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(57) Abstract: Provided are gene therapy vectors, such as adeno-associated virus (AAV), designed for treatment of mutations in the
Eukaryotic Translation Initiation Factor 2B Subunit Epsilon (EIF2B5) gene. The EIF2BS gene provides instructions for making one of
five subunits of the elF2B protein, specifically the epsilon subunit of this protein. Such mutations are associated with a disease or disor-
der such as a leukoencephalopathy, a megalencephalic leukoencephalopathy, a leukodystrophy, a stroke, a migraine, epilepsy, multiple
sclerosis (MS), Parkinson's disease (PD), Alzheimer's disease (AD), astrogliosis in aging, Huntington's Disease (HD), amyotrophic
lateral sclerosis (ALS), Alexander disease, hepatic encephalopathy (HE), AicardinGoutieres syndrome, CLC-2-related disease, oculo-
dentodigital dysplasia, and/or giant axonal neuropathy. Such leukoencephalopathies or leukodystrophies include, but are not limited
to, Vanishing White Matter Disease (VWM). The disclosed gene therapy vectors provide a EIF2B5 ¢cDNA to a subject in need which
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results in expression of a wild type or functional EIF2BS protein. Also provided is a new promoter, designated gfal405, which was
designed to target astrocytes and neurons. Thus, compositions, nanoparticles, extracellular vesicles, exosomes, or vector comprising
the gfal405 promoter and methods of its use are also provided.
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MATERIALS AND METHODS FOR THE TREATMENT OF EIF2B5 MUTATIONS AND
DISEASES RESULTING THEREFROM

[0001] This application contains, as a separate part of the disclosure, a Sequence Listing
in computer-readable form which is incorporated by reference in its entirety and identified as
follows: 56440_Seqlisting. XML, Size: 70,395 bytes; Created: February 16, 2023.

FIELD OF THE INVENTION

[0002] The disclosure provides gene therapy vectors, such as adeno-associated virus
(AAV), designed for treatment of mutations in the gene encoding the Eukaryotic Translation
Initiation Factor 2B Subunit Epsilon 5 (EIF2B5) protein. Such mutations in the EIF2B5 gene
are associated with a leukoencephalopathy, a megalencephalic leukoencephalopathy, a
leukodystrophy, a stroke, a migraine, epilepsy, multiple sclerosis (MS), Parkinson's disease
(PD), Alzheimer's disease (AD), astrogliosis in aging, Huntington's Disease (HD),
amyotrophic lateral sclerosis (ALS), Alexander disease, hepatic encephalopathy (HE),
AicardiliGoutieres syndrome, CLC-2-related disease, oculodentodigital dysplasia, giant
axonal neuropathy, or vanishing white matter (VWM) disease. The disclosed gene therapy
vectors provide a EIF2B5 cDNA or a wild type EIF2B5 cDNA to a subject in need which
results in expression of a functional or wild type EIF2B5 protein. The disclosure also

provides a novel promoter designed to target expression in astrocytes and/or neurons.

BACKGROUND

[0003] Vanishing White Matter Disease (VWM) is a devastating leukodystrophy (1-3).
VWM is caused by autosomal recessive mutations in the five subunit genes of the
Eukaryotic Initiation Factor 2B (EIF2B) complex, which is necessary for the first steps of

protein translation. There are currently no therapies for VWM disease.

[0004] Studies have shown that the majority of VWM mutations are in the E/F2B5 gene,
followed by the EIF2B2 gene (1, 4). The exact mechanism of pathology remains unknown,
although it is evident that glial cell dysfunction is fundamental to the pathophysiology.
Established cell cultures from the brain of an individual with EIF2B5 VWM revealed that
healthy oligodendrocytes were readily generated; however, few astrocytes were present.
Further, induction of astrocytes was severely diminished, and the few astrocytes generated
were irregular. Lesions in vivo also lacked glial fibrillary acidic protein (GFAP)-positive
(GFAP+) astrocytes. Further, targeting of elF2B5 with RNA interference severely
compromised the induction of GFAP+ astrocytes from normal human glial progenitors (5).
There are currently three murine models of elF2B5 VWM (6-8). Impaired maturation of white

matter astrocytes preceded onset and paralleled disease severity and progression in two of
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the models. In coculture, VWM astrocytes secreted factors that inhibited oligodendrocyte
maturation, whereas WT astrocytes allowed normal maturation of VWM oligodendrocytes
(7). Taken together, these studies from a human patient and murine models demonstrate

that astrocytes are central in VWM pathology and constitute potential therapeutic targets.

[0005] Advances in adeno-associated virus (AAV) vectors have led to safer and more
efficient viral vehicles to deliver therapeutic transgenes in a single injection, and gene
therapy is now a favorable therapeutic intervention for monogenic diseases. AAV serotype 9
has become the most widely used vector for neurological indications and has established a
safety profile in the clinic. Intrathecal administration of AAV9 permits dissemination of
transgenes throughout the nervous system and is currently in trials for the treatment of
neuronal ceroid lipofuscinosis 3 (CLN3, NCT03770572), CLN6 (NCT02725580), spinal
muscular atrophy (SMA, NCT03381729), and giant axonal neuropathy (GAN,
NCT02362438). However, it has been shown across species including mice (9), dogs (10),
and non-human primates (11, 12) that AAV9 primarily targets neurons and fails to effectively
target glia, a clear therapeutic target for VWM disease and other leukodystrophies.
Nonetheless, it is now possible to achieve potent cell-specific tropism by driving transgene
expression with select promoters. Notably, GFAP promoter-driven transgene expression has
been shown to be highly specific for astrocytes following AAV infusion to the brains of

neonatal and adult mice (13).

[0006] Because patients with a mutation in their elF2B5 gene suffer from or are risk of
suffering from leukoencephalopathy with vanishing white matter, there is an urgent need for
new therapeutic options. Moreover, elF2B5 mutations have been implicated in other
diseases or disorders, such as megalencephalic leukoencephalopathy, leukodystrophy,
stroke, migraine, epilepsy, multiple sclerosis (MS), Parkinson's disease (PD), Alzheimer's
disease (AD), astrogliosis in aging, Huntington's Disease (HD), amyotrophic lateral sclerosis
(ALS), Alexander disease, hepatic encephalopathy (HE), AicardiCGoutiéres syndrome, CLC-
2-related disease, oculodentodigital dysplasia, and giant axonal neuropathy. The disclosure
provides a replacement elF2B5 nucleic acid and EIF2B2 gene replacement as a feasible
therapeutic strategy to treat a mutation(s) in the EIF2B2 gene and treat, prevent, or
ameliorate a leukodystrophy, leukoencephalopathy and/or VWM disease resulting from such
mutation(s). The disclosure thus provides nucleic acids, nanoparticles, extracellular
vesicles, exosomes, vectors, recombinant AAV particles, and compositions comprising the
elF2B5 gene for treating elF2B5 mutations. The disclosed products, methods and uses
provide a feasible approach for robust and long-term expression of the elF2B5 protein, or a

functional elF2B5, in cells of the human brain.
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SUMMARY

[0007] Provided herein are products, methods, and uses for treating mutations in the
gene encoding the Eukaryotic Translation Initiation Factor 2B Subunit Epsilon 5 (EIF2B5)[]
and in treating, ameliorating, delaying the progression of, and/or preventing diseases

resulting from mutations in the EIF2B5 gene.

[0008] The disclosure provides a nucleic acid comprising a polynucleotide comprising (a)
one or more regulatory control element(s); and (b) a EIF2B5 cDNA sequence. In some
aspects, the EIF2B5 cDNA comprises (a) a nucleotide sequence having at least 80%
sequence identity to SEQ ID NO: 1; (b) the nucleotide sequence set forth in SEQ ID NO: 1;
or (¢) a nucleotide sequence encoding EIF2B5 comprising the amino acid sequence set forth
in SEQ ID NO: 2.

[0009] In some aspects, the one or more regulatory control element(s) is a CAG
promoter, a gfaABC1D promoter, a GFAP promoter, or a functional fragment of any of the
CAG promoter, the gfaABC1D promoter, or the GFAP promoter. In some aspects, the
regulatory control element comprises (a) a nucleotide sequence having at least 80%
sequence identity to SEQ ID NO: 3, 4, 5, or 15; or (b) the nucleotide sequence set forth in
SEQ ID NO: 3, 4, 5, or 15.

[0010] In some aspects, the nucleic acid further comprises an SV40 intron and a post-
transcriptional polyadenylation (polyA) sequence. In some aspects, the nucleic acid
comprises (a) a nucleotide sequence having at least 80% sequence identity to any one of
SEQ ID NOs: 6-8 and 16; or (b) the nucleotide sequence set forth in any one of SEQ ID
NOs: 6-8 and 16.

[0011] In some aspects, the nucleic acid further comprises an inverted terminal repeat
sequence. In some aspects, the nucleic acid comprises (a) a nucleotide sequence having at
least 80% sequence identity to any one of SEQ ID NOs: 9-11 and 17; or (b) the nucleotide
sequence set forth in any one of SEQ ID NOs: 9-11 and 17.

[0012] In some aspects, the nucleic acid further comprises additional sequence of the
AAV genome. |In some aspects, the nucleic acid comprises (a) a nucleotide sequence
having at least 80% sequence identity to any one of SEQ ID NOs: 12-14 and 18; or (b) the
nucleotide sequence set forth in any one of SEQ ID NOs: 12-14 and 18.

[0013] In some aspects, a nucleic acid of the disclosure comprises (a) a nucleotide
sequence having at least 80% sequence identity to any one of SEQ ID NOs: 12-14 and 18;
or (b) a nucleotide sequence having at least 80% sequence identity to any one of the
nucleotide sequences of the (1) the 5' ITR, (2) the CAG, gfaABC(1), GFAP, or gfa1405

3
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promoter, (3) the SV40 intron, (4) the elF2B5 ORF, (5) the polyA, (6) the F1 Origin, (7) the
kanamycin resistance gene, and the (8) the pMB1 Origin shown in the sequences set forth in
any one of SEQ ID NOs: 12-14 and 18 and in Figs. 12-14 and 21.

[0014] The disclosure provides a nanoparticle, extracellular vesicle, exosome, or vector
comprising any of the nucleic acids of the disclosure or a combination of any one or more
thereof. In some aspects, the vector is a viral vector. In some aspects, the viral vector is an
adeno-associated virus (AAV), adenovirus, lentivirus, retrovirus, poxvirus, baculovirus,
herpes simplex virus, vaccinia virus, or a synthetic virus. In some aspects, the viral vector is
an AAV. In some aspects, the AAV comprises rep and cap genes. In some aspects, the
AAYV lacks rep and cap genes. |In some aspects, the AAV is a recombinant AAV (rAAV), a
self-complementary recombinant AAV (scAAYV), or a single-stranded recombinant AAV
(ssAAV). In some aspects, the AAV is AAV1, AAV2, AAV3, AAV4, AAV5, AAVE, AAV7,
AAVS, AAV9, AAV10, AAV11, AAV12, AAV13, AAVanc80, AAVrh.74, AAVrh.8, AAVrh.10,
MyoAAV 1A, AAVMYO, or AAV-B1, AAV2/1, AAV2/8, AAV2/9, or any of their derivatives. In
some aspects, the AAV is AAV9. In some aspects, the ITR sequences present in the AAV

are from AAV2. |In some particular aspects, the AAV is an ssAAV or an ssrAAV.

[0015] The disclosure provides an rAAV particle comprising any of the AAV of the

disclosure.

[0016] The disclosure provides a composition comprising any one or more of the nucleic
acids, nanoparticles, extracellular vesicles, exosomes, vectors, viral vectors, or rAAV

particles of the disclosure, and a pharmaceutically acceptable carrier. In some aspects, the
composition is formulated for intrathecal, intracerebroventricular, intracerebral, intravenous,

intracisternal (or intra cisterna magna (ICM), or aerosol delivery.

[0017] The disclosure provides a method of increasing the expression of a EIF2B5 gene
or EIF2B5 protein in a cell comprising contacting the cell with any one or more of the nucleic
acids, nanoparticles, extracellular vesicles, exosomes, vectors, viral vectors, rAAV particles,
or compositions of the disclosure. In some aspects, the cell is an astrocyte, a neuron, or a

glial cell. In some aspects, the cell is an astrocyte. In some aspects, the cell is a human cell.

In some aspects, the cell is in a human subject.

[0018] The disclosure provides a method of treating a subject comprising a EIF2BB5
gene mutation comprising administering to the subject an effective amount of any one or
more of the nucleic acids, nanoparticles, extracellular vesicles, exosomes, vectors, viral
vectors, rAAV particles, or compositions of the disclosure. In some aspects, the subject is a
human subject. In some aspects, the EIF2BB5 gene mutation causes a subject to suffer

from or be at risk of suffering from a leukoencephalopathy, a megalencephalic

4



WO 2023/168400 PCT/US2023/063676

leukoencephalopathy, a leukodystrophy, a stroke, a migraine, epilepsy, multiple sclerosis
(MS), Parkinson's disease (PD), Alzheimer's disease (AD), astrogliosis in aging,
Huntington's Disease (HD), amyotrophic lateral sclerosis (ALS), Alexander disease, hepatic
encephalopathy (HE), AicardirGoutieéres syndrome, CLC-2-related disease,
oculodentodigital dysplasia, giant axonal neuropathy, or vanishing white matter (VVWM)
disease. In some aspects, the method further comprises a combination therapy. In some
aspects, the method further comprises administering any one or more of a corticosteroid,
rituximab, and rapamycin to the subject. In some aspects, the nucleic acid, nanoparticle,
extracellular vesicle, exosome, vector, rAAV particle, or composition is administered by
intrathecal, intracerebroventricular, intracerebral, intravenous, intracisternal (or intra cisterna

magna (ICM), or aerosol delivery.

[0019] The disclosure provides a use of any one or more of the nucleic acids,
nanoparticles, extracellular vesicles, exosomes, vectors, viral vectors, rAAV particles, or
compositions of the disclosure for the preparation of a medicament for increasing expression
of the EIF2B5 gene or protein in a cell. In some aspects, the cell is in a human subject. In
some aspects, the subject suffers from a EIF2B5 mutation, and in some aspects this
mutation is associated with a leukoencephalopathy, a megalencephalic
leukoencephalopathy, a leukodystrophy, a stroke, a migraine, epilepsy, multiple sclerosis
(MS), Parkinson's disease (PD), Alzheimer's disease (AD), astrogliosis in aging,
Huntington's Disease (HD), amyotrophic lateral sclerosis (ALS), Alexander disease, hepatic
encephalopathy (HE), AicardirGoutieéres syndrome, CLC-2-related disease,
oculodentodigital dysplasia, giant axonal neuropathy, or vanishing white matter (VVWM)
disease. In some specific aspects, the leukoencephalopathy or leukodystrophy is Vanishing
White Matter Disease (VWM). In some aspects, the medicament is administered in
combination with another medicament. In some aspects, the medicament is administered
with any one or more of a corticosteroid, rituximab, and rapamycin. In some aspects, the
medicament is formulated for intrathecal, intracerebroventricular, intracerebral, intravenous,

intracisternal (or intra cisterna magna (ICM), or aerosol delivery.

[0020] The disclosure provides a use of any one or more of the nucleic acids,
nanoparticles, extracellular vesicles, exosomes, vectors, viral vectors, rAAV particles, or
compositions of the disclosure in treating a subject comprising a mutant EIF2B5 gene. In
some aspects, the cell is in a human subject. In some aspects, the subject suffers from a
EIF2B5 mutation, a leukoencephalopathy, or a leukodystrophy. In some aspects, the
leukoencephalopathy or leukodystrophy is Vanishing White Matter Disease (VWM). In some
aspects, the medicament is administered in combination with another medicament. In some

aspects, the medicament is administered with any one or more of a corticosteroid, rituximab,
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and rapamycin. In some aspects, the medicament is formulated for intrathecal,

intracerebroventricular, intracerebral, intravenous, or aerosol delivery.

[0021] The disclosure provides a composition for treating a EIF2B5 gene mutation, a
leukoencephalopathy, a megalencephalic leukoencephalopathy, a leukodystrophy, a stroke,
a migraine, epilepsy, multiple sclerosis (MS), Parkinson's disease (PD), Alzheimer's disease
(AD), astrogliosis in aging, Huntington's Disease (HD), amyotrophic lateral sclerosis (ALS),
Alexander disease, hepatic encephalopathy (HE), AicardiliGoutieres syndrome, CLC-2-
related disease, oculodentodigital dysplasia, giant axonal neuropathy, or vanishing white
matter (VWM) disease in a subject, wherein the composition comprises any one or more of
the nucleic acids, nanoparticles, extracellular vesicles, exosomes, vectors, viral vectors,
rAAV particles, or compositions of the disclosure. In some aspects, the subject is a human
subject. In some aspects, the leukoencephalopathy or leukodystrophy is Vanishing White
Matter Disease (VWM).

[0022] The disclosure provides any one or more of the nucleic acids, nanoparticles,
extracellular vesicles, exosomes, vectors, viral vectors, rAAV particles, compositions,
methods, uses, or medicament as described herein. In some aspects, such nucleic acid(s),
nanoparticle(s), extracellular vesicle(s), exosome(s), vector(s), viral vector(s),
composition(s), or medicament(s) is formulated for intrathecal (direct injection into the CSF),
intravenous injection into the blood stream, intracerebral injection, intracerebroventricular
injection, intracisternal (or intra cisterna magna (ICM), or for aerosol delivery or

administration.

[0023] The disclosure also provides a nucleic acid comprising a novel gfa1405 promoter
comprising (a) a nucleotide sequence having at least 80% sequence identity to SEQ ID NO:
15; or (b) the nucleotide sequence set forth in SEQ ID NO: 15. In some aspects, the nucleic
acid further comprises an inverted terminal repeat sequence. Thus, in some aspects, the
nucleic acid comprises (a) a nucleotide sequence having at least 80% sequence identity to
SEQ ID NO: 17 or 18; or (b) the nucleotide sequence set forth in SEQ ID NO: 17 or 18.

[0024] The disclosure provides a nanoparticle, extracellular vesicle, exosome, or vector
comprising such nucleic acid or a combination of any one or more thereof. In some aspects,
the vector is a viral vector. In some aspects, the viral vector is an adeno-associated virus
(AAV), adenovirus, lentivirus, retrovirus, poxvirus, baculovirus, herpes simplex virus,
vaccinia virus, or a synthetic virus. In some aspects, the viral vector is an AAV. In some
aspects, the AAV lacks rep and cap genes. In some aspects, the AAV is a recombinant AAV
(rAAV), a self-complementary recombinant AAV (scAAV), or a single-stranded recombinant

AAV (ssAAV). In some particular aspects, the AAV is an ssAAV or an ssrAAV. |n some
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aspects, the AAV is AAV1, AAV2, AAV3, AAV4, AAV5, AAVB, AAV7, AAVS, AAVY, AAV10,
AAV11, AAV12, AAV13, AAVanc80, AAVrh.74, AAVrh.8, AAVrh.10, MyocAAV 1A, AAVMYO,
or AAV-B1, AAV2/1, AAV2/8, AAV2/9, or any of their derivatives. In some aspects, the AAV
is AAV9.

[0025] The disclosure provides an rAAV particle comprising any of the AAV of the

disclosure.

[0026] The disclosure provides a composition comprising any one or more of the nucleic
acids, nanoparticles, extracellular vesicles, exosomes, vectors, viral vectors, or rAAV
particles, and a pharmaceutically acceptable carrier. In some aspects, the composition is
formulated for intrathecal, intracerebroventricular, intracerebral, intravenous, intracisternal,

or aerosol delivery.

[0027] The disclosure provides a method of increasing the expression of a gene or a
protein in a cell comprising contacting the cell with any one or more of the nucleic acids,
nanoparticles, extracellular vesicles, exosomes, vectors, viral vectors, or rAAV particles, or
compositions of the disclosure. In some aspects, the cell is an astrocyte or a neuron. In

some aspects, the cell is a human cell. In some aspects, the cell is in a human subject.

[0028] The disclosure provides a method of treating a subject comprising a mutation in a
gene normally expressed in an astrocyte or neuron of the subject, the method comprising
administering to the subject an effective amount of any one or more of the nucleic acids,
nanoparticles, extracellular vesicles, exosomes, vectors, viral vectors, or rAAV particles, or
compositions of the disclosure. In some aspects, the subject is a human subject. In some
aspects, the gene mutation causes a subject to suffer from or be at risk of suffering from an
astrocyte or neuronal disorder or disease. In some aspects, the disorder or disease is a
leukoencephalopathy or leukodystrophy, a stroke, a migraine, epilepsy, multiple sclerosis
(MS), Parkinson's disease (PD), Alzheimer's disease (AD), astrogliosis in aging,
Huntington's Disease (HD), amyotrophic lateral sclerosis (ALS), Alexander disease, hepatic
encephalopathy (HE), AicardirGoutieéres syndrome, CLC-2-related disease,
oculodentodigital dysplasia, giant axonal neuropathy, or a megalencephalic
leukoencephalopathy. In some aspects, the leukoencephalopathy or leukodystrophy is
Vanishing White Matter Disease (VWM). In some aspects, the methods of the disclosure
further comprise administering any one or more of a corticosteroid, rituximab, and rapamycin
to the subject. In some aspects, the nucleic acid, nanoparticle, extracellular vesicle,
exosome, vector, rAAV particle, or composition is administered by intrathecal,
intracerebroventricular, intracerebral, intravenous, intracisternal (or intra cisterna magna

(ICM), or aerosol delivery.
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[0029] The disclosure provides uses of any one or more of the nucleic acids,
nanoparticles, extracellular vesicles, exosomes, vectors, viral vectors, or rAAV particles, or
compositions of the disclosure for the preparation of a medicament for increasing expression

of a gene or protein in a cell. In some aspects, the cell is in a human subject.

[0030] The disclosure provides uses of one or more of the nucleic acids, nanoparticles,
extracellular vesicles, exosomes, vectors, viral vectors, or rAAV particles, or compositions of
the disclosure for treating a subject comprising a mutant gene. In some aspects, the subject
is a human subject. In some aspects, the subject suffers from a gene mutation or a disorder
or disease affecting the central nervous system and/or brain. In some aspects, the subject
suffers from a gene mutation or a disorder or disease affecting astrocytes or neurons of the
brain. In some aspects, the subject suffers from a leukoencephalopathy or leukodystrophy, a
stroke, a migraine, epilepsy, multiple sclerosis (MS), Parkinson's disease (PD), Alzheimer's
disease (AD), astrogliosis in aging, Huntington's Disease (HD), amyotrophic lateral sclerosis
(ALS), Alexander disease, hepatic encephalopathy (HE), AicardiCGoutieres syndrome, CLC-
2-related disease, oculodentodigital dysplasia, giant axonal neuropathy, or a
megalencephalic leukoencephalopathy. In some aspects, the leukoencephalopathy or
leukodystrophy is Vanishing White Matter Disease (VVWWM). In some aspects, the
medicament is administered with any one or more of a corticosteroid, rituximab, and
rapamycin. In some aspects, the medicament is formulated for intrathecal,
intracerebroventricular, intracerebral, intravenous, intracisternal (or intra cisterna magna
(ICM), or aerosol delivery.

[0031] The disclosure provides a composition for treating a gene mutation, or a disease
or disorder in the central nervous system and/or brain of a subject, wherein the composition
comprises one or more of the nucleic acids, nanoparticles, extracellular vesicles, exosomes,
vectors, viral vectors, or rAAV particles, or compositions of the disclosure. In some aspects,
the subject is a human subject. In some aspects, the subject suffers from a gene mutation
or a disorder or disease affecting the central nervous system and/or brain. In some aspects,
the subject suffers from a gene mutation or a disorder or disease affecting astrocytes or
neurons of the brain. In some aspects, the subject suffers from a leukoencephalopathy or
leukodystrophy, a stroke, a migraine, epilepsy, multiple sclerosis (MS), Parkinson's disease
(PD), Alzheimer's disease (AD), astrogliosis in aging, Huntington's Disease (HD),
amyotrophic lateral sclerosis (ALS), Alexander disease, hepatic encephalopathy (HE),
AicardiliGoutieres syndrome, CLC-2-related disease, oculodentodigital dysplasia, giant
axonal neuropathy, and/or a megalencephalic leukoencephalopathy. In some aspects, the

leukoencephalopathy or leukodystrophy is Vanishing White Matter Disease (VVWM).
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[0032] The disclosure provides one or more of the nucleic acids, nanoparticles,
extracellular vesicles, exosomes, vectors, viral vectors, rAAV particles, compositions, or
medicaments, wherein the nucleic acids, nanoparticles, extracellular vesicles, exosomes,
vectors, viral vectors, or rAAV particles, compositions or medicaments is/are formulated for
intrathecal injection into the cerebrospinal fluid (CSF), intravenous injection into the blood
stream, intracerebral injection, intracerebroventricular injection, intracisternal injection, or for

aerosol administration.

[0033] Other features and advantages of the disclosure will become apparent from the
following description of the drawings and the detailed description. It should be understood,
however, that the drawings, detailed description, and the examples, while indicating
embodiments of the disclosed subject matter, are given by way of illustration only, because
various changes and modifications within the spirit and scope of the disclosure will become

apparent from the drawing, detailed description, and the examples.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawing(s) will be provided

by the Office upon request and payment of the necessary fee.

[0035] Fig. 1 shows the four AAV constructs that were designed. These constructs
include promoters targeting astrocytes: full length GFAP and the truncated version
gfaABC(1)D, the novel gfaABCD1405 (or gfa1405) promoter, as well as a ubiquitous
promoter comprised of a CBA promoter and CMV enhancer, also referred to as CAG. The
other key components of the vectors include AAV9 capsid for efficient targeting of the CNS,
AAV2 inverted terminal repeats (ITRs) creating a single-stranded construct with a larger
packaging capacity, an SV40 intron, the human elF2B5 coding sequence, and a post-

transcriptional polyadenylation (polyA) sequence.

[0036] Fig. 2 shows the in vitro expression of GFP in transfected HEK293T cells for each
of the 3 eGFP constructs: AAV9-CAG-GFP, AAV9-gfaABC(1)D-GFP, and AAV9-CBA-GFP
vectors. Specifically, HEK293 cells were transfected by lipofectamine and 72 hours post-
transfection cells were harvested for mRNA expression analysis of eGFP. Although HEK
cells were not the ideal cell model because astrocytes are the target cells for these
constructs, HEK293 cells allowed for rapid in vitro analysis to determine if the plasmids
expressed the gene of interest. At 72 hours post-transfection GFP positive cells were
detectable by microscopy (left panel). Additionally, quantitative PCR of mRNA expression on
cell pellets showed increased expression, CAG ~3500-fold, GFAP ~1200-fold, and
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GfaABC(1)D ~900-fold over untransfected control cells (right panel). These results showed

expression of the transgene driven by the various promoters in cells in vitro.

[0037] Fig. 3 shows astrocytes derived from fibroblasts stained with glial fibrillary acidic
protein (GFAP), a marker for astrocytes. The astrocytes were established as a relevant in
vitro system to test gene therapy constructs of the disclosure. The astrocytes were derived
from fibroblasts cultured from a skin biopsy of a patient with confirmed elF2B5 VMD disease.
This provides an in vitro system of VWM astrocytes to study disease mechanism and test

therapies.

[0038] Fig. 4 shows results of experiments with a wild-type mouse injected with AAV9-
CAG-GFP at postnatal day 1 (PND1) and sacrificed 28 days post-injection. A sagittal section
of the brain shows distribution of GFP (green). DAPI (blue) indicates nuclei. Insets 1-6 show

higher magnification of the associated voxels on the sagittal section.

[0039] Fig. 5 shows results of experiments with a wild-type mouse injected with AAV9-
CAG-GFP at PND1 and sacrificed 28 days post-injection. A sagittal section of the brain
shows distribution of GFP (green). DAPI (blue) indicates nuclei. Insets show higher

magnification of GFP positive glial and neuronal cells.

[0040] Fig. 6 shows results of experiments with four wild-type mice injected with AAV9-
CAG-GFP at PND1 and sacrificed 28 days post-injection. A sagittal section of the each of
the mouse brains shows distribution of GFP (green). Injection of neonatal wildtype mice with
AAV9-gfaABC(1)D-GFP resulted in greater distribution in the white matter and more global
distribution throughout the neuroaxis as compared to AAV9-CBA-GFP. Particularly notable is
the increased GFP expression in the caudal brain regions including the white matter regions
of the cerebellum in box 2. Further, expression was primarily in astrocytes, as indicated by

the morphology in box 4.

[0041] Fig. 7 shows results of an experiment with a wild-type mouse injected with AAV9-
gfaABC(1)D-GFP at PND1 and sacrificed 28 days post-injection. A sagittal section of the
brain shows distribution of GFP (green). Insets 1-3 show higher magnification of the
associated voxels on the sagittal section. Inset 4 shows higher magnification of inset 3 to

demonstrate astrocytic morphology.

[0042] Fig. 8 shows results of experiments with three wild-type mice injected with AAV9-
gfaABC(1)D-GFP at PND1 and sacrificed 28 days post-injection. A sagittal section of the

brain shows distribution of GFP (green).

[0043] Fig. 9 shows results of an experiment with a wild-type mouse injected with AAV9-

GFAP-GFP at PND1 and sacrificed 28 days post-injection. A sagittal section of the brain
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shows distribution of GFP (green). Inset shows higher magnification of cerebellar white
matter, indicated by the red arrow. Injection of neonatal wild-type mice with AAVO-GFAP-
GFP, to date, has resulted in more widespread distribution and greater expression as
compared to both AAV9-gfaABC(1)D-GFP and AAV9-CBA-GFP vectors. Expression has

remained retained to astrocytes.

[0044] Fig. 10 shows results of experiments with four wild-type mice injected with AAV9-
GFAP-GFP at PND1 and sacrificed 28 days post-injection. A sagittal section of the brain
shows distribution of GFP (green). Similar biodistribution patterns were seen between the

injected mice.

[0045] Fig. 11 shows results of an experiment with a wild-type mouse injected with
AAV9-GFAP-GFP at PND1 and sacrificed 28 days post-injection. Co-labeling shows GFP
(green) expression colocalizing with astrocyte marker (GFAP, purple) and not neuronal
marker (NeuN, red). GFP expression in astrocytes was confirmed by co-labeling with an
antibody specific for astrocytes (GFAP, purple) and neurons (NeuN, red). GFP expression
after treatment with AAV9-GFAP-GFP (shown) and AAV9-gfaABC(1)D-GFP (not shown)
was clearly present in astrocytes. Thus, the expression was confirmed to occur primarily in

astrocytes, which are the target cells.
[0046] Fig. 12 provides the annotated sequence (SEQ ID NO: 12) for AAV.CAG.elF2BS5.

[0047] Fig. 13 provides the annotated sequence (SEQ ID NO: 13) for
AAV.gfaABC1D.elF2B5.

[0048] Fig. 14 provides the annotated sequence (SEQ ID NO: 14) for
AAV.GFAP.elF2BS5.

[0049] Fig. 15 provides the sequence (SEQ ID NO: 15) for the novel gfa1405 promoter
(also called the gfaABCD1405 promoter).

[0050] Fig. 16 provides the annotated sequence (SEQ ID NO: 17) for the full ITR-
gfa1405-elF2B5-polyA-ITR sequence.

[0051] Fig. 17 shows the design and components of the novel gfa1405 promoter.

[0052] Fig. 18 shows the design and components of the full ITR-gfa1405-elF2B5-polyA-

ITR sequence.

[0053] Fig. 19 shows the plasmid map of pAAV.gfa1405.EIF2B5 (7086 bp of SEQ ID NO:
18).

11
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[0054] Fig. 20A-B shows that GFP expression in HEK293T cells could be achieved by
both ubiquitous and astrocyte-specific promoters, including the novel gfa1405 promoter. Fig.
20A shows GFP expression in HEK293T cells 72 hours post-transfection with four various
promoters discussed herein, i.e., CAG, GFAP, gfaABC(1)D, and gfaABCD1405 (or gfa1405).
Fig. 20B shows results of the quantification of percent CAG expression after a western blot
for GFP expression was carried out in triplicate for all constructs in comparison to expression
of the house keeping protein, GAPDH. GFP protein expression was greater for the
gfaABCD1405 (gfa1405) construct than that of the GFAP and gfaABC(1)D constructs, but

not as great as that of the ubiquitous promoter CAG construct.

[0055] Fig. 21 provides the annotated sequence (SEQ ID NO: 18) for
AAV.gfa1405.eIF2B5 (7086 bp).

[0056] Fig. 22 shows how gene therapy constructs were designed to evaluate cell-

specific expression through different AAV reporter constructs.

[0057] Fig. 23 shows GFP expression in the mouse brain 4 weeks (top row) and 8 weeks
(bottom row) after ICV delivery of AAV9-CAG-GFP by intracerebroventricular (ICV) on PND
1. Green staining represents GFP, blue represents DAPI. This data is in furtherance to data

shown in Figs. 4-6.

[0058] Fig. 24 shows GFP expression in the mouse brain 4 weeks (top row) and 8 weeks
(bottom row) after ICV delivery of AAV9-CAG-GFP by intracerebroventricular (ICV) on PND
1. Green staining represents GFP, blue represents DAPI. This data is in furtherance to data

shown in Figs. 9-11.

[0059] Fig. 25 shows GFP expression in the mouse brain 4 weeks (top row) and 8 weeks
(bottom row) weeks after ICV delivery of AAV9-gfABC(1)D-GFP by intracerebroventricular
(ICV) on PND 1. Green staining represents GFP, blue represents DAPI. This data is in

furtherance to data shown in Figs. 7 and 8.

[0060] Fig. 26 shows IF quantification of GFP constructs, i.e., percentage GFP-positive
area in in the total mouse brain and GFP intensity in the GFP positive areas 4 and 8 weeks
after ICV delivery of AAV9-GFAP-GFP, AAV9-gfABC(1)D-GFP, AAV9-CAG-GFP by

intracerebroventricular (ICV) on PND 1.

[0061] Fig. 27 shows GFP expression in whole brains 4 weeks after ICV delivery of
AAVO-GFAP-GFP, AAV9-gfABC(1)D-GFP, AAV9-CAG-GFP. The bottom panels show
Western blot analysis of GFP protein as compared to house keeping gene, GAPDH 4 weeks

and 8 weeks after treatment.
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[0062] Fig. 28 shows the colocalization of GFP with astrocytic (GFAP) and neuronal
(NeuN) markers demonstrating expression limited to astrocytes with GFAP and gfaABC(1)D

promoters while CAG resulted in GFP expression in neurons and astrocytes.

[0063] Fig. 29 shows GFP expression in the mouse brain 4 weeks after ICV delivery of
AAV9-gfa1405-GFP by intracerebroventricular (ICV) on PND 1.

[0064] Fig. 30 shows various methods used to assess efficacy of the cell-specific gene
therapy constructs comprising the EIF2B5 transgene in treating the model of VWM disease
(VWM mice)

[0065] Fig. 31 shows therapeutic efficacy in the treatment of VWM mice. Rotarod data in
two different mouse models of EIF2B5, Eif2b5'%™ at Day 50 and Eif2b5R'®'" at 6 months.
Both models show normalized latency (Eif2b5'%") or RPM at fall (Eif2b5R'9™) after treatment
with AAV9-gfABC(1)D-GFP. Lesser improvement was seen with AAV9-GFAP-GFP and
AAV9-CAG-GFP promoters.

DETAILED DESCRIPTION

[0066] The disclosure provides Eukaryotic Translation Initiation Factor 2B Subunit
Epsilon 5 (EIF2B5) gene replacement as a feasible therapeutic strategy to treat a
mutation(s) in the gene that encodes EIF2B5 and, as a result, treat, ameliorate, delay the
progression of, or prevent a disease or disorder resulting from the mutation including, but not
limited to, a leukoencephalopathy, a megalencephalic leukoencephalopathy, a
leukodystrophy, a stroke, a migraine, epilepsy, multiple sclerosis (MS), Parkinson's disease
(PD), Alzheimer's disease (AD), astrogliosis in aging, Huntington's Disease (HD),
amyotrophic lateral sclerosis (ALS), Alexander disease, hepatic encephalopathy (HE),
AicardiliGoutieres syndrome, CLC-2-related disease, oculodentodigital dysplasia, giant
axonal neuropathy, or vanishing white matter (VWM) disease. The disclosed products,
methods and uses provide a feasible approach for robust and long-term expression of the
EIF2B5 gene in human neurons and glial cells in the treatment of a leukoencephalopathy, a
megalencephalic leukoencephalopathy, a leukodystrophy, a stroke, a migraine, epilepsy,
multiple sclerosis (MS), Parkinson's disease (PD), Alzheimer's disease (AD), astrogliosis in
aging, Huntington's Disease (HD), amyotrophic lateral sclerosis (ALS), Alexander disease,
hepatic encephalopathy (HE), AicardiCGoutieres syndrome, CLC-2-related disease,
oculodentodigital dysplasia, giant axonal neuropathy, or vanishing white matter (VVWM)

disease.

[0067] Leukodystrophies are a heterogeneous group of disorders with highly variable

clinical manifestations and pathologic mechanisms. They are loosely grouped together,
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usually based on the initial findings of white matter abnormalities in the central nervous
system (CNS), historically based on gross pathology, and now often based on neuroimaging.
There has never been, however, a formal definition or classification for this group of
disorders. The term leukodystrophy technically refers to disorders with wasting (dystrophy)
of the brain's white matter (leuko) and is traditionally reserved for heritable disorders,

however there is lack of consensus on how this term should be applied.

[0068] Further complicating the definition of leukodystrophies, the related but distinct
term deukoencephalopathyCexists in the literature. This term has characteristically been
applied to disorders seen in the context of toxic, acquired vascular or infectious insults, as
well as inherited disorders. In addition, disparate terms, such as hypomyelination,

demyelination and dysmyelination are in use, and are a source of confusion.

[0069] VWM is atype of leukodystrophy, which is caused by mutations in one of the five
genes EIF2B1, EIF2B2, EIF2B3, EIF2B4 and EIF2B5 that encode the five subunits of a
protein called eukaryotic initiation factor 2B (elF2B). This protein is necessary for the
production of all other proteins in the body and for the regulating the rate of protein
production, especially the decrease in protein synthesis during stress conditions, such as
fever and infection. It is so important that no one can live when any of these genes are
completely non-functional or absent. VWM is caused by small changes in these genes that
reduce the function of elF2B, and specific cells in the brain are particularly vulnerable to this
loss of function. The reduction in function becomes a particular problem during episodes of

fever, infection, or head trauma, and deterioration accelerates following such episodes.

[0070] VWM is inherited in an autosomal recessive manner. Other clinical names for
VWM include, but are not limited to, childhood ataxia with diffuse CNS hypomyelination
(CACH), Vanishing White Matter leukodystrophy, Cree leukoencephalopathy,
leukodystrophy with ovarian failure, ovarioleukodystrophy, and elF2B-related disorders.
VWM is a leukodystrophy, a neurodegenerative white matter disorder that most commonly
occurs in children. Clinically, it presents with ataxia, spasticity, neurological decline, and
seizures which lead to premature death. Currently there are no treatments for VWM. VWM is
caused by autosomal recessive, loss of function mutations in the subunits of eukaryotic
initiation factor 2B (EIF2B), with pathologic variants in EIF2B5 being the most common. Due
to VWM's monogenic nature, it is a good candidate for adeno-associated virus (AAV)-
mediated gene replacement therapy. VWM pathology suggests that astrocytes are a critical
target for therapy, as their differentiation, morphology, and function is impaired, thus
mediating disease progression. Therefore, the disclosure provides gene replacement

constructs to compare astrocyte-specific or ubiquitous expression of the transgene.
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[0071] The EIF2B1 gene provides instructions for making one of five parts of a protein
called elF2B, specifically the alpha subunit of this protein. The elF2B protein helps regulate
overall protein production (synthesis) in the cell by interacting with another protein, elF2. The
elF2 protein is called an initiation factor because it is involved in starting (initiating) protein
synthesis. Under some conditions, elF2B increases protein synthesis by helping to recycle
molecules called GTP, which carry energy to the initiation factor. Under other conditions, it
slows protein synthesis by binding tightly to the initiation factor, which converts the elF2B
protein into an inactive form and prevents recycling of GTP. Proper regulation of protein
synthesis is vital for ensuring that the correct levels of protein are available for the cell to
cope with changing conditions. For example, cells must synthesize protein much faster if

they are multiplying than if they are in a resting state.

[0072] The EIF2B1 gene (HGNC: 3257 NCBI Entrez Gene: 1967 Ensembl:
ENSG00000111361 OMIM®: 606686 UniProtKB/Swiss-Prot: Q14232) encodes one of five
subunits of eukaryotic translation initiation factor 2B (EIF2B), a GTP exchange factor for
eukaryotic initiation factor 2 and an essential regulator for protein synthesis. Mutations in this
gene and the genes encoding other EIF2B subunits have been associated with

leukoencephalopathy with vanishing white matter.

[0073] The disclosure focuses on providing a EIF2B replacement gene or [fransgenerin
order to express normal or functionally active EIF2B protein. To accomplish this, specifically

designed EIF2B replacement genes or [fransgeneslare provided.

[0074] In some aspects, the nucleic acid of the EIF2B replacement gene comprises the
nucleotide sequence set forth in SEQ ID NO: 1 or a codon-optimized variant of the
nucleotide sequence set forth in SEQ ID NO: 1. In various aspects, the nucleic acid is an
isoform or variant of the nucleotide sequence nucleotide sequence set forth in set forth in
SEQ ID NO: 1. In some aspects, the isoform or variant comprises 99%, 98%, 97%, 96%,
95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%,
79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, or 70% identity to the nucleotide
sequence set forth in SEQ ID NO: 1.

[0075] In some aspects, the polypeptide is a EIF2B polypeptide comprising the amino
acid sequence set forth in SEQ ID NO: 2. In various aspects, the polypeptide is an isoform or
variant of the EIF2B polypeptide comprising the amino acid sequence set forth in SEQ ID
NO: 2. In some aspects, the isoform or variant comprises 99%, 98%, 97%, 96%, 95%, 94%,
93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%,
7%, 76%, 75%, 74%, 73%, 72%, 71%, or 70% identity to the amino acid sequence set forth
in SEQ ID NO: 2.
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[0076] In some aspects, the transgene polynucleotide sequence is operatively linked to
transcriptional control elements (including, but not limited to, promoters, enhancers and/or
polyadenylation signal sequences) that are functional in target cells. In some aspects, the
promoter is selected to target astrocytes. In some aspects, the promoter is a CAG promoter,
the GFAP promoter, a gfaABC1D promoter, or a gfa1405 (also called gfaABCD1405)

promoter.

[0077] The gfa1405 or gfaABCD1405 promoter is a novel promoter, first described herein
(including in more detail in Example 5), and comprises the nucleotide sequence of SEQ ID
NO: 15. The gfa1405 promoter was designed to specifically target astrocytes and neurons
and can be used to express any gene desired to be expressed in astrocytes or neurons. In
some aspects, therefore, the gfa1405 promoter is designed and used to express elF2B5.
Fig. 19 provides a schematic drawing of the plasmid, pAAV.gfa1405.elF2B5, which
comprises 7086 bp (SEQ ID NO: 18) comprising the gfa1405 promoter, i.e., SEQ ID NO: 15,
with the elF2B5 transgene sequence in the AAV vector. Fig. 21 provides a detailed
description of the 7086 bp sequences of SEQ ID NO: 18.

[0078] The CAG promoter is a ubiquitous promoter which targets neurons and
astrocytes. The gfaABC1D promoter and the GFAP promoter drive transgene expression

primarily toward astrocytes.

[0079] In some aspects, therefore, the promoter is a CAG promoter, a gfaABC1D
promoter, a GFAP promoter, or the novel gfa1405 promoter. Although the CAG promoter is
commonly referred to only as the "CAG promoter”, it is not a promoter in a strict sense, as it
comprises both a promoter and an enhancer. The CAG promoter of SEQ ID NO: 3
comprises a CMV enhancer (nucleotides 1-306 of SEQ ID NO: 3) and a CBA promoter
(nucleotides 307-581 of SEQ ID NO: 3).

[0080] In some aspects, the CAG promoter comprises the nucleotide sequence set forth
in SEQ ID NO: 3. In some aspects, the gfaABC1D promoter comprises the nucleotide
sequence set forth in SEQ ID NO: 4. In some aspects, the GFAP promoter comprises the
nucleotide sequence set forth in SEQ ID NO: 5. In some aspects, the gfa1405 promoter
comprises the nucleotide sequence set forth in SEQ ID NO: 15. Thus, in some exemplary
aspects, the nucleic acid comprises a promoter comprising the nucleotide sequence set forth
in any one of SEQ ID NOs: 3-5 and 15. In various aspects, the nucleic acid is an isoform or
variant of a nucleic acid comprising the nucleotide sequence set forth in in any one of SEQ
ID NOs: 3-5. In some aspects, the isoform or variant comprises 99%, 98%, 97%, 96%, 95%,
94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 79%,
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78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, or 70% identity to the nucleotide sequence set
forth in any one of SEQ ID NOs: 3-5 and 15.

[0081] Table 1. Sequences of the human elF2B5 gene, elF2B5 protein, and brain-
cell specific promoters.

Sequence Sequence (5'-3') SEQID
Name NO:
elF2B5 gene | ATGGCGGCCC CTGTAGTGGC GCCGCCTGGT 1

GTGGTGGTTA GTCGGGCTAA CAAGCGCAGC
GGCGCGGGGC CGGGAGGCAG CGGTGGCGGG
GGAGCCAGAG GGGCGGAGGA GGAACCGCCG
CCGCCCCTAC AAGCAGTTCT GGTGGCCGAT
AGCTTCGATC GCCGCTTCTT CCCCATCTCC
AAGGACCAGC CTCGGGTCCT CTTGCCCCTG
GCCAATGTGG CATTAATTGA CTACACTCTG
GAATTCCTGA CTGCCACAGG TGTACAGGAA
ACATTTGTCT TTTGTTGCTG GAAAGCTGCT
CAAATCAAAG AACATTTACT GAAGTCAAAG
TGGTGCCGCC CTACATCTCT CAATGTGGTT
CGAATAATTA CATCAGAGCT CTATCGATCA
CTGGGAGATG TCCTCCGTGA TGTTGATGCC
AAGGCTTTGG TGCGCTCTGA CTTTCTTCTG
GTGTATGGGG ATGTCATCTC AAACATCAAT
ATCACCAGAG CCCTTGAGGA ACACAGGTTG
AGACGGAAGC TAGAAAAAAA TGTTTCTGTG
ATGACGATGA TCTTCAAGGA GTCATCCCCC
AGCCACCCAA CTCGTTGCCA CGAAGACAAT
GTGGTAGTGG CTGTGGATAG TACCACAAAC
AGGGTTCTCC ATTTTCAGAA GACCCAGGGT
CTCCGGCGTT TTGCATTTCC TCTGAGCCTG
TTTCAGGGCA GTAGTGATGG AGTGGAGGTT
CGATATGATT TACTGGATTG TCATATCAGC
ATCTGTTCTC CTCAGGTGGC ACAACTCTTT
ACAGACAACT TTGACTACCA AACTCGAGAT
GACTTTGTGC GAGGTCTCTT AGTGAATGAG
GAGATCCTAG GGAACCAGAT CCACATGCAC
GTAACAGCTA AGGAATATGG TGCCCGTGTC
TCCAACCTAC ACATGTACTC AGCTGTCTGT
GCTGACGTCA TCCGCCGATG GGTCTACCCT
CTCACCCCAG AGGCGAACTT CACTGACAGC
ACCACCCAGA GCTGCACTCA TTCCCGGCAC
AACATCTACC GAGGGCCTGA GGTCAGCCTG
GGCCATGGCA GCATCCTAGA GGAAAATGTG
CTCCTGGGCT CTGGCACTGT CATTGGCAGC
AATTGCTTTA TCACCAACAG TGTCATTGGC
CCCGGCTGCC ACATTGGTGA TAACGTGGTG
CTGGACCAGA CCTACCTGTG GCAGGGTGTT
CGAGTGGCGG CTGGAGCACA GATCCATCAG
TCTCTGCTTT GTGACAATGC TGAGGTCAAG
GAACGAGTGA CACTGAAACC ACGCTCTGTC
CTCACTTCCC AGGTGGTCGT GGGCCCAAAT
ATCACGCTGC CTGAGGGCTC GGTGATCTCT
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Sequence Sequence (5'-3') SEQID
Name NO:

TTGCACCCTC CAGATGCAGA GGAAGATGAA
GATGATGGCG AGTTCAGTGA TGATTCTGGG
GCTGACCAAG AAAAGGACAA AGTGAAGATG
AAAGGTTACA ATCCAGCAGA AGTAGGAGCT
GCTGGCAAGG GCTACCTCTG GAAAGCTGCA
GGCATGAACA TGGAGGAAGA GGAGGAACTG
CAGCAGAATC TGTGGGGACT CAAGATCAAC
ATGGAAGAAG AGAGTGAAAG TGAAAGTGAG
CAAAGTATGG ATTCTGAGGA GCCGGACAGC
CGGGGAGGCT CCCCTCAGAT GGATGACATC
AAAGTGTTCC AGAATGAAGT TTTAGGAACA
CTACAGCGGG GCAAAGAGGA GAACATTTCT
TGTGACAATC TCGTCCTGGA AATCAACTCT
CTCAAGTATG CCTATAACAT AAGTCTAAAG
GAGGTGATGC AGGTACTGAG CCACGTGGTC
CTGGAGTTCC CCCTGCAACA GATGGATTCC
CCGCTTGACT CAAGCCGCTA CTGTGCCCTG
CTGCTTCCTC TGCTAAAGGC CTGGAGCCCT
GTTTTTAGGA ACTACATAAA GCGCGCAGCC
GACCATTTGG AAGCGTTAGC AGCCATTGAG
GACTTCTTCC TAGAGCATGA AGCTCTTGGT
ATTTCCATGG CCAAGGTACT GATGGCTTTC
TACCAGCTGG AGATCCTGGC TGAGGAAACA
ATTCTGAGCT GGTTCAGCCA AAGAGATACA
ACTGACAAGG GCCAGCAGTT GCGCAAGAAT
CAACAGCTGC AGAGGTTCAT CCAGTGGCTA
AAAGAGGCAG AAGAGGAGTC ATCTGAAGAT GACTGA

elF2B5 MAAPVVAPPGVVVSRANKRSGAGPGGSGGGGARGAEEEP 2
protein PPPLQAVLVADSFDRRFFPISKDQPRVLLPLANVALIDYTLEF
LTATGVQETFVFCCWKAAQIKEHLLKSKWCRPTSLNVVRIIT
SELYRSLGDVLRDVDAKALVRSDFLLVYGDVISNINITRALEE
HRLRRKLEKNVSVMTMIFKESSPSHPTRCHEDNVVVAVDST
TNRVLHFQKTQGLRRFAFPLSLFQGSSDGVEVRYDLLDCHI
SICSPQVAQLFTDNFDYQTRDDFVRGLLVNEEILGNQIHMH
VTAKEYGARVSNLHMYSAVCADVIRRWVYPLTPEANFTDST
TQSCTHSRHNIYRGPEVSLGHGSILEENVLLGSGTVIGSNCF
ITNSVIGPGCHIGDNVVLDQTYLWQGVRVAAGAQIHQSLLC
DNAEVKERVTLKPRSVLTSQVVVGPNITLPEGSVISLHPPDA
EEDEDDGEFSDDSGADQEKDKVKMKGYNPAEVGAAGKGY
LWKAAGMNMEEEEELQQNLWGLKINMEEESESESEQSMD
SEEPDSRGGSPQMDDIKVFQNEVLGTLQRGKEENISCDNL
VLEINSLKYAYNISLKEVMQVLSHVVLEFPLQQMDSPLDSSR
YCALLLPLLKAWSPVFRNYIKRAADHLEALAAIEDFFLEHEAL
GISMAKVLMAFYQLEILAEETILSWFSQRDTTDKGQQLRKN
QQLQRFIQWLKEAEEESSEDD

CAG CGTT ACATAACTTA CGGTAAATGG CCCGCCTGGC 3
promoter TGACCGCCCA ACGACCCCCG CCCATTGACG
TCAATAATGA CGTATGTTCC CATAGTAACG
(comprises a | CCAATAGGGA CTTTCCATTG ACGTCAATGG

CMV GTGGACTATT TACGGTAAAC TGCCCACTTG
enhancer | GCAGTACATC AAGTGTATCA TATGCCAAGT
(nts 1-306 of | ACGCCCCCTA TTGACGTCAA TGACGGTAAA
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Sequence
Name

Sequence (5'-3')

SEQID
NO:

SEQ ID NO:
3)anda
CBA
promoter (nt
307-581 of
SEQ ID NO:
3)

TGGCCCGCCT GGCATTATGC CCAGTACATG
ACCTTATGGG ACTTTCCTAC TTGGCAGTAC
ATCTACGTAT TAGTCATCGC TATTACCATG
GGTCGAGGTG AGCCCCACGT TCTGCTTCAC
TCTCCCCATC TCCCCCCCCT CCCCACCCCC
AATTTTGTAT TTATTTATTT TTTAATTATT TTGTGCAGCG
ATGGGGGCGG GGGGGGGGGEG GGCGCGCGCC
AGGCGGGGCG GGGLCGGGGCGE AGGGGCGGGG
CGGGGCGAGG CGGAGAGGTG CGGCGGCAGC
CAATCAGAGC GGCGCGCTCC GAAAGTTTCC
TTTTATGGCG AGGCGGCGGC GGCGGCGGCC
CTATAAAAAG CGAAGCGCGC GGCGGGC

gfaABC1D
promoter
(647 nt)

GGTA CCAACATATC CTGGTGTGGA GTAGGGGACG
CTGCTCTGAC AGAGGCTCGG GGGCCTGAGC
TGGCTCTGTG AGCTGGGGAG GAGGCAGACA
GCCAGGCCTT GTCTGCAAGC AGACCTGGCA
GCATTGGGCT GGCCGCCCCC CAGGGCCTCC
TCTTCATGCC CAGTGAATGA CTCACCTTGG
CACAGACACA ATGTTCGGGG TGGGCACAGT
GCCTGCTTCC CGCCGCACCC CAGCCCCCCT
CAAATGCCTT CCGAGAAGCC CATTGAGCAG
GGGGCTTGCA TTGCACCCCA GCCTGACAGC
CTGGCATCTT GGGATAAAAG CAGCACAGCC
CCCTAGGGGC TGCCCTTGCT GTGTGGCGCC
ACCGGCGGTG GAGAACAAGG CTCTATTCAG
CCTGTGCCCA GGAAAGGGGA TCAGGGGATG
CCCAGGCATG GACAGTGGGT GGCAGGGGGG
GAGAGGAGGG CTGTCTGCTT CCCAGAAGTC
CAAGGACACA AATGGGTGAG GGGAGAGCTC
TCCCCATAGC TGGGCTGCGG CCCAACCCCA
CCCCCTCAGG CTATGCCAGG GGGTGTTGCC
AGGGGCACCC GGGCATCGCC AGTCTAGCCC
ACTCCTTCAT AAAGCCCTCG CATCCCAGGA
GCGAGCAGAG CCA

GFAP
promoter
(2208 nt)

CCCA CCTCCCTCTC TGTGCTGGGA CTCACAGAGG
GAGACCTCAG GAGGCAGTCT GTCCATCACA
TGTCCAAATG CAGAGCATAC CCTGGGCTGG
GCGCAGTGGC GCACAACTGT AATTCCAGCA
CTTTGGGAGG CTGATGTGGA AGGATCACTT
GAGCCCAGAA GTTCTAGACC AGCCTGGGCA
ACATGGCAAG ACCCTATCTC TACAAAAAAA
GTTAAAAAAT CAGCCACGTG TGGTGACACA
CACCTGTAGT CCCAGCTATT CAGGAGGCTG
AGGTGAGGGG ATCACTTAAG GCTGGGAGGT
TGAGGCTGCA GTGAGTCGTG GTTGCGCCAC
TGCACTCCAG CCTGGGCAAC AGTGAGACCC
TGTCTCAAAA GACAAAAAAA AAAAAAAAAA
AAAAAAGAAC ATATCCTGGT GTGGAGTAGG
GGACGCTGCT CTGACAGAGG CTCGGGGGCC
TGAGCTGGCT CTGTGAGCTG GGGAGGAGGC
AGACAGCCAG GCCTTGTCTG CAAGCAGACC
TGGCAGCATT GGGCTGGCCG CCCCCCAGGG
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Sequence Sequence (5'-3') SEQID
Name NO:

CCTCCTCTTC ATGCCCAGTG AATGACTCAC
CTTGGCACAG ACACAATGTT CGGGGTGGGC
ACAGTGCCTG CTTCCCGCCG CACCCCAGCC
CCCCTCAAAT GCCTTCCGAG AAGCCCATTG
AGCAGGGGGC TTGCATTGCA CCCCAGCCTG
ACAGCCTGGC ATCTTGGGAT AAAAGCAGCA
CAGCCCCCTA GGGGCTGCCC TTGCTGTGTG
GCGCCACCGG CGGTGGAGAA CAAGGCTCTA
TTCAGCCTGT GCCCAGGAAA GGGGATCAGG
GGATGCCCAG GCATGGACAG TGGGTGGCAG
GGGGGGAGAG GAGGGCTGTC TGCTTCCCAG
AAGTCCAAGG ACACAAATGG GTGAGGGGAC
TGGGCAGGGT TCTGACCCTG TGGGACCAGA
GTGGAGGGCG TAGATGGACC TGAAGTCTCC
AGGGACAACA GGGCCCAGGT CTCAGGCTCC
TAGTTGGGCC CAGTGGCTCC AGCGTTTCCA
AACCCATCCA TCCCCAGAGG TTCTTCCCAT
CTCTCCAGGC TGATGTGTGG GAACTCGAGG
AAATAAATCT CCAGTGGGAG ACGGAGGGGT
GGCCAGGGAA ACGGGGCGCT GCAGGAATAA
AGACGAGCCA GCACAGCCAG CTCATGTGTA
ACGGCTTTGT GGAGCTGTCA AGGCCTGGTC
TCTGGGAGAG AGGCACAGGG AGGCCAGACA
AGGAAGGGGT GACCTGGAGG GACAGATCCA
GGGGCTAAAG TCCTGATAAG GCAAGAGAGT
GCCGGCCCCC TCTTGCCCTA TCAGGACCTC
CACTGCCACA TAGAGGCCAT GATTGACCCT
TAGACAAAGG GCTGGTGTCC AATCCCAGCC
CCCAGCCCCA GAACTCCAGG GAATGAATGG
GCAGAGAGCA GGAATGTGGG ACATCTGTGT
TCAAGGGAAG GACTCCAGGA GTCTGCTGGG
AATGAGGCCT AGTAGGAAAT GAGGTGGCCC
TTGAGGGTAC AGAACAGGTT CATTCTTCGC
CAAATTCCCA GCACCTTGCA GGCACTTACA
GCTGAGTGAG ATAATGCCTG GGTTATGAAA
TCAAAAAGTT GGAAAGCAGG TCAGAGGTCA
TCTGGTACAG CCCTTCCTTC CCTTTTTTTT TTTTTTTTTT
TGTGAGACAA GGTCTCTCTC TGTTGCCCAG
GCTGGAGTGG CGCAAACACA GCTCACTGCA
GCCTCAACCT ACTGGGCTCA AGCAATCCTC
CAGCCTCAGC CTCCCAAAGT GCTGGGATTA
CAAGCATGAG CCACCCCACT CAGCCCTTTC
CTTCCTTTTT AATTGATGCA TAATAATTGT AAGTATTCAT
CATGGTCCAA CCAACCCTTT CTTGACCCAC
CTTCCTAGAG AGAGGGTCCT CTTGCTTCAG
CGGTCAGGGC CCCAGACCCA TGGTCTGGCT
CCAGGTACCA CCTGCCTCAT GCAGGAGTTG
GCGTGCCCAG GAAGCTCTGC CTCTGGGCAC
AGTGACCTCA GTGGGGTGAG GGGAGCTCTC
CCCATAGCTG GGCTGCGGCC CAACCCCACC
CCCTCAGGCT ATGCCAGGGG GTGTTGCCAG
GGGCACCCGG GCATCGCCAG TCTAGCCCAC
TCCTTCATAA AGCCCTCGCA TCCCAGGAGC
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Sequence Sequence (5'-3') SEQID
Name NO:
GAGCAGAGCC AGAGCAGGTT GGAGAGGAGA

CGCATCACCT CCGCTGCTCG CCGG

gfa1405 ACTAGTAACATATCCTGGTGTGGAGTAGGGGACGCTGCT 15
promoter CTGACAGAGGCTCGGGGGCCTGAGCTGGCTCTGTGAGC
(1405 nt) TGGGGAGGAGGCAGACAGCCAGGCCTTGTCTGCAAGCA
GACCTGGCAGCATTGGGCTGGCCGCCCCCCAGGGCCTC
CTCTTCATGCCCAGTGAATGACTCACCTTGGCACAGACA
CAATGTTCGGGGTGGGCACAGTGCCTGCTTCCCGCCGC
ACCCCAGCCCCCCTCAAATGCCTTCCGAGAAGCCCATTG
AGCAGGGGGCTTGCATTGCACCCCAGCCTGACAGCCTG
GCATCTTGGGATAAAAGCAGCACAGCCCCCTAGGGGCT
GCCCTTGCTGTGTGGCGCCACCGGCGGTGGAGAACAAG
GCTCTATTCAGCCTGTGCCCAGGAAAGGGGATCAGGGG
ATGCCCAGGCATGGACAGTGGGTGGCAGGGGGGGAGA
GGAGGGCTGTCTGCTTCCCAGAAGTCCAAGGACACAAAT
GGGTGAGGGGGAGGGGTGGCCAGGGAAACGGGGCGCT
GCAGGAATAAAGACGAGCCAGCACAGCCAGCTCATGTGT
AACGGCTTTGTGGAGCTGTCAAGGCCTGGTCTCTGGGAG
AGAGGCACAGGGAGGCCAGACAAGGAAGGGGTGACCTG
GAGGGACAGATCCAGGGGCTAAAGTCCTGATAAGGCAA
GAGAGTGCCGGCCCCCTCTTGCCCTATCAGGACCTCCAC
TGCCACATAGAGGCCATGATTGACCCTTAGACAGCTGAG
TGAGATAATGCCTGGGTTATGAAATCAAAAAGTTGGAAAG
CAGGTCAGAGGTCATCTGGTACAGCCCTTCCTTCCCTTTT
TTTTTTTTTTITTTTGTGAGACAAGGTCTCTCTCTGTTGCCC
AGGCTGGAGTGGCGCAAACACAGCTCACTGCAGCCTCA
ACCTACTGGGCTCAAGCAATCCTCCAGCCTCAGCCTCCC
AAAGTGCTGGGATTACAAGCATGAGCCACCCCACTCAGC
CCTTTCCTTCCTTTTTAATTGATGCATAATAATTGTAAGTA
TTCATCATGGTCCAACCAACCCTTTCTTGACCCACCTTCC
TAGAGAGAGGGTCCTCTTGCTTCAGCGGTCAGGGCCCC
AGACCCATGGTCTGGCTCCAGGTACCACCTGCCTCATGC
AGGAGTTGGCGTGCCCAGGAAGCTCTGCCTCTGGGCAC
AGTGACCTCAGTGGGGTGAGGGGAGCTCTCCCCATAGC
TGGGCTGCGGCCCAACCCCACCCCCTCAGGCTATGCCA
GGGGGTGTTGCCAGGGGCACCCGGGCATCGCCAGTCTA
GCCCACTCCTTCATAAAGCCCTCGCATCCCAGGAGCGAG
CAGAGCCAGAGCAGGTTGGAGAGGAGACGCATCACCTC
CGCTGCTCGTCCGGA

[0082] In some aspects, a nucleic acid of the disclosure comprises a promoter, an SV40
intron, the elF2B5 open reading frame, and a polyA tail (Table 2). The sequences in Table 2
are the nucleotide sequences of the elF2B5 transgene sequences without the 5' and 3' ITR
sequences because the transgene sequences, in various aspects, are used in self-

complementary and/or single-stranded AAV viral vectors.

[0083] In some aspects, a nucleic acid of the disclosure comprises the nucleotide

sequence set forth in any one of SEQ ID NOs: 6-8 and 16 (Table 2). In various aspects, the
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nucleic acid is a variant of the nucleotide sequence set forth in any one of SEQ ID NOs: 6-8
and 16. In some aspects, the variant comprises 99%, 98%, 97%, 96%, 95%, 94%, 93%,

92%, 91%, 90%, 89%, 88%, 87%, 86%), 85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%, 77%,
76%, 75%, 74%, 73%, 72%, 71%, or 70% identity to the nucleotide sequence set forth in any

one of SEQ ID NOs: 6-8 and 16.

[0084] Table 2. Sequences of the elF2B5 transgene sequences without 5' and 3' ITR

sequences.
Sequence Sequence (5'-3') SEQID
Name NO:
CAG.elF2B5 | cgttacataacttacggtaaatggcccgectggetgaccgeccaacgacceecgece 6
(without 5' | cattgacgtcaataatgacgtatgtticccatagtaacgccaatagggactttccattga
and 3' ITRs) | cgtcaatgggtggactatttacggtaaactgcccactiggcagtacatcaagtgtate

atatgccaagtacgccccctattgacgtcaatgacggtaaatggeccgectggceatt
atgcccagtacatgaccttatgggactttcctacttggcagtacatctacgtattagtcat
cgctattaccatgggtcgaggtgagcecccacgttctgcttcactcteccccatceteceece
ccctecccaccceccaattttgtatitatttattitttaattatittgtgcagegatgggggegg

99999999g9gggcgegegecaggeggggcggggcggggcgaggggcgyggg
cggggcgaggcggagaggtgecggeggceagcecaatcagageggegegcetecga
aagtttcctittatggcgaggeggeggeggeggeggcecctataaaaagcgaagege
gcggcgggcgtccggaactggtaagtttagtcetttitgtettitatitcaggtcccggatee
gotggtggtgcaaatcaaagaactgcetcctcagtggatgtigectttacttctaggect
gtacggaagtgttacttctgctctaaaagctgcggaattgtacccgeggcecaattetge
agtcgacggtaccgcgggceccgggatccaccggticgccaccatggeggcecccetg
tagtggcgcecgcectggtgtggtggttagtcgggcetaacaagecgcageggegeggg
gccgggaggceageggtggegggggagecagaggggcggaggaggaaccgcec
gccgceccctacaagcagttetggtggecgatagettcgatecgecgcttcticeccatct
ccaaggaccagcctcgggtectettgeccctggecaatgtggceattaattgactacac
tctggaattcctgactgccacaggtgtacaggaaacattigtettttgtigetggaaage
tgctcaaatcaaagaacatttactgaagtcaaagtggtgccgcecctacatctctcaat
gtggticgaataattacatcagagctctatcgatcactgggagatgtcctccgtgatgtt
gatgccaaggctttggtgcgcetctgacttictictggtgtatggggatgtcatctcaaac
atcaatatcaccagagccctigaggaacacaggttgagacggaagctagaaaaa
aatgtttctgtgatgacgatgatcttcaaggagtcatcccccagecacccaactegttg
ccacgaagacaatgtggtagtggcetgtggatagtaccacaaacagggtictccatttt
cagaagacccagggtctccggegtittgcatttcctctgagcectgtticagggcagtag
tgatggagtggaggttcgatatgatttactggattgtcatatcagcatctgtictcctcag
gtggcacaactctttacagacaactitgactaccaaactcgagatgactttgtgcgag
gtctcttagtgaatgaggagatcctagggaaccagatccacatgcacgtaacagct
aaggaatatggtgcccgtgtctccaacctacacatgtactcagcetgtctgtgctgacgt
catccgecgatgggtctacccetctcaccccagaggegaacttcactgacagcacca
cccagagctgcactcattcccggcecacaacatctaccgagggcectgaggtcagectg
ggccatggcagcatcctagaggaaaatgtgctcctgggcetctggcactgtcattgge
agcaattgctttatcaccaacagtgtcattggcceccggcetgccacattggtgataacgt
ggtgctggaccagacctacctgtggcagggtgticgagtggeggcetggagcacag
atccatcagtctctgcttigtgacaatgctgaggtcaaggaacgagtgacactgaaa
ccacgctctgtcctcactticccaggtggtcgtgggeccaaatatcacgetgectgagg
gctcggtgatctctitgcaccctccagatgcagaggaagatgaagatgatggegagt
tcagtgatgattctggggctgaccaagaaaaggacaaagtgaagatgaaaggtta
caatccagcagaagtaggagctgctggcaagggctacctctggaaagcetgcagge
atgaacatggaggaagaggaggaactgcagcagaatctgtggggactcaagatc
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Sequence Sequence (5'-3') SEQID
Name NO:

aacatggaagaagagagtgaaagtgaaagtgagcaaagtatggattctgaggag
ccggacagccggggaggctcecctcagatggatgacatcaaagtgticcagaatg
aagttttaggaacactacagcggggcaaagaggagaacatttcttgtgacaatctcg
tcctggaaatcaactctctcaagtatgectataacataagtctaaaggaggtgatgca
ggtactgagccacgtggtcctggagttccecctgcaacagatggattccecgettgac
tcaagccgctactgtgccctgcetgcettectetgetaaaggectggagecctgtttttagg
aactacataaagcgcgcagccgaccatttggaagcgttagcagccattgaggactt
cttcctagagcatgaagctcttggtatttccatggccaaggtactgatggctttctacca
gctggagatcctggcetgaggaaacaatictgagetggttcagccaaagagataca
actgacaagggccagcagttgcgcaagaatcaacagctgcagaggttcatccagt
ggctaaaagaggcagaagaggagtcatctgaagatgactgacgcgcgegagate
tacgggtggcatccctgtgacccctccccagtgectetectggecctggaagttgeca
ctccagtgcccaccagcecttgtcctaataaaattaagttgcatcattttgtctgactaggt
gtcctictataatattatggggtggaggggggtggtatggagcaaggggcaagttgg
gaagacaacctgtagggcctgcggggtctattgggaaccaagcetggagtgeagtg
gcacaatcttggctcactgcaatctccgectectgggttcaagegattctectgectca
gcctececcgagttgttgggattccaggceatgcatgaccaggcetcagcetaatttitgtittitt
ggtagagacggggtttcaccatattggccaggctggtctccaactcctaatctcaggt
gatctacccaccttggcctcccaaattgetgggattacaggegtgaaccactgcetece
ttccetgtectictgatttigtaggtaaccacgtgeggaccga

ofaABC(1)D. | ggtaccaacatatcctggtgtggagtaggggacgcetgctctgacagaggcetcgggg 7
elF2B5 gcctgagetggctctgtgagctggggaggaggcagacagcecaggcectigtctgcaa
(without 8' | gcagacctggcagcattgggcetggcecgecccccagggcectcectcttcatgeccagt
and 3' ITRs) | gaatgactcaccttggcacagacacaatgttcggggtgggcacagtgectgcttcce
gccgceaccccagceccccctcaaatgcecttccgagaageccattgagcagggggact
tgcattgcaccccagectgacagectggceatcttgggataaaagcagecacagecce
ctaggggctgcccttgetgtgtggegecaccggeggtggagaacaaggctctattca
gcctgtgeccaggaaaggggatcaggggatgeccaggceatggacagtgggtgge
agggggggagaggagggctgtetgcticccagaagtccaaggacacaaatgggt
gaggggagagctctccccatagetgggetgeggeccaaccccaccecctcaggct
atgccagggggtgttgccaggggecacccgggcatcgecagtctageccactecttc
ataaagccctcgcatcccaggagcgagcagagcecatccggaactggtaagtttagt
cttittgtcttttatttcaggtcccggatceggtggtggtgcaaatcaaagaactgctecte
agtggatgttgcctttacttctaggcectgtacggaagtgttacttctgetctaaaagetge
ggaattgtacccgceggcecaattctgcagtcgacggtaccgegggeccgggatecac
cggttcgccaccatggeggceccctgtagtggegecgectggtgtggtggttagtcgg
gctaacaagcgcagcggegeggggccgggaggeageggtggegggggageca
gaggggcggaggaggaaccgcecgcecgceccctacaagcagttctggtggecgata
gcttcgatcgecgcticticececatetccaaggaccagectecgggtectcettgeccctg
gccaatgtggcattaattgactacactctggaattcctgactgccacaggtgtacagg
aaacatttgtctittgttgctggaaagcetgctcaaatcaaagaacatttactgaagtcaa
agtggtgccgcecctacatctctcaatgtggticgaataattacatcagagcetctatcgat
cactgggagatgtcctcegtgatgttgatgccaaggcetttggtgegetetgacitttettct
gotgtatggggatgtcatctcaaacatcaatatcaccagagccctigaggaacaca
gottgagacggaagctagaaaaaaatgtttctgtgatgacgatgatcticaaggagt
catcccccagcecacccaactcgttgeccacgaagacaatgtggtagtggetgtggat
agtaccacaaacagggttctccattitcagaagacccagggtctccggegttttgcatt
tcctctgagectgtticagggcagtagtgatggagtggaggticgatatgatttactgga
ttgtcatatcagcatctgtictcctcaggtggcacaactctitacagacaactttgactac
caaactcgagatgactttgtgcgaggtctcttagtgaatgaggagatcctagggaac
cagatccacatgcacgtaacagctaaggaatatggtgcccgtgictccaacctaca
catgtactcagctgtctgtgctgacgtcatccgecgatgggtctaccctctcaccecag
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Sequence Sequence (5'-3') SEQID
Name NO:

aggcgaacttcactgacagcaccacccagagctgcactcattcccggcacaacat
ctaccgagggcectgaggtcagectgggecatggcagceatcctagaggaaaatgtg
ctcctgggcetctggceactgtcattggcagceaattgcetttatcaccaacagtgtcattgge
cccggctgecacattggtgataacgtggtgetggaccagacctacctgtggcagggt
gttcgagtggcggctggagcacagatccatcagtcetctgcetttgtgacaatgectgagg
tcaaggaacgagtgacactgaaaccacgctctgtcctcactticccaggtggtegtgg
gcccaaatatcacgcetgectgagggcetcggtgatetctttgcaccctccagatgcaga
ggaagatgaagatgatggcgagttcagtgatgattctggggctgaccaagaaaag
gacaaagtgaagatgaaaggttacaatccagcagaagtaggagctgctggcaag
ggctacctctggaaagctgcaggcatgaacatggaggaagaggaggaactgcag
cagaatctgtggggactcaagatcaacatggaagaagagagtgaaagtgaaagt
gagcaaagtatggattctgaggagccggacagccggggaggcetcccectcagatg
gatgacatcaaagtgttccagaatgaagtittaggaacactacagcggggcaaaga
ggagaacatttcttgtgacaatctcgtcctggaaatcaactctctcaagtatgectataa
cataagtctaaaggaggtgatgcaggtactgagccacgtggtcctggagttcceect
gcaacagatggattccccgcettgactcaagecgcetactgtgecctgetgceticetetge
taaaggcctggagcecctgtttttaggaactacataaagcgcgcagecgaccatttigg
aagcgttagcagccattgaggacttcticctagagcatgaagctcttggtatttccatg
gccaaggtactgatggcttictaccagctggagatcctggcetgaggaaacaattctg
agctggttcagccaaagagatacaactgacaagggccagcagtigcgcaagaat
caacagctgcagaggttcatccagtggctaaaagaggcagaagaggagtcatctg
aagatgactgacgcgcgcgagatctacgggtggceatccctgtgaccectecccagt
gcctctectggecctggaagttgecactccagtgeccaccagcecttgtcctaataaaa
ttaagttgcatcattttgtctgactaggtgtccttctataatattatggggtggaggggggat
ggtatggagcaaggggcaagttgggaagacaacctgtagggcectgecggggtctatt
gggaaccaagctggagtgcagtggcacaatcttggcetcactgecaatctcegectect
gggttcaagcgattctectgectcagecteccecgagtigtigggaticcaggceatgeatg
accaggctcagctaatttttgtttttttggtagagacggggtitcaccatattggccagge
tggtctccaactcctaatctcaggtgatctacccaccttggectecccaaattgetgggat
tacaggcgtgaaccactgctcccttccctgtectictgattttgtaggtaaccacgtgeg

gaccga

GFAP.elF2B cccacctccctctctgtgetgggactcacagagggagacctcaggaggcagt 8
5 ctgtccatcacatgtccaaatgcagagceatacccetgggetgggegeagtgge
(without &' gcacaactgtaattccagcactttgggaggctgatgtggaaggatcactigag
and 3' ITRs) cccagaagttctagaccagcectgggcaacatggcaagaccctatctctacaa

aaaaagttaaaaaatcagccacgtgtggtgacacacacctgtagtcccagcet
attcaggaggctgaggtgaggggatcacttaaggctgggaggttgaggcetge
agtgagtcgtggttgcgcecactgecactccagectgggcaacagtgagaccct
gtctcaaaagacaaaaaaaaaaaaaaaaaaaaaaagaacatatcctggt
gtggagtaggggacgctgctctgacagaggcetcgggggectgagcetggcetcet
gtgagctggggaggaggcagacagccaggccttgtctgcaagcagacctg

gcagcattgggctggccgecccccagggcctectcticatgeccagtgaatg

actcaccttggcacagacacaatgttcggggtgggcacagtgcctgcettcecg
ccgcaccccagceccccctcaaatgecttccgagaageccattgagcagggg
gcttgcattgcaccccagectgacagcectggceatctigggataaaagcagcea
cagccccctaggggctgeccttgetgtgtggegecaccggeggtggagaac

aaggctctattcagcctgtgcccaggaaaggggatcaggggatgeccagge

atggacagtgggtggcagggggggagaggagggctgtctgceticccagaa

gtccaaggacacaaatgggtgaggggactgggcagggttictgaccctgtgg
gaccagagtggagggcgtagatggacctgaagtctccagggacaacagg

gcccaggtctcaggcetectagttgggeccagtggcetccagegtttccaaacce
atccatccccagaggticticccatctctccaggcetgatgtgtgggaactcgag
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Sequence Sequence (5'-3') SEQID
Name NO:

gaaataaatctccagtgggagacggaggggtggccagggaaacggggcg
ctgcaggaataaagacgagccagcacagccagctcatgtgtaacggctttgt

ggagctgtcaaggcectggtctctgggagagaggcacagggaggecagaca
aggaaggggtgacctggagggacagatccaggggctaaagtcctgataag
gcaagagagtgccggcecccctettgecctatcaggacctccactgecacata
gaggccatgattgacccttagacaaagggctggtgtccaatcccagecceca
gccccagaactccagggaatgaatgggcagagagcaggaatgtgggaca
tetgtgttcaagggaaggactccaggagtctgetgggaatgaggcectagtag
gaaatgaggtggcccttgagggtacagaacaggttcattcttcgccaaattce
cagcaccttgcaggcacttacagctgagtgagataatgectgggttatgaaat
caaaaagttggaaagcaggtcagaggtcatctggtacagceccttcctteecttt
ttitttttitttitttgtgagacaaggtctctcteigttgecccaggetggagtggegeaa
acacagctcactgcagcctcaacctactgggctcaagcaatcctccagectc
agcctcccaaagtgetgggattacaagcatgagccaccccactcageccttt
ccttcctttttaatigatgcataataattgtaagtattcatcatggtccaaccaacc
ctttcttgacccaccticctagagagagggtcctcttgettcageggtcagggcec
ccagacccatggtctggctccaggtaccacctgectcatgcaggagttggegt
gcccaggaagctcetgectetgggcacagtgacctcagtggggtgaggggag
ctctccccatagetgggetgeggeccaaccccaccccectcaggcetatgecag
ggggtgttgccaggggcacccgggcatcgecagtctageccactcecttcata
aagccctcgcatcccaggagegagecagagcecagageaggttggagagga
gacgcatcacctccgcetgcetcgecggteccggaactggtaagtttagtcttttigte
ttitatttcaggtcccggatccggtggtggtgcaaatcaaagaactgetectcag
tggatgttgcctitactictaggcctgtacggaagtgttacttctgctctaaaagcet
gcggaattgtacccgeggcecaattctgcagtcgacggtaccgegggeccgg
gatccaccggttcgccaccatggeggceccctgtagtggegecgectggtatg
gtggttagtcgggctaacaagcgcageggegeggggecgggaggeageg
gtggcgggggageccagaggggcggaggaggaaccgcecgecgeccctac
aagcagttctggtggccgatagcettcgatcgecgcettcticcecatctccaagg
accagcctcgggtcctcttgecectggecaatgtggcattaattgactacactct
ggaattcctgactgccacaggtgtacaggaaacatttgictittgttgctggaaa
gctgctcaaatcaaagaacatttactgaagtcaaagtggtgeccgcecctacatc
tctcaatgtggticgaataattacatcagagctctatcgatcactgggagatgtc
ctccgtgatgttgatgccaaggctitggtgcgctctgactttcttctggtgtatggg
gatgtcatctcaaacatcaatatcaccagagcccttgaggaacacaggttga
gacggaagctagaaaaaaatgtttctgtgatgacgatgatcttcaaggagtca
tccceccagecacccaactegttgeccacgaagacaatgtggtagtggcetgtgg
atagtaccacaaacagggttctccattttcagaagacccagggtctccggegt
tttgcatttcctctgagectgtttcagggcagtagtgatggagtggaggttcgata
tgatttactggattgtcatatcagcatctgttctcctcaggtggcacaactctttac
agacaactttgactaccaaactcgagatgactttgtgcgaggtctcttagtgaat
gaggagatcctagggaaccagatccacatgcacgtaacagctaaggaatat
ggtgcccgtgtctccaacctacacatgtactcagcetgtctgtgetgacgtcatee
gccgatgggtctaccctctcaccccagaggegaacttcactgacagcaccac
ccagagctgcactcattcccggcacaacatctaccgagggectgaggtcag
cctgggcecatggcagceatcctagaggaaaatgtgetectgggcetctggeact
gtcattggcagcaattgctttatcaccaacagtgtcattggccceggcetgecac
attggtgataacgtggtgctggaccagacctacctgtggcagggtgticgagt
ggcggctggagcacagatccatcagtctcetgcetitgtgacaatgctgaggtca
aggaacgagtgacactgaaaccacgctctgtcctcacttcccaggtggtegtg
ggcccaaatatcacgctgectgagggcetcggtgatctettigcacccteccagat
gcagaggaagatgaagatgatggcgagttcagtgatgattctggggctgacce
aagaaaaggacaaagtgaagatgaaaggttacaatccagcagaagtagg
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Sequence Sequence (5'-3') SEQID
Name NO:

agctgctggcaagggctacctctggaaagcetgcaggcatgaacatggagga
agaggaggaactgcagcagaatctgtggggactcaagatcaacatggaag
aagagagtgaaagtgaaagtgagcaaagtatggattctgaggagccggac
agccggggaggctccectcagatggatgacatcaaagtgticcagaatgaa

gttttaggaacactacagcggggcaaagaggagaacatticttgtgacaatct
cgtcctggaaatcaactcictcaagtatgectataacataagtctaaaggaggt
gatgcaggtactgagccacgtggtcctggagttcccecctgcaacagatggatt
ccccgcttgactcaagecgctactgtgecctgetgcettectetgetaaaggectg
gagccctgtitttaggaactacataaagcgcgcagccgaccattiggaagegt
tagcagccattgaggacttcticctagagcatgaagctcttggtatticcatgge

caaggtactgatggctttctaccagctggagatcctggctgaggaaacaattct
gagctggttcagccaaagagatacaactgacaagggccagcagtigegea

agaatcaacagctgcagaggttcatccagtggctaaaagaggcagaagag
gagtcatctgaagatgactgacgcgcgcegagatctacgggtggceatcectgt

gacccctcecccagtgcectctectggecctggaagtigecactccagtgeccac
cagccttgtcctaataaaattaagttgcatcatittgtctgactaggtgtccttctat

aatattatggggtggaggggggtggtatggagcaaggggcaagtigggaag
acaacctgtagggcctgeggggtctattgggaaccaagcetggagtgecagtgg
cacaatcttggctcactgcaatctccgcectectgggticaagegattctectgect
cagcctcccgagtigttgggattccaggcatgcatgaccaggcetcagctaattt
ttottttittggtagagacggggtticaccatattggccaggcetggtctccaactce
taatctcaggtgatctacccaccttggcctcccaaattgetgggattacaggegt
gaaccactgctcccttccctgtectictgattttgtaggtaaccacgtgcggacc

ga
gfa1405.elF | GCGGCCGCATCGATTGAATTCGAGCTCGGTACCTCGCGA 16
2B5 ATACATCTAGATATCGGATCCACTAGTAACATATCCTGGT

(without 5 | GTGGAGTAGGGGACGCTGCTCTGACAGAGGCTCGGGGG
and 3' ITRs) | CCTGAGCTGGCTCTGTGAGCTGGGGAGGAGGCAGACAG
CCAGGCCTTGTCTGCAAGCAGACCTGGCAGCATTGGGCT
GGCCGCCCCCCAGGGCCTCCTCTTCATGCCCAGTGAAT
GACTCACCTTGGCACAGACACAATGTTCGGGGTGGGCAC
AGTGCCTGCTTCCCGCCGCACCCCAGCCCCCCTCAAATG
CCTTCCGAGAAGCCCATTGAGCAGGGGGCTTGCATTGCA
CCCCAGCCTGACAGCCTGGCATCTTGGGATAAAAGCAGC
ACAGCCCCCTAGGGGCTGCCCTTGCTGTGTGGCGCCAC
CGGCGGTGGAGAACAAGGCTCTATTCAGCCTGTGCCCA
GGAAAGGGGATCAGGGGATGCCCAGGCATGGACAGTGG
GTGGCAGGGGGGGAGAGGAGGGCTGTCTGCTTCCCAGA
AGTCCAAGGACACAAATGGGTGAGGGGGAGGGGTGGCC
AGGGAAACGGGGCGCTGCAGGAATAAAGACGAGCCAGC
ACAGCCAGCTCATGTGTAACGGCTTTGTGGAGCTGTCAA
GGCCTGGTCTCTGGGAGAGAGGCACAGGGAGGCCAGAC
AAGGAAGGGGTGACCTGGAGGGACAGATCCAGGGGCTA
AAGTCCTGATAAGGCAAGAGAGTGCCGGCCCCCTCTTGC
CCTATCAGGACCTCCACTGCCACATAGAGGCCATGATTG
ACCCTTAGACAGCTGAGTGAGATAATGCCTGGGTTATGA
AATCAAAAAGTTGGAAAGCAGGTCAGAGGTCATCTGGTA
CAGCCCTTCCTTCCCTTTTTTTTTTTTTTTTTTGTGAGACA
AGGTCTCTCTCTGTTGCCCAGGCTGGAGTGGCGCAAACA
CAGCTCACTGCAGCCTCAACCTACTGGGCTCAAGCAATC
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Sequence Sequence (5'-3') SEQID
Name NO:

CTCCAGCCTCAGCCTCCCAAAGTGCTGGGATTACAAGCA
TGAGCCACCCCACTCAGCCCTTTCCTTCCTTTTTAATTGA
TGCATAATAATTGTAAGTATTCATCATGGTCCAACCAACC
CTTTCTTGACCCACCTTCCTAGAGAGAGGGTCCTCTTGCT
TCAGCGGTCAGGGCCCCAGACCCATGGTCTGGCTCCAG
GTACCACCTGCCTCATGCAGGAGTTGGCGTGCCCAGGA
AGCTCTGCCTCTGGGCACAGTGACCTCAGTGGGGTGAG
GGGAGCTCTCCCCATAGCTGGGCTGCGGCCCAACCCCA
CCCCCTCAGGCTATGCCAGGGGGTGTTGCCAGGGGCAC
CCGGGCATCGCCAGTCTAGCCCACTCCTTCATAAAGCCC
TCGCATCCCAGGAGCGAGCAGAGCCAGAGCAGGTTGGA
GAGGAGACGCATCACCTCCGCTGCTCGTCCGGAACTGG
TAAGTTTAGTCTTTTTGTCTTTTATTTCAGGTCCCGGATCC
GGTGGTGGTGCAAATCAAAGAACTGCTCCTCAGTGGATG
TTGCCTTTACTTCTAGGCCTGTACGGAAGTGTTACTTCTG
CTCTAAAAGCTGCGGAATTGTACCCGCGGCCAATTCTGC
AGTCGACGGTACCGCGGGCCCGGGATCCACCGGTTCGC
CACCATGGCGGCCCCTGTAGTGGCGCCGCCTGGTGTGG
TGGTTAGTCGGGCTAACAAGCGCAGCGGCGCGGGGCCG
GGAGGCAGCGGTGGCGGGGGAGCCAGAGGGGCGGAG
GAGGAACCGCCGCCGCCCCTACAAGCAGTTCTGGTGGC
CGATAGCTTCGATCGCCGCTTCTTCCCCATCTCCAAGGA
CCAGCCTCGGGTCCTCTTGCCCCTGGCCAATGTGGCATT
AATTGACTACACTCTGGAATTCCTGACTGCCACAGGTGTA
CAGGAAACATTTGTCTTTTGTTGCTGGAAAGCTGCTCAAA
TCAAAGAACATTTACTGAAGTCAAAGTGGTGCCGCCCTA
CATCTCTCAATGTGGTTCGAATAATTACATCAGAGCTCTA
TCGATCACTGGGAGATGTCCTCCGTGATGTTGATGCCAA
GGCTTTGGTGCGCTCTGACTTTCTTCTGGTGTATGGGGA
TGTCATCTCAAACATCAATATCACCAGAGCCCTTGAGGAA
CACAGGTTGAGACGGAAGCTAGAAAAAAATGTTTCTGTG
ATGACGATGATCTTCAAGGAGTCATCCCCCAGCCACCCA
ACTCGTTGCCACGAAGACAATGTGGTAGTGGCTGTGGAT
AGTACCACAAACAGGGTTCTCCATTTTCAGAAGACCCAG
GGTCTCCGGCGTTTTGCATTTCCTCTGAGCCTGTTTCAG
GGCAGTAGTGATGGAGTGGAGGTTCGATATGATTTACTG
GATTGTCATATCAGCATCTGTTCTCCTCAGGTGGCACAAC
TCTTTACAGACAACTTTGACTACCAAACTCGAGATGACTT
TGTGCGAGGTCTCTTAGTGAATGAGGAGATCCTAGGGAA
CCAGATCCACATGCACGTAACAGCTAAGGAATATGGTGC
CCGTGTCTCCAACCTACACATGTACTCAGCTGTCTGTGCT
GACGTCATCCGCCGATGGGTCTACCCTCTCACCCCAGAG
GCGAACTTCACTGACAGCACCACCCAGAGCTGCACTCAT
TCCCGGCACAACATCTACCGAGGGCCTGAGGTCAGCCT
GGGCCATGGCAGCATCCTAGAGGAAAATGTGCTCCTGG
GCTCTGGCACTGTCATTGGCAGCAATTGCTTTATCACCAA
CAGTGTCATTGGCCCCGGCTGCCACATTGGTGATAACGT
GGTGCTGGACCAGACCTACCTGTGGCAGGGTGTTCGAG
TGGCGGCTGGAGCACAGATCCATCAGTCTCTGCTTTGTG
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Sequence Sequence (5'-3') SEQID
Name NO:
ACAATGCTGAGGTCAAGGAACGAGTGACACTGAAACCAC
GCTCTGTCCTCACTTCCCAGGTGGTCGTGGGCCCAAATA
TCACGCTGCCTGAGGGCTCGGTGATCTCTTTGCACCCTC
CAGATGCAGAGGAAGATGAAGATGATGGCGAGTTCAGTG
ATGATTCTGGGGCTGACCAAGAAAAGGACAAAGTGAAGA
TGAAAGGTTACAATCCAGCAGAAGTAGGAGCTGCTGGCA
AGGGCTACCTCTGGAAAGCTGCAGGCATGAACATGGAG
GAAGAGGAGGAACTGCAGCAGAATCTGTGGGGACTCAA
GATCAACATGGAAGAAGAGAGTGAAAGTGAAAGTGAGCA
AAGTATGGATTCTGAGGAGCCGGACAGCCGGGGAGGCT
CCCCTCAGATGGATGACATCAAAGTGTTCCAGAATGAAG
TTTTAGGAACACTACAGCGGGGCAAAGAGGAGAACATTT
CTTGTGACAATCTCGTCCTGGAAATCAACTCTCTCAAGTA
TGCCTATAACATAAGTCTAAAGGAGGTGATGCAGGTACT
GAGCCACGTGGTCCTGGAGTTCCCCCTGCAACAGATGG
ATTCCCCGCTTGACTCAAGCCGCTACTGTGCCCTGCTGC
TTCCTCTGCTAAAGGCCTGGAGCCCTGTTTTTAGGAACTA
CATAAAGCGCGCAGCCGACCATTTGGAAGCGTTAGCAGC
CATTGAGGACTTCTTCCTAGAGCATGAAGCTCTTGGTATT
TCCATGGCCAAGGTACTGATGGCTTTCTACCAGCTGGAG
ATCCTGGCTGAGGAAACAATTCTGAGCTGGTTCAGCCAA
AGAGATACAACTGACAAGGGCCAGCAGTTGCGCAAGAAT
CAACAGCTGCAGAGGTTCATCCAGTGGCTAAAAGAGGCA
GAAGAGGAGTCATCTGAAGATGACTGACGCGCGCGAGA
TCTACGGGTGGCATCCCTGTGACCCCTCCCCAGTGCCTC
TCCTGGCCCTGGAAGTTGCCACTCCAGTGCCCACCAGCC
TTGTCCTAATAAAATTAAGTTGCATCATTTTGTCTGACTAG
GTGTCCTTCTATAATATTATGGGGTGGAGGGGGGTGGTA
TGGAGCAAGGGGCAAGTTGGGAAGACAACCTGTAGGGC
CTGCGGGGTCTATTGGGAACCAAGCTGGAGTGCAGTGG
CACAATCTTGGCTCACTGCAATCTCCGCCTCCTGGGTTC
AAGCGATTCTCCTGCCTCAGCCTCCCGAGTTGTTGGGAT
TCCAGGCATGCATGACCAGGCTCAGCTAATTTTTGTTTTT
TTGGTAGAGACGGGGTTTCACCATATTGGCCAGGCTGGT
CTCCAACTCCTAATCTCAGGTGATCTACCCACCTTGGCCT
CCCAAATTGCTGGGATTACAGGCGTGAACCACTGCTCCC
TTCCCTGTCCTTCTGATTTTGTAGGTAACCACGTGCGGAC

CGAGCGGCCGC

[0085] In some aspects, a nucleic acid of the disclosure comprises a 5' ITR, a promoter,
an SV40 intron, the elF2B5 open reading frame, a polyA tail, and a 3' ITR (Table 3). In

some aspects, a nucleic acid of the disclosure comprises a nucleotide sequence comprising
99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%,
83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, or 70% identity to
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the nucleotide sequences comprising a 5' ITR, a promoter, an SV40 intron, the elF2B5 open

reading frame, a polyA tail, and a 3' ITR as set forth in Table 3.

[0086] In some aspects, a nucleic acid of the disclosure comprises the nucleotide
sequence set forth in any one of SEQ ID NOs: 9-11 and 17 (Table 3). The sequences in
Table 3 are the nucleotide sequences of the elF2B5 transgene sequences with the 5' and 3'
ITR sequences. In various aspects, the nucleic acid is a variant of the nucleotide sequence
set forth in any one of SEQ ID NOs: 9-11 and 17. In some aspects, the variant comprises
99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%,
83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, or 70% identity to
the nucleotide sequence set forth in any one of SEQ ID NOs: 9-11 and 17.

[0087] Table 3. Sequences of the elF2B5 transgene sequences with 5' and 3' ITR

sequences.
Sequence Sequence (5'-3') SEQID
Name NO:
ITR- cctgcaggcagctgegcegcetegetegetcactgaggecgeccgggegtcgggega 9
CAG.elF2B5 | cctitggtcgceccggectcagtgagecgagecgagegegcagagagggagtggeca
-ITR actccatcactaggggttcctgecggecgceatcgattgaattcgagcetcggtacctcge
(with ' and | gaatacatctagatatcggatccactagtcgttacataacttacggtaaatggcccge
3' ITRs) ctggctgaccgeccaacgaccccecgeccatigacgtcaataatgacgtatgttccca

tagtaacgccaatagggactttccatigacgtcaatgggtggactatttacggtaaact
gcccacttggcagtacatcaagtgtatcatatgccaagtacgcecccctattgacgtca
atgacggtaaatggcccgcectggcattatgcccagtacatgaccttatgggactttect
acttggcagtacatctacgtattagtcatcgctattaccatgggtcgaggtgagceccca
cgttctgcttcactctececccatetecececcecteccccacceccaattttgtatttattiattttt

taattattttgtgcagcgatgggggcggggggggggggggcgegegecaggegag
gcggggcggggcgaggggcggggcggggcgaggeggagaggtgeggeggea
gccaatcagagcggcegcegcetccgaaagtttecttttatggecgaggeggeggeggeg
gcggcecctataaaaagcgaagegegeggegggcegtccggaactggtaagtttagt
cttittgtcttttatttcaggtcccggatceggtggtggtgcaaatcaaagaactgctecte
agtggatgttgcctttacttctaggcectgtacggaagtgttacttctgetctaaaagetge
ggaattgtacccgceggcecaattctgcagtcgacggtaccgegggeccgggatecac
cggttcgccaccatggeggceccctgtagtggegecgectggtgtggtggttagtcgg
gctaacaagcgcagcggegeggggccgggaggeageggtggegggggageca
gaggggcggaggaggaaccgccgccgceccctacaagcagtictggtggecgat
agcttcgatcgcecgcttcttccccatctccaaggaccagectcgggtectettgeccect
ggccaatgtggcattaatigactacactctggaattcctgactgccacaggtgtacag
gaaacatttgtcttttgtigctggaaagcetgctcaaatcaaagaacatttactgaagtca
aagtggtgccgcecctacatctctcaatgtggttcgaataattacatcagagctctateg
atcactgggagatgtcctccgtgatgttgatgccaaggcttiggtgegcetctgactttctt
ctggtgtatggggatgtcatctcaaacatcaatatcaccagagceccttgaggaacac
aggttgagacggaagctagaaaaaaatgtttctgtgatgacgatgatcticaaggag
tcatcccccagcecacccaactegttgeccacgaagacaatgtggtagtggcetgtggat
agtaccacaaacagggttctccattitcagaagacccagggtctccggegttttgcatt
tcctctgagectgtticagggcagtagtgatggagtggaggticgatatgatttactgga
ttgtcatatcagcatctgtictcctcaggtggcacaactctitacagacaactttgactac
caaactcgagatgactttgtgcgaggtctcttagtgaatgaggagatcctagggaac
cagatccacatgcacgtaacagctaaggaatatggtgcccgtgictccaacctaca
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Sequence Sequence (5'-3') SEQID
Name NO:

catgtactcagctgtctgtgctgacgtcatccgecgatgggtctaccctctcaccecag
aggcgaacttcactgacagcaccacccagagctgcactcattcccggcacaacat
ctaccgagggcectgaggtcagectgggecatggcagceatcctagaggaaaatgtg
ctcctgggcetctggceactgtcattggcagceaattgcetttatcaccaacagtgtcattgge
cccggctgecacattggtgataacgtggtgetggaccagacctacctgtggcagggt
gttcgagtggcggctggagcacagatccatcagtcetctgcetttgtgacaatgectgagg
tcaaggaacgagtgacactgaaaccacgctctgtcctcactticccaggtggtegtgg
gcccaaatatcacgcetgectgagggcetcggtgatetctttgcaccctccagatgcaga
ggaagatgaagatgatggcgagttcagtgatgattctggggctgaccaagaaaag
gacaaagtgaagatgaaaggttacaatccagcagaagtaggagctgctggcaag
ggctacctctggaaagctgcaggcatgaacatggaggaagaggaggaactgcag
cagaatctgtggggactcaagatcaacatggaagaagagagtgaaagtgaaagt
gagcaaagtatggattctgaggagccggacagccggggaggcetcccectcagatg
gatgacatcaaagtgttccagaatgaagtittaggaacactacagcggggcaaaga
ggagaacatttcttgtgacaatctcgtcctggaaatcaactctctcaagtatgectataa
cataagtctaaaggaggtgatgcaggtactgagccacgtggtcctggagttcceect
gcaacagatggattccccgcettgactcaagecgcetactgtgecctgetgceticetetge
taaaggcctggagcecctgtttttaggaactacataaagcgcgcagecgaccatttigg
aagcgttagcagccattgaggacttcticctagagcatgaagctcttggtatttccatg
gccaaggtactgatggcttictaccagctggagatcctggcetgaggaaacaattctg
agctggttcagccaaagagatacaactgacaagggccagcagtigcgcaagaat
caacagctgcagaggttcatccagtggctaaaagaggcagaagaggagtcatctg
aagatgactgacgcgcgcgagatctacgggtggceatccctgtgaccectecccagt
gcctctectggecctggaagttgecactccagtgeccaccagcecttgtcctaataaaa
ttaagttgcatcattttgtctgactaggtgtccttctataatattatggggtggaggggggat
ggtatggagcaaggggcaagtigggaagacaacctgtagggcctgeggggtctatt
gggaaccaagctggagtgcagtggcacaatctiggctcactgcaatctcegectect
gggttcaagcgattctectgectcagecteccecgagtigtigggaticcaggceatgeatg
accaggctcagctaatttttgtttttttggtagagacggggtitcaccatattggccagge
tggtctccaactcctaatctcaggtgatctacccaccttggectecccaaattgetgggat
tacaggcgtgaaccactgctcccttccctgtectictgattttgtaggtaaccacgtgeg
gaccgagcggccgcaggaacccctagtgatggagttggccactecctetetgegeg
ctcgcetegetcactgaggecgggcgaccaaaggtcgeccgacgeccgggctttge

ccgggceggcctcagtgagecgagecgagegegeagcetgectgeagg

ITR- cctgcaggcagctgegcegcetegetegetcactgaggecgeccgggegtcgggega 10
gfaABC(1)D. | cctttggtcgcececggectcagtgagcgagegagegegcagagagggagtggeca
elF2B5-ITR | actccatcactaggggttcctgecggecgeatcgattgaattcgagetcggtacctcge
(with 5' and | gaatacatctagatatcggatccactagtggtaccaacatatcctggtgtggagtagg
3' ITRs) ggacgctgctctgacagaggcetcgggggcctgagcetggcetetgtgagetggggag
gaggcagacagccaggccttgtctgcaagcagacctggcagceattgggetggecg
ccceccagggcectectcticatgeccagtgaatgactcaccttggcacagacacaat
gttcggggtgggcacagtgcectgcettccecgecgecaccccageccecctcaaatgect
tccgagaagceccattgagcagggggcttgecattgcaccccagectgacagectgge
atcttgggataaaagcagcacagccccctaggggcetgceccttgetgtgtggegeca
ccggceggtggagaacaaggctctattcagectgtgecccaggaaaggggatcagg
ggatgcccaggcatggacagtgggtggcagggggggagaggagggctgtetgcett
cccagaagtccaaggacacaaatgggtgaggggagagctctccccatagetggg
ctgcggceccaaccccaccccctcaggcetatgeccagggggtgttgeccaggggeacce
cgggcatcgccagtctagcccactccttcataaagecctcgeatcccaggagegag
cagagccatccggaactggtaagtttagtctttttgtcttitatitcaggtcccggatecgg
tggtggtgcaaatcaaagaactgctcctcagtggatgttgectttactictaggectgta
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Sequence Sequence (5'-3') SEQID
Name NO:

cggaagtgttactictgctctaaaagcetgcggaatigtacccgeggecaattctgeagt
cgacggtaccgcgggceccgggatccaccggttcgeccaccatggeggcecccigtag
tggcgcecegectggtgtggtggttagtcgggctaacaagecgcageggegeggggcec
gggaggcagcggtggcgggggagecagaggggcggaggaggaaccgecgee
gcccctacaagceagttctggtggecgatagceticgatcgecgcettettccccatceteca
aggaccagcctcgggtcctcttgeccctggecaatgtggcattaattgactacactctg
gaattcctgactgccacaggtgtacaggaaacatttgtctttigttgctggaaagcetgcet
caaatcaaagaacatttactgaagtcaaagtggtgccgecctacatctctcaatgtgg
ttcgaataattacatcagagctctatcgatcactgggagatgtcctecegtgatgttgatg
ccaaggctttggtgcgctctgactttctictggtgtatggggatgtcatctcaaacatcaa
tatcaccagagcccttgaggaacacaggttgagacggaagctagaaaaaaatgttt
ctgtgatgacgatgatcttcaaggagtcatcccccagecacccaactcgtigecacg
aagacaatgtggtagtggctgtggatagtaccacaaacagggttctccattttcagaa
gacccagggtctccggcegttitgecatitcctetgagectgtttcagggecagtagtgatgg
agtggaggticgatatgatttactggattgtcatatcagcatctgttctcctcaggtggcea
caactctttacagacaactttgactaccaaactcgagatgactttgtgcgaggtctctta
gtgaatgaggagatcctagggaaccagatccacatgcacgtaacagctaaggaat
atggtgcccegtgtctccaacctacacatgtactcagctgtetgtgetgacgtcatcege
cgatgggtctacccictcaccccagaggcgaacttcactgacagcaccacccaga
gctgcactcattcccggcacaacatctaccgagggcectgaggtcagectgggecat
ggcagcatcctagaggaaaatgtgctcctgggcetctggcactgtcattggcagceaatt
gctttatcaccaacagtgtcattggcceccggcetgecacattggtgataacgtggtgcetg
gaccagacctacctgtggcagggtgtticgagtggcggcetggagcacagatccatca
gtctctgctttgtgacaatgetgaggtcaaggaacgagtgacactgaaaccacgcetct
gtcctcacttcccaggtggtegtgggeccaaatatcacgcetgectgagggceteggtg
atctctttgcaccctccagatgcagaggaagatgaagatgatggcgagttcagtgat
gattctggggctgaccaagaaaaggacaaagtgaagatgaaaggttacaatcca
gcagaagtaggagctgctggcaagggctacctctggaaagcetgcaggceatgaac
atggaggaagaggaggaactgcagcagaatctgtggggactcaagatcaacatg
gaagaagagagtgaaagtgaaagtgagcaaagtatggattctgaggagccggac
agccggggaggctcecctcagatggatgacatcaaagtgttccagaatgaagtitta
ggaacactacagcggggcaaagaggagaacatttctigtgacaatctcgtectgga
aatcaactctctcaagtatgcctataacataagtctaaaggaggtgatgcaggtactg
agccacgtggtcctggagttccecctgcaacagatggattccecgcettgactcaage
cgctactgtgccctgctgcttectetgctaaaggectggagcecctgtttttaggaactac
ataaagcgcgcagccgaccatttggaagcegttagcagecattgaggacttcticcta
gagcatgaagctcttggtatttccatggccaaggtactgatggctttctaccagetgga
gatcctggctgaggaaacaatictgagetggttcagccaaagagatacaactgaca
agggccagcagttgcgcaagaatcaacagcetgcagaggttcatccagtggctaaa
agaggcagaagaggagtcatctgaagatgactgacgcgcgegagatctacggg
tggcatccctgtgaccectceccagtgectetectggecctggaagttgecactecagt
gcccaccagcecttgtcctaataaaattaagttgeatcattttgtctgactaggtgtectic
tataatattatggggtggaggggggatggtatggagcaaggggcaagtigggaaga
caacctgtagggcctgcggggtctattgggaaccaagcetggagtgcagtggcaca
atcttggctcactgcaatctccgectectgggtticaagegattctcectgectcagectee
cgagttgttgggattccaggcatgcatgaccaggctcagctaattttigtttititggtaga
gacggggtttcaccatattggccaggcetggtctccaactcctaatctcaggtgatctac
ccaccttggcctcccaaatigetgggattacaggegtgaaccactgceteectteectgt
cctictgattttgtaggtaaccacgtgcggaccgagceggcecgcaggaacccectagtg
atggagttggccactccctcetetgegegcetegcetegetcactgaggecgggegacca
aaggtcgceccgacgceccgggctitgeccgggeggcectcagtgagcgagegageg
cgcagcetgectgcagg
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Sequence Sequence (5'-3') SEQID
Name NO:
ITR- cctgcaggceagcetgegegcetcgetegetcactgaggecgeccgggegtegg 11
GFAP.elF2B gcgacctttggtcgeccggcectcagtgagecgagegagegcgcagagaggg
5ITR agtggccaactccatcactaggggttcctgecggecgceatcgattgaattcgag
(with 5' and ctcggtacctcgecgaatacatctagatatcggatccactagtcccaccteectct
3' ITRs) ctgtgctgggactcacagagggagacctcaggaggcagtctgtccatcacat

gtccaaatgcagagcataccctgggcetgggegcagtggegcacaactgtaa
ttccagcactttgggaggctgatgtggaaggatcacttgagcccagaagttcta
gaccagcctgggcaacatggcaagaccctatctctacaaaaaaagttaaaa
aatcagccacgtgtggtgacacacacctgtagtcccagcetaticaggaggcet

gaggtgaggggatcacttaaggctgggaggttgaggctgcagtgagtcgtgg
ttgcgccactgcactccagectgggcaacagtgagaccctgtctcaaaagac
aaaaaaaaaaaaaaaaaaaaaaagaacatatcctggtgtggagtagggg
acgctgctctgacagaggctcgggggcectgagcetggcetetgtgagetgggga
ggaggcagacagccaggccttgtctgcaagcagacctggcagceattgggct
ggccgcecccccagggcctectcettcatgecccagtgaatgactcaccttggeac
agacacaatgttcggggtgggcacagtgcctgcttcccgecgceaccccage

ccccctcaaatgecttccgagaageccatigagcagggggcttgcattgeac

cccagcectgacagcectggceatctigggataaaagcagcacagecccctagg
ggctgcccttgetgtgtggegecaccggeggtggagaacaaggcetctattca

gcctgtgeccaggaaaggggatcaggggatgeccaggeatggacagtggg
tggcagggggggagaggagggctgtctgcettcccagaagtccaaggacac

aaatgggtgaggggactgggcagggttctgaccctgtgggaccagagtgga
gggcgtagatggacctgaagtctccagggacaacagggceccaggtctcag

gctcctagttgggeccagtggcetccagegtitccaaacccatccatccecaga
ggttcttcccatctctccaggcetgatgtgtgggaactcgaggaaataaatctee
agtgggagacggaggggtggccagggaaacggggcgetgcaggaataa
agacgagccagcacagccagctcatgtgtaacggctitgtggagcetgtcaag
gcctggtetctgggagagaggcacagggaggcecagacaaggaaggggat
gacctggagggacagatccaggggctaaagtcctgataaggcaagagagt
gcecggcecccctettgecctatcaggacctccactgccacatagaggcecatgat
tgacccttagacaaagggctggtgtccaatcccageccccagecccagaac
tccagggaatgaatgggcagagagcaggaatgtgggacatctgtgttcaag
ggaaggactccaggagtctgctgggaatgaggcectagtaggaaatgaggtg
gcccttgagggtacagaacaggttcattcticgccaaaticccagceaccttgea
ggcacttacagctgagtgagataatgcctgggttatgaaatcaaaaagtigga
aagcaggtcagaggtcatctggtacagcccttecttcecttttttttittttittittgtg
agacaaggtctctctctgttgcccaggcetggagtggegcaaacacagcetcact
gcagcctcaacctactgggctcaagcaatcctccagcectcagectcccaaag
tgctgggattacaagcatgagccaccccactcagecctttecttectttttaattg
atgcataataattgtaagtattcatcatggtccaaccaaccctttcttgacccacc
ttcctagagagagggtcctcettgcticageggtcagggecccagacccatggt
ctggctccaggtaccacctgcectcatgcaggagttggegtgeccaggaaget
ctgcctetgggcacagtgacctcagtggggtgaggggagctctecccataget
gggctgcggceccaaccccaccccctcaggetatgeccagggggtgtigecag
gggcacccgggcatcgeccagtctageccactecttcataaagcecctcgeatce
ccaggagcgagcagagccagagcaggtiggagaggagacgcatcacctc
cgctgctecgecggteccggaactggtaagtttagtctttttgtettttatttcaggtee
cggatccggtggtggtgcaaatcaaagaactgctcctcagtggatgttgecttt
acttctaggcectgtacggaagtgttactictgctctaaaagcetgeggaattgtac
ccgcggcecaattetgcagtcgacggtaccgegggeccgggatccaceggtt
cgccaccatggceggceccctgtagtggegecgcectggtgtggtggttagtcggg
ctaacaagcgcagcggegeggggecgggaggcageggtggcgggggag
ccagaggggcggaggaggaaccgccgecgceccctacaageagttctggtg
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Sequence Sequence (5'-3') SEQID
Name NO:

gccgatagcttcgatcgecgcttcticeccatctccaaggaccagectegggte
ctettgeccctggecaatgtggceattaattgactacactctggaattcctgactge
cacaggtgtacaggaaacatttgtcttttgttgctggaaagcetgctcaaatcaa
agaacatttactgaagtcaaagtggtgccgcecctacatctctcaatgtggttcg
aataattacatcagagctctatcgatcactgggagatgtcctccgtgatgttgat
gccaaggctitggtgcgctctgactttcttctggtgtatggggatgtcatctcaaa
catcaatatcaccagagcccttgaggaacacaggttgagacggaagctaga
aaaaaatgtttctgtgatgacgatgatcttcaaggagtcatcccccagecace
caactcgttgccacgaagacaatgtggtagtggctgtggatagtaccacaaa
cagggttctccattttcagaagacccagggtctccggcegtttigeatttcetetga
gcctgtttcagggecagtagtgatggagtggaggttcgatatgatttactggattgt
catatcagcatcigttctcctcaggtggcacaactctttacagacaactttgacta
ccaaactcgagatgactttgtgcgaggtctcttagtgaatgaggagatcctag
ggaaccagatccacatgcacgtaacagctaaggaatatggtgcccgtgtctc
caacctacacatgtactcagctgtctgtgctgacgtcatccgecgatgggtcta
ccctetcacceccagaggegaacttcactgacagcaccacccagagetgecac
tcattcccggcacaacatctaccgagggcectgaggtcagectgggecatgge
agcatcctagaggaaaatgtgcetcetgggctctggceactgtcattggcagcaa
ttgctttatcaccaacagtgtcatiggccceggcetgecacatiggtgataacgtg
gtgctggaccagacctacctgtggcagggtgttcgagtggecggetggageac
agatccatcagtctctgctitgtgacaatgctgaggtcaaggaacgagtgaca
ctgaaaccacgctctgtcctcacticccaggtggtegtgggeccaaatatcac
gctgcectgagggceteggtgatctetttgcaccctccagatgcagaggaagatg
aagatgatggcgagttcagtgatgattctggggctgaccaagaaaaggaca
aagtgaagatgaaaggttacaatccagcagaagtaggagctgctggcaag
ggctaccictggaaagctgcaggcatgaacatggaggaagaggaggaact
gcagcagaatctgtggggactcaagatcaacatggaagaagagagtgaaa
gtgaaagtgagcaaagtatggattctgaggagccggacagecggggaggce
tccectcagatggatgacatcaaagtgticcagaatgaagttttaggaacacta
cagcggggcaaagaggagaacatttcttgtgacaatctcgtecctggaaatca
actctctcaagtatgcctataacataagtctaaaggaggtgatgcaggtactg
agccacgtggtcctggagttccccctgcaacagatggaticccegettgactc
aagccgctactgtgccctgetgettectetgctaaaggectggagceccigttitta
ggaactacataaagcgcgcagcecgaccatttggaagcgttagcagecattg
aggacttctticctagagcatgaagctcttggtatttccatggccaaggtactgat
ggctttctaccagctggagatcctggetgaggaaacaattctgagctggticag
ccaaagagatacaactgacaagggccagcagttgcgcaagaatcaacag
ctgcagaggttcatccagtggctaaaagaggcagaagaggagtcatctgaa
gatgactgacgcgcgcgagatctacgggtggceatcectgtgaccectececa
gtgcctctectggecctggaagttgecactccagtgeccaccagecttigtecta
ataaaattaagttgcatcattttgtctgactaggtgtccttctataatattatggggt
ggagggggagtggtatggagcaaggggcaagttgggaagacaacctgtag
ggcctgeggggtctattgggaaccaagcetggagtgcagtggcacaatcttgg
ctcactgcaatctccgectectgggttcaagegatictectgectcagecteeeg
agttgttgggattccaggcatgcatgaccaggctcagctaatitttgttittttggta
gagacggggtttcaccatattggccaggctggtctccaactcctaatctcaggt
gatctacccaccttggcctcccaaattgetgggattacaggegtgaaccactg
ctccecticectgtecttctgattttgtaggtaaccacgtgeggaccgageggeceg
caggaacccctagtgatggagttggccactccctcetetgegegetegetegete
actgaggccgggcgaccaaaggtcgeccgacgceccgggctttgeccggge
ggcctcagtgagcgagcgagcegegceagctgectgcagg
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Sequence Sequence (5'-3') SEQID
Name NO:
ITR- CCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAG 17

gfa1405.elF GCCGCCCGGGCGTCGGGCGACCTTTGGTCGCCCGG

2B5-ITR CCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTG

(with 5' and GCCAACTCCATCACTAGGGGTTCCTGCGGCCGCATC

3' ITRs) GATTGAATTCGAGCTCGGTACCTCGCGAATACATCTA

GATATCGGATCCACTAGTAACATATCCTGGTGTGGA
GTAGGGGACGCTGCTCTGACAGAGGCTCGGGGGCC
TGAGCTGGCTCTGTGAGCTGGGGAGGAGGCAGACA
GCCAGGCCTTGTCTGCAAGCAGACCTGGCAGCATTG
GGCTGGCCGCCCCCCAGGGCCTCCTCTTCATGCCC
AGTGAATGACTCACCTTGGCACAGACACAATGTTCG
GGGTGGGCACAGTGCCTGCTTCCCGCCGCACCCCA
GCCCCCCTCAAATGCCTTCCGAGAAGCCCATTGAGC
AGGGGGCTTGCATTGCACCCCAGCCTGACAGCCTG
GCATCTTGGGATAAAAGCAGCACAGCCCCCTAGGGG
CTGCCCTTGCTGTGTGGCGCCACCGGCGGTGGAGA
ACAAGGCTCTATTCAGCCTGTGCCCAGGAAAGGGGA
TCAGGGGATGCCCAGGCATGGACAGTGGGTGGCAG
GGGGGGAGAGGAGGGCTGTCTGCTTCCCAGAAGTC
CAAGGACACAAATGGGTGAGGGGGAGGGGTGGCCA
GGGAAACGGGGCGCTGCAGGAATAAAGACGAGCCA
GCACAGCCAGCTCATGTGTAACGGCTTTGTGGAGCT
GTCAAGGCCTGGTCTCTGGGAGAGAGGCACAGGGA
GGCCAGACAAGGAAGGGGTGACCTGGAGGGACAGA
TCCAGGGGCTAAAGTCCTGATAAGGCAAGAGAGTGC
CGGCCCCCTCTTGCCCTATCAGGACCTCCACTGCCA
CATAGAGGCCATGATTGACCCTTAGACAGCTGAGTG
AGATAATGCCTGGGTTATGAAATCAAAAAGTTGGAAA
GCAGGTCAGAGGTCATCTGGTACAGCCCTTCCTTCC
CTTTTTTTTTTTTTTTTTTGTGAGACAAGGTCTCTCTC
TGTTGCCCAGGCTGGAGTGGCGCAAACACAGCTCAC
TGCAGCCTCAACCTACTGGGCTCAAGCAATCCTCCA
GCCTCAGCCTCCCAAAGTGCTGGGATTACAAGCATG
AGCCACCCCACTCAGCCCTTTCCTTCCTTTTTAATTG
ATGCATAATAATTGTAAGTATTCATCATGGTCCAACC
AACCCTTTCTTGACCCACCTTCCTAGAGAGAGGGTC
CTCTTGCTTCAGCGGTCAGGGCCCCAGACCCATGGT
CTGGCTCCAGGTACCACCTGCCTCATGCAGGAGTTG
GCGTGCCCAGGAAGCTCTGCCTCTGGGCACAGTGA
CCTCAGTGGGGTGAGGGGAGCTCTCCCCATAGCTG
GGCTGCGGCCCAACCCCACCCCCTCAGGCTATGCC
AGGGGGTGTTGCCAGGGGCACCCGGGCATCGCCAG
TCTAGCCCACTCCTTCATAAAGCCCTCGCATCCCAG
GAGCGAGCAGAGCCAGAGCAGGTTGGAGAGGAGAC
GCATCACCTCCGCTGCTCGTCCGGAACTGGTAAGTT
TAGTCTTTTTGTCTTTTATTTCAGGTCCCGGATCCGG
TGGTGGTGCAAATCAAAGAACTGCTCCTCAGTGGAT
GTTGCCTTTACTTCTAGGCCTGTACGGAAGTGTTACT
TCTGCTCTAAAAGCTGCGGAATTGTACCCGCGGCCA
ATTCTGCAGTCGACGGTACCGCGGGCCCGGGATCC
ACCGGTTCGCCACCATGGCGGCCCCTGTAGTGGCG
CCGCCTGGTGTGGTGGTTAGTCGGGCTAACAAGCG
CAGCGGCGCGGGGCCGGGAGGCAGCGGTGGCGGG
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Sequence Sequence (5'-3') SEQID
Name NO:

GGAGCCAGAGGGGCGGAGGAGGAACCGCCGCCGC
CCCTACAAGCAGTTCTGGTGGCCGATAGCTTCGATC
GCCGCTTCTTCCCCATCTCCAAGGACCAGCCTCGGG
TCCTCTTGCCCCTGGCCAATGTGGCATTAATTGACTA
CACTCTGGAATTCCTGACTGCCACAGGTGTACAGGA
AACATTTGTCTTTTGTTGCTGGAAAGCTGCTCAAATC
AAAGAACATTTACTGAAGTCAAAGTGGTGCCGCCCT
ACATCTCTCAATGTGGTTCGAATAATTACATCAGAGC
TCTATCGATCACTGGGAGATGTCCTCCGTGATGTTG
ATGCCAAGGCTTTGGTGCGCTCTGACTTTCTTCTGGT
GTATGGGGATGTCATCTCAAACATCAATATCACCAGA
GCCCTTGAGGAACACAGGTTGAGACGGAAGCTAGAA
AAAAATGTTTCTGTGATGACGATGATCTTCAAGGAGT
CATCCCCCAGCCACCCAACTCGTTGCCACGAAGACA
ATGTGGTAGTGGCTGTGGATAGTACCACAAACAGGG
TTCTCCATTTTCAGAAGACCCAGGGTCTCCGGCGTTT
TGCATTTCCTCTGAGCCTGTTTCAGGGCAGTAGTGAT
GGAGTGGAGGTTCGATATGATTTACTGGATTGTCATA
TCAGCATCTGTTCTCCTCAGGTGGCACAACTCTTTAC
AGACAACTTTGACTACCAAACTCGAGATGACTTTGTG
CGAGGTCTCTTAGTGAATGAGGAGATCCTAGGGAAC
CAGATCCACATGCACGTAACAGCTAAGGAATATGGT
GCCCGTGTCTCCAACCTACACATGTACTCAGCTGTC
TGTGCTGACGTCATCCGCCGATGGGTCTACCCTCTC
ACCCCAGAGGCGAACTTCACTGACAGCACCACCCAG
AGCTGCACTCATTCCCGGCACAACATCTACCGAGGG
CCTGAGGTCAGCCTGGGCCATGGCAGCATCCTAGA
GGAAAATGTGCTCCTGGGCTCTGGCACTGTCATTGG
CAGCAATTGCTTTATCACCAACAGTGTCATTGGCCCC
GGCTGCCACATTGGTGATAACGTGGTGCTGGACCAG
ACCTACCTGTGGCAGGGTGTTCGAGTGGCGGCTGG
AGCACAGATCCATCAGTCTCTGCTTTGTGACAATGCT
GAGGTCAAGGAACGAGTGACACTGAAACCACGCTCT
GTCCTCACTTCCCAGGTGGTCGTGGGCCCAAATATC
ACGCTGCCTGAGGGCTCGGTGATCTCTTTGCACCCT
CCAGATGCAGAGGAAGATGAAGATGATGGCGAGTTC
AGTGATGATTCTGGGGCTGACCAAGAAAAGGACAAA
GTGAAGATGAAAGGTTACAATCCAGCAGAAGTAGGA
GCTGCTGGCAAGGGCTACCTCTGGAAAGCTGCAGG
CATGAACATGGAGGAAGAGGAGGAACTGCAGCAGA
ATCTGTGGGGACTCAAGATCAACATGGAAGAAGAGA
GTGAAAGTGAAAGTGAGCAAAGTATGGATTCTGAGG
AGCCGGACAGCCGGGGAGGCTCCCCTCAGATGGAT
GACATCAAAGTGTTCCAGAATGAAGTTTTAGGAACAC
TACAGCGGGGCAAAGAGGAGAACATTTCTTGTGACA
ATCTCGTCCTGGAAATCAACTCTCTCAAGTATGCCTA
TAACATAAGTCTAAAGGAGGTGATGCAGGTACTGAG
CCACGTGGTCCTGGAGTTCCCCCTGCAACAGATGGA
TTCCCCGCTTGACTCAAGCCGCTACTGTGCCCTGCT
GCTTCCTCTGCTAAAGGCCTGGAGCCCTGTTTTTAG
GAACTACATAAAGCGCGCAGCCGACCATTTGGAAGC
GTTAGCAGCCATTGAGGACTTCTTCCTAGAGCATGA
AGCTCTTGGTATTTCCATGGCCAAGGTACTGATGGC
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Sequence Sequence (5'-3') SEQID

Name NO:
TTTCTACCAGCTGGAGATCCTGGCTGAGGAAACAAT
TCTGAGCTGGTTCAGCCAAAGAGATACAACTGACAA
GGGCCAGCAGTTGCGCAAGAATCAACAGCTGCAGA
GGTTCATCCAGTGGCTAAAAGAGGCAGAAGAGGAGT
CATCTGAAGATGACTGACGCGCGCGAGATCTACGGG
TGGCATCCCTGTGACCCCTCCCCAGTGCCTCTCCTG
GCCCTGGAAGTTGCCACTCCAGTGCCCACCAGCCTT
GTCCTAATAAAATTAAGTTGCATCATTTTGTCTGACTA
GGTGTCCTTCTATAATATTATGGGGTGGAGGGGGGT
GGTATGGAGCAAGGGGCAAGTTGGGAAGACAACCT
GTAGGGCCTGCGGGGTCTATTGGGAACCAAGCTGG
AGTGCAGTGGCACAATCTTGGCTCACTGCAATCTCC
GCCTCCTGGGTTCAAGCGATTCTCCTGCCTCAGCCT
CCCGAGTTGTTGGGATTCCAGGCATGCATGACCAGG
CTCAGCTAATTTTTGTTTTTTTGGTAGAGACGGGGTT
TCACCATATTGGCCAGGCTGGTCTCCAACTCCTAATC
TCAGGTGATCTACCCACCTTGGCCTCCCAAATTGCT
GGGATTACAGGCGTGAACCACTGCTCCCTTCCCTGT
CCTTCTGATTTTGTAGGTAACCACGTGCGGACCGAG
CGGCCGCAGGAACCCCTAGTGATGGAGTTGGCCAC
TCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCG
GGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCC
CGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGCT
GCCTGCAGG

[0088] In some aspects, a nucleic acid of the disclosure comprises an AAV9 vector
comprising a 5' ITR, a promoter, an SV40 intron, the elF2B5 open reading frame, a polyA
tail, and a 3' ITR as illustrated in Figs. 12-14, 16, and 19. In some particular aspects, the
AAV is an ssAAV or an ssrAAV. In some aspects, a nucleic acid of the disclosure comprises
a nucleotide sequence comprising from 5' to 3': a promoter, an SV40 intron, the elF2B5
open reading frame, and a polyA tail as set forth in any one of Figs. 12-14 and 19. In some
aspects, a nucleic acid of the disclosure comprises a nucleotide sequence comprising from
5'to 3" a5 ITR, a promoter, an SV40 intron, the elF2B5 open reading frame, a polyA tail,
and a 3' ITR as set forth in any one of Figs. 12-14, 16, and 19. In some aspects, the nucleic
acid may comprise additional elements, or some elements may be modified or eliminated. In
some aspects, the nucleotide sequence of any of the 5' ITR, promoter, SV40 intron, elF2B5
open reading frame, polyA tail, or 3' ITR as illustrated in Figs. 12-14, 16, and 19 may be a
variant comprising 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%,
87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%,
71%, or 70% identity to the nucleotide sequence of any of the 5' ITR, promoter, SV40 intron,
elF2B5 open reading frame, polyA tail, or 3' ITR sequences as illustrated in Figs. 12-14, 16,
and 19.
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[0089] In some aspects, a nucleic acid of the disclosure comprises the nucleotide
sequence set forth in any one of SEQ ID NOs: 12-14 and 18 (i.e., see Figs. 12-14, 16, and
19). In various aspects, the nucleic acid is a variant of the nucleotide sequence set forth in
any one of SEQ ID NOs: 12-14 and 18. In some aspects, the variant comprises 99%, 98%,
97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%,
81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, or 70% identity to the
nucleotide sequence set forth in any one of SEQ ID NOs: 12-14 and 18.

[0090] Table 4. Sequences of each of the AAV9 vectors comprising the

elF2B5 transgene sequences.

Sequence Name Sequence (5'-3') SEQ ID NO:

AAV9.CAG.elF2B5 See Fig. 12. 12
(6275 bp)

AAV9.gfaABC(1)D.elF2B5 See Fig. 13. 13
(6340 bp)

AAV9O.GFAP.elF2B5 See Fig. 14. 14
(7901 bp)

AAV9.gfa1405.eiF2B5 (7086 See Fig. 21. 18

bp)

[0091] A sequence index table (Table 5) is provided below for reference to sequences

provided in the sequence listing.

[0092] Table 5 [1Sequence index.

SEQ Sequence Descriptor

ID NO:

1 Human EIF2B5 nucleotide

2 Human EIF2B5 polypeptide

3 CAG promoter

4 gfaABC1D promoter

5 GFAP promoter

6 CAG.EIF2BS5 with various other elements but without 5' and 3' ITRs

7 gfaABC1D.EIF2B5 with various other elements but without 5' and 3' ITRs

8 GFAP.EIF2B5 with various other elements but without 5' and 3' ITRs

9 ITR-CAG.EIF2B5-ITR with various other elements and with 5' and 3' ITRs
10 I;E-ngaABC‘ID.EIFZB&ITR with various other elements but with 5" and 3'

" ITR-GFAP.EIF2B5-ITR with various other elements but with 5' and 3' ITRs
12 AAV9. CAG.elF2B5 (6275 bp)

13 AAV9.gfaABC(1)D.elF2B5 (6340 bp)
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SEQ Sequence Descriptor

ID NO:

14 AAV9.GFAP.elF2B5 (7901 bp)

15 gfa1405 promoter

16 gfa1405.EIF2B5 with various other elements but without 5' and 3' ITRs
17 gfa1405.EIF2B5 with various other elements and with 5' and 3' ITRs
18 AAV9.gfa1405.eiF2B5 (7086 bp)

[0093] In some aspects, the disclosure includes a nanoparticle, extracellular vesicle,
exosome, or vector comprising any of the nucleic acids of the disclosure or a combination of
any one or more thereof for providing EIF2B5 gene replacement. In some aspects, one or
more copies of these sequences are combined into a single nanoparticle, extracellular

vesicle, exosome, or vector.

[0094] The disclosure therefore includes vectors comprising a nucleic acid of the
disclosure or a combination of nucleic acids of the disclosure. Embodiments of the
disclosure utilize vectors (for example, viral vectors, such as adeno-associated virus (AAV),
adenovirus, retrovirus, lentivirus, equine-associated virus, alphavirus, pox virus, herpes
virus, herpes simplex virus, polio virus, sindbis virus, vaccinia virus or a synthetic virus, e.g.,
a chimeric virus, mosaic virus, or pseudotyped virus, and/or a virus that contains a foreign
protein, synthetic polymer, nanoparticle, or small molecule) to deliver the nucleic acids

disclosed herein.

[0095] The disclosure provides a recombinant (r) AAV vector comprising the nucleic acid
comprising a polynucleotide encoding the EIF2B5 protein for use in treating a subject
comprising a mutation in the EIF2B5 gene. In some particular aspects, the AAV is an ssAAV
or an ssrAAV. In some aspects, a nucleic acid of the disclosure comprises an AAV vector
comprising the nucleotide sequence set forth in SEQ ID NO: 1 (Table 1). In some aspects, a
nucleic acid of the disclosure comprises an AAV vector comprising the nucleotide sequence
set forth in any one of SEQ ID NOs: 6-8 and 16 (Table 2). In some aspects, a nucleic acid of
the disclosure comprises an AAV vector comprising the nucleotide sequence set forth in any
one of SEQ ID NOs: 9-11 and 17 (Table 3). In various aspects, the nucleic acid is a variant
of the nucleotide sequence set forth in any one of SEQ ID NOs: 1, 6-11, 16, and 17. In some
aspects, the variant comprises 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%,
89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%,
73%, 72%, 71%, or 70% identity to the nucleotide sequence set forth in any one of SEQ ID
NOs: 1, 6-11, 16, and 17.
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[0096] AAV is unique in its safety profile, as the viral genome, once transduced into its
carrier cell, remains stably expressed as an episomal DNA and only very rarely ever

integrates into the host genome.

[0097] In some aspects, therefore, the disclosure utilizes AAV to deliver the EIF2B5
transgene, such as DNA encoding the EIF2B5 protein. As used herein, the term "AAV" is a
standard abbreviation for adeno-associated virus. An "AAV vector" as used herein refers to a
vector comprising one or more polynucleotides of interest (or transgenes) that are flanked by

AAV terminal repeat sequences (ITRs).

[0098] Such AAV vectors can be replicated and packaged into infectious viral particles
when present in a host cell that has been transfected with a vector encoding and expressing
rep and cap gene products. AAV is a single-stranded replication-deficient DNA parvovirus
that grows only in cells in which certain functions are provided by a co-infecting helper virus.
The genome of AAV is about 4.7 kb in length including 145 nucleotide inverted terminal
repeat (ITRs). There are multiple serotypes of AAV that have been characterized. General
information and reviews of AAV can be found in, for example, Carter, 1989, Handbook of
Parvoviruses, Vol. 1, pp. 169-228, and Berns, 1990, Virology, pp. 1743-1764, Raven Press,
(New York). However, it is fully expected that these same principles will be applicable to
additional AAV serotypes since it is well known that the various serotypes are quite closely
related, both structurally and functionally, even at the genetic level. (See, for example,
Blacklowe, 1988, pp. 165-174 of Parvoviruses and Human Disease, J. R. Pattison, ed.; and
Rose, Comprehensive Virology 3:1-61 (1974)). For example, all AAV serotypes apparently
exhibit very similar replication properties mediated by homologous rep genes; and all bear
three related capsid proteins such as those expressed in AAV2. The degree of relatedness
is further suggested by heteroduplex analysis which reveals extensive cross-hybridization
between serotypes along the length of the genome; and the presence of analogous self-
annealing segments at the termini that correspond to "inverted terminal repeat sequences"
(ITRs). The similar infectivity patterns also suggest that the replication functions in each

serotype are under similar regulatory control.

[0099] There are multiple serotypes of AAV. In some aspects, the AAV is AAV1, AAV2,
AAV3, AAV4, AAV5, AAVB, AAV7, AAVS, AAVY, AAV10, AAV11, AAV12, AAV13,
AAVanc80, AAVrh.74, AAVrh.8, AAVrh.10, MyoAAV 1A, AAVMYO, or AAV-B1, AAV2/1,
AAV2/8, AAV2/9, or any of their derivatives. Other types of rAAV variants, for example rAAV
with capsid mutations, are also included in the disclosure. See, for example, Marsic et al.,
Molecular Therapy 22(11): 1900-1909 (2014). As noted above, the nucleotide sequences of

the genomes of various AAV serotypes are known in the art. Use of cognate components is
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specifically contemplated. Production of pseudotyped rAAV is disclosed in, for example, WO

01/83692 which is incorporated by reference herein in its entirety.

[00100] The nucleotide sequences of the genomes of the AAV serotypes are known. For
example, the complete genome of AAV1 is provided in GenBank Accession No.

NC_002077; the complete genome of AAV2 is provided in GenBank Accession No.
NC_001401 and Srivastava et al., J. Virol., 45: 555-564 {1983); the complete genome of
AAV3 is provided in GenBank Accession No. NC_1829; the complete genome of AAV4 is
provided in GenBank Accession No. NC_001829; the AAV5 genome is provided in GenBank
Accession No. AF085716; the complete genome of AAV6 is provided in GenBank Accession
No. NC_00 1862; at least portions of AAV7 and AAV8 genomes are provided in GenBank
Accession Nos. AX753246 and AX753249, respectively (see also U.S. Patent Nos.
7,282,199 and 7,790,449 relating to AAV8); the AAV9 genome is provided in Gao et al., J.
Virol., 78: 6381-6388 (2004); the AAV10 genome is provided in Mol. Ther., 13(1). 67-76
(2006); and the AAV11 genome is provided in Virology, 330(2): 375-383 (2004). Information
regarding MyoAAV 1A is provided by Tabebordbar et al. (Cell 184(19): 4919-38 (2021)).
Information regarding AAVMYO is provided by Weinmann et al. (Nature Communications 11:
5432 (2020); doi.org/10.1038/s41467-020-19230). The genomes of AAV12, AAV13,
AAVanc80, AAVrh.74, AAVrh.8, AAVrh.10, and AAV-B1 also are known in the art. Cis-
acting sequences directing viral DNA replication (rep), encapsidation/packaging and host cell
chromosome integration are contained within the AAV ITRs. Three AAV promoters (named
p5, p19, and p40 for their relative map locations) drive the expression of the two AAV
internal open reading frames encoding rep and cap genes. The two rep promoters (p5 and
p19), coupled with the differential splicing of the single AAV intron (at nucleotides 2107 and
2227), result in the production of four rep proteins (rep 78, rep 68, rep 52, and rep 40) from
the rep gene. Rep proteins possess multiple enzymatic properties that are ultimately
responsible for replicating the viral genome. The cap gene is expressed from the p40
promoter and it encodes the three capsid proteins VP1, VP2, and VP3. Alternative splicing
and non-consensus translational start sites are responsible for the production of the three
related capsid proteins. A single consensus polyadenylation site is located at map position
95 of the AAV genome. The life cycle and genetics of AAV are reviewed in Muzyczka,

Current Topics in Microbiology and Immunology, 158: 97-129 (1992).

[00101] Cis-acting sequences directing viral DNA replication (rep),
encapsidation/packaging and host cell chromo-some integration are contained within the
AAV ITRs. Three AAV promoters (named p5, p19, and p40 for their relative map locations)
drive the expression of the two AAV internal open reading frames encoding rep and cap

genes. The two rep promoters (p5 and p19), coupled with the differential splicing of the
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single AAV intron (at nucleotides 2107 and 2227), result in the production of four rep
proteins (rep 78, rep 68, rep 52, and rep 40) from the rep gene. Rep proteins possess
multiple enzymatic properties that are ultimately responsible for replicating the viral genome.
The cap gene is expressed from the p40 promoter and it encodes the three capsid proteins
VP1, VP2, and VP3. Alternative splicing and non-consensus translational start sites are
responsible for the production of the three related capsid proteins. A single consensus
polyadenylation site is located at map position 95 of the AAV genome. The life cycle and
genetics of AAV are reviewed in Muzyczka, Current Topics in Microbiology and Immunology,
158: 97-129 (1992).

[00102] AAV possesses unique features that make it attractive as a vector for delivering
foreign DNA to cells, for example, in gene therapy. AAV infection of cells in culture is
noncytopathic, and natural infection of humans and other animals is silent and
asymptomatic. Moreover, AAV infects many mammalian cells allowing the possibility of
targeting many different tissues in vivo. Moreover, AAV transduces slowly dividing and non-
dividing cells, and can persist essentially for the lifetime of those cells as a transcriptionally
active nuclear episome (extrachromosomal element). The AAV proviral genome is infectious
as cloned DNA in plasmids which makes construction of recombinant genomes feasible.
Furthermore, because the signals directing AAV replication, genome encapsidation and
integration are contained within the ITRs of the AAV genome, some or all of the internal
approximately 4.3 kb of the genome (encoding replication and structural capsid proteins,
rep-cap) may be replaced with foreign DNA. The rep and cap proteins may be provided in
trans. Another significant feature of AAV is that it is an extremely stable and hearty virus. It
easily withstands the conditions used to inactivate adenovirus, making cold preservation of
AAYV less critical. AAV may be lyophilized and AAV-infected cells are not resistant to

superinfection.

[00103] In some aspects, the AAV lacks rep and cap genes. In some aspects, the AAV is
a recombinant linear AAV (rAAVY), a single-stranded AAV, or a recombinant self-
complementary AAV (scAAV). The self-complementary (sc) technology allows for binding of
the single-stranded viral DNA genome onto itself, thereby priming second strand DNA
synthesis. This sc element both quickens and strengthens gene expression relative to
constructs lacking the sc element. In some particular aspects, the AAV is an ssAAV or an
SSrAAV.

[00104] Advances in AAV vectors have led to safer and more efficient viral vehicles to
deliver therapeutic transgenes in a single injection, and gene therapy is now a favorable

therapeutic intervention for monogenic diseases. AAV vectors can provide long-term
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expression of gene products in post-mitotic target tissues. Thus, current AAV-based

strategies may only require one-time vector administration.

[00105] Recombinant AAV genomes of the disclosure comprise one or more AAV ITRs
flanking a polynucleotide encoding, for example, one or more EIF2B5 polynucleotides,
including any one or more of the sequences set out in SEQ ID NOs: 1 and 6-11. Provided
herein are rAAV, each comprising one or more EIF2B5 genes. An rAAV comprising one or
more EIF2B5 genes can encode one, two, three, four, five, six, seven or eight EIF2B5

proteins.

[00106] In some aspects, therefore, the viral vector is an AAV, such as an AAV1 (i.e,, an
AAV containing AAV1 inverted terminal repeats (ITRs) and AAV1 capsid proteins), AAV2
(i.e., an AAV containing AAV2 ITRs and AAV2 capsid proteins), AAV3 (i.e., an AAV
containing AAV3 ITRs and AAV3 capsid proteins), AAV4 (i.e., an AAV containing AAV4 ITRs
and AAV4 capsid proteins), AAVS (i.e., an AAV containing AAV5 ITRs and AAVS5 capsid
proteins), AAVG6 (i.e., an AAV containing AAV6 ITRs and AAV6 capsid proteins), AAV7 (i.e.,
an AAV containing AAV7 ITRs and AAV7 capsid proteins), AAVS8 (i.e., an AAV containing
AAVS8 ITRs and AAVS8 capsid proteins), AAV9 (i.e., an AAV containing AAV9 ITRs and AAV9
capsid proteins), AAV10 (i.e., an AAV containing AAV10 ITRs and AAV10 capsid proteins),
AAV11 (i.e., an AAV containing AAV11 ITRs and AAV11 capsid proteins), AAV12 (i.e., an
AAV containing AAV12 ITRs and AAV12 capsid proteins), AAV13 (i.e., an AAV containing
AAV13 ITRs and AAV13 capsid proteins), AAVanc80 (i.e., an AAV containing AAVanc80
ITRs and AAVanc80 capsid proteins), AAVrh.74 (i.e., an AAV containing AAVrh.74 ITRs and
AAVrh.74 capsid proteins), AAVrh.8 (i.e., an AAV containing AAVrh.8 ITRs and AAVrh.8
capsid proteins), AAVrh.10 (i.e., an AAV containing AAVrh.10 ITRs and AAVrh.10 capsid
proteins), MyoAAV 1A, AAVMYO, or AAV-B1, or pseudotyped AAV, such as AAV2/1,
AAV2/8, or AAV2/9, or AAVMYO, or any of their derivatives.

[00107] In various aspects, the AAV is AAV9. AAV9 has become the most widely used
vector for muscular and/or neurological indications with an established safety profile in the
clinic. Intrathecal administration of AAV9 permits dissemination of transgenes throughout the
nervous system and is currently approved by FDA for spinal muscular atrophy (SMA,
NCT03381729), and in trials for the treatment of neuronal ceroid lipofuscinosis 3 (CLN3,
NCT03770572), CLN6 (NCT02725580), giant axonal neuropathy (GAN, NCT02362438),
mucopolysaccharidoses types 3A (NCT02716246) and 3B (NCT03315182), and exon 2
duplications in the DMD gene (NCT04240314). Such features make AAV9 an ideal gene
delivery method for treatment of genetic disorders, such as mutations in EIF2B5, which

result in white matter abnormalities in the central nervous system. It has been shown that
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AAV9 can also target Schwann cells, and other peripheral neuropathies. More importantly,
AAV9 was reported to transduce Schwann cells in large animals and non-human primates,
indicating that it is a desirable viral vector for clinical applications requiring delivery of
therapeutic genes into the human Schwann cells. Finally, data from studies in other models
of CNS disease show that an AAV9 vector efficiently transfects CNS (Lukashchuk et al.,
Molecular Therapy 3:15055, 2016; doi.org/10.1038/mtm.2015.55).

[00108] DNA plasmids of the disclosure comprise rAAV genomes of the disclosure. The
DNA plasmids are transferred to cells permissible for infection with a helper virus of AAV
(e.g., adenovirus, E1-deleted adenovirus or herpes virus) for assembly of the rAAV genome
into infectious viral particles. Techniques to produce rAAV particles, in which an AAV
genome to be packaged, rep and cap genes, and helper virus functions are provided to a
cell are standard in the art. Production of rAAV requires that the following components are
present within a single cell (denoted herein as a packaging cell): a rAAV genome, AAV rep
and cap genes separate from (i.e., not in) the rAAV genome, and helper virus functions. The
AAV rep genes may be from any AAV serotype for which recombinant virus can be derived
and may be from a different AAV serotype than the rAAV genome ITRs, including, but not
limited to, AAV serotypes AAV1, AAV2, AAV3, AAV4, AAV5, AAVB, AAV7, AAVS, AAV9Y,
AAV10, AAV11, AAV12, AAV13, AAVanc80, AAVrh.74, AAVrh.8, AAVrh.10, MyoAAV 1A,
AAVMYO, or AAV-B1. In some aspects, AAV DNA in the rAAV genomes is from any AAV
serotype for which a recombinant virus can be derived including, but not limited to, AAV
serotypes AAV1, AAV2, AAV3, AAV4, AAV5, AAVB, AAV7, AAVS8, AAVY, AAV10, AAV11,
AAV12, AAV13, AAVanc80, AAVrh.74, AAVrh.8, AAVrh.10, MyoAAV 1A, AAVMYO, or AAV-
B1. Other types of rAAV variants, for example rAAV with capsid mutations, are also
included in the disclosure. See, for example, Marsic et al., Molecular Therapy 22(11): 1900-
1909 (2014). As noted above, the nucleotide sequences of the genomes of various AAV
serotypes are known in the art. Use of cognate components is specifically contemplated.
Production of pseudotyped rAAV is disclosed in, for example, WO 01/83692 which is
incorporated by reference herein in its entirety. An "AAV virion" or "AAV viral particle" or
[AAV particleTor "AAV vector particle" refers to a viral particle composed of at least one AAV
capsid protein and an encapsidated polynucleotide AAV vector. If the particle comprises a
heterologous polynucleotide (i.e. a polynucleotide other than a wild-type AAV genome such
as atransgene to be delivered to a mammalian cell), it is typically referred to as an "AAV
vector particle" or simply an "AAV vector". Thus, production of AAV vector particle
necessarily includes production of AAV vector, as such a vector is contained within an AAV
vector particle. Techniques to produce rAAV particles, in which an AAV genome to be

packaged, rep and cap genes, and helper virus functions are provided to a cell are standard
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in the art. Production of rAAV requires that the following components are present within a
single cell (denoted herein as a packaging cell): a rAAV genome, AAV rep and cap genes
separate from (i.e., not in) the rAAV genome, and helper virus functions. The AAV rep genes
may be from any AAV serotype for which recombinant virus can be derived and may be from
a different AAV serotype than the rAAV genome ITRs, including, but not limited to, AAV
serotypes AAV1, AAV2, AAV3, AAV4, AAV5, AAVB, AAV7, AAVS8, AAVY, AAV10, AAV11,
AAV12, AAV13, AAVrh.74, AAVrh.8, or AAVrh.10, MyoAAV 1A, AAVMYO, or AAV-B1,
AAVANC80, AAV7mS8, AAV2/1, AAV2/8, or AAV2/9 and their derivatives. In some aspects,
AAV DNA in the rAAV genomes is from any AAV serotype for which a recombinant virus can
be derived including, but not limited to, AAV serotypes AAV1, AAV2, AAV3, AAV4, AAVS,
AAVB, AAV7, AAVS, AAVY, AAV10, AAV11, AAV12, AAV13, AAVrh.74, AAVrh.8, or
AAVrh.10, MyoAAV 1A, AAVMYO, or AAV-B1, AAVANnc80, AAV7mS8, AAV2/1, AAV2/8, or
AAV2/9 and their derivatives. Other types of rAAV variants, including those for example with
capsid mutations, are also included in the disclosure. Such variants include, but are not
limited to, MyoAAV or AAVMYQ, and other variants as described, for example, in Marsic et
al., Molecular Therapy 22(11): 1900-1909 (2014); Weismann, J., et al., Nat Commun 11(1):
5432 (2020) and Tabebordbar, M. et al., Cell 184(19): 4919-4938 e22 (2021), which are
incorporated for use herein by reference in their entirety. As noted above, the nucleotide
sequences of the genomes of various AAV serotypes are known in the art. Use of cognate
components is specifically contemplated. Production of pseudotyped rAAV is disclosed in,

for example, WO 01/83692 which is incorporated by reference herein in its entirety.

[00109] In some embodiments, the viral vector is a pseudotyped AAV, containing ITRs
from one AAV serotype and capsid proteins from a different AAV serotype. In some
embodiments, the pseudo-typed AAV is AAV2/9 (i.e., an AAV containing AAV2 ITRs and
AAV9 capsid proteins). In some embodiments, the pseudotyped AAV is AAV2/8 (i.e., an
AAV containing AAV2 ITRs and AAV8 capsid proteins). In some embodiments, the
pseudotyped AAV is AAV2/1 (i.e., an AAV containing AAV2 ITRs and AAV1 capsid proteins).

[00110] In some embodiments, the AAV contains a recombinant capsid protein, such as
a capsid protein containing a chimera of one or more of capsid proteins from AAV1, AAV2,
AAV3, AAV4, AAV5, AAVB, AAV7, AAVS, AAVY, AAV10, AAV11, AAV12, AAV13, AAVrh.74,
AAVrh.8, or AAVrh.10, MyoAAV 1A, AAVMYO, or AAV-B1, AAVANc80, AAV7m8, AAV2/1,
AAV2/8, or AAV2/9 and their derivatives. Other types of rAAV variants, for example rAAV
with capsid mutations, are also contemplated. See, for example, Marsic et al., Molecular
Therapy, 22(11): 1900-1909 (2014). The nucleotide sequences of the genomes of various

AAV serotypes are known in the art.
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[00111] Multiple studies have demonstrated long-term (>1.5 years) recombinant AAV-
mediated protein expression. See, Clark et al., Hum Gene Ther, 8: 659-669 (1997)%;
Kessler et al., Proc Nat. Acad Sc. USA, 93: 14082-14087 (1996); and Xiao et al., J Virol, 70:
8098-8108 (1996). See also, Chao et al., Mol Ther, 2:619-623 (2000) and Chao et al., Mol
Ther, 4:217-222 (2001).

[00112] Recombinant AAV genomes, in various aspects, comprise nucleic acids of the
disclosure and one or more AAV ITRs flanking the nucleic acid. AAV DNA in the rAAV
genomes may be from any AAV serotype for which a recombinant virus can be derived
including, but not limited to, AAV serotypes (e.g., AAV1, AAV2, AAV3, AAV4, AAVS, AAVE,
AAV7, AAVS, AAV9, AAV10, AAV11, AAV12, AAV13, AAVrh.74, AAVrh.8, or AAVrh.10,
MyoAAV 1A, AAVMYO, or AAV-B1, AAVANc80, AAV7m8, AAV2/1, AAV2/8, or AAV2/9 and
their derivatives). Production of pseudotyped rAAV is disclosed in, for example, WO
01/83692. Other types of rAAV variants, for example rAAV with capsid mutations, are also
contemplated. See, for example, Marsic et al., Molecular Therapy, 22(11): 1900-1909
(2014)?°. As noted in the Background section above, the nucleotide sequences of the

genomes of various AAV serotypes are known in the art.

[00113] The provided recombinant AAV (i.e., infectious encapsidated rAAV particles)
comprise a rAAV genome. The term AAV genomelirefers to a polynucleotide sequence
that is derived from a native AAV genome that has been modified. In some embodiments,
the rAAV genome has been modified to remove the native cap and rep genes. In some
embodiments, the rAAV genome comprises the endogenous 5' and 3' inverted terminal
repeats (ITRs). In some embodiments, the rAAV genome comprises ITRs from an AAV
serotype that is different from the AAV serotype from which the AAV genome was derived. In
some embodiments, the rAAV genome comprises a transgene of interest flanked on the &'
and 3' ends by inverted terminal repeat (ITR). In some embodiments, the rAAV genome
comprises a [gene cassette.[ln exemplary embodiments, the genomes of both rAAV lack
AAV rep and cap DNA, that is, there is no AAV rep or cap DNA between the ITRs of the

genomes.

[00114] DNA plasmids of the disclosure comprise rAAV genomes of the disclosure. The
DNA plasmids are transferred to cells permissible for infection with a helper virus of AAV
(e.g., adenovirus, E1-deleted adenovirus or herpesvirus) for assembly of the rAAV genome
into infectious viral particles. Techniques to produce rAAV particles, in which an AAV
genome to be packaged, rep and cap genes, and helper virus functions are provided to a
cell are standard in the art. Production of rAAV requires that the following components are

present within a single cell (denoted herein as a packaging cell): a rAAV genome, AAV rep
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and cap genes separate from (i.e., not in) the rAAV genome, and helper virus functions. The
AAV rep and cap genes may be from any AAV serotype for which recombinant virus can be
derived and may be from a different AAV serotype than the rAAV genome ITRs, including,
but not limited to, AAV serotypes AAV1, AAV2, AAV3, AAV4, AAVS5, AAVE, AAV7, AAVS,
AAV9, AAV10, AAV11, AAV12, AAV13, AAVrh.74, AAVrh.8, or AAVrh.10, MyoAAV 1A,
AAVMYO, or AAV-B1, AAVANnc80, AAV7m8, AAV2/1, AAV2/8, or AAV2/9 and their
derivatives. Production of pseudotyped rAAV is disclosed in, for example, WO 01/83692

which is incorporated by reference herein in its entirety.

[00115] Recombinant AAV genomes of the disclosure comprise one or more AAV ITRs
flanking a polynucleotide encoding, for example, one or more EIF2B5. Embodiments of the
disclosure, therefore include a rAAV genome comprising a nucleic acid comprising a
nucleotide sequence set out in any one of SEQ ID NOs: 1, 6-11, 16, and 17, or a nucleotide
sequence comprising at least or about or at least about 70%, about 75%, about 80%, about
85%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%,
about 97%, about 98%, or about 99% identity to a sequence set out in any one of SEQ ID
NOs: 1, 6-11, 16, and 17.

[00116] Embodiments of the disclosure, include a nucleic acid comprising a rAAV
genome comprising a nucleotide sequence set out in any one of SEQ ID NOs: 12-14 and 18,
or a nucleotide sequence comprising at least or about or at least about 70%, about 75%,
about 80%, about 85%, about 90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98%, or about 99% identity to a sequence set out in any
one of SEQ ID NOs: 12-14 and 18.

[00117] A method of generating a packaging cell is to create a cell line that stably
expresses all the necessary components for AAV particle production. For example, a
plasmid (or multiple plasmids) comprising a rAAV genome lacking AAV rep and cap genes,
AAV rep and cap genes separate from the rAAV genome, and a selectable marker, such as
a neomycin resistance gene, are integrated into the genome of a cell. AAV genomes have
been introduced into bacterial plasmids by procedures such as GC tailing, addition of
synthetic linkers containing restriction endonuclease cleavage sites*' or by direct, blunt-end
ligation. The packaging cell line is then infected with a helper virus such as adenovirus. The
advantages of this method are that the cells are selectable and are suitable for large-scale
production of rAAV. Other examples of suitable methods employ adenovirus or baculovirus
rather than plasmids to introduce rAAV genomes and/or rep and cap genes into packaging

cells.
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[00118] General principles of rAAV production are reviewed in, for example, Carter,
1992, Current Opinions in Biotechnology, 1533-539; and Muzyczka, 1992, Curr. Topics in
Microbial. and Immunol., 158:97-129. Various approaches are described in Ratschin ef al.,
Mol. Cell. Biol. 4:2072 (1984); Hermonat et al., Proc. Natl. Acad. Sci. USA, 81:6466 (1984);
Tratschin et al., Mol. Cell. Biol. 5:3251 (1985); McLaughlin et al., J. Virol., 62:1963 (1988);
and Lebkowski et al., Mol. Cell. Biol., Oct; 8(10):3988-96 (1988); Samulski et al., J. Virol.,
63:3822-3828 (1989); U.S. Patent No. 5,173,414; WO 95/13365 and corresponding U.S.
Patent No. 5,658.776 ; WO 95/13392; WO 96/17947; PCT/US98/18600; WO 97/09441
(PCT/US96/14423); WO 97/08298 (PCT/US96/13872); WO 97/21825 (PCT/US96/20777);
WO 97/06243 (PCT/FR96/01064); WO 99/11764; Perrin et al. Vaccine 13:1244-1250 (1995);
Paul et al. Human Gene Therapy 4.609-615 (1993); Clark et al. Gene Therapy 3:1124-1132
(1996); U.S. Patent. No. 5,786,211; U.S. Patent No. 5,871,982; and U.S. Patent. No.
6,258,595. The foregoing documents are hereby incorporated by reference in their entirety
herein, with particular emphasis on those sections of the documents relating to rAAV
production. The production and use of self-complementary (sc) rAAV are specifically

contemplated and exemplified.

[00119] The disclosure thus provides packaging cells that produce infectious rAAV. In
one embodiment, packaging cells are stably transformed cancer cells, such as Hela cells,
293 cells and PerC.6 cells (a cognate 293 line). In another embodiment, packaging cells are
cells that are not transformed cancer cells, such as low passage 293 cells (human fetal
kidney cells transformed with E1 of adenovirus), MRC-5 cells (human fetal fibroblasts), WiI-
38 cells (human fetal fibroblasts), Vero cells (monkey kidney cells) and FRhL-2 cells (rhesus

fetal lung cells).

[00120] In some aspects, rAAV is purified by methods standard in the art, such as by
column chromatography or cesium chloride gradients. Methods for purifying rAAV vectors
from helper virus are known in the art and include methods disclosed in, for example, Clark
et al., Hum. Gene Ther., 10(6): 1031-1039 (1999); Schenpp and Clark, Methods Mol. Med.,
69 427-443 (2002); U.S. Patent No. 6,566,118 and WO 98/09657.

[00121] Compositions comprising the nucleic acids and viral vectors of the disclosure are
provided. Compositions comprising delivery vehicles (such as rAAV) described herein are
provided. In various aspects, such compositions also comprise a pharmaceutically
acceptable carrier. In some aspects, a pharmaceutically acceptable carrier is a diluent,
excipient, or buffer. The compositions may also comprise other ingredients, such as

adjuvants.
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[00122] Acceptable carriers, diluents, excipients, and adjuvants are nontoxic to recipients
and are preferably inert at the dosages and concentrations employed, and include buffers
such as phosphate, citrate, or other organic acids; antioxidants such as ascorbic acid; low
molecular weight polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as
glycine, glutamine, asparagine, arginine or lysine; monosaccharides, disaccharides, and
other carbohydrates including glucose, mannose, or dextrins; chelating agents such as
EDTA,; sugar alcohols such as mannitol or sorbitol; salt-forming counterions such as sodium;

and/or nonionic surfactants such as Tween, pluronics or polyethylene glycol (PEG).

[00123] Sterile injectable solutions are prepared by incorporating rAAV in the required
amount in the appropriate solvent with various other ingredients enumerated above, as
required, followed by filter sterilization. Generally, dispersions are prepared by incorporating
the sterilized active ingredient into a sterile vehicle which contains the basic dispersion
medium and the required other ingredients from those enumerated above. In the case of
sterile powders for the preparation of sterile injectable solutions, the preferred methods of
preparation are vacuum drying and the freeze drying technique that yield a powder of the
active ingredient plus any additional desired ingredient from the previously sterile-filtered

solution thereof.

[00124] Titers of rAAV to be administered in methods of the disclosure will vary
depending, for example, on the particular rAAV, the mode of administration, the treatment
goal, the individual, and the cell type(s) being targeted, and may be determined by methods
standard in the art. Titers of rAAV may range from about 1x108, about 1x107, about 1x108,
about 1x10°, about 1x10'°, about 1x10'", about 1x10'2, about 1x10"® to about 1x10'* or more

DNase resistant particles (DRP) per ml.

[00125] Dosages of rAAV to be administered in methods of the disclosure will vary
depending, for example, on the particular rAAV, the mode of administration, the time of
administration, the treatment goal, the individual, and the cell type(s) being targeted, and
may be determined by methods standard in the art. Dosages may be expressed in units of
viral genomes (vg). Dosages contemplated herein include, but are not limited to, a dosage of
about 1x107, about 1x108, about 1x10°, about 5x10°, about 6x10°, about 7x10°, about 8x10°,
about 9x10°, about 1x10'°, about 2x10'°, about 3x10'°, about 4x10'°, about 5x10'°, about
6x10'°, about 7x10'°, about 8x10'°, about 9x10'°, about 1x10"", about 2x10'", about 3x10"",
about 4x10"", about 5x10"", about 6x10"", about 7x10"", about 8x10'!, about 9x10"", about
1x10'2, about 2x10"2, about 3x10'?, about 4x10'2, about 5x10'2, about 6x10'2, about 7x10'?,
about 8x10'2, about 9x10'?, about 1x10"3, about 1.1x10'%, about 1.2x10"3, about 1.3x10"3,
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about 1.5x10"3, about 2 x10", about 2.5 x10"%, about 3x10"3, about 3.5x10'3, about 4x10"3,
about 4.5x10"3, about 5x10"3, about 6x10'3, about 7x10'3, about 8x10'3, about 9x10"'3, about
1x10", about 2x10"4, about 3x10', about 4x10'4, about 5x10', about 1x10'®, to about

1x10'®, or more total viral genomes.

[00126] Dosages of about 1x10° to about 1x10'°, about 5x10° to about 5x10'°, about
1x10'° to about 1x10'"", about 1x10"" to about 1x10'® vg, about 1x10'? to about 1x10' vg,
about 1x10"? to about 1x10'* vg, about 1x10' to about 6x10' vg, about 1x10" to about
1x10" vg and about 6x10' to about 1.0x10' vg are also contemplated. One dose
exemplified herein is 1x10"® vg administered via intrathecal, intracerebroventricular,

intracerebral, intravenous, intracisternal, or aerosol delivery.

[00127] Dosages of rAAV to be administered also, in various aspects, are expressed in
units of vg/kg. Such dosages include, but are not limited to, a dosage of about 1x107 vg/kg,
about 1x108 vg/kg, about 1x10° vg/kg, about 5x10° vg/kg, about 6x10° vg/kg, about 7x10°
vg/kg, about 8x10° vg/kg, about 9x10° vg/kg, about 1x10'° vg/kg, about 2x10'° vg/kg, about
3x10"° vg/kg, about 4x10'° vg/kg, about 5x10'° vg/kg, about 1x10"" vg/kg, about 5x10"
vg/kg, about 1x10'? vg/kg, about 2x10'? vg/kg, about 3x10'2 vg/kg, about 4x10'? vg/kg, about
5x10'? vg/kg, about 6x10'? vg/kg, about 7x10'? vg/kg, about 8x10'? vg/kg, about 9x10'2
vg/kg, about 1x10™ vg/kg, about 1.1x10" vg/kg, about 1.2x10" vg/kg, about 1.3x10"® vg/kg,
about 1.5x10" vg/kg, about 2x10" vg/kg, about 2.5x10" vg/kg, about 3x10'® vg/kg, about
3.5x10™ vg/kg, about 4x10"® vg/kg, about 4.5x10" vg/kg, about 5x10" vg/kg, about 6x10"®
vg/kg, about 7x10' vg/kg, about 8x10™ vg/kg, about 9x10" vg/kg, about 1x10'* vg/kg, about
2x10" vg/kg, about 3x10™ vg/kg, about 4x10'* vg/kg, about 5x10'* vg/kg, about 1x10'®
vg/kg, or about 1x10'® vg/kg.

[00128] Dosages of about 1x10° vg/kg to about 1 x10'° vg/kg, about 5x10° vg/kg to about
5x10"° vg/kg, about 1x10'° vg/kg to about 1x10"" vg/kg, about 1x10'" vg/kg to about 1x10'°
vg/kg, about 1x10'? vg/kg to about 1x10'° vg/kg, about 1x10'? vg/kg to about 1x10'* vg/kg,
about 1x10" vg/kg to about 2x10' vg/kg, about 1x10"® vg/kg to about 1x10'® vg/kg and
about 6x10" vg/kg to about 1.0x10'* vg/kg are also included in various aspects. Some
doses exemplified herein are about 1.5x10"" vg/kg or about 3x10'® vg/kg administered via
intrathecal, intracerebroventricular, intracerebral, intravenous, intracisternal, or aerosol

delivery.

[00129] Transduction or transfection of cells with rAAV of the disclosure results in
sustained expression of the EIF2B5 gene/protein. As used herein, the terms dransduction
and dransfectionOare used interchangeably. The term fransductionCor fransfectionlis

used to refer to, as an example, the administration/delivery of the EIF2B5 gene to a target
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cell either in vivo or in vitro, via a replication-deficient rAAV described herein resulting in the
expression of the EIF2B5 gene/protein by the target cell. The disclosure thus provides
methods of administering/delivering rAAV which express the EIF2B5 gene to acell orto a
subject. In some aspects, the subject is a mammal. In some aspects, the mammal is a
human. These methods include transducing cells and tissues (including, but not limited to,
astrocytes, neurons, glia, peripheral motor neurons, sensory motor neurons, neurons,
Schwann cells, and other tissues or organs, such as muscle, liver and brain) with one or
more rAAV described herein. Transduction may be carried out with gene cassettes

comprising cell-specific control elements.

[00130] Methods of transducing a target cell, such as an astrocyte, with a delivery
vehicle (such as a nanoparticle, extracellular vesicle, exosome, or vector (e.g., rAAV)), in
vivo or in vitro, are provided. The in vivo methods comprise the step of administering an
effective dose, or effective multiple doses, of a composition comprising a delivery vehicle
(such as rAAV) to an animal (including a human subject or patient) in need thereof. If the
dose is administered prior to development of a disorder/disease, the administration is
prophylactic. If the dose is administered after the development of a disorder/disease, the
administration is therapeutic. An effective dose is a dose that alleviates (eliminates or
reduces) at least one symptom associated with the disorder/disease state being treated, that
slows or prevents progression to a disorder/disease state, that slows or prevents
progression of a disorder/disease state, that diminishes the extent of disease, that results in
remission (partial or total) of disease, and/or that prolongs survival. Thus, methods are
provided of administering an effective dose (or doses, administered essentially
simultaneously or doses given at intervals) of rAAV described herein to a subject in need

thereof.

[00131] Provided herein are medicaments and methods for treating, ameliorating, or
preventing diseases associated with a mutant EIF2B5 gene or aberrant EIF2B5 gene
expression. Molecular, biochemical, histological, and functional outcome measures
demonstrate the therapeutic efficacy of the methods. The level of human EIF2B5 transcript
in animals and/or in humans can be confirmed by RT-PCR and/or RNAseq. The EIF2B5
protein expression level in tissues and organs of interest can be assessed using western
blotting. EIF2B5 localization can be confirmed by immunohistochemistry. To assess efficacy
of potential treatment in mice, measurements of function can be performed using various
functional outcome measures, including, but not limited to, rotarod testing and other
functional testing methods for leukodystrophies known in the art. In patients, a variety of
functional outcome measures may be used to assess successful treatment including, but not

limited to, gait analysis, MRI/DTI, seizure monitoring (EEG), and other testing methods for
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leukodystrophies known in the art. Additionally, see, for example, Parikh et al., Mol Genet
Metab 2015; 114(4): 501-515.

[00132] In the methods of the disclosure, expression of the EIF2B5 protein is increased
by at least 10, at least 20, at least 30, at least 40, at least 50, at least 60, at least 70, at least

80, at least 90, at least 95, at least 98 percent, at least 99 percent, or 100 percent.

[00133] Combination therapies are also contemplated by the disclosure. Combination as
used herein includes both simultaneous treatment and sequential treatments. Combinations
of methods of the disclosure with standard medical treatments are specifically contemplated,
as are combinations with novel therapies. In some embodiments, the combination therapy

comprises administering an immunosuppressing agent in combination with the gene therapy

disclosed herein.

[00134] The immunosuppressing agent may be administered before or after the onset of
an immune response to the rAAV in the subject after administration of the gene therapy. In
addition, the immunosuppressing agent may be administered simultaneously with the gene
therapy or the protein replacement therapy. The immune response in a subject includes an
adverse immune response or an inflammatory response following or caused by the
administration of rAAV to the subject. The immune response may be the production of

antibodies in the subject in response to the administered rAAV.

[00135] Exemplary immunosuppressing agents include glucocorticosteroids, janus
kinase inhibitors, calcineurin inhibitors, mTOR inhibitors, cyctostatic agents such as purine
analogs, methotrexate and cyclophosphamide, inosine monophosphate dehydrogenase
(IMDH) inhibitors, biologics such as monoclonal antibodies or fusion proteins and

polypeptides, and di peptide boronic acid molecules, such as Bortezomib.

[00136] The immunosuppressing agent may be an anti-inflammatory steroid, which is a
steroid that decreases inflammation and suppresses or modulates the immune system of the
subject. Exemplary anti-inflammatory steroid are glucocorticoids such as prednisolone,
betamethasone, dexamethasone, methotrexate, hydrocortisone, methylprednisolone,

deflazacort, budesonide or prednisone.

[00137] Janus kinase inhibitors are inhibitors of the JAK/STAT signaling pathway by
targeting one or more of the Janus kinase family of enzymes. Exemplary janus kinase

inhibitors include tofacitinib, baricitinib, upadacitinib, peficitinib, and oclacitinib.

[00138] Calcineurin inhibitors bind to cyclophilin and inhibits the activity of calcineurin

Exemplary calcineurine inhibitors includes cyclosporine, tacrolimus and picecrolimus.
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[00139] mTOR inhibitors reduce or inhibit the serine/threonine-specific protein kinase
mTOR. Exemplary mTOR inhibitors include rapamycin (also known as sirolimus),

everolimus, and temsirolimus.

[00140] The immunosuppressing agents include immune suppressing macrolides. The
term dmmune suppressing macrolidesCrefer to macrolide agents that suppresses or
modulates the immune system of the subject. A macrolide is a class of agents that comprise
a large macrocyclic lactone ring to which one or more deoxy sugars, such as cladinose or
desoamine, are attached. The lactone rings are usually 14-, 15-, or 16-membered.
Macrolides belong to the polyketide class of agents and may be natural products. Examples
of immunosuppressing macrolides include tacrolimus, pimecrolimus, and rapamycin (also

known as sirolimus).

[00141] Purine analogs block nucleotide synthesis and include IMDH inhibitors.
Exemplary purine analogs include azathioprine, mycophenolate such as mycophenolate acid

or mycophenolate mofetil and lefunomide.

[00142] Exemplary immunosuppressing biologics include abatacept, adalimumab,
anakinra, certolizumab, etanercept, golimumab, infliximab, ixekizumab, natalizumab,
rituximab, secukinumab, tocilizumab, ustekinenumab, vedolizumab, basiliximab, belatacep,

and daclizumab.

[00143] In particular, the immunosuppressing agent is an anti-CD20 antibody. The term
anti-CD20 specific antibody refers to an antibody that specifically binds to or inhibits or
reduces the expression or activity of CD20. Exemplary anti-CD20 antibodies include

rituximab, ocrelizumab or ofatumumab.

[00144] Additional examples of immuosuppressing antibodies include anti-CD25
antibodies (or anti-IL2 antibodies or anti-TAC antibodies) such as basiliximab and
daclizumab, and anti-CD3 antibodies such as muromonab-CD3, otelixizumab, teplizumab

and visilizumab, anti-CD52 antibodies such as alemtuzumab.

[00145] One exemplary combination therapy is the delivery of rapamycin and rituximab
prior to, or contemporaneous with, delivery of the AAV vector. Another exemplary
combination therapy is the delivery of rapamycin, rituximab, and a corticosteroid, such as

prednisone.

[00146] Administration of an effective dose of a nucleic acid, nanoparticle, extracellular
vesicle, exosome, viral vector, or composition of the disclosure may be by routes standard in
the art including, but not limited to, intrathecal, intracerebral, intracerebroventricular,

intracisternal, intramuscular, parenteral, intravascular, intravenous, oral, buccal, nasal,
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pulmonary, intracranial, intraosseous, intraocular, rectal, or vaginal. In various aspects, an
effective dose is delivered by a combination of routes. For example, in various aspects, an
effective dose is delivered intrathecally, intracerebrally, intracerebroventricularly,
intravenously, intracisternally, and/or intramuscularly, or intrathecally and/or intravenously
and/or intracerebroventricularly, and the like. In some aspects, an effective dose is delivered
in sequence or sequentially. In some aspects, an effective dose is delivered simultaneously.
Route(s) of administration and serotype(s) of AAV components of the rAAV (in particular, the
AAV ITRs and capsid protein) of the disclosure may be chosen and/or matched by those
skilled in the art taking into account the infection and/or disease state being treated and the

target cells/tissue(s) that are to express the EIF2B5 gene.

[00147] In particular, actual administration of delivery vehicle (such as rAAV) may be
accomplished by using any physical method that will transport the delivery vehicle (such as
rAAV) into a target cell (i.e., an astrocyte) of a subject. Administration includes, but is not
limited to, injection into the cerebrospinal fluid (CSF) (intrathecally), injection
intracerebroventricularly, injection intracerebrally, injection into the bloodstream and/or
directly into the nervous system, injection intracisternally (or via intracisterna magna (ICM)),
or nasally. Simply resuspending a rAAV in phosphate buffered saline has been
demonstrated to be sufficient to provide a vehicle useful for tissue expression, and there are
no known restrictions on the carriers or other components that can be co-administered with
the rAAV (although compositions that degrade DNA should be avoided in the normal manner
with rAAV). Capsid proteins of a rAAV may be modified so that the rAAV is targeted to a
particular target tissue of interest such as neurons. See, for example, WO 02/053703, the
disclosure of which is incorporated by reference herein. Pharmaceutical compositions can be
prepared as injectable formulations for intrathecal injection or as aerosol formulations for
inhalation. Numerous formulations for intrathecal, intracerebroventricular, intracerebral, or
intracisternal injection have been previously developed and can be used in the practice of
the methods of the disclosure. The delivery vehicle (such as rAAV) can be used with any

pharmaceutically acceptable carrier for ease of administration and handling.

[00148] A dispersion of delivery vehicle (such as rAAV) can also be prepared in glycerol,
sorbitol, liquid polyethylene glycols and mixtures thereof and in oils. Under ordinary
conditions of storage and use, these preparations contain a preservative to prevent the
growth of microorganisms. In this connection, the sterile aqueous media employed are all

readily obtainable by standard techniques well-known to those skilled in the art.

[00149] The pharmaceutical forms suitable for injectable use include sterile aqueous

solutions or dispersions and sterile powders for the extemporaneous preparation of sterile
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injectable solutions or dispersions. In all cases the form must be sterile and must be fluid to
the extent that easy syringeability exists. It must be stable under the conditions of
manufacture and storage and must be preserved against the contaminating actions of
microorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion
medium containing, for example, water, ethanol, polyol (for example, glycerol, propylene
glycol, liquid polyethylene glycol, sorbitol and the like), suitable mixtures thereof, and
vegetable oils. The proper fluidity can be maintained, for example, by the use of a coating
such as lecithin, by the maintenance of the required particle size in the case of a dispersion
and by the use of surfactants. The prevention of the action of microorganisms can be
brought about by various antibacterial and antifungal agents, for example, parabens,
chlorobutanol, phenol, sorbic acid, thimerosal and the like. In many cases it will be
preferable to include isotonic agents, for example, suMPZ or sodium chloride. Prolonged
absorption of the injectable compositions can be brought about by use of agents delaying

absorption, for example, aluminum monostearate and gelatin.

[00150]  Sterile injectable solutions are prepared by incorporating rAAV in the required
amount in the appropriate solvent with various other ingredients enumerated above, as
required, followed by filter sterilization. Generally, dispersions are prepared by incorporating
the sterilized active ingredient into a sterile vehicle which contains the basic dispersion
medium and the required other ingredients from those enumerated above. In the case of
sterile powders for the preparation of sterile injectable solutions, the preferred methods of
preparation are vacuum drying and the freeze drying technique that yield a powder of the
active ingredient plus any additional desired ingredient from the previously sterile-filtered

solution thereof.

[00151] The disclosure also provides kits for use in the treatment of a disease or disorder
described herein. Such kits include at least a first sterile composition comprising any of the
nucleic acids described herein above or any of the viral vectors described herein above in a
pharmaceutically acceptable carrier. Another component is optionally a second therapeutic
agent for the treatment of the disorder along with suitable container and vehicles for
administrations of the therapeutic compositions. The kits optionally comprise solutions or

buffers for suspending, diluting or effecting the delivery of the first and second compositions.

[00152] In one embodiment, such a kit includes the nucleic acids or vectors in a diluent
packaged in a container such as a sealed bottle or vessel, with a label affixed to the
container or included in the package that describes use of the nucleic acids or vectors. In

one embodiment, the diluent is in a container such that the amount of headspace in the
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container (e.g., the amount of air between the liquid formulation and the top of the container)

is very small. Preferably, the amount of headspace is negligible (i.e., almost none).

[00153] In some aspects, the formulation comprises a stabilizer. The term "stabilizer"
refers to a substance or excipient which protects the formulation from adverse conditions,
such as those which occur during heating or freezing, and/or prolongs the stability or shelf-
life of the formulation in a stable state. Examples of stabilizers include, but are not limited to,
stabilizers, such as sucrose, lactose and mannose; sugar alcohols, such as mannitol, amino
acids, such as glycine or glutamic acid; and proteins, such as human serum albumin or

gelatin.

[00154] In some aspects, the formulation comprises an antimicrobial preservative. The
term "antimicrobial preservative" refers to any substance which is added to the composition
that inhibits the growth of microorganisms that may be introduced upon repeated puncture of
the vial or container being used. Examples of antimicrobial preservatives include, but are not
limited to, substances such as thimerosal, 2-phenoxyethanol, benzethonium chloride, and

phenol.

[00155] In some aspects, the kit comprises a label and/or instructions that describes use
of the reagents provided in the kit. The kits also optionally comprise catheters, syringes or
other delivering devices for the delivery of one or more of the compositions used in the

methods described herein.

[00156] This entire document is intended to be related as a unified disclosure, and it
should be understood that all combinations of features described herein are contemplated,
even if the combination of features are not found together in the same sentence, or
paragraph, or section of this document. The disclosure also includes, for instance, all
embodiments of the disclosure narrower in scope in any way than the variations specifically
mentioned above. With respect to aspects of the disclosure described as a genus, all
individual species are considered separate aspects of the disclosure. With respect to
aspects of the disclosure described or claimed with "a" or "an," it should be understood that
these terms mean "one or more" unless context unambiguously requires a more restricted
meaning. If aspects of the disclosure are described as "comprising”" a feature, embodiments

also are contemplated "consisting of" or "consisting essentially of" the feature.

[00157] All publications, patents and patent applications cited in this specification are
herein incorporated by reference as if each individual publication or patent application were
specifically and individually indicated to be incorporated by reference in its entirety to the

extent that it is not inconsistent with the disclosure.

55



WO 2023/168400 PCT/US2023/063676

[00158] It is understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of
this application and scope of the appended claims. Thus, the following examples are

provided by way of illustration and not limitation.
EXAMPLES

Example 1

Gene Therapy Constructs Encoding EIF2B5 Protein and Materials and Methods
[00159] Initially, three AAV genome vector constructs encoding EIF2B5 were generated.
These constructs include promoters targeting astrocytes: a ubiquitous promoter comprising a
CBA promoter and a CMV enhancer, referred to as the CAG promoter (SEQ ID NO: 3), the
full- length glial fibrillary acidic protein (GFAP) promoter (SEQ ID NO: 5), and the truncated
version of the GFAP promoter, i.e., the gfaABC(1)D promoter (SEQ ID NO: 4). The
gfaABC(1)D promoter is a compact GFAP promoter derived from the conventional ~2.2 kb
human GFAP promoter. The other key components of the vectors include AAV9 capsid for
efficient targeting of the CNS, AAV2 inverted terminal repeats (ITRs) creating a single-
stranded construct with a larger packaging capacity (for the gene of interest), the human

elF2B5 coding sequence, and a post-transcriptional polyadenylation (polyA) sequence (Fig.

1).

[00160] Each of these sequences comprising the full-length transcript of EIF2B5 cDNA
under the control of a CAG promoter (SEQ ID NO: 3), a gfaABC(1)D promoter (SEQ ID NO:
4), or a GFAP promoter (SEQ ID NO: 5) and various other components as shown in Figs.
12-14. Each of these constructs was designed to test the restoration of EIF2B5 expression.
The specific sequences for each of the three constructs are provided in Tables 1-3 and are

shown in Figs. 12-14.

[00161] GFAP, gfaABC(1)D, and CBA promoters were each cloned into a plasmid with
elF2B5. GFAP (2.2kb) and elF2B5 (2.2kb), and a truncated, gfABC(1)D promoter of only
681 bp were evaluated. Each construct was sequenced and mRNA and protein levels of
elF2B5 were evaluated in vitro. Cloning, sequencing, and in vitro expression analysis were

carried out.
[00162] Materials and Methods
[00163] Vector production.

[00164] Recombinant AAV (rAAV) vectors were manufactured at Andelyn Biosciences

using a calcium phosphate-mediated triple transfection in adherent HEK293 cells followed by
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purification. Briefly, harvested media was filtered and concentrated then purified by gradient
ultracentrifugation followed by ion exchange chromatography. Vectors were formulated in
20mM Tris (pH8.0), 1mM MgCl, and 200mM NaCl and 0.001% Pluronic F68 and sterile
filtered. The AAV production process was developed using methods described by
Rabinowotiz et al. (J. Virol. 2002 76(2):791-801; doi: 10.1128/jvi.76.2.791-801.2002.
Physical titer determination was based on degradation of non-encapsidated DNA following

digestion of viral capsids and determined by ddPCR.
[00165] Cell lines.

[00166] Human embryonic kidney 293 (HEK293) cells (ATCC cat# CRL-1573) were used

to confirm transfection of plasmid DNA.

[00167] To establish an astrocyte cell line as a relevant in vitro system to study disease
mechanisms and for testing the AAV constructs of the disclosure, a skin biopsy was
performed on a patient with confirmed elF2B5 VWM. A fibroblast culture was established
from a skin biopsy from the patient, and the fibroblasts were converted to astrocytes, the

primary cell type of interest (Figure 3).
[00168] In vitro GFP expression.

[00169] 90% confluent HEK293 cells in a 6-well plate were transfected with 2.5ug of
plasmid DNA using Lipofectamine 3000 following the manufacturer's protocol. 72 hours post
transfection, the cells were imaged and harvested, and cell pellets were frozen at -80C. One

well of untransfected cells was also harvested at the same time as a negative control.

[00170] RNA was isolated from the cells using Trizol, DNAsel treated, and cDNA was
generated using the Qiagen RT2 First Strand synthesis kit. The relative GFP mRNA levels
were quantified via gPCR using the comparative CT method with SYBR green and primers

specific to GFP, and primers specific to beta actin as the endogenous control.

[00171] Mice and source of mice.

[00172]  Wild-type (WT) mice.

[00173] Neonatal (days 1-3 post-natal) C57BL/6 mice were used in various experiments.
[00174] R191H VWM mice.

[00175] R191H VWM mice, as described in Wong et al. (eLife. 2019; 8: e42940; doi:
10.7554/¢eLife.42940) are used as an animal model for VWM. The mutation described
corresponds to the human G584A mutation, Arg195H, a Cree leukoencephalopathy, as
described by Fogli et al. (Annals of Neurology 52(4):506-10, 2002);

57



WO 2023/168400 PCT/US2023/063676

doi.org/10.1002/ana.10339), which is one of the most rapidly progressing
leukoencephalopathies, with a disease onset of 3-9 months, and 100% death by 21 months.
This mouse model has about an 8-month survival with various reported symptoms as
follows: motor deficits at 5 months, MBP expression decreased by 28 days, axon changes at
7 months, an increase in astrocyte number from P14 and increased with disease

progression, and GFAPD protein levels were increased in forebrain lysates.
[00176] ICVinjections.

[00177]  All animal procedure were approved by Nationwide Children's Hospital
Institutional Animal Care and Use Committee (IACUC). Neonatal (days 1-3 post-natal) mice
(C57BL/6) were cryo-anesthetized (~2 min) prior to intracerebroventricular (ICV) injections.
ICV injections were performed with a Hamilton syringe (Cal7635-01) and 33GA 30-beveled
needles (Hamilton, 7803-05) into the left hemisphere at 2/5 of the distance from the lambda
suture to the eye. Neonates were injected with 7.50E+10 vg of ssAAV9 vectors encoding
GFP under the GFAP, CAG and the truncated variant gfaABC(1)D (GFAP) promoters.

[00178] Evaluation of GFP biodistribution in animal tissues after AAV9 ICV injections.

[00179] Four or eight weeks after ICV injections, mice were terminally anesthetized with
Ketamine/Xylazine (100/10 mg/kg i.p.) and transcardially perfused with ice-cold 0.9%
heparinized saline. Tissues were dissected and post-fixed in 4% PFA in PBS for 12 hr. After
fixation, the right brain hemisphere was cryoprotected in 30% sucrose in PBS at 4-C for 3
days. All samples were embedded and frozen in OST compound (Tissue Plus, Fisher).
Sagittal sections were cut at 25 mm thickness on a cryostat (1950 LEICA). Free-floating
sections were washed in PBS and incubated with DAPI solution in PBS for 1 min at RT. To
retrieve antigen from PFA fixed tissues, slices were treated with 0.1% Sodium borohydride in
1X PBS 15 min at RT. For immunohistochemical analysis of the GFP colocalization with
specific cellular markers, all the slices were blocked and permeabilized in 10% normal goat
serum in 1XPBS with 0.3% Triton (PBST) for 1 hr at RT followed by overnight incubation in
fresh PBST with chicken anti-GFAP (AbCam, 1:300) and rabbit anti-NeuN (Cell Signaling,
1:500) at 4C. Sections were washed in 1XPBS and incubated in PBST with Donkey anti-
chicken Cy5 (Jackson ImmunoResearch, 1:500) and Donkey anti-Rabbit Alexa Fluor 568
(Thermo Fisher Scientific, 1:500) secondary antibodies in PBST with 10% normal donkey
serum for 1 hr at RT. Sections were washed in 1XPBS and mounted on slides in ProLong
Gold antifade reagent (Thermo Fisher Scientific). Images were acquired using a Nikon Ti2E
fluorescent microscope and analyzed using NIS-Elements software (Nikon) and Prism

(GraphPad). The percentage of GFP distribution was evaluated within the area covered by
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GFP and DAPI on each section. The intensity of GFP signal was evaluated within all GFP

positive area.
[00180] Protein extraction and Western blotting analysis.

[00181] Protein extraction and Western blotting analysis were carried out after mice were
treated. Total protein was extracted from selected animal tissues using tissue protein
extraction reagent (T-PER Tissue Protein Extraction Reagent; 78510; Thermo Scientific) and
1 tablet of protease inhibitor (Pierce Protease Inhibitor Tablets; A32953; Thermo Scientific)
per 10 mL of extraction reagent. Steel bead was added to sample and extraction reagent,
and samples were homogenized using TissueLyser Il. Steel bead was then removed, and

samples were sonicated twice for 15 seconds.

[00182] Total protein extracted was quantified using the DC Protein Assay (Bio-Rad).
Twenty-five microgram samples were separated on 4-12% SDS-PAGE and transferred to
nitrocellulose membrane using the wet transfer system. Ponceau staining was performed
and membranes were subsequently washed in PBS supplemented with .1% Tween three
times, 10 min each. Membranes were blocked for 1 hour at RT in Pierce Protein Free
Blocking Buffer. Nitrocellulose membranes were then incubated with the following
antibodies overnight at 4C: mouse monoclonal antibody to GAPDH (1:5000 in Pierce Protein
Free Blocking Buffer, 274102; Synaptic Systems); chicken polyclonal antibody to GFP
(1:5000 in Pierce Protein Free Blocking Buffer, ab13970; AbCam). Membranes were then

washed three times, 10 min each with PBST buffer.

[00183] Membranes were then incubated for 1 hour at RT with the following antibodies:
goat antibody to chicken AF 488 (1:1000 in Pierce Protein Free Blocking Buffer, ab150169;
AbCam); donkey antibody to mouse AF 568 (1:1000 in Pierce Protein Free Blocking Buffer,
A10037; Invitrogen). Membranes were then washed three times, 10 min each with PBST
buffer.

[00184] Blots were subsequently imaged using blot imager. Quantification of bands was

performed using Bio-Rad ImagelLab.
[00185] Protein extraction and Western blotting analysis after transfection.

[00186] Protein extraction and Western blotting analysis were carried out after the 72-
hours post-transfection cells were collected, washed in PBS, centrifuged, and flash frozen.
Total protein was extracted from 1-2 million HEK293T cells by first thawing the cell pellets on
ice for 15 minutes, and then using 30 uL of RIPA buffer per pellet (Pierce, RIPA lysis and
Extraction Buffer 89901; Thermo Scientific) and 1 tablet of protease inhibitor (Pierce

Protease Inhibitor Tablets; A32953; Thermo Scientific) per 10 mL of extraction reagent.
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Samples were gently homogenized using pipette, lysed on ice for 15 minutes at 4C, briefly
sonicated, and then centrifuged at 10,000¢g for 10 minutes. The supernatant was transferred

to a new tube, and total protein was quantified.

[00187] Total protein extracted was quantified using the DC Protein Assay (Bio-Rad).
Fifty microgram samples were separated on 4-12% SDS-PAGE and transferred to
nitrocellulose membrane using the wet transfer system. Ponceau staining was performed
and membranes were subsequently washed in PBS supplemented with .1% Tween three
times, 10 min each. Membranes were blocked for 1 hour at RT in Pierce Protein Free
Blocking Buffer. Nitrocellulose membranes were then incubated with the following
antibodies overnight at 4C: mouse monoclonal antibody to GAPDH (1:5000 in Pierce Protein
Free Blocking Buffer, 274102; Synaptic Systems); chicken polyclonal antibody to GFP
(1:5000 in Pierce Protein Free Blocking Buffer, ab13970; AbCam). Membranes were then

washed three times, 10 min each with PBST buffer.

[00188] Membranes were then incubated for 1 hour at RT with the following antibodies:
goat antibody to chicken AF 488 (1:1000 in Pierce Protein Free Blocking Buffer, ab150169;
AbCam); donkey antibody to mouse AF 568 (1:1000 in Pierce Protein Free Blocking Buffer,
A10037; Invitrogen). Membranes were then washed three times, 10 min each with PBST
buffer.

[00189] Blots were subsequently imaged using blot imager. Quantification of bands was

performed using Bio-Rad ImagelLab.

Example 2

EIF2B5 Protein Gene Replacement in Cells in Vitro

[00190] The following experiments were carried out to confirm that AAV9 with the various
promoters of interest could be used for the successful ultimate expression of EIF2B5. In this
example, however, AAV comprising the promoters of interest with GFP were transfected in
HEK cells and in astrocytes derived from fibroblasts in vitro. Expression analyses were
completed for the three eGFP constructs: AAV9-CAG-GFP, AAV9-gfaABC(1)D-GFP, and
AAV9-GFAP-GFP in HEK cells (Fig. 2) and in astrocytes derived from fibroblasts (Fig. 3).

[00191] Specifically, HEK293 cells were transfected by lipofectamine, and 72 hours post-
transfection cells were harvested for mRNA expression analysis of eGFP. Although HEK
cells were not the ideal cell model (i.e., because astrocytes are the ultimate target cells for
these constructs), HEK293 cells were first used to observe expression since they allow for
rapid in vitro analysis to determine if the plasmids could successfully express the gene of

interest.
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[00192] At 72 hours post-transfection GFP-positive cells were detectable by microscopy
(Fig. 2, left panel). Additionally, quantitative PCR of mRNA expression on cell pellets showed
increased expression, CAG ~3500-fold, GFAP ~1200-fold, and GfaABC(1)D ~900-fold over
untransfected control cells (Fig. 2, right panel). These results showed successful expression
of the transgene driven by the various promoters in HEK cells in vitro. Fig. 3 shows

astrocytes derived from fibroblasts stained with GFAP.

Example 3
EIF2B5 Gene Replacement in Wild-Type Mice

[00193] The following study was carried out to establish that the AAV9-elF2B5
constructs described herein could deliver the transgene, in this example GFP, to cells of
interest in the brains of mice, and to compare cell-specific transduction and biodistribution of
the various promoters. Healthy C57/BL6 wild-type mice (male and female) were injected at
postnatal day 1 (PND1) with the three reporter constructs: AAV9-CAG-GFP, AAV9-
gfaABC(1)D-GFP, or AAV9-GFAP-GFP, and sacrificed 28 days post-injection. Tissues of the

mice were isolated and analyzed for the presence of GFP.

[00194] As expected, injection with AAV9-CBA-GFP resulted in a transduction of both
glia and neurons (Figs. 4 and 5). Sagittal sections of the brain were prepared and show
distribution of GFP (green), and DAPI (blue) indicates nuclei. Insets 1-6 show higher
magnification of the associated voxels on the sagittal section (Fig. 4). Insets show higher
magnification of GFP-positive glial and neuronal cells (Figs. 5 and 28). A survey of multiple
mice at both 4 and 8 weeks of age shows distribution throughout the neuroaxis (Fig. 23).
The % of positive GFP in the total brain area was quantified and was reduced compared to
the GFAP and gfaABC(1)D promoters (Fig. 26). Protein quantification by Western blot is
shown in Fig 27.

[00195] Injection of neonatal wild-type mice with AAV9-gfaABC(1)D-GFP resulted in
greater distribution in the white matter and more global distribution throughout the neuroaxis
as compared to AAV9-CBA-GFP (Fig. 6). Particularly notable was the increased GFP
expression in the caudal brain regions, including the white matter regions of the cerebellum
in box 2. Further, expression was primarily in astrocytes, as indicated by the morphology in
box 4 and Fig. 28. A survey of multiple mice at both 4 and 8 weeks of age shows
intermediate expression throughout the neuroaxis (Fig. 25), which was quantified
histologically (Fig. 26), and by Western blot (Fig. 27).

[00196] Results of the injection of neonatal wild-type mice with AAV9-gfaABC(1)D-GFP
at PND1 and sacrificed 28 days post-injection are shown in Fig. 7. Insets 1-3 show higher

magnification of the associated voxels on the sagittal section. Inset 4 shows higher
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magnification of inset 3 to demonstrate astrocytic morphology. These results show that the
use of astrocyte promoters increases distribution in white matter and expression in

astrocytes. Fig 28 provides a comparison of co-labeling between the cohorts.

[00197] Fig. 9 shows results from a wild-type mouse injected with AAV9-GFAP-GFP at
PND1 and sacrificed 28 days post-injection. The injection of neonatal wild-type mice with
AAVO-GFAP-GFP, to date, has resulted in more widespread distribution and greater
expression as compared to both AAV9-gfaABC(1)D-GFP and AAV9-CBA-GFP vectors.

Expression of the transgene has remained specific to astrocytes.

[00198] Fig. 10 shows results of experiments with four wild-type mice injected with
AAV9O-GFAP-GFP at PND1 and sacrificed 28 days post-injection. A sagittal section of the
brain shows distribution of GFP (green). Similar biodistribution patterns were seen between
the injected mice. A survey of multiple mice at both 4 and 8 weeks of age shows robust
expression throughout the neuroaxis (Fig. 24), which was quantified histologically (Fig. 26),
and by Western blot (Fig. 27).

[00199] Co-labeling after delivery of AAV9-GFAP-GFP (Fig. 11) shows GFP (green)
expression colocalizing with astrocyte marker (GFAP, purple) and not neuronal marker
(NeuN, red). GFP expression in astrocytes was confirmed by co-labeling with an antibody
specific for astrocytes (GFAP, purple) and neurons (NeuN, red). GFP expression after
treatment with AAVO-GFAP-GFP (shown) and AAV9-gfaABC(1)D-GFP (not shown) was
clearly present in astrocytes. Thus, the expression of the transgene was confirmed to occur
primarily in astrocytes, which are the target cells. These data with AAV driving a reporter
protein confirm that use of astrocyte-specific promoters alters the tropism of AAV to greater
expression in the white matter and more broad distribution throughout the neuroaxis. Fig 28

provides a comparison of co-labeling between the cohorts.

Example 4
EIF2B5 Gene Replacement in R191H VWM Mice

[00200] The following study was carried out to evaluate CSF delivery of AAV9-elF2B5 in
a mouse model of elF2B5, i.e., R191H VWM mice, and to determine the effects of the
EIF2B5 transgene in this mouse model of VWM. The AAV9-elF2B5 constructs, as
described herein, were designed to target astrocytes to also improve oligodendrocyte
pathology as it results from a downstream signaling effect secondary to astrocyte
dysfunction. In addition, to also evaluate broader CNS transduction, a more ubiquitous

promoter also was evaluated.
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[00201] Pre-symptomatic elF2B5 mice (i.e., R191H VWM mice) were treated by
intracerebroventricular (ICV) injection, as described herein above, of one of the following
three AAV vector constructs comprising either an astrocyte specific promoter: 1) AAV9-
GFAP-elF2BS5 or 2) AAV9-gfaABC(1)D-elF2B5 comprising the truncated form of GFAP, or a
more ubiquitously expressing promoter: 3) AAV9-CBA-elF2B5. Vectors were delivered in a
dose escalating manner. Based on phenotypic characterization of untreated VWM mice,
AAV-treated mice were evaluated accordingly. These evaluations included, but were not
limited to, weight, motor tests, MRI, and survival. Additional postmortem evaluations include
observing and quantifying elF2B5 and select ER stress marker expression levels.
Histologically, myelination, ER stress, astrocytes, and oligodendrocytes were assessed.
Biodistribution of AAV9 is conducted by qPCR.

[00202] Fig. 31 shows therapeutic efficacy in the treatment of this VWM mouse model as
demonstrated by rotarod data at 6 months (Fig. 31, right). The R191H mice at 6 months of
age were placed on an accelerating rotating rod (rotarod) and the rotations per minute
(RPM) were recorded at which the mice fell off. This assay can accurately measure mobility
function which has been shown to be severely affected in this model of VWM, as well as in
VWM patients. A higher RPM at fall indicates better mobility. This data shows that the
R191H model treated with AAV9.GFAP.elF2B5 displayed a slight, though significant,
improvement at 6 months, while the AAV9.CAG.elF2B5 treated mice had better
improvement in mobility when compared to the previously stated vector. Finally, mice at 6
months of age treated with AAV9.gfaABC(1)D.elF2B5 had the greatest improvement, and
were not significantly different from wild type mice, showing the promise of treatment of this

therapeutic vector.

Example 5
EIF2B5 Gene Replacement in 198M VWM Mice

[00203] The following study was carried out to evaluate CSF delivery of AAV9-elF2B5 in
an additional mouse model of elF2B5, i.e., 198M VWM mice, and to determine the effects of
the EIF2B5 transgene in this mouse model of VWM. The AAV9-elF2B5 constructs, as
described herein, were designed to target astrocytes to also improve oligodendrocyte
pathology as it results from a downstream signaling effect secondary to astrocyte
dysfunction. In addition, to also evaluate broader CNS transduction, a more ubiquitous

promoter also was evaluated.

[00204] Pre-symptomatic elF2B5 mice (i.e., I98M VWM mice) were treated by
intracerebroventricular (ICV) injection, as described herein above, of one of the following

three AAV vector constructs comprising either an astrocyte specific promoter: 1) AAV9-
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GFAP-elF2BS5 or 2) AAV9-gfaABC(1)D-elF2B5 comprising the truncated form of GFAP, or a
more ubiquitously expressing promoter: 3) AAV9-CBA-elF2B5. Vectors were delivered in a
dose escalating manner. Based on phenotypic characterization of untreated VWM mice,
AAV-treated mice were evaluated accordingly. These evaluations included, but were not
limited to, weight, motor tests, MRI, and survival. Additional postmortem evaluations include
observing and quantifying elF2B5 and select ER stress marker expression levels.
Histologically, myelination, ER stress, astrocytes, and oligodendrocytes were assessed.
Biodistribution of AAV9 is conducted by qPCR.

[00205] Fig. 31 shows therapeutic efficacy in the treatment of this VWM mouse model as
demonstrated by rotarod data at day 50 (left). The 198M mice at 50 days of age were placed
on an accelerating rotating rod (rotarod) and the durations at which the mice could stay on
(in seconds) were recorded. This assay can accurately measure mobility function which has
been shown to be severely affected in this mouse model as well as in VWM patients. In this
case, a longer latency to fall indicates better mobility function. This data shows that the
untreated 198M mice have a significantly shorter latency to fall than wild type or
heterozygous mice. However, 198M mice treated with AAVO.GFAP.elF2B5,
AAV9.CAG.elF2B5, and AAV9.gfaABC(1)D.elF2B5 at 50 days of age are statistically

indistinguishable from wild type mice, showing promise of these therapeutic vectors.

Example 6
Use of a Novel Promoter, gfa1405, in EIF2B5 Gene Replacement

[00206] Glial fibrillary acidic protein (GFAP) is an intermediate-filament protein
expressed abundantly and almost exclusively in astrocytes of the CNS. Thus, the GFAP
promoter directs astrocyte-specific expression of genes (Brenner et al., J. Neurosci. 1004
Mar; 14(3 Pt 1):1030-7. doi: 10.1523/JNEUROSCI.14-03-01030.1994). The GFAP
promoter, however, is of a rather large size, comprising 2.2 kb. More specifically, due to the
packaging size capacity of a single-stranded AAV genome (4.8 kb), GFAP, an astrocytic
promoter of 2.2 kb, does not fit well with the EIF2B5 transgene (2.3 kb) along with the
regulatory elements needed for appropriate gene expression. Thus, preliminary studies for
EIF2B5 expression were carried out that utilized a truncated version of GFAP, i.e.,
gfaABC(1)D, comprising only 681bp. The gfaABC(1)D promoter also targets astrocytes, but

not at the same potency of the endogenous GFAP promoter.

[00207] Because of the aforementioned packaging size capacity, a new promoter, the
gfa1405 promoter, was designed in order to obtain a smaller astrocyte-specific promoter.
The gfa1405 promoter was designed based upon a publication that described the design of
the truncated gfaABC(1)D1 promoter (Lee et al., Glia. 2008;56:4811493) by systematically
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returning critical transcription factor binding regions of the C component (C3, C5, and C6),
while keeping inhibitory regions (C2) excluded. This novel promoter, gfa1405 promoter, is
1405 base pairs (SEQ ID NO: 15) and when combined with EIF2B5 (i.e., SEQ ID NO: 16 or
17) remains under the packaging threshold for AAV of 4.8kb (see Figs. 15 and 16,
respectively). Additionally, see the schematic drawings shown in Figs. 17 and 18 which
show the components of the new promoter (Fig. 17) and the gfa1405 promoter with the
EIF2B5 transgene (Fig. 18).

[00208] Table 6. Sequences of the gfa1405 promoter and the gfa1405 promoter with

the elF2B5 transgene sequence.

Sequence Name Sequence (5'-3') SEQ ID NO:
gfa1405 promoter (1405 bp) See Fig. 15. 15
gfa1405.EIF2B5 with various See Table 2. 16
other elements but without 5'

and 3'ITRs
Full ITR-gfa1405-elF2B5- See Table 3 and Fig. 16. 17
polyA-ITR sequence
(4640 bp)
AAV9.gfa1405.eiF2B5 See Table 4 and Figs. 19 and 21. 18
(7086 bp)

[00209] Fig. 19 provides a schematic drawing of the plasmid, pAAV.gfa1405.elF2B5,
which comprises 7086 bp (SEQ ID NO: 18) comprising the gfa1405 promoter with the
elF2B5 transgene sequence in the AAV vector. Fig. 21 provides a detailed description of the
7086 bp sequences of SEQ ID NO: 18. Thus, a fourth AAV genome vector construct
encoding EIF2B5 was generated.

[00210] To test the efficacy of the novel promoter, the gfaABCD1405.eGFP plasmid was
transfected into human embryonic kidney cells alongside the ubiquitous CAG.eGFP
construct, and the two previously published astrocytic constructs, GFAP.eGFP and
ofaABC(1)D.eGFP. Protein extraction and Western blotting methods in detail are described

in Example 1.

[00211] Expression of GFP was observed at 72 hours post-transfection (Fig. 20A) where
it was evident that the novel gfaABCD1405 promoter drives expression of GFP in HEK293
cells. After 72 hours post-transfection, cells were harvested and protein was isolated for
western blot analysis. Shown in Fig. 20B are results of the quantification of percent CAG
expression after a western blot for GFP expression was carried out in triplicate of all
constructs in comparison to expression of the house keeping protein, GAPDH. Quantification
of the western blot (shown in the bar graph of Fig. 20B) displays that gfaABCD1405
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(gfa1405) GFP protein expression was greater than that of the GFAP and gfaABC(1)D
constructs, but not as great as that of the ubiquitous promoter CAG construct. This is
thought to be because GFAP, gfaABC(1)D and gfaABCD1405 are more specific to
astrocytes which would explain lower expression in kidney cells. Nevertheless, results show
that the novel promoter, gfa1405, drove a greater amount of protein expression than the

other previously published astrocyte-specific promoters.

[00212] As aresult, the new promoter, gfa1405, was designed to be useful in the
treatment of astrocytic and neuronal diseases because it is designed to drive expression of
genes in astrocytes while not targeting other cell types. Because astrocytes also cross talk
with neurons, targeting astrocytes with this promoter in neuron-specific diseases may also
provide therapeutic benefit for neuronal diseases. Thus, diseases or conditions which may
benefit from treatments using this promoter to target astrocytes and neurons include, but are
not limited to, Vanishing White Matter disease, stroke, migraines, epilepsy, multiple sclerosis
(MS), Parkinson's disease (PD), Alzheimer's disease (AD), astrogliosis in aging,
Huntington's Disease (HD), amyotrophic lateral sclerosis (ALS), Alexander disease, hepatic
encephalopathy (HE), AicardirGoutieéres syndrome, CLC-2-related disease,
oculodentodigital dysplasia, giant axonal neuropathy, and megalencephalic
leukoencephalopathy (Ricci et al. J Biol Phys 35, 317-336, doi:10.1007/s10867-009-9157-9
(2009); Phatnani, H. & Maniatis, T. Astrocytes in neurodegenerative disease. Cold Spring
Harb Perspect Biol 7, doi:10.1101/cshperspect.a020628 (2015); Lanciotti et al., Int J Mol Sci
23, doi:10.3390/ijms23010274 (2021)).

[00213] Consequently, the novel promoter, i.e., gfa1405 (also referred to herein as
gfaABCD1405), is useful in a method of treating a subject comprising a mutation in a gene
normally expressed in an astrocyte or neuron in a healthy subject, the method comprising
administering to the subject an effective amount of a transgene attached to the gfa1405

promoter so that the transgene is expressed in the subject comprising the mutated gene.

Example 7
Astrocyte-Targeted Gene Therapy with the gfaABCD1405 Promoter

[00214]  Wild-type (WT) mice were treated PND 0-1 by intracerebroventricular (ICV)
delivery with AAV9. gfaABCD1405-GFP at a dose of 1.2E11 vg. Robust GFP expression
throughout the neuroaxis was seen 4 weeks after treatment. The expression is comparable
to or higher than GFAP expression when measured histologically. Morphology of cells
expressing GFP driven by the gfaABCD1405 promoter suggests strong targeting of
astrocytes within the CNS, while limiting gene expression in other CNS cell types such as

neurons. See Fig. 29. These experiments showed that the astrocyte-specific reporter
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gfaABCD1405 described herein achieved appropriate transgene expression in astrocytes

providing its utility in expressing genes including, but not limited to, eiF2B5.

Example 8
Astrocyte-Targeted Gene Therapy Delays Disease Progression, Rescues Body

Weight, and Increases Latency to Fall in Models of VWM Disease

[00215] Intracerebroventricular (ICV) injections of vectors expressing the reporter protein
GFP into wild-type mice revealed that the astrocyte-specific reporter constructs
(AAVO.GFAP.eGFP and AAV9.gfaABC(1)D.eGFP) described herein achieved appropriate
transgene expression in astrocytes; with AAVO.GFAP.eGFP vector having significantly
greater biodistribution throughout the neuroaxis when compared to its truncated, or
ubiquitous counterparts (AAV9.gfaABC(1)D.eGFP and AAV9.CAG.eGFP).

[00216] To evaluate potential therapeutic efficacy, three constructs driving expression of
the EIF2B5 transgene were initially generated. However, due to the size capacity of AAV
(4.8kb), the GFAP promoter (2.2kb) in combination with the EIF2B5 transgene (2.2kb) and
necessary regulatory elements, led to an oversized construct, subsequent poor packaging,
and low viral titers. Because of significant differences in expression between the full-length
and truncated astrocyte promoters in the GFP reporter study, studies were designed to
increase biodistribution by generating a tailored promoter that restores crucial sequences
from the endogenous GFAP promoter into its truncated gfaABC(1)D counterpart. Thus, an
intermediate gfaABCD1405 promoter was designed and made, and studies have

demonstrated expression comparable to full-length GFAP.

[00217] The four AAV constructs were evaluated in two murine VWM models,
Eif2b5A0191His and Eif2b5"#%8Met which display significant gait deficits, myelin loss, and
shortened life span. Disease progression was monitored. AAV9-gfaABC(1)D-EIF2B5
treated Eif2b5°9'°™Hs and Eif2b5"¢%Met mice to have reached >50 days of age are
indistinguishable from normal mice on rotarod and significantly (P < 0.001) improved as
compared to untreated R191H affected mice (Fig. 31). Treatment with vectors including the
CAG and GFAP promoters are demonstrating an intermediate effect in the mice.
Eif2b5A019MHis and Eif2b5"e%8Met treated with AAV9-gfaABCD1405-EIF2B5 have not yet
reached 50 days of age. Data to date indicate that the astrocyte-targeted gene therapy
described herein, particularly AAV9-gfaABC(1)D-EIF2B5, is able to significantly increase
latency to fall on rotarod in both disease models to a significantly greater extent than
ubiquitous (AAV9-CAG-EIF2B5) gene therapy (see Fig. 31).

[00218] The improved latency to fall on rotarod caused by these therapies indicates

increased coordination and motor function, which has been shown to be heavily limited in
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both mouse models as well as in VWM patients. RPM at fall specifically shows how fast the
rotating rod is accelerating; therefore, higher RPM measurements are also indicative of
increased coordination and motor function. The difference between these two
measurements is that latency to fall is measuring duration (i.e., time on the rotarod) while
RPM is measuring how fast the rotarod is rotating. These two variables are linked; therefore,
longer duration (more time) means greater RPMs and vice versa. Significant improvements
in both measurements after treatment indicates the promise of the disclosed methods of

therapy as a potential therapy for VWM.

[00219] The foregoing description is given for clearness of understanding only, and no
unnecessary limitations should be understood therefrom, as modifications within the scope

of the invention may be apparent to those having ordinary skill in the art.

[00220] Throughout this specification and the claims which follow, unless the context
requires otherwise, the word [@ompriseJand variations such as [comprisesJand [comprising]
will be understood to imply the inclusion of a stated integer or step or group of integers or

steps but not the exclusion of any other integer or step or group of integers or steps.

[00221] Throughout the specification, where compositions are described as including
components or materials, it is contemplated that the compositions can also consist
essentially of, or consist of, any combination of the recited components or materials, unless
described otherwise. Likewise, where methods are described as including particular steps, it
is contemplated that the methods can also consist essentially of, or consist of, any
combination of the recited steps, unless described otherwise. The invention illustratively
disclosed herein suitably may be practiced in the absence of any element or step which is

not specifically disclosed herein.

[00222] The practice of a method disclosed herein, and individual steps thereof, can be
performed manually and/or with the aid of or automation provided by electronic equipment.
Although processes have been described with reference to particular embodiments, a
person of ordinary skill in the art will readily appreciate that other ways of performing the acts
associated with the methods may be used. For example, the order of various of the steps
may be changed without departing from the scope or spirit of the method, unless described
otherwise. In addition, some of the individual steps can be combined, omitted, or further

subdivided into additional steps.

[00223] All patents, publications and references cited herein are hereby fully
incorporated by reference. In case of conflict between the present disclosure and
incorporated patents, publications and references, the present disclosure should control.

References referred to herein with numbering are provided with the full citation as shown
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herein below.

[00224] References

1. Fogli A, Schiffmann R, Bertini E, Ughetto S, Combes P, Eymard-Pierre E, et al. The
effect of genotype on the natural history of elF2B-related leukodystrophies.
Neurology. 2004,62(9):1509-17.

2. van der Knaap MS, Pronk JC, and Scheper GC. Vanishing white matter disease.
Lancet Neurol. 2006;5(5):413-23.

3. Bonkowsky JL, Nelson C, Kingston JL, Filloux FM, Mundorff MB, and Srivastava R.
The burden of inherited leukodystrophies in children. Neurology. 2010;75(8):718-25.

4. Zhou L, Zhang HH, Chen N, Zhang ZB, Liu M, Dai LF, et al. [Clinical features of 54
cases of leukoencephalopathy with vanishing white matter disease in children].
Zhonghua Er Ke Za Zhi. 2019;57(11):837-43.

5. Dietrich J, Lacagnina M, Gass D, Richfield E, Mayer-Proschel M, Noble M, et al.
EIF2B5 mutations compromise GFAP+ astrocyte generation in vanishing white
matter leukodystrophy. Nat Med. 2005;11(3):277-83.

6. Geva M, Cabilly Y, Assaf Y, Mindroul N, Marom L, Raini G, et al. A mouse model for
eukaryotic translation initiation factor 2B-leucodystrophy reveals abnormal
development of brain white matter. Brain. 2010;133(Pt 8):2448-61.

7. Dooves S, Bugiani M, Postma NL, Polder E, Land N, Horan ST, et al. Astrocytes are
central in the pathomechanisms of vanishing white matter. J Clin Invest.
2016;126(4):1512-24.

8. Terumitsu-Tsujita M, Kitaura H, Miura |, Kiyama Y, Goto F, Muraki Y, et al. Glial
pathology in a novel spontaneous mutant mouse of the Eif2b5 gene: a vanishing
white matter disease model. J Neurochem. 2019.

9. Cearley CN, and Wolfe JH. Transduction characteristics of adeno-associated virus
vectors expressing cap serotypes 7, 8, 9, and Rh10 in the mouse brain. Mol Ther.
2006;13(3):528-37.

10. Swain GP, Prociuk M, Bagel JH, ODonnell P, Berger K, Drobatz K, et al. Adeno-
associated virus serotypes 9 and rh10 mediate strong neuronal transduction of the
dog brain. Gene Ther. 2014;21(1):28-36.

1. Samaranch L, Salegio EA, San Sebastian W, Kells AP, Foust KD, Bringas JR, et al.
Adeno-associated virus serotype 9 transduction in the central nervous system of
nonhuman primates. Human gene therapy. 2012;23(4):382-9.

12. Hordeaux J, Hinderer C, Buza EL, Louboutin JP, Jahan T, Bell P, et al. Safe and

Sustained Expression of Human Iduronidase After Intrathecal Administration of

69



13.

14.

15.

16.

17.

WO 2023/168400 PCT/US2023/063676

Adeno-Associated Virus Serotype 9 in Infant Rhesus Monkeys. Hum Gene Ther.
2019;30(8):957-66.

von Jonquieres G, Mersmann N, Klugmann CB, Harasta AE, Lutz B, Teahan O, et al.
Glial promoter selectivity following AAV-delivery to the immature brain. PLoS One.
2013;8(6):e65646.

Lee, Y., Messing, A., Su, M. & Brenner, M. GFAP promoter elements required for
region-specific and astrocyte-specific expression. Glia 56, 481-493,
doi:10.1002/glia.20622 (2008).

Ricci, G., Volpi, L., Pasquali, L., Petrozzi, L. & Siciliano, G. Astrocyte-neuron
interactions in neurological disorders. J Biol Phys 35, 317-336, doi:10.1007/s10867-
009-9157-9 (2009).

Phatnani, H. & Maniatis, T. Astrocytes in neurodegenerative disease. Cold Spring
Harb Perspect Biol 7, doi:10.1101/cshperspect.a020628 (2015).

Lanciotti, A., Brignone, M. S., Macioce, P., Visentin, S. & Ambrosini, E. Human iPSC-
Derived Astrocytes: A Powerful Tool to Study Primary Astrocyte Dysfunction in the
Pathogenesis of Rare Leukodystrophies. Int J Mol Sci 23, doi:10.3390/ijms23010274
(2021).

70



WO 2023/168400 PCT/US2023/063676

Claims

We claim:

1.

A nucleic acid comprising a polynucleotide comprising
€)) one or more regulatory control element(s); and
(b) a Eukaryotic Translation Initiation Factor 2B Subunit Epsilon 5 (EIF2B5)

cDNA sequence.

2. The nucleic acid of claim 1, wherein the EIF2BB5 cDNA comprises
a) a nucleotide sequence having at least 80% sequence identity to SEQ ID NO:
1;
(b) the nucleotide sequence set forth in SEQ ID NO: 1; or
(© a nucleotide sequence encoding EIF2BB5 comprising the amino acid
sequence set forth in SEQ ID NO: 2.
3. The nucleic acid of any one of claims 1-3, wherein the one or more regulatory control
element(s) is a CAG promoter, a gfaABC1D promoter, a GFAP promoter, or a gfa1405
promoter.
4. The nucleic acid of any one of claims 1-4, wherein the regulatory control element

comprises

5.

a) a nucleotide sequence having at least 80% sequence identity to SEQ ID NO:
3,4,5 or15; or
(b) the nucleotide sequence set forth in SEQ ID NO: 3, 4, 5, or 15.

The nucleic acid of any one of claims 1-4 further comprising an SV40 intron and a

post-transcriptional polyadenylation (polyA) sequence.

7.

The nucleic acid of claim 5 comprising

€)) a nucleotide sequence having at least 80% sequence identity to any one of
SEQ ID NOs: 6-8 and 16; or

(b) the nucleotide sequence set forth in any one of SEQ ID NOs: 6-8 and 16.

The nucleic acid of any one of claims 1-6 further comprising an inverted terminal

repeat sequence.

The nucleic acid of claim 7 comprising
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€)) a nucleotide sequence having at least 80% sequence identity to any one of
SEQ ID NOs: 9-11 and 17; or
(b) the nucleotide sequence set forth in any one of SEQ ID NOs: 9-11 and 17.

9. The nucleic acid of any one of claims 1-8 comprising
€)) a nucleotide sequence having at least 80% sequence identity to any one of
SEQ ID NOs: 12-14 and 18; or
(b) the nucleotide sequence set forth in any one of SEQ ID NOs: 12-14 and 18.

10. A nanoparticle, extracellular vesicle, exosome, or vector comprising the nucleic acid

of any one of claims 1-8 or a combination of any one or more thereof.

1. The vector of claim 10, wherein the vector is a viral vector.

12. The viral vector of claim 11, wherein the viral vector is an adeno-associated virus
(AAV), adenovirus, lentivirus, retrovirus, poxvirus, baculovirus, herpes simplex virus,

vaccinia virus, or a synthetic virus.

13. The viral vector of claim 11 or 12, wherein the viral vector is an AAV.

14. The viral vector of claim 13, wherein the AAV lacks rep and cap genes.

15. The viral vector of claim 13 or 14, wherein the AAV is a recombinant AAV (rAAV), a
self-complementary recombinant AAV (scAAYV), or a single-stranded recombinant AAV
(ssAAV).

16. The AAV of any one of claims 13-15, wherein the AAV1, AAV2, AAV3, AAV4, AAVS,
AAVB, AAV7, AAV8, AAV9, AAV10, AAV11, AAV12, AAV13, AAVanc80, AAVrh.74,
AAVrh.8, AAVrh.10, MyocAAV 1A, AAVMYO, or AAV-B1, AAV2/1, AAV2/8, AAV2/9, or any of

their derivatives.

17. The AAV of any one of claims 13-16, wherein the AAV is AAV9.

18. An rAAV particle comprising the AAV of any one of claims 12-16.

19. A composition comprising:
€)) the nucleic acid of any one of claims 1-9;
(b) the nanoparticle, extracellular vesicle, exosome, or vector of claim 10;

(© the viral vector of any one of claims 11-17; or

72



WO 2023/168400 PCT/US2023/063676

(d) the rAAV particle of claim 18; and

a pharmaceutically acceptable carrier.

20. The composition of claim 19, wherein the composition is formulated for intrathecal

intracerebroventricular, intracerebral, intravenous, intracisternal, or aerosol delivery.

21. A method of increasing the expression of a EIF2B5 gene or EIF2B5 protein in a cell
comprising contacting the cell with

€)) the nucleic acid of any one of claims 1-9;

(b) the nanoparticle, extracellular vesicle, exosome, or vector of claim 10;

(© the viral vector of any one of claims 11-17;

(d) the rAAV particle of claim 18; or

(e) the composition of claim 19 or 20.

22. The method of claim 21, wherein the cell is an astrocyte.

23. The method of claim 20 or 21, wherein the cell is a human cell.

24. The method of claim 22, wherein the cell is in a human subject.

25. A method of treating a subject comprising a EIF2BB5 gene mutation comprising
administering to the subject an effective amount of
€)) the nucleic acid of any one of claims 1-9;
(b) the nanoparticle, extracellular vesicle, exosome, or vector of claim 10;
(© the viral vector of any one of claims 11-17;
(d) the rAAV particle of claim 18; or

(e) the composition of claim 19 or 20.

26. The method of claim 24, wherein the subject is a human subject.

27. The method of claim 25 or 26, wherein the EIF2BB5 gene mutation causes a subject
to suffer from or be at risk of suffering from a leukoencephalopathy, a megalencephalic
leukoencephalopathy, a leukodystrophy, a stroke, a migraine, epilepsy, multiple sclerosis
(MS), Parkinson's disease (PD), Alzheimer's disease (AD), astrogliosis in aging,
Huntington's Disease (HD), amyotrophic lateral sclerosis (ALS), Alexander disease, hepatic
encephalopathy (HE), AicardirGoutieéres syndrome, CLC-2-related disease,

oculodentodigital dysplasia, and/or giant axonal neuropathy.
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28. The method of claim 27, wherein the leukoencephalopathy or leukodystrophy is
Vanishing White Matter Disease (VWM).

29. The method of any one of claims 25-28, further comprising administering any one or

more of a corticosteroid, rituximab, and rapamycin to the subject.

30. The method of any one of claims 25-29, wherein the nucleic acid, nanoparticle,
extracellular vesicle, exosome, vector, rAAV particle, or composition is administered by
intrathecal intracerebroventricular, intracerebral, intravenous, intracisternal, or aerosol

delivery.

31. Use of
€)) the nucleic acid of any one of claims 1-9;
(b) the nanoparticle, extracellular vesicle, exosome, or vector of claim 10;
(© the viral vector of any one of claims 11-17;
(d) the rAAV particle of claim 18; or
(e) the composition of claim 19 or 20
for the preparation of a medicament for increasing expression of the EIF2B5 gene or

protein in a cell.

32. The use of claim 31, wherein the cell is in a human subject.

33. Use of
€)) the nucleic acid of any one of claims 1-9;
(b) the nanoparticle, extracellular vesicle, exosome, or vector of claim 10;
(© the viral vector of any one of claims 11-17;
(d) the rAAV particle of claim 18; or
(e) the composition of claim 19 or 20

in treating a subject comprising a mutant EIF2B5 gene.

34. The use of claim 33, wherein the subject is a human subject.

35. The use of any one of claims 31-34, wherein the subject suffers from a EIF2B5

mutation.

36. The use of claim 35, wherein the EIF2B5 mutation is associated with a

leukoencephalopathy, a megalencephalic leukoencephalopathy, a leukodystrophy, a stroke,
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a migraine, epilepsy, multiple sclerosis (MS), Parkinson's disease (PD), Alzheimer's disease
(AD), astrogliosis in aging, Huntington's Disease (HD), amyotrophic lateral sclerosis (ALS),
Alexander disease, hepatic encephalopathy (HE), AicardiliGoutieres syndrome, CLC-2-
related disease, oculodentodigital dysplasia, giant axonal neuropathy, and/or vanishing
white matter (VWM) disease.

37. The use of any one of claims 31-36, wherein the medicament is administered with

any one or more of a corticosteroid, rituximab, and rapamycin.

38. The use of any one of claims 31-37, wherein the medicament is formulated for
intrathecal intracerebroventricular, intracerebral, intravenous, intracisternal, or aerosol

delivery.

39. A composition for treating a EIF2B5 gene mutation, a leukoencephalopathy,
leukodystrophy, a stroke, a migraine, epilepsy, multiple sclerosis (MS), Parkinson's disease
(PD), Alzheimer's disease (AD), astrogliosis in aging, Huntington's Disease (HD),
amyotrophic lateral sclerosis (ALS), Alexander disease, hepatic encephalopathy (HE),
AicardiliGoutieres syndrome, CLC-2-related disease, oculodentodigital dysplasia, giant
axonal neuropathy, and/or a megalencephalic leukoencephalopathy in a subject, wherein
the composition comprises

€)) the nucleic acid of any one of claims 1-9;

(b) the nanoparticle, extracellular vesicle, exosome, or vector of claim 10;

(© the viral vector of any one of claims 11-17;

(d) the rAAV particle of claim 18; or

(e) the composition of claim 19 or 20.

40. The composition of claim 39, wherein the subject is a human subject.

41. The composition of claim 39 or 40, wherein the leukoencephalopathy or
leukodystrophy is Vanishing White Matter Disease (VVWM).

42. The
€)) nucleic acid of any one of claims 1-9;
(b) nanoparticle, extracellular vesicle, exosome, or vector of claim 10;
(© viral vector of any one of claims 11-17;
(d) rAAV particle of claim 18;

(e) composition of claim 19 or 20;
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® method of any one of claims 21-30; or

(9) use of any one of claims 31-38,

wherein the nucleic acid, nanoparticle, extracellular vesicle, exosome, vector, viral
vector, composition, or medicament is formulated for intrathecal injection into the
cerebrospinal fluid (CSF), intravenous injection into the blood stream, intracerebral injection,

intracerebroventricular injection, intracisternal injection, or for aerosol administration.

43. A nucleic acid comprising a gfa1405 promoter comprising
a) a nucleotide sequence having at least 80% sequence identity to SEQ ID NO:
15; or
(b) the nucleotide sequence set forth in SEQ ID NO: 15.

44. The nucleic acid of claim 43 further comprising an inverted terminal repeat
sequence.
45, The nucleic acid of claim 44 comprising

a) a nucleotide sequence having at least 80% sequence identity to SEQ ID NO:
17; or
(b) the nucleotide sequence set forth in SEQ ID NO: 17.

46. The nucleic acid of any one of claims 43-45 comprising
a) a nucleotide sequence having at least 80% sequence identity to SEQ ID NO:
18; or
(b) the nucleotide sequence set forth in SEQ ID NO: 18.

47. A nanoparticle, extracellular vesicle, exosome, or vector comprising the nucleic acid

of any one of claims 43-45 or a combination of any one or more thereof.

48. The vector of claim 47, wherein the vector is a viral vector.

49. The viral vector of claim 48, wherein the viral vector is an adeno-associated virus
(AAV), adenovirus, lentivirus, retrovirus, poxvirus, baculovirus, herpes simplex virus,

vaccinia virus, or a synthetic virus.

50. The viral vector of claim 48 or 49, wherein the viral vector is an AAV.

51. The viral vector of claim 50, wherein the AAV lacks rep and cap genes.
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52. The viral vector of claim 50 or 51, wherein the AAV is a recombinant AAV (rAAV), a
self-complementary recombinant AAV (scAAYV), or a single-stranded recombinant AAV
(ssAAV).

53. The AAV of any one of claims 50-52, wherein the AAV1, AAV2, AAV3, AAV4, AAVS,
AAV6, AAV7, AAV8, AAV9, AAV10, AAV11, AAV12, AAV13, AAVanc80, AAVrh.74,
AAVrh.8, AAVrh.10, MyocAAV 1A, AAVMYO, or AAV-B1, AAV2/1, AAV2/8, AAV2/9, or any of

their derivatives.

54. The AAV of any one of claims 50-53, wherein the AAV is AAV9.

55. An rAAV particle comprising the AAV of any one of claims 50-54.

56. A composition comprising:
€)) the nucleic acid of any one of claims 43-46;
(b) the nanoparticle, extracellular vesicle, exosome, or vector of claim 47;
(© the viral vector of any one of claims 48-52;
(d) the AAV of claim 53 or 54; or
(e) the rAAV particle of claim 55; and

a pharmaceutically acceptable carrier.

57. The composition of claim 56, wherein the composition is formulated for intrathecal

intracerebroventricular, intracerebral, intravenous, intracisternal, or aerosol delivery.

58. A method of increasing the expression of a gene or a protein in a cell comprising
contacting the cell with

€)) the nucleic acid of any one of claims 43-46;

(b) the nanoparticle, extracellular vesicle, exosome, or vector of claim 47;

(© the viral vector of any one of claims 48-52;

(d) the AAV of claim 53 or 54;

(e) the rAAV particle of claim 55; or

® the composition of claim 56 or 57.

59. The method of claim 58, wherein the cell is an astrocyte or a neuron.

60. The method of claim 58 or 59, wherein the cell is a human cell.

61. The method of claim 60, wherein the cell is in a human subject.
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62. A method of treating a subject comprising a mutation in a gene normally expressed in
an astrocyte or neuron of the subject, the method comprising administering to the subject an
effective amount of

€)) the nucleic acid of any one of claims 43-46;

(b) the nanoparticle, extracellular vesicle, exosome, or vector of claim 47;

(© the viral vector of any one of claims 48-52;

(d) the AAV of claim 53 or 54;

(e) the rAAV particle of claim 55; or

® the composition of claim 56 or 57.

63. The method of claim 62, wherein the subject is a human subject.

64. The method of claim 62 or 63, wherein the gene mutation causes a subject to suffer

from or be at risk of suffering from an astrocyte or neuronal disorder or disease.

65. The method of any one of claims 62-64, wherein the disorder or disease is a
leukoencephalopathy or leukodystrophy, a stroke, a migraine, epilepsy, multiple sclerosis
(MS), Parkinson's disease (PD), Alzheimer's disease (AD), astrogliosis in aging,
Huntington's Disease (HD), amyotrophic lateral sclerosis (ALS), Alexander disease, hepatic
encephalopathy (HE), AicardirGoutieéres syndrome, CLC-2-related disease,
oculodentodigital dysplasia, giant axonal neuropathy, and/or a megalencephalic

leukoencephalopathy.

66. The method of claim 65, wherein the leukoencephalopathy or leukodystrophy is
Vanishing White Matter Disease (VWM).

67. The method of any one of claims 62-66, further comprising administering any one or

more of a corticosteroid, rituximab, and rapamycin to the subject.

68. The method of any one of claims 62-67, wherein the nucleic acid, nanoparticle,
extracellular vesicle, exosome, vector, rAAV particle, or composition is administered by
intrathecal intracerebroventricular, intracerebral, intravenous, intracisternal, or aerosol

delivery.

69. Use of
€)) the nucleic acid of any one of claims 43-46;

(b) the nanoparticle, extracellular vesicle, exosome, or vector of claim 47;
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(© the viral vector of any one of claims 48-52;
(d) the AAV of claim 53 or 54;

(e) the rAAV particle of claim 55; or

® the composition of claim 56 or 57

for the preparation of a medicament for increasing expression of a gene or protein in a cell.

70. The use of claim 69, wherein the cell is in a human subject.

71. Use of

€)) the nucleic acid of any one of claims 43-46;

(b) the nanoparticle, extracellular vesicle, exosome, or vector of claim 47;
(© the viral vector of any one of claims 48-52;

(d) the AAV of claim 53 or 54;

(e) the rAAV particle of claim 55;

® the composition of claim 56 or 57; or

(9) the method of any one of claims 58-68

in treating a subject comprising a mutant gene.

72. The use of claim 71, wherein the subject is a human subject.

73. The use of any one of claims 69-72, wherein the subject suffers from a gene

mutation or a disorder or disease affecting the central nervous system and/or brain.

74. The use of any one of claims 69-72, wherein the subject suffers from a gene

mutation or a disorder or disease affecting astrocytes or neurons of the brain.

75. The use of claim 73 or 74, wherein the subject suffers from a leukoencephalopathy or
leukodystrophy, a stroke, a migraine, epilepsy, multiple sclerosis (MS), Parkinson's disease
(PD), Alzheimer's disease (AD), astrogliosis in aging, Huntington's Disease (HD),
amyotrophic lateral sclerosis (ALS), Alexander disease, hepatic encephalopathy (HE),
AicardiliGoutieres syndrome, CLC-2-related disease, oculodentodigital dysplasia, giant

axonal neuropathy, and/or a megalencephalic leukoencephalopathy.

76. The use of claim 75, wherein the leukoencephalopathy or leukodystrophy is
Vanishing White Matter Disease (VWM).
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77. The use of any one of claims 69-76, wherein the medicament is administered with

any one or more of a corticosteroid, rituximab, and rapamycin.

78. The use of any one of claims 69-77, wherein the medicament is formulated for
intrathecal intracerebroventricular, intracerebral, intravenous, intracisternal, or aerosol

delivery.

79. A composition for treating a gene mutation, or a disease or disorder in the central
nervous system and/or brain of a subject, wherein the composition comprises

€)) the nucleic acid of any one of claims 43-46;

(b) the nanoparticle, extracellular vesicle, exosome, or vector of claim 47;

(© the viral vector of any one of claims 48-52;

(d) the AAV of claim 53 or 54;

(e) the rAAV particle of claim 55; or

® the composition of claim 56 or 57.

80. The composition of claim 79, wherein the subject is a human subject.

81. The composition of claim 79 or 80, wherein the subject suffers from a gene mutation

or a disorder or disease affecting astrocytes or neurons of the brain.

82. The composition of 80 or 81, wherein the subject suffers from a leukoencephalopathy
or leukodystrophy, a stroke, a migraine, epilepsy, multiple sclerosis (MS), Parkinson's
disease (PD), Alzheimer's disease (AD), astrogliosis in aging, Huntington's Disease (HD),
amyotrophic lateral sclerosis (ALS), Alexander disease, hepatic encephalopathy (HE),
AicardiliGoutieres syndrome, CLC-2-related disease, oculodentodigital dysplasia, giant

axonal neuropathy, and/or a megalencephalic leukoencephalopathy.

83. The composition of claim 82, wherein the leukoencephalopathy or leukodystrophy is
Vanishing White Matter Disease (VWM).

84. The
€)) nucleic acid of any one of claims 43-46;
(b) nanoparticle, extracellular vesicle, exosome, or vector of claim 47;
(© viral vector of any one of claims 48-52;
(d) AAYV of claim 53 or 54;
(e) rAAV particle of claim 55; or
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® composition of claim 56 or 57, or 79-83,;

(9) method of any one of claims 58-68; or

(h) use of any one of claims 69-78,

wherein the nucleic acid, nanoparticle, extracellular vesicle, exosome, vector, viral
vector, composition, or medicament is formulated for intrathecal injection into the
cerebrospinal fluid (CSF), intravenous injection into the blood stream, intracerebral injection,

intracerebroventricular injection, intracisternal injection, or for aerosol administration.
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Fig. 12.

AAV.CAG.elF2B5 (SEQ ID NO: 12) — 6275 nt

ECAG Promoter (components listed $197-771
. below) :

. CBA_Promoter

WCioning Site

{ SV40 Intron ' . 789-885

EHCloning T m
: eIF2B5 ORF £ 991-3156

YCloning site|i §3157-3170
3681-3688
3689-3829
3904-4359

137" ITR

{ F1 Origin

cctgecaggeca getgegeget cgetegetea ctgaggecge ccgggegteg ggcgaccttt 60

ggtcgececgg cctcagtgag cgagcgageg cgcagagagg gagtggccaa ctcecatcact 120
aggggttcect geggecgeat tt
tateggatece actag

teeceecccect ccccaccecee aattttgtat ttatttattt tttaattatt ttgtgcagcg . 600
atgggggegy. 9999999999, 99¢9cgcgce. ag9caggyacy. g99egaggeyg. aggggeaagy. ... 660
cgagggcgagg cggagaggtyg cggecggcagce caatcagagce ggcgcgctece gaaagtttce 720
ttttatggceg aggcggegge ggcggeggcc ctataaaaag cgaagegege ggegggconiiiEy
EErEEEa Lot _aagtttagtc tttttgtctt ttatttcagg tccecggatce ggtggtggtg 840
caaatcaaag aactgctcct cagtggatgt tgcctttact tctaggcctg tacggaagtg 900
ttacttctge tctaaaagcet gcggaattgt acccgcggcece aattctgcag tcecgacggtac 960
cgecgggececg ggatccaccg gttegecace atggcecggece ctgtagtgge geegectggt 1020
gtaggtggtta gtcgggctaa caagcgcagc ggcgcgggge cgggaggcadg cggtggeggg 1080
ggagccagag gggcggagga ggaaccgcecg ccgcececctac aagcagttcect ggtggecgat 1140
agcttcgate gceccgettett ccccatctee aaggaccage ctcgggtect cttgeccectg 1200
gccaatgtgg cattaattga ctacactctg gaattcctga ctgccacagg tgtacaggaa 1260
acatttgtct tttgttgctg gaaagectgct caaatcaaag aacatttact gaagtcaaag 1320
tgagtgccgee ctacatctct caatgtggtt cgaataatta catcagagct ctatcgatca 1380
ctgggagatg tcctcegtga tgttgatgecc aaggctttgg tgcgctctga ctttcecttetg 1440
gtgtatgggg atgtcatctc aaacatcaat atcaccagag cccttgagga acacaggttg 1500
agacggaagc tagaasaaaa tgtttctgtg atgacgatga tcttcaagga gtcatccccce 1560
agccacccaa ctcecgttgcca cgaagacaat gtggtagtgg ctgtggatag taccacaaac 1620
agggttctcc attttcagaa gacccagggt ctccggcgtt ttgcatttcc tctgagectg 1680
tttcagggca gtagtgatgg agtggaggtt cgatatgatt tactggattg tcatatcagce 1740
atctgttcte ctcaggtggc acaactcttt acagacaact ttgactacca aactcgagat 1800
gactttgtge gaggtctctt agtgaatgag gagatcctag ggaaccagat ccacatgcac 1860
gtaacagcta aggaatatgg tgcccgtgtce tccaacctac acatgtactc agctgtetgt 1920
gctgacgtca tccgecgatg ggtctaccct ctcaccccag aggcgaactt cactgacage 1980

accacccaga gcectgecactca tteccggcecac aacatctace gagggectga ggtcagectg 2040
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ggccatggca gcatcctaga ggaaaatgtg ctectgggcet ctggcactgt cattggeage 2100

aattgcttta tcaccasacag tgtcattggce cccggctgcc acattggtga taacgtggtg 2160

ctggaccaga cctacctgtg gcagggtgtt cgagtggcgg ctggagcaca gatccatcag 2220

ctcacttcee aggtggtcagt gggcecccaaat atcacgctge ctgagaggcecte ggtgatctet 2340
ttgcacccte cagatgcaga ggaagatgaa gatgatggcg agttcagtga tgattctggg 2400
gctgaccaag aaaaggacaa agtgaagatg aaaggttaca atccagcaga agtaggagct 2460
getggcaagg gcetacctetg gaaagetgca ggcatgaaca tggaggaaga ggaggaactg 2520
cagcagaatc tgtggggact caagatcaac atggaagaag agagtgaaag tgaaagtgag 2580
caaagtatgg attctgagga gccggacagce cggggaggct cccctcagat ggatgacatce 2640
aaagtgttcc agaatgaagt tttaggaaca ctacagcggg gcaaagagga gaacatttct 2700
tgtgacaatce tcgtcecctgga aatcaactcet ctcaagtatg cctataacat aagtctaaag 2760
gaggtgatgc aggtactgag ccacgtggtc ctggagttcc ccctgcaaca gatggattce 2820
ccgettgact caagccegeta ctgtgecctg ctgettecte tgetaaagge ctggageect 2880

gacttcttcec tagagcatga agctcttggt atttccatgg ccaaggtact gatggctttce 3000
taccagctgg agatcctgge tgaggaaaca attctgagcet ggttcagcca aagagataca 3060
actgacaagg gccagcagtt gcgcaagaat caacagctgc agaggttcat ccagtggcta 3120
aaagaggcaqg aagaggagtc atctgaagat gactga) acqggtggca 3180
tccctgtgac ceccteccccaqg tgectectect ggeccctggaa gttgccacte cagtgcccac 3240
cagccttgtc ctaataaaat taagttgcat cattttgtct gactaggtgt ccttctataa 3300
tattatggag tggagdaqgqqg, tgdtatagag _caadgggcaa gttgggaaga caacctatag . . . 3360
gacctgcaag gtctattagqg aaccaagctg gagtgcagtg gcacaatctt goctcactge . 3420
aatcteegee tectaggtte aadegatict cctgcctcag cctcccgagt tattaggatt 3480
ccaggcatge atgaccaggc tcagctaatt tttgtttttt tggtagagac ggggtttcac 3540
catattggcc aggctggtct ccaactccta atctcaggtg atctacccac cttggcctcc 3600
casattgctg ggattacaqq cgtdaaccac tgctcccttc ccotgtcecttc toattttgta 3660
ggtaaccacqg tgcggaccga geggecgecag gaacccctag tgatggagtt ggeccactece 3720
tctetgegeg ctegeteget cactgaggee gggcgaccaa aggtcgeceg acgecegggce 3780
tttgccecggg cggcctcagt gagcgagcga gcgcgcagct gcctgcaggg gecgectgatg 3840
cggtattttc tccttacgca tectgtgecggt atttcacacc gcatacgtca aagcaaccat 3900
agtacgegee ctgtagegge gcattaageg cggegggtgt ggtggttacg cgcagegtga 3 3960
ccgctacact tgecagegee ttagegeceg ctectttege tttettecct tcecttteteg 4020
ccacgttege cggectttcce cgtcaagetc taaatcgggg gctcccttta gggttccgat 4080
ttagtgcttt acggcacctc gaccccaaaa zacttgattt gggtgatggt tcacgtagtg 4140
ggccatcgee ctgatagacg gtttttegec ctttgacgtt ggagtccacg ttctttaata 4200
gtggactett gttccaaact ggaacaacac tcaactctat ctcgggctat tcttttgatt 4260
tataagggat tttgccgatt tcggtctatt ggttaaaaaa tgagetgatt taacaaaaat 4320
ttaacgcgaa ttttaacaaa atattaacgt ttacaatttt atggtgcact ctcagtacasa 4380
tctgectetga tgcecgecatag ttaageccage cccgacaccce gcecaacacce getgacgege 4440
cctgacggge ttgtctgcete ccggcatcecg cttacagaca agetgtgacce gtetceccggga 4500
getgecatgtg tcagaggttt tcaccgtcecat caccgaaacg cgecgagacga aagggecteg 4560
tgatacgect atttttatag gttaatgtca tgagattatc aaasaggatc ttcacctaga 4620
tccttttaaa ttaaaaatga agttttaaa 4680

ttaaccaatt

ga

caagcccaat ctgeataat
=2 2232

ttacaaccaa
o

£k

C

tgtttatgt aagcagacag ttttattgtt

gttccactga gegtcagace ccgtagaaaa

tctgegegta atctgetget tgcaaacaaa

catgaccaaa atcccttaac
gatcaaagga tcttcttgag

ccttgtatta
gtgagttttc
atcectttttt




WO 2023/168400 PCT/US2023/063676

14/41

gecggatcaa gagcectaccaa ctetttttee gaaggtaact ggettcageca gagegcagat 5760

gtgatgcteg tcaggggggc ggagcectatg gaaasacgcc agcaacgegg cctttttacg 6240
gttcetggee ttttgetgge cttttgetca catgt
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Fig. 13.
AAV gfaABC1D.elF2B5 (SEQ ID NO: 13) — 6340 nt
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Ncloning sitclH e
. SV40 Tntron . 854-950 '
3236°3745
3746-3753 '
3 894
3969-4424
_Kanamycin Resistance Gene Complement 4760-5569
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 5665-6338
cctgcaggea getgegeget cgetegetca ctgaggecge ccgggegtcecg ggcecgaccttt 60
ggtcgececgg cctcagtgag cgagegageqg cgcagagaqqg gagtggecaa ctcecatcact 120
aggggttect geggecgcat cgattgaatt cgagcteggt acctcgegaa tacatctage 180
tatcggatcc actagtggta ccaacatatc ctggtgtgga gtaggggacg ctgctctgac 240
agaggctcegg gggcctgage tggctctgtg agectggggag gaggcagaca gccaggectt 300
gtctgcaage agacctggca gcattggget ggececgeccece cagggectec tettecatgee 360
cagtgaatga ctcaccttgg cacagacaca atgttegggg tgggcacagt gecctgecttcee 420
cgccgcaccc cagcccccct caaatgcctt ccgagaagcc cattgagcag ggggcttgca 480
ttgcacccca gcctgacage ctggcatctt gggataaaag cagcacagec ccctaggggce 540
tgccecttget gtgtggegec accggeggtg gagaacaagg ctctattcag cctgtgecca 600
ggaaagggga tcaggggatg cccaggcatg gacagtgggt ggcagggggg gagaggaggg 660
ctgtectgett cccagaagtc caaggacaca aatgggtgag gggagagctc tccccatage 720
ctge cccaacccca ccccctcagg ctatgccagg gggtgttgec aggggcacce 780
gggcatcgee agtctagcce actccttcat aaagceccteg catcccagga gcgagcagag 840

ccaddelsFEMadeict 2agtt tagtcttttt gtcttttatt

tcagatecccyg

tggtgcaaat caaagzactg ctcctcagtg gatgttgcct

ttagtcg
gcgggggage cagaggggcg
ccgatagett cgatcecgecge
ccctggeccaa tgtggcatta
aggaaacatt tgtcttttgt
caaagtggtg ccgccectaca
gatcactggg agatgtccte
ttctggtgta tggggatgtc
ggttgagacg gaagctagaa
cceccageca cccaactegt
caaacagggt tctccatttt
gectgttteca gggcagtagt
tcagcatctg ttctcecctecag
gagatgactt tgtgcgaggt
tgcacgtaac agctaaggaa
tectgtgetga cgtcatcecege
acagcaccac ccagagctgce
gectgggeca tggcageatce
gcagcaattg ctttatcacc
tggtgctgga ccagacctac
atcagtctct gcectttgtgac
ctgtcctcac ttcccaggtyg

g

gaggaggaac
ttcttececca
attgactaca
tgctggaaag
tctctcaatg
cgtgatgttg
atctcaaaca
aaaaatgttt
tgccacgaaqg
cagaagaccc
gatggagtgyg
gtggcacaac
ctcttagtga
tatggtgccc
cgatgggtcet
actcattccc
ctagaggaaa
aacagtgtca
ctgtggcagyg
aatgctgagyg
gtcgtgggcc

ageggege
cgeccgeegec
tcteccaagga
ctctggaatt
ctgctcaaat
tggttcgaat
atgccaaggce
tcaatatcac
ctgtgatgac
acaatgtggt
agggtctceg
aggttcecgata
tctttacaga
atgaggagat
gtgtctccaa
accctcetcac
ggcacaacat
atgtgctcct
ttggccecegg
gtgttcgagt
tcaaggaacg
caaatatcac

ggccectgta
ggggccggga
cctacaagcea
ccageetegg
cctgactgcec
caaagaacat
aattacatca
tttggtgege
cagagccctt
gatgatcttc
agtggctgtyg
gegttttgcea
tgatttactyg
caactttgac
cctagggaac
cctacacatg
cccagaggceg
ctaccgaggg
gggctctggce
ctgccacatt
ggcggctgga
agtgacactg
gctgcctgag

ttacttctag

gtggcgecge
ggcagcggtyg
gttectggtgg
gtcecctettge
acaggtgtac
ttactgaagt
gagctctatc
tctgacttte
gaggaacaca
aaggagtcat
gatagtacca
tttcectetga
gattgtcata
taccaaactc
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tactcagctyg
aacttcactyg
cctgaggtca
actgtcattyg
ggtgataacyg
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ggctcggtga
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tetetttgea cecteccagat gcagaggaag atgaagatga tggcegagttce agtgatgatt 2460
ctggggctga ccaagaaaag gacaaagtga agatgaaagg ttacaatcca gcagaagtag 2520
gagctgctgg caagggctac ctctggaaag ctgcaggcat gaacatggag gaagaggagg 2580
aactgcagca gaatctgtgg ggactcaaga tcaacatgga agaagagagt gaaagtgaaa 2640
gtgagcaaaqg tatggattct gaggagccgg acagecgggg aggctcecccecct cagatggatg 2700
acatcaaagt gttccagaat gaagttttag gaacactaca gecggggcaaa gaggagaaca 2760
tttcttgtga caatctcgtc ctggaaatca actctctcaa gtatgcctat aacataagtc 2820
taaaggaggt gatgcaggta ctgagccacg tggtcctgga gttccccctg caacagatgg 2880
attccccegcet tgactcaagce cgctactgtg ccecctgctget tcectcectgeta aaggcectgga 2940
gcecctgtttt taggaactac ataaagecgcg cagccgacca tttggaageg ttagcageca 3000
ttgaggactt cttcctagag catgaagctc ttggtatttc catggccaag gtactgatgg 3060
ctttctacca gctggagatc ctggctgagg aaacaattct gagctggttc agccaaagag 3120
atacaactga caagggccag cagttgcgca agaatcaaca gctgcagagg ttcatccagt 3180
ggctaaaaga ggcagaagag gagtcatctg aagatgactg aggcgggcga gatctaecggg 3240
tggcatccct gtgacccctc cccagtgecct ctcctggccc tggaagttgc cactccagtg 3300
cccaccagcc ttgtcctaat aaaattaagt tgcatcattt tgtctgacta ggtgtccttc 3360
tataatatta tggggtggag gggggtggta tggagcaagg ggcaagttgg gaagacaacc 3420
tgtagggcct geggggtcta ttgggaacca agctggagtg cagtggcaca atcttggcete 3480
actgcaatct ccgecctectg ggttcaageg attctcctge ctcagecteec cgagttgttg 3540
ggattccagg catgcatgac caggctcagc taatttttgt ttttttggta gagacggggt 3600
ttcaccatat tggccaggct ggtctccaac tcctaatctc aggtgatcta cccaccttgg 3660
cctecccaaat tgctgggatt acaggegtga accactgctc ccttccctgt cctictgatt 3720
ttgtaggtaa ccacgtgcgg accgagcggc cgcaggaacc cctagtgatg gagttggeca 3780
ctceetetet gegegetege tcgctcactg aggccegggcg accaaaggtce geccgacgee 3840
cgggctttge ccgggeggee tcagtgageg agcgagegeg cagetgectg caggggegee 3900
tgatgcggta ttttctcecctt acgcatctgt geggtatttcec acaccgcata cgtcaaagca 3960
accatagtac gcgcecctagta geggcegeatt aagegeggeg ggtgtggtgg ttacgegceaga 4020
cagtgaccgcet acacttgecca gegecttage gececcgeteet ttegetttet tceecttectt 4080
tctcecgecacg ttegeegget ttceccegtca agetcectaaat cgggggctcece ctttagggtt 4140
ccgatttagt gctttacggc acctcgaccc caaaaaactt gatttgggtg atggttcacg 4200
tagtgggcca tcgecctgat agacggtttt tcgecectttg acgttggagt ccacgttctt 4260
taatagtgga ctcttgttcc aaactggaac sacactcaac tctatctcgg getattcttt 4320
tgatttataa gggattttgc cgatttcggt ctattggtta aassatgagc tgatttaaca 4380
aasatttaac gcgaatttta acaaaatatt sacgtttaca attttatggt gcactctcag 4440
tacaatctgec tctgatgccg catagttaag ccagccccga cacccgccaa cacccgetga 4500
cgcgcecectga cgggettgte tgetcceccgge atcecgettac agacaagcetg tgaccgtcete 4560
cgggagctge atgtgtcaga ggttttcace gtcecatcaccg aaacgcgega gacgaaaggg 4620
cctegtgata cgectatttt tataggttaa tgtcatgaga ttatcaaaaa ggatcttcac 4680
ctagatcctt ttaaattaaa aatgaagttt taaatcaagc ccaatctgaa taatgttaca 4740
accaattaac caattctgat tagaaaaact catcgagcat caaatgaaac tgcaatttat 4800
tcatatcagg attatcaata ccatattttt gaaaaageceg tttetgtaat gaaggagaaa 4860
actcaccgag gcagttecat aggatggcaa gatcetggta teggtetgeg atteecgacte 4920
gtccaacatc aatacaacct attaatttce cctegtcaaa aataaggtta tcaagtgaga 4980
aatcaccatg agtgacgact gaatccggtg agaatggcaa aagtttatge atttectttee 5040
agacttgttec aacaggccag ccattacget cgtcatcaaa atcactegceca tcaaccaaac 5100
cgttattcat tegtgattge gectgagega gacgaaatac gcgatcegetg ttaaaaggac 5160
aattacaaac aggaatcgaa tgcaaccgge gcaggaacac tgccagegea tcaacaatat 5220
tttcacctga atcaggatat tcttctaata cctggaatge tgtttttececg gggatcgecag 5280
tggtgagtaa ccatgcatca tcaggagtac ggataaaatg cttgatggtc ggaagaggca 5340
taaattcegt cagccagttt agtctgacca tetcatctgt aacatcattg gecaacgetac 5400
ctttgecatg tttcagaaac aactetggeg categggett cccatacaag cgatagattg 5460
tcgecacctga ttgeccecgaca ttategegag cccatttata cccatataaa tcagecatcca 5520
tgttggaatt taatcgegge ctcecgacgttt ccegttgaat atggetcata acaccccettg 5580
tattactgtt tatgtaagca gacagtttta ttgttcatga ccazaatcce ttaacgtgag 5640
ttttecgttee actgagegte agacccecata gaaaagatca aaggatcttce ttgagatcct 5700
ttttttetge gegtaatetg ctgcttgcaa acaaaaaaac caccgctace ageggtggtt 5760
tgtttgccgg atcaagagct accaactctt tttccgaagg taactggctt cagcagagcg 5820
cagataccaa atactgttct tctagtgtag ccgtagttag gccaccactt caagaactct 5880
gtagcaccge ctacatacct cgctectgecta atcctgttac cagtggctge tgccagtggce 5940
gataagtcgt gtcttaccag gttggactca agacgatagt taccggataa ggcgcagcgg 6000
tcoggctgaa cggggggttce gtgcacacag cccagettgg agcgaacgac ctacaccgaa 6060
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ctgagatacc tacagcgtga gctatgagaa agcgccacge ttcceccgaagg gagaaaggceqg 6120

gacaggtatc cggtaagcgg cagggtcgga acaggagadgc gcacgaggga gcttccaggg 6180

ggaaacgcect ggtatcttta tagtcctgte gggtttcgece acctcectgact tgagegtcega 6240

tttttgtgat gctcgtcagg ggggcggage ctatggaaaa acgccagcaa cgcggccttt 6300

ttacgagttce tggcecttttg ctggectttt getcacatgt 6340
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ggtecgceeay cctcagtgag cgagcgagcg cgcagagagg gagtggecaa ctccatcact 120
aggggttcecect geggecgecat cgattgaatt cgagetcggt acctegcgaa tacatctaga 180
tatcggatcc actagtccca cctecectecte tgtgctggga ctcacagagg gagacctcag 240
gaggcagtct gtccatcaca tgtccaaatg cagagcatac cctgggctgg gcgcagtggce 300
gcacaactgt aattccagca ctttgggagg ctgatgtgga aggatcactt gagcccagaa 360
gttctagacc agcctgggeca acatggcaag accctatcte tacaaaaaaa gttaaaaaat 420
cagccacgtg tggtgacaca cacctgtagt cccagctatt caggaggctg aggtgagggg 480
atcacttaag gctgggaggt tgaggctgca gtgagtcecgtg gttgcgeccac tgcactccag 540
cctgggcaac agtgagaccce tgtctcaaaa gacaaaaaaa aaaaaaaaaa aaaaaagaac 600
atatcctggt gtggagtagg ggacgctgcet ctgacagagg ctcgggggec tgagctggcect 660
ctgtgagetg gggaggagge agacagceccag gecttgtcetg caagcagacce tggcagecatt 720
gggctggccg ccccceccaggg cctcectette atgcecceccagtg aatgactcac cttggcacag 780
acacaatgtt cggggtgggc acagtgecctg cttccecgeeg caccccagece cccctcaaat 840
gecctteecgag aagcccattg agecaggggge ttgcattgca ccccagectg acagcecectgge 900
atcttgggat aaaagcagca cagcccecta ggggcetgcece ttgetgtgtg gegecacegg 960
cggtggagaa caaggctcta ttcagcctgt gecccaggaaa ggggatcagg ggatgcccag 1020
gcatggacag tgggtggcag ggggggagag gagggctgtc tgcttcccag aagtccaagg 1080
acacaaatgg gtgaggggac tgggcagggt tctgaccctg tgggaccaga gtggagggcg 1140
tagatggacc tgaagtctcc agggacaaca gggcccaggt ctcaggctcc tagttgggec 1200
cagtggctcc agcgtttcca aacccatcca tccccagagg ttecttcecccat ctctccaggce 1260
tgatgtgtgg gaactcgagg aaataaatct ccagtgggag acggaggggt ggccagggaa 1320
acggggcgct gcaggaataa agacgagcca gcacagccag ctcatgtgta acggctttgt 1380
ggagctgtca aggcctggtce tctgggagag aggcacaggg aggccagaca aggaaggggt 1440
gacctggagg gacagatcca ggggctaaag tcecctgataag gcaagagagt gccggecccce 1500
tecttgeecta tcaggaccte cactgccaca tagaggceccat gattgacccet tagacaaagg 1560
gctggtgteec aatcccagcecce cccagcecccca gaactccagyg gaatgaatgg gcagagagca 1620
ggaatgtggg acatctgtgt tcaagggaag gactccagga gtctgctggg aatgaggcct 1680
agtaggaaat gaggtggccce ttgagggtac agaacaggtt cattcttcgce caaattccca 1740
gcaccttgeca ggcacttaca gctgagtgag ataatgecctg ggttatgaaa tcaaaaagtt 1800
ggaaagcagg tcagaggtca tctggtacag cccttccttc cctttttttt tttttttttt 1860
tgtgagacaa ggtctctctc tgttgcccag gectggagtgg cgcaaacaca gctcactgca 1920
gcctcaacct actgggctca agcaatcctc cagectcage ctcccaaagt getgggatta 15980
caagcatgag ccaccccact cagcccttte cttecttttt aattgatgca taataattgt 2040
aagtattcat catggtccaa ccaacccttt cttgacccac cttecctagag agagggtcct 2100
cttgcttcag cggtcagggc cccagaccca tggtctggct ccaggtacca cctgcctcat 2160
gcaggagttg gcgtgcccag gaagctctgc ctctgggcac agtgacctca gtggggtgag 2220
gggagctctce cccatagetg ggectgecggec caaccccacce ccctcagget atgecagggg 2280
gtgttgccag gggcaccecgg gecatcgecag tctagceccac tecttcataa agcececctcegea 2340
tcccaggage gagcagagcece agagcaggtt ggagaggaga cgcatcacct ccgctgctcecg 2400
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ccggteegga actggtaagt ttagtotttt tgtcttttat ttcaggtecce ggatecggtg 2460
gtggtgcaaa tcaaaqaact dgctcctcagt ggatgttgcc tttacttcta ggcctgtacg 2520
gaagtgttac ttctgctcta aaagctgcgg aattgtaccce gcggccaatt ctgcagtcecga 2580
cgagtaccgceg ggcccecgggat ccaccggtte gecaccatgg cggeccctgt agtggegecyg 2640
cctggtgtgg tggttagtcg ggctaacaag cgcagcggcg cggggccggg aggcagcggt 2700
ggcgggggag ccagaggggce ggaggaggaa ccgccecgceccecgce ccctacaage agttctggtg 2760
gccgatagct tcgatcgccg cttcttccce atctccaagg accagcctcg ggtcctcttg 2820
ccectggcca atgtggcatt aattgactac actctggaat tcecctgactge cacaggtgta 2880
caggaaacat ttgtcttttg ttgctggaaa gctgctcaaa tcaaagaaca tttactgaag 2940
tcaaagtggt gccgccctac atctctcaat gtggttcgaa taattacatc agagctctat 3000
cgatcactgg gagatgtcct ccgtgatgtt gatgccaagg ctttggtgcg ctctgacttt 3060
cttctggtgt atggggatgt catctcaaac atcaatatca ccagagccct tgaggaacac 3120
aggttgagac ggaagctaga aaaaaatgtt tctgtgatga cgatgatctt caaggagtca 3180

acaaacaggg ttctccattt tcagaagacc cagggtctcc ggcgttttge atttcctetg 3300
agcctgtttc agggcagtag tgatggagtg gaggttcgat atgatttact ggattgtcat 3360
atcagcatct gttctcctca ggtggcacaa ctctttacag acaactttga ctaccaaact 3420
cgagatgact ttgtgcgagg tctcttagtg aatgaggaga tcctagggaa ccagatccac 3480
atgcacqgtaa cagctaagga atatggtgce cgtgtctcca acctacacat gtactcaget 3540
gtctagtgctg acgtcatcecg ccgatgggtc taccctctca ccccagaggc gaacttcact 3600
gacagcacca cccagagctg cactcattcc cggcacaaca tctaccgagg gcctgaggte 3660
agcctgggcec atggcagcat cctagaggaa aatgtgctce tgggctctgg cactgtcatt 3720
ggcagcaatt gctttatcac caacagtgtc attggccceg gectgccacat tggtgataac 3780
gtggtgctgg accagaccta cctgtggcag ggtgttcgag tggeggctgg agcacagatc 3840
catcagtctc tgctttgtga caatgctgag gtcaaggaac gagtgacact gaaaccacgc 35900
tctgtcctca cttecccaggt ggtcagtggge ccaaatatca cgctgcectga gggctceggtg 3960
atctctttge accctccaga tgcagaggaa gatgaagatg atggcgagtt cagtgatgat 4020
tctggggctg accaagaaaa ggacaaagtg aagatgaaag gttacaatcc agcagaagta 4080
ggagctgctg gcaagggeta cctctggaaa gectgcaggea tgaacatgga ggaagaggag 4140
gaactgcagc agaatctgtg gggactcaag atcaacatgg aagaagagaq tgaaagtgaa 4200
agtgagcaaa gtatggattc tgaggagccg gacagccggg gaggctcccece tcagatggat 4260
gacatcaaag tgttccagaa tgaagtttta ggaacactac agcggggcaa agaggagaac 4320
atttcttgtg acaatctcgt cctggaaatc aactctctca agtatgccta taacataagt 4380
ctaaaggagg tgatgcaggt actgagccac gtggtcctgg agttcccect gcaacagatg 4440
gattccccge ttgactcaag ccgctactgt gcectgcectge ttcectctget aaaggcecctgg 4500
agceectgttt ttaggaacta cataaagcgce gcagecgacce atttggaagce gttagcagece 4560
attgaggact tcttcctaga gcatgaagct cttggtattt ccatggccaa ggtactgatg 4620
gctttctacec agctggagat cctggctgag gaaacaattc tgagctggtt cagccaaaga 4680

tggctaaaadg aggcadaaga ggagtcatct gaagatgact gacgcgcgcg agatctacgg 4800
gtggcatcece tgtgacccct ccccagtgee tectecetggee ctggaagttg ccactccagt 4860
gcccaccage cttgtcctaa taaaattaag ttgcatcatt ttgtctgact aggtgtecett 4920
ctataatatt atggggtgga ggggggtggt atggagcaag gggcaagttg ggaagacaac 4980
ctgtagggce tgcggggtcet attgggaacc aagectggagt gcagtggcac aatcttgget 5040
cactgcaatc tcecgcctecet gggttcaage gattctcecetg cctcagecte cecgagttgtt 5100
gggattccag gcatgcatga ccaggctcag ctaatttttg tttttttggt agagacgggg 5160
tttcaccata ttggccagge tggtctccaa ctectaatet caggtgatcet acccaccettg 5220
gcctcccaaa ttgectgggat tacaggegtg aaccactget cccttcectg tecttetgat 5280
tttgtaggta accacgtgeg gaccgdfplaReadgaas. ccctagtgat ggagttgace 5340
actccetete tgcgeqgeteq ctegctcact gaggecggge daccaaaggt cgccegacge ... 2400
ccgggetttg ccecgggegge ctcagtgage gagecgagege gcagetgect gcaggggcege 5460
ctgatgcggt attttctcect tacgcatctg tgcggtattt cacaccgecat acgtcaaage 5520
aaccatagta_cgcgecctgt ageggegeat taagegegge gggtgtggtyg gttacgegea 5580
gcgtgacege tacacttgee agegecctag cgecegetee tttegettte tteeettect 5640
ttctegecac gttegecgge tttcccegte aagetctaaa tcgggggcte cctttagggt 5700
tocgatttag tgotttacgg cacctcgace ccaaaasact tgatttgggt gatggttcac 5760
gtagtgggcce atcgcccotga tagacggttt ttcgeccttt gacgttggag tccacgttet 5820
ttaatagtgg actcttgttc caaactggaa caacactcaa ccctatctcg ggctattett 5880
ttgatttata agggattttg ccgatttcgg cctattggtt aaaaaatgag ctgatttaac 5940
aaaaatttaa cgcgaatttt aacaaaatat taacgtttac aattttatgg tgcactctca 6000
gtacaatctg ctctgatgcc gcatagttaa gccagcccecg acacccgcca acacccgetg 6060
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acgcgccctg acgggcecttgt ctgctcececgg catcecgetta cagacaaget gtgaccgtcet 6120
ccgggagetg catgtgtcag aggttttcac cgtcatcacc gaaacgcgcyg agacgaaagg 6180
gcctegtgat acgectattt ttataggtta atgtcatgag attatcaaaa aggatcttca 6240
cctagatcct tttaaattaa aaatgaagtt ttaaatcaag cccaatctga ataatgttac 6300
aaccaattaa ccaattctga ttagaaaaac tcatcgagca tcaaatgaaa ctgcaattta 6360
ttcatatcag gattatcaat accatatttt tgaaaaagec gtttctgtaa tgaaggagaa 6420
aactcaccga ggcagttcca taggatggca agatcctggt atcggtctgc gattccgact 6480
cgtccaacat caatacaacc tattaatttc ccctcgtcaa aaataaggtt atcaagtgag 6540
aaatcaccat gagtgacgac tgaatccggt gagaatggca aaagtttatg catttcttte 6600
cagacttgtt caacaggcca gccattacge tcgtcatcaa aatcactcge atcaaccaaa 6660
ccgttattca ttcgtgattg cgcctgagcg agacgaaata cgcgatcgct gttaaaagga 6720
caattacaaa caggaatcga atgcaaccgg cgcaggaaca ctgccagcgc atcaacaata 6780
ttttcacctg aatcaggata ttcttctaat acctggaatg ctgtttttce ggggatcgea 6840
gtggtgagta accatgcatc atcaggagta cggataaaat gecttgatggt cggaagagge 6900
ataaattccg tcagccagtt tagtctgace atctcatctg taacatcatt ggcaacgeta 6960
cctttgeccat gtttcagaaa caactctgge gcatcgggcet tcccatacaa gcgatagatt 7020
gtcgcacctg attgcccgac attatcgcga geccatttat acccatataa atcagcatce 7080
atgttggaat ttaatcgegg cctcgacgtt tcccgttgaa tatggctcat aacacccctt 7140
gtattactgt ttatgtaage agacagtttt attgttcatg accaaaatcce cttaacgtga 7200
gttttcgttc cactgagcgt cagaccccgt agaaaagatc aaaggatctt cttgagatcc 7260
tttttttctg cgcgtaatct gctgcttgca aacaaaaaaa ccaccgctac cagcggtggt 7320
ttgtttgeceg gatcaagage taccaactct ttttcecgaag gtaactgget tcagecagage 7380
gcagatacca aatactgtcc ttctagtgta geccgtagtta ggecaccact tcaagaactce 7440
tgtagcacecg cctacatace tcecgetcectget aatcctgtta ccagtggetg ctgecagtgg 7500
cgataagtcg tgtcttaccg ggttggactc aagacgatag ttaccggata aggcgcagcg 7560
gtcgggctga acggggggtt cgtgcacaca gcccagcttg gagcgaacga cctacaccga 7620
actgagatac ctacagcgtg agctatgaga aagcgccacg cttcccgaag ggagaaaggce 7680
ggacaggtat ccagtaageqg gecagggtcegg aacaggagag cgcacgagqq agcettceccagg 7740
gggaaacgec tggtatcttt atagtcctgt cgggtttcge cacctcectgac ttgagegtceg 7800

atttttgtga tgctcgtcag gggggcggag cctatggaaa aacgccagca acgcggcctt 7860
tttacggttc ctggectttt gctggecttt tgectcacatg t

7901
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Fig. 21
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T R ¢ HE DN V VV AV D §TTUN RVIL HF O
AGACCCAGGG TCTCCGGCGT TTTGCATTTC CTCTGAGCCT GTTTCAGGGC AGTAGTGATG GAGTGGAGGT 2520
K T Q ¢ L RR F A F P L S L F Q G 8§ 8§ D 6 V E W
TCGATATGAT TTACTGGATT GTCATATCAG CATCTGTTCT CCTCAGGTGG CACAACTCTT TACAGACAAC 2590
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