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(57)Abstract:Provided aregene therapyvectors, such asadeno-associatedvirus (AAV), designed for treatment of mutations in the 
EukaryoticTranslation InitiationFactor2BSubunitEpsilon (EIF2B5)gene.TheEIF2B5 gene provides instructionsformakingoneof 

fivesubunits ofthe elF2Bprotein,specifically the epsilonsubunitofthisprotein. Suchmutationsare associatedwith a diseaseordisor
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

CA 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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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), 

AicardiEGoutieres 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 EF2B5 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 eF2B5 with RNA interference severely 

compromised the induction of GFAP+ astrocytes from normal human glial progenitors (5).  

There are currently three murine models of eF2B5 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 eIF2B5 gene suffer from or are risk of 

suffering from leukoencephalopathy with vanishing white matter, there is an urgent need for 

new therapeutic options. Moreover, eIF2B5 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), AicardilGoutieres syndrome, CLC

2-related disease, oculodentodigital dysplasia, and giant axonal neuropathy. The disclosure 

provides a replacement eIF2B5 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 eIF2B5 protein, or a 

functional eIF2B5, 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)E 

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 (c) 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 
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promoter, (3) the SV40 intron, (4) the eIF2B5 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 

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 aspects, the AAV is AAV1, AAV2, AAV3, AAV4, AAV5, AAV6, AAV7, 

AAV8, 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 
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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), AicardiDGoutieres syndrome, CLC-2-related disease, 

oculodentodigital dysplasia, giant axonal neuropathy, or vanishing white matter (VWM) 

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), AicardiDGoutieres syndrome, CLC-2-related disease, 

oculodentodigital dysplasia, giant axonal neuropathy, or vanishing white matter (VWM) 

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), AicardiDGoutieres 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. In some 
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aspects, the AAV is AAV1, AAV2, AAV3, AAV4, AAV5, AAV6, AAV7, AAV8, 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.  

[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), AicardiDGoutieres 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), AicardilGoutieres 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 

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), 

AicardiDGoutieres 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 (VWM).  
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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 eIF2B5 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 eF2B5 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 AAV9-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.eF2B5.  

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

AAV.gfaABClD.eIF2B5.  

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

AAV.GFAP.elF2B5.  

[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

gfal405-eIF2B5-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-gfal4O5-eF2B5-polyA

ITR sequence.  

[0053] Fig. 19 shows the plasmid map of pAAV.gfal405.EIF2B5 (7086 bp of SEQ ID NO: 

18).  
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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.gfal405.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 

AAV9-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-gfal4O5-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, Eif2b519 8M at Day 50 and Eif2b5R191Hat6months.  

Both models show normalized latency (Eif2b51 98 M) or RPM at fall (Eif2b5R1 91H)aftertreatment 

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), 

AicardiEGoutieres 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), AicardilGoutieres syndrome, CLC-2-related disease, 

oculodentodigital dysplasia, giant axonal neuropathy, or vanishing white matter (VWM) 

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 leukoencephalopathylexists 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 a type 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 (eIF2B). 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 eIF2B, 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 eF2B-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 eIF2B, specifically the alpha subunit of this protein. The eIF2B 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, eIF2B 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 eF2B 

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: 

ENSGO0000111361 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 transgenelin 

order to express normal or functionally active EIF2B protein. To accomplish this, specifically 

designed EIF2B replacement genes or transgeneslare 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%, 

77%, 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 gfal405 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 eF2B5.  

Fig. 19 provides a schematic drawing of the plasmid, pAAV.gfal405.eF2B5, which 

comprises 7086 bp (SEQ ID NO: 18) comprising the gfa1405 promoter, i.e., SEQ ID NO: 15, 

with the eIF2B5 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, eF2B5 protein, and brain

cell specific promoters.  

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

eIF2B5 gene ATGGCGGCCC CTGTAGTGGC GCCGCCTGGT 1 
GTGGTGGTTA GTCGGGCTAA CAAGCGCAGC 
GGCGCGGGGCCGGGAGGCAGCGGTGGCGGG 
GGAGCCAGAGGGGCGGAGGAGGAACCGCCG 
CCGCCCCTACAAGCAGTTCTGGTGGCCGAT 
AGCTTCGATCGCCGCTTCTTCCCCATCTCC 
AAGGACCAGCCTCGGGTCCTCTTGCCCCTG 
GCCAATGTGGCATTAATTGACTACACTCTG 
GAATTCCTGACTGCCACAGGTGTACAGGAA 
ACATTTGTCTTTTGTTGCTGGAAAGCTGCT 
CAAATCAAAGAACATTTACTGAAGTCAAAG 
TGGTGCCGCCCTACATCTCTCAATGTGGTT 
CGAATAATTACATCAGAGCTCTATCGATCA 
CTGGGAGATGTCCTCCGTGATGTTGATGCC 
AAGGCTTTGGTGCGCTCTGACTTTCTTCTG 
GTGTATGGGGATGTCATCTCAAACATCAAT 
ATCACCAGAGCCCTTGAGGAACACAGGTTG 
AGACGGAAGCTAGAAAAAAATGTTTCTGTG 
ATGACGATGATCTTCAAGGAGTCATCCCCC 
AGCCACCCAACTCGTTGCCACGAAGACAAT 
GTGGTAGTGGCTGTGGATAGTACCACAAAC 
AGGGTTCTCCATTTTCAGAAGACCCAGGGT 
CTCCGGCGTTTTGCATTTCCTCTGAGCCTG 
TTTCAGGGCAGTAGTGATGGAGTGGAGGTT 
CGATATGATTTACTGGATTGTCATATCAGC 
ATCTGTTCTCCTCAGGTGGCACAACTCTTT 
ACAGACAACTTTGACTACCAAACTCGAGAT 
GACTTTGTGCGAGGTCTCTTAGTGAATGAG 
GAGATCCTAGGGAACCAGATCCACATGCAC 
GTAACAGCTA AGGAATATGG TGCCCGTGTC 
TCCAACCTACACATGTACTCAGCTGTCTGT 
GCTGACGTCATCCGCCGATGGGTCTACCCT 
CTCACCCCAGAGGCGAACTTCACTGACAGC 
ACCACCCAGAGCTGCACTCATTCCCGGCAC 
AACATCTACCGAGGGCCTGAGGTCAGCCTG 
GGCCATGGCAGCATCCTAGAGGAAAATGTG 
CTCCTGGGCTCTGGCACTGTCATTGGCAGC 
AATTGCTTTA TCACCAACAG TGTCATTGGC 
CCCGGCTGCCACATTGGTGATAACGTGGTG 
CTGGACCAGACCTACCTGTGGCAGGGTGTT 
CGAGTGGCGGCTGGAGCACAGATCCATCAG 
TCTCTGCTTTGTGACAATGCTGAGGTCAAG 
GAACGAGTGACACTGAAACCACGCTCTGTC 
CTCACTTCCCAGGTGGTCGTGGGCCCAAAT 
ATCACGCTGCCTGAGGGCTCGGTGATCTCT 
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Sequence Sequence (5'-3') SEQ ID 
Name NO: 

TTGCACCCTCCAGATGCAGAGGAAGATGAA 
GATGATGGCGAGTTCAGTGATGATTCTGGG 
GCTGACCAAGAAAAGGACAAAGTGAAGATG 
AAAGGTTACAATCCAGCAGAAGTAGGAGCT 
GCTGGCAAGGGCTACCTCTGGAAAGCTGCA 
GGCATGAACATGGAGGAAGAGGAGGAACTG 
CAGCAGAATCTGTGGGGACTCAAGATCAAC 
ATGGAAGAAGAGAGTGAAAGTGAAAGTGAG 
CAAAGTATGGATTCTGAGGAGCCGGACAGC 
CGGGGAGGCTCCCCTCAGATGGATGACATC 
AAAGTGTTCCAGAATGAAGTTTTAGGAACA 
CTACAGCGGGGCAAAGAGGAGAACATTTCT 
TGTGACAATCTCGTCCTGGAAATCAACTCT 
CTCAAGTATGCCTATAACATAAGTCTAAAG 
GAGGTGATGCAGGTACTGAGCCACGTGGTC 
CTGGAGTTCCCCCTGCAACAGATGGATTCC 
CCGCTTGACTCAAGCCGCTACTGTGCCCTG 
CTGCTTCCTCTGCTAAAGGCCTGGAGCCCT 
GTTTTTAGGAACTACATAAAGCGCGCAGCC 
GACCATTTGGAAGCGTTAGCAGCCATTGAG 
GACTTCTTCCTAGAGCATGAAGCTCTTGGT 
ATTTCCATGGCCAAGGTACTGATGGCTTTC 
TACCAGCTGGAGATCCTGGCTGAGGAAACA 
ATTCTGAGCTGGTTCAGCCAAAGAGATACA 
ACTGACAAGGGCCAGCAGTTGCGCAAGAAT 
CAACAGCTGCAGAGGTTCATCCAGTGGCTA 
AAAGAGGCAGAAGAGGAGTCATCTGAAGATGACTGA 

eIF2B5 MAAPVVAPPGVVVSRANKRSGAGPGGSGGGGARGAEEEP 2 
protein PPPLQAVLVADSFDRRFFPISKDQPRVLLPLANVALIDYTLEF 

LTATGVQETFVFCCWKAAQIKEHLLKSKWCRPTSLNVVRIIT 
SELYRSLGDVLRDVDAKALVRSDFLLVYGDVISNINITRALEE 
HRLRRKLEKNVSVMTMIFKESSPSHPTRCHEDNVVVAVDST 
TNRVLHFQKTQGLRRFAFPLSLFQGSSDGVEVRYDLLDCHI 
SICSPQVAQLFTDNFDYQTRDDFVRGLLVNEEILGNQIHMH 
VTAKEYGARVSNLHMYSAVCADVIRRWVYPLTPEANFTDST 
TQSCTHSRHNIYRGPEVSLGHGSILEENVLLGSGTVIGSNCF 
ITNSVIGPGCHIGDNVVLDQTYLWQGVRVAAGAQIHQSLLC 
DNAEVKERVTLKPRSVLTSQVVVGPNITLPEGSVISLHPPDA 
EEDEDDGEFSDDSGADQEKDKVKMKGYNPAEVGAAGKGY 
LWKAAGMNMEEEEELQQNLWGLKINMEEESESESEQSMD 
SEEPDSRGGSPQMDDIKVFQNEVLGTLQRGKEENISCDNL 
VLEINSLKYAYNISLKEVMQVLSHVVLEFPLQQMDSPLDSSR 
YCALLLPLLKAWSPVFRNYIKRAADHLEALAAIEDFFLEHEAL 
GISMAKVLMAFYQLEILAEETILSWFSQRDTTDKGQQLRKN 
QQLQRFIQWLKEAEEESSEDD 

CAG CGTTACATAACTTACGGTAAATGGCCCGCCTGGC 3 
promoter TGACCGCCCA ACGACCCCCG CCCATTGACG 

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

SEQ ID NO: TGGCCCGCCTGGCATTATGCCCAGTACATG 
3) and a ACCTTATGGG ACTTTCCTAC TTGGCAGTAC 

CBA ATCTACGTATTAGTCATCGCTATTACCATG 
promoter (nt GGTCGAGGTG AGCCCCACGT TCTGCTTCAC 
307-581 of TCTCCCCATC TCCCCCCCCT CCCCACCCCC 
SEQIDNO: AATTTTGTATTTATTTATTTTTTAATTATTTTGTGCAGCG 

3) ATGGGGGCGGGGGGGGGGGGGGCGCGCGCC 
AGGCGGGGCGGGGCGGGGCGAGGGGCGGGG 
CGGGGCGAGGCGGAGAGGTGCGGCGGCAGC 
CAATCAGAGCGGCGCGCTCCGAAAGTTTCC 
TTTTATGGCG AGGCGGCGGC GGCGGCGGCC 
CTATAAAAAGCGAAGCGCGCGGCGGGC 

gfaABC1D GGTA CCAACATATC CTGGTGTGGA GTAGGGGACG 4 
promoter CTGCTCTGAC AGAGGCTCGG GGGCCTGAGC 
(647 nt) TGGCTCTGTG AGCTGGGGAG GAGGCAGACA 

GCCAGGCCTTGTCTGCAAGCAGACCTGGCA 
GCATTGGGCTGGCCGCCCCCCAGGGCCTCC 
TCTTCATGCCCAGTGAATGACTCACCTTGG 
CACAGACACAATGTTCGGGGTGGGCACAGT 
GCCTGCTTCCCGCCGCACCCCAGCCCCCCT 
CAAATGCCTTCCGAGAAGCCCATTGAGCAG 
GGGGCTTGCATTGCACCCCAGCCTGACAGC 
CTGGCATCTTGGGATAAAAGCAGCACAGCC 
CCCTAGGGGCTGCCCTTGCTGTGTGGCGCC 
ACCGGCGGTGGAGAACAAGGCTCTATTCAG 
CCTGTGCCCAGGAAAGGGGATCAGGGGATG 
CCCAGGCATGGACAGTGGGTGGCAGGGGGG 
GAGAGGAGGGCTGTCTGCTTCCCAGAAGTC 
CAAGGACACAAATGGGTGAGGGGAGAGCTC 
TCCCCATAGCTGGGCTGCGGCCCAACCCCA 
CCCCCTCAGGCTATGCCAGGGGGTGTTGCC 
AGGGGCACCCGGGCATCGCCAGTCTAGCCC 
ACTCCTTCATAAAGCCCTCGCATCCCAGGA 
GCGAGCAGAGCCA 

GFAP CCCACCTCCCTCTCTGTGCTGGGACTCACAGAGG 5 
promoter GAGACCTCAG GAGGCAGTCT GTCCATCACA 
(2208 nt) TGTCCAAATG CAGAGCATAC CCTGGGCTGG 

GCGCAGTGGCGCACAACTGTAATTCCAGCA 
CTTTGGGAGGCTGATGTGGAAGGATCACTT 
GAGCCCAGAA GTTCTAGACC AGCCTGGGCA 
ACATGGCAAGACCCTATCTCTACAAAAAAA 
GTTAAAAAATCAGCCACGTGTGGTGACACA 
CACCTGTAGTCCCAGCTATTCAGGAGGCTG 
AGGTGAGGGGATCACTTAAGGCTGGGAGGT 
TGAGGCTGCAGTGAGTCGTGGTTGCGCCAC 
TGCACTCCAGCCTGGGCAACAGTGAGACCC 
TGTCTCAAAAGACAAAAAAAAAAAAAAAAA 
AAAAAAGAACATATCCTGGTGTGGAGTAGG 
GGACGCTGCTCTGACAGAGGCTCGGGGGCC 
TGAGCTGGCTCTGTGAGCTGGGGAGGAGGC 
AGACAGCCAGGCCTTGTCTGCAAGCAGACC 
TGGCAGCATTGGGCTGGCCGCCCCCCAGGG 
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Sequence Sequence (5'-3') SEQ ID 
Name NO: 

CCTCCTCTTCATGCCCAGTGAATGACTCAC 
CTTGGCACAGACACAATGTTCGGGGTGGGC 
ACAGTGCCTGCTTCCCGCCGCACCCCAGCC 
CCCCTCAAATGCCTTCCGAGAAGCCCATTG 
AGCAGGGGGCTTGCATTGCACCCCAGCCTG 
ACAGCCTGGCATCTTGGGATAAAAGCAGCA 
CAGCCCCCTAGGGGCTGCCCTTGCTGTGTG 
GCGCCACCGG CGGTGGAGAA CAAGGCTCTA 
TTCAGCCTGTGCCCAGGAAAGGGGATCAGG 
GGATGCCCAGGCATGGACAGTGGGTGGCAG 
GGGGGGAGAGGAGGGCTGTCTGCTTCCCAG 
AAGTCCAAGGACACAAATGGGTGAGGGGAC 
TGGGCAGGGTTCTGACCCTGTGGGACCAGA 
GTGGAGGGCGTAGATGGACCTGAAGTCTCC 
AGGGACAACAGGGCCCAGGTCTCAGGCTCC 
TAGTTGGGCC CAGTGGCTCC AGCGTTTCCA 
AACCCATCCATCCCCAGAGGTTCTTCCCAT 
CTCTCCAGGCTGATGTGTGGGAACTCGAGG 
AAATAAATCT CCAGTGGGAG ACGGAGGGGT 
GGCCAGGGAA ACGGGGCGCT GCAGGAATAA 
AGACGAGCCAGCACAGCCAGCTCATGTGTA 
ACGGCTTTGTGGAGCTGTCAAGGCCTGGTC 
TCTGGGAGAGAGGCACAGGGAGGCCAGACA 
AGGAAGGGGTGACCTGGAGGGACAGATCCA 
GGGGCTAAAGTCCTGATAAGGCAAGAGAGT 
GCCGGCCCCCTCTTGCCCTATCAGGACCTC 
CACTGCCACATAGAGGCCATGATTGACCCT 
TAGACAAAGGGCTGGTGTCCAATCCCAGCC 
CCCAGCCCCAGAACTCCAGGGAATGAATGG 
GCAGAGAGCAGGAATGTGGGACATCTGTGT 
TCAAGGGAAGGACTCCAGGAGTCTGCTGGG 
AATGAGGCCTAGTAGGAAATGAGGTGGCCC 
TTGAGGGTACAGAACAGGTTCATTCTTCGC 
CAAATTCCCAGCACCTTGCAGGCACTTACA 
GCTGAGTGAG ATAATGCCTG GGTTATGAAA 
TCAAAAAGTTGGAAAGCAGGTCAGAGGTCA 
TCTGGTACAGCCCTTCCTTCCCTTTTTTTTTTTTTTTTTT 
TGTGAGACAAGGTCTCTCTCTGTTGCCCAG 
GCTGGAGTGGCGCAAACACAGCTCACTGCA 
GCCTCAACCTACTGGGCTCAAGCAATCCTC 
CAGCCTCAGC CTCCCAAAGT GCTGGGATTA 
CAAGCATGAGCCACCCCACTCAGCCCTTTC 
CTTCCTTTTTAATTGATGCATAATAATTGTAAGTATTCAT 
CATGGTCCAACCAACCCTTTCTTGACCCAC 
CTTCCTAGAGAGAGGGTCCTCTTGCTTCAG 
CGGTCAGGGCCCCAGACCCATGGTCTGGCT 
CCAGGTACCACCTGCCTCATGCAGGAGTTG 
GCGTGCCCAGGAAGCTCTGCCTCTGGGCAC 
AGTGACCTCAGTGGGGTGAGGGGAGCTCTC 
CCCATAGCTGGGCTGCGGCCCAACCCCACC 
CCCTCAGGCTATGCCAGGGGGTGTTGCCAG 
GGGCACCCGGGCATCGCCAGTCTAGCCCAC 
TCCTTCATAAAGCCCTCGCATCCCAGGAGC 

20



WO 2023/168400 PCT/US2023/063676 

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

GAGCAGAGCCAGAGCAGGTTGGAGAGGAGA 
CGCATCACCTCCGCTGCTCGCCGG 

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 
TTTTTTTTTTTTTTGTGAGACAAGGTCTCTCTCTGTTGCCC 
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 eIF2B5 open reading frame, and a polyA tail (Table 2). The sequences in Table 2 

are the nucleotide sequences of the eIF2B5 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 eIF2B5 transgene sequences without 5' and 3' ITR 

sequences.  

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

CAG.eIF2B5 cgttacataacttacggtaaatggcccgcctggctgaccgcccaacgacccccgcc 6 
(without 5' cattgacgtcaataatgacgtatgttcccatagtaacgccaatagggactttccattga 

and 3' ITRs) cgtcaatgggtggactatttacggtaaactgcccacttggcagtacatcaagtgtatc 
atatgccaagtacgccccctattgacgtcaatgacggtaaatggcccgcctggcatt 
atgcccagtacatgaccttatgggactttcctacttggcagtacatctacgtattagtcat 
cgctattaccatgggtcgaggtgagccccacgttctgcttcactctccccatctccccc 
ccctccccacccccaattttgtattatttatttttaattattttgtgcagcgatgggggcgg 
ggggggggggggcgcgcgccaggcggggcggggcggggcgaggggcgggg 
cggggcgaggcggagaggtgcggcggcagccaatcagagcggcgcgctccga 
aagtttccttttatggcgaggcggcggcggcggcggccctataaaaagcgaagcgc 
gcggcgggcgtccggaactggtaagtttagtctttttgtcttttatttcaggtcccggatcc 
ggtggtggtgcaaatcaaagaactgctcctcagtggatgttgcctttacttctaggcct 
gtacggaagtgttacttctgctctaaaagctgcggaattgtacccgcggccaattctgc 
agtcgacggtaccgcgggcccgggatccaccggttcgccaccatggcggcccctg 
tagtggcgccgcctggtgtggtggttagtcgggctaacaagcgcagcggcgcggg 
gccgggaggcagcggtggcgggggagccagaggggcggaggaggaaccgcc 
gccgcccctacaagcagttctggtggccgatagcttcgatcgccgcttcttccccatct 
ccaaggaccagcctcgggtcctcttgcccctggccaatgtggcattaattgactacac 
tctggaattcctgactgccacaggtgtacaggaaacatttgtcttttgttgctggaaagc 
tgctcaaatcaaagaacatttactgaagtcaaagtggtgccgccctacatctctcaat 
gtggttcgaataattacatcagagctctatcgatcactgggagatgtcctccgtgatgtt 
gatgccaaggctttggtgcgctctgactttcttctggtgtatggggatgtcatctcaaac 
atcaatatcaccagagcccttgaggaacacaggttgagacggaagctagaaaaa 
aatgtttctgtgatgacgatgatcttcaaggagtcatcccccagccacccaactcgttg 
ccacgaagacaatgtggtagtggctgtggatagtaccacaaacagggttctccatttt 
cagaagacccagggtctccggcgttttgcatttcctctgagcctgtttcagggcagtag 
tgatggagtggaggttcgatatgatttactggattgtcatatcagcatctgttctcctcag 
gtggcacaactctttacagacaactttgactaccaaactcgagatgactttgtgcgag 
gtctcttagtgaatgaggagatcctagggaaccagatccacatgcacgtaacagct 
aaggaatatggtgcccgtgtctccaacctacacatgtactcagctgtctgtgctgacgt 
catccgccgatgggtctaccctctcaccccagaggcgaacttcactgacagcacca 
cccagagctgcactcattcccggcacaacatctaccgagggcctgaggtcagcctg 
ggccatggcagcatcctagaggaaaatgtgctcctgggctctggcactgtcattggc 
agcaattgctttatcaccaacagtgtcattggccccggctgccacattggtgataacgt 
ggtgctggaccagacctacctgtggcagggtgttcgagtggcggctggagcacag 
atccatcagtctctgctttgtgacaatgctgaggtcaaggaacgagtgacactgaaa 
ccacgctctgtcctcacttcccaggtggtcgtgggcccaaatatcacgctgcctgagg 
gctcggtgatctctttgcaccctccagatgcagaggaagatgaagatgatggcgagt 
tcagtgatgattctggggctgaccaagaaaaggacaaagtgaagatgaaaggtta 
caatccagcagaagtaggagctgctggcaagggctacctctggaaagctgcaggc 
atgaacatggaggaagaggaggaactgcagcagaatctgtggggactcaagatc 
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Sequence Sequence (5'-3') SEQ ID 
Name NO: 

aacatggaagaagagagtgaaagtgaaagtgagcaaagtatggattctgaggag 
ccggacagccggggaggctcccctcagatggatgacatcaaagtgttccagaatg 
aagttttaggaacactacagcggggcaaagaggagaacatttcttgtgacaatctcg 
tcctggaaatcaactctctcaagtatgcctataacataagtctaaaggaggtgatgca 
ggtactgagccacgtggtcctggagttccccctgcaacagatggattccccgcttgac 
tcaagccgctactgtgccctgctgcttcctctgctaaaggcctggagccctgtttttagg 
aactacataaagcgcgcagccgaccatttggaagcgttagcagccattgaggactt 
cttcctagagcatgaagctcttggtatttccatggccaaggtactgatggctttctacca 
gctggagatcctggctgaggaaacaattctgagctggttcagccaaagagataca 
actgacaagggccagcagttgcgcaagaatcaacagctgcagaggttcatccagt 
ggctaaaagaggcagaagaggagtcatctgaagatgactgacgcgcgcgagatc 
tacgggtggcatccctgtgacccctccccagtgcctctcctggccctggaagttgcca 
ctccagtgcccaccagccttgtcctaataaaattaagttgcatcattttgtctgactaggt 
gtccttctataatattatggggtggaggggggtggtatggagcaaggggcaagttgg 
gaagacaacctgtagggcctgcggggtctattgggaaccaagctggagtgcagtg 
gcacaatcttggctcactgcaatctccgcctcctgggttcaagcgattctcctgcctca 
gcctcccgagttgttgggattccaggcatgcatgaccaggctcagctaatttttgttttttt 
ggtagagacggggtttcaccatattggccaggctggtctccaactcctaatctcaggt 
gatctacccaccttggcctcccaaattgctgggattacaggcgtgaaccactgctccc 
ttccctgtccttctgattttgtaggtaaccacgtgcggaccga 

gfaABC(1)D. ggtaccaacatatcctggtgtggagtaggggacgctgctctgacagaggctcgggg 7 
elF2B5 gcctgagctggctctgtgagctggggaggaggcagacagccaggccttgtctgcaa 

(without 5' gcagacctggcagcattgggctggccgccccccagggcctcctcttcatgcccagt 
and 3' ITRs) gaatgactcaccttggcacagacacaatgttcggggtgggcacagtgcctgcttccc 

gccgcaccccagcccccctcaaatgccttccgagaagcccattgagcagggggct 
tgcattgcaccccagcctgacagcctggcatcttgggataaaagcagcacagcccc 
ctaggggctgcccttgctgtgtggcgccaccggcggtggagaacaaggctctattca 
gcctgtgcccaggaaaggggatcaggggatgcccaggcatggacagtgggtggc 
agggggggagaggagggctgtctgcttcccagaagtccaaggacacaaatgggt 
gaggggagagctctccccatagctgggctgcggcccaaccccaccccctcaggct 
atgccagggggtgttgccaggggcacccgggcatcgccagtctagcccactccttc 
ataaagccctcgcatcccaggagcgagcagagccatccggaactggtaagtttagt 
ctttttgtcttttatttcaggtcccggatccggtggtggtgcaaatcaaagaactgctcctc 
agtggatgttgcctttacttctaggcctgtacggaagtgttacttctgctctaaaagctgc 
ggaattgtacccgcggccaattctgcagtcgacggtaccgcgggcccgggatccac 
cggttcgccaccatggcggcccctgtagtggcgccgcctggtgtggtggttagtcgg 
gctaacaagcgcagcggcgcggggccgggaggcagcggtggcgggggagcca 
gaggggcggaggaggaaccgccgccgcccctacaagcagttctggtggccgata 
gcttcgatcgccgcttcttccccatctccaaggaccagcctcgggtcctcttgcccctg 
gccaatgtggcattaattgactacactctggaattcctgactgccacaggtgtacagg 
aaacatttgtcttttgttgctggaaagctgctcaaatcaaagaacatttactgaagtcaa 
agtggtgccgccctacatctctcaatgtggttcgaataattacatcagagctctatcgat 
cactgggagatgtcctccgtgatgttgatgccaaggctttggtgcgctctgactttcttct 
ggtgtatggggatgtcatctcaaacatcaatatcaccagagcccttgaggaacaca 
ggttgagacggaagctagaaaaaaatgtttctgtgatgacgatgatcttcaaggagt 
catcccccagccacccaactcgttgccacgaagacaatgtggtagtggctgtggat 
agtaccacaaacagggttctccattttcagaagacccagggtctccggcgttttgcatt 
tcctctgagcctgtttcagggcagtagtgatggagtggaggttcgatatgatttactgga 
ttgtcatatcagcatctgttctcctcaggtggcacaactctttacagacaactttgactac 
caaactcgagatgactttgtgcgaggtctcttagtgaatgaggagatcctagggaac 
cagatccacatgcacgtaacagctaaggaatatggtgcccgtgtctccaacctaca 
catgtactcagctgtctgtgctgacgtcatccgccgatgggtctaccctctcaccccag 
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Sequence Sequence (5'-3') SEQ ID 
Name NO: 

aggcgaacttcactgacagcaccacccagagctgcactcattcccggcacaacat 
ctaccgagggcctgaggtcagcctgggccatggcagcatcctagaggaaaatgtg 
ctcctgggctctggcactgtcattggcagcaattgctttatcaccaacagtgtcattggc 
cccggctgccacattggtgataacgtggtgctggaccagacctacctgtggcagggt 
gttcgagtggcggctggagcacagatccatcagtctctgctttgtgacaatgctgagg 
tcaaggaacgagtgacactgaaaccacgctctgtcctcacttcccaggtggtcgtgg 
gcccaaatatcacgctgcctgagggctcggtgatctctttgcaccctccagatgcaga 
ggaagatgaagatgatggcgagttcagtgatgattctggggctgaccaagaaaag 
gacaaagtgaagatgaaaggttacaatccagcagaagtaggagctgctggcaag 
ggctacctctggaaagctgcaggcatgaacatggaggaagaggaggaactgcag 
cagaatctgtggggactcaagatcaacatggaagaagagagtgaaagtgaaagt 
gagcaaagtatggattctgaggagccggacagccggggaggctcccctcagatg 
gatgacatcaaagtgttccagaatgaagttttaggaacactacagcggggcaaaga 
ggagaacatttcttgtgacaatctcgtcctggaaatcaactctctcaagtatgcctataa 
cataagtctaaaggaggtgatgcaggtactgagccacgtggtcctggagttccccct 
gcaacagatggattccccgcttgactcaagccgctactgtgccctgctgcttcctctgc 
taaaggcctggagccctgtttttaggaactacataaagcgcgcagccgaccatttgg 
aagcgttagcagccattgaggacttcttcctagagcatgaagctcttggtatttccatg 
gccaaggtactgatggctttctaccagctggagatcctggctgaggaaacaattctg 
agctggttcagccaaagagatacaactgacaagggccagcagttgcgcaagaat 
caacagctgcagaggttcatccagtggctaaaagaggcagaagaggagtcatctg 
aagatgactgacgcgcgcgagatctacgggtggcatccctgtgacccctccccagt 
gcctctcctggccctggaagttgccactccagtgcccaccagccttgtcctaataaaa 
ttaagttgcatcattttgtctgactaggtgtccttctataatattatggggtggaggggggt 
ggtatggagcaaggggcaagttgggaagacaacctgtagggcctgcggggtctatt 
gggaaccaagctggagtgcagtggcacaatcttggctcactgcaatctccgcctcct 
gggttcaagcgattctcctgcctcagcctcccgagttgttgggattccaggcatgcatg 
accaggctcagctaatttttgttttttggtagagacggggtttcaccatattggccaggc 
tggtctccaactcctaatctcaggtgatctacccaccttggcctcccaaattgctgggat 
tacaggcgtgaaccactgctcccttccctgtccttctgattttgtaggtaaccacgtgcg 
gaccga 

GFAP.eIF2B cccacctccctctctgtgctgggactcacagagggagacctcaggaggcagt 8 
5 ctgtccatcacatgtccaaatgcagagcataccctgggctgggcgcagtggc 

(without 5' gcacaactgtaattccagcactttgggaggctgatgtggaaggatcacttgag 
and 3' ITRs) cccagaagttctagaccagcctgggcaacatggcaagaccctatctctacaa 

aaaaagttaaaaaatcagccacgtgtggtgacacacacctgtagtcccagct 
attcaggaggctgaggtgaggggatcacttaaggctgggaggttgaggctgc 
agtgagtcgtggttgcgccactgcactccagcctgggcaacagtgagaccct 
gtctcaaaagacaaaaaaaaaaaaaaaaaaaaaaagaacatatcctggt 
gtggagtaggggacgctgctctgacagaggctcgggggcctgagctggctct 
gtgagctggggaggaggcagacagccaggccttgtctgcaagcagacctg 
gcagcattgggctggccgccccccagggcctcctcttcatgcccagtgaatg 
actcaccttggcacagacacaatgttcggggtgggcacagtgcctgcttcccg 
ccgcaccccagcccccctcaaatgccttccgagaagcccattgagcagggg 
gcttgcattgcaccccagcctgacagcctggcatcttgggataaaagcagca 
cagccccctaggggctgcccttgctgtgtggcgccaccggcggtggagaac 
aaggctctattcagcctgtgcccaggaaaggggatcaggggatgcccaggc 
atggacagtgggtggcagggggggagaggagggctgtctgcttcccagaa 
gtccaaggacacaaatgggtgaggggactgggcagggttctgaccctgtgg 
gaccagagtggagggcgtagatggacctgaagtctccagggacaacagg 
gcccaggtctcaggctcctagttgggcccagtggctccagcgtttccaaaccc 
atccatccccagaggttcttcccatctctccaggctgatgtgtgggaactcgag 
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Sequence Sequence (5'-3') SEQ ID 
Name NO: 

gaaataaatctccagtgggagacggaggggtggccagggaaacggggcg 
ctgcaggaataaagacgagccagcacagccagctcatgtgtaacggctttgt 
ggagctgtcaaggcctggtctctgggagagaggcacagggaggccagaca 
aggaaggggtgacctggagggacagatccaggggctaaagtcctgataag 
gcaagagagtgccggccccctcttgccctatcaggacctccactgccacata 
gaggccatgattgacccttagacaaagggctggtgtccaatcccagccccca 
gccccagaactccagggaatgaatgggcagagagcaggaatgtgggaca 
tctgtgttcaagggaaggactccaggagtctgctgggaatgaggcctagtag 
gaaatgaggtggcccttgagggtacagaacaggttcattcttcgccaaattcc 
cagcaccttgcaggcacttacagctgagtgagataatgcctgggttatgaaat 
caaaaagttggaaagcaggtcagaggtcatctggtacagcccttccttcccttt 
ttttttttttttttttgtgagacaaggtctctctctgttgcccaggctggagtggcgcaa 
acacagctcactgcagcctcaacctactgggctcaagcaatcctccagcctc 
agcctcccaaagtgctgggattacaagcatgagccaccccactcagcccttt 
ccttcctttttaattgatgcataataattgtaagtattcatcatggtccaaccaacc 
ctttcttgacccaccttcctagagagagggtcctcttgcttcagcggtcagggcc 
ccagacccatggtctggctccaggtaccacctgcctcatgcaggagttggcgt 
gcccaggaagctctgcctctgggcacagtgacctcagtggggtgaggggag 
ctctccccatagctgggctgcggcccaaccccaccccctcaggctatgccag 
ggggtgttgccaggggcacccgggcatcgccagtctagcccactccttcata 
aagccctcgcatcccaggagcgagcagagccagagcaggttggagagga 
gacgcatcacctccgctgctcgccggtccggaactggtaagtttagtctttttgtc 
ttttatttcaggtcccggatccggtggtggtgcaaatcaaagaactgctcctcag 
tggatgttgcctttacttctaggcctgtacggaagtgttacttctgctctaaaagct 
gcggaattgtacccgcggccaattctgcagtcgacggtaccgcgggcccgg 
gatccaccggttcgccaccatggcggcccctgtagtggcgccgcctggtgtg 
gtggttagtcgggctaacaagcgcagcggcgcggggccgggaggcagcg 
gtggcgggggagccagaggggcggaggaggaaccgccgccgcccctac 
aagcagttctggtggccgatagcttcgatcgccgcttcttccccatctccaagg 
accagcctcgggtcctcttgcccctggccaatgtggcattaattgactacactct 
ggaattcctgactgccacaggtgtacaggaaacatttgtcttttgttgctggaaa 
gctgctcaaatcaaagaacatttactgaagtcaaagtggtgccgccctacatc 
tctcaatgtggttcgaataattacatcagagctctatcgatcactgggagatgtc 
ctccgtgatgttgatgccaaggctttggtgcgctctgactttcttctggtgtatggg 
gatgtcatctcaaacatcaatatcaccagagcccttgaggaacacaggttga 
gacggaagctagaaaaaaatgtttctgtgatgacgatgatcttcaaggagtca 
tcccccagccacccaactcgttgccacgaagacaatgtggtagtggctgtgg 
atagtaccacaaacagggttctccattttcagaagacccagggtctccggcgt 
tttgcatttcctctgagcctgtttcagggcagtagtgatggagtggaggttcgata 
tgatttactggattgtcatatcagcatctgttctcctcaggtggcacaactctttac 
agacaactttgactaccaaactcgagatgactttgtgcgaggtctcttagtgaat 
gaggagatcctagggaaccagatccacatgcacgtaacagctaaggaatat 
ggtgcccgtgtctccaacctacacatgtactcagctgtctgtgctgacgtcatcc 
gccgatgggtctaccctctcaccccagaggcgaacttcactgacagcaccac 
ccagagctgcactcattcccggcacaacatctaccgagggcctgaggtcag 
cctgggccatggcagcatcctagaggaaaatgtgctcctgggctctggcact 
gtcattggcagcaattgctttatcaccaacagtgtcattggccccggctgccac 
attggtgataacgtggtgctggaccagacctacctgtggcagggtgttcgagt 
ggcggctggagcacagatccatcagtctctgctttgtgacaatgctgaggtca 
aggaacgagtgacactgaaaccacgctctgtcctcacttcccaggtggtcgtg 
ggcccaaatatcacgctgcctgagggctcggtgatctctttgcaccctccagat 
gcagaggaagatgaagatgatggcgagttcagtgatgattctggggctgacc 
aagaaaaggacaaagtgaagatgaaaggttacaatccagcagaagtagg 
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Sequence Sequence (5'-3') SEQ ID 
Name NO: 

agctgctggcaagggctacctctggaaagctgcaggcatgaacatggagga 
agaggaggaactgcagcagaatctgtggggactcaagatcaacatggaag 
aagagagtgaaagtgaaagtgagcaaagtatggattctgaggagccggac 
agccggggaggctcccctcagatggatgacatcaaagtgttccagaatgaa 
gttttaggaacactacagcggggcaaagaggagaacatttcttgtgacaatct 
cgtcctggaaatcaactctctcaagtatgcctataacataagtctaaaggaggt 
gatgcaggtactgagccacgtggtcctggagttccccctgcaacagatggatt 
ccccgcttgactcaagccgctactgtgccctgctgcttcctctgctaaaggcctg 
gagccctgtttttaggaactacataaagcgcgcagccgaccatttggaagcgt 
tagcagccattgaggacttcttcctagagcatgaagctcttggtatttccatggc 
caaggtactgatggctttctaccagctggagatcctggctgaggaaacaattct 
gagctggttcagccaaagagatacaactgacaagggccagcagttgcgca 
agaatcaacagctgcagaggttcatccagtggctaaaagaggcagaagag 
gagtcatctgaagatgactgacgcgcgcgagatctacgggtggcatccctgt 
gacccctccccagtgcctctcctggccctggaagttgccactccagtgcccac 
cagccttgtcctaataaaattaagttgcatcattttgtctgactaggtgtccttctat 
aatattatggggtggaggggggtggtatggagcaaggggcaagttgggaag 
acaacctgtagggcctgcggggtctattgggaaccaagctggagtgcagtgg 
cacaatcttggctcactgcaatctccgcctcctgggttcaagcgattctcctgcct 
cagcctcccgagttgttgggattccaggcatgcatgaccaggctcagctaattt 
ttgtttttttggtagagacggggtttcaccatattggccaggctggtctccaactcc 
taatctcaggtgatctacccaccttggcctcccaaattgctgggattacaggcgt 
gaaccactgctcccttccctgtccttctgattttgtaggtaaccacgtgcggacc 
ga 

gfal405.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') SEQ ID 
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 

27



WO 2023/168400 PCT/US2023/063676 

Sequence Sequence (5'-3') SEQ ID 
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 eIF2B5 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 eF2B5 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 eIF2B5 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') SEQ ID 
Name NO: 
ITR- cctgcaggcagctgcgcgctcgctcgctcactgaggccgcccgggcgtcgggcga 9 

CAG.elF2B5 cctttggtcgcccggcctcagtgagcgagcgagcgcgcagagagggagtggcca 
-ITR actccatcactaggggttcctgcggccgcatcgattgaattcgagctcggtacctcgc 

(with 5' and gaatacatctagatatcggatccactagtcgttacataacttacggtaaatggcccgc 
3' ITRs) ctggctgaccgcccaacgacccccgcccattgacgtcaataatgacgtatgttccca 

tagtaacgccaatagggactttccattgacgtcaatgggtggactatttacggtaaact 
gcccacttggcagtacatcaagtgtatcatatgccaagtacgccccctattgacgtca 
atgacggtaaatggcccgcctggcattatgcccagtacatgaccttatgggactttcct 
acttggcagtacatctacgtattagtcatcgctattaccatgggtcgaggtgagcccca 
cgttctgcttcactctccccatctcccccccctccccacccccaattttgtatttatttattttt 
taattattttgtgcagcgatgggggcggggggggggggggcgcgcgccaggcggg 
gcggggcggggcgaggggcggggcggggcgaggcggagaggtgcggcggca 
gccaatcagagcggcgcgctccgaaagtttccttttatggcgaggcggcggcggcg 
gcggccctataaaaagcgaagcgcgcggcgggcgtccggaactggtaagtttagt 
ctttttgtcttttatttcaggtcccggatccggtggtggtgcaaatcaaagaactgctcctc 
agtggatgttgcctttacttctaggcctgtacggaagtgttacttctgctctaaaagctgc 
ggaattgtacccgcggccaattctgcagtcgacggtaccgcgggcccgggatccac 
cggttcgccaccatggcggcccctgtagtggcgccgcctggtgtggtggttagtcgg 
gctaacaagcgcagcggcgcggggccgggaggcagcggtggcgggggagcca 
gaggggcggaggaggaaccgccgccgcccctacaagcagttctggtggccgat 
agcttcgatcgccgcttcttccccatctccaaggaccagcctcgggtcctcttgcccct 
ggccaatgtggcattaattgactacactctggaattcctgactgccacaggtgtacag 
gaaacatttgtcttttgttgctggaaagctgctcaaatcaaagaacatttactgaagtca 
aagtggtgccgccctacatctctcaatgtggttcgaataattacatcagagctctatcg 
atcactgggagatgtcctccgtgatgttgatgccaaggctttggtgcgctctgactttctt 
ctggtgtatggggatgtcatctcaaacatcaatatcaccagagcccttgaggaacac 
aggttgagacggaagctagaaaaaaatgtttctgtgatgacgatgatcttcaaggag 
tcatcccccagccacccaactcgttgccacgaagacaatgtggtagtggctgtggat 
agtaccacaaacagggttctccattttcagaagacccagggtctccggcgttttgcatt 
tcctctgagcctgtttcagggcagtagtgatggagtggaggttcgatatgatttactgga 
ttgtcatatcagcatctgttctcctcaggtggcacaactctttacagacaactttgactac 
caaactcgagatgactttgtgcgaggtctcttagtgaatgaggagatcctagggaac 
cagatccacatgcacgtaacagctaaggaatatggtgcccgtgtctccaacctaca 
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Sequence Sequence (5'-3') SEQ ID 
Name NO: 

catgtactcagctgtctgtgctgacgtcatccgccgatgggtctaccctctcaccccag 
aggcgaacttcactgacagcaccacccagagctgcactcattcccggcacaacat 
ctaccgagggcctgaggtcagcctgggccatggcagcatcctagaggaaaatgtg 
ctcctgggctctggcactgtcattggcagcaattgctttatcaccaacagtgtcattggc 
cccggctgccacattggtgataacgtggtgctggaccagacctacctgtggcagggt 
gttcgagtggcggctggagcacagatccatcagtctctgctttgtgacaatgctgagg 
tcaaggaacgagtgacactgaaaccacgctctgtcctcacttcccaggtggtcgtgg 
gcccaaatatcacgctgcctgagggctcggtgatctctttgcaccctccagatgcaga 
ggaagatgaagatgatggcgagttcagtgatgattctggggctgaccaagaaaag 
gacaaagtgaagatgaaaggttacaatccagcagaagtaggagctgctggcaag 
ggctacctctggaaagctgcaggcatgaacatggaggaagaggaggaactgcag 
cagaatctgtggggactcaagatcaacatggaagaagagagtgaaagtgaaagt 
gagcaaagtatggattctgaggagccggacagccggggaggctcccctcagatg 
gatgacatcaaagtgttccagaatgaagttttaggaacactacagcggggcaaaga 
ggagaacatttcttgtgacaatctcgtcctggaaatcaactctctcaagtatgcctataa 
cataagtctaaaggaggtgatgcaggtactgagccacgtggtcctggagttccccct 
gcaacagatggattccccgcttgactcaagccgctactgtgccctgctgcttcctctgc 
taaaggcctggagccctgtttttaggaactacataaagcgcgcagccgaccatttgg 
aagcgttagcagccattgaggacttcttcctagagcatgaagctcttggtatttccatg 
gccaaggtactgatggctttctaccagctggagatcctggctgaggaaacaattctg 
agctggttcagccaaagagatacaactgacaagggccagcagttgcgcaagaat 
caacagctgcagaggttcatccagtggctaaaagaggcagaagaggagtcatctg 
aagatgactgacgcgcgcgagatctacgggtggcatccctgtgacccctccccagt 
gcctctcctggccctggaagttgccactccagtgcccaccagccttgtcctaataaaa 
ttaagttgcatcattttgtctgactaggtgtccttctataatattatggggtggaggggggt 
ggtatggagcaaggggcaagttgggaagacaacctgtagggcctgcggggtctatt 
gggaaccaagctggagtgcagtggcacaatcttggctcactgcaatctccgcctcct 
gggttcaagcgattctcctgcctcagcctcccgagttgttgggattccaggcatgcatg 
accaggctcagctaatttttgttttttggtagagacggggtttcaccatattggccaggc 
tggtctccaactcctaatctcaggtgatctacccaccttggcctcccaaattgctgggat 
tacaggcgtgaaccactgctcccttccctgtccttctgattttgtaggtaaccacgtgcg 
gaccgagcggccgcaggaacccctagtgatggagttggccactccctctctgcgcg 
ctcgctcgctcactgaggccgggcgaccaaaggtcgcccgacgcccgggctttgc 
ccgggcggcctcagtgagcgagcgagcgcgcagctgcctgcagg 

ITR- cctgcaggcagctgcgcgctcgctcgctcactgaggccgcccgggcgtcgggcga 10 
gfaABC(1)D. cctttggtcgcccggcctcagtgagcgagcgagcgcgcagagagggagtggcca 
elF2B5-ITR actccatcactaggggttcctgcggccgcatcgattgaattcgagctcggtacctcgc 
(with 5' and gaatacatctagatatcggatccactagtggtaccaacatatcctggtgtggagtagg 

3' ITRs) ggacgctgctctgacagaggctcgggggcctgagctggctctgtgagctggggag 
gaggcagacagccaggccttgtctgcaagcagacctggcagcattgggctggccg 
ccccccagggcctcctcttcatgcccagtgaatgactcaccttggcacagacacaat 
gttcggggtgggcacagtgcctgcttcccgccgcaccccagcccccctcaaatgcct 
tccgagaagcccattgagcagggggcttgcattgcaccccagcctgacagcctggc 
atcttgggataaaagcagcacagccccctaggggctgcccttgctgtgtggcgcca 
ccggcggtggagaacaaggctctattcagcctgtgcccaggaaaggggatcagg 
ggatgcccaggcatggacagtgggtggcagggggggagaggagggctgtctgctt 
cccagaagtccaaggacacaaatgggtgaggggagagctctccccatagctggg 
ctgcggcccaaccccaccccctcaggctatgccagggggtgttgccaggggcacc 
cgggcatcgccagtctagcccactccttcataaagccctcgcatcccaggagcgag 
cagagccatccggaactggtaagtttagtctttttgtcttttatttcaggtcccggatccgg 
tggtggtgcaaatcaaagaactgctcctcagtggatgttgcctttacttctaggcctgta 
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Sequence Sequence (5'-3') SEQ ID 
Name NO: 

cggaagtgttacttctgctctaaaagctgcggaattgtacccgcggccaattctgcagt 
cgacggtaccgcgggcccgggatccaccggttcgccaccatggcggcccctgtag 
tggcgccgcctggtgtggtggttagtcgggctaacaagcgcagcggcgcggggcc 
gggaggcagcggtggcgggggagccagaggggcggaggaggaaccgccgcc 
gcccctacaagcagttctggtggccgatagcttcgatcgccgcttcttccccatctcca 
aggaccagcctcgggtcctcttgcccctggccaatgtggcattaattgactacactctg 
gaattcctgactgccacaggtgtacaggaaacatttgtcttttgttgctggaaagctgct 
caaatcaaagaacatttactgaagtcaaagtggtgccgccctacatctctcaatgtgg 
ttcgaataattacatcagagctctatcgatcactgggagatgtcctccgtgatgttgatg 
ccaaggctttggtgcgctctgactttcttctggtgtatggggatgtcatctcaaacatcaa 
tatcaccagagcccttgaggaacacaggttgagacggaagctagaaaaaaatgttt 
ctgtgatgacgatgatcttcaaggagtcatcccccagccacccaactcgttgccacg 
aagacaatgtggtagtggctgtggatagtaccacaaacagggttctccattttcagaa 
gacccagggtctccggcgttttgcatttcctctgagcctgtttcagggcagtagtgatgg 
agtggaggttcgatatgatttactggattgtcatatcagcatctgttctcctcaggtggca 
caactctttacagacaactttgactaccaaactcgagatgactttgtgcgaggtctctta 
gtgaatgaggagatcctagggaaccagatccacatgcacgtaacagctaaggaat 
atggtgcccgtgtctccaacctacacatgtactcagctgtctgtgctgacgtcatccgc 
cgatgggtctaccctctcaccccagaggcgaacttcactgacagcaccacccaga 
gctgcactcattcccggcacaacatctaccgagggcctgaggtcagcctgggccat 
ggcagcatcctagaggaaaatgtgctcctgggctctggcactgtcattggcagcaatt 
gctttatcaccaacagtgtcattggccccggctgccacattggtgataacgtggtgctg 
gaccagacctacctgtggcagggtgttcgagtggcggctggagcacagatccatca 
gtctctgctttgtgacaatgctgaggtcaaggaacgagtgacactgaaaccacgctct 
gtcctcacttcccaggtggtcgtgggcccaaatatcacgctgcctgagggctcggtg 
atctctttgcaccctccagatgcagaggaagatgaagatgatggcgagttcagtgat 
gattctggggctgaccaagaaaaggacaaagtgaagatgaaaggttacaatcca 
gcagaagtaggagctgctggcaagggctacctctggaaagctgcaggcatgaac 
atggaggaagaggaggaactgcagcagaatctgtggggactcaagatcaacatg 
gaagaagagagtgaaagtgaaagtgagcaaagtatggattctgaggagccggac 
agccggggaggctcccctcagatggatgacatcaaagtgttccagaatgaagtttta 
ggaacactacagcggggcaaagaggagaacatttcttgtgacaatctcgtcctgga 
aatcaactctctcaagtatgcctataacataagtctaaaggaggtgatgcaggtactg 
agccacgtggtcctggagttccccctgcaacagatggattccccgcttgactcaagc 
cgctactgtgccctgctgcttcctctgctaaaggcctggagccctgtttttaggaactac 
ataaagcgcgcagccgaccatttggaagcgttagcagccattgaggacttcttccta 
gagcatgaagctcttggtatttccatggccaaggtactgatggctttctaccagctgga 
gatcctggctgaggaaacaattctgagctggttcagccaaagagatacaactgaca 
agggccagcagttgcgcaagaatcaacagctgcagaggttcatccagtggctaaa 
agaggcagaagaggagtcatctgaagatgactgacgcgcgcgagatctacggg 
tggcatccctgtgacccctccccagtgcctctcctggccctggaagttgccactccagt 
gcccaccagccttgtcctaataaaattaagttgcatcattttgtctgactaggtgtccttc 
tataatattatggggtggaggggggtggtatggagcaaggggcaagttgggaaga 
caacctgtagggcctgcggggtctattgggaaccaagctggagtgcagtggcaca 
atcttggctcactgcaatctccgcctcctgggttcaagcgattctcctgcctcagcctcc 
cgagttgttgggattccaggcatgcatgaccaggctcagctaatttttgtttttttggtaga 
gacggggtttcaccatattggccaggctggtctccaactcctaatctcaggtgatctac 
ccaccttggcctcccaaattgctgggattacaggcgtgaaccactgctcccttccctgt 
ccttctgattttgtaggtaaccacgtgcggaccgagcggccgcaggaacccctagtg 
atggagttggccactccctctctgcgcgctcgctcgctcactgaggccgggcgacca 
aaggtcgcccgacgcccgggctttgcccgggcggcctcagtgagcgagcgagcg 
cgcagctgcctgcagg 
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Sequence Sequence (5'-3') SEQ ID 
Name NO: 
ITR- cctgcaggcagctgcgcgctcgctcgctcactgaggccgcccgggcgtcgg 11 

GFAP.elF2B gcgacctttggtcgcccggcctcagtgagcgagcgagcgcgcagagaggg 
5-ITR agtggccaactccatcactaggggttcctgcggccgcatcgattgaattcgag 

(with 5' and ctcggtacctcgcgaatacatctagatatcggatccactagtcccacctccctct 
3' ITRs) ctgtgctgggactcacagagggagacctcaggaggcagtctgtccatcacat 

gtccaaatgcagagcataccctgggctgggcgcagtggcgcacaactgtaa 
ttccagcactttgggaggctgatgtggaaggatcacttgagcccagaagttcta 
gaccagcctgggcaacatggcaagaccctatctctacaaaaaaagttaaaa 
aatcagccacgtgtggtgacacacacctgtagtcccagctattcaggaggct 
gaggtgaggggatcacttaaggctgggaggttgaggctgcagtgagtcgtgg 
ttgcgccactgcactccagcctgggcaacagtgagaccctgtctcaaaagac 
aaaaaaaaaaaaaaaaaaaaaaagaacatatcctggtgtggagtagggg 
acgctgctctgacagaggctcgggggcctgagctggctctgtgagctgggga 
ggaggcagacagccaggccttgtctgcaagcagacctggcagcattgggct 
ggccgccccccagggcctcctcttcatgcccagtgaatgactcaccttggcac 
agacacaatgttcggggtgggcacagtgcctgcttcccgccgcaccccagc 
ccccctcaaatgccttccgagaagcccattgagcagggggcttgcattgcac 
cccagcctgacagcctggcatcttgggataaaagcagcacagccccctagg 
ggctgcccttgctgtgtggcgccaccggcggtggagaacaaggctctattca 
gcctgtgcccaggaaaggggatcaggggatgcccaggcatggacagtggg 
tggcagggggggagaggagggctgtctgcttcccagaagtccaaggacac 
aaatgggtgaggggactgggcagggttctgaccctgtgggaccagagtgga 
gggcgtagatggacctgaagtctccagggacaacagggcccaggtctcag 
gctcctagttgggcccagtggctccagcgtttccaaacccatccatccccaga 
ggttcttcccatctctccaggctgatgtgtgggaactcgaggaaataaatctcc 
agtgggagacggaggggtggccagggaaacggggcgctgcaggaataa 
agacgagccagcacagccagctcatgtgtaacggctttgtggagctgtcaag 
gcctggtctctgggagagaggcacagggaggccagacaaggaaggggt 
gacctggagggacagatccaggggctaaagtcctgataaggcaagagagt 
gccggccccctcttgccctatcaggacctccactgccacatagaggccatgat 
tgacccttagacaaagggctggtgtccaatcccagcccccagccccagaac 
tccagggaatgaatgggcagagagcaggaatgtgggacatctgtgttcaag 
ggaaggactccaggagtctgctgggaatgaggcctagtaggaaatgaggtg 
gcccttgagggtacagaacaggttcattcttcgccaaattcccagcaccttgca 
ggcacttacagctgagtgagataatgcctgggttatgaaatcaaaaagttgga 
aagcaggtcagaggtcatctggtacagcccttccttcccttttttttttttttttttgtg 
agacaaggtctctctctgttgcccaggctggagtggcgcaaacacagctcact 
gcagcctcaacctactgggctcaagcaatcctccagcctcagcctcccaaag 
tgctgggattacaagcatgagccaccccactcagccctttccttcctttttaattg 
atgcataataattgtaagtattcatcatggtccaaccaaccctttcttgacccacc 
ttcctagagagagggtcctcttgcttcagcggtcagggccccagacccatggt 
ctggctccaggtaccacctgcctcatgcaggagttggcgtgcccaggaagct 
ctgcctctgggcacagtgacctcagtggggtgaggggagctctccccatagct 
gggctgcggcccaaccccaccccctcaggctatgccagggggtgttgccag 
gggcacccgggcatcgccagtctagcccactccttcataaagccctcgcatc 
ccaggagcgagcagagccagagcaggttggagaggagacgcatcacctc 
cgctgctcgccggtccggaactggtaagtttagtctttttgtcttttatttcaggtcc 
cggatccggtggtggtgcaaatcaaagaactgctcctcagtggatgttgccttt 
acttctaggcctgtacggaagtgttacttctgctctaaaagctgcggaattgtac 
ccgcggccaattctgcagtcgacggtaccgcgggcccgggatccaccggtt 
cgccaccatggcggcccctgtagtggcgccgcctggtgtggtggttagtcggg 
ctaacaagcgcagcggcgcggggccgggaggcagcggtggcgggggag 
ccagaggggcggaggaggaaccgccgccgcccctacaagcagttctggtg 
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Sequence Sequence (5'-3') SEQ ID 
Name NO: 

gccgatagcttcgatcgccgcttcttccccatctccaaggaccagcctcgggtc 
ctcttgcccctggccaatgtggcattaattgactacactctggaattcctgactgc 
cacaggtgtacaggaaacatttgtcttttgttgctggaaagctgctcaaatcaa 
agaacatttactgaagtcaaagtggtgccgccctacatctctcaatgtggttcg 
aataattacatcagagctctatcgatcactgggagatgtcctccgtgatgttgat 
gccaaggctttggtgcgctctgactttcttctggtgtatggggatgtcatctcaaa 
catcaatatcaccagagcccttgaggaacacaggttgagacggaagctaga 
aaaaaatgtttctgtgatgacgatgatcttcaaggagtcatcccccagccacc 
caactcgttgccacgaagacaatgtggtagtggctgtggatagtaccacaaa 
cagggttctccattttcagaagacccagggtctccggcgttttgcatttcctctga 
gcctgtttcagggcagtagtgatggagtggaggttcgatatgatttactggattgt 
catatcagcatctgttctcctcaggtggcacaactctttacagacaactttgacta 
ccaaactcgagatgactttgtgcgaggtctcttagtgaatgaggagatcctag 
ggaaccagatccacatgcacgtaacagctaaggaatatggtgcccgtgtctc 
caacctacacatgtactcagctgtctgtgctgacgtcatccgccgatgggtcta 
ccctctcaccccagaggcgaacttcactgacagcaccacccagagctgcac 
tcattcccggcacaacatctaccgagggcctgaggtcagcctgggccatggc 
agcatcctagaggaaaatgtgctcctgggctctggcactgtcattggcagcaa 
ttgctttatcaccaacagtgtcattggccccggctgccacattggtgataacgtg 
gtgctggaccagacctacctgtggcagggtgttcgagtggcggctggagcac 
agatccatcagtctctgctttgtgacaatgctgaggtcaaggaacgagtgaca 
ctgaaaccacgctctgtcctcacttcccaggtggtcgtgggcccaaatatcac 
gctgcctgagggctcggtgatctctttgcaccctccagatgcagaggaagatg 
aagatgatggcgagttcagtgatgattctggggctgaccaagaaaaggaca 
aagtgaagatgaaaggttacaatccagcagaagtaggagctgctggcaag 
ggctacctctggaaagctgcaggcatgaacatggaggaagaggaggaact 
gcagcagaatctgtggggactcaagatcaacatggaagaagagagtgaaa 
gtgaaagtgagcaaagtatggattctgaggagccggacagccggggaggc 
tcccctcagatggatgacatcaaagtgttccagaatgaagttttaggaacacta 
cagcggggcaaagaggagaacatttcttgtgacaatctcgtcctggaaatca 
actctctcaagtatgcctataacataagtctaaaggaggtgatgcaggtactg 
agccacgtggtcctggagttccccctgcaacagatggattccccgcttgactc 
aagccgctactgtgccctgctgcttcctctgctaaaggcctggagccctgttttta 
ggaactacataaagcgcgcagccgaccatttggaagcgttagcagccattg 
aggacttcttcctagagcatgaagctcttggtatttccatggccaaggtactgat 
ggctttctaccagctggagatcctggctgaggaaacaattctgagctggttcag 
ccaaagagatacaactgacaagggccagcagttgcgcaagaatcaacag 
ctgcagaggttcatccagtggctaaaagaggcagaagaggagtcatctgaa 
gatgactgacgcgcgcgagatctacgggtggcatccctgtgacccctcccca 
gtgcctctcctggccctggaagttgccactccagtgcccaccagccttgtccta 
ataaaattaagttgcatcattttgtctgactaggtgtccttctataatattatggggt 
ggaggggggtggtatggagcaaggggcaagttgggaagacaacctgtag 
ggcctgcggggtctattgggaaccaagctggagtgcagtggcacaatcttgg 
ctcactgcaatctccgcctcctgggttcaagcgattctcctgcctcagcctcccg 
agttgttgggattccaggcatgcatgaccaggctcagctaatttttgtttttttggta 
gagacggggtttcaccatattggccaggctggtctccaactcctaatctcaggt 
gatctacccaccttggcctcccaaattgctgggattacaggcgtgaaccactg 
ctcccttccctgtccttctgattttgtaggtaaccacgtgcggaccgagcggccg 
caggaacccctagtgatggagttggccactccctctctgcgcgctcgctcgctc 
actgaggccgggcgaccaaaggtcgcccgacgcccgggctttgcccgggc 
ggcctcagtgagcgagcgagcgcgcagctgcctgcagg 
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Sequence Sequence (5'-3') SEQ ID 
Name NO: 
ITR- CCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAG 17 

gfal405.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') SEQ ID 
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') SEQ ID 
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 eF2B5 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 eF2B5 

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': a 5' ITR, a promoter, an SV40 intron, the eF2B5 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, eF2B5 

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, 

eIF2B5 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.eIF2B5 See Fig. 12. 12 

(6275 bp) 
AAV9.gfaABC(1)D.eIF2B5 See Fig. 13. 13 

(6340 bp) 
AAV9.GFAP.eIF2B5 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 E Sequence 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.EIF2B5 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 ITR-gfaABC1D.EIF2B5-ITR with various other elements but with 5' and 3' 
ITRs 

11 ITR-GFAP.EIF2B5-ITR with various other elements but with 5' and 3' ITRs 

12 AAV9. CAG.eIF2B5 (6275 bp) 

13 AAV9.gfaABC(1)D.eIF2B5 (6340 bp) 
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SEQ Sequence Descriptor 
ID NO: 
14 AAV9.GFAP.eIF2B5 (7901 bp) 
15 gfa1405 promoter 

16 gfal405.EIF2B5 with various other elements butwithout 5' and 3' ITRs 

17 gfal405.EIF2B5 with various other elements and with 5' and 3' ITRs 

18 AAV9.gfal4O5.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, AAV6, AAV7, AAV8, 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. 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 

AAV 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 (rAAV), 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 

41



WO 2023/168400 PCT/US2023/063676 

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), AAV5 (i.e., an AAV containing AAV5 ITRs and AAV5 capsid 

proteins), AAV6 (i.e., an AAV containing AAV6 ITRs and AAV6 capsid proteins), AAV7 (i.e., 

an AAV containing AAV7 ITRs and AAV7 capsid proteins), AAV8 (i.e., an AAV containing 

AAV8 ITRs and AAV8 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 

42



WO 2023/168400 PCT/US2023/063676 

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, El-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, AAV6, AAV7, AAV8, AAV9, 

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, AAV6, AAV7, AAV8, AAV9, AAV10, AAV11, 

AAV12, AAV13, AAVanc80, AAVrh.74, AAVrh.8, AAVrh.10, MyoAAV 1A, AAVMYO, or AAV

E1. 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 particlewor "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 a transgene 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, AAV6, AAV7, AAV8, AAV9, AAV10, AAV11, 

AAV12, AAV13, AAVrh.74, AAVrh.8, orAAVrh.10, MyoAAV 1A, AAVMYO, orAAV-B1, 

AAVAnc80, AAV7m8, 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, AAV5, 

AAV6, AAV7, AAV8, 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. 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 AAVMYO, 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, AAV6, AAV7, AAV8, 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. 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, AAV5, AAV6, 

AAV7, AAV8, AAV9, AAV10, AAV11, AAV12, AAV13, AAVrh.74, AAVrh.8, orAAVrh.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)29. 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 IAAV genomerefers 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 5' 

and 3' ends by inverted terminal repeat (ITR). In some embodiments, the rAAV genome 

comprises a Ejene cassette.Eln 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, El-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, AAV5, AAV6, AAV7, AAV8, 

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 

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 sites41 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 et al., 

Mol. Cell. Biol. 4:2072 (1984); Hermonat et al., Proc. Nat. 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 El of adenovirus), MRC-5 cells (human fetal fibroblasts), WI

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 x106, about x107, about x10, 

about 1x109, about 1x10 10, about 1x101 1, about 1x101 2 , about 1x10 13 to about 1x101 4 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 x107, about xX108, about 1x109, about 5x109, about 6x109, about 7x109, about 8x109, 

about 9x109, about 1x10 10 , about 2x1010, about 3x10 10, about 4x10 10, about 5x1010, about 

6x1010, about 7x1010, about 8x1010, about 9x10 10, about 1x1011 , about 2x1011 , about 3x1011 , 

about 4x1011, about 5x1011, about 6x1011, about 7x1011, about 8x1011, about 9x1011 , about 

1x101 2 , about 2x1012 , about 3x101 2 , about 4x10 12 , about 5x1012 , about 6x101 2 , about 7x1012 

about 8x1012, about 9x10 12 , about 1x1013, about 1.1x1013, about 1.2x10 13, about 1.3x10 13, 
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about 1.5x10 13, about 2 x10 13, about 2.5 x101 3, about 3x10 13, about 3.5x101 3, about 4x10 13, 

about 4.5x101 3, about 5x10 13, about 6x10 13, about 7x10 13, about 8x10 13, about 9x101 3, about 

xi014, about 2x1014, about 3x1014, about 4x1014, about 5x1014, about lx1015, to about 

1x1016, or more total viral genomes.  

[00126] Dosages of about 1x109 to about 1x010, about 5x109 to about 5x010, about 

1x101 0 to about 1x10 11, about 1x10 11 to about 1x101 5 vg, about 1x101 2 to about 1x10 15 vg, 

about lx1012 to about x014 vg, about x1013 to about 6x1014 vg, about lx1013 to about 

1x1015 vg and about 6x1013 to about 1.Ox014 vg are also contemplated. One dose 

exemplified herein is 1x10 13 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 x107 vg/kg, 

about 1x108 vg/kg, about 1x10 9 vg/kg, about 5x109 vg/kg, about 6x109 vg/kg, about 7x109 

vg/kg, about 8x109 vg/kg, about 9x109 vg/kg, about 1x010 vg/kg, about 2x1010 vg/kg, about 

3x1010 vg/kg, about 4x1010 vg/kg, about 5x1010 vg/kg, about 1x101 vg/kg, about 5x1011 

vg/kg, about lx1012 vg/kg, about 2x1012 vg/kg, about 3x1012 vg/kg, about 4x1012 vg/kg, about 

5x101 2 vg/kg, about 6x101 2 vg/kg, about 7x1012 vg/kg, about 8x1012 vg/kg, about 9x101 2 

vg/kg, about 1x10 13 vg/kg, about 1.1x10 13 vg/kg, about 1.2x10 1 3 vg/kg, about 1.3x10 1 3 vg/kg, 

about 1.5x10 1 3 vg/kg, about 2x10 1 3 vg/kg, about 2.5x10 13 vg/kg, about 3x101 3 vg/kg, about 

3.5x1013 vg/kg, about 4x1013 vg/kg, about 4.5x1013 vg/kg, about 5x1013 vg/kg, about 6x1013 

vg/kg, about 7x1013 vg/kg, about 8x1013 vg/kg, about 9x1013 vg/kg, about x014 vg/kg, about 

2x10 14 vg/kg, about 3x101 4 vg/kg, about 4x101 4 vg/kg, about 5x101 4 vg/kg, about 1x101 5 

vg/kg, or about 1x1016 vg/kg.  

[00128] Dosages of about 1x109 vg/kg to about 1 x010 vg/kg, about 5x109 vg/kg to about 

5x1010 vg/kg, about 1x010 vg/kg to about 1x101 vg/kg, about 1x101 vg/kg to about lx1015 

vg/kg, about lx1012 vg/kg to about lx1015 vg/kg, about x1012 vg/kg to about x014 vg/kg, 

about lx1013 vg/kg to about 2x1014 vg/kg, about lx1013 vg/kg to about lx1015 vg/kg and 

about6x1013 vg/kg to about 1.Ox014 vg/kg are also included in various aspects. Some 

doses exemplified herein are about 1.5x1011 vg/kg or about 3x10 13 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 transductionE 

and transfectionlare used interchangeably. The term transductionlor transfectionlis 

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 a cell or to 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 immune suppressing macrolidesErefer 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-1L2 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.  
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[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 

eIF2B5 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 

eIF2B5. GFAP (2.2kb) and eIF2B5 (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 

eIF2B5 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 MgCl2 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] Celllines.  

[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 qPCR 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); 
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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 GFAP6 protein levels were increased in forebrain lysates.  

[00176] ICV injections.  

[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 4C 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 II. 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 ImageLab.  

[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.  

59



WO 2023/168400 PCT/US2023/063676 

Samples were gently homogenized using pipette, lysed on ice for 15 minutes at 4C, briefly 

sonicated, and then centrifuged at 10,000g 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 ImageLab.  

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-eF2B5 

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 

AAV9-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 

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. 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 AAV9-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-eF2B5 in 

a mouse model of eF2B5, i.e., R191H VWM mice, and to determine the effects of the 

EIF2B5 transgene in this mouse model of VWM. The AAV9-eIF2B5 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-symptomaticeIF2B5 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-eIF2B5 or 2) AAV9-gfaABC(1)D-eF2B5 comprising the truncated form of GFAP, or a 

more ubiquitously expressing promoter: 3) AAV9-CBA-eIF2B5. 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 eIF2B5 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.eIF2B5 displayed a slight, though significant, 

improvement at 6 months, while the AAV9.CAG.eIF2B5 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.eIF2B5 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-eF2B5 in 

an additional mouse model of eF2B5, i.e., 198M VWM mice, and to determine the effects of 

the EIF2B5 transgene in this mouse model of VWM. The AAV9-eIF2B5 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 eIF2B5 mice (i.e., 198M 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-eIF2B5 or 2) AAV9-gfaABC(1)D-eF2B5 comprising the truncated form of GFAP, or a 

more ubiquitously expressing promoter: 3) AAV9-CBA-eIF2B5. 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 eIF2B5 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 AAV9.GFAP.eF2B5, 

AAV9.CAG.eF2B5, and AAV9.gfaABC(1)D.eF2B5 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;56:481E493) 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 gfal405 promoter and the gfa405 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-eIF2B5- 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.eF2B5, 

which comprises 7086 bp (SEQ ID NO: 18) comprising the gfa1405 promoter with the 

eIF2B5 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 

gfaABC(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 a result, 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), AicardiDGoutieres 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 

(AAV9.GFAP.eGFP and AAV9.gfaABC(1)D.eGFP) described herein achieved appropriate 

transgene expression in astrocytes; with AAV9.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, 

Eif2b5Ar1His and Eif2b5e8Metwhichdisplaysignificantgaitdeficits,myelinloss,and 

shortened life span. Disease progression was monitored. AAV9-gfaABC(1)D-EIF2B5 

treated Eif2b5Argl9 lHis and Eif2b51e9 8 Met mie to have reached >50 days of age are 

indistinguishable from normal mice on rotarod and significantly (P5 s0.001) 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.  

Eif2b5Argl9 lHis and Eif2b51e 98 Met 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 ompriseland variations such as [omprisesland [omprisingE 

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.  
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Claims 

We claim: 

1. A nucleic acid comprising a polynucleotide comprising 

(a) one or more regulatory control element(s); and 

(b) a Eukaryotic Translation Initiation Factor 2B Subunit Epsilon 5 (EF2B5) 

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 

(c) 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 gfa405 

promoter.  

4. The nucleic acid of any one of claims 1-4, wherein 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.  

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

post-transcriptional polyadenylation (polyA) sequence.  

6. The nucleic acid of claim 5 comprising 

(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.  

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

repeat sequence.  

8. The nucleic acid of claim 7 comprising 
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(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.  

9. The nucleic acid of any one of claims 1-8 comprising 

(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.  

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.  

11. 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 (scAAV), or a single-stranded recombinant AAV 

(ssAAV).  

16. The AAV of any one of claims 13-15, wherein the AAV1, AAV2, AAV3, AAV4, AAV5, 

AAV6, AAV7, AAV8, 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.  

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: 

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

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

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

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

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

(c) 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 

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

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

(c) 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), AicardiDGoutieres 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 

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

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

(c) 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 

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

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

(c) 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), AicardiDGoutieres 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), 

AicardiFGoutieres syndrome, CLC-2-related disease, oculodentodigital dysplasia, giant 

axonal neuropathy, and/or a megalencephalic leukoencephalopathy in a subject, wherein 

the composition comprises 

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

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

(c) 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 (VWM).  

42. The 

(a) nucleic acid of any one of claims 1-9; 

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

(c) 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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(f) method of any one of claims 21-30; or 

(g) 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 (scAAV), or a single-stranded recombinant AAV 

(ssAAV).  

53. The AAV of any one of claims 50-52, wherein the AAV1, AAV2, AAV3, AAV4, AAV5, 

AAV6, AAV7, AAV8, 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.  

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: 

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

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

(c) 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 

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

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

(c) 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 

(f) 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 

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

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

(c) 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 

(f) 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), AicardiDGoutieres 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 

(a) 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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(c) 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 

(f) 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 

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

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

(c) 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; 

(f) the composition of claim 56 or 57; or 

(g) 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), 

AicardiFGoutieres 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 

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

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

(c) 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 

(f) 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), 

AicardiFGoutieres 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 

(a) nucleic acid of any one of claims 43-46; 

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

(c) viral vector of any one of claims 48-52; 

(d) AAV of claim 53 or 54; 

(e) rAAV particle of claim 55; or 
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(f) composition of claim 56 or 57, or 79-83; 

(g) 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. 10

WT injected with AAV9-GFAP.GFP

W1.2 RR 28 days post injection

W1.2 RFRR 28 days post injection

W1.2 LR 28 days post injection

W1.2 LFLR 28 days post injection

Confidential



Fig. 11

AAV9.GFAP.GFP



WO 2023/168400 PCT/US2023/063676

12/41

Fig. 12.

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

5' ITR 1-130

Multiple Cloning Site (MCS) 131-196
CAG Promoter (components listed 197-777

below)

CMV Enhancer 197-502

CBA Promoter 503-777
Cloning Site 778-788

SV40 Intron 789-885

Cloning site and Kozak 886-990
eIF2B5 ORF 991-3156

Cloning Site 3157-3170

hGH polyA 3171-3680
Cloning Site 3681-3688
3' ITR 3689-3829
F1 Origin 3904-4359

Kanamycin Resistance Gene Complement 4695-
5504

pMB1 Origin 5600-6273

cctgcaggca gctgcgcgct cgctcgctca ctgaggccgc ccgggcgtcg ggcgaccttt 60

ggtcgcccgg cctcagtgag cgagcgagcg cgcagagagg gagtggccaa ctccatcact 120

aggggttcct gcggccgcat cgattgaatt cgagctcggt acctcgcgaa tacatctaga 180

tatcggatcc actagtogtt acataactta cggtaaatgg cccgcctggc tgaccgccca 240

acgacccccg cccattgacg tcaataatga cgtatgttco catagtaacq ccaataggga 300

ctttccattg acgtcaatgg gtggactatt tacggtaaac tgcccacttg gcagtacato 360

aagtgtatca tatgccaagt acgcccccta ttgacqtcaa tgacggtaaa tggcccgcct 420

ggcattatgo ccagtacatg accttatggg actttcctac ttggcagtac atctacgtat 480

tagtcatcgc tattaccatg ggtcgaggtg agccccacgt tctgcttcac tctccccatc 540

tcccccccct ccccaccccc aattttgtat ttatttattt tttaattatt ttgtgcagcg 600

atgggggcgg gggggggggg ggcgcgcgcc aggcggggcg gggcggggcg aggggcgggg 660

cggggcgagg cggagaggtg cggcggcagc caatcagage ggcgcgctcc gaaagtttcc 720

ttttatggcg aggcggcggc ggcggcggcc ctataaaaag cgaagcgcgc ggcgggc9tc 780

cggaactggt aagtttagtc tttttgtctt ttatttcagg tcccggatcc ggtggtggtg 840

caaatcaaag aactgctcct cagtggatgt tgcctttact tctaggcctg tacggaagtg 900

ttacttctgc tctaaaagct gcggaattgt acccgcggcc aattctgcag tcgacggtac 960

cgcgggcccg ggatccaccg gttcgccacc atggcggccc ctgtagtggc gccgcctggt 1020

gtggtggtta gtcgggctaa caagcgcago ggcgcggggc cgggaggcag cggtggcggg 1080

ggagecagag gggcggagga qgaaccqccq ccqcccctac aagcagttct ggtggccgat 1140

agcttcgato gccgcttctt ccccatctcc aaggaccage ctcgggtcct cttgcccctg 1200

gccaatgtgg cattaattga ctacactctg gaattcctga ctgccacagg tgtacaggaa 1260

acatttgtct tttgttgctg gaaagctgct caaatcaaaq aacatttact gaagtcaaag 1320

tggtgccgcc ctacatctct caatgtggtt cgaataatta catcagagct ctatcgatca 1380

ctgggagatg tcctccqtga tgttgatgcc aaggctttgq tgcgctctga ctttcttctq 1440

gtgtatgggg atgtcatctc aaacatcaat atcaccagag cccttgagga acacaggttg 1500

agacggaage tagaaaaaaa tgtttctgtg atgacgatga tcttcaaaga gtcatccccc 1560

agccacccaa ctcgttgcca cgaagacaat gtggtagtgg ctgtggatag taccacaaac 1620

agggttctcc attttcagaa gacccagggt ctccggcgtt ttgcatttco tctgagcctg 1680

tttcagggca gtagtgatgg agtggaggtt cgatatgatt tactggattg tcatatcago 1740

atctgttctc ctcaggtggc acaactcttt acagacaact ttgactacca aactcgagat 1800

gactttgtgc gaggtctctt agtgaatgag gagatcctag ggaaccagat ccacatgcac 1860

gtaacagcta aggaatatga tgcccgtgtc tccaacctac acatgtactc agctgtctgt 1920

gctgacgtca tccgccgatg ggtctaccct ctcaccccag aggcgaactt cactgacago 1980

accacccaga gctgcactca ttcccggcac aacatctacc gagggcctga ggtcagcctg 2040
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ggccatggca qcatcctaga ggaaaatgtg ctcctggqct ctggcactgt cattggcage 2100

aattgcttta tcaccaacag tgtcattggc cccggctgcc acattggtga taacgtggtg 2160

ctggaccaga cctacctgtg gcagggtgtt cgagtggcgg ctggagcaca gatccatcag 2220

tctctgcttt gtgacaatgc tgaggtcaag gaacgagtga cactgaaacc acgctctgtc 2280

ctcacttccc aggtggtcgt gggcccaaat atcacgctgc ctgagggctc ggtgatctct 2340

ttqcaccctc cagatgcaga qgaagatgaa gatgatggcq agttcagtga tgattctggg 2400

gctgaccaag aaaaggacaa agtgaagatg aaaggttaca atccagcaga agtaggagct 2460

gctggcaagg gctacctctg gaaagctgca ggcatgaaca tggaggaaga ggaggaactg 2520

cagcagaatc tgtggggact caagatcaac atggaagaag agagtgaaag tgaaagtgag 2580

caaagtatga attctgagga gccggacage cggggaggct cccctcagat ggatgacatc 2640

aaagtgttcc agaatgaagt tttaggaaca ctacagcqgq qcaaagagga qaacatttct 2700

tgtgacaato tcgtcctgga aatcaactct ctcaagtatg cctataacat aagtctaaag 2760

gaggtgatgc aggtactgag ccacgtggtc ctggagttcc ccctgcaaca gatggattcc 2820

ccgcttgact caagccgcta ctgtgccctg ctgcttcctc tgctaaaggc ctggagccct 2880

gtttttagga actacataaa gcgcgcagcc gaccatttgg aagcgttagc agccattgag 2940

gacttcttcc tagagcatga agctcttggt atttccatgg ccaaggtact gatggctttc 3000

taccagctgg agatcctggc tgaggaaaca attctgagct ggttcagcca aagagataca 3060

actgacaagg gccagcagtt gcgcaagaat caacagctgc agaggttcat ccagtggcta 3120

aaagaggcag aagaggagtc atctgaagat gactgacgcg cgcgagatct acgggtggca 3180

tccctgtgac ccctccccag tgcctctcct ggccctggaa qttgccactc cagtgcccac 3240

cagccttgtc ctaataaaat taagttgcat cattttgtct gactaggtgt ccttctataa 3300

tattatgggg tggagggggg tggtatggaa caaggggcaa qttgggaaga caacctgtag 3360

ggcctgcggg gtctattggg aaccaagctg gagtgcagtg gcacaatctt ggctcactgo 3420

aatctccgcc tcctggqttc aagcgattct cctgcctcag cctcccgagt tgttgggatt 3480

ccaggcatgc atgaccaggc tcagctaatt tttgtttttt tggtagagac ggggtttcac 3540

catattggcc aggctggtct ccaactccta atctcaggtg atctacccac cttgqcctcc 3600

caaattgctg ggattacaga cgtgaaccac tgctcccttc cctgtccttc tqattttgta 3660

ggtaaccacg tgcggaccqa gcggccgcag gaacccctag tgatggagtt ggccactccc 3720

tctctgcgcg ctcgctcgct cactgaggcc gggcgaccaa aggtcgcccg acgcccgggc 3780

tttgcccggg cggcctcagt gagcgagcga gcgcgcagct gcctgcaggg gcgcctgatg 3840

cggtattttc tccttacgca tctgtgcggt atttcacacc gcatacgtca aagcaaccat 3900

agtacgcgcc ctgtagcggc gcattaagcg cggcgggtgt ggtggttacg cgcagcgtga 3960

ccgctacact tgccagcgcc ttagcgcccg ctcctttcgc tttcttccct tcctttctcg 4020

ccacgttcgc cggctttccc cgtcaagctc taaatcgggg gctcccttta gggttccgat 4080

ttagtgcttt acggcacctc gaccccaaaa aacttgattt gggtgatggt tcacgtagtg 4140

ggccatcgcc ctgatagacg gtttttcgcc ctttgacgtt ggagtccacg ttctttaata 4200

gtggactctt gttccaaact ggaacaacac tcaactctat ctcgggctat tcttttgatt 4260

tataagggat tttgccgatt tcggtctatt ggttaaaaaa tgagctgatt taacaaaaat 4320

ttaacgcgaa ttttaacaaa atattaacgt ttacaatttt atggtgcact ctcagtacaa 4380

tctgctctga tgccgcatag ttaagccagc cccgacaccc gccaacacco gctgacgcgc 4440

cctgacgggc ttgtctgctc ccggcatccg cttacagaca agctgtgace gtctccggga 4500

gctgcatgtg tcagaggttt tcaccgtcat caccgaaacg cgcgagacga aagggcctcg 4560

tgatacgcct atttttatag gttaatgtca tgagattatc aaaaaggatc ttcacctaga 4620

tccttttaaa ttaaaaatga agttttaaat caagcccaat ctgaataatg ttacaaccaa 4680

ttaaccaatt ctgattaqaa aaactcatcg aqcatcaaat qaaactqcaa tttattcata 4740

tcaggattat caataccata tttttgaaaa agccgtttct qtaatgaagg agaaaactca 4800

ccgaggcagt tccataggat gqcaagatcc tggtatcqqt ctgcgattcc gactcatcca 4860

acatcaatac aacctattaa tttcccctcq tcaaaaataa qqttatcaaq tgagaaatca 4920

ccatqaqtqa cgactgaatc cqqtqaqaat ggcaaaaqtt tatgcattto tttccaqact 4980

tgttcaacag qccaqccatt acgctcgtca tcaaaatcac tcqcatcaac caaaccqtta 5040

ttcattcqtg attgcgcctq agcgagacca aatacqcqat cgctgttaaa aggacaatta 5100

caaacaqqaa tcqaatqcaa ccggcqcaqq aacactocca qcqcatcaac aatattttca 5160

cctgaatcag gatattcttc taatacctqq aatqctqttt ttccggggat cgcaqtggtg 5220

agtaaccato catcatcagg agtacqgata aaatgcttqa tggtcqgaaq aggcataaat 5280

tccqtcagcc agtttagtct gaccatctca tctotaacat cattgqcaac actaccttto 5340

ccatqtttca gaaacaacto tggcgcatcg ggcttcccat acaagegata gattgtcgca 5400

cctgattqcc cgacattato gcgageccat ttatacccat ataaatcaqc atccatotto 5460

gaatttaato gcggcctcqa cqtttcccqt tgaatatggc tcataacacc ccttgtatta 5520

ctgtttatgt aagcagacag ttttattgtt catgaccaaa atcccttaac gtgagttttc 5580

gttccactga gcgtcagacc ccgtagaaaa gatcaaagga tcttcttgag atcctttttt 5640

tctgcgcgta atctgctgct tgcaaacaaa aaaaccaccg ctaccagcgg tggtttgttt 5700
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gccggatcaa gagetaccaa ctctttttcc gaaggtaact ggcttcagca gagegcagat 5760

accaaatact gttcttctag tgtagccgta gttaggccac cacttcaaga actctgtage 5820

accgcctaca tacctcgctc tgctaatcct gttaccagtg gctgctgcca gtggcgataa 5880

gtcgtgtctt accgggttgq actcaagacq atagttaccg gataaggcgc agcggtcggg 5940

ctgaacgggg ggttcgtgca cacagcccag cttggagcga acgacctaca ccgaactgag 6000

atacctacag cgtgagctat gagaaagegc cacgcttccc gaagggagaa aggcggacag 6060

gtatccggta agcggcaggg tcggaacagg agagcgcacg agggagcttc cagggggaaa 6120

cgcctggtat ctttatagtc ctgtcgggtt tcgccacctc tgacttgage gtcgattttt 6180

gtgatgctcg tcaggggggc ggagcctatg gaaaaacgcc agcaacgcgg cctttttacg 6240

gttcctggcc ttttgctggc cttttgctca catgt 6275
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Fig. 13.

AAV.gfaABC1D.elF2B5 (SEQ ID NO: 13) - 6340 nt

5' ITR 1-130

Multiple Cloning Site (MCS) 131-196

gfaABC1D Promoter 197-843
Cloning Site 844-853

SV40 Intron 854-950

Cloning Site and Kazak 951-1055

eIF2B5 ORF 1056-3221

Cloning site 3222-3235
hGH polyA 3236-3745
Cloning site 3746-3753

3' ITR 3754-3894
F1 Origin 3969-4424

Kanamycin Resistance Gene Complement 4760-5569
pMB1 Origin 5665-6338

cctgcaggca gctgcgcgct cgctcgctca ctgaggccgc ccgggcgtcg ggcgaccttt 60

ggtcgcccgg cctcagtgag cgagcgageg cgcagagagg gagtggccaa ctccatcact 120

aggggttcct gcggccgcat cgattgaatt cgagctcggt acctcgcgaa tacatctaga 180

tatcggatcc actagtggta ccaacatatc ctggtgtgga gtaggggacg ctgctctgac 240

agaggctcgg gggcctgagc tggctctgtg agctggggag gaggcagaca gccaggcctt 300

gtctgcaagc agacctggca gcattgggct ggccgccccc cagggcctcc tcttcatgcc 360

cagtgaatga ctcaccttgg cacagacaca atgttcgggg tgggcacagt gcctgcttcc 420

cgccgcaccc cagcccccct caaatgcctt ccgagaagcc cattgagcag ggggcttgca 480

ttgcacccca gcctgacagc ctggcatctt gggataaaag cagcacagcc ccctaggggc 540

tgcccttgct gtgtggcgcc accggcggtg gagaacaagg ctctattcag cctgtgccca 600

ggaaagggga tcaggggatg cccaggcatg gacagtgggt ggcagggggg gagaggaggg 660

ctgtctgctt cccagaagtc caaggacaca aatgggtgag gggagagctc tccccatage 720

tgggctgcgg cccaacccca ccccctcagg ctatgccagg gggtgttgcc aggggcaccc 780

gggcatcgcc agtctagccc actccttcat aaagccctcg catcccagga gcgagcagag 840

ccatccggaa ctggtaagtt tagtcttttt gtcttttatt tcaggtcccg gatccggtgg 900

tggtgcaaat caaagaactg ctcctcagtg gatgttgcct ttacttctag gcctgtacgg 960

aagtgttact tctgctctaa aagctgcgga attgtacccg cggccaatto tgcagtogac 1020

ggtaccgcgg gcccgggatc caccggttcg ccaccatggc ggcccctgta gtggcgccgc 1080

ctggtgtggt ggttagtcgg gctaacaagc gcagcggcgc ggggccggga ggcagcggtg 1140

gcgggggagc cagaggggcg gaggaggaac cgccgccgcc cctacaagca gttctggtgg 1200

ccgatagctt cgatcgccgc ttcttcccca tctccaagga ccagcctcgg gtcctcttgc 1260

ccctggccaa tgtggcatta attgactaca ctctggaatt cctgactgcc acaggtgtac 1320

aggaaacatt tgtcttttgt tgctggaaag ctgctcaaat caaagaacat ttactgaagt 1380

caaagtggtg ccgccctaca tctctcaatg tggttcgaat aattacatca gagctctatc 1440

gatcactggg agatgtcctc cgtgatgttg atgccaaggc tttggtgcgc tctgactttc 1500

ttctggtgta tggggatgtc atctcaaaca tcaatatcac cagagccctt gaggaacaca 1560

ggttgagacg gaagctagaa aaaaatgttt ctgtgatgac gatgatcttc aaggagtcat 1620

cccccagcca cccaactcgt tgccacgaag acaatgtggt agtggctgtg gatagtacca 1680

caaacagggt tctccatttt cagaagaccc agggtctccg gcgttttgca tttcctctga 1740

gcctgtttca gggcagtagt gatggagtgg aggttcgata tgatttactg gattgtcata 1800

tcagcatctg ttctcctcag gtggcacaac tctttacaga caactttgac taccaaactc 1860

gagatgactt tgtgcgaggt ctcttagtga atgaggagat cctagggaac cagatccaca 1920

tgcacgtaac agctaaggaa tatggtgccc gtgtctccaa cctacacatg tactcagctg 1980

tctgtgctga cgtcatccgc cgatgggtct accctctcac cccagaggcg aacttcactg 2040

acagcaccac ccagagctgc actcattccc ggcacaacat ctaccgaggg cctgaggtca 2100
gcctgggcca tggcagcatc ctagaggaaa atgtgctcct gggctctggc actgtcattg 2160
gcagcaattg ctttatcacc aacagtgtca ttggccccgg ctgccacatt ggtgataacg 2220

tggtgctgga ccagacctac ctgtggcagg gtgttcgagt ggcggctgga gcacagatcc 2280

atcagtctct gctttgtgac aatgctgagg tcaaggaacg agtgacactg aaaccacgct 2340

ctgtcctcac ttcccaggtg gtcgtgggcc caaatatcac gctgcctgag ggctcggtga 2400
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tctctttgca ccctccagat gcagaggaag atgaagatga tggcgagttc agtgatgatt 2460

ctggggctga ccaagaaaag gacaaagtga agatgaaagg ttacaatcca gcagaagtag 2520
gagctgctgg caagggctac ctctggaaag ctgcaggcat gaacatggag gaagaggagg 2580
aactgcagca gaatctgtgg ggactcaaga tcaacatgga agaagagagt gaaagtgaaa 2640
gtgagcaaag tatggattct gaggagccgg acagccgggg aggctcccct cagatggatg 2700
acatcaaagt gttccagaat gaagttttag gaacactaca gcggggcaaa gaggagaaca 2760
tttcttgtga caatctcgtc ctggaaatca actctctcaa gtatgcctat aacataagtc 2820
taaaggaggt gatgcaggta ctgagccacg tggtcctgga gttccccctg caacagatgg 2880

attccccgct tgactcaage cgctactgtg ccctgctgct tcctctgcta aaggcctgga 2940
gccctgtttt taggaactac ataaagcgcg cagccgacca tttggaagcg 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 acqcgcgcga gatctacggg 3240
tggcatccct gtgacccctc cccagtgcct ctcctggccc tggaagttgc cactccagtg 3300
cccaccagcc ttgtcctaat aaaattaagt tgcatcattt tgtctgacta ggtgtccttc 3360
tataatatta tggggtggag gggggtggta tggagcaagg ggcaaattgg gaagacaacc 3420
tgtagggcct gcggggtcta ttgggaacca agctggagtg cagtggcaca atcttggctc 3480
actgcaatct ccgcctcctg ggttcaagcg attctcctgc ctcagcctcc cgagttgttg 3540
ggattccagg catgcatgac caggctcagc taatttttgt ttttttggta gagacggggt 3600
ttcaccatat tggccaggct ggtctccaac tcctaatctc aggtgatcta cccaccttgg 3660
cctcccaaat tgctgggatt acaggcgtga accactgctc ccttccctgt ccttctgatt 3720
ttgtaggtaa ccacgtgcgg accgagcggc cgcaggaacc cctagtgatg gagttggcca 3780

ctccctctct gcgcgctcgc tcgctcactg aggccgggcg accaaaggtc gcccgacgcc 3840

cgggctttgc ccgggcggcc tcagtgagcg agcgagcgcg cagctgcctg caggggcgcc 3900

tgatgcggta ttttctcctt acgcatctgt gcggtatttc acaccgcata cgtcaaagca 3960

accatagtac gcgccctgta gcggcgcatt aagcgcggcg ggtgtggtgg ttacgcgcag 4020

cgtgaccgct acacttgcca gcgccttagc gcccgctcct ttcgctttct tcccttcctt 4080

tctcgccacg ttcgccggct ttccccgtca agctctaaat cgggggctcc ctttagggtt 4140

ccgatttagt gctttacggc acctcgaccc caaaaaactt gatttgggtg atggttcacq 4200

tagtgggcca tcgccctgat agacggtttt tcgccctttg acgttggagt ccacgttctt 4260

taatagtgga ctcttgttcc aaactggaac aacactcaac tctatctcgg gctattcttt 4320

tgatttataa gggattttgc cgatttcggt ctattggtta aaaaatgage tgatttaaca 4380

aaaatttaac gcgaatttta acaaaatatt aacgtttaca attttatggt gcactctcag 4440

tacaatctgc tctgatgccg catagttaag ccagccccga cacccgccaa cacccgctga 4500

cgcgccctga cgggcttgtc tgctcccggc atccgcttac agacaagctg tgaccgtctc 4560

cgggagctgc atgtgtcaga ggttttcacc gtcatcaccg aaacgcgcga gacgaaaggg 4620

cctcgtgata cgcctatttt tataggttaa tgtcatgaga ttatcaaaaa ggatcttcac 4680

ctagatcctt ttaaattaaa aatgaagttt taaatcaage ccaatctgaa taatgttaca 4740

accaattaac caattctgat tagaaaaact catcgagcat caaatgaaac tgcaatttat 4800

tcatatcagg attatcaata ccatattttt gaaaaagccg tttctgtaat gaaggagaaa 4860
actcaccgag gcagttccat aggatggcaa gatcctggta tcggtctgcg attccgactc 4920

gtccaacatc aatacaacct attaatttcc cctcgtcaaa aataaggtta tcaagtgaga 4980

aatcaccatg agtgacgact gaatccggtg agaatggcaa aagtttatgc atttctttcc 5040

agacttgttc aacaggccag ccattacgct cgtcatcaaa atcactcgca tcaaccaaac 5100

cgttattcat tcgtgattgc gcctgagcga gacgaaatac gcgatcgctg ttaaaaggac 5160
aattacaaac aggaatcgaa tgcaaccggc gcaggaacac tgccagcgca tcaacaatat 5220

tttcacctga atcaggatat tcttctaata cctggaatgc tgtttttccg gggatcgcag 5280

tggtgagtaa ccatgcatca tcaggagtac ggataaaatg cttgatggto ggaagaggca 5340

taaattccgt cagccagttt agtctgacca tctcatctgt aacatcattg gcaacgctac 5400

ctttgccatg tttcagaaac aactctggcg catcgggctt cccatacaag cgatagattg 5460

tcgcacctga ttgcccgaca ttatcgcgag cccatttata cccatataaa tcagcatcca 5520

tgttggaatt taatcgcggc ctcgacgttt cccgttgaat atggctcata acaccccttg 5580

tattactgtt tatgtaagca gacagtttta ttgttcatga ccaaaatccc ttaacgtgag 5640

ttttcgttcc actgagcgtc agaccccqta gaaaagatca aaggatcttc ttgagatcct 5700

ttttttctgc gcqtaatctq ctgcttgcaa acaaaaaaac caccgctacc agcggtggtt 5760

tgtttgccgq atcaagaget accaactctt tttccqaagq taactggctt cagcagageg 5820

cagataccaa atactgttct tctagtgtag ccgtagttag qccaccactt caagaactct 5880

qtagcaccgc ctacatacct cgctctgcta atcctgttac cagtggctgc tgccagtggc 5940

gataagtcat qtcttaccgq gttggactca agacgatagt taccggataa ggcgcagcgq 6000

tcgggctgaa cggggggttc qtgcacacaq cccagcttgq agegaacqac ctacaccqaa 6060
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ctgagatacc tacagcgtga gctatgagaa agcgccacqc ttcccgaagg gagaaaggcq 6120

gacaggtatc cggtaagcqq cagggtcaga acaggagage qcacqaqgga gcttccaggg 6180

ggaaacqcct ggtatcttta tagtcctgtc gggtttcqcc acctctgact tgagcqtcga 6240
tttttgtgat qctcqtcagg ggggcggage ctatggaaaa acqccaaccaa cgcggccttt 6300

ttacggttcc tggccttttg ctggcctttt gctcacatgt 6340
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Fig. 14.

AAV.GFAP.elF2B5 (SEQ ID NO: 14) - 7901

5'ITR 1-130

Multiple Cloning Site (MCS) 131-196

GFAP Promoter 197-2404
Cloning Site 2405-2414

SV40 Intron 2415-2511

Cloning Site and Kozak 2512-2616

elF2B5 ORF 2617-4782

Cloning Site 4783-4796

hGH polyA 4797-5306

Cloning Site 5307-5314

3' ITR 5315-5455

F1 Origin 5530-5985

Kanamycin Resistance Gene Complement 6321-7130

pl MB1 Origin 7226-7899

cctgcaggca gctgcgcgct cgctcgctca ctgaggccgc ccgggcgtcg ggcgaccttt 60

ggtcgcccgg cctcagtgag cgagcgagcg cgcagagagg gagtggccaa ctccatcact 120

aggggttcct gcggccgcat cgattgaatt cgagctcggt acctcgcgaa tacatctaga 180

tatcggatcc actagtccca cctccctctc tgtgctggga ctcacagagg gagacctcag 240

gaggcagtct gtccatcaca tgtccaaatg cagagcatac cctgggctgg gcgcagtggc 300

gcacaactgt aattccagca ctttgggagg ctgatgtgga aggatcactt gagcccagaa 360

gttctagacc agcctgggca acatggcaag accctatctc tacaaaaaaa gttaaaaaat 420

cagccacgtg tggtgacaca cacctgtagt cccagctatt caggaggctg aggtgagggg 480

atcacttaag gctgggaggt tgaggctgca gtgagtcgtg gttgcgccac tgcactccag 540

cctgggcaac agtgagaccc tgtctcaaaa gacaaaaaaa aaaaaaaaaa aaaaaagaac 600

atatcctggt gtggagtagg ggacgctgct ctgacagagg ctcgggggcc tgagctggct 660

ctgtgagctg gggaggaggc agacagccag gccttgtctg caagcagacc tggcagcatt 720

gggctggccg ccccccaggg cctcctcttc atgcccagtg aatgactcac cttggcacag 780

acacaatgtt cggggtgggc acagtgcctg cttcccgccg caccccagcc cccctcaaat 840

gccttccgag aagcccattg agcagggggc ttgcattgca ccccagcctg acagcctggc 900

atcttgggat aaaagcagca cagcccccta ggggctgccc ttgctgtgtg gcgccaccgg 960

cggtggagaa caaggctcta ttcagcctgt gcccaggaaa ggggatcagg ggatgcccag 1020

gcatggacag tgggtggcag ggggggagag gagggctgtc tgcttcccag aagtccaagg 1080

acacaaatgg gtgaggggac tgggcagggt tctgaccctg tgggaccaga gtggagggcg 1140

tagatggacc tgaagtctcc agggacaaca gggcccaggt ctcaggctcc tagttgggcc 1200

cagtggctcc agcgtttcca aacccatcca tccccagagg ttcttcccat ctctccaggc 1260

tgatgtgtgg gaactcgagg aaataaatct ccagtgggag acggaggggt ggccagggaa 1320

acggggcgct gcaggaataa agacgageca gcacagccag ctcatgtgta acggctttgt 1380

ggagctgtca aggcctggtc tctgggagag aggcacaggg aggccagaca aggaaggggt 1440

gacctggagg gacagatcca ggggctaaag tcctgataag gcaagagagt gccggccccc 1500

tcttgcccta tcaggacctc cactgccaca tagaggccat gattgaccct tagacaaagg 1560

gctggtgtcc aatcccagcc cccagcccca gaactccagg gaatgaatgg gcagagagca 1620

ggaatgtggg acatctgtgt tcaagggaag gactccagga gtctgctggg aatgaggcct 1680

agtaggaaat gaggtggccc ttgagggtac agaacaggtt cattcttcgc caaattccca 1740

gcaccttgca ggcacttaca gctgagtgag ataatgcctg ggttatgaaa tcaaaaagtt 1800

ggaaagcagg tcagaggtca tctggtacag cccttccttc cctttttttt tttttttttt 1860

tgtgagacaa ggtctctctc tgttgcccag gctggagtgg cgcaaacaca gctcactgca 1920

gcctcaacct actgggctca agcaatcctc cagcctcage ctcccaaagt gctgggatta 1980

caagcatgag ccaccccact cagccctttc cttccttttt aattgatgca taataattgt 2040

aagtattcat catggtccaa ccaacccttt cttgacccac cttcctagag agagggtcct 2100

cttgcttcag cggtcagggc cccagaccca tggtctggct ccaggtacca cctgcctcat 2160

gcaggagttg gcgtgcccag gaagctctgc ctctgggcac agtgacctca gtggggtgag 2220

gggagctctc cccatagctg ggctgcggcc caaccccacc ccctcaggct atgccagggg 2280

gtgttgccag gggcacccgg gcatcgccag tctagcccac tccttcataa agccctcgca 2340

tcccaggage gagcagagcc agagcaggtt ggagaggaga cgcatcacct ccgctgctcg 2400
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ccggtccgga actggtaagt ttagtctttt tgtcttttat ttcaggtccc ggatccggtg 2460

gtggtgcaaa tcaaaqaact qctcctcagt ggatgttgcc tttacttcta ggcctgtacg 2520

gaagtgttac ttctgctcta aaagctgcgg aattgtaccc gcggccaatt ctgcagtcga 2580

cggtaccgcg ggcccgggat ccaccggttc gccaccatga cggcccctqt agtggcqccq 2640

cctggtgtgg tggttagtcg ggctaacaag cgcagcggcq cggggccggq aggcagcggt 2700

ggcgggggag ccagaggggc ggaggaggaa ccqccqccqc ccctacaage agttctggtg 2760

gccgatagct tcqatcqccq cttcttcccc atctccaagq accaqcctcq ggtcctcttg 2820

cccctggcca atgtggcatt aattgactac actctggaat tcctgactgc cacaggtgta 2880

caggaaacat ttgtcttttq ttgctggaaa gctgctcaaa tcaaagaaca tttactgaag 2940

tcaaagtgqt qccgccctac atctctcaat qtggttcqaa taattacate agagctctat 3000

cqatcactgq gagatgtcct ccqtqatqtt gatgccaagg ctttggtgcq ctctgacttt 3060

cttctggtgt atggggatgt catctcaaac atcaatatca ccagagccct tgaggaacac 3120

aggttgagac ggaagctaga aaaaaatqtt tctgtgatga cgatgatctt caaggagtca 3180

tcccccagcc acccaactcq ttgccacqaa gacaatgtgg tagtggctgt ggatagtaco 3240

acaaacaqqq ttctccattt tcagaagacc caggqtctcc ggcqttttqc atttcctctq 3300

agcctgtttc agggcaqtag tgatggagtg gaggttogat atgatttact ggattgtcat 3360

atcagcatct gttctcctca ggtgqcacaa ctctttacaq acaactttqa ctaccaaact 3420

cqagatgact ttgtgcgagg tctcttagtg aatgaggaga tcctagggaa ccagatccac 3480

atgcacqtaa cagctaagga atatggtgcc cgtgtctcca acctacacat qtactcagct 3540

gtctqtqctq acqtcatccq ccqatggqtc taccctctca ccccaqaggc qaacttcact 3600

gacagcacca cccagagctq cactcattcc cggcacaaca tctaccqagg gcctgaggtc 3660

agcctggqcc atggcagcat cctagaggaa aatgtgctcc tgggctctgq cactgtcatt 3720

ggcagcaatt gctttatcac caacagtgtc attggccccq gctgccacat tggtgataac 3780

gtggtgctgq accagaccta cctgtggcaq ggtgttcqaq tgqcggctgq agcacagatc 3840

catcagtctc tgctttqtga caatgctgag qtcaaggaac gagtgacact qaaaccacqc 3900

tctgtcctca cttcccagqt ggtcgtgggc ccaaatatca cgctgcctga gggctcggtg 3960

atctctttqc accctccaga tqcaqaqqaa gatgaagata atggcgagtt cagtgatgat 4020

tctggggctq accaaqaaaa ggacaaaqtg aagatgaaag qttacaatcc agcagaagta 4080

ggagctgctq qcaaqgqcta cctctggaaa qctgcaggca tgaacatgqa qgaagaggag 4140

gaactgcage aqaatctgtq gggactcaaq atcaacatgq aaqaaqaqaq tgaaaqtgaa 4200

agtgagcaaa gtatggattc tgaggagccq gacagccggq gaggctcccc tcagatggat 4260

gacatcaaaq tgttccagaa tgaagtttta ggaacactac agcggggcaa agaggagaac 4320

atttcttgtg acaatctcqt cctgqaaatc aactctctca agtatgccta taacataagt 4380

ctaaaggagq tqatqcaggt actgagccac qtggtcctgq agttccccct qcaacagata 4440

gattccccqc ttgactcaaq ccgctactqt gccctgctgc ttcctctgct aaaggcctgq 4500

agccctqttt ttaggaacta cataaagcqc qcagccgacc atttggaage qttagcagcc 4560

attgaggact tcttcctaga gcatgaaget cttggtattt ccatggccaa ggtactgata 4620

gctttctacc agctggagat cctggctgaq qaaacaatto tgagctggtt cagecaaaga 4680

gatacaactq acaagggcca qcaqttgcqc aagaatcaac agctgcagag qttcatccaq 4740

tggctaaaag aggcagaaqa ggagtcatct qaagatgact gacgcgcgcg agatctacgg 4800
gtggcatccc tgtgacccct ccccagtgcc tctcctggcc ctggaagttg ccactccagt 4860
gcccaccage cttgtcctaa taaaattaag ttgcatcatt ttgtctgact aggtgtcctt 4920

ctataatatt atggggtgga ggggggtggt atggagcaag gggcaagttg ggaagacaac 4980

ctgtagggcc tgcggggtct attgggaacc aagctggagt gcagtggcac aatcttggct 5040
cactgcaatc tccgcctcct gggttcaagc gattctcctg cctcagcctc ccgagttgtt 5100

gggattccag gcatgcatga ccaggctcag ctaatttttg tttttttggt agagacgggg 5160

tttcaccata ttggccaggc tggtctccaa ctcctaatct caggtgatct acccaccttg 5220

gcctcccaaa ttgctgggat tacaggcgtg aaccactgct cccttccctg tccttctgat 5280

tttgtaggta accacgtgcg gaccgagcgg ccgcaggaac ccctagtgat ggagttggcc 5340

actccctctc tqcqcqctcg ctcgctcact gaggccgggc gaccaaaggt cgcccqacqc 5400

ccgggctttg cccgggcqgc ctcagtgage gagegagego gcagctgcct gcaggggcgc 5460

ctgatgcggt attttctcct tacgcatctg tgcggtattt cacaccgcat acgtcaaage 5520

aaccatagta cgcgccctgt agcggcgcat taagcgcggc gggtgtggtg gttacgcgca 5580

gcgtgaccgc tacacttgcc agcgccctag cgcccgctcc tttcgctttc ttcccttcct 5640

ttctcgccac gttcgccggc tttccccgtc aagctctaaa tcgggggctc cctttagggt 5700

tccgatttag tgctttacgg cacctcgacc ccaaaaaact tgatttgggt gatggttcac 5760

gtagtgggcc atcgccctga tagacggttt ttcgcccttt gacgttggag tccacgttct 5820

ttaatagtgg actcttgttc caaactggaa caacactcaa ccctatctcg ggctattctt 5880

ttgatttata agggattttg ccgatttcgg cctattggtt aaaaaatgag ctgatttaac 5940

aaaaatttaa cgcgaatttt aacaaaatat taacgtttac aattttatgg tgcactctca 6000

gtacaatctg ctctgatgcc gcatagttaa gccagccccg acacccgcca acacccgctg 6060
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acgcgccctg acgggcttgt ctgctcccgg catccgctta cagacaagct gtgaccgtct 6120

ccgggagctg catgtgtcag aggttttcac cgtcatcacc gaaacgcgcg agacgaaagg 6180

gcctcgtgat acgcctattt ttataggtta atgtcatgag attatcaaaa aggatcttca 6240

cctagatcct tttaaattaa aaatgaagtt ttaaatcaag cccaatctga ataatgttac 6300

aaccaattaa ccaattctga ttagaaaaac tcatcgagca tcaaatgaaa ctgcaattta 6360

ttcatatcag gattatcaat accatatttt tgaaaaagcc gtttctgtaa tgaaggagaa 6420

aactcaccga ggcagttcca taggatggca agatcctggt atcggtctgc gattccgact 6480

cgtccaacat caatacaacc tattaatttc ccctcgtcaa aaataaggtt atcaagtgag 6540

aaatcaccat gagtgacgac tgaatccggt gagaatggca aaagtttatg catttctttc 6600

cagacttgtt caacaggcca gccattacgc tcgtcatcaa aatcactcgc atcaaccaaa 6660

ccgttattca ttcgtgattg cgcctgagcg agacgaaata cgcgatcgct gttaaaagga 6720

caattacaaa caggaatcga atgcaaccgg cgcaggaaca ctgccagcgc atcaacaata 6780

ttttcacctg aatcaggata ttcttctaat acctggaatg ctgtttttcc ggggatcgca 6840

gtggtgagta accatgcatc atcaggagta cggataaaat gcttgatggt cggaagaggc 6900

ataaattccg tcagccagtt tagtctgacc atctcatctg taacatcatt ggcaaccccta 6960

cctttgccat gtttcagaaa caactctggc gcatcgggct tcccatacaa gcgatagatt 7020

gtcgcacctg attgcccgac attatcgcga gcccatttat acccatataa atcagcatcc 7080

atgttggaat ttaatcgcgg cctcgacgtt tcccgttgaa tatggctcat aacacccctt 7140

gtattactgt ttatgtaage agacagtttt attgttcatg accaaaatcc cttaacgtga 7200

gttttcgttc cactgagcgt cagaccccgt agaaaagatc aaaggatctt cttgagatcc 7260

tttttttctg cgcgtaatct gctgcttgca aacaaaaaaa ccaccgctac cagcggtggt 7320

ttgtttgccg gatcaagage taccaactct ttttccgaag gtaactggct tcagcagage 7380

gcagatacca aatactgtcc ttctagtgta gccgtagtta ggccaccact tcaagaactc 7440

tgtagcaccg cctacatacc tcgctctgct aatcctgtta ccagtggctg ctgccagtgg 7500

cgataagtcg tgtcttaccg ggttggactc aagacgatag ttaccggata aggcgcagcg 7560

gtcgggctga acqggggqtt cgtgcacaca qcccaqcttg gagegaacga cctacaccqa 7620

actgagatac ctacagcqtg agctatgaga aagcgccacq cttcccgaag qqagaaagqc 7680

ggacaggtat ccggtaagcg gcagggtcgg aacaggagag cgcacgaggg agcttccagg 7740

gggaaacgcc tggtatcttt atagtcctgt cgggtttcgc cacctctgac ttgagcgtcg 7800

atttttgtga tgctcgtcag gggggcggag cctatggaaa aacgccagca acgcggcctt 7860

tttacgqttc ctggcctttt qctggccttt tgctcacatg t 7901



Fig. 15

WO

gfa1405 promoter sequence (SEQ ID NO: 15)

ACTAGTAACATATCCTGGTGTGGAGTAGGGGACGCTGCTCTGACAGAGGCTCGGGGGCCTGAGCTGGCTCTGTGAGCTGGGGAGGAGO

CAGACAGCCAGGCCTTGTCTGCAAGCAGACCTGGCAGCATTGGGCTGGCCGCCCCCCAGGGCCTCCTCTTCATGCCCAGTGAATGACT

ACCTTGGCACAGACACAATGTTCGGGGTGGGCACAGTGCCTGCTTCCCGCCGCACCCCAGCCCCCCTCAAATGCCTTCCGAGAAGCCCA

TTGAGCAGGGGGCTTGCATTGCACCCCAGCCTGACAGCCTGGCATCTTGGGATAAAAGCAGCACAGCCCCCTAGGGGCTGCCCTTGCTG

TGTGGCGCCACCGGCGGTGGAGAACAAGGCTCTATTCAGCCTGTGCCCAGGAAAGGGGATCAGGGGATGCCCAGGCATGGACAGTGGG

TGGCAGGGGGGGAGAGGAGGGCTGTCTGCTTCCCAGAAGTCCAAGGACACAAATGGGTGAGGGGGAGGGGTGGCCAGGGAAACGGGG

CGCTGCAGGAATAAAGACGAGCCAGCACAGCCAGCTCATGTGTAACGGCTTTGTGGAGCTGTCAAGGCCTGGTCTCTGGGAGAGAGGCA

CAGGGAGGCCAGACAAGGAAGGGGTGACCTGGAGGGACAGATCCAGGGGCTAAAGTCCTGATAAGGCAAGAGAGTGCCGGCCCCCTCT

TGCCCTATCAGGACCTCCACTGCCACATAGAGGCCATGATTGACCCTTAGACAGCTGAGTGAGATAATGCCTGGGTTATGAAATCAAAAAG

TTGGAAAGCAGGTCAGAGGTCATCTGGTACAGCCCTTCCTTCCCTTTTTTTTTTTTTTTTTTGTGAGACAAGGTCTCTCTCTGTTGCCCAGGC

TGGAGTGGCGCAAACACAGCTCACTGCAGCCTCAACCTACTGGGCTCAAGCAATCCTCCAGCCTCAGCCTCCCAAAGTGCTGGGATTACA

AGCATGAGCCACCCCACTCAGCCCTTTCCTTCCTTTTTAATTGATGCATAATAATTGTAAGTATTCATCATGGTCCAACCAACCCTTICTTGA

CCCACCTTCCTAGAGAGAGGGTCCTCTTGCTTCAGCGGTCAGGGCCCCAGACCCATGGTCTGGCTCCAGGTACCACCTGCCTCATGCAG

GAGTTGGCGTGCCCAGGAAGCTCTGCCTCTGGGCACAGTGACCTCAGTGGGGTGAGGGGAGCTCTCCCCATAGCTGGGCTGCGGCCCA

ACCCCACCCCCTCAGGCTATGCCAGGGGGTGTTGCCAGGGGCACCCGGGCATCGCCAGTCTAGCCCACTCCTTCATAAAGCCCTCGCAT

CCCAGGAGCGAGCAGAGCCAGAGCAGGTTGGAGAGGAGACGCATCACCTCCGCTGCTCGTCCGGA



Fig. 16

Full ITR-gfa1405-elF2B5-polyA-ITRsequence (SEQ ID NO: 17)

CTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCGTCGGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAG

GGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTGCGGCCGCATCGATTGAATTCGAGCTCGGTACCTCGCGAATACATCTA1ATATCGGATCCACTAGTAACATATCCTGGTGTGGAGTAGGGGACGCTGCTCTGACAGAGGCTCGGGGGCCTGAGCTGGCTCTGTGAGC GGGGAGGAGGCAGACAGCCAGGCCTTGTCTGCAAGCAGACCTGGCAGCATTGGGCTGGCCGCCCCCCAGGGCCTCCTCTTCATGCCC AGTGAATGACTCACCTTGGCACAGACACAATGTTCGGGGTGGGCACAGTGCCTGCTTCCCGCCGCACCCCAGCCCCCCTCAAATGCCTTC CGAGAAGCCCATTGAGCAGGGGGCTTGCATTGCACCCCAGCCTGACAGCCTGGCATCTTGGGATAAAAGCAGCACAGCCCCCTAGGGGC GCCCTTGCTGTGTGGCGCCACCGGCGGTGGAGAACAAGGCTCTATTCAGCCTGTGCCCAGGAAAGGGGATCAGGGGATGCCCAGGC/ GACAGTGGGTGGCAGGGGGGGAGAGGAGGGCTGTCTGCTTCCCAGAAGTCCAAGGACACAAATGGGTGAGGGGGAGGGGTGGCCAG GGAAACGGGGCGCTGCAGGAATAAAGACGAGCCAGCACAGCCAGCTCATGTGTAACGGCTTTGTGGAGCTGTCAAGGCCTGGTCTCTGG GAGAGAGGCACAGGGAGGCCAGACAAGGAAGGGGTGACCTGGAGGGACAGATCCAGGGGCTAAAGTCCTGATAAGGCAAGAGAGTGCC
GGCCCCCTCTTGCCCTATCAGGACCTCCACTGCCACATAGAGGCCATGATTGACCCTTAGACAGCTGAGTGAGATAATGCCTGGGTTATGA

AATCAAAAAGTTGGAAAGCAGGTCAGAGGTCATCTGGTACAGCCCTTCCTTCCCTTTTTTTTTTTTTTTTTTGTGAGACAAGGTCTCTCTCT

GCCCAGGCTGGAGTGGCGCAAACACAGCTCACTGCAGCCTCAACCTACTGGGCTCAAGCAATCCTCCAGCCTCAGCCTCCCAAAGTGO

GGGATTACAAGCATGAGCCACCCCACTCAGCCCTTTCCTTCCTTTTTAATTGATGCATAATAATTGTAAGTATTCATCATGGTCCAACCAAC

BCTTTCTTGACCCACCTTCCTAGAGAGAGGGTCCTCTTGCTTCAGCGGTCAGGGCCCCAGACCCATGGTCTGGCTCCAGGTACCACCTG

TCATGCAGGAGTTGGCGTGCCCAGGAAGCTCTGCCTCTGGGCACAGTGACCTCAGTGGGGTGAGGGGAGCTCTCCCCATAGCTGGGCT

GCGGCCCAACCCCACCCCCTCAGGCTATGCCAGGGGGTGTTGCCAGGGGCACCCGGGCATCGCCAGTCTAGCCCACTCCTTCATAAAG

CCTCGCATCCCAGGAGCGAGCAGAGCCAGAGCAGGTTGGAGAGGAGACGCATCACCTCCGCTGCTCGTCCGGAACTGGTAAGTTTAGTC

TTTTGTCTTTTATTTCAGGTCCCGGATCCGGTGGTGGTGCAAATCAAAGAACTGCTCCTCAGTGGATGTTGCCTTTACTTCTAGGCCTGT

CGGAAGTGTTACTTCTGCTCTAAAAGCTGCGGAATTGTACCCGCGGCCAATTCTGCAGTCGACGGTACCGCGGGCCCGGGATCCACCGG

CGCCACCATGGCGGCCCCTGTAGTGGCGCCGCCTGGTGTGGTGGTTAGTCGGGCTAACAAGCGCAGCGGCGCGGGGCCGGGAGGCA

GCGGTGGCGGGGGAGCCAGAGGGGCGGAGGAGGAACCGCCGCCGCCCCTACAAGCAGTTCTGGTGGCCGATAGCTTCGATCGCCGCT

CTTCCCCATCTCCAAGGACCAGCCTCGGGTCCTCTTGCCCCTGGCCAATGTGGCATTAATTGACTACACTCTGGAATTCCTGACTGCCAO

AGGTGTACAGGAAACATTTGTCTTTTGTTGCTGGAAAGCTGCTCAAATCAAAGAACATTTACTGAAGTCAAAGTGGTGCCGCCCTACATCT

CAATGTGGTTCGAATAATTACATCAGAGCTCTATCGATCACTGGGAGATGTCCTCCGTGATGTTGATGCCAAGGCTTTGGTGCGCTCTGA

TTTCTTCTGGTGTATGGGGATGTCATCTCAAACATCAATATCACCAGAGCCCTTGAGGAACACAGGTTGAGACGGAAGCTAGAAAAAAA

GTTTCTGTGATGACGATGATCTTCAAGGAGTCATCCCCCAGCCACCCAACTCGTTGCCACGAAGACAATGTGGTAGTGGCTGTGGATAGT

CCACAAACAGGGTTCTCCATTTTCAGAAGACCCAGGGTCTCCGGCGTTTTGCATTTCCTCTGAGCCTGTTTCAGGGCAGTAGTGATGGAC

GGAGGTTCGATATGATTTACTGGATTGTCATATCAGCATCTGTTCTCCTCAGGTGGCACAACTCTTTACAGACAACTTTGACTACCAAACTO

GAGATGACTTTGTGCGAGGTCTCTTAGTGAATGAGGAGATCCTAGGGAACCAGATCCACATGCACGTAACAGCTAAGGAATATGGTGCC

GTGTCTCCAACCTACACATGTACTCAGCTGTCTGTGCTGACGTCATCCGCCGATGGGTCTACCCTCTCACCCCAGAGGCGAACTTCACTGA



CAGCACCACCCAGAGCTGCACTCATTCCCGGCACAACATCTACCGAGGGCCTGAGGTCAGCCTGGGCCATGGCAGCATCCTAGAGGAAA

WO

ATGTGCTCCTGGGCTCTGGCACTGTCATTGGCAGCAATTGCTTTATCACCAACAGTGTCATTGGCCCCGGCTGCCACATTGGTGATAACGT

GGTGCTGGACCAGACCTACCTGTGGCAGGGTGTTCGAGTGGCGGCTGGAGCACAGATCCATCAGTCTCTGCTTTGTGACAATGCTGAGGT

CAAGGAACGAGTGACACTGAAACCACGCTCTGTCCTCACTTCCCAGGTGGTCGTGGGCCCAAATATCACGCTGCCTGAGGGCTCGGTGAT

CTCTTTGCACCCTCCAGATGCAGAGGAAGATGAAGATGATGGCGAGTTCAGTGATGATTCTGGGGCTGACCAAGAAAAGGACAAAGTGAA

GATGAAAGGTTACAATCCAGCAGAAGTAGGAGCTGCTGGCAAGGGCTACCTCTGGAAAGCTGCAGGCATGAACATGGAGGAAGAGGA

12
AACTGCAGCAGAATCTGTGGGGACTCAAGATCAACATGGAAGAAGAGAGTGAAAGTGAAAGTGAGCAAAGTATGGATTCTGAGGAGCCGG

ACAGCCGGGGAGGCTCCCCTCAGATGGATGACATCAAAGTGTTCCAGAATGAAGTTTTAGGAACACTACAGCGGGGCAAAGAGGAGAACA

TTTCTTGTGACAATCTCGTCCTGGAAATCAACTCTCTCAAGTATGCCTATAACATAAGTCTAAAGGAGGTGATGCAGGTACTGAGCCACGTG

GTCCTGGAGTTCCCCCTGCAACAGATGGATTCCCCGCTTGACTCAAGCCGCTACTGTGCCCTGCTGCTTCCTCTGCTAAAGGCCTGGAGC

CCTGTTTTTAGGAACTACATAAAGCGCGCAGCCGACCATTTGGAAGCGTTAGCAGCCATTGAGGACTTCTTCCTAGAGCATGAAGCTCTTO

GTATTTCCATGGCCAAGGTACTGATGGCTTTCTACCAGCTGGAGATCCTGGCTGAGGAAACAATTCTGAGCTGGTTCAGCCAAAGAGATAC

AACTGACAAGGGCCAGCAGTTGCGCAAGAATCAACAGCTGCAGAGGTTCATCCAGTGGCTAAAAGAGGCAGAAGAGGAGTCATCTGAAGA

TTTGTTTTTTTGGTAGAGACGGGGTTTCACCATATTGGCCAGGCTGGTCTCCAACTCCTAATCTCAGGTGATCTACCCACCTTGGCCTCCCA

AATTGCTGGGATTACAGGCGTGAACCACTGCTCCCTTCCCTGTCCTTCTGATTTTGTAGGTAACCACGTGCGGACCGAGCGGCCGCAGGA

CCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCT

TTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGCTGCCTGCAGG
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Fig. 20A
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Fig. 20B
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Fig. 21

AAV.gfa1405.elF2B5 - 7086

5' ITR 1-130

Cloning site 131-190

Gfa1405 Promoter 191-1595

Cloning Site 1596-1599

SV40 Intron 1600-1696

Cloning Site and Kozak 1697-1801

elF285 ORF 1802-3967

Cloning Site 3968-3981

hGH polyA 3982-4491

Cloning Site 4492-4499

3' ITR 4500-4640

F1 Origin 4715-5170

Kanamycin Resistance Gene Complement 5506-6315

pMB1 Origin 6411-7084

CCTGCAGGCA GCTGCGCGCT CGCTCGCTCA CTGAGGCCGC CCGGGCGTCG GGCGACCTTT GGTCGCCCGG 70
CCTCAGTGAG CGAGCGAGCG CGCAGAGAGG GAGTGGCCAA CTCCATCACT AGGGGTTCCT GCGGCCGCAT 140
CGATTGAATT CGAGCTCGGT ACCTCGCGAA TACATCTAGA TATCGGATCC ACTAGTAACA TATCCTGGTG 210
TGGAGTAGGG GACGCTGCTC TGACAGAGGC TCGGGGGCCT GAGCTGGCTC TGTGAGCTGG GGAGGAGGCA 280
GACAGCCAGG CCTTGTCTGC AAGCAGACCT GGCAGCATTG GGCTGGCCGC CCCCCAGGGC CTCCTCTTCA 350
TGCCCAGTGA ATGACTCACC TTGGCACAGA CACAATGTTC GGGGTGGGCA CAGTGCCTGC TTCCCGCCGC 420
ACCCCAGCCC CCCTCAAATG CCTTCCGAGA AGCCCATTGA GCAGGGGGCT TGCATTGCAC CCCAGCCTGA 490
CAGCCTGGCA TCTTGGGATA AAAGCAGCAC AGCCCCCTAG GGGCTGCCCT TGCTGTGTGG CGCCACCGGC 560
GGTGGAGAAC AAGGCTCTAT TCAGCCTGTG CCCAGGAAAG GGGATCAGGG GATGCCCAGG CATGGACAGT 630
GGGTGGCAGG GGGGGAGAGG AGGGCTGTCT GCTTCCCAGA AGTCCAAGGA CACAAATGGG TGAGGGGGAG 700
GGGTGGCCAG GGAAACGGGG CGCTGCAGGA ATAAAGACGA GCCAGCACAG CCAGCTCATG TGTAACGGCT 770
TTGTGGAGCT GTCAAGGCCT GGTCTCTGGG AGAGAGGCAC AGGGAGGCCA GACAAGGAAG GGGTGACCTG 840
GAGGGACAGA TCCAGGGGCT AAAGTCCTGA TAAGGCAAGA GAGTGCCGGC CCCCTCTTGC CCTATCAGGA 910
CCTCCACTGC CACATAGAGG CCATGATTGA CCCTTAGACA GCTGAGTGAG ATAATGCCTG GGTTATGAAA 980
TCAAAAAGTT GGAAAGCAGG TCAGAGGTCA TCTGGTACAG CCCTTCCTTC CCTTTTTTTT TTTTTTTTTT 1050
GTGAGACAAG GTCTCTCTCT GTTGCCCAGG CTGGAGTGGC GCAAACACAG CTCACTGCAG CCTCAACCTA 1120
CTGGGCTCAA GCAATCCTCC AGCCTCAGCC TCCCAAAGTG CTGGGATTAC AAGCATGAGC CACCCCACTC 1190
AGCCCTTTCC TTCCTTTTTA ATTGATGCAT AATAATTGTA AGTATTCATC ATGGTCCAAC CAACCCTTTC 1260
TTGACCCACC TTCCTAGAGA GAGGGTCCTC TTGCTTCAGC GGTCAGGGCC CCAGACCCAT GGTCTGGCTC 1330
CAGGTACCAC CTGCCTCATG CAGGAGTTGG CGTGCCCAGG AAGCTCTGCC TCTGGGCACA GTGACCTCAG 4100
TGGGGTGAGG GGAGCTCTCC CCATAGCTGG GCTGCGGCCC AACCCCACCC CCTCAGGCTA TGCCAGGGGG 1470
TGTTGCCAGG GGCACCCGGG CATCGCCAGT CTAGCCCACT CCTTCATAAA GCCCTCGCAT CCCAGGAGCG 1540
AGCAGAGCCA GAGCAGGTTG GAGAGGAGAC GCATCACCTC CGCTGCTCGT CCGGAACTGG TAAGTTTAGT 1610
CTTTTTGTCT TTTATTTCAG GTCCCGGATC CGGTGGTGGT GCAAATCAAA GAACTGCTCC TCAGTGGATG 1680
TTGCCTTTAC TTCTAGGCCT GTACGGAAGT GTTACTTCTG CTCTAAAAGC TGCGGAATTG TACCCGCGGC 1750
CAATTCTGCA GTCGACGGTA CCGCGGGCCC GGGATCCACC GGTTCGCCAC CATGGCGGCC CCTGTAGTGG 1820

M A A P
CGCCGCCTGG TGTGGTGGTT AGTCGGGCTA ACAAGCGCAG CGGCGCGGGG CCGGGAGGCA GCGGTGGCGG 1890

A P P G V V V S R A N K R S G A G P G G S G GGGGAGCCAGA GGGGCGGAGG AGGAACCGCC GCCGCCCCTA CAAGCAGTTC TGGTGGCCGA TAGCTTCGAT 1960

G A R G A E P P P P L Q A V L V A D S F D>CGCCGCTTCT TCCCCATCTC CAAGGACCAG CCTCGGGTCC TCTTGCCCCT GGCCAATGTG GCATTAATTG 2030

R R F F P I S K D Q P R V L L P L A N V A L I>ACTACACTCT GGAATTCCTG ACTGCCACAG GTGTACAGGA AACATTTGTC TTTTGTTGCT GGAAAGCTGC 2100

D Y T L E F L T A T G V T F V F C C W K A A>TCAAATCAAA GAACATTTAC TGAAGTCAAA GTGGTGCCGC CCTACATCTC TCAATGTGGT TCGAATAATT 2170

Q K E L L K S K W R P S L N V V R I I>

ACATCAGAGC TCTATCGATC ACTGGGAGAT GTCCTCCGTG ATGTTGATGC CAAGGCTTTG GTGCGCTCTG 2240

T S E L Y R S L G D V L R D V D A K A L V R s>ACTTTCTTCT GGTGTATGGG GATGTCATCT CAAACATCAA TATCACCAGA GCCCTTGAGG AACACAGGTT 2310

D L L V Y G D V S N N I R A L E H L>
GAGACGGAAG CTAGAAAAAA ATGTTTCTGT GATGACGATG ATCTTCAAGG AGTCATCCCC CAGCCACCCA 2380

R R K L E K N V S V M T M I F K E S S P S H P>ACTCGTTGCC ACGAAGACAA TGTGGTAGTG GCTGTGGATA GTACCACAAA CAGGGTTCTC CATTTTCAGA 2450
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T R C H E D V D T R V L H FAGACCCAGGG TCTCCGGCGT TTTGCATTTC CTCTGAGCCT GTTTCAGGGC AGTAGTGATG GAGTGGAGGT 2520

K T Q R S S D V E V>TCGATATGAT TTACTGGATT GTCATATCAG CATCTGTTCT CCTCAGGTGG CACAACTCTT TACAGACAAC 2590

R D L L D H I S I C S P Q V A L F T D N>TTTGACTACC AAACTCGAGA TGACTTTGTG CGAGGTCTCT TAGTGAATGA GGAGATCCTA GGGAACCAGA 2660

F D Y R D V G L V N G N e>TCCACATGCA CGTAACAGCT AAGGAATATG GTGCCCGTGT CTCCAACCTA CACATGTACT CAGCTGTCTG 2730

I H M H V T A A R V N L M Y A V c>TGCTGACGTC ATCCGCCGAT GGGTCTACCC TCTCACCCCA GAGGCGAACT TCACTGACAG CACCACCCAG 2800

A D V I R R V Y P T P A N D S T T &>AGCTGCACTC ATTCCCGGCA CAACATCTAC CGAGGGCCTG AGGTCAGCCT GGGCCATGGC AGCATCCTAG 2870

S c T H S R H N I Y R G P V S L H G S I L>AGGAAAATGT GCTCCTGGGC TCTGGCACTG TCATTGGCAG CAATTGCTTT ATCACCAACA GTGTCATTGG 2940

N V L L s G T V I G S N C F T N S V I G>CCCCGGCTGC CACATTGGTG ATAACGTGGT GCTGGACCAG ACCTACCTGT GGCAGGGTGT TCGAGTGGCG 3010

P G C H I G N V V L D Q Y L V R V A>GCTGGAGCAC AGATCCATCA GTCTCTGCTT TGTGACAATG CTGAGGTCAA GGAACGAGTG ACACTGAAAC 3080

A G A Q I H Q L L D N E V R V T L K>CACGCTCTGT CCTCACTTCC CAGGTGGTCG TGGGCCCAAA TATCACGCTG CCTGAGGGCT CGGTGATCTC 3150

P R S V L T S V V G P T E G V I s>TTTGCACCCT CCAGATGCAG AGGAAGATGA AGATGATGGC GAGTTCAGTG ATGATTCTGG GGCTGACCAA 3220

L H P P D A E E D E D D G E F S D D S G A D &>GAAAAGGACA AAGTGAAGAT GAAAGGTTAC AATCCAGCAG AAGTAGGAGC TGCTGGCAAG GGCTACCTCT 3290

E D K V K M K G Y N P A V G A K G Y L>GGAAAGCTGC AGGCATGAAC ATGGAGGAAG AGGAGGAACT GCAGCAGAAT CTGTGGGGAC TCAAGATCAA 3360

K A A G M N Q N W G L K I N>CATGGAAGAA GAGAGTGAAA GTGAAAGTGA GCAAAGTATG GATTCTGAGG AGCCGGACAG CCGGGGAGGC 3430

M E E S E E S E Q S M D S E D S R G G>TCCCCTCAGA TGGATGACAT CAAAGTGTTC CAGAATGAAG TTTTAGGAAC ACTACAGCGG GGCAAAGAGG 3500

S P Q M D D I K V F Q N E L G Q R G K E>AGAACATTTC TTGTGACAAT CTCGTCCTGG AAATCAACTC TCTCAAGTAT GCCTATAACA TAAGTCTAAA 3570

E N I S C D N L V L E I N S L K Y A Y N I S L K>GGAGGTGATG CAGGTACTGA GCCACGTGGT CCTGGAGTTC CCCCTGCAAC AGATGGATTC CCCGCTTGAC 3640

E V M Q L H V V Q M D S P L D>TCAAGCCGCT ACTGTGCCCT GCTGCTTCCT CTGCTAAAGG CCTGGAGCCC TGTTTTTAGG AACTACATAA 3710

S S R Y C A L L K W S P V R N Y I>AGCGCGCAGC CGACCATTTG GAAGCGTTAG CAGCCATTGA GGACTTCTTC CTAGAGCATG AAGCTCTTGG 3780

K R A A D H A A I F E H A L G>TATTTCCATG GCCAAGGTAC TGATGGCTTT CTACCAGCTG GAGATCCTGG CTGAGGAAAC AATTCTGAGC 3850

I S M A K V L M A Y Q L E I L A E E T I L s>TGGTTCAGCC AAAGAGATAC AACTGACAAG GGCCAGCAGT TGCGCAAGAA TCAACAGCTG CAGAGGTTCA 3920

W F S Q R D T T D K G Q L R K N Q Q L Q R F>TCCAGTGGCT AAAAGAGGCA GAAGAGGAGT CATCTGAAGA TGACTGACGC GCGCGAGATC TACGGGTGGC 3990

I Q W L
ATCCCTGTGA CCCCTCCCCA GTGCCTCTCC TGGCCCTGGA AGTTGCCACT CCAGTGCCCA CCAGCCTTGT 4060
CCTAATAAAA TTAAGTTGCA TCATTTTGTC TGACTAGGTG TCCTTCTATA ATATTATGGG GTGGAGGGGG 4130
GTGGTATGGA GCAAGGGGCA AGTTGGGAAG ACAACCTGTA GGGCCTGCGG GGTCTATTGG GAACCAAGCT 4200
GGAGTGCAGT GGCACAATCT TGGCTCACTG CAATCTCCGC CTCCTGGGTT CAAGCGATTC TCCTGCCTCA 4270
GCCTCCCGAG TTGTTGGGAT TCCAGGCATG CATGACCAGG CTCAGCTAAT TTTTGTTTTT TTGGTAGAGA 4340
CGGGGTTTCA CCATATTGGC CAGGCTGGTC TCCAACTCCT AATCTCAGGT GATCTACCCA CCTTGGCCTC 4410
CCAAATTGCT GGGATTACAG GCGTGAACCA CTGCTCCCTT CCCTGTCCTT CTGATTTTGT AGGTAACCAC 4480
GTGCGGACCG AGCGGCCGCA GGAACCCCTA GTGATGGAGT TGGCCACTCC CTCTCTGCGC GCTCGCTCGC 4550
TCACTGAGGC CGGGCGACCA AAGGTCGCCC GACGCCCGGG CTTTGCCCGG GCGGCCTCAG TGAGCGAGCG 4620
AGCGCGCAGC TGCCTGCAGG GGCGCCTGAT GCGGTATTTT CTCCTTACGC ATCTGTGCGG TATTTCACAC 4690
CGCATACGTC AAAGCAACCA TAGTACGCGC CCTGTAGCGG CGCATTAAGC GCGGCGGGTG TGGTGGTTAC 4760
GCGCAGCGTG ACCGCTACAC TTGCCAGCGC CCTAGCGCCC GCTCCTTTCG CTTTCTTCCC TTCCTTTCTC 4830
GCCACGTTCG CCGGCTTTCC CCGTCAAGCT CTAAATCGGG GGCTCCCTTT AGGGTTCCGA TTTAGTGCTT 4900
TACGGCACCT CGACCCCAAA AAACTTGATT TGGGTGATGG TTCACGTAGT GGGCCATCGC CCTGATAGAC 4970
GGTTTTTCGC CCTTTGACGT TGGAGTCCAC GTTCTTTAAT AGTGGACTCT TGTTCCAAAC TGGAACAACA 5040
CTCAACCCTA TCTCGGGCTA TTCTTTTGAT TTATAAGGGA TTTTGCCGAT TTCGGCCTAT TGGTTAAAAA 5110
ATGAGCTGAT TTAACAAAAA TTTAACGCGA ATTTTAACAA AATATTAACG TTTACAATTT TATGGTGCAC 5180
TCTCAGTACA ATCTGCTCTG ATGCCGCATA GTTAAGCCAG CCCCGACACC CGCCAACACC CGCTGACGCG 5250
CCCTGACGGG CTTGTCTGCT CCCGGCATCC GCTTACAGAC AAGCTGTGAC CGTCTCCGGG AGCTGCATGT 5320
GTCAGAGGTT TTCACCGTCA TCACCGAAAC GCGCGAGACG AAAGGGCCTC GTGATACGCC TATTTTATA 5390
GGTTAATGTC ATGAGATTAT CAAAAAGGAT CTTCACCTAG ATCCTTTTAA ATTAAAAATG AAGTTTTAAA 5460
TCAAGCCCAA TCTGAATAAT GTTACAACCA ATTAACCAAT TCTGATTAGA AAAACTCATC GAGCATCAAA 5530

<* FFEDLML
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TGAAACTGCA ATTTATTCAT ATCAGGATTA TCAATACCAT ATTTTGAAA AAGCCGTTTC TGTAATGAAG 5600
<H F O L K N M D P N D I G Y K Q F L R K Q L S PGAGAAAACTC ACCGAGGCAG TTCCATAGGA TGGCAAGATC CTGGTATCGG TCTGCGATTC CGACTCGTCC 5670

<S F E G L C N W L I A L D Q Y R D A I G V R GAACATCAATA CAACCTATTA ATTTCCCCTC GTCAAAAATA AGGTTATCAA GTGAGAAATC ACCATGAGTG 5740

<V D I C G I L K G E D F I L N D L S F D G H TACGACTGAAT CCGGTGAGAA TGGCAAAAGT TTATGCATTT CTTTCCAGAC TTGTTCAACA GGCCAGCCAT 5810
<V V S D P S F P L L K H M E K W V Q E V P W G NTACGCTCGTC ATCAAAATCA CTCGCATCAA CCAAACCGTT ATTCATTCGT GATTGCGCCT GAGCGAGACG 5880

<R E D D F D S A D V L G N N M R S O A O A L R

AAATACGCGA TCGCTGTTAA AAGGACAATT ACAAACAGGA ATCGAATGCA ACCGGCGCAG GAACACTGCC 5950

<F V R D S N F P C N C V P I S H L R R L F V AAGCGCATCAA CAATATTTTC ACCTGAATCA GGATATTCTT CTAATACCTG GAATGCTGTT TTTCCGGGGA 6020

<L A D V I N E G S D P Y E E L V Q F A T K G P ITCGCAGTGGT GAGTAACCAT GCATCATCAG GAGTACGGAT AAAATGCTTG ATGGTCGGAA GAGGCATAAA 6090

<A T T L L W A D D P T R I F H K I T P L P M FTTCCGTCAGC CAGTTTAGTC TGACCATCTC ATCTGTAACA TCATTGGCAA CGCTACCTTT GCCATGTTTC 6160

<E T L W N L R V M E D T V D N A V S G K G H KAGAAACAACT CTGGCGCATC GGGCTTCCCA TACAAGCGAT AGATTGTCGC ACCTGATTGC CCGACATTAT 6230

<L F L E P A D P K G Y L R Y I T A G S O G V N DCGCGAGCCCA TTTATACCCA TATAAATCAG CATCCATGTT GGAATTTAAT CGCGGCCTCG ACGTTTCCCG 6300

<R A W K Y G Y L D A D M N S N L R P R S T E RTTGAATATGG CTCATAACAC CCCTTGTATT ACTGTTTATG TAAGCAGACA GTTTTATTGT TCATGACCAA 6370

<0 I H S M
AATCCCTTAA CGTGAGTTTT CGTTCCACTG AGCGTCAGAC CCCGTAGAAA AGATCAAAGG ATCTTCTTGA 6440
GATCCTTTTT TTCTGCGCGT AATCTGCTGC TTGCAAACAA AAAAACCACC GCTACCAGCG GTGGTTTGTT 5610
TGCCGGATCA AGAGCTACCA ACTCTTTTTC CGAAGGTAAC TGGCTTCAGC AGAGCGCAGA TACCAAATAC 6580
TGTCCTTCTA GTGTAGCCGT AGTTAGGCCA CCACTTCAAG AACTCTGTAG CACCGCCTAC ATACCTCGCT 6650
CTGCTAATCC TGTTACCAGT GGCTGCTGCC AGTGGCGATA AGTCGTGTCT TACCGGGTTG GACTCAAGAC 6720
GATAGTTACC GGATAAGGCG CAGCGGTCGG GCTGAACGGG GGGTTCGTGC ACACAGCCCA GCTTGGAGCG 6790
AACGACCTAC ACCGAACTGA GATACCTACA GCGTGAGCTA TGAGAAAGCG CCACGCTTCC CGAAGGGAGA 6860
AAGGCGGACA GGTATCCGGT AAGCGGCAGG GTCGGAACAG GAGAGCGCAC GAGGGAGCTT CCAGGGGGAA 6930
ACGCCTGGTA TCTTTATAGT CCTGTCGGGT TTCGCCACCT CTGACTTGAG CGTCGATTTT TGTGATGCTC 7000
GTCAGGGGGG CGGAGCCTAT GGAAAAACGC CAGCAACGCG GCCTTTTTAC GGTTCCTGGC CTTTTGCTGG 7070
CCTTTTGCTC ACATGT 7086



Evaluate cell-specific expression through different AAV reporter constructs
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GFAP = astrocyte-specific endogenous Glial Fibrillary Acidic Protein (GFAP) (2,200bp)

gfaABC(1)D=astrocyte-specific truncated GFAP promoter (681bp)
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IF quantification- GFP constructs
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Assess cell-specific constructs in treating VWM

inconclusive

A. Rotarod & Gait analysis
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B. Morphology & Histology
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D. Western
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Therapeutic efficacy in VWM mice
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