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Description
Title of Invention: GENE THERAPY COMPOSITIONS

AND METHODS FOR TREATING GLIOMA
CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of priority to International Patent Application
No. : PCT/CN2023/133705 filed on November 23, 2023, the content of which is in-
corporated by reference in its entirety.

SEQUENCE LISTING

This application contains a computer readable Sequence Listing which has been
submitted in XML file format with this application, the entire content of which is
incorporated by reference herein in its entirety. The Sequence Listing XML file
submitted with this application is entitled “14770-063-228 SEQLISTING. xml” , was
created on November 18, 2024, and is 104, 552 bytes in size.

1. FIELD

The present disclosure generally relates to compositions and methods for treating
glioma.
The method comprises administering a therapeutically effective amount of a pharma-
ceutical composition
comprising a self-complementary AAV (scAAV) vector encoding a transcriptional

factor, wherein the transcriptional factor comprises NeuroD1.

2. BACKGROUND

A glioma is a type of tumor found in the central nervous system that originates from
glial stem or precursor cells. Glial cells are a specific cell type found throughout the
nervous system. Gliomas are primarily located in the brain and occasionally in the
spinal cord. The occurrence of gliomas varies according to different subtypes and age
groups. Excluding instances where other cancers spread to the central nervous system,
gliomas constitute 26%of all primary brain tumors and make up 81%of malignant
brain tumors. Incidence rates show around 6.6 cases per 100,000 people annually,
rising to 2.94 cases per 100,000 individuals below the age of 14. The median age for
glioma development ranges from 12 to 65 years, depending on the specific subtype.
The prevalent glioma in those under 14 is pilocytic astrocytoma, accounting for
34.4%of all gliomas in this age group. Among adults, glioblastoma (GBM) is the most
frequent, comprising 56.6%of all gliomas.

Gliomas can exert pressure on brain regions where they form, leading to diverse
symptoms including headaches, nausea, cognitive decline, seizures, impaired

gait, language difficulties (aphasia) , numbness, weakness on one side of the
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body (hemiparesis) , altered vision, and personality changes. The conventional
approach to treating gliomas typically combines neurosurgery, radiation therapy, and
chemotherapy. Nevertheless, the average survival time for glioblastoma patients ranges
from 12 to 18 months; merely 25%of patients survive beyond one year, and a mere
S%survive past five years. The development of potential new treatments for gliomas is

a very urgent need in medicine. This present disclosure meets this need.

3. SUMMARY

Glioma is the malignancy of the central nervous system caused by uncontrolled
division of glial cells. Normal glial cells are present in a large quantity in the nervous
system and function to nourish neurons and form supporting matrix surrounding them.
Unlike neurons, which are terminally differentiated and do not divide, glial cells can
undergo cell division cycles, making them prone to tumor formation.

Disclosed herein is a gene therapy strategy, and related compositions and methods,
which treats glioma by introducing into the cancerous cells a transgene encoding
a NeuroD1 protein, where the transgene is overexpressed and induces trans-differ-
entiation of cancerous cells into neurons in situ. It was observed that overexpression
of NeuroD1 in healthy glial cells can lead to the manifestation of diverse neuronal
phenotypes by the glial cells, suggesting that NeuroD1 may have the potential to
reprogram the cell fate of healthy glial cells. Guo et al. Cell Stem Cell 14: 188-202
(2014) .

Certain in vitro studies also revealed a similar role of NeuroD1 in cultured glioma
cells. For example, in one study, cultured human U251 cells were transduced with a
retroviral vector encoding NeuroD1, and the majority of virally-infected U251 cells
showed a neuronal morphology and expressed immature neuronal markers such as
[33-tubulin (Tujl) 20 days post transduction. Wang et al. Cancer Biol Med. 2021 Mar
23; 18 (3) : 860-874. However, employing the cell fate reprogramming strategy for
glioma treatment in patients continues to encounter a myriad of challenges. Evident
among these obstacles is the imperative to attain a substantial efficiency in the in vivo
transduction of afflicted cells, along with an efficient cancer-to-neuron conversion
rate. This convergence of efficiencies is essential to mitigate the potential for cancer
cell persistence and subsequent relapse. The vectors responsible for encoding and
delivering the NeuroD1 encoding transgene significantly impact such efficiencies.
For example, in another study, after transducing cultured human U251 cells with
a lentiviral vector encoding NeuroD1, only a small percentage of about 5%cells
exhibited positive staining for Tujl and displayed some neuronal morphology (WO
2022/052964) , rendering the method inadequate for purpose of treating glioma.
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In one aspect, provided herein are therapeutic nucleic acid encoding a NeuroD1
polypeptide. In some embodiments, the therapeutic nucleic acids are artificial genomes
encoding a NeuroD1 polypeptide. Particularly, in some embodiments, provided herein
is a single-stranded self-complementary nucleic acid molecule encoding a NeuroD1
polypeptide, wherein the nucleic acid molecule comprises an expression cassette
comprising a coding sequence and one or more regulatory elements operably linked to
the coding sequence of the NeuroD1 polypeptide. In related aspects, provided herein
are also recombinant adeno-associated virus (rAAV) comprising the artificial genomes
as described herein. In related aspects, methods and materials (e.g., plasmids and cells)
for production of the recombinant AAVs are also provided.

In another aspect, provided herein are pharmaceutical compositions comprising the
recombinant AAVs as described herein. Relatedly, in another aspect, provided herein
are methods for preventing or treating glioma using the therapeutic nucleic acids, re-
combinant AAV or pharmaceutical compositions containing the recombinant AAV's
as described herein. In yet a related aspect, provided herein are uses of the therapeutic
nucleic acids, recombinant AAVs or pharmaceutical compositions containing the re-
combinant AAV described herein for the prevention or treatment of glioma.

The recombinant AAV compositions and related methods according to the present
disclosure can achieve in vivo transduction of glioma cells at efficiency of at least
50%in a cell line-derived xenograft (CDX) model, which closely mimic real patient’s
tumor state and response. The infected glioma cells trans-differentiate in vivo into
neuron or neuron-like cells that exhibit one or more neuronal phenotypes, including for
example, the expression of neuronal markers, loss of glial markers, and stope cell pro-
liferation. Upon intratumorally administration of the recombinant AAV as described
herein or pharmaceutical composition thereof, the tumor size significantly reduced
in vivo (for at least 60%) , resulting in significantly prolonged lifespan and extended
survival rate of the subject.

4. BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 illustrates the triple transfection procedure for producing scAAV particles
from a packaging HEK293 cell line. HEK cells were co-transfected with the plasmid
encoding the transgene of interest (GOI plasmid) , a rep-cap packaging plasmid that
provides the viral rep and cap gene function and aids the production of AAVs from ar-
tificial genomes lacking functional rep and/or cap gene sequences, a helper plasmid
encoding adenovirus regions (VA, E2A and E4) that mediate AAV vector replication.
In the GOI plasmid, the transgene is placed under control of regulatory elements such
as a promoter and a poly-Asignal. The transgene expression cassette is flanked by
two AAV inverted terminal repeat (ITR) sequences. The 3’ ITR is mutated to remove

terminal resolution site (trs) so that the replication continues to the displaced strand
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and produce a self-complimentary genome in the virion. The self-complementary
genome is a single-stranded molecule, which upon entry of a host cell, can fold back
upon itself to form a double-stranded hairpin structure with a ITR in the middle and
two open-ended I'TRs at the two ends (right bottom illustration

FIG. 2A illustrates an example of a self-complimentary AAV genome. Particularly,
the functional elements along the self-complementary AAV genome, including, from
the 5’ to 3’ order, (a) a full-length AAV2 left (5’ ) ITR sequence, (b) a CMV promoter
including CMV enhancer and CMV core promoter sequences, (¢) a chimeric intron
sequence, (d) a NeuroD1 coding sequence, (¢) a polyadenylation signal, (f) a AAV2
right (3’ ) ITR sequence with the terminal resolution site (trs) deleted, and (g) a reverse
complementary sequence of the above (a) to (e) (element (g) is not shown in the
bottom panel) .

FIG. 2B illustrates another example of a self-complimentary AAV genome. Par-
ticularly, the functional elements along the self-complementary AAV genome,
including, from the 5’ to 3° order, (a) a AAV2 right (3’ ) ITR sequence with the
terminal resolution site (trs) deleted, (b) a CMV promoter including CMV enhancer
and CMV core promoter sequences, (c) a chimeric intron sequence, (d) a NeuroD1
coding sequence, (¢) a polyadenylation signal, (f) a full-length AAV2 left (5° ) ITR
sequence, (g) a reverse complementary sequence of the above (b) to (f) (element (g) is
not shown in the bottom panel) .

FIG. 2C shows the sequence alignment of NeuroD1 proteins from various species,
including mouse, zebrafish, human, rat, chicken, cattle, hamster, pig, frog, dog,
chimpanzee and sheep.

FIG. 3 shows the study design for examining in vivo therapeutic efficacy of a sScAAV
vector encoding NeuroD1 (scAAV-NeuroD1) according to the present disclosure. On
day 1, glioblastoma cells were transplanted into the striatum of BALB/c nude mouse
brains using stereotactic intracranial injection to establish the orthotopic CDX glioma
model. On each of Day 3, 8 and 13 post tumor cell transplantation (DPT) , a for-
mulation containing scAAV-NeuroD1 virus was injected into the tumor. The control
group received the same volume of PBS, and the animals in both groups were handled
similarly otherwise. A group of mice were sacrificed, and brain tissues were harvested
at 14 DPT for immunohistochemistry (IHC) studies. Another group of animals were
monitored until they reached the endpoint of life.

FIG. 4A shows GFP fluorescence emitted by glioma cell culture (US87MG)
transduced in vitro with one of four different AAV serotype virus (sSAAV9-GFAP-
GFP, ssAAV6-GFAP-GFP, scAAV9-CMV-GFP, scAAV6-CMV-GFP) , respectively,
imaged at 24 hours, 48 hours, 72 hours, 12 hours and 168 hours post transduction. FIG.

4B is a quantification of the fluorescent signal intensity in the images of FIG. 4A.
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FIG. 4C shows GFP fluorescent images of a US7MG-Luc sphere model treated with
scAAV6-CMV-GFP or scAAV9-CMV-GFP. At 99ms exposure time, cells treated
with scAAV6-CMV-GFP emitted a strong GFP signal, where GFP signal was unde-
tectable in cells treated with scAAV9-CMV-GFP. At 400ms exposure time, weak GFP
signal was detected in cells treated with scAAV9-CMV-GFP.

FIG. 5A shows fluorescent imaging of a CDX tumor injected with scAAV6-GFP
viral preparation. Tumor cells in the injected area (in the dashed circle) emitted green
fluorescence, while cells outside this infected area stained blue (DAPI for nuclei) .
Scale bar indicates 1000pum.

FIG. 5B is a close-up image of the AAV infected area, showing a majority of tumor
cells in this injected region expressed GFP. Scale bar indicates 100pm.

FIG. 6 is immunocytochemistry staining of NeuroD1 (purple) and DAPI (blue for
nuclei) in cultured U87MG-Luciferase cells 8 days after transduction with scAAV6-
NeuroD1 (right) or a negative control vector AAV6-Neurod1-Null (right, no NeuroD1
expression) .

FIG. 7 shows quantitation of cell viability in cultures of different glioblastoma cells
(U87-Luc, U251-Luc and GL261-Luc) after treatment with ten-fold serial diluted
scAAV6-NeuroD1 preparations (MOI: 10° to 10°) . Viability of cells treated with PBS
was set as 100%.

FIG. 8 shows in the right panel a quantitation of the average sphere formation
numbers (from three duplicated experiments) in U§7MG-Luc cells treated with PBS,
scAAV6-NeuroD1 and scAAV9-NeuroD1, respectively. Representative bright-field
images of individual cell spheres are shown in the left panel.

FIG. 9 shows the percentage proliferation of patient-derived glioma cell lines
(BN2276, BN2338 and BN9224) treated with scAAV6-NeuroD1 at 9 different dosages
(viral genome (vg) /ml) . Proliferation of control groups of untreated cells were set as
100%.

FIG. 10A shows the expression of NeuN, NeuroD1 and HuNu as visualized by im-
munostaining of brain slices of an orthotopic U§7MG-Luc transplantation model 14
days after treated with PBS (negative control) or scAAV6-NeuroD1.

FIG. 10B shows the quantitation of NeuroD1 expression level (RNA) using GAPDH
as reference by RT-qPCR.

FIG. 11 shows inhibitory effect of scAAV6-NeuroD1 on tumor growth in the
U87MG-Luc GBM mouse model. FIG. 11A shows DAPI immunostaining visualizing
all nuclei in the exemplary brain sections contrasting animals received PBS (upper
panel) and animals received scAAV6-NeuroD1 treatment (lower panel) . FIG. 11B
shows H&E staining visualizing histological morphology of the tumor in animals

received PBS (upper panel) and animals received scAAV6-NeuroD1 treatment. FIG.
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11C shows quantitation of the tumor size in animals received PBS (left bar) and
animals received scAAV6-NeuroD1 treatment (right bar) .

FIG. 12 shows comparison of in vivo imaging (IVIS) of U§7MG-Luc cells in the
brain of U§7MG-Luc orthotopic CDX model that received PBS (negative control) and
scAAV6-NeuroDI1.

FIG. 13 showed immunostaining of Ki67 (middle panel) and DAPI (all nuclei, right
panel) of brain slices of glioma CDX model on 14 DPT. The negative control group
received PBS and the treatment group received scAAV6-NeuroD1 on days 3, 8, and
13 DPT, respectively. Mice were sacrificed on 14 DPT and subjected to immunobhis-
tochemistry (IHC) analysis for the nuclear protein Ki67 as an indicator of tumor ag-
gressiveness. As shown, the expression of ki67 in the control group was higher as
measured in both area and intensity as compared to those in the treatment group.

FIG. 14 shows qPCR analysis of Ki67 and NeuroD1 expression levels in the brains
of glioma CDX model mice in the treatment group that received scAAV6-NeuroD1
and control group that received PBS.

FIG. 15A shows immunostaining of microglia/macrophage marker Ibal in brain slice
of glioma CDX model mice that received scAAV6-NeuroD1 or PBS (control) 14 DPT.
DAPI stains for all nuclei. FIG. 15B shows quantitative analysis of Ibal fluorescence
intensity between the treatment and control groups.

FIG. 16 shows the change of body weight of glioma CDX mice received scAAV6-
NeuroD1 or PBS (control) . As shown, body weight of the treatment group remained
normal for an extended time as compared to the control group.

FIG. 17 shows life span of glioma CDX model mice that received scAAV6-NeuroD1
or PBS (control) . The median survival of control animals was 16 DPT (n=21) , while
that of scAAV6-NeuroD1 treatment group reached 34 DPT (n=20) , (p <0.0001) .

FIG. 18 shows comparison of survival rate of groups of glioma CDX model mice
received treatment with scAAV6-NeuroD1, its serotype comparative scAAV9-
NeuroD1, or a comparative sScAAV9-Ngn2. The scAAV6-NeuroD1 treated group had
the longest life span comparing to the other groups.

FIG. 19 shows survival rate of groups of glioma CDX model mice treated with
scAAV6-NeuroD1 alone, Temozolomide alone, or a combination of sSCAAV6-
NeuroD1 and Temozolomide. The combination therapy exhibited synergistic effect
over either monotherapy.

FIG. 20 shows dose-dependent efficacy study of scAAV6-NeuroD1 on survival.

FIG. 21 shows in vivo efficacy of scAAV6-NeuroD1 in PDX models of
glioblastoma. Tumor growth in NOD/SCID mice bearing GBM BN2276 xenografts
treated with SE11 vg/injection scAAV6-NeuroD1 or PBS (control) . Data are presented

as mean * SD.
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FIG. 22 shows transcriptome change in GBM cell U87 treated with scAAV6-
NeuroD1 versus with empty AAV capsid. Gene Ontology (GO) term enrichment
analysis of differentially expressed genes in NXL-004-treated GBM cells comparing
with empty AAV capsid treated cells 3 days post-infection. The bar graph highlights
significant downregulation of genes involved in cell division, mitotic cell cycle, DNA
replication. These changes are indicative of inhibition of cell division and proliferation
by NXL-004 treatment.

FIG. 23 shows transcriptome change in GBM cell U87 treated with scAAV6-
NeuroD1 versus with PBS. Gene Ontology (GO) term enrichment analysis of differ-
entially expressed genes in GBM cells treated with NXL-004 comparing with control
(PBS) at 3 days post-infection. The bar graph highlights significant downregulation of
genes involved in cell division, mitotic cell cycle, DNA replication. These changes are
indicative of inhibition of cell division and proliferation by NXL-004 treatment.

FIG. 24 shows transcriptome change in GBM cells U251 treated with scAAV6-
NeuroD1 comparing to cells treated with empty AAV capsid. Comparing RNA-seq
results of GBM cell U251 treated with scAAV6-NeuroD1 or empty AAV capsid
showed upregulation of the genes for neural development and activity.

FIG. 25 shows in vivo infection of scAAV6 in normal mouse brain at different doses.

FIGS. 26A and 26B show NeuroD1 expression level and prognosis correlation
in GBM patients. NeuroD1 expression inversely correlated with poor prognosis of
GBMLGG patients. FIG. 26A shows the Kaplan-Meier plot of overall survival (OS)
and FIG. 26B shows the progression-free interval (PFI) in glioma patients from TCGA
lower grade glioma and glioblastoma (GBMLGG) cohort, stratified by NeuroD1
expression (gene expression RNAseq: [lluminaHiSeq) . The NeuroD1 expression
levels were classified into two groups: The low NeuroD1 group had a relative ex-
pression value < the cohort mean expression value, while the high NeuroD1 group had
a relative expression value > the cohort mean expression value. The log-rank test was
used to compare differences between groups (n=694) . Data source: UCSC Xena.

FIGS. 27A and 27B show NeuroD1 expression level in GBMLGG patients and IDH1
status correlation. FIG. 27A shows the relative expression of NeuroD1 in female and
male of glioma patients within the TCGA GBMLGG cohort (n=694) . Data are shown
as mean + SD. P=0.6025 (by two-tailed unpaired t-test) . FIG. 27B shows the relative
expression of NeuroD1 in IDH1 wild-type (WT) and IDH1 mutation (MT) of glioma
patients in the TCGA GBMLGG cohort (n=125) . Data are shown as mean +
SD. P=0.0012 (by two-tailed unpaired t-test) .

FIGS. 28A, 28B and 28C show the correlation between the NeuroD1 expression
level and prognosis in GBM patients. Overall survival data of NeuroD1 in glioma
patients from three CGGA cohorts: mRNAseq_325 (FIG. 28A) , mRNAseq_693
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(FIG. 28B) , and mRNA-array_301 (FIG. 28C) . The NeuroD1 expression levels were
classified into low and high groups by the CGGA website. Cohort: mRNAseq_325,
n=222; cohort: mRNAseq_693 , n=404; cohort: mRNA-array_301, n=262. Data

source: Chinese Glioma Genome Atlas.

S.DETAILED DESCRIPTION

It has been observed that overexpression of several selected transcription factors
in healthy glial cells can result in reprogramming of the cell fate, converting differ-
entiated glial cells into cells exhibiting neuronal phenotypes in vitro. Inventors of the
present disclosure has made the surprising discovery that in glial cells undergoing
various stages of pathogenic neoplasm, such as glioma cells, overexpressing a single
transcription factor NeuroD1 can effectively reprogram the cancer cells into neurons or
neuron-like cells both in vitro and in vivo. Furthermore, utilizing an efficient strategy
to deliver and express a transgene encoding NeuroD1 in subject suffering from glioma,
the inventors of the present disclosure discovered that the therapy was effective in
halting cancer cell proliferation, reducing the glioma tumor size, and increasing life
span of the afflicted subjects.

Recombinant AAV-based gene therapy represents a highly promising therapeutic
strategy for introducing therapeutic gene and gene products into afflicted cells. Tra-
ditional gene delivery using recombinant AAV entails the incorporation of linear
single-stranded DNA molecules into virions, which upon entering into a host cell,
undergoes replication to generate complementary strands. The present disclosure also
based partially upon the discovery that utilizing recombinant AAV comprising a self-
complementary genome can bypass the step of double strand synthesis, resulting in
much more swift transgene expression that is independent upon cellular replication
machinery, and significantly enhanced efficiency of the delivery and expression of the
transgene. Furthermore, the present disclosure also based partially upon the discovery
of selected nucleotide sequences that can be used as AAV genome-compatible
elements to significantly enhance the level of expression of a transgene carried by the
recombinant AAV genome in glioma cells. Furthermore, the present disclosure also
based partially on the discovery that recombinant AAV comprising a AAV serotype 6
(AAV6) capsid is more efficient in transducing glioma cells.

Accordingly, in one aspect of the present disclosure, provided herein are regulatory
elements (e.g., regulatory elements disclosed in Section 5.3.2 (Untranslated Regions)
of the present disclosure) that confer a high level of expression of an encoding nucleic
acid in glial cells, including glial cells that are undergoing various stages of pathogenic
neoplasm, such as glioma cells. In a related aspect of the present disclosure, provided

herein are also expression cassettes, (e.g., expression cassettes disclosed in Section
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5.3 (NeuroD1 Expression Cassette) of the present disclosure) , artificial genome for
recombinant AAV (e.g., self-complementary AAV genomes disclosed in Section 5.4
(self-complementary AAV (scAAV) genomes) of the present disclosure) recombinant
AAV (e.g., recombinant AAV disclosed in Section 5.5 (Recombinant scAAV vectors)
of the present disclosure) , plasmids and host cells (e.g., plasmids and host cells
disclosed in Section 5.6 (Methods and Compositions for Making Recombinant AAV)
of the present disclosure) . The present disclosure further provides pharmaceutical
compositions and kits (e.g., pharmaceutical compositions and kits disclosed in Section
5.7 (Pharmaceutical Composition and Kit) of the present disclosure) comprising the
presently disclosed recombinant AAV. Methods of using the presently disclosed re-
combinant AAV described herein (e.g., methods of Treatment disclosed in Section
5.8 (Method of Treatment) of the present disclosure) are also provided by the present
disclosure.

5.1 General Techniques

Techniques and procedures described or referenced herein include those that
are generally well understood and/or commonly employed using conventional
methodology by those skilled in the art, such as, for example, the widely utilized
methodologies described in Sambrook et al., Molecular Cloning: A Laboratory Manual
(3d ed. 2001) ; Current Protocols in Molecular Biology (Ausubel et al. eds., 2003) .

5.2 Terminology

Unless described otherwise, all technical and scientific terms used herein have the
same meaning as is commonly understood by one of ordinary skill in the art. For
purposes of interpreting this specification, the following description of terms will apply
and whenever appropriate, terms used in the singular will also include the plural and
vice versa. All patents, applications, published applications, and other publications are
incorporated by reference in their entirety. In the event that any description of terms set
forth conflicts with any document incorporated herein by reference, the description of
term set forth below shall control.

The term “AAV” or “adeno-associated virus” refers to a Dependoparvovirus within
the Parvoviridae genus of viruses. The AAV can be an AAV derived from a naturally
occurring “wild-type” virus, or a recombinant AAV (rAAV) that is derived from a
naturally occurring AAV, but having all or part of the AAV genome replaced with
heterologous nucleotide sequences (€.g., expression cassettes disclosed in Section 5.3
(NeuroD1 Expression Cassette) of the present disclosure comprising a coding sequence
and regulatory elements) . In certain embodiments, the rAAV comprises an AAV
genome (€.g., an artificial genome) in which part or all of the Rep (Replication) and/or
Cap (Capsid) genes have been replaced with heterologous nucleotide sequences, such

as a transgene. In the absence of Rep proteins, the heterologous nucleotide sequences
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encoded within the rAAYV can persist as episomes in the nucleus of transduced cells
and does not integrate into host genomes. In certain embodiments, the rAAV further
comprises a capsid comprising capsid proteins encoded by a naturally occurring or
non-naturally occurring Cap gene. In certain embodiments, the non-naturally occurring
Cap gene encodes a capsid protein comprising an insertion, deletion, or modification
of the amino acid sequence of the naturally occurring capsid protein. For example,
arAAV can have an artificial genome packaged in a capsid having a viral protein 1
(VP1), viral protein 2 (VP2) , or viral protein 3 (VP3) , where the VPI sequences

is different from the wild-type sequence, while VP2 and VP3 both have wild-type
sequences. As used herein, a rAAV that carries a heterologous transgene of interest in
the genome is sometimes referred to as a “AAV vector. ”

The term “rep-cap packaging plasmid” refers to a plasmid that provides the viral
rep and cap gene function and aids the production of AAVs from artificial genomes
lacking functional rep and/or cap gene sequences.

The term “cap gene” refers to the nucleic acid sequences that encode capsid proteins
that form or help form the capsid of the virus. In some embodiments, in a recombinant
AAV virion, the capsid protein contains VP1, VP2, and/or VP3.

The term “rep gene” refers to the nucleic acid sequences that encode the non-
structural proteins needed for replication and production of virus.

The term “polynucleotide” or “nucleic acid, ” as used interchangeably herein, refers
to polymers of nucleotides of any length and includes, e.g., DNA and RNA. The
nucleotides can be deoxyribonucleotides, ribonucleotides, modified nucleotides or
bases, and/or their analogs, or any substrate that can be incorporated into a polymer
by DNA or RNA polymerase or by a synthetic reaction. A polynucleotide may
comprise modified nucleotides, such as methylated nucleotides and their analogs.
Nucleic acid can be in either single-or double-stranded forms. As used herein and
unless otherwise specified, “nucleic acid” also includes nucleic acid mimics such
as locked nucleic acids (LNAs) , peptide nucleic acids (PNAs) , and morpholinos.
“Oligonucleotide, ” as used herein, refers to short synthetic polynucleotides that are
generally, but not necessarily, fewer than about 200 nucleotides in length. The terms
“oligonucleotide” and “polynucleotide” are not mutually exclusive. The description
above for polynucleotides is equally and fully applicable to oligonucleotides. Unless
specified otherwise, the left-hand end of any single-stranded polynucleotide sequence
disclosed herein is the 5° end; the left-hand direction of double-stranded polynu-
cleotide sequences is referred to as the 5° direction. The direction of 5° to 3’a ddition
of nascent RNA transcripts is referred to as the transcription direction; sequence
regions on the DNA strand having the same sequence as the RNA transcript that are 5’

to the 57 end of the RNA transcript are referred to as “upstream sequences” ; sequence
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regions on the DNA strand having the same sequence as the RNA transcript that are 3’
to the 3’ end of the RNA transcript are referred to as “downstream sequences. ”’

As used herein, the term “wild-type” refers to organisms, cells, genes, proteins,
oligonucleotides, and the like that are found in Nature and are unchanged relative to
these components found in Nature (native or in the wild) .

As used herein, the term “non-naturally occurring” when used in reference to a
nucleic acid molecule as described herein is intended to mean that the nucleic acid
molecule is not found in nature. A non-naturally occurring nucleic acid encoding a
protein (e.g., NeuroD1) contains at least one genetic alternation or chemical modi-
fication not normally found in a naturally occurring nucleic acid, including a wild-
type nucleic acid. Genetic alterations include, for example, modifications to an ex-
pressible nucleic acid sequences encoding heterologous peptides or polypeptides,
other nucleic acid additions, nucleic acid deletions, nucleic acid substitution, and/
or other functional disruption of a coding sequence. Such modifications include, for
example, modifications in the coding regions and functional fragments thereof, for
heterologous, homologous or both heterologous and homologous polypeptides. Ad-
ditional modifications include, for example, modifications in non-coding regulatory
regions in which the modifications alter expression of a gene or operon. Additional
modifications also include, for example, incorporation of a nucleic acid sequence into a
vector, such as a plasmid or an artificial chromosome. Chemical modifications include,
for example, one or more functional nucleotide analog as described herein.

An “isolated nucleic acid” is a nucleic acid, for example, an RNA, DNA, or a mixed
nucleic acids, which is substantially separated from other genome DNA sequences as
well as proteins or complexes such as ribosomes and polymerases, which naturally
accompany a native sequence. An “isolated” nucleic acid molecule is one which is
separated from other nucleic acid molecules which are present in the natural source of
the nucleic acid molecule. Moreover, an “isolated” nucleic acid molecule, such as a
plasmid, can be substantially free of other cellular material, or culture medium when
produced by recombinant techniques, or substantially free of chemical precursors or
other chemicals when chemically synthesized. In a specific embodiment, one or more
nucleic acid molecules encoding a polypeptide as described herein are isolated or
purified. The term embraces nucleic acid sequences that have been removed from their
naturally occurring environment, and includes recombinant or cloned DNA or RNA
isolates and chemically synthesized analogues or analogues biologically synthesized
by heterologous systems. A substantially pure molecule may include isolated forms of
the molecule.

The term “encoding nucleic acid, ” “nucleic acid encoding” or other grammatical

equivalents thereof as it is used in reference to nucleic acid molecule encompasses (a)
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a nucleic acid molecule in its native state or when manipulated by methods well known
to those skilled in the art that can be transcribed to produce mRNA which is then
translated into a peptide and/or polypeptide, and (b) the mRNA molecule itself. The
antisense strand is the complement of such a nucleic acid molecule, and the encoding
sequence can be deduced therefrom. The term “coding region” or “coding sequence”
refers to a portion in an encoding nucleic acid sequence that is translated into a peptide
or polypeptide. The term “intron” refers to the portion of an encoding nucleic acid

that is not transcribed into an mRNA. The term “untranslated region” or “UTR”

refers to the portion of an encoding nucleic acid that is not translated into a peptide or
polypeptide. Depending on the orientation of a UTR with respect to the coding region
of a nucleic acid molecule, a UTR is referred to as the 5° -UTR if located to the 5° -end
of a coding region, and a UTR is referred to as the 3° -UTR if located to the 3’ -end

of a coding region. In some embodiments, an encoding nucleic acid described herein

is a transgene encoding a NeuroD1 polypeptide. In some embodiments, the transgene
encoding a NeuroD1 polypeptide is a DNA molecule.

An encoding nucleic acid can be mono-cistronic or multi-cistronic. A “mono-
cistronic sequence” refers to a polynucleotide that comprises coding sequence for a
single peptide or polypeptide chain. A “multi-cistronic sequence” refers to a polynu-
cleotide that comprises coding sequences for two or more peptide and/or polypeptide
chains.

The term “mRNA” as used herein refers to a message RNA molecule comprising
one or more open reading frame (ORF) that can be translated by a cell or an organism
provided with the mRNA to produce one or more peptide or protein product. The
region containing the one or more ORFs is referred to as the coding region of the
mRNA molecule. In certain embodiments, the mRNA molecule further comprises one
or more untranslated regions (UTRs) . In certain embodiments, the mRNA 1is or is part
of a linear RNA molecule. In other embodiments, the mRNA is or is part of a circular
RNA molecule.

In certain embodiments, the mRNA is a monocistronic mRNA that comprises only
one ORF. In certain embodiments, the monocistronic mRNA encodes a peptide or
protein comprising at least one epitope of a selected polypeptide (e.g., transcription
factor) . In other embodiments, the mRNA is a multicistronic mRNA that comprises
two or more ORFs. In certain embodiments, the multiecistronic mRNA encodes two or
more peptides or proteins that can be the same or different from each other.

As used herein, the term “ribosomal skipping element” refers to a nucleotide
sequence capable of causing generation of two polypeptide chains from translation
of one RNA molecule. In some embodiments, the ribosomal skipping element can

terminate translation of the first polypeptide chain and re-initiating translation of
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the second polypeptide chain from the RNA molecule. In alternative embodiments,

the ribosomal skipping element encodes a protease cleavage site in the polypeptide
encoded by the RNA molecule, so that the polypeptide can be cleaved by an intrinsic
protease activity of its own, or by another protease in its environment to produce two
polypeptide chains. In specific embodiments, the ribosomal skipping element encodes
thosea-asigna virus 2A peptide (T2A) , porcine teschovirus-1 2 A peptide (P2A) , foot-
and-mouth disease virus 2 A peptide (F2A) , equine rhinitis A vims 2A peptide (E2A) ,
cytoplasmic polyhedrosis vims 2A peptide (BmCPV 2A) , or flacherie vims of B. mori
2A peptide (BmIFV 2A) .

The term “nucleobases” encompasses purines and pyrimidines, including natural
compounds adenine, thymine, guanine, cytosine, uracil, inosine, and natural or
synthetic analogs or derivatives thereof.

The term “functional nucleotide analog” as used herein refers to a modified version
of a canonical nucleotide A, G, C, U or T that (a) retains the base-pairing properties of
the corresponding canonical nucleotide, and (b) contains at least one chemical modi-
fication to (i) the nucleobase, (ii) the sugar group, (ii1) the phosphate group, or (iv) any
combinations of (i) to (iii) , of the corresponding natural nucleotide. As used herein,
“base pairing” encompasses not only the canonical Watson-Crick adenine-thymine,
adenine-uracil, or guanine-cytosine base pairs, but also base pairs formed between
canonical nucleotides and functional nucleotide analogs or between a pair of functional
nucleotide analogs, wherein the arrangement of hydrogen bond donors and hydrogen
bond acceptors permits hydrogen bonding between a modified nucleobase and a
canonical nucleobase or between two complementary modified nucleobase structures.
For example, a functional analog of guanosine (G) retains the ability to base-pair with
cytosine (C) or a functional analog of cytosine. One example of such non-canonical
base pairing is the base pairing between the modified nucleotide inosine and adenine,
cytosine, or uracil. As described herein, a functional nucleotide analog can be either
naturally occurring or non-naturally occurring. Accordingly, a nucleic acid molecule
containing a functional nucleotide analog can have at least one modified nucleobase,
sugar group and/or internucleoside linkage. Exemplary chemical modifications to the
nucleobases, sugar groups, or internucleoside linkages of a nucleic acid molecule are
provided herein.

The terms “complement” or “complementary” can be determined by the Watson-
Crick base pairing between nucleotides and specifically refers to nucleotides hydrogen
bonded to one another with thymine or uracil residues linked to adenine residues by
two hydrogen bonds and cytosine and guanine residues linked by three hydrogen
bonds. In general, a nucleic acid includes a nucleotide sequence described as having

a “percent complementarity” to a specified second nucleotide sequence. For example,
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a nucleotide sequence may have 80%, 90%, or 100%complementarity to a specified
second nucleotide sequence, indicating that 8 of 10, 9 of 10 or 10 of 10 nucleotides
of a sequence are complementary to the specified second nucleotide sequence. For
instance, the nucleotide sequence 3’ -TCGA-5’ is 100%complementary to the nu-
cleotide sequence 5’ -AGCT-3" . Further, the nucleotide sequence 3’ -TCGA-is
100%complementary to a region of the nucleotide sequence 5° -TTAGCTGG-3’ .

The term “reverse complementary” means two nucleic acid sequences complement
to each other when read in opposite directions. A pair of reverse complementary
sequences can be in separated nucleic acid molecules or in different regions of a single
nucleic acid molecule. In the latter case, the nucleic acid molecule is considered “self-
complementary. ” As used herein a “self-complementary” nucleic acid molecule can
have at least two regions that are complementary or substantially complementary
to each other when read in opposite directions. Under a suitable condition, a pair of
reverse-complementary regions are capable of base-pairing with each other to form a
double-stranded duplex, and the sequence between the reverse-complementary regions
is bend into an unpaired loop. The resulting structure is referred to as a “stem-loop,
a “hairpin, ” or a “hairpin loop, ” which is a secondary structure found in many self-
complementary molecules.

The terms “duplexed, ” “double-stranded, ” or “hybridized” as used herein refer to
multiple nucleic acid molecules or a region of a single nucleic acid molecule (e.g.,
the stem region in a stem-loop structure) that is formed by hybridization of two single
strands of nucleic acids containing complementary sequences. As described herein,

a pair of complementary sequences can be fully complementary or partially com-
plementary.

The terms “hybridization” and “hybridizes” refer to pairing and binding of com-
plementary nucleic acids. Hybridization occurs to varying extents between two
nucleic acids depending on factors such as the degree of complementarity of the
nucleic acids, the melting temperature, Tm, of the nucleic acids and the stringency
of hybridization conditions, as is well known in the art. The term “stringency of hy-
bridization conditions” refers to conditions of temperature, ionic strength, and com-
position of a hybridization medium with respect to particular common additives such
as formamide and Denhardt's solution. Determination of particular hybridization
conditions relating to a specified nucleic acid is routine and is well known in the art,
for instance, as described in J. Sambrook and D.W. Russell, Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Laboratory Press; 3rd Ed., 2001; and F.M.
Ausubel, Ed., Short Protocols in Molecular Biology, Current Protocols; Sth Ed., 2002.
High stringency hybridization conditions are those which only allow hybridization

of substantially complementary nucleic acids. Typically, nucleic acids having about
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85-100%complementarity are considered highly complementary and hybridize under
high stringency conditions. Intermediate stringency conditions are exemplified by
conditions under which nucleic acids having intermediate complementarity, about
50-84%complementarity, as well as those having a high degree of complementarity,
hybridize. In contrast, low stringency hybridization conditions are those in which
nucleic acids having a low degree of complementarity hybridize.

The term “operably linked” as used herein refers to a nucleic acid sequence in
functional relationship with a second nucleic acid sequence. The term “operably
linked” encompasses functional connection of two or more nucleic acid sequences,
such as a nucleic acid to be transcribed and a regulatory element. The term “regulatory
element” as used herein refers to a nucleotide sequence which controls some aspect
of the expression of an operably linked nucleic acid coding sequence. Exemplary
regulatory elements include an enhancer, such as, but not limited to: woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE) ; an internal ribosome
entry site (IRES) or a 2A domain; an intron (e.g., a group I intron) ; an origin of
replication; a polyadenylation signal (pA) ; a promoter; a transcription termination
sequence; and an upstream regulatory domain, which contribute to the replication,
transcription, posttranscriptional processing of an operably linked nucleic acid
sequence. Those of ordinary skill in the art are capable of selecting and using these and
other regulatory elements in an expression vector with no more than routine experi-
mentation.

The terms “translational enhancer element, ”” “TEE” and “translational enhancers”
as used herein refers to an region in a nucleic acid molecule that functions to promotes
translation of a operably linked coding sequence of the nucleic acid into a protein
or peptide product, such as via cap-dependent or cap-independent translation. A
TEE typically locates in the UTR region of a nucleic acid molecule (e.g., mRNA)
and enhance the translational level of a coding sequence located either upstream or
downstream. For example, a TEE in a 5° -UTR of a nucleic acid molecule can locate
between the promoter and the starting codon of the nucleic acid molecule. Various
TEE sequences are known in the art (Wellensiek et al. Genome-wide profiling of
human cap-independent translation-enhancing elements, Nature Methods, 2013 Aug;
10 (8) : 747-750; Chappell et al. PNAS June 29, 2004 101 (26) 9590-9594) . Some
TEEs are known to be conserved across multiple species (Panek et al. Nucleic Acids
Research, Volume 41, Issue 16, 1 September 2013, Pages 7625-7634) . In particular
embodiments, a TEE is a promoter.

The term “promoter” is a term of art and is used herein to refer to a nucleic acid
sequence operably linked to a nucleic acid sequence to be transcribed such as a

nucleic acid sequence encoding a NeuroD1 polypeptide as described herein. In some
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embodiments, a promoter is positioned upstream of a nucleic acid sequence to be
transcribed and provides a site for specific binding by RNA polymerase and other tran-
scription factors.

In some embodiments, a promoter specifically enhances expression of an operably
linked nucleic acid in a given cell type, and such promoter is referred to as a “cell type-
specific promoter. ” In certain embodiments, a cell type-specific promoter is a glial
cell specific promoter. Non-limiting examples of glial cell-specific promoters that
can be used in connection with the present disclosure include but are not limited to
glial fibrillary acidic protein (GFAP) promoter and aldehyde dehydrogenase 1 family,
member L1 (AldhIL1) promoter, a lipocalin 2 (Icn2) promoter, a S100 calcium-binding
protein B (S100p) promoter, a SRY-box transcription factor 9 (Sox9) promoter. A non-
limiting example of an NG2 cell-specific promoter is the promoter of the chondroitin
sulfate proteoglycan 4 gene, also known as neuron-glial antigen 2 (NG2) .

In alternative embodiments, a promoter generally enhances expression of an operably
linked nucleic acid in various different cell types, such as at least 5 different cell types,
and such promoter is referred to as an “ubiquitous promoter. ” Non-limiting examples
of ubiquitous promoters that can be used in connection with the present disclosure
include but are not limited to the CAG promoter which combines the cytomegalovirus
CMV early enhancer element and chicken beta-actin promoter, a CMV promoter, a
ubiquitin promoter, an EF-1a promoter.

As used herein, an “internal ribosome entry site” or “IRES” refers to an RNA
sequence or structural element ranging in size from 10 nt to 1000 nt or more, capable
of initiating translation of a polypeptide in the absence of a typical RNA cap structure.
An IRES is typically about 500 nt to about 700 nt in length.

Codon substitution or codon replacement in the context of codon optimization refer
to replacing a codon present in a candidate nucleotide sequence (e.g., an mRNA
encoding a therapeutic agent) with another codon. Thus, a codon can be substituted
in a candidate nucleic acid sequence, for example, via chemical peptide synthesis or
through recombinant methods known in the art. Accordingly, references to a “sub-
stitution” or “replacement” at a certain location in a nucleic acid sequence (e.g., an
mRNA) or within a certain region or subsequence of a nucleic acid sequence (e.g.,
an mRNA) refer to the substitution of a codon at such location or region with an
alternative codon. As used herein, the term “codon-optimized variant” refers to a
synonymous nucleotide sequence that encodes the same polypeptide sequence encoded
by a candidate nucleotide sequence (e.g., a nucleotide sequence encoding a NeuroD 1
polypeptide) . Thus, there are no amino acid substitutions in the polypeptide encoded
by the codon optimized nucleotide sequence with respect to the polypeptide encoded

by the candidate nucleotide sequence. A candidate nucleic acid sequence can be
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codon-optimized by replacing all or part of its codons according to a substitution
table map. According to the present disclosure, a candidate nucleotide sequence can
be codon-optimized, for example, to improve its translation efficacy of the encoded
polypeptide. In some embodiments, the candidate nucleotide sequence is codon-
optimized for improved translation efficacy after in vivo administration, e.g., admin-
istration as part of a recombinant AAV virion.

The term “peptide” as used herein refers to a polymer containing between two and
fifty (2-50) amino acid residues linked by one or more covalent peptide bond (s) .
The terms apply to naturally occurring amino acid polymers as well as amino acid
polymers in which one or more amino acid residues is a non-naturally occurring amino
acid (e.g., an amino acid analog or non-natural amino acid) .

The terms “polypeptide” and “protein” are used interchangeably herein to refer to
a polymer of greater than fifty (50) amino acid residues linked by covalent peptide
bonds. That is, a description directed to a polypeptide applies equally to a description
of a protein, and vice versa. The terms apply to naturally occurring amino acid
polymers as well as amino acid polymers in which one or more amino acid residues is
a non-naturally occurring amino acid (e.g., an amino acid analog) . As used herein, the
terms encompass amino acid chains of any length, including full length proteins (e.g.,
NeuroD1) .

As used herein, the term “NeuroD1 polypeptide” refers to NeuroD1 or a functional
derivative of NeuroD]1.

The term “neurogenic differentiation 1 protein” or “NeuroD1” as used herein,
refers to any native NeuroD1 from any vertebrate source, including mammals such as
primates (e.g., humans) and rodents (e.g., mice and rats) , unless otherwise indicated.
The term encompasses unprocessed NeuroD1 as well as any form of NeuroD1 that
results from processing in the cell. The term also encompasses naturally occurring
variants of NeuroD1, e.g., splice variants or allelic variants. The amino acid sequence
of an exemplary human NeuroD1 is
MTKSYSESGLMGEPQPQGPPSWTDECLSSQDEEHEADKKEDDLETM-
NAEEDSLRNGGEEEDED
EDLEEEEEEEEEDDDQKPKRRGPKKKKMTKARLERFKLRRMKANAR-
ERNRMHGLNAALDNLR KVVPCYSKTQKLSKIETLRLAKNYIWALSEIL-
RSGKSPDLVSFVQTLCKGLSQPTTNLVAGCLQL NPRTFLPEQNQDMPPHLP-
TASASFPVHPYSYQSPGLPSPPYGTMDSSHVFHVKPPPHAY SAALEPF FES-
PLTDCTSPSFDGPLSPPLSINGNFSFKHEPSAEFEKNYAFTMHYPAATLA-
GAQSHGSIFSGTAA PRCEIPIDNIMSFDSHSHHERVMSAQLNAIFHD (SEQ ID
NO: 1; GenBank Accession NP_002491.3) . A “full-length” NeuroD1 as used herein

refers to the mature, natural length NeuroD1 molecule. For example, full-length human
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NeuroD1 refers to a molecule that has 356 amino acids (see e.g., SEQ ID NO: 1) . For
example, a functional derivative of NeuroD1 is SEQ ID NO: 4, which has 357 amino
acids.

An ortholog is a gene or genes that are related by vertical descent and are responsible
for substantially the same or identical functions in different organisms. For example,
mouse NeuroD1 and human NeuroD1 can be considered orthologs for the biological
function of regulating neuronal differentiation and neurogenesis. See e.g., Cho, J.H.
et al., Mol, Neurobiol., 30: 35-47, 2004; Kuwabara, T. et al., Nature Neurosci., 12:
1097-1105, 2009; and Gao, Z. et al., Nature Neurosci., 12: 1090-1092, 2009. Genes
are related by vertical descent when, for example, they share sequence similarity
of sufficient amount to indicate they are homologous, or related by evolution from
a common ancestor. Genes can also be considered orthologs if they share three-di-
mensional structure but not necessarily sequence similarity, of a sufficient amount
to indicate that they have evolved from a common ancestor to the extent that the
primary sequence similarity is not identifiable. Genes that are orthologous can encode
proteins with sequence similarity of about 25%to 100%amino acid sequence identity.
Genes encoding proteins sharing an amino acid similarity less than 25%can also
be considered to have arisen by vertical descent if their three-dimensional structure
also shows similarities. Orthologs include genes or their encoded gene products that
through, for example, evolution, have diverged in structure or overall activity. For
example, where one species encodes a gene product exhibiting two functions and
where such functions have been separated into distinct genes in a second species, the
three genes and their corresponding products are considered to be orthologs. Those
skilled in the art will understand how to identify orthologous genes harboring a bi-
ological function of interest. For example, a list of orthologous NeuroD1 genes and
encoded NeuroD1 protein sequences can be found on GenBank website:
www. ncbi. nlm. nih. gov/gene/4760/ortholog/? scope=89593&term=NEURODI.
Non-exhaustive examples
of NeuroD1 proteins from various non-human organisms as identified by their
respective GenBank accession numbers include Mus musculus (hose mouse)
NP_035024.1, Danio rerio (zebrafish) NP_571053.1, Gallus gallus (chicken)
NP_990251.2, Bos taurus (cattle) NP_001096758.1, Mesocricetus auratus (golden
hamster) XP_005065174.1, Sus scrofa (pig) XP_020931169.1, Xenopus tropicalis
(frog) NP_001090868.1, Canis lupus familiaris (dog) XP_005640434.2, Pan
troglodytes (chimpanzee) XP_001158946.1, Ovis aries (sheep) XP_011987527.1.

In some embodiments, A group orthologs genes encode protein products that can be

considered functional derivatives of one another.
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NeuroD1 is highly conserved in the vertebrate family. FIG. 2B shows the sequence
alignment of NeuroD1 proteins from various species, including mouse, zebrafish,
human, rat, chicken, cattle, hamster, pig, frog, dog, chimpanzee and sheep. As shown,
at least 95%amino acid residues in the NeuroD1 sequences are conserved across
NeuroD1 orthologs from various species.

As used herein, the term “Ngn2 polypeptide” refers to Ngn2 or a functional de-
rivative of Ngn2. The term “neurogenin 2” or “Ngn2” as used herein, refers to any
native Ngn2 from any vertebrate source, including mammals such as primates (e.g.,
humans) and rodents (e.g., mice and rats) , unless otherwise indicated. The term en-
compasses unprocessed Ngn2 as well as any form of Ngn2 that results from processing
in the cell. The term also encompasses naturally occurring variants of Ngn2, e.g.,
splice variants or allelic variants. The amino acid sequence of an exemplary human
Ngn2 is MFVKSETLELKEEEDVLVLLGSASPALAALTPLSSSADEEEEEEP-
GASGGARRQRGAEAGQGARG GVAAGAEGCRPARLLGLVHDCKRRPSRAR-
AVSRGAKTAETVQRIKKTRRLKANNRERNRMHNL NAALDALREVLPTF-
PEDAKLTKIETLRFAHNYIWALTETLRLADHCGGGGGGLPGALFSEAVLLSP
GGASAALSSSGDSPSPASTWSCTNSPAPSSSVSSNSTSPYSCTLSPASPAGSD-
MDYWQPPPPDKHR YAPHLPIARDCI (SEQ ID NO: 35; GenBank Accession:
NP_076924.1) .

A “modification” of an amino acid residue/position refers to a change of a primary
amino acid sequence as compared to a starting amino acid sequence, wherein the
change results from a sequence alteration involving said amino acid residue/position.
For example, typical modifications include substitution of the residue with another
amino acid (e.g., a conservative or substantial substitution) , insertion of one or more
(e.g., generally fewer than 5, 4, or 3) amino acids adjacent to said residue/position,
and/or deletion of said residue/position.

Conservative amino acid substitutions are ones in which the amino acid residue is
replaced with an amino acid residue having a similar side chain. Families of amino
acid residues having similar side chains have been generally defined in the art,
including basic side chains (e.g., lysine, arginine, histidine) , acidic side chains (e.g.,
aspartic acid, glutamic acid) , uncharged polar side chains (e.g., glycine, asparagine,
glutamine, serine, threonine, tyrosine, cysteine) , nonpolar side chains (e.g., alanine,
valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan) , beta-
branched side chains (e.g., threonine, valine, isoleucine) and aromatic side chains
(e.g., tyrosine, phenylalanine, tryptophan, histidine) . For example, substitution of a
phenylalanine for a tyrosine is a conservative substitution. Alternatively, naturally
occurring residues may be divided into groups based on common side-chain properties:
(1) hydrophobic: Norleucine, Met, Ala, Val, Leu, Ile; (2) neutral hydrophilic: Cys,
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Ser, Thr, Asn, Gln; (3) acidic: Asp, Glu; (4) basic: His, Lys, Arg; (5) residues that
influence chain orientation: Gly, Pro; and (6) aromatic: Trp, Tyr, Phe. Generally, con-
servative substitutions in the sequences of the peptides or polypeptides the disclosure
do not abrogate the biological activity of interest of the peptide or polypeptide. Amino
acid substitutions may be introduced into a polypeptide of interest and the products
screened for a desired activity of interest, e.g., retained/improved ability of a NeuroD1
variant in producing one or more neuronal phenotypes in a glia cell, and methods for
measuring such desired activity are well-known in the art.

In contrast, substantial modifications in the biological properties of a polypeptide
are accomplished by selecting substitutions that differ significantly in their effect
on maintaining (a) the structure of the polypeptide backbone in the area of the sub-
stitution, for example, as a sheet or helical conformation, (b) the charge or hy-
drophobicity of the molecule at the target site, or (c) the bulk of the side chain.

In the context of a peptide or polypeptide, the term “derivative” as used herein refers
to a peptide or polypeptide that comprises an amino acid sequence of the peptide or
polypeptide, or a fragment of a peptide or polypeptide, which has been altered by the
introduction of amino acid residue substitutions, deletions, or additions. The term
“derivative” as used herein also refers to a peptide or polypeptide, or a fragment of
a peptide or polypeptide, which has been chemically modified, e.g., by the covalent
attachment of any type of molecule to the polypeptide. For example, but not by way
of limitation, a peptide or polypeptide or a fragment of the peptide or polypeptide
may be chemically modified, e.g., by glycosylation, acetylation, pegylation, phos-
phorylation, amidation, derivatization by known protecting/blocking groups, pro-
teolytic cleavage, chemical cleavage, formulation, metabolic synthesis of tunicamycin,
linkage to a cellular ligand or other protein, etc. The derivatives are modified in a
manner that is different from naturally occurring or starting peptide or polypeptides,
either in the type or location of the molecules attached. Derivatives further include
deletion of one or more chemical groups which are naturally present on the peptide or
polypeptide. Further, a derivative of a peptide or polypeptide or a fragment of a peptide
or polypeptide may contain one or more non-classical amino acids. In specific em-
bodiments, a derivative is a functional derivative of the native or unmodified peptide
or polypeptide (e.g., a wild-type protein) from which it was derived. For example,
a functional derivative of human NeuroD1 contains one or more modifications in
its amino acid sequence with respect to the sequence shown in SEQ ID NO: 1. For
example, in some embodiments, a functional derivative of human NeuroD1 comprises
the amino acid sequence set forth in SEQ ID NO: 4.

The term “functional derivative” refers to a derivative that retains one or more

functions or activities of the naturally occurring or starting peptide or polypeptide (e.g.
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a wild-type protein) from which it is derived. For example, in some embodiments,

a functional derivative of a reprograming protein factor as described herein (e.g.,
NeuroD1) may retain the activity of producing a neuronal phenotype in a glial cell
after being expressed in a sufficient amount by the glial cell. In some embodiments,

a functional derivative of a reprogramming protein factor may retain the activity of
the reprogramming protein factor in reprogramming the glial cell to trans-differentiate
into a neuron after being expressed in a sufficient amount by the glial cell. In some
embodiments, a functional derivative of a peptide or polypeptide described herein
shares at least about 75%, at least about 80%, at least about 85%, at least about 90%,
at least about 91%, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least
about 99%sequence identity with respect to the starting (e.g., wild-type) peptide or
polypeptide.

A derivative of polypeptide can be prepared using methods well-known in the art,
e.g., by modifying the corresponding nucleic acid molecules encoding the derivative.
For example, derivatives may be a substitution, deletion, or insertion of one or more
codons encoding the polypeptide that results in a change in the amino acid sequence as
compared with the wild-type sequence of the polypeptide. The derivatives can be made
using methods well-known in the art such as DNA synthesis, oligonucleotide-mediated
(site-directed) mutagenesis, alanine scanning, and PCR mutagenesis. Site-directed mu-
tagenesis (see, e.g., Carter, 1986, Biochem J. 237: 1-7; and Zoller et al., 1982, Nucl.
Acids Res. 10: 6487-500) , cassette mutagenesis (see, e.g., Wells et al., 1985, Gene 34:
315-23), or other known techniques can be performed on the cloned DNA to produce
the derivatives DNA.

Those skilled in the art can determine the site (s) in an amino acid sequence of a
given protein, where a modification (s) can be made in order to produce functional de-
rivatives. In some embodiments, a functional derivative of a polypeptide comprises
one or more modifications to one or more predicted non-essential amino acid residues
in its sequence. In some embodiments, modifications made to non-essential amino
acid residues can be a conservative substation as described herein. In some em-
bodiments, modifications made to non-essential amino acid residues can be a sub-
stantial substation described herein. In some embodiments, modifications made to non-
essential amino acid residues can be a deletion of the non-essential amino acid residue.
In alternative embodiments, one or more modifications can be made to one or more
predicted essential amino acid residues in its sequence. In particularly embodiments,
the modifications made to essential amino acid residues in a protein sequence can be
a conservative substitution as described herein. Methods well-known in the art can

be used to analyze a protein (e.g., NeuroD1) sequence to identify essential and non-
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essential amino acid residues of the protein. For example, in some embodiments, an
amino acid residue of a protein that is not conserved among orthologous gene products
is predicted to be a non-essential amino acid residue, while another amino acid residue
that is conserved among orthologous gene products is predicted to be an essential
amino acid residue. For example, an alignment of twelve NeuroD1 orthologs is shown
in Figure 2B, and the conserved residues and non-conserved residues are marked with
different shades, respectively.

In some embodiments, after making one or more modifications to the sequence of a
polypeptide (e.g., by making insertions, deletions, or substitutions of amino acids in
the original amino acid sequence either systematically, randomly, or at selected sites) ,
functional derivatives of the polypeptide can be identified by testing the resulting
derivatives for activity exhibited by the original sequence. For example, to identify
functional derivative of a reprograming protein factor (e.g., NeuroD1) as described
herein, nucleic acid molecules encoding the derivative polypeptides can be delivered
into a population of starting glial cells under a suitable condition to be expressed
at a sufficient level, and assays can be conducted to detect and/or measure one or
more neuronal phenotypes in the population of cells and compared the level at which
the neuronal phenotype of interest is demonstrated by the population of cells to a
control group of glial cells that express the original, unmodified (e.g., wild-type) re-
programming protein factor, and those derivatives that induce the neuronal phenotype
in the testing cell population at a comparable level to that of the control population
can be selected as functional derivatives. Alternatively, the comparison can be made
to a control group of glial cells that do not express the reprogramming protein factor
(e.g. transduced with a blank vector) , and those derivative that induce the neuronal
phenotype in the testing cell population at a greater level than that of the control
population can be selected as functional derivatives.

The term “sequence identity” refers to a relationship between the sequences of two or
more biological molecules (e.g., a pair of polynucleotides or multiple polypeptides) ,
as determined by aligning and comparing the respective sequences. “Percent (%)
amino acid sequence identity” with respect to a reference amino acid sequence (e.g.,

a reference polypeptide) is defined as the percentage of amino acid residues in a
candidate sequence that are identical with the amino acid residues in the reference
amino acid sequence, after aligning the two sequences and introducing gaps, if
necessary, to achieve the maximum percent sequence identity. Alignment for purposes
of determining percent amino acid sequence identity can be achieved in various ways
that are within the skill in the art, for instance, using publicly available computer
software such as BLAST, BLAST-2, ALIGN, or MEGALIGN (DNAStar, Inc. )

software. Those skilled in the art can determine appropriate parameters for aligning
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sequences, including any algorithms needed to achieve maximal alignment over the
full length of the sequences being compared. Exemplary parameters for determining
relatedness of two or more sequences using the BLAST algorithm, for example, can
be as set forth below. Briefly, amino acid sequence alignments can be performed
using BLASTP version 2.0.8 (Jan-05-1999) and the following parameters: Matrix: O
BLOSUMSG62; gap open: 11; gap extension: 1; x_dropoff: 50; expect: 10.0; wordsize: 3;
filter: on. Nucleic acid sequence alignments can be performed using BLASTN version
2.0.6 (Sept-16-1998) and the following parameters: Match: 1; mismatch: -2; gap open:
5; gap extension: 2; x_dropoff: 50; expect: 10.0; wordsize: 11; filter: off. Those skilled
in the art will know what modifications can be made to the above parameters to either
increase or decrease the stringency of the comparison, for example, and determine the
relatedness of two or more sequences.

The term “vector” refers to a substance that is used to carry or include a nucleic acid
sequence, including for example, a nucleic acid sequence encoding a peptide or protein
as described herein, in order to introduce a nucleic acid sequence into a host cell, or
serve as a transcription template to carry out in vitro transcription reaction in a cell-free
system to produce mRNA. Vectors applicable for use include, for example, expression
vectors, plasmids, phage vectors, viral vectors, episomes, and artificial chromosomes,
which can include selection sequences or markers operable for stable integration into a
host cell’s chromosome. Additionally, the vectors can include one or more selectable
marker genes and appropriate transcription or translation control sequences. Selectable
marker genes that can be included, for example, provide resistance to antibiotics or
toxins, complement auxotrophic deficiencies, or supply critical nutrients not in the
culture media. Transcription or translation control sequences can include constitutive
and inducible promoters, transcription enhancers, transcription terminators, and the
like, which are well known in the art. When two or more nucleic acid molecules are
to be co-transcribed or co-translated (e.g., nucleic acid molecules encoding two or
more different peptides or proteins) , both nucleic acid molecules can be inserted,
for example, into a single expression vector or in separate expression vectors. For
single vector transcription and/or translation, the encoding nucleic acids can be opera-
tionally linked to one common transcription or translation control sequence or linked to
different transcription or translation control sequences, such as one inducible promoter
and one constitutive promoter. The introduction of nucleic acid molecules into a host
cell can be confirmed using methods well known in the art. Such methods include, for
example, nucleic acid analysis such as Northern blots or polymerase chain reaction
(PCR) amplification of mRNA, immunoblotting for expression of gene products, or
other suitable analytical methods to test the expression of an introduced nucleic acid

sequence or its corresponding gene product. It is understood by those skilled in the
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art that the nucleic acid molecules are expressed in a sufficient amount to produce a
desired product (e.g., a mRNA transcript of the nucleic acid as described herein) , and
it is further understood that expression levels can be optimized to obtain sufficient ex-
pression using methods well known in the art.

The term “administer” or “administration” refers to the act of injecting or otherwise
physically delivering a substance as it exists outside the body (e.g., a recombinant
AAV as described herein) into a patient, such as by intracranial, mucosal, intradermal,
intravenous, intramuscular delivery, and/or any other method of physical delivery
described herein or known in the art. When a disease, disorder, condition, or a
symptom thereof, is being treated, administration of the substance typically occurs
after the onset of the disease, disorder, condition, or symptoms thereof. When a
disease, disorder, condition, or symptoms thereof, are being prevented, administration
of the substance typically occurs before the onset of the disease, disorder, condition, or
symptoms thereof.

An “effective amount” is generally an amount sufficient to produce a desirable
outcome, such as, producing one or more neuronal phenotypes in a population of cells,
or in the context of disease management, to reduce the severity and/or frequency of
symptoms, eliminate the symptoms and/or underlying cause, prevent the occurrence
of symptoms and/or their underlying cause, and/or improve or remediate the damage
that results from or is associated with a disease, disorder, or condition, including, for
example, infection and neoplasia.

The terms “subject” and “patient” may be used interchangeably. As used herein, in
certain embodiments, a subject is a mammal, such as a non-primate (e.g., cow, pig,
horse, cat, dog, rat, etc. ) or a primate (e.g., monkey and human) . In specific em-
bodiments, the subject is a human. In one embodiment, the subject is a mammal (e.g.,
a human) having an infectious disease or neoplastic disease. In another embodiment,
the subject is a mammal (e.g., a human) at risk of developing an infectious disease or
neoplastic disease.

The term “phenotype” refers to well-known detectable characteristics of the cells
referred to herein. The neuronal phenotype can be, but is not limited to, one or more
of: neuronal morphology, expression of one or more neuronal markers, electrophysi-
ological characteristics of neurons, synapse formation and release of neurotransmitter.
For example, neuronal phenotype encompasses but is not limited to: characteristic
morphological aspects of a neuron such as presence of dendrites, an axon and dendritic
spines; characteristic neuronal protein expression and distribution, such as presence
of synaptic proteins in synaptic puncta, presence of MAP2 in dendrites; and charac-
teristic electrophysiological signs such as spontaneous and evoked synaptic events.

Phenotypes that distinguish a neuron from a non-neuron cell (e.g., a glial cell) as well
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as method for detecting and measuring such phenotypes are known to those of ordinary
skill in the art.

The term “detectable probe” refers to a composition that provides a detectable signal.
The term includes, without limitation, any fluorophore, chromophore, radiolabel,
enzyme, antibody or antibody fragment, and the like, that provide a detectable signal
via its activity.

As used herein, and unless otherwise specified, the term “optional” or “optional-
ly” (e.g., optionally substituted) means that the subsequently described event of cir-
cumstances may or may not occur, and that the description includes instances where
said event or circumstance occurs and instances in which it does not. For example,
“optionally wherein” means that the features following the wherein may or may not be
present and that the description includes either situation when such features are present
or absent.

The term “composition” is intended to encompass a product containing the specified
ingredients (e.g., a recombinant AAV) in, optionally, the specified amounts.

“Substantially all” refers to at least about 60%, at least about 65%, at least about
70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at
least about 95%, at least about 98%, at least about 99%, or about 100%.

As used herein, and unless otherwise indicated, the term “about” or “approximately”
means an acceptable error for a particular value as determined by one of ordinary
skill in the art, which depends in part on how the value is measured or determined. In
certain embodiments, the term “about” or “approximately” means within 1, 2, 3, or
4 standard deviations. In certain embodiments, the term “about” or “approximately”
means within 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.05%,
or less of a given value or range. As used herein, when “about” is used in connection
with a numerical range, the term “about” is meant to apply to both ends of such
modified range (e.g., “about 5 to 10” means “about 5 to about 10” ) .

Y <é

The singular terms “a, ” “an, ” and “the” as used herein include the plural reference
unless the context clearly indicates otherwise.

All publications, patent applications, accession numbers, and other references cited
in this specification are herein incorporated by reference in their entirety as if each in-
dividual publication or patent application were specifically and individually indicated
to be incorporated by reference. The publications discussed herein are provided solely
for their disclosure prior to the filing date of the present application. Nothing herein
is to be construed as an admission that the present invention is not entitled to antedate
such publication by virtue of prior invention. Further, the dates of publication provided
can be different from the actual publication dates which can need to be independently

confirmed.
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A number of embodiments of the invention have been described. Nevertheless, it
will be understood that various modifications may be made without departing from the
spirit and scope of the invention. Accordingly, the descriptions in the Experimental
section and examples are intended to illustrate but not limit the scope of invention
described in the claims.

5.3 NeuroD1 Expression Cassette

In one aspect, provided herein are functional nucleic acid molecules for treating
glioma. In some embodiments, the functional nucleic acid comprises an expression
cassette encoding a NeuroD1 polypeptide, which upon contacting with the glioma
cell, is expressed by the glioma cell to produce the encoded NeuroD1 polypeptide.

In some embodiment, the expression cassette comprises at least one coding region
encoding a NeuroD1 polypeptide (e.g., an open reading frame (ORF) ) . In some em-
bodiment, the expression cassette further comprises at least one untranslated region
(UTR) . In some embodiments, the UTR comprises one or more regulatory elements
as described herein. In some embodiments, the expression cassette can comprise any
coding sequences as described in this Section 5.3.1 (Coding Region) . In some em-
bodiments, the expression cassette can comprise any regulatory elements described in
Section 5.3.2 (Untranslated Regions (UTRs) ) .

In some embodiments, the NeuroD1 expression cassette is part of a single-stranded
nucleic acid molecule, including a single-stranded self-complementary DNA molecule.
In some embodiments, the single-stranded self-complementary DNA molecule is an ar-
tificial AAV genome that can be packaged into a recombinant AAV capsid.

In other embodiments, the NeuroD1 expression cassette is part of a nucleic acid
molecule that is configured to produce a linear nucleic acid molecule, including
a single-stranded self-complementary DNA molecule. In some embodiments, the
NeuroD1 expression cassette is part of a vector (e.g., a plasmid) that can be processed
into a linear recombinant AAV genome in a host cell in the presence of sufficient
adenovirus helper functions to permit replication and packaging of the linear re-
combinant AAV genome by the AAV capsid proteins.

5.3.1 Coding Region

In some embodiments, the NeuroD1 expression cassette of the present disclosure
comprises at least one coding region. In some embodiments, the coding region is an
open reading frame (ORF) that encodes for a NeuroD1 polypeptide. In some em-
bodiments, the coding region comprises at least two ORFs, each encoding a NeuroD 1
polypeptide. In those embodiments where the coding region comprises more than one
ORFs, the encoded NeuroD1 polypeptides can be the same as or different from each
other. In some embodiments, the multiple ORFs in a coding region are separated by

non-coding sequences.
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[0109]  In specific embodiments, the coding sequences or amino acid sequences of NeuroD1
polypeptides can be any NeuroD1 polypeptide as described herein. Table 5.3.1 shows
exemplary NeuroD1 polypeptides and encoding nucleic acid sequences thereof.

Table 5.3.1 Exemplary NeuroD1 polypeptide and encoding nucleic acid sequences.

SEQUENCE AMEING ACID OR DMUCLEIC ACID SEQUENCE

NAME (SEQ D

K185

WewreD aminge acid | MTKSYSESGLMGEPQPQGPPSWITDECLSSQDEREHEADKKEDDEETMNA

sequence v. 1 FEDSLRNGGEEEDEDEDLEEEEEEEEEDDDOQRPKRRGPKEKKMTKARLE
RFKLRRMEANARERNEMHGLNAALDNLREVVPCYSKTOKLSKIETLRL

{wild-type) AKNYIWALSEILRSGRSPRLVSFVOTLCKGLSQPTINLVAGCLQLNPRTY
LPEQNQDMPPHLPTASASFPVHPYSYQSPGLESPPYGTMDSSHVEFHVKPP

(BBQ 1D NO:D) PHAY SAALEPEFESPLTDUTSPSFDGPLIPPLSINGNFSFKHEPSAEFEENY
AFTMHYPAATLAGAQSHGSIFSGTAAPRCEIPIDNIMSFDSHSHHER VMS
AQLNAIFHD

Neurol} ceding ATCGACCAAANTCOTACAGCGAGAGTGGGUTGATGGGUGAGLCTTAGCT

DNA sequence v. 1 CCAAGOGTCCTCCAAGCTOUACAGACGAGTOTCTCAGTTCTCAGGACG
AGGAGCACGAGGUAGACAAGAAGGAGGAUGACEUTCGAAATCATGAA
{(SEQ 1D NG:2) CGCAGAGGAGGACUTCACTGAGGAACGGGGGAGAGGAGGAGGACGA
AGATGAGGACCTGGAAGAGGAGGAAGAAGAGGAAGAGGAGGATGA
COATCAAAAGUCCAAGAGACCCOOUCLCAAAAADAAGAAGATCACT
AAGGCTCGCCTGGAGCOTTTTAAATTCGAGACGCATGAAGGCTAACGC
CCOGOAGCGHAACCOCATGUACGOACTOAACGCHGUGLTAGACAAL
CTGCGCAAGGTGOTGCCTTGCTATTCTAAGACGCAGAAGCTGTCCAA
AATCGAGAUTCTGCGCTTGOUCAAGAACTACATCTCGLCICTGTOGS
AGATCOTGCGUTCAGGCAAAAGCCLCAGACCTGGICICUTTCGYICAG
ACGUITIGCAAGLUUTTATCCCAACCCACCACCAACCTIGGTIGOGGE
CTGCCTOCAACTCAATCUTCGOACTTITCTQCCTOAGUADAATUCAGOGA
CATGCCCCCCCACCTGCCQACGGCCAGCGCTTCCTTICCCTIGTACACCC
CTACTCCTACTCAGTCGCOTGUGOGCTOCCTAGTCCGUCTTACGGTACCATY
GGACAGUTCCCATGTCTTCCACGTTAAGCCTCCGCCGCACGCCTACAG
CGCAGCGCTGGAGCCCTTICOTTTGAAAGCCCTUTGACTGATTGCACCAG
CCCTTCCTTTGATGGACCCCTCAGCUCGCCGOUTCAGCATCAATGGCAA
CTTCTCTTTCAAACACGAACCGTCCGCCGAGTTTGAGAAAAATTATGO
CTTTACCATGUACTATUCTGCAGUGACACTGGCAGGGGUCCAAAGCT
ACGGATCAATCTTICTCAGGCACCGCTOGLCCCTCGCTGCOGAGATCCCCA
TAGACAATATTATGTOCTTCCATAGUCATICACATCATGAGCGAGTCA
TGAGTGCCCAGUTCAATGUCATATTTCATGATTAA

MNeuraD 1 coding ATGACCAAGICCTACAGCGAGTCCGGOCTGATOGOAGAGCCACAGLCC
DNA sequeace v.2 ACAGGGTUCCCCOTCCTGUACAGACCGAGTGCOTGAGTICACAGEATG
Codon Optimized AGGAGCACGAGGCAGACAAGAAGGAGGACGATCTGCAGACCATGAA

Variant TGCCGAGGAGGACTUCCTGCGUAACGGUGGGGAGCAGCGAGGACGAG
{SEQ 1D NG:3) GATGAGGACCTGGAGGAAGAGGAGGAGGAGGAGGAGGAGGACGAL

GATCAGAAACCCAAGCOTCGGGGCCCCAAGAAGAAGAAGATGACCA
AGGCTCGUCTGGAGCOGTTCAAGCTGCGGUGCATOAAGGCCAATGOC
CGCGAGCGCAATCGCATGCACGGCOTGAACGCCGCACTTGATAACCT
GCGOAAGGTOGGTGCUTTGCTACTCCAAGACTCAGAAGCTGAGTAAGA
TCGAGACGCTGCGTCTGGLCAAGAATTACATCTGGGCCCTGAGCGAG
ATTCTGCOGCTCAGGGAAGTCGUCAGATCTGOTCAGCTTCOTGCAGAC

GUIGIGTAAGGGGUIGICCCAGCCCACCACCAACCTGGIGGLCGGOT
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GCCTCCAGCTCAATCCTCOGACCTTCCTGCCUGAGLCAGAACCAGGAL
ATGCCTCCCCACCTGUCTACGGUCAAGTOCCAGCTTCCCTGTGCACCOT
TATTCTTACCAGTCCCCCGGGCTGCCAAGCCCTICCTTACGGAACCATG
GACTCCAGCTATOTGTTCCACGTGAAGCCTCCTCCTCACGCUTACAGC
GCGGCTCTGGAGCCCTTCTTCGAGAGCCCGCTGACGGACTGCACCAG
CCCCAGCTTCGACGGTCCTCTOGAGCCCACCTCTGAGTATCAACGGAA
ACTTCAGCTTCAAGUATCGAGCCTTCCGUGHGAGTTCGAGAAGAACTAC
GCCTTCACGATGCACTACCCCGUCGCCACACTGGCGGGGGCCCAGAG
TCACGOCAGCATCTICTCTGGCACCGCAGUCCICTSCTGUOAGATOC
CAATCGACAACATCATGAGCTTCCACTCTCATAGCCACCATGAGCGS
GTOATGAGCGCCUAGCTCAATOCAATUTTCUATGATIGA

NeuroD ! amino acid
sequence v.2 {with
an extra residue ¥V
encoded by an extra
codon GTG

{REQ 1 NO:4)

MY TKSYSESGLMGEPQPQGPPSWIDECLSSODEEHEADKKEDDLETMN
ALTDSLRNGGELUDEDEDLICEEEEEIEDDDOKPKRRGPKEKKKMTKAR

LERFKLREMKANARERNRMHGLNAALDNLRKVVPCYSK TORLSKIITL
RLAKNYIWALSEILRSGKSPDLVSFVQTLCKGLSOPTTNLVAGCLOLNER
TFLPEQNODMPPHLPTASASFPVHPYSYOSPGLPRPEFY GTMDSSHVFHVK
PPPHAYSAALEPFFESFLTDCTSPSFDOPLSTPLSINGNFSFKHEPSAEFEK

NYAFTMHYPAATLAGAQSHGSIFSGTAAPRCEIPIDNIMSFDSHSHIERY
MSAOLNAIFHD

NeoroD1 coding
DMA sequence v.3
{(with extra GTG te
accommodate 8
Kozak sequence for

transcription)

(SEQ 1D NO:5)

ATOGGTGACCAAATCOTACAGCGAGAGTGRGUTGATGGGCOAGOCTC
AGCCCCAAGGTCCTCCAAGCTGGACAGACGAGTGTCTCAGTTCTCAG
GACGAGGAGCACGAGGCAGACAAGAAGGAGGACGACCTCGAAALCA
TOGAACGCAGAGGAGGACTCACTGAGGAACGGGGGAGAGGAGGAGGA
COAAGATOGAGGACCTGOAAGAGGAGOGAAGAAGAGOAAGAGGAGGA
TGACGATCAAAAGCCCAAGAGACGCGGCOUCAAAAAGAAGAAGATG
ACTAAGGCTCGCCTOCAGCGTTTTAAATTGAGACGCATGAAGGCTAA
COCCCOGGOAGCGGAAUCGCATGUACGGACTGAACGCGGUGUTAGALC
AACCTGCGCAAGGTGOTGCCTTGCTATTCTAAGACGCAGAAGCTGTC
CAAAATCGAGACTCTGCOCTTIGOCUAAGAACTACATCTOGGLCTUTGT
CGGAGATCCTGCGCTCAGGUAAAAGCCCAGACCTGCGTCTCCTTCGTT
CAGACGCTTTGCAAGQUCTTATCCCAACCTACCACCAACCTGGTIGE
GGGCTGCCTGCAACTCAATCCTCGGACTTTTCTIGCCTGAGCAGAACCA
GGACATGCCCCCCCACCTGOUGACGGCCAGUGCTTCCTTCCOTGTACA
CCCCTACTCCTACCAGTCGCCTGOGUTGUCCAGTCOGCCTTACGGTAC
CATGUGACAGCTCCCATGTCTTCCACGTTAAGUCTCCGCCGCACGCOTA
CAGCGCAGCGCTGCAGCCCITCITIGAAAGUCCTICTGACTGATTGAL
CAGCCCTTCCTTTGATGOACCCCTCAGCCCGCCGCTCAGCATCAATGE
CAALTICTOTTTCAAACACCAACCOTCOOUCGACTTTICAGAAAAATY
ATGCCTTTACCATGCACTATCCTGCAGCGACACTGGCAGGGGCCCAA
AQCCACGOATCAATCTTUTCAGGCACCGUTGCCCCTCOQCIGCGAGAT
CCCCATAGACAATATTATGTCCTTCGATAGCCATICACATCATGAGCG
AGTCATCGAGTGCUCAGCTCAATGCUATATTICATGATTGA

In particular embodiments, the NeuroD1 expression cassette encodes a NeuroD1
polypeptide. In some embodiments, the encoded NeuroD1 polypeptide is a wild-type
NeuroD1. In some embodiments, the encoded NeuroD1 is human NeuroD1 having the
amino acid sequence of SEQ ID NO:1. In some embodiments, the encoded NeuroD1
is a NeuroD1 polypeptide having the amino acid sequence of SEQ ID NO: 4, where an
extra V is located at the second residue.

In alternative embodiments, the encoded NeuroD1 polypeptide is a functional de-
rivative of NeuroD1. In some embodiments, a functional derivative of NeuroD1 shares
at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least
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about 91%, at least about 92%, at least about 93%, at least about 94%, at least about
95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99%sequence identity with respect to the native (e.g., wild-type) NeuroD1 protein
from which it derives.

In some embodiments, a functional derivative of NeuroD1 comprises one or more
modifications to one or more predicted non-essential amino acid residues in the
NeuroD1 sequence. Methods well-known in the art can be used to analyze a protein
(e.g., NeuroD1) sequence to identify essential and non-essential amino acid residues
of the protein. For example, in some embodiments, an amino acid residue of a protein
that is not conserved among orthologous gene products is predicted to be a non-
essential amino acid residue, while another amino acid residue that is conserved among
orthologous gene products is predicted to be an essential amino acid residue. An
exemplary alignment of NeuroD1 orthologs is shown in Figure 2B, and the conserved
residues and non-conserved residues are marked with different shades, respectively.

In specific embodiments, a functional derivative of NeuroD1 comprises one or
more conservative amino acid substitutions at one or more predicted non-essential
amino acid residues of NeuroD1. In specific embodiments, a functional derivative of
NeuroD1 comprises one or more conservative amino acid substitutions at one or more
predicted essential amino acid residues of NeuroD]1.

In some embodiments, a functional derivative of NeuroD1 retains the NeuroD1
function in producing one or more neuronal phenotypes in a glial cell, which neuronal
phenotypes include but are not limited to neuronal morphology, expression of one
or more neuronal marker, electrophysiologic characteristics of neurons, synapse
formation and release of neurotransmitters. Methods disclosed herein (see €.g.,
Example section) and/or well-known in the art can be used to measure the one or
more neuronal phenotypes. In some embodiments, a functional derivative of NeuroD1
retains the NeuroD1 function in reprogramming a glial cell to trans-differentiate into a
neuron.

In specific embodiments, a functional derivative of NeuroD1 comprises one or
more conservative amino acid substitutions at one or more predicted non-essential
amino acid residues, and shares at least about 75%, at least about 80%, at least about
85%, at least about 90%, at least about 91%, at least about 92%, at least about 93%,
at least about 94%, at least about 95%, at least about 96%, at least about 97%, at
least about 98%, or at least about 99%sequence identity with respect to a wild-type
NeuroD1 protein. In some embodiments, the wild-type NeuroD1 protein from which
the functional derivative is derived is a wild-type human NeuroD1 having SEQ ID NO:
1. In some embodiments, the NeuroD1 protein from which the functional derivative is
derived is a NeuroD1 polypeptide having SEQ ID NO: 4.
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In specific embodiments, a functional derivative of NeuroD1 comprises one or more
conservative amino acid substitutions at one or more predicted non-essential amino
acid residues, and shares at least about 75%, at least about 80%, at least about 85%,
at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least about 97%, at least about
98%, or at least about 99%sequence identity with respect to the native (e.g., wild-type)
NeuroD1 protein from which it derives, and further retains the function in producing
one or more neuronal phenotypes in a glial cell when expressed in a sufficient amount
by the glial cell. In some embodiments, the wild-type NeuroD1 protein from which the
functional derivative is derived is a wild-type human NeuroD1 having SEQ ID NO:

1. In some embodiments, the NeuroD1 protein from which the functional derivative is
derived is a NeuroD1 polypeptide having SEQ ID NO: 4.

In specific embodiments, a functional derivative of NeuroD1 comprises one or more
conservative amino acid substitutions at one or more predicted non-essential amino
acid residues, and shares at least about 75%, at least about 80%, at least about 85%,
at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least about 97%, at least about
98%, or at least about 99%sequence identity with respect to the native (e.g., wild-
type) NeuroD1 protein from which it derives, and further retains the function in repro-
gramming a glial cell to trans-differentiate into a neuron when expressed in a sufficient
amount by the glial cell. In some embodiments, the wild-type NeuroD1 protein from
which the functional derivative is derived is a wild-type human NeuroD1 having SEQ
ID NO: 1. In some embodiments, the NeuroD1 protein from which the functional de-
rivative is derived is a NeuroD1 polypeptide having SEQ ID NO: 4.

In specific embodiments, a functional derivative of NeuroD1 comprises one or more
conservative amino acid substitutions at one or more predicted essential amino acid
residues, and shares at least about 75%, at least about 80%, at least about 85%, at
least about 90%, at least about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least about 97%, at least about
98%, or at least about 99%sequence identity with respect to the native (e.g., wild-type)
NeuroD1 protein from which it derives, and further retains the function in producing
one or more neuronal phenotypes in a glial cell when expressed in a sufficient amount
by the glial cell. In some embodiments, the wild-type NeuroD1 protein from which the
functional derivative is derived is a wild-type human NeuroD1 having SEQ ID NO:

1. In some embodiments, the NeuroD1 protein from which the functional derivative is
derived is a NeuroD1 polypeptide having SEQ ID NO: 4.
In specific embodiments, a functional derivative of NeuroD1 comprises one or more

conservative amino acid substitutions at one or more predicted essential amino acid
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residues, and shares at least about 75%, at least about 80%, at least about 85%, at
least about 90%, at least about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least about 97%, at least about
98%, or at least about 99%sequence identity with respect to the native (e.g., wild-
type) NeuroD1 protein from which it derives, and further retains the function in repro-
gramming a glial cell to trans-differentiate into a neuron when expressed in a sufficient
amount by the glial cell. In some embodiments, the wild-type NeuroD1 protein from
which the functional derivative is derived is a wild-type human NeuroD1 having SEQ
ID NO: 1. In some embodiments, the NeuroD1 protein from which the functional de-
rivative is derived is a NeuroD1 polypeptide having SEQ ID NO: 4.

In some embodiments, the encoded NeuroD1 polypeptide is encoded by (a) a
DNA sequence of SEQ ID NO: 2, SEQ ID NO: 3, or SEQ ID NO: 5, (b) a codon-
optimized variant of (a) , or (c) a transcribed RNA sequence of (a) or (b) . In some
embodiments, the codon-optimized variant shares at least about 50%, at least about
55%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, at
least about 80%, at least about 85%, at least about 90%, or at least about 95%sequence
identity to SEQ ID NO: 2. In some embodiments, the codon-optimized variant shares
at least about 50%, at least about 55%, at least about 60%, at least about 65%, at
least about 70%, at least about 75%, at least about 80%, at least about 85%, at least
about 90%, or at least about 95%sequence identity to SEQ ID NO:3. In some em-
bodiments, the codon-optimized variant shares at least about 50%, at least about 55%,
at least about 60%, at least about 65%, at least about 70%, at least about 75%, at least
about 80%, at least about 85%, at least about 90%, or at least about 95%sequence
identity to SEQ ID NO: 5. In some embodiments, the transcribed RNA sequence has
the same sequence as the DNA coding sequences except that thymine bases in the
DNA sequence are replaced by uracil bases in the RNA sequence. In particular em-
bodiments, the NeuroD1 expression cassette is mono-cistronic and encodes only one
NeuroD1 polypeptide as described herein.

In alternative embodiments, the NeuroD1 expression cassette is multi-cistronic and
encodes multiple NeuroD1 polypeptides as described herein. In some embodiments,
a multi-cistronic expression sequence encoding at least two NeuroD1 polypeptides
further encodes an internal ribosome entry site (IRES) that separate two ORFs.
Without being bound by the theory, it is contemplated that an internal ribosome entry
sites (IRES) can act as the sole ribosome binding site, or serve as one of multiple
ribosome binding sites of an mRNA. An mRNA molecule containing more than
one functional ribosome binding site can encode several peptides or proteins that
are translated independently by the ribosomes (e.g., multicistronic mRNA) . Ac-

cordingly, in some embodiments, the nucleic acid molecule of the present disclosure
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(e.g., mRNA) comprises one or more internal ribosome entry sites (IRES) . Examples
of IRES sequences that can be used in connection with the present disclosure include,
without limitation, those from picomaviruses (e.g., FMDV) , pest viruses (CFFV) ,
polio viruses (PV) , encephalomyocarditis viruses (ECMV) , foot-and-mouth disease
viruses (FMDYV) , hepatitis C viruses (HCV) , classical swine fever viruses (CSFV) ,
murine leukemia virus (MLV) , simian immune deficiency viruses (SIV) or cricket
paralysis viruses (CrPV) .

In particular embodiments, the IRES has a sequence of an IRES from Taura
syndrome virus, Triatoma virus, Theiler's encephalomyelitis virus, Simian Virus
40, Solenopsis invicta virus 1, Rhopalosiphum padi virus, Reticuloendotheliosis
virus, Human poliovirus 1, Plautia stall intestine virus, Kashmir bee virus, Human
rhinovirus 2, Homalodisca coagulata virus-1, Human Immunodeficiency Virus type
1, Homalodisca coagulata virus-1, Himetobi P virus, Hepatitis C virus, Hepatitis
A virus, Hepatitis GB virus, Foot and mouth disease virus, Human enterovirus 71,
Equine rhinitis virus, Ectropis obliqua picorna-like virus, Encephalomyocarditis
virus, Drosophila C Virus, Human coxsackievirus B3, Crucifer tobamovirus, Cricket
paralysis virus, Bovine viral diarrhea virus 1, Black Queen Cell Virus, Aphid lethal
paralysis virus, Avian encephalomyelitis virus, Acute bee paralysis virus, Hibiscus
chlorotic ringspot virus, Classical swine fever virus, Human FGF2, Human SFTPA1,
Human AML1/RUNXI1, Drosophila antennapedia, Human AQP4, Human ATIR,
Human BAG-1, Human BCL2, Human BiP, Human c-IAP1, Human c-myc, Human
elF4G, Mouse NDST4L, Human LEF1, Mouse HIF1 alpha, Human n. myc, Mouse
Gtx, Human p27kip1, Human PDGF2/c-sis, Human p53, Human Pim-1, Mouse
Rbm3, Drosophila reaper, Canine Scamper, Drosophila Ubx, Human UNR, Mouse
UtrA, Human VEGF-A, Human XIAP, Drosophila hairless, S. cerevisiaec TFIID,
S. cerevisiae YAPI1, tobacco etch virus, turnip crinkle virus, EMCV-A, EMCV-B,
EMCV-Bf, EMCV-Cf, EMCV pEC9, Picobirnavirus, HCV QC64, Human Cosavirus
E/D, Human Cosavirus F, Human Cosavirus JMY, Rhinovirus NAT001, HRV14,
HRVS89, HRVC-02, HRV-A21, Salivirus A SH1, Salivirus FHB, Salivirus NG-J1,
Human Parechovirus 1, Crohivirus B, Yc-3, Rosavirus M-7, Shanbavirus A, Pasivirus
A, Pasivirus A 2, Echovirus E14, Human Parechovirus 5, Aichi Virus, Hepatitis
A Virus HA16, Phopivirus, CVA10, Enterovirus C, Enterovirus D, Enterovirus J,
Human Pegivirus 2, GBV-C GT110, GBV-C K1737, GBV-C lowa, Pegivirus A
1220, Pasivirus A 3, Sapelovirus, Rosavirus B, Bakunsa Virus, Tremovirus A, Swine
Pasivirus 1, PLV-CHN, Pasivirus A, Sicinivirus, Hepacivirus K, Hepacivirus A,
BVDV1, Border Disease Virus, BVDV2, CSFV-PK15C, SF573 Dicistrovirus, Hubei
Picorna-like Virus, CRPV, Apodemus Agrarius Picornavirus, Caprine Kobuvirus,
Parabovirus, Salivirus A BNS5, Salivirus A BN2, Salivirus A 02394, Salivirus A GUT,
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Salivirus A CH, Salivirus A SZ1, Salivirus FHB, CVB3, CVBI1, Echovirus 7, CVB35,
EVAT71, CVA3, CVAI12, EV24, or an aptamer to elF4G.
5.3.2 Untranslated Regions (UTRs)

[0123]  In some embodiments, the NeuroD1 expression cassette comprises one or more un-
translated regions (UTRs) .

[0124]  In the particular embodiments, the untranslated region (UTR) located upstream
(to the 5° -end) of the coding region is referred to herein as the 5° -UTR, and the
UTR located upstream (to the 3’ -end) of the coding region is referred to herein as
the 3’ -UTR. In particular embodiments, the NeuroD1 expression cassette comprises
both a5’ -UTR and a 3’ -UTR. In some embodiments, the NeuroD1 expression
cassette comprises a Kozak sequence (e.g., in the 5° -UTR) . In some embodiments,
the NeuroD1 expression cassette comprises a polyadenylation signal (e.g., in the 3’
-UTR) . In particular embodiments, the NeuroD1 expression cassette comprises a
polyadenylation signal having the sequence set forth in SEQ ID NO: 9 located in
the 3’ -UTR. In some embodiments, the NeuroD1 expression cassette comprises
stabilizing region (e.g., in the 3° -UTR) . In some embodiments, the NeuroD1 ex-
pression cassette comprises one or more intronic regions capable of being excised
during splicing (e.g., in the 5° -UTR) . In one specific embodiment, the NeuroD1 ex-
pression cassette comprises a chimeric intronic comprising the sequence set forth in
SEQ ID NO: 8 located in the 5° -UTR. In some embodiments, the NeuroD1 expression
cassette comprises a promoter (e.g., in the 5’ -UTR) . In a specific embodiment, the
NeuroD1 expression cassette comprises a CMV promoter comprising the sequence set
forth in SEQ ID NO:7 located in the 5° -UTR. In some embodiments, the NeuroD1
expression cassette comprises a transcription enhancer element (e.g., in the 5° -UTR
or 3’ -UTR) . In a specific embodiment, the NeuroD1 expression cassette comprises
a CMYV enhancer comprising the sequence set forth in SEQ ID NO: 6 located in the
5’ -UTR. In a specific embodiment, the nucleic acid molecule comprises one or more
region selected from a 5° -UTR, and a coding region. In a specific embodiment, the
nucleic acid molecule comprises one or more region selected from a coding region and
a 3’ -UTR. In a specific embodiment, the nucleic acid molecule comprises one or more
region selected from a 5° -UTR, a coding region, and a 3’ -UTR.

[0125]  In some embodiments, the sequence of an UTR can be homologous or heterologous
to the sequence of the coding region found in a nucleic acid molecule. Multiple
UTRs can be included in a nucleic acid molecule and can be of the same or different
sequences, and/or genetic origin. According to the present disclosure, any portion of
UTRs in a nucleic acid molecule (including none) can be codon optimized and any
may independently contain one or more different structural or chemical modification,

before and/or after codon optimization.
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In some embodiments, a NeuroD1 expression cassette of the present disclosure
comprises UTRs and coding regions that are homologous with respect to each other. In
other embodiments, a NeuroD1 expression cassette of the present disclosure comprises
UTRs and coding regions that are heterologous with respect to each other. In some
embodiments, to monitor the activity of a UTR sequence, a nucleic acid molecule
comprising the UTR and a coding sequence of a detectable probe can be administered
in vitro (e.g., cell or tissue culture) or in vivo (e.g., to a subject) , and an effect of the
UTR sequence (e.g., modulation on the expression level, cellular localization of the
encoded product, or half-life of the encoded product) can be measured using methods
known in the art.

Combinations of regulatory elements may be used to drive expression of an operably
linked coding sequence. According to the present disclosure, homologues and
functional variants of ubiquitous or cell type-specific promoters may be used in ex-
pressing the operably linked coding sequence as described herein. The terms “promoter
homologue™ and “promoter variant” refer to a promoter which has substantially similar
functional properties to confer the desired type of expression, such as cell type-specific
expression of the NeuroD1 polypeptide or ubiquitous expression of the NeuroD1
polypeptide, of an operably linked coding sequence of the NeuroD1 polypeptide
compared to a given promoter disclosed herein. For example, a promoter homologue
or promoter variant has substantially similar functional properties to confer cell type-
specific expression of an operably linked coding sequence encoding the NeuroD1
polypeptide compared to any of a GFAP, AldhlL1, NG2, Icn2, S100b, Sox9, CAG,
CMV, ubiquitin, or EF-1a promoter.

One of skill in the art will recognize that one or more nucleic acid mutations
can be introduced without altering the functional properties of a given promoter.
Mutations can be introduced using standard molecular biology techniques, such as
DNA synthesis, site-directed mutagenesis and PCR-mediated mutagenesis, to produce
promoter variants. As used herein, the term “promoter variant” refers to either an
isolated naturally occurring or a recombinantly prepared variation of a reference
promoter, such as, but not limited to GFAP, AldhlL1, NG2, Ien2, S100b, Sox9, CAG,
CMV, ubiquitin, or EF-1a promoter.

It is known in the art that promoters from other species are functional, e.g. the mouse
AldhlILI promoter is known to be functional in human cells. Homologues and ho-
mologous promoters from other species can be identified using bioinformatics tools
known in the art, see for example, Xuan et al., 2005, Genome Biol 6: R72; Zhao et al.,
2005, Nucl Acid Res 33: D103-107; and Halees et al. 2003, Nucl. Acids. Res. 2003 31:
3554-3559.
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Structurally, homologues and variants of a cell type-specific promoter or an
ubiquitous promoter can have at least about 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89, 90%, 91%., 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or greater,
nucleic acid sequence identity to the reference promoter and include a site for binding
of RNA polymerase and, optionally, one or more binding sites for transcription factors.

In some embodiments, the UTR of a nucleic acid molecule of the present disclosure
(e.g., NeuroD1 expression cassette) comprises at least one translation enhancer
element (TEE) that functions to increase the amount of polypeptide or protein
produced from the nucleic acid molecule. In some embodiments, the TEE is located in
the 5’ -UTR of the nucleic acid molecule. In other embodiments, the TEE is located at
the 3’ -UTR of the nucleic acid molecule. In yet other embodiments, at least two TEE
are located at the 5° -UTR and 3’ -UTR of the nucleic acid molecule respectively. In
some embodiments, a nucleic acid molecule of the present disclosure can comprise
one or more copies of a TEE sequence or comprise more than one different TEE
sequences. In some embodiments, different TEE sequences that are present in a nucleic
acid molecule of the present disclosure can be homologues or heterologous with
respect to one another.

In some embodiments, the TEE sequence is derived from a promoter sequence of a
gene. In some embodiments, a promoter can be derived entirely from a single gene. In
other embodiments, a promoter can be chimeric, having portions derived from more
than one gene.

In some embodiments, the TEE sequence used in connection with the present
disclosure can drive expression of an operably linked expression sequence prefer-
entially in glial cells. In some embodiments, the TEE sequence drives expression
of an operably linked expression sequence preferentially in astrocytes. In some em-
bodiments, the TEE sequence drives expression of an operably linked expression
sequence preferentially in reactive astrocytes. In some embodiments, the TEE
sequence drives expression of an operably linked expression sequence preferentially in
NG2 cells. In some embodiments, the TEE sequence drives expression of an operably
linked expression sequence preferentially in reactive NG2 cells. In some embodiments,
the TEE sequence drives expression of an operably linked expression sequence prefer-
entially in Miiller glia cells.

Additionally, various TEE sequences that are known in the art and can be used
in connection with the present disclosure. For example, in some embodiments, the
TEE can be an internal ribosome entry site (IRES) , HCV-IRES or an IRES element.
Chappell et al. Proc. Natl. Acad. Sci. USA 101: 9590-9594, 2004; Zhou et al. Proc.
Natl. Acad. Sci. 102: 6273-6278, 2005. Additional internal ribosome entry site

(IRES) that can be used in connection with the present disclosure include but are
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not limited to those described in U.S. Patent No. 7,468,275, U.S. Patent Publication
No. 2007/0048776 and U.S. Patent Publication No. 2011/0124100 and International
Patent Publication No. WO2007/025008 and International Patent Publication No.
W02001/055369, the content of each of which is enclosed herein by reference in its
entirety. In some embodiments, the TEE can be those described in Supplemental Table
I and in Supplemental Table 2 of Wellensiek et al Genome-wide profiling of human
cap-independent translation-enhancing elements, Nature Methods, 2013 Aug; 10 (8) :
747-750; the content of which is incorporated by reference in its entirety.

Additional exemplary TEESs that can be used in connection with the present
disclosure include but are not limited to the TEE sequences disclosed in U.S. Patent
No. 6,310,197, U.S. Patent No. 6,849,405, U.S. Patent No. 7,456,273, U.S. Patent No.
7,183,395, U.S. Patent Publication No. 2009/0226470, U.S. Patent Publication No.
2013/0177581, U.S. Patent Publication No. 2007/0048776, U.S. Patent Publication No.
2011/0124100, U.S. Patent Publication No. 2009/0093049, International Patent Pub-
lication No. WO2009/075886, International Patent Publication No. W02012/009644,
and International Patent Publication No. W01999/024595, International Patent Pub-
lication No. W0O2007/025008, International Patent Publication No. W0O2001/055371,
European Patent No. 2610341, European Patent No. 2610340, the content of each of
which is enclosed herein by reference in its entirety.

In various embodiments, a nucleic acid molecule of the present disclosure (e.g.,
an NeuroD1 expression cassette) comprises at least one UTR that comprises at least
1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9,
at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at
least 17, at least 18 at least 19, at least 20, at least 21, at least 22, at least 23, at least
24, at least 25, at least 30, at least 35, at least 40, at least 45, at least 50, at least 55
or more than 60 TEE sequences. In some embodiments, the TEE sequences in the
UTR of a nucleic acid molecule are copies of the same TEE sequence. In other em-
bodiments, at least two TEE sequences in the UTR of a nucleic acid molecule are of
different TEE sequences. In some embodiments, multiple different TEE sequences
are arranged in one or more repeating patterns in the UTR region of a nucleic acid
molecule. For illustrating purpose only, a repeating pattern can be, for example,
ABABAB, AABBAABBAABB, ABCABCABC, or the like, where in these exemplary
patterns, each capitalized letter (A, B, or C) represents a different TEE sequence. In
some embodiments, at least two TEE sequences are consecutive with one another (i.e.,
no spacer sequence in between) in a UTR of a nucleic acid molecule. In other em-
bodiments, at least two TEE sequences are separated by a spacer sequence. In some
embodiments, a UTR can comprise a TEE sequence-spacer sequence module that is

repeated at least once, at least twice, at least 3 times, at least 4 times, at least 5 times, at

36



WO 2025/108407 PCT/CN2024/133740

[0137]

[0138]

least 6 times, at least 7 times, at least 8 times, at least 9 times, or more than 9 times in
the UTR. In any of the embodiments described in this paragraph, the UTR canbe a 5’ -
UTR, a3’ -UTR or both 5’ -UTR and 3’ -UTR of a nucleic acid molecule.

In some embodiments, the UTR of a nucleic acid molecule of the present disclosure
comprises at least one translation suppressing element that functions to decrease the
amount of polypeptide or protein produced from the nucleic acid molecule. In some
embodiments, the UTR of the nucleic acid molecule comprises one or more miR
sequences or fragment thereof (e.g., miR seed sequences) that are recognized by one
or more microRNA. In some embodiments, the UTR of the nucleic acid molecule
comprises one or more stem-loop structure that downregulates translational activity
of the nucleic acid molecule. Other mechanisms for suppressing translational ac-
tivities associated with nucleic acid molecules are known in the art. In some of the
embodiments described in this paragraph, the nucleic acid molecule is linear, and the
UTR canbe a 5° -UTR, a 3’ -UTR or both 5’ -UTR and 3’ -UTR of a nucleic acid
molecule.

Table 5.3.2 shows exemplary 5° -UTR and 3’ -UTR sequences that can be operably
linked to a NeuroD1 coding sequence as described herein.

Table 5.3.2 Examples of UTRs.
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SEQUENCE NAME
(SEG 1D NG

NUCLEIC ACID SEQUENCE

3" UTR CMY Enhancer
(SEQ D NO:E)

GACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCAT
TAGTTUATAGCUCATATATOCAGTICCGCOTTACATAACTTACGG TAA
ATGGLCCGCCTOHGCTOACCGUCCAACCACCCCCOGCCCATTGACGTCA
ATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATIGA
CGICAATGGGIGGACTATTTACGG TAAACTGCCCACTIGGCAGTACA
TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACG
GTAAATGGUCCGCCTGOCATTATGCCCAGTACATGALCTTATGGEAL
TTTCCTACTTGGCAGTACATUTACOTATTAGTCATCGUTATTACCATG

5 UTR CMY Promoter
{(SEQ 1D NO-Ty

GTGATGCOGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTIGA
CTCACGOGGGATTTCCAAGTUTCCACCCCATTGACGTCAATGGGAGTTT
GYTTTGOCACCAAAATCAACGGOALUTTTCCAAAATGTUGTAACAALT
CCGCCCCATTOACGCAAATGOGUGGTAGGCOTOTALGGTGOGAGOTC
TATATAAGCAGAGCT

5" UTR Chimerie Infron
(SEQ I NO:SY

GTAAGTATCAAGOTTACAAGACAGGTTTAAGOAGAUCAATAGAAALT
GOQGCTTOTCCGAGACAGAGAAGACTCTTGCOTTTCTCATAGGCACTTA
TTGOGTCTTACTGACATCCACTTTGCCTTTCTCTCCACAG

37 UTR poly-
adenylation signal
(SEQID KOG:®)

CTGTGCCTTCTAGTTGCCAGCUATCTOTTGTTTGLCCOTLCCCUGTGOC
TTCCTIGACCCTGGAAGGTGCCACTCCCACTGTCOTTTCCTAATAAAA
TGAGGAAATTGCATCGCATTIGTCTCAGTAGUTGTCATTCTATTICTGGG
GGGTOGGGTGGGGCAGGACAGCAAGGGGOAGGATTGGGAAGAGAAT
AGCAGGCATGCTGGGGA

STUIR
(SEQ 1D NO:10)

GACATTGATTATTCACTAGT TATTAATAGTAATCAATTACGGGGTCAT
TAGTTCATAGCCCATATATGOAGTTCOGCOTTACATAACTTACGGTAA
ATGGCCCGCUTGOGCTGACCGCCCAACGACCCOCGOCCATTGACGTCA
ATANTOACGTATGTTCCCATAGEAACGCCAATAGGGACTITTICCATTIGA
COGTCAATGGGTGUAUTATITACGOTAAACTOCCCACTTGOCAGTACA
TCAAGTGTATCATATGCUAAGTACGECCCOTATTGACGTCAATGALCG
GTAAATGGLCCCGUCTGOCATTATGCCCAGTACATGACCTTATGGGALC
TTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATG
GTGATGCGGTTTTGGCAGTACATCAATGOGCCGTGGATAGCGGTTTGA
CTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTT
GTTTTGGUACCAAAATCAACCGGOACTTTCOCAAAATOTCOGTAACAACT
CCQUCCCATTGACGCAAATOGOCGHTAGGUGTCTACGGTOGGGAGTTC
TATATAAGUAGAGCTCTAAGTATCAADGTTACAAGACAGOTTTAAGG

AGACCAATAGANACTOGGCTTGTCCAGACAGAGAACGACTCTTIGCGTT
TCTGATAGGCACCTATTGOTCITACTGACATCCACTTIGCCTITCICTC
CACAG

3 UTR
(SEQIDB NO:1LL)

CTGTGCCTTCTAGTTGUCAGCCATUTGTIGTTTGUCCCTCUCCCHIGCT
TICCTEGACCCTGOAAGGTECCACTCOCACTGTEC CTAATAAA
TGAGOGAAATTGCATCGUATTGT AGTAGOGTOQTUATTCTATTUTG
GOGOTGOGGTERGHRGCAGOACAGUAAGGHOGGAGGATTGGOAAGAGAAT
AGCAGCGUATGUTHGGEA

In some embodiments, the expression cassette is mono-cistronic and encodes
one copy of a NeuroD1 polypeptide. In some embodiments, the encoded NeuroD1
polypeptide can be any NeuroD1 polypeptide as described in Section 5.3.1 (Coding
Region) . In some embodiments, the encoded NeuroD1 polypeptide comprises an
amino acid sequence having at least 95%sequence identity to the sequence set forth in

SEQ ID NO: 1. In some embodiments, the encoded NeuroD1 polypeptide comprises
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an amino acid sequence set forth in SEQ ID NO: 4. In some embodiments, coding
sequence that encodes the NeuroD1 polypeptide comprises the nucleic acid sequence
as set forth in SEQ ID NO: 2 or a codon-optimized variant thereof. In some em-
bodiments, coding sequence that encodes the NeuroD1 polypeptide comprises the
nucleic acid sequence as set forth in SEQ ID NO: 3 or a codon-optimized variant
thereof. In some embodiments, coding sequence that encodes the NeuroD1 polypeptide
comprises the nucleic acid sequence as set forth in SEQ ID NO: 5 or a codon-
optimized variant thereof. In some embodiments, coding sequence that encodes the
NeuroD1 polypeptide consists of the nucleic acid sequence as set forth in SEQ ID NO:
5.

In some embodiments, the expression cassette further comprises one or more un-
translated regions (UTRs) . In some embodiments, the UTR comprises one or more
regulatory elements operably linked to the coding sequence that encodes the NeuroD1
polypeptide. In some embodiments, the UTRs can be any UTR as described in Section
5.3.2 (Untranslated Regions (UTRs) ) . In some embodiments, the expression cassette
comprises a 5° UTR located upstream (to the 5° end) of the coding sequence that
encodes the NeuroD1 polypeptide. In some embodiments, the 5* -UTR comprises,
from the 5’ to 3’ direction, a CMYV enhancer, a CMV promoter, and a chimeric intron.

In some embodiments, the CMV enhancer comprises the sequence set forth in SEQ
ID NO: 6, or a functional variant having at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99%sequence sequence identity thereof. In some embodiments, the CMV
enhancer consists of the sequence set forth in SEQ ID NO: 6.

In some embodiments, the CMV promoter comprises the sequence set forth in SEQ
ID NO: 7, or a functional variant having at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99%sequence identity thereof. In some embodiments, the CMV promoter consists
of the sequence set forth in SEQ ID NO: 7.

In some embodiments, the chimeric intron comprises the sequence set forth in SEQ
ID NO: 8, or a functional variant having at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99%sequence identity thereof. In some embodiments, the chimeric intron consists
of the sequence set forth in SEQ ID NO: 8.

In some embodiments, the 5” UTR of the expression cassette comprises the sequence
set forth in SEQ ID NO: 10. In some embodiments, the expression cassette comprises
a5’ UTR comprising the sequence set forth in SEQ ID NO: 10, wherein the 5> UTR
is linked to the 5° end of a coding sequence that encodes a NeuroD1 polypeptide

comprising an amino acid sequence having at least 95%sequence identity to the
p g q g q y
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sequence set forth in SEQ ID NO: 1. In some embodiments, the expression cassette
comprises a 5° UTR comprising the sequence set forth in SEQ ID NO: 10, wherein
the 5 UTR is linked to the 5° end of a coding sequence that encodes a NeuroD1
polypeptide comprising an amino acid sequence set forth in SEQ ID NO: 4. In
some embodiments, the expression cassette comprises a 5° UTR comprising the
sequence set forth in SEQ ID NO: 10, wherein the 5° UTR is linked to the 5° end of
a coding sequence that encodes a NeuroD1 polypeptide comprising the nucleic acid
sequence set forth in SEQ ID NO: 5, or a codon optimized variant thereof. In some
embodiments, the expression cassette comprises a 5° UTR comprising the sequence
set forth in SEQ ID NO: 10, wherein the 5* UTR is linked to the 5° end of a coding
sequence that encodes a NeuroD1 polypeptide comprising the nucleic acid sequence
set forth in SEQ ID NO: 5.

In some embodiments, the expression cassette comprises a 3° UTR located
downstream (to the 3’ end) of the coding sequence that encodes the NeuroD1
polypeptide. In some embodiments, the 3’ -UTR comprises a polyadenylation signal
comprising the sequence set forth in SEQ ID NO: 9, or a functional variant having
at least 90%sequence identity thereof. In some embodiments, the polyadenylation
signal consists of the sequence set forth in SEQ ID NO: 9. In some embodiments,
the polyadenylation signal comprises a SV40 polyadenylation signal. In some em-
bodiments, the polyadenylation signal comprises a human beta globin polyadenylation
signal. In some embodiments, the polyadenylation signal comprises a polyadenylation
signal originated from a human gene. In some embodiments, the polyadenylation
signal comprises a polyadenylation signal originated from a non-human gene.

In some embodiments, the 3° UTR of the expression cassette comprises the sequence
set forth in SEQ ID NO: 11. In some embodiments, the expression cassette comprises
a 3> UTR comprising the sequence set forth in SEQ ID NO: 11, wherein the 3> UTR
is linked to the 3’ end of a coding sequence that encodes a NeuroD1 polypeptide
comprising an amino acid sequence having at least 95%sequence identity to the
sequence set forth in SEQ ID NO: 1. In some embodiments, the expression cassette
comprises a 3° UTR comprising the sequence set forth in SEQ ID NO: 11, wherein
the 3’ UTR is linked to the 3’ end of a coding sequence that encodes a NeuroD1
polypeptide comprising an amino acid sequence set forth in SEQ ID NO: 4. In
some embodiments, the expression cassette comprises a 3° UTR comprising the
sequence set forth in SEQ ID NO: 11, wherein the 3° UTR is linked to the 3’ end of
a coding sequence that encodes a NeuroD1 polypeptide comprising the nucleic acid
sequence set forth in SEQ ID NO: 5, or a codon optimized variant thereof. In some
embodiments, the expression cassette comprises a 3° UTR comprising the sequence
set forth in SEQ ID NO: 11, wherein the 3* UTR is linked to the 3° end of a coding
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sequence that encodes a NeuroD1 polypeptide comprising the nucleic acid sequence
set forth in SEQ ID NO: 5.

Table 5.3 below lists the sequences of functional fragments in a NeuroD1 expression
cassette according to some embodiments described herein. In some embodiments,
the expression cassette comprises, from the 5’ to 3° direction, a CMV enhancer (SEQ
ID NO: 6) , a CMV promoter (SEQ ID NO:7) , a chimeric intron (SEQ ID NO: 8) , a
coding sequence (SEQ ID NO: 5) that encodes a NeuroD1 polypeptide (SEQ ID NO:
4) , and a polyadenylation signal (SEQ ID NO: 9) . In specific embodiments, the CMV
enhancer (SEQ ID NO: 6) , CMV promoter (SEQ ID NO: 7) , chimeric intron (SEQ ID
NO: 8), coding sequence that encodes a NeuroD1 polypeptide (SEQ ID NO: 5) , and
polyadenylation signal (SEQ ID NO:9) are connected directly to each other in the 5’ to
3’ order, and the expression cassette comprises the sequence of SEQ ID NO: 12.

Table 5.3 Example of a NeuroD1 Expression Cassette
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NeuroD1 Expression Cassetfe

CMY Enhancer

(SECQ ID NO:6)

CGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACG
GO TCATTAGTTCATAGCCCATATATGCAGQTTCCGCGTTA
CATAACTTACGGTAAATGGCCCGOCTGGUTGACCGCCCAA
COACCCCCQUCCAT FOATGTCAANTAATGACGTATGTICCC
ATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGE
TEGACTATTVACGG TAAACTGCOCALTTGGUAGTACATCA
AGTOTATCATATGCCAAGTACGCCCCCTATTGACGTCAAT
GACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGA
CCTTATOGGCGACTITCCTACTTGGCAGTACATCTAUGTATTA
GITCATCGCTATTACCATG

CMY Promoter

(SEQ 1D NO:T)

GTGATCCOGTITIGGCAGTACATCAATGGGCGTGGATAGT
GGTTTGACTCACGGGGATTITOCAAGTCTCCACCCCATTIGA
COGTCAATGGGAGTTTGTTITIGGCACCAAAATCAACGGGAC
TTTCCAAAATGTCGTAACAACTCCOCCCCATTGACGCAAA
TGOGCOGOTAGGCGTGTACGGTGOGGAGGTCTATATAAGCAG
AGCT

Chimeric intron

(SEQ 1D NO:R)

CTAAGTATCAAGGTTACAAGACAGGTITAAGGAGACCAAT
AGAAACTGGGCTTGTCOAGACAGAGAAGACTCTTGCGTTY
CIGATAGGCACCTATIGGTCTTACTGACATCCACTTITGECCT
TTCTCTCCACAG

NeuroD1 coding sequence (with
extra GTG)

(SEQ ID NQ:5)

ATGGIGACCAAATCOTACAGCOAGAGTUGOUTCATGOOGE
GAGCCTCAGCCCCAAGGTCCTCCAAGCTGGACAGATGAGT
GTCTCACTTICTCAGGACGAGGAGCACGAGGUAGALLAAGA
AGGAGGACCGACCTCGAAACCATGAACGUAGAGGAGGACUT
CACTGAGGAACGGOGGAGAGGAGGAGGACGAAGATGAG
CACCTOGAAGAGGAGOAAGAAGAGGAAGAGGAGGATGA
CGATCAAAAGUUCAAGAGACGUGOCLCCAAAAAGAAGAA
CGATGACTAAGGCTUGCCTGUAGCOTTITAAATTGAGACGO
ATGAAGGCTAACGCCCGGGAGCGGAACCGCATGCACGGA
CTGAACGUGGCOCTAGACAALCTQUCGUAAGGTOGTGCOTT
GCTATTCTAAGACGCAGAAGCTGTCCAAAATCGAGACTCT
GUGUTTGGCOAAGAALTACATCTGGGUTCTGTCGGAGATO
CTGCOCTCAGGUAAAAGCCCAGACCTOCTCTCCTTCGTIC
AGACGCTTTGCAAGGGUTTATCCCAACCCACCACTAACCT
COTTCCGLOGCTGCCTOCAAUTCAATCCTCGGACTTTTCTGT
CTGAGCAGAACCAGGAUATGCOCCCCCACCTGCCGACGGO
CAGCOGCTTCUTTCCUTGTACACCCCTACTCUTALCAGTCOGT
CTGGGCTGCCCAGTCCGECTTACGGTACCATGGACAGOTC
CCATQTCTTCCAUGTTAAGCUTCOGCOGCACGCUTACAGC
GCAGUGUCTGRAGCCCTTCTTTGAAAGCCCTCTGACTGATT
GCACCAGCCCTICCTTTOATCOALCCOCTCAGCLCOGLCGCTC
AGCATCAATGOGCAACTTCTCTTTCAAAUACGAACCRTCCE
CCOAGTTTOAGAALAATTATGCCTTTACCATGCACTATCCT
GCAGUGACACTRGUAGGOQUCCAAAGCCACGOQATUAATC
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TTCTCAGGCACCGCTGCICCTCGUTGUGAGATCUCCATAG
ACAATATIATGTCCTTCOATAGCCATTCACATCATGAGCG
AGTCATGAGTGCCCAGCTCAATCGLCATATTTCATGATTCGA

Encoded NeyreDd amino
acid sequence (with an extra
residue V)

(SEQ 1D NO:4)

MY TKSYSESGLMGEPQROGPPSWTDECLSSOQDEIHEADKKE
DDLETMNAFEDSLRMNGGEEEDEDEDLEEEEEEEEEDDD KT
KERBOPKKKKMTKARLERPELREMEANARERNRMHGELNAA
LDNLREVVPCYSKTQKLSKIETLRLAEKNYIWALSEILRSGESP
DLVSFVOTLCRKGLSGPTTNLVAGCLOLNPRTFLPEQNGDMEY
HUPTASASFPVHPYSYQSPOLPSPPYGTMDSSHVFHVKPPPHA
YSAALLPFPESPLTDCTSPSEDGPLSPPLSINGNEFSFKHEPSALF
ERKNYAFIMHYPAATLAGAQSHGSIFSGTAAPRCHIPIDNIMSH
DSHSHHERVMSAQLNAIFHD

Polyadenylation signal

(SEG 1D NO:9)

CTGTQCCTTCTAGTTGCCAGUCATCTGTTGITIGCCCCTCC
CCOOGTGCCTTCCTTCGACLCCTGGAAGEGTGCCACTCCCACTGT
CCTTTCCTAATAAAATCAGGAAATTCGUATCGCATTOTCTG
AGTAGGTGTCATTCTATTCTGGGGGETGGGOTCGGGUAGG
ACAGCAAGGGGGAGGATTGGGAAGAGAATAGCAGGUATG
CTGGEGA

Full-Length NeuroDT Expression
Cagsette comprising SEQ D
WOS: 6,7, 8,5, and O

(SEQ ID NO:12)

GACATTGATTATTGACTACGTTATTAATAGTAATCAATTACG
GUUTCATTAGTICATAGCCCATATATGGAGTTCCOCUTTA
CATAACTTACGGTAAATGGCCCGCCTGGCTGACCGOLCAA
CGACCCCOGUCCATTGACGICAATAATGACGTATGITCCC
ATAGTAACGOCAATAGGCGACTTTCCATTGACGTCAATGGE
TGGACTATITACGGTAAACTGCCCACTTGGCAGTACATCA
AGTGTATCATATGUCAAGTACGCOCCUCTATTIGACGTCAAT
GACGOTAAATOGGCCCGCCTGOCATTATCGUCCAGTACATGA
COTTATGGGACTITCCTACTTGUCAGTACATCTACGTATTA
GTCATCGCTATTACCATOGTGATGCGGTTTTGGCAGTACAT
CAATGGGCGTGGATAGCGGTTTGACTCACGGGGATITCCA
AGTCTCCACCCCATTCGACCTCAATOOGACGTTIOTTTTCGCA
COAAANTCAACGOOACTTTCCAAAATGTCGTAACAACTCC
GCCCCATTGAUGCAAATGGOCOGGTAGGUOTGTACGG TGO
AGGTCTATATAAGCAGAGCTGTAAGTATCAAGGTTACAAG
ACAGOGTTTAAGCAGACTAATAGAAACTCGGCTTIGTCGAG
ACAGAGAAGACTCTTGCGTTTCTGATAGGCACCTATTGHT
CITACTGACATCCACTTIGUCTTTCTUTCCACAGATOGTUA
CCAAATCGTACAGCCGAGAGTGGOCTCGATGGGCCAGCUTC
AGUCCCAAGHTCCTCCAAGCTOGACAGACCAGTGTCTCAG
TTCTCAGGACGAGQAGUCACGAGGUAGAUAAGAAGGAGGA
CGACCTCGAAACCATGAACGUAGAGGAGGACTCACTGAG
GAACGOGOGOAGAGGAGOAGGATGAAGATGAGGALCTGG
AAGAGGAGGAAGAAGAGGAAGAGGAGGATGACGATCAA
AAGUCCAAGAGACGCOGGUCCUAAAAAGAAGAAGATGAUT
AAGGCTCGCUTGGAGCGTTTTAAATTGAGACGUATGAAGG
CTAACGUCCGOGAGUGGAACCGUATGCACGGACTOAACT
CGGCGCTAGACAACCTGCGCAAGGTGOTGUCTTGCTATTC
TAAGACGCAGAAGC TG TCCAAAATCGAGACTCTGCGCTIC
GCCAAGAACTACATCTCGGOUICTGTCGGAGATCCTGCGCT
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CAGGCAAAAGUCCAGACCTGETCTECTTCGTICAGACGCT
TTGCAAGGGCTTATCUCAACTCACCACCAACCTOGTIGUG
GOCTGUCTGCAACTCAATCCTCGGACTTTTCTGCCTGAGCA
CAACCAGGACATGCCCCCCCACCTGCCGACGGLCAGCGCT
TCOTTCCCTGTACACCCCTACTCCTACCAGTCGUCTGGOOT
GCCCAGTCCGCOTTACGOTACCATCGGACAGCTCCCATGTC
TTCCACGTTAAGCCTOCGCCCCACGCCTACAGUGCAGCGL
TGGAGCCCTTCTTITGAAAGCCCTCTGACTGATTGCACCAG
CCCTTICUTTIGATOGUGACCCCTCACCCUG CUGUTCAGUATCA
ATGGCAACTTICTCTTTCAAACACGAACCGTCCGCCGAGTT
TCAGAAAAATTATGCCTTTACCATGCACTATCCTGCAGLG
ACACTGGCAGGOGCCCAAAGCCACGGATCAATCTTCTICAG
GCACCGCTGUCCCTCGCTGCGAGATUCCCATAGACAATAT
TATGTCCTICGATAGCCATTCACATCATCGAGUGAGTCATG
AGTGCCCAGUTCAATGCCATATTTCATGATTGACTGTGCOT
TCTAGTTGCCAGCCATCTGTIGTTTOCCCCTCOCCCGTECL
TFCCTTCGACCCTGGAAGGTGUCAC T TCCCACTEICCTITCCY
AATAAAATCAGGAAATIGCATCGCATTIGIUTGAGTAGGTG
TCATTCTATICTGOGOGGOTGGGETGOOGLAGGACAGUAAG
GGGGAGGATTGOGAAGAGAATAGCAGGCATGUTGGGGA

5.4 Self-complimentary AAV (scAAV) Genome

In some embodiments, the expression cassette described herein is part of a single-
stranded nucleic acid molecule. In some embodiments, the expression cassette is part
of a single-stranded self-complementary nucleic acid molecule. In some embodiments,
the single-stranded self-complementary nucleic acid molecule is a DNA molecule. In
some embodiments, the single-stranded self-complementary nucleic acid molecule is
an artificial AAV genome that can be packaged into a recombinant AAV capsid.

In some embodiments, the single-stranded self-complementary nucleic acid molecule
comprises a pair of terminal reverse complementary fragments each located on one
end of the nucleic acid molecule, an expression cassette comprising at least one coding
sequence that encodes a NeuroD1 polypeptide, an anti-sense region that is reverse-
complementary to the expression cassette, and a central reverse-complementary
fragment that connects the expression cassette and anti-sense region, wherein each
of the pair of terminal reverse-complementary fragments and the central reverse-
complementary fragment is capable of forming a stem-loop structure. In some em-
bodiments, the pair of terminal reverse complementary fragments comprises a 5’
terminal complementary fragment and a 3’ terminal complementary fragment. In some
embodiments, the sequences of the pair of terminal reverse complementary fragments
are reverse complementary to one another. In some embodiments, the expression
cassette can be any expression cassette as described in Section 5.3 (NeuroD1 Ex-
pression Cassette) .

In some embodiments, the pair of terminal reverse complementary fragments each

comprises a first inverted terminal repeat (ITR) of a first AAV genome. In some
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embodiments, the first ITR is selected from the genomic ITR sequences of AAV
serotypes AAV1, AAV2, AAV2tYF, AAV3, AAV4, AAVS, AAV6, AAVT, AAVS,
AAV9, AAV10, AAV11, AAVrhl0, AAV. rh20, AAV.rh39, AAV. Rh74, AAV.
RHM4-1, AAV. hu37, AAV. Anc80, AAV. Anc80L65, rAAV. 7m8, AAV. PHP. B,
AAV.PHP. eB, AAV2.S5, AAV2tYF, AAV3B, AAV. LK03, AAV. HSCI, AAV.
HSC2, AAV. HSC3, AAV. HSC4, AAV. HSC5, AAV. HSC6, AAV. HSC7, AAV.
HSCS8, AAV. HSC9, AAV. HSC10, AAV. HSC11, AAV. HSC12, AAV. HSC13,
AAV.HSC14, AAV. HSC15, and AAV. HSC16.

In some embodiments, the first ITR is selected from the genomic I'TR sequences
of AAV serotypes 1 to 8. In some embodiments, at least one of the pair of terminal
reverse complementary fragments comprises the 5’ I'TR sequence from the AAV1
genome. In some embodiments, at least one of the pair of terminal reverse com-
plementary fragments comprises the 5’ ITR sequence from the AAV2 genome.
In some embodiments, at least one of the pair of terminal reverse complementary
fragments comprises the 5’ ITR sequence from the AAV3 genome. In some em-
bodiments, at least one of the pair of terminal reverse complementary fragments
comprises the 5’ ITR sequence from the AAV4 genome. In some embodiments, at
least one of the pair of terminal reverse complementary fragments comprises the 5’
ITR sequence from the AAVS genome. In some embodiments, at least one of the pair
of terminal reverse complementary fragments comprises the 5° ITR sequence from
the AAV6 genome. In some embodiments, at least one of the pair of terminal reverse
complementary fragments comprises the 5’ ITR sequence from the AAV7 genome.
In some embodiments, at least one of the pair of terminal reverse complementary
fragments comprises the 5’ ITR sequence from the AAVS genome. In some em-
bodiments, at least one of the pair of terminal reverse complementary fragments
comprises a functional terminal resolution site (trs) . In some embodiments, at least
one of the pair of terminal reverse complementary fragments comprises the full-length
ITR sequence from the AAV genome. In some embodiments, at least one of the pair of
terminal reverse complementary fragments each comprises a truncated version of the
ITR sequence from the AAV genome. In some embodiments, at least one of the pair
of terminal reverse complementary fragments comprises the wild-type ITR sequence
from the AAV genome. In some embodiments, at least one of the pair of terminal
reverse complementary fragments comprises a mutated ITR sequence from the AAV
genome. In some embodiments, the sequences of the pair of terminal reverse com-
plementary fragments are reverse complementary to one another.

In some embodiments, the central reverse complementary fragment comprises
a second inverted terminal repeat (ITR) of a second AAV genome. In some em-

bodiments, the second I'TR is selected from the genomic ITR sequences of AAV
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serotypes 1 to 8. In some embodiments, the central reverse complementary fragment
comprises the 3’ ITR sequence from the AAV1 genome. In some embodiments, the
central reverse complementary fragment comprises the 3’ ITR sequence from the
AAV?2 genome. In some embodiments, the central reverse complementary fragment
comprises the 3’ ITR sequence from the AAV3 genome. In some embodiments, the
central reverse complementary fragment comprises the 3’ ITR sequence from the
AAV4 genome. In some embodiments, the central reverse complementary fragment
comprises the 3’ ITR sequence from the AAVS genome. In some embodiments, the
central reverse complementary fragment comprises the 3’ ITR sequence from the
AAV6 genome. In some embodiments, the central reverse complementary fragment
comprises the 3’ ITR sequence from the AAV7 genome. In some embodiments, the
central reverse complementary fragment comprises the 3’ ITR sequence from the
AAVS genome. In some embodiments, the central reverse complementary fragment
does not comprise a functional terminal resolution site. In some embodiments, the
central reverse complementary fragment is a truncated or mutated version of the

3’ ITR sequence from the AAV genome. In specific embodiments, the truncated

or mutated 3’ ITR has the terminal resolution site (trs) disrupted. In specific em-
bodiments, the truncated or mutated 3’ ITR has the terminal resolution site (trs)
removed.

[0153]  ITR sequences for various AAV serotypes are known in the art. See, for example,
GenBank: ITR1: NC_002077.1, nts 1-143, nts 4574-4718, ITR2: NC_001401.2, nts
1-145, nts 4535-4679, ITR3: NC_001729, nts 1-143, 4582-4726, ITR4: NC_001829.1,
nts 1-146, nts 4623-4767, ITR5: NC_006152, nts 1-145, nts 4498-4642, ITR6:
AF028704.1, nts 1-145, nts 4539-4683, ITR7: NC_006260.1, nts 1-145, nts 4577-4721
for the 5’ (left) ITR sequences.

[0154]  In specific embodiments, the single-stranded self-complementary nucleic acid
molecule described herein comprises a pair of terminal self-complementary fragments
located on each end, wherein at least one of the terminal self-complementary
fragments comprises the 5’ ITR sequence of AAV2. In some embodiments, a first
terminal self-complementary fragment comprises the 5’ ITR sequence of AAV2, and
a second terminal self-complementary fragment comprises a sequence that is reverse
complementary to the first terminal self-complementary fragment. In specific em-
bodiments, the single-stranded self-complementary nucleic acid molecule further
comprises a central self-complementary fragment comprising the 3’ ITR sequence of
AAV?2, wherein the 3° ITR is mutated to disrupt the terminal resolution site. In specific
embodiments, the single-stranded self-complementary nucleic acid molecule described
herein comprises a pair of terminal self-complementary fragments located on each end,

and a central self-complementary fragment located in the middle, wherein the pair of
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terminal self-complementary fragments comprise the sequences of SEQ ID NO: 13 and
SEQ ID NO: 36, respectively, and the central self-complementary fragment comprises
the sequence of SEQ ID NO: 14.

In specific embodiments, the single-stranded self-complementary nucleic acid
molecule described herein comprises, from 5’ to 3’ direction, a 5° terminal self-com-
plementary fragment as described herein, a NeuroD1 expression cassette as described
herein, a central self-complementary fragment as described herein, an anti-sense region
that is reverse complementary to the NeuroD1 expression cassette, and a 3” terminal
self-complementary fragment as described herein. See illustration in FIG. 2A.

In alternative embodiments, the single-stranded self-complementary nucleic acid
molecule described herein comprises, from 5’ to 3’ direction, a 5° terminal self-com-
plementary fragment as described herein, an anti-sense region that is reverse com-
plementary to a NeuroD1 expression cassette, a central self-complementary fragment
as described herein, a NeuroD1 expression cassette as described herein, and a 3’
terminal self-complementary fragment. See illustration in FIG. 2B.

Table 5.4 below lists the sequences of functional fragments in a single-stranded
self-complementary nucleic acid molecule according to some embodiments described
herein. In some embodiments, the single-stranded self-complementary nucleic
acid molecule comprises, from 5’ to 3’ direction, a 5° terminal self-complementary
fragment comprising the sequence set forth in SEQ ID NO:13, a NeuroD1 expression
cassette comprising the sequence set forth in SEQ ID NO: 12, a central self-com-
plementary fragment comprising the sequence set forth in SEQ ID NO: 14, an anti-
sense region comprising the sequence set forth in SEQ ID NO: 15, and a 3’ terminal
self-complementary fragment comprising the sequence set forth in SEQ ID NO: 36.
In specific embodiments, the 5 terminal self-complementary fragment (SEQ ID
NO: 13) , the NeuroD1 expression cassette (SEQ ID NO: 12) , the central self-com-
plementary fragment (SEQ ID NO: 14) , the anti-sense region (SEQ ID NO: 15) , and
the 3’ terminal self-complementary fragment (SEQ ID NO: 36) are connected directly
to each other in the 5° to 3’order, and the single-stranded self-complementary nucleic
acid molecule described herein comprises the sequence set forth in SEQ ID NO: 16.
In some embodiments, the single-stranded self-complementary nucleic acid molecule
consists of the sequence set forth in SEQ ID NO: 16.

In alternative embodiments, the single-stranded self-complementary nucleic acid
molecule comprises, from 5’ to 3’ direction, a 5’ terminal self-complementary
fragment comprising the sequence set forth in SEQ ID NO: 36, a NeuroD1 expression
cassette comprising the sequence set forth in SEQ ID NO: 12, a central self-com-

plementary fragment comprising the sequence set forth in SEQ ID NO: 14, an anti-
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sense region comprising the sequence set forth in SEQ ID NO: 15, and a 3’ terminal
self-complementary fragment comprising the sequence set forth in SEQ ID NO: 13.

In alternative embodiments, the single-stranded self-complementary nucleic acid
molecule comprises, from 5’ to 3’ direction, a 5’ terminal self-complementary
fragment comprising the sequence set forth in SEQ ID NO: 13, an anti-sense region
comprising the sequence set forth in SEQ ID NO: 15, a central self-complementary
fragment comprising the sequence set forth in SEQ ID NO: 14, a NeuroD1 expression
cassette comprising the sequence set forth in SEQ ID NO: 12, and a 3’ terminal self-
complementary fragment comprising the sequence set forth in SEQ ID NO: 36.

In alternative embodiments, the single-stranded self-complementary nucleic acid
molecule comprises, from 5’ to 3’ direction, a 5’ terminal self-complementary
fragment comprising the sequence set forth in SEQ ID NO: 36, an anti-sense region
comprising the sequence set forth in SEQ ID NO: 15, a central self-complementary
fragment comprising the sequence set forth in SEQ ID NO: 14, a NeuroD1 expression
cassette comprising the sequence set forth in SEQ ID NO: 12, and a 3’ terminal self-
complementary fragment comprising the sequence set forth in SEQ ID NO: 13.

Table 5.4 Example of a recombinant self-complementary AAV genome encoding
NeuroD1 (scAAV-
NeuroD1) .
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SCAAV-NeuroDl

57 terminal reverse complement
fragment

(SEQ 1D NO:13)

TTGGCCACTCCCTCTCTICCGCGCTCGCTUGUTCACTGAGGT
COOGGUGACCAAAGCGTCGCCCGACGCLCOGGCTTTGCCCGE
GCGGCCTCAGTOAGCOAGCOGAGCOUGCAGAGAGUOAGTG
GCCAACTCCATCACTAGGGGTICCT

Weure}] Hxpressinon Cassette

(SEQ 1D NO:1Y)

GACATTGATTATTOGACTAGTTATTAATAGTAATCAANTTACG
GOGTCATTAGTTCATAGCCCATATATGGAGTTCOGCOGTTA
CATAACTTACGGTAAATGGCCCGCCTGGUTGACTGCLICAA
COACCCCCOCCCATTCGACGTCAATAATGACGTATGTICCC
ATAGTAACGCCAATAGGOACTTTCLCATTCGACGTCAATGOG
TGUACTATTTACGCTAAACTOGUCCACTTIGOUCAGTAUATCA
AGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAAT
GACGGTAAATGGCCCOCOTGGCATTATGCCCAGTACATGA
CCTTATGGGACTTITCCTACTTGGCAGTACATUTACGTATTA
GTCATCGCTATTACCATGOTCGATGCGOTTTTGGCAGTACAT
CAATGOGGUGTOCGATAGUGOTTTGACTUCACGOGOATITUCA
ACGTCTCCACCCCATTGACGTCAATGOCGAGTITCTTTIGGCA
CCAAAATCAACGOGUACTTICTCAAAATGTCGTAACAACTCC
GUCCCATIGACGUAAANTGGGCCGTAGGCG TG TACGGTIGGE
AGGTCTATATAAGCAGAGCTOTAAGTATCAAGOGTTACAAG
ACAQGTTTAAGGAGACCAATAGAAACTGGGUTTGTCGAG
ACAGAGAAGACTCTTGCGTTTCTGATAGGCACCTATTGGT
CTTACTGACATCCACTTTGCCTTICTCTCUACAGATOGTOA
CCAAATCGTACAGCOAGAGTCGGCTGATOGGUGAGCCTC
AGCCCCAAGGTCCTCUAAGUTGGACAGACGAGTGTCTCAG
TTCTCAGGACGAGGAGCACGAGGCAGACAAGAAGGAGGA
CGACCTCGAAACCATGAACGCAGAGGAGGACTCACTGAG
CAACGOGOGAGAGGACCAGUACGAAGATCGAGGACCTGH
AAGAGGAGGAAGAAGAGGAAGAGGAGGATGACGATCAA
AAGCCCAAGAGACGCGGCCCCAAAAAGAAGAAGATGACT
AAGGCTCGCCTGGAGCOTTTTAAATTGAGACGCATGAAGG
CYAACCCCCGOOAGCOGAACCOGUATGUACGGACTGAACG
COGCGUTABACAACTTGUOCAAGOTGOLTCGCCTTIGCTATIC
TAAGACGCAGAAGCTGTCCAAAATCGAGACTCTGCGCTTG
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GCCAAGAACYACATCIGGGCTUTGTICGGAGATCCTGCGEY
CAGGCAAAAGCCCAGACCTGGICTCCTTCGTTICAGACGCOT
TTGCAAGGOCTTATCCCAACCCACCACUAACCTGGTTGCG
GOCTGCCTGCAACTCAATCCTCGGACTTTTCTIGCCTGAGCA
GAACCAGGACATGCCCCCCCACCTGCCGACGGUCAGCGCT
TCCTTCCCTGTACACCCCTACTCCTACCAGTCGUCTGGOCT
GCCCAGTCCGCCTTACGGTACCATGGACAGCTCCCATGTC
TTCCACOTTAAGCCTUCOCCLCACGLCTACAGLGUALCOC
TGOAGCCCTTCTTTOAAAGCCCTCTGACTGATTGCACCAG
CCCTTCCTTITGATGCACCCCTCAGCCOGUCGCTCAGIATUA
ATGGCAACTTICTCTTTCAAACACGAACCGTCCGCCGAGTT
TCAGAAAAATTATGCCTTTACCATGCACTATCCTGCAGCG
ACACTGGUAGGGGCCCAAAGCCACGGATCAATCTICTCAG
GCACCGCTGCCCCTCGCTGCGAGATCCUCATAGACAATAT
TATGTCCTICGATAGCCATTCACATCATCAGUGAGTCATG
AGTGCCCAGCTCAATGCCATATTTCATGATTGACTGTGCCT
TCTAGTTGUCAGCCATCTGTTUTTICCCCCTCCCCLGTUCU
TTCCTTGACCCTGOAAGGTOCCACTCLCACTGTCCTTTCCT
AATAAAATCAGCAAATTIGCATCOGCATIGTCTCAGTAGGTG
TCATTCTATTCTGGG GGG TOGGETGGGGCAGGACAGCAAG
GOOGAGGATTOGGAAGAGAATAGCAGGCATGCTGGHGA

Central reverse complementary
frapment

{(SEQ ID NOG:14)

CCACTCCCTCTCTGCGCOGUTCOQUTCCCTCACTGAGGCOGE
GCGACCAAAGGTCGCCCGACGCCCGGGUTTTGCCCGGGCG
GCCTCAGTGAGCOAGCOAGCOCOGCAGAGAGGRAGTOG

A -sense vegion

(SEQ ID NO:1S)

TCCCCAGUATGCCTHOCTATTCTOTTCCOAATCOTCCCCCTT
GCTOTCCTGCCCCACCCCACCCCOUAGAATAGAATGACAC
CTACTCAGACAATGCGATGCAATTTICCTICATTITATTAGGA
AAGGACAGTOGOAGTGGUACCTTCCAGGGTCAAGGAAGS
CACGGOLCAGGGGCAAACAACAGATOGGOTOGUAACTAGA
AGGCACAGTCAATCATGAAATATGGCATTGAGCTGGECAC
TCATGACTCGUTCATGATGTGAATGGCTATCGAAGGACAT
AATATTOTCTATGGGOATCTUGCAGCCALGGGGCAGUGETG
CCTGAGAAGATTCGATCCGTGOCTTTGGOCCCCTGCCAGTG
TOGCTGCAGOATAGTOCATOCOTAANGGCATAATTTTTCTC
AAACTCOGCGOACGOTTCGTGTITTGAAAGAGAAGTTGCCA
TIGATGUTGAGCGGCGGGUIGAGGGHICCATCAAAGGAA
GGOCTGOTGCAATCAGTCAGAGGGCTTITCAAAGAAGGGCT
CCAGCGCTGUGUTETAGGCGTGCGGCGGAGHCTTAALGTG
GAAGACATCGGAGUTGTUCATGGTACCGTAAGGCGGACT
GGGCAGCCCAGGUGACTGGTAGGAGTAGGGGTGTACAGG
GAAGGAAGCOCTOGUCOTCGGCAGOGTHGOGGOGUATETC
CTGOTTCTGCTCAGGCAGAAAAGTCCGAGGATTGAGTTGC
ANGGEAGCUCGUAACCAGGTTGOTGHTGOETTGHGAT AN
CCCTTGCAAAGCGTCTGAACGAAGGAGACCAGGTCTGGGU
TTTTCGCCTOAGUGCAGGATCTCCGACAGAGCCCAGATGTA
GTTCTTGGCCAAGUGCAGAGTCTCGATTTIGGACAGCTTICYE
GCGTCTTAGAATAGCAAGGCACCACOTTIGOGCAGETTOIC
TAGCGCCGCGTTCAGTCCOTGCATGCGGTICCGUTCCIG
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GUGTTAGLCTTCATGCGICTCAATTTAAAACGCTUCAGHC
GAGCCTTAGTCATCTTCTTCITITTGGGGCCOCGTCICTTIO
GGOTTTTIGATCGTCATCCTCCTCTTCCTCTTCTTCCTCOTCY
TCCAGUTCCTCATCTTCGTCCTCCTCCTICTCCCCCOTTCUTC
AGTGAGTCCTCCTCTGUCGTTCATGGTTTCGAGGTCGTCCTC
CTTCTTGTCTGCCTCGTGCTCCTCOTCCTGAGAACTGAGALC
ACTCGTCTGTCCAGCTTGOAGGACCTTOLGGCTGAGGCTC
GUCCATCAGCCCACTUTCOCTOGTACGATTTQGTCACCATCY
GTGOGAGAGAAAGGCAAAGTGGATGTCAGTAAGACCAATA
GGTOGCOTATCAGAAACGCAAGAGTCTTCTCTGTCTCOACA
AGCCCAGTTTCTATTGGTCTCCTTAAACCTGTICTTGTAACC
TTGATACTTACAGCTCTGUTTATATAGACUTCCUACCGTAC
ACGCCTACCGCCCATTTGCGTCAATOGGGCGGAGTTICTTA
CGACATITIGGAAAGTCCCGTTGATTTTGOTGUCAAAATA
AACTCCCATTGACGTCAATGOGGTGCAGACTTGOAAATCC
CCOTCGAGTCAAACCGCTATCCACGUCCATTCATOTACTGC
CAAAACCGUATCACCATOGTAATAGCCATCGACTAATACGT
AGATGTACTGCCAAGTAGGAAAGTCCCATAAGGTCATGTA
CTGGGCATAATGCCAGGUCGGUUCATTTACCGTCATIGACG
TCAATAGGGGGCGTACTTGGCATATGATACACTTGATGTA
CTOCCAAGTCOGCAGTTTACCU TAAATAGTCCACCCATTG
ACGTCAATGCAAAGTCCCTATTGG OO T TACTATGGGAACA
TACCTUCATTATTCGACCTCAATGOGCGGOGGTCOTTGHGCG
GTCAGCCAGGUGGOGCCATTTACCCTAAGTTATGTAACGCG
GAACTCCATATATGGGCTATGAACTAATGACCCCGTAATT
GATTACTATTAATAACTAGTCAATAATCAATGTC

fragment

{8EQ 1D NO:36)

3" terminal reverse complement

AGGAACCCCTAGTGATGCGAGTTGGCCACTCCOTCTCTIGCG

COCTCGUTCOCTOACTUAGGCCHCUCGHOCAA AGCCCHBAG
CGTCGGGCGACCTTTGOGTCGCCCGGCCTCAGTGAGCGAGC
GAGUGCGUAGAGAGGGAGTGGCCAA

Fuli-length scAAV-NeuroD |
zenemie sequence having
configuration shown in FIG.2A

(SEQ ID NO:16)

TTGGCCACTCCCTCTCTGOGCGCTCGCTCGCTCACTGAGGC
COGGUGACCAAAGGTCGLCCGACGCCCGGGUTTTGLCCGG
GCGGCUTCAGTCGAGCGAGCCAGCGUGCAGAGAGGGAGTG
GUCAACTCCATCACTAGGGLTTCCTGACATTGATTATTGA
CTAGTTATTAATAGTAATCAATTACGOGGGTCATTAGTTCAT
AGCCCATATATGGAGTTCCGCGITACATAACTTACGGTAA
ATGGCCCGCCTGOCTCACCGCECAACGACCCCCGLCCATT
GACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATA
GGOACTTTCCATTIGACGTCAATGGGTGGACTATTTALGET
AAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCC
AAGTACGCCCCUTATIGACGTCAATGATGHTAAA TGGCCT
GCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCC
TACTTOGUAGTACATCTACGTATTAGTCATCUGUTATTACCA
TCGTCATGCOGTTTTGOGCAGTACATCAATGGGOGTGGATA
GUGGTTTGACTCACGGGGATTICCAAGTUTCCACTCCATT
GACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGHGE
ACTTTCCAAAATGTCOTAACAACTCIGCCCCATTGACGCA
AATGGOGCOGTAGGCGTGTACGGTGGGAGGTCTATATAAGC
AGACCTGTAAGTATCAAGGTTACAAGACAGGTTTAAGGA
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GACCAATAGAAACTGGGCTTGTCGAGACAGAGAAGACTC
TIGCEITTCTGATAGGCACCTATIGGICTTACTGACATCCA
CTTTGCCTTTCTCTCCACAGATOGTCACCAAATCGTACAGC
GAGAGTOGGCTGATGOGCCCAGCUTCAGCCCCAAGOTCCTC
CAAGCTGGACAGACGAGTGTCTCAGTTCTCAGGACGAGGA
GCACGACGCAGATCAAGAAGCAGGACCACCTCGAAACCAT
GAACGCAGAGGAGGACTCACTGAGGAACGGGGOAGAGGA
GGAGGACGAAGATCAGEACCTGGAAGAGEAGGAAGAAG
AGGAAGAGGAGGATGATGATCAAAAGCUCAAGAGACGCG
GCCCCAAAAAGAAGAAGATGACTAAGGCTCGCCTGOAGC
GTTTTAAATTCGAGACGCATGAAGGCTAACGCCCGGGAGCE
GAAZCGCATGCACGGACTGAALGCGGUGCTAGACAACCT
GCGCAAGUGTOGTCUCTTGCTATTCTAAGACGCAGAAGC TG
TCCAAAATCGAGACTOTGOGUTTGHCCAAGAALTACATOT
GGGCTCTGTCGUGAGATCCTGUGUTCAGGCAAAAGCCCAGA
CCTOGGTCTCCTTCGTTCAGACGUTTTOCAAGGGCTTATCCC
AADCCACCACCAACTUTGOTTOQUGUGUTGCCTOCAALTCAA
TCCTCGGACTTTICTGCCTCGAGUCAGAACCAGGACATGCCC
CCOCACCTGCCOCACGGCCAGCHGCTICCTTICUCTOTACATCC
CTACTCCTACCAGTCGCCTGGGCTGCCCAGTCCCCCTTACG
GTALCATGOACAGCTCCCATGTCTTCUATCGTTAAGCUTCC
GCCGCACGUCTACAGCGCAGCGCTGGAGCCCTTICTTTGAA
AGCCCTCTGACTGATTGCACCAGUCOTTOC FATGGALC
CCTCAGUCCCGCUGCTCAGCATCAATGGCAACTTCTCTTTICA
ABCACGAACCGTICCGCCGAGTTIGAGAAAAATTATGCCTT
TACCATGCACTATCCTGCAGCGACACTGGCAGGGGCCCAA
AGCCACGGATCAATCTICTCAGGCACCGCTGCCCCTCGOT
GCOQACATCCCOATAGACANTATTIATGTCCTTUGATAGCCA
TTCACATCATGAGCGAGTCATGAGTGCUCAGCTCAATGCC
ATATTTCATGATIGACTGTGCUTTCTAGTTGCCAGCCATCT
GITGTTTGCCCCTCCCCCGIGCCTTCCTTGACCOTGGAAGG
TOCCACTUCCACTUGTCUTTTCCTAATAAAATCGAGGAAATT
GCATCGCATTCTCTGAGTAGGTGTCATTCTATICTGGGGE
CTGGOGTCOGGCAGGACAGUAAGCGGGAGGATTOGGAAC
AGAATAGCAGGCATGCTGGOGACCACTCCCTCTCTGLGCG
CTCGLTCOGCTCACTCAGGCCOGOCLBACCAAAGGTUGCLICG
ACGCCCGEEOTTTIGCLCGGOLGGCCTCAGTGAGUGAGLGA
GCGCGCAGAGAGGGAGTGGTCCCCAGCATGUCTGCTATTC
TCTTCCCAATCCTCCCCCTTGCIGICCTGCCCCACTCCACT
CCCOAGAATAGAATGACACCTACTCAGACAATGCGATGCA
ATTTCCTCATTTTATTAGGAAAGGACAGTGGGAGTGGCAC
CTTCCAGGGTCAAGGAAGGUACGGGOGAGOGGCAAACAA
CAGATGGUTGGCAACTAGAAGGCACAGTCAATCATGAAA
TATGGCATTGAGCTGGGCACTCATGACTCGOTCATGATGT
GAATGGCTATCGAAGGACATAATATIGTCTATGGGGATCT
COCAGCGAGGUGGCAGCOETGUCTCAGAAGATTGATCCGT
GGUITTCGGGCCCUTGLCAGTGTCGCTGCAGUATAGTGUAT
GOTAAAGGCATAATTTTTCTCAAACTCOGUGCACGGTICG
TGTTTCGAAAGAGAAGTTGCCATTGATGCTGAGUGGCGGGC
TCAGGGOTCCATCAAAGGAAGGCUTGGTOUAATCAGTCA
GAGGGCTTTCAAAGAAGGGLICCAGCUCTGCGCIGTAGGC
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GTGCGGUGCGAGGCTTAACGTGGAAGACATGGGAGCTGTC
CATGEFACCOGTAAGGCGGACTOGGCAGLCCAGGUGALTG
GTAGGAGTAGGCGTOTACAGGCGAAGGAAGCGCTGOCCGT
CGGCAGGTGGGGGOGCATETCCTGGTTCTGCTCAGGCAGA
AAAGTCCGAGOATTGAGTTOCAGGCAGICCOCAALCAGSG
TTGGTGGTGGGTTGGGATAAGCCCTTGCAAAGCGTCTGAA
COAAGGAGACCAGGLUTGOGUTTTTOCCT GAGCGCAGEAT
CTCCGACAGAGCCCAGATGTAGTTCTIGUGUCAAGUGCAGA
GICTCGATTTTGGACAGUTTCTGCGTCTTAGAATAGCAAG
GCACCACCTTIGCGCAGHGTTGTCTAGCGCCGUGTTCAGTCC
GTGCATGCGGTTCCGCTCCCGGGCGTTAGCCTTCATGCGTC
TCAATTTAAAALCGCTCCAGGUGAGCUTTAGTCATCTTIUTTC
TTTTTGGGOCCOCOTCTCTTOGOUTTTTCGATCGTCATCCTC
CTCTTICCTCTTCTTICCTCCTCTTCCAGGTCCTCATCTICGTIC
CTCOTCCRUTCCOCCOTTCCTUAGTRAGTCCICCTOTGCGT
TCATGGTITCCAGGTCOGTCCTCCTTCTTGTICTGCCTCGTGC
TCCTCOTCCTOAGAACTGAGACACTCGTICTGTCCAGUTTG
GAGGACCTTGGOGCTGAGGCTCGCCCATCAGCCCACTCTC
GCTCTACGATTTOGTCACCATCTGTGOAGAGAAAGGCAAA
GTGOATGTCAGTAAGACCAATAGETGCUTATCAGAAAC GO
AAGAGTCTTCTCTGTCTCCGACAAGCCCAGTTITCTATTGGTC
TCCTTAAACCTGTCTTGTAACCTTGATACTTACAGUTCYIGC
TTATATAGACCTCCCACCGTACACGCCTACCGCCCATTTGC
GTCAATGGOGCGOAGTTIGTTACGACATTITGGAAAGTCCC
GTTOATTTTGOTGUCAAAAUAANCTCOCUATTOAUGTUAAT
GOGOGGTGCAGACTTGGAAATCCCCOTGAGTCAAACCGOCTAY
CCACGUICATTGATQTACTGCUAAAACCGCATCACCATGG
TAATAGCGATGACTAATACOTAGATGTACTGCCAAGTAGG
AAAGTCCCATAAGOTCATGTACTCGUCATAATGCCAGGLG
GGUOCATTTACCGTCATTOACGTUAATAGGOGGUGTACTTC
GCATATGATACACTTICGATCTACTGCCAAGTOGGGUAGTTTA
CCOGTAAATAGTCCACTUCATICACGTCAATOGAAAGTCCCT
ATTGOCGTTACTATGGGAACATACGTCATTATTGACGTCA
ATGOGCGLGOOOTCGTTGOGCGOTCAGUCAGOCGGOGCCATT
TACCGTAAGTTATGTAACGCGGAACTCCATATATGGGCTA
TGAALTAATGACCCCOTAATTIGATTACTATTAATAACTAG
TCAATAATCAATGTCAGOAACUCCTAGTOATGUAGTTGGT
CACTCCCTCIOTGCGCGUICGCTCGUICACTGAGGUOGCCC
GOGCAAACCCCGOOCOTCOGOCOACCTTTGOTCECOCGOC
CTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAA

5.5 Recombinant scAAV Vectors

[0161]  In some embodiments, the single-stranded self-complementary nucleic acid molecule

is an artificial AAV genome that can be packaged into a AAV capsid to produce a

recombinant AAYV virion. In some embodiments, such recombinant AAYV carries a

transgene encoding NeuroD1 in its genome and is sometimes referred to as a AAV

vector encoding NeuroD1 in the present disclosure.

[0162]  In certain embodiments, the AAV vector encoding NeuroD1 further comprises

an AAV capsid protein. In certain embodiments, the AAV capsid protein has a
serotype selected from the group consisting of AAV1, AAV2, AAV3, AAV4, AAVS,
AAV6, AAVT, AAVE, AAVY9, AAV10, AAVI1I1, AAVI12, AAV13, AAV14, AAV1S
and AAV16, AAV.rh§, AAV.rh10, AAV. rh20, AAV.rh39, AAV. Rh74, AAV.
RHM4-1, AAV. hu37, AAV. Anc80, AAV. Anc80L65, AAV. 7m§, AAV. PHP. B,
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[0164]

AAV2S5, AAV2tYF, AAV3B, AAV. LK03, AAV. HSC1, AAV. HSC2, AAV. HSC3,
AAV.HSC4, AAV. HSCS5, AAV. HSC6, AAV. HSC7, AAV. HSCS, AAV. HSC9,
AAV.HSC10, AAV. HSCI11, AAV. HSCI12, AAV. HSC13, AAV. HSC14, AAV.
HSCI15, and AAV. HSC16, derivatives thereof, modifications thereof, pseudotypes
thereof, and combinations thereof. In certain embodiments, the AAV capsid protein
comprises or consists of an amino acid sequence that is at least about 80%, at least
about 85%, at least about 86%, at least about 87%, at least about 88%, at least about
89%, at least about 90%, at least about 91%, at least about 92%, at least about 93%,

at least about 94%, at least about 95%, at least about 96%, at least about 97%, at

least about 98%, at least about 99%or at least about 99.5%, or 100%homologous or
identical to the amino acid sequence of viral protein 1 (VP1), viral protein 2 (VP2),
or viral protein 3 (VP3) of an AAV capsid serotype selected from the group consisting
of AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT, AAVS, AAV9, AAV10,
AAV1l1, AAVI12, AAV13, AAV14, AAV1S5 and AAV16, AAV.1h§, AAV.thlO0,
AAV.1h20, AAV.1h39, AAV. Rh74, AAV. RHM4-1, AAV. hu37, AAV. Anc80,
AAV. Anc80L65, AAV. Tm8, AAV. PHP. B, AAV2.5, AAV2tYF, AAV3B, AAV.
LKO03, AAV. HSC1, AAV. HSC2, AAV. HSC3, AAV. HSC4, AAV. HSCS, AAV.
HSC6, AAV. HSC7, AAV. HSCS8, AAV. HSC9, AAV. HSC10, AAV. HSC11, AAV.
HSC12, AAV. HSC13, AAV. HSC14, AAV. HSCI15, and AAV. HSC16.

In specific embodiments, the AAV vector encoding NeuroD1 further comprises a
AAYV serotype 6 (AAV6) capsid. In some embodiments, the AAV6 capsid comprises
at least one capsid protein comprises or consists of an amino acid sequence that is
about 80%, at least about 85%, at least about 86%, at least about 87%, at least about
88%, at least about 89%, at least about 90%, at least about 91%, at least about 92%,
at least about 93%, at least about 94%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, at least about 99%or at least about 99.5%, or 100%ho-
mologous or identical to the amino acid sequence of viral protein 1 (VP1), viral
protein 2 (VP2) , or viral protein 3 (VP3) of AAV6.

In some embodiments, the AAV6 capsid comprises a capsid protein that is a
functional derivative of AAV6 VP1 having at least about 80%, at least about 85%, at
least about 86%, at least about 87%, at least about 88%, at least about 89%, at least
about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%,
at least about 99%or at least about 99.5%, or 100%sequence identity to SEQ ID NO:
25. These functional derivative of AAV6 VP1 is collected referred to as “AAV6 VP1
polypeptides. ” In specific embodiments, the AAV6 capsid comprises a capsid protein

comprising the amino acid sequence set forth in SEQ ID NO: 25.
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[0166]

[0167]

[0168]

[0169]

In some embodiments, the AAV6 capsid comprises a capsid protein that is a
functional derivative of AAV6 VP2 having at least about 80%, at least about 85%, at
least about 86%, at least about 87%, at least about 88%, at least about 89%, at least
about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%,
at least about 99%or at least about 99.5%, or 100%sequence identity to SEQ ID NO:
26. These functional derivative of AAV6 VP2 is collected referred to as “AAV6 VP2
polypeptides. ” In specific embodiments, the AAV6 capsid comprises a capsid protein
comprising the amino acid sequence set forth in SEQ ID NO: 26.

In some embodiments, the AAV6 capsid comprises a capsid protein that is a
functional derivative of AAV6 VP3 having at least about 80%, at least about 85%, at
least about 86%, at least about 87%, at least about 88%, at least about 89%, at least
about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%,
at least about 99%or at least about 99.5%, or 100%sequence identity to SEQ ID NO:
27. These functional derivative of AAV6 VP3 is collected referred to as “AAV6 VP3
polypeptides. ” In specific embodiments, the AAV6 capsid comprises a capsid protein
comprising the amino acid sequence set forth in SEQ ID NO: 27.

In some embodiments, the AAV6 capsid comprises an AAV VP1 polypeptide and an
AAV VP2 polypeptide. In some embodiments, the AAV6 capsid comprises an AAV
VP1 polypeptide and an AAV VP3 polypeptide. In some embodiments, the AAV6
capsid comprises an AAV VP2 polypeptide and an AAV VP3 polypeptide. In some
embodiments, the AAV6 capsid comprises an AAV VPI1 polypeptide, an AAV VP2
polypeptide, and an AAV VP3 polypeptide.

In yet a particular embodiment, the AAV vector encoding NeuroD1 further
comprises a AAV6 capsid, wherein the AAV6 capsid comprises a VP1 polypeptide
comprising the amino acid sequence set forth in SEQ ID NO: 25, a VP2 polypeptide
comprising the amino acid sequence set forth in SEQ ID NO: 26, and a VP3
polypeptide comprising the amino acid sequence set forth in SEQ ID NO: 27.

In certain embodiments, the AAV vector comprises capsid of Anc80 or An-
c80L63, as described in Zinn et al., 2015, Cell Rep. 12 (6) : 1056-1068, the content
of which is incorporated by reference in its entirety. In certain embodiments, the
AAYV vector comprises the capsid with one of the following amino acid insertions:
LGETTRP or LALGETTRP, as described in U.S. Patent Nos. 9,193,956; 9,458,517;
and 9,587,282 and U.S. patent application publication no. 2016/0376323, the content
of each of which is incorporated herein by reference in its entirety. In certain em-
bodiments, the AAV vector comprises the capsid of AAV. 7m8, as described in U.S.
Patent Nos. 9,193,956; 9,458,517; and 9,587,282 and U.S. patent application pub-
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lication no. 2016/0376323, the content of each of which is incorporated herein by
reference in its entirety. In certain embodiments, the AAV vector comprises any
AAV capsid disclosed in U.S. Patent No. 9,585,971 (e.g., AAV-PHP. B) , the content
of which is incorporated by reference in its entirety. In certain embodiments, the
AAYV vector comprises any AAV capsid disclosed in U.S. Patent No. 9,840,719
and WO 2015/013313, such as AAV. Rh74 and RHM4-1, the content of each of
which is incorporated herein by reference in its entirety. In certain embodiments,
the AAV vector comprises any AAV capsid disclosed in International Publication
No. WO 2014/172669, such as AAV rh. 74, the content of which is incorporated
herein by reference in its entirety. In certain embodiments, the AAV vector comprises
the capsid of AAV2/5, as described in Georgiadis et al., 2016, Gene Therapy 23:
857-862 and Georgiadis et al., 2018, Gene Therapy 25: 450, the content of each
of which is incorporated by reference in its entirety. In certain embodiments, the
AAYV vector comprises any AAV capsid disclosed in International Publication No.
WO 2017/070491, such as AAV2tYF, the content of which is incorporated herein
by reference in its entirety. In certain embodiments, the AAV vector comprises the
capsids of AAVLKO3 or AAV3B, as described in Puzzo et al., 2017, Sci. Transl.
Med. 29 (9) : 418, the content of which is incorporated by reference in its entirety. In
certain embodiments, the AAV vector comprises any AAV capsid disclosed in U.S.
Patent Nos. 8,628,966; 8,927,514; and 9,923,120 and International Publication No.
WO 2016/049230, such as HSC1, HSC2, HSC3, HSC4, HSCS, HSC6, HSC7, HSCS,
HSC9, HSC10, HSC11, HSC12, HSC13, HSC14, HSC15, or HSCI16, the content of
each of which is incorporated by reference in its entirety.

[0170]  In certain embodiments, the AAV vector comprises an AAV capsid disclosed in
any of the following patents and patent applications, the content of each of which
is incorporated herein by reference in its entirety: U.S. Patent Nos. 7,282,199;
7,906,111; 8,524,446; 8,999,678; 8,628,966; §, 927,514; 8,734,809; 9,284,357;
9,409,953; 9,169,299; 9,193,956; 9458517; and 9,587,282; U.S. Patent Publication
Nos. 2015/0374803; 2015/0126588; 2017/0067908; 2013/0224836; 2016/0215024;
2017/0051257; and International Patent Publication Nos. W02015191508;
WO02015121501. In certain embodiments, the AAV vector comprises a capsid protein
that is at least about 80%, at least about 85%, at least about 86%, at least about 8§7%,
at least about 88%, at least about 89%, at least about 90%, at least about 91%, at
least about 92%, at least about 93%, at least about 94%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, at least about 99%or at least about
99.5%, or 100%homologous or identical to the amino acid sequence of the VP1,
VP2, or VP3 of an AAV capsid disclosed in any of the following patents and patent

applications, the content each of which is incorporated herein by reference in its
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[0172]

entirety: U.S. Patent Nos. 7,282,199; 7,906,111; 8,524,446; 8,999,678; 8,628,966;
8,927,514 8,734,809; 9,284,357; 9,409,953; 9,169,299; 9,193,956; 9458517; and
9,587,282; U.S. Patent Publication Nos. 2015/0374803; 2015/0126588; 2017/0067908;
2013/0224836; 2016/0215024; 2017/0051257; and International Patent Publication
Nos. W0O2015191508; WO0O2015121501.

In certain embodiments, the AAV vector comprises a capsid protein disclosed
in International Patent Publication Nos. WO 2003/052051 (see, e.g., SEQ ID NO:
2 of WO 2003/052051) , WO 2005/033321 (see, e.g., SEQ ID NOs: 123 and 88
of WO 2005/033321) , WO 03/042397 (see, e.g., SEQ ID NOs: 2, 81, 85, and
97 of WO 03/042397) , WO 2006/068888 (see, €.g., SEQ ID NOs: 1 and 3-6
of WO 2006/068888) , WO 2006/110689 (see, e.g., SEQ ID NOs: 5-38 of WO
2006/110689) , W0O2009/104964 (see, e.g., SEQ ID NOs: 1-5, 7, 9, 20, 22, 24
and 31 of W0O2009/104964) , WO 2010/127097 (see, e.g., SEQ ID NOs: 5-38 of
WO 2010/127097) , and WO 2015/191508 (see, e.g., SEQ ID NOs: 80-294 of WO
2015/191508) , and U.S. Patent Publication No. 20150023924 (see, e.g., SEQ ID NOs:
1, 5-10 of 20150023924) , the contents of each of which is herein incorporated by
reference in its entirety. In certain embodiments, the AAV vector comprises a capsid
protein at least about 80%, at least about 85%, at least about 86%, at least about 8§7%,
at least about 88%, at least about 89%, at least about 90%, at least about 91%, at least
about 92%, at least about 93%, at least about 94%, at least about 95%, at least about
96%, at least about 97%, at least about 98%, at least about 99%or at least about 99.5%,
or 100%homologous or identical to the amino acid sequence of the VP1, VP2, or
VP3 protein of an AAV capsid disclosed in International Patent Publication Nos. WO
2003/052051 (see, e.g., SEQ ID NO: 2 of WO 2003/052051) , WO 2005/033321 (see,
e.g., SEQ ID NOs: 123 and 88 of WO 2005/033321) , WO 03/042397 (see, e.g., SEQ
ID NOs: 2, 81, 85, and 97 of WO 03/042397) , WO 2006/068888 (see, e.g., SEQ ID
NOs: 1 and 3-6 of WO 2006/068888) , WO 2006/110689 (see, e.g., SEQ ID NOs: 5-38
of WO 2006/110689) , WO2009/104964 (see, e.g., SEQ ID NOs: 1-5, 7, 9, 20, 22,
24 and 31 of W02009/104964) , WO 2010/127097 (see, e.g., SEQ ID NOs: 5-38 of
WO 2010/127097) , and WO 2015/191508 (see, e.g., SEQ ID NOs: 80-294 of WO
2015/191508) , and U.S. Patent Publication No. 20150023924 (see, e.g., SEQ ID NOs:
1, 5-10 of 20150023924) .

In certain embodiments, the AAV vector comprises a pseudotyped AAV capsid.
In certain embodiments, the pseudotyped AAV capsids are rAAV2/8 or rTAAV2/9
pseudotyped AAV capsids. Methods for producing and using pseudotyped AAV
vectors are known in the art (see, e.g., Duan et al., J. Virol., 75: 7662-7671 (2001) ;
Halbert et al., J. Virol., 74: 1524-1532 (2000) ; Zolotukhin et al., Methods 28: 158-167
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[0173]

[0174]

[0175]

[0176]

(2002) ; and Auricchio et al., Hum. Molec. Genet. 10: 3075-3081, (2001) , the content
of each of which is incorporated by reference in its entirety) .

In certain embodiments, the AAV vector comprises a capsid comprising a capsid
protein chimeric of two or more AAV capsid serotypes. In certain embodiments, the
capsid protein is a chimeric of two or more AAV capsid proteins of AAV serotypes
selected from the group consisting of AAV1, AAV2, AAV3, AAV4, AAVS, AAV6,
AAV7, AAVSE, AAVY, AAV10, AAV1I1, AAVI12, AAV13, AAV14, AAVI1S5
and AAV16, AAV.rh§, AAV.rh10, AAV. rh20, AAV.rh39, AAV. Rh74, AAV.
RHM4-1, AAV. hu37, AAV. Anc80, AAV. Anc80L65, AAV. 7m§, AAV. PHP. B,
AAV2S5, AAV2tYF, AAV3B, AAV. LK03, AAV. HSC1, AAV. HSC2, AAV. HSC3,
AAV.HSC4, AAV. HSCS5, AAV. HSC6, AAV. HSC7, AAV. HSCS, AAV. HSC9,
AAV.HSC10, AAV. HSCI11, AAV. HSCI12, AAV. HSC13, AAV. HSC14, AAV.
HSC15, and AAV. HSC16.

In certain embodiments, the AAV vector comprises an AAV capsid protein chimeric
of AAVS capsid protein and one or more AAV capsid proteins from an AAV serotype
selected from the group consisting of AAV1, AAV2, AAV3, AAV4, AAVS, AAV6,
AAV7, AAVSE, AAVY, AAV10, AAV1I1, AAVI12, AAV13, AAV14, AAVI1S5
and AAV16, AAV.rh§, AAV.rh10, AAV. rh20, AAV.rh39, AAV. Rh74, AAV.
RHM4-1, AAV. hu37, AAV. Anc80, AAV. Anc80L65, AAV. 7m§, AAV. PHP. B,
AAV2S5, AAV2tYF, AAV3B, AAV. LK03, AAV. HSC1, AAV. HSC2, AAV. HSC3,
AAV.HSC4, AAV. HSCS5, AAV. HSC6, AAV. HSC7, AAV. HSCS, AAV. HSC9,
AAV.HSC10, AAV. HSCI11, AAV. HSCI12, AAV. HSC13, AAV. HSC14, AAV.
HSCI15, and AAV. HSC16. In certain embodiments, the AAV vector comprises an
AAYV capsid protein chimeric of AAVS capsid protein and one or more AAV capsid
proteins from an AAYV serotype selected from the group consisting of AAV1, AAV2,
AAVS5, AAV6, AAV7, AAV9, AAV10, AAVrh. §, and AAVrh. 10.

In certain embodiments, the AAV vector comprises an AAV capsid protein chimeric
of AAV9 capsid protein the capsid protein of one or more AAV capsid serotypes
selected from the group consisting of AAV1, AAV2, AAV3, AAV4, AAVS, AAV6,
AAV7, AAVSE, AAVY, AAV10, AAV1I1, AAVI12, AAV13, AAV14, AAVI1S5
and AAV16, AAV.rh§, AAV.rh10, AAV. rh20, AAV.rh39, AAV. Rh74, AAV.
RHM4-1, AAV. hu37, AAV. Anc80, AAV. Anc80L65, AAV. 7m§, AAV. PHP. B,
AAV2S5, AAV2tYF, AAV3B, AAV. LK03, AAV. HSC1, AAV. HSC2, AAV. HSC3,
AAV.HSC4, AAV. HSCS5, AAV. HSC6, AAV. HSC7, AAV. HSCS, AAV. HSC9,
AAV.HSC10, AAV. HSCI11, AAV. HSCI12, AAV. HSC13, AAV. HSC14, AAV.
HSC15, and AAV. HSCI16

In certain embodiments, the AAV vectors comprises a mosaic capsid. In certain

embodiments, the mosaic capsid comprises a mixture of viral capsid proteins from
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different AAV serotypes. In certain embodiments, the mosaic capsid comprises capsid
proteins of serotypes selected from the group consisting of AAV1, AAV2, AAV3,
AAV4, AAVS, AAV6, AAVT, AAVE, AAV9, AAVIO0, AAV1I, AAV12, AAV13,
AAV14, AAV1S5 and AAV16, AAV.1h§, AAV.1h10, AAV.rh20, AAV.1h39, AAV.
Rh74, AAV. RHM4-1, AAV. hu37, AAV. Anc80, AAV. Anc80L65, AAV. 7m8,
AAV.PHP. B, AAV2.5, AAV2tYF, AAV3B, AAV. LKO03, AAV. HSCI, AAV.
HSC2, AAV. HSC3, AAV. HSC4, AAV. HSCS, AAV. HSC6, AAV. HSC7, AAV.
HSC8, AAV. HSC9, AAV. HSC10, AAV. HSC11, AAV. HSC12, AAV. HSC13,
AAV.HSC14, AAV. HSCI15, and AAV. HSC16. In certain embodiments, the mosaic
capsid comprises capsid proteins of serotypes selected from the group consisting

of AAV1, AAV2, AAVS5, AAV6, AAVT, AAVSE, AAV9, AAV10, AAVrh. §, and
AAVrh. 10.

In certain embodiments, the AAV vector comprises a pseudotyped AAV vector. In
certain embodiments, the pseudotyped AAV vector comprises a capsid protein of an
AAYV serotype selected from the group consisting of AAV1, AAV2, AAV3, AAV4,
AAVS5, AAV6, AAVT, AAVE, AAV9, AAVI10, AAV1I1, AAVI12, AAV13, AAV14,
AAV15 and AAV16, AAV.rh§, AAV.rh10, AAV. rh20, AAV.rh39, AAV. Rh74,
AAV.RHM4-1, AAV. hu37, AAV. Anc80, AAV. Anc80L65, AAV. 7Tm8, AAV. PHP.
B, AAV2.S5, AAV2tYF, AAV3B, AAV. LK03, AAV. HSC1, AAV. HSC2, AAV.
HSC3, AAV. HSC4, AAV. HSCS5, AAV. HSC6, AAV. HSC7, AAV. HSCS, AAV.
HSC9, AAV. HSC10, AAV. HSC11, AAV. HSC12, AAV. HSC13, AAV. HSC14,
AAV.HSCI15, and AAV. HSCI16. In certain embodiments, the pseudotyped AAV
vector are AAV?2/8 or AAV2/9 pseudotyped vectors. Methods for producing and
using pseudotyped AAV vectors are known in the art (see, e.g., Duan et al., J. Virol.,
75:7662-7671 (2001) ; Halbert et al., J. Virol., 74: 1524-1532 (2000) ; Zolotukhin
et al., Methods 28: 158-167 (2002) ; and Auricchio et al., Hum. Molec. Genet. 10:
3075-3081, (2001, the content of each of which is incorporated herein by reference in
its entirety) .

Nucleotide sequences of AAV vectors and methods of making thereof are taught, for
example, in U.S. Patent Nos. 7,282,199; 7,906,111; 8,524,446; 8,999,678; 8,628,966;
8,927,514 8,734,809; US 9,284,357; 9,409,953; 9,169,299; 9,193,956; 9458517; and
9,587,282; U.S. Patent Publication Nos. 2015/0374803; 2015/0126588; 2017/0067908;
2013/0224836; and 2016/0215024; 2017/0051257; 2015/0023924; International
Patent Publication Nos. W02015191508; W02015121501; WO 2003/052051,

WO 2005/033321, WO 03/042397, WO 2006/068888, WO 2006/110689,
W02009/104964, WO 2010/127097, and WO 2015/191508, the content of each of
which is incorporated herein by reference in its entirety.

5.6 Methods and Compositions for Making Recombinant AAV
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In one aspect, the present disclosure provides plasmids comprising a presently
disclosed expression cassettes (e.g., expression cassettes disclosed in Section
Error! Reference source not found. (NeuroD1 Expression Cassette) of the present
disclosure) . The presently disclosed plasmids can be used for producing AAV vectors
(e.g., AAV vectors disclosed in Section 5.5 (Recombinant scAAV Vectors) of the
present disclosure) by being delivered into host cell for AAV packaging.

In some embodiments, provided herein is a gene-of-interest (GOI) plasmid that
carries a transgene encoding a NeuroD1 polypeptide. In some embodiments, the
GOI plasmid comprises a NeuroD1 expression cassette as described in Section 5.3
(NeuroD1 Expression Cassette) and a pair of AAV ITR sequences flanking the
NeuroD1 expression cassette.

In some embodiments, the pair of AAV ITRs are independently selected from the
genomic ITR sequences of AAV serotypes AAV1, AAV2, AAV2tYF, AAV3, AAV4,
AAVS5, AAV6, AAVT, AAVE, AAV9, AAVI10, AAV1I1, AAVrhl0, AAV. rth20,
AAV.1h39, AAV. Rh74, AAV. RHM4-1, AAV. hu37, AAV. Anc80, AAV. An-
c80L65, rAAV. 7Tm§, AAV. PHP. B, AAV. PHP. eB, AAV2.5, AAV2tYF, AAV3B,
AAV.LKO03, AAV. HSCI, AAV. HSC2, AAV. HSC3, AAV. HSC4, AAV. HSCS,
AAV. HSC6, AAV. HSC7, AAV. HSC8, AAV. HSC9, AAV. HSC10 , AAV. HSCI11,
AAV.HSC12, AAV. HSC13, AAV. HSCI14, AAV. HSC15, and AAV. HSC16.

In some embodiments, the ITR sequence located 5° to the NeuroD1 expression
cassette comprises a functional terminal resolution site. In some embodiments, the ITR
sequence located 5° to the NeuroD1 expression cassette comprises the full-length 5’
I'TR sequence of the AAV genome. In some embodiments, the ITR sequence located
5’ to the NeuroD1 expression cassette comprises the wild-type 5° ITR sequence of the
AAYV genome. In some embodiments, the ITR sequence located 3’ to the NeuroD1 ex-
pression cassette does not comprise a functional trs. In some embodiments, the ITR
sequence located 3’ to the NeuroD1 expression cassette is a truncated version of the
3’ ITR sequence of the AAV genome that removes the trs. In some embodiments, the
ITR sequence located 3’ to the NeuroD1 expression cassette is a mutated version of the
3’ ITR sequence of the AAV genome that disrupts the trs function. See illustration in
FIG. 2A.

In alternative embodiments, the ITR sequence located 3’ to the NeuroD1 expression
cassette comprises a functional terminal resolution site. In some embodiments, the ITR
sequence located 3’ to the NeuroD1 expression cassette comprises the full-length 3’
I'TR sequence of the AAV genome. In some embodiments, the ITR sequence located
3’ to the NeuroD1 expression cassette comprises the wild-type 3’ ITR sequence of the
AAYV genome. In some embodiments, the ITR sequence located 5° to the NeuroD1 ex-

pression cassette does not comprise a functional trs. In some embodiments, the ITR
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sequence located 5° to the NeuroD1 expression cassette is a truncated version of the

5’ ITR sequence of the AAV genome that removes the trs. In some embodiments, the
ITR sequence located 5° to the NeuroD1 expression cassette is a mutated version of the
5’ ITR sequence of the AAV genome that disrupts the trs function. See illustration in
FIG. 2B.

In some embodiments, the ITR sequence located 5° to the NeuroD1 expression
cassette (i.e., the 5’ ITR sequence in the plasmid) is selected from the genomic ITR
sequences of AAV serotypes 1 to 8. The 5 ITR sequence in the plasmid comprises
the 5° ITR sequence from the AAV1 genome. The 5’ ITR sequence in the plasmid
comprises the 5’ ITR sequence from the AAV2 genome. The 5° ITR sequence in
the plasmid comprises the 5’ ITR sequence from the AAV3 genome. The 5° ITR
sequence in the plasmid comprises the 5° ITR sequence from the AAV4 genome.

The 5’ ITR sequence in the plasmid comprises the 5° ITR sequence from the AAV5
genome. The 5’ ITR sequence in the plasmid comprises the 5° ITR sequence from the
AAV6 genome. The 5’ ITR sequence in the plasmid comprises the 5° ITR sequence
from the AAV7 genome. The 5° ITR sequence in the plasmid comprises the 5° ITR
sequence from the AAVSE genome. In some embodiments, the 5° ITR sequence in the
plasmid comprises a functional terminal resolution site. In some embodiments, the 5’
I'TR sequence in the plasmid comprises the full-length 5° ITR sequence of the AAV
genome. In some embodiments, the 5° ITR sequence in the plasmid comprises the
wild-type 5’ ITR sequence of the AAV genome.

In some embodiments, the ITR sequence located 3’ to the NeuroD1 expression
cassette (i.e., the 3’ ITR sequence in the plasmid) is selected from the genomic ITR
sequences of AAV serotypes 1 to 8. In some embodiments, the 3’ ITR sequence in
the plasmid comprises the 3’ ITR sequence from the AAV1 genome. In some em-
bodiments, the 3’ ITR sequence in the plasmid comprises the 3’ ITR sequence from the
AAV?2 genome. In some embodiments, the 3’ ITR sequence in the plasmid comprises
the 3’ ITR sequence from the AAV3 genome. In some embodiments, the 3’ ITR
sequence in the plasmid comprises the 3° ITR sequence from the AAV4 genome. In
some embodiments, the 3’ ITR sequence in the plasmid comprises the 3’ ITR sequence
from the AAVS genome. In some embodiments, the 3° ITR sequence in the plasmid
comprises the 3’ ITR sequence from the AAV6 genome. In some embodiments,
the 3’ ITR sequence in the plasmid comprises the 3’ ITR sequence from the AAV7
genome. In some embodiments, the 3° ITR sequence in the plasmid comprises the 3’
ITR sequence from the AAV8 genome. In some embodiments, the 3° ITR sequence
in the plasmid does not comprise a functional terminal resolution site. In some em-
bodiments, the 3’ ITR sequence in the plasmid is a truncated version of the 3° ITR

sequence of the AAV genome that removes the trs. In some embodiments, the 3’
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ITR sequence in the plasmid is a mutated version of the 3° ITR sequence of the AAV
genome that disrupts the trs function. ITR sequences for various AAV serotypes are
known in the art. See, for example, GenBank: ITR1: NC_002077.1, nts 1-143, ITR2:
NC_001401.2, nts 1-145, ITR3: JB292182.1, nts 1-143, ITR4: NC_001829.1, nts
1-146, ITR6: AF028704.1, nts 1-145, ITR7: NC_006260.1, nts 1-145, for the 5° (left)
I'TR sequences.

In specific embodiments, the plasmid comprises a pair of ITR sequences located on
each end of an NeuroD1 expression cassette, and wherein the ITR located 5’ to the
NeuroD1 expression cassette comprises the sequence of SEQ ID NO: 13, and the ITR
located 3’ to the NeuroD1 expression cassette comprises the sequence of SEQ ID NO:
14, and wherein the NeuroD1 expression cassette comprises a coding sequence that
encodes a NeuroD1 polypeptide comprising an amino acid sequence having at least
90%sequence identity to the sequence set forth in SEQ ID NO: 1.

In yet a specific embodiment, the plasmid comprises a pair of ITR sequences located
on each end of an NeuroD1 expression cassette, and wherein the I'TR located 5 to
the NeuroD1 expression cassette comprises the sequence of SEQ ID NO: 13, and
the ITR located 3’ to the NeuroD1 expression cassette comprises the sequence of
SEQ ID NO: 14, and wherein the NeuroD1 expression cassette comprises a coding
sequence comprising the sequence set forth in SEQ ID NO: 5 or codon-optimized
variant thereof. In yet a specific embodiment, the NeuroD1 expression cassette further
comprises one or more regulatory elements operably linked to the coding sequence.

In specific embodiments, the regulatory elements are one or more selected from
a CMYV enhancer sequence, a CMV promoter sequence, a chimeric intron, and a
polyadenylation signal.

In yet a specific embodiment, the plasmid comprises a pair of ITR sequences located
on each end of an NeuroD1 expression cassette, and wherein the I'TR located 5 to
the NeuroD1 expression cassette comprises the sequence of SEQ ID NO: 13, and
the ITR located 3’ to the NeuroD1 expression cassette comprises the sequence of
SEQ ID NO: 14, and wherein the NeuroD1 expression cassette comprises a coding
sequence comprising the sequence set forth in SEQ ID NO: 5 or codon-optimized
variant thereof. In yet a specific embodiment, the NeuroD1 expression cassette further
comprises one or more regulatory elements operably linked to the coding sequence.

In specific embodiments, the regulatory elements are one or more selected from
a CMYV enhancer sequence, a CMV promoter sequence, a chimeric intron, and a
polyadenylation signal. In specific embodiments, the regulatory elements are one or
more selected from a CMV enhancer sequence comprising the sequence set forth in

SEQ ID NO: 6, a CMV promoter sequence comprising the sequence set forth in SEQ
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ID NO: 7, a chimeric intron comprising the sequence set forth in SEQ ID NO: §, and a
polyadenylation signal comprising the sequence set forth in SEQ ID NO: 9.

In yet a specific embodiment, the plasmid comprises a pair of ITR sequences located
on each end of an NeuroD1 expression cassette, and wherein the ITR located 5’ to the
NeuroD1 expression cassette comprises the sequence of SEQ ID NO: 13, and the ITR
located 3’ to the NeuroD1 expression cassette comprises the sequence of SEQ ID NO:
14, and wherein the NeuroD1 expression cassette comprises the sequence set forth in
SEQ ID NO: 12. In yet a specific embodiment, the plasmid comprises a pair of ITR
sequences located on each end of an NeuroD1 expression cassette, and wherein the
I'TR located 5’ to the NeuroD1 expression cassette comprises the sequence of SEQ
ID NO: 13, and the ITR located 3’ to the NeuroD1 expression cassette comprises the
sequence of SEQ ID NO: 14, and wherein the NeuroD1 expression cassette consists of
the sequence set forth in SEQ ID NO: 12.

In alternative embodiments, the plasmid comprises a pair of ITR sequences located
on each end of an NeuroD1 expression cassette, and wherein the I'TR located 3’ to the
NeuroD1 expression cassette comprises the sequence of SEQ ID NO: 13, and the ITR
located 5° to the NeuroD1 expression cassette comprises the sequence of SEQ ID NO:
14, and wherein the NeuroD1 expression cassette comprises a coding sequence that
encodes a NeuroD1 polypeptide comprising an amino acid sequence having at least
90%sequence identity to the sequence set forth in SEQ ID NO: 1.

In yet a specific alternative embodiment, the plasmid comprises a pair of ITR
sequences located on each end of an NeuroD1 expression cassette, and wherein the
I'TR located 3’ to the NeuroD1 expression cassette comprises the sequence of SEQ
ID NO: 13, and the ITR located 5’ to the NeuroD1 expression cassette comprises the
sequence of SEQ ID NO: 14, and wherein the NeuroD1 expression cassette comprises
a coding sequence comprising the sequence set forth in SEQ ID NO: 5 or codon-
optimized variant thereof. In yet a specific embodiment, the NeuroD1 expression
cassette further comprises one or more regulatory elements operably linked to the
coding sequence. In specific embodiments, the regulatory elements are one or more
selected from a CMV enhancer sequence, a CMV promoter sequence, a chimeric
intron, and a polyadenylation signal.

In yet a specific alternative embodiment, the plasmid comprises a pair of ITR
sequences located on each end of an NeuroD1 expression cassette, and wherein the
I'TR located 3’ to the NeuroD1 expression cassette comprises the sequence of SEQ
ID NO: 13, and the ITR located 5’ to the NeuroD1 expression cassette comprises the
sequence of SEQ ID NO: 14, and wherein the NeuroD1 expression cassette comprises
a coding sequence comprising the sequence set forth in SEQ ID NO: 5 or codon-

optimized variant thereof. In yet a specific alternative embodiment, the NeuroD1 ex-
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pression cassette further comprises one or more regulatory elements operably linked
to the coding sequence. In specific embodiments, the regulatory elements are one or
more selected from a CMV enhancer sequence, a CMV promoter sequence, a chimeric
intron, and a polyadenylation signal. In specific embodiments, the regulatory elements
are one or more selected from a CMV enhancer sequence comprising the sequence set
forth in SEQ ID NO: 6, a CMV promoter sequence comprising the sequence set forth
in SEQ ID NO: 7, a chimeric intron comprising the sequence set forth in SEQ ID NO:
8, and a polyadenylation signal comprising the sequence set forth in SEQ ID NO: 9.

In yet a specific alternative embodiment, the plasmid comprises a pair of ITR
sequences located on each end of an NeuroD1 expression cassette, and wherein the
I'TR located 3’ to the NeuroD1 expression cassette comprises the sequence of SEQ
ID NO: 13, and the ITR located 5’ to the NeuroD1 expression cassette comprises the
sequence of SEQ ID NO: 14, and wherein the NeuroD1 expression cassette comprises
the sequence set forth in SEQ ID NO: 12. In yet a specific alternative embodiment,
the plasmid comprises a pair of ITR sequences located on each end of an NeuroD1 ex-
pression cassette, and wherein the ITR located 3’ to the NeuroD1 expression cassette
comprises the sequence of SEQ ID NO: 13, and the ITR located 5’ to the NeuroD1 ex-
pression cassette comprises the sequence of SEQ ID NO: 14, and wherein the NeuroD1
expression cassette consists of the sequence set forth in SEQ ID NO: 12.

In some embodiments, the plasmid further comprises a backbone sequence. Any
suitable plasmid backbone known in the art for the production of AAV vectors can be
used with the presently disclosed subject matter, and an exemplary plasmid backbone
sequence is provided in Table 6.1.1 (A) (see e.g., SEQ ID NO: 17) .

The present disclosure provides host cells comprising a presently disclosed plasmid.
Any suitable host cells for AAV vector production can be used with the presently
disclosed subject matter. In certain embodiments, the host cell is a mammalian cell.

In certain embodiments, the host cell from humans, monkeys, mice, rats, rabbits, or
hamsters. In certain embodiments, the host cell is an insect cell.

Non-limiting examples of suitable host cells that can be used with the presently
disclosed subject matter include A549 cells, WEHI cells, 10T1/2 cells, MDCK cells,
COS1 cells, COS7 cells, BSC 1 cells, BSC 40 cells, BMT 10 cells, VERO cells,
W138 cells, Saos cells, C2C12 cells, L cells, HT 1080 cells, HepG2 cells, HeLa cells,
HEK?293 cells, HEK293 derived cells (e.g., HEK293T cells, HEK293F cells) , CHO
cells, CHO-K1 cells, CHO derived cells, EB66 cells, BSC cells, HepG2 cells, LLC-
MK cells, CV-1 cells, COS cells, MDBK cells, MDCK cells, CRFK cells, RAF
cells, RK cells, TCMK-1 cells, LLCPK cells, PK15 cells, LLC-RK cells, BHK cells,
BHK-21 cells, NS-1 cells, MRC-5 cells, WI-38 cells, 3T3 cells, 293 cells, RK cells,
Per. C6 cells, chicken embryo cells, SF-9 cells, primary fibroblasts, primary he-
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patocytes, primary myoblast cells, primary hippocampal neurons, primary cerebral
cortical neurons, primary cerebellar neurons, and primary striatal neurons.

Any suitable methods known in the art for producing recombinant AAV can be
used with the presently disclosed subject matter for producing the recombinant AAV
as described herein (e.g., recombinant AAV disclosed in Section 5.5 (Recombinant
scAAV Vectors) of the present disclosure) . In certain embodiments, the methods
comprise: (a) transfecting a host cell described herein with a presently disclosed GOI
plasmid, (b) culturing the host cell in a culturing medium; and (c) isolating the re-
combinant AAV virions from the culturing medium. In certain embodiments, the
methods further comprise transfecting the host cell with a plasmid comprising an
expression cassette encoding AAV rep proteins and capsid proteins. In certain em-
bodiments, the methods further comprise transfecting the host cell with a plasmid
encoding adenovirus regions (e.g., VA, E2A and E4) that mediate AAV vector
replication. In certain embodiments, the methods comprise: (a) culturing a host cell
comprising a cis expression cassette (e.g., expression cassettes disclosed in Section 5.3
(NeuroD1 Expression Cassette) of the present disclosure) in a culture medium, and (b)
isolating the recombinant AAV virions from the cell culture. In certain embodiments,
the host cell further comprises (ii) a trans expression cassette encoding one or more
AAYV rep proteins and capsid proteins. In certain embodiments, the host cell further
comprises (iii) nucleic acid sequence encoding adenovirus regions (e.g., VA, E2A and
E4) that mediate AAV vector replication. Exemplary plasmid sequences for the GOI
plasmid, rep-cap packaging plasmid and helper plasmid that can be used in connection
with the present disclosure are provided in Table 6.1.2 (B) .

Exemplary methods of producing recombinant AAV vectors are disclosed in Inter-
national Patent Publication Nos. W020220033842 and W02019079496, the content of
each of which is incorporated by reference in its entirety.

Genome copy titers of the recombinant AAV vectors may be determined, for
example, by TAQMAN®analysis. Virions may be recovered, for example, by CsCl, sedi-
mentation. Alternatively, baculovirus expression systems in insect cells may be used to
produce AAV vectors. For a review, see Aponte-Ubillus et al., 2018, Appl. Microbiol.
Biotechnol. 102: 1045-1054, which is incorporated by reference herein in its entirety
for manufacturing techniques.

In vitro assays, e.g., cell culture assays, can be used to measure coding nucleotide
sequence expression from the recombinant AAV vector, thus indicating, e.g., potency
of the recombinant vector. For example, the Hela cell, a cell line derived from human
cervical cancer cells (available from ATCC®) | can be used to assess coding nucleotide
sequence expression. Alternatively, cell lines derived from liver or muscle or other cell

types may be used, for example, but not limited, to HuH-7, HEK293, fibrosarcoma
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HT-1080, HKB-11, C2C12 myoblasts, and CAP cells. Once expressed, characteristics
of the expressed product (e.g., protein) can also be determined, including serum half-
life, functional activity of the protein (e.g., enzymatic activity or binding to a target) ,
determination of the glycosylation and tyrosine sulfation patterns, and other assays
known in the art for determining protein characteristics.

5.7 Pharmaceutical Composition and Kit

In one aspect, the present disclosure provides a pharmaceutical composition
comprising a recombinant AAV vector (e.g., recombinant AAV vectors disclosed
in Section 5.5 (Recombinant scAAV Vectors) ) and a pharmaceutically acceptable
carrier.

In certain embodiments, the term “pharmaceutically acceptable” means approved
by a regulatory agency of the Federal or a state government or listed in the U.S.
Pharmacopeia or other generally recognized pharmacopeia for use in animals, and
more particularly in humans. As used herein, the term “carrier” refers to a diluent, an
adjuvant (e.g., Freund’s complete and incomplete adjuvant) , an excipient, or vehicle
with which the AAV vector is administered. Such pharmaceutical carriers can be
sterile liquids, such as water and oils, including those of petroleum, animal, vegetable,
or synthetic origin, including, e.g., peanut oil, soybean oil, mineral oil, sesame oil
or the like. Water is a common carrier when the pharmaceutical composition is ad-
ministered intravenously. Saline solutions and aqueous dextrose and glycerol solutions
can also be employed as liquid carriers, particularly for injectable solutions. Suitable
pharmaceutical excipients include but not limited to starch, glucose, lactose, sucrose,
gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, glycerol monostearate,
talc, sodium chloride, dried skim milk, glycerol, propylene, glycol, water, ethanol
and the like. Additional examples of pharmaceutically acceptable carriers, excipients,
and stabilizers include, but are not limited to, buffers such as phosphate, citrate,
and other organic acids; antioxidants including ascorbic acid; low molecular weight
polypeptides; proteins, such as serum albumin and gelatin; 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™, polyethylene glycol (PEG) , and PLURONICS™ as known in the art.
In certain embodiments, the pharmaceutical composition further comprises a lubricant,
a wetting agent, a sweetener, a flavoring agent, an emulsifier, a suspending agent, or
a preservative, in addition to the above ingredients. These compositions can take the
form of solutions, suspensions, emulsion, tablets, pills, capsules, powders, sustained-

release formulations or the like.
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In certain embodiments, the pharmaceutical composition is provided for use in ac-
cordance with the presently disclosed methods of treatment (e.g., methods of treatment
disclosed in Section Error! Reference source not found. (Method of Treatment) of
the present disclosure) , said pharmaceutical compositions comprise a therapeutically
and/or prophylactically effective amount of the presently disclosed recombinant AAV
vector and a pharmaceutically acceptable carrier.

In certain embodiments, the AAV vector is substantially purified (i.e., substantially
free from substances that limit its effect or produce undesired side-effects) . In certain
embodiments, the subject receiving the pharmaceutical composition is a mammal
such as non-primate (e.g., cows, pigs, horses, cats, dogs, rats etc. ) and a primate (e.g.,
monkey such as, a cynomolgus monkey and a human) . In certain embodiments, the
subject is a human.

In some embodiments, the pharmaceutical composition is in a fluidic formulation.
In some embodiments, the pharmaceutical composition is a solution. In some em-
bodiments, the pharmaceutical composition comprises a recombinant AAV described
in Section 5.5 (Recombinant scAAV Vectors) , and further comprises:

(a) potassium chloride,

(b) potassium phosphate monobasic,

(¢) sodium chloride,

(d) sodium phosphate dibasic anhydrous, and

(e) poloxamer 188, polysorbate 20, or polysorbate 80.

In some embodiments, the pharmaceutical composition comprises a recombinant
AAYV described in Section 5.5 (Recombinant scAAV Vectors) , and further comprises:
(a) sodium chloride at a concentration of about 180 mM;

(b) sodium phosphate at a concentration of about 10 mM; and
(c) poloxamer 188 at a concentration of about 0.001%weight/volume (0.01 g/L) ; and
wherein the pH of the pharmaceutical composition is about 7.3.

In some embodiments, the pharmaceutical composition comprises a recombinant
AAYV described in Section 5.5 (Recombinant scAAV Vectors) , and further comprises:
(a) sodium chloride at a concentration of about 200 mM;

(b) magnesium chloride at a concentration of about 1 mM;

(c) Tris hydrochloride at a concentration of about 20 mM, and

(d) poloxamer 188 at a concentration of about 0.005%weight/volume (0.05 g/L) ; and
wherein the pH of the pharmaceutical composition is about 8.0.

In some embodiments, the pharmaceutical composition comprises a recombinant
AAYV described in Section 5.5 (Recombinant scAAV Vectors) , and further comprises:
(a) sodium chloride at a concentration of about 150 mM;

(b) calcium chloride at a concentration of about 1.4 mM;
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(c) magnesium chloride at a concentration of about 0.8 mM,

(d) sodium phosphate at a concentration of about 1 mM, and

(e) poloxamer 188 at a concentration of about 0.001%weight/volume (0.01 g/L) ; and
wherein the pH of the pharmaceutical composition is about 7.4.

The present disclosure further provides kits that for selectively expressing a coding
nucleic acid in glioma (e.g., glioblastoma) cells of a subject. The present disclosure
also provides Kkits for treating glioma (e.g., glioblastoma) in a subject in need thereof.

In certain embodiment, the kit comprises the presently disclosed recombinant AAV
vector, e.g., in a container. Such containers can be boxes, ampules, bottles, vials, tubes,
bags, pouches, blister-packs, or other suitable container forms known in the art. Such
containers can be made of plastic, glass, laminated paper, metal foil, or other materials
suitable for holding medicaments. Optionally associated with such container (s) can be
a notice in the form prescribed by a governmental agency regulating the manufacture,
use or sale of pharmaceuticals or biological products, which notice reflects approval by
the agency of manufacture, use, or sale for human administration.

In certain embodiments, the kit further comprises instructions for administering to
a subject having glioma. The instructions generally include information about the
use of the composition for the treatment and/or prevention of glioma. In certain em-
bodiments, the instructions include at least one of the following: description of the
therapeutic agent; dosage schedule and administration for treatment or prevention of
glioma or symptoms thereof; precautions; warnings; indications; counter-indications;
over-dosage information; adverse reactions; animal pharmacology; clinical studies;
and/or references. The instructions may be printed directly on the container (when
present) , or as a label applied to the container, or as a separate sheet, pamphlet, card,
or folder supplied in or with the container.

5.8 Method of Treatment

The present disclosure provides methods for selectively expressing an encoding
nucleic acid in glial cells, including glial cells that are undergoing various stages of
pathogenic neoplasm, including glioma cells. The present disclosure also provides
methods for treating glioma in a subject in need thereof. In certain embodiments, the
methods comprise delivering to the subject a presently disclosed recombinant AAV
(e.g., AAV vectors disclosed in Section 5.5 (Recombinant scAAV Vectors) of the
present disclosure) . In certain embodiments, the methods comprise delivering to the
subject a presently disclosed pharmaceutical composition comprising recombinant
AAV (e.g., pharmaceutical composition disclosed in Section 5.7 (Formulation of Phar-
maceutical Composition) of the present disclosure) .

In some embodiments, the methods of treating a glioma comprise delaying,

preventing, treating, and/or managing the disease or disorder. In certain embodiments,
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the methods prevent occurrence or recurrence of the disease or disorder. In certain em-
bodiments, the methods alleviate one or more symptoms of the disease or disorder. In
certain embodiments, the methods diminish any direct or indirect pathological con-
sequences of the disease or disorder. In certain embodiments, the methods decrease the
rate of disease progression. In certain embodiments, the methods delay remission or
improves prognosis of the disease or disorder.

In some embodiments, the method for treating glioma comprises administering to a
subject in need thereof a therapeutically effective amount of a pharmaceutical com-
position comprising a recombinant AAV, wherein the recombinant AAV comprises a
self-complementary genome comprising a transgene encoding a NeuroD1 polypeptide.

In some embodiments, the self-complementary genome is a single-stranded DNA
molecule comprising a pair of terminal reverse-complementary fragments each located
on one end of the DNA molecule, an expression cassette comprising a coding sequence
of the transgene, an anti-sense region that is reverse complementary to the expression
cassette, and a central reverse-complementary fragment that connects the expression
cassette and anti-sense region; and wherein each of the pair of terminal reverse-com-
plementary fragments and the central reverse-complementary fragment is capable
of forming a stem-loop structure. In some embodiments, the self-complementary
genome is one described in Section 5.4 (Self-complimentary AAV (scAAV) Genome)
of the present disclosure. In some embodiments, the self-complementary genome
comprises the sequence set forth in SEQ ID NO: 16. In some embodiments, the self-
complementary genome consists of the sequence set forth in SEQ ID NO: 16.

In some embodiments, the method for treating glioma comprises administering to a
subject in need thereof a therapeutically effective amount of a pharmaceutical com-
position comprising a recombinant AAV, wherein the recombinant AAV comprises a
self-complementary genome comprising a transgene encoding a NeuroD1 polypeptide
and further comprises a AAV capsid protein. In some embodiments, the AAV capsid
protein is one described in Section 5.5 (Recombinant scAAV Vectors) of the present
disclosure. In some embodiments, the AAV capsid is AAV6.

In some embodiments, the method for treating glioma comprises administering
to a subject in need thereof a pharmaceutical composition comprising from about
5%10" viral genomes (vg) to about 1x10™ vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 510" vg of the recombinant AAV.

In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 5.1x10"" vg of the re-

combinant AAV. In some embodiments, the method for treating glioma comprises ad-
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ministering to the subject a pharmaceutical composition comprising about 5.2x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 5.3x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 5.4x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 5.5x10"" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 5.6x10"" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 5.7x10"" vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 5.8x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 5.9x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 6x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 6.1x10"" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 6.2x10"" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 6.3x10"" vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 6.4x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 6.5x10"" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 6.6x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 6.7x10"" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a

pharmaceutical composition comprising about 6.8x10"" vg of the recombinant AAV.
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In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 6.9x10"" vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises
administering to the subject a pharmaceutical composition comprising about 7x10""
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 7.1x10"" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 7.2x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 7.3x10"" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 7.4x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 7.5x10"" vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 7.6x 10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 7.7x10"" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 7.8x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 7.9x10"" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 8x10'" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 8.1x10" vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 8.2x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 8.3x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 8.4x10" vg of the recombinant AAV. In some embodiments, the

method for treating glioma comprises administering to the subject a pharmaceutical
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composition comprising about 8.5x10"" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 8.6x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 8.7x10" vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 8.8x 10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 8.9x10"" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 9x10"" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 9.1x10"" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 9.2x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 9.3x10"" vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 9.4x 10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 9.5x10"" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 9.6x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 9.7x10"" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 9.8x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 9.9x10" vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises
administering to the subject a pharmaceutical composition comprising about 1x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising

about 1.1x10" vg of the recombinant AAV. In some embodiments, the method for
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treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 1.2x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 1.3x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 1.4x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 1.5x10"* vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 1.6x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 1.7x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 1.8x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 1.9x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 2x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 2.1x10"* vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 2.2x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 2.3x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 2.4x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 2.5x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 2.6x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 2.7x10"* vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-

ministering to the subject a pharmaceutical composition comprising about 2.8x10"
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vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 2.9x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 3x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 3.1x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 3.2x10"” vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 3.3x10"* vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 3.4x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 3.5x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 3.6x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 3.7x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 3.8x10'” vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 3.9x10"* vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 4.0x 10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 4.1x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 4.2x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 4.3x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 4.4x10'” vg of the recombinant AAV.

In some embodiments, the method for treating glioma comprises administering to
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the subject a pharmaceutical composition comprising about 4.5x10"* vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 4.6x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 4.7x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 4.8x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 4.9x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 5x10'* vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 5.1x10"* vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 5.2x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 5.3x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 5.4x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 5.5x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 5.6x10'” vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 5.7x10"* vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 5.8x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 5.9x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 6x10'* vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical

composition comprising about 6.1x10" vg of the recombinant AAV. In some em-
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bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 6.2x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 6.3x10'* vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 6.4x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 6.5x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 6.6x10"” vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 6.7x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 6.8x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 6.9x10"* vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises
administering to the subject a pharmaceutical composition comprising about 7x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 7.1x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 7.2x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 7.3x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 7.4x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 7.5x10"* vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 7.6x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 7.7x10" vg of the recombinant AAV. In some embodiments, the method for

treating glioma comprises administering to the subject a pharmaceutical composition
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comprising about 7.8x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 7.9x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 8x10'* vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 8.1x10"* vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 8.2x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 8.3x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 8.4x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 8.5x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 8.6x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 8.7x10"* vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 8.8x 10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 8.9x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 9x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 9.1x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 9.2x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 9.3x10"* vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 9.4x10"

vg of the recombinant AAV. In some embodiments, the method for treating glioma
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comprises administering to the subject a pharmaceutical composition comprising
about 9.5x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 9.6x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 9.7x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 9.8x10'” vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 9.9x10"* vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises
administering to the subject a pharmaceutical composition comprising about 1x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 1.1x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 1.2x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 1.3x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 1.32x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 1.4x10" vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 1.5x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 1.6x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 1.7x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 1.8x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceuticalcomposition comprising about 1.9x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to

the subject a pharmaceutical composition comprising about 2.0x10" vg of the re-
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combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 2.1x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 2.2x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 2.3x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 2.4x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 2.5x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 2.6x10" vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 2.7x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 2.8x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 2.9x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 3x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 3.1x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 3.2x10" vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 3.3x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 3.4x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 3.5x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 3.6x10" vg of the recombinant AAV. In some em-

bodiments, the method for treating glioma comprises administering to the subject a
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pharmaceutical composition comprising about 3.7x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to

the subject a pharmaceutical composition comprising about 3.8x10" vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 3.9x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 4.0x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 4.1x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 4.2x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 4.3x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to

the subject a pharmaceutical composition comprising about 4.4x10" vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 4.5x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 4.6x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 4.7x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 4.8x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 4.9x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to the
subject a pharmaceutical composition comprising about 5x10" vg of the recombinant
AAV. In some embodiments, the method for treating glioma comprises administering
to the subject a pharmaceutical composition comprising about 5.1x10" vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 5.2x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising

about 5.3x10" vg of the recombinant AAV. In some embodiments, the method for
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treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 5.4x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 5.5x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 5.6x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 5.7x10" vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 5.8x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 5.9x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 6x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 6.1x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 6.2x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 6.3x10" vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 6.4x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 6.5x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 6.6x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 6.7x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 6.8x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 6.9x10" vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises

administering to the subject a pharmaceutical composition comprising about 7x10"
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vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 7.1x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 7.2x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 7.3x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 7.4x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 7.5x10" vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 7.6x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 7.7x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 7.8x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 7.9x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 8x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 8.1x10" vg of the re-
combinant AAV. In some embodiments, the method for treating glioma comprises ad-
ministering to the subject a pharmaceutical composition comprising about 8.2x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma
comprises administering to the subject a pharmaceutical composition comprising
about 8.3x10" vg of the recombinant AAV. In some embodiments, the method for
treating glioma comprises administering to the subject a pharmaceutical composition
comprising about 8.4x10" vg of the recombinant AAV. In some embodiments, the
method for treating glioma comprises administering to the subject a pharmaceutical
composition comprising about 8.5x10" vg of the recombinant AAV. In some em-
bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 8.6x10" vg of the recombinant AAV.

In some embodiments, the method for treating glioma comprises administering to
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[0218]

the subject a pharmaceutical composition comprising about 8.7x10" vg of the re-

combinant AAV. In some embodiments, the method for treating glioma comprises ad-

ministering to the subject a pharmaceutical composition comprising about 8.8x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma

comprises administering to the subject a pharmaceutical composition comprising

about 8.9x10" vg of the recombinant AAV. In some embodiments, the method for

treating glioma comprises administering to the subject a pharmaceutical composition

comprising about 9x10" vg of the recombinant AAV. In some embodiments, the

method for treating glioma comprises administering to the subject a pharmaceutical

composition comprising about 9.1x10" vg of the recombinant AAV. In some em-

bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 9.2x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 9.3x10" vg of the re-

combinant AAV. In some embodiments, the method for treating glioma comprises ad-

ministering to the subject a pharmaceutical composition comprising about 9.4x10"
vg of the recombinant AAV. In some embodiments, the method for treating glioma

comprises administering to the subject a pharmaceutical composition comprising

about 9.5x10" vg of the recombinant AAV. In some embodiments, the method for

treating glioma comprises administering to the subject a pharmaceutical composition

comprising about 9.6x10" vg of the recombinant AAV. In some embodiments, the

method for treating glioma comprises administering to the subject a pharmaceutical

composition comprising about 9.7x10" vg of the recombinant AAV. In some em-

bodiments, the method for treating glioma comprises administering to the subject a
pharmaceutical composition comprising about 9.8x10" vg of the recombinant AAV.
In some embodiments, the method for treating glioma comprises administering to
the subject a pharmaceutical composition comprising about 9.9x10" vg of the re-

combinant AAV. In some embodiments, the method for treating glioma comprises ad-

ministering to the subject a pharmaceutical composition comprising about 1x10" vg of
the recombinant AAV.

In some embodiments, the subject is administered the pharmaceutical composition

comprising about 510" viral genome (vg) to about 1x10"* vg once. In some em-

bodiments, the subject is administered the pharmaceutical composition comprising
about 5x10"" vg to about 1x10" vg twice. In some embodiments, the subject is ad-
ministered the pharmaceutical composition comprising about 5x10" vg to about

1x10" vg at least three times. In some embodiments, the subject is administered the
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pharmaceutical composition comprising about 510" vg to about 1x10" vg at least
four, at least five, at least six, at least seven, at least eight, at least nine, or at least ten

times. In some embodiments, each time the pharmaceutical composition that is ad-
ministered to the subject once, twice or at least three times comprises about 5x10"'
vg, about 5.1x10"" vg, about 5.2x10"" vg, about 5.3x10" vg, about 5.4x10" vg, about
5.5%10" vg, about 5.6x10" vg, about 5.7x10" vg, about 5.8x10"" vg, about 5.9x10"
vg, about 6x10"" vg, about 6.1x10" vg, about 6.2x10" vg, about 6.3x10" vg, about
6.4x10" vg, about 6.5x10" vg, about 6.6x10" vg, about 6.7x10"" vg, about 6.8x10"
vg, about 6.9x10"" vg, about 7.0x10"" vg, about 7.1x10" vg, about 7.2x10"" vg, about
7.3x10" vg, about 7.4x10" vg, about 7.5x10" vg, about 7.6x10"" vg, about 7.7x10""
vg, about 7.8x10"" vg, about 7.9x10"" vg, about 8x10" vg, about 8.1x10"" vg, about
8.2x10" vg, about 8.3x10" vg, about 8.4x10"" vg, about 8.5x10" vg, about 8.6x10"
vg, about 8.7x10"" vg, about 8.8x10" vg, about 8.9x10"" vg, about 9x10" vg, about
9.1x10" vg, about 9.2x10" vg, about 9.3x10" vg, about 9.4x10"" vg, about 9.5x10"'
vg, about 9.6x10"" vg, about 9.7x10"" vg, about 9.8x10" vg, about 9.9x10" vg, about
1x10" vg, about 1.1x10" vg, about 1.2x10"* vg, about 1.3x10" vg, about 1.4x10"
vg, about 1.5x10" vg, about 1.6x10" vg, about 1.7x10" vg, about 1.8x10" vg, about
1.9x10" vg, about 2x10" vg, about 2.1x10"* vg, about 2.2x10" vg, about 2.3x10"
vg, about 2.4x10" vg, about 2.5x10" vg, about 2.6x10"* vg, about 2.7x10" vg, about
2.8x10" vg, about 2.9x10" vg, about 3x10" vg, about 3.1x10" vg, about 3.2x10"
vg, about 3.3x10"* vg, about 3.4x10" vg, about 3.5x10"* vg, about 3.6x10" vg, about
3.7x10" vg, about 3.8x10" vg, about 3.9x10"” vg, about 4x10" vg, about 4.1x10"
vg, about 4.2x10"* vg, about 4.3x10" vg, about 4.4x10" vg, about 4.5x10" vg, about
4.6x10" vg, about 4.7x10" vg, about 4.8x10" vg, about 4.9x10"* vg, about 5x10"
vg, about 5.1x10"* vg, about 5.2x10" vg, about 5.3x10" vg, about 5.4x10" vg, about
5.5%10" vg, about 5.6x10" vg, about 5.7x10" vg, about 5.8x10" vg, about 5.9x10"
vg, about 6x10"* vg, about 6.1x10" vg, about 6.2x10" vg, about 6.3x10" vg, about
6.4x10" vg, about 6.5x10" vg, about 6.6x10" vg, about 6.7x10" vg, about 6.8x10"
vg, about 6.9x10"* vg, about 7x10" vg, about 7.1x10" vg, about 7.2x10" vg, about
7.3x10" vg, about 7.4x10" vg, about 7.5x10" vg, about 7.6x10"* vg, about 7.7x10"
vg, about 7.8x10"* vg, about 7.9x10" vg, about 8x10" vg, about 8.1x10" vg, about
8.2x10'" vg, about 8.3x10" vg, about 8.4x10" vg, about 8.5x10" vg, about 8.6x10"
vg, about 8.7x10" vg, about 8.8x10" vg, about 8.9x10'* vg, about 9x10" vg, about
9.1x10" vg, about 9.2x10" vg, about 9.3x10" vg, about 9.4x10" vg, about 9.5x10"
vg, about 9.6x10"* vg, about 9.7x10" vg, about 9.8x10" vg, about 9.9x10" vg, about
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1x10" vg, about 1.1x10" vg, about 1.2x10" vg, about 1.3x10" vg, about 1.4x10"
vg, about 1.5x10" vg, about 1.6x10" vg, about 1.7x10" vg, about 1.8x10" vg, about
1.9x10" vg, about 2x10" vg, about 2.1x10" vg, about 2.2x10" vg, about 2.3x10"
vg, about 2.4x10" vg, about 2.5x10" vg, about 2.6x10" vg, about 2.7x10" vg, about
2.8x10" vg, about 2.9x10" vg, about 3x10" vg, about 3.1x10" vg, about 3.2x10"
vg, about 3.3x10" vg, about 3.4x10" vg, about 3.5x10" vg, about 3.6x10" vg, about
3.7x10" vg, about 3.8x10" vg, about 3.9x10" vg, about 4x10" vg, about 4.1x10"
vg, about 4.2x10" vg, about 4.3x10" vg, about 4.4x10" vg, about 4.5x10" vg, about
4.6x10" vg, about 4.7x10" vg, about 4.8x10" vg, about 4.9x10" vg, about 5x10"
vg, about 5.1x10" vg, about 5.2x10" vg, about 5.3x10" vg, about 5.4x10" vg, about
5.5%10" vg, about 5.6x10" vg, about 5.7x10" vg, about 5.8x10" vg, about 5.9x10"
vg, about 6x10" vg, about 6.1x10" vg, about 6.2x10" vg, about 6.3x10" vg, about
6.4x10" vg, about 6.5x10" vg, about 6.6x10" vg, about 6.7x10" vg, about 6.8x10"
vg, about 6.9x10" vg, about 7x10" vg, about 7.1x10" vg, about 7.2x10" vg, about
7.3x10" vg, about 7.4x10" vg, about 7.5x10" vg, about 7.6x10" vg, about 7.7x10"
vg, about 7.8x10" vg, about 7.9x10" vg, about 8x10" vg, about 8.1x10" vg, about
8.2x10" vg, about 8.3x10" vg, about 8.4x10" vg, about 8.5x10" vg, about 8.6x10"
vg, about 8.7x10" vg, about 8.8x10" vg, about 8.9x10" vg, about 9x10" vg, about
9.1x10" vg, about 9.2x10" vg, about 9.3x10" vg, about 9.4x10" vg, about 9.5x10"
vg, about 9.6x10" vg, about 9.7x10" vg, about 9.8x10" vg, about 9.9x10" vg, or
about 1x10" vg of the recombinant AAV described herein.

[0219]  In some embodiments, the sequential administrations of the pharmaceutical com-
position is separated by at least 7 days, at least 8 days, at least 9 days, at least 10 days,
at least 11 days, at least 12 days, at least 13 days, at least 14 days, at least 15 days,
at least 16 days, at least 17 days, at least 18 days, at least 19 days, at least 20 days,
at least 21 days, at least 22 days, at least 23 days, at least 24 days, at least 25 days,
at least 26 days, at least 27 days, at least 28 days, at least 29 days, at least 30 days,
at least 31 days, at least 32 days, at least 33 days, at least 34 days, at least 35 days, at
least 36 days, at least 37 days, at least 38 days, at least 39 days, at least 40 days, at
least 41 days, at least 42 days, at least 43 days, at least 44 days, at least 45 days, at
least 46 days, at least 47 days, at least 48 days, at least 49 days, at least 50 days, at
least 51 days, at least 52 days, at least 53 days, at least 54 days, at least 55 days, at
least 56 days, at least 57 days, at least 58 days, at least 59 days, at least 60 days, at
least 61 days, at least 62 days, at least 63 days, at least 64 days, at least 65 days, at
least 66 days, at least 67 days, at least 68 days, at least 69 days, at least 70 days, at
least 71 days, at least 72 days, at least 73 days, at least 74 days, at least 75 days, at
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[0220]

[0221]

[0222]

[0223]

least 76 days, at least 77 days, at least 78 days, at least 79 days, at least 80 days, at
least 81 days, at least 82 days, at least 83 days, at least 84 days, at least 85 days, at
least 86 days, at least 87 days, at least 88 days, at least 89 days, or at least 90 days.

In some embodiments, the fluid formulation of the pharmaceutical composition
is a solution. In some embodiments, the fluid formulation of the pharmaceutical
composition comprises the recombinant AAV at a concentration in the range of
from about 5x10"" vg/mL to about 1x10" vg/mL, and further comprises potassium
chloride, potassium phosphate monobasic, sodium chloride, sodium phosphate
dibasic anhydrous, and a surfactant selected from poloxamer 188, polysorbate 20, or
polysorbate 80. In some embodiments, the fluid formulation of the pharmaceutical
composition comprises the recombinant AAV at a concentration in the range of
from about 5x10"" vg/mL to about 1x10" vg/mL, and further comprises potassium
chloride, potassium phosphate monobasic, sodium chloride, sodium phosphate dibasic
anhydrous, and poloxamer 188.

In some embodiments, the fluid formulation of the pharmaceutical composition
comprises the recombinant AAV at a concentration in the range of from about 5x10"
vg/mL to about 1x10" vg/mL, and further comprises sodium chloride, sodium
phosphate, and poloxamer 188. In specific embodiments, the fluid formulation of the
pharmaceutical composition comprises sodium chloride at a concentration of about 180
mM. In some embodiments, the fluid formulation comprises sodium phosphate at a
concentration of about 10 mM. In some embodiments, the fluid formulation comprises
poloxamer 188 at a concentration of about 0.001%weight/volume (0.01 g/L) . In some
embodiments, the pH of the pharmaceutical composition is about 7.3.

In some embodiments, the fluid formulation of the pharmaceutical composition
comprises the recombinant AAV at a concentration in the range of from about
5x10'"vg/mL to about 1x10" vg/mL, sodium chloride at a concentration of about
180 mM, sodium phosphate at a concentration of about 10 mM, poloxamer 188 at a
concentration of about 0.001%weight/volume (0.01 g/L) , and the pH of the pharma-
ceutical composition is about 7.3.

In some embodiments, the fluid formulation of the pharmaceutical composition
comprises the recombinant AAV at a concentration in the range of from about 5x10"
vg/mL to about 1x10" vg/mL, and further comprises sodium chloride, magnesium
chloride, Tris hydrochloride, and poloxamer 188. In some embodiments, the fluid
formulation of the pharmaceutical composition comprises sodium chloride at a con-
centration of about 200 mM. In some embodiments, the fluid formulation of the
pharmaceutical composition comprises magnesium chloride at a concentration of

about 1 mM. In some embodiments, the fluid formulation of the pharmaceutical com-

86



WO 2025/108407 PCT/CN2024/133740

[0224]

[0225]

[0226]

[0227]

position comprises Tris hydrochloride at a concentration of about 20 mM. In some
embodiments, the fluid formulation of the pharmaceutical composition comprises
poloxamer 188 at a concentration of about 0.005%weight/volume (0.05 g/L) . In some
embodiments, and wherein the pH of the pharmaceutical composition is about 8.0.

In some embodiments, the fluid formulation of the pharmaceutical composition
comprises the recombinant AAV at a concentration in the range of from about 5x10"
vg/mL to about 1x10" vg/mL, sodium chloride at a concentration of about 200 mM,
magnesium chloride at a concentration of about 1 mM, Tris hydrochloride at a con-
centration of about 20 mM, poloxamer 188 at a concentration of about 0.005%weight/
volume (0.05 g/L) , and wherein the pH of the pharmaceutical composition is about
8.0.

In some embodiments, the fluid formulation of the pharmaceutical composition
comprises the recombinant AAV at a concentration in the range of from about 5x10"
vg/mL to about 1x10" vg/mL, and further comprises sodium chloride, calcium
chloride, magnesium chloride, sodium phosphate, and poloxamer 188. In some em-
bodiments, the fluid formulation of the pharmaceutical composition comprises sodium
chloride at a concentration of about 150 mM. In some embodiments, the fluid for-
mulation of the pharmaceutical composition comprises calcium chloride at a con-
centration of about 1.4 mM.In some embodiments, the fluid formulation of the phar-
maceutical composition comprises magnesium chloride at a concentration of about 0.8
mM. In some embodiments, the fluid formulation of the pharmaceutical composition
comprises sodium phosphate at a concentration of about 1 mM. In some embodiments,
the fluid formulation of the pharmaceutical composition comprises poloxamer 188 at
a concentration of about 0.001%weight/volume (0.01 g/L) . In some embodiments, the
pH of the pharmaceutical composition is about 7.4.

In some embodiments, the fluid formulation of the pharmaceutical composition
comprises the recombinant AAV at a concentration in the range of from about 5x10"
vg/mL to about 1x10" vg/mL, sodium chloride at a concentration of about 150 mM;
calcium chloride at a concentration of about 1.4 mM;magnesium chloride at a con-
centration of about 0.8 mM, sodium phosphate at a concentration of about 1 mM, and
poloxamer 188 at a concentration of about 0.001%weight/volume (0.01 g/L) ; and
wherein the pH of the pharmaceutical composition is about 7.4.

In some embodiments, the pharmaceutical composition is administered to the
subject intratumorally. In some embodiments, the pharmaceutical composition is ad-
ministered to the subject by intratumoral injection of a fluid formulation of the phar-
maceutical composition. In some embodiments, the subject has a surgical cavity

created by removing a glioma surgically, and wherein the pharmaceutical composition
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is administered into the surgical cavity. According to the present disclosure, admin-
istration of a pharmaceutical composition into a surgical cavity can be performed by,
for example, injecting a fluid formulation of the pharmaceutical composition into the
tissue immediately surrounding the surgical cavity (e.g., the surgical cavity wall) , or
injecting a fluid formulation of the pharmaceutical composition into the surgical cavity
(i-e., a void space in the surgical cavity) . In some embodiments, the pharmaceutical
composition is administered to the surgical cavity by injecting a fluid formulation of
the pharmaceutical composition into the surgical cavity. In some embodiments, the
pharmaceutical composition is administered to the surgical cavity by injecting a fluid
formulation of the pharmaceutical composition into the surgical cavity wall.

[0228]  In some embodiments, the pharmaceutical composition comprising the recombinant
AAYV as described herein is administered intratumorally to the subject, wherein the in-
tratumoral administration is performed by injecting a fluid formulation of the phar-

maceutical composition comprising the recombinant AAV at a concentration in the

range of from about 5x10"" vg/mL to about 1x10" vg/mL. In some embodiments,

the fluid formulation of the pharmaceutical composition administered intratumorally
comprises the recombinant AAV at a concentration of about 5x10" vg/mL, about
5.1x10" vg/mL, about 5.2x10" vg/mL, about 5.3x10"" vg/mL, about 5.4x10" vg/mL,
about 5.5x10"" vg/mL, about 5.6x10" vg/mL, about 5.7x10"" vg/mL, about 5.8x10"’
vg/mL, about 5.9x10"" vg/mL, about 6x10"" vg/mL, about 6.1x10"" vg/mL, about
6.2x10" vg/mL, about 6.3x10"" vg/mL, about 6.4x10"" vg/mL, about 6.5x10" vg/mL,
about 6.6x10" vg/mL, about 6.7x10"" vg/mL, about 6.8x10"" vg/mL, about 6.9x10"
vg/mL, about 7x10"" vg/mL, about 7.1x10"" vg/mL, about 7.2x10"" vg/mL, about
7.3x10"" vg/mL, about 7.4x10"" vg/mL, about 7.5x10"" vg/mL, about 7.6x10" vg/mL,
about 7.7x10"" vg/mL, about 7.8x10"" vg/mL, about 7.9x10"" vg/mL, about 8x10"
vg/mL, about 8.1x10" vg/mL, about 8.2x10" vg/mL, about 8.3x10" vg/mL, about
8.4x10" vg/mL, about 8.5x10" vg/mL, about 8.6x10"" vg/mL, about 8.7x10" vg/mL,
about 8.8x10" vg/mL, about 8.9x10" vg/mL, about 9x10"" vg/mL, about 9.1x10"
vg/mL, about 9.2x10" vg/mL, about 9.3x10" vg/mL, about 9.4x10" vg/mL, about
9.5x10"" vg/mL, about 9.6x10"" vg/mL, about 9.7x10"" vg/mL, about 9.8x10" vg/mL,
about 9.9x10"" vg/mL, about 1x10'” vg/mL, about 1.1x10" vg/mL, about 1.2x10"
vg/mL, about 1.3x10" vg/mL, about 1.4x10" vg/mL, about 1.5x10" vg/mL, about
1.6x10" vg/mL, about 1.7x10" vg/mL, about 1.8x10" vg/mL, about 1.9x10" vg/mL,
about 2x10" vg/mL, about 2.1x10"” vg/mL, about 2.2x10" vg/mL, about 2.3x10"
vg/mL, about 2.4x10" vg/mL, about 2.5x10"* vg/mL, about 2.6x10"* vg/mL, about
2.7x10" vg/mL, about 2.8x10" vg/mL, about 2.9x10" vg/mL, about 3x10"* vg/mL,
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about 3.1x10" vg/mL, about 3.2x10" vg/mL, about 3.3x10"* vg/mL, about 3.4x10"
vg/mL, about 3.5x10" vg/mL, about 3.6x10" vg/mL, about 3.7x10" vg/mL, about
3.8x10" vg/mL, about 3.9x10" vg/mL, about 4x10"* vg/mL, about 4.1x10" vg/mL,
about 4.2x10" vg/mL, about 4.3x10"* vg/mL, about 4.4x10" vg/mL, about 4.5x10"
vg/mL, about 4.6x10" vg/mL, about 4.7x10" vg/mL, about 4.8x10"* vg/mL, about
4.9x10" vg/mL, about 5x10" vg/mL, about 5.1x10"* vg/mL, about 5.2x10" vg/mL,
about 5.3x10" vg/mL, about 5.4x10"” vg/mL, about 5.5x10"* vg/mL, about 5.6x10"
vg/mL, about 5.7x10" vg/mL, about 5.8x10" vg/mL, about 5.9x10" vg/mL, about
6x10" vg/mL, about 6.1x10" vg/mL, about 6.2x10"* vg/mL, about 6.3x10" vg/mL,
about 6.4x10" vg/mL, about 6.5x10" vg/mL, about 6.6x10" vg/mL, about 6.7x10"
vg/mL, about 6.8x10" vg/mL, about 6.9x10" vg/mL, about 7x10" vg/mL, about
7.1x10" vg/mL, about 7.2x10" vg/mL, about 7.3x10" vg/mL, about 7.4x10" vg/mL,
about 7.5x10" vg/mL, about 7.6x10"* vg/mL, about 7.7x10"* vg/mL, about 7.8x10"
vg/mL, about 7.9x10" vg/mL, about 8x10"* vg/mL, about 8.1x10" vg/mL, about
8.2x10" vg/mL, about 8.3x10" vg/mL, about 8.4x10"* vg/mL, about 8.5x10" vg/mL,
about 8.6x10" vg/mL, about 8.7x10" vg/mL, about 8.8x10"* vg/mL, about 8.9x10"
vg/mL, about 9x10" vg/mL, about 9.1x10"* vg/mL, about 9.2x10" vg/mL, about
9.3x10" vg/mL, about 9.4x10" vg/mL, about 9.5x10" vg/mL, about 9.6x10" vg/mL,
about 9.7x10" vg/mL, about 9.8x10'” vg/mL, about 9.9x10" vg/mL, about 1x10"
vg/mL, about 1.1x10" vg/mL, about 1.2x10" vg/mL, about 1.3x10" vg/mL, about
1.4x10" vg/mL, about 1.5x10" vg/mL, about 1.6x10" vg/mL, about 1.7x10" vg/mL,
about 1.8x10" vg/mL, about 1.9x10" vg/mL, about 2x10" vg/mL, about 2.1x10"
vg/mL, about 2.2x10" vg/mL, about 2.3x10" vg/mL, about 2.4x10" vg/mL, about
2.5x10" vg/mL, about 2.6x10" vg/mL, about 2.7x10" vg/mL, about 2.8x10" vg/mL,
about 2.9x10" vg/mL, about 3x10" vg/mL, about 3.1x10" vg/mL, about 3.2x10"
vg/mL, about 3.3x10" vg/mL, about 3.4x10" vg/mL, about 3.5x10" vg/mL, about
3.6x10" vg/mL, about 3.7x10" vg/mL, about 3.8x10" vg/mL, about 3.9x10" vg/mL,
about 4x10" vg/mL, about 4.1x10" vg/mL, about 4.2x10" vg/mL, about 4.3x10"
vg/mL, about 4.4x10" vg/mL, about 4.5x10" vg/mL, about 4.6x10" vg/mL, about
4.7x10" vg/mL, about 4.8x10" vg/mL, about 4.9x10" vg/mL, about 5x10" vg/mL,
about 5.1x10" vg/mL, about 5.2x10" vg/mL, about 5.3x10" vg/mL, about 5.4x10"
vg/mL, about 5.5x10" vg/mL, about 5.6x10" vg/mL, about 5.7x10" vg/mL, about
5.8x10" vg/mL, about 5.9x10" vg/mL, about 6x10" vg/mL, about 6.1x10" vg/mL,
about 6.2x10" vg/mL, about 6.3x10" vg/mL, about 6.4x10" vg/mL, about 6.5x10"
vg/mL, about 6.6x10" vg/mL, about 6.7x10" vg/mL, about 6.8x10" vg/mL, about
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[0229]

6.9x10" vg/mL, about 7x10" vg/mL, about 7.1x10" vg/mL, about 7.2x10" vg/mL,
about 7.3x10" vg/mL, about 7.4x10" vg/mL, about 7.5x10" vg/mL, about 7.6x10"
vg/mL, about 7.7x10" vg/mL, about 7.8x10" vg/mL, about 7.9x10" vg/mL, about
8x10" vg/mL, about 8.1x10" vg/mL, about 8.2x10" vg/mL, about 8.3x10" vg/mL,
about 8.4x10" vg/mL, about 8.5x10" vg/mL, about 8.6x10" vg/mL, about 8.7x10"
vg/mL, about 8.8x10" vg/mL, about 8.9x10" vg/mL, about 9x10" vg/mL, about
9.1x10" vg/mL, about 9.2x10" vg/mL, about 9.3x10" vg/mL, about 9.4x10" vg/mL,
about 9.5x10" vg/mL, about 9.6x10" vg/mL, about 9.7x10" vg/mL, about 9.8x10"
vg/mL, about 9.9x10" vg/mL, or about 1x10" vg/mL.

In some embodiments, the fluid formulation of the pharmaceutical composition
comprising the recombinant AAV at a concentration in the range of from about 5x10"
vg/mL to about 1x10" vg/mL is administered intratumorally once. In some em-
bodiments, the fluid formulation of the pharmaceutical composition comprising the re-
combinant AAV at a concentration in the range of from about 5x10"" vg/mL to about
1x10" vg/mL is administered intratumorally twice. In some embodiments, the fluid
formulation of the pharmaceutical composition comprising the recombinant AAV at a
concentration in the range of from about 5x10" vg/mL to about 1x10" vg/mL is ad-
ministered intratumorally for at least three times. In some embodiments, the fluid for-
mulation of the pharmaceutical composition comprising the recombinant AAV at a
concentration in the range of from about 5x10" vg/mL to about 1x10" vg/mL is ad-
ministered intratumorally for at least four, at least five, at least six, at least seven, at
least eight, at least nine or at least ten times. In some embodiments, each time the in-
tratumoral injection volume of the fluid formulation of the pharmaceutical composition
comprising the recombinant AAV at a concentration in the range of from about 5x10"
vg/mL to about 1x10" vg/mL is about 0.3 mL to about 5 mL. In some embodiments,
each time the intratumoral injection volume of the fluid formulation of the pharma-
ceutical composition comprising the recombinant AAV at a concentration in the range
of from about 5x10" vg/mL to about 1x10" vg/mL is about 0.3 mL, about 0.4 mL,
about 0.5 mL, about 0.6 mL, about 0.7 mL, about 0.8 mL, about 0.9 mL, about 1 mL,
about 1.1 mL, about 1.2 mL, about 1.3 mL, about 1.4 mL, about 1.5 mL, about 1.6 mL,
about 1.7 mL, about 1.8 mL, about 1.9 mL, about 2 mL, about 2.1 mL, about 2.2 mL,
about 2.3 mL, about 2.4 mL, about 2.5 mL, about 2.6 mL, about 2.7 mL, about 2.8 mL,
about 2.9 mL, about 3.0 mL, about 3.1 mL, about 3.2 mL, about 3.3 mL, about 3.4 mL,
about 3.5 mL, about 3.6 mL, about 3.7 mL, about 3.8 mL, about 3.9 mL, about 4 mL,
about 4.1 mL, about 4.2 mL, about 4.3 mL, about 4.4 mL, about 4.5 mL, about 4.6 mL,
about 4.7 mL, about 4.8 mL,, about 4.9 mL, or about 5 mL. In specific embodiments,
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[0230]

for at least one of the sequential administrations, 1mL of a fluid formulation of the
pharmaceutical composition comprising the recombinant AAV at a concentration of
about 2x10" vg/mL is injected intratumorally. In specific embodiments, for at least
one of the sequential administrations, 1mL of a fluid formulation of the pharmaceutical
composition comprising the recombinant AAV at a concentration of about 6.6x10"
vg/mL is injected intratumorally. In specific embodiments, for at least one of the se-
quential intratumoral injections, ImL of a fluid formulation of the pharmaceutical
composition comprising the recombinant AAV at a concentration of about 2x10" vg/
mL is injected intratumorally. In some embodiments, sequential administrations of the
fluid formulation of the pharmaceutical composition is separated by at least 7 days, at
least 8 days, at least 9 days, at least 10 days, at least 11 days, at least 12 days, at least
13 days, at least 14 days, at least 15 days, at least 16 days, at least 17 days, at least

18 days, at least 19 days, at least 20 days, at least 21 days, at least 22 days, at least

23 days, at least 24 days, at least 25 days, at least 26 days, at least 27 days, at least

28 days, at least 29 days, at least 30 days, at least 31 days, at least 32 days, at least

33 days, at least 34 days, at least 35 days, at least 36 days, at least 37 days, at least

38 days, at least 39 days, at least 40 days, at least 41 days, at least 42 days, at least

43 days, at least 44 days, at least 45 days, at least 46 days, at least 47 days, at least

48 days, at least 49 days, at least 50 days, at least 51 days, at least 52 days, at least

53 days, at least 54 days, at least 55 days, at least 56 days, at least 57 days, at least

58 days, at least 59 days, at least 60 days, at least 61 days, at least 62 days, at least

63 days, at least 64 days, at least 65 days, at least 66 days, at least 67 days, at least

68 days, at least 69 days, at least 70 days, at least 71 days, at least 72 days, at least

73 days, at least 74 days, at least 75 days, at least 76 days, at least 77 days, at least

78 days, at least 79 days, at least 80 days, at least 81 days, at least 82 days, at least

83 days, at least 84 days, at least 85 days, at least 86 days, at least 87 days, at least 88
days, at least 89 days, or at least 90 days.

In some embodiments, the subject has a surgical cavity created by removing a glioma
surgically, and wherein the pharmaceutical composition is administered into the
surgical cavity. In some embodiments, the intracavity administration is by injecting a
fluid formulation of the pharmaceutical composition comprising the recombinant AAV
at a concentration in the range of from about 5x10"" vg/mL to about 1x10™ vg/mL.

In some embodiments, the fluid formulation of the pharmaceutical composition ad-
ministered into the surgical cavity comprises the recombinant AAV at a concentration
of about 5x10"" vg/mL, about 5.1x10"" vg/mL, about 5.2x10"" vg/mL, about 5.3x10"
vg/mL, about 5.4x10" vg/mL, about 5.5x10" vg/mL, about 5.6x10" vg/mL, about
5.7x10" vg/mL, about 5.8x10"" vg/mL, about 5.9x10" vg/mL, about 6x10"" vg/mL,
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about 6.1x10" vg/mL, about 6.2x10" vg/mL, about 6.3x10"" vg/mL, about 6.4x10""
vg/mL, about 6.5x10" vg/mL, about 6.6x10" vg/mL, about 6.7x10" vg/mL, about
6.8x10"" vg/mL, about 6.9x10"" vg/mL, about 7x10"" vg/mL, about 7.1x10"" vg/mL,
about 7.2x10"" vg/mL, about 7.3x10" vg/mL, about 7.4x10"" vg/mL, about 7.5x10"'
vg/mL, about 7.6x10"" vg/mL, about 7.7x10" vg/mL, about 7.8x10"" vg/mL, about
7.9x10" vg/mL, about 8x10"" vg/mL, about 8.1x10"" vg/mL, about 8.2x10" vg/mL,
about 8.3x10"" vg/mL, about 8.4x10" vg/mL, about 8.5x10"" vg/mL, about 8.6x10"
vg/mL, about 8.7x10" vg/mL, about 8.8x10" vg/mL, about 8.9x10" vg/mL, about
9x10" vg/mL, about 9.1x10" vg/mL, about 9.2x10" vg/mL, about 9.3x10" vg/mL,
about 9.4x10" vg/mL, about 9.5x10" vg/mL, about 9.6x10" vg/mL, about 9.7x10""
vg/mL, about 9.8x10" vg/mL, about 9.9x10"" vg/mL, about 1x10" vg/mL, about
1.1x10" vg/mL, about 1.2x10" vg/mL, about 1.3x10" vg/mL, about 1.4x10" vg/mL,
about 1.5x10" vg/mL, about 1.6x10"* vg/mL, about 1.7x10" vg/mL, about 1.8x10"
vg/mL, about 1.9x10" vg/mL, about 2x10"* vg/mL, about 2.1x10" vg/mL., about
2.2x10" vg/mL, about 2.3x10" vg/mL, about 2.4x10" vg/mL, about 2.5x10" vg/mL,
about 2.6x10" vg/mL, about 2.7x10" vg/mL, about 2.8x10"* vg/mL, about 2.9x10"
vg/mL, about 3x10" vg/mL, about 3.1x10"* vg/mL, about 3.2x10" vg/mL, about
3.3x10" vg/mL, about 3.4x10" vg/mL, about 3.5x10"* vg/mL, about 3.6x10" vg/mL,
about 3.7x10" vg/mL, about 3.8x10'” vg/mL, about 3.9x10" vg/mL, about 4x10"
vg/mL, about 4.1x10" vg/mL, about 4.2x10"* vg/mL, about 4.3x10"* vg/mL, about
4.4x10" vg/mL, about 4.5x10" vg/mL, about 4.6x10" vg/mL, about 4.7x10" vg/mL,
about 4.8x10" vg/mL, about 4.9x10" vg/mL, about 5x10" vg/mL, about 5.1x10"
vg/mL, about 5.2x10" vg/mL, about 5.3x10" vg/mL, about 5.4%x10" vg/mL, about
5.5%10" vg/mL, about 5.6x10" vg/mL, about 5.7x10"* vg/mL, about 5.8x10" vg/mL,
about 5.9x10" vg/mL, about 6x10'” vg/mL, about 6.1x10" vg/mL, about 6.2x10"
vg/mL, about 6.3x10" vg/mL, about 6.4x10" vg/mL, about 6.5x10" vg/mL, about
6.6x10" vg/mL, about 6.7x10" vg/mL, about 6.8x10"* vg/mL, about 6.9x10"* vg/mL,
about 7x10" vg/mL, about 7.1x10" vg/mL, about 7.2x10" vg/mL, about 7.3x10"
vg/mL, about 7.4x10" vg/mL, about 7.5x10"* vg/mL, about 7.6x10"* vg/mL, about
7.7x10" vg/mL, about 7.8x10" vg/mL, about 7.9x10"* vg/mL, about 8x10" vg/mL,
about 8.1x10" vg/mL, about 8.2x10"” vg/mL, about 8.3x10" vg/mL, about 8.4x10"
vg/mL, about 8.5x10" vg/mL, about 8.6x10" vg/mL, about 8.7x10" vg/mL, about
8.8x10" vg/mL, about 8.9x10" vg/mL, about 9x10"* vg/mL, about 9.1x10" vg/mL,
about 9.2x10" vg/mL, about 9.3x10" vg/mL, about 9.4x10"* vg/mL, about 9.5x10"
vg/mL, about 9.6x10" vg/mL, about 9.7x10" vg/mL, about 9.8x10" vg/mL, about
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9.9x10" vg/mL, about 1x10" vg/mL, about 1.1x10" vg/mL, about 1.2x10" vg/mL,
about 1.3x10" vg/mL, about 1.4x10" vg/mL, about 1.5x10" vg/mL, about 1.6x10"
vg/mL, about 1.7x10" vg/mL, about 1.8x10" vg/mL, about 1.9x10" vg/mL, about
2x10" vg/mL, about 2.1x10" vg/mL, about 2.2x10" vg/mL, about 2.3x10" vg/mL,
about 2.4x10" vg/mL, about 2.5x10" vg/mL, about 2.6x10" vg/mL, about 2.7x10"
vg/mL, about 2.8x10" vg/mL, about 2.9x10" vg/mL, about 3x10" vg/mL, about
3.1x10" vg/mL, about 3.2x10" vg/mL, about 3.3x10" vg/mL, about 3.4x10" vg/mL,
about 3.5x10" vg/mL, about 3.6x10" vg/mL, about 3.7x10" vg/mL, about 3.8x10"
vg/mL, about 3.9x10" vg/mL, about 4x10" vg/mL, about 4.1x10" vg/mL, about
4.2x10" vg/mL, about 4.3x10" vg/mL, about 4.4x10" vg/mL, about 4.5x10" vg/mL,
about 4.6x10" vg/mL, about 4.7x10" vg/mL, about 4.8x10" vg/mL, about 4.9x10"
vg/mL, about 5x10" vg/mL, about 5.1x10" vg/mL, about 5.2x10" vg/mL, about
5.3x10" vg/mL, about 5.4x10" vg/mL, about 5.5x10" vg/mL, about 5.6x10" vg/mL,
about 5.7x10" vg/mL, about 5.8x10" vg/mL, about 5.9x10" vg/mL, about 6x10"
vg/mL, about 6.1x10" vg/mL, about 6.2x10" vg/mL, about 6.3x10" vg/mL, about
6.4x10" vg/mL, about 6.5x10" vg/mL, about 6.6x10" vg/mL, about 6.7x10" vg/mL,
about 6.8x10" vg/mL, about 6.9x10" vg/mL, about 7x10" vg/mL, about 7.1x10"
vg/mL, about 7.2x10" vg/mL, about 7.3x10" vg/mL, about 7.4x10" vg/mL, about
7.5x10" vg/mL, about 7.6x10" vg/mL, about 7.7x10" vg/mL, about 7.8x10" vg/mL,
about 7.9x10" vg/mL, about 8x10" vg/mL, about 8.1x10" vg/mL, about 8.2x10"
vg/mL, about 8.3x10" vg/mL, about 8.4x10" vg/mL, about 8.5x10" vg/mL, about
8.6x10" vg/mL, about 8.7x10" vg/mL, about 8.8x10" vg/mL, about 8.9x10" vg/mL,
about 9x10" vg/mL, about 9.1x10" vg/mL, about 9.2x10" vg/mL, about 9.3x10"
vg/mL, about 9.4x10" vg/mL, about 9.5x10" vg/mL, about 9.6x10" vg/mL, about
9.7x10" vg/mL, about 9.8x10" vg/mL, about 9.9x10" vg/mL, or about 1x10" vg/mL.

[0231]  In some embodiments, the fluid formulation of the pharmaceutical composition
comprising the recombinant AAV at a concentration in the range of from about 5x10"!

vg/mL to about 1x10" vg/mL is administered into the surgical cavity once. In some

embodiments, the fluid formulation of the pharmaceutical composition comprising the
recombinant AAV at a concentration in the range of from about 510" vg/mL to about
1x10" vg/mL is administered into the surgical cavity twice. In some embodiments,

the fluid formulation of the pharmaceutical composition comprising the recombinant
AAV at a concentration in the range of from about 5x10" vg/mL to about 1x10" vg/
mL is administered into the surgical cavity at least three times. In some embodiments,

the fluid formulation of the pharmaceutical composition comprising the recombinant
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AAV at a concentration in the range of from about 5x10" vg/mL to about 1x10" vg/
mL is administered into the surgical cavity at least four, at least five, at least six, at
least seven, at least eight, at least night or at least ten times. In some embodiments, in-
tracavity administration is performed immediately following the surgical removal of

a tumor (e.g., a glioma) from the subject. In specific embodiments, the first one of the
sequential administrations is performed by injecting a fluid formulation of the pharma-
ceutical composition comprising the recombinant AAV at the concentration of about
5%10" vg/mL to about 1x10" vg/mL into the surgical cavity wall, and the following
one or more of the sequential administrations is (are) performed by injecting a fluid
formulation of the pharmaceutical composition comprising the recombinant AAV at
the concentration of about 5x10" vg/mL to about 1x10" vg/mL into a void space in
the surgical cavity. In some embodiments, each time the intracavity administration
volume of the fluid formulation of the pharmaceutical composition comprising the re-
combinant AAV at a concentration in the range of from about 5x10"" vg/mL to about
1x10" vg/mL is about 0.3 mL to about 5 mL. In some embodiments, each time the in-
tracavity administration volume of the fluid formulation of the pharmaceutical com-
position comprising the recombinant AAV at a concentration in the range of from
about 5x10"" vg/mL to about 1x10" vg/mL is about 0.3 mL, about 0.4 mL, about 0.5
mL, about 0.6 mL, about 0.7 mL, about 0.8 mL, about 0.9 mL, about 1 mL, about 1.1
mL, about 1.2 mL, about 1.3 mL, about 1.4 mL, about 1.5 mL, about 1.6 mL, about 1.7
mL, about 1.8 mL, about 1.9 mL, about 2 mL, about 2.1 mL, about 2.2 mL, about 2.3
mL, about 2.4 mL, about 2.5 mL, about 2.6 mL, about 2.7 mL, about 2.8 mL, about 2.9
mL, about 3.0 mL, about 3.1 mL, about 3.2 mL, about 3.3 mL, about 3.4 mL, about 3.5
mL, about 3.6 mL, about 3.7 mL, about 3.8 mL, about 3.9 mL, about 4 mL, about 4.1
mL, about 4.2 mL, about 4.3 mL, about 4.4 mL, about 4.5 mL, about 4.6 mL, about 4.7
mL, about 4.8 mL, about 4.9 mL, or about 5 mL. In specific embodiments, for at least
one of the sequential administrations, 2mL of a fluid formulation of the pharmaceutical
composition comprising the recombinant AAV at a concentration of about 2x10" vg/
mL is administered into a surgical cavity. In specific embodiments, for at least one of
the sequential administrations, 2mL of a fluid formulation of the pharmaceutical com-
position comprising the recombinant AAV at a concentration of about 6.6x10" vg/

mL is administered into a surgical cavity. In specific embodiments, for at least one of
the sequential administrations, 2mL of a fluid formulation of the pharmaceutical com-
position comprising the recombinant AAV at a concentration of about 2x10" vg/mL

is administered into a surgical cavity. In some embodiments, sequential administration
of the fluid formulation of the pharmaceutical composition is separated by at least 7

days, at least 8 days, at least 9 days, at least 10 days, at least 11 days, at least 12 days,
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at least 13 days, at least 14 days, at least 15 days, at least 16 days, at least 17 days,
at least 18 days, at least 19 days, at least 20 days, at least 21 days, at least 22 days,

at least 23 days, at least 24 days, at least 25 days, at least 26 days, at least 27 days,

at least 28 days, at least 29 days, at least 30 days, at least 31 days, at least 32 days,

at least 33 days, at least 34 days, at least 35 days, at least 36 days, at least 37 days,

at least 38 days, at least 39 days, at least 40 days, at least 41 days, at least 42 days,

at least 43 days, at least 44 days, at least 45 days, at least 46 days, at least 47 days,

at least 48 days, at least 49 days, at least 50 days, at least 51 days, at least 52 days,

at least 53 days, at least 54 days, at least 55 days, at least 56 days, at least 57 days, at
least 58 days, at least 59 days, or at least 60 days, at least 61 days, at least 62 days,
at least 63 days, at least 64 days, at least 65 days, at least 66 days, at least 67 days,

at least 68 days, at least 69 days, at least 70 days, at least 71 days, at least 72 days,

at least 73 days, at least 74 days, at least 75 days, at least 76 days, at least 77 days,

at least 78 days, at least 79 days, at least 80 days, at least 81 days, at least 82 days,

at least 83 days, at least 84 days, at least 85 days, at least 86 days, at least 87 days, at
least 88 days, at least 89 days, or at least 90 days.

[0232]  In specific embodiments, the subject is administered intratumorally the pharma-
ceutical composition comprising about 2x10'* vg of the recombinant AAV once. In
specific embodiments, the subject receives intratumoral injection of 1 mL of the phar-
maceutical composition comprising about 2x10"* vg/mL of the recombinant AAV. In
some embodiments, the pharmaceutical composition is administered intratumorally
through stereotactic brain injection. In some embodiments, the pharmaceutical com-
position is administered intratumorally through an Ommaya reservoir.

[0233]  In specific embodiments, the subject is administered intratumorally the pharma-
ceutical composition comprising about 2x10"* vg of the recombinant AAV once every
15 days twice. In specific embodiments, each time the subject receives intratumoral
injection of 1 mL of the pharmaceutical composition comprising about 2x10" vg/
mL of the recombinant AAV. In some embodiments, each time the pharmaceutical
composition is administered intratumorally through stereotactic brain injection. In
some embodiments, each time the pharmaceutical composition is administered intra-
tumorally through an Ommaya reservoir. In some embodiments, for the first time the
pharmaceutical composition is administered intratumorally through stereotactic brain
injection, and for the second time the pharmaceutical composition is administered in-
tratumorally through an Ommaya reservoir.

[0234]  In specific embodiments, the subject is administered intratumorally the pharma-
ceutical composition comprising about 2x10"* vg of the recombinant AAV once every

15 days for three times. In specific embodiments, each time the subject receives in-
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tratumoral injection of 1 mL of the pharmaceutical composition comprising about
2x10" vg/mL of the recombinant AAV. In some embodiments, each time the phar-
maceutical composition is administered intratumorally through stereotactic brain
injection. In some embodiments, each time the pharmaceutical composition is ad-
ministered intratumorally through an Ommaya reservoir. In some embodiments, for
the first time the pharmaceutical composition is administered intratumorally through
stereotactic brain injection, and for the second and subsequent times the pharma-
ceutical composition is administered intratumorally through an Ommaya reservoir.

[0235]  In specific embodiments, the subject is administered intratumorally the pharma-
ceutical composition comprising about 2x10'* vg of the recombinant AAV once every
15 days for more than three times. In specific embodiments, each time the subject
receives intratumoral injection of 1 mL of the pharmaceutical composition comprising
about 2x10" vg/mL of the recombinant AAV. In some embodiments, each time the
pharmaceutical composition is administered intratumorally through stereotactic brain
injection. In some embodiments, each time the pharmaceutical composition is ad-
ministered intratumorally through an Ommaya reservoir. In some embodiments, for
the first time the pharmaceutical composition is administered intratumorally through
stereotactic brain injection, and for the second and subsequent times the pharma-
ceutical composition is administered intratumorally through an Ommaya reservoir.

[0236]  In specific embodiments, the subject is administered intratumorally the pharma-
ceutical composition comprising about 6.6x10" vg of the recombinant AAV once. In
specific embodiments, the subject receives intratumoral injection of 1 mL of the phar-
maceutical composition comprising about 6.6x10"” vg/mL of the recombinant AAV.
In some embodiments, the pharmaceutical composition is administered intratumorally
through stereotactic brain injection. In some embodiments, the pharmaceutical com-
position is administered intratumorally through an Ommaya reservoir.

[0237]  In specific embodiments, the subject is administered intratumorally the pharma-
ceutical composition comprising about 6.6x10" vg of the recombinant AAV once
every 15 days twice. In specific embodiments, each time the subject receives in-
tratumoral injection of 1 mL of the pharmaceutical composition comprising about
6.6x10" vg/mL of the recombinant AAV. In some embodiments, each time the phar-
maceutical composition is administered intratumorally through stereotactic brain
injection. In some embodiments, each time the pharmaceutical composition is ad-
ministered intratumorally through an Ommaya reservoir. In some embodiments, for
the first time the pharmaceutical composition is administered intratumorally through
stereotactic brain injection, and for the second time the pharmaceutical composition is

administered intratumorally through an Ommaya reservoir.
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In specific embodiments, the subject is administered intratumorally the pharma-
ceutical composition comprising about 6.6x10" vg of the recombinant AAV once
every 15 days for three times. In specific embodiments, each time the subject receives
intratumoral injection of 1 mL of the pharmaceutical composition comprising about
6.6x10" vg/mL of the recombinant AAV. In some embodiments, each time the phar-
maceutical composition is administered intratumorally through stereotactic brain
injection. In some embodiments, each time the pharmaceutical composition is ad-
ministered intratumorally through an Ommaya reservoir. In some embodiments, for
the first time the pharmaceutical composition is administered intratumorally through
stereotactic brain injection, and for the second and subsequent times the pharma-
ceutical composition is administered intratumorally through an Ommaya reservoir.

In specific embodiments, the subject is administered intratumorally the pharma-
ceutical composition comprising about 6.6x10" vg of the recombinant AAV once
every 15 days for more than three times. In specific embodiments, each time the
subject receives intratumoral injection of 1 mL of the pharmaceutical composition
comprising about 6.6x10'” vg/mL of the recombinant AAV. In some embodiments,
each time the pharmaceutical composition is administered intratumorally through
stereotactic brain injection. In some embodiments, each time the pharmaceutical com-
position is administered intratumorally through an Ommaya reservoir. In some em-
bodiments, for the first time the pharmaceutical composition is administered intra-
tumorally through stereotactic brain injection, and for the second and subsequent times
the pharmaceutical composition is administered intratumorally through an Ommaya
reservoir.

In specific embodiments, the subject is administered intratumorally the pharma-
ceutical composition comprising about 2x10" vg of the recombinant AAV once. In
specific embodiments, the subject receives intratumoral injection of 1 mL of the phar-
maceutical composition comprising about 2x10" vg/mL of the recombinant AAV. In
some embodiments, the pharmaceutical composition is administered intratumorally
through stereotactic brain injection. In some embodiments, the pharmaceutical com-
position is administered intratumorally through an Ommaya reservoir.

In specific embodiments, the subject is administered intratumorally the pharma-
ceutical composition comprising about 2x10" vg of the recombinant AAV once every
15 days twice. In specific embodiments, each time the subject receives intratumoral
injection of 1 mL of the pharmaceutical composition comprising about 2x10" vg/
mL of the recombinant AAV. In some embodiments, each time the pharmaceutical
composition is administered intratumorally through stereotactic brain injection. In

some embodiments, each time the pharmaceutical composition is administered intra-

97



WO 2025/108407 PCT/CN2024/133740

[0242]

[0243]

[0244]

[0245]

tumorally through an Ommaya reservoir. In some embodiments, for the first time the
pharmaceutical composition is administered intratumorally through stereotactic brain
injection, and for the second time the pharmaceutical composition is administered in-
tratumorally through an Ommaya reservoir.

In specific embodiments, the subject is administered intratumorally the pharma-
ceutical composition comprising about 2x10" vg of the recombinant AAV once every
15 days for three times. In specific embodiments, each time the subject receives in-
tratumoral injection of 1 mL of the pharmaceutical composition comprising about
2x10" vg/mL of the recombinant AAV. In some embodiments, each time the phar-
maceutical composition is administered intratumorally through stereotactic brain
injection. In some embodiments, each time the pharmaceutical composition is ad-
ministered intratumorally through an Ommaya reservoir. In some embodiments, for
the first time the pharmaceutical composition is administered intratumorally through
stereotactic brain injection, and for the second and subsequent times the pharma-
ceutical composition is administered intratumorally through an Ommaya reservoir.

In specific embodiments, the subject is administered intratumorally the pharma-
ceutical composition comprising about 2x10" vg of the recombinant AAV once every
15 days for more than three times. In specific embodiments, each time the subject
receives intratumoral injection of 1 mL of the pharmaceutical composition comprising
about 2x10" vg/mL of the recombinant AAV. In some embodiments, each time the
pharmaceutical composition is administered intratumorally through stereotactic brain
injection. In some embodiments, each time the pharmaceutical composition is ad-
ministered intratumorally through an Ommaya reservoir. In some embodiments, for
the first time the pharmaceutical composition is administered intratumorally through
stereotactic brain injection, and for the second and subsequent times the pharma-
ceutical composition is administered intratumorally through an Ommaya reservoir.

In specific embodiments, the subject has a surgical cavity created by removing a
glioma surgically, and wherein the subject is administered the pharmaceutical com-
position comprising about 4x10"” vg of the recombinant AAV to the surgical cavity
once. In specific embodiments, the subject receives intratumoral injection of 2 mL of
the pharmaceutical composition comprising about 2x10"* vg/mL of the recombinant
AAV. In some embodiments, the pharmaceutical composition is administered into
the surgical cavity immediately after surgically removing the glioma. In some em-
bodiments, the pharmaceutical composition is administered into the surgical cavity
through an Ommaya reservoir.

In specific embodiments, the subject has a surgical cavity created by removing a

glioma surgically, and wherein the subject is administered the pharmaceutical com-

98



WO 2025/108407 PCT/CN2024/133740

[0246]

[0247]

position comprising about 4x10" vg of the recombinant AAV to the surgical cavity
once every 30 days for twice. In specific embodiments, each time the subject receives
administration of 2 mL of the pharmaceutical composition comprising about 2x10"
vg/mL of the recombinant AAV to the surgical cavity. In some embodiments, each
time the pharmaceutical composition is administered into the surgical cavity im-
mediately after surgically removing the glioma. In some embodiments, each time

the pharmaceutical composition is administered into the surgical cavity through an
Ommaya reservoir. In some embodiments, for the first time the pharmaceutical com-
position is administered into the surgical cavity immediately after surgically removing
the glioma, and for the second time, the pharmaceutical composition is administered
into the surgical cavity through an Ommaya reservoir.

In specific embodiments, the subject has a surgical cavity created by removing a
glioma surgically, and wherein the subject is administered the pharmaceutical com-
position comprising about 4x10" vg of the recombinant AAV to the surgical cavity
for once every 30 days for three times. In specific embodiments, each time the subject
receives administration of 2 mL of the pharmaceutical composition comprising about
2x10" vg/mL of the recombinant AAV to the surgical cavity. In some embodiments,
each time the pharmaceutical composition is administered into the surgical cavity
immediately after surgically removing the glioma. In some embodiments, each time
the pharmaceutical composition is administered into the surgical cavity through an
Ommaya reservoir. In some embodiments, for the first time the pharmaceutical com-
position is administered into the surgical cavity immediately after surgically removing
the glioma, and for the second and subsequent times, the pharmaceutical composition
is administered into the surgical cavity through an Ommaya reservoir.

In specific embodiments, the subject has a surgical cavity created by removing a
glioma surgically, and wherein the subject is administered the pharmaceutical com-
position comprising about 4x10"” vg of the recombinant AAV to the surgical cavity
once every 30 days for more than three times. In specific embodiments, each time the
subject receives administration of 2 mL of the pharmaceutical composition comprising
about 2x10" vg/mL of the recombinant AAV to the surgical cavity. In some em-
bodiments, each time the pharmaceutical composition is administered into the surgical
cavity immediately after surgically removing the glioma. In some embodiments, each
time the pharmaceutical composition is administered into the surgical cavity through
an Ommaya reservoir. In some embodiments, for the first time the pharmaceutical
composition is administered into the surgical cavity immediately after surgically
removing the glioma, and for the second and subsequent times, the pharmaceutical

composition is administered into the surgical cavity through an Ommaya reservoir.
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In specific embodiments, the subject has a surgical cavity created by removing a
glioma surgically, and wherein the subject is administered the pharmaceutical com-
position comprising about 1.32x10" vg of the recombinant AAV to the surgical cavity
once. In specific embodiments, the subject receives intratumoral injection of 2 mL of
the pharmaceutical composition comprising about 6.6x10" vg/mL of the recombinant
AAV. In some embodiments, the pharmaceutical composition is administered into
the surgical cavity immediately after surgically removing the glioma. In some em-
bodiments, the pharmaceutical composition is administered into the surgical cavity
through an Ommaya reservoir.

In specific embodiments, the subject has a surgical cavity created by removing a
glioma surgically, and wherein the subject is administered the pharmaceutical com-
position comprising about 1.32x10" of the recombinant AAV to the surgical cavity
once every 30 days for twice. In specific embodiments, each time the subject receives
administration of 2 mL of the pharmaceutical composition comprising about 6.6x10"
vg/mL of the recombinant AAV to the surgical cavity. In some embodiments, each
time the pharmaceutical composition is administered into the surgical cavity im-
mediately after surgically removing the glioma. In some embodiments, each time
the pharmaceutical composition is administered into the surgical cavity through an
Ommaya reservoir. In some embodiments, for the first time the pharmaceutical com-
position is administered into the surgical cavity immediately after surgically removing
the glioma, and for the second time, the pharmaceutical composition is administered
into the surgical cavity through an Ommaya reservoir.

In specific embodiments, the subject has a surgical cavity created by removing a
glioma surgically, and wherein the subject is administered the pharmaceutical com-
position comprising about 1.32x10" vg of the recombinant AAV to the surgical cavity
for once every 30 days for three times. In specific embodiments, each time the subject
receives administration of 2 mL of the pharmaceutical composition comprising about
6.6x10" vg/mL of the recombinant AAV to the surgical cavity. In some embodiments,
each time the pharmaceutical composition is administered into the surgical cavity
immediately after surgically removing the glioma. In some embodiments, each time
the pharmaceutical composition is administered into the surgical cavity through an
Ommaya reservoir. In some embodiments, for the first time the pharmaceutical com-
position is administered into the surgical cavity immediately after surgically removing
the glioma, and for the second and subsequent times, the pharmaceutical composition
is administered into the surgical cavity through an Ommaya reservoir.

In specific embodiments, the subject has a surgical cavity created by removing a

glioma surgically, and wherein the subject is administered the pharmaceutical com-
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position comprising about 1.32x10" vg of the recombinant AAV to the surgical cavity
once every 30 days for more than three times. In specific embodiments, each time the
subject receives administration of 2 mL of the pharmaceutical composition comprising
about 6.6x10" vg/mL of the recombinant AAV to the surgical cavity. In some em-
bodiments, each time the pharmaceutical composition is administered into the surgical
cavity immediately after surgically removing the glioma. In some embodiments, each
time the pharmaceutical composition is administered into the surgical cavity through
an Ommaya reservoir. In some embodiments, for the first time the pharmaceutical
composition is administered into the surgical cavity immediately after surgically
removing the glioma, and for the second and subsequent times, the pharmaceutical
composition is administered into the surgical cavity through an Ommaya reservoir.

In specific embodiments, the subject has a surgical cavity created by removing a
glioma surgically, and wherein the subject is administered the pharmaceutical com-
position comprising about 4x10" vg of the recombinant AAV to the surgical cavity
once. In specific embodiments, the subject receives intratumoral injection of 2 mL of
the pharmaceutical composition comprising about 2x10" vg/mL of the recombinant
AAV. In some embodiments, the pharmaceutical composition is administered into
the surgical cavity immediately after surgically removing the glioma. In some em-
bodiments, the pharmaceutical composition is administered into the surgical cavity
through an Ommaya reservoir.

In specific embodiments, the subject has a surgical cavity created by removing a
glioma surgically, and wherein the subject is administered the pharmaceutical com-
position comprising about 4x10" of the recombinant AAV to the surgical cavity once
every 30 days for twice. In specific embodiments, each time the subject receives ad-
ministration of 2 mL of the pharmaceutical composition comprising about 2x10" vg/
mL of the recombinant AAV to the surgical cavity. In some embodiments, each time
the pharmaceutical composition is administered into the surgical cavity immediately
after surgically removing the glioma. In some embodiments, each time the pharma-
ceutical composition is administered into the surgical cavity through an Ommaya
reservoir. In some embodiments, for the first time the pharmaceutical composition
is administered into the surgical cavity immediately after surgically removing the
glioma, and for the second time, the pharmaceutical composition is administered into
the surgical cavity through an Ommaya reservoir.

In specific embodiments, the subject has a surgical cavity created by removing a
glioma surgically, and wherein the subject is administered the pharmaceutical com-
position comprising about 4x10" vg of the recombinant AAV to the surgical cavity

for once every 30 days for three times. In specific embodiments, each time the subject
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receives administration of 2 mL of the pharmaceutical composition comprising about
2x10" vg/mL of the recombinant AAV to the surgical cavity. In some embodiments,
each time the pharmaceutical composition is administered into the surgical cavity
immediately after surgically removing the glioma. In some embodiments, each time
the pharmaceutical composition is administered into the surgical cavity through an
Ommaya reservoir. In some embodiments, for the first time the pharmaceutical com-
position is administered into the surgical cavity immediately after surgically removing
the glioma, and for the second and subsequent times, the pharmaceutical composition
is administered into the surgical cavity through an Ommaya reservoir.

In specific embodiments, the subject has a surgical cavity created by removing a
glioma surgically, and wherein the subject is administered the pharmaceutical com-
position comprising about 4x10" vg of the recombinant AAV to the surgical cavity
once every 30 days for more than three times. In specific embodiments, each time the
subject receives administration of 2 mL of the pharmaceutical composition comprising
about 2x10" vg/mL of the recombinant AAV to the surgical cavity. In some em-
bodiments, each time the pharmaceutical composition is administered into the surgical
cavity immediately after surgically removing the glioma. In some embodiments, each
time the pharmaceutical composition is administered into the surgical cavity through
an Ommaya reservoir. In some embodiments, for the first time the pharmaceutical
composition is administered into the surgical cavity immediately after surgically
removing the glioma, and for the second and subsequent times, the pharmaceutical
composition is administered into the surgical cavity through an Ommaya reservoir.

In some embodiments, upon administration of the recombinant AAV encoding a
NeuroD1 polypeptide as described herein, or a pharmaceutical composition thereof, to
a subject suffering from glioma, the NeuroD1 polypeptide encoded by the recombinant
AAYV genome is expressed in a population of glioma cells in the subject.

In some embodiments, upon administration of the recombinant AAV encoding a
NeuroD1 polypeptide as described herein, or a pharmaceutical composition thereof,
to the subject suffering from glioma, the NeuroD1 polypeptide encoded by the re-
combinant AAV genome is expressed in a population of glioma cells in the subject,
and the population of glioma cells stops proliferation in the subject. In specific em-
bodiments, at least about 10%, at least about 20%, at least about 30%, at least about
40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%, at
least about 90%, or at least about 95%of the glioma cells in the population stops pro-
liferation. In some embodiments, the proliferative activity in a population of glioma
cells is measure by the expression level of nuclear protein markers, such as Ki67. In

specific embodiments, reduction in cell proliferation occurs in less than about 21 days,
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less than about 14 days, less than about 13 days, less than about 12 days, less than
about 11 days, less than about 10 days, less than about 9 days, less than about § days,
less than about 7 days, less than about 6 days, less than about 5 days, less than about
4 days, less than about 3 days, less than about 2 days, or less than about 1 day after
the subject received administration of the recombinant AAV encoding a NeuroD1
polypeptide as described herein, or a pharmaceutical composition thereof.

In some embodiments, upon administration of the recombinant AAV encoding a
NeuroD1 polypeptide as described herein, or a pharmaceutical composition thereof,
to the subject suffering from glioma, the NeuroD1 polypeptide encoded by the re-
combinant AAV genome is expressed in a population of glioma cells in the subject,
and the population of glioma cells start to exhibit one or more neuronal phenotypes.
In some embodiments, the one or more neuronal phenotypes comprise expression of
one or more neuronal markers selected from DCX, TUJ1, NeuN, and MAP2. In some
embodiments, the one or more neuronal phenotypes comprise ability of firing action
potentials. In some embodiments, the one or more neuronal phenotypes comprise
formation of dendrites and/or exons on the cell surface. In some embodiments, the
one or more neuronal phenotypes comprise formation of synapses with a neighboring
cell. In some embodiments, the one or more neuronal phenotypes comprise the ability
of releasing synaptic currents. In some embodiments, the synaptic currents are glu-
tamatergic current, GABAergic current, Dopaminergic current, glycinergic current,
serotonergic current or norepinephrinergic current. In specific embodiments, at least
about 10%, at least about 20%, at least about 30%, at least about 40%, at least about
50%, at least about 60%, at least about 70%, at least about 80%, at least about 90%,
or at least about 95%of the glioma cells in the population start to exhibit one or more
neuronal phenotypes. In specific embodiments, the population of glioma cells start to
exhibit one or more neuronal phenotypes in less than about 21 days, less than about
14 days, less than about 13 days, less than about 12 days, less than about 11 days, less
than about 10 days, less than about 9 days, less than about 8 days, less than about 7
days, less than about 6 days, less than about 5 days, less than about 4 days, less than
about 3 days, less than about 2 days, or less than about 1 day after the subject received
administration of the recombinant AAV encoding a NeuroD1 polypeptide as described
herein, or a pharmaceutical composition thereof.

In some embodiments, upon administration of the recombinant AAV encoding a
NeuroD1 polypeptide as described herein, or a pharmaceutical composition thereof,
to the subject suffering from glioma, the NeuroD1 polypeptide encoded by the re-
combinant AAV genome is expressed in a population of glioma cells in the subject,
and the population of glioma cells stop expressing one or more glial markers. In

some embodiments, the one or more glial markers is selected from GFAP, Aldhlll,
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S100PBand Sox9. In specific embodiments, at least about 10%, at least about 20%, at
least about 30%, at least about 40%, at least about 50%, at least about 60%, at least
about 70%, at least about 80%, at least about 90%, or at least about 95%of the glioma
cells in the population stop to express one or more glial markers. In specific em-
bodiments, the population of glioma cells stop to express one or more glial markers
in less than about 21 days, less than about 14 days, less than about 13 days, less than
about 12 days, less than about 11 days, less than about 10 days, less than about 9 days,
less than about 8 days, less than about 7 days, less than about 6 days, less than about
5 days, less than about 4 days, less than about 3 days, less than about 2 days, or less
than about 1 day after the subject received administration of the recombinant AAV
encoding a NeuroD1 polypeptide as described herein, or a pharmaceutical composition
thereof.

In some embodiments, upon administration of the recombinant AAV encoding a
NeuroD1 polypeptide as described herein, or a pharmaceutical composition thereof,
to the subject suffering from glioma, the NeuroD1 polypeptide encoded by the re-
combinant AAV genome is expressed in a population of glioma cells in the subject,
and the population of glioma cells trans-differentiate into neurons. In some em-
bodiments, the neurons are selected from glutamatergic neurons, GABAergic neurons,
dopaminergic neurons; motor neurons, glycinergic neurons, serotonergic neurons, nor-
epinephrinergic neurons, and sensory neurons. In specific embodiments, at least about
10%, at least about 20%, at least about 30%, at least about 40%, at least about 50%,
at least about 60%, at least about 70%, at least about 80%, at least about 90%, or at
least about 95%of the glioma cells in the population transdifferentiate into neurons. In
specific embodiments, the population of glioma cells transdifferentiate into neurons
in less than about 21 days, less than about 14 days, less than about 13 days, less than
about 12 days, less than about 11 days, less than about 10 days, less than about 9 days,
less than about 8 days, less than about 7 days, less than about 6 days, less than about
5 days, less than about 4 days, less than about 3 days, less than about 2 days, or less
than about 1 day after the subject received administration of the recombinant AAV
encoding a NeuroD1 polypeptide as described herein, or a pharmaceutical composition
thereof.

In some embodiments, upon administration of the recombinant AAV encoding a
NeuroD1 polypeptide as described herein, or a pharmaceutical composition thereof,
to the subject suffering from glioma, the NeuroD1 polypeptide encoded by the re-
combinant AAV genome is expressed in a population of glioma cells in the subject,
and the population of glioma cells undergo apoptosis. In specific embodiments, at
least about 10%, at least about 20%, at least about 30%, at least about 40%, at least
about 50%, at least about 60%, at least about 70%, at least about 80%, at least about
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90%, or at least about 95%of the glioma cells in the population undergo apoptosis. In
specific embodiments, the population of glioma cells start to undergo apoptosis in less
than 21 days, less than 14 days, less than 13 days, less than 12 days, less than 11 days,
less than 10 days, less than 9 days, less than 8 days, less than 7 days, less than 6 days,
less than 5 days, less than 4 days, less than 3 days, less than 2 days, or less than 1 day
after the subject received administration of the recombinant AAV encoding a NeuroD1
polypeptide as described herein, or a pharmaceutical composition thereof.

In some embodiments, the population of glioma cells are located in the brain of a
subject. In some embodiments, the population of glioma cells are located in the grey
matter of the brain. In some embodiments, the population of glioma cells are located
in the white matter of the brain. In some embodiments, the population of glioma cells
are located in the brain striatum. In some embodiments, the population of glioma cells
are located in the cortex of the brain. In some embodiments, the population of glioma
cells are located in the hippocampus of the brain. In some embodiments, the population
of glioma cells are located in the cerebellum of the brain. In some embodiments, the
population of glioma cells comprises one or more glial cell types selected from as-
trocytes, reactive astrocytes, NG-2 cells, reactive NG-2 cells, and microglial cells that
are undergoing pathogenic neoplasm. In some embodiments, the population of glioma
cells form one or more gliomas in the tissue where they locate.

In some embodiments, upon administration of the recombinant AAV encoding a
NeuroD1 polypeptide as described herein, or a pharmaceutical composition thereof,
to the subject suffering from glioma, the NeuroD1 polypeptide encoded by the re-
combinant AAV genome is expressed in a population of glioma cells in the subject,
and the size of the glioma containing the population of glioma cells is reduced. In
specific embodiments, the size of the glioma is reduced for at least about 10%, at least
about 20%, at least about 30%, at least about 40%, at least about 50%, at least about
60%, at least about 70%, at least about 80%, at least about 90%, or at least about 95%.
In some embodiments, the life span of the subject suffering from glioma is increased.
In some embodiments, the life span of the subject suffering from glioma is increased
for at least 10%, at least about 20%, at least about 30%, at least about 40%, at least
about 50%, at least about 60%, at least about 70%, at least about 80%, at least about
90%, or at least about 95%.

In some embodiments, upon administration of the recombinant AAV encoding a
NeuroD1 polypeptide as described herein, or a pharmaceutical composition thereof,
to the subject, innate immune response is upregulated in the tissue area receiving the
administration. In some embodiments, innate immune response level is measured by
upregulation of Ibalexpression. In some embodiments, Ibal expression in the tissue

area that receiving administration of the recombinant AAV encoding a NeuroD1
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polypeptide as described herein, or a pharmaceutical composition thereof, is increased
for at least about 10%, at least about 20%, at least about 30%, at least about 40%, at
least about 50%, at least about 60%, at least about 70%, at least about 80%, at least
about 90%, or at least about 95%.

In certain embodiments, the glioma is selected from adult-type diffuse gliomas;
astrocytoma, IDH-mutant; oligodendroglioma, IDH-mutant, and 1p/19q-codeleted;
glioblastoma, IDH-wildtype; pediatric-type diffuse low-grade gliomas; diffuse as-
trocytoma, MYB-or MYBL1-altered; angiocentric glioma; polymorphous low-grade
neuroepithelial tumor of the young; diffuse low-grade glioma, MAPK pathway-altered;
pediatric-type diffuse high-grade gliomas; diffuse midline glioma, H3 K27-altered;
diffuse hemispheric glioma, H3 G34-mutant; diffuse pediatric-type high-grade glioma,
H3-wildtype and IDH-wildtype; infant-type hemispheric glioma; circumscribed as-
trocytic gliomas; pilocytic astrocytoma; high-grade astrocytoma with piloid features;
pleomorphic xanthoastrocytoma; subependymal giant cell astrocytoma; chordoid
glioma; astroblastoma, MN1-altered; ganglioglioma; and esmoplastic infantile gan-
glioglioma. In certain embodiments, the glioma is classified Grade 1, Grade 2, Grade
3 and/or Grade 4 according to the World Health Organization (WHO) classification
of nervous system tumors as reported in Louis et al., The 2021 WHO Classification
of Tumors of the Central Nervous System: a summary. Neuro Oncol 23, 1231-1251
(2021) the content of which is incorporated by reference in its entirety.

In specific embodiments, the glioma is selected from oligodendroglioma, IDH
mutant, and 1p/19q-codeleted (WHO grade 3) ; astrocytoma, IDH mutant (WHO grade
3,4), and glioblastoma, IDH wildtype (WHO grade 4) . In specific embodiments, the
glioma is selected from diffuse midline glioma, H3 K27-altered; diffuse hemispheric
glioma, H3 G34-mutant; diffuse pediatric-type high-grade glioma, H3-wildtype and
IDH-wildtype; and infant-type hemispheric glioma.

In certain embodiments, the subject is a mammal. In certain embodiments, the
subject is a primate (e.g., a monkey such as, a cynomolgus monkey and a human) or
a non-primate (e.g., a cow, a pig, a horse, a cat, a dog, a rat, a mouse) . In certain em-
bodiments, the subject is a mouse or a rat. In certain embodiments, the subject is a
human.

In some embodiments, the subject is treatmentnaive.In some embodiments, the
subject suffering from glioma has been treated previously for glioma before receiving
the treatment of a recombinant AAV encoding NeuroD1 as described herein. In
some embodiments, the subject is refractory to the previous treatment. In some em-
bodiments, the glioma is relapsed from the previous treatment.

In some embodiments, the previous therapy is a chemotherapeutic agent and the

cancer is refractory or relapsed from such previous treatment. In specific embodiments,
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the previous therapy is treatment with a chemotherapeutic agent selected from temo-
zolomide{Femods®), Carmustine (BCNU) , and Lomustine (CCNU) .

In some embodiments, the previous therapy is a radiation therapy, and the cancer
is refractory or relapsed from such previous treatment. In some embodiments, the
radiation therapy comprises the use of x-rays, gamma rays and other sources of
radiation to destroy cancer cells.

In some embodiments, the previous therapy is a hormonal agent and the cancer is re-
fractory or relapsed from such previous treatment. In some embodiments, the hormonal
agent is glucocorticoid.

In certain embodiments, the recombinant AAV vector may be administered alone
or in combination with other prophylactic and/or therapeutic agents. In certain em-
bodiments, the presently disclosed AAV vectors are administered intravenously and
may be administered together with other biologically active agents.

The dosage amounts and frequencies of administration provided herein are en-
compassed by the terms therapeutically effective and prophylactically effective. The
dosage and frequency typically vary according to factors specific for each patient
depending on the specific therapeutic or prophylactic AAV vectors administered, the
severity and type of disease, the route of administration, as well as age, body weight,
response, and the past medical history of the patient, and should be decided according
to the judgment of the practitioner and each patient’s circumstances. Suitable regimens
can be selected by one skilled in the art by considering such factors and by following,
for example, dosages reported in the literature and recommended in the Physician’s
Desk Reference. Prophylactic and/or therapeutic AAV vectors can be administered re-
peatedly. Several aspects of the procedure may vary such as the temporal regimen of
administering the prophylactic or therapeutic AAV vectors, and whether such AAV
vectors are administered separately or as an admixture.

Effective doses of the AAV vector can be determined by standard clinical techniques.
Effective doses may be extrapolated from dose-response curves derived from in vitro
or animal model test systems. In certain embodiments, the therapeutically effective
dose can be estimated initially from cell culture assays.

The presently disclosed AAV vectors, as well as combinations thereof, can be tested
in suitable animal model systems prior to use in humans. Such animal model systems
include, but are not limited to, rats, mice, chicken, cows, monkeys, pigs, dogs, rabbits,
etc. Any animal system known in the art may be used. Such model systems are widely
used and well known to the skilled artisan. In certain embodiments, animal model
systems for a CNS condition are used that are based on rats, mice, or other small

mammal other than a primate.
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Once the presently disclosed AAV vectors have been tested in an animal model, they
can be tested in clinical trials to establish their efficacy. Establishing clinical trials will
be done in accordance with common methodologies known to one skilled in the art,
and the optimal dosages and routes of administration as well as toxicity profiles of the
presently disclosed AAV vectors can be established. For example, a clinical trial can
be designed to test the presently disclosed AAV vectors for efficacy and toxicity in
human patients.

Toxicity and efficacy of the presently disclosed AAV vectors can be determined by
standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for
determining the LDs, (the dose lethal to 50%of the population) and the EDs, (the dose
therapeutically effective in 50%of the population) . The dose ratio between toxic and
therapeutic effects is the therapeutic index and it can be expressed as the ratio LDsy/
EDs. AAV vectors that exhibit large therapeutic indices are preferred. While AAV
vectors that exhibit toxic side effects may be used, care should be taken to design a
delivery system that targets such AAV vectors to the site of affected tissue in order to
minimize potential damage to uninfected cells and, thereby, reduce side effects.

The presently disclosed AAV vectors generally will be administered for a time and
in an amount effective for obtain a desired therapeutic and/or prophylactic benefit.
The data obtained from the cell culture assays and animal studies can be used in for-
mulating a range and/or schedule for dosage of the presently disclosed AAV vectors
for use in humans. The dosage of such AAV vectors lies preferably within a range of
circulating concentrations that include the EDs, with little or no toxicity. The dosage
may vary within this range depending upon the dosage form employed and the route of
administration utilized.

In certain embodiment, the presently disclosed AAV vectors may be delivered in a
sustained release formulation, e.g., where the formulations provide extended release
and thus extended half-life of the administered AAV vectors. Controlled release
systems suitable for use include, without limitation, diffusion-controlled, solvent-
controlled, and chemically-controlled systems. Diffusion controlled systems include,
for example reservoir devices, in which the molecules of the invention are enclosed
within a device such that release of the molecules is controlled by permeation through
a diffusion barrier. Common reservoir devices include, for example, membranes,
capsules, microcapsules, liposomes, and hollow fibers. Monolithic (matrix) devices
are a second type of diffusion-controlled system, wherein the dual antigen-binding
molecules are dispersed or dissolved in a rate-controlling matrix (e.g., a polymer
matrix) . The AAV vectors can be homogeneously dispersed throughout a rate-con-

trolling matrix and the rate of release is controlled by diffusion through the matrix.
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Polymers suitable for use in the monolithic matrix device include naturally occurring
polymers, synthetic polymers and synthetically modified natural polymers, as well as
polymer derivatives.

Any technique known in the art can be used to produce sustained release for-
mulations comprising a presently disclosed AAV vector. See, e.g. U.S. Pat. No.
4,526,938; PCT publication WO 91/05548; PCT publication WO 96/20698; Ning et
al., “Intratumoral Radioimmunotheraphy of a Human Colon Cancer Xenograft Using
a Sustained-Release Gel, ” Radiotherapy &Oncology, 39: 179 189, 1996; Song et al.,
“Antibody Mediated Lung Targeting of Long-Circulating Emulsions, ” PDA Journal of
Pharmaceutical Science & Technology, 50: 372 397, 1995; Cleek et al., “Biodegradable
Polymeric Carriers for a bFGF Antibody for Cardiovascular Application, ” Pro. Intl.
Symp. Control. Rel. Bioact. Mater., 24: 853 854, 1997; and Lam et al., “Microen-
capsulation of Recombinant Humanized Monoclonal Antibody for Local Delivery,

” Proc. Int'l. Symp. Control Rel. Bioact. Mater., 24: 759 760, 1997, each of which

is incorporated herein by reference in its entirety. In one embodiment, a pump may

be used in a controlled release system (see Langer, supra; Sefton, CRC Crit. Ref.
Biomed. Eng., 14: 20, 1987; Buchwald et al., Surgery, 88: 507, 1980; and Saudek et
al., N. Engl. J. Med., 321: 574, 1989) . In certain embodiment, polymeric materials
can be used to achieve controlled release of agents comprising dual antigen-binding
molecule, or antigen-binding fragments thereof (see e.g., Medical Applications of
Controlled Release, Langer and Wise (eds. ) , CRC Pres., Boca Raton, Fla. (1974) ;
Controlled Drug Bioavailability, Drug Product Design and Performance, Smolen

and Ball (eds. ) , Wiley, N.Y. (1984) ; Ranger and Peppas, J., Macromol. Sci. Rev.
Macromol. Chem., 23: 61, 1983; see also Levy et al., Science, 228: 190, 1985; During
et al., Ann. Neurol., 25: 351, 1989; Howard et al., J. Neurosurg., 7 1: 105, 1989) ;
U.S. Pat. No. 5,679,377; U.S. Pat. No. 5,916,597; U.S. Pat. No. 5,912,015; U.S. Pat.
No. 5,989,463; U.S. Pat. No. 5,128,326; PCT Publication No. WO 99/15154; and
PCT Publication No. WO 99/20253) . In certain embodiment, a controlled release
system can be placed in proximity of the therapeutic target (e.g., an affected joint) ,
thus requiring only a fraction of the systemic dose (see, €.g., Goodson, in Medical Ap-
plications of Controlled Release, supra, vol. 2, pp. 115 138 (1984) ) . Other controlled
release systems are discussed in the review by Langer, Science, 249: 1527 1533, 1990.
5.8.1 Combination therapy

Additional therapies that can be used in a combination with a recombinant AAV
described herein or a composition thereof for the treatment of glioma include, but are
not limited to, small molecules, synthetic drugs, peptides (including cyclic peptides) ,
polypeptides, proteins, nucleic acids (e.g., DNA and RNA nucleotides including, but

not limited to, antisense nucleotide sequences, triple helices, RNAi, and nucleotide
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sequences encoding biologically active proteins, polypeptides or peptides) , antibodies,
synthetic or natural inorganic molecules, mimetic agents, and synthetic or natural
organic molecules.

In a specific embodiment, the additional therapy is a chemotherapeutic agent. In one
aspect of the present disclosure, provided is a method of treating a subject having a
glioma, comprising administering to the subject a combination therapy, wherein the
combination therapy comprises a therapeutically effective amount of a pharmaceutical
composition comprising a recombinant AAV encoding NeuroD1 and a therapeutically

effective amount of a compound of formula (I)
Q

| N
Ny R

Q}\i - ~{\

27N
&
&
or solvate, hydrate, tautomer, or a pharmaceutically acceptable salt thereof.

In some embodiment, the recombinant AAV and the temozolomide compound, or
solvate, hydrate, tautomer, or a pharmaceutically acceptable salt thereof, can be ad-
ministered at the same time (e.g., as part of the same pharmaceutical composition, or in
separate pharmaceutical compositions) or at different times, as described herein.

Pharmaceutically acceptable salt forms include pharmaceutically acceptable acidic/
anionic or basic/cationic salts. Pharmaceutically acceptable acidic/anionic salts include
acetate, benzenesulfonate, benzoate, bicarbonate, bitartrate, bromide, calcium edetate,
camsylate, carbonate, chloride, citrate, dihydrochloride, edetate, edisylate, estolate,
esylate, fumarate, glyceptate, gluconate, glutamate, glycollylarsanilate, hexylre-
sorcinate, hydrobromide, hydrochloride, hydroxynaphthoate, iodide, isethionate,
lactate, lactobionate, malate, maleate, malonate, mandelate, mesylate, methylsulfate,
mucate, napsylate, nitrate, pamoate, pantothenate, phosphate/diphosphate, polygalac-
turonate, salicylate, stearate, subacetate, succinate, sulfate, hydrogensulfate, tannate,
tartrate, teoclate, tosylate, and triethiodide salts. Pharmaceutically acceptable basic/
cationic salts include, the sodium, potassium, calcium, magnesium, diethanolamine, N-
methyl-D-glucamine, L-lysine, L-arginine, ammonium, ethanolamine, piperazine and
triethanolamine salts.

A pharmaceutically acceptable acid salt is formed by reaction of the free base form
of a compound of Formula (I) with a suitable inorganic or organic acid including, but

not limited to, hydrobromic, hydrochloric, sulfuric, nitric, phosphoric, succinic, maleic,
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formic, acetic, propionic, fumaric, citric, tartaric, lactic, benzoic, salicylic, glutamic,
aspartic, p-toluenesulfonic, benzenesulfonic, methanesulfonic, ethanesulfonic, naph-
thalenesulfonic such as 2-naphthalenesulfonic, or hexanoic acid. A pharmaceutically
acceptable acid addition salt of a compound of Formula (I) can comprise or be, for
example, a hydrobromide, hydrochloride, sulfate, nitrate, phosphate, succinate,
maleate, formarate, acetate, propionate, fumarate, citrate, tartrate, lactate, benzoate,
salicylate, glutamate, aspartate, p-toluenesulfonate, benzenesulfonate, methane-
sulfonate, ethanesulfonate, naphthalenesulfonate (e.g., 2-naphthalenesulfonate) or
hexanoate salt.

The free acid or free base forms of the compound of formula (I) may be prepared
from the corresponding base addition salt or acid addition salt form, respectively.
For example, a compound of the Formula (I) in an acid addition salt form may be
converted to the corresponding free base form by treating with a suitable base (e.g.,
ammonium hydroxide solution, sodium hydroxide, and the like) . A compound of
Formula (I) in a base addition salt form may be converted to the corresponding free
acid by treating with a suitable acid (e.g., hydrochloric acid, etc. ) .

In a related aspect, provided herein is also pharmaceutical composition comprising a
therapeutically effective amount of a recombinant AAV encoding NeuroD1 and a ther-

apeutically effective amount of a compound of formula (I)
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or solvate, hydrate, tautomer, or a pharmaceutically acceptable salt thereof.

Additional non-limiting examples of chemotherapeutic agents that may be used
in combination with a recombinant AAV described herein or a composition thereof
include lomustine (CCNU) and carmustine (BCNU) .

Additional non-limiting examples of chemotherapeutic agents that may be used in
combination with a recombinant AAV described herein or a composition thereof also
include microtubule disasssembly blocker, antimetabolite, topoisomerase inhibitor, and
DNA crosslinker or damaging agent. Chemotherapeutic agents that are microtubule
disassembly blockers include, but are not limited to, taxenes (e.g., paclitaxel (branded/

marketed as TAXQL®) | docetaxel, abraxane, larotaxel, ortataxel, and tesetaxel) ;
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epothilones (e.g., ixabepilone) ; and vinca alkaloids (e.g., vinorelbine, vinblastine,
vindesine, and vincristine (branded/marketed as ONCOVIN®) ) |

[0290]  Chemotherapeutic agents that are antimetabolites include, but are not limited to,
folate antimetabolites (e.g., methotrexate, aminopterin, pemetrexed, raltitrexed) ;
purine antimetabolites (e.g., cladribine, clofarabine, fludarabine, mercaptopurine, pen-
tostatin, thioguanine) ; pyrimidine antimetabolites (e.g., 5S-fluorouracil, capecitabine,
gemcitabine (GEMZAR®).cytarabine, decitabine, floxuridine, tegafur) ; and deoxyribonu-
cleotide antimetabolites (e.g., hydroxyurea) .

[0291] In some embodiments, a recombinant AAV described herein or a composition
thereof is used in combination with one or more hormonal agents (e.g., aromatase
inhibitor, selective estrogen receptor modulator (SERM) , and estrogen receptor an-
tagonist) . Non-limiting examples of hormonal agents that may be used in combination
with a recombinant AAV described herein or a composition thereof include aromatase
inhibitors, SERMs, and estrogen receptor antagonists. Hormonal agents that are
aromatase inhibitors may be steroidal or nonsteroidal. Non-limiting examples of nons-
teroidal hormonal agents include letrozole, anastrozole, aminoglutethimide, fadrozole,
and vorozole. Non-limiting examples of steroidal hormonal agents include aromasin
(exemestane) , formestane, and testolactone. Non-limiting examples of hormonal
agents that are SERMs include tamoxifen (branded/marketed as Nelvadex®) “afj-
moxifene, arzoxifene, bazedoxifene, clomifene, femarelle, lasofoxifene, ormeloxifene,
raloxifene, and toremifene. Non-limiting examples of hormonal agents that are
estrogen receptor antagonists include fulvestrant. Other hormonal agents include but
are not limited to abiraterone and lonaprisan.

[0292] In some embodiments, a recombinant AAV described herein or a composition
thereof is used in combination with one or more anti-angiogenic agents (e.g., VEGF
antagonist, receptor antagonist, integrin antagonist, vascular targeting agent (VTA) /
vascular disrupting agent (VDA) ) .

[0293] In some embodiments, a recombinant AAV described herein or a composition
thereof is used in combination with conventional surgery.

[0294] In some embodiments, a recombinant AAV described herein or a composition
thereof is used in combination with radiation therapy comprising the use of x-rays,
gamma rays and other sources of radiation to destroy cancer cells. In specific em-
bodiments, the radiation therapy is administered as external beam radiation or
teletherapy, wherein the radiation is directed from a remote source. In other em-
bodiments, the radiation therapy is administered as internal therapy or brachytherapy
wherein a radioactive source is placed inside the body close to cancer cells and/or a

tumor mass.
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Currently available cancer therapies and their dosages, routes of administration and
recommended usage are known in the art and have been described in such literature as
the Physician's Desk Reference (67th ed., 2013) .

EMBODIMENTS

Embodiment 1. A single-stranded self-complementary nucleic acid molecule encoding
a NeuroD1

polypeptide, wherein the nucleic acid molecule comprises an expression cassette
comprising a coding sequence and one or more regulatory elements operably linked
to the coding sequence, wherein the NeuroD1 polypeptide comprises an amino acid
sequence having at least 90%sequence identity to the sequence set forth in SEQ ID
NO: 1.

Embodiment 2. The nucleic acid molecule of embodiment 1, wherein the NeuroD1
polypeptide

comprises an amino acid sequence set forth in SEQ ID NO: 4.

Embodiment 3. The nucleic acid molecule of embodiment 2, wherein the coding
sequence comprises

the nucleotide sequence set forth in SEQ ID NO: 5 or a codon-optimized variant
thereof.

Embodiment 4. The nucleic acid molecule of any one of embodiments 1 to 3, wherein
the one or

more transcription regulatory elements comprise a chimeric intron.

Embodiment 5. The nucleic acid molecule of embodiment 4, wherein the chimeric
intron comprises

the sequence set forth in SEQ ID NO: 8.

Embodiment 6. The nucleic acid molecule of any one of embodiments 1 to 5, wherein
the one or

more transcription regulatory elements further comprise a CMV promoter comprising
the sequence set forth in SEQ ID NO: 7.

Embodiment 7. The nucleic acid molecule of any one of embodiments 1 to 6, wherein
the one or

more transcription regulatory elements further comprises a CMV enhancer comprising
the sequence set forth in SEQ ID NO: 6.

Embodiment 8. The nucleic acid molecule of any one of embodiments 1 to 7, wherein
the one or

more transcription regulatory elements further comprise a polyadenylation (poly-A)
signal comprising the sequence set forth in SEQ ID NO: 9.

Embodiment 9. The nucleic acid molecule of any one of embodiment 1 to 8, further

comprises a pair
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of terminal reverse-complementary fragments each located on one end of the nucleic
acid molecule, an anti-sense region that is reverse-complementary to the expression
cassette, and a central reverse-complementary fragment that connects the expression
cassette and anti-sense region, wherein each of the pair of terminal reverse-com-
plementary fragments and the central reverse-complementary fragment is capable of
forming a stem-loop structure.

Embodiment 10. The nucleic acid molecule of embodiment 9, wherein at least one of
the pair of

terminal reverse-complementary fragments comprises a first inverted terminal repeat
(ITR) of a first AAV genome.

Embodiment 11. The nucleic acid molecule of embodiment 10, wherein the first ITR
is the 5 ITR of

the first AAV genome.

Embodiment 12. The nucleic acid molecule of embodiment 10 or 11, wherein the first
AAV genome is

the AAV2 genome.

Embodiment 13. The nucleic acid molecule of embodiment 9, wherein the pair of
terminal reverse-

complementary fragments comprises the sequence set forth in SEQ ID NO: 13 and
SEQ ID NO: 36, respectively.

Embodiment 14. The nucleic acid molecule of any one of embodiments 9 to 13,
wherein the central

reverse-complementary fragment comprises a second ITR of a second AAV genome.
Embodiment 15. The nucleic acid molecule of embodiment 14, wherein the central
reverse-

complementary fragment comprises the 3° ITR of the second AAV genome, wherein
the 3’ ITR is mutated to disrupt a terminal resolution site (trs) .

Embodiment 16. The nucleic acid molecule of embodiment 14 or 15, wherein the
second AAV

genomes is the AAV2 genome.

Embodiment 17. The nucleic acid molecule of any one of embodiments 9 to 13,
wherein the central

reverse-complementary fragment comprises the sequence set forth in SEQ ID NO: 14.
Embodiment 18. The nucleic acid molecule of embodiment 1, comprising the
sequence set forth in

SEQ ID NO: 16.

Embodiment 19. The nucleic acid molecule of any one of embodiments 1 to 18,

wherein the nucleic
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acid molecule is DNA.

Embodiment 20. A single-stranded self-complementary DNA molecule consists of the
sequence set

forth in SEQ ID NO: 16.

Embodiment 21. A recombinant adeno-associated virus (rAAV) comprising a self-
complementary

genome, wherein the self-complementary genome comprises the DNA molecule of
any one of embodiments 1 to 20.

Embodiment 22. The recombinant AAV of embodiment 21, wherein the recombinant
AAV comprises

a AAV serotype 6 (AAV6) capsid.

Embodiment 23. The recombinant AAV of embodiment 21 or 22, wherein the AAV6
capsid comprises

capsid proteins selected from the group of AAV6 VPI1 polypeptides, AAV6 VP2
polypeptides and AAV6 VP3 polypeptides.

Embodiment 24. The recombinant AAV of embodiment 22, wherein the AAV6 capsid
comprises

AAV6 VP1 comprising the amino acid sequence set forth in SEQ ID NO: 25.
Embodiment 25. The recombinant AAV of embodiment 22 or 24, wherein the AAV6
capsid further

comprises AAV6 VP2 comprising the amino acid sequence set forth in SEQ ID NO:
26.

Embodiment 26. The recombinant AAV of any one of embodiments 22, 24, or 25,
wherein the AAV6

capsid further comprises AAV6 VP3 comprising the amino acid sequence set forth in
SEQ ID NO: 27.

Embodiment 27. A pharmaceutical composition comprising the recombinant AAV of
any one of

embodiments 21 to 26, wherein the pharmaceutical composition further comprises:
(a) potassium chloride,

(b) potassium phosphate monobasic,

(¢) sodium chloride,

(d) sodium phosphate dibasic anhydrous, and

(e) poloxamer 188, polysorbate 20, or polysorbate 80.

Embodiment 28. A pharmaceutical composition consists of:

(a) a recombinant adeno-associated virus (AAV) ,

(b) sodium chloride at a concentration of about 180 mM;

(c) sodium phosphate at a concentration of about 10 mM; and
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(d) poloxamer 188 at a concentration of about 0.001%weight/volume (0.01 g/L) ; and
wherein the pH

of the pharmaceutical composition is about 7.3.

Embodiment 29. A pharmaceutical composition consists of:

(a) a recombinant adeno-associated virus (AAV) ,

(b) sodium chloride at a concentration of about 200 mM;

(c) magnesium chloride at a concentration of about 1 mM;

(d) Tris hydrochloride at a concentration of about 20 mM, and

(e) poloxamer 188 at a concentration of about 0.005%weight/volume (0.05 g/L) ; and
wherein the pH

of the pharmaceutical composition is about 8.0.

Embodiment 30. A pharmaceutical composition consists of:

(a) a recombinant adeno-associated virus (AAV) ,

(b) sodium chloride at a concentration of about 150 mM;

(c) calcium chloride at a concentration of about 1.4 mM;

(d) magnesium chloride at a concentration of about 0.8 mM,

(e) sodium phosphate at a concentration of about 1 mM, and

(f) poloxamer 188 at a concentration of about 0.001%weight/volume (0.01 g/L) ; and
wherein the pH

of the pharmaceutical composition is about 7.4.

Embodiment 31. The pharmaceutical composition of any one of embodiments 28 to
30, wherein

recombinant AAV is the recombinant AAV of any one of embodiments 21 to 26.
Embodiment 32. The pharmaceutical composition of any one of embodiments 27 to
31, wherein the

recombinant AAV is AAV6.

Embodiment 33. The pharmaceutical composition of any one of embodiments 27 to
32, wherein a

vector genome concentration of the recombinant AAV in the pharmaceutical com-
position is in the range of about 510" to about 1x10" viral genomes per mL (vg/
mL) ; optionally, wherein the vector genome concentration is about 1 x 10" vg/mL,
about 1.5 x 10" vg/mL, about 2 x 10"* vg/mL, about 2.5 x 10" vg/mL, about 3 x 10"
vg/mL, about 3.5 x 10" vg/mL, about 4 x 10"* vg/mL, about 4.5 x 10" vg/mL, about 5
x 10" vg/mL, about 5.5 x 10"* vg/mL, about 6 x 10" vg/mL, about 6.5 x 10"* vg/mL,
about 6.6 x10'* vg/mL, about 7 x 10" vg/mL, about 7.5 x 10'* vg/mL, about 8 x 10"
vg/mL, about 8.5 x 10" vg/mL, about 9 x 10" vg/mL, about 9.5 x 10" vg/mL, about 1
x 10" vg/mL, about 1.5 x 10" vg/mL, about 2 x 10" vg/mL, about 2.5 x 10" vg/mL,
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about 3 x 10" vg/mL, about 3.5 x 10" vg/mL, about 4 x10" vg/mL, about 4.5 x 10"
vg/mL, about 5 X 10" vg/mL, about 5.5 x 10" vg/mL, about 6 x 10" vg/mL, about
6.5 x 10" vg/mL, about 7 x 10" vg/mL, about 7.5 x 10" vg/mL, about 8 x 10" vg/
mL, about 8.5 x 10" vg/mL, about 9 X 10" vg/mL, about 9.5 x 10" vg/mL, or about
1 x 10" vg/mL. Embodiment 34. A method for treating glioma, comprising admin-
istering to a subject in need thereof a therapeutically effective amount of a pharma-
ceutical composition comprising a recombinant AAV, wherein the recombinant AAV
comprises a self-complementary genome comprising a transgene encoding a NeuroD1
polypeptide.

Embodiment 35. The method of embodiment 34, wherein the self-complementary
genome is a single-

stranded DNA molecule comprising a pair of terminal reverse-complementary
fragments each located on one end of the DNA molecule, an expression cassette
comprising a coding sequence of the transgene, an anti-sense region that is reverse
complementary to the expression cassette, and a central reverse-complementary
fragment that connects the expression cassette and anti-sense region; and wherein each
of the pair of terminal reverse-complementary fragments and the central reverse-com-
plementary fragment is capable of forming a stem-loop structure.

Embodiment 36. The method of embodiment 34 or 35, wherein the NeuroD1
polypeptide comprises an

amino acid sequence having at least 90%sequence identity to the sequence set forth in
SEQ ID NO: 1.

Embodiment 37. The method of embodiment 34 or 35, wherein the coding sequence
of the transgene

comprises the nucleotide sequence set forth in SEQ ID NO: 5 or a codon-optimized
version thereof.

Embodiment 38. The method of any one of embodiments 35 to 37, wherein the ex-
pression cassette

further comprises one or more transcription regulatory elements operably linked to the
coding sequence of the transgene.

Embodiment 39. The method of embodiment38, wherein the one or more transcription
regulatory

elements comprise a chimeric intron.

Embodiment 40. The method of embodiment39, wherein the chimeric intron
comprises the sequence

of SEQ ID NO: 8.
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Embodiment 41. The method of any one of embodiments 38 to 40, wherein the one or
more

transcription regulatory elements further comprise a CMV promoter comprising

the sequence of SEQ ID NO: 7; optionally the one or more transcription regulatory
element further comprises a CMV enhancer comprising the sequence of SEQ ID NO:
6.

Embodiment 42. The method of any one of embodiments 38 to 41, wherein the one or
more

transcription regulatory elements further comprise a polyadenylation (poly-A) signal
comprising the sequence of SEQ ID NO: 9.

Embodiment 43. The method of any one of embodiments 35 to 42, wherein at least
one of the pair of

terminal reverse-complementary fragments comprises a first inverted terminal repeat
(ITR) of a first AAV genome; optionally wherein the first ITR is the 5° ITR of the first
AAV genome.

Embodiment 44. The method of embodiment 43, wherein the first AAV genome is the
AAV?2 genome.

Embodiment 45. The method of any one of embodiments 35 to 42, wherein the pair of
terminal

reverse-complementary fragments are reverse complementary to one another.
Embodiment 46. The method of any one of embodiments 35 to 42, wherein the pair of
terminal

reverse-complementary fragments comprises the sequence set forth in SEQ ID NO: 13
and SEQ ID NO: 36, respectively.

Embodiment 47. The method of any one of embodiments 35 to 46, wherein the central
reverse-

complementary fragment comprises a second ITR of a second AAV genome.
Embodiment 48. The method of embodiment 47, wherein the central reverse-com-
plementary fragment

comprises the 3’ ITR of the second AAV genome, wherein the 3’ ITR is mutated to
disrupt a terminal resolution site (trs) .

Embodiment 49. The method of embodiment 47 or 48, wherein the second AAV
genomes is the

AAV?2 genome.

Embodiment 50. The method of any one of embodiments 35 to 46, wherein the central
reverse-

complementary fragment comprises the sequence set forth in SEQ ID NO: 14.

118



WO 2025/108407 PCT/CN2024/133740

Embodiment 51. The method of embodiment 34, wherein the self-complementary
genome of the

recombinant AAV comprises the sequence set forth in SEQ ID NO: 16.

Embodiment 52. The method of any one of embodiments 34 to 51, wherein the re-
combinant AAV

comprises an AAV serotype 6 (AAV6) capsid.

Embodiment 53. The method of embodiment 52, wherein the AAV6 capsid comprises
capsid proteins

selected from the group of AAV6 VP1 polypeptides, AAV6 VP2 polypeptides and
AAV6 VP3 polypeptides.

Embodiment 54. The method of embodiment 52, wherein the AAV6 capsid comprises
AAV6 VP1

comprising the amino acid sequence set forth in SEQ ID NO: 25.

Embodiment 55. The method of embodiment 52 or 54, wherein the AAV6 capsid
further comprises

AAV6 VP2 comprising the amino acid sequence set forth in SEQ ID NO: 26.
Embodiment 56. The method of any one of embodiments 52, 54, and 55, wherein the
AAV6 capsid

further comprises AAV6 VP3 comprising the amino acid sequence set forth in SEQ
ID NO: 27.

Embodiment 57. The method of any one of embodiments 34 to 56, wherein the phar-
maceutical

composition is administered to the subject intratumorally.

Embodiment 58. The method of any one of embodiments 34 to 56, wherein the subject
has a surgical

cavity created by removing a glioma surgically, and wherein the pharmaceutical com-
position is administered to the surgical cavity.

Embodiment 59. The method of any one of embodiments 34 to 58, wherein the phar-
maceutical

composition comprises from about 5x10'" to about 1x10" viral genomes (vg) of the
recombinant AAV. Embodiment 60. The method of any one of embodiments 34 to 58,
wherein the pharmaceutical composition comprises about 2x10'" vg of the recombinant
AAV.

Embodiment 61. The method of any one of embodiments 34 to 58, wherein the phar-

maceutical

composition comprises about 6.6x10" vg of the recombinant AAV.
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Embodiment 62. The method of any one of embodiments 34 to 58, wherein the phar-
maceutical

composition comprises about 2x10" vg of the recombinant AAV.

Embodiment 63. The method of any one of embodiments 34 to 58, wherein the phar-
maceutical

composition comprises about 4x10" vg of the recombinant AAV.

Embodiment 64. The method of any one of embodiments 34 to 58, wherein the phar-
maceutical

composition comprises about 1.32x10" vg of the recombinant AAV.

Embodiment 65. The method of any one of embodiments 34 to 58, wherein the phar-
maceutical

composition comprises about 4x10" vg of the recombinant AAV.

Embodiment 66. The method of any one of embodiments 34 to 56, wherein the subject
is administered

intratumorally the pharmaceutical composition comprising about 2x10" vg of the re-
combinant AAV once every 15 days for once, twice or at least three times; optionally
wherein for each administration the subject is administered about 1 mL of the pharma-
ceutical composition comprising about 2x10"> vg/mL of the recombinant AAV intra-
tumorally; optionally wherein the pharmaceutical composition is administered through
a Ommaya reservoir.

Embodiment 67. The method of any one of embodiments 34 to 56, wherein the subject
is administered

intratumorally the pharmaceutical composition comprising about 6.6x10" vg of the
recombinant AAV once every 15 days for once, twice or at least three times; optionally
wherein for each administration the subject is administered about 1 mL of the pharma-
ceutical composition comprising about 6.6x10" vg/mL of the recombinant AAV intra-
tumorally; optionally wherein the pharmaceutical composition is administered through
a Ommaya reservoir.

Embodiment 68. The method of any one of embodiments 34 to 56, wherein the subject
is administered

intratumorally the pharmaceutical composition comprising about 2 x10" vg of the re-
combinant AAV once every 15 days for once, twice or at least three times; optionally
wherein for each administration the subject is administered about 1 mL of the pharma-
ceutical composition comprising about 2x10" vg/mL of the recombinant AAV intra-
tumorally; optionally wherein the pharmaceutical composition is administered through

a Ommaya reservoir.
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Embodiment 69. The method of any one of embodiments 34 to 56, wherein the subject
has a surgical

cavity created by removing a glioma surgically, and wherein the subject is ad-
ministered the pharmaceutical composition comprising about 4 x10'* vg of the re-
combinant AAV to the surgical cavity once every 30 days for once, twice or at least
three times; optionally wherein for each administration the subject is administered
about 2 mL of the pharmaceutical composition comprising about 2x10'* vg/mL of the
recombinant AAV to the surgical cavity; optionally wherein the pharmaceutical com-
position is administered through a Ommaya reservoir.

Embodiment 70. The method of any one of embodiments 34 to 56, wherein the subject
has a surgical

cavity created by removing a glioma surgically, and wherein the subject is ad-
ministered the pharmaceutical composition comprising about 1.32x10" vg of the re-
combinant AAV to the surgical cavity once every 30 days for once, twice or at least
three times; optionally wherein for each administration the subject is administered
about 2 mL of the pharmaceutical composition comprising about 6.6x10"” vg/mL of
the recombinant AAV to the surgical cavity; optionally wherein the pharmaceutical
composition is administered through a Ommaya reservoir.

Embodiment 71. The method of any one of embodiments 34 to 56, wherein the subject
has a surgical

cavity created by removing a glioma surgically, and wherein the subject is ad-
ministered the pharmaceutical composition comprising about 4x10" vg of the re-
combinant AAV to the surgical cavity once every 30 days for once, twice or at least
three times; optionally wherein for each administration the subject is administered
about 2 mL of the pharmaceutical composition comprising about 2x10" vg/mL of the
recombinant AAV to the surgical cavity; optionally wherein the pharmaceutical com-
position is administered through a Ommaya reservoir.

Embodiment 72. The method of any one of embodiments 34 to 71, wherein the phar-
maceutical

composition further comprises:

(a) potassium chloride,

(b) potassium phosphate monobasic,

(¢) sodium chloride,

(d) sodium phosphate dibasic anhydrous, and

(e) poloxamer 188, polysorbate 20, or polysorbate 80.

Embodiment 73. The method of any one of embodiments 34 to 71, wherein the phar-

maceutical
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composition further comprises:

(a) sodium chloride at a concentration of about 180 mM;

(b) sodium phosphate at a concentration of about 10 mM; and

(c) poloxamer 188 at a concentration of about 0.001%weight/volume (0.01 g/L) ; and
wherein the pH

of the pharmaceutical composition is about 7.3.

Embodiment 74. The method of any one of embodiments 34 to 71, wherein the phar-
maceutical

composition further comprises:

(a) sodium chloride at a concentration of about 200 mM;

(b) magnesium chloride at a concentration of about 1 mM;

(c) Tris hydrochloride at a concentration of about 20 mM, and

(d) poloxamer 188 at a concentration of about 0.005%weight/volume (0.05 g/L) ; and
wherein the pH

of the pharmaceutical composition is about 8.0.

Embodiment 75. The method of any one of embodiments 34 to 71, wherein the phar-
maceutical

composition further comprises:

(a) sodium chloride at a concentration of about 150 mM;

(b) calcium chloride at a concentration of about 1.4 mM;

(c) magnesium chloride at a concentration of about 0.8 mM,

(d) sodium phosphate at a concentration of about 1 mM, and

(e) poloxamer 188 at a concentration of about 0.001%weight/volume (0.01 g/L) ; and
wherein the pH

of the pharmaceutical composition is about 7.4.

Embodiment 76. The method of any one of embodiments 34 to 75, wherein the glioma
is selected from

adult-type diffuse gliomas; astrocytoma, IDH-mutant; oligodendroglioma, IDH-
mutant, and 1p/19q-codeleted; glioblastoma, IDH-wildtype; pediatric-type diffuse
low-grade gliomas; diffuse astrocytoma, MYB-or MYBL1-altered; angiocentric
glioma; polymorphous low-grade neuroepithelial tumor of the young; diffuse low-
grade glioma, MAPK pathway-altered; pediatric-type diffuse high-grade gliomas;
diffuse midline glioma, H3 K27-altered; diffuse hemispheric glioma, H3 G34-mutant;
diffuse pediatric-type high-grade glioma, H3-wildtype and IDH-wildtype; infant-
type hemispheric glioma; circumscribed astrocytic gliomas; pilocytic astrocytoma;
high-grade astrocytoma with piloid features; pleomorphic xanthoastrocytoma;
subependymal giant cell astrocytoma; chordoid glioma; astroblastoma, MN1-altered;

ganglioglioma; and esmoplastic infantile ganglioglioma.
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Embodiment 77. The method of any one of embodiments 34 to 75, wherein the glioma
is selected from

oligodendroglioma, IDH mutant, and 1p/19g-codeleted (WHO grade 3) ; astrocytoma,
IDH mutant (WHO grade 3, 4) , and glioblastoma, IDH wildtype (WHO grade 4) .
Embodiment 78. The method of any one of embodiments 34 to 75, wherein the glioma
is selected from

diffuse midline glioma, H3 K27-altered; diffuse hemispheric glioma, H3 G34-mutant;
diffuse pediatric-type high-grade glioma, H3-wildtype and IDH-wildtype; and infant-
type hemispheric glioma.Embodiment 79. The method of any one of embodiments 34
to 78, wherein the subject is treatment naive for glioma.

Embodiment 80. The method of any one of embodiments 34 to 78, wherein the subject
has received a

previous therapy for treating glioma, and the glioma is refractory to or relapsed from
the previous therapy.

Embodiment §1. The method of any one of embodiments 34 to 80, wherein the
previous therapy is

radiation therapy or chemotherapy.

Embodiment 82. The method of any one of embodiments 34 to 81, wherein the subject
is a human.

Embodiment 83. The method of any one of embodiments 34 to 82, wherein upon ad-
ministering the

pharmaceutical composition, the NeuroD1 polypeptide is expressed by a population of
glioma cells.

Embodiment 84. The method of embodiment 83, wherein proliferative activity in the
population of

glioma cells reduces; optionally wherein at least about 10%, at least about 20%, at
least about 30%, at least about 40%, at least about 50%, at least about 60%, at least
about 70%, at least about 80%, at least about 90%, or at least about 95%of the glioma
cells in the population stop proliferation; optionally wherein proliferative activity in
the population of glioma cells reduces in less than 14 days after the administering of
the pharmaceutical composition.

Embodiment 85. The method of embodiment 83, wherein the population of glioma
cells exhibit one or

more neuronal phenotypes; optionally wherein the neuronal phenotype comprises ex-
pressing one or more neuronal markers selected from DCX, TUJ1, NeuN, and MAP2;
optionally the population of glioma cells exhibit the one or more neuronal phenotype

in less than 14 days after the administering of the pharmaceutical composition.
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Embodiment 86. The method of embodiment 83, wherein the population of glioma
cells stop

expressing one or more glial marker; optionally the one or more glial marker is
selected from GFAP, Aldhlll, S100p and Sox9; optionally the population of glioma
cells stop expressing the one or more glial marker in less than 14 days after the admin-
istering of the pharmaceutical composition.

Embodiment 87. The method of embodiment 83, wherein the population of glioma
cells trans-

differentiate into neurons; optionally wherein the neurons are selected from glu-
tamatergic neurons, GABAergic neurons, dopaminergic neurons; motor neurons,
glycinergic neurons, serotonergic neurons, norepinephrinergic neurons, and sensory
neurons; optionally wherein at least about 10%, at least about 20%, at least about
30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%,
at least about 80%, at least about 90%, or at least about 95%of the glioma cells in the
population transdifferentiate into neurons.

Embodiment 88. The method of embodiment 83, wherein the population of glioma
cells form one or

more gliomas, and wherein the size of the glioma is reduced; optionally wherein

the size of the glioma is reduced for at least about 10%, at least about 20%, at least
about 30%, at least about 40%, at least about 50%, at least about 60%, at least about
70%, at least about 80%, at least about 90%, or at least about 95%. Embodiment

89. A gene-of-interest (GOI) plasmid comprising an expression cassette comprising
a transgene of interest and a pair of AAV ITR sequences flanking the expression
cassette, wherein the AAV ITR located to the 3’ end of the expression cassette does
not have a functional terminal resolution site (trs) , and wherein the transgene encodes
a NeuroD1 polypeptide, wherein the NeuroD1 polypeptide comprises an amino acid
sequence having at least 90%sequence identity to the sequence set forth in SEQ ID
NO: 1.

Embodiment 90. A host cell comprising the GOI plasmid of embodiment §9.
Embodiment 91. A method of producing a recombinant AAV comprising:

(a) culturing a host cell containing:

(1) an artificial genome comprising a cis expression cassette, wherein the cis ex-
pression

cassette comprises a coding sequence encoding a NeuroD1 polypeptide, wherein the
NeuroD1 polypeptide comprises an amino acid sequence having at least 90%sequence
identity to the sequence set forth in SEQ ID NO: 1;

(i) a trans expression cassette lacking AAV ITRs, wherein the trans expression

cassette
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encodes an AAV Rep and Capsid proteins operably linked to expression control
element that drive expression of the AAV Rep and capsid proteins in the host cell in
culture, and supply the Rep and Capsid proteins in trans;

(iii) sufficient adenovirus helper functions to permit replication and packaging of the
artificial genome by the AAV capsid proteins; and

(b) recovering the recombinant AAV encapsidating the artificial genome from the cell
culture.

Embodiment 92. The method of embodiment 91, wherein the artificial genome is
synthesized by the host cell using a GOI plasmid sequence as a replication template,
wherein the GOI plasmid comprises the cis expression cassette flanked by a pair of
AAV ITR sequences, wherein the AAV ITR located 3’ to the cis expression cassette
does not have a functional terminal resolution site (trs) .

Embodiment 93. A host cell comprising an artificial genome comprising the single-
stranded self-

complementary nucleic acid molecule of any one of embodiments 1 to 20.

6. EXAMPLES

[0296]  The examples in this section (i.e., Section 6) are offered by way of illustration, and
not by way of limitation.

6.1 Example 1: Method and Materials
6.1.1 Construction of recombinant AAVs (rAAVs) encoding NeuroD1.

[0297]  The AAV genome is packaged as a linear ssDNA molecule with palindromic
inverted terminal repeat (ITR) sequences forming dsDNA hairpin structures at each
end. The generation of normal monomeric (single-stranded) AAV genomes relies on
the efficient resolution of the two ITRs in turn, with each round of DNA synthesis.
This reaction is mediated by the ssDNA endonuclease activity of the two larger
isoforms of the AAV Rep protein. Nicking the ITR at the terminal resolution site
is followed by DNA elongation from the nick by host DNA polymerase. Dimeric
genomes are formed when Rep fails to nick the terminal resolution site before it is
reached by the replication complex initiated at the other end.

[0298]  To produce ssAAV particles, a plasmid carrying the transgene of interest (GOI
plasmid) carried the transgene expression elements (including the coding region and
regulatory control elements) flanked by wild-type AAV ITR sequences. The GOI
plasmid, upon co-transfection of packaging cells (e.g., 293 cells) with one or more
plasmid (s) encoding the AAV capsid proteins, as well as functional nucleic acids and
proteins of the viral life cycle machinery, was processed into a linear ssDNA molecule
with ITR sequences forming dsDNA hairpin structures at each end. The linear ssDNA

molecule was assembled with capsid proteins synthesized in the packaging cells into
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[0299]

[0300]

[0301]

a virion, where the single-stranded DNA genome was packaged inside the protein
capsid.

The yield of dimeric genomes in a sScAAV preparation can be increased dramatically
by inhibiting resolution at one terminal repeat. This can be accomplished by deleting
the terminal resolution site sequence from one I'TR, such that the Rep protein cannot
generate the essential ssSDNA nick. The replication complex initiated at the other
I'TR then copies through the hairpin and back toward the initiating end. Replication
proceeds to the end of the template molecule, leaving a dSDNA inverted repeat with
a wild-type ITR at each end and the mutated ITR in the middle. This dimeric inverted
repeat can then undergo normal rounds of replication from the two wild-type ITR ends.
Each displaced daughter strand comprises a ssDNA inverted repeat with a complete
ITR at each end and a mutated ITR in the middle. Packaging into the AAV capsid
ensues from the 3’ end of the displaced strand.

In this study, as shown in FIG. 1, to produce scAAV particles, the GOI plasmid
carried, in the continuous order, (a) a full-length AAV left (5° ) ITR sequence, (b)

a CMYV promoter including CMV enhancer and CMV core promoter sequences, (c)
a chimeric intron sequence, (d) a NeuroD1 coding sequence, (e) a polyadenylation
signal, (f) a AAV right (3’ ) ITR sequence with the terminal resolution site (trs)
deleted, and (g) plasmid backbone sequence.

Table 6.1.1 shows the sequences of functional fragments of the GOI plasmid used to
produce scAAV encoding NeuroD1 (scAAV-NeuroD1) , and the full-length sequence
of the GOI plasmid used in the study.

Table 6.1.1
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GO1 Plasmid for producing seAAY genome

AAVZ Left (37
ITR

(SEQ ID NO:13)

TIGGCCACTCCCTCTCTGCGCGUTCGUTCGUTCACTOAGGCCGGUGCGAC
CAAAGGTCGCCCGACGCCCGOGUTTTGCCCGGGCGGCCTCAGTGAGCG
AGCCAGCGUGCAGACGACGGAGTOGUCAACTCCATCACTAGGGGTTOLT

CMYV Enhancer
{SEQ 1 N{3:0}

GACATTGATTATTCACTAGTTATTAATAGTAATCAATTACGGGGTCATT
AGTTCATAGCCCATATATGCGAGTICCOCOGTTACATAACTTACGGTAAAT
GGOCCGCCTEGUTCGACCGLICCAACCGACCCCCGUCCATTGACGTCAATA
ATGATGTATCGTTCCCATAGTAACGUCAATAGCGACUTTTCCATTGACGTC
AATGGOTGOACTATTTACGGTAAACTGCCCACTTGGUCAGTACATCAAG
TGTATCATATGCCAAGTACGUCCCCTATTGACCTCAATGACGOTAAATG
GCCCGCOTGGCATTATGCCCAGTACATGACCOTTATGGGACTTTCCTACT
TGOGCAGTACATCTACGTATTAGTCATCGUTATTACCATG

CMV Promoter

(SEQ ID NO:T)

GTGATGCGGTTTTGGCAGTACATCAATGOOCATGGATAGCGOGTTTGACT
CACGGGGATTICCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTETT
TTGGCACCAAAATCAACGGCACTTTCCAAAATGTCOTAACAACTCCGC
CCCATTGACGUAAATGGGCGGTAGGLGTGTACGGTGOGAGGTCTATAT
AAGCAGAGCT

Chimeric Intron

{SEQ ID NO:8)

GTAAGTATCAAGGTTACAAGACAGGTTTAAGGAGACCAATAGAAACTG
GGUTTOTCGAGATAGABAAGAUTCITGCOTTTCTOGATAGGUACUTATIC
GTCTTACTCGACATCCACTTTGCCTTTCTCTCCACAG

Transeriptional
factor coding
Region

Human ATGGTGACCAAATCGTACAGCGAGAGTGGGITGATG
NewroD1 coding | QGUGAGCCTCAGUCUCAAGOGTUCTCCAAGUTGGACAL
sequence ACGAGTGTCTCAGTTCTCAGGACGAGUAGIALGAGGC
AGACAAGAAGGAGGACGACCTCGAAACCATGAACEC
(SEQ ID NO:5Y | AGAGGAGGACTCACTGAGGAACGGGGGAGAGGAGGA

GGACOAAGATUOAGGACTTGOAADATGAGGAACAAD
AGGAANGAGGAGGATOACGATCAAAAGUCCAAGAGAC
GUGOGCCUCAAAAAGAAGAAGATCGACTAAGGCTCGCC
TGGAGCGTTTTAAATTGAGACGCATGAAGGCTAACGC
CUGGOAGCGGAACCOGCATCCACGCGACTGAALGCGGC
GCTAGACAACCTOUGCAAGOTGGTGCCTTGCTATICT
AAGACGCAGAAGUTGTCCAAAATCGAGACTCTGCGOT
TGGUCAACGAACTACATCTOGGOGUTUTGTCGUAGATCCT
GCGCTCAGGCAAAAGCCCAGACCTGGTCTCCTTCGTT
CAGACGCTTTOCAAGGGCTTATCCCAACTCACCACCA
ACCTGGTTGCGGGCTGCCTGCAACTCAATCCTCGGAC
TYTTCTCCOTGAGCAGAALCAGGATATOCCCCCLCAC
CTGCCGACGGCCAGCOUTTCOTTCCCTGTACACCCCTA
CTCCTACCAGYICGCUTGGGUTGUCCAGTCCGCCTTAL
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GGTACCATGOACAGUTCCCATGTCTTCCACGTTAAGT
CTCCOCCGCACGCCTACAGCGCAGCGCTGGAGCCCTT
CTTTGAAAGCCCTCTGACTGATTGCACCAGLCCTTCT
TTGATGCACCCCTCAGCCCUGUCGUTCAGCATCAATOS
CAACTTCTCTTTCAAACACGAACCGTCCGCOGAGTTT
GAGAAAAATTATGUCTTTACCATGCACTATCCTGCAG
COGACACTGGCAGGGGCOCAAAGCCACGGATCAATCTT
CTCAGGUACCGUTGLCCCTCGUCTGLGAGATCCCCATA
GACAATATTATGTCCTTCGATAGCCATTCACATCATG
AGCGAGTCATCGAGTGCCCAGUTCAATGCCATATTTCA

TGATTGA
Encoded human | MYTKSYSESGLMGEPQPQGPPSWTDECLSSQDEEHEAD
MewrolM amino | KKEDDLETMNABEDSLENGGEREDEDEDLEEEEEEEEE

acid sequence | DDDOKPERRGPEKKKKMTKARLERFKLRRMKANARERN
RMHGLNAALDNLREVVPCYSKTQKLSKIETLRLAKNY]
(SEQ 1D NO:d) | WALSEURSGKSPDLVSFVOTLOKGLSQPTINLVAGCLO
LNPRTFLPEGNQDMPPHLPTASASFPVHPYSYQSPGLPSP
PYGIMDSSHY FHVKPEPHA Y SAALEPFFESPL TDOTSPSE
DGPLSPPLSINGNFSFKHEPSAEFEKNYAFTMHYPAATL
AGAQSHGSIFSGTAAPRCEIPIDNIMEFDSHS HHERVMSA
QLNAIFHD

Palyadenylation
signal

{SEQ ID NO:9)

CTGTGCCTTCTAGTIGCCAGCCATCTGTTGTTITGCCCCTCCCOCGTGOCT
TCCTTCACCOTGOAAGGTOCCACTCCCACTOTCOTTTCCTAATAAAATG

AGGAAATTGCATCGCATTGTUTGAGTAGGTGTCATTCTATTCTGGGGGG
TCGOGTGOCECAGGACAGCAAGGGGGAGGATTOOGUAAGATGAATAGCA
GGCATGCTGGGOA

Mutated AAYVZ
right ITR with trs
deleted

(SEQ 1D NO:14)

CCACTCCCTUTCTOQUGUGITCGCTCGCTCACTGAGGCUGGGIGACUAAA
GGTCGCCCCALGUCCGGGCTTIGCCCGOGCGHUCTCAGTGAGCGAGCG
AGUGCGCAGAGAGGGAGTGG

Plasmid backbone

(SEQ 1D NE:17)

ATCCCAATGOUGCGCOCAGUTTGUCTIGAGUATGOTCATAGCTOTITCL
TOTGTGAAATTOTTATCCOCTCACAATICCACACAACATACGAGCCGGA
AGCATAAAGTGTAAAGCCTGGGUTGCCTAATGAGTGAGUTAACTCACA
TPAATTGCOGTTGCOGCTCACTOCCCGUTTICCAGTCGUGGAAACCTIGTCGT
GCCAGUTGCATTAATGAATCGOCCAACGCGCGOGGAGAGGUGHTTTGL
GTATTGGOCCCTATICCCCTTCCTCGCTCACTGACTCGCTGCOCTCGET
COGTTCGGCTGCGGUGAGCGGTATCAGCTCACTCAAAGGCGGTAATACG
GTTATCCACAGAATCAGGGUATAACGUCAGCAAAGAACATGTGAGCAA
AAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCHTTGCTGGEG
TITTTCCATAGGCTUCGLCCCCOTOACGAGCATCACAAAAATCOALGET
CAAGTCAGAGGTGGUGAAACCCGACAGGACTATAAAGATACCAGGCG
TITCCCCCTGGAAGCTCCCTCCTGCOCICTCCTGTTCCCACCOTGOCGOT
TACCGOATACCTGTCCGCCTTICTCCCTTCOGGAAGCOTGGCGCTTTCT
CATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGUTCCA
AGCTGGGCTGTOTGLACCAACCCCCCOGTTCAGCCCCGACCGCTGCOGOCTT
ATCCGETAACTATCGTCTTGAGTCUAACCCGOTAAGACACGACTTATCG
CCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATOTA
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GGUGGTGCTACAGAGTTICTTGAAGTOGTGGUCTAALTACGGCTACACT
AGAAGAACAGTATTITGGTATCTIGCGUICTGCTGAAGCCAGTTACCTICG
GAAAAAGAGTTOGTAGUTCTTGATCCOGUAAACAAACCACCGCTGGTA
GCGUTGCTTITITITGTTTGCAAGCAGCAGATTACGUGUAGAAAAAAAG
GATCTCAAGAAGATCCTTITGATCTTTICTACGGGGTCTGACGCTCAGTG
GAACGAAAACTCACGTTAAGGGATTTIGGTCATCGAGATTATCAAAAAG
GATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATC
TAAAGTATATATOAGTAAACTIGOTCTOACAGTTAGAAAAACTCATCG
AGCATCAAATCGAAACTOCAATITATICATATCAGOATTATCAATACCAT
ATTTTTGAAAAAGCCGTTTCTOTAATGAAGGAGAAAACTCACUGAGGC
AGTTOCATAGGATGGCAAGATCCTGOTATCGOTCTGCCATTCCGACTCG
TCCAACATCAATACAACCTATTAATTTOCCOTCGTCAAAAATAAGGTTA
TCAAGTCGAGAAATCACCATGAGTCACGACTCAATCCGOGTCAGAATCGT
AAAAGTTTATCCATTTCTTICCAGACTTGTTCAACAGGCCAGUCATTAL
GCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATICGTGA
TTGCGCCTCAGUGAAACGAAATACGCGATCGUTGTTAAAAGGACAATT
ACAAACAGGAATCOGAATGCAACCGOCGUAGGAACACTOCCAGCGUAT
CAACAATATTTTCACCTGAATCAGGATATTCTTICTAATACCTGGAATGL
TCTTTTCCCAGGOATCOCAGTOGTCAGTAACCATGUATCATCAGGAGT
ACGGATAAAATGCTTGATGOTCGGAAGAGGCATAAATTCCGTCAGCCA
GITTAGTCTGACCATOTCATCTGTAACATCATYGGUAACGUTACCTTTG
CCATCGTTTCAGAAACAACTCTOGOCGCATCOUGGCTTCCCATACAATCGAT
AGATTERTCGCACCTGATTGCCCGACATTATCOGCGAGCCLCA T TATACCO
ATATAAATCAGCATCCATGTTGGAATTTAATCGCGGUCTAGAGCAAGA
CGTTTCCCGTTGAATATGGCTCATACTCTICCTTTITCAATATTATTGAA
GCATTTATCAGGOTTATTGTUTCATCGAGCGGATACATATTTGAATGTAT
TTAGAAAAATAAACAAATAGCOGTICCGCGCACATTITCCCCGAAAAGT
GUCACCTOAUGTUTAAGAAACCATIATTIATCATGACATTIAACUTATAANL
AATAGGCGTATCACGAGGCCOTTTTGTCTCGCGCGTTTCGGTGATGACG
GTGAAAACCTCTGACACATGEAGCTCCCGGAGACTOTCACAGCTTGICT
GTAAGCGGATGLCCGGGAGCAGACAAGCCCGTCAGGGUCGLGTCAGCGG
GIGTTGGCGOGTETCHGGUOCTGGUITAACTATGUGECATCAGAGIAGA
TIGTACTGAGAGTGCACCATATGCOGTGTGAAATACCGCACAGATGCG
TAAGGAGAAAATACCCGCATCAGGCGCUATTCGCCATICAGGUTGCGUA
ACTGTTGGGAAGGGCOATCGGTGCGGGCCTOTTCGCTATTACGCCAGET
GUCCGAAAGGOGLGATOTGCTGUAAGGCOATTAAGTTCGGTAACGUCAG
GUITITCCCAGTCACGACGTTOTAAAACGACGGUCAGTGAATIGACGU
GTATTGGGAT

Full-length
Newrob 1 GO
Sequence

(SEQ ID NC:18)

GOCCACTCCCTUTCTOCOLGLTCOGCTCOGCTCACTCGAGGUUGGGLGACTCA
AAGGTCGCCCGACGCCOGOGCTTTUGLCCGGOCOGCCTCAGTGAGCGAG
COAGCGCGCAGAGAGGGAGTEGCCAACTCCATCACTAGGGGTTCCTGA
CATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAG
TTCATAGCCCATATATGCAGTTCCGCGTTACATAACTTACGGTAAATGE
CCCOCCTGOUTCGACCGUCCAACCGACCCCUGCCCATTGACUTCAATAAT
GACGTATGTTCCOATAGIAACGCCAATAGGGACTTITCOA T IGACGTCAA
TGGGTCGAUTATTTACGGTAAAUTGUCCACTTGGUAGTACATCAAGTGT
ATCATATGCCAAGTACGUCCCCTATTGACGICAATGACGUTAAATGGC
COGUCTOQGUATTATGUCCAGTACATGACCTTATGGGACTTTCCTACTIC
GCAGTACATCTACGTATTAGTCATCGCTATTACCATGOGTGATGCGGTTT
TGGCAGTACATCAATGGGCGTGGATAGCOGTTTGACTCACGOGGATTT
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CCAAGTCTCCACCCCATIGACGTCAATGGGAGTTTGTTITGGCACCAAA
ATCAACGGUGACTTITCCAAAATGTCGTAACAACTCOGCUCCATTGACGC
AAATCGGCCGOTAGGCGTCTACGGTCGOAGGTCTATATAAGUAGAGCTS
TAAGTATCAAGGTTACAAGACAGOTTTAAGGAGACCAATAGAAACTGG
GCTTGTCGAGACAGAGAAGACTCTTGCGTTTCTGATAGGCACCTATTIGG
TCTTACTGACATCCACTITGCCTTTICTCTCCACAGATOGTGACCAAATC
GTACAGCGAGAGTGGRGCTGATGGGCGAGCCTCAGCCCCAAGGTCOTCC
AAGCTGGACAGACGAGTHTCTUAGTICTCAGGACGAGGAGCACGALGC
AGACAAGAAGGAGGACGACCTCGAAATCATGAACGUAGAGGAGGACT
CACTGAGGAACGGGGGAGAGGAGGAGGACGAAGATGAGGACITGGAA
GAGGAGGAAGAACAGGAAGAGGAGOATGACGATCAAAAGCCCAAGA
GACGCGGCCICAAAAAGAAGAAGATGACTAAGGCECCGCLTGGAGCGTT
TTAAATTCAGACGCATGAAGGCTAATUGCCCGGEACCGUAACTGCATGC
ACGGACTEAACGLUGGCHGUTAGACAALCTGCGCAAGGTGETGUOTTGLT
ATTCTAAGACGCAGAAGCTGTCCAAAATCOAGACTCTGCGCTTGUUCA
AGAACTACATCTGGGCTCTGTCGGAGATCCTGCGUTCAGGCAABAGCCD
CAGACCTCGOTCTCUTTCOTTCAGACGCTTTIGCAAGGGCTTATCCCAACC
CACCACCAACCTGOTTGCOGGCTGCCTECAACTCAATCCTCGGACTTTT
CTGCCTCGAGUAGAACCAGGACATOCCCCCCCACCTGOCGACGGUCAGC
GCTTCCTTCCCTGTACACCCCTACTCCTACCAGTCGCCTGOGCTGCCCA
GTCCGCCTTACGGTACUATGOACAGCTCCCATOTCTTCCACOTTAAGCC
TCCGOCGCACGUCTACAGCGCAGCOLUTGUGAGCCCTICTTICAAAGCCCT
CTGACTOATTOCACCAGCCUTTCCTTTGATGGALCCETCAGLCCGCOGT
TCAGCATCAATGGCAACTTCTCTTTCAAACACGAACCGTCCGCCGAGTT
TGAGAAAAATTATGCCTTTACCATGCACTATCCTGCAGCGACACTGGCA
GOGGCCCAAAGCCACGGATUAATCTTCTCAGGCACCHGCTOCCLCTOGC
TGCGAGATCCCCATAGACAATATTATGTCCTTCGATAGCCATTCACATC
ATOAGCOAGTUATOAGTGUCCCAGUTCAATGUCATATTTCATGATTGALT
GIGCCTTCTAGTTGCCAGCCATCTGTIGTTTGCCCCTCCCCCGTGCCTTC
CTTOACCUTGOGAAGGTGCCACTCCCACTOTCOTTTCCTAATAAAATGAG
GAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTICTGGGGGGTG
GOGTGGGGCAGEALAGCAAGGGGOGAGGATTOGUAAGAGAATAGCAGE
CATGCTGGOGACCACTCCCTCTCTGCGCOGCTCOCTOGUTCACTGAGG T
GOLGCGACCAAAGUTCGCOCGACGCLCOGUGLCTTTOCCCGOGLGOCCTCA
GTOAGCOAGOCGAGUGUGCACGAGAGGGAATCCCAATGGCGCGCCGAGE
TTGOCTCCGAGCATOGTCATAGCTOITTCCTOGTOTOAAATTOTTATCCGC
TCACAATTCCACACAAUATACCGAGCUGGAAGCATAAAGTGTAAAGCOT
GGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACT
GCCCGCTTTCCAGTCGOGAAACCTGIUGTGCCAGCTGUATTAATGAATC
GGCCAACGUGUGGGGAGAGGCGOGTTITGUGTATTGGGCGCTGTTCCGCT
TCCTCGCTCACTGACTCGCTGCOCTCCOTCOTTCOGUTGUGGCGAGCHG
TATCAGCTCACTCAANGGCOGTAATACGGTTATCCACAGAATCAGGEG
ATAACGCAGGAAAGAACATGTCAGUAAAAGGCCAGCAAAAGGCTAGG
AACCGTAAAAAGGCCGCOTTGCTOGCO T ITTCCATAGGUTCCGCCCCC
CTGACGAGCATCACAAAAATCCGACGUTCAAGTCAGAGGTGGUGAAACT
CGACAGGACTATAAAGATACCAGGCOTTTCCCOCTGUGAAGCTCCCTCG
CTCCTGTTOCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTT
CTCCCTTICGOOAAGCCGTOGCGUTTICTCATAGCTCACGUCTGTAGGTATC
TCAGTTCGGTGTAGGTCOTTCGCTCCAAGUTGGGUTGTGIGCACGAACC
CCUCATTCAGCICGACCGUTGUGECTTATCCOGTAACTATCHEICTTGAS
FTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGY
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AACAGGATTAGCAGAGCGAGGTATGTAGGCGGTOCTACAGAGTTCTTG
AAGTGGTGGCUTAACTACGOUTACACTAGAAGAACAGTATTTLGTATC
TOCGCTCTGUTGAAGCCAGT Y ACUTTCGO AN AAAGAGTTGHTAGCTOTT
GATCCGOCAAACAAACCACCGCTGOTAGCGOTGOTITITITTGTTITIGCAA
GCAGCAGATTACGCGCAGAAAAAAAGOATCTCAAGAAGATCOTTTGAT
CTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGG
GATTITGGTCATGAGA T TATCAAAANGOATCT TCACCTAGATCCTTITA
AATTAAAAATGAAGTTTTAANTCAATCTAAAGTATATATGAGTAAACTT
GOTCTGACAGTTAGAAAAACTCATCOAGCATCAAATCAAACTGCAATT
TATTCATATCAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTG
TAATGAAGGAGAAAANCTCACCOAGGUAGTTCUATAGGATGGUAAGATC
CTGOTATCGGTCTGCGATTCCGACTCOTCCAACATCAATACAACCTATT
AATTTCCCCTCOTCAAAAATAAGGTTATCAAGTGAGAAATCACCATOA
GTGACGACTGAATCCGOTGAGAATGOGCAAAAGTTTATGCATTIUTTTICC
AGACTTGUTCAACAGGCCAGCCATTACGUTCGICATCANAATCACTCGC
ATCAACCAAACCGTTATICATTICGTGATTIGCGCUTGAGUGAAACGAAA
TACGCGATCGCTGTTAAAAGGACAATTACAAACAGCAATCOAATGCAA
CCGGOGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATC
AGGATATTCTTCTAATACCTOOAATCUTGTTTTUCCAGGGATCGCAGTG
GTGAGTAACCATGCATCATCAGOGAGTACGOATAAAATGCTTGATGOTC
GOAAGAGGCATAAATTCCGTCACCCAGTTTAGTCTOACCATCTCATCTG
TAACATCATTGGUAACGCTACCTIIGCUATGTTTCAGAAACAALTCTIGE
CGCATCGGGUCTTCCCATACAATCGATAGATTGTCGUCACCTGATTGCCCG
ACATTATCGCHAL CATTTATACCOATATAAATCAGCATCCATGTTIGG
AATTTAATCOCGGUCTAGAGCAAGACGTTTCCCOGTTOAATATGGCTCAT
ACTCTTCCTTTTTCAATATTATIGAAGCATITATCAGGGTTATIGTICTICA
TOGAGCGGATACATATTTGAATOTATTTAGAAAAATAAACAMATAGGEG
TTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAATCCAT
TATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGUCCTTT
TCHCOCGTTTCGGTCATGATGUTGAAAACCTUTGACACATGCAGT
TCCCOGAGACTGTCACAGCTTCGTCTCTAAGCGGATGCOGGGAGCAGAC
AAGUCCHTCAGGHEUGLGTCAGUGHGTGTTOGLGRG TG TCOGHLGUTGHO
TTAACTATGCGOCATCAGAGUAGATIGTACTGAGAGTGCACCATATGC
GOTGTGAAATACCGCACAGATGUGTAAGGAGAAAATACCGCATCAGGU
GCCATTCGCCATTUAGGUTGUGUAACTGTTOGGAAGGGCGATCGGTGC
GGOGCCTCTTCGUTATTACGCCAGCTOGCGAAAGGOGGATOTGCTGCAA
GGCGATTAAGTTGGGTAACGCCAGGGTTTTCUCAGTCACGACGTIGTA
AAACGACGGCCAGTGAATTGACGCGTATTGGOAT

As shown in FIG. 1, after transfecting the packing cell line, the GOI plasmid was
used as a template to produce a single-stranded self-complementary DNA molecule,
which can fold back upon itself to form a double-stranded hairpin structure with a
mutated ITR in the middle, and two open-ended wild-type ITRs at the two ends, where
the double-stranded region contained the transgene and regulatory sequences. The self-
complementary genome was assembled as a single stranded DNA with capsid proteins
synthesized in the packaging cells into a virion.

FIGs. 2A and 2B further illustrate examples of self-complementary AAV genome
structures. As shown in FIG. 2A, the functional elements along the self-complementary
AAYV genome, including, from the 5’ to 3’ order, (a) a full-length AAV2 left (5* ) ITR
sequence, (b) a CMV promoter including CMV enhancer and CMV core promoter
sequences, (c) a chimeric intron sequence, (d) a NeuroD1 coding sequence, (€)

a polyadenylation signal, (f) a AAV2 right (3’ ) ITR sequence with the terminal

resolution site (trs) deleted, and (g) a reverse complementary sequence of the above
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(a) to (e) (element (g) is not shown in the bottom panel) . As shown in FIG. 2B, the
functional elements along the self-complementary AAV genome, including, from the
5’ to 3’ order, (a) an AAV2 right (3’ ) ITR sequence with the terminal resolution site
(trs) deleted, (b) a CMV promoter including CMV enhancer and CMV core promoter
sequences, (c) a chimeric intron sequence, (d) a NeuroD1 coding sequence, (¢) a
polyadenylation signal, (f) a full-length AAV2 left (5° ) ITR sequence, (g) a reverse
complementary sequence of the above (b) to (f) (element (g) is not shown in the
bottom panel) .

This self-complementary molecule forms a genome of <2.5kb, containing two wild-
type left ITR sequences at both ends, and a mutant right ITR in the middle, upon
packing into the capsid. Table 5.4 shows the sequences of functional fragments of the
scAAV-NeuroD1 genome, and the full-length sequence of the genome.

6.1.2 Production of viral particles.

As illustrated in FIG. 1, AAV particles were produced by the triple transfection
method using a HEK293 production cell line. Production and quality control of viral
preparations for clinical use strictly followed cGMP standards. Particularly, HEK293
cells were seeded and expanded, and co-transfected with three plasmids: (1) a gene
of interest (GOI) plasmid containing the transgene expression elements flanked by
AAV ITRs; (2) a helper plasmid encoding adenovirus regions (VA, E2A and E4) that
mediate AAV vector replication; and (3) a rep-cap packaging plasmid encoding the
AAYV capsid proteins (VP1, VP2, and VP3) through alternative splicing and initiation
of translation, and AAV life cycle machinery Rep proteins (Rep78, Rep68, Rep52 and
Rep40) through two promoters and alternative splicing.

Rep genes from AAV2 or AAV6 serotype were used for packaging AAV6 or AAV9
serotype virus, while capsid protein genes were serotype specific. Rep gene and
encoded Rep protein sequences can be found in Table 6.1.2 (A) , SEQ ID NOS: 19-23.
Cap gene and encoded capsid protein sequences for serotype 6 AAV virus can be
found in Table 6.1.2 (A) , SEQ ID NOS: 24-27. Cap gene and encoded capsid protein
sequences for serotype 9 AAV virus can be found in Table 6.1.2 (A) , SEQ ID NOS:
28-31. The full-length sequence of a Rep (serotype 2) /Cap (serotype 6) packaging
plasmid used in the study can be found in Table 6.1.2 (B) , SEQ ID NO: 32. Helper
plasmid sequences used in this study can be found in Table 6.1.2 (B) , SEQ ID NO: 33
and SEQ ID NO: 34.

After triple-transfection, the cells were harvested in lysis buffer at 48-72 hours
post transfection. For clinical use, the viral particles were purified by affinity pu-
rification, followed by ultracentrifugation, and ion exchange filtration after treatment

of Benzonase and clear out cell debris. For research use, viral particles were purified
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by PEG as a preliminary purification step, followed by ultracentrifugation, and Ultra-

filtration after treatment of Benzonase and clear out cell debris.

Final virus suspensions were produced after buffer exchange, concentration, and

sterile filtration steps and were ready for in vitro or in vivo applications. The viral

preparations were aliquoted before use.

Table 6.1.2 (A)

Rep / Cap seqguences

Uading seguanee of
AAV2 Rep proteins

(SEQ D NO:19)

ATGCCGGOUTITITACGAGATIGTUATTAAGGTCCUCAGUGACCTTTY
GACGAGCATCTGUCOGGCATTTCTGACAGCTTTGTGAACTEEGTG
GCCGAGAAGGAATGGGACTTIGCCGCCAGATTCTGACATGGATCT
GAATCTCGATTGAGCAGGUACCCCTGACCGTGGUCGAGAAGCTEC
AGCGLGACTTTCTGACGGAATGGCGCCGTGTIGAGTAAGGCCCCG
GAGGCCCTTTTICTTTGTGCAATTITGAGAAGGGAGAGAGCTACTTC
CACATGCACGTOCTCGTGOAAACCACCGUGLUTGAAATCCATEGTT
TTGGGACGTTICCTGAGTCAGATTICGCGAAAAACTGATICAGAGA.
ATTTACCGCGGGATCGAGCCGACTTTGCCAAACTGGTTCGLGGTC
ACAAAGACCACGAAATOGCOGCUGUAGOCOUUAACAAGGTGOTOG
ATGAGTGCTACATCCCCAATTALTYGCTCCCUAAAACCCAGCUTG
AGCTCCAGTOGGCOTOGCACTAATATCGCGAACAGTATTTAAGCGOCT
GTTTGAATCTCACGGAGCHGTAAACGOTTOGTGGCGCAGCATCTGA
CGCACGTOTOGCAGACOGCAGGAGCAGAACAAAGAGAATCAGAAT
CCCAATTCTGATGCGCCGGTGATCAGATCAAAAACTTCAGCCAGG
TACATGGAGUTGUTCGGOTQOCTCGTGGACAAGGGULATTACCTC
GGAGAAGCAGTGGATCCAGGAGGACCAGGCCTCATACATCTCCT
TCAATGCGGCCTCCAACTCOUGGTCCCAAATCAAGGCTGCCTTGG
ACAATOCGGUAAAGATTATGAGCCTGACTAAAACCGCCCCUGAL
TACCTGGTGOGGLCAGCAGUCCGTGQAGGACATTTCCAGCAATCG
GATTTATAAAATTTTGGAACTAAACGGUTACGATCCCCAATATGO
GQGUTTCCGTUTTTCTGGCGATOOOGUCACGAAAAAGTTCHGCAAGAG
GAACACCATCTGOUEGTTTGOGCOTGUAACTACCGOGAAGALCA
ACATCGUOCGAGGCCATAGUCCACACTGTGCCCTICTACGGGTOOG
TAMCTGCACCAATCACGAACTTTCCCTTCAACGACTGTGTCOACA
AGATGGTGATCTGGTGGGAGGAGGGGAAGATCGACCGCIAAGGTC
GTGGAGTCOGCCAAAGCCATICTOGGAGGAAGCAAGGTGOGCGT
GUACCAUAAATCCAAGTUCCTCOOCUCAGATAGACCCOGACTCUCG
TGATCGTCACCTCCAACACCAACATGTGUGUCGTGATTGACGGGA
ACTCAACCACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATG
TTCAAATTTOCAACTCACCCGCCOTCTGUATCATGACTTTGOGAAG
OTCACCAAGCAGGAAGTCAMAGACTTTTTCLGOTGGGUAAAGGA
TCACGTGGTTCGAGOTGGAGCATCAATTCTACGTCAAAAAGGUTG
GAGCCAAGAAAACGACCCGUCCCCAGTGACGUAGATATAAGTGAG
CUCAAACGOGTOUGLUGAGTCAGTTGUOGUAGCUATCGACGTCAGA
CGCGGAAGUTTCGATCAACTACGCAGACAGGTACCAAAACAAAT
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GTTCTCOTCACGTOOUGUATOAATCTGATOCTOTTTUCCTGUALAL
AATGCGAGAGAATGAATCAGAATTCAAATATCTGUTTCACTCACG
GACAGAAAGACTGTTTAGAGTGCTTTICCCGTGICAGAATCTCAAC
CCOTTICTOTCOTUAAAAAGOCOTATCAGAAACTGTGCTACATTC
ATCATATCATGGGAAAGGTGCCAGACGCTTGCACTGCUTGCGATC
TGGTCAATGTGGATTIGGATCGACTCGCATCTTITGAACAATAA

Encoded AAV2
Rep78 amino
acid seguence
(SEQ TD NO:20)

MPGEYEIVIRVPSDLDEHLPGISDSFVNWVAEKEWELPPRSDMDENL
IEQAPLTVAEKLORDFLVOWRRVIKAPEALFFVOFEKGESYFHLHIL
VETTOVKSMVLOGRFLSQIRDKLVOQTIYRGIEPTLPNWFAVTKTRNGA
GGONEVVDECYIPNYLLPKTOQPELQWAWINMEZYISACLNLAERKER
LVAHDLTHVSQTQEQMKENLNPNSDAPVIRSKTRARYMELVGWLY
DROGITSEKQWIQEDQASYISFNAASNSRSQIKAATLDNAGKIMALTKS
APDYLVGPAPPADIK TNRIYRILELNGYDPAYAGSVFLGWAQKRFGR
RENTIWLFGPATTOK TNIAEATAHAVPEY GCYNWINENFPFNDCYDK
MVIWWEEGKMTAKVVESAKAILGGSEVRVDQKCKSSAQIDPTPVIV
TSHINMCAVIDGNSTIFEHOOQPLODRMEKFELTRRLEBDEFGRKVTEQ
EVEEFFRWAQDHVIEVAHEFY VREGGANKRPAPDDADKSEPKRAC
PESVADPSTSDAEGAPVDFADRYOQNKCSHHAGMLOMUFPCKTCERM
NONFNMICFTHGTRDOUSECFPGYSERQPVVEERTYRKLCAHBLLGRA
PEIACSACDLVYNVDLDDCVSEQ

Encoded AAV2
Rep68 aming
acid sequence
(SEQ 1D NO2

MPOGFYEIVIKVPSDLDGHEPGISDEFVNWVAEKEWELPPDSDMDINL
IEQAPLIVAEKLORITLTEWRRVSKAPEALFEVOPEKGESY FHMIEVL
VETTGVKSMVLGRFUSQIREKLIGRIYRGIEPTLPNWFAVTKTRNGA

RIVAQHLTHVSQTQEQNEENQNPNIDAPVIRSKTSARYMELVGWL
YVDKGITSERKQWIQEDQASYISFNAASNSRIQIKAALDNAGKIMSLTE
TAPDYLVGOQPVEDISSNEIVKILELNGY DPQYAASVFLGOWATRKEG
KRNTIWLFOPATTGKTNIABAIAHTVPFYGOVNWTNENFPPNDCOVD
KMVIWWEEGKMTARKVVESAKAILGGRKVRVDORCKSRAQIDPFTPVI
VISNTNMCAVIDONSTTFEHQOQPLODRMPKFEL TRREDHDEGK VTR
QEVEDFFRWAKDHVVEVEHEFYVEKGGAKKRPAPSDADISEPKRY
RESVAQPSTSDAFASINYADRLARGHSL

Encoded AAVZ
Reps2 amine
acid sequence
SEQID NO2D

MELVOGWLVDKGITSEKQWIQEDQASYISFNAASNSRSQIKAALDNA
GRIMSLTKTAPDY LVOGQUPVEDISSNRIYEILELNGYDPQYAASVEL
GWATKKFGKRNTIWLFGPATTGRKTNIABATAHTVPFYGOVNWINER
FPENDCOVDEMVIWWEEGEMTAKVVESAKAILGGSKVREVDOKCKSS
AGHDPTRVIVISNTNMCAVIDONSTIFEHQUPLODRMEFRFELTRRLD
HDFGKVTKQEVKDFFRWAKDHVVEVEHEFYVEKGGAKKRPAPSD
ADISEPKRVRESVAQPSTSDABASINY ADRYQNECSRHVGMNLMLY
PCRQUERMNONSNICFTHGORDCLECHYPVSESQPVSVVKKAYGRLC
YIHHIMGEKVPDACTACDLVRVDLDDCIFEQ

Encoded AAV2
Rep4 amino
acid sequence
(SEC I NO:23)

MELVGWLVDKGITSEKOQWIQEDQASYISFNAASNSRSGIKAALDNA
GKIMSETKTAPDYLVGQOPVEDISENRIYKILEENGYDPOYAASVEL
GWATERKFOKRNTIWELYGPATIGK TNIAEAIARTVPEY GUVRNWINEN
FPFNDCYDKMVIWWEEGKMTAKVVESAKAI GGSKVRYDQECKSS
AQIDPTPYIVISNTNMCAVIDGNSTTHEHQOPLODRMEKFELTRRLD
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HDFGRKVTEOQEVKDEFRWAKDHVVEVEHEFY VKEGGAKKRPAPSD
ADISEPKEVRESVAQPITEDAEASINY ADRLARGHSL

Coding sequence of
AAY6 papsid proteins

(SEQ 1D NO:24)

ATGGCTGCCCGATGGTTATCTICCAGATTGGCTCCGAGGACAACCTC
TCTGAGGGCATTCGCOAGTOOTIGEGACTTGAAACCTGCGAGCOCC
GAAACCCAAAGUCAACCAGCAAAAGCAGGACGACGGLUCGGGET
CTGGTGCTTCCTGGCTACAAGTACCUTCGGACCCTICAACGGACTC
GACAAGGGGGAGCCCHGTCAACGCGGOGGATGUAGCGGCCUTCGA
GCACGACAAGGUCTACGACCAGCAGUTCAAAGCGGUTGACAATC
COTACCTGCGUTATAACCACGUCCGACGCCOAUTTICAGGAGCGTC
TGCAAGAAGATACGTCTTITGGOGGLAACCTCGGOUCAGCAGTICOT
TCCAGGCCAAGAAGAGGGTTCTCGAACCTTITGGETCTGGTTGAGG
AAGIFTGCTAAGACGGCTCUTGHOAAAGAAACOTICUGETAGAGUAG
TCOGCCACAAGAGUCAGACTCCTCCTCGUOCATTGGCAAGACAGG
CCAGCAGCCCGCTAAAAAGAGACTCAATTTTGGTCAGACTGGCG
ACTCAGAGTCAGTCCCCGACCTACAACCTCTCGGAGAACCTCCAG
CAACCCCCGUTGCIGTGUGACCTACTACAATGOUITCAGGUGHTG
GCGCACCAATOGUAGACAATAACGAAGGCGCCGACGGAGTGGGT
AATGCCTUAGGAAATTGGCATTIGCOATTCCACATOGCTGGOCGAC
AGAGTCATCACCACCAGCACCCGAACATGOGCCTTGCCCACCTAT
AACAACCACUCTCTACAAGCAAATCICCAQTGUTTCAALGGGGECT
AGCAACGACAACCACTACTTCGGCTACAGCACCCCUTGGGGUETAT
TTTGATTTCAACAGATTICCACTGCCATTTCTCACCACGTGACTGGC
AGCGAUTCATCAACAALAATTGGGGATTCCGGCCUAAGAGACTC
AACTTCAAGCTCTTICAACATCCAAGTCAAGGAGUGTCAUGACGAAT
GATGGCQTCACGACCATCHGCTAATAACCTTACCAGCACGGTTCAA
GTCTTCTCGGACTOGOAGTACCAGTIGCCGTALGTCCTCGGCTOT
GCGCACCAGGGCTGCCTCCCTCCGTICCCOGGCGGACGTGTICATG
ATTCCGCAGTACGGUTACUTAACGUTICAACAATGGUAGCCAGGT
AGTGGGACGGTCATCCTTTTACTGCCTGGAATATTTCCCATCGCA
GATGCTGAGAACGCGGCAATAACTTTACCTTCAGCTACACCTTCGA
GOGACGTGCCTTTCCACAGCAGUTALGLGCALCAGUCAGAGUCTGG
ACCGGCTGATGAATCCTCTCATCGACCAGTACCTGTATTACCTGA
ACAGAACTCAGAATCAGTUCGGAAGTGUCCAAAACAAGGACTTG
CTGTTITAGCCGOOGOTCTCCAGCTOGUATGTUTGTICAGUCCAAA
AACTCGGCTACCTGGACCCTOTTACCGGCAGCAGUGCOTTTCTAAA
ACAAAAACAGACAACAACAACAGUAACTTITACCTGGACTOGTGE
TTCAAAATATAACCTTAATGGGUGTGAATCTATAATCAACCCTOG
CACTCCTATGGUUTCACACAAAGACGACAAAGACAAGTICTITCC
CATGAGUGGTOTCATCGATTTTTGOAAAGGAGACGCLCGGAGCTIC
AAACACTGCATTGGACAATGTCATGATCACAGACGAAGAGGAAA
TCAAAGCCACTAACCCOGTOOUCCACCGAAAGATTTGCUACTOTG
GCAGTUCAATCTCCAGAGCAGUCAGUACAGACCUTGLGACCGOGAGA
TGTGCATGTTATGGGAGCCTTACCTGGAATGGTGTGGCAAGACAG
ACGACGTATACCTGCAGOGGTCCTATTTOGGOCAAAATTCCTCACAC
GGATGGACACTTTCACCCGTCICCITTICATGGGCGEUTTTGGACT
TAAGCACCCGCCTCCTCAGATCOTCATCAAAAACACGCCTGTTICC
TGCCAATCCTCCGUCAGAGTTTTCGOCTACAAAGTTTGCTICATT
CATCACCCAGTATTCCACAGGACAAGTGAGCGTGGAGATTIGAAT
GOGAGCTUOCAGAAAGAAAACAGUAAACGCTGCGAATCUCGAAGTG
CAGTATACATCTAACTATGUAAAATCTGCCAACGTTGATTICACT
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GTOOACAACAATGUACTTTATACTUOAGUCTOGUCCCATTGGCACT
CCTTACCTCACCCGTOOCUTETAA

Encoded AAVGS
V1 armino actd
sequence

{(SEQ 1D K25

MAADGYLPDWLEDNLSEGIREWWDLKPGAPKPKANQOKQDDGRG
LVLPGYKYLGPENGLDEOEPVNAADAAALEHDEAYDOOLEAGDNE
YLRYNHADALFQERLOEDTSFGGNLGRAVFQARKRVLEPFGLVEEG
AKTAPGKKRPYVEQSPOEPDSISGIGK TGQUPAKKRLNFGOTGDSESY
POPOPLOEPPATPAAVGETTMASGGGAPMADNNEGADGVGNASGN
WHCDSTWLGDRVITTSTRTWALPTYNNHLYKQISSASTCASNDNHY
FGYSTPWGYFDFNRFHCHFSPROWORLINNNWGFRPKRLNFKLENI
QVKEYTTNDGVTTIANNL IS TVOVESDSEY GLPY VEGSAHQGCLPPE
PADVEMIPOYGYLTLNNGSQAVGRSSFYCLEYFPSOMLRTGNNFTES
YTFEDVPFHSS Y AHSOSLDRLMNPLIDOYLY YLNRTONGSGSAQNK
DLLFSRGSPAGMSVOPKNWLPGPCY ROORVSK TK TDNNNSNETW T
GASKYNLNGRESINPGTAMASHK DDKDKFEPMSGVMIFGKESAGA
SNTALDNVMITDEEEIKATNPYVATERFGTVAVNLQSSSTDPATGDVHE
YMOALPGMYWODRDVYLOCRIW AKIPHTDOHFHPSPLMOGEGLKH
PPPQILIKNTPVPANPPAEFSATKFASFITGYSTGQVSVEIEWELQKEN
SKRWNPEVOYTSNY AKSANVDFTVDONNGLY TEFRPIGTRYLTRPL

Hncodsd AAVS
VP2 amino aeid
sequence

(SEC 1 NO:26)

MAPGKERPVEQSPOEPDSESCIGK TGQUPAKKELNFGQTUDSESVED

PQPLGEPPATPAAVGPTTMASGGGAPMADNNEGADGVGNASGNW
HCDSTWLGDRVITTSTRTWALPTYNNHLYKOQISSASTGASNDNHYF
GYSTRFWGYFDFNRFHCHESPROWRLINNNWGHFRPKRLNFKLENIGQ
VEEVTINDGVTTIANNLTSTVQVERDSEYQLPY VLGSAHQGCLPPEP
ADVEMIPOYGYLTLNNGSQAVORSSFY CLEYFPSQMLRTGNNETEFSY
TFEDVPFHSSY AHSQSLDORLMNPLIDOQY LY YLNRTONQSGSAQNKD
LLFSRGSPAGMSVOPENWLPGPCYRQQRVSKTETDNNNSNFTWTG
ASKYNLNGERESHNPOTAMASHKDDEDKFFPMSGVMIFGKESAGAS
NTALDNVMITDEEEIKATNPVATERFGTVAVNLOSSETDPATGDVHY
MGALPGMVWQDRDVYLOQGPIWAKIPHTDGHFHPSPLMGGFGLEHP
PPOILIKNTPVPANPPAEFSATKVASIITQYSTGOQVSVEIEWELQKENS
KRWNPEVQYTSNYAKSANVDFTVDNNGLY TEPRPIGTRYLTEPL

Eneoded AAVS
VP3 amino aseid
sequence

(SEQ 1D NO2T)

MASGGGAPMADNNEGADGVGNASGNWHCDSTWLGDRVITISTRT
WALPTYNNHLYKQISSASTGASNDNHYFGYSTPWGYFDFNRFHCHF
SPROWORLINNNWGFRPERLNFKLPRIQVKEV T INDGY TTIANNLTS
TVQVFSDSEYQLPY VLGS AHQGCLPPFPADVEMIPQYGYLTLNNGSO
AVGRSSFYCLEYFPSQMLETGNNFTFSYTFEDVPFHSS Y AHSQSLDR
LMNPLIDGYLY YLNRTONOSGSAQNKDLLESRGSPAGMEVPENW
LPGPCYRQORVSKTK TONNNSNFTWTGASKYNLNGRESHNPGTAM
ASHKDDKDKFFPMSGYMIFGEESAGASNTALDNYMITDEEEIKATN
PVATERFGTVAVNLOSSSTDPATCDVRVMGALPGMYWODRDVYL
QGPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPRPAEFR
SATKFASFITOYSTGQVSVEIEWELGKENSKRWNPEVOY TSN YAKSA
NYDFTYONNGLY TEPRPIGTRYLTRPL

ATGGUTGCCCGATGOTTATCITCCAGATTGGUTCCAGGACAACCTY

AGTGAAGGAATTCCUGAGTGGTGGGCTTTGAAACCTGGAGCUCC
TCAACCCAAGGCAAATCAACAALATCAAGACAALGUTICGAGHTC

Coding sequence of
AAVY gapsid profeins
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(SEQ ID NO:2S)

TTGTGCTTCCGGGTTACAAATACCTTGGACCCGGUAACGGALTCS
ACAAGGGGGAGLCGGETCAACGUAGCAGALGUGGCGGCCCTCGAG
CACGACAAGGCCTACGACCAGCAGCTCAAGGCCGGAGACAALCC
GTACCTCAAGTACAACCACGUCOACGLCOAGTICCAGGAGUGEC
TCAAACGAAGATACGTCUITTCGGOOGGUAACCTCGOGCGAGCAGTCT
TCCAGGUCAAAAACGAGCCTTCTTIGAACCTCTTOOTCTOGTTCAGH
AAGCGGCTAAGACGGCTCCTGGAAAGAAGAGGCCTGTAGAGCAG
TCTCCTCAGGAACCGOACTCCTCOGCGGOTATTIGGCAAATCGGOT
GCACAGUCCOCTAAAAAGACATTCAATITCOGTCAGACTGGLGA
CACAGAGTCAGTCCCAGACCCTCAACCAATCGGAGAACCTICCCG
CAGCCCCCTCAGGTGTGOGATCTCTTACAATGGCTTCAGGTGETG
GCOCACCAGTGGCAGACAATAACGAAGGTGCCCGATGGALTGGGT
AGTTCCTCGGOAAATTGGUATTGCCATTCCCAATGGCTGGGGGAC
AGAGTCATCACCACCAGCACCCCAACCTGGGCCCTGCCCACTTAL
AXRCALTCACCTCTACAAGCAANTCTCCAACAGCACATCTOOAGE
ATCTTCAAATOGACAACGCCTACTTCGGCTACAGCACCCOCTOGGH
GTATTITTOACTTCAACAGATTUCACTGUCACTTICTCACCACGTGAC
TGGCAGCGACTCATCAACAACAACTGGGGATTCCGGCCTAAGCG
ACTCAACTTCAAGCTCTTCAACATTCAGGTCAAAGAGGTTACGGA
CAACANLGOAGTCAAGACCATCGUCAATAACUTTACCAGLALCGG
TCCAGGTCTICACGGACTCAGACTATCAGCTCCOGTACGTGCTCG
GOTCGGUTCACGAGGGCTOQCCTCCCGUCOTTCUCAGUGOACGTTT
TCATGATTCCTCAGTACGOGTATCTGACGUTTAATGATGGAAGCC
AGGCCGTOGOGTCOGTTCOTCOTITTACTGCCTGGAATATTITCCCGTC
GUAAATOCTAAGAAUGGGTAACAACTICCAGTICAGUTALGAGTT
TGAGAACGTACCTTTCCATAGCAGCTACGCTCACAGCCAAAGCCT
GGACCGACTAATGAATCCACTCATCGACCAATACTTGTACTATCT
CTCAAACGACTATTAACGOTTCTCOACAGAATCAACAAALCGUTAA
AATTCAGTGTGGCCGGACCCAGCAACATGGCTGTCCAGGGAAGA
AACTACATACCTGOACCCAGUTACCGACAACAACGTGTCTCAALCT
ACTGTGAUTCAAAACAAUAACAGCGAATTTGCTIGGCCTGOGAGCY
TCTTCTTGGGOTCTCAATGGACGTAATAGCTTGATGAATCCTGGA
CCTOCTATOGUCAGCCACAAAGAAGCGAGAGGACCGTITCTTTCCT
TTGTCTGGATCTTTAATTTTTGGCAAACAAGGAACTGGAAGAGAC
AACGTOUATGCGOACAAAGTCATOATAACCAACGAAGAAGAAAT
TAAAACTACTAACCCGUTAGUA ACGOAGTCCTATGGACAAGTGG
CCACAAACCACCAGAGTGCCCAAGCACAGGUGCAGACCGLCTGE
GITCAAAACCAAGGAATACTICCGOGTATGG T I TGGCAGGACAL
AGATCTGTACCTGCAAGGACCCATTTGGGCCAARATICCTCACAC
GGACGGCAACTTTCACCCTTCTCCGOTGATGGGAGGGTTTGGAAT
GAAGCACCCGUCTCCTCAGATCCTCATCAAAAACACACCTGTACC
TGCGGATCOTCUAACGGUCTICAACAAGGACAAGUTGAACTCTTT
CATCACCCAGTATTCTACTGGCCAAGTCAGCGTGGAGATCGAGTG
GOAGCTGUAGAAGGAAAACAGCAAGCGUTGGAACCCGGAGATCC
AGTACACTICCAACTATTACAAGTCTAATAATGTTGAATTTGCTG
TTAATACTGAAGGTGTATATAGTGAACCCCGCCCCATTGGCACCA
GATACCTGACTCGTAATCTOTAA

Encoded AAVY
VP amine acid
sequence

MAADGYLPDWLEDNLSEGIREWWALKPGAPQPKANQQHQDNARG
LVLPGYKYLGPONGLDEGEPYNAADAAALFHDRKAYDOGQLKAGDN
PYLEYNHADAEFQERLKEDTSFGONLGRAVEQAKERLLEPLGLVEE
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(SEQ 1D NO:29)

AAKTAPGKKRPVEGSPOLPDSSAGIGKSGAQPAKKRLNFGQTGDTES
VPDPQPIGEPPAAPSGVGSLTMASGGGAPVADNNEGADGVGSSSGN
WHEDSOWLGDRVITTSTRIWALPTYNNHLY KQISNS TGOS INDNA
YFGYSTPWGYFDFNRFHOHFSPRDWORLINNNWGFRPKRLNFKLFN
IOVKEVTDNNGVKTIANNL TS TVOVETDS DY QLPY VLGSAHEGULPP
FPADVEMIPOYGYLTLNDGSQAVGRSSFYCLEY FPSOMLETGNNEQE
SYEFENVPFHSSYAHSGSLDRLMMPLIDOYLY YLSKTINGSGONQOT
LEFSVAGPSNMAVOGRNYIPGPS YRQORVSTTVTONNNSLFAWPGA
SSWALNGRNSLMNPGPAMASHKEGEDRFFPLSGSLIFGKQGTGRDN
VDADKVMITNEEEIK TTNPVATESYGQVATNHQSAQAQAQTGWY(
NOQGILPGMVWOQDRDVYLOGPIWARIPHTDGNFHPSPLMGGFGMKH
PPPOILIENTPYPADPPTAFNEDKLNSFITQYSTGQVSVEIEWELQKEN
SKRWMPEIQYTSNYYKSNNVEFAVNTEGVYSEPRPIGTR YL TRNL

Ercoded AAVY
VP2 amino acid
sequence

(SEQ 1D ND:38)

APGEKRPVEQSPQEPDSSAGIGKSGAQPAKKRLNFGQTGDTESVPDP
QPIGEPPAAPSGVGSLTMASGGGARPYADNNEGADGVGSSSGNWHC
DSOWLGDRVITISTREWALPTYNNHLY KCQISNS TSGGSSNDNAYFG
YSTPWGYFDFNRFHCHFS PROWORLINNNWGFRPKRLNFRLENIQV
KEVTDNNGYKTIANNL TS TVOVFTDSDYQLPY VLGSAHEGCLPPFPA
DVEMIPQYGYL TENDGSOAVORSSPYCLE YFPSOMLRTGNNEQESYE
FENVPFHSSYAHSQSLDRLMNPLIDQYLY YLSKTINGSGONQQTLEF
SVAGPSNMAVOGRNYIPOPSYROQRVSTTVIONNNSEFAWPGASSW
ALNGRNSLMNPGPAMASHKEGEDRFFPLIGSLIFGKQGTORDNVDA
DEVMITNEEEICTTNEVATES Y GOVATNHOSAQAQAQTGW VONQGE
LPOMVWODRDYYLOGPIWARKIPHTDGNFHPS PLMGGRGME HPPPQI
LIKNTPVPADPPTAFNKDKLNSFITQYSTGOVSVEIEWELQKENSKR
WNPEIQYTSNY YKSNNVEFAVNTEGVY SEPRPIGTRYLTRNL

Erneaded AAVY
VP amino acid
sequernce

(SEQ ID N3

MASGGUAPYVADNNEGADGVGSSSONWHCDSOWLGDRVITTSTRT
WALPTYNNHLYKQIINSTSGGSSNDNAYFGYSTPWGYFDENRFHCH
FRPROWOQRLINNNWGFRPRKRLNFKLFNIGVKEVTDNNGVKTIANNL
TSTVQVFTDSDY QLPY VLGSAHEGCLPPFPADVFMIPQYGYLTLNDG
SQAVEGRSSFYCLEYFPSGMLRTONNFQFSYEFENVPFHSSYAHRQSE
DRLMNPLIDOYLY YLSKTINGSGONQOTLEFSVAGPENMAVOQGRNY
IPGPSYRQUEVSTTVTQMNNNSEFAWPGASSWALNGRNSLMNPGPAM
ASHEEGEDREFPLSGRLIFGROGTGRDNVDADE VMITNEERIKTTND
VATESYGOQVATNHOSAQGAQAQTGWVONGGILPGMYWQDRDVYLQ
GPIWAKIPHTDOGNFHPSPLMOGFGMEHPPPOILIKNTPVPADPPTAFN
KDKLNSFITOYSTGOVSVEIEWELQKENSKRWNPEIGY TSNV YKRNN
VEFAVNTEGVYSEPRPIGTRYLTRML

Table 6.1.2 (B)

Packaging and Helper Plasmids

Rep (serotype 23/
Cap {serotype €}
Packaging Plasmid
Sequence

CCGCCATGLCGGGGTTITACGAGATTIGTGATTAAGGTCCLCAGLGAC
CTTGACGAGCATCTGCCCGGCATTTCTGACAGCTTTGTGAACTGGGT
GGCCGAGAAGGAATGOGAGTTIGCCGCCAGATICTGACATGGATCTG
AATCTGATTGAGCAGGCACCCCTGALCGTGGCCGAGAAGCTGCAGT
GCOACTTTICTGACGGAATGGCGCCGTGTGAGTAAGGCCCCGGAGGC
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7,344 bps

(SEQ 1D NO:32)

CCTTTTICTTIGTGUAATTTOAGAAGGGAGAGAGUTACTTCCACATIC
ACGTGCTCGTGGAAACCACCOGGUTGAAATCCATOGOTTTTGGUACG
TITCCTGAGTCAGATTCGCGAAAAACTGATTICAGAGAATTTACCGCG
GOATCCAGCCGACTTTIGUCAAACTGGTTCOCHGOGTCACAAAGALCAG
AAATGGOGCCGLGAGGCGOUAACAAGUTGGTGUOATGAGTGUTACATC
CCCAATTACTTCCTCCCCAAAACCCAGCCTGAGCTCCAGTGGGCGTG
GAUTAATATGGAACAGTATTITAAGCOUCTGTTTGAATCTCACGGAGT
GTAAACGUGTTOGOTGGCGUAGCATCTCGACGCACGTOTCGCAGALGCA
GGAGCAGAACAAAGAGAATCAGAATCCCAATTUTOGATGCGCUGHTC
ATCAGATCAAAAACTTCAGCCAGGTACATGGAGCTGGTCGGGTGEO
TCOTGCGACAAGGGGATTACCTCGGAGAAGCAGTOUATCCAGGAGGA
CCAGQCCTCATACATCTICUTTCAATGUGGCCTCCAACTUGUGGTCCC
AAATCAAGGCTGCCTTGGACAATGCGGGAAAGATTATGAGCCTGAC
TAAAACCGCCCCCGACTACCTGGTGGOCCAGCAGCCCGTGGAGGAC
ATTICCAGCAATCOQCATTTATAAAATITTCOAACTAAACGGOTACGA
TCCCCAATATGCGGCTTCCGTCTTICTGGGATGGGUCACGAAAAAGT
TCOGCAAGAGCGAACACCATCTGGCTGTTIGGOCUTGCAACTACCGS
GAAGAUCAACATCGUGCAGCCTATAGCCCACACTOTGCCCTTCTAC
GGGTGUGTAAACTGGACCAATGAGAACTTTCCCTTCAACGACTGTGT
COACAAGATCGTGATCTGOTGGOAGCAGGGOAAGATGACCGLCAA
GOTCHTGGAGTCGGUCAAAGCCATTCTCGGAGGAAGCAAGGIGCGC
GTGOACCAGAAATGUAAGTCCTUC GGCCCAGATAGACCUGACTCCCOG
TOGATCGTCACCTCCAACACCAACATCGTGOGOCGTGATTOACGGEAAC
TCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCA
ANTTTGAACTCACCCGUCOTCTGGATUATCACTTTICOQCAAGGTCACC
AAGCAGGAAGTCAAAGACTTTTTCCGGTGGGCAAAGGATCACGTGE
TTGAGGTGGAGCATGAATTCTACGTCAAAAAGGGTGGAGCCAAGAA
AAGACCCGUCCCCAGTOACGCACGATATAACTOAGCCCAAACGUGTG
CGCOGAGTCAGTTGCGCAGCCATCOGACGTCAGATGCGGAAGCTTCGA
TCAACTACGCAGACAGGTACCAAAACAAATGTTCTCOTCACGTGGG
CATGAATCTCGATGCTGTTTCCCTGCAGACAATGUGAGAGAATGAATC
AGANTTCAAATATCTGCTTCACTCACGGACAGAAAGACTCTTTAGAG
TGCTTTCCCHTGTCAGAATCTCAACCCGTTTCTGTCGTCAAAAAGGE
GTATCAGAAACTGTOCTACATICATUATATCOATGGUAAAGGTGUCAG
ACGCTTGCACTGCOTGLCGATCTGUOTCAATGTGGATITGGATGAL TGO
ATCTTTCGAACAATAAATOATTTAAATCAGGTATGGCTGCCOATGHTT
ATCTTCCAGATIGEBCICGAGGACAACCTCIUTGAGGGCAT ICGCOAG
TGGTOGGGACTTGAAACCTGGAGUCCCGAAACCCAAAGCCAACCAGC
AAAAGCAGCGACGACGOCCGOGETCTGETGCTTICCTGGUTACAAGTA
CCTCGEACCCTTCAACGGALTCOACAAGOOGGAGCUCGTCAALGLG
GCOGOGATGCAGCGGCCUTCGAGCACGACAAGGUCTACCATCAGCAGT
TCAAAGCGGOTCGAUAATCCGTACCTGLOQGTATAACCACGCCGACGC
COAGTTTCAGGAGCGTCTGCAAGAAGATACGTCTTTTGGGGGCAAC
CTCGGOCGAGCAGTCTITCCAGGCCAAGAAGAGGGTTCTCGAACCTTT
TOCTCTOGOTTGAGGAAGGTOGUTAAGALGGCTCCTGOAAAGAAALGT
COGGTAGAGCAGTCGUCACAAGAGCCAGACTCCTCCTCGGGCATIG
GCAAGACAGGCCAGCAGCCCOUTAAAAAGAGAUTCAATTTTGUGTCA
GACTGGCCGACTCAGAGTCAGTUCCCCACCCACAACTTICTCOGAGAA
CCTCCAGCAACCCCCGCTGCTGTGGGACCTACTACAATGGCTTCAGS
COUTGGCGCACUAATGOCAGACAATAACGAAGGCGCCGACGGAGTG
GGTAATGCCTICAGGAAATTGGCATIGCGATTCCACATGGCTIGGGCE
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ACAGAGTCATCACUAUCAGUCAUCCUAACATCOGLUCTTGUCCACUTAT
AACAACCACCTCTACAAGCAAATCTCCAGTGLTTCAACGGGGGOCA
GCAACGACAACCACTACTTCGGCTACAGCACCCCCTGGGGOTATITT
CATTTCAACAGATICCACTOGCCATTICTCACCACGTCGACTGGLAGCG
ACTCATCAACAACAATTGOOGUGATTCCOUCCCAAGAGACTCAACTTC
AAGCTCTTCAACATCCAAGTCAAGGAGCGTCACGACGAATGATGGCG
TCACGACCATCGUTAATAACCTTACCAGCACGGTTCAAGTCTICTCG
GACTCOGGAGTACCAGTIGCCGTACGICCTCGOUITTIGCGUACCAGGG
CTGCCTCCCTCCOGTTCCCGGCGGACGTOTTCATOGATTCCGCAGTALG
GCTACCTAACGUTCAACAATGGCAGUCAGGCAGTGGGACGGTCATC
CTTTTACTGCCTGCAATATTITCCCATCGCAGATGUTGAGAACGGGCA
ATAACTTTACCTICAGCTACACCTTCGAGGACGTGUCTITUCACAGT
AGCTACGCGCACAGCCAGAGCCTGGACCGGUTGATGAATCCTCTCA
TCGACCAGTACCTGTATTACCTGAACAGAACTCAGAATCAGTCCGGA
AGTGUCUCAAAACAAGOACTIGCTOTITAGCCOOGGOOTCTUCAGITG
SCATGTCTGTTCAGCCCAAAAACTGGCTACCTGGACCCTGTTACCGG
CAGCAGCUGUGTITCTAAAACAAAAATUAGACAAUAACAACAGCAACT
TTACCTGCACTGGTGCTTCAAAATATAACCTTAATGGGCGTGAATCT
ATAATCAACCCTGGCACTGUCTATGGOCTCACACAAAGACGACAAAG
ACAAGTTCTTTCCCATOAGCGUTQTCATGATTTTIGOAAAGGAGAGC
GCCGGAGCTTCAAACACTGCATTOUACAATGTICATGATCACAGACG
AAGAGGAAATCAAAGCCACTAACCCUGTGOGCCACCGAAAGATTTOG
GACTGTGOGCAGTCAATCTCOAGAGTAGCAGCACAGACCCTGCOACC
GUGAGATOTGCATGTTATGGGAGCCTTACCTGGAATGGTGTGGCAAG
ACAGAGACGTATACCTGCAGGGTCCTATITGGGCCAAAATTCCTCAC
ACGCATCCACACTTICACCCOTCTCCTICTCATGGGCOGGCTTTIGGACT
TAAGCACCOCGUCTCCTCAGATUCTCATCAAAAACACGCCTGTTCCTG
COAATCCTCCOUGCAGAGTITTCGGUTACAAAGTTTGCTTCATTCATC
ACCCAGTATICCACAGGACAAGTGAGCGTGGAGATTGAATGGGAGE
TGOAGAAAGAAAACAGCAAACGUTGGAATOCCGAAGTGLAGTATAC
ATCTAACTATGCAAAATCTGCCAACGTTCATTTCACTGTOGACAACA
ATGGACTTTATACTGAGCCTCGUCCCATTGGCACCCOGTTACCTCACC
COTCCCCTGTAATTGCCTGTTAATCAATAAACCGGTTGATTICGTTTCA
GTTGAACTTTGGTCTCTGUGAAGGGCEAATTCGTITAAACCTGCAAG
GAACCCCTAGTGATCGGAGTTGGLCACTCCCTCTCTGCGCGCTCGCTC
GCTCACTGAGGCTGCAGOACTAGAGGTCUTGTATTAGAGGTCACGT
GAGTG U TTGCGACA T TTGCOACACCA PTG T CACGUTGUGTATY
TAAGUCCGAGTGAGCACGCAGGGTUTCCATTITTGAAGUGGGAGGTT
TCAACGCGCAGCOOCCAAGCUGAANTTCTGCAGATATCCATCACALT
GGLGGCLGCTCCACTAGAGCGGUCOCCACLGCGUETGGAGCTCCAGT
TITTGTTCCCTTTAGTGAGGGTTAATTGCGUGCTTGGUGTAATCATGG
TCATAGCTOTTTOCTGTGTGAAATIGCTTATCLGOYCACAATTCCACALC
AACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAAT
GAGTGAGCTAACTCACATTAATTIGCGTTGCGCTCACTGCCCGCTITC
CAQTCOCUAAACCTGTUGTGUCAGUTGUATTAATCAATCGGCUAAC
GCGCGGGGAGAGGCGHETTTGCGTATTGGGCGOTCTITCCGCTICCTCG
CTCACTGACTCGCTGUGUICGGTCOTICGGCTGCGGUCAGCGGTATT
AGCTCACTCAAAGGUGGTAATACGGTTATCCACAGAATUAGGGGAT
AACGCAGGAAAGAACATGTGAGCAAAAGGUCAGCAAAAGGCCAGE
AACCCGTAAAAAGGUCCCOTTIGCTIGGUGTTITICCATAGGUTCCGUCC
CUCTOACGAGCATCACAAAAATCOGACGCTCAAGTCAGAGGTGGLGA
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AACCCGACAGGACTATAAAGATACCAGCCGTTTCCCCCTGGAAGTT
CCCTCGTCUGOTCTCCTOTTCCCGACCCTOGCOGUTTACCOCGATACCOTGY
CCGCCTTTCTCCCTTCGGGAAGCGTGGUGCTTTCTCATAGCTCACGCT
GTAGGITATUTCAGTTCOGTGTAGUGICGTTCGCTCCAAGCTGGLUTGT
GTGUACCAACCCCCLGTTCAGCCCGACCOGOCTGUGUCTTATCCGOTAA
CTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGG
CAGCAGCCACTOOTAACAGCATTAGCAGAGCCGAGGTATCTAGGCGG
TGCTACAGAGTTCTTGAAGTGGTGGUCTAACTACGGUTACACTAGAA
GAACAGTATTTGGTATCTGCGCTUTOGCTGAAGCCAGTTACCTTCGHA
AAAACGAGTTGGTAGUTCTTGATCCHGGCAAACAAACCACCGUTGGTA
GCGGTGGTTTTTTIGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAA
GGATCTCAAGAAGATCUTTIGATCITTIICTACGGOGTCTGACGUTCA
GTGGAACGAAAAUTCACGTTAAGGGATTTTOGTCATGAGATTATCA
AXSAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAA
ATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTAGAAAA
ATTCATCCGAGUATCAAATCAAACTGCAATTTATTCATATCAGGATTA
TCAATACCATATTTTTGAAAAAGUCGTTTCTGTAATGAAGGAGAAAA
CTCACCGAGGCAGTTICCATAGGATGGUAAGATCCTGGTATCGGTOTG
COATTCCGACTCOTCCAACATCAATACAACCTATTAATTTCCCCTCS
TOAAAAATAAGG T TATCAAGYGAGAAATCACCATGAGTGACGATTG
AATCCGGTCGAGAATGGCAAAAGTITATGCATTTCTTTCCAGACTTGT
TCAALAGGCCAGCUATTACGUTCGTCATCAAAATCACTCGUATCAAL
CAAACCGTTATICATICOTGATTOCGCCTGAGCGAGACGAAATACGT
GATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCG
GCGCAGGAACACTGCCAGCGCATCAACAATATTTICACCTOAATLA
GGATATTCTTCTAATACCTOGAATGUTIGTTTTICCGGGGATCGUADT
GGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGOTTGATG
GICGIEAAGAGUCATAAATTUCCOTCAGUCAGTITAGTUTGACCATCLC
ATCTGTAACATCATTGGCAACGCTACCTTTIGCCATGTTICAGAAACA
ACTCTGGCGCATCGOGCTTCCCATACAAGCGATAGATTIGTCGCACCT
GATTGUCCGACATTATCGCGAGUCCATTTATACCCATATAAATCAGC
ATCCATGTTGGAATTTAATCGCGGCCTCGACGTTTCCCGTTGAATAT
GOUTCATACTCTTUCTTTTTCAATATTATTGAAGCATTTATCAGGGTT
ATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAA
CAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTAMAATT
GTAAGCOTTAATATITIGTTAAAATTOGUGTTAAATTTTTGTTAAATC
AGCTCATTITITAACCAATAGGCCGAAATCGGUAAAATCCCTTATAA
ATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTCGTICCAGTTTGG
AACAAGAGTCCACTATTAAAGAACGTOOACTCCAACGTCAAAGGGO
GAAAAACCGTCTATCAGGGUGATGGUCCACTACGTGAACCATCACT
CTAATCAAGTTTITTITGGOGTCCAGGTGUCGTAAAGCACTAAATCGGA
ACCCTAAAGGGAGUCCCCOATITAGAGCTTGAUGGGGAAAGCUGEC
GAACGTGGUCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGEGCGT
TAGGOGCGCTGGCAAGTGTAGCCGOTCACGCTGCOGUGTAACCACCACA
CCUGCCGCOCTTAATGCGCCGCTACAGQUGUCUGTCCCATTCGUCATT
CAGGCTGCGUAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCG
CTATTACGCCAGUTGGUOAAAGGOGUUGATOTGCTGCAAGUUGATTAA
GTTGGGTAACGUCAGGOGTTTTCCCAGTCACGACGTIGTAAAACGACH
GCCAGTGAGCGCGCHTAATACGACTCACTATAGGGUGAATTGGGTA
CCOGGCCCCCCCTOGATCGAGGTCCACGGTATCGGOGGAGOTCGCA
GGOTCTCCATTTTGAAGCGGGAGGTTTCGAACGUGLAG
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Helper Plasmid v.1

11,584 bps encoding
VA, E4. E2A
mediating AAV
replication

(SEQ ID NG:33)

GUTACCCAACTCCATGCTTAACAGTCCUCAGUTACAGUCCACCCTGC
GTCGCAACCAGGAACAGCTCTACAGCTTCOTGGAGUGCCACTCGOCE
TACTTCCGCAGCCACAGTGCGCAGATTAGCGAGCGCCACTTCTTITTIG
TCACTTGAMALACATOTAAAAATAATGTACTAGGAGALALTTTCAAT
AAAGGCAAATGTITITATTIGTACACTCTICGGGIGATTATTTACCCCC
CACCCTIGCUGTCTGCGUCGTITAAAAATCAAAGGGGTTCTGCCGTG
CATCGCTATGCGCCACTGGCAGGOACACGTTGCGATACTGGTGETTTA
GTGCTCCACTTAAACTCAGGCACAACCATCCGUCGGCAGCTCGGTGA
AGTTTTCACTCCACAGUGUTGCGCACCATCACCAACGCOTTTAGCAGE
TCOGGGCOGCCGATATCTIGAAGTCGCAGTTGOGGGLCTCCGCCUTGIGE
GCGCOAGTTGUCGATACACAGGGTTGCAGCACTGGAACACTATCAGC
GUCOOGIGGETCUACGCTGUCCAGCALGUITCT TGTCGGAGATCAGAY
COOGCGTUCAGGTCCTCCGUGTTOUTCAGGOUGAACGGAGTCAACTTT
GGTAGCTGCCTTCCCAAAAAGGGTGCATCCCCAGGCTTTGAGTTGCA
CTCGCACCGTAGTGGCATCAGAAGGTGACCGIGCLCGGTICTGGECG
TTAGGATACAGCGCCTGCATCGAAAGCCTTGATCIGUTTAAAAGUCALC
CTCAGCCTTIGCGCUTTCAGAGAAGAACATGCCGUAAGAUTTGCCEG
GAAAACTGATTGGUCGGACAGGCCGCGTCATGCACGCAGCACCTTG
CGTCGOGTOTTGGAGATCTGCACCACATTTCGGCCCCACCGGTTICTTIC
ACGATCTTIGOCCTTGUTAGACTOGCTCCTICAGCGCGCECIGCUCOTY
TTCGCTCOTCACATUCATTTCAATCACGTGUTCOTTATTTATCATAATY
GCTCCCGTGTAGACACTTAAGUTCGCCTICGATCTCAGCGCAGCGET
GCAGCCACAACGUGCAGCCCEFTGOGCTCOTGETGUTTIGTAGGTTACC
TCTGCAAACGACTGCAGGTACGCCTGCAGGAATCGCCCCATCATCGT
CACAAAGGTCTTCTIGUTGGTOAAGGTUAGCTGCAACCCGUQGTGCY
CCTCGTTTAGCCAGGICTTGCATACGGCCGCCAGAGCTTCCACTTGE
TCAGGCAGTAGCTTGAAGTTTGCCTTTAGATCGTTATCCACGIGGTA
CTTGTCCATCAALGCGUGUGUAGCCTCUATGCCCTTCTCUCACGLAG
ACACGATCGGCAGGCTCAGCGGGTTTATCACCGTGCTTTCACTTTCC
GCTTCACTGGACTCTTCCTTTTICCTCTTGCGTCCGCATACCCCGCGCC
ACTGOOTCOTCTTCATTCAGCCGUCOCACCGTUCOCTTACCTCCOTT
GCCGTGCTTGATTAGCACCGGTGGGTTGUTGAAACCCACCATTTGTA
GQUOQCCACATCTTCTCTTTCTTCCTCGCTGTCCACGATCACCTICTGHGAE
ATGGCOOGGOGUTCOGUCTTGUEAGAGGOGUGUTTCTTTTITCTTITIC
GACGCAATGGCCAAATCCGOCGTCGAGGTCGATGGCCGUGGGUTOE
GTGTGOGCGGUACCAGUGUATCTIGTGACGAGTUTTCTTCGTCCTOG
CACTCCGAGACGCCOLCTCAGCCGCTTITTTGOGGOGCGOGCOEGGAG
GCGOUGECOACGGUCGACGOGGUACGACACGTCCTCCATGGTITOGTGEG
ACGTCOCGCUGCACCGUGTCCOCGCTCGGGELTGAETTTCGLGCTIECY
CCTCTTCCCHGACTGGCCATTTCCTTICTCCTATAGGCAGAAAAAGATC
ATGGAGTCAGTCGAGAAGGAGGACAGCUTAACCGUCCCCTTIGAGT
TCOGLCACCACCGUUTCCACCGATQCCGUCAACGUGUCTACCACCTIC
CCCGTCGAGGCACCCCOGCTTCAGGAGGAGGAAGTGATTATCGAGC
AGOGACCCAGGTTTTGTAAGCGAAGAUGACOAGGATCGCTTAGTACC
AACAGAGGATAAAAAGCAAGACCAGGACGACGCAGAGGCAAALGA
GOAACAAGTCGGGCGGGGGGACCAAAGGCATGGCGACTACUTAGAT
GIGQGAGACGACGTGCTOITGAAGCATCTGCAGUGUCAGTGCGCCA
TTATCTGCGACGCGTTGCAAGAGCGCAGCGATGTGCCCCTCGCCATA
GCOGGATGTCAGCCTTOCUTACCAACGCUACCTOGTTCICACCGCGCOT
ACCCCCCAAACGCCAAGAAAACGGCACATGCOGAGCCCAACCCGLGC
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CTCAACTTCTACCCCCTATTTOCCUTOCCAGAGGTGUTTGUCCACCTTA
TCACATCTTTTTCCAAAACTGCAACATACCCUTATCCTCCCGTGCCA
ACCGCAGCCGAGCGGACAAGCAGCTGGCUTTGCGGUAGGGUGCTET
CATACCTOATATCGCCTCOCTCGATGAAGTGCCAAAAATCTTTGAGG
GTCTTOGACGUGACGAGAAACGUGCGGCAAACGUTCTGCAACAAGA
AAACAGUCCGAAAATGAAAGTCACTGTGGAGTGUTGGTCGCGAACTTGAG
GG TGACAACGUGLGUCTAGCCOTOCTGAAACGCAGCATCGAGGTCA
CCCACTTIGCCTACCCGGLACTYAACCTACCCCCCAAGGTTATGAGC
ACAGTCATGAGCGAGUTGATCGTGCGCUGTGCACGACTCCTGGAGA
GGGATGUAAACTTGCAAGAACAAACCGAGGAGGGUCCTACCCGCAGT
TGGCGATGAGCAGCTGGCOGCGCTGGCTTGAGACGCGCGAGCUTGEC
FACTTOQUAGGAGUGACGCAAGCTAATGATGGCUGUAGTGCTTOTTA
CCGTGGAGCTTGAGTGCATGCAGCGGTTCTTTGCTGACCCGGAGATG
CAGUGCAAGCTAGAGGAAACGTTGCACTACACCTTTCGCCAGGGCT
ACTGTOCCCCAGGCCTOCAAAATTTICCAALGTGOAGUTCTOCAACCTO
GICTCCTACCTTGGAATTTTGCACGAAAACCGCCTCGGGCAAAACGT
GCTTCATTCCACGCTUAAGGOCCAGGCGCHCCGCGACTACGTOCGE
GACTGCOGTTTACTTATTTCTGTGCTACACCTGUCAAALGOCCATGOE
COTGTGGCAGCAATGCCTGGAGGAGUGCAACCTAAAGGAGCTGCAG
AAGCTGCTAAAGCAAAACTTOGAAGGACCTATGCACQGUCTTICAACG
AGCGCTCCOTGGCCGCELACCTGOCOGACATIATCTICCCCGAACGC
CTGCTTAAAACCCTGUAACAGGGTCIGCCAGACTTCACCAGTCAAAG
CATGTTGCAAAACTTTAGGAACTTTATCCTAGAGUGTTCAGGAATTC
TOCCCGUCACCTOUTGTGCGUTTCCTAGCOACTTTIGTOGUCCATTAAG
TACCOTGAATGCCUTCCOCCGCTTTGGOGTCACTGCTACCTTICTGCA
GOTAGCOAACTACCTIGCCTACTACTCOGACATCATOGGAAGATGTOA
GCGGTGACGGCLCTACTGGAGTGTCACTGTCGCTGCAACCTATGCACC
CCGCACCOCTUCCTOOTCTGCAATTCOCAACTGCTTAGUGAAAGTCA
AATTATCGGTACCTTTGAGCTGCAGEGTCCCTCGCCTGACGAAAAGT
COGCGGCTCCGGGGTTGAAAUTCACTCCGGGGCTGTGBACGTCGGCT
TACCTTCGCAAATTTGTACCTCGAGCGACTACCACGCCCACGAGATTAG
GTTCTACGAAGACCAATCCCGOLCGCCAAATGUGGAGCTTALCGECT
GCGTCATTACCCAGGGUCACATCUTTGGCCAATTGCAAGUCATCAAC
AAAGUCCUGUCAAGAGTTTCTGUTACGAAAGBOALGLUCGGOTITACT
TGGACCCCCAGTCCGGLGAGGAGUTCAACCCAATCCCLCCGUCGCC
GCAGCCCTATCAGCAGCCGCGGGCCCTTGCTTCCCAGGATGGUACCC
AAAAAGAAGUTGCAGCTGUCGCCHBCLGICACUCACGGACHBAGGAGH
AATACTGGGACAGTCAGGCAGAGGAGGTTTIGGACGAGGAGGAGG
AGATGATOOAAGATTGOOACAGCCTAGACGAAGCTTCCGAGGCCGA
AGAGGTOTCAGACGAAACACCOGTCACCCTCOGGTCOCATTCCCOTEGC
COGOGCGCCCCAGAAATTGGCAACCOTTCCCAGCATCOUTACAACCTCC
GCTCCTCAGGCOGUCGCCGOGCACTCUCTHITCOOLGACCCAALCGTAG
ATGGGACACCACTGGAACCAGGGCCGGTAAGTCTAAGCAGCCGCCG
CCOTTAGCCCAAGAGUAACAACAGCGUCAAGGUTACCGUTCGTEEE
GLOGGCACAAGAACGCCATAGTTGUTTGUTTOGCAAGACTGTGGGGH
CAACATCTCCTTCGCCCGCCGOTTTCTICTCTACCATCACGGLGTIGEC
CTTCCCCCGTAACATCUTGUATTACTACCGTCATCTCTACAGCUCOCTA
CTQCACCHGCOGLAGCGOCAGUGUGCAGCAACAGCAGCGGTCACACA
GAAGCAAAGGCGACCGGATAGCAAGACTCTGACAAAGCCCAAGAA
ATCCACAGCGGLOGUCAGCAGCAGOAGGAGCGAGCOOTGUGTUTGECD
CUCAACGAACCCGTATCGACCCOCCGAGUTTAGAAATAGGATTITITCC
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CACTCTOTATGCTATATTTUAACAAAGCAGGUOCCAAGAACAAGAG
CTCAAAATAAAAAACAGCTCTCTGCGUTCCCTCACCCGCAGCTOCOT
GTATCACAAAAGCGAAGATCAGCTTCGGCGUACGCTGGAAGALGCG
GAGUGCTCTCTTCAGUAAATACTGCGCGUTGALTCTTAAGGACTAGTT
TCOGCGUCCTTTICTCAAATTTAAGCGCGAAAACTACGTCATCTICCAGC
GGUCACACCOGGUGCCAGCACCTGTCGTCAGUGUCATTATGAGCAA
GOGAANTTCCCACGUCCTACATOTGOAGTTACCAGLCACAAATGGGA
CTTGCGGCTGGAGCTGCCCAAGACTAUTCAACCUGAATAAACTACAY
GAGUGCGGOACCUCACATGATATCCCOGGHGTCAACGGAATCOGUGCC
CACCGAAACCGAATTCTCCTCGAACAGGCGGCTATTACCACCACACT
TCGTAATAACUTTAATCCCCGTAGTTGGUCCGCTGUCCTGOTGTACC
AGGAAAGTCCCGUTCUCACCACTGTIGGTAUTTCUCAGAGACGUCCA
GGCCGAAGTTCAGATGACTAACTCAGOGGGUCGCAGCTTGCGGGCGGE
TTTCGTCACAGGETGCGGTCGCCTGHGCOGTTTTAGGGCGGAGTAACT
TOGUATCOTATTGOUAATICGTAGTITTITIAAAATGCOAAGTGACTGTAT
CGTGGGAAAACGGAAGTGAAGATTTGAGGAAGTTGTGGGTTITTTG
GCTTTCGTTTCTCGOGCOTAGGTTCOCGTGCOGTITTTCTGGETGTITITT
TOTCGGACTTTAACCOTTACGTCATTTITTAGTCCTATATAYACTOGOT
CTGTACTTGGCCCTTITITACACTGTGACTGATTGAGCTGGTGCCGTGT
CGAGTGOTGTTTITTAATAGGTTTTITTACTGGTAAGGCTGACTGTTA
TGOCTCCCOGOTOTGGAAGCGCTGTATGITGTICTGGAGCGGHAGOGGT
GCTATTTTGCOCTAGGCAGGAGGOTITTITCAGGTGTTTATGIGTTTTTIC
TCICCTATTAATITIGTTATACCTCCTATGGGOCCTGTAATCTTGTCT
CTACGCCTGUGGGTATGTATTCCCCCGGGUTATTTICGGTCGOTTTTTA
GCACTGACCGATOTTAACCAACCTGATGTGTTTACCGAGTICTTACAT
TATGACTCCGGACATQACCGAGCGAACTOTCOOTGOTGCTTTTTAATC
ACGOTGACCAGTITTTTITACGGTCACGCCGGUATGGCCGTAGTCCGT
CTTATGCTTATAAGGGTIGTTITICCTCTTOTAACGACAGOGUTTCTAAT
GUTTAAATGITITITITITIGTTATTTTATTITIGIGTTTAATGCAGGAA
CCCGCAGACATOTTTGAGAGAAAAATGGTGTCTTTTICTGTGGTGET
TCCGGAACTTACCTGCCTTITATCOTGCATCGAGCATCGACTACGATGTGC
TTGCTTTTTTGCGCOAGGCTTTGUCTGATTTTITGAGCAGCACCTTGC
ATTTTATATCGCCGCCCATGCAACAAGCTTACATAGGOGGCTACGCTG
GTTAGCATAGCTCCGAGTATGUGTGTCATAATCAGTOGTOGGITCTIT
TGTCATGOTTCCTCGCGGGGAAGTGGCOGUCGUTGUTCCGTGUAGACT
TGCACGATTATGTTCAGCTGGCCCTGUGAAGGGACCTACGGGATCGC
GOTATTTITGITAATGTICUGUT T TGAATUTTATACAGGTCTGTGAG
GAACCTGAATTTTTGCAATCATGATTCGUTIGCTTGAGGCTGAAGHTG
GAGOGUGUTCTCGAGCAGATTITYACAATGGLCGGACTEAATATTCG
GOGATTIGCTTAGAGACATATIGATAAGGTGOCCAGATGAAAATEATT
TOOOGCATGGTTGAAGGTGCTGGAATGTTTATAGAGGAGATTCACCCT
CAAGGGTITAGCCTTTACCGTCCACTTGUGACGTGAGGGCAGTTTGCCT
TTTGGAAGCCATTGTGCAACATCTTACAAATGCCATTATCTGTTCTTT
GOGUTUGTAGAGTITCGACCACGCCACCGCGAGGGCAGUGCGTTICACTTA
ATAGATCTTCATTTTIGAGGTITTGUATAATCTITTQUGAATAAAAAAA
AAAANACATGGTTCTTCCAGCTCTTCCCGCTCCTCCCGTGTGTGACT
CGCAGAACGAATGTGTAGGTTGUCTGGGTGTGGCTTATICTGCGGTG
GTGGATETTATCAGGGCAGCGGUGUATOGAAGGAGTTTACATAGAAC
CCOAAGCCAGGGGGCGCCTGOATGUTTTGAGAGAGTGGATATACTA
CAACTACTACACAGAGCUHAGUTAAGCOAUGAGAUCGUGAGACGLAG
ATCTGTTITGTCACGCCCGCACCTGGTITIGCITCAGGAAATATGACY
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ACGTCCGOCOTTICCATTTGHCATOALCACTACGALCAAUACGATCTCG
GTTOTCTCOOGCOGCACTCCGTACAGTAGGOGATCGCCTACCTCOTTITG
ACGACAGAGACCCGCGCTACCATACTGGAGGATCATCCGETGUTGCC
COAATCGTAACACTITGACAATGUACAACGTCAGTTACGTGCGAGGT
CTTCCCTGCAGTOTOGOGGATTTACGCTGATTCAGGAATGGGTTIGTTICC
CTGGCGATATGGTICTGACGUGGGAGGAGCTTGTAATCCTGAGGAAG
TOTATGCACGTGTOCCTO TG ITOTGUCAACATTGATATCATGALGAG
CATGATCGATCCATGG TTACGAGTCCTGGLOTCTCCACTGICATTIGTT
CCAGTUCUGHTTCCCTGCAGTGUATAGCOGGCOOGUAGGTTTTGGCC
AGCTGGTTTAGGATGGTGGTGGATGGCGCCATGTTTAATCAGAGGTT
TATATGGTACCGGGAGOGTGGTGAATTACAACATGCCAAAAGAGHTA
ATGTTTATGTICCAGUGIGTTTATGAGOGEGTCOGCUACTTAATCTACCT
GCGCTTGTGGTATGATGGCCACGTOGGTTCTGTGGTCCCCGCCATGA
GCTTTGGATACAGCGCCTTGCACTGTGUGGATTTTGAACAATATTGTG
GTOCTOTGCTCCAGTIADTGTGUTGATTTAAGTCGAGATCAGHGGTGCG
CTGCTGTGCCCGGAGGACAAGGUGTCTCATGCTGCGGGEGGTGCGA
ATCATCGCTCAGCGAGACCACTGCCATOTTGTATTCCTCCAGGACGGA
QCGGCGGCGOCAGTAGTTIATTICGCGUGOTGLTCGCAGCACCACCHLO
CCTATCCTGATGCACGATTATGACTCTACCCCTATGTAGGCGTGGAC
TTCCCCTTCGUCOCCCGTTGAGCAACCOGCAAGTTOOATAGCAGCCTE
TGGCTTAGCAGUTGGACAGCGALCATGAACT TAAGCGAGLCTGLCOGH
GGAGTTTATTAATATCACTGATCGAGCGTTTGGUTCCGACAGGAAACCE
TOCTGOAATATAACACCTAAGAATATOTUTGTTACCCATCGATATCATE
CTTTTTAAGGCCAGCCCGGHGGAGAAAGGACTGTGTACTCTGTGTGTTG
GOAGGGAGGTGGCAGGTTGAATACTAGGOTTUTGTCGAGTTTGATTA
AGGTACGGTGATCAATATAAGCTATGTGGTGGTGGGGOTATACTALT
GAATGAAAAATGACTTGAAATTITCTGCAATTIGAAAAATAAACACG
TTOAAACATAACATOCAACAGOTTCACGATTCTTTATICCTGGGCAA
TGTAGGAGAAGGTGTAAGAGTTGGTAGCAAAAGTTTICAGTGGTGETA
TTTTCCACTTTCCCAGOGACCATGTAAAAGACATAGAGTAAGTGCTTA
CCTCCGCTAGTTICTGTGGATTCACTAGAATCCGATGTAGGATCGTTGCC
CCTCCTGALGCGGTAGGAGAAGOGGAGGUTGCCCTGCATGTCTGCC
GCTGCTCTTGCTCTTGCCGCTGCTGAGGAGGGGGGUGCATCTGCCGO
AGUAUCOGATGCATCIGOGAAAAGUAAAAAAGGGGUTCGTCICTGT
TTCCGGAGGAATTITGLAAGCCGGGOTCTTIGCATGACGGGGAGGUAAA
CCCCCGTTCGOCGCAGTCCGGCCGGUCCGAGATTCGAACCGGGGET
COTGCGACTCAACCOTTGGAAA ATAALCUICCHGCTACAGHGALLG
AGCCACTTAATGCTTTCGCTTTCCAGCCTAACCGUTTACGCCGUGCG
COGLCAGTGGUCAAAAAAGUTAGCGUAGCAGCCECTGLGUCTGGAA
GGAAGUCCAAAAGGAGUGCTCCCCCOTTCTCTGACGTCGCACACCTG
GOTTCCGACACGCGOOUGUTAACCGCATGUATCACGUUGGACGGOCG
GATCCGGGOTICGAACCCOGGTCOETCCGCCATGATACCCTTGCGAAT
TTATCCACCAGACCACGGAAGAGTGCCCGUTTACAGGCTCTCCTITY
GCACGGTCTAGAGCGTCAACGACTGUGCACGUCTCACCGGUCAGAG
CIETCCCGACCATGGAGUACTTTTTGCCGUTOGCGCAAUATCTGGAALC
GCGTCCGCGACTTTCCCCGCGCUTCCACCACCGCCGUCGGCATCACC
TGGATGTOCAGGTACATCTACGUGATTACGTCGACGTTTTAAACUCATAT
GATCAGCTCACTCAAAGGCOGTAATACOOTIATCCACAGAATCAGG
GOATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGC
CAGUAACCGTAAAAAGGCCOCGTTGCTOGCOTTITICCATAGGCTOD
GCCCCOCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTG
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GCOAAACCCCGACAGGACTATAAAGATACCAGGUGTITCCUCCTGGA
AGCTCCCTCGTRCECTCTCUIGTICCOACCCTGLCGCTTAUCOGATA
CCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTC
ACGUTGTAGGTATCTCAQTICGGTUTAQUICCTICGCTCCAAGCTGO
GUTGTCTGCACGAALCCCCCGTTCAGCCCGACCOUTCUGCCTTATCC
GOTAACTATCGETCTTICAGTOCAACCCGEGTAAGACACGACTTATCGCC
ACTGOQCAGUAGCCACTGOTAACAGOATTAGCAGAGCGAGOTATGTA
GGCGGTGCTACAGAGTTCTTIGAAGTGGTGGUCTAALTACGGUTACAL
TAGAAGAACAGTATTTGOTATCTGCGUTCTGCTGAAGCCAGTTACCT
TCGGAAAAAGAGTTIGGTAGCTCTTGATCCGGUAAACAAACCATUCGC
TCGOGTAGCGGTGGTTTTTTTGTTIGCAAGCAGCAGATTACGCGUAGAA
AAAAAGGATCICAAGAAGATCCTTIGATC T TTICTACGGGGTCTGAC
GCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGCTCATGAGATT
ATCAARAAGGATCTTCACCTAGATCCTI TTAAATTAAAAATGAAGTT
TTAAATCAATCTAAAGTATATATCAGTAAAUTTGOTCTGACAGTTAG
AAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGG
ATTATCAATACCATATTTITGAAAAAGCCGTTTCTGTAATGAAGGAG
AAAACTCACCGAGOUCAGTTCCATAGGATGGCAAGATCCTGGTATCG
GTCTGCOATTCCOACTCGTCCAACATCAATACAACCTATTAATTTCC
CCTCGICAAAAATAAGG T IATCAAGTGAGAAATCACCATGAGTGAC
GACTGAATCCOGTGAGAATGGCAAAAGTTTATGCATTTCTITCCAGA
CTTGTTCAACAGGCCAGCCATTACGUTCOTUATCAAAATUALTCGCA
TCAALCAAACCOTTATICATTICGTOATTGUGCCTGAGUGAGACGAAAL
TACGCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGC
AACCHGGCGCAGHBAACACTOLCAGUGUCATCAACAATATITTICACCTG
AATCAGGATATTCTITCTAATACCTGGAATGCTGTTTTTCCGGGGATC
GCAGTGGTOGAGTAACCATOCATCATCAGGAGTACGGATAAAATGCT
TGATOGGTCGUGAAGAGGUATAAATTCCGICAGCCAGT I TAGTCTGALCC
ATCTCATCTGTAACATCATTIGGCAACGCTACCTTTGCCATGTTTCAG
AAACAACTCTGOCGCATUGGOCTTCCCATACAAGCGATAGATTIGTICG
CACCTOATTGCCCHACATTATCOCOAGCCCATTTATACCCATATAAA
TCAGCATCCATGTTGGAATTTAATCGCGGCCTCGACGTTTCCCGTTG
AATATGOUTCATACTCTTCCTTTITCAATATTATTGAAGCATTTATCA
GOGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAARA
ATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACC
TAAATTGTAAGCGTTAATATITIGTTAAAATTCGUGTTAAATTITIGT
TAAATCAGCTCATTITTTTAACCAATAGGCCOAAATCOGCAAAATCUL
TTATAAATCAAAAGAATAGACCGAGATAGGOGTTGAGTGTTGTTCCA
GTTTCGCAACAACGAGTCCACTATTAAAGAACGTGGACTCCAACGTCA
AAGGGCGAAAAACCOTCTATCAGGGCGATGGCCCACTACGTGAACT
ATCACCCTAATCAAGTTTTTTGGGUGTCGAGGTGCUGTAAAGCACUTAA
ATCOOAACCCTAAAGGOCAGUCCCCOATTTAGAGUTTCAU GGG AAA
GCCGGCGAACGTGGUGAGAAAGGAAGGGAAGAAAGUGAAAGGAGC
GGGCGLTAGGOCOCTGGCAAGTCTAGUGGTCACGCTOGCGOGTAACT
ACCACACCCGUCGCOCTTAATGCOCCOOTACAGGGUGUGATOGGATC
C

Helper Plasmid v.2

The sequence at {-
9280 (in apper cas¢)

GGTACCCAACTCCATGCTTAACAGTCCCCAGGTACAGUCCCACCCOTGT
GTCGCAACCAGGAACAGCTCTACAGCTICCTGGAGCGCCALUTCGCUC
TACTTCCOCAGCCACAGTGUGCAGATTAGOGAGCCGCCACTICTTITIO

TCACTTGAAAAACATGTAAAAATAATGTACTAGGAGACACTTTCAAT
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are from AdhS
including coding
sequences for B4,
Baend VA; e
remaining sequence
(in lower case) is
plasmid backbone

{(SEQ 1D NO:3%)

AAAGQGUAAATCGTITTTATTTGTACACTCTCGGGTGATTATITACCLCC
CACCCTTOCOGTCTGCGCCGTTTAAAAATCAAAGGOOTTICTOCCGCG
CATCGUTATGCGCCACTGGUAGGGACACGTTIGCGATACTGGTGTTTA
GTGCTCCACTTAAACTCAGGCACAACCATUCGCQGUGUAGCTCGGTOA
AGTTTTCACTCCACAGGUTGCGUACCATCACCAACGCGTTTAGCAGG
TCHGGGUGUCCATATCTTCAAGTCGCAGTTCGGGCCTCCGUCCTGOGE
GCOCGAGTTGCGATACACAGGOTTOCAGCACTGOAACALCTATCAGC
GCCGGUTGHTGCACGUIGGCCAGCACGCTCTTGTCGGAGATCAGAT
CCGCGTCUAGQTCCTCCGUGTTGCTCAGGGUGAACGGAGTCAACTTT
GGTAGCTGOCTTCCCAAAAAGGGTGCATGCCCAGGCTTTGAGTTGCA
CTCGCACCOGTAGTGGCATCAGAAGGTUACCGTGCCCGGTCTGGGLG
TTAGUATACAGCGCCTGCATGAAASCUTTGATUTGUTTAAAAGUCAC
CTGAGCCTTTGCGCCTTCAGAGAAGAACATGCCGCAAGACTTGCCG
GAAAACTGATTCGCCOGACAGGCCGUGTCATGCACGCAGCACCTTO
COTCGOTOUTTOGAGATCTGCACCACATTTCGOCCCCACCGOGTTICTTIC
ACGATCTTGGCCTTIGCTAGACTGCTCCTTCAGCGCGCGCTGLCCGTT
TICGUTCGTCACATCCATTTCAATCACGTGUTCCTTATTTATCATAAT
QUTCCCOTOTAGACACTTAAGCTCOGCOCTICOGATUTCAGUGCAGUGOT
GCAGCCACAACGOGCAGCCCGTGOGCTUGTGGTGCTTIGTAGGTTACC
TCTGCAAACGACTOGCAGGTACCCUTGCAGCGAATCGUCCCATCATCGT
CACAAAGGTCTTGTITGCTGGTGAAGGTCAGCTGLAACCCGCGOGTGOT
CCTCOGTTTAGCCAGOGTCTTGUATACGGCUGCCAGAGCTTCCACTTIGG
TCAGGCAGTAGCTTGAAGTTTGCCTTTAGATCOTTATCCACGTGGTA
CTTGTCCATCAACGCGCGLGCAGCUTCCATGCCCTTCTCCCACGCAG
ACACGATCGGCAGGCTCAGUGGGTITATCACCGTGUTTTCACTTICC
GCTTCACTGGACTCTTCCTTTTCCTCTTGCGTCCGCATACCICGCGCC
ACTGGUTCOGTCTTCATTCAGCCGUCCGCACCOTGCGCTTACCTCOCTT
GCCOTOGCTTOCATTAGCACCGOTUOUTTIGCTUAAACCCACCATTTOTA
GCGCCACATCTTICTCTTTICTTCCTCGOTGTCCACGATCACCTCY
ATGGCGGOGCECTCGOGCTIGGUAGAGGLGCGCTTCTTITTICTTITIC
GACGCAATGOCCAAATCCOCCGTCCGAGGTCGATOOUCGCGOGITGS
GTGTGCGCOGUACCAGUGUCATCTTGTGACGAGTCTICTICGTCCTCG
GACTCCAGACGCCGLCTCAGCCGCTTITITTOGEGGUGUGCGGOGAG
GUOGLGGCHACQGUGACGOUGACGACAUGTUCTUCATGOTICOTGH
ACGTCGCGCOGLACCGUGTCOGUGCTCGUGGOGGTICOTTITCGCGCTGOT
CCTCTTCCCGAUTGGUCATTTCCT CCTATAGGCAGAAAAANGATC
ATGOAGTCAGTCGAGAAGGAGGACAGCUTAACCGUCCCCTTEGAGY
TCGCCACCACCGUCTCCACCGATGCCGLCAACGCGLOCTACCACCTTIC
CCCOTCOGAGGCACCCCCGUTTGAGGAGGAGGAAGTOATTATCOGAGC
AGGACCCAGGTTTIGTAAGCGAAGACGACCAGOATCCGCTC AGTACC
AACAGAGGATAAAAAGCAAGACCAGGACGACGCAGAGGTAAATGA
GOAACAAGTCGGGCOGGHGGUACCAAAGGCATGOCCGACTACTUTAGAT
GTGGGAGACGACGTGUTGTTGAAGCATCTGCAGCGCCAGTGCGCCA
TTATCTGCOACGUCGTTOGUCAAGAGUGCAGCGATGTGCOCCICGUUATA
GUGGATOGTCAGUCTIGCCTACGAACGCCACCTGTTCTC ACCGCGCRT
ACCCCCCAAACCGCUAAGAAAACGGCACATOCGAGCCCAACTCGCG
CTCAACTICTACCCCGTATTIGUCGTGOCAGAGGTGCTTGUCACCTA
TCACATCITITICCAAAACTOCAAGATACCCCTATOCTGCCGTGCCA
ACCGCAGCCGAGCGGACAAGCAGCTGGCCTTGCGGCAGGGCGCTGT
CATACCTCATATCGLCTCGUTCGACGAAGTIGCCAAAAATCTVTGAGSG
GTCTTOGACGUGACCGAGAAALGUGCGGCAAACGUTCTGCAACAAGA
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AAACAGUGAAAATUAAACTCACTCTGUAGTGUTGUGTOGAACTTGAG
GOGTOACAACGUGUGCCTAGCCOTGCTOGAAACGCAGCATCGAGGTCA
CCCACUTTTGCCTACCCGGCACTTAACCTACCCCUCAAGGTTATGAGC
ACAQGTCATOGAGCGAGUTCGATCOGTOCGCCGTCCACGACTCCCTOGAGA
GOUATGCAAACTTGCAAGAACAAACCGAGCGAGGGCCTACCCGCAGT
TGGCGATCGAGCAGCTGOCCGUGCTGGCTTGAGACGCGCGAGCCTGUC
GAUTTGGAGBAGCCGALGUAAGUTANTGATGHCUGUAGTGCTTOTTA
CCGTGGAGCTIGAGTGCATGCAGUGGTICTTTGCTGACCCEGAGATG
CAGCGCAAGUTAGAGGAAACGTTIGCACTATCACCTTTICGUCAGGGOT
ACGTGCGCCAGGCCTGCAAAATTTCCAACGTGGAGCTCTGCAACCTG
GTCTCCTACCTTGGAATTTTGCAUGAAAACCGUCCTCGUGUAAAACGT
FCTTCATTCCACGCTCAAQGOCGAGGLCGCOCUGLUGACTACGTCGO

GACTGCGTTTACTTATTTCTGTGCTACACCTGGCAAACGGCCATOGG
COTGTGGCAGCAATGCCTGGAGGAGCGCAACCTAAAGGAGCTGCAG
AAGCTGCTAAAGCAAAACTTOAAGGACCTATGUACOGGUCTTTAACE
AGCGCTCCGTGGCCGOGCACCTGGCGGACATTATCTTCCCCGAACGO
CTGCTTAAAACCCTGUAACAGGOTCIGCCAGACTTCAUCAGTCAAAG
CATGTTGCAAAACTTTAGCGAACTTTATCCTAGAGOGTICAGGAATTC
TGCCCGCCACCTGUTGTGUGCTTCCTAGCGACTTTGTGUCCATTAAG
TACCGTGAATGUCCTCCGCUGITTTGGGGTCACTGCTACCTTICTGCA
GUTAGCCAACTACCTIGCCTACCACTCCCGACATCATGGAAGACGTGA
GCGGTGACGGUCCTACTGOAGTGTICACTGTCGCTGCAACCTATGCACT
CCGCACCOGCTOCCTOGOTCTGUAATTCOCAACTOCTTAGCGAAANGTCA
AATTATCGGTACCTTTGAGCTGCAGHGGTCCCTCOCCTGACGAAAAGT
CCGCGGCTCCOGOGTTGAAACTCACTCCGGUGOCTGTGGACGTCGGOT
TACCTTCGUAAATTTGTACCYGAGGATTACCACGCCCACGAGATTAG
GTTCTACGAAGACCAATCCCGCUCGCCAAATGCGGAGCTTACCGCCT
GUCOTCATTACCCAGOGGUCACATCCTTGOUCAATTOCAAGCCATCAALC
AAAGCCOGUCAAGAGTTTCTGCTACGAA AGGGACGGGGHGTTTACT
TOGACCCCCAGTCCGGCOAGGAGCTCAACCCAATCCCCCCGLUGCC
GCAGCOCTATCAGCAGCCGCGUGCOCTTOCTTCCCAGGATOGCACCC
AAABAGAAGUTGLCAGCTGOOGUCGCLGLCACCCACGGACGAGGAGT
AATACTGGOGACAGTCAGGCAGAGGAGGTTTTGGACGAGGAGGAGS
AGATOATCCAAGALUTGGGALAGCUTAGACGAAGCTICCCAGGCUGA
AGAGGTGTCAGACGAAACACCGTCACCCTCGGTCOCATICCCOTCGO
COGOCGCCCCAGAAATTGGUAACCGTTCOCAGCATCGUTACAACCTCC
GOTCCTCAGGCOCCGUCGGCACTGUCIGTICGUCGACCCAACCGTAG
ATGGGACACCACTGGAACCAGGGUCGGTAAGTCTAAGCAGCCGLCG
CCGTTAGCCCAAGAGCAACAACAGCGCCAAGGCTACCGOTCGTGEC
GCGGGCACAAGAACGCCATAGTIGUTTOCT TGLAAGACTHTGGGGD
CAACATCTCCTICGCCCGCCGUTTTCTICTICTACCATCACGGLGTGHC
CTTCCCOCGTAACATCOTGUATTALTACCEGTCATOFCTACAGLCOCTA
CTGCACCGGCGGCAGCGGCAGCGGCAGCAATAGCAGCGGTCACACA
GAAGCAAAGGUGACCGOATAGCAAGACTCTGACAAAGUCCAAGAA
ATCCACAGCOGGUGGUAGCAGIAGGAGGAGGASCGUTCUGTUIGECS
CCCAACGAACCCGTATCGACCCGCGAGCTTAGARATAGGATTTTTCC
CACTCTGEATGC TATATTICAACAAAGCAGGGGCCAAGAACAAGAG
CTOAAAATAAAAAACAGGTCTCTGUGUTCCCTCACCCGCAGUTGUCT
GTATCACAAAAGCGAAGATCAGCTTICGGUGCACGUTGGAAGACGCG
GAGQCTCTCTTCAGCAAATACTGCGCUGCTGACTIUT TAAGGACTAGTT
TCGCGCCCTITICTCAAATTTAAGCGCGAAAACTACGTCATCTCCAGT
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GGUCACACCLGUCGCEAGCACCTOTCUTCAGCGLCATTATGAGCAA
GOAANTTCCCACGCCCTACATOTGGAGTTACCAGCCACAAATGOGA
CTTGCOGCTGGCAGCTGUCCAAGACTACTCAACCCGAATAAACTACAT
GAGUGCGOOACCUCACATGATATCCCOGGTCAACCGGAATCCGCGCC
CACCGAAACCGAATTCTOCTCGAACAGGUGOUTATTACCACCACACT
TCGTAATAACCTTAATCCCCCTAGTTIGGCCCGCTGCCCTGGTGTACC
AGGAAAGTCCCGCTCOCACCACTGTGGTACTTCCCAGAGACGUCCA
GGUCGAAGTICAGATGACTAACTCAGGGGCGCAGC TIGCGGGUGGC
TTTCOTCACAGGGTGCGOTUGUCOGGGUGTITTAGGGUGGAGTAACT
TGCATGTATTGGGAATTGTAGTTTTTTTAAAATGGGAAGTGACGTAT
COTOGGGAAAACGGAAGTGAAGATTTGAGGAAGTTIGTGOGTTITITG
FCTTTOGTITCTOGOOGTAGO T ICGUGTCGCOOTTTTICTCGOTGTTETT
TGTGGACTTTAACCGTTACGTCATTTTTTAGTCCTATATATACTCGCT
CTGTACTTGGCCCTTTTTACACTOTGACTGATTGAGCTGGTGCCGTET
COAGTGOTCTITITIAATAGOTTTTITTACTGOTAAGGCTOGACTGTTA
TGGCTGCCGCTGTGGAAGCGCTGTATGTTGTTCTGGAGCGGGAGGGT
GCTATTTTOCCTAGQUAGOAGGOTTTITCAGOTGTTTATCTGTTITIC
TCTCCTATTAATITTGTTATACCTCCTATGGGUGOCTGTAATOTTCTCT
CTACGCCTGUGGGTATGTATTCCCCCGGGUTATTTCGGTCGCTTITTA
GCACTGACCGATOTTAACCAACCTCATGIGTTTACCGAGTCITACAT
TATGACTCCGGACATGACCGAGGAACTOTCGGTIGOTCCTITITAATC
ACGGTGACCAGTTTTTTTACGGTCACGCOGGCATGGCCGTAGTCCGT
CTIATOCTIATAAGOGGTTGTITITICCTGTIGTAAGACAGGUTTCTAAT
GTTTAAATGTTTTTITITTIGTTATTITATTTTGTGTTITAATGCAGGAA
CCCGCAGACATOGTTIGAGAGAAAAATGGTCTCTTTITICTGTGGTGOT
TCOGGAACTTACCTGCCTITATCTGUATGAGCATGACTACGATGTGO
TTGCTTTTITTGCGCGAGGCTTTGCCTGATTTTTTGAGCAGCACCTTGE
ATTTITATATCGCCOCUCATGUAACAAGCTTACATAGGGGCTACGCTG
GTTAGCATAGCTCCGAGTATGCGTGTCATAATCAGTGTGGGTICTTT
TGTCATGOTTCCTGGUCGGGGAAGTGGCCGCGCTOOTCUGTGCAGACC
TGCACGATTATGTTCAGCTGGUCCTIGUCGAAGGUACCTACGGUATOGE
GOTATTTTTGTTAATGTTCCGOTTTTGAATCTTATACAGGTCIGTGAG
GAACCTGAATTTTTGCAATCATCGATICGUTCUTTCGAGGCTGAAGGTG
GAGOUGUGUTCTCGAGCAGAT TTITACAATGGUCGGACTITAATATTICG
GOATTTOCTTAGAGACATATTGATAAGGTGOCGAGATGAAAATTATT
TGGGCATGGTTGAAGOGTGCTGGAATGTTTATAGAGGAGATTCACCET
GAAGGGTITAGCUTTTACGTCCACTTIGUGACGTGAGGUGCAGTITGCOCT
TTTGGAAGCCATTGTGCAACATCTTACAAATGCCATTATCTGTTICTTT
GOCTGTAGAGTTTCACCACGCCACCOGOAGGGOAGUGTGTTCACTTA
ATAGATCTTCATTITTGAGGTTITGCATAATCTITTGGAATAAAAAAAL
AAAAAACATGUTTICTTICCAGCTCTTCCCGUTCCTCCCGTGTGTGACT
CGUAGAACGAATGTGTAGCTTGGUTGGOTETGECTTATICTGCGGTEG
GTGGATGTTATCAGGGCAGCGGUGCATCGAAGGAGTTTACATAGAAC
CCGAAGCCACGGGGOUOUCTGOGATGUTTTCGAGAGAGTGUATATACTA
CAACTACTACACAGAGCGAGUTAACGCCGAUGAGACCGGAGACGCAG
ATCTGTTTGTCACGCCCGCACCTGGTTTTGCTTCAGGAAATATGACT
ACGTCCQGLGTICCATTIGGCATGACACTACGACCAACACGATCTCG
GTTOTCTCGGCGUACTCCGTACAGTAGGOGATCOCUTACCTUCTTTIC
AGACAGAGACCCGCGCTACCATACTGOGAGGATCATCCGCTGOTGCC
COAATGTAACACTTTGACAATGCACAACGTGAGTIACGTGUCGAGGY
CTTCCOTGCAGTOGTGGGATTTALGCTGATICAGGAATCGGOTIGTTICC
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CTOGGATATCOTTCTGACGUGOGAGGAGCTTGTAATCCTGAGGAAG
TOCTATGCACCTGTOCCTGTIOTTGTGCCAACATTCATATCATGACGAG
CATGATGATCCATGGTTACGAGTCCTGGGCTCTCCACTGTCATTGTT
CCAGTCCCGHTTIOCCTGCAGTGCATAGCCGGCCGGUAGGTTTTGGCC
AGUTGOTTTAGGATGCTOUGTCOGATCOUGUCATOTTTAATCAGAGGTT
TATATGGTACCGGGAGGTOOTCGAATTACAACATGCCAAAAGAGGTA
ATGTTTATOTCCAGCOIGTTTATOGAGGOGTCGCTALTTAATCTACCT
GUOCTEGTOGIATGATGGUCACGIGGGTTCIGTOGTOCUCGUUATOA
GCTTTGGATACACCGUCTIGCACTGTOGGOATTITOAACAATATTICTG
GTECTCTGCIGCAGTTACTETOUTGATTTAAGTGAGATCAGGGTGCG
CTGCTOTGCCCGOAGCACAAGGCUTCTCATCCTGLCGOLOGGTOCGA
ATCATCGCTOAGOGAGACCACTGCCATGTTGTATTCCTCCAGUACGGA
GCGGOGGCGGCAGCAGTTTATTCGCGCGCTGUTGCAGCACCACCGC
CCTATCOTGATOGCACGATTATOACTCTACCOCCCATGTAGGCEGTGGAC
TTCCLCTTUGUCOGCUCGTIGAGCAALCOCAAGTTUGACATGCAGLCTS
TGGCTCAGCAGCTGGACAGCGACATGAACTTAAGCGAGCTGCCCGE
GOAGTTTATEAATATCACTGATGAGCGTTTIGGOTCGACAGGAAACCE
TGTGOAATATAACACCTAAGAATATCTCTGTTACCCATGATATGATG
CTTTTTAAGGCCAGCCGGGGAGAAAGGACTGTGTACTCTGTGIGTTIG
GOAGCGAGGTGGCAGUTTOAATACTAGGUTTUTGTCGAGTTTGATTA
AGGTACGOTGATCAATATAAGCTATGTGGYCGTGGGGUTATACTACT
GAATOGAAAAATCAUTTCGAAATTITCTGCAATTGAAAAATAAACACG
TTOGAAACATAACATGCAACAGOTTCACGATTCTTTATICCTGGGEAA
TGTAGGAGAAGGTGTAAGAGTTGGTAGCAAAAGTTTCAGTGGTGTA
TTTTCCACTTTCCCAGUOACCATGTAAAAGACATAGAGTAAGTGUTTA
CCTUGCTAGTITCTOTGGATTCACTAGAATCGATGTAGGATGTTGQCC
CCTCCTGACGCGGTAGGAGAAGGGGAGGGTGCCCTGCATGTETGCC
GCTGCTCTTIGCTCTTGCCGCTGCTOAGOAGGGGOGOCGTATCTGCCGC
AGCACCGGATGCATCTGGGAAAAGCAAAAAAGGGGCTCGTCOCTAT
TICCOGGAGGAATTTGCAAGCGOGGUTCTTGCATCGACGGGGAGUCAAA
CCCCCOTITOCOUCGCAGTUCGGLUCOGCCCOAGACTCOGAACCGGGOGOT
CCTGCGACTCAACCCTTGGAAAATAALCCTCCOGCTACAGGGAGCE
AGCCACTTAATGCTTTCOUTTICCAGCCTAACCGUTTACGCCGLGCG
COGCCAGTGGCUAAMAAAAGUTAGCGCAGCAGLCGCUGLGUCTGGAA
GGAAGUCAAAAGCAGTOCTCOCCCOGTTIGICTGACGTCOCACACTYG
GOTTCGACACGCGGGCGETAACCGUATGGATCACGGOGGACGGCCG
GATCOCGOGE UTIUGAACCCCOEICGTICCGUCATGATACCUTIGCGAAY
TTATCCACCAGACCACGGAAGAGTGCCCECTTACAGOCTCTCCTTTY
GCACGOGTCTAGAGCOTCAACGACTGECOGCACGUCTCACCGGCCAGAG
COTCCCOACCATGGAGCACTTTTTGCCGCTOCGCAACATCTGGAALC
GCOTCCGCGACTTTCCOOCCOCCTCCACCACCGCCOLCOGUATCALO
TGGATOTUCAGGTACATCTACGGATTACGepacetgcaggeatecaagetiggogta
afcatggteatagetutitectgtgtenaatigtiatecgoivacanticcatacascalaegagregaagoaliaan
gtgtaaagectggatgectaatgagigagetnacicacatinattgogtigogoteactigrecgeiitceaglogg
gaazcctgtegigocagaetgeatiaatgaatoggeeanegogeggoragagecontitecatatiggegaapitt
tgcigagitgaaggateagatcacgeateiteccgacaacgeagaccgitcogiggraaageaaaagiicaaant
cagtaacegteagtgcegataagitcraagtiaaacciggigtigataccaacatigaaacgeigatcgaaaacge
geigaaanacgetgetganigigegageticttcorgettociogetcactgactogeigogeieggogiicggotyg
cggogagegaatcagetcacicanaggopgtaatacggitatocacagaatoagggaataacgeaggaaaga
agatgtgagoaaaaggecagagaaggecaggaacegtaaaasggoegegitgctggegtitiiccataggcte
cgoccocctgacgageatcataaraatogacgetcaagicagaggigecgaaaccegacaggactatagsgal
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ageglagigectagrctpligancaagtotggaaaganatgcataagcetitigocaticicaccggaticagtegte
agtcatggtgatitcicacttpataaccttatiitigacgagepeanattaatag gitgtaligatptizgacgagtogs
anfogeagaccgatacoaggatetigeoatoctatgpasctgocicgglgagttiteiccticattacagaaacggct
Ititcanuuatatpgtattgatagteotgatatgadtaaatigeagtticatitgaigec gatgagtittictaateagaat
iggtiaaitggtiglaacactggoagageatiacgigactigacggacgaepgd *ts;ttgaa,uaatugmtt-"g
ceatteaggotgegeaactgitgguaagggegatcggigcggeccicttegetatiavgeragetggegaaagg

gpgatgigeigeaaggogaitaagitgaotaacgecagggtiticocagieacgacgtiptaanacgacggecag
igaaticgagcteggtaceoggagates

6.1.3 Glioma cell cultures.

[0309] Glioblastoma cell lines (U87-Luc, U251-Luc and GL261-Luc) were seeded in 24
well plates (2x10" cells/well) and infected with ten-fold serial diluted rAAV (MOI:
10° to 10°) . Cell medium was replaced with fresh medium after 24hr. Cell viability
was determined by CCK-8 assay (Cell Counting Kit-8, Dojindo Laboratoris) following
manufacture manual 72 hrs post infection.

6.1.4 Animal care.

[0310]  All animal procedures were performed using protocols approved by CRADL-SZ
(Charles River Accelerator &Development Lab, Suzhou) Institutional Animal Care and
Use Committee.

6.1.5 Experimental observation and data collection.

[0311]  After inoculation of tumor cells, routine monitoring included general animal
behavior, activity levels, food and water intake, weight fluctuations, eyes condition,
coat appearance, and any abnormalities. Symptoms observed during the trial were
recorded in the original data. Mice were weighed twice or three times a week
throughout the duration of the experiment, depending on how close the animal were to
the survival end point.

6.1.6 Section and immunostaining.

[0312]  The mouse brain samples treated with NXL-004 or PBS were sectioned by RWD

FS800 Cryostats, immune-stained with antibodies that specifically bind to NeuroD1,
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[0313]

[0314]

[0315]

[0316]

GFP, neuronal cell marks including NeuN, GFAP, Ki67, human nuclei (HuNu) , DAPI
etc. imaged and analyzed using Olympus VS200 fluorescent microscope.
6.1.7 Reverse transcriptase-quantitative PCR (RT-qPCR) .

The brain tissues were harvested, and tumor sections were collected for mRNA
analysis. RNA and DNA were extracted using AllPrep" DNA/RNA Mini Kit
(Qiagen) , and reverse transcription was performed using the Transcriptor™ first stand
cDNA synthesis kit (Roche) . RT-gPCR was then performed using the QuantiNova™
SYBR Green PCR kit on the QuantStudio™ 6 Pro Real-Time PCR System.

6.1.8 Statistics.

All statistical analyses were conducted using GraphPad Prism Software 9.3.1. The
RT-qPCR data was analyzed using the Mann Whitney test to determine the sig-
nificance of differences between experimental groups, with one-tailed or two-tailed
p value calculated accordingly. Survival analysis was performed by Kaplan-Meier
analyses, which generates a p-value to assess significance. The Kaplan-Meier test was
performed using the log-rank test equivalent to the Mantel-Cox test.

6.2 Example 2: Serotype 6 Recombinant AAV Demonstrated Superior Efficiencies in
Transducing Glioma Cells.

To compare transduction efficiencies of different AAV serotypes and efficiencies
of different promoter sequences in driving transgene expression in glioma cells, four
different AAV particles were constructed according to the procedure described in
Sections 6.1.1 and 6.1.2, including serotype 9 AAVs containing a single-stranded
genome encoding a GFP protein under regulatory control of a GFAP promoter
(ssAAV9-GFAP-GFP) , serotype 6 AAVs containing a single-stranded genome
encoding a GFP protein under regulatory control of a GFAP promoter (ssAAV6-
GFAP-GFP) , serotype 9 AAVs containing a self-complementary genome encoding
GFP under regulatory control of a CMV promoter (scAAV9-CMV-GFP) , and
serotype 6 AAVs containing a self-complementary genome encoding GFP under
regulatory control of a CMV promoter (scAAV6-CMV-GFP) .

Twenty-four hours after 7x10° of US7MG cells were plated in culture dish, the four
different types of AAV viruses were each added to the cell cultures at multiplicity of
infection (MOI) of 2x10°, respectively. Fluorescence of GFP were captured at each of
24h, 48h, 72h, 120h, and 168h after viral infection with same imaging parameters for
all the groups (FIG. 4A) . The quantification results showed that the GFP fluorescence
intensity emitted from cells treated with scAAV6-CMV-GFP was the highest among
the four rAAVs tested (FIG. 4B) . Further, the GFP fluorescence intensity emitted
from cells treated with rAAV encoding GFP under regulation of the CMV promoter
was significantly higher than that under regulation of the GFAP promoter, and GFP
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[0317]

[0318]

[0319]

fluorescence intensity emitted from cells treated with the serotype 6 virus was sig-
nificantly higher than that of the serotype 9 virus (FIG. 4B) . These results demonstrate
that scAAV6 particles are more efficient in transducing glioma cells than scAAV9, and
the CMV promoter is superior in driving transgene expression in glioma cells than the
GFAP promoter.

Furthermore, due to high heterogeneity between glioblastoma cells and also between
other non-tumor cells belonging to the tumoral niche, a 3D glioblastoma sphere model
was established to avoid possible limitations of the classical 2D cell culture systems
for examining activities of the rAAVs. To establish the glioblastoma sphere model,
glioblastoma cells (U87MG-Luc) were seeded on ultralow attachment 24 well plates
at a concentration of 1,000 cells/mL in DMEM supplemented with 20 ng/mL of
epidermal growth factor (EGF) , 10 ng/mL of basic fibroblast growth factor, and 1x
B27. Fresh medium was added every 3-4 days.

The cell culture was treated with sScAAV6-CMV-GFP or scAAV9-CMV-GFP (MOI
1 x10% at day 8 and observed under a fluorescence microscope at day 11. As shown in
FIG. 4C, GFP fluorescence intensity emitted from cells treated with scAAV6-CMV-
GFP was significantly higher than that of the scAAV9-CMV-GFP treated cells. These
results again demonstrate that scAAV6 particles are superior and more efficient at
transducing and driving transgene expression than scAAV9 in the U§7MG-Luc sphere
model.

6.3 Example 3: Self-complementary AAV6 Efficiently Transduced Glioma Cells in
vivo

To examine in vivo transduction efficiency of scAAV6 in glioma cells, U§7MG-Luc
cells (5x10° cells per animals) were injected subcutaneously in BALB/c nude mice to
generate the CDX tumor. When tumor volume is around 100mm’ in about 2 weeks
post transplantation, 40 ul of scAAV6-CMV-GFP virus was injected into the tumor
at 4 points with 10 pl per site. Three days later, the tumor samples were collected and
sectioned with cryostat at 40 pm per slice. The sections were observed and imaged for
GFP fluorescence. As shown in FIG. 5A, tumor cells at the injection site (circled by
the dashed line) emitted strong green fluorescence, while cells outside the injection site
was only stained blue (DAPI for nuclei) . FIG. 5B is a close-up image of the injection
site, showing a majority of tumor cells in the area were infected and expressed GFP.
These results showed that intratumoral injection of scAAV6-CMV-GFP can efficiently
infect tumor cells and express the transgene in the infected cells in vivo.

6.4 Example 4: scAAV6-NeuroD1 Efficiently Transduced and Killed Glioma Cells in

Vitro
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[0321]

[0322]

[0323]

[0324]

To examine the anti-tumor effect of NeuroD1 in glioma, scAAV6 virus encoding
NeuroD1 were constructed using the methods described in Sections 6.1.1 and 6.1.2.
The purified scAAV particles contained a DNA genome of SEQ ID NO: 16, which
was packaged in a AAV serotype 6 capsid containing the VP1 protein (SEQ ID NO:
25), VP2 protein (SEQ ID NO: 26) and VP3 protein (SEQ ID NO: 27) . This viral
vector is referred to as scAAV6-NeuroD1 herein.

To examine transduction efficiency of scAAV6-NeuroD1 in glioma cells, U87TMG-
Luc cells were seeded and treated with scAAV6-NeuroD1 or a negative control
AAV6-NeuroD1-Null that carried a null mutant of NeuroD1 transgene without a start
codon. Immunostaining of the U87MG-Luc cells for NeuroD1 (purple) and for nuclei
marker DAPI (blue) was performed 8§ days post treatment. As shown in FIG. 6 left
panel, NeuroD1 expression was detected in a majority of cells treated with scAAV6-
NeuroD1 (as indicated by the colocalization of the blue and purple signals) , whereas
the right panel shows the lack of expression of NeuroD1 in cells treated with AAV6-
NeuroD1-Null (as indicated by lack of purple staining) . These results demonstrate
that scAAV6-NeuroD1 can efficiently infect glioma cells and express the encoded
NeuroD1 in the infected glioma cells.

Further, to examine the anti-tumor efficiency of scAAV6-NeuroD1, glioblastoma
cell lines (US7MG-Luc, U251-Luc or GL261-Luc) were seeded in 24-well plates
(2x10* cells/well) and infected with ten-fold serial diluted recombinant AAVs (MOI:
10° to 10%) . Cell medium was replaced with fresh medium after 24hr. Cell viability
was determined by CCK-8 assay (using Cell Counting Kit-8) 72 hours post infection.
Viability of cells treated with PBS was set as 100%. As shown in FIG. 7, treatment
with scAAV6-NeuroD1 reduced tumor cell viability in a dose-dependent manner.

Next, anti-tumor efficacy of rAAVs were examined utilizing the 3D glioblastoma
sphere model. Particularly, glioblastoma cells (U87MG-Luc) were seeded in 24 well
plates (2x 10" cells/well) and infected with either scAAV6-NeuroD1 or a serotype-com-
parative scAAV9-NeuroD1 viral preparation at MOI: 10°. The serotype-comparative
scAAV9-NeuroD1 virus had the same scAAV genome encoding NeuroD1, but was
packaged in a AAV9 capsid having the VP1 protein (SEQ ID NO: 29) , VP2 protein
(SEQ ID NO: 30) , and VP3 protein (SEQ ID NO: 31) of serotype 9 virus instead.

Treated US7MG-Luc cells were detached and reseeded on ultralow attachment
24-well plates at a concentration of 1,000 cells/mL in DMEM supplemented with
20 ng/mL of epidermal growth factor (EGF) , 10 ng/mL of basic fibroblast growth
factor, and 1x B27. Fresh medium was added every 3-4 days. Spheres were counted
at 12 days after seeding. Counting of sphere formation numbers in U§7MG-Luc cells

showed scAAV6-NeuroD1 had significantly more inhibitory effect than the serotype

154



WO 2025/108407 PCT/CN2024/133740

[0325]

[0326]

[0327]
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comparative scAAV9-NeuroD1 or PBS on in vitro sphere formation. FIG. 8 right
panel shows average sphere formation numbers (from three duplicated experiments)
in different groups treated with PBS, scAAV6-NeuroD1 or scAAV9-NeuroD1, re-
spectively. Representative bright-field images of individual cell spheres are shown in
the left panel.

Next, three types of tumor cell lines (BN2276, BN2338, BN9224) derived from three
different glioma patients were infected with scAAV6-NeuroD1 in vitro (9-gradient
multiplicity of infection) . Tumor cell proliferations were assessed on day 7 post
infection. The reading of untreated group was set as 100%. As shown in FIG. 9, at
MOI > 1x10° scAAV6-NeuroD1 was effective on inhibiting growth of all three tested
patient-derived tumor cells. The inhibition had a dose threshold, and the inhibition ef-
ficiency was dose-dependent.

These results demonstrate a strong tumor killing effect of scAAV6-NeuroD1, much
more superior than a serotype-comparative scAAV9-NeuroD1, suggesting therapeutic
use of scAAV6-NeuroD1 in treating glioma.

6.5 Example 5: In vivo Therapeutic Efficacy of scAAV6-NeuroD1 in Treating Glioma

To examine in vivo therapeutic efficacy of scAAV6-NeuroD1 in treating glioma,
an orthotopic cell-derived xenograft (CDX) model was established. Particularly, the
U87-1uc cells were transplanted into the striatum of BALB/c nude mouse brains using
stereotactic intracranial injection. A total of 3x10" cells in 2 ul of PBS were injected
at a speed of 0.5 ul/minute, with the injection coordinates being ap = 0.50 mm, ml =
-2.0 mm, dv = -3.50 mm relative to bregma. On day 2, IVIS (in vivo imaging system)
assays were performed and animals with luciferase signal that was higher than 1x10* p/
s/cm’/st would be included in treatment or control group.

As shown in FIG. 3, at 3, 8 and 13 days post tumor cell transplantation (DPT) , 4 ul
of a formulation containing scAAV6-NeuroD1 virus at a titer of 1x10" vg/mL in a
phosphate-based buffer (e.g., containing potassium, potassium phosphate monobasic,
sodium chloride, and sodium phosphate dibasic anhydrous) with poloxamer 188
was injected into the tumor at a speed of 0.5 pl/minute (guided by same stereotactic
injection coordinates as cell transplantation) at two depth with 2 ul each depth. The
control group received the same volume of PBS, and the animals in both groups
were handled similarly otherwise. On 14 DPT, 17 mice (8 animals from the PBS-
treated control group and 9 animals from the scAAV6-NeuroD1 treatment group) were
sacrificed, and brains were collected, sectioned, and stained for immunohistochemical,
H&E staining, and RT-qPCR analysis for studying the in vivo efficacy and mechanism
of scAAV6-NeuroD1. See specific animal number used in different experiments in

results below. For assessment of survival efficacy, 40 animals (20 control and 20
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treatment animals) were monitored until they reached the endpoint of life. Animals that
had lost more than 20%of their body weight from their peak during the course of the
experiment, or that had been determined by a veterinarian reaching survival endpoint,
would to be euthanized.

FIG. 10A shows immunostaining of brain slices from animals sacrificed at 14 DPT.
Human nuclei marker HuNu was stained in purple, neuronal marker NeuN was stained
in green, and NeuroD1 was stained in red. All nuclei were stained in blue by DAPI
staining. In the control group (upper panel) , there was a dense DAPI staining area
with obvious boundaries, where HuNu was also stained positive, indicating these were
tumor cells. There was no NeuroD1 or NeuN staining in this area. In the treatment
group (lower panel) , the tumor area were HuNu stained positive, DAPI staining
was similar to normal brain tissue nearby, and the tumor boundaries was not visible.
High expression of NeuroD1 was detected in the tumor area, and the neuronal marker
NeuN was also stained positive in this area, indicating transformation of tumor cells
in the area into neuron or neuron like cells that express the NeuN marker. FIG. 10B
shows the NeuroD1 expression in mRNA level of scAAV6-NeuroD1 infected tissue
and tissue of negative control by RT-qPCR with housekeeping gene GAPDH as a
reference.

As shown in FIG. 11, at 14 DPT, the average tumor size of animals in the treatment
group was significantly smaller than that of the control group (quantitation shown
in FIG. 11C) . DAPI staining (blue, stained all nuclei) showed dense cell growth in
the tumor area (FIG. 11A circled by dashed lines) , which was also confirmed by his-
tological studies based on H&E staining (FIG. 11B) .

As shown in FIG. 12, on the second day after tumor transplantation in the glioma
CDX model, in vivo IVIS imaging showed obvious signals in the brain in all animals.
Animals were randomly assigned to treatment group or control group and test articles
were administration on 3, 8 and 13 DPT. In vivo IVIS imaging on 8 and 14 DPT
showed that the IVIS signal of the treatment group was significantly lower than that
of the control group. It showed that treatment of scAAV6-NeuroD1 can significantly
inhibit the tumor growth.

The nuclear protein, Ki67, is associated with cell proliferative activity, which may
be an indicator of tumor aggressiveness. Accordingly, immunostaining of Ki67 was
applied to assess cell proliferation in the glioma CDX model. As shown in FIG. 13, at
14 DPT, the expression of ki67 in the control group was higher as measured in both
area and intensity as compared to those in the treatment group. Statistical analysis of
the mouse brain slices of the treatment group and the control group showed significant

differences in Ki67 signal. DAPI stained all nuclei.
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Expression level of Ki67 and NeuroD1 were measured by their mRNA levels using
RT-gqPCR analysis. As shown in FIG. 14, mRNA level of Ki67 in scAAV6-NeuroD1
treatment group was significantly lower than control (control n=7, scAAV6-NeuroD1-
vl n=6) , while NeuroD1 mRNA level in the treatment group was significantly higher
than control (control, n=5; scAAV6-NeuroD1, n=6) . These data indicate that in vivo
expression of NeuroD1 in glioma cells reduced proliferative activity of the glioma
cells.

Next, immunostaining analysis of microglia/macrophage marker Ibal was performed
to assess the inflammation ensuing the treatment. At 14 DPT, glioma CDX model mice
received scAAV6-NeuroD1 or PBS (as a control) were sacrificed, and the brain slices
were stained for the microglia/macrophage marker Ibal. DPAI stained for all nuclei.
As shown in FIG. 15A, the Ibal level elevated in the tumor area in treatment group
compared to control, indicated that the innate immune response was upregulated in
tumor area with treatment. As shown in FIG. 15B, quantitative analysis of Ibal flu-
orescence showed significant difference of the two groups (p =0.0022) . No change
of Ibal signal was found in contra-lateral hemisphere, suggesting there is no obvious
whole-brain immune activation.

The animals in treatment group and control group were weighed on multiple time
points. The animals in control group started to show drastic body weight loss starting
around 15 DPT and reached end of life quickly while treatment group stay stable and
survive for much longer time.

FIG. 16 shows the change of body weight of glioma CDX model mice received
scAAV6-NeuroD1 or PBS (control) . As shown, body weight of the treatment group
remained normal for an extended time as compared to the control group. FIG. 17
shows the median survival of control animals were 16 DPT (n=21) , while that of
scAAV6-NeuroD1 treatment group reached 34 DPT (n=20) , (p<0.0001) . Some
animals in treatment group survived until experiment end point. These data indicate
scAAV6-NeuroD1 was well tolerated by subjects suffering from glioma, and sig-
nificantly extended their life span. FIG. 20 shows dose-dependent efficacy of scAAV6-
NeuroD1 treatment on survival outcomes. This dose-dependent efficacy study
demonstrates that scAAV6-NeuroD1 treatment significantly extended the median
survival of the mice in a dose-dependent manner. The median survival times were 17
days for both the control and low-dose groups, 22.5 days for the mid-dose group, and
26 days for the high-dose group (n=9-10 per group, p<0.0001) .

To further demonstrate in vivo efficacy of scAAV6-NeuroD1 treatment, a patient-
derived xenograft (PDX) model was established using tumor tissues isolated from
real human patients. Particularly, NOD/SCID female mice were implanted with GBM

tumor tissue with diameter of around 2-3mm subcutaneously. After the tumor volume
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reached about 120 mm’, 50 ul of scAAV6-NeuroD1 with a titer of 1E13 vg/ml or
PBS (control) were administered via intra-tumoral injection every 5 days. Tumor size
was measured at regular intervals post-transplantation. scAAV6-NeuroD1 treatment
significantly inhibited tumor growth compared to the control group (PBS) . FIG. 21
shows in vivo efficacy of scAAV6-NeuroD1 as measured in tumor growth in such
PDX models of glioblastoma.
6.6 Example 6: Comparative Study

To compare in vivo therapeutic efficacies between different AAV serotypes and
different transcriptional factors in the treatment of glioma, an orthotopic CDX GBM
model was established using U87 cells as described above. Three different AAV
vectors of AAV serotype 6 or 9 that encode NeuroD1 or Neurogenin2 (Ngn2) were
prepared, namely scAAV6-NeuroD1 and its serotype comparative scAAV9-NeuroD1,
as well as a comparative recombinant AAV9 comprising a self-complementary
genome encoding Neurogenin2 (scAAV9-Ngn2) . For a direct comparison, the only
difference between the scAAV9-Ngn?2 vector and the scAAV9-NeuroD1 vector was
their different coding sequences encoding NeuroD1 and Ngn2, respectively. As shown
in FIG. 3, at 3, 8 and 13 DPT, 4 ul of a formulation containing scAAV6-NeuroD1
virus at a titer of 1x10" vg/mL was injected into the tumor at a speed of 0.5 pl/minute
(guided by same stereotactic injection coordinates as cell transplantation) at two depths
with 2 pl each depth. A control group of mice received PBS injection instead. Survival
rate of the treatment groups were monitored. As shown in FIG. 18, the median survival
of the scAAV6-NeuroD1 treated group (24 days) was significantly longer than each of
the control group (15 days) , and the scAAV9-Ngn?2 treated group (17 days) and the
scAAV9-NeuroD1 treated group (20 days) . These results confirmed that that AAV6
was a more suitable serotype than AAV9 for the treatment of glioma, and transcription
factor NeuroD1 was more effective than Ngn2 for the treatment of glioma.
6.7 Example 7: Combination Therapy

An orthotopic CDX GBM model was generated using the U87MG-Luc cell line by
injecting 2 pul US7MG-Luc cells (3x 10" cells) into the striatum of the nude mice brain.
The injection coordinates were AP = 0.50 mm, ML= -2.0mm, DV = -3.50mm. On 3, 8
and 13 dpt, scAAV6-NeuroD1 was injected at the same site in the striatum of the nude
mouse brain. Temozolomide (TMZ) (5 mg/kg) were intraperitoneally administered 7,
8, and 9 dpt. As shown in FIG. 19, the median survival of control animals was 15.5 dpt
(n=6) , while in the co-treatment group of scAAV6-NeuroD1 and TMZ, no animal died
at the observation end point (86 dpt) , which was significantly improved compared to
TMZ treatment alone (median survival = 28 days) or scAAV-NeuroD1 treatment alone

(medial survival = 27 days) . In summary, the combination treatment of scAAV6-
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NeuroD1 and TMZ showed significantly better efficacy than treatment with scAAV6-
NeuroD1 or TMZ alone in mouse CDX GBM model.
6.8 Example 8: RNA-seq on GBM cells treated with scAAV6-NeuroD1 in vitro

Cultured GBM cells were treated with scAAV6-NeuroD1 or empty AAV6 capsids at
1ES multiplicity of infection (MOI) . Three days post treatment, cells were collected
and processed to extract total RNA. mRNA library was generated using 1 ul of total
RNA with standard protocol. Then libraries with different indexes were multiplexed
and loaded on an Illumina HiSeq/Illumina Novaseq/MGI2000 instrument for se-
quencing using a 2x150 paired-end (PE) configuration according to manufacturer’s
instructions. For transcriptome analysis, GOSeq (v1.34.1) was used to identify Gene
Ontology (GO) terms that annotate a list of enriched genes with a significant padj less
or equal than 0.05.

As shown in Table 6.8 below, in vitro RNA-seq result of GBM cell lines treated
with scAAV6-NeuroD1 or AAV9-NeuroD1 and control (PBS or empty viral capsid)
showed that scAAV6-NeuroD1 induced significant transcriptome changes in the tested
GBM lines U87 and 251, while AAV9-NeuroD1 induced less changes. Empty AAV
capsid treatments have almost same result as PBS.

Table 6.8: Transcriptome change in cultured GBM cells with treatment of AAV-
NeuroD1

GBM Cell Lines Groups Up-regulated Genes Pown-regulated Genes
PBS vs 5-ND1 D8 11
PBS vs 6-ND1 2433 1558
g7 PBS vs 6-eopty 0 0
9-ND1 vs 6-NDB1 1962 1346
G-gmnpty vs 5N 2365 1439
PR3 vs 8N {56 t47
PBS vs 6~ND1 1693 504
1251 PBS vs -emipty 23 81
9-NI1 vs 6-MND! 893 339
G-empty vs &-ND 1211 581

U87 cells treated with scAAV6-NeuroD1 for 3 days showed broad down regulation
of genes related to DNA replication, cell division and cell cycling indicating the in-
hibition of cell growth (FIGS. 22 and 23) . The result is consistent with the observed
inhibition of cell proliferation and sphere formation of U87 cells by scAAV-NeuroD1
in culture. Result of U251 treated with scAAV6-NeuroD1 showed elevated gene ex-

pression related to neurodevelopment and neural activities (FIG. 24) , which indicated
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the conversion possibly in progress. Because U87 and U251 have difference in genetic
traits, they may respond to treatment differently while both responses slowed down the
proliferation of tumor cells.
6.9 Example 9: Dose-Dependent Expression Study of NXL-004 in Normal Mouse
Brain

To test the expression of NeuroD1 of the clinical product NXL-004 (scAAV6-
NeuroD1) , 2 pl viral vector was injected to normal mouse brain in the striatum at
2E12 vg/ml, 6.6 E12 vg/ml or 2E13 vg/ml each. Brain tissue was collected 3 days
post injection for immunostaining of NeuroD1. The result showed a dose dependent
infection and NeuroD1 expression (FIG. 25) .
6.10 Example 10: Clinical Database Analysis of NEUROD1 Expression in Glioma
Patients

Analysis of patient databases, TCGA (The Cancer Genome Atlas) , UCSC Xena,
CGGA (Chinese Glioma Genome Atlas) , revealed a significant correlation between
high NEURODI1 expression and improved clinical outcomes. Specifically, high
NEURODI1 expression was consistently associated with longer overall survival (OS)
and progression-free interval (PFI) (FIGS. 26A and 26B) . Further analysis indicated
that NRUROD1 expression was significantly higher in IDH mutant (MT) gliomas
than IDH wild-type (WT) glioma, and was inversely correlated with the WHO grade,
with no significant difference on gender (FIGS. 27A and 27B) . These findings were
consistent across multiple datasets in CGGA (FIGS. 28A, 28B and 28C) , further
confirming that high NEURODI1 expression is associated with a better prognosis in
glioma patients. Collectively, these results suggest that NeuroD1 expression is as-
sociated with lower tumor grade and better prognosis in glioma patients.
6.11 Example 11: Clinical studies

NXL-004 is being evaluated in an Investigator-Initiated Trial (IIT) , which is an
open-labeled, multi-center, dose-escalation exploratory clinical study evaluating the
safety, tolerability, and preliminary efficacy of NXL-004 in the treatment of patients
with malignant glioblastoma.
6.11.1 Patient population

Inclusion criteria:
1. Age >18 and <70 years old.
2. Histologically confirmed malignant glioma (WHO Grade 3-4) .
3. Recurrence or progression after previous chemotherapy and/or radiation therapy,
with
at least one measurable lesion on contrast-enhanced MRI (>1.0cm, <5.5¢cm) .
4. Karnofsky Performance Status (KPS) score >60%.

5. Expected survival >3 months.
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6. If patients are receiving corticosteroid treatment, the corticosteroid dose must have
been stable for at least one week before treatment.
7. Male and female participants in the clinical study must agree to use effective
contraception and continue it for 6 months after treatment.
8. Adequate organ function of liver, kidney and bone marrows: Neutrophil count >
1500/mm’*; Platelet count >100,000/mm?; Hemoglobin >9.0 g/dL; Serum
creatinine<1.5 times the upper limit of normal (ULN) ; Bilirubin, Aspartate Amino-
transferase (AST) , and Alanine Aminotransferase (ALT) <2.5 times ULN; Pro-
thrombin time/international normalized ratio <1.
6.11.2 Cohorts

Stratification of patients is based on whether the patients underwent tumor resection
surgery. Stratification 1: Subjects who only underwent tissue biopsy and received in-
tratumoral injection as the mode of administration:
Dose cohort 1: NXL-004 2.0x10" vg/ml x 1ml
Dose cohort 2: NXL-004 6.6x10"vg/ml x 1ml
Dose cohort 3: NXL-004 2.0x10"vg/ml x 1ml
Stratification 2: Subjects who underwent surgical resection and received intracavitary
injection as
the mode of administration:
Dose cohort 4: NXL-004 2.0x10" vg/ml x 2ml
Dose cohort 5: NXL-004 6.6x10"vg/ml x 2ml
Dose cohort 6: NXL-004 2.0x10"vg/ml x 2ml
6.11.3 Administration Scheme

Stratification 1: Intratumoral Administration: After tissue biopsy, the initial ad-
ministration of NXL-004 injection will be performed via stereotactic surgery for in-
tratumoral injection. The total volume for a single administration is 1 ml. An Ommaya
reservoir is placed on top of skull under scalp with the catheter inserted intratumorally.
At least 15 days after the initial administration, if the patient demonstrates good safety
and tolerability at the current dose level and, and continued treatment is expected to
have clinical benefits according to the investigator’s judgment, the patient receives
two additional subsequent administrations. Each of these subsequent administrations
is spaced 15 days apart, with a single administration volume of 1 mL, administered
through the Ommaya reservoir.

Stratification 2: Intracavitary Administration: In a surgery, following the resection
of a tumor, NXL-004 is injected into the surgical cavity with a single administration
volume of 2 mL, and an Ommaya reservoir is placed on top of skull under scalp

with catheter inserted in the surgical cavity. 30 days after the initial administration,
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if the patient demonstrates good safety and tolerability at the current dose level, and

continued treatment is expected to have clinical benefits according to the investigator’s

judgment, the patient receives two additional subsequent administrations. Each of these

subsequent administrations will be spaced 30 days apart, with a single administration

volume of 2 mL,, administered through the Ommaya reservoir.

After completing the three intratumoral/intracavitary administrations, if imaging and

clinical assessment suggest benefit and the criteria for continued treatment are met, the

patient can receive additional administrations until no longer meeting the criteria.

Dosing Regimens

The dosing regimen in the various arms of clinical trials are provided below.

Arms

intervention / Treatment

Stratification 1, Cohort 1
20510 vg NXT-004

Subjectreceives ImL sohition containing 2.8x 10" vg/mL NXL-0604
injected intraturmorally vuice every 15 days, for once, twice, ot at least
three times

Steatification 1, Cohort 2
6.6 10" yg NXL-004

Subject receives Ll solution containing 6.6710" ve/mL NXL-004
mjected intratumerally once every 15 days, for onee, twice, or at least
three thmes

Stratifigation 1, Cohort 3
205105 vg NXL-004

Subject receives Tml solution containing 2.0x 10" vighnl, NXL-004
injected intratumerally once every 15 days, for once, twice, or at least
three times

Subject receives Zmk selition containing 2.0=10% vg/mi NXL-B04
injected into the surgical cavity once every 13 days, for once, twice,
or at least three tines

Stratification 2, Cohort 5
1.32 #10" vg NXL-004

Subject receives 2mL solution containing 6.6%10° ve/mL NXL-004
ijected into the surgicnl cavity once every 1S days, for once, twice,
or at least three times

Suatification 2, Cohott 6
4,0 10" vg NXL-004

Subject receives 2mL solution containing 2.6x 10" vgAmL MNXL-004
mjected into the surgical cavity onee every 15 days, for once, twice,
or af least three Bines

6.11.4 Primary Outcome Measures:

Safety and tolerance within 180 days after intratumoral or intracavitary injection

of NXL-004 based on incidences of adverse events (AE) and serious adverse events
(SAE) assessed according to CTCAE 5.0.

6.11.5 Secondary Outcome Measures:

Efficacy of NXL-004 in treating malignant gliomas assessed according to
1. Objective response rate (ORR: PR+CR, iRANO criteria) ;

2. Overall Survival (OS) ;

3. Progression-Free Survival (PFS) ;

4. 6-Month PFES Rate;

5. 6-Month and 1-Year Survival Rates.
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[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]

Claims

A single-stranded self-complementary nucleic acid molecule encoding
a NeuroD1 polypeptide, wherein the nucleic acid molecule comprises
an expression cassette comprising a coding sequence and one or more
regulatory elements operably linked to the coding sequence, wherein
the NeuroD1 polypeptide comprises an amino acid sequence having at
least 90%sequence identity to the sequence set forth in SEQ ID NO: 1.
The nucleic acid molecule of claim 1, wherein the NeuroD1
polypeptide comprises an amino acid sequence set forth in SEQ ID NO:
4.

The nucleic acid molecule of claim 2, wherein the coding sequence
comprises the nucleotide sequence set forth in SEQ ID NO: Sora
codon-optimized variant thereof.

The nucleic acid molecule of any one of claims 1 to 3, wherein the one
or more transcription regulatory elements comprise a chimeric intron.
The nucleic acid molecule of claim 4, wherein the chimeric intron
comprises the sequence set forth in SEQ ID NO: 8.

The nucleic acid molecule of any one of claims 1 to 5, wherein the one
or more transcription regulatory elements further comprise a CMV
promoter comprising the sequence set forth in SEQ ID NO: 7.

The nucleic acid molecule of any one of claims 1 to 6, wherein the one
or more transcription regulatory elements further comprises a CMV
enhancer comprising the sequence set forth in SEQ ID NO: 6.

The nucleic acid molecule of any one of claims 1 to 7, wherein the

one or more transcription regulatory elements further comprise a
polyadenylation (poly-A) signal comprising the sequence set forth in
SEQ ID NO: 9.

The nucleic acid molecule of any one of claim 1 to 8, further comprises
a pair of terminal reverse-complementary fragments each located

on one end of the nucleic acid molecule, an anti-sense region that

is reverse-complementary to the expression cassette, and a central
reverse-complementary fragment that connects the expression cassette
and anti-sense region, wherein each of the pair of terminal reverse-com-
plementary fragments and the central reverse-complementary fragment

is capable of forming a stem-loop structure.
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[Claim 10]

[Claim 11]

[Claim 12]

[Claim 13]

[Claim 14]

[Claim 15]

[Claim 16]

[Claim 17]

[Claim 18]

[Claim 19]

[Claim 20]

[Claim 21]

[Claim 22]

[Claim 23]

The nucleic acid molecule of claim 9, wherein at least one of the pair
of terminal reverse-complementary fragments comprises a first inverted
terminal repeat (ITR) of a first AAV genome.

The nucleic acid molecule of claim 10, wherein the first ITR is the 5’
ITR of the first AAV genome.

The nucleic acid molecule of claims 10 or 11, wherein the first AAV
genome is the AAV2 genome.

The nucleic acid molecule of claim 9, wherein the pair of terminal
reverse-complementary fragments comprises the sequence set forth in
SEQ ID NO: 13 and SEQ ID NO: 36, respectively.

The nucleic acid molecule of any one of claims 9 to 13, wherein the
central reverse-complementary fragment comprises a second ITR of a
second AAV genome.

The nucleic acid molecule of claim 14, wherein the central reverse-
complementary fragment comprises the 3° ITR of the second AAV
genome, wherein the 3’ ITR is mutated to disrupt a terminal resolution
site (trs) .

The nucleic acid molecule of claim 14 or 15, wherein the second AAV
genomes is the AAV2 genome.

The nucleic acid molecule of any one of claims 9 to 13, wherein the
central reverse-complementary fragment comprises the sequence set
forth in SEQ ID NO: 14.

The nucleic acid molecule of claim 1, comprising the sequence set forth
in SEQ ID NO: 16.

The nucleic acid molecule of any one of claims 1 to 18, wherein the
nucleic acid molecule is DNA.

A single-stranded self-complementary DNA molecule consists of the
sequence set forth in SEQ ID NO: 16.

A recombinant adeno-associated virus (rAAV) comprising a self-
complementary genome, wherein the self-complementary genome
comprises the DNA molecule of any one of claims 1 to 20.

The recombinant AAYV of claim 21, wherein the recombinant AAV
comprises a AAV serotype 6 (AAV6) capsid.

The recombinant AAV of claim 21 or 22, wherein the AAV6 capsid
comprises capsid proteins selected from the group of AAV6 VP1
polypeptides, AAV6 VP2 polypeptides and AAV6 VP3 polypeptides.
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[Claim 24] The recombinant AAV of claim 22, wherein the AAV6 capsid
comprises AAV6 VP1 comprising the amino acid sequence set forth in
SEQ ID NO: 25.

[Claim 25] The recombinant AAV of claim 22 or 24, wherein the AAV6 capsid
further comprises AAV6 VP2 comprising the amino acid sequence set
forth in SEQ ID NO: 26.

[Claim 26] The recombinant AAV of any one of claims 22, 24 or 25, wherein the
AAV6 capsid further comprises AAV6 VP3 comprising the amino acid
sequence set forth in SEQ ID NO: 27.

[Claim 27] A pharmaceutical composition comprising the recombinant AAV of
any one of claims 21 to 26, wherein the pharmaceutical composition
further comprises:

(a) potassium chloride,

(b) potassium phosphate monobasic,

(¢) sodium chloride,

(d) sodium phosphate dibasic anhydrous, and

(e) poloxamer 188, polysorbate 20, or polysorbate 80.
[Claim 28] A pharmaceutical composition consists of:

(a) a recombinant adeno-associated virus (AAV) ,

(b) sodium chloride at a concentration of about 180 mM;

(c) sodium phosphate at a concentration of about 10 mM; and

(d) poloxamer 188 at a concentration of about 0.001%weight/volume

(0.01 g/L) ; and

wherein the pH of the pharmaceutical composition is about 7.3.
[Claim 29] A pharmaceutical composition consists of:

(a) a recombinant adeno-associated virus (AAV) ,

(b) sodium chloride at a concentration of about 200 mM;

(c) magnesium chloride at a concentration of about 1 mM;

(d) Tris hydrochloride at a concentration of about 20 mM, and

(e) poloxamer 188 at a concentration of about 0.005%weight/volume

(0.05 g/L) ; and

wherein the pH of the pharmaceutical composition is about 8.0.
[Claim 30] A pharmaceutical composition consists of:

(a) a recombinant adeno-associated virus (AAV) ,

(b) sodium chloride at a concentration of about 150 mM;

(c) calcium chloride at a concentration of about 1.4 mM;

(d) magnesium chloride at a concentration of about 0.8 mM,

(e) sodium phosphate at a concentration of about 1 mM, and
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[Claim 31]

[Claim 32]

[Claim 33]

[Claim 34]

[Claim 35]

(f) poloxamer 188 at a concentration of about 0.001%weight/volume
(0.01 g/L) ; and

wherein the pH of the pharmaceutical composition is about 7.4.

The pharmaceutical composition of any one of claims 28 to 30, wherein
recombinant AAV is the recombinant AAV of any one of claims 21 to
26.

The pharmaceutical composition of any one of claims 27 to 31, wherein
the recombinant AAV is AAV6.

The pharmaceutical composition of any one of claims 27 to 32, wherein
a vector genome concentration of the recombinant AAV in the phar-
maceutical composition is in the range of about 510" to about 1x10"
viral genomes per mL (vg/mL) ; optionally, wherein the vector genome
concentration is about 1 x 10" vg/mL, about 1.5 x 10" vg/mL, about 2
x 10" vg/mL, about 2.5 x 10" vg/mL, about 3 x 10" vg/mL, about 3.5
x 10" vg/mL, about 4 x 10" vg/mL, about 4.5 x 10"* vg/mL, about 5

x 10" vg/mL, about 5.5 x 10" vg/mL, about 6 x 10"* vg/mL, about 6.5
x 10" vg/mL, about 6.6 x 10" vg/mL, about 7 x 10"* vg/mL., about 7.5
x 10" vg/mL, about 8 x 10" vg/mL, about 8.5 x 10'* vg/mL, about 9

x 10" vg/mL, about 9.5 x 10" vg/mL, about 1 x 10" vg/mL, about 1.5
x 10" vg/mL, about 2 x 10" vg/mL, about 2.5 x 10" vg/mL, about 3

x 10" vg/mL, about 3.5 x 10" vg/mL, about 4 x 10"’ vg/mL, about 4.5
x 10" vg/mL, about 5 x 10" vg/mL, about 5.5 x 10" vg/mL, about 6

x 10" vg/mL, about 6.5 x 10" vg/mL, about 7 x 10"’ vg/mL, about 7.5
x 10" vg/mL, about 8 x 10" vg/mL, about 8.5 x 10" vg/mL, about 9 x
10" vg/mL, about 9.5 x 10" vg/mL, or about 1 x 10" vg/mL.

A method for treating glioma, comprising administering to a subject

in need thereof a therapeutically effective amount of a pharmaceutical
composition comprising a recombinant AAV, wherein the recombinant
AAV comprises a self-complementary genome comprising a transgene
encoding a NeuroD1 polypeptide.

The method of claim 34, wherein the self-complementary genome

is a single-stranded DNA molecule comprising a pair of terminal
reverse-complementary fragments each located on one end of the DNA
molecule, an expression cassette comprising a coding sequence of the
transgene, an anti-sense region that is reverse complementary to the ex-
pression cassette, and a central reverse-complementary fragment that

connects the expression cassette and anti-sense region; and wherein
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[Claim 36]

[Claim 37]

[Claim 38]

[Claim 39]

[Claim 40]

[Claim 41]

[Claim 42]

[Claim 43]

[Claim 44]

[Claim 45]

[Claim 46]

each of the pair of terminal reverse-complementary {ragments and the
central reverse-complementary fragment is capable of forming a stem-
loop structure.

The method of claim 34 or 35, wherein the NeuroD1 polypeptide
comprises an amino acid sequence having at least 90%sequence
identity to the sequence set forth in SEQ ID NO: 1.

The method of claim 34 or 35, wherein the coding sequence of the
transgene comprises the nucleotide sequence set forth in SEQ ID NO: 5
or a codon-optimized version thereof.

The method of any one of claims 35 to 37, wherein the expression
cassette further comprises one or more transcription regulatory
elements operably linked to the coding sequence of the transgene.

The method of claim 38, wherein the one or more transcription
regulatory elements comprise a chimeric intron.

The method of claim 39, wherein the chimeric intron comprises the
sequence of SEQ ID NO: 8.

The method of any one of claims 38 to 40, wherein the one or more
transcription regulatory elements further comprise a CMV promoter
comprising the sequence of SEQ ID NO: 7; optionally the one or more
transcription regulatory element further comprises a CMV enhancer
comprising the sequence of SEQ ID NO: 6.

The method of any one of claims 38 to 41, wherein the one or more
transcription regulatory elements further comprise a polyadenylation
(poly-A) signal comprising the sequence of SEQ ID NO: 9.

The method of any one of claims 35 to 42, wherein at least one of

the pair of terminal reverse-complementary fragments comprises a
first inverted terminal repeat (ITR) of a first AAV genome; optionally
wherein the first ITR is the 5’ ITR of the first AAV genome.

The method of claim 43, wherein the first AAV genome is the AAV2
genome.

The method of any one of claims 35 to 42, wherein the pair of terminal
reverse-complementary fragments are reverse complementary to one
another.

The method of any one of claims 35 to 42, wherein the pair of terminal
reverse-complementary fragments comprises the sequence set forth in
SEQ ID NO: 13 and SEQ ID NO: 36, respectively.
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[Claim 47]

[Claim 48]

[Claim 49]

[Claim 50]

[Claim 51]

[Claim 52]

[Claim 53]

[Claim 54]

[Claim 55]

[Claim 56]

[Claim 57]

[Claim 58]

[Claim 59]

The method of any one of claims 35 to 46, wherein the central reverse-
complementary fragment comprises a second ITR of a second AAV
genome.

The method of claim 47, wherein the central reverse-complementary
fragment comprises the 3° ITR of the second AAV genome, wherein
the 3’ ITR is mutated to disrupt a terminal resolution site (trs) .

The method of claim 47 or 48, wherein the second AAV genomes is the
AAV?2 genome.

The method of any one of claims 35 to 46, wherein the central reverse-
complementary fragment comprises the sequence set forth in SEQ ID
NO: 14.

The method of claim 34, wherein the self-complementary genome of
the recombinant AAV comprises the sequence set forth in SEQ ID NO:
16.

The method of any one of claims 34 to 51, wherein the recombinant
AAV comprises an AAV serotype 6 (AAV6) capsid.

The method of claim 52, wherein the AAV6 capsid comprises capsid
proteins selected from the group of AAV6 VPI polypeptides, AAV6
VP2 polypeptides and AAV6 VP3 polypeptides.

The method of claim 52, wherein the AAV6 capsid comprises AAV6
VP1 comprising the amino acid sequence set forth in SEQ ID NO: 25.
The method of claim 52 or 54, wherein the AAV6 capsid further
comprises AAV6 VP2 comprising the amino acid sequence set forth in
SEQ ID NO: 26.

The method of any one of claims 52, 54 and 55, wherein the AAV6
capsid further comprises AAV6 VP3 comprising the amino acid
sequence set forth in SEQ ID NO: 27.

The method of any one of claims 34 to 56, wherein the pharmaceutical
composition is administered to the subject intratumorally.

The method of any one of claims 34 to 56, wherein the subject has a
surgical cavity created by removing a glioma surgically, and wherein
the pharmaceutical composition is administered to the surgical cavity or
surrounding tissue.

The method of any one of claims 34 to 58, wherein the pharma-
ceutical composition comprises from about 5x10"" to about 1x10" viral

genomes (vg) of the recombinant AAV.
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[Claim 60]

[Claim 61]

[Claim 62]

[Claim 63]

[Claim 64]

[Claim 65]

[Claim 66]

[Claim 67]

[Claim 68]

The method of any one of claims 34 to 58, wherein the pharmaceutical
composition comprises about 2x10" vg of the recombinant AAV.

The method of any one of claims 34 to 58, wherein the pharmaceutical
composition comprises about 6.6x10" vg of the recombinant AAV.
The method of any one of claims 34 to 58, wherein the pharmaceutical
composition comprises about 2x10" vg of the recombinant AAV.

The method of any one of claims 34 to 58, wherein the pharmaceutical
composition comprises about 4x10'* vg of the recombinant AAV.

The method of any one of claims 34 to 58, wherein the pharmaceutical
composition comprises about 1.32x10" vg of the recombinant AAV.
The method of any one of claims 34 to 58, wherein the pharmaceutical
composition comprises about 4x10" vg of the recombinant AAV.

The method of any one of claims 34 to 56, wherein the subject is ad-
ministered intratumorally the pharmaceutical composition comprising
about 2x10" vg of the recombinant AAV once every 15 days for once,
twice or at least three times; optionally wherein for each administration
the subject is administered about 1 mL of the pharmaceutical com-
position comprising about 2x10" vg/mL of the recombinant AAV in-
tratumorally; optionally wherein the pharmaceutical composition is ad-
ministered through a Ommaya reservoir.

The method of any one of claims 34 to 56, wherein the subject is ad-
ministered intratumorally the pharmaceutical composition comprising
about 6.6x10" vg of the recombinant AAV once every 15 days for
once, twice or at least three times; optionally wherein for each admin-
istration the subject is administered about 1 mL of the pharmaceutical
composition comprising about 6.6x10" vg/mL of the recombinant
AAYV intratumorally; optionally wherein the pharmaceutical com-
position is administered through a Ommaya reservoir.

The method of any one of claims 34 to 56, wherein the subject is ad-
ministered intratumorally the pharmaceutical composition comprising
about 2 x10" vg of the recombinant AAV once every 15 days for once,
twice or at least three times; optionally wherein for each administration
the subject is administered about 1 mL of the pharmaceutical com-
position comprising about 2x10" vg/mL of the recombinant AAV in-
tratumorally; optionally wherein the pharmaceutical composition is ad-

ministered through a Ommaya reservoir.
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[Claim 69]

[Claim 70]

[Claim 71]

[Claim 72]

[Claim 73]

The method of any one of claims 34 to 56, wherein the subject has a
surgical cavity created by removing a glioma surgically, and wherein
the subject is administered the pharmaceutical composition comprising
about 4 x10" vg of the recombinant AAV to the surgical cavity once
every 30 days for once, twice or at least three times; optionally wherein
for each administration the subject is administered about 2 mL of the
pharmaceutical composition comprising about 2x10" vg/mL of the re-
combinant AAV to the surgical cavity; optionally wherein the pharma-
ceutical composition is administered through a Ommaya reservoir.

The method of any one of claims 34 to 56, wherein the subject has a
surgical cavity created by removing a glioma surgically, and wherein
the subject is administered the pharmaceutical composition comprising
about 1.32x10" vg of the recombinant AAV to the surgical cavity once
every 30 days for once, twice or at least three times; optionally wherein
for each administration the subject is administered about 2 mL of the
pharmaceutical composition comprising about 6.6x10'” vg/mL of the
recombinant AAV to the surgical cavity; optionally wherein the phar-
maceutical composition is administered through a Ommaya reservoir.
The method of any one of claims 34 to 56, wherein the subject has a
surgical cavity created by removing a glioma surgically, and wherein
the subject is administered the pharmaceutical composition comprising
about 4x10" vg of the recombinant AAV to the surgical cavity once
every 30 days for once, twice or at least three times; optionally wherein
for each administration the subject is administered about 2 mL of the
pharmaceutical composition comprising about 2x10" vg/mL of the re-
combinant AAV to the surgical cavity; optionally wherein the pharma-
ceutical composition is administered through a Ommaya reservoir.

The method of any one of claims 34 to 71, wherein the pharmaceutical
composition further comprises:

(a) potassium chloride,

(b) potassium phosphate monobasic,

(¢) sodium chloride,

(d) sodium phosphate dibasic anhydrous, and

(e) poloxamer 188, polysorbate 20, or polysorbate 80.

The method of any one of claims 34 to 71, wherein the pharmaceutical
composition further comprises:

(a) sodium chloride at a concentration of about 180 mM;
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[Claim 74]

[Claim 75]

[Claim 76]

[Claim 77]

(b) sodium phosphate at a concentration of about 10 mM; and

(c) poloxamer 188 at a concentration of about 0.001%weight/volume
(0.01 g/L) ; and

wherein the pH of the pharmaceutical composition is about 7.3.

The method of any one of claims 34 to 71, wherein the pharmaceutical
composition further comprises:

(a) sodium chloride at a concentration of about 200 mM;

(b) magnesium chloride at a concentration of about 1 mM;

(c) Tris hydrochloride at a concentration of about 20 mM, and

(d) poloxamer 188 at a concentration of about 0.005%weight/volume
(0.05 g/L) ; and

wherein the pH of the pharmaceutical composition is about 8.0.

The method of any one of claims 34 to 71, wherein the pharmaceutical
composition further comprises:

(a) sodium chloride at a concentration of about 150 mM;

(b) calcium chloride at a concentration of about 1.4 mM;

(c) magnesium chloride at a concentration of about 0.8 mM,

(d) sodium phosphate at a concentration of about 1 mM, and

(e) poloxamer 188 at a concentration of about 0.001%weight/volume
(0.01 g/L) ; and

wherein the pH of the pharmaceutical composition is about 7.4.

The method of any one of claims 34 to 75, wherein the glioma is
selected from adult-type diffuse gliomas; astrocytoma, IDH-mutant;
oligodendroglioma, IDH-mutant, and 1p/19q-codeleted; glioblastoma,
IDH-wildtype; pediatric-type diffuse low-grade gliomas; diffuse as-
trocytoma, MYB-or MYBLI1-altered; angiocentric glioma; poly-
morphous low-grade neuroepithelial tumor of the young; diffuse
low-grade glioma, MAPK pathway-altered; pediatric-type diffuse
high-grade gliomas; diffuse midline glioma, H3 K27-altered; diffuse
hemispheric glioma, H3 G34-mutant; diffuse pediatric-type high-
grade glioma, H3-wildtype and IDH-wildtype; infant-type hemispheric
glioma; circumscribed astrocytic gliomas; pilocytic astrocytoma;
high-grade astrocytoma with piloid features; pleomorphic xanthoas-
trocytoma; subependymal giant cell astrocytoma; chordoid glioma; as-
troblastoma, MN 1-altered; ganglioglioma; and esmoplastic infantile
ganglioglioma.

The method of any one of claims 34 to 75, wherein the glioma is

selected from oligodendroglioma, IDH mutant, and 1p/19q-codeleted
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[Claim 78]

[Claim 79]

[Claim 80]

[Claim 81]

[Claim 82]

[Claim 83]

[Claim 84]

[Claim 85]

[Claim 86]

(WHO grade 3) ; astrocytoma, IDH mutant (WHO grade 3, 4) , and
glioblastoma, IDH wildtype (WHO grade 4) .

The method of any one of claims 34 to 75, wherein the glioma

is selected from diffuse midline glioma, H3 K27-altered; diffuse
hemispheric glioma, H3 G34-mutant; diffuse pediatric-type high-grade
glioma, H3-wildtype and IDH-wildtype; and infant-type hemispheric
glioma.

The method of any one of claims 34 to 78, wherein the subject is
treatment®ivefor glioma.

The method of any one of claims 34 to 78, wherein the subject has
received a previous therapy for treating glioma, and the glioma is re-
fractory to or relapsed from the previous therapy.

The method of any one of claims 34 to 80, wherein the previous
therapy is radiation therapy or chemotherapy.

The method of any one of claims 34 to 81, wherein the subject is a
human.

The method of any one of claims 34 to 82, wherein upon administering
the pharmaceutical composition, the NeuroD1 polypeptide is expressed
by a population of glioma cells.

The method of claim 83, wherein proliferative activity in the population
of glioma cells reduces; optionally wherein at least about 10%, at least
about 20%, at least about 30%, at least about 40%, at least about 50%,
at least about 60%, at least about 70%, at least about 80%, at least about
90%, or at least about 95%of the glioma cells in the population stop
proliferation; optionally wherein proliferative activity in the population
of glioma cells reduces in less than 14 days after the administering of
the pharmaceutical composition.

The method of claim 83, wherein the population of glioma cells exhibit
one or more neuronal phenotypes; optionally wherein the neuronal
phenotype comprises expressing one or more neuronal markers selected
from DCX, TUJ1, NeuN, and MAP2; optionally the population of
glioma cells exhibit the one or more neuronal phenotype in less than 14
days after the administering of the pharmaceutical composition.

The method of claim 83, wherein the population of glioma cells stop
expressing one or more glial marker; optionally the one or more glial
marker is selected from GFAP, Aldhl111, S100f and Sox9; optionally

the population of glioma cells stop expressing the one or more glial
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[Claim 87]

[Claim 88]

[Claim 89]

[Claim 90]
[Claim 91]

marker in less than 14 days after the administering of the pharma-
ceutical composition.

The method of claim 83, wherein the population of glioma cells trans-
differentiate into neurons; optionally wherein the neurons are selected
from glutamatergic neurons, GABAergic neurons, dopaminergic
neurons; motor neurons, glycinergic neurons, serotonergic neurons,
norepinephrinergic neurons, and sensory neurons; optionally wherein at
least about 10%, at least about 20%, at least about 30%, at least about
40%, at least about 50%, at least about 60%, at least about 70%, at least
about 80%, at least about 90%, or at least about 95%of the glioma cells
in the population transdifferentiate into neurons.

The method of claim 83, wherein the population of glioma cells form
one or more gliomas, and wherein the size of the glioma is reduced;
optionally wherein the size of the glioma is reduced for at least about
10%, at least about 20%, at least about 30%, at least about 40%, at least
about 50%, at least about 60%, at least about 70%, at least about 80%,
at least about 90%, or at least about 95%.

A gene-of-interest (GOI) plasmid comprising an expression cassette
comprising a transgene of interest and a pair of AAV ITR sequences
flanking the expression cassette, wherein the AAV ITR located to the
3’ end of the expression cassette does not have a functional terminal
resolution site (trs) , and wherein the transgene encodes a NeuroD1
polypeptide, wherein the NeuroD1 polypeptide comprises an amino
acid sequence having at least 90%sequence identity to the sequence set
forth in SEQ ID NO: 1.

A host cell comprising the GOI plasmid of claim 89.

A method of producing a recombinant AAV comprising:

(a) culturing a host cell containing:

(1) an artificial genome comprising a cis expression cassette, wherein
the cis expression cassette comprises a coding sequence encoding a
NeuroD1 polypeptide, wherein the NeuroD1 polypeptide comprises

an amino acid sequence having at least 90%sequence identity to the
sequence set forth in SEQ ID NO: 1;

(i) a trans expression cassette lacking AAV ITRs, wherein the trans ex-
pression cassette encodes an AAV Rep and Capsid proteins operably
linked to expression control element that drive expression of the AAV
Rep and capsid proteins in the host cell in culture, and supply the Rep

and Capsid proteins in trans;

173



[Claim 92]

[Claim 93]

(ii1) sufficient adenovirus helper functions to permit replication and
packaging of the artificial genome by the AAV capsid proteins; and
(b) recovering the recombinant AAV encapsidating the artificial
genome from the cell culture.

The method of claim 91, wherein the artificial genome is synthesized
by the host cell using a GOI plasmid sequence as a replication template,
wherein the GOI plasmid comprises the cis expression cassette flanked
by a pair of AAV ITR sequences, wherein the AAV ITR located 3’

to the cis expression cassette does not have a functional terminal
resolution site (trs) .

A host cell comprising an artificial genome comprising the single-
stranded self-complementary nucleic acid molecule of any one of

claims 1 to 20.
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