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BLXZ VECTOR

CROSS REFERENCE TO RELATED APPLICATIONS
{80661} This application claims priority to U.S. Provisional Patent Application No. 63/084,927,
filed September 29, 2020, and U.S. Provisional Patent Application No. 63/247,417, filed

September 23, 2021, the contents of which are incorporated herein by reference in their entireties.

INCORPORATION OF SEQUENCE LISTING

{8002] A sequence listing contamed in the file named P34836W000_SL ixt which 1s 19,859 bytes
(measured in MS-Windows™) and created on September 27, 2021, 1s filed electronically herewith

and mncorporated by reference in s entirety.

FIELD OF THE INVENTION

[8663] The present disclosure includes methods and compositions using an AAV vector

comprising a nuclewe acid sequence encoding buman Dix2 to convert ghial cells to neurons.

BACKGROUND OF THE INVENTION
{8004} Neurons are often killed or damaged and unable to regenerate m subjects with a
neurological condition or following an injury to the central nervous systern (CNS) or peripheral
nervous system {(PNS),
{8665} Glial cells become reactive following an injury to the CNS or PNS such as a brain injury
or neurological condition.
{8066] Currently there are no methods avatiable to regenerate functional new neurons in human

subjects having a neuwrological condition using adeno-associated viruses {AAVS).

SUMMARY OF THE INVENTION
{88871 In one aspect, this disclosure provides, and ncludes, an adeno-associated virus {AAV)
vector comprising a human distal-less homeobox 2 (hDix2) sequence comprising the nucleic acid
sequence of SEQ ID NO: 6, where the hDIx2 sequence is operably linked to regulatory elements
comprising: {a} a ghal fibrillary acid protein (GFAP) promoter comprising a nucleic acid sequence
selected from the group consisting of SEQ ID NOs: 3, 4, and 12; (b) an enhancer from a human
elongation factor-1 alpha (EF1-0) promoter comprising the nucleic acid sequence of SEC 1D NG

2 or a cytomegaloviras (CMV) enhancer comprising the nucleic acid sequence of SEQ ID NO: 11;
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(c} a chimeric intron comprising the nucleic acid sequence selected from the group consisting of
SEQ 1D NOs: 5 and 19; (d} a woodchuck hepatitis virus posttranscriptional regulatory element
(WPRE} comprising the nucleic acid sequence selected from the group consisting of SEQ ID NQs:
7 and 18; and (&) a $V40 polyadenviation signal comprising the nucleic acid sequence of SEQ 1D
NG: 8 or a hGH polyadenylation signal comprising the nucleic acid sequence of SEQ ID NO: 13,
or a bGH polyadenviation signal comprising the nucleic acid sequence of SEQ 1D NO: 20,

{0068} In one aspect, this disclosure provides, and includes, an adeno-associated virus (AAVY)
vector comprising a nucleic acid coding sequence encoding a human distal-less homesbox 2
(hDIx2} protein comprising the amino acid sequence of SEQ 1D NO: 10, where the coding
sequence 15 operably linked to regulatory elements comprising: {(a) a ghial fibrillary acid protein
(GFAP) promoter comprising & nucleic acid sequence selected from the group counsisting of SEQ
1D NQOs: 3, 4, and 12; (b} an enhancer from a human elongation factor-1 alpha (EF1-a) promoter
comprising the nucleic acid sequence of SEQ ID NO: 2 or a cytomegalovirus (CMV) enhancer
comprising the nucleic acid sequence of SEQ ID NO: 11; (¢} a chimeric intron comprising the
nuclew acid sequence selected from the group consisting of SEQ ID NGOs: § and 19; (d) a
woodchuck hepatitis virus postiranscriptional regulatory element (WPRE) comprising the nuclewc
acid sequence selected from the group consisting of SEQ 1D NOs: 7 and 18; (e} and a SV40
polvadenylation signal with a nucleic acid sequence of SEQ D NO: §, a hGH polyvadenylation
stgnal comprising the nucleic acid sequence of SEQ ID NO: 13, or a bGH polyadenyiation signal
comprising the nucleic acid sequence of SEQ 1D NO: 20.

[8009] In an aspect, this disclosure provides, and mncludes, an adeno-associated virus (AAV)
vector comprising a distal-less homeobox 2 (BIx2) nueleic acid coding sequence encoding a Dix2
protein, where the coding sequence 13 operably linked to regulatory elements comprising: (a) a
ghal fibrllary acid protein {GFAP) promoter; (b) an enhancer; (¢) a chimeric intron; {(d} a
woodchuck  hepatitis  virus  postiranscriptional  regulatory  element (WPRE), and (e) a
polyadenylation signal sequence.

{6616} In an aspect, this disclosure provides, and includes, a composition comprising an adeno-
associated virus {AAV) vector for converting glial cells to functional neurons in a human, where
the AAY vector comprises a human distal-less homeobox 2 (hDIx2) sequence having a nucleic
acid sequence of SEQ ID NO: 6, and where the sequence is operably hinked to regulatory elements

comprising: (a} a huoman glial fibrillary acid protein (GFAP) promoter comprising a nucleic acid
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sequence selected from the group consisting of SEQ 10 NQOs: 3 4, and 12; (b} an enhancer from
the human elongation factor-1 alpha (EF-1 alpha} promoter comprising the nucleic acid sequence
of SEQ 1D NO: 2 or a cytomegalovirus {CMV) enhancer comprising the nucleic acid sequence of
SEQ ID NO: 11; (¢} a chimeric intron comprising the nucleic acid sequence selected from the
group consisting of SEQ 1D NQOs: 5 and 19, {d) a woodchuck hepatitis virus posttranseriptional
regulatory element (WPRE) comprising the nucleic acid sequence selected from the group
congisting of SEQ 1D NOs: 7 and 18; and (e} a SV40 polyadenylation signal comprising the nucleic
acid sequence of SEQ ID NO: 8, a2 hGH polyadenvlation signal comprising the nucleic acid
sequence of SEQ ID NO: 13, or a bGH polyadenylation signal comprising the nucleic acid
sequence of SEQ 1D NO: 20,

10011} In an aspect, this disclosure provides, and includes, a composition comprising an adeno-
associated-virus (AAV) vector for converting ghial cells to functional neurons in a human, where
the AAV vector comprises a nucleic acid coding sequence encoding a human distal-less homeobox
2 (hDx2) protein comprising the amino acid sequence of SEQ ID NQO: 10, and where the coding
sequence 1s operably linked to regulatory elements comprising: (a) a human ghal fibrillary acid
protein {GF AP} promoter comprising a nucleic acid sequence selected from the group consisting
of SEQ I3 NOs: 3, 4, and 12; (b} an enhancer from the huroan elongation factor-1 alpha (EF-1
alpha) promoter comprising the nucleic acid sequence of SEQ 1D NG: 2 or a cytomegalovirus
{CMV) enhancer comprising the nucleic acid sequence of SEQ ID NO: 11 {¢) a chumernic wtron
comprising the nucleic acid sequence selected from the group consisting of SEQ ID NOs: 5 and
19; {d) a woodchuck hepatitis virus postiranscriptional regulatory element (WPRE) comprising the
nucleic acid sequence selected from the group consisting of SEQ 1D NQOs: 7 and 18; and {e}
SV40 polvadenyiation signal comprising the nucleic acid sequence of SEQ D NO: 8, a hGH
polyadenylation signal comprising the nucleic acid sequence of SEQ ID NG 13, or a bGH
polyadenylation signal comprising the nucleic acid sequence of SEQ ID NG: 20.

{8812} In an aspect, this disclosure provides, and mncludes, a composition comprising an adeno-
associated virus (A AV} vector for the treatment of a subject in need thereof, where the AAV vector
comprises a distal-less homeobox 2 (DIxZ} sequence operably linked to expression control
elements comprising: (a) a glial fibnillary acid protein (GFAP) promoter; {b) an enhancer; (¢} a
chimeric intron; {d) a woodchuck hepatitis virus posttranseriptional regulatory element (WPRE},

and (&) a polyadenylation signal.
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{0013} In an aspect, this disclosure provides, and includes, a method of converting reactive
astrocytes to functional neurons in a brain of a hiving human comprising. injecting an adeno-
associated virus (AAV) into a subject in need thereof, where the AAV comprises a DNA vector
construct comprising a human distal-less homeobox 2 (hDIx2} sequence comprising the nucleic
actd sequence of SEQ 1D NO. 6, where the sequence i operably linked to regulatory elements
comprising: (a} a huoman glial fibrillary acid protein (GFAP) promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ 1D NOs: 3, 4, and 12; (b) an enhancer from
the human elongation factor-1 alpha (EF-1 alpha} promoter comprising the nucleic acid sequence
of SEQ 1D NO: 2 or a cytomegalovirus (CMV) enhancer comprising the nucleic acid sequence of
SEQ 1D NO: 11; (¢} a chimeric intron comprising the nucleic acid sequence selected from the
group consisting of SEQ 1D NOs: 5 and 19; {d) a woodchuck hepatitis virus postirasscriptional
regulatory element (WPRE) comprising the nucleic acid sequence selected from the group
consisting of SEQ ID NOs: 7 and 18; and {e) a SV40 polyadenylation signal comprising the nucleic
acid sequence of SEQ 1D NO: 8, a hGH polyadenvylation signal comprising the nucleic acid
sequence of SEQ ID NO: 13, or a bGH polyadenylation signal comprising the nucleic acid
sequence of SEQ ID NO: 20,

[80814] Tn an aspect, this disclosure provides, and mcludes, a method of converting reactive
astrocytes to functional neurons i a brain of a living human comprising: mjecting an adeno-
associated virus (AAV) mto a subject 10 need thereof, where the AAV comprises a DNA vector
construct comprising a nucleic acid coding sequence encoding a human distal-less homeobox 2
{(hDIx2) protein comprising the amino acid sequence of SEQ ID NO: 10, where the coding
sequence 13 operably linked to expression control elements comprising: (a) a huoman ghal fibrillary
acid protein (GFAP) promoter comprising a nucleic acid sequence selected from the group
consisting of SEQ D NQOs: 3, 4, and 12; (b) an enhancer from the human elongation factor-1 alpha
{EF-1 alpha) promoter comprnising the nucleic acid sequence of SEQ ID NO: 2 or a
cytomegalovirus {CMV) enhancer comprising the nucleic acid sequence of SEQIBNOG: 11 (¢} a
chimeric mtron comprising the nucleic acid sequence selected from the group consisting of SEQ
1D NQOs: 5 and 19; {d) a woodchuck hepatitis virus posttranseriptional regulatory element (WPRE}
comprising the nucleic acid sequence selected from the group consisting of SEQ 1D NOs: 7 and

18; and ()} a SV40 polyadenvlation signal comprising the nucleic acid sequence of SEQ ID NO:
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8, a hGH polyvadenylation signal comprising the nucleic acid sequence of SEQ ID NO: 13, or a
bGH polyadenylation signal comprising the nucleic acid sequence of SEQ ID NO: 20,

18015} In an aspect, this disclosure provides, and includes, a method of converting glial cells to
neurens i a subject in need thereof comprising: delivering an adeno-associated virus (AAV) to
the subject in need thereof, where the AAV comprises a DNA vector construct comprising a distal-
iess homeobox 2 (DIX2) sequence operably linked to expression control elements comprising: (3}
a ghal fibrillary acid protein (GFAFP) promoter; (b} an enhancer; {¢} a chumeric intron; {d} a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); and (e} and a
polvadenylation signal sequence, where the vector is capable of converting at least one ghal cell
to a neuron in the subject in need thereof.

18016} In an aspect, this disclosure provides, and includes, a method of treating a neurological
condition in a subject in need thereof comprising: delivering an adenoc-associated virus {(AAV) to
the subject, where the AAV comprises a DNA vector construct comprising a distal-less homeobox
2 {DIx2) sequence operably linked to expression control elements comprising: (a) a ghal fibrillary
actd protein (GFAP) promoter; (b} an enhancer; {¢) a chuvenc wiron; (d) a woodchuck hepatitis
vitus posttranscriptional regulatory element (WPRE); and (e} a polyadenylation signal to the

subject in need thereof

{6617} In an aspect, this disclosure provides, and includes, an adeno-associated virus {AAVY)
vector comprising a human distal-less homeobox 2 (hDIx2) sequence comprising the nucleic acid
sequence of SEQ ID NG 6, where the hDIx2 sequence is operably linked to regulatory elements
comprising: {a) a ghal fibrillary acidic protein (GFAP) promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ ID NOs: 3, 4, and 12; (b) an enhancer from
a human elongation factor-1 alpha {EF1-u) promoter comprising the nucleic acid sequence of
SEQ 1D NOG: 2 or a eytomegalovirus ({CMV) enhancer comprising the nucleic acid sequence of
SEQ ID NO: 11; and () a SV40 polyadenylation signal comprising the nucleic acid sequence of
SEQ ID NO: 8, a hGH polyadenylation signal comprising the nucleic acid sequence of SEQ ID
NQ: 13, or a bGH polvadenylation signal comprising the nucleic acid sequence of SEQ ID NO:
20,

[8618] In an aspect, this disclosure provides, and inclades, an adeno-associated virus (AAV)
vector comprising a nucleic acid coding sequence encoding a homan distal-less homecbox 2

{(hDIx2) protein comprising the aming acid sequence of SEQ 1D NO: 10, where said coding



(4

15

20

WO 2022/072310 PCT/US2021/052302

sequence 15 operably linked to regulatory elements comprising: (a) a ghal fibrillary acidic protein
{GFAP) promoter comprising a nucleic acid sequence selected from the group consisting of SEQ
1D NQOs: 3, 4, and 12; (b} an enhancer from 8 human elongation factor-1 alpha (EF1-0) promoter
comprising the nucleic acid sequence of SEQ ID NO: 2 or a cytomegalovirus (CMV) enhancer
comprising the nucleic acid sequence of SEQ 1D NO: 11; and (¢} a V40 polvadenyiation signal
with a mucleic acid sequence of SEQ 1D NO: 8, a hGH polyadenylation signal comprising the
nucleic acid sequence of SEQ 1D NO: 13, or a bGH polyadenylation signal comprising the
nucleic acid sequence of SEQ 1D NO: 20,

18019} In an aspect, this disclosure provides, and includes, a composition comprising an adeno-
associated virus {AAV)} vector for converting glial cells to functional neurons in a human, where
said AAV vector comprises a human distal-less homeobox 2 (hi3ix2) sequence having a nucleic
acid sequence of SEQ ID NQO: 6, and where said sequence is operably linked to regulatory
elements comprising: {a) a human glial fibridlary acidic protein (GFAP) promoter comprising a
nucleic acid sequence selected from the group consisting of SEQ D NOs: 3, 4, and 12; (b} an
enhancer from the human elongation factor~1 alpha (EF-1 alpha) promoter comprising the
nucleic acid sequence of SEQ ID NO: 2 or a cytomegalovirus {CMV} enhancer comprising the
nuclewe acid sequence of SEQ ID NO: 11; and {¢) a SV40 polyadenylation signal comprising the
nucleic acid sequence of SEQ 1D NO: §, a hGH polyvadenylation signal comprising the nucleic
acid sequence of SEQ ID NO: 13, or a bGH polvadenyiation signal comprising the nucleic acid
sequence of SEQ ID N 26,

[8028] In an aspect, this disclosure provides, and includes, a composition comprising an adeno-
associated-virus (AAV) vector for converting ghal cells to functional neurons in a human, where
said AAV vector comprises a nucleic acid sequence encoding a distal-less homeobox Z (hDIx2)
protein comprising the amino acid coding sequence of SEQ 1D NG 10, and where said coding
sequence 15 operably linked 1o regulatory elements comprismng: (3) a human ghal fibrillary acidic
protein (GFAP} promoter comprising a nucleic acid sequence selected from the group consisting
of SEQ 1D NOs: 3,4, and 12; (b) an enhancer from the human elongation factor-1 alpha (EF-1
alpha} promoter comprising the nucleic acid sequence of SEQ ID NO: 2 or a cytomegalovirus
{CMV) enhancer comprising the nucleic acid sequence of SEQ ID NO: 11; and (¢} a V40

polvadenylation signal sequence comprising the nucleic acid sequence of SEQ ID NO: 8, a hGH
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polyadenylation signal comprising the nucleic acid sequence of SEQ ID NO: 13, ora bGH
polyadenylation signal comprising the nucleic acid sequence of SEQ 1D NO: 20

18021} In an aspect, this disclosure provides, and includes, a method of converting reactive
astrocytes to functional neurons in a brain of a living human comprising: injecting an adeno-
associated virus (AAV) into a subject in need thereof, where said AAV comprises a DNA vector
construct comprising a human distal-less homecbox 2 (hDIx2) sequence comprising the nucleic
actd sequence of SEQ 1D NG: 6, where said sequence is operably linked to regulatory elements
comprising: {a} a human ghal fibrillary acid protein {GFAP) promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ ID NQs: 3, 4, and 12; (b) an enhancer from
the human elongation factor-1 alpha (EF-1 alpha) promoter comprising the nucleic acid sequence
of SEQ 1D NO: 2 or a cytomegalovirus (CMV) enhancer comprising the nucleic acid sequence
of SEQ ID NO: 11; and (¢} a SV40 polyadenylation signal comprising the nucleic acid sequence
of SEQ ID NO: 8, a hGH polvadenylation signal comprising the nucleic acid sequence of SEQ
1D NO: 13, or a bGH polyvadenyiation signal comprising the nucleic acid sequence of SEQ ID
NG: 20,

{0922} Inan aspect, this disclosure provides, and includes, a method of converting reactive
astrocytes to functional neurons in a bran of a living brain comprising: injecting an adeno-
associated virus (AAV) into a subject in need thereof, where said AAV comprises a DNA vector
construct comprising a nucleic acid sequence encoding a human distal-less homeobox 2 (hDix2)
protein comprising the amineo acid coding sequence of SEQ D NGO 10, where said coding
sequence s operably linked to expression control elements comprising: {8} a human ghal
fibritlary acid protem {GFAP) promoter comprising a nucleic acid sequence selected from the
group cousisting of SEQ 1D NOs: 3, 4, and 12; (b} an enhancer from the human elongation
factor-1 alpha (EF-1 alpha} promoter comprising the nucleic acid sequence of SEQ ID NO: 2 or
a cytomegalovirus (CMV) enhancer comprising the nucleic acid sequence of SEQ 1D NG 11,
and {¢} a SV40 polvadenyiation signal comprising the nucleic acid sequence of SEQIDNG: 8§, a
h(GH polvadenylation signal comprising the nucleic acid sequence of SEQ ID NO: 13, or a bGH

polyadenylation signal comprising the nucleic acid sequence of SEQ ID NO: 20.

BRIEF DESCRIPTION OF THE DRAWINGS
{8023} Figure 1A depicts a map of a CE:Gfac81: Dix2: WPRE:SV40.
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{0024} Figure 18 depicts a map of 3 EF-1a Gfa681 DIx2:WPRE:SV40.

[00625] Figure 1C depicts a map of a CE:Gfa681. DIx2. WPRE hGH.

18026} Figure 1D depicts a map of a EF-10:(Gfad81: DIx2:WPRE hGH.

{8027} Figure 2A depicts a map of a CE:Gfal 6p DIx2WPRE SV40,

{0028} Figure 2B depicts a map of a EF-1a.Gfal 6p: DIxZ: WPRE:SV40.

[{8029] Figure 2C depicts a map of a CE: Gfal 6p DIx2WPRE hGH.

{0038} Figure 2D depicts a map of a EF-1a: Gfal 6p:DIx2:WPRE hGH.

{8031} Figure 3A depicts a map of a CE:Gfa2 2:Dix2:WPRESV40,

10032] Figure 3B depicts a map of a EF-1a: Gfa2.2: DIx2Z:WPRESV40.

{8633} Figure 3C depicts a map of a CE: Gfa2 2:DIx2. WPREhGH.

18034] Figure 3D depicts a map of a EF-1o: Gfa2 2:DIx2 WPREAGH.

[8035] Figure 4 depicts a map of a U6:shRNATH1 shRNAZ:7SK:shRNA3S.

8036} Figure SA depicts a map of a U6:shRNA:CE:Gfa681: DIxZ. WPRE: SV40.
$037] Figure 3B depicts a map of a UG shRNA: EF-10:Gfao81: DIx2:WPRE:SV40.
8038} Figure SC depicts a map of a US:shRNA:CE:Gfal . 6p:DIx2: WPRE:SV40.
$039] Figure 3D depicts a map of a U6 shRNA: EF-1o: Gfal 6p:DIx2. WPRESV40.

{
{
[6039]

{8040] F

{B041] F

{8042] F

{8943} Figure 6B depicts a map of 8 US:shRNA: EF-10:Gfao81: DIx2: WPRE hGH.
{0844} Figure 6C dupmis a map of a USishRNA:CE:.Gfal. 6p Dix2: WPREAGH.

18045] F

{0046} F

{9047} |

{0048

Figure 7 depicts establishment of rat astrocyte primary culture from 3 day post-natal
Sprague-Dawley rat brains. Upper left panel presents an image of GFAP stained cells. Upper right
panel presents an image of SOX9 stained cells. Lower left panel presents an image of DAPIL
stained cells. Lower right panel presents a merged mmage of GFAP, SOX9, and DAP! stamned
cells.

0049} Figure 8 depicts comparison of Dix2 plasmid efficiency. Primary rat asirocyte cells are

transfected with either  the P44 {pEF-10:Gia681: DIX2. WPRESV403, P60
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{(pEF-10:Gfa681: DIx2:shortened chimeric intros: WPRESV40), and P75
{CE.Gfa681:DIx2:WPRE:SV40).  Top panels show DIx2 staining of cells, bottom panels show
merged DIx2 and DAP! staining of cells.

[80536] Figure 9A and 9B depicts quantitative analysis of AAVY particle transduction into primary
rate astrocytes. Figure A presents the percentage transduction rate of AAV9-P12 (pGfa681.GEFP)
and AAVS-P7 (pEF-1o: GFP) at MOI of 5 x 10° vg/eell, 2 x10° vg/eell, and 5 x 107 vg/eell. Figure
98 presents the percentage transduction rate of AAVS-P12 (pGfas81 . GFP) in cells seeded at a
series of densities of 2 x10% cell /well, 1.5 x 10% cell /well, 1 x10% cell /well, and 5 x 10° cell /well
and infected with virus at a series of amounts of 2ul, 1 pl, 0.5 pl, 0.25 pi, 0.125 pl of 1 x 10Y
ve/ml virus i 100 pl of medivm.

18051} Figure 10 depicts rat cortical astrocytes (RCAs) immunostained with an anti-Dix2 antibody
and DAPI (nuclear stain) 24 hours post transfection with NX1L-P104 (CE-pGfad81-CGRI-DIx2-
bGHpA) or NXL-P105 (CE-pGfac81-CL-DIx2-oPRE-bGHpA).

[8052] Figure 11 depicts rat cortical astrocytes (RCAs) immunostained with an anti-DIx2 antibody

oPRE-bGHpA}, NXL-P137 (EE-pGfacsl-CGRI-DIx2-oPRE-bGHpA), or NXL-PI31 (EE-
pGHac8 1 -CIL-Dix2-oPRE-bGHpA).

8053} Figure 12 depicts rat cortical astrocytes {(RCAs) immunostained with an anti-DIx2 antibody
and DAPI (nuclear stain) 6 days post transduction with AAVS3-P133 (CE-pGfacs1-CGRI-DIx2-
oPRE-bGHpA).

BRIEF DESCRIPTION OF SEQUENCES

{6034} A listing of nucleic acid sequences and amino acid sequences 18 provided in Table 1.

Table 1. Nucleic acid and amino acid sequences
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Seqguence
Deseription

Seguence
Type

Sequence

Upstream
AAVZITR

MNucleic
acid

TGCAGGCAGCTGCGCGCTICEGCTCECTCACTGAGGCCGCCCEGGEE
GTCGGGCGACCTTTGGTCGCCCGGLCTCAGTGAGCGAGCGAGCS

CGCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCT

3

Efla enhancer

Nucleic

acid

TGCAAAGATGGATAAAGTTTTAAACAGAGAGGAATCTTTGCAGCTAAT
GGACCTTCTAGGTCTTGAAAGGAGTGGGAATTGGCTCCGGTGCCCGTC
AGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGEGAG

GGGTCCGCA

(4

(Gfao8l
promoter

MNucleic

acid

CTAGTAACAT CCTGGETGETGGA: CGCTGCTCT
GAGGCTCGGGGGECCTGAGCTGGCTCTGTGAGCTGGGGAGGAGET
AGACAGCCAGGCCTTGTCTGCAAGCAGACCTGGCAGCATTGGGL
TGGCCGCCCCCCAGGGCCTCCTCTTCATGCCCAGTGAATGACTC
ACCTTGCECACAGACACAATGTTCCOGETGGGCACAGTGCCTGCT
TCCCGCCGCACCCCAGCCCCCCTCAAATGCCTTCCGAGARGCCC
ATTGAGCAGGGGGCTTGCATTGCACCCCAGCCTGACAGCCTGGET
ATCTTCGCEATAAAAGCAGCACAGCCCCCTAGGGGCTGCCCTTIOC
TGTGTGGCGCCACCGGLCEETGEAGAACAAGGCTCTATTCAGCCT
STGCCCAGGAAAGGGGATCAGGGGATGCCCAGGCATGGACAGTG
GGTGGCAGGGGGEEAGAGGAGGGLTGTCTGCTTCCCAGAAGTCO
AAGGACACAAATGGGTGAGGGGAGAGCTCTCCCCATAGCTGGEE
TGCCGCCCAACCCCACCCCOTCAG GTTGC
CAGGGGCACCCGLGCATCGCCAGTCTAGCCCE CATARA
GCCCTCGCATCCCAGGAGCGAGCAGAGCCAGAGCAGGTTGGAGA

GGAGACGCATCACCTCCGCTGCTCGC

ANGGEGG
AMTTlols

Gial o
promoter

MNucleic

acid

CTGCAAGCAGACCTGGCAGCATT GGGCTGECCGCCCCCOAGEGCCTCT
[CATGCCCAGTGAATGACTCACCTTGGCACAGACACAATGTTCGG
GGGCACAGTGCCTGCTTCCCGCCGCACCCCAGCCCCCCTCAAATG
CCTTCCGAGAAGCCCA GTAGGGGGCTTGCATTGCACCCCAGCCT
GACAGCCTGGCATCTTCGCATAAAAGCAGCACAGCCCCCTAGGGGCTG
CCCTTGCTGTGTGGCGCCACCEG GGAGAACAAGGCTCTATTCAG
GCCCAGGAAAGGGGATCAGGGGATGCCCAGGCATGGACAGTGE
GTGGCAGGGCEGCAGAGCGAGGGCTGTCTGCTTCCCAGAAGTCCAAGGA
CACAAATGGCTGAGGGGACTGGGCAGGGTTCTGACCCTGT GGGACCAG
AGTGGAGGGCGTAGATGGACCTGAAGTCTCCAGGGACAACAGGGCCCA
GGTCTCAGGCTCCTAGTTGGGCCCAGTGGCTCCAGCGTTTCCARACCT
ATCCATCCCCAGAGGTTCTTCCCATCTCTCCAGGCTGATGTGTGGHAA
TCGAGGARAATAAATCTCCAGTGGCGAGACGGAGGGGTGGCCAGGGARA
COGGGCGCTGCAGGAATAAAGACGAGCCAGCACAGCCAGCTCATGCGT
ARCGGCTITGIGGAGCTGLCAAGGCCTGETCTCTGGGAGAGAGGCACA
CGGAGGCCAGACAAGGAAGGGGETGACCTGGAGGGACAGATCCAGGGGT
TAAAGTCCTGATAAGGCAAGAGAGTGCCGGCCCCCTCTTGCCCTATCA
GGACCTCCACTGCCACATAGAGGCCATGATTGACCCTTAGACAAAGGEG
CTGCTGTCCAATCCCAGCCCCCAGCCCCAGAACTCCAGGCAATGAATG
GGCAGAGAGCAGGAATGT GCGACATCTGTGTTCAAGGGAAGGACTCCA
GGAGTCTGCTGGCAATGAGGCCTAGTAGGAAATGAGGTGGCCCTTGAG
GGTACAGAACAGGTTCATTCTTCGCCAAATTCCCAGCACCTTGCAGET
ACTTACAGCTGAGTGAGATAATGCCTGGCGTITATGAAAT CAAARAGTT

PG o Ve WY -
GAAAGCAGGTCAGAGGTCATCTGGTACAGCCCTTCCTTCCCTITTITT

i

N
LR A

gk
5L

10
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Seqguence
Deseription

Seguence
Type

Sequence

TTTTTTTT TGAGACAAG STCTCTCTGTITGCCCAGGCTGGA

TGGCGCAAACAC [CACTGCAGCCTCAACCTAL GCTCAAGCAA
TCCTCCAGCCTCAGCCTCCCAAAGTGCTGGGATTACAAGCATGAGCCA
CCCCAC T’“"P’"C( TTTCCTTCCTTTTTAATTGATGCATAATAATTGTA
A T ACCAACCCTTTCTTGACCCACCTTCCTAG
l‘ ‘Tl’S'“ TTCAGCGGETCAGGGCCCCAGACCCATGETCTG
ACC ‘TGu TCATGCAGGAGTTGGCGTGCCCAGGAAGT

sACCTCAGTGEGGTGAGGGGAGCTCTCCCC

ATAGCTGGGCTGCGGCCCAACCCCACCCCCTCAGGCTATGCCAGGGGE
TGTTGCLAGEGGCACCCGGGCATCGCCAGTCTAGCCCACTCOTTCATA

o

Chimeric
{ntron

Nucleic
acid

ARGCCCTCGCATCCCAGGAGCGAGCAGAGCCAGAG

AGLCCC
CAAGGTTACAAGACAGGTTTAAGGAGACCAA

GTA ’A GAAACTG
SGCTTGTCCGAGACAGAGAAGACTCTTGCCTTTCTGATAGGCACCTATT
GGTCTTACTCGACATCCACTTTGCCTTICTCTCCACAG

Human Dix2

Nucleic
acid

T T
=1C}

ATGACTGGAGTCTTTGACAGTCTAGTGGCTGATATGCACTCGACCCAG
TCGCCGCCTCCAGCACGTACCACCAGCACCAGCAGCTCCCGAGCGGT
SGCGGECGCCEECCCGGETGGCAACAGCAGCAGCAGCAGCAGCCTCCAC

AGCCCCAG

CCACCGCCACCGACAGE

TP et L talerere
GTCGCCCACCCTICCGGETG

Vol o

AGCTACTACACCAACCAGCAGCACCCGGLGGECGECGECGELGELEEE

GGCTCGCCCTACGCGCACATGG [CCTACCAGTACCAAGCCAGCGGEC
CTCAACAACGTCCCTTACTCCCGCCAAGAGCAGCTATGACCTGGGETAC
ACCGCCECCTACACCTCCTACGCTCCCTATGCGAACCAGTTCETCCCCA
GCCAACAACGAGCCTGACGAAGGAGGACCTTGAGCCTGAAATTCGGATA

: o~ CCOARDCRADACTOC ACCCC N TR (TN e
STGAACGGGAAGCCAAAGAAAGTCCEGAAACCCCGCACCATCTACTCC

AGTTTCCAGCTGCGCGECTCTTCAGCGGCGTTTCCARAAGACTCAATAL

THEECCT

e e 0 £ N £ N P ET NI I (8 v N T R 8 g
SCCGGAGCGAGCCGAGUTGGECEGCCTCTCTEGGGECTCACT

CAGACTCAGGTCAAAATCTGGTTCCAGAACCGCCGGTCCAAGTTCAAG
TCAGATCCCCTCGGAGCAGCACCCTGEGECT
AGCGCTTCTICCACCTTGIGCTITCGCCGCCAGTCTCAGCGCCGGCCTCE
TGGGACTTTGGTGTGCCGCAGCGGATGGUGGGEGECGETGGTCCEGGEE
AGTGGCGGCAGCGECGLCGGCAGCTCGGEUTCCAGCCCGAGCAGCELG
GCCTCGGCTTTITCTGGGECAACTACCCCTGGTACCACCAGACCTCG

TCCGCCTCACACCTGCAGGCCACGGCGCCGCTGCTGCACCCCACTCAG
2

Ialalal ~ A ~

PPy ~ A P DT R N (N N Y N N e
ACCCCGCAGCCGCATCACCACCACCACCATCACGGCGGLGGGGGLGCT

CCGGTGAGCGCGCGGACGATTTTCTGA

~3

WPRE
{Woodchuck
Hepatitis
Vitus
Posttranscrip
tignal
Regulatory
Element)

Nucleie
acid

AA“""‘AA’”"“" 1 TACAAAATTTGTGAAAGATTGACTGGTATTCTT
TTTTACGCTATGTGGATACGCTGCTTITAATGCCT
C TTCATT
CT"’T’”TCTTTATJAGG’%”'"T"_ CCCGTTGTC
TGETGTTTGCTGACGCAACCCCCACT

"CAGCTCCTTTCCGGGACTTTCGCT

TTGTAT

TATAAA

PPEOTCCTOCTTE
. 5

e
JZ\f SRR

gt

CZ‘:N OTe

TTCCCCCTCCCTATTGCF‘Z\MGG’“”'GAL—LL,T ATCGCCGCCTGCCTTGCC
CGCTGCTGGACAGGGECTCGGCTGTTGGGCA Z'I‘GAJL-,{[‘ CCGTGGETE

r"""r GGGGARATCATCETCCTTTCOCPTGGCTGCTCGUCTGTGTTGCC
ACCTGGATTCTGCGCGEEACGTOCT TCTGCTACGTCCCTTCGERCCTC

A TCCAGCGCGACCTTCCTTCCCGCEGCCTGCTECCEECTCTECGECCT

P ECGEC

11
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Seqguence
Deseription

Seguence
Type

Sequence

CTTOOGCETOTT
( GTCTT

GCCGCCTCCCCGC

GCCTTCGLCCTCAGACGAGTCGE?

TCTCCOTTTGE

SV40
poly(A)
signal

Nucleic
acid

CGATCCACCGGATCTAGATAACTGATCATAATCAG
CTAGAGGTTTTACTIGCTTTAAAAAACCTCCCACACC
CTCAAACATAAAATCAAT GCAATTETTGTTET T

e

CCAT

TC

ACCA

LCCCC

CATTT
TGAAC

TTTATTGCA

GC TT}TAATC””TALAAATAnAbCAA““b”AT'ACAANT "TCACAAAT

T A0
GGETTTGT

PPTTTCACTGCATTCTAGTT

AAT

cC

AARC

Al

TCATC

9

Downstream
AAVZ TR

Nucleic
acid

R

AGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGE
CGPTLACTGAbJCMJuCPuA”CAAﬁFrm“up(puACubeFbGtT“Tb

CCCEGGLGGCCTCAGTGAGCGAGCGAGCGCGCAGCTGCITGLA

TCGCT

10

Human Dix2

Amino
Acid

”TGJ#DQL Auﬂ*STQTAASST”ﬁQl JOPPSGGGAGPGGNS S S!S

PTLPVETATDSSYYTNQOEPAGGGGGGGSP?
YSAKSSYDLGYTAAYTSYAPYGTSSSPANNEDR
KEVREPRTIVSSEFQLAALQRRFQKTQYLALPE

WLFGVPORMAGGGGPGIGEIGAGSSGSSPSSAASAFL
SASHLOATAPLLHPTQTPOQPHHHHEHHGGGGAPVSAG]

qaaT

SEICICENY

bil C‘j! ,v’\ACG

EXEDLEPEIRI
RAELAASLGLT

OTQVKIWFONRRSKEFKRKMWKSGEIPSEQHPGASASPPCASPPVSAPAS

e

CW(PWY]V

TSGE

11

CMV
enhancer
(6 % CE" 2 )

Nucleic
Acid

CACATTCAT AT TCACTAGTTATTAAT AGT AAT CAAT
TAGTTCATAGCCCATATATGGAGTTCCGCGTITAC

e

ATGGCCCG

A

TAC
e
L3N

oG

CGEGGTCAT

.

TTAC

TAATGACGTATGTTCCCATAGTAACGCCAATAGGGACT TTCCA
GTCAATGGGTCGACTATTTACGCGTAAACTGCCCACTTGGCAGT
AAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGA

AATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTE

SGCAGTACATCTACGTATTAGTCATC

TGCCTGACCGCCCAACGACCCCCGCCCATT GACGTCAA

CGGTAA
\ITGAC

A~

[“uIAT’

CGGETA

CTATTACCATG

hGFA22
promoier

MNucleic
Acid

SCGTCCCACCTCCCTCTCTGTGCTGGGACTCACAGAGGGAGACCTCA

TGCGGCECAGTGGCGCACAACTGTAATTCCAGCACTTT
GTGGAAGGATCACTTGAGCCCAGAAL

TGGCAAGACCCTATCTCTACAAAAAAAGTTARARAAAT

GGTGACACACACCTGTAGTCCCAGCTATTCAGGAGEC
GATCACTTAAGGCTGGGAGGTTGAGGCTGCAGTGAGT
CACTGCACTCCAGCCTGGGLAACAGTGAGACCCTIGIC

AAAARAAAMADAARAADAA
CGCTGCTCTGACAGAG

AAAAAGAACATATCCTGGETGT

TGGEGCTGGECCECCOCCCAGEGCOTCCTCTTCATGCCC

CGCAGTCTGTCCATCACATGTCCAAATGCAGAGCATACCCT GGG

GGGAGGCTGAT

CA

T

TC

N

AGACCAGCCTGGGCAACA

GCCAC

AGGTG
CGTGGTTGCGT

CAARA

GACAA

GGAGTAGGGGA

AGT

sCTCGEGEEECCTGAGCTGGCTCTGT GAGLT
GGAGGAGGCAGACAGCCAGGCCTTIGTCTGCAAGCAGACCTGGCAG

GAATGACT

CACCTTGGCACAGACACAATGTTCGGGETGGGCACAGTGCCTE

CGCCGCACCCCAGT

CCCCTCAAATGCCTTIC

AAAGCAGCACAGCLOCCCTAGGGGCTGCCOTTGCTE
TGCGAGAACAAGGCTCTATTCAGCCTGTGCCC
SGGATGCCCAGGCATGGACAGT GGETGECAGGGEE

TGCTTCCCAGAAGTCCAAGGACACAAATGGET

GGA

GAG

GAGAAGCCCAT
'GCATTGCACCCCAGCCTGACAGCCTIGGCATCTTS
GTGGCGC

CTTCC
TGAGC
SGGATA

CACCG

12




WO 2022/072310

PCT/US2021/052302

Seqguence
Deseription

Seguence
Type

Sequence

GCAGGGTTCTGACCCTCTGGGACCACGAGTGGAGGGUGTAGAT GGACCT
o

GAAGTCT CAGGGCCCAGGTCTCAGGCTCCTAGTTG

CATCTCTCCAGGCTGATGTGTGGGAACTCGAG]
GGGAGACGGAGGGGETGGCCAGGGAAACGGGEGCGCTGCAGH
CGAGCCAGCACAGCCAGCTCATGTGTAACGGCTTTGT GGAG
GGCCTGGTCTCT GGGAGAGAGGCACAGGGAGGCCAGACAAGGAAGGGE
TGACCTGGAGGGACAG
GCCGGCCCCCTC
GCCATGATTGACCCTTAGACAAAGGGCTGGT CCAGCCCCC
AGCCCCAGAACTCCAGGGAATGAATGGGCAGAGAGCAGEAATGT GGGA
CATCTGTGTTCAAGGGAAGGACTCCAGGAGTCTGCTGGGAATGAGGCT
TAGTAGGAAATGAGGTGGCCCTTGAGGGTACAGAACAGGTTCATTCTT
CGCCARATTCCCAGCACCTTGCAGGCACTTACAGCTGAGT GAGATAAT
GCCT GG \TCAAAAAGTTGGAAAGCAGGTICAGAG TCT
GGTACAGCCCTTCCTITCCCTTITTTTTTTTTITTTITTTTTGTGAGACAAG
GICTCTCTCTGTTGCCCAGECT GG CGCAAACACAGCTCACTGC
AGCCTCAACCTACTGGGCTCAAGCAATCCTCCAGCCTCAGCCTCCCAA

ATTACAAGCATGAGCCACCCCACTC TCeTi
W TGCATAATAATTGTAAGTATTCATCATGGTCCAACCA

CTTGACCCACZCTTCCTAGAGA

ATCCAGGGGCTAA

e

"CA

CAGGGTCCTCTTGCTTCAGC
TGCAGGAGTTGGUGTIGCCCAGGAAGCTCTGCCTCTGGGLACAGT ZACT
TCAGTGGGETGAGGEGAGCTCTCCCCATAGCTGGGCTGCGGCCCAACT
CCACCCCCTCAGGCTATGCCAGEGGETGTTGCCAGGGGCACCCGGEIA
TCGCCAGTCTAGCCCACTCCTITCATARAGCC CATCCCAGGAGCG
AGCAGAGCCAGAGCAGGT TGGAGAGGAGACGCATCACCTCCGCTECTC

GCCGEGE

Palis

hGH poly{A)
signal

Nugcleic
Acid

GGGTGGCATCCCTGTGACCCCTCCCCAGTGCCTCTCCTGGCCCTGGAA
TGCCACTCCAGTGCCCACCAGCCTTGTCCTAATAARAATTAAG
ATCATTTIGTCTGACTAGGTGTCCTTCTATAATATTATGGEG
GGGGTGGTATGGAGCAAGGEGCAAGTTGGGAAGACAACCTGTY
TGCGGGETCTATTGGGAACCAAGCTGGAGT GCAGTGGCACAATCTTGE
CTCACTGCAATCTCCGCCTCCTGGGTTCAAGCGATTICTCCTGCCTCAG
CCGAGTTIGTTGGGATTCCAGGCATGCATGACCAGGCTCAGCTAA
TGETTTITITTGGTAGAGACGGGETTTCACCATATTGGCCAGGETG
GTCTCCAACTCCTAATCTCAGGTGATCTACCCACCTTGGCCTCCCAAA

TTG CGATTACAGGCGTGAACCACTGCTCCCTTCCCTGTCCTT

fels
C
™7

14

Ué promoter

Nucleic
acid

GICCTTTCCACAAGATATATAAACCCAAGAAATCGAAATACTTITCAAG
TTACGGTAAGCATATGATAGICCATTTTARAAACATAATTTTAAAACTG
CAAACTACCCAAGAAATTATTACTTTCTACGTCACGTATTITTGTACTA

ATATCT TTTACAGTCAAATTAATTCTAATTATCTCTCTAACAG

13
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Seqguence
Deseription

Seguence
Type

Sequence

CCTTGTATCGTATATGCAAATATGAAGGAATCATGGGAAATAGGCCCT

~
()

Hit shRNA 1

Nucletc
acid

CCGGTGCTTCAGTTACCGGCTTAATTCTCCGAGAATTAACCCGTAACTGA

W alak il xiel
ACCATTTTTG

16

Hit shRNA 2

Nuclete
acid

CCOGCAGTTACGGCTTAATTAATACCTGACCCATATTAATTAACCCGT

ARCTECTTTTTE

_ . Nucleic GrAGCATCACTAATCTCGAGATTAGTGATGOTGOGGE
17 Hit shRNA 3 .
acid
CAGCATCTTACCGCCATT TATACCCATATTTGITCTIGTTTTTCT TGAT

18

oPRE
{Optimized
Woodchuck
Hepatitis
Virus
Posttranscrip
tional
Repulatory
Element}

Nucleic
Acid

TTGGGCTATACATTTAAATGTTAATAARAACAARAATGGTGGGGCAATCAT
TTACATTITTAGGGATATGTAATTACTAGTTCAGGTGTATTGCCACAA
GACAAACATGITAAGAAACTTITCCCGTITATTITACGCTCTEGTTCCTGTT
AATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGATATTCTT
ARCTATGITGCTCCTITTTACGCTGTGTGGATATGCTGCTTTATAGCCT
CTGTATCTAGCTATTGCTTCCCGTACGGCTTTCGTTITTCTCCTCCTITG
TATAAATCCTGGTTGCTGTCTICTITTAGAGGAGTTIGTGGCCCGTTGTC
COETCAACGTGGCETGETGTGCTCTIGTGTTTGCTGACGCAACCCCCACT

GGCTGGGGCATTGCCACCACCTGTCAACTCCTTICTGGGACTTITCGCT
TTCCCCCTCCCGATCGCCACGGLAGAACTCATCGCCGCCTGCCTTGCC
CGCTGCTGGACAGGGGCTAGGTTGCTGGGCACT GATAATTCCGTGGETG

TTGTC

19

Chimerie
intron of
rabbit beta-
globing and
chicken beta
actin sumilar
n CAG
promoter
(CRGEH

Nucletc
Acid

GGAGTCGCTGCGTTGCCTTCGCCCCETGLCCCGCTCCECGCCGICTCG
CGCCGCCCGCCCCGGUTCTGACTGACCGCGTTACTCCCACAGGTGAGT
GGGCGGGACGGCCCTTCTCCCTCOGGECTGTAATTAGCGCTTGGTITA
ATGACGGCTCGTTTCTTTTCTGTGGCTGCGT GAAAGCCTTARAAGGGCT
GGCCTTTGTGCGEEGEEGAGCEGCTCGEEEEETGCETGTEET
GTGTGIGTGCETGGGGAGCGCCGLET GCGGLCCECGCTGCCCEGLEGET
TGTGAGCGCTGCGEGGELGCEGTE
SGAGCGCGGEGCOGEEGELG
GCGAGGGGRAACARAAGGCTGIGTGCG
CAGGGGETGTGGGECGCGECEGTCGEGCTGTAACC CTGGCACCC
CCCTCCLCGAGTTGCTGAGCACGGCCCGGLTTCGEG GGGCTCCE
TGCGEEECETEGCHECGEEELTICECCETGICEEECEEEEEETGEIGEIA

GGTGGEGCETGCCEGLCEEEELEGELECCECCTCLEGLCEGEGAGGGLITC

e o
CCGCGAG

GCGAL

GGGEGAGGGGCGCGGUGGLCCIGGAGCGCCGECGGLTGTCGAGGLGCE
GCGAGCCGCAGCCATTGCCTTTTATGGTAATCGTGCGAGAGGGCGCAG

SCACTT

-~
o

SGAC TTGLTCCCAAATCTGGCEGAGCCGAAATCTGGGAGGCGCC
GCCGCACCCCCTCTAGCGGGECGLGEGCEAAGCGETGCGGCEECGGCAG

GAAGGAAAT GGGCGGGEGAGGHLCTITCETGCGTCGCCGCECCECCETCT

CCTTCTCCATCTCCAGCCTCGGGECTGCCGCAGGGGGACGGCTGLCTT

14
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SEQ Seqguence Sequence Sequence
ID NG | Description Type ' '
COGGEGGBACEEGECAGGGLECEETTCGEGCTTCTGGCGTETGACCHEGE
GGCTTTAGAC CTARCCATGTTCA TTCTTTTITCCTA
CATCATTTTGG
TGTTTGCCCCTCCCCOGTET
bGH pﬁiy Nucleic TTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAA
20 (A) signal Huee TGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGE
(bGHpA) acid GACAGCAAGGGGCAGCATT GECAAGAGAATA
GCAGGCATGCTGGGGA
» A Nucleic | GOAAGCGGAGCTACTAACTTCAGCCTGCTGAAGCAGGCTGGAGACGTG
- Pe acid GAGGAGAACCCT

0

(94

DETAILED DESCRIPTION

[B055] Unless defined otherwise, all techuical and scientific termos used have the same meaning as
coramonly understood by one of ordinary skill in the art to which thus disclosure belongs, Where
a term 13 provided n the smgular, the inveniors also contemplate aspects of the disclosure
described by the phural of that termy. Where there are discrepancies i terms and definitions used
i references that are incorporated by reference, the terms used in this application shall have the
defimitions given herein. (ther technical terms used have their ordinary meaning in the art ip
which they are used, as exemplified by various art-specific dictionaries, for example, “The
American Heritage® Science Dictionary” {(Editors of the American Heritage Dictionanies, 2011,
Houghton Mifflin Harcourt, Boston and New York}, the “McGraw-Hill Dictionary of Scientific
and Technical Terms” (6th edition, 2002, McGraw-Hill, New York}, or the “Oxford Dictionary of
Biology” {6th edition, 2008, Oxford University Press, Oxford and New York).

[6036] Any references cited herein, including, e.g., all patents, published patent applications, and
non-patent publications, are incorporated heremn by reference n their entirety.

[806587] When a grouping of alternatives is presented, any and all combinations of the members
that make up that grouping of alternatives is specifically envisioned. For example, if an item is
selected from a group consisting of A, B, C, and D, the inventors specifically envision each
alternative individually (e.g., A alone, B alone, etc ), as well as combinations such as A, B, and D,
Aand C; Band C; etc. The term “and/or” when used in a hist of two or more items means any one
of the listed items by itself or in combination with any one or more of the other listed items. For

example, the expression “A and/or B” 15 intended to mean either or both of A and B —i.e., A alone,
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Balone, or A and B in combination. The expression “A, B and/or C” 15 intended to mean A alone,
B alone, C alone, A and B in combination, A and C in combination, B and C in combination, or
A, B, and C in combination.

{80658] When a range of numbers is provided herein, the range 1s understood to be inclusive of the
edges of the range as well as any number between the defined edges of the range. For example,
“between 1 and 107 includes any number between 1 and 10, as well as the number 1 and the
number 10,

{80591 When the term “about” is used in reference to a number, it 15 understood to mean plus or
minus 10%. For example, “about 100” would include from 90 to 110.

[80666] Any composition or vector provided herein is specifically envisioned for use with any
method provided herein.

{8061} In anaspect, methods and compositions provided herein comprise a vector. As used herein,
the term “vector” refers to a circular, double-stranded DNA molecule that is physically separate
from chromosomal DNA. 1t should be noted that the term “vector” can be used interchangeably
with the term “plasmid.”

[8962] In an aspect, a vector provided herein is a recombinant vector. As used herein, the term
“recombinant vector” refers to a vector that comprises a recornbinant nucleic acid. As used herein,
a “recombinant nucleic acid” refers to a nucleic acid molecule formed by laboratory methods of
genetic recornbination, such as, without being limiting, molecular cloning. A recombinant vector
can be formed by Iaboratory methods of genetic recombination, such as, without being limiting,
molecolar clorung. Also, without being limiting, one skilled 1o the art can create a recombinant
vector de nove via synthesizing a plasmd by individual nucleotides, or by sphicing together nucleic
acid molecules from different pre-existing vectors.

[8063] Adeno-associated  viruses (AAVs)  are  rephcation-defective, non-enveloped
Dependoparvovirus viruses that infect humans and additional primate species. AAVs are not
known to cause disease i any species, aithough they can cause mild immune responses. AAVsS
can infect dividing and quiescent cells. AAVs are stably integrate into the human genome at a
specific site in chromosome 19 termed the AAVST locus {(nucleotides 7774-11429 of GenBank
Accession No. AC010327 8), although random integrations at other loct in the human genome are

possible.
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j0064] AAVs comprise a linear genome with a single-stranded DNA of about 4700 nucleotides in
fength. The genome of AAVs also includes a 145 nucleotide-long nverted terminal repeat (ITR)
at each end of the genome. The I'TRs flank two viral genes rep (for replication, encoding non-
structural proteins) and cap (for capsid, encoding structural proteins). The ITRs contain all of the
cis-acting elements need for genome rescue, replication, and packaging of the AAV.

[8063] When used in gene therapy approaches, the rep and cap genes of the AAV genome
sequence are removed and replaced with DNA of interest positioned between two AAV ITRs. As
used herein, an “AAV vector construct” refers to a DNA molecule comprising a destred sequence
mserted between two AAY TR sequences. As used herein, an “AAV vector” refers to an AAV
packaged with a DNA vector construct.

18066} As used herein, the term “AAV vector serotype” mainly refers to a variation within the
capsid protems of an AAV vector.

{8067} As used herein “vg” refers to a viral genome in the context of AAV titer determination.
[6G68] In an aspect, an AAV vecior is sefected from the group consisting of AAV vector serotype
1, AAV vector serotype 2, AAV vector serotype 3, AAV vector serotype 4, AAY vector serotype
S, AAV vector serotype 6, AAV vector serotype 7, AAV vector serotype 8, AAV vector serotype
9, AAV vector serotype 10, AAV vector serotype 11, and AAV vector serotype 12, In one aspect,
an AAY vector is selected from the group consisting AAY serotype 2, AAV serotype 5, and AAV
serotype 9. In one aspect, an AAV vector 15 AAV serotype 1. In one aspect, an AAV vector i3
AAV serotype 2. In one aspect, an AAV vector 15 AAV serotype 3. In one aspect, an AAV vector
13 AAV serotype 4. In one aspect, an AAV vector 15 AAV serotype S, In one aspect, an AAY
vector 15 AAVY serotype 6. In one aspect, an AAY vector 1s AAVY serotype 7. In one aspect, an
AAV vector 1s AAY serotype 8. In one aspect, an AAV vector 18 AAV serotype 9. In one aspect,
an AAY vector 1s AAY serotype 10, In one aspect, an AAV vector 158 AAVY serotype 11, In one
aspect, an AAVY vector 18 AAV serotype 12.

{B06%] In an aspect, an AAY vector I'TR 15 selected from the group consisting of an AAVY serotype
1ITR, an AAV serotype 2TTR, an AAV serotype 3 ITR, an AAV serotype 4 I'TR, an AAV serotype
STTR, an AAV serotype 6 1TR, an AAV serotype 7 TR, an AAV serotype 8 ITR, an AAY serotype
GITR, an AAV serotype 10 ITR, an AAV serotype 11 ITR, and an AAV serotype 12 ITR. In one
aspect, an AAY vector ITR is an AAV serotype 1 I'TR. In one aspect, an AAY vector ITR is an

AAV serotype 2 ITR. Inone aspect, an AAY vector TR 15 an AAY serotype 3 ITR. In one aspect,
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an AAV vector ITR is an AAY serotype 4 ITR. In one aspect, an AAV vector ITR is an AAVY
serotype S ITR. In one aspect, an AAV vector ITR is an AAV serotype 6 ITR. In one aspect, an
AAVY vector ITR is an AAV serotype 7 ITR. Inoneaspect, an AAV vector ITR 1s an AAVY serotype
& ITR. In one aspect, an AAY vector TR is an AAV serotype 9 I'TR. In one aspect, an AAY
vector FTR 15 an AAV serotype 10 ITR. In one aspect, an AAV vector ITR is an AAV serotype
11 ITR. In one aspect, an AAV vector ITR 1s an AAV serotype 12 ITR

{8678} Inan aspect, at least one AAV vector FTR nucleic acid sequence is selected from the group
consisting of SEQ ID NG: 1 and 9. In one aspect, at least one AAY vector ITR nucleic acid
sequence is SEQ 1D NO: 1. In one aspect, at least one AAV vector ITR nucleic acid sequence is
SEQ ID NQG: 9@

18071} In an aspect, an AAV ITR nucleic acid sequence comprises a sequence at least 70%
identical to SEQ 1D NO: 1, or the complement thereof. In one aspect, an AAV TR nucleic acid
sequence comprises a sequence at least 73% identical to SEQ ID NG: 1, or the complement thereof.
In one aspect, an AAV ITR nucleic acid sequence comprises a sequence at least 80% identical to
SEQ ID NG 1, or the complement thereof. In one aspect, an AAV ITR nuclewe acid sequence
comprises a sequence at least §5% identical to SEQ 1D NO: 1, or the complement thereof. In one
aspect, an AAV TR nucleic acid sequence comprises a sequence at least 90% dentical to SEQID
NQ: 1, or the complernent thereof. In one aspect, an AAV ITR nucleic acid sequence comprises
a sequence at least 91% wdentical to SEQ ID NGO 1, or the complement thereof. In one aspect, an
AAVITR nucleic acid sequence comprises a sequence af least 92% wdentical to SEQ ID NO: 1, or
the complement thereof. In one aspect, an AAV TR nucleic acid sequence comprises a sequence
at least 93% identical to SEQ 1D NO: 1, or the complement thereof. In one aspect, an AAV ITR
nucleic acid sequence comprises a sequence at least 94% identical to SEQ ID NO: 1, or the
complement thereof. In one aspect, an AAV ITR nucleic acid sequence comprises a sequence at
least 95% identical to SEQ ID NG: 1, or the complement thereof. In one aspect, an AAV ITR
nucleic acid sequence comprises a sequence at least 96% identical to SEQ 1D NO: 1, or the
complement thereof. In one aspect, an AAV ITR nucleic acid sequence comprises a sequence at
least 97% wdentical to SEQ ID NGO 1, or the complement thereof. In one aspect, an AAY TR
nucleic acid sequence comprises a sequence at least 98% identical to SEQ 1D NO: 1, or the
complement thereof. In one aspect, an AAV ITR nucleic acid sequence comprises a sequence at

jeast 99% identical to SEQ 1D NGO 1, or the complement thereof. In one aspect, an AAV ITR
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nucleic acid sequence comprises a sequence at least 99.5% identical to SEQ ID NO: 1, or the
complement thereof. In one aspect, an AAV ITR nucleic acid sequence comprises a sequence at
least 99.8% identical to SEQ 1D NO: 1, or the complement thereof. In one aspect, an AAV TR
nucleic acid sequence comprises a sequence at least 99.9% identical to SEQ 1D NO: 1, or the
complement thereof. In one aspect, an AAV ITR nucleic acid sequence comprises a sequence
100% identical to SEQ 1D NO: 1, or the complement thereof.

{8672} In an aspect, an AAV ITR nucleic acid sequence comprises a sequence at least 70%
identical to SEQ 1D NO: 9, or the complement thereof. In one aspect, an AAY TR nucleic acid
sequence comprises a sequence at least 75% identical to SEQ ID NO: 9, or the complement thereof.
In one aspect, an AAV ITR nucleic acid sequence comprises a sequence at least 80% identical to
SEQ 1D NO: 9, or the complement thereof. In one aspect, an AAV I'TR nucleic acid sequence
comprises a sequence at least 85% identical to SEQ ID NO: 9, or the complement thereof. In one
aspect, an AAY TR nucleic acid sequence comprises a sequence at least 90% i1dentical to SEQ ID
NO: 9, or the complement thereof. In one aspect, an AAV I'TR nucleic acid sequence comprises
a sequence at least 91% wdentical to SEQ ID NG: 9, or the complement thereof. In one aspect, an
AAVITR nucleic acid sequence comprises a sequence at least 92% wdentical to SEQID NO: 9, or
the complement thereof. In one aspect, an AAV I'TR nucleic acid sequence comprises a sequence
at least 93% wdentical to SEQ ID NO: 9, or the complement thereof. In one aspect, an AAV ITR
nucleic acid sequence comprises a sequence at least 94% identical to SEQ 1D NO: 9, or the
complement thereof. In one aspect, an AAV ITR nucleic acid sequence comprises a sequence at
feast 95% identical to SEQ ID NO: 9, or the complement thereof. In one aspect, an AAV ITR
nucleic acid sequence comprises a sequence at least 96% identical to SEQ ID NO: 9, or the
complement thereof In one aspect, an AAV ITR nucleic acid sequence corprises a sequence at
least 97% dentical to SEQ ID NO: 9, or the complement thereof. In one aspect, an AAV TR
nucleic acid sequence comprises a sequence at least 98% identical to SEQ ID NO: 9, or the
complement thereof. In one aspect, an AAV ITR nucleic acid sequence comprises a sequence at
least 99% identical to SEQ ID NO: 9, or the complement thereof In one aspect, an AAV ITR
nucleic acid sequence comprises a sequence at least 99.5% identical to SEQ ID NO: 9, or the
complement thereof. In one aspect, an AAV I'TR nucleic acid sequence comprises a sequence at
least 99.8% identical to SEQ 1D NO: 9, or the complement thereof. In one aspect, an AAV TR

nucleic acid sequence comprises a sequence at least 99.9% identical to SEQ 1D NO: 9, or the
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complement thereof In one aspect, an AAV ITR nucleic acid sequence comprises a sequence
100% identical to SEQ ID NO: 9, or the complement thereof.

18073} The terms “percent identity” or “percent identical” as used herein 1n reference o two or
more nucleotide or aming acid sequences 1s calculated by (1) comparing two optimally aligned
sequences {nucleotide or aming acid) over a window of comparison (the “alignable” region or
regions), (i1} determining the number of positions at which the identical nucleic acid base (for
nucleotide sequences} or amino acid residue {for proteins and polypeptides) occurs in both
sequences to vield the number of matched posttions, (111} dividing the number of matched positions
by the total number of positions in the window of comparison, and then (iv) multiplying this
quotient by 100% to yield the percent identity. If the “percent identity” is being calculated in
relation to a reference sequence without a particular comparison window being specified, then the
percent identity is determimed by dividing the number of matched positions over the region of
alignment by the total length of the reference sequence. Accordingly, for purposes of the present
application, when two sequences {query and subject) are optimally aligned (with allowance for

13

gaps i their alignment), the “percent identity” for the query sequence 13 equal fo the nuraber of
identical positions between the two sequences divided by the total number of posttions in the query
sequence over s length {or a coraparison window), which is then multiplied by 100%.

[8974] When percentage of sequence identity is used i reference to amuno acids i 1s recogmzed
that residue positions which are not identical often differ by conservative amino acid substitutions,
where amino acid residues are substituted for other amino acid residues with similar chemical
properties {e.g., charge or hydrophobicity) and therefore do not change the functional properties
of the molecule. When sequences differ in conservative substitutions, the percent sequence
identity can be adjusted opwards to correct for the conservative nature of the substitation

3

Sequences that differ by such conservative substitutions are said to have “sequence similanty” or
“similarity.”

{8975} For optimal alignment of sequences 1o calculate thewr percent identity, various pair-wise or
multiple sequence alignment algorithms and programs are known in the art, such as ClustalW or
Basic Local Alignment Search Tool® (BLAST™), etc., that can be used to compare the sequence
identity or similarity between two or more nucleotide or amino acid sequences. Although other

alignment and comparison methods are known in the art, the alignment and percent identity

between two sequences {including the percent identity ranges described above} can be as
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determined by the ClustalW algorithm, see, e.g., Chenna ef a/., “Multiple sequence alignment with
the Clustal series of programs,” Nucleic Acids Research 31 3497-3500 {2003); Thompson ef ¢l
“Clustal W Improving the sensiiivity of progressive multiple sequence alignment through
sequence weighting, position-specific gap penalties and weight matrix choice,” Nucleic Acids
Research 22: A673-4680 (1994); Larkin MA ef al, “Clustal W and Clustal X version 2.0
Bioinformatics 23: 2947-48 (2007}, and Altschul er ¢f. “Basic local alignment search tool.” J
Mol Biol 215:403-410 {1990}, the entire contents and disclosures of which are incorporated
herein by reference.

18076} The terms “percent complementarity” or “percent complementary” as used herein in
reference to two nucleotide sequences is similar to the concept of percent identity but refers to the
percentage of nucleotides of a query sequence that optimally base-pair or hybridize to nucleotides
a subiect sequence when the query and subject sequences are linearly arranged and optimally base
paired without secondary folding structures, such as loops, stems or hairpins. Such a percent
complementarity can be between two DNA strands, two RNA strands, ora DNA strandand a RNA
strand.  The “percent complementanty” can be calculated by (i) optimally base-pairing or
hybridizing the two nucleotide sequences n a hnear and fully extended arrangement (7.e., without
folding or secondary structures) over a window of comparison, (11} determinung the number of
positions that base-pair between the two sequences over the window of comparison to vield the
number of complementary positions, (u11) dividing the number of complementary positions by the
total mumber of positions in the window of comparison, and {iv) multiplying this quotient by 100%
to vield the percent complementarity of the two sequences. Optimal base pairing of two seguences
can be determined based on the known pairings of nucleotide bases, such as G-C, A-T, and A-U,
through hydrogen binding.  If the “percent complementarity” 1s being caleolated 1u relation to a
reference sequence without specifying a particular comparison window, then the percent identity
15 determined by dividing the number of complementary positions between the two linear
sequences by the total length of the reference sequence.  Thus, for purposes of the present
application, when two sequences {query and subject) are optimally base-paired (with allowance
for mismatches or non-base-paired nucleotides), the “percent complementarity” for the query
sequence 15 equal to the number of base-paired positions between the two sequences divided by
the total number of positions in the query sequence over its length, which is then multiplied by

100%.
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{0877} The use of the term “polynucleotide,” “nucleic acid sequence,” or “nucleic acid molecule”
15 not intended to limit the present disclosure to polynucleotides comprising deoxyribonucleic acid
(DNA}. For example, ribonucleic acid (RNA) molecules are also envisioned. Those of ordinary
skill in the art will recognize that polynuclectides and nucleic acid molecules can comprise
ribonucleotides and combinations of ribonucleotides and  deoxyribonucleotides.  Such
deoxyribonucleotides and ribonucleotides include both natwally occurring molecules and
synthetic analogues. The polynuclectides of the present disclosure also encompass all forms of
sequences including, but not limited to, single-stranded forms, double-stranded forms, hairpins,
stem-and-loop structures, and the like. In an aspect, a nucleic acid molecule provided herein is a
DNA molecule. In one aspect, a nucleic acid molecule provided herein is an RNA molecule. In
one aspect, a nucleic acid molecule provided herein s single-stranded. In one aspect, a nucleic
acid molecule provided herein 15 double-stranded. A nucleic acid molecule can encode a
polypeptide or a small RNA.

[8978] As used herein, the term “polypeptide” refers to a chain of at least two covalently linked
amino acids. Polypeptides can be encoded by polynucleotides provided herein. Proteins provided
herein can be encoded by nucleic acid molecules provided herein.  Proteins can comprise
polypeptides provided herein. As used herein, a “protewn” refers to a chain of amino acid residues
that 1s capable of providing structure or enzymatic activity to a cell.  As used herein, a “coding
sequence” refers to a nucleic acid sequence that encodes a protein.

{8979} As used herein, the term “CpGrsite” or “CG site” refers to a region of DNA sequence where
a cytosine and guanine 15 separated by only one phosphate group.

{8086} As used herem, the term “CpG sland” of “CG sland” refers to Cp(s sites that occur with
a high frequency.

{0081} As used heren, the term “codon™ refers to a sequence of three nucleotides.

{6082} As used herein, the term “codon optimized” refers (0 a code that is modified for enhanced
expression in a host cell of interest by replacing at least one codon of a sequence with codons that
are more frequently or most frequently used in the genes of the host cell while maintaining the
original amino acid sequence.

[8083] As used herein, the term “enhancer” refers to a region of DNA sequence that operates to
mitiate, assist, affect, cause, and/or promote the transcription and expression of the associated

transcribable DNA sequence or coding sequence, at least in certain tissue(s), developmental
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stage(s) and/or condition{s}. In an aspect, an enhancer s a cis enhancer. In one aspect, an enhancer
is a frans enhancer.

10084} As used herein “CH” refers to a cytomegalovirus {CMV) promoter enhancer sequence.
{8083} As used here “EE” refers to an Ef1 alpha promoter enhancer sequence.

0086} Enhancer sequences can be identified by utihizing genomic techniques well known 1n the
art. Non-himiting examples include use of a reporter gene and next-generation sequencing methods
such as chromatin immunoprecipitation sequencing (ChiP-seq), DNase I hypersensitivity
sequencing {DNase-seq), micrococcal nuclease sequencing (MNase-seq), formaldehyde-assisted
isolation of regulatory elements sequencing (FAIRE-seq), and assay for transposase accessible
chromatin sequencing (ATAC-seq).

10087} As used herein, the term “operably linked” refers to a functional linkage between a
promoter or other regulatory element and an associated transcribable DNA sequence or coding
sequence of a gene {or transgene), such that the promoter, etc., operates to initiate, assist, affect,
cause, and/or promote the transcription and expression of the associated transcribable DNA
sequence or coding sequence, at least n certain tissue(s), developmental stage(s) and/or
condition{s}. As used herein, “regulatory elements” refer to any sequence elements that regulate,
positively or negatively, the expression of an operably linked sequence. “Regulatory elements”
mclude, without being limiting, a promoter, aun enhancer, a leader, a transcription start site {TSS),
a hinker, 57 and 3" uniranslated regions (UTRs), an wndron, a polyadenylation signal, and a
termination region or sequence, etc., that are suitable, necessary or preferred for regulating or
alfowing expression of the gene or transcribable DNA sequence in a cell.  Such additional
regulatory element(s) can be optional and used to enhance or optimize expression of the gene or
transcribable DNA sequence.

{B088] As used herein “p2A7 or “P2A” refer to a 2A self-cleavage peptide sequence from porcine
teschovirus-1. In an aspect, a linker may comprise a PZA sequence.

j0089] As used herein, the term “promoter” refers to a DNA sequence that containg an RNA
polymerase binding site, a transcription start site, and/or a TATA box and assisis or promotes the
transcription and expression of an associated transcribable polvnucieotide sequence and/or gene
{or transgene). A promoter can be synthetically produced, varied, or derived from a known or
naturally occurring promoter sequence or other promoter sequence. A promoter can also include

a chimeric promoter comprising a combination of two or more heterologous sequences. A
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promoter of the present application can thus include variants of promoter sequences that are similar
m composition, but not identical to, other promoter sequencefs) known or provided herein.

18098} As used herein, an “intron” refers to a nuclestide sequence that is removed by RNA splicing
as a messenger RNA (mRNA) matures from a mRNA precursor.

j00%1} As used herein, “mRNA” or “messenger RNA” refers to a single stranded RNA that
corresponds to the genetic sequence of a gene.

{0092} Expression of mRNA can be measured using any suitable method known m the art. Non-
fimiting examples of measuring mRNA expression include quantitative reverse iranscriptase
polymerase chain reaction {(gRT-PCR}, RNA blot {e.g., a Northern blot), and RNA sequencing.
Differences in expression can be described as an absolute quantification or a relative
guantification. See, for example, Livak and Schimittgen, Methods, 25:402-408 (2001 ).

{6093} As used herein, “genome editing” or “gene editing” refers to targeted mutagenesis,
msertion, deletion, inversion, substitution, or translocation of a nucleotide sequence of interest in
a genome using a targeted editing technique. A nucleotide sequence of interest can be of any
length, for example, at least 1, at least 2, atleast 3, at least 4, at least S, at least 6, at least 7, at least
8, at least 9, at least 10, at least 15, at least 20, at least 25, at feast 30, at least 35, at least 40, at
least 45, at least SO, at least 75, at least 100, at least 250, at least 300, at least 1000, at feast 2500,
at least 5000, at least 10,000, or at least 23,000 nucleotides. Non-limiting examples of gene editing
techniques are small interference RNA (siRNA) technology, small hairpin RNA (shRNA)
technology, microRNA {(miRNA} technology, antisense oligonucleotides (AS{) technology, or
CRISPR/CAS technology.

[8994] As used herein, a “ASO” or “antisense oligonucleotide” 13 a small, single stranded nucleic
acid that bind to thew target RNA sequence mside the cells and silence genes.

{8095} As used heremn, a “coding region,” a “gene region,” of a “gene” refers to a polynucleotide
that can produce a functional unit. Non-limiting examples include a protein, or a non-coding RNA

molecule. A “coding region,” “gene,”

)7 or “gene region” can comprise a promoter, an enhancer
sequence, a leader sequence, a transcriptional start site, a transcriptional stop site, a
polvadenylation site, one or more exons, one ¢r more introns, 8 5°-UTR, a 3-UTR, or any
combination thereof.

{8096} In an aspect, gene editing targets mutant Huntingtin (Htt) aggregates. In one aspect gene

editing is by non-coding RINA molecules. Non-hmiting examples of a non-coding RNA molecule
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mclude a microRNA (miRNA}, a muRNA precursor {pre-miRNA), a small interfering RNA
{siRNA}), a small RNA (18-26 nucleotides in length) and precursor encoding same, a
heterochromatic siIRNA (he-siRNA), a Piwi-interacting RNA (piRNA), a hairpin double strand
RNA (hairpin dsRNA}, a rrans-acting siRNA {(ta-siRNA), a naturally occurring antisense siRNA
{(nat-siRNA}, a CRISPR RNA {crRNA}Y, a tracer RNA (tracrRNA}Y, a guide RNA {(gRNA), and a
single-guide RNA {sgRNA). In one aspect, a shRNA targets a Hit gene. In one aspect, a SIRNA
targets a Hit gene. In one aspect, an ASO targets a Htt gene. In one aspect, miRNA targets a Hit
gene. In one aspect, a gRNA targets a Hit gene. In one aspect, a pre-muRNA targets a Htt gene.
In one aspect, a small RNA targets a Hit gene. In one aspect, a he-siRNA targets a Hit gene. In
one aspect, a piRNA targets a Hit gene. In one aspect, a hairpin dsRNA targets a Hit gene. In one
aspect, a ta-siRNA targets a Htt gene In one aspect, a nat-siRNA targets a Hitt gene. In one aspect,
a crRINA targets a Hit gene. In one aspect, a tracrRNA targets a Hit gene. In one aspect, a sgRNA
targets a Hit gene. In one aspect, a shRNA comprises a nucleic acid sequence selected from the
eroup consisting of SEQ 1D NQOs: 15 to 17. In one aspect, a shRNA comprises a nucleic acid
sequence SEQ ID NO: 15, In one aspect, a shRNA comprises a nucleic acid sequence SEQ 1D
NO: 16, In one aspect, a shRNA comprises a nucleic acid sequence SEQ ID NG 17,

[80697] As used herein a “donor molecule” or “donor sequence” s defined as a nucleic acid
sequence that has been selected for site directed, targeted insertion into a genome. In an aspect, a
donor molecule comprises a “donor sequence.” In one aspect, a targeted editing technigue provided
herein comprises the use of one or more, two or more, three or more, four or more, or five or more
donor molecules or donor sequences. A donor molecule or donor sequence provided herein can
be of any length. For example, a donor molecule or donor sequence provided herein 13 between 2
and 50,000, between 2 and 10,000, between 2 and 5000, between 2 and 1000, between 2 and 500,
between 2 and 250, between 2 and 100, between 2 and 50, between 2 and 30, between 15 and 50,
between 15 and 100, between 15 and 500, between 15 and 1000, between 15 and 5000, between
18 and 30, between 18 and 26, between 20 and 26, between 20 and 30, between 20 and 100,
between 20 and 250, between 20 and 500, between 20 and 1000, between 20 and 5000 or between
20 and 10,000 nucleotides in length.

{8098] As used here “HTT” refers to an Hit specific guide RNA (gRNA) and/or a donor sequence.
0099} Site-specific nucleases provided herein can be used as part of a targeted editing technique.

Non-limiting examples of site-specific nucleases include meganucleases, zinc finger nucleases
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(ZFNs), transcription activator-like effector nucleases {TALENs), RNA-guided nucleases {e.g.,
Cas9 and Cpfl), a recombinase (without being limiting, for example, a serine recombinase
attached to a DNA recognition motif, a tyrosine recombinase attached to a DNA recognition

for example, a DNA transposase attached to a DNA

(=2

motif), a transposase {without being limiting
binding domain}, or any combination thereof.

{86100 Site-specific nucleases, such as meganucleases, ZFNs, TALENs, Argonaute
protemns {non-limiting examples of Argonaute proteins include Thermus thermophiiius Argonaute
(TtAgo), Pyrococcus jfuriosus Argonaute (PfAgo), Natronobacterium gregoryi Argovaute
(NgAgo}, homologs thereof, or modified versions thereof), Cas9 nucleases (non-limiting examples
of RNA-guided nucleases include Casl, Cas18, Cas2, Cas3, Casd, CasS, Cas6, Cas7, CasS, Cas?
{also known as Csnl and Csx12), Cas10, Csyl, Csy2, Csy3, Csel, Csel, Csel, Csel, Csal, Csn2,
Csm2, Csm3, Csmd, Csm3, Csmd, Cmrl, Cnmue3, Cnrd, CrS, CourG, Csbl, Csb2, Csb3, Csx17,
Csx14, Csx10, Csx16, CsaX, Csx3, Csxl, Csxl1S, Csfl, Csf2, Csf3, Csfd, Cpfl, CasX, CasY,
homologs thereof, or modified versions thereof), induce a double-strand DNA break at the target
site of a genomic sequence that is then repaired by the natural processes. Sequence modifications
then occur at the cleaved sites, which can include inversions, deletions, or insertions that result in
gene distuption or mtegration of nucleic acid sequences. In an aspect, an RNA-guided nuclease
provided herein 1s selected from the group consisting of Casl, CasiB, Cas2, Cas3, Casd, Cas$,
Cas6, Cas7, Cas8, Cas9 (also known as Csnl and Csx12), Casl0, Cayl, Tsy2, Cay3, Tsel, Csel,
Csel, Csez, Tsas, Csn2, Csm2, Cam3, Cemd, CsmS, Csmo, Cmrd, Cmr3, Cord, CrarS, T,
Csbl, Csb2, Ceb3, Csx17, Csx14, Csx10, Usxie, UsaX, Cex3, Csxl, Csx15, Csfl, Csf2, Tsf3,
Caf4, Cpfl, CasX, Cas¥, homologs thereof, or modified versions thereof

[801061] In an aspect, a targeted editing techmque described herein comprises the use of a
RNA-~gurded nuclease.

[60182] While not being limited by any particular scientific theory, CRISPR/CAS nucleases
are part of the adaptive immune system of bacteria and archaea, protecting them against invading
nucleic acids such as viruses by cleaving target DNA in a sequence-dependent manner. The
immunity 1s acquired by the integration of short fragments of the invading DNA, known as spacers,
between ~20 nucleotide long CRISPR repeats at the proximal end of a CRISPR locus (a CRISPR
array ). A well described Cas protein s the Cas9 nuclease (also known as Csnl), which is part of

the Class 2, type I CRISPR/Cas system in Streptococcus pyogenes. See Makarova ef al. Nature
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Reviews Microbiology {(2015) dot: 10.1038/nrmicro3569. Cas® comprises an RuvC-like nuclease
domain at its amino terminus and an HNH-like nuclease domain positioned in the middie of the
protein. Cas® proteins also contain a PAM-interacting (P1) domain, a recognition lobe (REC}, and
a BH domain. The Cpfl nuclease, another type I system, acts in a similar manner to Cas9, but
Cpfl does not require a tracrRNA. See Cong ef al. Science (2013} 339: 819-823; Zeische ¢f al.,
Cell (2015) doi: 10.1016/1.cel.2015.09.038; U. 8. Patent Publication Neo. 2014/0068797; 1. S.
Patent Publication No. 2014/0273235; U. 8. Patent Publication No. 2015/0067922; U. 8. Patent
No. 8,697,359, U. 8. Patent No. 8,771,945 U. §. Patent No. 8,795,965, U. 8. Patent No. 8,865 406;
U. S, Patent No. 8,871,445, U. 8. Patent No. 8 889,336, U. S. Patent No. 8,889, 418; U. &, Patent
No. 8,895,308; and U. S. Patent No. 8 906,616, each of which is herein incorporated by reference
in 1S entirety.

[60163] In an aspect, this disclosure provides, and includes, a composition comprising an
adeno-associated virus (AAV) vector where the AAV vector comprises a Cas®? nuclease gene, an
Hit specific gRNA, and a donor sequence. In an aspect, this disclosure provides, and includes, a
composition comprising an adeno-associated virus (AAV) vector where the AAV vector comprises
a Cas9 nuclease gene, an Hit specific gRNA, a donor sequence, and a DIx2 gene sequence. In an
aspect, this disclosure provides, and includes, a composition comprising an adeno-associated virus
{AAV} vector where the AAV vector comprises a Cas9 nuclease gene, an Hit specific shRNA, and
a donor sequence. In an aspect, this disclosure provides, and includes, a composition comprising
an adeno-associated virus (AAV) vector where the AAV vector comprises a Cas9 nuclease gene,
an Hit specific shRNA, a donor sequence, and a BIx2 gene sequence.

{00104] As used herein, the term “ghal” or “ghal cell” refers to a non-neuronal cell 1 the
NS or the PNK. In an aspect, at least one ghal cell 13 selected from the group consisting of at
least one oligodendrocyie, at least one astrocyte, at least one NG2 celi) at least one ependymal cell,
and at least one mucroghia. In one aspect, at least one ghal cell is at least one oligodendrocyte. In
one aspect, at least one ghal cell 1s at least one NG2 cell. In one aspect, at least one glial cell 1s at
least one ependymal cell In one aspect, at least one glial cell is at least one microgha. In one
aspect, at least one ghial cell is at least one reactive astrocyte. In one aspect, at least one astrocyte
15 at least one reactive astrocyte.

00165} As used herein, the term “astrocyte” refers to a ghal cell that s an important

component of the brain. Anastrocyte is mvolved in supporting neuronal functions such as synapse
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formation and plasticity, potasstum buffering, nutnient supply, the secretion and absorption of
neural or ghial transmitters, and maintenance of the blood-brain barrier. As used herein, the term
“reactive astrocytes” refers to an abnormal status of astrocytes after injury or disease.

[60106] As used herein, the term “NGZ cell” or “polvdendrocyie” refers to a glial cell that
expresses chondroitin sulfate proteoglycan (C8PG4) and the alpha receptor for platelet-derived
growth factor (PDGERA).

{06167} As used herein, the termn “neuron” or “neuronal cell” refers to an electrically
exciiable cell that communicates with other neurons via synapses. In an aspect, a neuron 1s selected
from the group consisting of an vnipolar neuron, a bipolar neuroy, a pseudounipolar neuron, and
a multipolar neuron. In one aspect, a neuron 1s an unipolar neuron. ln one aspect, a neuron is a
bipolar neuron. In one aspect, a neuron s apseudounipolar neuron. In one aspect, a neuron is a
bipolar neuron. In one aspect, a neuron 1s selected from the group consisting of a sensory neuron,
a motor neuron, and an interneuron. In one aspect, a neuron is a sensory neuron. In one aspect, a
neuron is a motor neuron. In one aspect, a neuron is an interneuron.

[80108] As used herein, the terma “functional neuron” refers to a neuron that can perform
biological process. Without being hmuting, examples of hiological processes mclude processing
and transnussion of information and communication via chemical and electrical synapses.
[86169] As used herem, the term “glutamatergic neurons” refers to a subclass of neurons
that produce glutamate and establish excitatory synapses. As used herein, the term “excitatory
synapse” refers to a synapse in which an action potential in a presynaptic neuron increases the
probability of an action potential occurring i a postsynaptic cell. As used herein, the term “action
potential” or “nerve impulse” refers to an electrical impulse across the membrane of anaxon. As
used herein, the term “axon” or “nerve fiber” refers to a neuron that conduets action potentials, As
used herein, the term “GABAegrgic neurons” refers to a subset of neurons that produce GABA and
establish inhibitory synapses. As used herein, the term “GABA™ or “gamma- Aminobutyric acid”
refers to a compound that opens ion channels to allow the flow of negatively charged chloride 1ons
mto the cell or positively charged potassium ions out of the cell.  As used herein, the term
“inhibitory synapse” refers to a synapse that moves the membrane potential of a postsynaptic
neuron away from the threshold for generating action potentials.  As used herein, the term
“dopaminergic neuron” refers to a subset of neurons that produce dopamine. As used herein, the

term “dopamine” refers to a type of neurotransmitter. As used herein, the term “neurotransmitter”
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refers to a class of endogenous chemicals that activate neurotransmissions. As used herein, the
term “neurotransmission” refers to a process where neurotransmitters are released by the axon
terminal of a neuron. As used herein, the term “acetyl cholinergic neuren” or “cholinergic neuron”
refers to a subset of neurons that secrete acetylcholine. As used herein, the term “acetylcholine”
refers to a type of nevrotransmitter.  As used herein, the term “seratonergic neuron” refers to a
subset of neurons that synthesizes serotonin. As used herein, the term “serotonin” refers {0 a type
of neurotransmitter. As used herein, a “epinephrinergic neuron” refers to a neuron that release
epinephrine as the neurotransmitter. As used herein, the term “motor neuron” refers to a subset of
neurons where the cell body s located in the motor cortex, brainstem, or the spinal cord and the
axon projects to the spinal cord or outside the spinal cord and directly or indirectly controls muscles
and glands. As used herein, the term peptidergic neuron refers to a subset of neurons that utilize
small peptide molecules as their neurotransmitter.

{00110} In an aspect, a neuron is a functional neuron. In one aspect, a functional neuron is
selected from the group consisting of glitamatergic neurons, GABAergic neurons, dopaminergic
neurons, cholinergic neurons, seratopergic neurons, epinephrinergic neurons, motor neurons, and
peptidergic neurons. Tn one aspect, a functional neuron s a glutarmatergic nearon. In one aspect,
a functional neuron is a GABAergwc neuron. [n one aspect, a functional neuron is a dopaminergic
neurcn. In one aspect, a functional neuron 1s a cholinergic neuron. In one aspect, a functional
neuron 1s a seratonergic neuron. In one aspect, a functional neuron 13 an epinephrinergic neuron.
in one aspect, a functional neuron s a motor neuron.  In one aspect, a functional neuron 1s a
peptidergic neuron.

00111} As used herein, the term “converting” or “converted” refers 1o a cell type changing
its physical morphology and/or biological function into a different physical morphology and/or
different biological function. In an aspect, this disclosure provides the conversion of at least one
glial cell into at least one neuron. In one aspect, conversion of at feast one ghal cell to at least one
neuron occurs in the CNS or PNS. In one aspect, conversion of at least one ghal cell to at least
one neuren occurs in the CNS. In one aspect, conversion of at least one glial cell to at least one
neurcn occurs in the PNS.

{80112} In an aspect, this disclosure provides, and includes, an adenoc-associated virus
(AAV} vector comprising a human distal-less homeobox 2 (hDMx2) sequence comprising the

nucleic acid sequence of SEQ 1D NQO: 6, where the hiDix2 sequence s operably linked to regulatory
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elements comprising: {a} a ghial fibrillary acid protein (GFAP} promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ 1D NOs: 3, 4, and 12; (b} an enhancer from a
human elongation factor-1 alpha (EF1-a) promoter comprising the nucleic acid sequence of SEQ
1D NO: 2 or cytomegaloviras ({CMV) enhancer comprising the nucleic acid sequence of SEQ 1D
NG 11; (¢} a chimeric intron comprising the nucleic acid sequence selected from the group
consisting of SEQ ID NOs: 5 and 19; (d} a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE) comprising the nucleic acid sequence selected from the group consisting of SE(}
1D NOs: 7 and 18; and (e} a SV40 polvadenylation signal sequence comprising the nucleic acid
sequence of SEQ I NO: 8§, a hGH polyadenylation signal comprising the nucleic acid sequence
of SEQ 1D NO: 13 or a bGH polvadenylation signal comprising the nucleic acid sequence of SEQ
1D NO: 20,

{60113} In an aspect, this disclosure provides an adeno-associated virus {AAVY) vector
comprising a nucleic acid coding sequence encoding a human distal-less homeobox 2 (hDix2)
protein comprising the amino acid sequence if SEQ D NO: 10, where the coding sequence is
operably hoked to regulatory elerents comprising: {a) a ghal fibrillary acid protein (GFAP)
promoter comprising a nucleic acid sequence selected from the group consisting of SEQ 1D NQOs:
3, 4, and 12; (b} an enhavncer from a human elongation factor-1 alpha (EF-1 alpha) promoter
comprising the nucleic acid sequence of SEQ ID NO: 2 or cytomegalovirus ({CMV) enhancer
comprising the nucleic acid sequence of SEQ ID NO: 11; {¢) a chirueric intron comprising the
nucleic acid sequence selected from the group consisting of SEQ 1D NGs: 5 and 19; a woodchuck
hepatitis virgs postiranscriptional regulatory element (WPRE) comprising the nucleic acid
sequence selected from the group consisting of SEQ ID NOs: 7 and 18, and a 8V40
polyadenylation signal with a nucleic acid sequence of SEQ ID NO: 8, a hGH polyadenylation
signal comprising the nucleic acid sequence of SEQ ID NOx 13, or a bGH polyvadenylation signal
comprising the nucleic acid sequence of SEQ ID NO: 20,

[80114] In an aspect, this disclosure provides, and includes, an adeno-associated virus
{AAV) vector comprising a distal-less homeobox 2 {(DIx2) nucleic acid coding sequence encoding
a DIx2 protein, where the coding sequence is operably linked to regulatory elements comprising:
{a) a ghal fibrillary acid protein (GFAP} promoter; {b) an enhancer; (¢} a chimeric intron; {(d} a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE), and (e} a

polyadenylation signal sequence.
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{00115} In an aspect, this disclosure provides, and includes, a composition comprising an
adeno-associated virus {AAV) vector for converting ghial cells to functional neurons 1n a human,
where the AAV vector comprises a human distal-less homeobox 2 (hDix2} sequence having a
nucleic acid sequence of SEQ 1D NO: 6, and where the sequence 1s operably linked to regulatory
elements comprising: {a} a human glial fibrillary acid protein (GFAP) promoter comprising a
nucleic acid sequence selected from the group consisting of SEQ ID NOs: 3, 4, and 12; (b} an
enthancer from the human elongation factor-1 alpha (EF-1 alpha) promoter comprising the nucleic
acid sequence of SEQ ID NO: 2 or cytomegalovirus (CMV} enhancer comprising the nucleic acid
sequence of SEQ 1D NO: 11; (¢} a chimeric intron comprising the nucleic acid sequence selected
from the group consisting of SEGQ ID NOs: S and 19; (d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE) comprising the nucleic acid sequence selected
from the group consisting of SEQ ID NOs: 7 and 18; and (e} a SV40 polyadenylation signal
comprising the nucleic acid sequence of SEQ ID NO: & or a hGH polyadenylation signal
comprising the nucleic acid sequence of SEQ ID NO: 13, or a bGH polvadenylation signal
comprising the nucleic acid sequence of SEQ ID NO: 20.

[B011s] In an aspect, this disclosure provides, and includes, a composition comprising an
adeno-associated virus {AAY) vector for converting ghal cells to functional neurons in a human,
where the AAV vector comprises a nucleic acid coding sequence encoding a human distal-less
homeobox 2 (hDIx2) protein comprising the amino acid sequence of SEQ 1D NO: 10, and where
the coding sequence 1s operably linked to regulatory elements comprising: {a} a human ghal
fibrillary acid protein (GFAP) promoter comprising a nucleic acid sequence selected from the
group consisting of SEQ 1D NOs: 3, 4, and 12; {b) an enhancer from the human elongation factor-
1 alpha {EF-1 alpha) promoter comprising the nucleic acid sequence of SEQ 1D NO: 2 or
cytomegalovirus (CMV) enhancer comprising the nucleic acid sequence of SEQID NGO 11, {(¢)a
chimeric intron comprising the nucleic acid sequence selected from the group consisting of SEQ
iD NOs: 5 and 19; {d) a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE)
comprising the nucleic acid sequence selected from the group consisting of SEQ 1D NOs: 7 and
18; and (&) a SV40 polyadenvlation signal comprising the nucleic acid sequence of SEQ ID NO:
&, a h(GH polyadenylation signal comprising the nucleic acid sequence of SEQG 1D NG 13 or a

bGH polyadenylation signal comprising the nucleic acid sequence of SEQ 1D NO: 20

31



(4

15

20

WO 2022/072310 PCT/US2021/052302

{00117} In an aspect, this disclosure provides, and includes, a composition comprising an
adeno-associated virus (AAV) vector for the treatment of 3 subject in need thereof, where the AAV
vector comprises a distal-less homeobox 2 (DIx2} sequence operably linked to expression control
elements comprising: {(a) a glial fibnllary acid protein (GFAP) promoter; {b) an enhancer; (¢} a
chimeric intron; {d) a woodchuck hepatitis virus posttranseriptional regulatory element (WPRE},
and (&) a polyadenylation signal.

{00118} In an aspect, an AAY vector comprises a nucleic acid sequence encoding an AAV
protein. In one aspect, an AAV vector comprises a nucleic acid sequence encoding a viral protein.
Non-linuting examples of AAV proteins and viral proteins include rep and cap proteins.

[80119] Distal-less homeobox 2 (DIx2: also referred to as TES1) is a member of the Dix
gene family and is @ homeobox containing gene that plays a role in forebrain and craniofacial
development.

{00120} Inan aspect, a Dix2 sequence s a human DIx2 (hDIx2) sequence. In one aspect, a
D2 sequence is selected from the group consisting of a chimpanzee DIx2 sequence, a bonobo
DIx2 sequence, an orangutan Dix2 sequence, a gorifla DIx2 sequence, a macaque Dix2 sequence,
a marmoset DIx2 sequence, a capuchin DIX2 sequence, a baboon DIx2 sequence, a gibbon Dix2
sequence, and a lemur DIx2 sequence. In one aspect, a DIx2 sequence 1s a chimpanzee DIx2
sequence. In one aspect, a DIx2 sequence 1s a bonobo DIx2 sequence. In one aspect, a Dix2
sequence s an orangutan DIX2 sequence. In one aspect, a DIxZ sequence s a gonlla DIx2
sequence. In one aspect, a DIX2 sequence is a macague DIx2 sequence. In one aspect, a Dix2
sequence is a marmoset DIK2 sequence. In one aspect, a BIxZ sequence s a capuchin DIx2
sequence. In one aspect, a BIX2 sequence 1 a baboon DIX2 sequence. In one aspect, a Dix2
sequence 1s a gibbon DIx2 sequence. In one aspect, a DIX2 sequence 1s a lemur DIX2 sequence.
{606121] In an aspect, a DIx2 nucleic acid sequence comprises a sequence at least 70%
identical to SEQ ID NG: 6, or the complement thereof. In one aspect, a Dx2 nucleic acid sequence
comprises a sequence at least 75% identical to SEQ ID NG: 6, or the complement thereof. In one
aspect, a DIX2 nucleic acid sequence comprises a sequence at least 80% identical to SEQ ID NG:
6, or the complement thereof. In one aspect, a DIx2 nucleic acid sequence comprises a sequence
at least 85% identical to SEQ 1D NO: 6, or the complement thereof. In one aspect, a DIx2 nucleic
actd sequence comprises a sequence at least 90% identical to SEQ ID NO: 6, or the complement

thereof. In one aspect, a DIx2 nucleic acid sequence comprises a sequence at least 91% identical
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to SEQ ID NO: 6, or the complement thereof In one aspect, a Dix2 nucleic acid sequence
comprises a sequence at least 92% identical to SEQ ID NO: 6, or the complement thereof. In one
aspect, a DIx2 nucleic acid sequence comprises a sequence at least 93% identical to SEQ ID NO:
6, or the complement thereof. In one aspect, a DIx2 nucleic acid sequence comprises a sequence
at least 94% 1dentical to SEQ ID NQ: 6, or the complement thereof. In one aspect, a DIx2 nucleic
acid sequence comprises a sequence at least 95% identical to SEQ 1D NGO 6, or the complement
thereof. In one aspect, a Dix2 nucleic acid sequence comprises a sequence at least 96% identical
to SEQ 1D NO: 6, or the complement thereof. In one aspect, a DIx2 nucleic acid sequence
comprises a sequence at least 97% wdentical to SEQ D NO: 6, or the complement thereof In one
aspect, a DIx2 nucleic acid sequence comprises a sequence at least 98% identical to SEQ 1D NG:
6, or the complement thereof. In one aspect, a DIx2 nucleic acid sequence comprises a sequence
at least 99% identical to SEQ ID NO: &, or the complement thereof. In one aspect, a DIx2 nucleic
acid sequence comprises a sequence at least 99.3% identical to SEQ 1D NO: 6, or the complement
thereof. In one aspect, a BIx2 nucleic acid sequence comprises a sequence at least 99.8% 1dentical
to SEQ D NG: 6, or the complement thereof. In one aspect, a DIx2 nucleie acid sequence
comprises a sequence at least 99.9% identical to SEQ ID NG: 6, or the complement thereof In
one aspect, a DIx2 nucleic acid sequence comprises a sequence 100% 1dentical to SEQ 1D NO: 6,
or the complement thereof.

[88122] In an aspect, a nucleic acid coding sequence encodes a DIx2 protein comprising an
amino acid sequence at feast 70% identical or similar to SEQ 1D NG: 10, In one aspect, a nucleic
acid coding sequence encodes a DIx2 protein comprising an amuno acid sequence at least 75%
identical or similar to SEQ D NO: 16, In one aspect, a nucleic acid coding seguence encodes a
DIix2Z protein comprising an amino acid sequence at least 80% 1dentical or sumlar to SEQ ID NO:
10, In one aspect, a nucleic acid coding sequence encodes a BIx2 protemn comprising an aming
actd sequence at least 83% identical or similar to SEQ ID NG: 10 In one aspect, a nucleic acid
coding sequence encodes a DIX2 protein comprising an amino acid sequence at least 90% identical
or similar to SEQ ID NG 10, In one aspect, a nucleic acid coding sequence encodes a DIX2 protein
comprising an aming acid sequence at least 91% identical or similar to SEQ 1D NG: 10, In one
aspect, a nucleic acid coding sequence encodes a DIxZ protein comprising an amino acid sequence
at least 92% 1dentical or similar to SEQ D NO: 10, In one aspect, a nucleic acid coding sequence

encodes a DIX2 proten comprising an amino acid sequence at least 93% identical or similar to
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SEQ H» NO: 10, In one aspect, a nucleic acid coding sequence encodes a Dix2Z protein comprising
an amino acid sequence at least 94% identical or similar to SEQ ID NO: 10, In one aspect, a
nucleic acid coding sequence encodes a DIxZ protein comprising an amino acid sequence at least
95% identical or similar to SEQ ID NG 10, In one aspect, a nucleic acid coding sequence encodes
a DIX2 protein comprising an aming acid sequence at least 96% identical or similar to SEQ ID NO:
10. In one aspect, a nucleic acid coding sequence encodes a DIxZ protein comprising an amino
actd sequence at least 97% identical or simmlar to SEQ 1D NO: 10, In one aspect, a nucleic acid
coding sequence encodes a DIx2 protein comprising an amino acid sequence at least 98% identical
or similar to SEQ IDNO: 10. 1o one aspect, a nucleic acid coding sequence encodes a DIxZ protein
comprising an anuno acid sequence at least 99% identical or sumilar to SEQ 1D NO: 10, In one
aspect, a nucleic acid coding sequence encodes a DIX2 protein comprising an amino acid sequence
at least 99 5% 1dentical or similar to SEQ ID NG: 10. In one aspect, a nucleic acid coding sequence
encodes a DIx2 protein comprising an amino acid sequence at least 99.8% identical or similar to
SEGQ ID NO: 10, In one aspect, a nucleic acid coding sequence encodes a Dix2 protein comprising
an amino acid sequence at least 99 9% identical or similar to SEQ ID NO: 10. In one aspect, a
nucleic acid coding sequence encodes a DIx2 protein comprising an amino acid sequence 100%
identical or similar to SEQ 1D NQO: 10

[80123] Ghal fibrillary acid protein {GFAP); also referred to as ghal fibnillary acidic protein
i3 a oember of the type I intermediate filament famuly of proteins that 1s expressed in the central
nervous system and plays a role in cell communication and the functioning of the blood-brain
barrier.

{091 24] In an aspect the promoter s selected from the group consisting of GFAP promoter,
Sox9 promoter, S100b promoter, Aldhill promoter, Lipocalin 2 (Len2} promoter, glutamine
synthetase promoter, Aquaporin-4 { AQP4) promoter, oligodendrocyie transcription factor (Olig2)
promoter, and synapsin promoter, NG2 promoter, jomzed calcium binding adaptor molecule 1
{(Ibal) promoter, cluster of differentiation 86 (CD86) promoter, platelet-derived growth factor
receptor alpha (PDGFRA)} promoter, platelet-derived growth factor receptor beta (PDGFRB)
promoter, elongation factor 1-alpha (EF1a) promoter, CAG promoter, cytomegalovirus (CMV)
promoter, ubiguitin promoter. In one aspect, the promoter is GFAP promoter. In one aspect, the
promoter is Sox9 promoter. In one aspect, the promoter is Len2 promoter. In one aspect, the

promoter 1s glutamine synthetase promoter. In one aspect, the promoter is AQP4 promoter. In

34



(4

15

20

WO 2022/072310 PCT/US2021/052302

one aspect, the promoter 13 Olig2 promoter. In one aspect the promoter is synapsin promoter. In
one aspect, the promoter is thal promoter. In one aspect, the promoter is D86 promoter. In one
aspect, the promoter 1s PDGFRA promoter. In one aspect, the promoter 1s PRGFRB promoter. In
onte aspect, the promoter 1s EFla promoter. In one aspect, the promoter is CAG promoter. In one
aspect, the promoter is CMYV promoter. In one aspect, the promoter is ubiquitin promoter. In an
aspect, an ubiquitin promoter is selected from the group consisting of U6, Hi, 78K, and UL, In
one aspect, an ubiquitin promoter 1s U6, In one aspect, an ubigputin promoter 1is H1. In one aspect,
an ubiquitin promoter 1s H1. In one aspect, an ubiquitin promoter is 78K, In one aspect, an
ubiquitin promoter 1s UL, In one aspect, U6 comprises the nucleic acid sequence of SEQ 1D NO:
17.

180125] Inan aspect, a GFAP promoter is a promoter directing astrocyte-specific expression
of a protein called ghal fibnilarv acidic protein {GFAP) in cells. In one aspect, a GFAP promoter
sequence is a human GFAP (hGFAP) promoter sequence. In one aspect, a GFAP promoter is
selected from the group consisting of Gfa681, Gfal 6, and hGFAZ.2. In one aspect, a GFAP
promoter s Gfao81. In one aspect, a GFAP promoter 1s Gfal 6. In one aspect, a GFAP promoter
is hGFA2 2. 1o one aspect, GFAP Gfac8! 13 SEQID NG: 3. Inone aspect, GFAP Gfal 615 SEQ
ID NG: 4. In one aspect, hGFa2 2 15 SEQ T3 NO: 12, Tn one aspect, a GFAP promoter 15 selected
from the group consisting of SEQ ID NOs: 3, 4, and 12, In one aspect, a GFAP promoter 1s SEQ
ID NG: 3. In one aspect, a GFAP promoter 1s SEQ ID NQO: 4. In one aspect, a GFAP promoter i3
SEQ 1D NO: 12,

{88126} As used hereimn “pGfao81” refers to a human ghal fibriflary acid protein {GFAP)
promoter truncated sequence of 681 bp size. “pGFas8l” and “Gfas81” are used juterchangeably
herein.

jo0127] In one aspect, a GFAP promoter sequence 1s selected from the group consisting of

a chimpanzee GFAP promoter sequence, a bonobo GFAP promoter sequence, an orangutan GFAP
promoter sequence, a gorilla GFAP promoter sequence, a macaque GFAP promoter sequence, a
marmoset GFAP promoter sequence, a capuchin GFAP promoter sequence, a baboon GFAP
promoter sequence, a gibbon GFAP promoter sequence, and a lemur GFAP promaoter sequence.
In one aspect, a GFAP promoter sequence is a chimpanzee GFAP promoter sequence. In one
aspect, a GFAP promuoter sequence is a bonobo GFAP promoter sequence. In one aspect, a GFAP

promoter sequence 1s an orangutan GFAP promoter sequence. In one aspect, a GFAP promoter
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sequence 1s a gorilla GFAP promoter sequence. In one aspect, a GFAP promoter sequence is a
macaque GFAP promoter sequence. In one aspect, a GFAP promoter sequence is a marmoset
GFAP promoter sequence. In one aspect, a GFAP promoter sequence 18 a capuchin GFAP
promoter sequence. In one aspect, a GFAP promoter sequence is a baboon GFAP promoter
sequence. In one aspect, a GFAP promoter sequence is a gibbon GFAP promoter sequence. In
onte aspect, & GFAP promoter sequence 1S a lemur GFAP promoter sequence.

j00128] Inan aspect, a GFAP promoter sequence comprises at least 100 nucleotides. Inone
aspect, a GFAP promoter comprises at least S00 nucleotides. In a further aspect, a GFAP promoter
comprises at least 1000 nucleotides. In still ancther aspect, a GFAP promoter comprises at least
1500 nuclectides.

180129} It 1s appreciated in the art that a fragment of a promoter sequence can function to
drive transcription of an operably linked nucleic acid molecule. For example, without being
limiting, 1f a 1000 nucleotides promoter is truncated to 500 nucleoudes, and the 500 nucleotides
fragment 18 capable of driving transcription, the 500 nucleotides fragment 1s referred to as a
“functional fragroent.”

[86136] In an aspect, a promoter comprises at feast 10 nucleotides. In one aspect, a promoter
comprises at least 50 nucleotides. In one aspect, a promoter comprises at least 100 nucleotides. In
one aspect, an intron comprises at least 150 nucleotides. In one aspect, a promoter comprises at
least 200 nucleotides. In one aspect, a promoter comprises at least 250 nucleotides. In one aspect,
a promoter comprises at least 300 nucleotides. In one aspect, a promoter comprises at least 350
nucleotides. In one aspect, a promoter comprises at least 400 nucleotides. In one aspect, a promoter
comprises at least 450 nucleotides. In one aspect, a promoter comprises at least SO0 nucleotides.
In one aspect, a promoter comprises between 50 nucleotides and 7500 nucleotides. In one aspect,
a promoter comprises between 50 nucleotides and 5000 nucleotides. In one aspect, a promoter
comprises between 5¢ nucleotides and 2500 nucleotides. In one aspect, a promoter comprises
between S0 nucleotides and 1000 nocleotides. In one aspect, a promoter comprises between 50
nucleotides and 500 nucleotides. In one aspect, a promoter comprises between 10 nucleotides and
7500 nucleotides. In one aspect, a promoter comprises between 10 nucleotides and 3000
nucleotides. In one aspect, a promoter comprises between 10 nucleotides and 2500 nucleotides.
In one aspect, a promoter comprises between 10 nucleotides and 1000 nucleotides. In one aspect,

a promoter comprises between 10 nucleotides and 500 nucleotides
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{00131} In an aspect, @ GFAP promoter nucleic acid sequence comprises a sequence at least
70% identical to a sequence selected from the group consisting of SHQ 1D NQOs: 3, 4, 12, and
functional fragment thereof. 1n one aspect, a GFAP promoter nucleic acid sequence comprises a
sequence at least 75% wdentical to a sequence selected from the group consisting of SEQ 1D NOs:
3, 4, 12, and functional fragment thereof. In one aspect, a GFAP promoter nucleic acid sequence
comprises a sequence at least 80% identical to a sequence selected from the group consisting of
SEQ 1D NQOs: 3, 4, 12, and functional fragment thereof In one aspect, a GFAP promoter nucleic
acid sequence comprises a sequence at least 85% identical to a sequence selected from the group
consisting of SEQ D NQOs: 3, 4, 12, and functional fragment thereof. In one aspect, a GFAP
promoter nucleie acid sequence comprises a sequence at least 90% identical to a sequence selected
from the group consisting of SEQ ID NQOs: 3,4, 12, and functional fragment thereof. In one aspect,
a GFAP promoter nucleic acid sequence comprises a sequence at least 91% identical to a sequence
selected from the group consisting of SEQ 1D NOs: 3, 4, 12, and functional fragment thereof. In
one aspect, a GFAP promoter nucleic acid sequence comprises a sequence at least 92% identical
to a sequence selected from the group consisting of SEQ 1D NOs: 3, 4, 12, and functional fragment
thereof. In one aspect, a GFAP promoter nucleic acid sequence comprises a sequence at least 93%
identical to a sequence selected from the group consisting of SEQ 13 NOs: 3, 4, 12, and functional
fragment thereof. In one aspect, a GFAP promoter nucleic acid sequence comprises a sequence at
least 94% identical to a sequence selected from the group consisting of SEQ I NOs: 3, 4, 12, and
functional fragment thereof. In one aspect, a GFAP promoter nucleic acid sequence comprises a
sequence at least 95% i1dentical to a sequence selected from the group consisting of SEC 1D NQGs:
3, 4, 12, and functional fragment thereof. In one aspect, a GFAP promoter nucleic acid sequence
comprises a sequence at least 96% identical to a sequence selected from the group consisting of
SEQ ID NQOs: 3, 4, 12, and functional fragment thereof. In one aspect, a GFAP promoter nucleic
actd sequence comprises a sequence at least 97% identical to a sequence selected from the group
consisting of SEQ 1D NOs: 3, 4, 12, and functional fragment thereof  In one aspect, a GFAP
promoter nucleic acid sequence comprises a sequence at least 98% identical 1o a sequence selected
from the group consisting of SEGQ 1D NQOs: 3, 4, 12, and functional fragment thereof. In one aspect,
a GFAP promoter nucleic acid sequence comprises a sequence at least 99% identical to a sequence
selected from the group consisting of SEQ 1D NOs: 3, 4, 12, and functional fragmeni thereof. In

one aspect, a GFAP promoter nucleic acid sequence comprises a sequence at feast 99.5% identical
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to a sequence selected from the group consisting of SEQ 1D NOs: 3, 4, 12, and functional fragment
thereof In one aspect, a GFAP promoter nucleic acid sequence comprises a sequence at least
99 8% 1dentical to a sequence selected from the group consisting of SEQ 1D NOs: 3, 4, 12, and
functional fragment thereof. In one aspect, a GFAP promoter nucleic acid sequence comprises a
sequence at least 99.9% identical to a sequence selected from the group consisting of SEQ 11> NOs:
3, 4, 12, and functional fragment thereof In one aspect, a GFAP promoter nucleic acid sequence
comprises a sequence 100% identical to a sequence selected from the group consisting of SEQ 1D

NOs: 3, 4, 12, and functional fragment thereof.

180132} In an aspect, a nucleic acid sequence as provided herein i1s codon optinuzed.
{80133} In an aspect, a nucleic acid sequence as provided herein 15 CpG site depleted.
180134] As used herein, the term “brain” refers to an organ that functions as the center of

the nervous system. In an aspect, a brain comprises a cerebrum, a cerebral cortex, a cerebellum,
and/or a brain stem.

[89135] As used herein, the term “cerebral cortex” refers to the outer laver of neural tissue
of the cerebrum.

[86136] As used herein, the term “striatum” or “corpus striatum” refers to a cluster of
neurons in the subcortical basal ganglia of the forebrain and comprises the ventral striatum and
dorsal striatum.

{88137} As used herein, the term “substantia nigra” refers to a cluster of neurons 1u the subcortical
basal ganglia of the mudbram and comprises the pars compacta and the pars reticulata,

{60138} As used herem, the term “forebrainy” refers to the forward-most portion of the brain.
[069139] As used herein, the term “putamen” refers 1o a round structure at the base of the
forebrain and 15 a component of the dorsal striatum,

[00140] As used herein, the term “caudate nucleus™ refers to a structure at the base of the
forebrain and 15 a component of the dorsal striatum.

00141} As used herein, the term “subcortical basal ganghia” refers to a cluster of neurons
n the deep cerebral hemispheres of the brain.

100142} As used herein, the term “spinal cord” refers to a structure that functions in the
transmission of nerve signals from the motor cortex to the body.

[00143} As used herein, the term “motor cortex” refers to a region in the frontal lobe of the

cerebral cortex that i1s mvolved in the planning, control, and execution of voluntary movements.

=2l
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{00144] In an aspect, 2 method provided herein converts reactive astrocytes to functional
neurons in the bramn. In one aspect, a method provided herein converts reactive astrocytes to
functional neurons 1 a cerebral cortex of the brain.  In one aspect, a method provided herein
coverts reactive astrocytes to functional neurons 1n a striatum of the brain. In one aspect, a method
provided herein converts reactive astrocyies to functional neurons in a dorsal striatum of the brain.
In one aspect, a method provided herein converts reactive astrocytes to functional neurons in a
spinal cord of the brain. In one aspect, a method provided herein converts reactive astrocytes to
functional neurons in a putamen of the brain. In one aspect, a method provided herein converts
reactive astrocytes to functional neurons i a caudate nucleus of the brain. In one aspect, a method
provided herein converts reactive astrocytes to functional neurons in a substantia nigra of the brain.
180145] Elongation factor-1 alpha (EF-1 alpha; also referred to as eEF1al} is an 1soform of
the alpha subunit of the elongation factor 1 complex. The complex 15 involved in the enzymatic
delivery of aminoacyl tRNAs to the ribosome. The EF-1 alpha isoform is expressed in the brain,
placenta, lung, liver, kidney, and pancreas.

60146} In an aspect, an enhancer sequence from the EF-1 alpha promoter is a human
enhancer sequence from the EF-1 alpha promoter. In one aspect, an enhancer sequence from the
EF-1 alpha promoter s selected form the group consisting of a chimpanzee enbhancer sequence
from the EF-1 alpha promoter, a bonobo enhancer sequence from the EF-1 alpha promoter, an
orangutan enhancer sequence from the EF-1 alpha promoter, a gorila enhancer sequence from the
EF-1 alpha promoter, a macaque enhancer sequence from the EF-1 alpha promoter, a marmoset
enhancer sequence from the EF-1 alpha promoter, a capuchin enhancer sequence from the EF-1
alpha promoter, a baboon enhancer sequence from the EF-1 alpha promoter, a gibbon enhancer
sequence from the EF-1 alpha promoter, and a lemur enhancer sequence from the EF-1 alpha
promoter. In one aspect, an enhancer sequence from the EF-1 alpha promoter is a chimpanzee an
enhancer sequence from the EF-1 alpha promoter. In one aspect, an enhancer sequence from the
EF-1 alpha promoter 1s a bonobo enhancer sequence from the EF-1 alpha promoter. In one aspect,
an enhancer sequence from the EF-1 alpha promoter is an orangutan enhancer sequence from the
EF-1 alpha promoter. In one aspect, an enhancer sequence from the EF-1 alpha promoter is a
gorilla enhancer sequence from the EF-1 alpha promoter. In one aspect, an enhancer sequence
from the EF-1 alpha promoter is 2 macaque enhancer sequence from the EF-1 alpha promoter. In

one aspect, enhancer sequence from the BEF-1 alpha promoter is a marmosei enhancer sequence
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from the EF-1 alpha promoter. 1n one aspect, enhancer sequence from the EF-1 alpha promoter is
a capuchin enhancer sequence from the EF-1 alpha promoter. In one aspect, enhancer sequence
from the EF-1 alpha promoter is a baboon enhancer sequence from the EF-1 alpha promoter. In
one aspect, enhancer sequence from the EF-1 alpha promoter is a gibbon enhancer sequence from
the EF-1 alpha promoter. In one aspect, enhancer sequence from the EF-1 alpha promoter is a
lemur enhancer sequence from the EF-1 alpha promoter.

06147} In an aspect, an enhancer from the EF-1 alpha promoter nucleic acid sequence
comprises a sequence at least 70% identical to SEQ ID NO: 2, or the complement thereof. In one
aspect, an enhancer from the EF-1 alpha promoter nucleic acid sequence comprises a sequence at
least 75% identical to SEQ ID NO: 2, or the complement thereof. In one aspect, an enhancer from
the EF-1 alpha promoter nucleic acid sequence comprises a sequence at least 80% wdentical to SEQ
ID NO: 2, or the complement thereof. In one aspect, an enhancer from the EF-1 alpha promoter
nucleic acid sequence comprises a sequence at least 835% identical to SEQ ID NG: 2, or the
complement thereof. In one aspect, an enhancer from the EF-1 alpha promoter nucleic acid
sequence comprises a sequence at ieast 90% identical to SEQ TD NG 2, or the complement thereof,
In one aspect, an enhancer from the EF-1 alpha promoter nucleic acid sequence comprises a
sequence at least 91% wdentical to SEQ I3 NO: 2, or the complement thereof. In one aspect, an
enhancer from the EF-1 alpha promoter nucleic acid sequence comprises a sequence at least 92%
identical to SEQ ID NQ: 2, or the complement thereof. In one aspect, an enhancer from the EF-1
alpha promoter nucleic acid sequence coraprises a sequence at least 93% identical to SEQ ID NO:
2, or the complement thereof. In one aspect, an enhancer from the EF-1 alpha promoter nucleic
acid sequence comprises a sequence at least 94% identical to SEQ ID NO: 2, or the complement
thereof. In one aspect, an enhancer from the EF-1 alpha promoter nucleic acid sequence comprises
a sequence at least 95% identical to SEQ ID NQ: 2, or the complement thereof. In one aspect, an
enhancer from the EF-1 alpha promoter nucleic acid sequence comprises a sequence at least 96%
identical to SEQ 1D NGO 2, or the complement thereof. In one aspect, an enhancer from the EF-1
alpha promoter nucleic acid sequence comprises a sequence at least 97% identical to SEQ 1D NG:
2, or the complement thereof. In one aspect, an enhancer from the EF-1 alpha promoter nucleic
acid sequence comprises a sequence at least 98% identical to SEQ 1D NO: 2, or the complement
thereof. In one aspect, an enhancer from the EF-1 alpha promoter nucleic acid sequence comprises

a sequence at least 99% identical to SEQ ID NO: 2, or the complement thereof. In one aspect, an
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enhancer from the EF-1 alpha promoter nucleic acid sequence comprises a sequence at least 99.5%
identical to SEQ ID NO: 2, or the complement thereof. In one aspect, an enhancer from the EF-1
alpha promoter nucleic acid sequence comprises a sequence at least 99.8% identical to SEQ 1D
NGO 2, or the complement thereof. In one aspect, an enhancer from the EF-1 alpha promoter
nucleic acid sequence comprises a sequence at least 99.9% identical to SEQ ID NO: 2, or the
complement thereof. In one aspect, an enhancer from the EF-1 alpha promoter nucleic acid
sequence comprises a sequence 100% identical to SEQ [D NO: 2, or the complement thereof.
[60148] Cytomegalovirus (CMVY) 1s a genus of viruses in the order Herpesvirale.

[80149] In an aspect, an enhancer sequence from the CMV is a human enhancer sequence
from the CMV. In one aspect, an enhancer sequence from the CMY 15 selected form the group
consisting of a chimpanzee enhancer sequence from the CMVY, a bonobo enhancer sequence from
the UMV, an orangutan enhancer sequence from the CMV, a gorilla enhancer sequence from the
CMV, a macaque enhancer sequence from the UMV, a marmoset enhancer sequence from the
MV, a capuchin enhancer sequence from the CMV, a baboon enhancer sequence from the CMV,
a gibbon enhancer sequence from the CMV, and a lemur enhancer sequence from the CMV. In
one aspect, an enhancer sequence from the CMV 1s a chimpanzee an enhancer sequence from the
CMV. In one aspect, an enhancer sequence from the CMV 1s a bonobo enhancer sequence from
the CMV. In one aspect, an enhancer sequence from the CMV is an orangutan enhancer sequence
from the CMV. In oneaspect, an enhancer sequence from the CMYV 15 a gorilla enhancer sequence
from the CMV. In one aspect, an enhancer sequence from the UMV 13 a macaque enhancer
sequence from the CMY. In one aspect, enhancer sequence from the CMYV 1s a marmoset enhancer
sequence from the CMV. In one aspect, enhancer sequence from the CMYV is 8 capuchin enhancer
sequence from the CMV. In one aspect, enhancer sequence from the UMV ig a baboon enhancer
sequence from the UMV, In one aspect, enhancer sequence from the CMV 13 a gibbon enhancer
sequence from the CMV. In one aspect, enhancer sequence from the MV 1s a lemur enhancer
sequence from the CMV.

[60156] In an aspect, an enhancer from the UMV nucleic acid sequence comprises a
sequence at least 70% identical to SEQ ID NO: 11, or the complement thereof. In one aspect, an
enhancer from the UMV nucleic acid sequence comprises a sequence at least 75% 1dentical to SEQ
1D NO: 11, or the complement thereof  In one aspect, an enhancer from the UMV nucleic acid

sequence comprises a sequence at least 80% identical to SEQ ID NGO: 11, or the complement
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thereof. In one aspect, an enhancer from the CMV nucleic acid sequence comprises a sequence at
least 83% identical to SEQ ID NO: 11, or the complement thereof. In one aspect, an enhancer
from the CMV nucleic acid sequence comprises a sequence at least 90% identical to SEQ 1D NO:
11, or the complement thereof. In one aspect, an enhancer from the CMV nucleic acid sequence
comprises a sequence at least 91% identical to SEQ ID NG 11, or the complement thereof. In one
aspect, an enhancer from the CMV nucleic acid sequence comprises a sequence at least 92%
identical to SEQ ID NGO: 11, or the complement thereof. In one aspect, an enhancer from the CMVY
nucleic acid sequence comprises a sequence at least 93% identical to SEQ ID NO: 11, or the
complement thereof. In one aspect, an enhancer from the CMV nucleic acid sequence comprises
a sequence at least 94% identical to SEQ 1D NGO 11, or the complement thereof. In one aspect,
an enhancer from the UMV nucleic acid sequence comprises a sequence at least 95% identical to
SEQ 1D NO: 11, or the complement thereof. In one aspect, an enhancer from the CMV nucleic
actd sequence comprises a sequence at least 96% identical to SEQ ID NO: 11, or the complement
thereof. In one aspect, an enhancer from the UMV nucleic acid sequence comprises a sequence at
feast 97% dentical to SEQ 1D NO: 11, or the complement thereof. In one aspect, an enhancer
from the CMV nucleic acid sequence comprises a sequence at least 98% identical to SEQ 1D NO:
11, or the complement thereof. In one aspect, an enhancer from the CMV nucleic acid sequence
comprises a sequence at least 99% identical to SEQ ID NGO 11, or the complement thereof. Tn one
aspect, an enhancer from the CMV nucleic acid sequence comprises a sequence at least 99.5%
identical to SEQ 1D NG 11, or the complement thereof. In one aspect, an enhancer from the CMV
nucleic acid sequence comprises a sequence at least 99.8% identical to SEQ ID NO: 11, or the
complement thereof. In one aspect, an enhancer from the CMV nucleic acid sequence comprises
a sequence at least 99.9% identical to SEQ 1D NOG: 11, or the complement thereof. In one aspect,
an enhancer from the CMV nucleic acid sequence comprises a sequence 100% 1dentical to SEQ
ID NO: 11, or the complement thereof.

{80151} In an aspect, an enhancer is selected from the group consisting of an enhancer from
EF1-o promoter and CMVY enhancer. In one aspect, an enhancer is from EF1-g promoter. In one
aspect, an enhancer is an CMV enhancer.

{80152} Introns can be grouped into at least five classes, including: spliceosomal introns;
transfer RNA introns; group 1 introns; group U inirons; and group I infrons. An intron can be

svathetically produced, varied, or derived from a known or naturally scourring intron sequence or
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other intron sequence. An intron can also inchude a chimeric intron comprising a combination of
two or more heterologous sequences. An intron of the present application can thus include variants
of intron sequences that are similar in composition, but not identical to, other intron sequence(s)
known or provided herein. In an aspect, an intron comprises at least 10 nuclectides. In one aspect,
an intron comprises at least 50 nucleotides. In one aspect, an intron comprises at least 100
nucleotides. In one aspect, an intron comprises at least 150 nuclestides. In one aspect, an iniron
comprises at least 200 nucleotides. In one aspect, an iniron comprises at least 250 nucleotides. In
one aspect, an intron comprises at least 300 nucleotides. In one aspect, an intron cormprises at least
350 nucleotides. In one aspect, an intron comprises at least 400 nucleotides. In one aspect, an
mtron comprises at least 450 nucleotides. In one aspect, an intron comprises at least 500
nucleotides. In one aspect, an intron comprises between 50 nucleotides and 7500 nucleotides. In
one aspect, an intron comprises between S0 nucleotides and 5000 nucleotides. In one aspect, an
intron comprises between 30 nucleotides and 2500 nucleotides. In one aspect, an intron comprises
between 50 nucleotides and 1000 nucleotides. In one aspect, an miron comprises between 30
nucleotides and 500 nucleotides. In one aspect, an intron comprises between 10 nucleotides and
7500 nucleotides. In oneaspect, an intron comprises between 10 nucleotides and 5000 nucleotides.
In one aspect, an wntron comprises between 10 nucleotides and 2500 nucleotides. In one aspect,
an intron comprises between 10 nucleotides and 1000 nucleotides. In one aspect, an intron
comprises between 10 nucleotides and 300 nucleotides.

[09153] As used herein “CI7 refers to a chimeric mtron composed of the 5”~donor site from
the first intron of the human B-globin gene and the branch and 37-acceptor site from the intron of
an immunoglobulin gene heavy chan vaniable region.

[80154] As vsed herein “CRGY refers to a chumeric mtron of rabbit beta-globing and
chicken beta actin similar in CAG promoter.

(60135} In an aspect, a chimeric intron nucleic acid sequence 1s selected from the group
consisting of SEC 1D NQOs: 5 and 19, In one aspect, a chimeric mron nucletc acid sequence is
SEQ ID NO: 5. In one aspect, a chimeric intron nucleic acid sequence 18 SEQ ID NO: 19,
{00156} In an aspect, a chimeric intron nucleic acid sequence comprises a sequence af least
70% identical to SEQ ID NO: 5, or the complement thereof In one aspect, a chimeric iniron
nucleic acid sequence comprises a sequence at least 75% identical to SEQ 1D NG: 5, or the

complement thereof. In one aspect, a chimeric intron nucleic acid sequence comprises a sequence
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at least 0% identical to SEQ 1D NGO 5, or the complement thereof. In one aspect, a chimeric
mtron nucleic acid sequence comprises a sequence at least 85% identical to SEQ ID NG: 3, or the
complement thereof. In one aspect, a chimeric intron nucleic acid sequence comprises a sequence
at least 90% identical to SEQ ID NO: 5, or the complement thereof. In one aspect, a chimeric
mtron mucleic acid sequence comprises a sequence at least 91% identical to SEQ D NG 5, or the
complement thereof. In one aspect, a chimeric intron nucleic acid sequence comprises a sequence
at least 92% 1dentical to SEQ 1D NG 5, or the complement thereof. In one aspect, a chimeric
mtron nucleic acid sequence comprises a sequence at least 93% identical to SEQ 1D NG: S, or the
complement thereof. In one aspect, a chimeric intron nucleic acid sequence comprises a sequence
at least 94% identical to SEQ ID NO: 3, or the complement thereof. In one aspect, a chimeric
miron nucleic acid sequence comprises a sequence at least 95% identical to SEQ 1D NG: 5, or the
complement thereof. In one aspect, a chimeric intron nucleic acid sequence comprises a sequence
at least 96% identical to SEQ ID NO: S, or the complement thereof. In one aspect, a chimeric
mtron nucleic acid sequence comprises a sequence at least 97% identical to SEQ 1D NO: §, or the
complement thereof. In one aspect, a chimeric 1ntron nucleic acid sequence comprises a sequence
at least 98% wdentical to SEQ ID NGO 5, or the complement thereof. In one aspect, a chimeric
intron nucleic acid sequence comprises a sequence at feast 99% 1dentical to SEQ ID NG 3, or the
complement thereof. In one aspect, a chimeric intron nucleic acid sequence comprises a sequence
at least 99.5% identical to SEQ 1D NO: 3, or the complement thereof. In one aspect, a chimeric
miron nucleic acid sequence comprises a sequence at least 99.8% dentical to SEQ ID NO: 5, or
the complement thereof. In one aspect, a chimeric intron nucleic acid sequence comprises a
sequence at least 99.9% identical to SEQ 1D NO: 3, or the complement thereof. In one aspect, a
chimeric mtron nucleic acid sequence comprises a sequence 100% 1dentical to SEQ ID NO» 5, or
the complement thereof.

(60157} In an aspect, a chimeric intron 18 a clumeric intron of rabbit beta~-globing and
chicken beta actin similar in CAG promoter (CRGI). In an aspect, the CRGI sequence comprises
SEQ D NO: 19 In an aspect, a chimeric intron nucleic acid sequence comprises a sequence at
least 70% identical to SEQ D NO: 19, or the complement thereof. In one aspect, a chimeric intron
nucleic acid sequence comprises a sequence at least 75% identical to SEQ ID NO: 19, or the
complement thereof. In one aspect, a chimeric intron nucleic acid sequence comprises a sequence

at least 80% identical to SEQ ID NO: 19, or the complement thereof. In one aspect, a chimeric
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mtron nucleic acid sequence comprises a sequence at least 85% identical to SEQ 1D NO: 19, or
the complement thereof. In one aspect, a chimeric intron nucleic acid sequence comprises a
sequence at least 90% identical to SEQ 1D NO: 19, or the complement thereof. In one aspect, a
chimeric intron nucleic acid sequence comprises a sequence at least 91% 1dentical to SEQ 1D NO:
19, or the complement thereof. In one aspect, a chimeric intron nucleic acid sequence comprises
a sequence at least 92% wdentical to SEQ ID NO: 19, or the complement thereof. In one aspect, a
chimeric infron nucleic acid sequence comprises a sequence at least 93% identical to SEQ 1D NG
19, or the complement therecf. In one aspect, a chimeric mtron nucleic acid sequence comprises
a sequence at least 94% wdentical to SEQ 1D NG 19, or the complement thereof. 1n one aspect, a
chimeric intron nucleic acid sequence comprises a sequence at least 95% identical to SEQ 1D NO:
19, or the complement thereof. In one aspect, a chimeric mtron nucleic acid sequence comprises
a sequence at least 96% identical to SEQ 1D NO: 19, or the complement thereof. In one aspect, a
chimeric intron nucleic acid sequence comprises a sequence at least 97% identical to SEQ 1D NO:
19, or the complement thereof. In one aspect, a chimeric intron nucleic acid sequence comprises
a sequence at least 98% wdentical to SEQ ID NG: 19, or the complement thereof. To one aspect, a
chimeric wntron nucleie acid sequence comprises a sequence at least 99% identical to SEQ 1D NO:
19, or the complement thereof. In one aspect, a chimernic ntron nucleic acid sequence comprises
a sequence at least 99 5% identical to SEQ ID NG 19, or the complement thereof. In one aspect,
a chimeric intron nucleic acid sequence comprises a sequence at least 99.8% identical to SEQ 1D
NG 19, or the complement thereof. In one aspect, a chimeric wntron nucleic acid sequence
comprises g sequence at least 99.9% wdentical to SEQ ID NO: 19, or the complement thereof In
one aspect, a chimeric ntron nucleie acid sequence comprises a sequence 100% identical to SEQ
ID NO: 19, or the complement thereof.

{00158] The woodchuck hepatitis virus postiranscriptional regulatory element (WPRE} s a
DNA sequence that creates a tertiary structure enhancing expression of genes that are dehivered n
viral vectors.

[80159] As used herein “WPRE” refers to a Woodchuck Hepatitis Virus (WHV)
Posttranscriptional Regulatory Flement.

{86160 As used herein “oPRE” refers to an optimired version of WPRE.
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180161} In an aspect, @ WPRE nucleic acid sequence 1s selected from the group consisting
of SEG 1D NQs: 7 and 18, In one aspect, a WPRE nucleic acid sequence is SEQ [D NG: 7. In
one aspect, a WPRE nucleic acid sequence i3 SEQ D NO: 18,

{80162] In an aspect, a WPRE nucleic acid sequence comprises a sequence at least 70%
identical to SEGQ D NO: 7, or the complement thereof In one aspect, 3 WPRE nucleic acid
sequence comprises a sequence at least 75% identical to SEQ 1D NO: 7, or the complement thereof.
In one aspect, a WPRE nucleic acid sequence comprises a sequence at least 80% 1dentical to SEQ
1D NO: 7, or the complement thereof. In one aspect, a WPRE nucleic acid sequence comprises a
sequence at least 85% identical to SEQ 1D NG: 7, or the complement thereof. In one aspect, a
WPRE nucleic acid sequence comprises a sequence at least 90% 1dentical to SEQ ID NO: 7, or the
complement thereof. In one aspect, a WPRE nucleic acid sequence comprises a sequence at least
91% 1dentical to SEQ ID NG: 7, or the complement thereof In one aspect, a WPRE nucleic acid
sequence comprises a sequence at least 92% i1dentical to SEQ ID NG: 7, or the complement thereof.
In one aspect, a WPRE nucleic acid sequence comprises a sequence at least 93% identical to SEQ
ID NG: 7, or the comnplement thereof. To one aspect, a WPRE oucleic acid sequence comprises a
sequence at least 94% wdentical to SEQ 1D NO: 7, or the complement thereof In one aspect, a
WPRE nucleic acid sequence comprises a sequence at least 93% 1dentical to SEQ ID NO: 7, or the
complement thereof. In one aspect, a WPRE nucleic acid sequence comprises a sequence at least
96% 1dentical to SEQ ID NO: 7, or the complement thereof. In one aspect, a WPRE nucleic acid
sequence comprises a sequence at least 97% 1dentical to SEQ ID NG: 7, or the complement thereof.
In one aspect, a WPRE nucleic acid sequence comprises a sequence at least 98% identical to SEQ
iD NO: 7, or the complement thereof. In one aspect, a WPRE nucleic acid sequence comprises a
sequence at least 99% identical to SEQ 1D NG: 7, or the complement thereof. In one aspect, a
WPRE nucleic acid sequence comprises a sequence at least 99.5% wdentical to SEQ ID NG: 7, or
the complement thereof. In one aspect, a WPRE nucleic acid sequence comprises a sequence at
feast 99.8% identical to SEQ ID NO: 7, or the complement thereof. In one aspect, a WPRE nucleic
acid sequence comprises a sequence at least 99.9% identical to SEQ ID NO: 7, or the complement
thereof. In one aspect, a WPRE nucleic acid sequence comprises a sequence 100% identical to
SEQ ID NO: 7, or the complement thereof.

00163} In an aspect, a WPRE nucleic acid sequence comprises a sequence at least 70%

identical to SEQ 1D NO: 18, or the complement thereof. In one aspect, a WPRE nucleic acid
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sequence comprises a sequence at least 75% identical to SEQ ID NO: 18, or the complement
thereof. In one aspect, a WPRE nucleic acid sequence comprises a sequence at least 80% identical
to SEQ 1D NO: 18, or the complement thereof. In one aspect, a WPRE nucleic acid sequence
comprises a sequence at least 85% identical to SEQ 1D NG 18, or the complement thereof. In one
aspect, a WPRE nucleic acid sequence comprises a sequence at feast 90% identical to SEQ ID NO:
18, or the complement thereof. In one aspect, a WPRE nucleic acid sequence comprises a sequence
at least 91% identical to SEQ 1D NO: 18, or the complement thereof. In one aspect, a WPRE
nucleic acid sequence comprises a sequence at least 92% identical to SEQ 1D NG 18, or the
complement thereof. In one aspect, a WPRE nucleic acid sequence comprises a sequence at least
93% 1dentical to SEQ ID NO: 18, or the complement thereof. In one aspect, a WPRE nucleic acid
sequence comprises a sequence at least 949 identical to SEQ ID NO: 18, or the complement
thereof. In one aspect, a WPRE nucleic acid sequence comprises a sequence at least 95% identical
to SEQ ID NO: 18, or the complement thereof. In one aspect, a WPRE nucleic acid sequence
comprises a sequence at least 6% identical to SEQ 1D NO: 18, or the complement thereof. In one
aspect, a WPRE nucletc acid sequence comprises a sequence at feast 97% identical to SEQ ID NG:
18, or the complement thereof. Tn one aspect, a WPRE nucleic acid sequence comprises a sequence
at least 98% identical to SEQ ID NQ: 18, or the complement thereof. In one aspect, a WPRE
nucleic acid sequence comprises a sequence at least 99% dentical to SEQ 1D NG: 18, or the
complement thereof. In one aspect, a WPRE nucleic acid sequence comprises a sequence at least
99.5% 1dentical to SEQ 1D NO: 1§, or the complement thereof. In one aspect, a WPRE nucleic
acid sequence comprises a sequence at least 99 8% identical to SEQ ID NG: 18, or the complement
thereof. In one aspect, 3 WPRE nucleic acid sequence comprises a sequence at least 99.9%
identical to SEQ 1D NOG: 18, or the complement thereof. In one aspect, 3 WPRE nucleic acid
sequence comprises a sequence 100% identical to SEQ ID NO: 18, or the complement thereof
[60164] SV40 polyadenylation signal sequence {also refer as SV40 Poly A, Simuan virus 40
PolyA; and PolyA) is a DNA sequence the can terminate transcription and add a Poly A tail to the
3" end of a messenger RNA (mRNA).

00165] hGH polyadenylation signal sequence (also refer as hGH PolyA)} s a DNA
sequence the can terminate transcription and add a PolyA tail to the 3" end of a messenger RNA
{(mRNA).

{80166] As used herein “SVY40pA” refers o a poly A signal of SV40 virus.
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{00167} As used herein “bGHpA” refers to a poly A signal of bovine growth hormone.
[60168] As used herein, a “PolvA tail” refers o a siretch of RNA that only contains the
nucleobase adenine. In an aspect, an RNA molecule transcribed from an AAV vector construct
provided herein comprises a Poly A tail. In oneaspect, a PolyA tail comprises at least two adenines.
In one aspect, a PolvA tail comprises at least ten adenines. In one aspeci, a PolvA tall comprises
at least 50 adenines. In one aspect, a PolyA tail comprises at least 100 adenines. In one aspect, a
PolyA tail comprises at least 150 adenines. In one aspect, a PolvA tail comprises at least 200
adenines. In one aspect, a Poly A tail comprises at least 250 adenines. In one aspect, a PolyA tail
comprises between 50 adenines and 300 adenines.

[80169] In an aspect, a SV40 polyadenyiation signal nucleic acid sequence comprises a
sequence at least 70% identical to SEQ 1D NG §, or the complement thereof. In one aspect, a

=
i
i

SV40 polyadenylation signal nucleic acid sequence comprises a sequence at least 75% identical to
SEQ ID NG: 8, or the complement thereof. In one aspect, a SV40 polyadenylation signal nucleic
acid sequence comprises a sequence at least 80% identical to SEQ ID NO: 8, or the complement
thereof. In one aspect, a SV40 polyadenylation signal nucleic acid sequence comprises a sequence
at least 85% identical to SEQ ID NO: 8, or the complement thereof. In ove aspect, a SV40
polyadenylation signal nucleic acid sequence comprises a sequence at least 90% identical to SEQ
ID NQ: 8, or the complement thereof. In one aspect, a SV40 polvadenylation signal nucleic acid
sequence comprises a sequence at least 91% i1dentical to SEQ ID NO: 8, or the complement thereof.
In one aspect, a SY40 polyadenviation signal nucleic acid sequence comprises a sequence at least
92% identical to SEQ ID NO: &, or the complement thereof. In one aspect, a SV40 polyadenylation
signal nucleic acid sequence comprises a sequence at least 93% 1dentical to SEQ 1D NO: B, or the
complement thereof. In one aspect, a SV40 polyadenylation signal nucleic acid sequence
comprises a sequence at least 949 1dentical to SEQ 1D NO: 8, or the complement thereof. In one
aspect, a SY40 polyadenvlation signal nucleic acid sequence comprises a sequence at least 95%
identical to SEC ID NGO &, or the complement thersof. In one aspect, a SV40 polyvadenylation
signal nucleic acid sequence comprises a sequence at least 96% identical to SEQ 1D NOG: &, or the
complement thereof. In one aspect, a SV40 polyadenylation signal nucleic acid sequence
comprises a sequence at least 97% identical to SEQ ID NO: 8, or the complement thereof In one
aspect, a SV40 polyadenylation signal nucleic acid sequence comprises a sequence at least 98%

identical to SEQ D NO: 8, or the compiement thereof. In one aspect, a SV40 polyadenylation
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signal nucleic acid sequence comprises a sequence at least 99% identical to SEQ 1D NG: 8, or the
complement thereof. In one aspect, a SV40 polyadenylation signal nucleic acid sequence
comprises a sequence at least 99.5% identical to SEQ ID NO: 8, or the complement thereof. In
one aspect, a SV40 polyadenylation signal nucleic acid sequence comprises a sequence at least
99.8% 1dentical to SEQ ID NGO 8, or the complement therenf In one aspect, a SV40
polyadenylation signal nucleic acid sequence comprises a sequence at least 99.9% identical to SEQ
1D NG 8, or the complement thereof. 1n one aspect, a SV40 polyadenylation signal nucleic acid
sequence comprises a sequence 100% identical to SEQ 1D NO: 8, or the complement thereof.

180179} Inn an aspect, a hGH polyadenylation signal nucleic acid sequence comprises a
sequence at least 70% identical to SEQ 1D NO: 13, or the complement thereof. In one aspect, a
hGH polyadenylation signal nucleic acid sequence comprises a sequence at least 75% identical to
SEQ ID NO: 13, or the complement thereof. In one aspect, a hGH polyadenylation signal nucleic
acid sequence comprises a sequence at least 130% identical to SEQ ID NO: 13, or the complement
thereof. In one aspect, a hGH polyadenylation signal nucleic acid sequence comprises a sequence
at least 135% wdentical to SEQ ID NO: 13, or the coroplement thereof. In one aspect, a hGH
polyadenylation signal nucleic acid sequence comprises a sequence at least 90% wdentical to SEQ
ID NG: 13, or the complement thereof. In one aspect, a hGH polyadenylation signal nucleic acid
sequence comprises a sequence at least 91% identical to SEQ ID NO: 13, or the complement
thereof. In one aspect, a hGH polyadenvlation signal nucleic acid sequence comprises a sequence
at least 92% 1dentical to SEQ 1D NG: 13, or the complement thereof. In one aspect, a hGH
polyadenylation signal nucleic acid sequence comprises a sequence at feast 93% identical to SEQ
ID NG 13, or the complement thereof  In one aspect, a hGH polyadenylation signal nucleic acid
sequence comprises a sequence at least 94% 1dentical to SEQ ID NO: 13, or the complement
thereof. In one aspect, a hGH polvadenylation signal nucleic acid sequence comprises a sequence
at least 95% identical to SEQ D NO: 13, or the complement thereof In one aspect, a hGH
polyadenylation signal nuclerc acid sequence comprises a sequence at least 96% 1dentical to SEQ
1D NQO: 13, or the complement thereof. In one aspect, a hGH polyadenyiation signal nucleic acid
sequence comprises a sequence at least 97% identical to SEQ ID NO: 13, or the complement
thereof. In one aspect, a hGH polyadenylation signal nucleic acid sequence comprises a sequence
at least 98% identical to SEQ 1D NO: 13, or the complement thereof. In one aspect, a hGH

polyadenylation signal nucleic acid sequence comprises a sequence at least 99% identical to SEQ
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1D NG: 13, or the complement thereof In one aspect, a hGH polvadenylation signal nucleic acid
sequence comprises a sequence at least 99.5% identical to SEQ ID NOG: 13, or the complement
thereof. In one aspect, a hGH polvadenylation signal nucleic acid sequence comprises a sequence
at least 99.13% identical to SEQ 1D NO: 13, or the complement thereof In one aspect, a hGH
polvadenylation signal nucleic acid sequence comprises a sequence at least 99.9% identical to SE(Q
1D NQ: 13, or the complement thereof. In one aspect, a hGH polyadenyiation signal nucleic acid
sequence comprises a sequence 100% identical to SEQ D NO: 13, or the complement thereof.

{60171} In an aspect, a bGH polyadenylation signal nucleic acid sequence comprises a
sequence at least 70% identical to SEQ ID NO: 20, or the complement thereof. In one aspect, a
bGH polvadenylation signal nucleic acid sequence comprises a sequence at least 75% identical to
SEQ 1D NO: 20, or the complement thereof. In one aspect, a bGH polvadenylation signal nucleic
acid sequence comprises a sequence at least 80% identical to SEQ 1D NO: 20, or the complement
thereof. In one aspect, a bGH polvadenylation signal nucleic acid sequence comprises a sequence
at least 85% identical to SEQ ID NG: 20, or the complement thereof. In one aspect, a hGH
polyadenylation signal nucleic acid sequence comprises a sequence at feast 90% identical to SEQ
1D NO: 20, or the complement thereof. In one aspect, a bGH polvadenylation signal nucleic acid
sequence comprises a sequence at least 91% 1dentical to SEQ IID NG: 20, or the complement
thereof. In one aspect, a bGH polvadenylation signal nucleic acid sequence comprises a sequence
at least 92% identical to SEQ ID NO: 20, or the complement thereof. In one aspect, a bGH
polyadenylation signal nucleic acid sequence comprises a sequence at least 93% 1dentical to SEQ
ID NG: 20, or the complement thereof. In one aspect, a bGH polyadenylation signal nucleic acid
sequence comprises a sequence at least 94% identical to SEQ ID NO: 20, or the complement
thereof. In one aspect, a bGH polyadenyiation signal mucleic acid sequence comprises a sequence
at least 95% identical to SEQ ID NG 20, or the complement thereof In one aspect, a bGH
polyadenylation signal nucleic acid sequence comprises a sequence at least 96% identical to SEQ
1D NGO 20, or the complement thereof. In one aspect, 2 bGH polyadenylation signal nucleic acid
sequence comprises a sequence at lgast 97% identical to SEQ ID NO: 20, or the complement
thereof. In one aspect, a bGH polvadenylation signal nucleic acid sequence comprises a sequence
at least 98% identical to SEQ ID NGO 20, or the complement thereof In one aspect, a bGH
polvadenylation signal nucleic acid sequence comprises a sequence at least 99% identical to SEQ

1D NQ: 20, or the complement thereof. In one aspect, a bGH polyadenviation signal nucleic acid
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sequence comprises a sequence at least 99.5% identical to SEQ 1D NO: 20, or the complement
thereof. In one aspect, a bGH polyadenvlation signal nucleic acid sequence comprises a sequence
at least 99.13% identical to SEQ 1D NO: 20, or the complement thereof. In one aspect, a bGH
polyadenylation signal nucleic acid sequence comprises a sequence at least 99.9% identical to SEQ
1D NG 20, or the complement thereof In one aspect, a bGH polvadenylation signal nucleic acid
sequence comprises a sequence 100% identical to SEQ 1D NO: 20, or the complement thereof.
{06172} As used herein, the term “central nervous systemt” or “CNS” refers to the brain and
spinal cord of a bilaterally symmetric amimal. The NS also includes the retina, the optic nerve,
olfactory nerves, and olfactory epithelium.

{80173} As used herein, the term “peripheral nervous system” or “PNS” refers to nerves and
ganglhia cutside of the brain and spinal cord, excluding the retina, the optic nerve, olfactory nerves,
and olfactory epithelium. In an aspect, the peripheral nervous system is divided into the somatic
nervous system and the autonomic nervous system.

{89174} As used herein, the term “somatic nervous system” refers o the parts of the PNS
that are associated with voluntary control of body movements.

86175 As used herein, the term “autonomic nervous systemt” refers to the parts of the PNS
that reguiate the function of internal organs

[86176] As used herein, the term “GFAP positive” refers to a cell having detectable protein
accumulation of human ghal fibrillary acid protein (GFAP) or detectable accumulation of GFAP
mBRNA expression using techniques standard in the art. In one aspect, a ghial cell is GFAP positive.
{88177} As used herein, the term “detectable” refers to protein or mRNA accuwmulation that
is identifiable.

[80178] Protein accumulation can be identified using antibodies. Non limiting examples of
measuring protein accumulation mchude Western blots, enzyme linked immunosorbent assays
{ELISAg), immunopreciptiations and immunoflucrescence.  An antibody provided herein can be
a polyclonal antibody or a monoclonal antibody. An antibody having specific binding affinity for
a protein provided herein can be generated using methods well known i the art.  An antibody
provided herein can be aftached to a solid support such as a microtiter plate using methods known
in the art.

{06179} As used herein, the term “multiplicity of infection” and “MOI” refers to a the

number of virtons that are added per cell during infection.
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{00130} As used herein, the term “virion” refers to the infective form of a virus outside a
host cell.
100181} As used herein, the term “neurological condition™ refers to a disorder, tllness,

sickness, injury, or disease, in the central nervous system or the peripheral nervous system. Non-
limiting examples of neurslogical conditions can be found in Neurclogical Disorders: cousse and
treatment, 2™ Bdition {2002) { Academic Press Inc.) and Christopher Goetz, Textbook of Clinical
Neurology, 3™ Edition (2007) (Saunders).

{60182} As used herein, the term “ygury” refers to damage to the central nervous system or
peripheral nervous system.

{60183} I one aspect, a neurological condition 15 selected from the group consisting of
Alzheimer's Disease, Parkinson’s Disease, amyotrophic lateral sclerosis (ALS), Huntington’s
Disease, epilepsy, physical injury, stroke, cerebral aneurysm, traumatic brain imjury, concussion,
a tumor, inflammation, infection, ataxia, brain atrophy, spinal cord atrophy, multiple sclerosis,
traumatic spinal cord injury, ischemic or hemorrhagic myelopathy (myelopathy), global ischemia,
hypoxie 1schemic encephalopathy, embolism, fibrocartilage embolism myelopathy, thrombosis,
nephropathy, chronic inflaromatory disease, meningitis, and cerebral venous sinus thrombosis. In
one aspect, a neurological condition 18 Alzheimer’s Disease. In one aspect, a neurological
condition 18 Parkinson’s Disease. In one aspect, a neurological condition 1s ALS. In one aspect,
a neurological condition 18 Huntington’s Disease. In one aspect, a neurclogical condition i3
epilepsy. In one aspect, a neurological condition 1s a physical injury. In one aspect, a neurclogical
condition is stroke. In one aspect, a neurological condition is ischemic stroke. In one aspect, a
neuwrological condition is hemorrhagic stroke. In one aspect, a newrological condition 15 cerebral
aneurysm. In one aspect, a neurological condition is trasmatic brain injury. In one aspect, a
neurological condition 1s concussion. In one aspect, a neurclogical condition 15 a tumor. In one
aspect, a neurclogical condition s mflammation. In one aspect, a neurological condition 18
mfection. In, one aspect, a neurslogical condition 1s ataxia. In, one aspect, a neurclogical
condition is brain atrophy. In one aspect, a neurological condition is spinal cord atrophy. In one
aspect, a neurological condition is multiple sclerosis. In one aspect, a neurological condition i
traumatic spinal cord injury. In one aspect, a neurclogical condition is ischemic or hemorrhagic
myelopathy (myelopathy). In one aspect, a neurological condition is global sschemia. In one

aspect, a neurological condition is hypoxic ischemic encephalopathy. In one aspect, a neurological
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condition 1s embolism.  In one aspect, a neurological condition 1s fibrocartilage embolism
myelopathy. In one aspect, a neurological condition 1s thrombosis. In one aspect, a neurological
condition is nephropathy. In one aspect, a neurological condition s chronic inflammatory disease.
In one aspect, a neurclogical condition 15 meningitis. In one aspect, a neurslogical condition is
cerebral venous sinus thrombosis.

[60184] In an aspect, & newrclogical condition comprises an injury to the CNS or to the PNS.
In one aspect, a neurclogical condition comprises an mjury to the CNS. In one aspect, a
neurological condition comprises an injury to the PNS.

[80185] Inan aspect, this disclosure provides, and includes, a method of converting reactive
astrocytes to functional nevrons i a brain of a living human comprising: injecting an adeno-
associated virus {(AAV) into a subject in need thereof, where the AAY comprises a DNA vector
construct comprising a human distal-less homeobox 2 (hDIx2) sequence comprising the nucleic
acid sequence of SEQ ID NO: 6, where the sequence is operably linked to regulatory elements
comprising: (a} a human glial fibrillary acid protein (GFAP) promoter comprising a nucleic acid
sequence selected from the group couvsisting of SEQ 1D NG 3, 4, and 12; (b} an enhancer from
the human elongation factor-1 alpha (EF-1 alpha) promoter comprising the nucleic acid sequence
of SEQ I3 NO: 2 or a eytomegalovirus (CMV) enhancer comprising the nucleic acid sequence of
SEQ ID NO: 11, (o) a chimeric miron comprising the nucleie acid sequence selected from the
group consisting of SEQ ID NOs: 5 and 19; (d) a woodchuck hepatitis virus postiranscriptional
regulatory element {WPRE} comprising the nucleic acid sequence selected from the group
consisting of SEQ ID NQOs: 7 and 18; and {¢) a SV40 polyadenylation signal comprising the nucleic
acid sequence of SEQ Iy NO: §, a hGH polyadenylation signal comprising that nucleic acid
sequence of SEQ ID NO: 13, or a bGH polvadenylation signal comprising that nucleic acid
sequence of SEQ ID NG 20,

(60186} Inan aspect, this disclosure, and includes, provides a method of converting reactive
astrocytes to functional neurons in a brain of a hiving homan comprismg mnjecting an adeno-
associated virns (AAV) into a subject in need thereof, where the AAV comprises a DNA vector
construct comprising a nucleic acid coding sequence encoding a human distal-less homeobox 2
{(hDIx2) protein comprising the amino acid sequence of SEQ ID NO: 10, where the coding
sequence s operably linked to expression control elements comprising: (a) human ghal fibrillary

acid protein (GFAP) promoter comprising a nucleic acid sequence selected from the group
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consisting of SEQ 1D NOs: 3, 4, and 12; (b} an enhancer from the human elongation factor-1 alpha
{(EF-1 alpha) promoter comprising the nucleic acid sequence of SEQ D NG 2 or a
cytomegalovirus ({CMV) enhancer comprising the nucleic acid sequence of SEQ IR NO: 11 (g} a
chimeric intron comprising the nucleic acid sequence selected from the group consisting of SEQ
1D NQs: 5 and 19; {(d) 2 woodchuck hepaiitis virus postiranscriptional regulatory element (WPRE)
comprising the nucleic acid sequence selected from the group consisting of SEQ 1D NOs: 7 and
18; and {e) a SV 40 polvadenylation signalcomprising the nucleic acid sequence of SEQ 12 NQO: g,
a hGH polyadenylation signal comprising that nucleic acid sequence of SEQ 1D NQO: 13, or a bGH
polyadenylation signal comprising that nucleic acid sequence of SEQ 1D NO: 20

{80187} In an aspect, this disclosure provides, and includes, a method of converting glial
cells to neurons in a subject in need thereof comprising: delivering an adeno-associated virus
{AAV) to the subject in need thereof, where the AAV comprises a DNA vector construct
comprising a distal-less homeobox 2 (Dix2) sequence operably Hinked to expression control
elements comprising: {(a) a ghial tibrillary acid protein (GFAP) promoter; {b) an enhancer; (¢} a
chimeric intron; {d) a woodchuck hepatitis virus postiranscriptional regulatory eleraent (WPRE),
and {e} a polyadenylation signal sequence, where the vector is capable of converting at least one
glial cell to a neuron in the subject in need thereof.

[60188] In an aspect, this disclosure provides, and includes, a method of treating a
neurological condition in a subject i need thereof comprising: delivering an adeno-associated
virus {AAV) to the subject, where the AAV comprises a DNA vector construct comprising a distal-
less homeobox 2 (BIX2) sequence operably hinked 1o expression control elements comprising: (3}
a ghal fibnillary acid protein (GFAP) promoter; (b} an enhancer; {¢} a chumeric ntron; (d} a
woodchuck  hepatitis  virus  postiranscriptional regulatory  elewent (WPRE), and (e} a
polyadenylation signal to the subject m need thereof,

(60189} In an aspect, a method as provided herem, 1s capable of converting at least one glial
cell 10 a neuron. In one aspect, a method as provided herein converts at least one glial cell to a
neuron.

00190} Neurogenic differentiation 1 (NeuroD1; also referred to as 82} 1s a basic helix-loop-
helix (bHLH} transcription factor that forms heterodimers with other BHLH proteins to activate

transcription of genes that contain a DNA sequence known as an E-box,
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{00191} Achaete-scute family BHLH transcription factor 1 {Ascll; also referred to as
ASHI1, HASHI, MASH-1, and bHLHa40) encodes a member of the basic helix-loop-helix family
of transcniption factors and 1s a gene that plays a role in neuronal commitment and differentiation.
{66192} Insulin gene enhancer protein {ISL1; also known as ISL LIM homeobox-1 and
ISLET1) 15 a gene that encodes a transcription factor containing two N-terminal LIM domains and
one C-terminal homeodomain. The encoded protein plays a role in the embryogenesis of
pancreatic islets of Langerhans.

[66193] LiM-homeobox 3 (LHX3; also known as LIM3 and CPHD3) gene encodes for a
protein from a fanuly of proteins with a unique cysteine-rich zinc-binding domain (LIM domain)}.
{86194} Huntingtin (Htt; alsc known as Huntington Disease gene} gene encedes for the huntingtin
protein. The wild type contains 6-35 glutamine residues and the mutated Htt contains more than
36 plutanune residue.

{80155} Inan aspect, a method as provided herein uses an AAY vector comprising a DIX2 coding
sequence in accordance with the present disclosure. In one aspect, a method as provided herein
uses an AAV vector comprising a DIX2 coding sequence in combination with a second AAV vector
comprising a second transcription factor coding sequence. In one aspect, a method as provided
herein use an AAV vector comprising a Dix2 coding sequence and a second transcription factor
coding sequence. In one aspect, a second transcription factor is selected from the group consisting
of NeuroD1, Ascll, ISL1, and LHX3. In one aspect, a second transcription factor is NeuroD 1. In
one aspect, a second transeription factor 15 Ascll. In one aspect, a second transcription factor 1s
ISL1. In one aspect, 3 second transcription factor 1s LHX3. In one aspect, a method as provided
herein uses an AAV vector comprising a DIx2 coding sequence and a second DIx2 coding
sequence. In one aspect, a method as provided herein uses an AAV vector comprising a BIx2
coding sequence n combination with a second AAY vector comprising a DIx2 coding sequence.
{60196} In one aspect, a method as provided herein uses an AAY vector comprising a Dix2
coding sequence in combination with an AAY vector comprising a shRNA sequence targeting Htt.
In an aspect, a method as provided herein uses an AAV vector comprising a DIX2 coding sequence
in combination with an AAVY vector comprising an shRNA sequence targeting Hit and a second
shRNA sequence targeting Hit. In an aspect, a method as provided herein uses an AAY vector
comprising a DIx2 coding sequence in combination with an AAY vecior comprising a shRNA

sequence targeting Hit, a second shRNA sequence targeting Hit, and a third shRINA targeting Hit.
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In an aspect, a method as provided herein uses an AAV vector comprising a DIx2 coding sequence
and a shRNA sequence targeting Hit. In an aspect, a method as provided herein uses an AAY
vector comprising a DIx2 coding sequence and a shRNA sequence targeting Hit and a second
shRMNA sequence targeting Htt. In an aspect, a method as provided herein uses an AAY vector
comprising a DIx2 coding sequence and a shRNA sequence targeting Htt, a second shRNA
sequence targeting Htt and a third shRNA targeting Htt. In an aspect, a method as provided herein
uses an AAYVY vector comprising a shRNA sequence targeting Hit, a second shRNA sequence
targeting Htt, and a third shRNA sequence targeting Hit.

180197} In one aspect, a method as provided herein uses an AAV vector comprising a DIx2
coding sequence in combination with an a ASO sequence targeting Htt. In an aspect, a method as
provided herein uses an AAVY vector comprising a Dix2 coding sequence in combination with an
ASO sequence targeting Hit and a second ASO sequence targeting Htt. In an aspect, a method as
provided herein uses an AAV vector comprising a DIx2 coding sequence in combination with an
ASO sequence targeting Hit, a second ASO sequence targeting Htt, and a third ASO targeting Hit.
[80158] In one aspect, a method as provided herein uses an AAV vector comprising a Dix2
coding sequence it combination with an siRNA seguence targeting Hit. In an aspect, a method as
provided herein uses an AAV vector comprising a DIX2 coding sequence n combination with an
siRNA sequence targeting Hit and a second siRNA sequence targeting Hit. Inan aspect, a method
as provided herein uses an AAV vector comprising a DIX2 coding sequence in combination with
an siRNA sequence targeting Htt, a second siRNA sequence targeting Hit, and a third siRNA
targeting Htt.

{86199} In one aspect, a method as provided herein nses an AAV vector comprising a Bx2
coding sequence n combination with an AAV vector comprising a miRNA sequence targeting
Hit. In an aspect, a method as provided herein uses an AAV vector comprising a DIK2 coding
sequence i combination with an AAY vector comprising an miRNA sequence targefing Hit and
a second miIRNA sequence targeting Hit. In an aspect, a method as provided herein uses an AAY
vector comprising a DIx2 coding sequence in combination with an AAV vector comprising a
miRNA sequence targeting Hit, a second miRNA sequence targeting Hit, and a third miRNA
targeting Hit. In an aspect, a method as provided herein uses an AAV vector comprising a Dix2
coding sequence and a miRNA sequence targeting Hit. In an aspect, a method as provided herein

uses an AAY vector comprising a DIx2 coding sequence and a miRNA sequence targeting Httand
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a second miRNA sequence targeting Hit. In an aspect, a method as provided herein uses an AAY
vector comprising a Dix2 coding sequence and a miRNA sequence targeting Hti, a second miRNA
sequence targeting Htt and a third miRNA targeting Hit.

{60200 In one aspect, a method as provided herein uses an AAV vector comprising a Dix2
coding sequence in combination with an AAY vector comprising a gRINA sequence targeting Hit
and a CAS nuclease. In an aspect, a method as provided herein uses an AAV vector comprising a
DIx2 coding sequence and a gRNA sequence targeting Hit and a CAS nuclease.

[602061] In an aspect, an AAV vector as provided herein, 1s measured for functionality by
assessing transcription levels and protein levels of NeuN, doublecortin (DCX), P3-tubulin,
{neurofilament 200) NF-200, (nucrotubule-associated protein 2} MAP2, ionized calcium binding
adaptor molecule (Thal).

{60202} As used herein, the term “NeulN” or “Fox-3" or “Rbfox2” or “Hexaribonucleotide
Binding Protein-3” refers to a protein which is a homologue to the protein product of a sex-
determining gene in Caenorhabditis elegans and is a neuronal nuclear antigen.

[86283] As used herein, the term “DCX” or “doubling” or “lissencephalin-X” refers to a
microtubule-associated protein expressed by neuronal precursor cells and ymmature neurons in
embryonic and adult cortical structures.

[80204] As used herein, the term “P3-tubulin” or “Class T B-tubulin” or “B-tubulin 1
refers to a microtubule element of the tubulin family found in neurons,

|B0265] As used heremn, the term “NF-200” refers to a class of protein that s a type IV
mtermediate filaments found 1 the cytoplasm of neurons,

{86266} As used herein, the term “MAP2” refers to a protein that belongs to the
microtebule-associated proten family and play a role in determining and stabilizing neuronal
morphology during neuron development.

[60287] As used herein, the term “Ibal” refers to a microghia macrophage-specific calcium
binding protein,

[60208] In an aspect a method provided herein converts glial cells to neurons in combination
with gene editing techniques. In one aspect, a gene editing technique targets the mutant Hit. In
one aspect, a gene editing technigue 1s selected from the group consisting of siRNA, miRNA,
ASQ, and CRISPR/CAS. In one aspect, a gene editing technique i1s sitRNA. In one aspeci, a gene

editing technique 1s miRNA. In one aspect, a gene editing technique 1s ASCO. In one aspect, a
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gene editing technique 1s CRISPR/CAS. In an aspect, a composition as provided herein, 1s capable
of converting at least one glial cell to a neuron. In one aspect, a composition as provided herein

converts at least one ghial cell to a neuron

{80209] As used herein, the term “mammal” refers to any spectes classified in the class
Mammalia.
{60216 As used herein, the term “human” refers to a Homo sapiens. In an aspect, a human

has a neurological disorder.

{80211} As used herein, the term “living human” refers to a human that has heart, respiration
and brain activity.

{60212} As used herein, the term “non-human primate” refers to any species or subspecies
classified i the order Primates that are not Homo sapiens. MNon-linuting examples of non-human
primates include chimpanzee, bonobo, orangutan, gorilla, macaque, marmoset, capuchin, baboon,
gibbon, and lemur.

[89213] As used herein, the term “delivering” or “delivery” refers to treating a mammal
with an AAY vector or composition as provided herein.  In an aspect, an AAV vector or
composition as provided herein s delivered to a subject in need thereof In one aspect, an AAV
vector or composition as provided herein 1s formulated to be delivered to a subject in need thereof.
In one aspect, delivering comprises local delivery. In one aspect, an AAV vector or composition
as provided heren 1s formulated for local delivery. In one aspect, delivering comprises systemic
delivery. In one aspect, an AAY vector or composition as provided herein s formulated for
systemic delivery. In one aspect, delivery comprises injecting an AAV vector or composition 4s
provided herein into a subject in need thereof. In one aspect, delivering 13 selected from the group
consisting of intraperitoneal, imtramuscular, miravenous, intrathecal, mtracerebral, imtracramal,
mira lateral veniricle of the bram, intra cisterna magna, intra vitreous, intra-subreting,
miraparenchymal, ntranasal, or oral admunistration.  In one aspect, delivery comprises
mtraperttoneal delivery. In one aspect, delivery comprises intramuscular delivery. In one aspect,
delivery comprises intravenous deliverv. In one aspect, delivery comprises intrathecal delivery.
in one aspect, delivery comprises intracerebral delivery. In one aspect, delivery comprises
mtracranial delivery. In one aspect, delivery comprises intra lateral ventricle of the brain delivery.
In one aspect, delivery comprises inira cisterna magna delivery. In one aspect, delivery comprises

mtra vitreous delivery. In one aspect, delivery comprises intra-subretina delivery. In one aspect,
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delivery comprises intraparenchymal delivery. In one aspect delivery comprises intranasal
delivery. In one aspect, delivery comprises oral administration.

100214} As used herein, the term “injecting” refers to delivering an AAV vector or
composition as provided herein under pressure and with force. As 2 non-limiting example,
mjecting can comprise the use of a syringe and needle.

{80215] In an aspect, an AAV vector or composition as provided herein 18 injected into a
brain of a subject. In one aspect, an AAVY vector or composition is injected into a cerebral cortex
of a subject. In one aspect, an AAV vector or composiiion as provided herein 1s injected into a
spinal cord or a subject. In one aspect, an AAVY vector or composition 1s injected in the striatum
of a subject. In one aspect, an AAV vector or composition is ijected in the dorsal striatum of a
subject. In one aspect, an AAV vector or composition is injected in the putamen of a subject In
one aspect, an AAV vector or composition is injected in the caudate nucleus of a subject. In one
aspect, an AAV vector or composition is injected in the substantia nigra of a subject.

{89216} In an aspect, an AAV vector or composition as provided herein has spread in the
brain between about 1% and about 100%. In one aspect, an AAV vector or composition as
provided herein has spread n the bramn between about 1% and about 10%, between 1% and about
20%, between 1% and about 30%, between 10% and about 20%, between 10% and about 30%,
between about 10% and about 40%, between about 20% and about 30%, between about 20% and
about 40%, between about 20% and about 50%, between about 30% and about 40%, between
about 30% and about 50%, between about 30% and about 60%, between about 40% and about
50%, between about 40% and about 60%, between about 40% and about 70%, between about 50%
and about 60%, betwean about 50% and about 70%, between about 50% and about 80%, between
about 60% and about 70%, between about 60% and about 80%, between about 60% and about
90%, between about 70% and about 80%, between about 70% and about 90%, between about 70%
and about 100%, between about 80% and about 90%, between about 80% and about 100%, or
between about 90% and about 100%.

{60217} In an aspect, an AAV vector or composition as provided herein has spread in the
cerebral cortex between about 1% and about 100%. In one aspect, an AAV vector or composition
as provided herein has spread in the cerebral cortex between about 1% and about 10%, between
19% and about 20%, between 1% and about 30%, between 10% and about 20%, between 10% and

about 30%, between about 10% and about 40%, between about 20% and about 30%, between
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about 20% and about 40%, between about 20% and about 50%, between about 30% and about
40%, between about 30% and about 50%, between about 30% and about 60%, between about 40%
and about 50%, between about 40% and about 60%, between about 40% and about 70%, between
about 50% and about 60%, between about 50% and about 70%, between about 50% and about
80%, between about 60% and about 70%, between about 60% and about 80%, between about 60%
and about 90%, between about 70% and about 80%, between about 70% and about 90%, between
about 70% and about 100%, between about 80% and about 90%, between about 80% and about
100%, or between about 90% and about 100%.

180218} In an aspect, an AAV vector or composition as provided herein has spread in the
spinal cord between about 1% and about 100%. In one aspect, an AAY vector or composition as
provided herein has spread in the spinal cord between about 1% and about 10%, between 1% and
about 20%, between 1% and about 30%, between 10% and about 20%, between 10% and about
30%, between about 10% and about 40%, between about 20% and about 30%, between about 20%
and about 40%, between about 20% and about 50%, between about 30% and about 40%, between
about 30% and about 50%, between about 30% and about 60%, between about 40% and about
50%, between about 40% and about 60%, between about 40% and about 70%, between about 50%
and about 60%, between about 50% and about 70%, between about 50% and about 80%, between
about 60% and about 70%, between about 60% and about 80%, between about 60% and about
90%4, between about 70% and about 80%, between about 70% and about 90%, between about 70%
and about 100%, between about 80% and about 90%, between about 80% and about 100%, or
between about 90% and about 100%.

[09219] In an aspect, an AAV vector or composition as provided herein has spread in the
striatum between about 1% and about 100%. In one aspect, an AAVY vector or composition as
provided herein has spread n the stniatum between about 196 and about 10%, between 1% and
about 20%, between 1% and about 30%, between 10% and about 20%, between 10% and about
30%, between about 10% and about 40%, between about 20% and about 30%, between about 20%
and about 40%, between about 20% and about 50%, between about 30% and about 40%, between
about 30% and about 50%, between about 30% and about 60%, between about 40% and about
30%, between about 40% and about 60%, between about 40% and about 70%, between about 50%
and about 60%, between about 50% and about 70%, between about 50% and about 0%, between

about 60% and abowt 70%, between about 60% and about 80%, between about 60% and about
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90%, between about 70% and about 80%, between about 70% and about 20%, between about 70%
and about 100%, between about 80% and about 90%, between about 80% and about 100%, or
between about 90% and about 100%.

{80220 In an aspect, an AAV vector or composition as provided herein has spread in the
dorsal striatum between about 1% and about 100%. In one aspect, an AAY vector of composition
as provided herein has spread i the dorsal striatum between about 1% and about 10%, between
1%% and about 20%, between 1% and about 30%, between 10% and about 20%, between 10% and
about 30%, between about 10% and about 40%, between about 20% and about 30%, between
about 20% and about 40%, between about 20% and about 50%, between about 30% and about
40%, between about 30% and about 50%, between about 30% and about 60%, between about 40%
and about 50%, between about 40% and about 60%, between about 40% and about 70%, between
about 50% and about 60%, between about 30% and about 70%, between about 30% and about
80%, between about 60% and about 70%, between about 60% and about 80%, between about 60%
and about 90%, between about 70% and about 80%, between about 70% and about 90%, between
about 70% and about 100%, between about 80% and about 90%, between about 80% and about
100%, or between about 90% and about 100%.

[80221] In an aspect, an AAV vector or composition as provided herein has spread in the
putamen between about 196 and about 100%. In one aspect, an AAV vector or composition as
provided herein has spread in the putamen between about 19 and about 10%, between 1% and
about 20%, between 1% and about 30%, betwesn 10% and about 20%, between 10% and about
30%, between about 10% and about 40%, between about 20% and about 30%, between about 20%
and about 40%, betwesn about 20% and about 50%, between about 30% and about 40%, between
about 30% and about 50%, between about 30% and about 60%, between about 40% and about
50%, between about 40% and about 60%, between about 40% and about 70%, between about 50%
and about 60%, between about 50% and about 70%, between about 50% and about 830%, between
about 60% and about 70%, between about 60% and about 80%, between about 60% and about
90%, between about 70% and about 80%, between about 70% and about 90%, between about 70%
and about 100%, between about 80% and about 90%, between about 80% and about 100%, or
between about 90% and about 100%.

00222} In an aspect, an AAV vector or composition as provided herein has spread in the

caudate nucleus between about 1% and about 100%. In one aspect, an AAV vector or composition
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as provided herein has spread in the caudate nucleus between about 1% and about 10%, between
1% and about 20%, between 1% and about 30%, between 10% and about 20%, between 10% and
about 30%, between about 10% and about 40%, between about 20% and about 30%, between
about 20% and about 40%, between about 20% and about 50%, between about 30% and about
40%, between about 30% and about 50%, between about 30% and about 60%, between about 40%
and about 50%, between about 40% and about 60%, between about 40% and about 70%, between
about 50% and about 60%, between about 50% and about 70%, between about 50% and about
80%, between about 60% and about 70%, between about 60% and about 80%, between about 60%
and about 90%, between about 70% and about 80%, between about 70% and about 90%, between
about 70% and about 100%, between about 80% and about 90%, between about 80% and about
100%, or between about 90% and about 100%.

[60223] Inanaspect, an AAY vector or composition as provided herein has a spread at from
injection site between about 1% and about 100%. In one aspect, an AAV vecior or composition
as provided herein has a spread from injection site between about 1% and about 10%, between 1%
and about 20%, between 1% and about 30%, between 10% and about 20%, between 10% and
about 30%, between about 10% and about 40%. between about 20% and about 30%, between
about 20% and about 40%, between about 20% and about 50%, between about 30% and about
40%, between about 30% and about 30%, between about 30% and about 60%, between about 40%
and about 50%, between about 40% and about 60%, between about 40% and about 70%, between
about 50% and about 60%, between about 50% and about 70%, between about 50% and about
0%, between about 60% and about 70%, between about 60% and about 80%, between about 60%
and about 90%, betwesn about 70% and about 80%, between about 70% and about 90%, between
about 70% and about 100%, between about 80% and about 90%, between about 80% and about
100%, or between about 90% and about 100%.

[60224] In an aspect, an AAV vector or composition as provided herein has spread in the
sebstantia nigra between about 1% and about 100%. In one aspect, an AAV vecior or composttion
as provided herein has spread in the putamen between about 1% and about 10%, between 1% and
about 20%, between 1% and about 30%, between 10% and about 20%, between 10% and about
30%, between about 10% and about 40%, between about 20% and about 30%, between about 20%
and about 40%, between about 209 and about 50%, between about 30% and about 40%, between

about 30% and abowt 50%, between about 30% and about 60%, between about 40% and about
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50%, between about 40% and about 60%, between about 40% and about 70%, between about 50%
and about 60%, between about 30% and about 70%, between about 50% and about 80%, between
about 60% and about 70%, between about 60% and about 80%, between about 60% and about
90%, between about 70% and about 80%, between about 70% and about 90%, between about 70%
and about 100%, between about 80% and about 90%, between about 80% and about 100%, or

between about 90% and about 100%.

{80225 As used herein, the term “AAVY particle” refers to packaged capsid forms of the
AAV virus that transmits its nucleic acid genome to cells.

{80226} In an aspect, a composition comprising an AAY particle encoded by an AAV vector
as provided herein is injected at a concentration between 10'Y AAV particles/mL and 10" AAV
particles/mi. In one aspect, a composition comprising an AAY particle encoded by an AAY
vector as provided herein is injected at a concentration between 10 AAVY particles/mL and 101
AAV particles/mL, between 109 AAV particles/mL and 102 AAV particles/mL, between 10
AAV particles/mL and 10" AAV particles/rol., between 10! AAV particles/mL and 102 AAV
particles/mL, between 10" AAV particles/mL and 10" AAV particles/mL, between 101 AAV
particles/mL and 10" AAV particles/mL, between 10'2 AAV particles/mL and 10 AAV
particles/mL, between 102 AAV particles/mL and 10" AAV particles/mL, or between 101 AAV
particles/mL and 10" AAV particles/mL.

{80227} In an aspect, a composition comprising an AAV particle encoded by an AAV vector
as provided herein is injected at volume between 10 uk and 1000 pl. Inone aspect, a composition
comprising an AAY particle encoded by an AAV vector as provided herein is injected at volume
between 10 uL and 100 ul, between 10 pl. and 200 pL, between 10 pl. and 300 uL., between 100
ul. and 260 ul., between 100 pul. and 300 ul, between 100 ul. and 400 gl between 200 pl. and
300 ul., between 200 Ll and 400 uL, between 200 pl. and 500 gL, between 300 pl. and 400 pL,
between 300 pl. and 500 ul, between 300 uL and 600 pl, between 400 pl and 500 ul, between
400 gL and 600 ul, between 400ull and 700 pk, between 500 pul and 600 puL, between 500 pb
and 700 ul, between 500 uL and 800 pul. between 600 gL and 700 ul, between 600 pL and 800
ub, between 600 ul. and 900 pl, between 700 ul and 800 ul, between 700 gL and 900 ul,
between 700 pl and 1000 pl, between 800 ul and 900 pul, between 800 uL and 1000 ui, or
between 900 pL and 1000 ul.
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{00228} As used herein, the termy “subject” refers to any amimal subject. Non-limiting
examples of animal subjects include humans, laboratory animals {(e.g., primates, rats, mice},
livestock {e.g., cows, sheep, goats, pigs, turkeys, chickens), and household pets {e.g., dogs, cats,
rodents, etc.).

00228} As used herein, “a subject in need thereof” refers to a subject with a neurclogical
condition. In an aspect, a subject in need thereof has a neurglogical condition selected from the
group consisting of Alzheimer’s [Msease, Parkinson’s Disease, amyotrophic lateral sclerosis
{ALS), Huntingtor’s Disease, epilepsy, physical injury, stroke, cerebral aneurysm, traumatic brain
mjury, concussion, a tumor, inflammation, infection, ataxia, brain atrophy, spinal cord atrophy,
multiple sclerosis, traumatic spinal cord imjury, ischemic or hemorrhagic myelopathy
{myelopathy), global ischemua, hypoxic ischemic encephalopathy, embolism, fibrocartilage
embolism myelopathy, thrombosis, nephropathy, chronic mflammatory disease, meningitis, and
cerebral venous sinus thrombosis. In one aspect, a subject in need thereof has Alzheimer’s
Disease. In one aspect, a subject in need thereof has Parkinson’s Disease. In one aspect, a subject
in need thereof has ALS. In one aspect, a subject in need thereof has Huntington’s Disease. In
one aspect, a subject in need thereof has epilepsy. In one aspect, a subject in need thereof has a
physical ijury. In one aspect, a subject in need thereof has stroke. In one aspect, a subject in
need thereof has ischemic stroke. In one aspect, a subject in need thereof has hemorrhagic stroke.
In one aspect, a subject in need thereof has a cerebral aneurysm. In one aspect, a subject in need
thereof has traumatic brain mjury. In one aspect, a subject in need thereof has concussion. Inone
aspect, a subject 1u need thereof has a tumor. In one aspect, a subject 1 need thereof has
mflarmmmation. In one aspect, a subject in need thereof has an infection. In, one aspect, a subject
mn need thereof has ataxia. In, one aspect, a subject in need thereof has brain atrophy. In, one
aspect, a subject in need thereof has spinal cord atrophy. In one aspect, a subject in need thereof
has multiple sclerosis. In one aspect, a subject i need thereof has a traumatic spinal cord myury.
in one aspect, a subject 1n need thereof has ischemic or hemorrhagic myelopathy {(myelopathy}.
In one aspect, a subject in need thereof has global ischemia. In one aspect, a subject in need thereof
has hypoxic ischemic encephalopathy. In one aspect, a subject in need thereof has an embolism.
In one aspect, a subject in need thereof has fibrocartilage embolism myelopathy. In one aspect, a
subject in need thereof has thrombosis. In one aspect, a subject in need thereof has nephropathy.

In one aspect, a subject in need thereof has chronic inflammatory disease. In one aspect, a subject
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in need thereof has menmgitis. In one aspect, a subject in need thereof has cerebral venous sinus
thrombosis.

100236} Inan aspect, a subject in need thereof is a mammal. In one aspect, a sebject in need
thereof is a human. In one aspect, a subject in need thereof is a non-human primate. In one aspect,
a subject 1y need thereof is selected from the group consisting of chimpanzee, bonobo, orangutan,
corilla, macaque, marmoset, capuchin, baboon, gibbon, and lemur. In one aspect, a subject in need
thereof is a chimpanzee. In one aspect, a subject in need thereof is a bonobe. In one aspect, a
subject in need thereof is orangutan. In one aspect, a subject in need thereof is gorilla. In one
aspect, a subject in need thereof is a macaque. In one aspect, a subject in need thereof is marmoset.
I one aspect, a subject in need thereof is a capuchin. In one aspect, a subject in need thereof s a
baboon. In one aspect, a subject 1n need thereof 15 a gibbon. In one aspect, a subject in need
thereof 15 lemur.

{00231} In one aspect, a subject in need thereof is a male. In one aspect, a subject in need
thereof is a female. In one aspect, a subject in need thereof is gender neutral. In one aspect, a
subject in need thereof 1s a premature newborn. In one aspect, a premature newborn is born before
36 weeks gestation. In one aspect, a subject in need thereof 1s a term newborn. In one aspect, a
term newborn is below about 2 months old. In one aspect, a subject in need thereof 1s a neonate.
In one aspect, a neonate is below about 1 month ofd. In one aspect, a subject in need thereof 1s an
mfant. In one aspect, av infant 1s between 2 months and 24 months old. In one aspect, an mfant
1s between 2 months and 3 months, between 2 months and 4 months, between 2 months and 3
months, between 3 months and 4 months, between 3 months and 5 months, between 3 months and
6 months, between 4 months and 5 months, between 4 months and 6 months, between 4 mouths
and 7 months, between 5 months and 6 months, between 5 months and 7 months, between 5 months
and 8 months, between 6 months and 7 months, between 6 months and 8 months, between 6 months
and 9 months, between 7 months and 8 months, between 7 months and @ months, between 7 months
and 10 months, between 8 months and 9 months, between 8 months and 10 months, between 8
months and 11 months, between 9 months and 10 months, between 9 months and 11 months,
between 9 months and 12 months, between 10 months and 11 months, between 10 months and 12
months, between 10 months and 13 months, between 11 months and 12 months, between 11
months and 13 months, between 11 months and 14 months, between 12 months and 13 months,

between 12 months and 14 months, between 12 months and 15 months, between 13 months and
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14 months, between 13 months and 15 months, between 13 months and 16 months, between 14
months and 15 months, between 14 months and 16 months, between 14 months and 17 months,
between 15 months and 16 months, between 15 months and 17 months, between 15 months and
18 months, between 16 months and 17 months, between 16 months and 18 months, between 16
months and 19 months, between 17 months and 18 months, between 17 months and 19 months,
between 17 months and 20 months, between 18 months and 19 months, between 18 months and
20 months, between 18 months and 21 months, between 19 months and 20 months, between 19
months and 21 months, between 19 months and 22 months, between 20 months and 21 months,
between 20 months and 22 months, between 20 months and 23 months, between 21 months and
22 months, between 21 months and 23 months, between 21 months and 24 months, between 22
months and 23 months, between 22 months and 24 months, and between 23 months and 24 months
old. Inone aspect, a subject in need thereof is a toddler. In one aspect, a toddler is between 1 year
and 4 yvears old. In one aspect, a toddler is between 1 vear and 2 vears, between 1 year and 3 vears,
between 1 year and 4 years, between 2 yvears and 3 vears, between 2 years and 4 years, and between
3 years and 4 years old. In one aspect, a subject in need thereof 15 a young child. In one aspect, a
voung child 1s between 2 vears and 5 yvears old. In one aspect, a young child 15 between 2 years
and 3 years, between 2 years and 4 years, between 2 years and 5 years, between 3 years and 4
years, between 3 yvears and S vears, and between 4 years and 5 vears old  In one aspect, a subject
m need thereof'is a child. In one aspect, a child 13 between 6 years and 12 years old. In one aspect,
a child 1s between 6 years and 7 years, between 6 years and 8 vears, between 6 years and 9 years,
between 7 years and 8 vears, between 7 vears and 9 years, between 7 years and 10 years, between
B vears and 9 years, between B vears and 10 years, between 8 yvears and 11 years, between 9 years
and 10 years, between O years and 11 years, between 9 years and 12 vears, between 10 years and
11 years, between 10 yvears and 12 vears, and between 11 vears and 12 vears old. In one aspect, a
subject i need thereof 1 an adolescent. In one aspect, an adolescent 18 between 13 vears and 19
vears old. In one aspect, an adolescent is between 13 vears and 14 years, between 13 years and 15
vears, between 13 years and 16 vears, between 14 vears and 15 vears, between 14 years and 16
vears, between 14 years and 17 vears, between 15 vears and 16 years, between 15 years and 17
vears, between 15 years and 18 years, between 16 years and 17 vears, between 16 years and 18
vears, between 16 years and 19 years, between 17 vears and 18 years, between 17 years and 19

vears, and between 18 years and 19 years old. In one aspect, a subject in need thereof 1s a pediatric
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subject. In one aspect, a pediatric subject between 1 day and 18 years old. In one aspect, a pediatric
subject is between 1 day and 1 vear, between 1 day and 2 vears, between 1 day and 3 vears, between
1 year and 2 vears, between 1 vear and 3 vears, between 1 year and 4 years, between 2 vears and
3 years, between 2 years and 4 vears, between 2 vears and 5 vears, between 3 years and 4 years,
between 3 years and 5 years, between 3 vears and 6 vears, between 4 years and 5 vears, between
4 years and 6 years, between 4 years and 7 vears, between 5 vears and & vears, between 5 years
and 7 vears, between 5 years and 8 years, between 6 vears and 7 years, between 6 years and 8
vears, between G years and 9 years, between 7 years and 8 vears, between 7 years and 9 years,
between 7 vears and 10 vears, between 8 years and 9 years, between 8 years and 10 years, between
8 years and 11 vears, between 9 years and 10 vears, between 9 years and 11 years, between 9 years
and 12 years, between 10 years and 11 vears, between 10 years and 12 years, between 10 years
and 13 vyears, between 11 vears and 12 vears, between 11 years and 13 vears, between 11 years
and 14 years, between 12 years and 13 years, between 12 years and 14 years, between 12 years
and 15 years, between 13 years and 14 years, between 13 years and 15 years, between 13 years
and 16 years, between 14 years and 15 years, between 14 years and 16 years, between 14 years
and 17 years, between 15 vears and 16 years, between 13 vears and 17 vears, between 15 years
and 18 years, between 16 vears and 17 vears, between 16 vears and 18 years, and between 17 years
and 18 years old. In one aspect, a subject in need thereof 1s a geniatric subject. In one aspect, a
geriatric subject 1s between 65 years and 95 or more vears old. In one aspect, a genatric subject 13
between 65 years and 70 years, between 65 years and 75 years, between 65 years and 80 years,
between 70 years and 75 vears, between 70 years and 80 years, between 70 vears and 85 years,
between 75 years and 80 years, between 75 years and 35 years, between 75 years and 90 years,
between 80 years and 85 vears, between 80 years and 90 years, between 80 years and 95 years,
between 85 years and 90 years, and between 85 years and 95 years old. In one aspect, a subject in
need thereof 1s an adull. In one aspect, an adult subject s between 20 years and 95 or more years
old In one aspect, an adult subject 1s between 20 years and 25 years, between 20 vears and 30
vears, hetween 20 years and 35 years, between 25 vears and 30 vears, between 25 years and 35
vears, between 25 years and 40 years, between 30 vears and 35 years, between 30 years and 40
vears, hetween 30 years and 45 years, between 35 years and 40 years, between 35 years and 45
vears, between 35 years and 50 years, between 40 vears and 45 years, between 40 years and 50

vears, hetween 40 years and 55 years, between 45 years and 50 years, between 45 years and 55
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vears, between 45 years and 60 years, between 50 vears and 55 years, between 50 years and 60
vears, hetween 50 years and 65 years, between 55 vears and 60 vears, between 55 years and 65
years, between 55 years and 70 vears, between 60 vears and 65 years, between 60 years and 70
vears, hetween 60 years and 75 years, between 65 years and 70 vears, between 65 years and 75
vears, between 05 years and 80 years, between 70 vears and 75 years, between 70 years and 80
vears, hetween 70 years and 85 years, between 75 years and 80 years, between 75 years and 85
vears, between 75 years and 90 years, between 80 vears and 85 years, between &0 years and 90
years, between 80 yvears and 95 years, between 85 years and 90 years, and between 85 years and
95 years old. In one aspect, a subject in need thereof is between 1 year and S years, between 2
vears and 10 years, between 3 years and 18 years, between 21 vears and 50 years, between 21
years and 40 years, between 21 vears and 30 vears, between 50 years and 90 vears, between 60
vears and 90 vears, between 70 years and 90 vears, between 60 years and 80 years, or between 65
vears and 73 years old. In one aspect, a subject in need thereof is a young old subject {65 to 74
vears old). 1n one aspect, a subject 1n need thereof is a middle old subject {75 to 84 vears old}. In
one aspect, a subject in need thereof 1s an old subject (>85 years old).

[86232] As used heremn, the term “flow rate” refers to the rate of delivery of an AAV vector
or composition. In an aspect, the flow rate is between 0.1 ul/minute and 5.0 yL/minute. In ove
aspect, the flow rate is between 0.1 pl/mwute and 0.2 pl/nunute, between 0.1 uL/minute and 0.3
ul/minute, between 0.1 pl/minute and 0.4 pL/minute, between 0.2 pl/minute and 0.3 ul/minute,
between 0.2 pl/minute and 0.4 pl/minute, between 0.2 pl/minute and 0.5 pl/minute, between
0.3 pl/munute and 0.4 pul/munute, between 0.3 pl/minute and 0.5 pl/minute, between 0.3
ul/minute and 0.6 uL/minute, between ¢ 4 yL/minute and 0.5 uL/minute, between 0.4 pL/minute
and 0.6 ul/mmuote, between 0.4 pl/minute and 0.7 pl/minute, between 0.5 pL/minute and 0.6
ul/mmute, between 0.5 pL/mmute and 0.7 pL/minute, between 0.5 pL/minute and 0.8 yL/minute,
between 0.6 ul/minute and 0.7 pl/minute, between 0.6 pL/minute and ¢.8 pl./mnute, between
0.6 pl/minute and 0.9 pl/minute, between 0.7 ul/minute and 0.8 pl/minute, between 0.7
ul/minute and 0.9 uL/minute, between 0.7 ul/minute and 1.0 pL/minute, between 0.8 pL/minute
and 0.9 pL/minute, between 0.8 pl/minute and 1.0 ul/minute, between 0.8 pl/minute and 1.1
pl/minute, between 0.9 pL/minute and 1.0 pL/minute, between 0.9 pl/minute and 1.1 pl/minute,
between 0.9 ul/minute and 1.2 pL/minute, between 1.0 pl/minute and 1.1 ul/minute, between

1.0 ul/punute and 1.2 pL/minute, between 1.0 yl/minute and 1.3 pl/mimute, between 1.1
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wl/minute and 1.2 pL/minute, between 1.1 ul/minute and 1.3 pL/minute, between 1.1 pl/minute
and 1.4 ul/minute, between 1.2 ul/minute and 1.3 ul/minute, between 1.2 pl/minute and 1.4
ul/minute, between 1.2 pl/minute and 1.5 pl/minute, between 1.3 pl/minute and 1 4 ul/minute,
between 1.3 pl/minute and 1.5 ul/minute, between 1.3 pL/minute and 1.6 pl/munute, between
1.4 pl/mimte and 1.5 pl/minute, between 1.4 pl/minute and 1.6 pl/minute, between 1.4
pl/minute and 1.7 uL/minute, between 1.5 pl/munute and 1.6 pL/minute, between 1.5 ul/mimute
and 1.7 pL/minute, between 1.5 pl/minute and 1.8 ul/minute, between 1.6 pl/minunte and 1.7
ul/minute, between 1.6 pl/minute and 1.8 ul/minute, between 1.6 pl/minute and 1.9 pl/minute,
between 1.7 pl/minute and 1.8 pL/minute, between 1.7 pl/minute and 1.9 ul/minute, between
1.7 ul/minute and 2.0 pl/minute, between 1.8 ul/minute and 1.9 pl/minute, between 1.8
wl/minute and 2.0 pl/minute, between 1.8 ul/minute and 2.1 pL/minute, between 1.9 pl/minute
and 2.0 pL/minute, between 1.9 pl/minute and 2.1 pl/muinute, between 1.9 pl/minute and 2.2
ul/minute, between 2.0 pL/minute and 2.1 pL/minute, between 2.0 pL/minute and 2.2 uL/minute,
between 2.0 pL/minute and 2.3 pl/minute, between 2.1 pl/minute and 2.2 pl/minute, between
2.1 pli/munute and 2.3 pl/minute, between 2.1 pl/nunute and 2.4 pl/mivute, between 2.2
ul/minute and 2.3 pL/minute, between 2.2 pl/nunute and 2.4 yL/minute, between 2.2 pL/momute
and 2.5 ul/minute, between 2.3 pl/minute and 2.4 ul/minute, between 2.3 pl/minute and 2.5
ul/minute, between 2.3 pl/minute and 2.6 pl/minute, between 2.4 pl/minute and 2.5 pl/nunute,
between 2.4 ul/minute and 2.6 pl/nunute, between 2.4 pl/minute and 2.7 ul/minute, between
2.5 pl/minute and 2.6 pl/minute, between 2.5 ul/minute and 2.7 ul/minute, between 2.5
ul/minute and 2.8 pL/minute, between 2.6 pl/mmute and 2.7 pl/minute, between 2.6 uL/minute
and 2.8 pL/minute, between 2.6 pl/minute and 2.9 ul/minute, between 2.7 pl/mmute and 2.8
ul/minute, between 2.7 pL/minute and 2.9 pL/minute, between 2.7 pl/minute and 3.0 ul/minute,
between 2.8 ul/minute and 2.9 pl/mimute, between 2.8 pl/mmute and 3.0 pL/mimste, between
2.8 wl/mmute and 3.1 ul/mmute, between 2.9 ul/minute and 3.0 pl/muinute, between 2.9
ul/minute and 3.1 pL/minute, between 2.9 pl/minute and 3.2 uL/minute, between 3.0 pL/muinute
and 3.1 ul/minute, between 3.0 ul/minute and 3.2 ul/minute, between 3.0 pL/minute and 3.3
ul/minute, between 3.1 pL/minute and 3.2 ul/minute, between 3.1 pl/minute and 3.3 ul/minute,

between 3.1 pl/minute and 3.4 ul/minute, between 3.2 pL/minute and 3.3 pl/minute, between
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2 yl/minute and 3.4 pl/minute, between 3.2 pl/minute and 3.5 ul/minuvte, between 3.3

b

ul/minute and 3.4 uL/minute, between 3.3 ul/munute and 3.5 pL/minute, between 3.3 uL/minute

69



(4

15

20

WO 2022/072310 PCT/US2021/052302

and 3.6 pL/minute, between 3.4 pl/minute and 3.5 pl/mimute, between 3.4 ul/minute and 3.6
ul/minute, between 3.4 pL/minute and 3.7 pL/minute, between 3.5 pl./minute and 3.6 ul/minute,
between 3.5 ul/minute and 3.7 pL/minute, between 3.5 pl/minute and 3.8 ul/minute, between
3.6 pl/munute and 3.7 ul/minute, between 3.6 ul/minute and 3.8 pl/minute, between 3.0
wl/minute and 3.9 pL/muinute, between 3.7 ul/minute and 3.8 uL/minute, between 3.7 pl/minute
and 3.9 pl/minute, between 3.7 pl/minute and 4.0 pl./minute, between 3.8 pL/minute and 3.9
ul/minute, between 3.8 pL/minute and 4.0 pL/minute, between 3.8 pnl/minute and 4.1 pl/minute,
between 3.9 pl/minute and 4.0 yl/minute, between 3.9 pl/minute and 4.1 pl/minute, between
3.9 pl/minute and 4.2 yl/omnute, between 4.0 pl/minute and 4.1 pl/nunute, between 4.0
ul/minute and 4.2 uL/minute, between 4.0 pl/muinute and 4.3 yL/minute, between 4.1 pl/minute
and 4.2 ul/minute, between 4.1 pl/minute and 4.3 ul/minute, between 4.1 pl/minute and 4.4
ul/minute, between 4.2 ul/minute and 4.3 pL/minute, between 4.2 plL/minute and 4.4 pl/minute,
between 4.2 pl/minute and 4.5 pL/minute, between 4.3 pl/minute and 4 4 ul/minute, between
4.3 uwl/minute and 4.5 pl/minute, between 43 ul/minute and 4.6 pl/minute, between 4.4
ul/minute and 4.5 pLl/minute, between 4.4 ul/ronute and 4.6 pl/mivute, between 4.4 pL/ounute
and 4.7 pL/mmute, between 4.3 pl/minute and 4.6 pl/munute, between 4.5 ul/minute and 4.7
ul/minute, between 4.5 pl/minute and 4.8 pL/minute, between 4.6 pl/minute and 4.7 ul/minute,
between 4.6 pl/minute and 4.8 pl/minute, between 4.6 pl/minute and 4.9 pl/nunute, between
4.7 yl/minute and 4.8 pl/minute, between 4.7 pl/ounute and 4.9 pl/minute, between 4.7
ul/minute and 5.0 pl/mmuote, 4.8 pl/minute and 4.9 pl/minute, between 4.8 yL/minute and 5.0
uL/minute, or between 4.9 pL/minute and 5.0 pl/minute.

[09233] As used herein, the term “therapeutically effective dose”™ or “pharmaceutically
active dose” refers to an amount of AAY particles or composition as provided herein which 13
effective m treating a neuwrological condition. In an aspect, an AAV particle or composttion as
provided heremn can be provided together with a pharmaceutically accepiable carrier. As used
hereim, a “pharmaceutically acceptable carrier” refers 10 a non-toxic solvent, dispersant, excipient,
adjuvant, or other material which is mixed with an AAY particles or composition as provided
herein.

{80234] Non-limiting examples of a pharmaceutically acceptable carrier include a ligud
(e.g., saline), gel, nanoparticles, exosomes, lipid vesicles, or solid form of diluents, adjuvant,

excipients of an acid resistant encapsulated ingredient. Non-limiting examples of suitable diluents
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and excipients include pharmaceutical grades of physiological saline, dextrose, glycerel, mannitol,
lactose, starch, magnesium stearate, sodium saccharin, cellulose, magnesium carbonate, and the
like, and combinations thereof In an aspect, a therapeutic effective dose contains auxiliary
substances such as wetting or emulsifying agents, stabilizing or pH buffering agenis. In oneaspect,
a therapeutically effective dose of an AAV particle or composition as provided herein 1s injected
0 a subject. In one aspect, a therapeutically effective dose of an AAV particle or composition as
provided herein 15 delivered into a subject. In one aspect, a therapeutically effective dose is
administered with at least one pharmaceutically acceptable carrier. In one aspect, a therapeutic
effective dose contains between about 1% and about 5%, between about 5% and about 10%,
between about 10% and about 15%, between about 15% and about 20%, between about 20% and
about 25%, between about 25% and about 30%, between about 30% and about 35%, between
about 40 and about 45%, between about 50% and about 535%, between about 1% and about 95%,
between about 2% and about 93%, between about 3% and about 95%, between about 10% and
about 93%, between about 13% and about 93%, between about 20% and about 95%, between
about 25% and about 93%, between about 30% and about 93%, between about 35% and about
5%, between about 40% and about 95%, between about 45% and about 95%, between about 50%
and about 93%, between about 55% and about 95%, between about 60% and about 95%, between
about 65% and about 95%, between about 70% and about 95%, between about 45% and about
95%, between about 80% and about 95%, or between about 85% and about 95% of AAY particle
or composition as provided herein.

[80235] In an aspect, a therapeutically effective dose 13 delivered to subject in need thereof
at least once datly or at least once weekly for at least two consecutive days or weeks. In one aspect,
a therapeutically effective dose 15 delivered to sabject in need thereof at least once daily or at least
once weekly foratleast 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, or 15 consecutive days or weeks. In
one aspect, a therapeutically effective dose 15 delivered to subject in need thereof at least once
daily or at least once weekly foratleast 1,2, 3,4, 5, 6,7, 8,9 10, 11, or 12 consecutive weeks.
In one aspect, a therapeutically effective dose is delivered to subject in need thereof at least once
daily or at least once weekly foratmost4, 5, 6,7, 8,9, 10, 11,12, 13, 14, 15,16, 17, 18,19, or 20
consecutive days or weeks. In one aspect, a therapeutically effective dose 1s delivered to subject
in need thereof at least once daily or at least once weekly foratmost 1,2, 3,4, 5,6,7, 8,9, 10, 11,

or 12 consecutive weeks or months. In one aspect, a therapeutically effective dose is delivered to
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subject in need thereof i1s administered at least once forat least 1,2, 3,4,5,6,7, 8, 9,10, 11, 0r 12
consecutive months or vears, chronically for a subject’s entire life span, or an indefinite period of
tume. In one aspect, a therapeutically effective dose is delivered to subject in need thereof once a
vear for 2 consecutive years, 3 consecutive years, of 5 consecutive years. In one aspect, a
therapeutically effective dose 1s defivered to subject in nead thereof once a year for 2 consecutive
vears. In one aspect, a therapeutically effective dose is delivered to subject in need thereof once a
vear for 3 consecutive years. In one aspect, a therapeutically effective dose 1s delivered to subject
in need thereof once a year for 5 consecutive years.

180236} As used herein, the term “remission”, “cure,” or “resolution rate” refers to the
percentage of subjects in need thereof that are cured or obtain remission or complete resolution of
a neurological condition in response to a therapeutically effective dose.

{60237} As used herein, the term “response rate” refers to the percentage of subjects in need
thereof that respond positively {e.g., reduced severity or frequency of one or more symptoms) to a
therapeutically effective dose.

[80238] In an aspect, a therapeutically effective dose achieves a remission, cure, response
rate, or resolution rate of a neurclogical condition of at least about 50%. In one aspect, a
therapeutically effective dose ehminates, reduces, slows, or delays, one or more neurological
condition symptoms. Non-linuting examples of neurological condition syraptoms mclude tremor,
stowed movement (bradykinesia), nigid muscles, impaired posture and balance, loss of automatic
movements, speech changes, numbness, and writing changes. In one aspect, a neurclogical
condition symptoms 15 a movement symptom. Non-limiting examples of movement symptoms
mchude mmpairment of an wvoluntary movement or an impairment of a voluntary movement. In
one aspect, a neurological condition symptoms is a cognitive symptom. Non-limiting examples
of cognitive symptoms include fine motor skills, tremors, setzures, chorea, dvstonia, dyskinesia,
slow or abnormal eve movements, impaired gait, impaired posture, impaired balance, difficulty
with speech, difficulty with swallowing, difficulty organizing, difficolty prionitizing, difficulty
focusing on tasks, lack of flexibility, lack of mapulse control, outbursts, lack of awareness of one's
own behaviors and/or abilities, slowness in processing thoughts, difficulty in learning new
mformation.

[606239] In an aspect, neurological condition symptom is a psychiatric symptom.  Non-

fimiting examples of psychiatric sympioms include depression, wrritability, sadness or apathy,
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social withdrawal, insomnia, fatigue, lack of energy, obsessive-compulsive disorder, mania,
bipolar disorder, and weight loss. In one aspect, a neurclogical condition symptom is at least one
damaged blood vessel. In one aspect, a neurological condition symptom, is a damaged blood brain
barrier (BBB). In one aspect, a neurological condition symptom s damaged blood flow. Non-
limiting examples of tests to evaluate the ehimination, reduction, slow, or delay, of neurclogical
condition symptoms include the unified Huntington's disease rating scale (UHDRS) score,
UHDRS Total Functional Capacity (TFC), UHDRS Functional Assessment, UHDRS Gait score,
UHDRS Total Motor Score (TMS), Hamilton depressicn scale (HAM-D), Columbia-suicide
severity rating scale (C-S8RS), Montreal cognitive assessment (MoCA)}, modified Rankin Scale
{mRS), National Institutes of Health Stroke Scale (NIHSS), and Barthel Index (BI), Timed Up and
Go Test (TUG), Chedoke Arm and Hand Activity Inventory ({CAHAIL, Symbol Digit Modalities
Test, Controlled Oral Word Association tasks, magnetic resonance imaging {(MRI}, functional
magnetic resonance imaging (fMRI), and positron emission tomography (PET) scanning.

[66246] In an aspect, a therapeutically effective dose achieves remission, cure, response
rate, or resolution rate of a neurclogical condition of between about 10% and about 99% or more,
In one aspect, a therapeutically effective dose achieves remission, cure, response rate, or resolution
rate of a neurological condition between 10% and 100%, such as between 10% and 15 %, between
10% and 20%, between 10% and 25%, between 15% and 20%, between 15% and 25 %%, between
15% and 30%, between 20% and 25%, between 20% and 30%, between 20% and 35%, between
25% and 30%, between 25% and 35%, between 25% and 40%, between 30% and 35%, between
30% and 40%, between 35% and 45%, between 35% and S0%, between 40% and 45%, between
40% and 50%, between 40% and 55%, between 45% and 50%, between 45% and 55%, between
45% and 60%, between 50% and 35%, between 50% and 60%, between 50% and 65%, between
55% and 60%, between 55% and 65%, between 55% and 70%, between 60% and 65%, between
60% and 70%, between 60% and 75%, between 65% and 70%, between 65% and 75%, between
65% and 80%, between 70% and 75%, between 70% and 80%, between 70% and 85%, between
75% and 80%, between 75% and 85%, between 75% and 90%, between 80% and 85%, between
80% and 90%, between 80% and 95%, between 85% and 90%, between 85% and 95%, between

85%and 100%, between 90% and 95%, between 90% and 100%, or between 95% and 100%.
00241} In an aspect, a therapeutically effective dose eliminates, reduces, slows, or L‘Eeiays,

one or more neurclogical condition symptoms between 10% and 100%, such as between 109
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about 15%, between 10% and 20%, between 10% and 25%, between 15% and 20%, between 15%
and 25 %, between 15% and 30%, between 20% and 25%, between 20% and 30%, between 20%
and 35%, between 25 and 30%, between 25% and 35%, between 25% and 40%, between 30% and
35%, between 30% and 40%, between 35% and 45%, between 35% and 50%, between 40% and
45%, between 40% and 50%, between 40% and 55%, between 45% and 50%, between 45% and
35%, between 45% and 60%, between 50% and 55%, between 50% and 60%, between 50% and
65%, between 55% and 60%, between 55% and 65%, between 55% and 70%, between 60% and
65%, between 0% and 70%, between 60% and 75%, between 65% and 70%, between (5% and
75%, between 65% and 80%, between 70% and 75%, between 70% and 80%, between 70% and
85%, between 75% and 80%, between 75% and 85%, between 75% and 90%, between 80% and
85%%, between 80% and 90%, between 80% and 95%, between 85% and 90%, between 85% and
95%, between 85% and 100%, between 90% and 95%, between 90% and 100%, or between 95%
and 100%.

{89242} In an aspect, a neurclogical condition symptom is assessed on the day of treatment,
1 day post treatment, 3 months post treatment, 6 months post treatment, 1 year post treatmaent and
every year thereafter post treatment.

[808243] Inan aspect, a neurclogical condition symptom is assessed between 1 day post treatment
and 7 days post treatment. In one aspect, symptoms can be assessed between 1 day post treatment
and 2 days post treatment, between 1 day post treatment and 3 days post treatment, between 1 day
post treatment and 4 days post treatment, between 2 days post treatment and 3 days post freatment,
between 2 days post treatment and 4 days post treatment, between 2 days post treatment and S days
post treatment, between 3 days post treatment and 4 days post treatment, between 3 days post
treatment and 5 days post treaiment, 3 days post treatrment and 6 days post treatment, between 4
days post treatment and 5 days post treatment, between 4 days post treatment and & days post
ireatment, between 4 days post treatment and 7 days post treatment, between 5 days post ireatment
and 6 days post treatrment, between 5 days post treatment and 7 days post treatiment, or between 6
days post treatment and 7 days post treatment. In one aspect, symptoms can be assessed between
1 week post treatment and 4 weeks post treatment. In one aspect, symptoms can be assessed
between 1 week post treatment and 2 weeks post treatment, between 1 week post treatment and 3
weeks post treatment, between 1 week post treatment and 4 weeks post treatment, between 2 weeks

post treatment and 3 weeks post treatment, between 2 weeks post treatment and 4 weeks post
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treatment, or between 3 weeks post treatment and 4 weeks post treatment. In one aspect, symptoms
can be assessed between 1 month post treatment and 12 months post treatment.  In one aspect,
symptoms can be assessed between 1 month post treatment and 2 months post treatment, between
1 month post treatment and 3 months post ireatment, between 1 month post treatment and 4 months
post treatment, between 2 months post treatment and 3 months post treatment, between 2 months
post treatment and 4 months post treatment, between 2 months post treatment and § months post
treatment, between 3 months post treatment and 4 months post treatment, between 3 months post
treatment and 5 months post treatment, between 3 months post treatment and 6 months post
treatment, between 4 months post treatment and 5 months post treatment, between 4 months post
treatment and 6 months post treatment, between 4 months post treatment and 7 months post
treatment, between 5 months post treatment and & months post treatment, between S months post
treatment and 7 months post treatment, between 5 months post treatment and 8 months post
treatment, between 6 months post treatment and 7 months post treatment, between 6 months post
treatment and 8 months post treatment, between & months post treatment and 9 months post
treatment, between 7 months post treatment and 8 months post treatment, between 7 months post
treatment and 9 months post treatment, between 7 months post treatment and 10 months post
treatment, between 8 months post treatroent and 9 months post treatment, between 8 months post
treatment and 10 mounths post treatment, between 8 months post treatment and 11 months post
treatment, between @ months post treatment and 10 months post treatment, between 9 months post
treatment and 11 months post treatment, beiween 9 months post treatment and 12 months post
treatment, between 10 months post treatment and 11 months post treatment, between 10 months
post treatment and 12 months post freatment, or between 11 months post treatment and 12 months
post treatment. In one aspect, symptoms can be assessed between 1 vear post treatment and about
20 years post treatment. In one aspect symptoms can be assessed between 1 vear post treatment
and 5 years post treatment, between 1 year post treatment and 10 years post treatment , between 1
vear post treatment and 15 years post treatment, between 5 years post treatment and 10 vears post
treatment, between 5 years post treatment and 15 years post treatment, between 5 years post
treatment and 20 years post treatment, between 10 vears post treatment and 15 years post ireatment,
between 10 years post treatment and 20 years post ireatment, or between 15 years post treatment

and 20 years post treatment.
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{00244} As used herein, the term “survival rate” refers to a cohort of subjects in a treatment
eroup stil alive after a given period of time after diagnosis of a neurological condition.

100245} In an aspect, a therapeutically effective dose achieves increase survival rate of
between about 10% and 99% or more. In one aspect, a therapeutically effective dose achieves an
increase in survival rate of between 10% and 100%, such as between 10% and 15 %, between 10%
and 20%, between 10% and 25%, between 15% and 20%, between 15% and 25 %, between 15%
and 30%, between 20% and 25%, between 20% and 30%, between 20% and 35%, between 25%
and 30%, between 25% and 35%, between 25% and 40%, between 30% and 35%, between 30%
and 40%, between 35% and 45%, between 35% and 50%, between 40% and 45%, between 40%
and 50%, between 40% and S5%, between 45% and 50%, between 45% and 55%, between 453%
and 60%, between 50% and 55%, between 50% and 60%, between 50% and 65%, between 55%
and 60%, between 55% and 65%, between 55% and 70%, between 60% and 65%, between 60%
and 70 %, between 60% and 75%, between 63% and 70%, between 65% and 75%, between 65%
and 80%, between 70% and 75%, between 70% and 80%, between 70% and 83%, between 75%
and 80%, between 75% and 85%, between 75% and 90%, between 80% and 85%, between 80%
and 90%, between 80% and 95%, between 85% and 90%, between 85% and 93%, between
83%and 100%, between 90% and 95%, between 90% and 100%, or between 95% and 100%.
[86246] As used herein, the term “life expectancy” refers to a period of time a subject is
expected to lve.

{69247} In an aspect, a therapeutically effective dose increases Iife expectancy of between
about 10% and 99% or more. In one aspect, a therapeutically effective dose mcreases hife
expectancy of between 10% and 100%, such as between 10% and 15 %, between 10% and 20%,
between 10% and 25%, between 15% and 20%, between 15% and 25 %, between 15% and 30%,
between 20% and 25%, between 20% and 30%, between 20% and 35%, between 25% and 30%,
between 25% and 35%, between 25% and 40%, between 30% and 35%, between 30% and 40%,
between 35% and 45%, between 33% and 50%, between 40% and 45%, between 40% and 50%,
between 40% and 55%, between 45% and 30%, between 45% and 55%, between 45% and 60%,
between 50% and 55%, between 50% and 60%, between 50% and 65%, between 55% and 60%,
between 55% and 65%, between 55% and 70%, between 60% and 65%, between 60% and 70 %%,
between 60% and 75%, between 65% and 70%, between 65% and 75%, between 65% and 80%,

between 70% and 75%, between 70% and 80%, between 70% and 85%, between 75% and 80%,
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between 75% and 85%, between 75% and 90%, between 80% and 85%, between 80% and 90%,
between 80% and 95%, between 85% and 90%, between 85% and 95%, between 85%and 100%,
between 90% and 95%, between 90% and 100%, or between 95% and 100%

[00248] In an aspect, a therapeutically effective dose reduces the amount of atrophy within
the brain of a subject in need thereof between about 10% and 99% or more. In one aspect, a
therapeutically effective dose reduces the amount of atrophy within the brain of a subject in need
thereof between 10% and 100%, such as between 10% and 15 %, between 10% and 20%, between
10% and 25%, between 15% and 20%, between 15% and 25 %, between 15% and 30%, between
20% and 25%, between 20% and 30%, between 20% and 35%, between 25% and 30%, between
25% and 35%, between 25% and 40%, between 30% and 35%, between 30% and 40%, between
35% and 45%, between 35% and 50%, between 40% and 45%, between 40% and 50%, between
40% and 55%, between 45% and 50%, between 45% and 55%, between 45% and 60%, between
30% and 55%, between 50% and 60%, between 30% and 65%, between 53% and 60%, between
55% and 65%, between 55% and 70%, between 60% and 65%, between 60% and 70 %, between
60% and 75%, between 65% and 70%, between 653% and 75%, between 65% and 80%, between
70% and 75%, between 70% and 80%, between 70% and 85%, between 75% and 80%, between
75% and 85%, between 75% and 90%, between 80% and 85%, between 80% and 90%, between
80% and 95%, between 85% and 90%, between 8§5% and 953%, between 85%and 100%, between
90% and 93%, between 90% and 100%, or between 95% and 100%

06249} In an aspect, the amount of atrophy within the brain of a subject in need thereof 15
assessed on the day of treatment, 1 day post ireatment, 3 months post treatment, 6 months post
treatment, 1 vear post treatment and every year thereafter post treatment.

[80250] In an aspect, the amount of atrophy within the brain of a subject 1n need thereof 13
assessed between 1 day post treatment and 7 days post treatment. In one aspect, symptoms can be
assessed between 1 day post treatment and 2 days post treatment, between 1 day post treatment
and 3 days post treatment, between 1 day post treatment and 4 days post treatment, between 2 days
post treatment and 3 days post ireatment, between 2 days post treatment and 4 days post treatment,
between 2 days post treatment and 5 days post treatment, between 3 days post treatment and 4 days
post treatment, between 3 days post treatment and 5 days post treatment, 3 days post treatment and
6 days post ireatment, between 4 days post treatment and S days post treatment, between 4 days

post treatment and 6 days post ireatment, between 4 days post treatment and 7 days post treatment,
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between 5 days post treatment and 6 days post treatment, between 5 days post treatment and 7 days
post treatment, or between & days post treatment and 7 days post treatment. In one aspect,
symptoms can be assessed between 1 week post treatment and 4 weeks post treatment. In one
aspect, symptoms can be assessed between 1 week post treatment and 2 weeks post treatment,
between 1 week post freatment and 3 weeks post ireatment, between 1 week post treatment and 4
weeks post treatment, between 2 weeks post treatment and 3 weeks post treatmeni, between 2
weeks post treatment and 4 weeks post treatment, or between 3 weeks post treatment and 4 weeks
post treatment. In one aspect, symptoms can be assessed between 1 month post treatment and 12
months post treatment. In one aspect, symptoms can be assessed between 1 month post treatment
and 2 mounths post treatment, between 1 month post treatment and 3 months post treatment,
between 1 month post treatment and 4 months post treatment, between 2 months post treatment
and 3 months post treatment, between 2 months post treatment and 4 months post treatment,
between 2 months post treatment and 5 months post treatment, between 3 months post treatment
and 4 months post treatment, between 3 months post treatment and S months post treatment,
between 3 months post treatment and 6 months post treatment, between 4 months post treatment
and S months post treatment, between 4 months post treatment and 6 months post treatment,
between 4 months post treatment and 7 months post treatment, between 5 months post treatment
and 6 months post treatment, between S months post treatment and 7 months post treatment,
between 5 months post ireatment and 8 months post treatment, between & mounths post treatment
and 7 months post treaiment, betwesn 6 months post treaiment and 8 months post treatment,
between 6 months post treatment and 9 months post treatment, between 7 months post treatment
and 8 months post treatment, between 7 months post treaiment and 9 months post treatment,
between 7 months post treatment and 10 months post treatrent, between 8 months post treatment
and 9 months post treatment, between 8 months post treatment and 10 months post treatment,
between 8 months post treatment and 11 months post treatrment, between 9 months post reatment
and 10 months post treatment, between 9 months post treatment and 11 months post freatment,
between 9 months post treatment and 12 months post treatment, between 10 months post treatment
and 11 months post treatment, between 10 months post treatment and 12 months post ireatment,
of between 11 months post treatment and 12 months post treatment. In one aspect, symptoms can
be assessed between 1 year post treatment and about 20 vears post ireatment. In one aspect

svmptoms can be assessed between 1 year post treatment and 5 years post treatment, between 1
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vear post treatment and 10 years post treatment , between 1 year post treatment and 15 years post
treatment, between 5 years post treatment and 10 years post treatment, between 5 years post
treatment and 15 vears post treatment, between 5 years post treatment and 20 vears post treatment,
between 10 years post treatment and 15 years post treatmeni, between 10 years post treatment and
20 years post treatment, or between 15 years post treatment and 20 vears post treatment.

{80251 Non-timiting examples of tesis to evaluate the amount of atrophy within the brain
of a subject in need thereof include Nissle staining, MRE, MR, and PET scanning.

{80252} While the present disclosure has been described with reference to preferred
embodiments, it will be understood by those skilled in the art that various changes may be made
and equivalents may be substituted for elements thereof to adapt to particelar situations without
departing from the scope of the present disclosure. Therefore, it 15 intended that the present
disclosure not be limited to the particular embodiments disclosed as the best mode contemplated
for carrying out the present disclosure, but that the present disclosure will include all embodiments
falling within the scope and spirit of the appended claims.

[86253] The examples set out herem llustrate several embodiments of the present disclosure

but should not be construed as limiting the scope of the present disclosure v any manner,
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EXAMPLES
Example 1. AAY vector constructs
{80254] Twelve AAV vectors constructs:

EF-1a: G081 DIx2: WPRE SV40 (P44) (Figure 1B),

EF-10:Gial 6:DIx2 WPRE:SV40 (Figure 2B),

EF-1a: GEAZ 2:DIX2:WPRE:SV40 (Figure 3B},

EF-10.Gfao81 DIx2WPRE hGH (Figure 1D),

EF-1o:Gfal.6:DIx2WPRE hGH (Figure 2D),

EF-10. GFA2. 2:DIx2 WPRE hGh (Figure 4D),

CE:Gfa681: DIx2: WPRE:SV40 (P75) (Figure 1A),

CE:Gfal.6:DIx2: WPRE:SV40 (Figure 2A),

CE.GFA2 2 DIxZ:WPFRESV40 (Figure 3A),

CE:Gfao81: DIx2: WPRE:hGH (Figure 1(),

CE Gfal 6:DIX2WPRE hGH (Figure 20),

CE:GFAZ 2:DIx2:WPRE:hGH (Figure 3D),

EF-1o:GRasd1:Dix2: WPRE:SV40 (P60) are constructed.

[80255] Al 12 vector constructs uttlize pHSG-299 (Takara, Mountain View, CA), a pUC
based vector construct which contains an origin of replication, a Kanamycin resistance gene and a
multiple cloning site (MSC) with lacZ gene as backbone.

[80256] The 5" end of an expression cassette is an enhancet from a human elongation factor-
1 alpha promoter (EF-1 alpha enhancer; SEQ ID NGO: 2} or the cyviomegalovitus enbancer (CMV
enhancer; SEQ T3 NG: 11) placed 3 to either a 758-nucleotide GFAP promoter (Gfa681; SEQID
NG: 3), a 1667-nucleotide GFAP promoter {Gfal.6; SEQ 1D NO: 4), or a 2214-nucleotide GFAP
promoter (GFA2.2 SEQ ID NO: 12).

{80257} Following (e.g., 3’ to} the enhancer/GFAP promoter, several additional sequences
are introduced imto the expression cassette, in 5 to 37 direction, including: a chimeric intron {SEQ
ID NO: 5 or SEQ 1D NGO 19); a human DIx2 coding sequence (hDIx2; SEQ ID NG: 6}; and 3
woodchuck hepatitis virus postiranscriptional regulatory element (WPRE,; SEQ ID NO: 7 or SEQ
ID NGO 18). These sequences are all operably linked to an 8V40 poly(A) signal (SEQ ID NG 8)
or hGH poly (A} signal {SEQ ID NO: 13). The enhancer, GFAP promoter, chimeric intron, hiDix2

coding sequence, WPRE, and poly(A} signal are flanked by two AAV ITR sequences.
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Example 2. AAV virus production

[60258] Fach of the twelve plasmids are co-transfected into 293AAV cells using
polyethylenimineg along with Rep-Cap plasmid {a plasmid comprising a promoter driving the
expression of AAV rep and cap genes) and Helper plasmid {a plasmid comprising a promoter
driving the expression of EZA, B4, and VA RNA (of Adenovirus} to produce recombinant AAY
virgs particle. {Cell Biolabs, Inc)

{00259} Transfected cells are scraped and centrifuged at 72 hours after transfection. Cell
pellets are frozen and thawed being placed in a dry ice/ethanol muxture followed by being placed
i a 37°C water bath. The freeze/thaw cycle is repeated three additional times. An AAY lysate is
purified {e.g., cellular debris i1s removed) by ultra-centrifugation at 350,00g for 1 hour in
discontinuous todixanol gradients. The virus-containing layer is collected and then concentrated
by using Millipore Anmicon Ulira Centrifugal Filters. Virus titers are then determined using a by

gPCR using primers amplifying ITR regions or gene/expression cassette specific sequences.

Example 3. Astrocyte cell cultures

160260} Human cortical astrocytes (HA1800; ScienCell Research Laboratories, Inc.,
Carlsbad, California} are subcultured when they are over 90% confluent. For subculture, cells are
trypsinized using TrypLE™ Select (Invitrogen, Carlsbad, California), centrifuged for 5 minutes at
200% g, then resuspended and plated on a medium comprising DMEM/F1Z (Gibeo); 10% fetal
bovine serum (Gibeo); pemacillin/streptomyem (Gibeo); 3.5 mM glucose (Sigma-Aldrich);, B27
{Gibeo), 10 ng/mL eprdermal growth factor {Invitrogen); and 10 ng/ml. fibroblast growth factor 2
(Invitrogen}. The astrocytes are cultured on poly-D-lysine (Sigma-Aldrnich) coated coverslips (12
mm} at a density of approxunately 20,000 cells per coverslip in 24-well plates (BD Biosciences).
{00261} Rat primary astrocytes (isolated from Sprague Dawley Rat cortex or striatum) are
cultured i media comprising DMEM/FLI2 ((Gibco); 10% fetal bovive serum {((Gibeo),
penicilivy/streptomyein (Gibeo}; 3.5 mM ghucose {Gibeo).

{00262} All cells are mawntained at 37°C wn humidified air with 5% carbon dioxade.

Example 4. Testing AAY vector in astrocytes cell cultures (in vifro)
{30263] Recombinant AAV obtained from the method of Example 2 are used to infect
human cortical astrocytes and rat primary astrocytes of Example 3 at a concentration range of 101

particles/mL and 10" particles/mL. Twenty-four hours after infection of the cells, the culture
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medium 15 replaced by differentration medium comprising DMEM/F12 (Gibeo};, N2 supplement
{Gibeo); and 20 ng/ml brain-derived neurotrophic factor (Invitrogen). The differentiation
medium is added to the cell cultures every four days. See Song ef af., Natre, 417.39-44 (2002},

{80264] Empty space in the cell cultures is filled with additional human astrocytes to support
the functional development of converted neurons as astrocytes or rat primary astrocytes convert to

neurons.

Example 5. Testing of AAY vector potency

{80265] Recombinant AAV obtained from the method of Example 2 are used to infect
human cortical astrocytes and rat primary astrocytes from Example 3 {or astrocytes from other
brain regions or the spinal cord} at passage number 4 to 7 at a concentration range of 10
particles/mL and 10" particles/mL. qPCR, enzyme-finked immunosorbent (ELISA), and
western blot are performed to determine expression of PHx2 transcript and protein levels.
180266} Expression of NeuN, doublecortin (BCX), B3-tubulin, NF-200, and MAP2, are
assessed by qPCR, ELISA, western blot, and immunostaining to determine functional output of

recombinant AAV.

Example 6. Testing of AAV vector titration and infection rate

100267} A purified AAVY vector 1s treated with DNasel to eliminate remnant plasmid
contamination. A series of AAVY vector dilutions are performed at 100 times, 500 tmes |, 2500
times, and 12500 times. The AAV plasmid backbone s diluted to generate a standard curve by
serial dilutions. The plasmid is diluted 10, 10°, 10°% 107, and 10® molecules/uL. qPCR is
performed on the diluted AAV vectors and the diluted AAV plasmid. The primers used are against
the ITR region (Forward ITR primer, S“"GGAACCCCTAGTGATGGAGTT, reverse ITR privoer,
S-CGGCCTCAGTGAGCGA). The ¢PCR mix comprises 10 pL Universal SYBR Master Mix
2X, 2 ub. of 5 uM forward TTR pruuer, 2 pb of § pM reverse ITR primer, 5 pl. of tested sample
or diluted standard and 1 pL HzO. The gPCR program is 95 °C for 10 minutes followed by 40
cycles of 95°C for 15 seconds, 60 °C for 30 seconds followed by a melt curve. The data is analyzed
using the ¢PCR cyelers software. The physical titer of the AAV sample (viral genomes {vg)/ml)

15 calculated based on the standard curve.
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{00268] The AAV vector infection rate is tested by using the 50% tissue culture mfection
dose (TCIDS30) assay performed using a standard protocol from the American Type Culture

Collection (ATCC; Manassas, VA).

Example 7. Testing of AAV dose range {in vive)

100269} Recombinant AAV obtained from the method of Example 2 is mjected into C57/BL6
mice by bilateral intracranial injection into the motor cortex. Each AAV is mjected at a dosage of
1x 10" 3 x 10% 1 x 10" 3 x 10" 1 x 10", 3 x 10" 1 x 10" viral genomes/mL at 1 pL of
volume. Fach dosage is assessed at 4 days, 20 days, and 60 days post injection {o determine the
optimal effective dose {OED), maximum tolerable dose (MTD), and minimum effective dose
{MED} at a cell and tissue level. There are three mice per time point. The OED, MTD, and MED
are determine by assessment of astrocyte-to-neuron conversion efficiency and potential toxicity
via immunostaining of Dix2, GFAP, NeuN, and Ibal. I the first dose range is not sufficient to
determine the OED, MTD, and MED a second dosage range is performed at 1 x 10Y viral

genomes/mL to 1 x 10" GC/mL, at | L of volume.

Example & Testing AAV vector in human subjects (in vive}

{6027¢] Recombinant AAV obtained from the method of Example 2 are used to infect
human brain or spinal cord astrocytes iz vive. Recombinant AAVY is injected at a concentration
range of 107 particles/mL and 10** particles/mL with a volume ranging from 10 pL to 1000 pL
into the brain or spmal cord of a human subject with a neurological condition. The human subject’s
neurological condition symptoms, brain imaging including MRI, PET scan, or combination of MR
and PET, and behavioral metric’s are observed before, during, and post injection. Post injection
observations are performed once a week until the first month post injection.  After the first month
post mjection, observations are performed once a month for the next 11 months, and may be

extended to 2 years following viral mjection.

Example 9. Dose Scale Assay in non-human primates

[B86271] The voluroe of brain tissue expressing DIx2 from Example 7 18 divided by the
number of vector genomes {mm’/vector genomes). The volume {mmt’} of specific brain region to
be treated in non-human primates is calculated and a dose range of vector genomes i3 scaled

according to the ofection rate obtamned n Example 7. A dose range study 1s performed as n
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Example 7 and the GED, MTD, and MED are determined by assessment of astrocyvte-to-newron

conversion efficiency and potential toxicity via immunostaining of Dix2, GFAP, NeuN, and Ibal.

Example 18, Treatment of a subject in need thercof with Huntington’s Bisease (i vive)

{86272} A subject with Huntington’s Disease is treated with recombinant AAY obtained
from the method of Example 2. The subject’s neurological symptoms include involuntary
movement such as chorea movement, uncontrolled posture, mood change, sleep disorder, speech
changes, difficulty with swallowing, and cognitive fanctions such as deficiis in learning and
memory. Recombinant AAV is injected at a concentration range of 10' particles/mL and 10
particles/mbL with a volume ranging from 10 pl t0 1060 pL into the striatum {putamen and caudate
nucleus) of a human subject with a neurological condition. The human subject’s neurclogical
condition symptoms, brain imaging including MRY, PET scan, or combination of MRI and PET,
and behavioral metric’s are observed before, during, and post injection. Post injection
observaticns are performed once a week untl the first month post injection.  After the first month
post injection, observations are performed once a month for the next 11 months, and may be

extended to 2 vears following viral injection.

Example 11. A combination approach teo directly converting glial cells {o neurons coupled
with shENA for knockdown of the Htt gene expression

[60273] A target sequence is identified that is complementary to the Hit gene. An shRNA
is designed to target the Hit gene. DIx2 and the target shRNA are packaged in to an AAVY vector
construct (hUG Hit shRNA-hGFAP:hDIx2) (Figure 3A-Figure 6F) and recombinant AAV s
produced as described in Example 2. Recombinant AAYV is injected into the siriatum of mice with
mutant Htt gene. Mice receiving the treatment are tested for behavioral metrics, such as cat walk,
open field test, clasping, mouse weight, and grip strength and brain imaging including MRY, PET
sean, or combination of MRI and PET. Behavioral test results and brain imaging are compared
aroong the groups (1) recetving no treatment, {11) receiving recombinant AAV from Example 2,
and (111} receiving recombinant AAY (hU6 Htt shRNA-hGFAP hDIx2) (Figure SA-Figuredk),
100274} Alternatively, the target shRNA are packaged in to an AAV vector counstruct
(hU6: hHitt shRNA) and another recombinant AAV 1s produced as described in Example 2. The
two recombinant AAVs are mjected mto the stnatum of mice with mutant Hit. Mice receiving the

treatment are tested for behavioral metrics, such as cat walk, open field test, clasping, mouse
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weight, and grip strength and brain imaging including MRI, PET scan, or combination of MRI and
PET. Behavioral test results and brain imaging are compared among the groups {1} receiving no
treatment, {11} receiving recombinant AAV from Example 2 alone, and (111} receiving recombinant

AAV (hU6:hHtt shRNA) in combination with recombinant AAY from Example 2.

Example 2. A combination approach to divectly converting glial cells to neurons coupled
with CRISPR/CAS gene editing of the Hit gene

j00275] A target sequence is identified that 1s complementary to the Htt gene. A guide RNA
{eRINA) sequence is designed to target the Htt gene. A donor sequence 1s designed to modify the
number of CAG repeats of the Hit gene to less than 36, The Cas9 nuclease, an Hit specific gRNA,
and a donor sequence are packaged into AAY vectors construet {AAV-CasS-HTT). Recombinant
AAY is produced as described in Example 2.

{80276} Recombinant AAY (AAV-Cas9-Htty is imjected imnto the striatum of mice with
mutant Hit simultaneously with recombinant AAV from Example 2. Mice recetving the treatment
are tested for behavioral metrics, such as cat walk, open field test, clasping, mouse weight, and
grip sirength and brain mmaging including MRI, PET scan, or combination of MRI and PET.
Behavioral test results and brain imaging are compared among the groups (i) receiving no
treatment, (it} receiving recombinant AAY from Example 2, and (111} recerving recombinant AAV-
Cas9-HTT with recombinant AAY from Hxample 2 to identify synergistic effects between mutant
Htt gene editing and gha-to-neuron conversion. Recombinant AAV-Cas9-HTT and recombinant
AAV from Example 2 can be mjected simultaneously or at different times.

{86277} Alternatively, DIx2, a hoker (P2A), a Cas? nuclease, an Hitt specific gRNA and a
donor sequence are packaged imto AAV wvectors coustruct (AAV-hDIx2-P2A-Cas9-HTT).
Recombinant AAV 15 produced as described m Example 2. Recombinant AAV {AAV-hDIx2-
P2A-Cas9-HTT) s mjected mto the striatum of wice with mutant Hit sumultaneously with
recombinant AAVY from Example 2. Mice receiving the treatment are tested for behavioral metrics,
sach as cat walk, open field test, clasping, mouse weight, and gnip strength and brain imaging
mcluding MRI, PET scan, or combination of MRI and PET. Behavioral test results and bramn
imaging are compared among the groups (1) recetving no treatment, (11} receiving recombinant
AAV from Hxample 2, and (1) receiving recombinant AAV-hDIx2-P2ZA-Cas®-HTT with
recombinant AAY from Example 2 to dentify synergistic effects between mutant Hit gene editing

and glia-to-neuron conversion.
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Example 13. A combination approach to divectly converting glial cells to neurons coupled
with antisense cligonuclestide (AS() to knock down the Hit gene expression

100278} A target sequence is identified that 15 complementary to the Hit gene. An ASQ 1s
designed and synthesized to knock down the Hit gene expression. Recombinant AAV from
Example 2 is injected together with Htt ASQ into the striatum of mice with mutant Htt. Mice
recetving the treatment are tested for behavioral metrics, such as cat walk, open field test, clasping,
mouse weight, and grip strength and brain imaging including MRY, PET scan, or combination of
MRI and PET. Behavioral test results and brain imaging are compared among the groups (i)
recetving no treatment, (i1} recetving recombinant AAV from Example 2, and (111 receiving

recombinant AAV from Example 2 together with Hit ASQ.

Example §4. A combination approach to divectly converting glial cells to neurons coupled
with siRNA to knock down the Hit gene expression

180279} A target sequence 15 identified that 1s complementary to the Htt gene. An siRNA
is designed and synthesized to knock down the Hit gene expression. Recombinant AAV from
example 2 1s injected together with Htt siRNA into the striatum of mice with mutant Hit. Mice
recerving the treatment are tested for behavioral metrics, such as cat walk, open field test, clasping,
mouse weight, and grip sirength and brain imaging including MRY, PET scan, or combination of
MRI and PET.  Behavioral test results and brain imaging are compared among the groups (i)
and (it} receiving

recelving 1o treatment, (1) recetving recombinant AAV from Example 2

5

recombinant AAV from Example 2 together with Hit siRNA,

Example 15, A combination approach to directly converting glial celis to neurons coupled
with miRNA {0 knock down the Hit gene expression

[80280] A miRNA s identified that 15 regulating the Hit gene expression. NeuroD 1, Dix2,
and the miRNA are packaged into an AAV vector (CAG Hit nuRNA-hGFAP hDIx2) and
recombinant AAV is produced as described i Example 2. Recombmant AAV is injected 1uto the
striaturn of mice with mutant Htt. Mice receiving the treatmoent are tested for behavioral metrics,
such as cat walk, open field test, clasping, mouse weight, and grip strength and brain mmaging
meluding MRI, PET scan, or combination of MRI and PET. Behavioral test results and bram
maging are compared among the groups (i) receiving no treatment, {11} receiving recombinant

AAV from Example 2, and (111) recetving recombinant AAV (CAG: Hit mRNA-hGFAP: hDIk2}).

86



(4

1

b
<

WO 2022/072310 PCT/US2021/052302

{00281} Alternatively, the target miRNA is packaged in to an AAV vector ({CAGhHu
miRNA) and recombinant AAY 1s produced as described in Example 2. Recombinant AAV is
mjected into the siriatum of mice with mutant Htt. Mice receiving the treatment are tested for
behavioral metrics, such as cat walk, open figld test, clasping, mouse weight, and grip strength and
brain imaging including MRI, PET scan, or combination of MRI and PET. Behavioral test results
and brain imaging are compared among the groups (i) receiving no treatment, (it} receiving
recombinant AAVY from Example 2 alone, and (i) receiving recombinant AAY (CAGhHY

miRNA} in combination with recombinant AAV from Example 2.

Example 16, Successful establishment of rat astrocytes primary calture

[60282] Cortical and striatum tissue 13 isolated from 3 day post-natal Sprague-Dawley rat
brains. Tissue is treated with papain to generate single cell suspension and seeded in flasks coated
with poly-D-lysine. Cells are immunostained with GFAP antibody and SOX9 antibody. Cells are
counter stained with DAPI antibody. More than 95% of cells (at passage &) are astrocytes
dentified by GFAP and SOX9 staining (Figure 7). Far left panel presenis an image of GFAP
stained cells. Middle left panel presents an image of SOX9 stained cells. Middle right panel
presents an image of DAPI stained cells. Far right panel presents a merge image of GFAP, 8OX9,

and DAPI stained cells.

Example 17. DHx2 expression in astrocyte transfected with plasmids

[80283] Primary rat astrocytes are seeded and transfected as described in Example 2 with
expression vectors P44 (EE: pGHasl1:.CLDIKZ WPRE SV40), Poo

(EE: pGfac8 1. DIx2 WPRE:SV40), P75 (CE.pGfac81:CLDIXZWPRE:SV40), DIX2  protein
expression 18 visualized by immunostaining with anti-DIx2 antibody followed by fluorescent dye
conjugated secondary antibody and image captured using fluorescent microscope. {Figure 8; top

panels show DIX2 stainung of cells, bottom panels show merged Dix2 and DAPI staining of cells).

Example 18, Quantitative analysis of transduction of AAV virus particles int{o primary rat
astrocytes.

[80284] Recombinant AAY obtained from the method of Example 2 s transduced mnto
primary rat astrocytes seeded 1n 24-well plates or 96~well plates with viral particles AAVO-P12

(pGrac81:GFP) and AAVS-P7 (pEF-10:GFP). Cells are harvested seven days post-infection by
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trypsinization. The cells are fixed, washed, and suspended 1n PBS. The viral transduction rate s
analyzed using flow cytometry to count GFP positive cells compared with all cells (Figure 9A-
98} Figure 9A shows the percentage transduction rate of AAV9-P12 (pGias81:GFP} and AAVS-
P7 (pEF-1GFP) at MOIs of 5 x 10° vg /eell, 2 x10° vg /cell, and 5 x 10* vg /cell. Figure 9B
shows the transduction rate of AAV viral particles in cells seeded in 96 well plates at a series of
densities of 2 x10% cell/well, 1.5 10* cell/well, T x10* cell/well, and 5 x 107 cell/well, and infected
with virus at a series of amounts of 2 ul, 1 pul, 0.5 pl, 0.25 i, 0.125 plof 1 x 10" ve/ml virus in

100 pl of medium.
Example 19, f» vitro transgene expression of Dix2

{060285] Vectors: The vectors are tested via transfection of rat cortical astrocytes (RACSs).
Additionally, AAVs are produced with selected vectors and tested in vitro via transduction: NXE-

P44 EE-pGfa681-CL-DIx2-WPRE-SV40pA

e NXL-P60: EE-pGRatgl-Dix2-WPRE-SV40pA

e NXL-P7S: CE-pGfas81-CI-DIx2-WPRE-SV40pA

s NXL-P104: CE-pGHac1-CGRI-DIxZ-bGHpA

e NXIL-P10S: CE-pGfac81-CI-Dix2-oPRE-bGHpA

s  NXL-P131: BEE-pGfas81-CI-DIx2-0PRE-bGHpA

e NXL-P133: CE-pGfao81-CORI-DIx2-0PRE-DGHpA

s  NXL-P137 BEE-pGIa681-CGRI-Dix2-oPRE-bGHpA
[60286] NXL-P104 and NXL-P105 constructs are effective in driving the expression of
Dix2 24 hours post transfection of the cultured RACs, as demonstrated by the positive DIx2
staining in these cells (Figure 10). NXL-P133, NXL-P137, and NXL-P131 constructs are effective
in driving the expression of DIx2 24 hours post transfection of the cultured RACs, as demonstrated
by the positive DIxZ staining in these cells (Figure 11). AAV9-P133 (the AAV produced with
NEX-P133) 15 effective in driving the expression of Dix2 after transducing culiured RACs with

this virus, as demonstrated by the positive DIx2 staining in these cells (Figure 12},

[80287] A variety of further modifications and improvements in and to the compositions
and methods of the present disclosure will be apparent to those skilled in the art based. The

following non-liumiting embodiments are envisioned:
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1. An adenc-associated virus (AAV) vector comprising a human distal-less homeobox 2
{(hDIx2) sequence comprising the nucleic acid sequence of SEQ 1D NG 6, wherein the
hDIx2 sequence is operably linked to regulatory elements comprising:

{a) a ghal fibnllary acidic protein {GFAP} promoter comprising a nucleic acid

(4

sequence selected from the group consisting of SEQ 1D NQs: 3, 4, and 12;

{b} an enhancer from a human elongation factor-1 alpha (EF1-a} promoter comprising
the nucleic acid sequence of SEQ 1D NG: 2 or a cytomegalovirus (CMV) enhancer
comprising the nucleic acid sequence of SEQ 1D NO: 11;

{c} a chimeric ntron comprising the nucleic acid sequence selected from the group

10 consisting of SEQ 1D NOs: Sand 19;

{d) a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE)
comprising the nucleic acid sequence selected from the group consisting of SEQ
ID NOs: 7and 18; and
{2} a 8V40 polyadenylation signal comprising the nucleic acid sequence of SEQ 1D
S NO: 8, a hGH polvadenylation signal comprising the nucleic acid sequence of SEQ
ID NG 13, or a bGH polyadenylation signal comprising the nucleic acid sequence

of SEQ ID NG: 20,

An adenc-associated virus {AAV) vector comprising a nucleic acid coding sequence

[

encoding a human distal-less homeobox 2 (hDix2) protein comprising the amino acid
20 sequence of SEQ ID NG 10, wherein said coding sequence 1s operably linked to
regulatory elements comprising:
{(a) a ghal fibrillary acidic protein (GF AP} promoter comprising a nucleic acid
sequence selected from the group conststing of SEQ ID NOs: 3, 4, and 12;
(b} an enhancer from a human elongation factor-1 alpha (EF1-u) promoter
25 comprising the nucleic acid sequence of SEQ H3 NO: 2 or a cytomegalovirus
{CMV} enhancer comprising the nucleic acid sequence of SEQ ID NO: 11,
{c) a chimeric intron comprising the nucleic acid sequence selected from the group
consisting of 8SEQ ID NQOs: 5and 19;
{d} a woodchuck hepatitis virus postiranscriptional reguiatory element {WPRE}
30 comprising the nucleic acid sequence selected from the group consisting of SEQ

TD NQGs: 7and 18; and
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e
3.

{e} a SV40 polyadenylation signal with a nucleic acid sequence of SEQG ID NO: 8, a
hGH polyadenvlation signal comprising the nucleic acid sequence of SEQ ID NO:
13, or a bGH polvadenylation signal comprising the nucleic acid sequence of SEQ
D NG: 20,
An adeno-associated virus (AAV) vector comprising a distal-iess homeobox 2 (DIx2}
nucleic acid coding sequence encoding a DIx2 protein, wherein said coding sequence is
operably Hinked to regulatory elements comprising;
(a) a ghal fibrillary acidic protein (GFAP) promoter;
{b} an enhancer;
(¢} a chimeric intron;
{d} a woodchuck hepatitis virus postiranscriptional regulatory element (WPRE); and

{e) a polvadenylation signal seguence.

A composition comprising an adesc-associated virus {AAV) vector for converting glial
cells to functional neurons in a human, wherein said AAV vector comprises a human
distal-less homeobox 2 (hDIx2) sequence having a nucleic acid sequence of SEQ D NO:
&, and wherein said sequence is operably linked to regulatory elements comprising:

(a) a human ghal fibrillary acidic protein (GFAY) promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ 1D NOs: 3, 4, and 12;

{b} an enbancer from the human elongation factor-1 aipha (EF-1 alpha} promoter
coroprising the nucleic acid sequence of SEQ 1D NO: 2 or a cytomegalovirus
{CMV} enhancer comprising the nucleic acid sequence of SEQ ID NG 11;

(¢} a chimeri¢ intron comprising the nucleic acid sequence selected from the group
consisting of SEQ ID NOs: Sand 19,

{d} a woodchuck hepatitis virus postiranscriptional regulatory element (WPRE)
comprising the nucleic acid sequence selected from the group consisting of SEQ
D NOs: 7and 18; and

{e) a 83V40 polyadenylation signal comprismg the nucleic acid sequence of SEQ 1D
NO: &, a hGH polyadenylation signal comprising the nucletc acid sequence of
SEQ 1D NO: 13, or a bGH polyadenylation signal comprising the nucleic acid

sequence of SEQ 1D NQ: 20,
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A composition comprising an adeno-associated-virus {AAV} vector for converting glial
cells to functional neurons in a human, wherein said AAY vector comprises a nucleic
acid sequence encoding a distal-less homeobox 2 (hDIx2) protein comprising the amino
acid coding sequence of SEQ 1D NO: 10, and wheretn said coding sequence i3 operably
linked to regulatory elements comprising:

{a) a human ghal fibrillary acidic protein {GFAP) promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ 1D NOs: 3,4, and 12;

(b} an enhancer from the human elongation factor-1 alpha (EF-1 alpha) promoter
comprising the nucleic acid sequence of SEQ 1D NO: 2 or a cytomegalovirus
{CMV} enhancer comprising the nucleic acid sequence of SEQ D NO: 11,

{c} a chimeric intron comprising the nucleic acid sequence selected from the group
consisting of SEQ 1D NOs: 5and 19;

{d} a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE)
comprising the nucleic acid sequence selected from the group consisting of SEQ
ID NOs: 7and 18; and

(e} a SV40 polyadenylation sigual sequence comprising the nucleic acid sequence of
SEQ I3 NO: 8, a hGH polvadenylation signal comprising the nucleic acid
sequence of SEQ ID NG 13, or a bGH polvadenylation sigual comprising the

nucleic acid sequence of SEQ 1D NG 20,

A composition comprising an adeno-associated virus {AAV) vector for the treatment of a
subject in need thereof, wherem said AAV vector comprises a distal-less homeobox 2
(DIx2}) sequence operably linked to expression control elements comprising:

{(a) a ghal fibrillary acidic protein (GFAP) promoter;

(b} an enhancer;

{c) a chimeric intron;

{d} a woodchuck hepatitis virus postiranscriptional regulatory element (WPRE); and

{e) a polyadenylation signal.

The AAV vector of any one of embodiments 1-3, or the composition of any one of
embodiments 4-6, wherein said AAV vector 1s selected from the group consisting of

AAY serotype 2, AAV serotype 5, and AAV serotype 9.
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17.

The AAV vector or composition of embodiment 7, wherein said AAV vector is AAV
g 3

sergtype 2.

The AAY vector or composition of embodiment 7, wherein said AAV vector is AAY

serotype 3.

The AAY vector or composition of embodiment 7, wherein said AAVY vector 1s AAY

serotype 9.

The composition of embodiment 4 or 5, wherein said ghial cells are reactive astrocytes.

. The composition of embodiment 4 or 5, wherein said functional neurons are selected

from the group consisting of glutamatergic neurons, GABAergic neurons, doparminergic
neurons, cholinergic neurons, seratonergic neurons, epinephrinergic neurons, motor

neurons, and peptidergic neurons.

. The composition of embodiment 4 or §, wheren said human has a neurclogical

condition.

. The AAV vector of embodiment 3, or the composition of emnbodiment 6, wherein said

DIx2 1s a human DIx2 (hDIx2).

. The AAY vector of embodiment 3, or the composition of embodiment 6, wherein said

DIx2 1s selected from the group consisting ot a chimpanzee DixZ2, a bonobo DIx2, an
orangutan Dix2, a gorilla DIx2, a macaque DIx2, a marmoset DIx2, a capuchin Dix2, a

baboon Dix2, a gibbon DIx2, and a lemur DIx2.

. The AAV vector or composition of embodiment 14, wheremn said hDIx2 comprises a

nucleic acid coding sequence encoding an amino actd sequence at least 80% identical or

similar to SEQ ID NG 10,

The AAV vector or composition of embodiment 14, wherein said hDix2 coding sequence
comprises a nucleic acid sequence at least 80% identical to SEQ ID NO: 6, or the

complement thereof.
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20

22.

3
Lod

24.

The AAY vector of embodiment 3, or the composition of embodiment 6, wherein said

GFAP promoter 15 a human GFAP (hGFAP) promoter.

. The AAY vector of embodiment 3, or the composition of embodiment 6, wherein said

GFAP promoter 1s selected from the group consisting of a chimpanzee GFAP promoter, a
bonobo GFAP promoter, an orangutan GFAP promoter, a gorilla GFAP promoter, a
macaque GFAP promoter, a marmoset GFAP promoter, a capuchin GFAP promoter, a

baboon GFAP promoter, a gibbon GFAP promoter, and a lemur GFAP promoter.

The AAV vector or composition of embodiment 18, wherein said hGFAP promoter
comprises a nucleic acid sequence at feast 80% identical to SEQ 1D NO: 3, or the

complement thereof.

. The AAY vector or composition of embodiment 18, wherein said hGFAP promoter

comprises a nucleic acid sequence at least 80% 1dentical to SE(Q ID N{s: 4 or the

complement thereof.

The AAV vector or composition of embodiment 18, wherein sard hGFAP promoter
comprises a nucleic acid sequence at least 80% identical to SEQ ID NQOs: 12 or the

complement thereof

3. The AAV vector of embodiment 3, or the composition of embodiment 6, wherein said

enhancer is selected from the group consisting of an enhancer from human elongation

factor-1 alpha (EF1-a) promoter and cytomegalovirus (CMV) enhancer.

The AAV vector or composition of embodiment 23, wherein sard EF1- o comprises a
nucleic acid sequence at least 80% 1dentical to SEQ 1D NO: 2, or the complement

thereof,

25. The AAV vector or composition of embodiment 23, wherein said CMV enhancer

comprises a nucleic acid sequence at least 80% 1dentical to SEQ ID NG 11, or the

complement thereof.
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. The AAY vector of embodiment 3, or the composition of embodiment 6, wherein said

chimeric miron comprises a nucleic acid sequence at least 80% identical to a nucleic acid

selected from the group consisting of SEQ 1D NQOs: 5 and 19, or the complement thereof.

. The AAV vector of embodiment 3, or the composition of embodiment 6, wherein said

WPRE comprises a nucleic acid sequence at least 80% identical to a nucleic acid selected

from the group consisting of SEQ ID NOs: 7 and 18, or the complement thereof.

28. The AAV vector of embodiment 3, or the composition of embodiment 6, wherein said

29.

36

31

L4
]

33

34

polyadenylated signal 1s selected from the group consisting of SV40 polyadenylation

signal a hGH polyadenylation signal, and a bGH polyadenylation signal.

The AAV vector or composition of embodiment 28, whersin sard 8V40 polyadenylated
signal comprises a nucleic acid sequence at least 80% identical to SEQ 1D NO: 8, or the

complement thereof

The AAV vector or composition of embodiment 28, wherein said hGH polyadenylated
signal comprises a nucleic acid sequence at least 80% dentical to SEQ ID NG: 13, or the

complement thereof.

The AAV vector or composition of embodiment 28, wherein said bGH polyadenylated
signal comprises a nucleic acid sequence at least 80% identical to SEQ 1D NO: 20, or the

complement thereof.

. The AAY vector of embodiment 3, or the composition of embodiment 6, wherein said

AAY vector further comprises a nucleic acid sequence encoding an AAV protein

sequence.

The AAV vector of any one of embodiments 1-3, or the composition of any one of
emboduments 4-6, wherein said AAV vector comprises AAV serotype 2 inverted terminal

repeats (ITRs).

The AAY vector of any one of embodiments 1-3, or the composition of any one of
embodiments 4-6, wherein said AAY vector comprises AAV serotype 5 inverted terminal

repeats (ITRs).

94



(4

10

i5

WO 2022/072310 PCT/US2021/052302

il
Lh

36

43

44

. The AAY vector of any one of embodiments 1-3, or the composition of any one of

embodiments 4-6, wherein said AAV vector comprises AAY serotype 9 inverted terminal

repeats (ITRs).

The AAV vector of any one of embodiments 1-3, or the composition of any one of
embodiments 4-6, wherein said AAV vector comprises at least one I'TR nucleic acid

sequence at least 80% identical to SEQ ID NO: 1.

. The AAY vector of any one of embodiments 1-3, or the composition of any one of

embodiments 4-6, wherein said AAV vector comprises at feast one TR nucletc acid

sequence ai least 80% tdentical to SEQ ID NO: 9.

. The composition of embodiment 6, wherein said subject 10 need thereof ts a mammal.
. The composition of embodiment 38, wherein said mammal 15 a human.
. The composition of embodiment 38, wherein said mammal is a non-human primate.

. The composition of embodiment 6, wherein said subject in need therect has a

neurological condition,

. The composition of embodiment 13 or 41, wherein said neurological condition comprises

an mjury to the central nervous system {CNS) or peripheral nervous system.

The composition of embodiment 13 or 41, wherein said wherein said neurological

condition comprises an injury to the CNS.

The composition of embodiment 13 or 41, wherein said neurological condition is selected
from the group consisting of Alzheimer’s Disease, Parkinson’s Disease, amyotrophic
lateral sclerosis {ALS), Huntington’s Disease, epilepsy, physical injury, stroke, cerebral
aneurysm, traumatic brain injury, concussion, a tumor, inflammation, infection, ataxia,
brain atrophy, spinal cord atrophy, multiple sclerosis, traumatic spinal cord injury,
ischeroie or hemorrhagic myelopathy (myelopathy), global ischemia, hypoxic ischemuc

encephalopathy, ernbolism, fibrocartilage embolism rayelopathy, thrombosts,
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45.

47.

49,

nephropathy, chronic inflammatory disease, meningitis, and cerebral venous sinus

thrombosis.

The composition of embodmment 13 or 41, wheremn said neurclogical condition is

Alzheimer’s Disease.

. The composition of embodiment 13 or 41, wherein said neurological condition 13

Parkinson’s Disease.

The composition of embodiment 13 or 41, wherem said neurological condition 18 ALS.

. The composition of embodiment 13 or 41, wheremn said neurological condition s

Huntington’s Disease.

The composition of embodiment 13 or 41, wherein said neurclogical condition s a

stroke.

. The composition of embodiment 49, wherein said stroke is an ischemic stroke.
. The composition of embodiment 49, wherein said stroke is a hemorrhagic stroke.

. The composition of embadiment 41, wherein said composition is capable of converting at

least one glial cell to a neuron.

. The composition of embodiment 52, wherein said ghial cells are selected from the group

consisting of astrocytes and NG2 cells.

. The composition of embodiment 52, wherein said glial cells are astrocytes.

. The composition of embodiment 54, wherein said astrocytes are reactive astrocytes.
5. The composition of embodiment 52, wherein said glhial cells are GFAP positive,

. The composition of embodiment 52, wherein said neurons are functional neurons.

. The composition of embodiment 52, wherein said functional neurons are selected from

the group consisting of glutamatergic neurons, GABAergic neurons. dopaminergic
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59

62,

63.

64,

&S,

neurons, cholinergic neurons, seratonergic neurons, epinephrinergic neurons, motor

neurons, and peptidergic neurons. .

. The composition of embodiment 58, wherein said functional neurons are glutamatergic

neurons.

. The composition of embodiment &, wherein said composition is formulated to be

delivered to a subject in need thereof

. The composition of embodiment 60, wherein said composition 1s formulated for local

delivery.

The composition of embodiment 61, wherein said compaosition is formulated for systemic

delivery.

The composition of any one of ernbodiments 60-62, wherein said composition is
formulated for delivery via intraperitoneal, intramuscular, intravenous, intrathecal,
mtracerebral, intracranial, intra lateral ventricle of the brain, intra cisterna magna, intra

vitreous, intra-subretina, intraparenchymal, intranasal, or oral administration.

A method comprising delivering the composition of embodiment 6 to said subject in need

thereof

The roethod of embodiment 64, wherein said composition 15 formulated to be delivered to

a subject in need thereof.

The method of embodiment 64, wherein said delivering comprises local administration.

. The method of embodiment 64, wherein said delivering comprises systemic

administration.

5. The method of any one of embodiments 64-67, wherein said delivering comprises an

intraperitoneal, intramuscular, intravenous, intrathecal, intracerebral, intracranial, intra
lateral ventricle of the brain, inira cisterna magna, intra vitreous, intra-subretina,

intraparenchymal, intranasal, or oral adminustration.
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69. A method of converting reactive astrocytes to functional neurens in @ brain of 2 living
human comprising. imjecting an adeno-associated viras (AAV) into a subject in need
thereof, wherein said AAV comprises a DNA vector construct comprising @ human
distal-less homeobox 2 (hDIx2) sequence comprising the nucleic acid sequence of SEQ
ID NO: 6, wherein said sequence is operably linked to regulatory elements comprising:

{a) a human ghal fibrillary acid protein (GFAFP) promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ 1D NQs: 3, 4, and 12;

(b} an enhancer from the human elongation factor-1 alpha (EF-1 alpha) promoter
comprising the nucleic acid sequence of SEQ ID NO: 2 or a cytomegalovirus
{CMV} enhancer comprising the nucleic acid sequence of SEQ {D NO: 11;

{c} a chimeric intron comprising the nucleic acid sequence selected from the group
consisting of SEQ 1D NOs: 5and 19;

{d} a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE)
comprising the nucleic acid sequence selected from the group consisting of SEQ
ID NOs: 7and 18; and

(e} a SV40 polyadenylation sigual comprising the nucleic acid sequence of SEQ ID
NO: 8, a hGH polyadenviation signal coraprising the nucleic acid sequence of
SEQ ID NO: 13, or a bGH polyadenylation signal comprising the nucleic acid
sequence of SEQ 1D NG: 20.

70. A roethod of converting reactive astrocytes to functional neurons in a brain of a living
brain comprising: injecting an adeno-associated virus (AAV) mto a subject in need
thereof, wherein said AAV comprises a BNA vector construct comprising a nucleic acid
sequence encoding a human distai-less homeobox 2 (hDIX2) protein comprising the
amino acid coding sequence of SEGQ ID NO: 10, wherein said coding sequence 13
operably huked to expression control elements comprising:

{a) a human ghal fibrillary acid protein {GFAP) promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ 1D NOs: 3, 4, and 12;

{b} an enhancer from the human elongation factor-1 aipha (EF-1 alpha) promoter
comprising the nucleic acid sequence of SEQ 13 NO: 2 or a cytomegalovirus

{CMV} enhancer comprising the nucleic acid sequence of SEQ ID NG 11,
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{c} a chimeric mtron comprising the nucleic acid sequence selected from the group
consisting of SEQID NQOs: 5and 19,

{d} a woodchuck hepatitis virus posttranscriptional regulatory element {WPRE}
comprising the nucleic acid sequence selected from the group consisting of SEQ
D NOs: 7and 18; and

{2} a 8V40 polyadenyvlation signal comprising the nucleic acid sequence of SEQ 1D

(4

NO: 8, a hGH polvadenylation signal comprising the nucleic acid sequence of
SEQ 1D NG: 13, or a bGH polvadenylation signal comprising the nucleic acid
sequence of SEQ 1D NO: 20.

10 71. A method of converting ghal cells to neurons in a subject in need thereof compnising:
defivering an adeno-associated virus {AAV) to said subject in need thereof, wherein said
AAV comprises a PNA vector construct comprising a distal-less homeobox 2 {(DIx2)
sequence operably linked to expression control elements comprising:
{(a) a glial fibrillary acid protein {GFAP) promoter;
15 {b) an enhancer;
{c) a chimeric iniron;
{d} a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); and
(e} and a polyadenylation signal sequence,
wherein said vector 15 capable of converting at least one ghal cell to a neuron in saxd

20 subject in need thereof.

72 A method of treating a neurological condition in a subject in need thereof comprising:
delivering an adenc-associated virus {AAV) to said subject, wherein said AAV comprises
a BINA vector construct comprising a distal-less horoeobox 2 (DIx2) sequence operably
hinked to expression control elements comprising:
25 {(a) a ghal fibrillary acid protewn (GFAP) promoter;

{b} an enhancer;

{c) a chameric intron;

{d} a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE), and

{e) a polyadenylation signal to said subject 1n need thereof
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78.

79

. The method of any one of embodiments 69-72, wherein said AAY 1s selected from the

group consisting of AAY serotype 2, AAVY serotype 5, and AAV serotype 9.
The method of embodiment 73, wherein said AAV 15 AAY serotype 2.
. The method of embodiment 73, wheremn said AAV is AAV serotype 5.
The method of embodiment 73, wheremn said AAY 13 AAV serotype 9.

. The method of embodiments 69 or 70, wherein said functional neurons are ghutamatergic
neurons, GABAergic neurons, dopaminergic neurons, cholinergic neurons, seratonergic

neurons, epinephrinergic neurons, motor neurons, and peptidergic neurons,
The method of embodiments 71 or 72, wherein said DIx2 is human Dix2 (hDIx2).

. The method of embodiments 71 or 72, wherein said Dhx2 15 selected from the group
consisting of a chimpanzee Dix2, a bonobo Dlx2, an orangutan DIx2, a gorilia DIx2, a
macaque DIx2, a marmoset Dix2, a capuchin DIx2, a baboon DIx2, a gibbon DIx2, and a

lemur Dix2.

. The method of embodiment 78, wherein said hDIx2 comprises a amino acid sequence

encoding an amino acid sequence at least 80% identical or similar to SEQ ID NO: 10,

. The method of embodiment 78, wherein said hDIX2 coding sequence comprises a nucleic

acid sequence at least 80% identical to SEQ ID NG: 6, or the complement thereof.

. The method of embodiments 71 or 72, wherein said GFAP promoter is a human GFAP

{(hGFAP) promoter.

3. The method of embodiments 71 or 72, wherein said GFAP promoter is selected from the

group consisting of a chimpanzee GFAP promoter, a bonobo GFAP promoter, an
orangutan GFAP promoter, a gorilla GFAF promaoter, a macaque GFAP promoter, a
marmoset GFAP promoter, a capuchin GFAP promoter, a baboon GFAP promoter, a

gibbon GFAP promoter, and a lemur GFAP promoter.
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84.

35.

37.

&8.

89,

90

a1

92.

93.

The method of embodiment 82, wherein said hGFAP promoter comprises a nucleic acid

sequence at least 80% identical to SEQ ID NO: 3, or the complement thergof.

The method of embodiment 83, wherein said hGFAP promoter comprises a nucleic acid

sequence at least 80% identical to SEQ ID NOs: 4, or the complement thereof.

5. The method of embodiment 82, wherein said BGFAP promeoter comprises a nucleic acid

sequence at least 80% 1dentical to SEQ ID NOs: 12, or the complement thereof,

The method of embodiments 71 or 72, wherein said enhancer 1s selected from the group
consisting of an enhancer from human elongation factor-1 alpha (EF1-a) promoter and

cytomegalovirus {(CMV) enhancer.

The method of embodiment 87, wherein said EF1- o comprises a nucleic acid sequence at

least 80% 1dentical to SEQ ID NQO: 2, or the complement thereof.

The method of embodiment 87 wherein said CMV enhancer comprises a nucleic acid

sequence at least 80% identical to SEQ 1D NG: 11, or the complement thereof.

The method of embodiments 71 or 72, wherein saud chuneric intron comprises a nucleic
acud sequence at least 80% identical to nucleic acid sequence selected from the group

consisting of SEQ ID NGs: 5 and 19, or the complersent thereof.

The method of ervbodiments 71 or 72, wherein said WPRE comprises a nucleic acud
sequence at least 80% dentical to a nuclewe acid sequence selected from the group

consisting of SEQ ID NOs: 7 and 18, or the complement thereof

The method of embodiments 71 or 72, wherein said polyadenylated signal 1s selected
from the group consisting of SV40 polyadenylation signal and a hGH polvadenylation

signal.

The method of embodimenis 71 or 72, wherein said SV40 polyadenylated signal
comprises a nucleic acid sequence at least 80% wdentical to SEQ ID NO: 8, or the

complement thereof
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94. The method of embodiments 71 or 72, wherein said h(GH polyadenylated signal
comprises a nucleic acid sequence at least 80% identical to SEQ 1D NO: 13, or the

complement thereof.

95. The method of embodiments 71 or 72, wherein said bGH polyadenylated signal
comprises a nucleic acid sequence at least 80% identical to SEQ 1D NO: 20, or the

complement thereof

96. The method of embodiments 71 or 72, wherein said vector further comprises 4 nucleic

acid sequence encoding an AAV protemn sequence.

97. The method of any one of embodiments 69-72, wherein said vector comprises AAV

serotype 2 mverted terminal repeats (ITRs).

98. The method of any one of embodiments 69-72, wherein said vector comprises AAY

serotype 5 mverted terminal repeats (ITRs).

99. The rethod of any one of embodiments 69-72, wherein said vector comprises AAY

serotype & mverted terroinal repeats (ITRs).

100, The method of any one of embodiments 69-72, wherein said vector corprises at

least one ITR nucleic acid sequence at least 80% dentical to SEQ ID NO: 1

101, The method of any one of embodiments 69-72, wherein said vector comprises at

least one ITR nucleic acid sequence at least 80% identical to SEQ ID NG: 9.

102, The method of embodiment 69, wherein said converting occurs in the central

nervous system {CNS) or peripheral nervous system.

103 The method of embodiment 71, wherein said converting occurs in the CNS.

104 The method of embodiment 71 or 72, wherein said subject in need thereof 1 a
manumal.

105. The method of embodiment 104, wherein said mammal is a human.
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106. The method of embodiment 104, wherein said mammal 1s a non-human primate.
107. The method of embodiment 71 or 72, wherein said delivering comprises a local

adminstration.

108. The method of embodiment 71 or 72, wherein said delivering comprises systemic

adminstration.

109 The method of embodiment 71 or 72, wherein said delivering comprises an
admuustration selected from the group consisting of an intraperitoneal administration,
intramuscular administration, infravenous administration, intrathecal administration,
intracerebral admunistration, intracramial administration, inira lateral ventricle of the brain
admimstration, infra cisterna magna administration, infra vitreous administration, infra~
subreting administration, intraparenchymal adminisiration, mtranasal administration, and

oral administration.

116 The method of embodiment 69 or 70, wherein said injecting comprises an
mjection selected from the group consisting of an intraperitoneal injection, wtramuscular
mjection, infravenous injection, intrathecal mjeciion, intracerebral injection, intracranial
mjection, 1ntra lateral ventricle of the bram injection, inra cisterna magna mjection, intrg
vitreous injection, intra~-subretina injection, miraparenchymal injection, intranasal

injection, and oral injection.

1L The method of embodiments 71 or 72, wherein said debivering comprises
mjecting.

11z The method of any one of embodiments 69, 70, or 111, wherein said injecting 18
performed at a concentration of between 10'% particles/mL and 10" particles/mL.

113, The method of embodiment 112, wherein said injecting further comprises a flow
rate of between 0.1 pLl/minute and 5.0 uL/minute.

114, The method of embodiment 71, wheren said at least one ghal cell 15 selected

from the group consisting of at least one astrocyte and at least one NG2 cell.
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115, The method of embodiment 69, whergin said at least one ghal cell 1s at least one
astrocyte.
116. The method of embodiment 114 or 115, wherem said at least one astrocyte 1s a

redactive astrocyte.
117 The method of embodiment 1, wherein said neuron 15 a functional neuron.

118, The method of any one of embodiments 69, 70, and 117, wherein said functional
neurons are sefected from the group consisting of glutamatergic neurons, GABAergic
neurons, dopaminergic neurons, cholinergic neurons, seratonergic newrons,

epinephrinergic neurons, motor neurons, and peptidergic nearons..

119. The method of embodiment 71, wherein said subject exhibits an inprovement of
at least one neurclogical condition symptom as compared to said subject prior 1o said

debivering.

120. The method of embodiment 119, wherein said improvement is measured within 1

year of said delivering.

121 The method of any one of embodiments 69, 70, or 111, wherein said method

comprises directly injecting said AAV vector into the brain of said subject.

122 The method of any one of embodiments 69 or 70 wherein said converting 1s in the

cerebral cortex of said brain,

123 The method of any one of embodiments 69 or 70, or 111, wherein said method

comprises directly injecting said AAV vector into the spinal cord of said subject.

124. The method of embodiment 72, wherein said neurological condition comprises an

injury to the central nervous system (CNS) or peripheral nervous system.

125. The method of embodiment 72, wherein said neurological condition is selected
from the group consisting of Alzheimer’s Disease, Parkinson’s Disease, amyotrophic

lateral sclerosis {ALS), Huntington’s Disease, epilepsy, physical injury, stroke, cerebral
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aneurvsm, traumatic brain mjury, concussion, & tumor, inflammation, mfection, ataxia,
brain atrophy, spinal cord atrophy, multiple sclerosis, traumatic spinal cord injury,
ischemic or hemorrhagic myelopathy (myelopathy}, global ischemia, hypoxic ischemic
encephalopathy, embolism, fibrocartilage embolism myelopathy, thrombosis,
nephropathy, chronic inflammatory disease, meningitis, and cerebral venous sinus

thrombosis.

126. The method of embodiment 72, wherein said neuwrslogical condition s

Alzheimer’s Disease.

127. The method of embodiment 72, whersin said neurglogical condition 1s

Parkinson’s Disease.

128. The method of embodiment 72, whersin sard neurglogical condition 15 ALS,
129 The method of embodiment 72, wherein said neurological condition is

Huntington’s Disease.

130. The method of embodiment 72, wherein said neurological condition 1s a stroke.
131. The method of embodiment 130, wherein said stroke 15 an ischemic stroke.

132. The method of embodiment 130, wherein said stroke is a hemorrhagic stroke.
133. The method of embodiment 72, wherein said method is capable of converting at

least one glial cell into a neuron.

134. The method of embodiment 133, wherein said ghal cells are selected from the

group consisting of astrocytes and NGZ cells.

135. The method of embodiment 132, wherein said glial cells are astrocytes.

136. The method of embodiment 135, wherein said astrocyies are reactive astrocytes.
137. The method of embodiment 133, wherein said ghal cells are GFAP positive.
138 The method of embodiment 133, wheren said neurons are functional neurons.
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139 The method of embodiment 138, wherein said functional neurons are selected
from the group consisting of glutamatergic neurons, GABAergic neurons, dopaminergic
neurons, cholinergic neurons, seratonergic neurons, epinephrinergic neurons, motor

neurons, and peptidergic neurons..

140. The method of embodiments 69 or 70, wherein a therapeutically effective dose of

said AAY is injected into said subject.

141. The method of embodiments 71 or 72, wherein a therapeutically effective dose of

satd AAYVY 15 delivered to said subject.

142, The method of embodiment 140 or 141, wherem said therapeutically effective

dose 18 adnunistered with a pharmaceutically acceptable carrier.

143. An adeno-associated viras {AA V) vector comprising a human distal-fess homeobox
2 {hDIx2) sequence comprising the nucleic acid sequence of SEQ 1D NO: 6, wherein the
hDIX2 sequence 1s operably finked to regulatory elements comprising:

{a) a ghal fibrillary acidic protein {GFAP} promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ 1D NQs: 3, 4, and 12;

{b} an enhancer from a human elongation factor-1 alpha {(EF1-a) promoter comprising
the nucleic acid sequence of SEQ ID NO: 2 or a eyvtomegalovirus (CMV) enhancer
comprising the nucleic acid sequence of SEQ 12 NO: 11; and

{c) a SV40 polvadenylation signal comprising the nucleic acid sequence of SEQ ID
NO: 8, a hiGH polvadenylation signal comprising the nucleic acid sequence of SEQ
ID NO: 13, or a bGH polvadenvlation signal comprising the nucleic acid sequence

of SEQ ID NO: 20.

144 An adeng-associated virus (AAY) vector comprising a nucleic acid coding
sequence encoding a human distal-less homeobox 2 (hDix2) protein comprising the
amino acid sequence of SEQ 1D NG: 10, wherein said coding sequence is operably linked
to regulatory elements comprising:

{(a} a ghal fibrillary acidic protein (GFAP) promoter comprising a nucleie acid

sequence selected from the group consisting of SEQ 1D NOs: 3, 4, and 12;
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{b} an enhancer from a human elongation factor-1 alpha {(EF1-¢) promoter
comprising the nucleic acid sequence of SEQ 1D NO: 2 or a cytomegalovirus
{CMV} enhancer comprising the nucleic acid sequence of SEQ D NG 11, and

{c} a 8V40 polyadenylation signal with a nucleic acid sequence of SEQ ID NO: 8, a

(4

hGH polvadenylation signal comprising the nucleic acid sequence of SEQ [D NO:
13, or a bGH polyadenylation signal comprising the nucleic acid sequence of SEQ
I NO: 20
145, A composition comprising an adeno-associated virus { AAV) vector for converting
glial cells to functional neurons in a human, wherein said AAY vector comprises a
10 human distal-less homeobox 2 (hDIx2) sequence having a nucleic acid sequence of SEQ
ID NO: 6, and wherein said sequence is operably linked to regulatory elements
comprising
{(a) a human ghal fibrillary acidic protein (GFAVF) promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ 1D NOs: 3, 4, and 12;
15 {b) an enhancer from the buman elongation factor-1 alpha (EF-1 alpha} promoter
coroprising the nucleic acid sequence of SEQ 1D NO: 2 or a cytomegalovirus
{CMV)} enhancer comprising the nucleic acid sequence of SEQIDNG: 11; and
() a SV40 polyadenylation sigual comprising the nucleic acid sequence of SEQ ID
NO: 8, a hGH polyadenviation signal corprising the nucleic acid sequence of
20 SEQ D NGO 13, or a bGH polyadenylation signal comprising the nucleic acid
sequence of SEQ ID NG 20,

146, A composition comprising an adeno-associated-virus (AAV) vector for
converting ghal cells to functional neurons i a human, wherern said AAV vector
comprises a nucleic acid sequence encoding a distal-less homeobox 2 (hDIx2) protein

25 comprising the amino acid coding sequence of SEQ ID NO: 10, and wherein said coding
sequence is operably hnked to regulatory elements comprising
{a) a human ghal fibrillary acidic protein {GFAP) promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ ID NQGs: 34, and 12;
{b} an enhancer from the human elongation factor-1 alpha (EF-1 alpha} promoter
30 comprising the nucleic acid sequence of SEQ D NO: 2 or a cytomegalovirus

{CMV} enhancer comprising the nucleic acid sequence of SEQ 1D NG 11; and
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{c} a SV40 polyadenylation signal sequence comprising the nucleic acid sequence of
SEQ ID NO: 8, a hGH polyadenylation signal comprising the nucleic acid
sequence of SEQ 1D NG: 13, or a bGH polvadenylation signal comprising the

nucleic acid sequence of SEQ 1D NOG: 20.

(4

147. A method of converting reactive astrocytes to functional newrons ina brain of a
living human comprising: injecting an adeno-associated virus (AAV) into a subject in
need thereof, wherein said AAY comprises a DNA vector construct comprising a human
distal-less homeobox 2 (hDIx2) sequence comprising the nucleic acid sequence of SEQ
I NO: 6, wherein said sequence is operably linked to regulatory elements comprising:

10 {2} a human ghal fibrillary acid protein (GFAF) promoter comprising a nucleic acid

sequence selected from the group consisting of SEQ 1D NGs: 3, 4, and 12;

(b} an enhancer from the human elongation facter-1 alpha (EF-1 alpha) promoter
comprising the sucleic acid sequence of SEQ ID NO: 2 or a cytomegalovirus
(CMV} enhancer comprising the nucleic acid sequence of SEQ 1D NO: 11; and

15 {c} a SV40 polvadenylation signal comprising the nucleic acid sequence of SEQ 1D

NG: 8, a hGH polyadenylation signal comprising the nucleic acid sequence of

SEGQ D NQO: 13, or a bGH polyadenylation signal comprising the nucleic acid

sequence of SEQ 1D NG: 20,

148, A method of converting reactive astrocytes to functional neurons ina brain of a

b
<

lrving brain comprising: injecting an adenc-associated virus {AAV) into a subject i need

thereof, wherein said AAV comprises a DNA vector construct comprising a nucleic acid

sequence encoding a human distal-less horeobox 2 (hDix2) protein comprising the

amino acid coding sequence of SEQ ID NO: 10, wherein said coding sequence s

operably hinked to expression control elements comprising:

25 {a) a human ghal fibrillary acid protein (GF AP) promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ 1D NOs: 3, 4, and 12;

{b) an enhancer from the human elongation factor-1 alpha (EF-1 alpha) promoter
comprising the nucleic acid sequence of SEQ ID NO: 2 or a cytomegalovirus

{CMV} enhancer comprising the nucleic acid sequence of SEQ ID NG: 11; and
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{c) a SV40 polvadenylation signal comprising the nucleic acid sequence of SEQ ID
NG 8, a hiGH polvadenylation signal comprising the nucleic acid sequence of SEQ
ID NO: 13, or a bGH polyadenylation signal comprising the nucleic acid sequence

of SEQ 1D NO: 20,
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CLAIMS:

L.

B2

An adeno-associated virus (AAV) vector comprising a human distal-less homeobox 2

(X2} sequence comprising the nucleic acid sequence of SEQ ID NO: 6, wherein the

hDIX2 sequence 1s operably hinked to regulatory elements comprising:

{a) a ghal fibnllary acidic protein (GFAP) promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ 1D NGs: 3, 4, and 12;

{b) an enhancer from a human elongation factor-1 alpha (EF1-a) promoter comprising
the nucleic acid sequence of SEQ 1D NQO: 2 or a cytomegalovirus (CMV) enhancer
comprising the nucleic acid sequence of SEQ 1D NO: 11;

{c} a chimeric ntron comprising the nucleic acid sequence selected from the group
consisting of SEQ 1D NQOs: 5and 19,

{d} a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE)
comprising the nucleic acid sequence selected from the group consisting of SEQ
I3 NOs: 7and 18; and

(e} a SV40 polyadenylation signal comprising the nucleic acid sequence of SEQ 1D
NOQ: 8, a hGH polyadenvylation signal comprising the nucleic acid sequence of SEQ
ID NO: 13, or a bGH polvadenylation signal comprising the nucleic acid sequence

of SEQ 1D NO: 20,

An adeno-associated virus {AAV) vector comprising a nucleic acid coding sequence
encoding a human distal-less homeobox 2 (hDIx2) protein comprising the amino acid
sequence of SEQ ID NO: 10, wherein said coding sequence is operably linked to
regulatory elements comprising:
{(a) a ghal fibrllary acidic protein (GF AP} promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ ID NOs: 3, 4, and 12
(b} an enhancer from a human elongation factor-1 alpha (EF1-a) promoter
comprising the nucleic acid sequence of SEQ 1D NO: 2 or a cytomegalovirus
{CMV} enhancer comprising the nucleic acid sequence of SEQ ID NO: 11,
{c) a chameric wtron comprising the nucleic acid sequence selected from the group

consisting of SEQ ID NOs: Sand 19,
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{d} a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE)
comprising the nucleic acid sequence selected from the group consisting of SEQ
ID NOs: 7and 18; and
{2} a 8V40 polyadenylation signal with a nucleic acid sequence of SEQ ID NO: 8, a
hGH polvadenylation signal comprising the nucleic acid sequence of SEQ [D NO:
13, or a bGH polyadenylation signal comprising the nucleic acid sequence of SEQ
I NO: 20
3. An adenc-associated virus {AAV) vector comprising a distal-less homeobox 2 (DIx2)
nucleic acid coding sequence encoding a DIX2 protein, wherein said coding sequence 1s
operably linked to regulatory elements comprising:
{(a} a ghal fibrillary acidic protein (GFAP) promoter;
{b} an enhancer;
{c} a chimeric intron;
{d} a woodchuck hepatitis virus postiranscriptional regulatory element (WPRE); and

{e) a polyadenylation signal sequence.

4. A composition comprising an adeno-associated virus {AAV) vector for converting glial
cells to functional neurons in a human, wherein said AAV vector comprises a human
distal-less homeobox 2 (hDhx2) sequence having a nucleic acid sequence of SEQ D NO:
6, and wherein said sequence 1s operably linked to regulatory elements comprising:

{a) a human ghal fibrillary acidic protein (GFAP) promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ ID NOs: 3, 4, and 12;

(b} an enhancer from the human elongation factor-1 alpha (EF-1 alpha) promoter
comprising the nucleic acid sequence of SEQ 1D NO: 2 or a cytomegalovirus
{CMV} enhancer comprising the nucleic acid sequence of SEQ ID NO: 1,

{c) a chameric intron comprising the nucleic acid sequence selected from the group
consisting of SEQ ID NOs: Sand 19,

{d} a woodchuck hepatitis virus postiranscriptional regulatory element {WPRE)
comprising the nucleic acid sequence selected from the group consisting of SEQ
ID NOs: 7and 18; and

{e} a SV40 polyadenylation signal comprising the nucleic acid sequence of SEQ ID

NG: 8, a hGH polyadenylation signal comprising the nucleic acid sequence of
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SEG ID NO: 13, or a bGH polyadenyiation signal comprising the nucleic acid

sequence of SEQ ID NO: 20,

S. A composition comprising an adeno-associated-virus {AAV) vector for converting glial

cells to functional neurons in a huran, wherem said AAY vector comprises a nucleie

(4

acid sequence encoding a distal-less homeobox 2 (hDIx2) protein comprising the amino
acid coding sequence of SEQ 12 NO: 10, and wheretn said coding sequence s operably
linked to regulatory elements comprising
{2} a human ghal fibrillary acidic protein {GFAP) promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ 1D NGs: 3,4, and 12;
10 {b} an enhancer from the human elongation factor-1 alpha (EF-1 alpha} promoter
comprising the nucleic acid sequence of SEQ ID NO» 2 or a cytomegalovirus
{CMV} enhancer comprising the nucleic acid sequence of SEQ {D NO: 11;
{c} a chimeric intron comprising the nucleic acid sequence selected from the group
consisting of SEQ 1D NOs: 5and 19;
15 {d} a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE)
comprising the nucleic acid sequence selected from the group consisting of SEQ
I3 NQOs: 7and 18; and
(e} a SV40 polyadenviation signal sequence comprising the nucleic acid sequence of
SEQ I3 NO: 8, a hGH polvadenylation signal comprising the nucleic acid
20 sequence of SEQ ID NG 13, or a bGH polyadenylation sigual comprising the

nucleic acid sequence of SEQ 1D NO: 20,

6. A composition comprising an adeno-associated virus (AAV) vector for the treatment of a
subject in need thereof, wherem said AAV vector comprises a distal-less homeobox 2
(DIx2) sequence operably hinked to expression control elements comprising:
25 {a) a ghal fibrillary acidic protein {GFAP) promoter;
(b} an enhancer;
{c) a chimeric 1ntron;
{d} a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); and

{e) a polyadenylation signal,
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10.

13

14

i6.

The AAV vector of any one of claims 1-3, or the composition of any one of claims 4-6,
wherein said AAV vector is selected from the group consisting of AAV serotype 2, AAV

serotype 5, and AAYV serotype 9.

The AAV vector or composition of claim 7, wheremn said AAV vector 1s AAV serotype

2

The AAV vector or composition of claim 7, wheremn said AAV vector 1s AAV serotype

5.

The AAV vector or composition of ¢laim 7, wherein said AAV vector is AAY serotype

9.

1. The composition of claim 4 or §, wherein said ghial cells are reactive astrocytes.

. The composition of claim 4 or 3, wherein sawd functional neurons are selected from the

group consisting of glutamatergic neurons, GABAergic neurons, dopaminergic neurons,
cholinergic neurons, seratonergic neurons, epinephrinergic neurons, motor neurons, and

peptidergic neurons,
The composition of claira 4 or 3, wherein said human has a neurological condition.

The AAV vector of claim 3, or the composition of claim 6, wherein said DixZ 15 a human

Dix2 (b2},

. The AAY vector of claim 3, or the composition of ¢laim 6, wherein said DIx2 15 selected

from the group consisting of a chimpanzee DIx2, a bonobo DIx2, an orangutan DIx2, a
goriila DixZ2, a macaque D2, a marmoset DIx2, a capuchin DIx2, a baboon DIx2, a

gibbon DIx2, and a lemur Bix2.

The AAV vector or composiiion of claim 14, wherein said hDIx2 comprises a nucleic
acid coding sequence encoding an amino acid sequence at least 80% identical or similar

to SEQ ID NO: 10,
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17.

18

19.

The AAV vector or composition of claim 14, wherein said hDMx2 coding sequence
comprises a nucleic acid sequence at least 80% identical to SEQ 1D NO: 6, or the

complement thereof.

The AAV vector of claim 3, or the composition of clanm 6, wherem said GFAP promoter

is 3 human GFAP (hGFAP) promoter.

The AAV vector of claim 3, or the composition of clanm 6, wherem said GFAP promoter
is selected from the group consisting of a chimpanzee GFAP promoter, a bonobo GFAP
promoter, an orangutan GFAP promoter, a gorilla GFAP promoter, a macaque GFAP
promoter, a marmoset GFAP promoter, a capuchin GFAP promoter, a baboon GFAP

promoter, a gibbon GFAP promoter, and a lemur GFAP promoter.

20. The AAV vector or composition of claim 18, wherein said hGFAP promoter comprises a

21

[
[

23.

nucleic acid sequence at least 80% identical to SEQ ID NO: 3, or the complement

thereof,

The AAV vector or composition of ¢laim 18, wherein said hGFAP promoter comprises a
nucleic acid sequence at least 80% identical to SEQ 1D NOs: 4 or the complement

thereof,

. The AAY vector or composition of claim 18, wherein said hGFAP promoter comprises a

nucleic acid sequence at least 80% identical to SEQ ID NQGs: 12 or the complement

thereof

The AAV vector of claim 3, or the composition of claim 6, wherein said enhancer is
selected from the group consisting of an enhancer from human elongation factor-1 alpha

{EF1-u) promoter and cytomegalovitus ({CMV) enhancer.

24. The AAY vector or composition of claim 23, wherein said EFi- o compnses a nucleic

acid sequence at {east 80% identical to SEQ 1D NG: 2, or the complement thereof.

. The AAYV vector or composition of claim 23, wherein said CMV enhancer comprises a

nucleic acid sequence at least 80% identical to SEQ ID NO: 11, or the complement

thereof,
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. The AAY vector of claim 3, or the composition of claim 6, wherein said chimeric intron

comprises a nucleic acid sequence at least 80% 1dentical to a nucleic acid selected from

the group consisting of SEQ I NOs: 5 and 19, or the complement thereof.

. The AAV vector of claim 3, or the composition of claim 6, wherein said WPRE

comprises a nucleic acid sequence at least 80% identical to a nucleic acid selected from

the group consisting of SEQ 1D NOs: 7 and 18, or the complement thergof.

28. The AAV vector of claim 3, or the composition of claim 6, wherem said polyadenylated

29.

36

31

L4
]

33

34

35

signal 15 sefected from the group consisting of SV40 polvadenylation signal a hGH

polyadenylation signal, and a bGH polyadenylation signal.

The AAV vector or composition of claim 28, wherein said SV40 polyadenyiated signal
comprises a nucleic acid sequence at least 80% identical to SEQ 1D NO: 8, or the

complement thereof

The AAV vector or composition of claim 28, wherein said hGH polyadenylated signal
comprises a nucleic acid sequence at least 80% 1dentical to SEQ 1D N 13, or the

complement thereof.

The AAV vector or composition of claim 28, wherein said bGH polyadenylated signal
comprises a nucleic acid sequence at least 80% identical to SEQ 1D NO: 20, or the

complement thereof.

. The AAY vector of clamm 3, or the composition of ¢laim 6, wheremn said AAV vector

further comprises a nucleic acid sequence encoding an AAY protein sequence.

The AAV vector of any one of claims 1-3, or the composition of any oue of claims 4-6,

wherem satd AAV vector comprises AAV serotype 2 inverted terminal repeats (ITRs).

The AAV vector of any one of claims 1-3, or the composition of any oue of claims 4-6,

wherein sard AAV vector comprises AAVY serotype 5 mverted terminal repeats (ITRs).

The AAV vector of any one of claims 1-3, or the composition of any one of claims 4-6,

wherein said AAV vector comprises AAYV serotype 9 inverted terminal repeats (TTRs).
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39

40.

41.

57y
h]

45.

. The AAY vector of any one of claims 1-3, or the compaosition of any one of claims 4-6,

wherein said AAY vector comprises at least one ITR nucleic acid sequence at least 80%

identical to SEQ 1D NG: 1.

. The AAV vector of any one of claims 1-3, or the compostiion of any one of claims 4-6,

wherein said AAV vector comprises at least one ITR nucleic acid sequence at least 80%

identical to SEQ ID NO: 9.

. The composition of claim 6, wherein said subject in need thereof 13 a mammal.

The composition of claim 38, wherein said mammal is a buman.
The composition of clairn 3R, wherein said mammal 15 a non-human primate.

The composition of claim 6, wherein said subject in need thereof has a newrological

condition.

. The composition of claim 13 or 41, wherein said neurological condition comprises an

mpury to the central nervous system (CNS) or peripheral nervous system.

. The composition of claim 13 or 41, wherein said wherein said neurological condition

comprises an injury to the UNS.

The composition of claim 13 or 41, wherein said neurological condition is selected from
the eroup consisting of Alzheimer’s Disease, Parkinson’s Disease, amyotrophic lateral
sclerosis {ALS), Huntington’s Disease, epilepsy, physical injury, stroke, cerebral
aneurysm, traumatic brain injury, concussion, a tumor, inflammation, infection, ataxia,
brain atrophy, spinal cord atrophy, multiple sclerosis, traumatic spinal cord injury,
ischemic or hemorrhagic rayelopathy (myelopathy), global ischemia, hypoxic ischemic
encephalopathy, embolism, fibrocartilage embolism myelopathy, thrombosis,
nephropathy, chronic inflammatory disease, menungitis, and cerebral venous sinus

thrombosis.

The composition of clairo 13 or 41, wherein said neurological condition i3 Alzheiner’s

Diisease.
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46.

47.

48.

53.

54.

I
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The composition of claim 13 or 41, wherein said neurclogical condition s Parkinson’s

Disease.

The composition of claim 13 or 41, wheremn said neurological condition 15 ALS.

The composition of ¢laim 13 or 41, wherein said neurological condition 1s Huntington’s

Disease.

. The composition of claim 13 or 41, wherein said neurological condition is a stroke.
. The composition of claim 49, wherein said stroke 1s an ischemic stroke.
. The composition of claim 4%, wherein said stroke t5 a hemorrhagic stroke.

. The composition of ¢laim 41, wherein said composition is capable of converting at least

one glial cell to a neuron.

The composition of claim 52, wherein said glial cells are selected from the group

consisting of astrocytes and NG2 cells.

The composition of claim 52, wherein said ghial cells are astrocytes.

. The composition of claim 34, wherein said astrocytes are reactive astrocyies.
. The composition of claim 52, wherein said ghial cells are GFAP positive,
. The composition of claim 52, wherein said neurons are functional neurons.

. The composition of claim 52, wherein said functional neurons are selected from the

group consisting of glutamatergic neurons, GABAergic neurons. dopaminergic neurons,
cholinergic neurons, seratonergic neurons, epinephrinergic neurons, motor neurons, and

peptidergic neurons..

. The composition of ¢claim 58, wherein said functional neurons are glutamatergic neurons,

The composition of clairo 6, wherein said composition s formulated to be delivered to a

subject in need thereof.
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The composition of claim 60, wherein said composition is formulated for local delivery.

The composition of claim 61, wherein said composition 1s formulated for systemic

delivery.

The composition of any one of claims 60-62, wherein sard composition 1s formugdated for
delivery via mtraperitoneal, intramuscular, intravenous, intrathecal, intracerebral,
ntracranial, mtra lateral ventricle of the bran, intra cisterna magna, ntra vitreous, intra-

subretina, intraparenchymal, intranasal, or oral administration.

A method comprising delivering the composition of claim © to said subject in need

thereof.

5. The method of claim 64, wherein said composition is formulated to be delivered to a

subject in need thereof.
The method of claim 64, wherein said delivering comprises local admunstration.

The method of claim 64, wherein said delivering comprises systemic administration.

. The method of any one of claims 64-67, wherein said delivering comprises an

intraperitoneal, intramuscular, intravenous, intrathecal, intracerebral, intracranial, intra
lateral ventricle of the brain, intra cisterna magna, intra vitreous, intra-subretina,

mtraparenchymal, mtranasal, or oral administration.

A method of converting reactive astrocytes to functional neurons in a brain of a hiving
human comprising: njecting an adeno-associated virus (AAV) nto a subject in need
thereof, wherein said AAV comprises a DNA vector construct comprising a human
distal-less horoeobox 2 (hDIx2) sequence comprising the nucleic acid sequence of SEQ
13 NG 6, wherein said sequence is operably hunked to regulatory elements comprising:
{a) a human ghal fibridlary acid protein (GFAP) promoter corprising a nucleic acid
sequence selected from the group consisting of SEQ ID NOs: 3, 4, and 12;
(b} an enhancer from the human elongation factor-1 alpha (EF-1 alpha) promoter
comprising the nucleic acid sequence of SEQ ID NO: 2 or a cytomegalovirus

{CMV} enhancer comprising the nucleic acid sequence of SEQ ID NO: 11,

118



(4

1

WO 2022/072310 PCT/US2021/052302

{c} a chimeric mtron comprising the nucleic acid sequence selected from the group
consisting of SEQID NQOs: 5and 19,

{d} a woodchuck hepatitis virus posttranscriptional regulatory element {WPRE}
comprising the nucleic acid sequence selected from the group consisting of SEQ
D NOs: 7and 18; and

{2} a 8V40 polyadenyvlation signal comprising the nucleic acid sequence of SEQ 1D
NO: 8, a hGH polvadenylation signal comprising the nucleic acid sequence of
SEQ 1D NG: 13, or a bGH polvadenylation signal comprising the nucleic acid
sequence of SEQ 1D NO: 20.

70. A method of converting reactive astrocytes t¢ functional neurens in a brain of a living
brain comprising: injecting an adeno-associated virus {AAV) into a subject in need
thereof, wherein said AAV comprises a DNA vector construct comprising a nucleic acid
sequence encoding a human distal-less homeobox 2 (hDix2) protein comprising the
amino acid coding sequence of SEQ 1D NO: 10, wherein said coding sequence is
operably linked to expression control elemenis comprising:

{a) a human ghal fibrillary acid protein (GFAP) promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ ID NOs: 3, 4, and 12;

(b} an enhancer from the human elongation factor-1 alpha (EF-1 alpha) promoter
comprising the nucleic acid sequence of SEQ 1D NO: 2 or a cytomegalovirus
{CMV} enhancer comprising the nucleic acid sequence of SEQ ID NO: 11,

{c) a chameric intron comprising the nucleic acid sequence selected from the group
consisting of SEQ ID NOs: 5and 19;

{d} a woodchuck hepatitis virus postiranseriptional regulatory element (WPRE)
coraprising the nucleic acid sequence selected from the group consisting of SEQ
ID NGs: 7and 18; and

{e} a SV40 polyadenylation signal comprising the nucleic acid sequence of SEQ 1D
NO: 8, a hGH polyadenvlation signal comprising the nucleic acid sequence of
SEQ ID NG: 13, or a bGH polyvadenylation signal comprising the nucleic acid

sequence of SEQ ID NG 20,

119



(4

)

v

WO 2022/072310 PCT/US2021/052302

71. A method of converting ghial cells to neurons in a subject in need thereof comprising:
delivering an adeno-associated virus {AAV) to said subject in need thereof, wherein said
AAV comprises a DNA vector construct comprising a distai-less homeobox 2 (DIx2}
sequence operably linked to expression control elements comprising;

(a} a ghal fibrillary acid protein {GFAP) promoter;
{b} an enhancer;
{c} a chimeric intron;
{d} a woodchuck hepatitis virus postiranscriptional regulatory element (WPRE); and
{e} and a polvadenylation signal sequence,
wherein said vector is capable of converting at least one ghial cell {0 a newron in said

subject in need thereof

72. A method of treating a neurological condition in a subject in need thereof comprising:

delivering an adeno-associated virus {AAV) to saud subject, wherein said AAV comprises
a DNA vector construct comprising a distal-less homeobox 2 (DIx2) sequence operably
linked to expression control elements comprising:

{(a) a ghal fibrillary acid protein (GFAF) promoter;

(b} an enhancer;

{c) a chimeric intron;

{d) a woodchuck hepatitis virus postiranseriptional regulatory element {(WPRE); and

{¢) a polvadenviation signal to said subject in need thereof.

~3
98]

3. The method of any one of claims 69-72, wherein said AAV is selected from the group

consisting of AAV serotype 2, AAV serotype 3, and AAV serotype 9.
74 The method of claim 73, wherein said AAV is AAVY serotype 2.
75. The method of claim 73, wherein said AAV is AAV seroiype S.
76. The method of claim 73, wherein said AAY is AAV serotype 9.

. The method of claims 69 or 70, wherein said functional neurons are glutamatergic
neurons, (JABAergic neurons, dopaminergic neurons, cholinergic neurons, seratonergic

nevrons, epinephrinergic nevrons, motor neurons, and peptidergic neurons.
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82.

84,

&5

86,

&7.

8. The method of claims 71 or 72, wherein said Dix2 is human DIx2 (hDix2).

. The method of claims 71 or 72, wherein said BIX2 15 selected from the group consisting

of a chimpanzee Dix2, a bonobo DIx2, an orangutan Dix2, a gorilla DIx2, a macaque
Dix2, a marmoset Dx2) a capuchin DIx2, a baboon DIx2, a gibbon DIX2, and a lemur

Dix2.

The method of claim 78, wherem said hIDx2 cornprises a amino acid sequence encoding

an ammo acid sequence at least 830% 1dentical or similar to SEQ ID NO: 10,

The method of claim 78, wherein said hDx2 coding sequence comprises a nucleic acid

sequence at least 80% identical to SEQ ID NG: 6, or the complement thereof.

The method of claims 71 or 72, wherein said GFAP promoter s a human GFAP (hGFAP)

promoter.

. The method of claims 71 or 72, wherein said GFAP promoter is selected from the group

consisting of a chimpanzee GFAP promoter, a bonobo GFAP promoter, an orangutan
GFAP promoter, a gorilla GFAP promoter, a macaque GFAP promoter, a marmoset
GFAP promoter, a capuchin GFAP promoter, a baboon GFAP promoter, a gibbon GFAP

promoter, and a lemur GFAP promoter,

The roethod of claim 82, wherein said hGFAP promoter comprises a nucleic acid

sequence at least 80% wdentical to SEQ ID NG: 3, or the complement thereof

. The method of claim 83, wherein said hGFAP promoter comprises a nucleic acid

sequence at least 80% wdentical to SEQ ID NOs: 4, or the complement thereof.

The roethod of claum 82, wherein said hGFAP promoter comprises a nucleic acid

sequence at least 80% wdentical to SEQ 1D NOs: 12, or the comaplement thereof.

The method of claims 71 or 72, wherein said enhancer is selected from the group
consisting of an enhancer from human elongation factor-1 alpha (EF1-a) promoter and

cvtomegalovirus (CMV) enhancer.
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. The method of claim &7, wheren said EF1- o comprises a nucleic acid sequence at least

80% identical to SEQ 1D NO: 2, or the complement thereof.

The method of claim 87 wherein said CMV enhancer cornprises a nucleic acid sequence

at least 80% identical to SEQ 1D NO: 11, or the complement thereof.

The method of claims 71 or 72, wherein said chimneric intron comprises a nucleic acid
sequence at least 30% identical to nucleic acid sequence selected from the group

conststing of SEQ 1D NQOs: S and 19, or the complement thereof

The method of claims 71 or 72, wherein said WPRE comprises a nucleic acid sequence at
least 80% 1dentical to a nucleic acid sequence selected from the group consisting of SEQ

1D NQOs: 7 and 18, or the complement thereof.

. The method of claims 71 or 72, wherein said polyvadenyiated signal is selected from the

group consisting of 8V40 polyadenyiation signal and a hGH polyadenylation signal.

The method of claims 71 or 72, wherein said SV40 polyadenylated signal comprises a
nuclete acid sequence at least 80% identical to SEQ ID NO: 8, or the complement

thereof,

The method of claims 71 or 72, wherein said hGH polyadenylated signal comprises a
nucleic acid sequence at least 80% identical to SEQ ID NO: 13, or the complement

thereof,

The roethod of clawus 71 or 72, wherein said bGH polyadenylated signal comprises a
nucleic acid sequence at least 80% identical to SEQ 1D NO: 20, or the complement

thereof.

The method of claims 71 or 72, wherein said vector further comprises a nucleic acid

sequence encoding an AAV protein sequence,

. The method of any one of claims 69-72, wheren said vector comprises AAV serotype 2

mverted terminal repeats (ITRs).
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98. The method of any one of claims 69-72, wherein said vector comprises AAV serotype 5

inverted terminal repeats {(ITRs).

99. The method of any one of claims 69-72, wherein said vector comprises AAV serotype 9

mverted terminal repeats (ITRs).

100, The method of any one of claims 69-72, wherein said vector comprises at least

one ITR nucleic acid sequence at least 80% identical to SEQ 1D NG: 1.

101, The method of any one of ¢laims 69-72, wherein said vector comprises at least

one ITR nucleic acid sequence at least 80% identical to SEQ 1D NG ¢

102 The method of claim 69, wherein said converting occurs in the central nervous

system {CNS) or peripheral nervous syster,

103, The method of claim 71, wherein said converting occurs in the CNS.

104. The method of claim 71 or 72, wherein said subject in need thereof is a mammal.

108. The method of claim 104, wherein said mammal is a human.

106. The method of claim 104, wherein said mammal 1s a non-human primate.

107. The method of claim 71 or 72, wherein said delivering comprises a local
administration.

108. The method of claim 71 or 72, wheren said delivering comprises systemic
administration.

109. The method of claim 71 or 72, wherein said delivering comprises an

adnunistration selected from the group consisting of an intraperitoneal administration,
intramuscular administration, intravenous administration, intrathecal administration,
intracerebral administration, intracranial administration, inira lateral ventricle of the brain
administration, intra cisterna magna administration, infra vitreous administration, infra-
subretina administration, intraparenchymal adminisiration, intranasal administration, and

oral administration.
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116 The method of clamm 69 or 70, wherein said injecting comprises an injection
selected from the group consisting of an intraperitoneal injection, intramuscular injection,
intravenous injection, intrathecal injection, intracerebral injection, intracranial injection,
intra lateral ventricle of the brain mjection, intra cisterna magna injection, intra vitreous
injection, intra-subretina injection, intraparenchymal injection, intranasal injection, and

oral injection.

111, The method of claims 71 or 72, wherein said delivering comprises injecting.
112. The method of any one of clamns 69, 70, or 111, wheremn said injecting 1s

performed at a concentration of between 10" particles/roL. and 10 particles/mL.

113. The method of clain 112, wherein said injecting further comprises a flow rate of

between 0.1 pl/minute and 5.0 pL/munute.

114 The method of claim 71, wherein said at least one ghial cell 1s selected from the

group consisting of at least one astrocyte and at least one NG2Z cell.

113 The method of claim 69, wherein said at least one ghal cell 1s at least one
astrocyte.

116, The method of claim 114 or 115, wherein said at least one astrocyie is a reactive
astrocyte.

117 The method of claim 1, wherein said neuron 1s a functional neuron.

118 The method of any one of claims 69, 70, and 117, wherein said functional neurons

are selected from the group consisting of glutamatergic neurons, GABAergic neurons,
dopaminergic neurons, cholinergic neurons, seratonergic neurons, epinephrinergic

neurons, motor neurons, and peptidergic neurons..

119. The method of claim 71, wherein said subject exhibits an improvement of at least

one neurological condition symptom as compared to said subject prior to said delivering.
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126 The method of clamm 119, wherein said mprovement is measured within 1 year of

said delivering.

121, The method of any one of claims 69, 70, or 111, wherein said method comprises

directly iyjecting said AAV vector into the brain of said subject.

122 The method of any one of claims 69 or 70 wheren said converting is in the

cerebral cortex of said brain.

123. The method of any one of ¢claims 69 or 70, or 111, wherein said method

comprises directly mjecting said AAV vector imto the spinal cord of said subject.

124. The method of claim 72, wheremn said neurclogical condition comprises an injury

to the central nervous system {CNS) or peripheral nervous systero.

125. The method of claim 72, wherein said neurclogical condition is selected from the
group consisting of Alzheimer’s Disease, Parkinson’s Disease, amyotrophic lateral
sclerosis {ALS), Huntington’s Disease, epilepsy, physical injury, stroke, cerebral
aneurysm, traumatic bram injury, concussion, a tumor, inflammation, infection, ataxia,
brain atrophy, spinal cord atrophy, multiple sclerosis, traumatic spinal cord injury,
ischemie or hemorrhagic myelopathy (myelopathy), global sschemia, hypoxic ischemic
encephalopathy, embolism, fibrocartilage embolism myelopathy, thrombosis,
nephropathy, chronie inflammatory disease, meningitis, and cerebral venous sinus

thrombosis.

126. The method of clain 72, wherein said neurological condition i1s Alzheimer’s

127. The method of clamn 72, wherein said neurological condition is Parkinson’s

fe)
N/
~-
1773
42

ARISH

128, The method of claim 72, wherein said neurological condition is ALS.

129. The method of claim 72, wheren said neurclogical condition 15 Huntington’s

Diisease.
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136 The method of claim 72, wherein said neurological condition is a stroke.

131, The method of claim 130, wherein said stroke 18 an ischemi¢ stroke.

132 The method of claim 130, wheren said stroke 15 a hemorrhagic stroke,

133 The method of claim 72, wherein said method is capable of converting at least

one ghal cell nto a neuron.

134 The method of claim 133, wherein said ghal cells are selected from the group

consisting of astrocytes and NG2 cells.

135 The method of claim 132, wherein said glial cells are astrocytes.

136. The method of claim 1335, wherein said astrocytes are reactive astrogyies.

137. The method of claim 133, wherein said ghal cells are GFAP positive.

138. The method of claim 133, wherein said neurons are functional neurons.

139 The method of claim 138, wherein said functional neurons are selected from the

group consisting of glutamatergic neurons, GABAergic neurons, dopaminergic neurons,
cholinergic neurons, seratonergic neurons, epinephrinergic neurons, motor neurons, and

peptidergic neurons..

140. The method of claims 69 or 70, wherein a therapeutically effeciive dose of said

AAYV 1s injected into said subject.

141. The method of clatms 71 or 72, wherein a therapeutically effective dose of said

AAY 1s delivered to said subject.

142, The method of clamm 140 or 141, wherein said therapeotically effective dose 5

admimstered with a pharmaceutically acceptable carrier,

143 An adeno-associated viras {AAV} vector comprising a human distal-less homeobox
2 {hDIx2) sequence comprising the nucleie acid sequence of SEQ 1D NO: 6, wherein the

hDIx2 sequence 1s operably hinked to regulatory elements compnising:

126



(4

1

WO 2022/072310 PCT/US2021/052302

{a) a ghal fibrillary acidic protein (GFAP) promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ 1D NOs: 3, 4, and 12;

(b} an enhancer from a human elongation factor-1 alpha (EF1-a} promoter comprising
the nucleic acid sequence of SEQ [D NO: 2 or a cytomegalovirus (CMV) enhancer
comprising the nucleic acid sequence of SEQ ID NO: 11; and

{c) a SV40 polyadenvlation signal comprising the nucleic acid sequence of SEQ 1D
NO: 8, a hGH polyadenylation signal comprising the nucleic acid sequence of SEQ
1D NG: 13, or a bGH polyadenylation signal comprising the nucleic acid sequence

of SEQ 1D NG: 20,

144 An adenc-associated virus {AAV) vector comprising a nucleic acid coding
sequence encoding a human distal-less homeobox 2 (hix2) protein comprising the
aming acid sequence of SEQ ID NO: 10, wherein said coding sequence is operably linked
to regulatory elements comprising:

{(a) a glial fibrillary acidic protein (GFAP) promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ ID NOs: 3, 4, and 12;

(b} an enhancer from a human elongation factor-1 alpha (EF1-a) promoter
comprising the nucleic acid sequence of SEQ ID NO: 2 or a cytomegalovirus
{CMV} enhancer comprising the nucleic acid sequence of SEQ 1D NO: 11; and

{c) a 8V40 polyadenylation signal with a nucleic acid sequence of SEQ D NO: 8, a
hGH polvadenylation signal comprising the nucleic acid sequence of SEQ ID NO:

13, or a bGH polyadenylation signal comprising the nucleie acid sequence of SEQ

ID NO: 20
145, A composition comprising an adenoc-associated virus (AAV) vector for converting

ghal cells to functional nevrons in a buman, wherein said AAV vector corprises a
human distal-less homeobox 2 (hDIx2) sequence having a nucleic acid sequence of SEQ
ID NO: 6, and wherem said sequence 1s operably hinked to regulatory elements
comprising:

{a}) a human ghal fibrillary acidic protein (GFAP) promoter comprising a nucleic acid

sequence selected from the group consisting of SEQ ID NOs: 3, 4, and 12;
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{b} an enhancer from the human elongation factor-1 aipha (EF-1 alpha)} promoter
comprising the nucleic acid sequence of SEQ 1D NO: 2 or a cytomegalovirus
{CMV} enhancer comprising the nucleic acid sequence of SEQ D NG 11, and

{c} a 8V40 polyadenylation signal comprising the nucleic acid sequence of SEQ 1D

5 NO: 8, a h(GH polvadenylation signal comprising the nucleic acid sequence of
SEQ 1D NO: 13, or a bGH polvadenylation signal comprising the nucleic acid
sequence of SEQ 11 NQ: 20.
146. A composition comprising an adeno-associated-virus (AAV) vector for
converting ghial cells to functional neurons m a human, wherein said AAV vector
10 comprises a nucleic acid sequence encoding a distal-less homeobox 2 (hBIx2) protein
comprising the amino acid coding sequence of SEQ 1D NG: 10, and wherein said coding
sequence is operably hinked to regulatory elements comprising:
{a} a human ghal fibrillary acidic protein (GFAP) promoter comprising a nucleic acid
sequence selected from the group consisting of SEQ ID NOs: 3.4, and 12;
15 {b) an enhancer from the human elongation factor-1 alpha (EF-1 alpha) promoter
comprising the nucleic acid sequence of SEQ 12 NO: 2 or a cytomegalovirus
{CMV) enhancer comprising the nucleic acid sequence of SEQ ID NG 11, and
{c) a SV40 polyadenyiation signal sequence comprising the nucleic acid sequence of
SEQ I3 NO: 8, a hGH polvadenylation signal comprising the nucleic acid
20 sequence of SEQ ID NG 13, or a bGH polyvadenylation sigual comprising the
nucleic acid sequence of SEQ 1D NO: 20,

147, A method of converting reactive astrocytes to functional neurons 1 a brain of a
living human comprising: injecting an adeno-associated virus {AAV) into a subject in
need thereof, wherein said AAV comprises a DNA vector construct comprising a human

25 distal-less homeobox 2 (hDIx2) sequence comprising the nucleic acid sequence of SEQ

ID NQO: 6, wherein said sequence 1s operably linked to regulatory elements comprising:
{a) a human ghal fibrillary acid proten (GF AP) promoter comprising a nucleic acid

sequence selected from the group consisting of SEQ 1D NOs: 3, 4, and 12;
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{b} an enhancer from the human elongation factor-1 aipha (EF-1 alpha)} promoter
comprising the nucleic acid sequence of SEQ 1D NO: 2 or a cytomegalovirus
{CMV} enhancer comprising the nucleic acid sequence of SEQ D NG 11, and

{c} a 8V40 polyadenylation signal comprising the nucleic acid sequence of SEQ 1D

(4

NO: 8, a hGH polvadenylation signal comprising the nucleic acid sequence of
SEQ 1D NO: 13, or a bGH polvadenylation signal comprising the nucleic acid
sequence of SEQ 11 NQ: 20.

148 A method of converting reactive astrocytes to functional neurons in a brain of a
living brain comprising: injecting an adeno-associated virus (AAV) into a subject in need
10 thereof, wherein said AAV comprises a DNA vector construct comprising a nucleic acid
sequence encoding a human distal-less homeobox 2 (hix2) protein comprising the
aming acid coding sequence of SEQ D NO: 10, wherein said coding sequence is
operably linked to expression control elements comprising:
{a) a human ghal fibrillary acid protein (GFAP) promoter comprising a nucleic acid
15 sequence selected from the group consisting of SEQ ID NOs: 3, 4, and 12;
(b} an enhancer from the human elongation factor-1 alpha (EF-1 alpha) promoter
comprising the nucleic acid sequence of SEQ 1D NO: 2 or a cytomegalovirus
{CMV} enhancer comprising the nucleic acid sequence of SEQ 1D NO: 11; and
{c) a SV40 polvadenvlation signal comprising the nucleic acid sequence of SEQ 1D
20 NG 8, a hGH polyadenylation signal comprising the nucleic acid sequence of SEQ
1D NO: 13, or a bGH polvadenylation signal comprising the nucleic acid sequence

of SEQ 1D NO: 20,
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