as used herein and in the appended claims, the singular forms “a”, “an”, and
“the” include plural referents unless the context clearly dictates otherwise. It is further noted that the
claims may be drafted to exclude any optional element. As such, this statement is intended to serve
as antecedent basis for use of such exclusive terminology as “solely,” “only” and the like in
connection with the recitation of claim elements, or use of a “negative” limitation.

[0055] As will be apparent to those of skill in the art upon reading this disclosure, each of the
individual embodiments described and illustrated herein has discrete components and features
which may be readily separated from or combined with the features of any of the other several
embodiments without departing from the scope or spirit of the present invention. Any recited method
can be carried out in the order of events recited or in any other order which is logically possible.

[0056] While the compositions and methods have been or will be described for the sake of
grammatical fluidity with functional explanations, it is to be expressly understood that the claims,
unless expressly formulated under 35 U.S.C. §112, are not to be construed as necessarily limited in
any way by the construction of "means" or "steps" limitations, but are to be accorded the full scope
of the meaning and equivalents of the definition provided by the claims under the judicial doctrine of
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equivalents, and in the case where the claims are expressly formulated under 35 U.S.C. §112 are to
be accorded full statutory equivalents under 35 U.S.C. §112.

METHODS

[0057] As summarized above, aspects of the instant disclosure include methods of treating a subject
for an optic neuropathy. A variety of neurodegenerative disorders also may be treated by practice of
the methods described herein.

[0058] Examples of neurodegenerative disorders are defined as hereditary and sporadic conditions
that are characterized by progressive nervous system dysfunction. These disorders are often
associated with atrophy of the affected central or peripheral structures of the nervous system.
Neurodegenerative disorders involving the central nervous system (CNS) include, but are not limited
to e.g., diseases such as Alzheimer's Disease (AD), Huntington’s disease (HD), Parkinson’s disease,
multiple sclerosis (MS), Amyotrophic Lateral Sclerosis (ALS or Lou Gehrig's Disease),
frontotemporal dementia or other dementias, brain cancer, degenerative nerve diseases,
encephalitis, epilepsy, genetic brain disorders and brain malformations, hydrocephalus,
neurodegeneration related to mitochondrial dysfunction, non-syndromic genetic brain disorders,
prion diseases, rare syndromic multisystem diseases with optic atrophy such as mitochondrial
encephalomyopathies, stroke, traumatic brain injury (TBI) and others.

[0059] In some instances, the optic neuropathy and/or neurodegenerative disorder treated
according to the methods described herein may be an optic neuropathy such as Leber’s hereditary
optic neuropathy (LHON), dominant optic atrophy (DOA), ON damage associated with glaucoma, or
other CNS neurodegenerative disorder leading to ON degeneration. In some instances of the
methods disclosed herein, the disease or disorder may involve inflammation leading to degeneration
of the ON. For example, MS and its animal model experimental autoimmune encephalomyelitis
(EAE) are neurodegenerative diseases with characteristic inflammatory demyelination in the CNS,
including the optic nerve.

[0060] In the present disclosure, neurodegenerative disorders that may be treated by the herein
disclosed methods include essentially any disorder where RGCs degenerate and/or the presence of
ER stress genes or gene products and/or UPF genes or gene products are associated with the
presence and/or progression of the neurodegenerative disorder.

[0061] By "treatment” it is meant that at least an amelioration of one or more symptoms associated
with a neurodegenerative disorder afflicting the subject is achieved, where amelioration is used in a
broad sense to refer to at least a reduction in the magnitude of a parameter, e.g., a symptom
associated with the impairment being treated. As such, treatment also includes situations where a
pathological condition, or at least symptoms associated therewith, are completely inhibited, e.g.,
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prevented from happening, or stopped, e.g., terminated, such that the adult mammal no longer
suffers from the impairment, or at least the symptoms that characterize the impairment. In some
instances, "treatment”, "treating" and the like refer to obtaining a desired pharmacologic and/or
physiologic effect. The effect may be prophylactic in terms of completely or partially preventing a
disease or symptom thereof and/or may be therapeutic in terms of a partial or complete cure for a
disease and/or adverse effect attributable to the disease. "Treatment" may be any treatment of a
disease in a mammal, and includes: (a) preventing the disease from occurring in a subject which
may be predisposed to the disease but has not yet been diagnosed as having it; (b) inhibiting the
disease, i.e., arresting its development; or (c) relieving the disease, i.e., causing regression of the
disease. Treatment may result in a variety of different physical manifestations, e.g., modulation in
gene expression, increased neurogenesis, rejuvenation of tissue or organs (e.g., the optic nerve
(ON)), etc. Treatment of ongoing disease, where the treatment stabilizes or reduces the undesirable
clinical symptoms of the patient, occurs in some embodiments. Such treatment may be performed
prior to complete loss of function in the affected tissues. The subject therapy may be administered
during the symptomatic stage of the disease, and in some cases after the symptomatic stage of the
disease.

[0062] As summarized above, methods of treating a subject for an ON neuropathy may include
administering to a subject in need thereof an effective amount of an agent that reduces expression
of a gene or gene product in the ER stress and/or unfolded protein response (UPR) pathway(s).
Without being bound by theory, the instant disclosure includes the discovery that gamma-synuclein
(y-synuclein) promoters, and in particular the murine y-synuclein promoter, is specifically expressed
in retinal ganglion cells (RGCs) and therefore is useful for targeting a transgenic expression product
to RGCs.

[0063] With regard to the present disclosure, small molecules targeting ER stress molecules or
adeno-associated virus (AAV)-mediated gene therapies targeting ER stress/UPR pathways can be
developed based on these findings to prevent neurodegeneration, which can be translated into novel
therapeutic approaches to preserve important neuronal functions. A retinal ganglion cell (RGC)-
specific promoter was also identified and can be used to drive transgene expression in RGCs for
gene therapy, including targeting ER stress molecules for neuroprotection against glaucoma and
other optic neuropathies. An AAV vector employing this mSncg promoter was created to specifically
knock down or overexpress ER stress molecules for neuroprotection of RGC and optic nerve. The
instant invention provides several novel therapeutic targets for neuroprotectant development. The
new RGC-specific promoter (mouse gamma-synuclein, SNCG promoter) can be used for any RGC-
related gene therapy. The new AAV vector containing the mSncg promoter and new shRNA, gRNA
for CRISPR/Cas?9 gene editing in RGCs for neuroprotection. Small chemical modulators are being
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developed to target these ER stress molecules for neuroprotection. Novel AAV vectors are also being
designed to genetically modulate these ER stress molecules.

[0064] Provided herein are methods of targeting expression products of an endogenous pro-
neurodegenerative gene in an ER stress and/or UPR pathway, wherein uninhibited activity of the
endogenous pro-neurodegenerative gene expression products leads to axon or soma degeneration
in the RGCs. In some instances, methods of the present disclosure may include targeting a gene
associated with an ER stress and/or UPR pathway, including positive and negative regulators of an
ER stress and/or UPR pathway. For example, in some instances, a negative regulator of an ER
stress and/or UPR pathway may be targeted with an agonist of the negative regulator. In some
instances, a positive regulator of an ER stress and/or UPR pathway may be targeted with an
antagonist of the positive regulator. In some instances, one or more ER stress and/or UPR pathway
genes may be directly targeted, including e.g., where an ER stress and/or UPR pathway are
knocked-out or targeted for ablation, or the expression product, such as an RNA or protein
component of an ER stress and/or UPR pathway is directly or indirectly targeted. In some instances,
a component of an ER stress and/or UPR pathway is directly targeted.

[0065] Various subjects may be treated in the methods of the present disclosure. In some instances,
treated subjects may be mammals, including but not limited to e.g., rodents (e.g., rats, mice, etc.),
non-human primates (e.g., macaques, marmosets, tamarins, spider monkeys, owl monkeys, vervet
monkeys, squirrel monkeys, baboons, chimpanzees, etc.), humans, and the like. In some instances,
a treated subject may be an animal model (e.g., a rodent model, a non-human primate model, etc.)
of an optic neuropathy and/or neurodegenerative disorder. In some instances, a treated subject may
be a human subject, including but not limited to e.g., a human subject having an optic neuropathy
and/or neurodegenerative disorder, a human subject at increased risk of developing an optic
neuropathy and/or neurodegenerative disorder, a human subject of advanced age (e.g., at least 60
years of age, at least 65 years of age, at least 70 years of age, at least 75 years of age, at least 80
years of age, at least 85 years of age, at least 90 years of age, etc.), or a combination thereof.
Treated subjects may or may not be symptomatic, e.g., subject may or may not display or have
previously displayed one or more symptoms of an optic neuropathy and/or neurodegenerative
disorder, including but not limited to e.g., those optic neuropathies and/or neurodegenerative
disorders described herein.

[0066] Methods of the present disclosure may include administering to a subject an agent that
specifically targets RGCs and reduces RGC degeneration. Useful agents for reducing RGC
degeneration include agents that modulate an ER stress and/or UPR pathway, agents that modulate
a particular gene product that activates an ER stress and/or UPR pathway (e.g., including expression
products such as polynucleotides or proteins activating or in an ER stress and/or UPR pathway),
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combinations thereof and the like. Useful agents include agonists and antagonists, including e.g.,
agonists of negative regulators of an ER stress and/or UPR pathway and antagonists of positive
regulators of an ER stress and/or UPR pathway.

[0067] Various agents may be employed in treating the herein described optic neuropathies and
neurodegenerative disorders, the progression of which are based, at least in part, on the
degeneration of RGCs.

[0068] Agents that specifically target RGCs and reduce RGC degeneration include agents that
directly or indirectly modulate an ER stress and/or UPR pathway. For example, agents that inhibit
expression of a gene in an ER stress and/or UPR pathway are useful in methods and compositions
that inhibit RGC degeneration and treat optic neuropathies. Agents that play a role in activating or
repressing genes or gene products that negatively or positively influence an ER stress and/or UPR
pathway are of interest in the methods and compositions herein disclosed. In some instances, a
target gene may be involved in activating an ER stress and/or UPR pathway, and inhibition of the
function of the target gene may be performed by administering to the subject an antagonist of the
target gene such that RGC degeneration is reduced. In some instances, a target gene may be
involved in negatively regulating an ER stress and/or UPR pathway, and promotion of the function
of that target gene may be performed by administering to the subject an agonist of the target gene
that results in increased inhibition of RGC degeneration.

[0069] As agonists, any useful inducer of the subject target gene that negatively regulates
expression of an ER stress and/or UPR pathway gene and/or encoded product thereof may be
employed in the subject methods. Non-limiting examples of useful inducers include but are not limited
to e.g., non-peptide small molecule agonists, peptide agonists, encoding nucleic acids, and the like.
In some instances, useful agonists may include mimetics. In some instances, inducers may include
the protein (including recombinant and modified forms thereof), or a peptide fragment thereof
(including recombinant and modified forms thereof), or a polynucleotide encoding the protein
including where the protein shares 100% sequence identity or less than 100% sequence identity,
including e.g., at least 99%, at least 98%, at least 97% at least 96%, at least 95%, at least 90%, at
least 85%, at least 80%, efc., sequence identity, with a protein or amino acid sequence of a protein
described herein. In some instances, inducers may include a polynucleotide encoding the protein, or
a fragment thereof, including where the polynucleotide shares 100% sequence identity or less than
100% sequence identity, including e.g., at least 99%, at least 98%, at least 97% at least 96%, at
least 95%, at least 90%, at least 85%, at least 80%, efc., sequence identity, with an encoding
polynucleotide identified herein.

[0070] Accordingly, as non-limiting examples, in some instances, useful inducers may include a non-

peptide small molecule agonist of a protein that is a negative regulator of an ER stress and/or UPR
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pathway, a peptide agonist of a protein that is a negative regulator of an ER stress and/or UPR
pathway, a RNA or DNA encoding a protein (or fragment thereof) that is a negative regulator of an
ER stress and/or UPR pathway, and the like. In some instances, the effectiveness of an inducer may
be confirmed using an in vitro or in vivo assay, including e.g., where the effectiveness of the inducer
is compared to an appropriate control or standard, e.g., a corresponding CRISPR-based gene
silencing agent, a conventional therapy, etc. In some instances, useful agonists may be identified by
screening candidate compounds, including but not limited to e.g., where libraries of compounds (e.g.,
small molecule chemical libraries) are screened in a high throughput manner.

[0071] As antagonists, any useful inhibitor of the subject target gene and/or encoded product thereof
may be employed in the subject methods. Non-limiting examples of useful inhibitors include but are
not limited to e.g., non-peptide small molecule antagonists, peptide antagonists, interfering RNAs
(e.g., siRNA, shRNA, etc.), antibodies (e.g., neutralizing antibodies, function blocking antibodies,
etc.), aptamers, and the like. In some instances, inhibitors may target, e.g., specifically bind to,
specifically hybridize to, efc., a target protein or a nucleic acid encoding a target protein including
where the protein shares 100% sequence identity or less than 100% sequence identity, including
e.g., at least 99%, at least 98%, at least 97% at least 96%, at least 95%, at least 90%, at least 85%,
at least 80%, etc., sequence identity, with a protein or amino acid sequence of a protein described
herein.

[0072] Accordingly, as non-limiting examples, in some instances, useful inhibitors may include a
non-peptide small molecule antagonist of a protein that is a positive regulator of an ER stress and/or
UPR pathway, a peptide antagonist of a protein that is a positive regulator of an ER stress and/or
UPR pathway, an interfering RNA targeting an RNA expressed from a gene that positively regulates
an ER stress and/or UPR pathway, an anti-neurodegeneration-promoting-protein antibody (e.g., an
antibody that specifically binds to a pro-degenerative protein that leads to RGC degeneration), an
anti- neurodegeneration-promoting-protein aptamer, and the like. In some instances, the
effectiveness of an inhibitor may be confirmed using an in vitro or in vivo assay, including e.g., where
the effectiveness of the inhibitor is compared to an appropriate control or standard, e.g., the
corresponding CRISPR-based gene silencing agent, a conventional therapy, etc. In some instances,
useful antagonists may be identified by screening candidate compounds, including but not limited to
e.g., where libraries of compounds (e.g., small molecule chemical libraries) are screened in a high
throughput manner.

[0073] Selective Ang Il type 1 (AT1) receptor antagonists such as telmisartan and olmesartan are
commonly used in clinic to treat hypertension; recently, however, new effects have been discovered.
Telmisartan was found to reduce ER stress and thereby attenuated both apoptosis and cardiac
hypertrophy. Telmisartan significantly reduced left ventricle hypertrophy (LVH) and interstitial
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fibrosis, thus improving left ventricular function compared with AAC alone. ERS markers in the
myocardial, such as GRP78, CHOP, caspase 12 and p-JNK, significantly increased in rats with AAC;
telmisartan significantly dampened these changes. In some instances, the agent is an ER stress
and/or UPR pathway antagonist. Useful ER stress and/or UPR pathway antagonists include but are
not limited to e.g., Olmesartan, an AT-1R specific blocker and potential therapeutic in treating an ER
stress pathway involving CHOP, and telmisartan. (Liu, et al. Acta Pharmacol Sin. 2016, 37(4):425—
443).

[0074] Polynucleotides of interest in the present disclosure include polynucleotide sequences having
100% sequence identity, or less than 100% sequence identity, including e.g., at least 99%, at least
98%, at least 97% at least 96%, at least 95%, at least 90%, at least 85%, at least 80%, elc., sequence
identity, with a y-synuclein promoter sequence as identified herein. In some instances, the a y-
synuclein promoter is from a mammal, e.g., a human or a rodent such as a mouse or rat. In some
instances, the promoter has 100% sequence identity, or less than 100% sequence identity, including
e.g., at least 99%, at least 98%, at least 97% at least 96%, at least 95%, at least 90%, at least 85%,
or at least 80% sequence identity to the mSncg promoter or a fragment thereof.

[0075] The compositions (e.g., those including one or more agents that inhibit gene products in the
ER stress and/or UPR pathways) of this disclosure can be supplied in the form of a pharmaceutical
composition. Any suitable pharmaceutical composition may be employed, described in more detail
below. As such, in some instances, methods of the present disclosure may include administering
one or more agents in a composition comprising an excipient (e.g., an isotonic excipient) prepared
under sufficiently sterile conditions for administration to a mammal, e.g., a human.

[0076] Subjects treated according to the herein described methods may or may not include one or
more mutations in a gene to which the administered agent is targeted, including genes targeted by
either agonists or antagonists. For example, in some instances, a subject may be “wildtype” (i.e., not
mutated) at the genetic locus (i.e., the gene) associated with the administered agent (e.g., wildtype
at the CHOP locus when administered a CHOP antagonist). Correspondingly, in some instances, a
subject may be “mutant” (i.e., mutated) at the genetic locus (i.e., the gene) associated with the
administered agent (e.g., mutant at the CHOP locus when administered a CHOP agonist). By
“‘mutant”, as specifically used in this context, is meant that the locus is sufficiently altered such that
the encoded protein is sufficiently altered to substantially affect the function of the protein. In some
instances, a mutation that may be present or absent in a subject may be, but are not necessarily
limited to, one or more of the mutations described herein.

[0077] As used herein, the term “wildtype locus” generally refers to a gene, or sub-portion thereof,
in the subject that is not mutated, or not substantially mutated (e.g., at either allele) so as to affect
the function of the gene. Accordingly, a wildtype locus may contain the common (i.e., most prevalent,
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normal, etc.) sequence of the gene, or essentially the common sequence of the gene, without
mutation, or without substantial mutation, affecting the function of the gene. The “common
sequence”, as used in this context, generally refers to the gene sequence as it most frequently occurs
in a natural population. In some instances, common sequences may be represented by a reference
sequence, e.g., a reference sequence as it appears in a sequence database, such as but not limited
to e.g., GenBank database (NCBI), UniProt database (EBI/SIB/PIR), or the like. In some instances,
a wildtype locus may be identical or substantially identical to a reference sequence.

[0078] For example, in some instances, a subject treated according to the methods of the present
disclosure may be wildtype at one or more loci of target genes identified herein. Correspondingly,
without limitation, a subject treated according to the methods of the present disclosure may be
wildtype at the CHOP locus, wildtype at the SARM1 locus, wildtype at the XBP-1 locus, wildtype at
the elF2 locus, wildtype at the ATF4 locus, wildtype at the ATF6 locus, or wildtype at a combination
of loci thereof.

[0079] In some instances, a subject treated according to the methods of the present disclosure may
be mutant at one or more loci of target genes identified herein. Correspondingly, without limitation,
a subject treated according to the methods of the present disclosure may be mutant at the CHOP
locus, mutant at the SARM1 locus, mutant at the XBP-1 locus, mutant at the elF2 locus, mutant at
the ATF4 locus, mutant at the ATF6 locus, or mutant at a combination of loci thereof.

[0080] Administration of an agent to a subject, as described herein, may be performed employing
various routes of administration. The route of administration may be selected according to a variety
of factors including, but not necessarily limited to, the condition to be treated, the formulation and/or
device used, the patient to be treated, and the like. Routes of administration useful in the disclosed
methods include but are not limited to oral and parenteral routes, such as intravenous (iv),
intraperitoneal (ip), rectal, topical, ophthalmic, nasal, and transdermal. Formulations for these
dosage forms are described herein.

[0081] Where the agent is a polypeptide, polynucleotide, analog or mimetic thereof, it may be
introduced into tissues or host cells by any number of routes, including viral infection, microinjection,
or fusion of vesicles. Jet injection may also be used for intramuscular administration, as described
by Furth et al., Anal Biochem. (1992) 205:365-368. The DNA may be coated onto gold microparticles,
and delivered intradermally by a particle bombardment device, or "gene gun" as described in the
literature (see, for example, Tang et al., Nature (1992) 356:152-154), where gold microprojectiles
are coated with the DNA, then bombarded into skin cells. For nucleic acid therapeutic agents, a
number of different delivery vehicles find use, including viral and non-viral vector systems, as are

known in the art.
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[0082] Those of skill in the art will readily appreciate that dose levels can vary as a function of the
specific compound, the nature of the delivery vehicle, and the like. Preferred dosages for a given
compound are readily determinable by those of skill in the art by a variety of means.

[0083] In those embodiments where an effective amount of an active agent is administered to the
subject, the amount or dosage is effective when administered for a suitable period of time, such as
one week or longer, including two weeks or longer, such as 3 weeks or longer, 4 weeks or longer, 8
weeks or longer, etc., so as to evidence a reduction in the disorder, e.g., a reduction in a symptom
of the disorder or in a marker of disease pathology. For example, an effective dose is the dose that,
when administered for a suitable period of time, such as at least about one week, and maybe about
two weeks, or more, up to a period of about 3 weeks, 4 weeks, 8 weeks, or longer, will reduce a
symptom of the disorder, for example, by about 10% or more, by about 20% or more, e.g., by 30%
or more, by 40% or more, or by 50% or more, in some instances by 60% or more, by 70% or more,
by 80% or more, or by 90% or more, for example, and will halt progression of the disorder in the
subject. In some instances, an effective amount or dose of active agent will not only slow or halt the
progression of the disease condition but will also induce the reversal of the condition, i.e., will cause
an improvement in the neurological health of the subject. For example, in some instances, an
effective amount is the amount that when administered for a suitable period of time, for example, at
least about one week, and/or about two weeks, or more, up to a period of about 3 weeks, 4 weeks,
8 weeks, or longer will improve, stabilize, or at least reduce the progression of a disorder in subject,
for example 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, in some instances 6-fold, 7-fold, 8-fold, 9-fold, or
10-fold or more relative to the subject’s condition prior to administration.

[0084] In some instances, in those embodiments where an effective amount of an active agent is
administered to the subject, the amount or dosage is effective when administered for a suitable
period of time to result in a reduction in RGC degeneration in the subject. Such a reduction may
manifest in various ways, including but not limited to e.g., an increase in the number, size or length
of RGCs, or a reduction in the amount of degeneration of RGCs, or their axons or soma, or the like.
In some instances, methods of the present disclosure may result in at least a 5%, e.g., at least a
10%, at least a 15%, at least a 20%, at least a 25%, at least a 30%, at least a 35%, at least a 40%,
at least a 45%, at least a 50%, at least a 55%, at least a 60%, at least a 65%, at least a 70% at least
a 75%, at least a 80%, e.g., reduction in RGC degeneration. In some instances, methods of the
present disclosure may result in at least a 5%, e.g., at least a 10%, at least a 15%, at least a 20%,
at least a 25%, at least a 30%, at least a 35%, at least a 40%, at least a 45%, at least a 50%, at least
a 55%, at least a 60%, at least a 65%, at least a 70% at least a 75%, at least a 80%, e.g., increase
in RGC number, size or length of RGC axons or somata. Various methods of assessing the amount
of RGC degeneration or increase in number, size or length of RGC axons or somata may be
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employed, including invasive and non-invasive techniques, such as electrophysiology measurement
for RGC neuronal function, visual acuity, OCT imaging, fundus imaging, histology studies of RGC
somata and axons morphology.

[0085] A “therapeutically effective amount”, a "therapeutically effective dose" or “therapeutic dose”
is an amount sufficient to effect desired clinical results (i.e., achieve therapeutic efficacy, achieve a
desired therapeutic response, etc.). A therapeutically effective dose can be administered in one or
more administrations. For purposes of this disclosure, a therapeutically effective dose of an agent
that inhibits expression of a target gene (e.g., an ER stress and/or UPR gene, and the like) and/or
compositions is an amount that is sufficient, when administered to the individual, to palliate,
ameliorate, stabilize, reverse, prevent, slow or delay the progression of the disease state (e.g.,
neurodegeneration) by, for example, inhibiting gene expression product formation, or otherwise
preventing the symptoms or clinical progression of a neurodegenerative disorder present in the
subject.

[0086] An effective amount of a subject compound will depend, at least, on the particular method of
use, the subject being treated, the severity of the affliction, and the manner of administration of the
therapeutic composition. A "therapeutically effective amount" of a composition is a quantity of a
specified compound sufficient to achieve a desired effect in a subject (host) being treated.

[0087] Therapeutically effective doses of a subject compound or pharmaceutical composition can
be determined by one of skill in the art, with a goal of achieving local (e.g., tissue) concentrations
that are at least as high as the IC50 of an applicable compound disclosed herein.

[0088] The specific dose level and frequency of dosage for any particular subject may be varied and
will depend upon a variety of factors, including the activity of the subject compound, the metabolic
stability and length of action of that compound, the age, body weight, general health, sex and diet of
the subject, mode and time of administration, rate of excretion, drug combination, and severity of the
condition of the host undergoing therapy.

[0089] Conversion of an animal dose to human equivalent doses (HED) may, in some instances, be
performed using the conversion table and/ or algorithm provided by the U.S. Department of Health
and Human Services, Food and Drug Administration, Center for Drug Evaluation and Research
(CDER) in, e.g., Guidance for Industry: Estimating the Maximum Safe Starting Dose in Initial Clinical
Trials for Therapeutics in Adult Healthy Volunteers (2005) Food and Drug Administration, 5600
Fishers Lane, Rockville, MD 20857; (available at www(dot)fda(dot)gov/cder/guidance/index(dot)htm,
the disclosure of which is incorporated herein by reference).
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Conversion of Animal Doses to Human Equivalent Doses Based on Body Surface

Area
To Convert Animal Dosé in To Convert Animal Dose. in mg/kg to HED? in
. . mg/kg, Either:
Species mg/kg to Dose in mg/m2, — .
Multiply by ke . Divide . Multiply
Animal Dose By Animal Dose By
Human 37
Child (20 kg)® 25
Mouse 3 12.3 0.08
Hamster 5 7.4 0.13
Rat 6 6.2 0.16
Ferret 7 53 0.19
Guinea pig 8 4.6 0.22
Rabbit 12 3.1 0.32
Dog 20 1.8 0.54
Primates:
Monkeys® 12 3.1 0.32
Marmoset 6 6.2 0.16
Squirrel monkey 7 53 0.19
Baboon 20 1.8 0.54
Micro-pig 27 1.4 0.73
Mini-pig 35 1.1 0.95
a Assumes 60 kg human. For species not listed or for weights outside the standard ranges, HED can be
calculated from the following formula:
HED = animal dose in mg/kg x (animal weight in kg/human weight in kg)0.33.
b This km value is provided for reference only since healthy children will rarely be volunteers for phase 1 trials.
¢ For example, cynomolgus, rhesus, and stumptail.

Pharmaceutical Compositions

[0090] A pharmaceutical composition comprising a subject compound (i.e., an agonist or an
antagonist) may be administered to a patient alone, or in combination with other supplementary
active agents. The pharmaceutical compositions may be manufactured using any of a variety of
processes, including, without limitation, conventional mixing, dissolving, granulating, dragee-making,
levigating, emulsifying, encapsulating, entrapping, and lyophilizing. The pharmaceutical composition
can take any of a variety of forms including, without limitation, a sterile solution, suspension,
emulsion, lyophilisate, tablet, pill, pellet, capsule, powder, syrup, elixir or any other dosage form
suitable for administration.

[0091] A subject compound may be administered to the host using any convenient means capable
of resulting in the desired reduction in disease condition or symptom. Thus, a subject compound can
be incorporated into a variety of formulations for therapeutic administration. More particularly, a
subject compound can be formulated into pharmaceutical compositions by combination with
appropriate pharmaceutically acceptable carriers or diluents, and may be formulated into
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preparations in solid, semi-solid, liquid or gaseous forms, such as tablets, capsules, powders,
granules, ointments, solutions, suppositories, injections, inhalants and aerosols.

[0092] Formulations for pharmaceutical compositions are well known in the art. For example,
Remington's Pharmaceutical Sciences, by E. W. Martin, Mack Publishing Co., Easton, Pa., 19th
Edition, 1995, describes exemplary formulations (and components thereof) suitable for
pharmaceutical delivery of disclosed compounds. Pharmaceutical compositions comprising at least
one of the subject compounds can be formulated for use in human or veterinary medicine. Particular
formulations of a disclosed pharmaceutical composition may depend, for example, on the mode of
administration and/or on the location of the infection to be treated. In some embodiments,
formulations include a pharmaceutically acceptable carrier in addition to at least one active
ingredient, such as a subject compound. In other embodiments, other medicinal or pharmaceutical
agents, for example, with similar, related or complementary effects on the affliction being treated can
also be included as active ingredients in a pharmaceutical composition.

[0093] Pharmaceutically acceptable carriers useful for the disclosed methods and compositions are
conventional in the art. The nature of a pharmaceutical carrier will depend on the particular mode of
administration being employed. For example, parenteral formulations usually comprise injectable
fluids that include pharmaceutically and physiologically acceptable fluids such as water,
physiological saline, balanced salt solutions, aqueous dextrose, glycerol or the like as a vehicle. For
solid compositions (e.g., powder, pill, tablet, or capsule forms), conventional non-toxic solid carriers
can include, for example, pharmaceutical grades of mannitol, lactose, starch, or magnesium
stearate. In addition to biologically neutral carriers, pharmaceutical compositions to be administered
can optionally contain minor amounts of non-toxic auxiliary substances (e.g., excipients), such as
wetting or emulsifying agents, preservatives, and pH buffering agents and the like; for example,
sodium acetate or sorbitan monolaurate. Other non-limiting excipients include, nonionic solubilizers,
such as cremophor, or proteins, such as human serum albumin or plasma preparations.

[0094] Some examples of materials which can serve as pharmaceutically-acceptable carriers
include: (1) sugars, such as lactose, glucose and sucrose; (2) starches, such as corn starch and
potato starch; (3) cellulose, and its derivatives, such as sodium carboxymethyl cellulose, ethyl
cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt; (6) gelatin; (7) talc; (8) excipients,
such as cocoa butter and suppository waxes; (9) oils, such as peanut oil, cottonseed oil, safflower
oil, sesame oil, olive ail, corn oil and soybean oil; (10) glycols, such as propylene glycol; (11) polyols,
such as glycerin, sorbitol, mannitol, and polyethylene glycol; (12) esters, such as ethyl oleate and
ethyl laurate; (13) agar; (14) buffering agents, such as magnesium hydroxide and aluminum
hydroxide; (15) alginic acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer's solution; (19)
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ethyl alcohol; (20) pH buffered solutions; (21) polyesters, polycarbonates and/or polyanhydrides; and
(22) other non-toxic compatible substances employed in pharmaceutical formulations.

[0095] The disclosed pharmaceutical compositions may be formulated as a pharmaceutically
acceptable salt of a disclosed compound. Pharmaceutically acceptable salts are non-toxic salts of a
free base form of a compound that possesses the desired pharmacological activity of the free base.
These salts may be derived from inorganic or organic acids. Non-limiting examples of suitable
inorganic acids are hydrochloric acid, nitric acid, hydrobromic acid, sulfuric acid, hydroiodic acid, and
phosphoric acid. Non-limiting examples of suitable organic acids are acetic acid, propionic acid,
glycolic acid, lactic acid, pyruvic acid, malonic acid, succinic acid, malic acid, maleic acid, fumaric
acid, tartaric acid, citric acid, benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, p-toluenesulfonic acid, methyl sulfonic acid, salicylic acid, formic acid,
trichloroacetic acid, trifluoroacetic acid, gluconic acid, asparagic acid, aspartic acid, benzenesulfonic
acid, p-toluenesulfonic acid, naphthalenesulfonic acid, and the like. Lists of other suitable
pharmaceutically acceptable salts are found in Remington's Pharmaceutical Sciences, 17th Edition,
Mack Publishing Company, Easton, Pa., 1985. A pharmaceutically acceptable salt may also serve
to adjust the osmotic pressure of the composition.

[0096] A subject compound can be used alone or in combination with appropriate additives to make
tablets, powders, granules or capsules, for example, with conventional additives, such as lactose,
mannitol, corn starch or potato starch; with binders, such as crystalline cellulose, cellulose
derivatives, acacia, corn starch or gelatins; with disintegrators, such as corn starch, potato starch or
sodium carboxymethylcellulose; with lubricants, such as talc or magnesium stearate; and if desired,
with diluents, buffering agents, moistening agents, preservatives and flavoring agents. Such
preparations can be used for oral administration.

[0097] A subject compound can be formulated into preparations for injection by dissolving,
suspending or emulsifying them in an aqueous or nonaqueous solvent, such as vegetable or other
similar oils, synthetic aliphatic acid glycerides, esters of higher aliphatic acids or propylene glycol;
and if desired, with conventional additives such as solubilizers, isotonic agents, suspending agents,
emulsifying agents, stabilizers and preservatives. The preparation may also be emulsified or the
active ingredient encapsulated in liposome vehicles. Formulations suitable for injection can be
administered by an intravitreal, intraocular, intramuscular, subcutaneous, sublingual, or other route
of administration, e.g., injection into the gum tissue or other oral tissue. Such formulations are also
suitable for topical administration.

[0098] In some embodiments, a subject compound can be delivered by a continuous delivery
system. The term "continuous delivery system" is used interchangeably herein with "controlled
delivery system" and encompasses continuous (e.g., controlled) delivery devices (e.g., pumps) in
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combination with catheters, injection devices, and the like, a wide variety of which are known in the
art.

[0099] A subject compound can be utilized in aerosol formulation to be administered via inhalation.
A subject compound can be formulated into pressurized acceptable propellants such as
dichlorodifluoromethane, propane, nitrogen and the like.

[00100] Furthermore, a subject compound can be made into suppositories by mixing with a variety of
bases such as emulsifying bases or water-soluble bases. A subject compound can be administered
rectally via a suppository. The suppository can include vehicles such as cocoa butter, carbowaxes
and polyethylene glycols, which melt at body temperature, yet are solidified at room temperature.

[00101] The term "unit dosage form," as used herein, refers to physically discrete units suitable as
unitary dosages for human and animal subjects, each unit containing a predetermined quantity of a
subject compound calculated in an amount sufficient to produce the desired effect in association with
a pharmaceutically acceptable diluent, carrier or vehicle. The specifications for a subject compound
depend on the particular compound employed and the effect to be achieved, and the
pharmacodynamics associated with each compound in the host.

[00102] The dosage form of a disclosed pharmaceutical composition will be determined by the mode
of administration chosen. For example, in addition to injectable fluids, topical or oral dosage forms
may be employed. Topical preparations may include eye drops, ointments, sprays and the like. In
some instances, a topical preparation of a medicament useful in the methods described herein may
include, e.g., an ointment preparation that includes one or more excipients including, e.g., mineral
oil, paraffin, propylene carbonate, white petrolatum, white wax and the like, in addition to one or more
additional active agents.

[00103] Oral formulations may be liquid (e.g., syrups, solutions or suspensions), or solid (e.g.,
powders, pills, tablets, or capsules). Methods of preparing such dosage forms are known, or will be
apparent, to those skilled in the art.

[00104] Certain embodiments of the pharmaceutical compositions comprising a subject compound
may be formulated in unit dosage form suitable for individual administration of precise dosages. The
amount of active ingredient administered will depend on the subject being treated, the severity of the
affliction, and the manner of administration, and is known to those skilled in the art. Within these
bounds, the formulation to be administered will contain a quantity of the extracts or compounds
disclosed herein in an amount effective to achieve the desired effect in the subject being treated.

[00105] Each therapeutic compound can independently be in any dosage form, such as those
described herein, and can also be administered in various ways, as described herein. For example,
the compounds may be formulated together, in a single dosage unit (that is, combined together in
one form such as capsule, tablet, powder, or liquid, etc.) as a combination product. Alternatively,
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when not formulated together in a single dosage unit, an individual subject compound may be
administered at the same time as another therapeutic compound or sequentially, in any order thereof.

[00106] In some instances, methods of treating a subject as described herein may include
administering to the subject an effective amount of an agent that reduces RGC degeneration in the
subject, as identified in a method of screening described herein.

Methods of Screening

[00107] As summarized above, the methods of the present disclosure also include methods of
identifying ER stress and/or UPR pathway associated target genes, including target genes that are
positive and negative regulators of neurodegeneration of RGCs. Useful screens for identifying
positive and negative regulators of an ER stress and/or UPR pathway may include, but are not limited
to e.g., genetic screens, such as but not limited to e.g., genes employing silencing reagents, such
as but not limited to e.g., CRISPR-based gene silencing reagents.

[00108] By “ER stress and/or UPR pathway target gene,” as used herein, is meant a gene that is
involved, either positively or negatively, in the ER stress and/or UPR pathway, the degeneration of
RGCs, and/or the under- or over-expression of an ER stress and/or UPR pathway-associated target
gene. In some instances, an ER stress and/or UPR pathway-associated target gene may be
identified from a population of target genes identified in a genetic screen selecting for or against optic
neuropathy and/or RGC degeneration, such as but not limited to e.g., a CRISPR-based gene
silencing screen selecting for or against optic neuropathy and/or RGC degeneration.

[00109] As summarized above, in some embodiments, screens of the present disclosure may include
contacting a population of RGCs with a plurality of CRISPR-based gene silencing agents targeting
a plurality of target genes. Accordingly, in such an approach a variety of different genes may be
silenced and analyzed in a pooled or multiplexed format as desired. Various populations of RGCs
may be employed in such methods, including where such RGCs are primary cells or cultured cells.
In some instances, primary cells obtained from a subject may be employed. In some instances,
cultured cells of a RGC cell culture line may be employed.

[00110] By “CRISPR-based gene silencing agent” is meant one or more agents that when delivered
to a cell cause the directed silencing of a target gene by CRISPER/Cas9-based nuclease activity.
Accordingly, in some instances, a CRISPR-based gene silencing agent may include a guide RNA
(gRNA) having sequence that specifically targets a Cas9 nuclease to a specific target gene.
CRISPR/Cas9-based silencing of a target gene may include delivery of a Cas9 polypeptide or a
Cas9 polypeptide encoding nucleic acid to the subject cells. For example, in some instances, a vector
that includes a nucleic acid that encodes a Cas9 nuclease may be delivered to the subject cells
before, during or after the cell is contacted with a CRISPR-based gene silencing agent such that the
encoded Cas9 nuclease is expressed when the CRISPR-based gene silencing agent is present
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within the cell. In some instances, the cell may be genetically modified with a nucleic acid encoding
a Cas9 nuclease such that the encoded Cas9 nuclease is expressed (e.g., conditionally expressed,
constitutively expressed, etc.) when the CRISPR-based gene silencing agent is present within the
cell. Accordingly, CRISPR/Cas9-based silencing of the present methods may employ a Cas9
nuclease that is stably or transiently expressed including e.g., where a nucleic acid encoding the
Cas9 nuclease is transiently or stably present within the cell line. In some instances, Cas9
polypeptide may be delivered to the subject cells, i.e., without the need to express the Cas9
polypeptide within the cells. CRISPR-based gene silencing agents will vary and may include e.g.,
vector (e.g., virus (e.g., lentivirus), plasmid, etc.) containing and/or expressing one or more gRNAs.
Methods of delivery of CRISPR-based gene silencing agents will similarly vary any may include e.g.,
transfection, electroporation, lipofection, etc.

[00111] CRISPR-based gene silencing agents of the present disclosure may be directed to essentially
any element of a subject genome including e.g., protein-coding and non-protein coding elements of
the subject genome. In some instances, e.g., where a plurality of CRISPR-based gene silencing
agents is employed, the plurality of CRISPR-based gene silencing agents may collectively target all
or essentially all genes of the subject genome (i.e., genome-wide targeting). In some instances,
targeted non-protein coding elements may include but are not limited to e.g., promoters, enhancers,
non-coding RNAs, and the like. In some instances, the targets of one or more CRISPR-based gene
silencing agents may include proteins involved in RGC degeneration, ER stress and/or UPR
pathways, or the like. In some instances, the function of the targeted gene may be unknown. In some
instances, the targets of one or more CRISPR-based gene silencing agents may include proteins
involved in processes other than RGC degeneration, ER stress and/or UPR pathways, including but
not limited to e.g., protein processing/trafficking, neuronal cell differentiation, cellular homeostasis,
cellular metabolism, and the like.

[00112] In some instances, a method of screening may include sequencing, including but not limited
to e.g., sequencing cells selected in the screen. Any convenient and appropriate method of
sequencing may be employed including but not limited to e.g., RNA-seq.

[00113] In some embodiments, a subject screen may involve genetic silencing of various target genes
in a population of cells, such as neurons, and selection for the cells not experiencing ON neuropathy.
Accordingly, in such a screen, non-degenerating cells may be under-represented or absent and
healthy cells (i.e., cells with reduced or inhibited neurodegeneration) may be over-represented or
essentially the only cells present. Correspondingly, sequencing of the remaining or selected cells will
reveal over-represented and under-represented leads for the various target gene transcripts. Where
RGCs having a silenced target gene are present or over-represented in the population of selected
RGC-neurodegeneration-negative cells, the silenced target gene may be identified as a positive

28



WO 2020/176862 PCT/US2020/020418

regulator of RGC degeneration, ER stress and/or UPR pathways. Where RGCs having a silenced
target gene are absent or under-represented in the population of selected RGCs, the silenced target
gene may be identified as a negative regulator of RGC degeneration.

[00114] As summarized above, identified RGC degeneration-associated target genes, including
target genes that are positive and negative regulators of RGC degeneration, may be used in the
treatment of subjects in need thereof in further methods included in the instant disclosure. Thus, the
methods of the present disclosure include methods of treating a neurodegenerative disorder in a
subject by administering to the subject an antagonist of a positive regulator of RGC degeneration,
including a positive regulator identified in a screen as described above. Accordingly, the methods of
the present disclosure also include methods of treating a neurodegenerative disorder in a subject by
administering to the subject an agonist of a negative regulator of RGC degeneration, including a
negative regulator identified in a screen as described above.

REAGENTS, DEVICES AND KITS

[00115] Also provided are reagents, devices and kits thereof for practicing one or more of the above-
described methods. The subject reagents, devices and kits thereof may vary greatly. Reagents and
devices of interest include those mentioned above with respect to the methods of treating a
neurodegenerative condition in a subject, including by administering to the subject an effective
amount of an agent that reduces the prevalence of RGC degeneration. The subject kits may include
any combination of components (e.g., reagents, cell lines, etc.) for performing the subject methods,
such as e.g., methods of treating a neurodegenerative condition and/or methods of identifying a RGC
degeneration -associated target gene.

[00116] In some embodiments, a subject kit may be employed in a method of identifying a target gene
associated with degeneration of retinal ganglion cells. Such kits may vary and may, but need not
necessarily, include one or more RGC populations. In some embodiments, a subject kit may include
one or more, including a plurality of or a library of, CRISPR-based gene silencing agents. In some
embodiments, the subject kits may include a nucleic acid for expressing a Cas9 polypeptide within
a particular cell type, such as a retinal ganglion cell. In some instances, a cell line contained within
a subject kit may be configured (e.g., genetically modified) to express a Cas9 polypeptide.

[00117] In addition to the above components, the subject kits will further include instructions for
practicing the subject methods. These instructions may be present in the subject kits in a variety of
forms, one or more of which may be present in the kit. One form in which these instructions may be
present is as printed information on a suitable medium or substrate, e.g., a piece or pieces of paper
on which the information is printed, in the packaging of the Kit, in a package insert, etc. Yet another
means would be a computer readable medium, e.g., diskette, CD, portable flash drive, etc., on which
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the information has been recorded. Yet another means that may be present is a website address
which may be used via the internet to access the information at a removed site. Any convenient
means may be present in the Kits.

[00118] Mice. H11LSL-3xFlag-Cas9 with C57BL/6 background (Chiou et al., 2015) (# 027632) and
C57BL/6 WT (#000664) mice were purchased from Jackson Laboratories (Bar Harbor, Maine). Either
sex was randomly used the in experiments. All experimental procedures were performed in
compliance with animal protocols approved by the IACUC at Stanford University School of Medicine.

[00119] Constructs. All the promoter constructs were based on the pAM-AAV-CAG-EGFP-WPRE
plasmid (Fig.1, panel A). Genomic DNA from C57BL/6J mouse tails and human HEK 293 cells were
used to PCR the nine mouse promoters (synuclein gamma “mSncg,” a-calcium/calmodulin-
dependent protein kinase Il “mCaMKlla” (SEQ ID NO: 52), ISL LIM Homeobox 2 “mlsl2” (SEQ ID
NO: 50), thy-1 cell surface antigen “mThy1” (SEQ ID NO: 49), Class Ill Beta-Tubulin “mTuBB3” (SEQ
ID NO: 53), synapsin | “mSynl” (SEQ ID NO: 51), phosphoglycerate kinase 1 “mPGK” (SEQ ID NO:
54), growth associated protein 43 “mGAP43” (SEQ ID NO: 55), and RNA-binding protein with
multiple splicing “mRBPMS” (SEQ ID NO: 56), and the four human promoters (*hSncg” (SEQ ID NO:
57), “hlsl2” (SEQ ID NO: 59), “hThy1” (SEQ ID NO: 58), and “hSynl” (SEQ ID NO: 60)), respectively.
The primers used for PCR with the promoters are shown in Table 1 and listed in the Sequence Listing
submitted herewith, and are identified herein as follows: (mSncg forward (SEQ ID NO:14); mSncg
reverse (SEQ ID NO:15); mCamk2a forward (SEQ ID NO:16); mCamk2a reverse (SEQ ID NO:17);
misl2 forward (SEQ ID NO:18); misl2 reverse (SEQ ID NO:61); mThy1 forward (SEQ ID NO:62);
mThy1 reverse (SEQ ID NO:19); mTUBBS3 forward (SEQ ID NO:20); mTUBBS3 reverse (SEQ ID
NO:21); mSyn1 forward (SEQ ID NO:22); mSyn1 reverse (SEQ ID NO:23); mPGK forward (SEQ ID
NO:24); mPGK reverse (SEQ ID NO:25); hSncg forward (SEQ ID NO:26); hSncg reverse (SEQ ID
NO:27); hisl2 forward (SEQ ID NO:28); hisl2 reverse (SEQ ID NO:29); hThy1 forward (SEQ ID
NO:30); hThy1 reverse (SEQ ID NO:31); hSyn1 forward (SEQ ID NO:32); hSyn1 reverse (SEQ ID
NO:33); mGAP43 forward (SEQ ID NO:34); mGAP43 reverse (SEQ ID NO:35); mRBPMS forward
(SEQ ID NO:36); mRBPMS reverse (SEQ ID NO:37); mSncg-1.03k forward (SEQ ID NO:38);
mSncg-1.03k reverse (SEQ ID NO:39); mSncg-0.66k forward (SEQ ID NO:40); mSncg-0.66k
reverse (SEQ ID NO:41); mSncg-0.27k forward (SEQ ID NO:42); mSncg-0.27k reverse (SEQ ID
NO:43).

(
(
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Tabla 81
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[00120] The promoters were inserted into Ndel and EcoRlI sites of pAM-AAV-CAG-EGFP-WPRE
plasmid to replace the original CAG promoter. The truncation of mSncg promoter was also done by
PCR using the primers listed in Table 1. The mRBPMS promoter failed to amplify by PCR, and thus,
a 2475bp fragment was synthesized by IDT. All the promoters’ sequences are included in the
sequence listing. To make the pAM-AAV-mSncg-Cre, the EGFP in the pAM-AAV-mSncg-EGFP was
replaced with Cre using Xhol and EcoRI and Gibson assembly. The Cre was amplified by
forward primer: gcaaacaccatggacgtcticaaggaattcgccaccatgcccaagaagaagaggaaggtg (SEQ ID NO:
1), and
reverse primer: ccgggtcgactctagaggtaccacgcegtagatctctaatcgcecatcttccagecagge (SEQ ID NO: 2).

[00121] The plasmid containing SpCas9 with N-terminal HA tag was purchased from Addgene
(PX551, Plasmid #60957). For constructing the vector carrying SpCas9 with mSncg-0.27K promoter,
the PX551 was digested with Xbal and Agel to remove the original Mecp2 promoter. The promoter
insert was amplified using the following primers:

ITR-mSncg-0.27K-F (forward): catcactaggggttcctgcggectctagaaagagtcagcagggecagaatagage

(SEQ ID NO: 3);

Cas9-mSncg-reverse: acatcgtatgggtacatggtggcgaccggtctigaagacgtccatggtgtitge (SEQ ID NO: 4).
The backbone and insert were assembled together by Gibson reaction (NEB, E2611L).

[00122] For single guide RNA (gRNA) selection and generation, the 20-nt target sequences were
selected to precede a 5 '-NGG protospacer-adjacent motif (PAM) sequence available online at
portals.broadinstitute.org/gpp/public/analysis-tools/sgrna-design. For each gRNA, two partially
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complementary oligos with 4 nucleotide (nt) overhangs compatible for cloning were synthesized and
annealed and ligated into Sapl digested PX552 vector (Addgene, Plasmid #60958) that carries the
gRNA scaffold with U6 promoter. The original PX552 plasmid was used as control (Control gRNA).
For the multiplex gene targeting strategy, individual sgRNA cassettes with U6 promoter and gRNA
scaffold were pasted into the region between ITR and U6 promoter until 4 sgRNA cassettes were
built into one construct (Figure 11). All obtained constructs were verified by sequencing.

[00123] AAV production. The detailed procedure has been described previously (Hu et al., 2012;
Yang et al., 2014). Briefly, AAV plasmids containing the transgenes were co-transfected with pAAV2
(PACG2)-RC triple mutant (Y444, 500, 730F) (Petrs-Silva et al., 2011; Wang et al., 2014a; Zhang et
al., 2014) and the pHelper plasmid (Stratagene) into HEK293T cells. 72 hours after transfection, the
cells were lysed to release the viral particles, which were precipitated by 40% polyethylene glycol
and purified by two rounds of cesium chloride density gradient centrifugation. The virus bands were
taken out for dialysis in a MWCO 7000 Slide-A —LYZER cassette (Pierce) overnight at 4°C. The AAV
titers were determined by real-time PCR (Table 1) and diluted to 1.5 x 1012 vector genome (vg)/ml.
Thus, 2 ul was used for intravitreal injection of each eye to achieve 3 x 10° vg/retina. All the AAVs
titers are summarized in Table 1.

[00124] Intravitreal injection. Mice were anesthetized by xylazine and ketamine based on their body
weight (0.01mg xylazine/g+0.08mg ketamine/g). For each AAV intravitreal injection, a micropipette
was inserted into the peripheral retina of 3-week-old mice just behind the ora serrata, and advanced
into the vitreous chamber so as to avoid damage to the lens. Approximately 2 ul of the vitreous was
removed before injection of 2 pl AAV into the vitreous chamber.

[00125] ON crush. ON crush was performed 2 weeks following AAV injection (Yang et al., 2014; Miao
et al., 2016): the ON was exposed intraorbitally while care was taken not to damage the underlying
ophthalmic artery, and crushed with a jeweler’s forceps (Dumont #5; Fine Science Tools, Foster City,
California) for 5 seconds approximately 0.5 mm behind the eyeball. Eye ointment containing
neomycin (Akorn, Somerset, New Jersey) was applied to protect the cornea after surgery.

[00126] RGC axon anterograde tracing. 2 pl of cholera toxin B subunit (CTB) conjugated with
fluorescence Alexa- 488 (2 pg/ul, Invitrogen) was injected into the vitreous chamber 2 days before
euthanizing the animals at 14 days post crush (14dpc) to label the regenerating axons in the optic
nerve. Animals were euthanized by COz2 and fixed by perfusion with 4% paraformaldehyde in cold
PBS. Eyes with the nerve segment still attached were dissected out and post-fixed in the same
fixative for another 2 hours at room temperature. Tissues were cryoprotected through increasing
concentrations of sucrose (15%-30%) and optimal cutting temperature compound (OCT) (Tissue
Tek). They were then snap-frozen in dry ice, cut into serial longitudinal cross-sections (8 um) and
stored at —80°C until processed.
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[00127] Immunohistochemistry of wholemount and cross sections of retina. After transcardiac
perfusion with 4% PFA in PBS, the eyes were dissected out, post-fixed with 4% PFA for 2 hours, at
room temperature, and cryoprotected in 30% sucrose overnight. For retina wholemount, retinas were
dissected out and washed extensively in PBS before blocking in staining buffer (10% normal goat
serum and 2% Triton X-100 in PBS) for 1 hour. RBPMS guinea pig antibody was made at ProSci,
California according to publications (Kwong et al., 2010; Rodriguez et al., 2014) and used at 1:4000,
rat HA (clone 3F10, 1:200, Roche) and M2 antibodies for Flag tag (1:200) were diluted in the same
staining buffer. Floating retinas were incubated with primary antibodies overnight at 4°C and washed
three times for 30 minutes each with PBS. Secondary antibodies (Cy2, Cy3 or Cy5-conjugated) were
then applied (1:200; Jackson ImmunoResearch) and incubated for 1 hour at room temperature.
Retinas were again washed three times for 30 minutes each with PBS before a cover slip was
attached with Fluoromount-G (SouthernBiotech). For cross sections of retina, the eyes were
dehydrated in 30% sucrose solution overnight before embedding in OCT on dry ice. Serial cross
sections (14 pym) were cut with a Leica cryostat and collected on Superfrost Plus Slides and stored
at —80°C until processed.

[00128] Counting surviving RGCs in retina and axons in ON. For RGC counting, whole-mount
retinas were immunostained with the RBPMS antibody, 6-9 fields randomly sampled from peripheral
regions of each retina using 40x lens with a Zeiss M2 epifluorescence microscope, and RBPMS+
RGCs counted by Volocity software (Quorum Technologies). The percentage of RGC survival was
calculated as the ratio of surviving RGC numbers in injured eyes compared to contralateral uninjured
eyes. To count surviving axon in ON, transverse semi-thin (1 um) sections of ON were cut on an
ultramicrotome (EM UC7, Leica, Wetzlar, Germany) and collected 2 mm distal to the eye (about 1.5
mm distal to the crush site). The semi-thin sections were stained with 1% para-phenylenediamine
(PPD) in methanol: isopropanol (1:1) (Smith, 2002), and imaged through a 100x lens of a Zeiss M2
epifluorescence microscope to cover the entire area of the ON without overlap. Two areas of 21.4
pm X 29.1 um were cropped from the center of each image, and the surviving axons within the
designated areas were counted manually. After counting all the images taken from a single nerve,
the mean of the surviving axon number was calculated for each ON. The mean of the surviving axon
number in the injured ON was compared to that in the contralateral control ON to yield a percentage
of axon survival value. The investigators who counted the cells or axons were blinded to the
treatment of the samples.

[00129] Retrograde labeling of RGCs by injection of Dil into superior colliculus (SC). The adult
WT mice were anesthetized by xylazine and ketamine based on their body weight (0.01mg
xylazine/g+0.08mg ketamine/g) and placed on a mouse adaptor (502600, World Precision
Instruments, LLC) attached to a digital stereotaxic instrument (68025, RWD Life Science). The
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bregma was set as the origin of anterior to posterior (AP), medial to lateral (ML) and dorsal to ventral
(DV), and the lambda was at the same ML and DV as bregma. The horizontal plane of the mouse
skull was calibrated before drilling by adjusting the left hemisphere point (AP:-2.00, ML:2.50) at the
same DV with the contralateral point (AP:-2.00, ML:-2.50. The SC coordinates for 4 sites and 3
depths are: AP:-3.55, ML:0.6, DV-1.25/-1.60/-2.00, AP:-3.55, ML:-0.6, DV-1.25/-1.60/-2.00, AP:-
3.92, ML:0.8, DV-1.25/-1.60/-2.00 and AP:-3.92, ML:- 0.8, DV-1.25/-1.60/-2.00. A pulled-glass
micropipette fused to a 10 pL syringe (80314, Hamilton) with hot glue and filled with mineral oil was
controlled by micro syringe pump (Micro4mm, World Precision Instruments, LLC) at the speed of 250
nL/min for 1 minute per site. About 3 pL Dil (V22885, Invitrogen) was injected into both SC. 2 days
after SC injection, the mice were sacrificed, and retinas were prepared for wholemount staining.

[00130] Live retina fundus imaging with scanning laser ophthalmoscopy (SLO). After the mice
were anesthetized, pupils were dilated by applying 1% tropicamide sterile ophthalmic solution
(Akorn, Somerset, New Jersey), and the customized +10D contact lens (3.0mm diameter, 1.6mm
BC, PMMA clear, Advanced Vision Technologies) applied to the dilated pupil. The retina fundus
images were captured with the Heidelberg Spectralis SLO/OCT system (Heidelberg Engineering,
Germany) equipped with 488 excitation laser and 550 noncontact lens. The focal point position to the
optic nerve head, imaging area and mouse position were fixed for every animal for reliable
comparison. The fluorescent fundus images were acquired at 70 sensitivity, high-resolution mode
and 30 frames average. To determine the GFP intensity on fundus images, the fluorescence intensity
to radius measurement with the center at the optic disk was performed by Image J and the Concentric
Circles Plugin as described previously (Wassmer et al., 2017).

[00131] Spectral-domain optical coherence tomography (SD-OCT) imaging. The animal
anesthesia, pupil dilation, contact lens application, and mouse position were the same as for SLO
imaging, except that a 300 lens (Heidelberg Engineering) was used. The Spectralis OCT has an
870nm infrared wavelength light source, and the scanner has 7um optical axial resolution, 3.5um
digital resolution, and 1.8 mm scan depth at 40 kHz scan rate. The mouse retina was scanned with
the ring scan mode centered by the optic nerve head at 100 frames average under high-resolution
mode (each B-scan consisted of 1536 A scans). The GCC includes retinal nerve fiber layer (RNFL),
ganglion cell layer (GCL) and inner plexiform layer (IPL). The average thickness of GCC around the
optic nerve head was measured manually with the aid of Heidelberg software. The mean of the GCC
thickness in the injured retina was compared to that in the contralateral control retina to yield a
percentage of GCC thickness value. The investigators who measured the thickness of GSS were
blinded to the treatment of the samples.

[00132] Pattern electroretinogram (PERG) recording. Mice were anesthetized by xylazine and
ketamine based on their body weight (0.01mg xylazine/g+0.08mg ketamine/g). PERG recording of
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both eyes was performed at the same time with the Miami PERG system (Intelligent Hearing
Systems, Miami, FL) according to published protocol (Chou et al., 2014). Briefly, mice were placed
on a feedback-controlled heating pad (TCAT-2LV, Physitemp Instruments Inc., Clifton, New Jersey)
to maintain animal core temperature at 37°C. A small lubricant eye drop (Systane) was applied
before recording to prevent corneal dryness. The reference electrode was placed subcutaneously
on the back of the head between the two ears and the ground electrode was placed at the root of
the tail. The active steel needle electrode was placed subcutaneously on the snout for the
simultaneous acquisition of left and right eye responses. Two 14cm x 14cm LED-based stimulators
were placed in front so that the center of each screen was 10cm from each eye. The pattern remained
at a contrast of 85% and a luminance of 800 cd/m2, and consisted of four cycles of black-gray
elements, with a spatial frequency of 0.052 ¢/d. Upon stimulation, the independent PERG signals
were recorded from the snout and simultaneously by asynchronous binocular acquisition. With each
trace recording up to 1020ms, two consecutive recordings of 200 traces were averaged to achieve
one readout. The first positive peak in the waveform was designated as P1 and the second negative
peak as N2. P1 was typically around 100ms. The amplitude was measured from P1 to N2. The mean
of the P1-N2 amplitude in the injured eye was compared to that in the contralateral control eye to
yield a percentage of amplitude change. The investigators who measured the amplitudes were
blinded to the treatment of the samples.

[00133] Isolation of human primary RGC. RGC isolations were performed as previously shown by
Barres et al. (Barres et al., 1988), with slight modifications to accommodate human tissue. Briefly,
retinas were isolated from healthy donor eyes (within 24hrs postmortem, 6-month old infant) by
circumferential dissected at the limbus, and separation of the anterior and posterior segment of the
globe. The vitreous and lens were then carefully dissected away from the retina, care was taken to
avoid retinal tearing, and retinas were separated away from the sclera. Retinas were then digested
with papain to dissociate the cells. Then RGCs were purified from other retinal cells via a series of
negative selection immune-panning steps followed by a modified positive selection pan, using an
antibody against human Thy1 (Bio-rad, F15-42-1) to select for human RGCs. RGCs were then plated
on PDL+Laminin coated 8 well chamber slides (Lab-Tek; 155411) at 20k per well. The AAV was
added at 1x10s vg/cell in the culture and refreshed culture medium every other day for 5 days prior
to fixation with 4% PFA in PBS and immunostaining with primary antibodies (RBPMS 1:4000) and
EGFP antibody (Aves Lab, 1:200) overnight at 4°C and washed three times for 30 minutes each with
PBS. The cells were incubated with secondary antibodies (1:200; Jackson ImmunoResearch) for 1
hour at room temperature.

[00134] Human embryonic stem cell culture and RGC differentiation. Human embryonic (A81-
H7) stem cells (Sluch et al., 2015) were cultured in mTeSR1 (StemCell Technologies), incubated at
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37° C in 5% CO2. For RGC-like cell differentiation, the chemical-based protocol for neural
differentiation previously described (Venugopalan et al., 2016) was used. Briefly, stem cells were
cultured in 6-well plates to 80% confluence, then medium was changed to N2 medium (DMEM/F-12
(Thermo Fischer Scientific) supplemented with 1% N2 (Thermo Fisher Scientific) on Day 0. On Day
1, medium was replaced with N2 medium supplemented with Dorsomorphin (1 pM, Tocris),
SB431542 (10 pM, Sigma-Aldrich) and IWP (2 pM, Sigma-Aldrich), which was named
N2+Dor+SB+IWP2 (N2DSI). On Day 2, to create embryonic bodies (EBs), cells were washed with
PBS (without Ca2+/Mg2+) for 5 min at 37 °C. Cells were then scraped in N2DSI medium and
transferred to ultra-low attachment plates (Corning). Starting from Day 3, the N2DSI| medium was
changed every other day, using a cell strainer to avoid the loss of EBs, until Day 9. On Day 10, EBs
were dissociated with Accutase (Innovative Cell Technologies) and cultured on Matrigel coated
plates using NBF medium (DMEM/F-12 supplemented with 1% PS, 0.5% N2, 1% B27 and bFGF, 20
ng ml-1). Neural rosettes formed from EBs in the next 6 days. When neural rosettes appeared, they
were manually picked up with a needle, dissociated with Accutase and cultured on PDL/Laminin
coated plates using NBF medium. Neural progenitor cells (NPCs) were purified after a few passages
and Rock inhibitor (Y-27632, EMD Millipore, Billerica, MA) was added for sub-culturing. RGCs were
then differentiated from NPCs utilizing Full Sato (FS) medium, which contained 10 pM y-secretase
inhibitor (Notch signaling inhibitor; DAPT; EMD Millipore, Billerica, MA). Half of the medium was
changed every other day until harvesting.

[00135] Statistical analyses. GraphPad Prism 6 was used to generate graphs and for statistical
analyses. Data are presented as means = s.e.m. Student's t-test was used for two groups
comparison and One-way ANOVA with post hoc test was used for multiple comparisons.

Notwithstanding the appended claims, the disclosure is also defined by the following clauses:
1. A composition comprising:

a mammalian viral vector, which comprises:

a murine y-synuclein promoter, or functional fragment thereof, that promotes expression
of a transgene specifically in retinal ganglion cells (RGCs), said promoter in operable linkage
with:

an expression cassette encoding the transgene, wherein the expressed transgene
inhibits activity of an expression product of an endogenous pro-neurodegenerative gene in
an ER stress and/or UPR pathway, wherein uninhibited activity of the endogenous pro-
neurodegenerative gene leads to axon or soma degeneration in the RGCs.

2. The composition of clause 1 wherein the transgene encodes a CRISPER/Cas9 system.
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The composition of clause 1 wherein the transgene encodes a protein that binds to the
expression product of the endogenous pro-neurodegenerative gene.

A composition comprising:

an AAV vector, comprising:

a murine y-synuclein promoter in operable linkage with a nucleic acid encoding a Cas9
nuclease; and

a U6 promoter in operable linkage with at least one single guide (sgRNA) 19-20
nucleotides in length, wherein each sgRNA precedes an -NGG protospacer, and wherein
each sgRNA targets at least one gene selected from the group consisting of: SARM1, CHOP,
elF2 and ATF4.

The composition of clause 1 or clause 4, wherein the murine y-synuclein promoter is selected
from mSncg, mSncg-1.45kb, mSncg-1.03kb, mSncg-0.66kb, and mSncg-0.27kb.

The composition of clause 1 or clause 4, wherein a first transgene encoding an sgRNA
targeting the SARM1, CHOP, elF2 and/or ATF neurodegenerative gene(s) or transcript(s),
and a second transgene (contiguous with the first transgene, or in a second cassette non-
contiguous with the first transgene) overexpressing the XBP1 and/or ATF6 neuroprotective
gene product or protein, for example, are used to achieve synergistic neuroprotection effects.

The composition of clause 1, wherein the murine y-synuclein promoter selected from full-
length mSncg, mSncg-1.45kb, mSncg-1.03kb, mSncg-0.66kb, and mSncg-0.27kb is used to
drive express of one or both of XBP1 and/or ATF6 neuroprotective gene(s).

A method of treating an optic nerve (ON) neuropathy in a mammalian subject in need thereof,
the method comprising:

intravitreally administering the composition of any one of clauses 1-5 into the subject,
thereby treating the ON neuropathy.

A method of reducing or ameliorating degeneration of axons and/or soma of RGCs,
comprising:
intravitreally administering the composition of any one of clauses 1-5 into a mammalian

subject experiencing or at imminent risk of an ON neuropathy.

A method of inducing neuroprotection / increasing survival / promoting functional recovery of
RGC somata and axons, comprising:
intravitreally administering the composition of any one of clauses 1-5 into a mammalian

subject experiencing or at imminent risk of an ON neuropathy.
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11. The method of any one of clauses 8-10, wherein the ON neuropathy is retinal ganglion cell
degeneration, including glaucoma, optic neuritis, ON traumatic injury and other ON-related
diseases.

12. A kit comprising:

an AAV vector, comprising:

a murine y-synuclein promoter that promotes expression of a transgene specifically in
RGCs, wherein the murine y-synuclein promoter is in operable linkage with:

an expression cassette that expresses Cas9 and a sgRNA, wherein the sgRNA targets
at least one endogenous pro-neurodegenerative gene in an ER stress and/or UPR pathway,
wherein uninhibited activity of the endogenous pro-neurodegenerative gene leads to axon or
soma degeneration in the RGCs; and

instructions for use.

EXAMPLES

[00136] The following examples are put forth so as to provide those of ordinary skill in the art with a
complete disclosure and description of how to make and use the present invention, and are not
intended to limit the scope of what the inventors regard as their invention nor are they intended to
represent that the experiments below are all or the only experiments performed. Efforts have been
made to ensure accuracy with respect to numbers used (e.g. amounts, temperature, etc.) but some
experimental errors and deviations should be accounted for. Unless indicated otherwise, parts are
parts by weight, molecular weight is weight average molecular weight, temperature is in degrees
Centigrade, and pressure is at or near atmospheric.

[00137] General methods in molecular and cellular biochemistry can be found in such standard
textbooks as Molecular Cloning: A Laboratory Manual, 3rd Ed. (Sambrook et al., HaRBor Laboratory
Press 2001); Short Protocols in Molecular Biology, 4th Ed. (Ausubel et al. eds., John Wiley & Sons
1999); Protein Methods (Bollag et al., John Wiley & Sons 1996); Nonviral Vectors for Gene Therapy
(Wagner et al. eds., Academic Press 1999); Viral Vectors (Kaplift & Loewy eds., Academic Press
1995); Immunology Methods Manual (I. Lefkovits ed., Academic Press 1997); and Cell and Tissue
Culture: Laboratory Procedures in Biotechnology (Doyle & Giriffiths, John Wiley & Sons 1998), the
disclosures of which are incorporated herein by reference.
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Example 1: AAV-mSncqg promoter drives potent GFP expression in mouse RGCs after

intravitreal injection.

[00138] To identify a RGC-specific promoter, a group of promoters commonly used in AAVs to drive
gene expression in neurons were collected: (CAG, mPGK, mCaMKIlla (Mayford et al., 1996; Gerits
et al., 2015), Synl (Kugler et al., 2003)), as well as promoter sequences predicted from several RGC-
specific genes (Sncg (Surguchov et al., 2001; Buckingham et al., 2008; Soto et al., 2008; Surgucheva
et al.,, 2008), Isl2 (Pak et al., 2004), Thy1 (Vidal et al., 1990; Spanopoulou et al., 1991), Tubb3
(Mellough et al., 2004), GAP43 (Meyer et al., 1994; Schaden et al., 1994) and RBPMS (Kwong et
al., 2010; Rodriguez et al., 2014)). The promoters were subcloned into the same AAV2 backbone
vector to drive expression of reporter gene EGFP (Fig. 1, panel A). Equal amounts of AAV vectors
were injected into the vitreous (3 x 109 vector genome (vg)/eye) and used retinal cross sections to
screen the tested promoters for cell transduction in the ganglion cell layer (GCL) (Fig. 1, panel B).
In dramatic contrast to the commonly used universal CAG promoter, which drives EGFP expression
in both GCL and inner nucleus layer (INL), the mouse and human Sncg and Thy1 promoters
demonstrated the best specificity, as evidenced by restricted EGFP in GCL. Based on EGFP
intensity as a reflection of promoter strength, mSncg promoter showed much stronger activity than
any of the other promoters tested, except for mCaMKIlla promoter, which drove EGFP expression as
robustly as mSncg, but very broadly in retina instead of restricting expression to the GCL (Fig. 1,
panel B; Fig. 2, panel A). Interestingly, mSncg promoter was much more potent than hSncg
promoter, as evidenced by stronger EGFP intensity in both wholemount retina and ON (Fig. 2,
panels A and B). Surprisingly, mSncg promoter was also much more robust than hSncg promoter
even in human primary RGCs and human stem cell-derived RGCs (Fig. 9). Thus, subsequent
experiments focused on characterizing the mSncg promoter. To determine the extent and specificity
with AAV2-mSncg-EGFP targeted RGCs after intravitreal injection, RGCs were labeled with a pan-
RGC marker, RBPMS (Kwong et al., 2010; Rodriguez et al., 2014). About 78% of RBPMS* RGCs
were double labeled with GFP and about 85% of GFP* cells were double labeled with RBPMS (Fig.
3, panels A and B), indicating that AAV2-mSncg-EGFP efficiently targeted the majority of RGCs
and that most of the cells transduced by AAV2-mSncg-EGFP were RGCs. Since more than 85% of
mouse RGCs project their axons to superior colliculus (SC) (Ellis et al., 2016), neuronal tracing dye
Dil was also injected into SC, to retrogradely label the majority of RGCs. Again, about 75% of Dil*
RGCs were double labeled with GFP and about 82% GFP* RGCs were also labeled with Dil (Fig. 3,
panels C and D). Considering that none of these confirmatory methods label all RGCs, these results
increased confidence that AAV2-mSncg-EGFP effectively targeted a large majority of RGCs.

39



WO 2020/176862 PCT/US2020/020418

Example 2: AAV2-mediated transqgene expression follows a unique dynamic long-term

pattern in mouse RGCs.

[00139] AAV rarely integrates into the host genome, and instead remains as episomes that express
transgenes for a long period of time (Schnepp et al., 2003; Hastie and Samulski, 2015). To determine
its expression pattern in RGCs, AAV2-mSncg-EGFP and AAV2-CAG-EGFP were injected
intravitreally into two groups of mice and live fundus imaging with scanning laser ophthalmoscopy
(SLO) was used to monitor EGFP expression in retina. Consistent with histological studies, the
mSncg promoter drove transgene expression much more potently than CAG promoter at all time
points after AAV injection (Fig. 4, panels A and B). However, both promoters showed similar
dynamic expression patterns: expression peaked at 4 weeks post injection (4wpi), decreased for
several weeks thereafter, and then steadily recovered from 3 months post injection (3mpi) to 9mpi
(the latest time point studied). Wholemounts of retinas and ON at 9mpi confirmed potent long-term
expression of EGFP in RGCs (Fig. 4, panel C). In summary, mSncg promoter can drive long-term
transgene expression in RGCs. One hypothesis to explain the fluctuating pattern of gene expression
is that the intrinsic characteristics of AAV may be responsible, rather than those of the promoter.

Example 3: Truncated forms of mSncq promoter maintain strong promoter activities but

decrease RGC specificity.

[00140] The capacity of the AAV vector is about 4.7 kilo base pairs (kb) in between two inverted
terminal repeats (ITRs); a shorter promoter allows larger transgene packaging. The 1.45kb mSncg
promoter originally tested from upstream (5’-) was truncated into three different sizes, 1.03kb, 0.66kb
and 0.27kb (Fig. 5, panel A). Wholemounts of ON and retinas demonstrated that all of these
truncated forms of mSncg promoter drove strong EGFP expression (Fig. 5, panels B and C), and
therefore that they retained the core promoter region. However, retinal cross sections revealed
increasing INL cell labeling with increasing truncation, and therefore a noticeable decline in the RGC
specificity (Fig. 5, panel D). These data suggest that upstream regions of the mSncg promoter
contain cis-regulatory elements important for RGC specificity.

Example 4: AAV-mSncg promoter-mediated CRISPR/Cas9 efficiently knocks down

CHOP and SARM1 in mouse RGCs.
[00141] Since CHOP deletion and SARM1 deletion are protective for RGC somata (Hu et al., 2012;
Yang et al, 2016a; Huang et al., 2017) and axon (Osterloh et al., 2012; Gerdts et al., 2013),
respectively, the effects of editing these two genes with CRISPR/Cas9 in vivo in RGCs specifically
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were tested. First, several CHOP and SARM1 gRNAs were tested in cultured cells and 2 gRNAs
were selected for each gene that showed strong inhibition effects to make a CHOP and SARM1
(C/S) gRNAs AAV vector targeting both genes at the same time (Fig. 10). The mSncg-0.27kb
promoter allowed us to package SpCas9 into AAV2 vector and test its gene editing efficiency in
RGCs in vivo. The expression of HA-SpCas9 was confirmed in RGCs after AAV-mSncg-HA-SpCas9
intravitreal injection (Fig. 6, panel A, top). Co-injection of AAV-SpCas?9 + AAV-U6-C/S gRNAs +
AAV-CHOP-mCherry in wild type (WT) mouse eyes consistently produced significantly greater
downregulation of CHOP-mCherry than control-gRNA (Fig. 6, panel A, bottom). Another strategy
for performing RGC-specific CRISPR/Cas9 gene editing was also tested. In a separate approach,
Cre expression driven by full length mSncg promoter in mouse RGCs was tested, and more specific
and potent Cre expression in a Cre-dependent reporter mouse line (LSL-EGFP) than by CMV
promoter was also confirmed (Fig. 11, panel A). Additionally, AAV2-mSncg-Cre was confirmed to
mediate PTEN deletion in RGCs specifically promoted potent ON regeneration (Fig. 11, panel B),
consistent with previous results using CMV-Cre (Park et al., 2008; Yang et al., 2014; Miao et al.,
2016). AAV-mSncg-Cre was then injected into LSL-Flag-SpCas9 mouse eyes and confirmed Flag-
SpCas9 expression in RGCs (Fig. 6, panel B, top). This strategy also enabled us to detect significant
inhibition of SARM1-mCherry expression after combined injection of AAV-U6-C/S gRNAs + AAV-
SARM1-mCherry in RGCs (Fig. 6, panel B, bottom).

[00142] Lastly, in situ hybridization (ISH) was used to confirm that AAV-mSncg mediated
CRISPR/Cas9 gene editing efficiently and specifically knocked down endogenous CHOP and
SARM1 in RGCs (Fig. 6, panel C).

[00143] Because basal levels of CHOP and SARM1 are very low in RGCs, the effects of knock down
effects were more obvious at 3dpc, when crush injury has induced CHOP expression as was
demonstrated previously (Hu ef al., 2012).

Example 5: AAV-mSncg-CRISPR/Cas9-mediated CHOP/SARM1 knock down protects

RGCs and ON and preserves their function after acute ON crush injury.
[00144] With these tools in hand, whether RGC-targeted, AAV-mSncg-CRISPR/Cas9 mediated gene
editing can provide neuroprotective gene therapy for ON injuries was confirmed. ON that expressed

control gRNA or C/S gRNAs together with SpCas9 were crushed in mice. As a biomarker for the
integrity of RGCs, thickness of the ganglion cell complex (GCC, including RNFL, GCL and IPL) was
measured with live optical coherence tomography (OCT) imaging (Fig. 7, panel A). At 2 weeks after
ON crush, there was about 20% GCC thinning in control mouse eyes, indicating severe degeneration
of RGC somata and axons (Fig. 7, panels A and B). In contrast, C/S gRNAs expression together
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with mSncg-mediated Cas9 expression significantly increased the thickness of GCC in LSL-Cas9
mice or WT mice (Fig. 7, panels A and B). The pattern electroretinogram (PERG), an assay of RGC
function (Porciatti et al., 2007; Porciatti, 2015; Chou et al., 2016), showed the same trend: C/S
gRNAs significantly increased the P1-N2 amplitudes over control gRNA in both WT mice co-injected
with AAV-mSncg-SpCas?9 and LSL-Cas9 mice co-injected with AAV-mSncg-Cre (Fig. 7, panels C
and D). Consistent with these in vivo anatomical and functional results, histological studies also
demonstrated significant neuroprotection of RGC somata and axons: there were more surviving
RGCs in retina and axons in ON after AAV-mSncg-CRISPR/Cas9-mediated CHOP/SARM1 knock
down than in control mice (Fig. 8). Interestingly, more RGCs survived in WT mice injected with AAV-
mSncg-Cas9 than in LSL-CasQ mice injected with AAV-mSncg-Cre, which may be because
expression of Cas9 is more potent when driven by mSncg promoter, than in the LSL-Cas9 mice,
where it is driven by CAG promoter (Chiou et al., 2015).

Discussion
[00145] Through a low throughput screening, the mSncg promoter was identified as a RGC-specific

promoter and demonstrated its specificity and potency in driving transgene expression in RGCs.
Although AAV-mediated CRISPR/Cas9 gene deletion has been successfully applied to retina
neurons as described previously (Hung et al., 2016; Yu et al., 2017), the present disclosure is the
first to report specific targeting and CRISPR/Cas9 gene editing of RGCs in vivo. By applying these
novel tools to the ON crush in vivo axon injury model, effective CHOP and SARM1 inhibition with
AAV-mSncg-mediated CRISPR/Cas9 is demonstrated and represents a translatable gene therapy
strategy for RGC/ON protection.

[00146] AAV-mediated inhibition of degenerative genes and enhancement of neuroprotective genes
have much broader applications to the treatment of neurodegenerative diseases than correcting the
pathogenetic mutation of a single gene. Because of their universal activities, CMV and hybrid CMV
early enhancer/chicken B-actin promoter (CAG) are often used for driving transgene expression in
AAV vectors (Schon et al., 2015). Human trials with AAV2-ND4 (NADH dehydrogenase, subunit 4)
for Leber’s hereditary optic neuropathy (LHON) are currently generating promising initial data (Feuer
et al., 2016; Yang et al., 2016b; Guy et al., 2017). However, some of the beneficial effects are
transient, which may be because transgene expression driven by small CMV chicken B-actin
promoter is short-lived. The highly specific and potent mSncg promoter may therefore be a better
choice for future clinical trials delivering genetic materials to RGCs, including overexpression and
knocking down specific genes to determine their RGC autonomous effects.

[00147] The synuclein proteins are chaperones in neurons, and Sncg is more highly enriched in
RGCs (Farkas et al., 2004; Trimarchi et al., 2007; Buckingham et al., 2008; Soto et al., 2008). Human
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Sncg promoter has recently been used to drive channelrhodopsin gene expression in macaque
RGCs (Chaffiol et al., 2017).

[00148] Because the data showed that the activity of mSncg promoter exceeded that of hSncg
promoter in all varieties of RGCs studied herein, including mouse RGCs, human primary RGCs and
human stem cell-derived RGCs, and thus, while not wishing to be bound by theory, the mSncg
promoter may also be more effective than hSncg promoter in non-human primate RGCs.

[00149] The screening results also suggest that the specificity and potency of promoters from RGC-
specific genes can be highly variable. This variability could be due to the particular characteristics of
the promoter regions examined, or because RGCs contain additional enhancers that can affect
specific promoter activity. To systematically identify additional RGC-specific genes or RGC-specific
cis-regulatory elements, including promoters, enhancers and silencers, the highly efficient RGC
targeting by AAV-mSncg-Cre can be combined with floxed mouse lines. Useful lines include the
RiboTag mouse (Sanz et al., 2009), which can be used to isolate RGC-specific ribosomes for
translatome profiling, or the SUN1-sfGFP-Myc mouse (Mo et al., 2015) to isolate RGC-specific nuclei
for epigenomic studies. Either of these strategies obviate the need for disruptive and potentially
confounding retinal cell dissociation. These RGC-specific genomic and epigenomic studies are
anticipated to yield more RGC-specific genes/promoters/enhancers and find broad application in
RGC-related basic and translational research.

[00150] CRISPR/Cas9 has been used for photoreceptor gene editing with a photoreceptor-specific
promoter (Yu et al., 2017). Here, the mSncg promoter was demonstrated to drive expression of the
CRISPR/Cas9 system specifically in RGCs, and this strategy can be used to efficiently knock down
two genes, CHOP and SARM1. At the same time these compositions and methods can be used to
provide significant neuroprotection against RGC and ON injury. This success encourages similar
testing of additional neuroprotective or regenerative genetic targets for neural repair in optic
neuropathies. Although the full length mSncg promoter was more specific to RGCs, the shorter one
to used to accommodate a larger proposed payload, SpCas9. However, S. Aureus Cas9 (SaCas?9)
(Ran et al., 2015), which is about 70% of the size of SpCas9, could be incorporated more easily into
AAV vector with the mSncg promoter. RNA-guided endonuclease Cas9 has been repurposed for
transcriptional inhibition and activation using catalytically dead Cas9 (dCas9) (Qi et al., 2013; Gilbert
et al.,, 2014; La Russa and Qi, 2015; Gao et al., 2016; Chen and Qi, 2017; Joung et al., 2017), but
the much larger size of transcriptional activator/inhibitor-fused dCas9 currently precludes
incorporating dCas9 into AAV vectors. However, it may be possible to package a split dCas9 system
in two AAV vectors, an approach that is currently under development.
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[00151] In summary, identification of this highly efficient RGC-specific promoter and the promising
results demonstrated in the present proof-of-concept example of CRISPR/Cas9-mediated
neuroprotection, advance the important goal of optic neuropathies with cell-specific gene therapy.

Promoter Sequences
mSncg-1.45kb (SEQ ID NO:45)
ccattgacgtcaataatgacgtatgticccatagtaacgccaatagggactttccattigacgtcaatgggtggagtatttacggtaaactgec

cacttggcagtacatcaagtgtatcatatgggtcccatgecactagtgggagcetgtgttacctgttgcagecccacccaaageccctgetata
ggtcaagcaggaatcaccctgccatccccagectggggectggagtaccagatccaggaaactageatceccttagetatagagatagec
acacatcagcccattcctcagatgtgtatctggggcetcagacatcatctccecgatctccgacaagggcaggatttecttacegtetgatgggg
tctetgctggtatectcageccectagtetccagecttcaggeatgeecgggectattgagatgggagaacttggtaccggggtectgtgeccag
gaccctagcagtccccagctcaggtacaccccaaageccageageagtgtcgggatcatggtgaggggctectgtgetgatgetcagee
ttacaagtgactctcaaatttgctggtgatgtggtcticaagcgaaatgtcagaaagaaaagaaaacacgaggacaacaaagggagga
agtggcctggtecggeccacceggeaagtctcatccgecceegecccecgeccecticcagectggeccecttggaggectccaaccactca
ggtcaattcctgtgtcctgagggceacttgaatcagggacacgggatttggtagacacataaaggtggecccattaaacttattictccagga
ctetgtegtgggectggaggagatctggtgecaccceatactgtiggecaggaagtggggaacgggceacatcacacctgeteggeaccttg
ggctatgggaactagcaggtgggtgggaactcagagaaggaaagggactatgctagaatcacacagegggeageccagtctaggge
atggggagcagctitgggtgtttctggectcagecticcaacaggtttggetagagcetccaggctcaagageatccaggatacagtgggga
actggataacagggcagcctgcaggttggecattcattggattggeectgaccececggeccagectgggacactgaggceatcatcagtcaa
ggcacttttctictgcatataagagccagggeacgagaccaccagggctticcaaggatgaatgaggtgtaatgatagattaggatatgtce
agcctccaacacgcetctcectcccccagggecaacaagagtcagcagggeagaatagagecagtaggggeccgggecctgetegctg
gtatccecegtgaggeatgecttctetctggeccgecctecctgeccecaccctggeccgggctggetgggetccagecageagecacage
atcaatatttcatctgcgtcaataagaggcagtagcagcagagacageggctgeggceagceactccagtccatagettgcagcagecagg

ttccatccttgcaaacaccatggacgtcttcaag

(SEQ ID NO:46) mSncg-1.03b

ccattgacgtcaataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgec
cacttggcagtacatcaagtgtatcatatgtcagcecttacaagtgactctcaaatitgctggtgatgtggtcticaagegaaatgtcagaaaga
aaagaaaacacgaggacaacaaagggaggaagtggcectggtccggeccacceggeaagtctcatccgecececcgecceegeccctte
cagcctggececccttggaggcectccaaccactcaggtcaatteetgtgtectgagggeacttgaatcagggacacgggatttggtagacac
ataaaggtggccccattaaacttattictccaggactctgtegtgggectggaggagatetggtgecaccceatactgtiggecaggaagtgg
ggaacgggcacatcacacctgctcggeacctigggcetatgggaactagecaggtgggtgggaactcagagaaggaaagggactatget
agaatcacacagcgggcagcccagtctagggceatggggageagctttgggtgtiictggectcagecttccaacaggtitggcetagagcte
caggctcaagagcatccaggatacagtggggaactggataacagggcagectgcaggttggecattcattggattggecctgaccecgg
cccagcectgggacactgaggcatcatcagtcaaggeacttttctictgcatataagagcecagggceacgagaccaccagggctitccaagg
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atgaatgaggtgtaatgatagattaggatatgtccagcctccaacacgctctccctecceccagggecaacaagagtcagcagggeagaa
tagagccagtaggggcccgggecctgetegetggtatcceegtgaggeatgecttetetctggeccgecctecctgeccccaccctggece
gggctggetgggcetccagecageagecacagcatcaatatticatctgegtcaataagaggceagtagcageagagacageggetgegg
cagcactccagtccatagcttgcagcagecaggttccatectigcaaacaccatggacgtcttcaag

(SEQ ID NO:47) mSncg-0.66kb
ccattgacgtcaataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgec
cacttggcagtacatcaagtgtatcatatgctatgggaactagcaggtgggtgggaactcagagaaggaaagggactatgctagaatca
cacagcgggcagcccagtctagggeatggggageagctitgggtgttictggectcagecticcaacaggtttggetagagcetecaggcete
aagagcatccaggatacagtggggaactggataacagggceagcectgecaggttggecattcattggattggecctgacceecggeccage
ctgggacactgaggcatcatcagtcaaggcacttticttctgcatataagagccagggeacgagaccaccagggctttccaaggatgaat
gaggtgtaatgatagattaggatatgtccagcctccaacacgctctecctcccccagggecaacaagagtcagcagggeagaatagag
ccagtaggggceccgggecctgctegetggtatceeegtgaggeatgectictetctggecegecctecctgeccccaccetggecegggcet
ggctgggcetccagcecageagecacagceatcaatatttcatctgegtcaataagaggeagtagcagcagagacageggetgeggeage
actccagtccatagcttgcagcagecaggttccatcctigcaaacaccatggacgtcticaag

(SEQ ID NO:48) mSncg-0.27kb
ccattgacgtcaataatgacgtatgticccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgec
cacttggcagtacatcaagtgtatcatatgaagagtcagcagggcagaatagagccagtaggggeccgggecctgetcgetggtateee
cgtgaggcatgcectictcictggeccgeccteectgecececcaccetggeccgggetggetgggcetccagecageagecacageatcaata
tttcatctgcgtcaataagaggcagtagcagcagagacageggcetgcggcagceactccagtccatagettgcagcagecaggttccatee
ttgcaaacaccatggacgtcttcaag

(SEQ ID NO:63) mSncg shorter promoter (76CMVe+189mSncg)
ccattgacgtcaataatgacgtatgticccatagtaacgccaatagggactticcattgacgtcaatgggtggagtcatatgcetctggeccge
cctecectgeccccaccctggeccgggetggetgggcetccagecageagecacagceatcaatatitcatetgegtcaataagaggeagtag
cagcagagacagcggctgcggcagcactccagtccatagetigcagcagecaggttccatectigcaaacaccatggacgtcttcaag
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[00152] Although the foregoing invention has been described in some detail by way of illustration and
example for purposes of clarity of understanding, it is readily apparent to those of ordinary skill in the
art in light of the teachings of this invention that certain changes and modifications may be made
thereto without departing from the spirit or scope of the appended claims.

[00153] Accordingly, the preceding merely illustrates the principles of the invention. It will be
appreciated that those skilled in the art will be able to devise various arrangements which, although
not explicitly described or shown herein, embody the principles of the invention and are included
within its spirit and scope. Furthermore, all examples and conditional language recited herein are
principally intended to aid the reader in understanding the principles of the invention and the
concepts contributed by the inventors to furthering the art, and are to be construed as being without
limitation to such specifically recited examples and conditions. Moreover, all statements herein
reciting principles, aspects, and embodiments of the invention as well as specific examples thereof,
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are intended to encompass both structural and functional equivalents thereof. Additionally, it is
intended that such equivalents include both currently known equivalents and equivalents developed
in the future, i.e., any elements developed that perform the same function, regardless of structure.
Moreover, nothing disclosed herein is intended to be dedicated to the public regardless of whether
such disclosure is explicitly recited in the claims.

[00154] The scope of the present invention, therefore, is not intended to be limited to the exemplary
embodiments shown and described herein. Rather, the scope and spirit of present invention is
embodied by the appended claims. In the claims, 35 U.S.C. §112(f) or 35 U.S.C. §112(6) is expressly
defined as being invoked for a limitation in the claim only when the exact phrase "means for" or the
exact phrase "step for" is recited at the beginning of such limitation in the claim; if such exact phrase
is not used in a limitation in the claim, then 35 U.S.C. § 112 (f) or 35 U.S.C. §112(6) is not invoked.
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WHAT IS CLAIMED IS:

1. A composition comprising:

a mammalian viral vector, which comprises:

a murine y-synuclein promoter, or functional fragment thereof, that promotes expression of a
transgene specifically in retinal ganglion cells (RGCs), said promoter in operable linkage with:

an expression cassette encoding the transgene, wherein the expressed transgene inhibits
activity of an expression product of an endogenous pro-neurodegenerative gene in an ER stress
and/or UPR pathway, wherein uninhibited activity of the endogenous pro-neurodegenerative gene
leads to axon or soma degeneration in the RGCs.

2. The composition of claim 1 wherein the transgene encodes a CRISPER/Cas9 system.

3. The composition of claim 1 wherein the transgene encodes a protein that binds to the
expression product of the endogenous pro-neurodegenerative gene.

4. A composition comprising:

an AAV vector, comprising:

a murine y-synuclein promoter in operable linkage with a nucleic acid encoding a Cas9
nuclease; and

a U6 promoter in operable linkage with at least one single guide (sgRNA) 19-20 nucleotides
in length, wherein each sgRNA precedes an -NGG protospacer, and wherein each sgRNA targets
at least one gene selected from the group consisting of: SARM1, CHOP, elF2 and ATF4.

5. The composition of claim 1 or claim 4, wherein the murine y-synuclein promoter is selected
from the sequence of SEQ ID NO:45, 46, 47, 48 or 63.

6. A method of treating an optic nerve (ON) neuropathy in a mammalian subject in need
thereof, the method comprising:

intravitreally administering the composition of any one of claims 1-5 into the subject, thereby
treating the ON neuropathy.

7. A method of reducing or ameliorating degeneration of axons and/or soma of RGCs,
comprising:

intravitreally administering the composition of any one of claims 1-5 into a mammalian subject

experiencing or at imminent risk of an ON neuropathy.
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8. A method of inducing neuroprotection / increasing survival / promoting functional recovery
of RGC somata and axons, comprising:
intravitreally administering the composition of any one of claims 1-5 into a mammalian subject

experiencing or at imminent risk of an ON neuropathy.

9. The method of any one of claims 6-8, wherein the ON neuropathy is retinal ganglion cell
degeneration, including glaucoma, optic neuritis, ON traumatic injury and other ON-related diseases.

10. A promoter for the selective expression of an operably linked gene in retinal ganglion
cells (RGCs) comprising or consisting of an mSncg promoter, optionally selected from the sequence
set forth in SEQ ID NO:45, 46, 47, 48 or 63, or a sequence having at least 95% sequence identity to
a sequence on SEQ ID NO:45, 46, 47, 48 or 63.

11. The promoter of claim 10, operably linked to a heterologous expressible sequence.

12. The promoter of claim 11, wherein the expressible sequence encodes a polypeptide of

interest.

13. A kit comprising:

an AAV vector, comprising:

a murine y-synuclein promoter that promotes expression of a transgene specifically in RGCs,
wherein the murine y-synuclein promoter is in operable linkage with:

an expression cassette that expresses Cas9 and a sgRNA, wherein the sgRNA targets at
least one endogenous pro-neurodegenerative gene in an ER stress and/or UPR pathway, wherein
uninhibited activity of the endogenous pro-neurodegenerative gene leads to axon or soma
degeneration in the RGCs; and

instructions for use.
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