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GENE THERAPY FOR NEURODEGENERATIVE DISORDERS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of priority under 35 U.S.C. §119(e) of U.S. Serial
No. 62/942,059, filed November 29, 2019 and U S. Serial No. 63/004,422, filed April 2, 2020,
the entire contents of both are incorporated herein by reference in their entireties.
INCORPORATION OF SEQUENCE LISTING
[0002] The material in the accompanying sequence listing is hereby incorporated by
reference into this application. The accompanying sequence listing text file, name
APRES1110 2WO_Sequence Listing.txt, was created on November 24, 2020, and is 105 kb.
The file can be accessed using Microsoft Word on a computer that uses Windows OS
BACKGROUND OF THE INVENTION
TECHNICAL FIELD
[0003] The present disclosure relates generally to gene therapy for neurodegenerative
disorders, and more specifically to polynucleotides and expression cassettes for delivery of
therapeutic genes. In particular embodiments, a therapeutic gene is presenilin-1.
BACKGROUND INFORMATION
[0004] Alzheimer’s disease (AD), also referred to as Alzheimer’s, is a chronic
neurodegenerative disease that is the cause of a majority of neurodegenerative dementia.
Symptoms include difficulty with memory, problems with language, disorientation, mood
swings, loss of motivation, and other behavioral problems such as withdrawal from family and
society. Bodily functions are gradually lost, ultimately leading to death. Although the disease
can last for more than ten years, the average life expectancy is three to nine years following
diagnosis.
[0005] The disease is accompanied by a variety of neuropathologic features principal
among which are the presence in the brain of amyloid plaques and the neurofibrillary
degeneration of neurons. The etiology of this disease is complex, although in about 10% of AD
cases it appears to be familial, being inherited as an autosomal dominant trait. Among these
inherited forms of AD, there are at least four different genes, some of whose mutants confer
inherited susceptibility to this disease. The o4 (Cysl112Arg) allelic polymorphism of the
Apolipoprotein E (ApoE) gene has been associated with AD in a significant proportion of cases
with onset late in life. A very small proportion of familial cases with onset before age 65 years
have been associated with mutations in the P-amyloid precursor protein (APP) gene on
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has recently been mapped to chromosome 14q24.3. The majority (70-80%) of heritable, early-
onset AD maps to chromosome 14 and appears to result from one of more than 20 different
amino-acid substitutions within the protein presenilin-1 (PS1). A similar, although less
common, AD-risk locus on chromosome 1 encodes a protein, presenilin-2 (PS-2, highly
homologous to PS-1).

SUMMARY OF THE INVENTION
[0006] The present disclosure relates to polynucleotides and nucleic acid expression
cassettes encoding presenilin-1 (PSEN-1) for the treatment of neurodegenerative disorders.
[0007] In some embodiments, the disclosure provides an isolated cDNA or a hybrid
genomic/cDNA that encodes the naturally occurring human presenilin-1 amino acid sequence
set forth in either SEQ ID NO: 12 (isoform X1) or SEQ ID NO:14 (isoform X2), wherein as
compared to the cDNA corresponding to the naturally occurring PSEN-1 X1 isoform coding
sequence (SEQ ID NO:15) or PSEN-1 X2 isoform coding sequence (SEQ ID NO: 13), the
isolated cDNA or hybrid genomic/cDNA comprises codon optimization changes in at least
25% of the tolerant codons. In some aspects of these embodiments, no intolerant codons are
altered in the PSEN-1 coding sequence in the isolated cDNA or hybrid genomic/cDNA. In
some aspects of these embodiments, the isolated cDNA or hybrid genomic/cDNA comprises
codon optimization changes in at least 40%, at least 50%, at least 60%, at least 70%, at least
80%, at least 85%, at least 90%, at least 95%, at least 97%, at least 98%, at least 99% or all of
the tolerant codons in the PSEN-1 coding sequence.
[0008] In some embodiments, the disclosure provides an isolated ¢cDNA or hybrid
genomic/cDNA that encodes the naturally occurring human presenilin-1 amino acid sequence
set forth in either SEQ ID NO: 12 (isoform X1) or SEQ ID NO:14 (isoform X2), wherein the
isolated cDNA or hybrid genomic/cDNA comprises 20 or less CpG dinucleotides. This is a
reduction as compared to SEQ ID NO:1 or SEQ ID NO:13, each of which has 23 CpG
dinucleotides in the PSEN1 open reading frame. It will be understood that in these
embodiments, the replacement of any CpG dinucleotide present in SEQ ID NO:1 or SEQ ID
NO:13 must be achieved by replacing either the cytosine or the guanine (or both) with another
nucleotide that, due to the redundancy of the genetic code, does not alter the amino acid
encoded by the codon containing the replaced nucleotide. In other words, any nucleotide
substitution utilized to remove a CpG dinucleotide must preserve the amino acid sequence
encoded by SEQ ID NO:1 or SEQ ID NO:13. In some aspects of these embodiments, the
isolated cDNA or hybrid genomic/cDNA comprises less than 15, less than 12, less than 10, less

than 9, less than 8, less than 7, less than 6, less than 5, less than 4, less than 3, one, or none of
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the CpG dinucleotides present in SEQ ID NO:1 or SEQ ID NO:13. In some aspects of these
embodiments, all intolerant codons present in SEQ ID NO:1 or SEQ ID NO:13 are preserved
in the isolated cDNA or artificial gene that has a reduced number of CpG dinucleotides.
[0009] In some embodiments, the isolated cDNA or hybrid genomic/cDNA comprises
codon optimization changes in at least 25% of the tolerant codons present in SEQ ID NO:1 or
SEQ ID NO:13 and comprises 20 or less CpG dinucleotides. In some aspects of these
embodiments, the isolated cDNA or hybrid genomic/cDNA comprises codon optimization
changes in at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 97%, at least 98%, at least 99% or all of the tolerant codons in
the PSEN-1 coding sequence. In some aspects of these embodiments, the isolated cDNA or
hybrid genomic/cDNA comprises less than 15, less than 12, less than 10, less than 9, less than
8, less than 7, less than 6, less than 5, less than 4, less than 3, one, or no CpG dinucleotides. In
some aspects of these embodiments, all intolerant codons present in SEQ ID NO:1 or SEQ ID
NO:13 are preserved in the isolated cDNA or artificial gene that has a reduced number of CpG
dinucleotides.

[0010] In some embodiments, the disclosure provides a hybrid genomic/cDNA that
comprises: 1) at least a portion or all of naturally occurring PSEN-1 exon 3 with two alternate
splice donor sites as used to produce the cDNAs in SEQ ID NO:1 and SEQ ID NO: 13; 2) at
least a portion of naturally occurring PSEN-1 intron 3, wherein the portion of intron 3
comprises a splice acceptor site; and 3) a nucleotide sequence capable of encoding upon
expression both SEQ ID NO: 12 (isoform X1) and SEQ ID NO:14 (isoform X2) due to the use
of the alternate splice donor sites, wherein the hybrid genomic/cDNA: a) includes less than
70% of naturally occurring PSEN-1 intron 3; b) includes less than 70% of naturally occurring
PSEN-1 intron 4; c) lacks at least one of naturally occurring PSEN-1 introns 5, 6, 7, 8, or 9;
and/or d) is less than 4.4 kb in length. In some aspects of these embodiments, the portion of
the hybrid genomic/cDNA that encodes the naturally occurring human presenilin-1 amino acid
sequence set forth in either SEQ ID NO: 12 (isoform X1) or SEQ ID NO:14 (isoform X2),
comprises codon optimization changes in at least 25% of the tolerant codons wherein as
compared to the cDNA corresponding to the naturally occurring PSEN-1 X1 isoform coding
sequence (SEQ ID NO:15), or the PSEN-1 X2 isoform sequence (SEQ ID NO:13). In some
aspects of these embodiments, the hybrid genomic/cDNA that encodes the naturally occurring
human presenilin-1 amino acid sequence set forth in either SEQ ID NO: 12 (isoform X1) or
SEQ ID NO:14 (isoform X2), comprises less than 50 CpG dinucleotides throughout the

nucleotide sequence. In some embodiments, the hybrid genomic/cDNA comprises less than
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20 CpG dinucleotides in the PSEN-1 coding sequence. In some embodiments, the hybrid
genomic/cDNA comprises codon optimization changes in at least 30% of the tolerant codons
in SEQ ID NO:15 or SEQ ID NO:13; less than 50 CpG dinucleotides throughout the nucleotide
sequence; less than 20 CpG dinucleotides in the PSEN-1 coding sequence; and no changes in
any intolerant codons in SEQ ID NO:1 or SEQ ID NO:13. In some more specific versions of
any of the aspects set forth in this paragraph, the hybrid genomic/cDNA comprises less than
40, less than 30, less than 20, less than 15, less than 12, less than 10, less than 9, less than 8,
less than 7, less than 6, less than 5, less than 4, less than 3, one, or no CpG dinucleotides
throughout the nucleotide sequence. In some more specific versions of any of the aspects set
forth in this paragraph, the hybrid genomic/cDNA comprises less than 15, less than 12, less
than 10, less than 9, less than 8, less than 7, less than 6, less than 5, less than 4, less than 3, one,
or no CpG dinucleotides in the PSEN-1 coding region. In some more specific versions of any
of the aspects set forth in this paragraph, the hybrid genomic/cDNA comprises codon
optimization changes in at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at
least 85%, at least 90%, at least 95%, at least 97%, at least 98%, at least 99% or all of the
tolerant codons in the PSEN-1 coding sequence in SEQ ID NO:15 or SEQ ID NO:13.

[0011] Described herein, in some embodiments, are isolated polynucleotides set forth in
SEQID NO:6, SEQ ID NO:7, or SEQ ID NO:8; or polynucleotides having at least 95% identity
to SEQ ID NO:6, SEQ ID NO:7, or SEQ ID NO:8. In some embodiments, the isolated cDNA
or hybrid genomic/cDNA is SEQ ID NO:6 (a cDNA), SEQ ID NO:7 (a ¢cDNA), or SEQ ID
NO:8 (a hybrid genomic/cDNA); or a polynucleotide having at least 95% identity to SEQ ID
NO:6, SEQ ID NO:7, or SEQ ID NO:8 and encoding the same amino acid sequence as SEQ
ID NO:6, SEQ ID NO:7, or SEQ ID NO:8, respectively. In some embodiments, the
polynucleotide having at least 95% identity to SEQ ID NO:6, SEQ ID NO:7, or SEQ ID NO:8
and encoding the same amino acid sequence as SEQ ID NO:6, SEQ ID NO:7, or SEQ ID NO:8,
respectively, maintains the intolerant codons present therein and either (1) maintains all
optimized codons present therein; or (2) replaces one or more optimized codons therein with
other codons that encode the same amino acid and are also optimized.

[0012] Described herein, in some embodiments, are isolated polynucleotides set forth in
SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, or SEQ ID NO:39; or polynucleotides having
at least 95% identity to SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, or SEQ ID NO:39
and encoding the same amino acid sequence as encoded by each of SEQ ID NO:36, SEQ ID
NO:37, SEQ ID NO:38, and SEQ ID NO:39. In some aspects of these embodiments, the
polynucleotide having at least 95% identity to SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38,
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or SEQ ID NO:39 encodes the same amino acid sequence as SEQ ID NO:36, SEQ ID NO:37,
SEQ ID NO:38, and SEQ ID NO:39, maintains the intolerant codons present therein and either
(1) maintains all optimized codons present therein; or (2) replaces one or more optimized
codons therein with other codons that encode the same amino acid and are also optimized. In
some aspects of these embodiments, the isolated polynucleotide is SEQ ID NO:36. In some
aspects of these embodiments, the isolated polynucleotide is SEQ ID NO:37. In alternate
aspects of these embodiment, the isolated polynucleotide is SEQ ID NO:38. In alternate
aspects of these embodiment, the isolated polynucleotide is SEQ ID NO:39.

[0013] In certain embodiments, the disclosure provides nucleic acid expression cassettes
comprising any of the cDNA or hybrid genomic/cDNA polynucleotides encoding presenilin 1
set forth above.

[0014] In certain embodiments, nucleic acid expression cassette comprises sequences
encoding a 5' AAV inverted terminal repeat sequence (ITR), a promoter with an optional
enhancer, a polynucleotide encoding presenilin 1 and a 3' AAV ITR. In certain embodiments,
a nucleic acid expression cassette comprises a full-length AAV 5' inverted terminal repeat
(ITR) and a full-length 3' ITR. In certain embodiments, a nucleic acid expression cassette
comprises a shortened version of the 5' ITR, termed AITR, has been described in which the D-
sequence and terminal resolution site (trs) are deleted (X. S. Wang, et al., J Mol Biol 250:573—
580, 1995; X. S. Wang, et al., J Virol 70:1668-1677, 1996);, C. Ling et al., J Virol. Jan
2015, 89 (2) 952-961; DOI: 10.1128/JV1.02581-14). In certain embodiments, the ITRs are
selected from a source which differs from the AAV source of the capsid. For example, AAV2
ITRs may be selected for use with an AAV capsid having a particular efficiency for a selected
cellular receptor, target tissue or viral target. In certain embodiments, the AAV capsid is from
AAVO. In one embodiment, the ITR sequences from AAV2, or the deleted version thereof
(AITR), however, ITRs from other AAV sources maybe selected. Where the source of the ITRs
is from one AAV serotype and the AAV capsid is from another AAV serotype, the resulting
vector may be termed pseudotyped. In certain embodiments, the ITRs and capsids are from
AAV9. In certain embodiments, the ITRs are from single stranded or self-complementary AAV
vectors. In certain embodiments, the ITRs may be part of the expression cassette, while in
alternate embodiments, the ITRs may be part of the vector into which the expression cassette
is cloned

[0015] In some embodiments, the one or more regulatory elements comprise a Kozak
translation initiation signal such as a polynucleotide set forth in SEQ ID NO:S, or a nucleotide

sequence having at least an 80% sequence identity to SEQ ID NO: 5.
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[0016] In some embodiments, the one or more regulatory elements comprise a chromatin
insulator sequence, such as the polynucleotide set forth in SEQ ID NO:4, or a nucleotide
sequence having at least a 95% sequence identity to SEQ ID NO: 4.

[0017] In some embodiments, the one or more regulatory elements comprise promoter. In
some aspects of these embodiments, the promoter is a neuron-specific promoter. A neuron-
specific promoter can comprise (i) a polynucleotide set forth in SEQ ID NO:2; (ii) a
polynucleotide set forth in SEQ ID NQ:3; (iii) a functional fragment of SEQ ID NO:2 or SEQ
ID NO:3; or (iv) polynucleotide with at least 95% identity to (i), (ii), or (iii). In alternate aspects
of these embodiments, the promoter is selected from CAG (SEQ ID NO: 23), CBA (SEQ ID
NO: 24), UBC (SEQ ID NO: 25), PGK (SEQ ID NO: 26), PKC, EFla (SEQ ID NO: 27),
GUSB, CMV (SEQ ID NO: 28), NSE (SEQ ID NO: 29), PDGF, desmin, MCK, MeCP2 (SEQ
ID NO: 30), GFAP (SEQ ID NO: 31), CaMKII or MBP.

[0018] In some embodiments, the one or more regulatory elements comprise at least one
mRNA stability element. The at least one mRNA stability element can comprise (i) a
polynucleotide set forth in SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11; (ii) a functional
variant of SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11; or (iii) a polynucleotide with at least
95% sequence identity to (i) or (ii). In some aspects of these embodiments, the nucleic acid
expression cassette comprises a mRNA stability element located 5’ of the open reading frame
of the polynucleotide encoding PSENT1; and a mRNA stability element located 3’ of the
polyadenylation signal. In certain embodiments, the nucleic acid expression cassette comprises
one or more polyadenylation enhancer elements, such as, for example Human growth hormone
(hGH) polyadenylation signal sequences, rabbit beta-globin (rBG) polyadenylation signal
sequences, SV40 polyadenylation signal sequences or bovine growth hormone (BGH)
polyadenylation signal sequences.

[0019] In some embodiments, the one or more regulatory elements comprise one, two or
three micro RNA (“miRNA” or “miR”) binding sites to suppress expression of the encoded
PSEN-1 in dorsal root ganglia. MicroRNAs are 19-25 nucleotide noncoding RNAs that bind
to miRNA binding sites and down-regulate gene expression either by reducing nucleic acid
molecule stability or by inhibiting translation. In some aspects of these embodiments, each
miRNA binding site is independently selected from a binding site for any of the following
miRNAs: miRNA-1914, miR1181, miR3918, miR939, miR324, miR650, MiR29C, or
miR2277. In some aspects of these embodiments, the miRNA binding site(s) are located 3' to

the coding sequence of the viral genome.
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[0020] Other embodiments provide vectors comprising the nucleic acid expression
cassettes provided herein. A vector can be a viral vector, such as an adeno-associated virus
(AAV) vector, a retroviral vector, a lentiviral vector, or an adenoviral vector. An AAV vector
can be AAVI, AAV2, AAV3, AAV4, AAVS, AAV6, AAV7, AAVS, AAV9, AAVDJ,
AAV1Th10, AAVI11, AAV12, AAV13, AAV14, AAVI1S5, AAV16, AAV2/1, AAV2/5, AAV2/6,
AAV2/7, AAV2/8, AAV2/9, AAV2/th10, AAV2/11, or AAV2/12.

[0021] A vector as described herein can be a pseudotyped vector. Pseudotyping provides a
mechanism for modulating a vector’s target cell population. Pseudotyped vectors comprise the
genome of one vector, e.g., the genome of one AAV serotype, in the capsid of a second vector,
e.g, a second AAV serotype. A lentiviral vector may be pseudotyped with envelope
glycoproteins derived from Rhabdovirus vesicular stomatitis virus (VSV) serotypes (Indiana
and Chandipura strains), rabies virus (e.g., various Evelyn—-Rokitnicki—Abelseth ERA strains
and challenge virus standard (CVS)), Lyssavirus Mokola virus, a rabies-related virus, vesicular
stomatitis virus (VSV), Mokola virus (MV), lymphocytic choriomeningitis virus (LCMYV),
rabies virus glycoprotein (RV-G), glycoprotein B type (FuG-B), a variant of FuG-B (FuG-B2)
or Moloney murine leukemia virus (MuLV). A virus may be pseudotyped for transduction of
one or more neurons or groups of cells.

[0022] Other embodiments provide nucleic acid expression cassettes comprising: (i) any
of the cDNA or hybrid genomic/cDNA polynucleotides encoding presenilin 1 set forth above;
(i1) a Kozak translation initiation signal; (iii) a neuron-specific promoter; (iv) a chromatin
insulator sequence; (v) at least one mRNA stability element; or (v) any combination thereof.
In some aspects of these embodiments, the nucleic acid expression cassettes comprises each
of: (1) any of the cDNA or hybrid genomic/cDNA polynucleotides encoding presenilin 1 set
forth above; (ii) a Kozak translation initiation signal; (ii1) a neuron-specific promoter; (iv) a
chromatin insulator sequence; and (v) at least one mRNA stability element. In more specific
aspects of these embodiments, the Kozak translation initiation signal comprises a
polynucleotide set forth in SEQ ID NO:5; the chromatin insulator sequence comprises a
polynucleotide set forth in SEQ ID NO:4; the at least one mRNA stability element comprises
a polynucleotide set forth in SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11, or any
combination thereof; and the neuron-specific promoter comprises a polynucleotide set forth in
SEQ ID NO:2 or SEQ ID NO:3.

[0023] Described herein are methods of treating a neurodegenerative disease, disorder, or
condition comprising administering to a subject in need thereof a nucleic acid expression

cassette or vector. In some embodiments, the neurodegenerative disease, disorder, or condition
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is Alzheimer’s disease, posterior cortical atrophy (PCA), logopenic progressive aphasia
(IvPPA), hippocampal sparing AD, frontotemporal dementia, frontotemporal lobar
degeneration, Pick’s disease, Lewy body dementia, aphasic variants of AD, behavioral-
comportmental (“frontal”) variant of AD, a dysexecutive variant, memory loss, cognitive
impairment, or mild cognitive impairment.
[0024] Described herein are methods of producing presenilin 1 protein including
transforming a host cell with an optimized polynucleotide set forth in SEQ ID NO:6, SEQ ID
NO:7, SEQ ID NO:8, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, or SEQ ID NO:39; or
by a polynucleotide having at least 95% identity to SEQ ID NO:6, SEQ ID NO:7, SEQ ID
NO:8, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, or SEQ ID NO:39, and encoding the
same polypeptide encoded by each of the foregoing, or with a vector encoding presenilin 1
optimized polynucleotide; and culturing the cell under conditions and for a time that allow
expression of the presenilin 1 protein. In some aspects, the expression level of the presenilin 1
protein encoded by the optimized polynucleotide in the host cell is greater than a level of
expression of presenilin 1 protein encoded by a wild-type polynucleotide in a host cell, thereby
producing presenilin 1 protein.
[0025] It is to be understood that one, some, or all of the properties of the various
embodiments described herein may be combined to form other embodiments of the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026] Figure 1 is a bar graph showing the amount of presenilin-1 protein expressed from
HEK293 cells harboring constructs comprising various codon-optimized versions of a
presenilin-1 coding sequence under control of a CMV promoter, as well as from a wild-type

(o

presenilin-1 coding sequence. The asterisk indicates a statistically significant difference
(p<0.05, One way ANOVA followed by Tukey’s multiple comparison test).

[0027] Figure 2 is a bar graph showing the amount of presenilin-1 protein expressed from
HEK293 cells harboring constructs comprising various codon-optimized versions of a
presenilin-1 coding sequence whose expression is driven by a CAG promoter (CAG-v1.5
containing PSENT1 coding sequence of SEQ ID NO:37; CAG v3.0 containing PSEN1 coding
sequence of SEQ ID NO:39)), as well as from a wild-type presenilin-1 coding sequence (SEQ
ID NO:15) driven by a CAG promoter. The asterisk “*” indicates a statistically significant
difference compared to wild-type presenilin 1 (p<0.05, One way ANOVA followed by

Tukey’s multiple comparison test).
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[0028] Figure 3 is a bar graph showing gamma secretase activity as measured by cleavage
of NotchAE to NICD in fibroblasts from familial Alzheimer’s disease (FAD) patients harboring
either a C410Y or G206A mutation in PSEN1. Fibroblasts were transformed with an empty
vector (“NotchAE+Empty”), or a vector containing SEQ ID NO:37 encoding PSEN1
(“NotchAE+hPSENv1.5”) in the presence or absence of the gamma secretase inhibitor DAPT
and the levels of NICD measured. The asterisks “**” indicates a statistically significant
difference compare to empty vector (p<0.01, One way ANOVA followed by Tukey’s multiple
comparison test).
[0029] Figure 4 is a bar graph showing the level of AB40 production in fibroblasts from
familial Alzheimer’s disease (FAD) patients harboring a C410Y mutation in PSEN1 (C410Y)
following transformation with either an empty vector (“Empty”), or a vector containing SEQ
ID NO:37 encoding PSEN1 (“pAT028”).

DETAILED DESCRIPTION
[0030] The present invention is based on the seminal discovery that optimized
polynucleotides and expression cassettes encoding optimized therapeutic genes such as
presenilin-1 can be used to increase expression levels of the therapeutic gene, as compared to
a wilt-type sequence, to deliver gene therapy for use in the treatment of neurodegenerative
disorders.
[0031] Before the present compositions and methods are described, it is to be understood
that this invention is not limited to particular compositions, methods, and experimental
conditions described, as such compositions, methods, and conditions may vary. It is also to be
understood that the terminology used herein is for purposes of describing particular
embodiments only, and is not intended to be limiting, since the scope of the present invention
will be limited only in the appended claims.
[0032] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or
patent application was specifically and individually indicated to be incorporated by reference.
Definitions
[0033] Unless specifically defined otherwise, all technical and scientific terms used herein
shall be taken to have the same meaning as commonly understood by one of ordinary skill in
the art (e.g., in cell culture, molecular genetics, and biochemistry). Although any methods and
materials similar or equivalent to those described herein can be used in the practice or testing

of the invention, it will be understood that modifications and variations are encompassed within
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the spirit and scope of the instant disclosure. The preferred methods and materials are now
described.

[0034] As used herein, the term “about” in the context of a numerical value or range means
+10% of the numerical value or range recited or claimed, unless the context requires a more
limited range. Further, the term “about” when used in connection with one or more numbers or
numerical ranges, should be understood to refer to all such numbers, including all numbers in
a range and modifies that range by extending the boundaries above and below the numerical
values set forth. The recitation of numerical ranges by endpoints includes all numbers, e.g.,
whole integers, including fractions thereof, subsumed within that range (for example, the
recitation of 1 to 5 includes 1, 2, 3, 4, and 5, as well as fractions thereof, e.g., 1.5, 2.25, 3.75,
4.1, and the like) and any range within that range.

[0035] As used herein, the singular forms “a”, “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates otherwise. Furthermore, to the extent
that the terms “including”, “includes”, “having”, “has”, “with”, or variants thereof are used in
either the detailed description and/or the claims, such terms are intended to be inclusive in a
manner similar to the term “comprising.” It must be noted that as used herein and in the
appended claims, the singular forms “a,” “an,” and “the” include the plural reference unless the
context clearly dictates otherwise. Thus, for example, a reference to a “protein” is a reference
to one or more proteins, and includes equivalents thereof known to those skilled in the art and
so forth.

FENT3

[0036] As used herein, the terms “comprising,” “comprise” or “comprised,” and variations
thereof, in reference to defined or described elements of an item, composition, apparatus,
method, process, system, etc. are meant to be inclusive or open ended, permitting additional
elements, thereby indicating that the defined or described item, composition, apparatus,
method, process, system, etc. includes those specified elements--or, as appropriate, equivalents
thereof--and that other elements can be included and still fall within the scope/definition of the
defined item, composition, apparatus, method, process, system, etc.

[0037] By an “AAYV vector” is meant a vector derived from an adeno-associated virus
serotype, including without limitation, AAV-1, AAV-2, AAV-3, AAV-4, AAV-5, AAVG, etc.
AAYV vectors can have one or more of the AAV wild-type genes deleted in whole or part,
preferably the rep and/or cap genes, but retain functional flanking ITR sequences. Functional
ITR sequences are necessary for the rescue, replication and packaging of the AAV virion. Thus,
an AAV vector is defined herein to include at least those sequences required in cis for

replication and packaging (e.g., functional ITRs) of the virus. ITRs don't need to be the wild-
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type nucleotide sequences, and may be altered, e.g., by the insertion, deletion or substitution
of nuclectides, so long as the sequences provide for functional rescue, replication and
packaging.

[0038] The control elements are selected to be functional in a mammalian cell. The
resulting construct which contains the operatively linked components is bounded (5' and 3')
with functional AAV ITR sequences. By “adeno-associated virus inverted terminal repeats” or
“AAV ITRs” is mean the art-recognized regions found at each end of the AAV genome which
function together in cis as origins of DNA replication and as packaging signals for the virus.
AAV ITRs, together with the AAV rep coding region, provide for the efficient excision and
rescue from, and integration of a nucleotide sequence interposed between two flanking ITRs
into a mammalian cell genome. The nucleotide sequences of AAV ITR regions are known. As
used herein, an “AAV ITR” does not necessarily comprise the wild-type nucleotide sequence,
but may be altered, e.g., by the insertion, deletion or substitution of nucleotides. Additionally,
the AAV ITR may be derived from any of several AAV serotypes, including without limitation,
AAV-1,AAV-2, AAV-3, AAV-4, AAV-5, AAVG, etc. Furthermore, 5' and 3' ITRs which flank
a selected nucleotide sequence in an AAV vector need not necessarily be identical or derived
from the same AAYV serotype or isolate, so long as they function as intended, i.e., to allow for
excision and rescue of the sequence of interest from a host cell genome or vector, and to allow
integration of the heterologous sequence into the recipient cell genome when AAV Rep gene
products are present in the cell. Additionally, AAV ITRs may be derived from any of several
AAYV serotypes, including without limitation, AAV-1, AAV-2, AAV-3, AAV-4, AAV 5,
AAV6,etc. Furthermore, 5' and 3' ITRs which flank a selected nucleotide sequence in an AAV
expression vector need not necessarily be identical or derived from the same AAV serotype or
isolate, so long as they function as intended, i.e, to allow for excision and rescue of the
sequence of interest from a host cell genome or vector, and to allow integration of the DNA
molecule into the recipient cell genome when AAV Rep gene products are present in the cell.
[0039] The term “wild-type” and “native” are used herein interchangeably and refer to a
form of a substance (e.g., a polynucleotide, a nucleotide sequence, a protein, etc.) that is found
in nature. The term “wild-type presenilin-1 coding sequence” as used herein means the
polynucleotide sequence set forth in SEQ ID NO:15.

[0040] The term “hybrid genomic/cDNA” as used herein means a non-naturally occurring
nucleotide sequence that encodes a protein (e.g., a human presenilin-1), wherein the coding

sequence for the protein is interrupted by one or more non-coding intronic sequences.
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[0041] The term “intolerant codon” as used herein means a codon present in a reference
nucleotide sequence that is not changed in a corresponding subject nucleotide sequence
encoding the same amino acids sequence. Intolerant codon in SEQ ID NO: 15 are underlined.
[0042] The term “tolerant codon” as used herein means a codon present in a reference
nucleotide sequence that is not an intolerant codon. A tolerant codon may be changed to a
different codon encoding the same amino acid in a corresponding subject nucleotide sequence
encoding the same amino acid sequence.

[0043] The term “optimized codon” means a codon set forth in Table 2 or Table 3. A
codon in a subject nucleotide sequence is said to be “optimized” when the corresponding codon
in a reference sequence is replaced with a different codon coding for the same amino acid and
selected from a codon set forth in Table 1 or Table 2.

[0044] The term “codon optimization change” means the replacement of a tolerant codon
in a reference sequence with a codon encoding the same amino acid selected from Table 2. For
some amino acids, there exists more than one optimized codon (see Table 2). For the purpose
of clarity, the term “codon optimization changes” includes replacing an optimized codon
present in a reference sequence with a different optimized codon coding for the same amino
acid set forth in Table 1.

[0045] The exons and introns of the PSEN1 gene can be identified with reference to
GenBank reference sequence number NG 007386 as follows: Exon 1 consist of nucleotides
5037 to 5113; intron 1 consist of nucleotides 5,114 to 16,324; exon 2 consist of nucleotides
16,325 to 16,406; intron 2 consist of nucleotides 16,407 to 16,496; exon 3 consist of nucleotides
16,497 to 16,636, intron 3 consist of nucleotides 16,637 to 39,326; exon 4 consist of nucleotides
39,327 to 39,577; intron 4 consist of nucleotides 39,578 to 42,095, exon 5 consist of
nucleotides 42,096 to 42,237; intron 5 consist of nucleotides 42,238 to 55,382; exon 6 consist
of nucleotides 55,383 to 55,450; intron 6 consist of nucleotides 55,451 to 61,173; exon 7 consist
of nucleotides 61,174 to 61,394; intron 7 consist of nucleotides 61,395 to 66,560; exon 8 consist
of nucleotides 66,561 to 66,659; intron 8 consist of nucleotides 66,660 to 74,915; exon 9 consist
of nucleotides 74,916 to 75,002; intron 9 consist of nucleotides 75,003 to 80,298; exon 10
consist of nucleotides 80,299 to 80,472; intron 10 consist of nucleotides 80,473 to 85,655; exon
11 consist of nucleotides 85,656 to 85,776; intron 11 consist of nucleotides 85,775 to 87,663,
exon 12 consist of nucleotides 87,664 to 92,222,

[0046] The term “CpG dinucleotide” means any occurrence of the nucleotide sequence CG

in a reference nucleotide sequence.
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[0047] “Self-complementary AAV” refers to a construct in which a coding region carried
by a recombinant AAV nucleic acid sequence has been designed to form an intra-molecular
double-stranded DNA template. Upon infection, rather than waiting for cell mediated synthesis
of the second strand, the two complementary halves of scAAV will associate to form one
double stranded DNA (dsDNA) unit that is ready for immediate replication and transcription.
See, e.g., D M McCarty et al, “Self-complementary recombinant adeno-associated virus
(scAAV) vectors promote efficient transduction independently of DNA synthesis”, Gene
Therapy, (August 2001), Vol 8, Number 16, Pages 1248-1254. Self-complementary AAVs are
described in, e.g., U.S. Pat. Nos. 6,596,535; 7,125,717; and 7,456,683, each of which is
incorporated herein by reference in its entirety.

2«

[0048] As used herein, “operably linked,” “operable linkage,” “operatively linked,” or
grammatical equivalents thereof refer to juxtaposition of genetic elements, e.g., a
polynucleotide encoding a protein or RNA, a promoter, an enhancer, a polyadenylation
sequence, etc., wherein the elements are in a relationship permitting them to operate in the
expected manner. For example, a regulatory element, which can comprise promoter and/or
enhancer sequences, is operatively linked to a coding region if the regulatory element helps
initiate transcription of the coding sequence. There may be intervening residues between the
regulatory element and coding region so long as this functional relationship is maintained.
[0049] As used in this specification and the appended claims, the term “or” is generally
employed in its sense including “and/or” unless the content clearly dictates otherwise.

[0050] “Percent (%) identity” with respect to a reference polynucleotide or polypeptide
sequence is defined as the percentage of nucleic acids or amino acids in a candidate sequence
that are identical to the nucleic acids or amino acids in the reference polynucleotide or
polypeptide sequence, after aligning the sequences and introducing gaps, if necessary, to
achieve the maximum percent sequence identity. Alignment for purposes of determining
percent nucleic acid or amino acid sequence identity can be achieved in various ways that are
within the capabilities of one of skill in the art, for example, using publicly available computer
software such as BLAST, BLAST-2, or Megalign software. Those skilled in the art can
determine appropriate parameters for aligning sequences, including any algorithms needed to
achieve maximal alignment over the full length of the sequences being compared. For
example, percent sequence identity values may be generated using the sequence comparison
computer program BLAST. As an illustration, the percent sequence identity of a given nucleic
acid or amino acid sequence, A, to, with, or against a given nucleic acid or amino acid sequence,

B, (which can alternatively be phrased as a given nucleic acid or amino acid sequence, A that
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has a certain percent sequence identity to, with, or against a given nucleic acid or amino acid
sequence, B) is calculated as follows:

100 multiplied by (the fraction X/Y)
where X is the number of nucleotides or amino acids scored as identical matches by a sequence
alignment program (e.g., BLAST) in that program’s alignment of A and B, and where Y is the
total number of nucleic acids in B. It will be appreciated that where the length of nucleic acid
or amino acid sequence A is not equal to the length of nucleic acid or amino acid sequence B,
the percent sequence identity of A to B will not equal the percent sequence identity of B to A.
[0051] As used herein, the term “polynucleotide or gene expression” refers to the process
by which a nucleic acid sequence or a polynucleotide is transcribed from a DNA template (such
as into mRNA or other RNA transcript) and/or the process by which a transcribed mRNA is
subsequently translated into peptides, polypeptides, or proteins. Transcripts and encoded
polypeptides may be collectively referred to as “polynucleotide or gene product.” If the
polynucleotide is derived from genomic DNA, expression may include splicing of the mRNA
in a eukaryotic cell. The terms “polynucleotide or gene expression” and “expression” can be
used interchangeably, unless context clearly indicates otherwise.
[0052] As used herein, the term “presenilin-1" denotes a protein encoded by the PSEN1
gene. Presenilin 1 is one of the four core proteins in the presenilin complex, which mediate the
regulated proteolytic events of several proteins in the cell, including gamma secretase. Gamma-
secretase is considered to play a strong role in generation of beta amyloid, accumulation of
which is related to the onset of Alzheimer's disease, from the beta-amyloid precursor protein.
There are two forms of presenilin-1 encoded by the PSEN1 gene based on alternate splicing.
The predominant form in humans is the 467 amino acid isoform X1. The alternate form is the
463 amino acid isoform X2. Presenilin-1, presenilin 2 (PSEN2), and amyloid precursor protein
(APP) are mostly associated with autosomal dominant forms of early onset Alzheimer’s
disease.
[0053] The term “promoter” as used herein is defined as a DNA sequence recognized by
the synthetic machinery of the cell, or introduced synthetic machinery, required to initiate the
specific transcription of a polynucleotide sequence. A “constitutive” promoter is a nucleotide
sequence which, when operably linked with a polynucleotide which encodes or specifies a gene
product, causes the gene product to be produced in a cell under most or all physiological
conditions of the cell. An “inducible” promoter is a nucleotide sequence which, when operably
linked with a polynucleotide which encodes or specifies a gene product, causes the gene

product to be produced in a cell substantially only when an inducer which corresponds to the
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promoter is present in the cell. A “tissue-specific” promoter is a nucleotide sequence which,
when operably linked with a polynucleotide encodes or specified by a gene, causes the gene
product to be produced in a cell substantially only if the cell is a cell of the tissue type
corresponding to the promoter. Alternatively, heterologous control sequences can be
employed. Useful heterologous control sequences generally include those derived from
sequences encoding mammalian or viral genes. Examples include, but are not limited to, the
phosphoglycerate kinase (PGK) promoter, CAG, neuronal promoters, promoter of Dopamine-
1 receptor and Dopamine-2 receptor, the SV40 early promoter, mouse mammary tumor virus
LTR promoter; adenovirus major late promoter (Ad MLP); a herpes simplex virus (HSV)
promoter, a cytomegalovirus (CMV) promoter such as the CMV immediate early promoter
region (CMVIE), Rous sarcoma virus (RSV) promoter, synthetic promoters, hybrid promoters,
and the like. In addition, sequences derived from non-viral genes, such as the murine
metallothionein gene, will also find use herein. Such promoter sequences are commercially
available from, e.g., Stratagene (San Diego, Calif ). For purposes of the present invention, both
heterologous promoters and other control elements, such as CNS-specific and inducible
promoters, enhancers and the like, will be of particular use. Examples of heterologous
promoters include the CMV promoter. Examples of CNS specific promoters include those
isolated from the genes of myelin basic protein (MBP), glial fibrillary acid protein (GFAP),
and neuron specific enolase (NSE).

[0054] As used herein, the term “regulatory element” refers to a genetic element or
polynucleotide that either alone or together with one or more additional regulatory elements
influences or modulates expression of a polynucleotide or gene. A regulatory element can
facilitate polynucleotide or gene expression, increase polynucleotide or gene expression,
decrease polynucleotide or gene expression and/or confer selective polynucleotide or gene
expression in a particular cell type or tissue. A regulatory element can influence or modulate
polynucleotide or gene expression temporally and/or spatially. As used herein, the term
“regulate polynucleotide or gene expression,” “influence polynucleotide or gene expression,”
or “modulate polynucleotide or gene expression” refers to increasing polynucleotide or gene
expression, decreasing polynucleotide or gene expression, and/or conferring selective
polynucleotide or gene expression. “Regulating polynucleotide or gene expression,”
“influencing polynucleotide or gene expression,” or “modulating polynucleotide or gene

expression” can refer to temporal and/or spatial regulation.
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[0055] A “transgene” is used herein to conveniently refer to a polynucleotide or a nucleic
acid that is intended or has been introduced into a cell or organism. Transgenes include any
nucleic acid, such as a gene that encodes a polypeptide or protein.

[0056] The term “variant,” when used in the context of a polynucleotide sequence, may

encompass a polynucleotide sequence related to a wild type gene. This definition may also

2 29

include, for example, “allelic,” “splice,” “species,” or “polymorphic” variants. A splice variant
may have significant identity to a reference molecule but will generally have a greater or lesser
number of polynucleotides due to alternate splicing of exons during mRNA processing. The
corresponding polypeptide may possess additional functional domains or an absence of
domains. Species variants are polynucleotide sequences that vary from one species to another.
Of particular utility in the invention are variants of wild type gene products. Variants may result
from at least one mutation in the nucleic acid sequence and may result in altered mRNAs or in
polypeptides whose structure or function may or may not be altered. Any given natural or
recombinant gene may have none, one, or many allelic forms. Common mutational changes
that give rise to variants are generally ascribed to natural deletions, additions, or substitutions
of nucleotides. Each of these types of changes may occur alone, or in combination with the
others, one or more times in a given sequence.

[0057] Ranges: throughout this disclosure, various aspects of the invention can be
presented in a range format. It should be understood that the description in range format is
merely for convenience and brevity and should not be construed as an inflexible limitation on
the scope of the invention. Accordingly, the description of a range should be considered to
have specifically disclosed all the possible subranges as well as individual numerical values
within that range. For example, description of a range such as from 1 to 6 should be considered
to have specifically disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2
to 4, from 2 to 6, from 3 to 6 etc., as well as individual numbers within that range, for example,
1,2,2.1,22,2.7,3,4,5,5.5,5.75,5.8,5.85, 5.9, 595,599, and 6. This applies regardless of
the breadth of the range.

[0058] The present disclosure provides compositions and methods for treating subjects
with Alzheimer's disease and other neurodegenerative diseases, disorders and conditions. In
particular, aspect, the present disclosure contemplates gene therapy by providing a
polynucleotide encoding a presenilin-1 (PSEN1) gene to a subject in need of treatment.
Alzheimer’s disease (AD) is the most common form of neurodegenerative disease of the brain.

Pathological hallmarks of AD include intraneuronal accumulation of paired helical filaments

composed of abnormal tau proteins and extracellular deposits of f-amyloid peptide (Af) in
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neuritic plaques. Clinically, AD can be categorized into two phenotypes based on the ages of
onset: early-onset AD (EOAD; <65 years) and late-onset AD (LOAD; >65 years), of which
LOAD is the more common form worldwide. The proportion of EOAD in all AD cases is
between 5% and 10%. Presenilin 1 (PSEN1), presenilin 2 (PSEN2), and amyloid precursor
protein (APP) are mostly associated with autosomal dominant forms of EOAD. Apart from
genetic factors, mutations are environmentally related. Genetic—environmental interactions
may be caused by variation in the age of onset, neuropathological patterns, and disease
duration.

[0059] PSEN1 and PSEN2 encode transmembrane proteins PS1 and PS2, respectively, that
constitute the catalytic core of y-secretase, the founding member of an emerging class of
unconventional, Intramembrane-Cleaving Proteases (I-CLiPs). Active vy-secretase is a
multiprotein complex composed of PS1 or PS2 together with nicastrin (NCT), the anterior
pharynx-defective protein 1 (APHI1), and the presenilin enhancer 2 (PEN2). Experimental
evidence such as the binding of transition-state analogue y-secretase inhibitors to PS1, as well
as the abolishment of y-secretase activity when PS1 lacks the aspartate residues critical for
proteolysis have confirmed that presenilins harbor the active site of the enzymatic complex.
[0060] PS1 and PS2 play fundamental roles in cell signaling as part of the y-secretase
complex. The latter cleaves numerous type-I membrane proteins in their transmembrane
domain releasing their corresponding intracellular domains, which are capable of influencing
gene expression. The amyloid precursor protein (APP) is processed by the successive actions
of p-secretase (BACE1) and y-secretase, generating amyloid-beta peptides (AP) of different
lengths, ranging from 37 to 46 amino acids. Cleavage of the APP C-terminal fragments (APP-
CTFs) by y-secretase also releases the APP intracellular domain (AICD), which has been
recently involved in the regulation of brain ApoE expression, a major genetic determinant of
AD, and in cholesterol metabolism. In addition, PS1 has been shown to interact with a growing
list of proteins that modulate y-secretase activity.

[0061] Nucleic Acid Compositions

[0062] Accordingly, the present disclosure provides an isolated ¢cDNA or a hybrid
genomic/cDNA that encodes the naturally occurring human presenilin-1 and characterized by
one or more of: codon optimization only at some or all tolerant codons, reduction of CpG
dinucleotides, or the presence of donor/acceptor splice sites to enable expression of both PSEN-
1 isoforms; nucleic acid expression cassettes comprising the foregoing and additional
regulatory elements; vectors comprising such expression cassettes; compositions comprising

those vectors; and methods for gene therapy of neurodegenerative disorders such as
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Alzheimer’s disease that utilize any of the foregoing. Without being bound by theory, it is
believed that the nucleic acid expression cassettes disclosed herein will result in increased and
improved PSEN-1 expression as compared to native or mutated forms of PSEN-1 in patients
in need thereof, e.g. Alzheimer’s disease patients. Thus, PSEN-1 protein expression can be
increased at a lower dose of the expression cassette or the vector comprising that expression
cassette.

[0063] An embodiment provides nucleic acid expression cassettes comprising any of the
c¢DNA or hybrid genomic/cDNA polynucleotides encoding presenilin 1 set forth above; and
one or more regulatory elements operably linked to the polynucleotide encoding presenilin 1.

[0064] Any genetic element that modulates or influences polynucleotide or gene
expression can be a regulatory element, including, for example, promoters, enhancers,
chromatin insulators, translation initiation sequences such as strong and weak Kozak signal
sequences and internal ribosomal entry sites, mRNA stability sequences, sequences that
influence mRINA processing such as splicing and cleavage, sequences that influence mRNA
export from the nucleus and/or mRNA retention, posttranslational response elements, non-
coding sequences such as introns, poly A sequences, repressors, silencers, terminators, and
others. Regulatory elements can function to modulate polynucleotide or gene expression at the
transcriptional level, at the posttranscriptional level, at the translational level, or any
combination thereof. Regulatory elements can increase the rate at which RNA transcripts are
produced, increase the stability of RNA produced, increase the rate of protein synthesis from
RNA transcripts, prevent RNA degradation and/or increase RNA stability to facilitate protein
synthesis, for example.

[0065] An expression cassette as used herein may suitably comprise a promoter and poly
A sequence. In certain preferred embodiments, an expression cassette may comprise a
promoter, poly A sequence and mRNA stability element. A particularly preferred expression
cassette may include a CAG promoter, Kozak, codon optimized PSENI1 (tolerant only), mRNA
stability element and poly A. A specifically preferred expression cassette may include SEQ
ID NO:23, SEQ ID NO:5, SEQ ID NO:6, SED ID NO:9, and SEQ ID NO:34. In certain
embodiments, preferred vectors may comprise AAV surrounded by ITRs and packaged into an
AAV9 or AAVrh10 capsid.

[0066] The nucleic acid expression cassettes described herein can comprise regulatory
elements that regulate or modulate polynucleotide or gene expression at any step, including the
transcriptional, posttranscriptional, and translational levels, for example. A regulatory element

can regulate or modulate polynucleotide or gene expression at more than one level or function
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in more than one way to regulate or modulate polynucleotide or gene expression. Thus, a
regulatory element can have any function, or any combination of the functions described above.
For example, a regulatory element can function as an mRNA stabilizing element and modulate,
i.e., increase or decrease, translation. As yet another example, a regulatory element can
modulate transcription initiation and modulate mRNA stability. A regulatory element can also
have a predominant function by which it modulates polynucleotide or gene expression and have
one or more additional functions that increase or decrease polynuclectide or gene expression.
A regulatory element can comprise a sequence that is located within or overlaps with other
regulatory elements that have the same or different functions in modulating polynucleotide or
gene expression or that modulate polynucleotide or gene expression at the same or different
steps.

[0067] Regulatory elements can be derived from coding or non-coding DNA sequences.
Regulatory elements derived from non-coding DNA can be associated with genes, e.g., may be
found in a gene, such as upstream sequences, introns, 3' and 5' untranslated regions (UTRs),
and/or downstream regions. As used herein, the term “upstream” when referring to nucleic acid
means 5’ relative to another sequence and the term “downstream” means 3’ relative to another
sequence. The term “upstream” can be used interchangeably with the term “5’” when referring
to location of sequences relative to each other, unless context clearly indicates otherwise. The
term “downstream” can be used interchangeably with the term “3’” when referring to location
of sequences relative to each other, unless context clearly indicates otherwise.

[0068] In some embodiments, regulatory elements derived from non-coding DNA
sequences are not associated with a gene, e.g., may not be found in a gene. The genomic region
from which a regulatory element is derived can be distinct from the genomic region from which
an operably linked polynucleotide is derived. In some embodiments, a regulatory element is
derived from a distal genomic region or location with respect to the genomic region or location
from which the operably linked polynucleotide (such as a cDNA derived from an endogenous
gene or an endogenous version of a heterologous gene, for example) is derived. In some
embodiments, a regulatory element comprises intron sequences. Intron sequences can include
sequences derived from any gene. In some embodiments, the intron sequences are derived from
the genomic region from which an operatively linked polynucleotide is derived. For example,
the nucleic acid expression cassettes described herein can include introns from an endogenous
gene that corresponds to a polynucleotide or that gave rise to a polynucleotide in the form of a
cDNA. As another example, the nucleic acid expression cassettes described herein can include

introns from an endogenous gene that does not correspond to or gave rise to a polynucleotide.
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[0069] In some embodiments, the one or more regulatory elements comprise a Kozak
translation initiation signal such as a polynucleotide set forth in SEQ ID NO:5. In some
embodiments, the one or more regulatory elements comprise a chromatin insulator sequence,
such as the polynucleotide set forth in SEQ ID NO:4.

[0070] Kozak Sequences: A 5’ UTR generally includes sequences that are recognized by
the ribosome that allow the ribosome to bind and initiate translation. Exemplary sequences for
translation initiation include Kozak initiation signal sequences. As used herein, the terms
“Kozak initiation signal sequence,” “Kozak consensus sequence,” and “Kozak sequence” can
be used interchangeably, unless context clearly indicates otherwise. A person of skill in the art
will appreciate that a Kozak initiation signal sequence can be located in part in the 5> UTR and
include the AUG translation initiation codon itself and the nucleotide immediately following
or downstream of the AUG start codon, as described below.

[0071] Translation initiation of an mRNA typically occurs at an ATG codon that is
recognized by a ribosome. The ATG codon at which translation begins may not be the first
ATG start codon present in an mRNA sequence. A motif called a Kozak sequence can direct
translation initiation to an ATG codon. The Kozak consensus sequence is defined as 5’-
(gce)gecRecAUGG-3, where the underlined AUG indicates the translation start codon;
uppercase letters indicate conserved bases; “R” indicates the presence of a purine, with adenine
more frequent; lowercase letters indicate the most common base at a position that can vary;
and the sequence (gcc) is of uncertain significance. In addition to these features, other positions
and features can contribute to translation initiation. Strong and weak Kozak consensus
sequences have been described, with a strong Kozak consensus sequence including the features
above that are considered optimal for translation initiation and a weak Kozak consensus
sequence including features that deviate or differ from a strong Kozak consensus sequence.
The amount of protein synthesized from an mRNA can depend on the strength of the Kozak
sequence. For example, a CCACC (SEQ ID NO: 5) sequence immediately upstream of an AUG
translation initiation codon can increase the rate of translation initiation compared to a sequence
that differs from CCACC.

[0072] In some embodiments, the nucleic acid expression cassettes provided herein
comprise a Kozak translation initiation signal. The Kozak translation initiation signal can be
located immediately upstream or 5’ of a translation initiation AUG codon. Any Kozak
consensus sequence that is a strong Kozak sequence can be used. In some embodiments, the

Kozak translation initiation signal comprises a sequence set forth in SEQ ID NO:5.
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[0073] Promoters: Promoters are a major cis-acting element within the vector genome
design that can dictate the overall strength of expression as well as cell-specificity.
Accordingly, in certain embodiments, the promoter is a neuron-specific promoter. A neuron-
specific promoter can provide selective expression of a polynucleotide or therapeutic gene in
neuronal cells. Selective expression that is restricted or limited to a particular cell type can
prevent or reduce off-target effects that are often undesirable and can result in side effects, for
example. As used herein, “selective expression” refers to expression that is at least 1%, at least
2%, at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least
35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, and any number or range in between, higher in neurons as
compared to non-neuronal cells. In some embodiments, there is no expression in non-neuronal
cells.

[0074] In some embodiments, a neuron-specific promoter of the nucleic acid expression
cassettes described herein provides for expression that is at least 5%, at least 10%, at least 15%,
at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%,
at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, and any
number or range in between, higher as compared to expression provided by a promoter that can
drive expression in any cell type. In some embodiments, a neuron-specific promoter of the
nucleic acid expression cassettes described herein provides for expression that is at least 5%,
at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%,
at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99%, and any number or range in between, higher as compared to expression provided
by a promoter that can drive expression in one or more non-neuronal cell types.

[0075] Any neuron-specific promoter can be used in the nucleic acid expression cassettes
provided herein. Exemplary promoters include a somatostatin (SST; SEQ ID NO: 2) gene
promoter, a neuropeptide Y (NPY; SEQ ID NO: 3) promoter, an alpha-calcium/calmodulin
kinase 2A promoter, a synapsin I promoter (e.g., nucleotides 273-684 of SEQ ID NO:46), a
neuron-specific enolase (NSE) (e.g., SEQ ID NO:29), a dopaminergic receptor 1 (Drdla)
promoter, a tubulin alpha I promoter, a GFAP promoter (e.g., SEQ ID NO:31) and known
variations thereof (e.g., gfaABC(1)D) and others. Hybrid promoters can also be used. A hybrid

promoter is a promoter that includes promoter sequences derived from more than one gene.
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Promoters can be from any species, including human, rhesus macaque, mouse, rat, and chicken,
for example. A neuron-specific promoter can comprise (i) a polynucleotide set forth in SEQ
ID NO:2; (ii) a polynucleotide set forth in SEQ ID NO:3; (iii) a functional fragment of SEQ
ID NO:2 or SEQ ID NO:3; or (iv) polynucleotide with at least 95% identity to (1), (ii), or (iii).
In alternate aspects of these embodiments, the promoter comprises CAG, CBA, UBC, PKC,
EF1a, GUSB, CMV, NSE, PDGF, desmin, MCK, MeCP2, GFAP, CaMKII or MBP.

[0076] Constitutive promoters such as the human elongation factor la-subunit (EFlo)
(e.g., SEQ ID NO:27 or nucleotides 237-1415 of SEQ ID NO:44), immediate-early
cytomegalovirus (CMV) (e.g., SEQ ID NO:28), chicken B-actin (CBA) (e.g., SEQ ID NO:24
or nucleotides 237-890 of SEQ ID NO:43) and its derivative CAG (SEQ ID NO:23 or SEQ ID
NO:40), the B glucuronidase (GUSB), ubiquitin C (UBC) (e.g., SEQ ID NO:25 or nucleotides
237-1323 of SEQ ID NO:42 or), phosphoglycerate kinase 1 (PGK) (e.g., SEQ ID NO:26), or
even the native PSEN-1 promoter (e.g., nucleotides 237-1200 of SEQ ID NO:41) can be used
to promote expression in most tissues. Generally, CBA and CAG promote the larger expression
among the constitutive promoters; however, their size of ~1.7 kbs in comparison to CMV (~0.8
kbs) or EF1a (~1.2 kbs) limits its use in vectors with packaging constraints such as AAV. The
GUSB or UBC promoters can provide ubiquitous gene expression with a smaller size of 378
bps and 403 bps, respectively, but they are considerably weaker than the CMV or CBA
promoter. Thus, modifications to constitutive promoters in order to reduce the size without
affecting its expression have been pursued and examples such as the CBh (~800 bps) and the
miniCBA (~800 bps) can promote expression comparable and even higher in selected tissues.
[0077] When expression is restricted to certain cell types within an organ, e.g. brain, central
nervous system etc., promoters can be used to mediate this specificity. For example, within the
nervous system promoters have been used to restrict expression to neurons, astrocytes, or
oligodendrocytes. In neurons, the neuron-specific enolase (NSE) promoter drives stronger
expression than ubiquitous promoters; however, its size of 2.2 kbs limits its use in smaller
vectors. Additionally, the platelet-derived growth factor B-chain (PDGF-f3), the synapsin
(Syn), and the methyl-CpG binding protein 2 (MeCP2) (e.g., SEQ ID NO:30) promoters can
drive neuron-specific expression at lower levels than NSE, but their sizes of 1.4 kbs, 470 bps
and 229 bps, respectively, make them more suitable for vectors with limitations in size. In
astrocytes, the 680 bps-long shortened version [gfaABC(1)D] of the glial fibrillary acidic
protein (GFAP, 2.2 kbs) promoter can confer higher levels of expression with the same
astrocyte-specificity as the GFAP promoter. Targeting oligodendrocytes can also be

accomplished by the selection of the myelin basic protein (MBP) promoter, whose expression

22



WO 2021/108686 PCT/US2020/062394

is restricted to this glial cell (Gray SJ, et al., Optimizing promoters for recombinant adeno-
associated virus-mediated gene expression in the peripheral and central nervous system using
self-complementary vectors. Hum Gene Ther. 2011;22:1143-1153).

[0078] Tissue specific promoters provide the advantage of limiting the expression to the
desired cell or tissue. However, low levels of expression and/or large size may limit their use.
To compensate for weak strength, the level of expression can be increased by adding enhancer
elements such as from CMV.

[0079] MicroRNA binding sites: In some embodiments, the one or more regulatory
elements comprise one, two or three micro RNA (“miRNA” or “miR”) binding sites to suppress
expression of the encoded PSEN-1 in dorsal root ganglia. MicroRNAs are 19-25 nucleotide
noncoding RNAs that bind to miRNA binding sites and down-regulate gene expression either
by reducing nucleic acid molecule stability or by inhibiting translation. In some aspects of
these embodiments, each miRNA binding site is independently selected from a binding site for
any of the following miRNAs: miRNA-1914, miR1181, miR3918, miR939, miR324, miR650,
MiR29C, or miR2277. In some aspects of these embodiments, the miRNA binding site(s) are
located 3' to the mRNA stability element.

[0080] Endogenous miRNAs can “de-target' or inhibit transgene expression when their
exact complementary target sequences are engineered into an expression cassette. The level of
repression, in vitro, correlates with the number of target sequences within the expression
cassette In an in vivo study, when an engineered lentiviral vector containing 4 copies of the
neuronal-specific miR-124 target sequence was injected into mouse brain, PGK-driven
transgene expression was de-targeted from neurons to only astrocytes (Colin A. et al.,
Engineered lentiviral vector targeting astrocytes in vivo. Glia. 2009 Apr 15; 57(6):667-79).
Endogenous miRNAs are a useful tool in obtaining transgene cell specificity because their
respective binding sites are small, can be combined, and are robust in their ability to restrict
expression.

[0081] mRNA Stability Element: Exemplary mRNA stability elements include a
MALATI1 mRNA stability element, C-rich stability elements of HBA1, HBA2, lipoxygenase,
alpha(I)-collagen, and tyrosine hydroxylase 3’ UTRs, for example, AU-rich elements (AREs)
of 3’ UTRs, and others. An mRNA stability element can be, for example, an expression and
nuclear retention element. An mRNA stability element can prevent or decrease degradation of
mRNA. For example, degradation of mRNA can be decreased by about 5%, about 10%, about
20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, about

95%, about 99%, and any number or range in between, when an mRNA stability element is
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included as compared to a nucleic acid expression cassette that does not include an mRNA
stability element. In an embodiment, there is no degradation of mRNA. Any sequence that
prevents or decreases degradation of the mRNA can be an mRNA stability element. An mRNA
stability element can be placed into any location in a nucleic acid expression cassette. For
example, an mRNA stability element can be placed 3’ to the open reading frame of a
polynucleotide and before or 5° of a polyadenylation site. As another example, an mRNA
stability element can be placed 3’ to the open reading frame of a polynucleotide and 3’ to a
polyadenylation site. As yet another example, an mRNA stability element can be placed 5’ to
an open reading frame of a polynucleotide.

[0082] In some embodiments, an mRINA stability element comprises (i) a polynucleotide
set forth in SEQ ID NQ:9; (ii) a functional variant thereof; or (iii) a polynucleotide with at least
95% sequence identity to (i) or (ii). In some embodiments, an mRNA stability element
comprises a polynucleotide with at least 80%, at least 81%, at least 82%, at least 83%, at least
84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, 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%, at least 99%, at least 99.5%, at least 99.9%, and any number or range in between, identity
to SEQ ID NO:9.

[0083] Accordingly, in certain embodiments, the at least one mRNA stability element
comprises (i) a polynucleotide set forth in SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11; (ii)
a functional variant of SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11; or (iii) a polynucleotide
with at least 95% sequence identity to (i) or (ii).

[0084] In some embodiments, the nucleic acid expression cassettes embodied herein
include an mRNA stability element comprising (i) a polynucleotide set forth in SEQ ID NO:10;
(i1) a functional variant thereof; or (iii) a polynucleotide with at least 95% sequence identity to
(i) or (ii). In some embodiments, the mRNA stability element comprises a polynucleotide with
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%,
at least 87%, at least 88%, at least 89%, 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%, at least 99%, at least 99.5%,
at least 99.9%, and any number or range in between, identity to SEQ ID NO:10. In some
embodiments, the mRNA stability element comprises (i) a polynucleotide set forth in SEQ ID
NO:10; (ii) a functional variant thereof; or (iii) a polynucleotide with at least 95% sequence
identity to (1) or (ii) is located 5” of an open reading frame of a polynucleotide encoding PSEN1

or other therapeutic gene.
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[0085] In some embodiments, the nucleic acid expression cassettes described herein
include an mRNA stability element comprising (i) a polynucleotide set forth in SEQ ID NO:11;
(ii) a functional variant thereof; or (iii) a polynucleotide with at least 95% sequence identity to
(1) or (ii). In some embodiments, the mRNA stability element comprises a polynucleotide with
at least 80%, with at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, 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%, at least 99%, at least
99.5%, at least 99.9%, and any number or range in between, identity to SEQ ID NO:11.
[0086] In some embodiments, the mRNA stability element comprises a polynucleotide
with at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, 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%, at least 99%, at least
99.5%, at least 99.9%, and any number or range in between, identity to SEQ ID NO:10. In
some embodiments, the mRNA stability element comprising (i) a polynucleotide set forth in
SEQ ID NO:10; (ii) a functional variant thereof; or (iii) a polynucleotide with at least 95%
sequence identity to (i) or (ii) is located 5° of an open reading frame of a polynucleotide
encoding PSENT or other therapeutic gene.

[0087] In some embodiments, the nucleic acid expression cassettes described herein
include an mRNA stability element comprising (i) a polynucleotide set forth in SEQ ID NO:11;
(i1) a functional variant thereof; or (iii) a polynucleotide with at least 95% sequence identity to
(1) or (ii). In some embodiments, the mRNA stability element comprises a polynucleotide with
at least 80%, with at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, 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%, at least 99%, at least
99.5%, at least 99.9%, and any number or range in between, identity to SEQ ID NO:11. In
some embodiments, the mRNA stability element comprising (i) a polynucleotide set forth in
SEQ ID NO:11; (ii) a functional variant thereof, or (iii) a polynucleotide with at least 95%
sequence identity to (1) or (ii) is located 5 of an open reading frame of a PSENI nucleotide
sequence.

[0088] In some aspects of these embodiments, the nucleic acid expression cassette
comprises a mRNA stability element located 5” of the open reading frame of the polynucleotide
encoding PSEN1; and a mRNA stability element located 3’ of the polyadenylation signal.
[0089] Polyadenylation Signal: In certain embodiments, the nucleic acid expression

cassette also comprises one or more polyadenylation enhancer elements, such as, for example,
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human growth hormone (hGH; SEQ ID NO: 33; nucleotides 3330-3806 of SEQ ID NO:41)
polyadenylation signal sequences, rabbit beta-globin (rBG; SEQ ID NO: 34 or 35; nucleotides
2139-2367 of SEQ ID NO:47) polyadenylation signal sequences, SV40 polyadenylation signal
sequences or bovine growth hormone (BGH) polyadenylation signal sequences. The
polyadenylation of a transcript is critical for nuclear export, translation, and mRNA stability.
Therefore, the efficiency of transcript polyadenylation is important for transgene expression.
The poly(A) tail contains binding sites for poly(A) binding proteins (PABPs). These proteins
cooperate with other factors to affect the export, stability, decay, and translation of an mRNA.
PABPs bound to the poly(A) tail may also interact with proteins, such as translation initiation
factors, that are bound to the 5' cap of the mRNA. This interaction causes circularization of the
transcript, which subsequently promotes translation initiation. Furthermore, it allows for
efficient translation by causing recycling of ribosomes. While the presence of a poly(A) tail
usually aids in triggering translation, the absence or removal of one often leads to exonuclease-
mediated degradation of the mRNA. Polyadenylation itself is regulated by sequences within
the 3'-UTR of the transcript. These sequences include cytoplasmic polyadenylation elements
(CPEs), which are uridine-rich sequences that contribute to both polyadenylation activation
and repression. CPE-binding protein (CPEB) binds to CPEs in conjunction with a variety of
other proteins in order to elicit different responses.

[0090] Chromatin Insulator Sequence: In certain embodiments, a nucleic acid expression
cassette can further comprise a chromatin insulator sequence. Packaging of genes into
chromatin can render genes inaccessible to the transcription machinery of the cell, resulting in
little or no gene expression. Chromatin insulators can protect a sequence from being packed
into transcriptionally inactive chromatin. Including a chromatin insulator sequence in a nucleic
acid expression cassette can keep a polynucleotide in an accessible state and allow transcription
to occur. Any chromatin insulator can be used in the nucleic acid expression cassettes provided
herein. Exemplary chromatin insulator sequences include a CTCF insulator, a gypsy insulator,
and a B-globin locus. Chromatin insulator sequences from any species can be used, including
mammals and non-mammals and vertebrates and non-vertebrates. As an example, a chromatin
insulator sequence from human beta globin locus HS4 can be used. Other examples of
chromatin insulator sequences include sequences form chicken and Drosophila. A chromatin
insulator sequence can comprise a polynucleotide set forth in SEQ ID NO:4, a functional
variant of SEQ ID NO:4, or a polynucleotide with at least 95% identity to SEQ ID NO:4. A
chromatin insulator sequence can comprise at least 80%, at least 81%, at least 82%, at least

83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least
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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%, at least 99%, at least 99.5%, at least 99.9%, and any number or range in
between, identity to SEQ ID NO:4 as long as the function of the reference sequence and the
ability to protect a sequence with which it is associated from being packed into transcriptionally
inactive chromatin is maintained.

[0091] Transcription Termination Region: A transcription termination region of a
recombinant construct or expression cassette is a downstream regulatory region including a
stop codon and a transcription terminator sequence. Transcription termination regions that can
be used can be homologous to the transcriptional initiation region, can be homologous to the
polynucleotide encoding a polypeptide of interest, or can be heterologous (i.e., derived from
another source). A transcription termination region or can be naturally occurring, or wholly or
partially synthetic. 3' non-coding sequences encoding transcription termination regions may be
provided in a recombinant construct or expression construct and may be from the 3' region of
the gene from which the initiation region was obtained or from a different gene. A large number
of termination regions are known and function satisfactorily in a variety of hosts when utilized
in both the same and different genera and species from which they were derived. Termination
regions may also be derived from various genes native to the preferred hosts. The termination
region is usually selected more for convenience rather than for any particular property.

[0092] Regulatory elements and polynucleotides of the nucleic acid expression cassettes
provided herein can be combined in any fashion. In some embodiments, a nucleic acid
expression cassette comprises a polynucleotide encoding presenilin 1, wherein the
polynucleotide comprises any one of (I) a polynucleotide set forth in SEQ ID NO:6, SEQ ID
NO:7, SEQ ID NO:8, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, or SEQ ID NO:39; or
(III) a polynucleotide having at least 95% identity to (I) or (II). In some embodiments, the
polynucleotide comprises a sequence having at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, 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%, at least 99%, at least 99.5%, at least 99.9%, and any number or range in
between, identity to SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:36, SEQ ID
NO:37, SEQ ID NO:38, or SEQ ID NO:39. In some embodiments, the nucleic acid expression
cassette further comprises one or more regulatory elements operably linked to the
polynucleotide encoding presenilin 1. In some embodiments, the one or more regulatory

elements comprise a neuron-specific promoter.
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[0093] In some embodiments, the nucleic acid expression cassette further comprises (i) a
Kozak translation initiation signal; (ii) a chromatin insulator sequence; (iii) at least one mRNA
stability element; or (iv) any combination thereof, wherein the one or more regulatory elements
comprise a neuron-specific promoter. In some embodiments, the Kozak translation initiation
signal comprises a polynucleotide set forth in SEQ ID NO:5; the chromatin insulator sequence
comprises a polynucleotide set forth in SEQ ID NO:4; the at least one mRNA stability element
comprises a polynucleotide set forth in SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11, or any
combination thereof;, the neuron-specific promoter comprises a polynucleotide set forth in SEQ
ID NO:2 or SEQ ID NO:3.

[0094] In some embodiments, the mRINA stability element comprising SEQ ID NO:9 is
located 3’ of an open reading frame of the polynucleotide encoding PSEN1 and 5° of a
polyadenylation signal, the mRNA stability element comprising SEQ ID NO:10 is located 5°
of an open reading frame of the polynucleotide encoding PSEN1, and the mRNA stability
element comprising SEQ ID NO:11 is located 3’ of an open reading frame of the polynucleotide
encoding PSENT.

[0095] In some embodiments, the nucleic acid expression cassettes provided herein
comprise: (a) one or more regulatory elements operably linked to a polynucleotide encoding
presenilin 1, wherein the polynucleotide comprises any one of (I) a polynucleotide set forth in
SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38,
or SEQ ID NO:39; (II) a polynucleotide having at least 95% identity to (I); and wherein the
one or more regulatory elements comprise a neuron-specific promoter comprising a
polynucleotide set forth in SEQ ID NO:2 or SEQ ID NO:3; (b) a Kozak translation initiation
signal comprising a polynucleotide set forth in SEQ ID NO:5; (c) a chromatin insulator
sequence comprising a polynucleotide set forth in SEQ ID NO:4; and (d) at least one mRNA
stability element comprising a polynucleotide set forth in SEQ ID NO:9, SEQ ID NO:10, SEQ
ID NO:11, or any combination thereof.

[0096] Other embodiments provide nucleic acid expression cassettes comprising: (i) any
of the cDNA or hybrid genomic/cDNA polynucleotides encoding presenilin 1 set forth above;
(i1) a Kozak translation initiation signal; (iii) a neuron-specific promoter; (iv) a chromatin
insulator sequence; (v) at least one mRNA stability element; or (v) any combination thereof.
The Kozak translation initiation signal can comprise a polynucleotide set forth in SEQ ID
NO:5; the chromatin insulator sequence can comprise a polynucleotide set forth in SEQ ID

NO:4; the at least one mRNA stability element can comprise a polynucleotide set forth in SEQ
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ID NO:9, SEQ ID NO:10, SEQ ID NO:11, or any combination thereof; and the neuron-specific
promoter can comprise a polynucleotide set forth in SEQ ID NO:2 or SEQ ID NO:3.

[0097] Codon-Optimization

[0098] Codon optimization can be utilized to enhance protein expression for heterologous
gene expression. Codon optimization is a method of gene optimization, where in the synthetic
gene sequence is modified to match the "codon usage pattern “for a particular organism. For
example, in order to optimize expression of a particular amino acid sequence in a specific
organism, one would select the "most frequently used codons" (from a list of degenerate codons
for an amino acid), by that organism. See, Table 2 for a list of preferred codons used. Upon
codon optimization, the encoded amino acid sequence remains the same but with the DNA
sequence encoding the amino acid sequence is different, optimized for that organism.
Accordingly, the disclosure provides a codon-optimized presenilin-1 (PSEN1)-encoding
polynucleotide suitable for use in the compositions and methods described herein. The codon-
optimized PSEN1 can include a full length hybrid genomic/cDNA (e.g. SEQ ID NO: 8),
comprising one or more optimized codons set forth in Table 2. In certain embodiments, the
PSEN-1 polynucleotide comprising SEQ ID NO: 1, comprises one or more optimized codons
set forth in Table 2. In certain embodiments, a codon-optimized presenilin-1 (PSEN1)-encoding
polynucleotide is set forth as SEQ ID NO: 6. In certain embodiments, a codon-optimized
presenilin-1 (PSENT1)-encoding polynucleotide is set forth as SEQ ID NO: 36. In certain
embodiments, a codon-optimized presenilin-1 (PSEN1)-encoding polynucleotide is set forth as
SEQ ID NO: 37. In certain embodiments, a codon-optimized presenilin-1 (PSEN1)-encoding
polynucleotide is set forth as SEQ ID NO: 38. In certain embodiments, a codon-optimized
presenilin-1 (PSEN1)-encoding polynucleotide is set forth as SEQ ID NO: 39.

[0099] Vectors

[0100] A “vector” is a macromolecule or association of macromolecules that comprises or
associates with a polynucleotide and which can be used to mediate delivery of the
polynucleotide to a cell. Examples of vectors include plasmids, viral vectors, liposomes, and
other gene delivery vehicles. A vector can comprise one or more elements for vector
replication. A vector can be engineered to lack one or more elements for vector replication.
[0101] A vector can be an integrating or non-integrating vector, referring to the ability of
the vector to integrate the nucleic acid expression cassette and/or polynucleotide into a genome
of a cell. Either an integrating vector or a non-integrating vector can be used to deliver a nucleic
acid expression cassette containing a polynucleotide. Examples of vectors include, but are not

limited to, (a) non-viral vectors such as nucleic acid vectors including linear oligonucleotides
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and circular plasmids; artificial chromosomes such as human artificial chromosomes (HACs),
yeast artificial chromosomes (YACs), and bacterial artificial chromosomes (BACs or PACs);
episomal vectors; transposons (e.g., PiggyBac); and (b) viral vectors such as retroviral vectors,
lentiviral vectors, adenoviral vectors, and AAV vectors. Viruses have several advantages for
delivery of nucleic acids, including high infectivity and/or tropism for certain target cells or
tissues. In some embodiments, a virus is used to deliver a nucleic acid molecule or nucleic acid
expression cassette comprising one or more polynucleotide.

[0102] In some embodiments, the vector is a viral vector. In some embodiments, the viral
vector is an adeno-associated virus (AAV) vector, a retroviral vector, a lentiviral vector, or an
adenoviral vector. The vectors comprising the nucleic acid expression cassettes provided herein
can be a viral vector, such as an adeno-associated virus (AAV) vector, a retroviral vector, a
lentiviral vector, or an adenoviral vector.

[0103] In some embodiments, the AAV vector is AAV1, AAV2, AAV3, AAV4, AAVS,
AAV6, AAV7, AAVS, AAVY, AAVDIJ, AAVrhl10, AAV11, AAV12, AAVI13, AAV14,
AAV1S5, AAVI16, AAV2/1, AAV2/5, AAV2/6, AAV2/7, AAV2/8, AAV2/9, AAV2/rh10,
AAV2/11, or AAV2/12, single-stranded AAV (ssAAV) vector or self-complementary AAV
(scAAV) vector. In some embodiments, the AAV vector is a hybrid or chimeric AAV serotype.
[0104] In some embodiments, the AAV vector comprises: a) promoter selected from a
CAG promoter, a presenilin-1 promoter, a ubiquitin C promoter, a CBA promoter, a synapsin-
1 promoter, a PGK promoter, and an EF 1o promoter, operatively linked to b) a presenilin-1
coding sequence selected from SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:36,
SEQ ID NO:37, SEQ ID NO:38, or SEQ ID NO:39, or a polynucleotide having at least 95%
identity to any of the foregoing PSEN-1 coding sequences and encoding a wild-type PSEN-1
amino acids sequence, and ¢) a polyadenylation sequence selected from a human growth
hormone polyadenylation sequence and a rabbit 3-globin polyadenylation sequence. In some
aspects of these embodiments, the AAV vector additionally comprises, in between the
promoter and the PSEN-1 coding sequence, an intron selected from a human beta globin intron
(either wild-type or synthetic) or a minute virus of mice intron.

[0105] In some embodiments, the AAV vector comprises:

a. nucleotides 1-141 of SEQ ID NO:41 or a sequence having at least 95% identity
thereto, nucleotides 237-1200 of SEQ ID NO:41 or a sequence having at least 95% identity
thereto, nucleotides 1221-1786 of SEQ ID NQO:41 or a sequence having at least 95% identity
thereto, nucleotides 1899-3299 of SEQ ID NO:41 or a sequence having at least 95% identity
thereto, nucleotides 3330-3806 of SEQ ID NO:41 or a sequence having at least 95% identity
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thereto and nucleotides 4553-4693 of SEQ ID NO:41 or a sequence having at least 95% identity
thereto;

b. Nucleotides 1-141 of SEQ ID NO:42 or a sequence having at least 95% identity
thereto, nucleotides 237-1323 of SEQ ID NO:42 or a sequence having at least 95% identity
thereto, nucleotides 1344-1909 of SEQ ID NO:42 or a sequence having at least 95% identity
thereto, nucleotides 1983-3416 of SEQ ID NO:42 or a sequence having at least 95% identity
thereto, nucleotides 3447-3%23 of SEQ ID NO:42 or a sequence having at least 95% identity
thereto, and nucleotides 4554-4694 of SEQ ID NO:42 or a sequence having at least 95%
identity thereto;

¢. Nucleotides 1-141 of SEQ ID NO:43 or a sequence having at least 95% identity
thereto, nucleotides 237-890 of SEQ ID NO:43 or a sequence having at least 95% identity
thereto, nucleotides 911-1476 of SEQ ID NO:43 or a sequence having at least 95% identity
thereto, nucleotides 1550-2983 of SEQ ID NO:43 or a sequence having at least 95% identity
thereto, nucleotides 3014-3490 of SEQ ID NO:43 or a sequence having at least 95% identity
thereto, and nucleoctides 4553-4694 or a sequence having at least 95% identity thereto of SEQ
ID NO:43;

d. Nucleotides 1-141 or a sequence having at least 95% identity thereto,
nucleotides 237-1415 or a sequence having at least 95% identity thereto, nucleotides 1436-
2001 or a sequence having at least 95% identity thereto, nucleotides 2075-3508 or a sequence
having at least 95% identity thereto, nucleotides 3539-4015 or a sequence having at least 95%
identity thereto, and nucleotides 4500-4640 or a sequence having at least 95% identity thereto
of SEQ ID NO:44 or a sequence having at least 95% identity thereto;

e. Nucleotides 1-141 of SEQ ID NO:45 or a sequence having at least 95% identity
thereto, nucleotides 237-664 of SEQ ID NO:45 or a sequence having at least 95% identity
thereto, nucleotides 684-1249 of SEQ ID NO:45 or a sequence having at least 95% identity
thereto, nucleotides 1323-2756 of SEQ ID NO:45 or a sequence having at least 95% identity
thereto, 2787-3263 of SEQ ID NO:45 or a sequence having at least 95% identity thereto, and
nucleotides 4533-4673 of SEQ ID NO:45 or a sequence having at least 95% identity thereto;

f. Nucleotides 1-141 of SEQ ID NO:46 or a sequence having at least 95% identity
thereto, nucleotides 237-684 of SEQ ID NO:46 or a sequence having at least 95% identity
thereto, nucleotides 705-1270 of SEQ ID NO:46 or a sequence having at least 95% identity
thereto, nucleotides 1344-2777 of SEQ ID NQ:46 or a sequence having at least 95% identity
thereto, nucleotides 2808-3284 of SEQ ID NO:46 or a sequence having at least 95% identity
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thereto, and nucleotides 4554-4695 of SEQ ID NO:46 or a sequence having at least 95%
identity thereto; or

g. Nucleotides 1-105 of SEQ ID NO:47 or a sequence having at least 95% identity
thereto, nucleotides 113-766 of SEQ ID NO:47 or a sequence having at least 95% identity
thereto, nuclectides 776-867 of SEQ ID NO:47 or a sequence having at least 95% identity
thereto, nucleotides 881-2311 of SEQ ID NO:47 or a sequence having at least 95% identity
thereto, nucleotides 2319-2367 of SEQ ID NO:47 or a sequence having at least 95% identity
thereto, and nucleotides 2386-2526 of SEQ ID NO:47 or a sequence having at least 95%
identity thereto.
[0106] In some embodiments, the AAV vector comprises: a) nucleotides 1-141, 237-1200,
1221-1786, 1899-3299, 3330-3806 and 4553-4693 of SEQ ID NO:41; b) nucleotides 1-141,
237-1323, 1344-1909, 1983-3416, 3447-3923, and 4554-4694 of SEQ ID NO:42; c)
nucleotides 1-141, 237-890, 911-1476, 1550-2983, 3014-3490, and 4553-4694 of SEQ ID
NO:43; d) nucleotides 1-141, 237-1415, 1436-2001, 2075-3508, 3539-4015, and 4500-4640 of
SEQ ID NO:44; e) nucleotides 1-141, 237-664, 684-1249, 1323-2756, 2787-3263, and 4533-
4673 of SEQ ID NO:45; ¢) nucleotides 1-141, 237-684, 705-1270, 1344-2777, 2808-3284, and
4554-4695 of SEQ ID NO:46; or f) nucleotides 1-105, 113-766, 776-867, 881-2311, 2319-
2367, and 2386-2526 of SEQ ID NO:47.
[0107] In some embodiments, the AAV vector comprises a nucleotide sequence of any one
of SEQ ID NOs:41-47, or a nucleotide sequence having 95% identity to any one of SEQ ID
NOs:41-47.
[0108] It will be understood by one of skill in the art that in the above embodiments of
AAYV vectors wherein a sequence has less than 100% identity to a specified range of
nucleotides, such sequence should provide a similar functionality (e.g., be a functional ITR
pair; be a functional promoter that can drive expression of the PSEN-1 coding sequence; be a
functional intron; encode the same amino acid sequence as wild-type PSEN-1; or be a
functional polyadenylation sequence).
[0109] Techniques contemplated herein for gene therapy of somatic cells include delivery
via a viral vector (e.g., retroviral, adenoviral, AAV, helper-dependent adenoviral systems,
hybrid adenoviral systems, herpes simplex, pox virus, lentivirus, and Epstein-Barr virus), and
non-viral systems, such as physical systems (naked DNA, DNA bombardment, electroporation,
hydrodynamic, ultrasound, and magnetofection), and chemical systems (cationic lipids,

different cationic polymers, and lipid polymers).
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[0110] Viral gene therapy vectors or gene delivery vectors can have the ability to be
reproducibly and/or stably propagated and purified to high titers; to mediate targeted delivery
(e.g., to deliver the polynucleotide specifically to a tissue or organ of interest without
widespread vector dissemination elsewhere or off-target delivery), and to mediate gene
delivery and/or polynucleotide expression without inducing harmful side effects or off-target
effects.

[0111] The term “AAV” is an abbreviation for adeno-associated virus, and may be used to
refer to the virus itself or a derivative thereof. The term covers all serotypes, subtypes, and both
naturally occurring and recombinant forms, except where required otherwise. The abbreviation
“rAAV” refers to recombinant adeno-associated virus, also referred to as a recombinant AAV
vector (or “rAAV vector”). The term “AAV” includes AAV1, AAV2, AAV3, AAV4, AAVS,
AAV6, AAV7, AAVS, AAV9, AAV10, AAV11, AAV 12, th10, and hybrids thereof, avian
AAV, bovine AAV, canine AAV, equine AAYV, primate AAV, non-primate AAV, and ovine
AAYV. The genomic sequences of various serotypes of AAV, as well as the sequences of the
native terminal repeats (TRs), Rep proteins, and capsid subunits are known in the art. Such
sequences may be found in the literature or in public databases such as GenBank. An “rAAV
vector” as used herein refers to an AAV vector comprising a polynucleotide sequence not of
AAV origin (i.e., a polynucleotide heterologous to AAV), typically a sequence of interest for
the genetic transformation of a cell. In general, the heterologous polynucleotide is flanked by
at least one, and generally by two, AAV inverted terminal repeat sequences (ITRs). The term
“rAAV vector” encompasses both rAAV vector particles and rAAYV vector plasmids. An rAAV
vector may either be single-stranded (ssAAV) or self-complementary (scAAV). An “AAV
virus” or “AAYV viral particle” or “rAAYV vector particle” refers to a viral particle composed of
at least one AAV capsid protein and an encapsidated polynucleotide rAAV vector. If the
particle comprises a heterologous polynucleotide (i.e., a polynucleotide other than a wild-type
AAYV genome such as a polynucleotide or a nucleic acid expression cassette to be delivered to
a mammalian cell), it is typically referred to as an “rAAV vector particle” or simply an “rAAV
vector.” Thus, production of rAAYV particle necessarily includes production of an rAAYV vector,
as such a vector is contained within an rAAYV particle.

[0112] The cloning capacity of vectors or viral expression vectors can be a particular
challenge for expression of large polynucleotides. For example, AAV vectors typically have a
packaging capacity of ~4.8kb, lentiviruses typically have a capacity of ~8kb, adenoviruses
typically have a capacity of ~7.5kb, and alphaviruses typically have a capacity of -7.5 kb. Some

viruses can have larger packaging capacities, for example herpesvirus can have a capacity of
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>30kb and vaccinia a capacity of ~25kb. Advantages of using AAV for gene therapy include
low pathogenicity, very low frequency of integration into the host genome, and the ability to
infect dividing and non-dividing cells.

[0113] Several serotypes of AAV, non-pathogenic parvovirus, have been engineered for
the purposes of gene delivery, some of which are known to have tropism for certain tissues or
cell types. Viruses used for various gene-therapy applications can be engineered to be
replication-deficient or to have low toxicity and low pathogenicity in a subject or a host. Such
virus-based vectors can be obtained by deleting all, or some, of the coding regions from the
viral genome, and leaving intact those sequences (e.g., inverted terminal repeat sequences) that
are necessary for functions such as packaging the vector genome into the virus capsid or the
integration of vector nucleic acid (e.g.,, DNA) into the host chromatin. A nucleic acid
expression cassette comprising a polynucleotide, for example, can be cloned into a viral
backbone such as a modified or engineered viral backbone lacking viral genes, and used in
conjunction with additional vectors (e.g., packaging vectors), which can, for example, when
co-transfected, produce recombinant viral vector particles.

[0114] In some cases, an AAV vector or an AAV viral particle, or virion, used to deliver a
nucleic acid expression cassette into a cell, cell type, or tissue, in vivo or in vitro, is replication-
deficient. In some cases, an AAV virus is engineered or genetically modified so that it can
replicate and generate virions only in the presence of helper factors.

[0115] In some embodiments, a nucleic acid expression cassette is designed for delivery
by an AAV or a recombinant AAV (rAAV). In some embodiments, a nucleic acid expression
cassette is delivered using a lentivirus or a lentiviral vector. In some embodiments, larger
polynucleotide, i.e., genes that exceed the cloning capacity of AAV, are preferably delivered
using a lentivirus or a lentiviral vector.

[0116] The nucleic acid expression cassette can be designed for delivery by an optimized
therapeutic retroviral vector, e.g., a lentiviral vector. The retroviral vector can be a lentiviral
vector comprising a left (5') LTR; sequences which aid packaging and/or nuclear import of the
virus, at least one regulatory element, optionally a lentiviral Rev response element (RRE);
optionally a promoter or active portion thereof; a polynucleotide operably linked to one or more
regulatory elements; optionally an insulator; and a right (3') retroviral LTR. A lentiviral vector
can also include a posttranscriptional regulatory element, such as the Woodchuck Hepatitis
Virus Posttranscriptional Regulatory Element (WPRE). A lentiviral vector can be a self-
inactivating (SIN) lentviral vector. Any suitable packaging system can be used with a lentiviral

vector, including second, third, and fourth generation packaging systems, for example. A
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lentiviral vector can be pseudotyped. Any envelope glycoprotein can be used for pseudotyping,
including, for example, a glycoprotein from vesicular stomatitis virus (VSV), rabies virus,
Lyssavirus, Mokola virus, lymphocytic choriomeningitis virus (LCMYV), Lassa fever virus
(LFV), retroviruses, Moloney murine leukemia virus (MuLV), filoviruses, paramyxoviruses,
measles virus, Nipah virus, orthomyxoviruses, and others. A lentiviral vector can be
pseudotyped to alter tropism. Any cell type can be targeted by pseudotyping, including
neuronal cells, for example.

[0117] Methods of Treatment

[0118] Methods of treating a neurodegenerative disease, disorder, or condition comprising
administering to a subject in need thereof a nucleic acid expression cassette described herein.
Any neurodegenerative disease, disorder, or condition can be treated with the nucleic acid
expression cassettes provided herein. In some embodiments, the neurodegenerative disease,
disorder, or condition is Alzheimer’s disease, familial Alzheimer’s disease, sporadic
Alzheimer’s disease, late-onset Alzheimer’s disease, frontotemporal dementia, frontotemporal
lobar degeneration, Pick’s disease, Lewy body dementia, memory loss, cognitive impairment,
or mild cognitive impairment. Other exemplary neurodegenerative diseases, disorders, or
conditions include tauopathy, primary age-related tauopathy (PART), chroni¢c traumatic
encephalopathy (CTE), progressive supranuclear palsy (PSP), corticobasal degeneration
(CBD), frontotemporal dementia and parkinsonism linked to chromosome 17 (FTDP-17),
amyotrophic lateral sclerosis-parkinsonism-dementia (ALS-PDC, Lytico-bodig disease),
ganglioglioma, gangliocytoma, meningioangiomatosis, postencephalitic parkinsonism,
subacute sclerosing panencephalitis (SSPE), lead encephalopathy, tuberous sclerosis,
pantothenate kinase-associated neurodegeneration, synucleinopathy, Parkinson’s disease,
multiple system atrophy (MSA), neuroaxonal dystrophies, Parkinson’s-like disease,
Parkinsonism, prion diseases, motor neuron diseases, dementia, transmissible spongiform
encephalopathies, systemic atrophies primarily affecting the central nervous system,
trinucleotide repeat disorders, proteopathies, amyloidosis, neuronal ceroid lipofuscinoses,
amyotrophic lateral sclerosis (ALS), Huntington’s disease, traumatic brain injury, stroke,
autism spectrum disorder (ASD), depression, anxiety, post-traumatic stress disorder (PTSD),
schizophrenia, Attention-Deficit/Hyperactivity Disorder (ADHD), bipolar disorder,
Obsessive-Compulsive Disorder (OCD), personality disorder, pain, and others.

[0119] Familial Alzheimer's disease (FAD) or early-onset familial Alzheimer's disease
(EOFAD) is an uncommon form of Alzheimer's disease that usually strikes earlier in life,

defined as before the age of 65 (usually between 50 and 65 years of age). FAD is inherited by
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autosomal dominant mutation. Mutations in three different genes have been identified as
responsible for the development of FAD, and other genes are being studied. As used here,
“FAD” refers to an Alzheimer's disease caused by a mutation is any of those three genes, which
code for presenilin 1 (PSEN-1), presenilin 2 (PSEN-2), and amyloid precursor protein (APP).
“PSEN-1 mediated FAD” is meant to only refer to FAD caused by a mutation in the PSEN-1

gene.

2 ¢ 2 ¢

[0120] As used herein, the terms “treat,” “treatment,” “therapy,” “therapeutic,” and the like
refer to obtaining a desired pharmacologic and/or physiologic effect, including, but not limited
to, alleviating, delaying or slowing the progression, reducing the effects or symptoms,
inhibiting, ameliorating the onset of a diseases or disorder, obtaining a beneficial or desired
result with respect to a disease, disorder, or medical condition, such as a therapeutic benefit
and/or a prophylactic benefit. “Treatment,” as used herein, covers any treatment of a disease in
a mammal, particularly in a human, and includes: (a) inhibiting the disease, i.e., arresting its
development; and (b) relieving the disease, i.e., causing regression of the disease. A therapeutic
benefit includes eradication or amelioration of the underlying disorder being treated. Also, a
therapeutic benefit is achieved with the eradication or amelioration of one or more of the
physiological symptoms associated with the underlying disorder such that an improvement is
observed in the subject, notwithstanding that the subject may still be afflicted with the
underlying disorder. The methods of the present disclosure may be used with any mammal or
other animal. In some cases, the treatment can result in a decrease or cessation of symptoms.
A prophylactic effect includes delaying or eliminating the appearance of a disease or condition,
delaying or eliminating the onset of symptoms of a disease or condition, slowing, halting, or
reversing the progression of a disease or condition, or any combination thereof.

[0121] As used herein, the term “subject” refers to any individual or patient on which the
methods disclosed herein are performed. The term “subject” can be used interchangeably with
the term “individual” or “patient.” The subject can be a human, although the subject may be an
animal, as will be appreciated by those in the art. Thus, other animals, including mammals such
as rodents (including mice, rats, hamsters and guinea pigs), cats, dogs, rabbits, farm animals
including cows, horses, goats, sheep, pigs, etc., and primates (including monkeys,
chimpanzees, orangutans and gorillas) are included within the definition of subject.

[0122] The vectors provided herein can be administered in an amount effective to treat the
neurodegenerative disease, disorder, or condition, The term “effective amount” or
“therapeutically effective amount” refers to that amount of a composition described herein that

is sufficient to affect the intended application, including but not limited to disease treatment,
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as defined herein. The therapeutically effective amount may vary depending upon the intended
treatment application (in vivo), or the subject and disease condition being treated, e.g., the
weight and age of the subject, the severity of the disease condition, the manner of
administration and the like, which can readily be determined by one of ordinary skill in the art.
The term also applies to a dose that will induce a particular response in a target cell. The
specific dose will vary depending on the particular composition chosen, the dosing regimen to
be followed, whether it is administered in combination with other compounds, timing of
administration, the tissue to which it is administered, and the physical delivery system in which
itis carried. Exemplary AAV vector doses that can be administered include about 10° genome
copies (GC)/kg, 10* GC/kg, 10° GC/kg, 10° GC/kg, 107 GC/kg, 108 GC/kg, 10° GC/kg, 10'°
GC/kg, 10" GC/kg, 10'2 GC/kg, 10 GC/kg, 10" GC/kg, and any number or range in between,
although higher or lower doses can be used.

[0123] Nucleic acid expression cassettes can be delivered by any suitable method or
vectors. Exemplary methods include intracranial injection, stereotaxic injection, and
intravenous injection. In some embodiments, nucleic acid expression cassettes are delivered as
viral vectors.

[0124] The procedures described herein employ, unless otherwise indicated, conventional
techniques of chemistry, molecular biology, microbiology, recombinant DNA, genetics,
immunology, cell biology, cell culture and transgenic biology, which are within the skill of the
art. (See, e.g., Maniatis, et al., Molecular Cloning, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. (1982); Sambrook, et al., (1989), Sambrook and Russell, Molecular
Cloning, 3rd Ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (2001);
Ausubel, et al., Current Protocols in Molecular Biology, John Wiley & Sons (including
periodic updates) (1992); Glover, DNA Cloning, IRL Press, Oxford (1985); Russell, Molecular
biology of plants: a laboratory course manual, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. (1984); Anand, Techniques for the Analysis of Complex Genomes,
Academic Press, NY (1992); Guthrie and Fink, Guide to Yeast Genetics and Molecular
Biology, Academic Press, NY (1991); Harlow and Lane, Anfibodies, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. (1988); Nucleic Acid Hybridization, B. D. Hames
& S.J. Higgins eds. (1984); Transcription And Translation, B. D. Hames & S. J. Higgins eds.
(1984); Culture Of Animal Cells, R. 1. Freshney, A. R. Liss, Inc. (1987); Immobilized Cells And
Enzymes, IRL Press (1986); B. Perbal, A Practical Guide To Molecular Cloning (1984), the
treatise, Methods In Enzymology, Academic Press, Inc., NY); Methods In Enzymology, Vols.
154 and 155, Wu, et al., eds.; Immunochemical Methods In Cell And Molecular Biology, Mayer
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and Walker, eds., Academic Press, London (1987); Handbook Of Experimental Immunology,
Volumes I-1V, D. M. Weir and C. C. Blackwell, eds. (1986); Riott, Essential Immunology, 6th
Edition, Blackwell Scientific Publications, Oxford (1988); Fire, et al., RNA [Interference
Technology From Basic Science to Drug Development, Cambridge University Press,
Cambridge (2005); Schepers, RNA Interference in Practice, Wiley-VCH (2005); Engelke, RNA
Interference (RNAi). The Nuts & Bolts of siRNA Technology, DNA Press (2003); Gott, RNA
Interference, Editing, and Modification: Methods and Protocols (Methods in Molecular
Biology), Human Press, Totowa, N.J. (2004); and Sohail, Gene Silencing by RNA Interference:
Technology and Application, CRC (2004)).

[0125] The compositions and methods are more particularly described below and the
Examples set forth herein are intended as illustrative only, as numerous modifications and
variations therein will be apparent to those skilled in the art.

[0126] The terms used in the specification generally have their ordinary meanings in the
art, within the context of the compositions and methods described herein, and in the specific
context where each term is used. Some terms have been more specifically defined below to
provide additional guidance to the practitioner regarding the description of the compositions
and methods.

[0127] All patents, patent applications, and other scientific or technical writings referred to
anywhere herein are incorporated by reference herein in their entirety. The embodiments
illustratively described herein suitably can be practiced in the absence of any element or
elements, limitation or limitations that are specifically or not specifically disclosed herein.
Thus, for example, in each instance herein any of the terms "comprising”, "consisting
essentially of", and "consisting of" may be replaced with either of the other two terms, while
retaining their ordinary meanings. The terms and expressions which have been employed are
used as terms of description and not of limitation, and there is no intention that in the use of
such terms and expressions of excluding any equivalents of the features shown and described
or portions thereof, but it is recognized that various modifications are possible within the scope
of the invention claimed. Thus, it should be understood that although the present invention has
been specifically disclosed by embodiments, optional features, modification and variation of
the concepts herein disclosed may be resorted to by those skilled in the art, and that such
modifications and variations are considered to be within the scope of this invention as defined
by the description and the appended claims.

[0128] Whenever a range is given in the specification, for example, a temperature range, a

time range, or a composition or concentration range, all intermediate ranges and subranges, as
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well as all individual values included in the ranges given are intended to be included in the
disclosure. It will be understood that any subranges or individual values in a range or subrange
that are included in the description herein can be excluded from the aspects herein. It will be
understood that any elements or steps that are included in the description herein can be
excluded from the claimed compositions or methods
[0129] In addition, where features or aspects of the invention are described in terms of
Markush groups or other grouping of alternatives, those skilled in the art will recognize that
the invention is also thereby described in terms of any individual member or subgroup of
members of the Markush group or other group.
[0130] Presented below are examples describing therapeutic polynucleotides encoding
presenilin 1, contemplated for the discussed applications. The following are provided for
exemplification purposes only, to further illustrate the embodiments of the present invention,
and are not intended to limit the scope of the invention described in broad terms above. While
they are typical of those that might be used, other procedures, methodologies, or techniques
known to those skilled in the art may alternatively be used.

EXAMPLES

EXAMPLE 1
[0131] This example describes modification of the human presenilin 1 (PSEN1) cDNA by
codon-optimization.
[0132] The native cDNA sequence of the human presenilin 1 gene (PSEN1; GenBank
Accession No. NM_000021.4, SEQ ID NO:1) is shown below (SEQUENCES section). The
coding sequences are underlined in SEQ ID NO: 1. The coding sequence present in SEQ ID
NO: 1is repeated as SEQ ID NO: 15 which is broken up into codons and the intolerant codons
are underlined. The open reading frame encoding the protein itself corresponds to nucleotides
(nt) 213 through 1616. Notable elements of the mRNA are the long 5’ untranslated sequence
(212 nt) and long 3’ untranslated sequence (4012 nt). The start codon at nt 213 is preceded by
a weak Kozak translation initiation signal of CTCCA, missing the A residue at the -3 position
relative to the A residue of the AUG start codon defined as +1.
[0133] The native PSEN1 ¢DNA (SEQ ID NO:1) was modified by codon optimization.
Several methods of codon optimization can be used in which the DNA sequence encoding the
protein is changed in ways that do not affect protein sequence. Codon optimization identifies
preferred codons based on statistical surveys of codon usage or abundance of cognate tRNA

level in cells.
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[0134] SEQ ID NO:6 is a codon optimized PSEN1 ¢DNA that was generated by modified
codon optimization with the additional constraint of allowing only tolerant synonymous codon
changes. Tolerability was determined by comparison of DNA sequences encoding the same
protein in related species. For example, a codon choice that is the same in all related species
implies that changing this codon would not be tolerated. Thus, only codons that tolerate change
are modified to preferred synonymous codons.

[0135] SEQ ID NO:6 was generated based on the open reading frame of n=11 primate
cDNAs (Table 1). The cDNAs sequences were obtained from GenBank and aligned using
CLUSTAL OMEGA facility (ebi.ac.uk/Tools/msa/clustalo/). Of the 467 codons in the human
c¢DNA for PSENI1, 267 were invariant among all 11 species. These were designated as codons
that could not tolerate change and were preserved in SEQ ID NO:6.

Table 1. Open Reading Frames of Primate PSEN1 cDNAs.

No. GenBank Code Order Genus / Species Common Name
1 NM 0000214 Ape Homo sapiens Human
XM 024231237.1 Ape Pongo abelii Orang Utan
3 Ape Nomascus Gibbon
leucogenys
4 | XM_007987195.1 0ld world Chiorocebus African Green
- sabaeus
5 XM 028850213.1 0Old world Macaca mulatta Rhesus
6 | XM_011983100. 0ld world Mandritlus Drill
- leucophaeus
7 New World Aotus nancymaae Ma’s night monkey
g XM 0039245042 New World Sazmm.b_ohvz_enszs Bolivian squirrel
- boliviensis monkey
9 XM 021718361.1 Tasiers Carlito syrichta Philippine tarsier
10 | XM 012656183.1 Prosimian Propithecus Coquerels sifaka
coquereli
11 NM 001309945.1 Prosimian Microcebus murinus Gray mouse lemur
[0136] For the remaining codons where change is tolerated, synonymous codons were

chosen in locations with bias of codon choice in human genes.

{8137}

Step 1. Took human ¢DNA. Accept all 267 codons conserved across 11 primates.

Changed tolerant codons according to rules in Table 2.
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Table 2: Preferred Optimized Codons

Amino acid Most preforred Preferred codon Non-preferred Highly non-
codon preferred
A (Alanine) GCC GCT, GCA GCG
C (Cysteine) TGT, TGC
D (Aspartate) GAT, GAC
E (Glutamate) GAA, GAG
F (Phenylalanine) TTT, TTC
G (Glycine) GGC GGA, GGG GGT
H (Histidine) CAC CAT
I (Isoleucine) ATC ATT ATA
K (Lysine) AAA, AAG
L (Leucine) CTG CTC TTG, CTT TTA, CTA
M (Methionine) ATG
N (Asparagine) AAT, AAC
P (Proline) CCT CCC,CCA CCG
Q (Glutamine) CAG CAA
R (Arginine) AGA, AGG CGC, CGG CGA CGT
. TCT, TCC, TCA,
S (Serine) AGC AGT TCG
T (Threonine) ACC ACT, ACA ACG
V (Valine) GTG GTC GTT, GTA
W (Tryptophan) TGG
Y (Tyrosine) TAT, TAC
STOP TGA TAA TAG
EXAMPLE 2

[0138] This example describes modification of the human presenilin 1 (PSEN1) cDNA by
elimination of CpG dinucleotides.

[0139] In mammalian DNA, there is selective methylation of CpG dinucleotides. This
affects the recruitment of chromatin proteins which in turn affects gene expression. In addition,
there is an innate immune response to newly introduced DNA aimed at eliminating viral
infection. This innate immune response is mediated by toll like receptor 9 (TLR9) which
recognizes unmethylated CpG dinucleotides.

[0140] SEQ ID NO:7 uses the redundancy of the genctic code to completely eliminate CpG
dinucleotides in the PSEN1 cDNA. The number of CpG dinucleotides was reduced from 24 in
the native cDNA to zero. Elimination of CpG dinucleotides can reduce recognition of a viral
vectors such as AAV, for example, and polynucleotides by antigen presenting cells and reduce
immune responses to gene therapy, thereby prolonging polynucleotide expression and reducing
the need for immunosuppressive therapies. However, it was not possible to both eliminate all
CpG dinucleotides while also maintaining all intolerant codons. Thus, SEQ ID NO:7 includes

changes to six intolerant codons as indicated by underlining in that sequence.
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[0141] SEQ ID NO:36 uses the redundancy of the genetic code to eliminate as many CpG
dinucleotides in the PSEN1 cDNA as possible without altering any intolerant codons. In this
construct, the number of CpG dinucleotides was reduced from 24 in the native cDNA to five.
EXAMPLE 3
[0142] This example describes modification of the human presenilin 1 (PSEN1) cDNA by
inclusion of genomic sequences.
[0143] Previous gene therapy constructs have introduced exogenous or artificial introns
into the expression cassette. For example, many AAYV vectors used in clinical trials use the
CAG promoter which includes an artificial hybrid intron of chicken beta actin and rabbit beta
globin genes.
[0144] SEQ ID NO:8 is a hybrid genomic / cDNA PSEN1 gene sequence intended to direct
pre-mRNA into the splicing apparatus and thereby enhance nuclear export and overall mRNA
levels. SEQ ID NO:8 represents a shortened genomic version of PSENI1 that includes exons 2,
intron 2, exon 3, intron 3, exon 4, intron 4 followed by the remainder of the protein coding
gene in cDNA form. Introns 3 and 4 are too large to be inserted into an AAV gene transfer
vector, for example, and are therefore internally shortened. Without being limited by theory,
generally, splicing factors bind near the ends of introns and therefore internal deletions do not
interfere with splicing.
[0145] Importantly, PSEN1 mRNA is found in two forms, one encoding the most abundant
protein of length 467 amino acid and an alternate version (X2) encoding a 463 amino acid
version of presenilin 1. There are two splice donors at the beginning of intron 3 separated by
12 nt. Alternate splicing at this location leads to different mRNAs encoding proteins that differ
by a deletion of 4 amino acids. The significance of this alternative splicing is unknown but
isoform X2 is seen across a wide range of primates (e.g., marmots: Gen Bank references
XP 027787309.1 presenilin-1 isoform and XP 027787310.1 presenilin-1 isoform X2). This
suggests some physiological significance.
[0146] SEQ ID NO:8 was designed with important features of intron 4 that allow for
alternative splicing to produce isoforms X1 an X2 is enabled. Without being limited by theory,
SEQ ID NO:8 will express both isoforms and therefore provide the full range of physiological
effects that are provided by the native PSEN1 gene.
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EXAMPLE 4
[0147] This example describes identification of neuron-specific promoter sequences.
[0148] PSEN1 expression should be specifically restricted to neurons to prevent AP
accumulation in neurons. Previously reported AAV gene therapy vectors with neuron-specific
expression included the neuron-specific elastase and synapsin 1 promoters.
[0149] The availability of RNA-Seq data from multiple cell types allowed an unbiased
search for highly expressed neuron-specific genes (see
web stanford.edu/group/barres_lab/brain_rnaseq.html). Genes with high neuronal to
endothelial expression ratio were identified and sorted by decreasing neuron expression level.
Genes were then manually inspected to exclude candidates with potentially confounding
factors (e.g., maternal expression / multiple transcription start sites) that might limit utility.
Two novel highly expressed neuron-specific promoter sequences, SEQ ID NO:2 and SEQ ID
NO:3, were identified by this method.
[0150] SEQ ID NO:2 includes a 480 base pair (bp) fragment of the human somatostatin
gene (SST) from -407 to +73 relative to transcription start site. The use of the SST promoter
from rhesus macaque has been previously reported with a fragment of ~ 300 bp that drives
neuron-specific expression of a reporter polynucleotide in the context of lentiviral gene
transfer.
[0151] SEQ ID NO:3 includes a 1000 bp segment from -952 to +48 relative to the mRNA
start of the human neuropeptide Y (NPY) promoter. This will provide a highly specific
expression pattern in brain.

EXAMPLE S
[0152] This example describes regulatory elements to increase polynucleotide expression.
[0153] SEQ ID NO:4 from the human beta globin locus called HS4 can function as a
chromatin insulator sequence. It has been used in the context of lentiviral gene transfer vectors
to ensure ongoing expression of introduced polynucleotides.
[0154] SEQ ID NO:5 is a Kozak translation initiation signal. It can be used to replace the
weak non-consensus Kozak signal in the native mRNA of the PSEN1 gene.
[0155] SEQ ID NO:4 and/or SEQ ID NO:5 can be used in nucleic acid expression cassettes
in combination with any of the elements and features described herein. For example, SEQ ID
NO:4 and/or SEQ ID NO:5 can be used in nucleic acid expression cassettes that include any
one of the synthetic PSEN1 ¢cDNA sequences set forth in SEQ ID NO:6, SEQ ID NO:7, or
SEQ ID NO:8. The nucleic acid expression cassettes can further include any one of the neuron-

specific promoters of SEQ ID NO:2 or SEQ ID NO:3. In addition, the nucleic acid expression
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cassettes can include any one of the sequences set forth in SEQ ID NO:9, SEQ ID NO:10, or
SEQ ID NO:11 described below (Example 6) that enhance mRNA expression by providing
mRNA stability or enhancing mRNA transcription and processing, or any combination of SEQ
ID NO:9, SEQ ID NO:10, and SEQ ID NO:11.

EXAMPLE 6
[0156] This example describes regulatory sequences that enhance polynucleotide
expression by conferring stability to mRNA or enhancing transcription and processing of
mRNA.
[0157] SEQ ID NO:9 is an expression and nuclear retention element that confers mRNA
stability. Expression and nuclear retention elements stabilize mRNAs by making complex
secondary structures with the terminal polyadenylated sequence of the mRNA, thereby
inhibiting 3’ to 5° degradation. Without being limited by theory, the insertion of this sequence
beyond the open reading frame and before polyadenylation site will provide promoter mRNA
stability.
[0158] SEQ ID NO:10 corresponds to the 3’ non-coding sequence of the native PSEN1
cDNA. Without being limited by theory, 3’ untranslated sequences may contain important
elements that enhance mRNA transcription and processing, thereby enhancing polynucleotide
or gene expression. SEQ ID NO:10 in part or in its entirety can be appended to the 5’ end of
any presenilin coding sequence to enhance expression level.
[0159] SEQ ID NO:11 corresponds to the 5’ non-coding sequence of the native PSENI
cDNA. Without being limited by theory, 5’ untranslated sequences can contain important
elements that enhance mRNA stability, thereby enhancing polynucleotide or gene expression.
SEQID NO:11in part or in its entirety can be appended to the 3° end of any presenilin encoding
sequence to enhance expression level.
[0160] SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11 can be used in any combination
in nucleic expression cassettes described herein. Nucleic acid expression cassettes that include
SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11 or any combination of SEQ ID NO:9, SEQ ID
NO:10, and SEQ ID NO:11 can have any of the combination of elements and features described
herein. For example, an expression cassette that includes SEQ ID NO:9, SEQ ID NO:10, SEQ
ID NO:11 or any combination of SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11 can
include any one of the synthetic PSEN1 cDNA sequences set forth in SEQ ID NO:6, SEQ ID
NO:7, or SEQ ID NO:8. The nucleic acid expression cassettes can further include any one of
the neuron-specific promoters of SEQ ID NO:2 or SEQ ID NO:3. Nucleic acid expression
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cassettes can also include further regulatory elements that increase polynucleotide expression,
such as SEQ ID NO:4, SEQ ID NO: 5, or both.

EXAMPLE 7
[0161] This example describes design of presenilin 1 (PSEN1) expression cassettes.
[0162] Any elements and features described herein, including sequences set forth in SEQ
ID NOs:2-11, can be combined into presenilin 1 expression cassettes. For example, nucleic
acid expression cassettes can include any one of the synthetic cDNA sequences set forth in
SEQ ID NO:6, SEQ ID NO:7, or SEQ ID NO:8 that encode PSEN1. Expression of any one of
the synthetic cDNAs can be driven by a neuron-specific promoter of SEQ ID NO:2 derived
from the human somatostatin (SST) gene or SEQ ID NO:3 derived from the human
neuropeptide Y (NPY) promoter.
[0163] A nucleic acid expression cassette that has any of the synthetic cDNA sequences
and promoter sequences described above can further include any of the elements that increase
polynucleotide expression, including, for example, a chromatin insulator sequence of SEQ ID
NO:4, a Kozak consensus sequence of SEQ ID NO:5, an mRNA stability element of SEQ ID
NO:9, a 3° non-coding sequence of SEQ ID NO:10 derived from the native PSEN1 cDNA, a
5’ non-coding sequence of SEQ ID NO:11 derived from the native PSEN1 ¢cDNA, or any
combination of these elements. Selection of elements can be based on desired levels of
expression, for example. For example, expression levels can vary with cell type or the brain
region a neuron is found in, which can be used as a guide or criterion for inclusion or exclusion
of regulatory elements that affect any step in gene expression, such as mRNA transcription,
processing, stability, and/or translation, for example.
[0164] The nucleic acid expression cassettes can be included in a viral vector, for example.
Any viral vector can be used, including adeno-associated virus (AAV) vectors, lentiviral
vectors, retroviral vectors, and adenoviral vectors, for example.

EXAMPLE 8
[0165] This example describes the synthesis of two different codon-optimized PSEN-1
constructs and the expression of presenilin 1 protein from each of the constructs, as well as
from a construct comprising wild-type PSEN-1 coding sequence.
[0166] Constructs encoding codon-optimized human presenilin 1 were designed by making
changes to the cDNA sequence encoding wild-type PSEN-1 only at codons that are variable
across primate sequences. The wild-type PSEN-1 ¢cDNA sequence contains 267 codons that

are conserved across 11 primate sequences (see underlined codons in SEQ ID NO:15). These
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intolerant codons were left unchanged. The remaining 200 tolerant codons in the wild-type
c¢DNA were considered for optimization.

[0167] For one construct (v2.0), conservative codons changes (34 codons in lower cases)
were made to construct SEQ ID NO:38. Native wild-type PSEN-1 ¢cDNA codons were
conserved for codons translated into: phenylalanine, tyrosine, cysteine, histidine, asparagine,
lysine, aspartic acid and glutamic acid because only two different codons of equal usage in
primates encode these amino acids. For glutamine-encoding codons, CAG was preferred. For
isoleucine-encoding codons, ATA codons were changed to ATC and either ATC or ATT were
maintained if present in native sequence. Methionine (ATG) and tryptophan (TGG) encoding
codons were unchanged. For proline-, threonine-, and alanine-encoding codons, every codon
terminating with a guanine (G) was changed into a redundant codon terminating with a cytosine
(C). For valine- and glycine-encoding codons, every codon terminating with a thymine (T) or
adenine (A) was changed into a redundant codon terminating with a cytosine (C) or guanine
(G), respectively. AGG, AGA, CGC, CGG, AGT, AGC, TCC, TCT, TCA, TTG, CTC and
CTG codons were left unchanged. CGT codons were changed to CGC; CGA codons were
changed to CGG; TCG codons were changed to TCC; TTA codons were changed to TTG; CTT
codons were changed to CTC; and CTA codons were changed to CTG.

[0168] For another construct (v1.5) more codons changes (138 codons in lower cases) were
made to construct SEQ ID NO:37 compared to native sequence. In this construct, native
codons were conserved for codons translated into: tryptophan, cysteine and methionine. For
glutamine-encoding codons, selected CAA codons were changed to CAG. For isoleucine-
encoding codons, selected ATA and ATT codons were changed to ATC. For proline-encoding
codons, selected codons were changed to CCC or CCT. For threonine-encoding codons,
selected codons were changed to ACC or ACA. For alanine-encoding codons, selected codons
were changed to GCC or GCT. Glycine-encoding codons not terminating with a cytosine (C)
were changed into redundant codons terminating with a cytosine (C). For valine-encoding
codons, GTG was preferred. AGC codons were left unchanged. For aspartic acid-encoding
codons, selected codons were changed to GAT or GAC. For glutamic acid-encoding codons,
GAA or GAG were preferred. For phenylalanine-encoding codons, TTT codons were changed
to TTC. For histidine-encoding codons, CAT codons were changed to CAC. For lysine-
encoding codons, selected AAA codons were changed to AAG. For leucine-encoding codons,
most selected codons were changed to CTG. For asparagine-encoding codons, AAT codons
were changed to AAC. For arginine-encoding codons, AGA was preferred, but AGG and CGG

codons were also used. For serine-encoding codons, AGC was preferred. but TCC and TCT
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were also used on selected codons. For tyrosine-encoding codons, TAT codons were changed
to TAC.

[0169] Each of the PSEN-2.0, PSEN-1.5 and wild-type PSEN-1 coding sequences were
separately cloned into cloning vector pCMV6-XL5 (Origene, Rockville, MD). The resulting
constructs (WT (pAT001), v1.5 (pAT010) and v2.0 (pAT012)) were transfected into HEK293
cells to determine the effect of codon optimization on presenilin 1 expression. The 293 cells
were harvested 48 hours post-transfection, lysed using 300 uL of RIPA buffer (SOmM Base /
Tris-HCI, 150mM Sodium Chloride, 0.5% Sodium Deoxycholate, 0.1% Sodium Dodecyl
Sulfate, 1% Nonidet P-40 substitute with added cOmplete™, Mini, EDTA-free Protease
Inhibitor Cocktail, Sigma Aldrich), and the supernatant was collected. The total protein
concentration of each sample was measured using the THERMO SCIENTIFIC™ PIERCE™
BCA™ Protein Assay according to the manufacturer’s instructions.

[0170] ELISAs for detecting human presenilin 1 (PS1) protein in cell lysates were
performed using the RayBio® Human Presenilin 1 ELISA Kit. Dilutional linearity (DL) and
spike-in recovery (SR) was assessed using untransfected 293 cells to test the compatibility of
cell lysates with this ELISA kit. Table 3 shows that cell lysates exhibit acceptable dilutional
linearity (1:250-1:1000) and spike-in recovery.

Table 3. Dilutional linearity and spike-in recovery

Samole ID folftcrteg N Interpolated Values Accurac Prel?sw SR/DL
ample concentratio (pg/mL) (%RE) o
(pg/mL) Y (%CV)
Neat sample - 67.18 63.88 ~ | 3% | -
(cell lysate)
Control
(Sa?s];‘; 750 800.47 834.07 8.97% | 2.91%
diluent)
Sample
Spike 750 808.80 1068.02 25.12% 19.53% 99%
(cell lysate)
1:250
dilution 3000 2490.14 2654 .88 14.25% 4.53% 83%
(cell lysate)
1:500
dilution 1500 1305.48 1320.87 12.46% 0.83% 87%
(cell lysate)
1:1000
dilution 750 747 .87 766.82 0.98% 1.77% 100%
(cell lysate)
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[0171] ELISAs for detecting human presenilin 1 (PS1) protein in transfected 293 cell
lysates were performed using the RayBio® Human Presenilin 1 ELISA Kit. Technical
duplicates were run at a 1:1000 dilution according to the manufacturer’s instructions. Table 4
and Fig. 1 shows that transfection with plasmid pATO010 resulted in a 2.5-fold increase in PS1
expression when compared with the native sequence.

Table 4. PS1 expression in transfected 293 cell lysates

pg
Samuole ID Interpolated Mean | Precision Dilution “tgo/tI:lL PS1/ug
P Values (pg/mL) | (pg/mL) | (%CV) ! total
protein .
protein
\Y;E?;g(ln 196.63 | 202.47 | 199.55 2% 1000 8543 23359
V:;)Ef;fggl 22513 | 227.79 | 226.46 1% 1000 820.4 276.03
Vrlégliit];o]lo 486.76 | 499.90 | 493.33 2% 1000 6754 73039
Vrlézl?éiozlo 418.15| 413.65 | 415.90 1% 1000 767.1 542.14
Vrzégl?gt];oll 2 209.48 | 240.41 | 224095 10% 1000 824.1 272.95
er.IO)IE)cf;l;Ozlz 21598 | 22397 | 21998 3% 1000 645.9 340.60

EXAMPLE 9

[0172] This example describes another codon-optimized PSEN-1 coding sequence.

[0173] For construct v3.0 (SEQ ID NO:39) 140 tolerant codons (as indicated in lower case)
were changed, as was the stop codon, compared to codons present in wild-type PSEN-1 coding
sequence. Methionine (ATG) and tryptophan (TGG) encoding codons were unchanged. For
glutamine (Q)-encoding codons, all tolerant codons were changed to CAG. For isoleucine (I)-
encoding codons, all tolerant codons were changed to ATC. For proline (P)-encoding codons,
all tolerant codons were changed to CCC. For threonine (T)-encoding codons, all tolerant
codons were changed to ACC. For alanine (A)-encoding codons, all tolerant codons were
changed to GCC. For glycine (G)-encoding codons, all tolerant codons were changed to GGC.
For valine (V)-encoding codons, all tolerant codons were changed to GTG. For aspartic acid
(D)-encoding codons, all tolerant codons were changed to GAC. For glutamic acid (E)-
encoding codons, all tolerant codons were changed to GGC. For phenylalanine (F)-encoding
codons, all tolerant codons were changed to TTC. For histidine (H)-encoding codons, all
tolerant codons were changed to CAC. For lysine (K)-encoding codons, all tolerant codons

were changed to AAG. For leucine (L)-encoding codons, all tolerant codons were changed to
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CTG. For asparagine (N)-encoding codons, all tolerant codons were changed to ACC. For
arginine (R)-encoding codons, all tolerant codons were changed to AGA, except for codon 307
that was changed from AGG to CGG. For serine (S)-encoding codons, all tolerant codons were
changed to AGC. For tyrosine (Y)-encoding codons, all tolerant codons were changed to TAC.
EXAMPLE 10
[0174] This example describes the relative expression levels of PSEN1 driven by the CAG
promoter from two different codon-optimized PSEN-1 coding sequence as compared to the
wild-type PSEN1 coding sequence.
[0175] Plasmid pAAV-CAG-MCS (Vector Biolabs) was modified by replacing the
ampicillin antibiotic resistance gene with a kanamycin resistance gene. The sequence of the
CAG promoter therein is set forth in SEQ ID NO:40 and has 98% sequence identity to SEQ ID
NO:23. We then inserted the PSEN-1 coding sequence of either SEQ ID NO:39 (“CAG-v3.0”;
pAT029), SEQ ID NO:37 (“CAG-v1.5”; pAT024), or the wild-type PSEN-1 coding sequence
(SEQ ID NO:15; “CAG-native”; pAT022) into the modified plasmid and used those plasmids
to transfect HEK293 cells in order to determine the effect of codon optimization on presenilin
1 expression. The 293 cells were harvested 48 hours post-transfection, lysed using 300 pL of
RIPA buffer (SOmM Base/Tris-HCI, 150mM NaCl, 0.5% Sodium Deoxycholate, 0.1% Sodium
Dodecyl Sulfate, 1% Nonidet P-40 substitute with added cOmplete™, Mini, EDTA-free
Protease Inhibitor Cocktail, Sigma Aldrich), and the supernatant was collected. The total
protein concentration of each sample was measured using the THERMO SCIENTIFIC™
PIERCE™ BCA™ Protein Assay according to the manufacturer’s instructions.
[0176] ELISAs for detecting human presenilin 1 (PS1) protein in cell lysates were
performed using the RayBio® Human Presenilin 1 ELISA Kit. Technical duplicates were run
at a 1:40 dilution according to the manufacturer’s instructions. Data was analyzed using the
two-tailed t test. Fig. 2 shows that transfection with plasmid comprising codon-optimized SEQ
ID NOs:37 or 39 resulted in increased in PS1 expression when compared with the wild-type
coding sequence and that the level of PSEN-1 expression from the SEQ ID NO:37-containing
plasmid showed a statistically significant increase over that from the wild-type coding
sequence (as indicated by the asterisk p<0.05). PSEN-1 expression from the SEQ ID NO:39-
containing plasmid showed a trend towards increased expression as compared to the wild -type
coding sequence (p=0.100).
[0177] In summary, synthetic cDNA sequences based on codon optimization, exclusion of
CpG dinucleotides, and inclusion of genomic sequences, neuron-specific promoter sequences,

and other regulatory elements that enhance any step in gene expression, such as mRNA
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transcription, processing, stability, and/or translation, for example, can be combined according
to desired expression levels in neurons. Combining multiple modes of enhancing
polynucleotide expression by combining elements described above, some or all of which may
have a relatively small effect on protein production depending on cell type, neuronal location,
and other factors, can allow for a relatively large increase in expression from a nucleic acid
expression cassette or vector molecule.

EXAMPLE 11
[0178] This example describes the effect of a codon-optimized PSEN-1 nucleotide
sequence on the gamma-secretase activity of FAD patient fibroblasts.
[0179] Primary dermal fibroblasts from patients with Familial Alzheimer’s disease (FAD)
carrying C410Y or G206A mutations in PSEN1 were electroporated with plasmids encoding a
Notch1 fragment (Notch1AE) with either an empty non-coding plasmid(pAAV-CAG-MCS-
KanR) or human codon-optimized presenilin-1 (hPSEN1v1.5) of SEQ ID NO:37.
[0180] As described in Example 10, the ¢cDNA plasmid pAAV-CAG-MCS (Vector
Biolabs) was modified to replace the ampicillin resistance gene with a kanamycin resistance
gene and create the resulting plasmid pAAV-CAG-MCS-KanR. The resulting plasmid pAAV-
CAG-MCS-KanR was used as a control or further modified to contain the codon-optimized
human presenilin 1 coding sequence (SEQ ID NO:37) to evaluate functional gamma-secretase
activity. The Notch1AE plasmid encodes the transmembrane domain and a portion of the
intracellular domain of human Notchl but lacks the entire extracellular domain of Notch 1.
Inside cells, the Notch1AE is cleaved by gamma -secretase and can be detected by an antibody
specific (Cell Signaling, #4147) for the cleaved fragment, NICD. The gamma -secretase
activity can be inhibited with a known gamma-secretase inhibitor DAPT (Sigma-Aldrich,
D5942).
[0181] To determine whether the codon-optimized construct is functional, NICD was
measured following treatment with hPSEN1v1.5 (3 ng) compared to a non-coding plasmid in
FAD patient fibroblasts containing one of two PSENI pathogenic mutations (C410Y or
G206A). Some fibroblasts were exposed to DAPT inhibitor 24 hours after electroporation and
were harvested 48 hours post-transfection, lysed using 100 pL of RIPA buffer (50mM
Base/Tris-HCI, 150mM NacCl, 0.5% Sodium Deoxycholate, 0.1% Sodium Dodecyl Sulfate, 1%
Nonidet P-40 substitute with added cOmplete™, Mini, EDTA-free Protease Inhibitor Cocktail,
Sigma Aldrich), and the supernatant was collected. The total protein concentration of each
sample was measured using the THERMO SCIENTIFIC™ PIERCE™ BCA™ Protein Assay

according to the manufacturer’s instructions.
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[0182] Total protein lysates from technical duplicates were electrotransferred to
nitrocellulose membrane according to the manufacturer’s instructions. Western blots for
detecting cleaved Notch (NICD) in cell lysates were performed using recommended
conditions. Fig. 3 shows that transfection with the plasmid containing SEQ ID NO:37 resulted
in increased NICD when compared with the non-coding construct (Empty) in both C410Y and
G206A PSEN1 mutant fibroblasts.

EXAMPLE 12
[0183] This example describes the effect of a codon-optimized PSEN-1 nucleotide
sequence on the AB40 levels in FAD patient fibroblasts.
[0184] Primary dermal fibroblasts from patients with Familial Alzheimer’s disease (FAD)
carrying the C410Y mutation in PSEN 1 were electroporated with a plasmid encoding the
amyloid precursor protein (APP) C99 fragment and either a non-coding empty plasmid
(PAAV-CAG-MCS-KanR) or a similar plasmid containing a codon-optimized human
presenilin 1 coding sequence pAT028 (SEQ ID NO:37), each of which is described above, in
order to evaluate functional gamma -secretase activity. Inside the cells, the C99 is sequentially
cleaved by gamma -secretase to produce AP peptides of varying lengths, which are then
released into the cell culture media.
[0185] To determine the functionality of the codon-optimized construct, AB40 was
measured in the cell culture media following electroporation of the cells with the above
plasmids. The cell culture media was collected 48 hours post-transfection and analyzed for
APB40 via an MSD ELISA. Data was analyzed using the two-tailed t test. Fig 4 shows that
transfection with the SEQ ID NO:37-containing plasmid resulted in increased AB40 production
when compared with the non-coding construct (Empty) in C410Y FAD fibroblasts, with a trend
towards statistical significance (p=0.23).

EXAMPLE 13
[0186] This example describes the synthesis of various AAV vectors comprising a partially
codon optimized PSEN-1 coding sequence of the invention.
[0187] In order to prepare AAV viral vectors containing the PSEN-1 coding sequences of
the invention, we removed the CAG promoter from the pAAV-CAG-MCS-KanR plasmid
described above and replaced it with varying expression cassettes. Each expression cassette
comprised a different promoter operatively linked to the PSEN-1 coding sequence of SEQ ID
NO:37 and a polyadenylation sequence. In addition, the cassettes further comprised a human
beta globin intron between the promoter and the PSEN-1 coding sequence; an HA-tag in

between the human beta globin intron and the PSEN-1 coding sequence, which may be
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removed prior to use in subjects; and either human growth hormone or albumin genomic stuffer
sequences following the polyadenylation sequence. The sequence of each of these expression
cassettes and the AAV2 ITRs that flank them (which are already present in the modified
PAAV-CAG-MCS-KanR plasmid) are set forth in SEQ ID Nos: 41-46.
[0188] For the production of a self-complementary AAV vector, the 5° AAV2 ITR in
PAAV-CAG-MCS-KanR is modified prior to insertion of the expression cassette. The
expression cassette for this construct comprised a CBA promoter, a minute virus of mice intron,
an HA-tag, which may be removed prior to use in subjects, SEQ ID NO:37, and a rabbit B-
globin polyadenylation sequence. The sequence of this expression cassette including the
modified 5° and native 3> AAV2 ITRs from the modified pAAV-CAG-MCS-KanR plasmid
into which it was inserted, is set forth in SEQ ID NO:47.
[0189] Each of the resulting vector genome plasmids containing the expression cassette
were used to create recombinant AAV vectors using the triple plasmid transfection method
(Xiao and Samulski, J Virol 72: 2224-2232, 1998). This method used an AAV serotype-
specific rep and cap plasmid specific to the serotype of interest as well as the vector genome
DNA plasmid, but eliminated the use of Ad infection by supplying the essenti al Ad genes on
a third plasmid. Multiplasmids transient transfection of adherent HEK293 cells is a widely used
method for rAAYV production (Grimm et al., Hum Gene Ther 9: 2745-2760, 1998, Matsushita
et al., Gene Ther 5: 938-945, 1998) and can be used to create these recombinant AAV vectors.
The AAYV particles may be formulated in phosphate buffered saline (PBS) or in 10mM sodium
phosphate, 180mM NaCl with 0.001% of pluronic acid (F-68) at a pH of about 7 .4.
SEQUENCES
SEQ ID NO:1

>NM 000021.4 Homo sapiens presenilin 1 (PSEN1), transcript variant 1, mRNA. Coding
sequence underlined
GGAAACAAAACAGCGGCTGGTCTGGAAGGAACCTGAGCTACGAGCCGCGGCGG
CAGCGGGGCGGCGGGGAAGCGTATACCTAATCTGGGAGCCTGCAAGTGACAACA
GCCTTTGCGGTCCTTAGACAGCTTGGCCTGGAGGAGAACACATGAAAGAAAGAA
CCTCAAGAGGCTTTGTTTTCTGTGAAACAGTATTTCTATACAGTTGCTCCAATGAC
AGAGTTACCTGCACCGTTGTCCTACTTCCAGAATGCACAGATGTCTGAGGACAAC
CACCTGAGCAATACTGTACGTAGCCAGAATGACAATAGAGAACGGCAGGAGCAC
AACGACAGACGGAGCCTTGGCCACCCTGAGCCATTATCTAATGGACGACCCCAG
GGTAACTCCCGGCAGGTGGTGGAGCAAGATGAGGAAGAAGATGAGGAGCTGAC
ATTGAAATATGGCGCCAAGCATGTGATCATGCTCTTTGTCCCTGTGACTCTCTGC
ATGGTGGTGGTCGTGGCTACCATTAAGTCAGTCAGCTTTTATACCCGGAAGGATG
GGCAGCTAATCTATACCCCATTCACAGAAGATACCGAGACTGTGGGCCAGAGAG
CCCTGCACTCAATTCTGAATGCTGCCATCATGATCAGTGTCATTGTTGTCATGACT
ATCCTCCTGGTGGTTCTGTATAAATACAGGTGCTATAAGGTCATCCATGCCTGGC
TTATTATATCATCTCTATTGTTGCTGTTCTTTTTITCATTCATTTACTTGGGGGAAG
TGTTTAAAACCTATAACGTTGCTGTGGACTACATTACTGTTGCACTCCTGATCTGG
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AATTTTGGTGTGGTGGGAATGATTTCCATTCACTGGAAAGGTCCACTTCGACTCC
AGCAGGCATATCTCATTATGATTAGTGCCCTCATGGCCCTGGTGTTTATCAAGTA
CCTCCCTGAATGGACTGCGTGGCTCATCTTGGCTGTGATTTCAGTATATGATTTAG
TGGCTGTTTTGTGTCCGAAAGGTCCACTTCGTATGCTGGTTGAAACAGCTCAGGA
GAGAAATGAAACGCTTTTTCCAGCTCTCATTTACTCCTCAACAATGGTGTGGTTG
GTGAATATGGCAGAAGGAGACCCGGAAGCTCAAAGGAGAGTATCCAAAAATTCC
AAGTATAATGCAGAAAGCACAGAAAGGGAGTCACAAGACACTGTTGCAGAGAA
TGATGATGGCGGGTTCAGTGAGGAATGGGAAGCCCAGAGGGACAGTCATCTAGG
GCCTCATCGCTCTACACCTGAGTCACGAGCTGCTGTCCAGGAACTTTCCAGCAGT
ATCCTCGCTGGTGAAGACCCAGAGGAAAGGGGAGTAAAACTTGGATTGGGAGAT
TTCATTTTCTACAGTGTTCTGGTTGGTAAAGCCTCAGCAACAGCCAGTGGAGACT
GGAACACAACCATAGCCTGTTTCGTAGCCATATTAATTGGTTTGTGCCTTACATT
ATTACTCCTTGCCATTTTCAAGAAAGCATTGCCAGCTCTTCCAATCTCCATCACCT
TTGGGCTTGTTTTCTACTTTGCCACAGATTATCTTGTACAGCCTTTTATGGACCAA
TTAGCATTCCATCAATTTTATATCTAGCATATTTGCGGTTAGAATCCCATGGATGT
TTCTTCTTTGACTATAACAAAATCTGGGGAGGACAAAGGTGATTTTCCTGTGTCC
ACATCTAACAAAGTCAAGATTCCCGGCTGGACTTTTGCAGCTTCCTTCCAAGTCT
TCCTGACCACCTTGCACTATTGGACTTTGGAAGGAGGTGCCTATAGAAAACGATT
TTGAACATACTTCATCGCAGTGGACTGTGTCCCTCGGTGCAGAAACTACCAGATT
TGAGGGACGAGGTCAAGGAGATATGATAGGCCCGGAAGTTGCTGTGCCCCATCA
GCAGCTTGACGCGTGGTCACAGGACGATTTCACTGACACTGCGAACTCTCAGGA
CTACCGTTACCAAGAGGTTAGGTGAAGTGGTTTAAACCAAACGGAACTCTTCATC
TTAAACTACACGTTGAAAATCAACCCAATAATTCTGTATTAACTGAATTCTGAAC
TTTTCAGGAGGTACTGTGAGGAAGAGCAGGCACCAGCAGCAGAATGGGGAATGG
AGAGGTGGGCAGGGGTTCCAGCTTCCCTITGATTTTTTGCTGCAGACTCATCCTTT
TTAAATGAGACTTGTTTTCCCCTCTCTTTGAGTCAAGTCAAATATGTAGATTGCCT
TTGGCAATTCTTCTTCTCAAGCACTGACACTCATTACCGTCTGTGATTGCCATTTC
TTCCCAAGGCCAGTCTGAACCTGAGGTTGCTTTATCCTAAAAGTTTTAACCTCAG
GTTCCAAATTCAGTAAATTTTGGAAACAGTACAGCTATTTCTCATCAATTCTCTAT
CATGTTGAAGTCAAATTTGGATTTTCCACCAAATTCTGAATTTGTAGACATACTTG
TACGCTCACTTGCCCCAGATGCCTCCTCTGTCCTCATTCTTCTCTCCCACACAAGC
AGTCTTTTTCTACAGCCAGTAAGGCAGCTCTGTCGTGGTAGCAGATGGTCCCATT
ATTCTAGGGTCTTACTCTTTGTATGATGAAAAGAATGTGTTATGAATCGGTGCTG
TCAGCCCTGCTGTCAGACCTTCTTCCACAGCAAATGAGATGTATGCCCAAAGACG
GTAGAATTAAAGAAGAGTAAAATGGCTGTTGAAGCACTTTCTGTCCTGGTATTTT
GTTTTTGCTTTTGCCACACAGTAGCTCAGAATTTGAACAAATAGCCAAAAGCTGG
TGGTTGATGAATTATGAACTAGTTGTATCAACACAAAGCAAGAGTTGGGGAAAG
CCATATTTAACTTGGTGAGCTGTGGGAGAACCTGGTGGCAGAAGGAGAACCAAC
TGCCAAGGGGAAAGAGAAGGGGCCTCCAGCAGCGAAGGGGATACAGTGAGCTA
ATGATGTCAAGGAGGAGTTTCAGGTTATTCTCGTCAGCTCCACAAATGGGTGCTT
TGTGGTCTCTGCCCGCGTTACCTTTCCTCTCAATGTACCTTTGTGTGAACTGGGCA
GTGGAGGTGCCTGCTGCAGTTACCATGGAGTTCAGGCTCTGGGCAGCTCAGTCAG
GCAAAACACACAAACAGCCATCAGCCTGTGTGGGCTCAGGGCACCTCTGGACAA
AGGCTTGTGGGGCATAACCTTCTTTACCACAGAGAGCCCTTAGCTATGCTGATCA
GACCGTAAGCGTTTATGAGAAACTTAGTTTCCTCCTGTGGCTGAGGAGGGGCCAG
CITTITTICTTCTTTTGCCTGCTGTTTTCTCTCCCAATCTATGATATGATATGACCTGG
TTTGGGGCTGTCTTTGGTGTTTAGAATATTTGTTTTCTGTCCCAGGATATTTCTTAT
AAGAACCTAACTTCAAGAGTAGTGTGCGAGTACTGATCTGAATTTAAATTAAAAT
TGGCTTATATTAGGCAGTCACAGACAGGAAAAATAAGAGCTATGCAAAGAAAGG
GGGATTTAAAGTAGTAGGTTCTATCATCTCAATTCATTTTTTTCCATGAAATCCCT
TCTTCCAAGATTCATTCCCTCTCTCAGACATGTGCTAGCATGGGTATTATCATTGA
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GAAAGCACAGCTACAGCAAAGCCACCTGAATAGCAATTTGTGATTGGAAGCATT
CTTGAGGGATCCCTAATCTAGAGTAATTTATTTGTGTAAGGATCCCAAATGTGTT
GCACCTTTCATGATACATTTCTTCTCTGAAGAGGGTACGTGGGGTGTGTGTATTTA
AATCCATCCTATGTATTACTGATTGTCCTGTGTAGAAAGATGGCAATTATTCTGTC
TCTTTCTCCAAGTTTGAGCCACATCTCAGCCACATTGTTAGACAGTGTACAGAGA
ACCTATCTTTCCTTTTTTTTTTTTTAAAGGACAGGATTTTGCTGTGTTGCCCAGGCT
AGACTTGAACTCCTGGGCTCAAGTAATCCACCTCAGCCTGAGTAGCTGAGACTAC
AGCCCATCTTATTTCTTTAAATCATTCATCTCAGGCAGAGAACTTTTCCCTCAAAC
ATTCTTTTTAGAATTAGTTCAGTCATTCCTAAAACATCCAAATGCTAGTCTTCCAC
CATGAAAAATAGATTGTCACTGGAAAGAACAGTAGCAATTTCCATAAGGATGTG
CCTTCACTCACACGGGACAGGCGGTGGTTATAGAGTCGGGCAAAACCAGCAGTA
GAGTATGACCAGCCAAGCCAATCTGCTTAATAAAAAGATGGAAGACAGTAAGGA
AGGAAAGTAGCCACTAAGAGTCTGAGTCTGACTGGGCTACAGAATAAAGGGTAT
TTATGGACAGAATGTCATTACATGCCTATGGGAATACCAATCATATTTGGAAGAT
TTGCAGATTTTTTTTCAGAGAGGAAAGACTCACCTTCCTGTTTTTGGTTCTCAGTA
GGTTCGTGTGTGTTCCTAGAATCACAGCTCTGACTCCAAATGACTCAATTTCTCA
ATTAGAAAAAGTAGAAGCTTTCTAAGCAACTTGGAAGAAAACAGTCATAAGTAA
GCAATTTGTTGATTTTACTACAGAAGCAACAACTGAAGAGGCAGTGTTTTTACTT
TCAGACTCCGGGATTCCCATTCTGTAGTCTCTCTGCTTTTAAAAACCCTCCTTTTG
CAATAGATGCCCAAACAGATGATGTTTATTACTTGTTATTTACGTGGCCTCAGAC
AGTGTATGTATTCTCGATATAACTTGTAGAGTGTGAAATATAAGTTTAACTACCA
AATAAGGTCTCCCAGGGTTAGATGACTGCGGGAAGCCTTTGATCCCAACCCCCA
AGGCTTTGTATATTTGATCATTTGTGATCTAACCCTGGAAGAAAAAGAGCTCAGA
AACCACTATGAAAAAATTTGTTCAGTGTTTTCTGTGTTCCCGTAGGTTCTGGAGTC
TGAGGATGCAAAGATGAATAAGATAAATTCTCAGAATGTAGTTATAATCTCTTGT
TTTCTGGTATATGCCATCTTTCTTTAACTTCTCTAAAATATTGGGTATTTGTCAAA
TAACCACTTTTAACAGTTACCATTACTGAGGGCTTATACATTGGTGTTATAAAAG
TGACTTGATTCAGAAATCAATCCATTCAGTAAAGTACTCCTTCTCTAAATTITGCTG
TTATGTCTATAAGGAACAGTTTGACCTGCCCTTCTCCTCACCTCCTCACCTGCCTT
CCAACATTGAATTTGGAAGGAGACGTGAAAATTGGACATTTGGTTTTGCCCTTGG
GCTGGAAACTATCATATAATCATAAGTTTGAGCCTAGAAGTGATCCTTGTGATCT
TCTCACCTCTTTAAATTCCCACAACACAAGAGATTAAAAACAGAGGTTTCAGCTC
TTCATAGTGCGTTGTGAAATGGCTGGCCAGAGTGTACCAACAAAGCTGTCATCGG
GCTCACAGCTCAGAGACATCTGCATGTGATCATCTGCATAGTCCTCTCCTCTAAC
GGGAAACACCTCAGATTTGCATATAAAAAAGCACCCTGGTGCTGAAATGAACCC
CTITTCTTGAACATCAAAGCTGTCTCCCACAGCCTTGGGCAGCAGGGTGCCTCTTA
GTGGATGTGCTGGGTCCACCCTGAGCCCTGACATGTGGTGGCAGCATTGCCAGTT
GGTCTGTGTGTCTGTGTAGCAGGGACGATTTCCCAGAAAGCAATTTTCCTTTITGA
AATACGTAATTGTTGAGACTAGGCAGTTTCAAAGTCAGCTGCATATAGTAGCAAG
TACAGGACTGTCTTGTTTTTGGTGTCCTTGGAGGTGCTGGGGTGAGGGTTTCAGT
GGGATCATTTACTCTCACATGTTGTCTGCCTTCTGCTTCTGTGGACACTGCTTTGT
ACTTAATTCAGACAGACTGTGAATACACCTTTTTTATAAATACCTTTCAAATTCTT
GGTAAGATATAATTTTGATAGCTGATTGCAGATTTTCTGTATTTGTCAGATTAATA
AAGACTGCATGAATCCA

SEQ ID NO:2

> Human SST promoter
acactaaaatgttagagtatgatgacagatggagttgtctgggtacatttgtgtecatttaagggtgatagtgtatttgctctttaagagetg
agtgtttgagcctctgtttgtgtetaattgagtetecatgtgtgggagtgaaattgtggaatgtgtatgetcatagecactgagtgaaaataaa
agattgtataaatcgtggggcatgtggaattgtatgtecctgtgcgtagtgcagtatttttttttttttaagtaagecactttagatcttgtcacct
cccctgtettctgtgattgattttgcgaggcetaatggtgcgtaaaagggctggteagatetgggegcgectectagectgacgtcagag
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agagagtttaaaacagagggagacggttgagagecacacaageegctttaggagegaggticggagecatcgetgetgectgetgate
cgegectagagtttgaccagee

SEQ ID NO:3

> Human NPY promoter
ttttggccaggggatgtgocttggactggagagaaaggagataaggatgtaaacacatgtagggcatatcaccecctattttttattctct
gaatccttaaccctcagaataagttcttattcttgagaatcaatgacattatcttaagctaaattaatcaagectccacagtgttcttctctcaa
tagtggtgtgggccttcctagaagtaatttttcccaaattcagtgatacattttaagttcagattttaattgatatgaatctgtgatacactctaa
aataagattattttattgaaaagtggactgtaactttccctttatctaggaagagcetctaagttagaagatgttttgcacttttaccgaaggcetg
tgtcttgtaagcaccccecgageaactctgagagecttgatttttgtgtcctcageatatgtttgtgtaatacagaaagagaageagttgeca
agtgaaagggatgttggtctccaaaattatagtttgatcccacaaacacacaaacacatacatgcaaaggattgtttgettcacggtttttg
atatttaattcaatgctgttggaacagcacaaaaactaagtgtcagtitaacagaatcacttgtccttttagcattaaaataacatggaactta
atgctttaatttcccaacatgcctttttatttagaaagattcagacttttatttcatttagaaataaaatgcecattttatttagaaagatacaggag
cattcattcacggaactttcagatctcagtccactgcataaaatcttgatcctgtaataatagtttctgtatcttgeatattcattcaacaggttt
aacgcgatgagcaaattaatgttcatcgtttttaacatgtttcgtcttaatcagaacccacattctcaacgttaattgaacgtacataggacta
tacaagggttagtaaataagacagaaactgttgctcatttaaccaccgtcactttgga

SEQ ID NO:4

> HS4 CHROMATIN INSULATOR
cagcctaaagctttttccecegtatcceccaggtgtcetgecaggetcaaagagcagegagaagegtticagaggaaagegatcecgtgee
accttcceccgtgeccgggcetgteccecgeacgetgecggetcggggatgcgeegeeoagcgcceggaccgeagegeagccccggec
ggctegcetgetgeccectagegggggagggacgtaattacatccctgggggctitggggggegactgtcccegtgagete

SEQ ID NO:5
>KOZAK CONSENSUS SEQUENCE
ccace

SEQ ID NO:6

>Human PSEN1 with all tolerant, non-preferred codons changed to highly preferred
synonymous codon. Changed codons in lower case:
ATGACAGAGTTACCTGCACctTTGTCCTACTTCCAGAATGCACAGATGTCTGAGGA
CAACCACCTGAGCAATACTGTACGTAGCCAGAATGACAATAGAGAACGGCAGGA
GCACAACGACAGACGGAGCctgGGCCACCCTGAGCCACctgTCTAATGGAagaCCCCA
GGGTAACTCCCGGCAGGTGGTGGAGcagGATGAGGAAGAAGATGAGGAGCTGAC
ActeAAATATGGCGCCAAGcacGTGATCATGCTCTTTGTCCCTGTGACTCTCTGCATG
GTGGTGGTCGTGGCTACCATTAAGTCAGTCAGCTTTTATACCCGGAAGGATGGGC
AGCTAATCTATACCCCATTCACAGAAGATACCGAGACTGTGGGCCAGAGAGCCC
TGCACTCAATTCTGAATGCTGCCATCATGATCAGTGTCATTGTTGTCATGACTATC
CTCCTGGTGGTTCTGTATAAATACAGGTGCTATAAGGTCATCCATGCCTGGCctgATT
ATATCATCTctgTTGetgCTGTTCTTTTTTTCATTCATTTACctgGGGGAAGTGTTTAAA
ACCTATAACGTTGCTGTGGACTACATTACTGTTGCACTCCTGATCTGGAATTTTggc
GTGGTGGGAATGATTTCCATTCACTGGAAAgecCCActgagaCTCCAGCAGGCATATC
TCATTATGATTAGTGCCCTCATGGCCCTGGTGTTTATCAAGTACCTCCCTGAATGG
ACTgccTGGCTCATCTTGGCTGTGATTTCAGTGTATGATTTAGTGGCTGT TetgTGTec
tAAAGGTCCActgCGTATGCTGgtgGAAACAGCTCAGGAGAGAAATGAAaccctgTTTC
CAGCTCTCATTTACTCCTCAACAATGGTGTGGctgGTGAATATGGCAGAAGGAGAC
cctGAAGCTCAAAGGAGAgtgTCCAAAAATTCCAAGTATAATGCAGAAAGCACAGA
AAGGGAGTCAcagGACACTGTTGCAGAGAATGATGATGGCGGGTTCAGTGAGGAA
TGGGAAGCCCAGAGGGACAGTcacctgGGGCCTcacCGCTCTACACCTGAGTCAagaG
CTGCTGTCCAGGAACctgTCCAGCAGTATCCTCGCTggcGAAGACCCAGAGGAAAGG
GGAGTAAAACTTGGATTGGGAGATTTCATTTTCTACAGTGTTCTGGTTggcAAAGC
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CTCAGCAACAGCCAGTGGAGACTGGAACACAACCATAGCCTGTTTCGTAGCC CatcT
TAATTggcctgTGCCTTACACtgetgCTCetgGCCATTTTCAAGAAAGCACctgCCAGCTetgC
CAATCTCCATCACCTTTGGGCTTGTTTTCTACTTTGCCACAGATTATctggtgCAGCC
TTTTATGGACcagctgGCATTCcaccagTTTTATATCtaa

SEQ ID NO:7

> SYNTHETIC PSEN1 CDNA with all CpG dinucleotides removed, all tolerant codons
changed to highly preferred synonymous codon, and some intolerant codon changed as a
consequence of eliminating CpG dinucleotides. Changed codons in lower case; changed
intolerant codons in lower case and underlined.
ATGACAGAGTTACCTGCAccaTTGTCCTACTTCCAGAATGCACAGATGTCTGAGGA
CAACCACCTGAGCAATACTGTAagaAGCCAGAATGACAATAGAGAAagaCAGGAGC
ACaatGACAGAagaAGCCTTGGCCACCCTGAGCCATTATCTAATGGAagaCCCCAGGG
TAACTCCagaCAGGTGGTGGAGCAAGATGAGGAAGAAGATGAGGAGCTGACATTG
AAATATggtGCCAAGCATGTGATCATGCTCTTTGTCCCTGTGACTCTCTGCATGGTG
GTGgttGTGGCTACCATTAAGTCAGTCAGCTTTTATACCagaAAGGATGGGCAGCTA
ATCTATACCCCATTCACAGAAGATactGAGACTGTGGGCCAGAGAGCCCTGCACTC
AATTCTGAATGCTGCCATCATGATCAGTGTCATTGTTGTCATGACTATCCTCCTGG
TGGTTCTGTATAAATACAGGTGCTATAAGGTCATCCATGCCTGGCTTATTATATC
ATCTCTATTGTTGCTGTTCtcTTTTCATTCATTTACTTGGGGGAAGTGTTTAAAACC
TATaatGTTGCTGTGGACTACATTACTGTTGCACTCCTGATCTGGAATTTTGGTGTG
GTGGGAATGATTTCCATTCACTGGAAAGGTCCACTTagaCTCCAGCAGGCATATCT
CATTATGATTAGTGCCCTCATGGCCCTGGTGTTTATCAAGTACCTCCCTGAATGG
ACTgecTGGCTCATCTTGGCTGTGATTTCAGTATATGATTTAGTGGCTGTTTTGTGT
cccAAAGGTCCACT TagaATGCTGGTTGAAACAGCTCAGGAGAGAAATGAAaccCTT
TTTCCAGCTCTCATTTACTCCTCAACAATGGTGTGGTTGGTGAATATGGCAGAAG
GAGACccaGAAGCTCAAAGGAGAGTATCCAAAAATTCCAAGTATAATGCAGAAAG
CACAGAAAGGGAGTCACAAGACACTGTTGCAGAGAATGATGATggtGGGTTCAGT
GAGGAATGGGAAGCCCAGAGGGACAGTCATCTAGGGCCTCATaggTCTACACCTG
AGTCAagaGCTGCTGTCCAGGAACTTTCCAGCAGTATCctgGCTGGTGAAGACCCAG
AGGAAAGGGGAGTAAAACTTGGATTGGGAGATTTCATTTTCTACAGTGTTCTGGT
TGGTAAAGCCTCAGCAACAGCCAGTGGAGACTGGAACACAACCATAGCCTGTittG
TAGCCATATTAATTGGTTTGTGCCTTACATTATTACTCCTTGCCATTTTCAAGAAA
GCATTGCCAGCTCTTCCAATCTCCATCACCTTTGGGCTTGTTTTCTACTTTGCCAC
AGATTATCTTGTACAGCCTTTTATGGACCAATTAGCATTCCATCAATTTTATATCT
AG

SEQ ID NO:8

> GENOMIC / CDNA HYBRID PSEN1 GENE
cccAGATCTgacaacagcectttgeggtecttagacagcettggectggaggagaacacatgaaagaaaggtttgtitctgcttaatg
taatctatgaaagtgttttttataacagtataattgtagtecacaaagttctgtttttctttcecttttcagaacctcaagaggcetttgttttctgte
aaacagtatttctatacagttgccaccatgacagagttacctgeaccgttgtectacttccagaatgcacagatgtctgaggacaaccac
ctgagcaatactgtacgtagccaggtacagtgtcagtetctgaaactgectttgecagactggattcacttatcatctcecectcacctetga
gaaatgctgagggggoctaggcaggcttictctacttittagaactcatagtgacgggtctgttgttaatcccaggtctaaccgttaccttga
ttctgetgagaatctgatttactgaaaatgtttttcttgtgcttatagaatgacaatagagaacggceaggageacaacgacagacggage
cttggccaccctgagecattatctaatggacgaccccagggtaactcccggeaggtggtogageaagatgaggaagaagatgagoa
gctgacattgaaatatggegecaagceatgtgatcatgetetttgtcectgtgactctetgeatggtegteggtegtggctaccattaagtcag
tcagcttttatacccggaaggatggecagetgtacgtatgagttttgttttattattctcaaagccagtgtggcttttctttacageatgtcate
atcaccttgaaggcctctgcattgaaggggcatgacttgaattaagaaaaagaaaattctgtgttggaggtootaatgtggttggtgatct
ccattaacactgacctagggcttttgtgtttgttttattgtagaatctataccccattcacagaagataccgagactgtgggecagagagec
ctgcactcaattctgaatgctgecatcatgatcagtgteattgttgtcatgactatcctectggtesttctgtataaatacaggtgctataagg
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tcatccatgectggcttattatatcatctctattgttgctgttctttttttcattcatttacttgggggaagtatttaaaacctataacgttgetgte
gactacattactgttgcactcctgatctggaattttggtgtgetogoaatgatttccattcactggaaaggtecacttcgactccageaggce
atatctcattatgattagtgccctcatggecctggtgtttatcaagtacctccctgaatggactgegtggetcatcttggetgtgatticagta
tatgatttagtggctgttttgtgtccgaaaggtccacttegtatgctggttgaaacagetcaggagagaaatgaaacgctttttccagetcte
atttactcctcaacaatggtgtggttgotgaatatggcagaaggagacccggaagetcaaaggagagtatccaaaaattccaagtataa
tgcagaaagcacagaaagggagtcacaagacactgtigcagagaatgatgatgocggottcagtgaggaatggeaageccagagg
gacagtcatctagggcctcatcgetctacacctgagtcacgagetgetgtccaggaactttccagcagtatcctegetggtgaagacce
agaggaaaggggagtaaaacttggattggeagatttcattttctacagtgttctggttggtaaagectcagcaacagecagtggagact
ggaacacaaccatagectgtttcgtagecatattaattggtttgtgecttacattattactccttgecattttcaagaaagceattgccagetctt
ccaatctccatcacctttgggcttgttttctactttgecacagattatcttgtacagecttttatggaccaattageattccatcaattttatatct
agcataGTCGACc

SEQ ID NO:9

>MALATI1 MRNA STABILITY ELEMENT
tagggtcatgaaggtttttctittcctgagaaaacaacacgtattgttttctcaggttttgcettittggectttttctagettaaaaaaaaaaaaa
gcaaaagatgctggtggttggcactectggtttccaggacggggttcaaatcectgeggegtetttgctttgact

SEQ ID NO:10

> 3> FLANKING SEQUENCE FROM NATIVE PSEN1 RNA
GGAAACAAAACAGCGGCTGGTCTGGAAGGAACCTGAGCTACGAGCCGCGGCGG
CAGCGGGGCGGCGGGGAAGCGTATACCTAATCTGGGAGCCTGCAAGTGACAACA
GCCTTTGCGGTCCTTAGACAGCTTGGCCTGGAGGAGAACACATGAAAGAAAGAA
CCTCAAGAGGCTTTGTTTTCTGTGAAACAGTATTTCTATACAGTTGCTCCA

SEQID NO: 11

> 5" FLANKING SEQUENCE FROM NATIVE PSEN1 MRNA
CATATTTGCGGTTAGAATCCCATGGATGTTTCTTCTTTGACTATAACAAAATCTGG
GGAGGACAAAGGTGATTTTCCTGTGTCCACATCTAACAAAGTCAAGATTCCCGGC
TGGACTTTTGCAGCTTCCTTCCAAGTCTTCCTGACCACCTTGCACTATTGGACTTT
GGAAGGAGGTGCCTATAGAAAACGATTTITGAACATACTTCATCGCAGTGGACTG
TGTCCCTCGGTGCAGAAACTACCAGATTTGAGGGACGAGGTCAAGGAGATATGA
TAGGCCCGGAAGTTGCTGTGCCCCATCAGCAGCTTGACGCGTGGTCACAGGACG
ATTTCACTGACACTGCGAACTCTCAGGACTACCGTTACCAAGAGGTTAGGTGAAG
TGGTTTAAACCAAACGGAACTCTTCATCTTAAACTACACGTTGAAAATCAACCCA
ATAATTCTGTATTAACTGAATTCTGAACTTTTCAGGAGGTACTGTGAGGAAGAGC
AGGCACCAGCAGCAGAATGGGGAATGGAGAGGTGGGCAGGGGTTCCAGCTTCCC
TTTGATTTTTTGCTGCAGACTCATCCTTTTTAAATGAGACTTGTTTTCCCCTCTCTT
TGAGTCAAGTCAAATATGTAGATTGCCTTTGGCAATTCTTCTTCTCAAGCACTGA
CACTCATTACCGTCTGTGATTGCCATTTCTTCCCAAGGCCAGTCTGAACCTGAGG
TTGCTTTATCCTAAAAGTTTTAACCTCAGGTTCCAAATTCAGTAAATTTTGGAAAC
AGTACAGCTATTTCTCATCAATTCTCTATCATGTTGAAGTCAAATTTGGATTTTCC
ACCAAATTCTGAATTTGTAGACATACTTGTACGCTCACTTGCCCCAGATGCCTCC
TCTGTCCTCATTCTTCTCTCCCACACAAGCAGTCTTTTTCTACAGCCAGTAAGGCA
GCTCTGTCGTGGTAGCAGATGGTCCCATTATTCTAGGGTCTTACTCTTTGTATGAT
GAAAAGAATGTGTTATGAATCGGTGCTGTCAGCCCTGCTGTCAGACCTTCTTCCA
CAGCAAATGAGATGTATGCCCAAAGACGGTAGAATTAAAGAAGAGTAAAATGG
CTGTTGAAGCACTTTCTGTCCTGGTATTTTGTTTTTGCTTTTGCCACACAGTAGCT
CAGAATTTGAACAAATAGCCAAAAGCTGGTGGTTGATGAATTATGAACTAGTTGT
ATCAACACAAAGCAAGAGTTGGGGAAAGCCATATTTAACTTGGTGAGCTGTGGG
AGAACCTGGTGGCAGAAGGAGAACCAACTGCCAAGGGGAAAGAGAAGGGGCCT
CCAGCAGCGAAGGGGATACAGTGAGCTAATGATGTCAAGGAGGAGTTTCAGGTT
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ATTCTCGTCAGCTCCACAAATGGGTGCTTTGTGGTCTCTGCCCGCGTTACCTTTCC
TCTCAATGTACCTTTGTGTGAACTGGGCAGTGGAGGTGCCTGCTGCAGTTACCAT
GGAGTTCAGGCTCTGGGCAGCTCAGTCAGGCAAAACACACAAACAGCCATCAGC
CTGTGTGGGCTCAGGGCACCTCTGGACAAAGGCTTGTGGGGCATAACCTTCTTTA
CCACAGAGAGCCCTTAGCTATGCTGATCAGACCGTAAGCGTTTATGAGAAACTTA
GTTTCCTCCTGTGGCTGAGGAGGGGCCAGCTTTTTCTTCTTTTGCCTGCTGTTTTCT
CTCCCAATCTATGATATGATATGACCTGGTTTGGGGCTGTCTTTGGTGTTTAGAAT
ATTTGTTTTCTGTCCCAGGATATTTCTTATAAGAACCTAACTTCAAGAGTAGTGTG
CGAGTACTGATCTGAATTTAAATTAAAATTGGCTTATATTAGGCAGTCACAGACA
GGAAAAATAAGAGCTATGCAAAGAAAGGGGGATTTAAAGTAGTAGGTTCTATCA
TCTCAATTCATTTTTTTCCATGAAATCCCTTCTTCCAAGATTCATTCCCTCTCTCAG
ACATGTGCTAGCATGGGTATTATCATTGAGAAAGCACAGCTACAGCAAAGCCAC
CTGAATAGCAATTTGTGATTGGAAGCATTCTTGAGGGATCCCTAATCTAGAGTAA
TTTATTTGTGTAAGGATCCCAAATGTGTTGCACCTTTCATGATACATTTCTTCTCT
GAAGAGGGTACGTGGGGTGTGTGTATITAAATCCATCCTATGTATTACTGATTGT
CCTGTGTAGAAAGATGGCAATTATTCTGTCTCTTTCTCCAAGTTTGAGCCACATCT
CAGCCACATTGTTAGACAGTGTACAGAGAACCTATCTTTCCTTTTTTITITTTTAA
AGGACAGGATTTTGCTGTGTTGCCCAGGCTAGACTTGAACTCCTGGGCTCAAGTA
ATCCACCTCAGCCTGAGTAGCTGAGACTACAGCCCATCTTATTTCTTTAAATCATT
CATCTCAGGCAGAGAACTTTTCCCTCAAACATTCTTTTTAGAATTAGTTCAGTCAT
TCCTAAAACATCCAAATGCTAGTCTTCCACCATGAAAAATAGATTGTCACTGGAA
AGAACAGTAGCAATTTCCATAAGGATGTGCCTTCACTCACACGGGACAGGCGGT
GGTTATAGAGTCGGGCAAAACCAGCAGTAGAGTATGACCAGCCAAGCCAATCTG
CTTAATAAAAAGATGGAAGACAGTAAGGAAGGAAAGTAGCCACTAAGAGTCTG
AGTCTGACTGGGCTACAGAATAAAGGGTATTTATGGACAGAATGTCATTACATGC
CTATGGGAATACCAATCATATTTGGAAGATTTGCAGATTTTTTTTCAGAGAGGAA
AGACTCACCTTCCTGTTTITGGTTCTCAGTAGGTTCGTGTGTGTTCCTAGAATCAC
AGCTCTGACTCCAAATGACTCAATTTCTCAATTAGAAAAAGTAGAAGCTTTCTAA
GCAACTTGGAAGAAAACAGTCATAAGTAAGCAATTTGTTGATTTTACTACAGAA
GCAACAACTGAAGAGGCAGTGTTTTTACTTTCAGACTCCGGGATTCCCATTCTGT
AGTCTCTCTGCTTTTAAAAACCCTCCTTTTGCAATAGATGCCCAAACAGATGATG
TTTATTACTTGTTATTTACGTGGCCTCAGACAGTGTATGTATTCTCGATATAACTT
GTAGAGTGTGAAATATAAGTTTAACTACCAAATAAGGTCTCCCAGGGTTAGATG
ACTGCGGGAAGCCTTTGATCCCAACCCCCAAGGCTTTGTATATTITGATCATTTGT
GATCTAACCCTGGAAGAAAAAGAGCTCAGAAACCACTATGAAAAAATTTGTTCA
GTGTTTTCTGTGTTCCCGTAGGTTCTGGAGTCTGAGGATGCAAAGATGAATAAGA
TAAATTCTCAGAATGTAGTTATAATCTCTTGTTTTCTGGTATATGCCATCTTTCTTT
AACTTCTCTAAAATATTGGGTATTTGTCAAATAACCACTTTTAACAGTTACCATTA
CTGAGGGCTTATACATTGGTGTTATAAAAGTGACTTGATTCAGAAATCAATCCAT
TCAGTAAAGTACTCCTTCTCTAAATTTGCTGTTATGTCTATAAGGAACAGTTTGAC
CTGCCCTTCTCCTCACCTCCTCACCTGCCTTCCAACATTGAATTTGGAAGGAGAC
GTGAAAATTGGACATTTGGTTTTGCCCTTGGGCTGGAAACTATCATATAATCATA
AGTTTGAGCCTAGAAGTGATCCTTGTGATCTTCTCACCTCTTTAAATTCCCACAAC
ACAAGAGATTAAAAACAGAGGTTTCAGCTCTTCATAGTGCGTTGTGAAATGGCTG
GCCAGAGTGTACCAACAAAGCTGTCATCGGGCTCACAGCTCAGAGACATCTGCA
TGTGATCATCTGCATAGTCCTCTCCTCTAACGGGAAACACCTCAGATTTGCATAT
AAAAAAGCACCCTGGTGCTGAAATGAACCCCTTTCTTGAACATCAAAGCTGTCTC
CCACAGCCTTGGGCAGCAGGGTGCCTCTTAGTGGATGTGCTGGGTCCACCCTGAG
CCCTGACATGTGGTGGCAGCATTGCCAGTTGGTCTGTGTGTCTGTGTAGCAGGGA
CGATTTCCCAGAAAGCAATTTTCCTTTTGAAATACGTAATTGTTGAGACTAGGCA
GTTTCAAAGTCAGCTGCATATAGTAGCAAGTACAGGACTGTCTITGTTTTTGGTGT
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CCTTGGAGGTGCTGGGGTGAGGGTTTCAGTGGGATCATTTACTCTCACATGTTGT
CTGCCTTCTGCTTCTGTGGACACTGCTTTGTACTTAATTCAGACAGACTGTGAATA
CACCTTTTTTATAAATACCTTTCAAATTCTTGGTAAGATATAATTTTGATAGCTGA
TTGCAGATTTTCTGTATTTGTCAGATTAATAAAGACTGCATGAATCCA

SEQ ID NO: 12

>XP 011535274.1 human presenilin-1 isoform X1 [467 amino acids]
MTELPAPLSYFQNAQMSEDNHLSNTVRSQNDNRERQEHNDRRSLGHPEPLSNGRPQ
GNSRQVVEQDEEEDEELTLKYGAKHVIMLFVPVTLCMVVVVATIKSVSFYTRKDGQ
LIYTPFTEDTETVGQRALHSILNAAIMISVIVVMTILLVVLYKYRCYKVIHAWLIISSLL
LLFFFSFIYLGEVFKTYNVAVDYITVALLIWNFGVVGMISIHWKGPLRLQQAYLIMIS
ALMALVFIKYLPEWTAWLILAVISVYDLVAVLCPKGPLRMLVETAQERNETLFPALI
YSSTMVWLVNMAEGDPEAQRRVSKNSKYNAESTERESQDTVAENDDGGFSEEWEA
QRDSHLGPHRSTPESRAAVQELSSSILAGEDPEERGVKLGLGDFIFYSVLVGKASATA
SGDWNTTIACFVAILIGLCLTLLLLAIFKKALPALPISITFGLVFYFATDYLVQPFMDQL
AFHQFYI

SEQ ID NO: 13

>Gene (cDNA) for human PSEN1 463 amino acid isoform X2 (GenBank NM 007318.3)
atgacagagttacctgcaccgttgtcctacttccagaatgecacagatgtctgaggacaaccacctgageaatactaatgacaatagaga
acggcaggagcacaacgacagacggagccttggecaccctgagecattatctaatggacgaccccagggtaactceccggeaggtg
gtggagcaagatgaggaagaagatgaggagcetgacattgaaatatggegecaageatgtgatcatgetetttgtcectgtgactetetg
catggtggtogtcgtggctaccattaagtcagtcagcettttatacccggaaggatgggcagetaatctataccecattcacagaagatac
cgagactgtgggccagagagecctgeactcaattctgaatgctgecatcatgatcagtgteattgttgtcatgactatectectggtggtt
ctgtataaatacaggtgctataaggtcatccatgectggcttattatatcatctetattgttgetgtictttttttcattcatttacttgggggaagt
gtttaaaacctataacgttgctgtggactacattactgttgcactectgatctggaattitggtotestggoaatgatttccattcactggaaa
ggtccacttcgactccagcaggcatatctcattatgattagtgecctcatggecctggtgtttatcaagtacctcecctgaatggactgegty
gctcatcttggctgtgatttcagtatatgatttagtgoctgttttgtotccgaaaggtecacttcgtatgetggttgaaacagetcaggagag
aaatgaaacgctttttccagctctcatttactcctcaacaatggtgtggttgotoaatatggcagaaggagacccggaagetcaaaggag
agtatccaaaaattccaagtataatgcagaaagcacagaaagggagtcacaagacactgttgcagagaatgatgatggcgggttcagt
gaggaatgggaagcccagagggacagtcatctagggectcatcgetctacacctgagtcacgagetgetgtccaggaactttccage
agtatcctcgetggtgaagacccagaggaaaggggagtaaaacttggattgggagatttcattitctacagtgttetggttggtaaagect
cagcaacagccagtggagactggaacacaaccatagectgttticgtagecatattaattggtttgtgccttacattattactecttgecattt
tcaagaaagcattgccagcetcttccaatctecatcacctttgggcttgttttctactttgeccacagattatcttgtacagecttttatggaccaa
ttagcattccatcaattttatatctag

SEQ ID NO: 14

> presenilin-1 isoform X2 [463 amino acids]
MTELPAPLSYFQNAQMSEDNHLSNTNDNRERQEHNDRRSLGHPEPLSNGRPQGNSR
QVVEQDEEEDEELTKYGAKHVIMLFVPVTLCMVVVVATIKSVSFYTRKDGQLIYTPF
TEDTETVGQRALHSILNAAIMISVIVVMTILLVVLYKYRCYKVIHAWLIISSLLLLFFES
FIYLGEVFKTYNVAVDYITVALLIWNFGVVGMISIHWKGPLRLQQAYLIMISALMAL
VFIKYLPEWTAWLILAVISVYDLVAVLCPKGPLRMLVETAQERNETLFPALIYSSTMV
WLVNMAEGDPEAQRRVSKNSKYNAESTERESQDTVAENDDGGFSEEWEAQRDSHL
GPHRSTPESRAAVQELSSSILAGEDPEERGVKLGLGDFIFYSVLVGKASATASGDWNT
TIACFVAILIGLCLTLLLAIFKKALPALPISITFGLVFYFATDYLVQPFMDQLAFHQFYT

SEQ ID NO:15

>presenelin-1 isoform X1 coding sequence with intolerant codons underlined

ATG ACA GAG TTA CCT GCA CCG TTG TCC TAC TTC CAG AAT GCA CAG ATG
TCT GAG GAC AAC CAC CTG AGC AAT ACT GTA CGT AGC CAG AAT GAC AAT
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AGA GAA CGG CAG GAG CAC AAC GAC AGA CGG AGC CTT GGC CAC CCT GAG
CCA TTA TCT AAT GGA CGA CCC CAG GGT AAC TCC CGG CAG GTG GTG GAG
CAA GAT GAG GAA GAA GAT GAG GAG CTG ACA TTG AAA TAT GGC GCC AAG
CAT GTG ATC ATG CTC TTT GTC CCT GTG ACT CTC TGC ATG GTG GTG GTC GTG
GCT ACC ATT AAG TCA GTC AGC TTT TAT ACC CGG AAG GAT GGG CAG CTA
ATC TAT ACC CCA TTC ACA GAA GAT ACC GAG ACT GTG GGC CAG AGA GCC
CTG CAC TCA ATT CTG AAT GCT GCC ATC ATG ATC AGT GTC ATT GTT GTC ATG
ACT ATC CTC CTG GTG GTT CTG TAT AAA TAC AGG TGC TAT AAG GTC ATC CAT
GCC TGG CTT ATT ATA TCA TCT CTA TTG TTG CTG TTC TTT TTT TCA TTC
ATT TAC TTG GGG GAA GTG TTT AAA ACC TAT AAC GTT GCT GTG GAC TAC ATT
ACT GTT GCA CTC CTG ATC TGG AAT TTT GGT GTG GTG GGA ATG ATT TCC ATT
CAC TGG AAA GGT CCA CTT CGA CTC CAG CAG GCA TAT CTC ATT ATG ATT
AGT GCC CTC ATG GCC CTG GTG TTT ATC AAG TAC CTC CCT GAA TGG ACT
GCG TGG CTC ATC TTG GCT GTG ATT TCA GTA TAT GAT TTA GTG GCT GTT TTG
TGT CCG AAA GGT CCA CTT CGT ATG CTG GTT GAA ACA GCT CAG GAG AGA
AAT GAA ACG CTT ITT CCA GCT CTC ATT TAC TCC TCA ACA ATG GTG TGG TTG
GTG AAT ATG GCA GAA GGA GAC CCG GAA GCT CAA AGG AGA GTA TCC AAA
AAT TCC AAG TAT AAT GCA GAA AGC ACA GAA AGG GAG TCA CAA GAC ACT
GTT GCA GAG AAT GAT GAT GGC GGG TTC AGT GAG GAA TGG GAA GCC CAG
AGG GAC AGT CAT CTA GGG CCT CAT CGC TCT ACA CCT GAG TCA CGA GCT
GCT GTC CAG GAA CTT TCC AGC AGT ATC CTC GCT GGT GAA GAC CCA
GAG GAA AGG GGA GTA AAA CTIT GGA TTG GGA GAT TTC ATT TIC TAC
AGT GTT CTG GTT GGT AAA GCC TCA GCA ACA GCC AGT GGA GAC TGG
AAC ACA ACC ATA GCC TGT TTC GTA GCC ATA TTA ATT GGT TTG TGC CTT ACA
TTA TTA CTC CTT GCC ATT TTC AAG AAA GCA TTG CCA GCT CTT CCA ATC TCC
ATC ACC TTT GGG CTT GTT TTC TAC TTT GCC ACA GAT TAT CTT GTA CAG CCT
TTT ATG GAC CAA TTA GCA TTIC CAT CAA TTT TAT ATC TAG

Inverted terminal repeats (ITR) for single-stranded AAV2
SEQ ID NO: 16

nc_001401.2 nt 1-145 and 4535-4679
>left ITR
ttggecacte cctetetgeg cgetegeteg cteactgagg cecgggegace aaaggtegee cgacgecegg getttgeeeg

ggcggcctca gtgagegage gagegegeag agagggagte gecaacteca tcactagggg ttect

SEQ ID NO: 17
>right ITR
aggaac ccctagtgat ggagttggee actecctete tgegegeteg ctegeteact gaggeeggge gaccaaaggt

cgeecgacge cegggcttte ceecgggegac ctecagtgage gagegagege geagagaggg agtggecaa

Inverted terminal repeats for self-complementary AAV2
SEQ ID NO: 18

>left ITR
ctgcgegetegetegeteactgaggecgeccgggcaaageecgggegtegggcgacctttggtecgeccggectcagtgagegage
gagegegeagagagggagte

SEQ ID NO: 19

>right ITR
aggaacccctagtgatggagttgoccactccctctetgegegetegetecgetcactgaggecgggcgaccaaaggtecgeccgacge
cegggctttgeccgggeggcectcagtgagegagegagegegeag
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introns

SEQ ID NO: 20

>MVM NC 001510.1 minute virus of mice intron nt 2312-2403

aagaggtaa gggtttaagg gatggttggt tggtgggota ttaatgttta attacctgtt ttacaggect gaaatcactt ggttttaggt
tgg

SEQ ID NO: 21

>hybrid adenovirus SD/IgG SA; ac_000008.1 adenovirus type 5 tripartite leader, nt 573-758
and nc_000078.6 mus musculus strain c57bl/6j nt 115158736-115158695

tctgccac ggaggtgtta ttaccgaaga aatggecgece agictittgg accagetgat cgaagaggta ctggctgata
atcttccacc tcctagecat tttgaaccac ctacccttca cgaactgta t gatttagacg tgacggecce cgaagatcce
aacgaggagg cggtttcgca gatttttc tgacatc cactttgect ttetctccac aggtgtecac tcccaaa

SEQ ID NO: 22

>hBG intron chimeric cmv promoter 601-734, cmv intronl 1263-1294, followed by the intron
ii of the beta-globin gene. the 3 "end of the intron is fused to the first 20 nucleotides of exon 3
of the beta globin gene.
tcagatcgcctggagacgecatccacgetgttttgacctccatagaagacaccgggaccgatccagecteccgeggattcgaatcecg
geegggaacggtgcattggaacgeggattececcgtgecaagagtgacgtaagtaccgectatagagtctataggeccacaaaaaatg
ctttcttcttttaatatacttttttgtttatcttatttctaatactttccctaatctettictttcagggcaataatgatacaatgtatcatgectetttge
accattctaaagaataacagtgataatttctgggttaaggcaatagcaatatttctgcatataaatatttctgecatataaattgtaactgatgta
agaggtttcatattgctaatagcagctacaatccagctaccattctgcttttattttatggttgggataaggetggattattctgagtccaage
taggcccttttgetaatcatgttcatacctettatettcctcecacagetectgggcaacgtgetggtetgtetectggcccatcactttgge
aaagaatt

Promoters

SEQ ID NO: 23

>CAG 1t727518.1, nt 3074 to 4750

gacattg attattgact agttattaat agtaatcaat tacggggtca ttagttcata gcccatatat ggagttccge gttacataac
ttacggtaaa tggeecgeet ggetgaccge ccaacgacce ccgeccattg acgtcaataa tgacgtatgt toccatagta
acgccaatag ggactttcca ttgacgtcaa tgggtggagt atttacggta aactgeccac ttggcagtac atcaagtgta
tcatatgcca agtacgccce ctattgacgt caatgacggt aaatggeccg cctggeatta tgeccagtac atgaccttat
gggactttcc tacttggcag tacatctacg tattagtcat cgctattacc atggtcgagg tgagccccac gtictgctte
actctcececa teteeeeccec ctececaccec ceaattttgt atttatttat tttttaatta ttttgtgeag cgatgggggac ggggooaooa
ggggggecce  cececaggegg  ggeggagacag ggegaggooc gggacggooc gaggecggaaa  gotacgocsg
cagccaatca gageggegeg ctccgaaagt ttecttttat ggegaggegg cggeggegge ggecctataa aaagegaage
gegeggeggg cgggagtegt tgegegetge cttececcceg tgececgete cgeegecgee tegegeegee cgeeccggct
ctgactgacc gcgttactcc cacaggtgag cgggegggac ggeccttcte cteecgggetg taattagege ttggtttaat
gacggcttgt ttettttctg tggetgegtg aaagecttga ggggecteccgg gagggcecctt tgtgeggggg gageggcteg
gggggtacgt gegtgtgtat gtgcgtggge agegecgegt geggcetecge getgeecgee ggetgtgage getgeggecg
cggegeggge  ctttgtgege  tocgeagtgt  gogegaggee  agegeggecg  gggeeggtec  ceegegatac
£gggggggact gegaggapaa caaaggctge gtgegegate totgcgtggg goggtgagea ggoggtatgg gegegteggt
cgggctgcaa cceeccctge acceecctee cegagttget gageacggee cggcttcggg tgcgggacte cgtacgggec
gtggegeggg  getegecgty  ccggecggee  ggtggeggea  gglggeoote  CCggacggee  cggggecegec
tcgggeeggg  gagggcicgg  gggaagggege  geggeggoce  €Cggagegee  ggeggetgic  gaggegeggec
gagccgceage cattgecttt tatggtaatc gtgegagagg gcgeagggac ttectttgtc ccaaatctgt geggagecga
aatctgggag gegecgecge  accecctcta  gegggegege  ggcgaagegg  tgeggegecg  geaggaagga
aatgggcgge gaggecctic gtgegtegee gegeegeegt ceccttetee ctetccagee teggggetgt cecgeggegee
acggctgect tcggggooga cggggcageg cgggogttcgg cttctggegt gtgaccggeg getctagage ctetgetaac
catgttcatg ccttcttctt tttcctacag
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SEQ ID NO: 24

>CBA nc_006273.2, nt 175625-175294 and GenBank accession no. x00182.1, nt 280-540.
cgcgtcgacattgattattgactagttattaatagtaatcaattacggggtcattagttcatageccatatatggagttccgegttacataact
tacggtaaatggcccgectggetgaccgeccaacgacccccgeccattgacgtcaataatgacgtatgticccatagtaacgecaata
gggactttccattgacgtcaatgggtggagtatttacggtaaactgeccacttggeagtacatcaagtgtatcatatgecaagtacgece
cctattgacgtcaatgacggtaaatggcccgectggceattatgcccagtacatgaccttatgggactttcctacttggcagtacatctacg
tattagtcatcgctattaccatgtcgaggcecacgttctgettcactctccccatetecceecectecccacceccaattttgtatttatttattttt
taattatttigtgcagegatggeegcggegeeggegegrcacegcagccaggreggacaggereegeceagegecaeegcegey
cgaggceggagaggtecggcggcagecaatcagageggegegeteccgaaagtttecttttatggegaggeggeggcggegecggc
cctataaaaagcgaagegeeceeceee

SEQ ID NO: 25

>UBC d63791 nt 3553-4729
ggtgcageggectcegegecgggttttggcgecteccgegggegeccccetcctcacggegagegetgecacgtcagacgaagg
gcgcaggagcegttectgatecttccgeccggacgetcaggacageggeccgetgctcataagactcggecttagaaccecagtatca
gcagaaggacattttaggacgggacttgggtgactctaggecactggttttctttccagagageggaacaggegaggaaaagtagtcee
cttctcggegattetgeggagggatetcegtggggeggtgaacgecgatgattatataaggacgegeegggtgtggeacagetagtte
cgtcgeagecgggatttggetegeggticttgtttgtogatcgetgtgategteacttggtgagttgcgggctgctggectgeccggeg
ctttegtggecgecgggcecgeteggtgggacggaagegtgtggagagaccgecaagggctgtagtetgggtccgegageaaggtt
geectgaactgggggttggooooaocgeacaaaatggeggctgticeccgagtcttgaatggaagacgcettgtaaggegggetgtga
ggtcgttgaaacaaggtggggoggocatggtgggcggcaagaacccaaggtcettgaggecttcgetaatgegggaaagcetcttattcgg
gtgagatggoctgggocaccatctggggaccctgacgtgaagtttgtcactgactggagaactegggttigtcgtetggttgcgggogo
cggcagttatgcggteccgttgggcagtgcaccegtacctitgggagegegegectegtegtgtcgtgacgtcaccegttetgttggct
tataatgcagggtggggccacctgecggtaggtgtgcggtaggcttttctcegtcgcaggacgcagggttcgggectagggtaggct
ctectgaatcgacaggegecggacctctggtgaggggagggataagtgaggcgteagttictitggteggttttatgtacctatcttctta
agtagctgaagctccggttttgaactatgegetcggggtiggcgagtgtattttgtgaagttttitaggcacctittgaaatgtaatcatttgg
gtcaatatgtaattttcagtgttagactagtaaa

SEQ ID NO: 26

>PGK nc_000086.7 106186725-106187235
ttctaccgggtaggggaggcgcttttcccaaggeagtctggageatgegetttagcagececcgetgggeacttggegetacacaagtg
gcectetggectcgeacacattccacatccaccggtaggegecaaccggetecgttetttggtggecccttcgegecaccttctactecte
ccctagtcaggaagttcccceccgecccgeagetegegtegtgcaggacgtgacaaatggaagtageacgtctcactagtetegtge
agatggacagcaccgctgagceaatggaagegggtaggcectitggggcageggecaatageagetttgetecttegetttctgggcetea

gaggctgggaaggggtggatocgggegcggactcagggacggactcagggecggggcgggcgeccgaaggtectecggagg
cccggcattetgeacgcttcaaaagegeacgtctgecgegetgtteteetettecteateteegggectttegacet

SEQ ID NO: 27

>Ef1a jo4617.1 nt 379-1560
gctccggtgeccgtecagtgggcagagegeacatcgeccacagtccecgagaagttggeoooagoootcgocaattgaaccggtec
ctagagaaggtggcgcggggtaaactgggaaagtgatgtegtetactggctccgectttttcccgagggtggeggagaaccgtatata
agtgcagtagtcgccgtgaacgttctttttcgcaacgggtttgccgecagaacacaggtaagtgecgtgtgtgaticccgegggectgg
cctetttacgggttatggeccttgegtgectigaattacttccacgeccctggetgeagtacgtgattcttgatceccgagettegggttgga
agtgggtgggagagttcgaggccttgegettaaggagecccticgectegtgcttgagttgaggacctggectgggcgetgggaccge
cgegtgegaatctggtggcaccttegegectgtetegetgetttcgataagtctetagecatttaaaatttttgatgacctgetgegacgcett
tttttctggcaagatagtcttgtaaatgcgggccaagatctgcacactggtatttcggtttttgggoccgegggegecgacggggcccgt
gegteccagegeacatgttcggcgaggcgggecctgcgagegeggccaccgagaatcggacgggegtagtctcaagetggecgg
cctgetetggtgectggectegegecgeegtgtatcgeccegecctgggeggcaaggcetggeccggteggeaccagtigegtgage
ggaaagatggccgettcccggecctgetgecagggagetcaaaatggaggacgeggcgetcgggagageggocgggtgagtcace
cacacaaaggaaaagggcctttccgtcctcagecgtegettcatgtgactccacggagtaccgggegecgtccaggcacctcgatta
gttetcgagcettttggagtacgtegtetitaggttgggoggageggtittatgegatggagtttcceccacactgagtgggtogagactga
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agttaggccagcttggcacttgatgtaattctccttggaatttgecctttttgagtttggatettggttcattctcaagectcagacagtggttc
aaagtttttttcttccatttcaggtgtegtga

SEQ ID NO: 28

>CMV
gtcgacattgattattgactagttattaatagtaatcaattacggggtcattagttcatagecccatatatggagttccgegttacataacttac
ggtaaatggececgectggetgaccgeccaacgacccccgeccattgacgtcaataatgacgtatgticccatagtaacgecaataggg
actttccattgacgtcaatgggtggagtatttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgecccctat
tgacgtcaatgacggtaaatggcccgectggeattatgcccagtacatgaccttatgggactttcctacttggeagtacatctacgtatta
gtcatcgctattaccatggtgatgcggtittggcagtacatcaatgggcgtggatageggtttgactcacggggatttccaagtcetecace
ccattgacgtcaatgggagtttgttttgocaccaaaatcaacgggactttccaaaatgtcgtaacaactcecgecccattgacgeaaatgg
geggtaggcegtgtacggtgggaggotctatataagcagagcetctctggetaactagagaacccactgettactggettatcgaaattaata
cgactcactatagggagacccaagcetggctagegtttaaactt

SEQ ID NO: 29

>NSE similar to Rattus norvegicus neuron specific enolase gene ab038993.1 nt 1023-2715
agctctgagcetectectetgetegeccaatecttccaaccecctatggtggtatggetgacacagaaaatgtetgetectgtatgggacat
ttgcccctettctccaaatataagacaggatgaggcctagettttgctgctccaaagttttaaaagaacacattgcacggeatttagggact
ctaaagggtegaggaggaatgagggaattgcatcatgecaaggetggtectcatccatcactgettccagggeccagagtggetteca
ggaagtattcttacaaaggaagcccgatctgtagetaacactcagagceccattttcctgegttaaccectcccgacctcatatacaggag
taacatgatcagtgacctgggggagcetggccaaactgcgggacctgeccaagetgagggcctiggtgctgetggacaaccectgtee
cgatgagactgactaccgccaggaggcecctggtgcagatggcacacctagagegectagacaaagagtactatgaggacgaggac
cgggcagaagetgaggagatccgacagaggetgaaggaggaacaggageaagaactcgacceggaccaagacatggaaccgta
ccteecgecaacttagtggetectctagectgeagggacagtaaaggtgatggcaggaaggeagecceccggaggtcaaaggetgg
geacgecgggaggagaggccagagtcagaggctgcgggtatctcagatatgaaggaaagatgagagaggctcaggaagaggtaag
aaaagacacaagagaccagagaagggagaagaattagagaggeagecagaggaccgetgtctctacagacatagetggtagaga
ctgggaggaaggoatgaaccctgagegecatgaagggaaggaggtegctogtogtatatggageatgtagetgggoccagggaaaa
gatcctgeactaaaaatctgaagctaaaaataacaggacacggggtggagaggcgaaaggagggcagagtgaggcagagagact
gagaggcctggggatgtggocattccggtagggcacacagttcacttgtettctetttttccaggaggecaaagatgetgacgtcaaga
actcataataccccagtggggaccaccgcattcatagecctgttacaagaagtgggagatgttectttttgtcccagactggaaatcegtt
acatcccgaggetcaggttctgtggtggtcatetetgtgtggcttgtictgtggocctacctaaagtcctaageacagetctcaageagat
ccgaggcegactaagatgctagtaggggttgtctggagagaagagecgaggaggtggactgtgatggatcagticagetitcaaataa
aaaggcgtttttatattctgtgtcgagttcgtgaacccctgtggteggcttctccatctgtctgggttagtacctgecactatactggaataa
gggoacgectgeticectegagttggetggacaaggttatgageatcegtgtacttatggggttgccagettggtectggategeccgg
geccttececcaccegtteggttcceccaccaccacccgegetegtacgtecgtetecgectgeagctettgactcatcggggecceeg
ggtcacatgegetegeteggetetataggegecgecccctgeccacceccegeccgegetgggagecgeagecgecgecactect
gctctetetgegeeg

SEQ ID NO: 30

>MeCP2 nc_000086.7 nt -677to+56 mouse mecp2 methyl cpg binding protein 2
tgcccattataaacgtctgcaaagaccaaggtttgatatgttgattttactgtcagecttaagagtgcgacatctgcetaatttagtgtaataat
acaatcagtagaccctttaaaacaagtcecttggettggaacaacgecaggcetectcaacaggcaactttgetacttctacagaaaatga
taataaagaaatgctggteaagtcaaatgcttatcacaatggtgaactactcagcagggaggctctaataggegecaagagectagact
tccttaagegecagagtccacaagggeccagttaatcctcaacattcaaatgetgeccacaaaaccageccctetgtgecctagecge
ctettttttccaagtgacagtagaactccaccaatccgeagcetgaatgggetecgectettttcectgectaaacagacaggaactectge
caattgagggcgtcaccgctaaggetccgecccagectgggcetccacaaccaatgaagggtaatctcgacaaagageaaggggts
gggcgegggacgegeaggtgeageageacacaggetggtcgggagggcgggacgcgacgtetgecgtgcggggteccggeatc
ggttgcgcgegegcetecctectetcggagagagggetgtggtaaaaccecgtccggaaaatggecgeegetgeeg
ccaccgeegecgecgecgecgegecgageggaggaggaggs
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SEQ ID NO: 31

>GFAP nc 000017.11 nt -1991-0 Homo sapiens glial fibrillary acidic protein (GFAP)
ggcaacatggcaagaccctatctctacaaaaaaagttaaaaaatcagecacgtgtggtgacacacacctgtagtcccagetattcagg
aggctgaggtgagggooatcacttaaggctgggagettgagaoctgcagtgagtegtggttgegecactgeactccagectgggeaac
agtgagaccctgtctcaaaagacaaaaaaaaaaaaaaaaaaaaaaagaacatatcctggtgtggagtagggoacgetgetctgacag
aggctcggggocctgagetggctetgtgagetggggageagecagacagecaggcectigtctgcaagecagacctggeageattgg
gctggecgecccccagggectectcttcatgeccagtgaatgactcaccttggcacagacacaatgttcggggtgggcacagtgect
gcttcecegecgeaccccageccecctcaaatgecticcgagaageccattgageagggggcttgeattgcaccccagectgacagee
tggcatcttgggataaaagcagcacageccectaggggctgeccttgetgtgtggcgecaccggcggtggagaacaaggetctattc
agcctgtgeccaggaaaggggatcaggggatgcccaggeatggacagtgggtegcagggggggagaggagoactgtetgcttee
cagaagtccaaggacacaaatgggtgaggggactgggcagggttctgacectgtgggaccagagtggagggcgtagatggacctg
aagtctccagggacaacagggceccaggtctcaggctectagttgggcccagtggetccagegtttccaaacccatccatecccagag
gttcttcecatctctccaggcetgatgtgtgogaactcgaggaaataaatctccagtgggagacggagggogtooccagggaaacgggog
cgctgeaggaataaagacgagecageacagecageteatgtgtaacggetttgtggagetgtcaaggectggtetetgggagagag
gcacagggaggccagacaaggaaggggtgacctggagggacagatccaggggctaaagtcctgataaggcaagagagtgecgg
cccectettgecctatcaggacctecactgecacatagaggecatgattgaccecttagacaaagggetggtgtccaatceccageccee
agccccagaactccagggaatgaatgggcagagagcaggaatgtgggacatctgtgttcaagggaaggactccaggagtetgetgg
gaatgaggcctagtaggaaatgaggtgoccetigagggtacagaacaggttcattcttcgecaaattcccageaccttgecaggcactta
cagctgagtgagataatgcectgggttatgaaatcaaaaagttggaaagcaggtcagaggtcatctggtacageccttecttecctttttttt
tttttttttgtgagacaaggtctctetctgttgeccaggetggagtggcgeaaacacagetecactgecagectcaacctactgggctcaag
caatcctccagectcagecteccaaagtgetgggattacaageatgagecaccccactcagecctttecttectttttaattgatgeataat
aattgtaagtattcatcatggtccaaccaaccctttcttgacccaccttcctagagagagggtectcttgcttcageggtcagggccccag
acccatggtctggctccaggtaccacctgectcatgcaggagttggcgtegcccaggaagetctgectetgggcacagtgacctcagtg
gggteaggggagctctccccatagetgggcetgeggeccaaccecaccecctcaggetatgecagggggtgttgccaggggcacce
gggcatcgccagtctageccactccttcataaagecctegeatcccaggagega gecagagecagageagg

SEQ ID NO: 32

Tag

>HA
tatccttatgacgtgectgactatgec

Polyadenylation signals

SEQ ID NO: 33

>hGH ng 011676.1 nt 6537-7013
ggeotoocatccctgtgaccectecccagtgectetectggecctggaagttgecactccagtgeccaccagecttgtectaataaaatta
agttgcatcattttgtctgactaggtgtccttctataatattatggggtggaggegootootatggagcaaggggcaagttgggaagaca
acctgtagggocctgeggggtctattgggaaccaagetggagtgcagtggcacaatcttggetcactgeaatetecgectectgggttca
agcgattctcctgectcagecteccgagttgttgggattccaggeatgeatgaccaggetcagetaatttttgtitttttggtagagacggg
gtttcaccatattggccaggcetggtetccaactectaatctcaggtgatctacccaccttggectcccaaattgetgggattacaggegty
aaccactgctcecttccetgtectt

SEQ ID NO: 34

>rBG ah001222.2, nt 1623-1749
gatctttttccctetgeccaaaaattatggggacatcatgaagecccttgageatctgacttctggctaataaaggaaatttattttcattgcaa
tagtgtgttggaattttttgtgtctctcacteg

SEQ ID NO: 35
>rBG ah001222.2, nt 1690-1745
aataaaggaaatttattttcattgcaatagtgtottggaattttttgtotctctca
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SEQ ID NO: 36
SYNTHETIC PSEN1 CDNA with maximum number of CpG dinucleotides removed by
altering only tolerant codons. Changed codon are indicated in lower case.
ATGACAGAGTTACCTGCAccaTTGTCCTACTTCCAGAATGCACAGATGTCTGAGGACAACCA
CCTGAGCAATACTGTACGTAGCCAGAATGACAATAGAGAAagaCAGGAGCACaatGACAGAC
GGAGCCTTGGCCACCCTGAGCCATTATCTAATGGAagaCCCCAGGCGTAACTCCagaCAGGTG
GTGGAGCAAGATGAGGAAGAAGATGAGGAGCTGACATTGAAATATggLGCCAAGCATGTGAT
CATGCTCTTTGTCCCTGTGACTCTCTGCATGGTGGTGgLtGTGGCTACCATTAAGTCAGTCA
GCTTTTATACCCGGAAGGATGGGCAGCTAATCTATACCCCATTCACAGAAGATACCGAGACT
GTGGGCCAGAGAGCCCTGCACTCAATTCTGAATGCTGCCATCATGATCAGTGTCATTGTTGT
CATGACTATCCTCCTGGTGGTTCTGTATAAATACAGGTGCTATAAGGTCATCCATGCCTGGC
TTATTATATCATCTCTATTGTTGCTGTTCTTTTTTTCATTCATTTACTTGGGGGAAGTGTTT
AAAACCTATaatGTTGCTGTGGACTACATTACTGTTGCACTCCTGATCTGGAATTTTGGTGT
GGTGGGAATGATTTCCATTCACTGGAAAGGTCCACTTagaCTCCAGCAGGCATATCTCATTA
TGATTAGTGCCCTCATGGCCCTGGTGTTTATCAAGTACCTCCCTGAATGGACTgCccTGGCTC
ATCTTGGCTGTGATTTCAGTATATGATTTAGTGGCTGTTTTGTGTCcccAAAGGTCCACTTCG
TATGCTGGTTGAAACAGCTCAGGAGAGAAATGAAaccCTTTTTCCAGCTCTCATTTACTCCT
CAACAATGGTGTGGTTGGTGAATATGGCAGAAGGAGACCccaGAAGCTCAAAGGAGAGTATCC
AAAAATTCCAAGTATAATGCAGAAAGCACAGAAAGGGAGTCACAAGACACTGTTGCAGAGAA
TGATGATggtGGGTTCAGTGAGGAATGGGAAGCCCAGAGGGACAGTCATCTAGGGCCTCATa
ggTCTACACCTGAGTCAagaGCTGCTGTCCAGGAACTTTCCAGCAGTATCCctgGCTGGTGAA
GACCCAGAGGAAAGGGGAGTAAAACTTGGATTGGGAGATTTCATTTTCTACAGTGTTCTGGT
TGGTAAAGCCTCAGCAACAGCCAGTGGAGACTGGAACACAACCATAGCCTGTLLtGTAGCCA
TATTAATTGGTTTGTGCCTTACATTATTACTCCTTGCCATTTTCAAGAAAGCATTGCCAGCT
CTTCCAATCTCCATCACCTTTGGGCTTGTTTTCTACTTTGCCACAGATTATCTTGTACAGCC
TTTTATGGACCAATTAGCATTCCATCAATTTTATATCTAG
SEQ ID NO:37
hPSEN1v1.5. PSEN1 with certain tolerant codons changed to highly preferred synonymous
codons. Changed codons are in lower case.
ATGACAGaaTTACCTgeccceceTTGaygeTACTTC Ci““ATZCA““” \T5agcGAGGACAAC
CACCTGAGCAATACTGTACGTAGCCAGRATGAC2acAGAGAACGGCAGY2a CACAACGAC
aggC ctgGGL! ) cccctg1= &AT( aGaPZCLX5u(1 ﬂLaguaqa
CA }" gaaCAAGH / > G
ca CATGCT lG.TLG\ ] r‘u J (mL, T
A”RGageGTCAGCTTTTATACCCGGAAGGATGE
gacACCGAGACTGTGCGCCAGAGAGE C_E?AJg(va“A”Fan“mC
agcGTCATTGTTGTCATGACTATCCTCCTGGTGETTCTGTATARAATACAS! CTATAAG
GTCATCCATGCCTGG TATCATCTctgTTGa qC1f=TCTTT;TTagCde T
TACCtgggCeCGAAGTGT ATAARCGTTgccGTGGE
sGaactieyge GG C LAL”CA(LJQFAA4
CAGGCAta Ti.- atct ”CAT“"CCLFGGE’ C.

C s g TATGATTTAG JCpT
CTaqtg AAvaUuTCﬂugPaﬁGPmuuC,G
\RCAATGG TqC teG “SLATATCQ”CCAu

TATA CACA

TGGTG
Jt¢ fa .
.TA(CCCAIW‘AfP&A*

g“TMTZCTCCT CP

’PﬁGppkgAm” sfe / ' AGAALAGGGGAGTARAA
TCatcTTCTACAGTGTT \:LcuTxgm ARAGCCageGCAACAgCT
agJcGGAGACTGG FZLACAcbaA”ﬂGPCTGT TCGTAGCCatcTTAATTggecctgTGCCTT
ACACtLctglTCotgGClateTTCARGaaggcectgCCAgooctgectATCagcATCACC
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LteGGGCTTGTTTTCTACTTTGCCaceGATTATctggtgCAGeccttcATGGACCcagety
gecoeTTCcaccagTTTtacATCTAG

SEQ ID NO: 38
hPSEN1v2.0. PSEN1 with certain tolerant codons changed to highly preferred synonymous
codons. Changed codons are in lower case.
A.TGACAGAFT“"ACCTC‘”PCCCT"‘"‘m’"C TACTTCCAGAATGC
AATACTGTAC ;-‘m.;‘GC(ﬂ/"CTA;}TGI\hR ATAGRGARCG

PLZ\’”]X”TmC TuACbl‘CPAC
: CACRACGAC
AAC
ATGCGECAGCCAAG

ACCATT
i LHTacc”c TTCACAGAR
CCTGCACTCAATTY C’”r“APTm,TGF"“ATCATbI‘\mC
STTCTTTTTTTCATTCATT
CATTACTGTTGCACTC
“"‘Aﬁ\_zixggc (,C.r“«_c Tcogg
A l‘AC

BGIGICIE)

_)

GATACCOAGACTGTGEGCCAGAGEG
GTplm“P‘ﬁ*P“”th*bAT mﬂﬁwATCThrUT C TJC
; ‘GTL’IT TW:@J&CCﬁA"‘_?\?;C ;

73 o U p
CCTCAACAAT ;TUTQCJ TGGTGAATAT GulJnCP
‘GACtb TCCARAAATTCCAAGTATAATGCAGAAAGCACA
“”‘CTT(JCT CAGARATGATGATGGCGGGTTCAGTGAGGAATGS
CATCGCTCTACAL b

ggce A‘-u“( (,C'i :

y: : AGCCatcTTAATTggC TJ lJr“G T
ACAtLgL tu CTCCtuuC"‘AT T T"-‘CAA@-LAALJCAT TGCCAGCTCctcCCAATCTCCATCACC
TTTG CACAGATTATCctegtgCAGCCTTTTATGGACCcagtty
GCATTCC G

SEQ ID NO:39

hPSEN1 v3.0 PSEN1 with tolerant codons changed to highly preferred synonymous codons.
Changed codons are in lower case.
ATGACAGAGTTACCTgcccceccTTGagecTACTTCCAGAATGCACAGATGagcGAGGACAACCA
CCTGAGCAATACTGTACGTAGCCAGAATGACaacAGAGAACGGCAGGAGCACAACGACAGAC
GGAGCctgGGCCACCCTGAGecccctgagecAATGGRagaCCCCAGGGTAACagecCGGCAGGTG
GTGGAGcagGATGAGGAAgaggacGAGGAGCTGaccctgaagtacGGCGCCAAGCcacGTGAT
CATGCTCttcgtgcccGTGACTCTCTGCATGGTGGTGgtgGTGGCTACCatcAAGageGTCA
GCTTTTATACCCGGAAGGATGGGCAGCTAATCTATACCCCATTCACAGAAGgacACCGAGACT
GTGGGCCAGAGAGCCCTGCACTCAatcCTGAATgCccGCCATCATGATCageGTCATTGTTGT
CATGACTATCCTCCTGGTGGTTCTGTATAAATACAGGTGCTATAAGGTCATCCATGCCTGGC
tgatcATATCATCTctgTTGectgCTGTTCTTTTTTagecTTCATTTACCtgggeGAAGTGTTT
ARAACCTATAACGTTgccGTGGACTACATTACTGTTgeccCTCCTGATCTGGaactteggeGT
GGTGggcATGATTagcATTCACTGGAAAggcccecctgagactgCAGCAGGCAtacCTCatcA
TGatcagcGCCCTCATGGCCCT
GGTGttcATCAAGTACctgcccgagTGGACTgecTGGCTCATCTTGGCTGTGatcagegtgT
ATGATTTAGTGGCTGTTCctgTGTCCCARAGGTCCACtgCGTATGCTGgtggagACAGCTCAG
GAGAGAAATGARaccctgTTTcccGCTctgATTTACTCCTCRaCcCATGGTGTGGCLgGTGAA
TATGgccGAAGGAGACcccGAAgeccCAACcggAGAgtgagcARAaacagcAAGTATaacgccg
agAGCACAGAAAGGGAGagccagGACaccGTTgeccGAGAATgacGATGGCgge TTCAGTGAG
gagTGGGAAGCCCAGAGGGACagccacctgGGGeecccacagaagcacccccGAGagcagagce
cGCTGTCCAGGAACtgTCCAGCagcATCctggccggcGAAGACCCcCcGAGGAAAGGGGAGTAA
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agCTTGGACTtgGGAGATTTCatcTTCTACAGTGTTCTGGTTggCcARAGCCagcGCAACAGCC
agcGGAGACTGGAACACAACCATAGCCTGTTTCGTAGCCatcTTAATTggecctgTGCCTTac
cctgctgCTCctgGCCatcTTCAAGaaggccctgCCAgeccctgecccATCagecATCACCEECG
GGCTTGTTTTCTACTTTGCCaccGATTATctggtgCAGecccttcATGGACcagectggecTTC
caccagTTTtacATCTGA

SEQ ID NO:40

CAG promoter used in pAT029, pAT024, and pATO022
GACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCA
TAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGC
TGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAG
TAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGACTATTTACGGTAAAC
TGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGAC
GTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGG
ACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGGTCGA
GGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAA
TTTTGTATTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGG
GGGGCGCGCGCCAGGCGGGGCGGGGCGGGGCGAGGGGCGGGGCGGGGCGAGGC
GGAGAGGTGCGGCGGCAGCCAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTTA
TGGCGAGGCGGCGGCGGCGGCGGCCCTATAAAAAGCGAAGCGCGCGGCGGGCG
GGAGTCGCTGCGTTGCCTTCGCCCCGTGCCCCGLCTCCGCGCCGCCTCGCGCCGCC
CGCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGGGCGGGACGGCC
CTTCTCCTCCGGGCTGTAATTAGCGCTTGGTTTAATGACGGCTCGTTTCTTTTCTG
TGGCTGCGTGAAAGCCTTAAAGGGCTCCGGGAGGGCCCTTTGTGCGGGGGGGAG
CGGCTCGGGGGGTGCGTGCGTGTGTGTGTGCGTGGGGAGCGCCGCGTGCGGLCCC
GCGCTGCCCGGCGGCTGTGAGCGCTGCGGGCGCGGCGCGGGGCTTTGTGCGCTC
CGCGTGTGCGCGAGGGGAGCGCGGCCGGGGGCGGTGCCCCGCGGTGCGGGGGG
GCTGCGAGGGGAACAAAGGCTGCGTGCGGGGTGTGTGCGTGGGGGGGTGAGCA
GGGGGTGTGGGCGCGGCGGTCGGGCTGTAACCCCCCCCTGCACCCCCCTCCCCG
AGTTGCTGAGCACGGCCCGGCTTCGGGTGCGGGGCTCCGTGCGGGGCGTGGCGC
GGGGCTCGCCGTGCCGGGCGGGGGGTGGLCGGCAGGTGGGGGTGCCGGGLCGGGG
CGGGGCCGCCTCGGGCCGGGGAGGGCTCGGGGGAGGGGCGCGGCGGCCCCGGA
GCGCCGGCGGCTGTCGAGGCGCGGCGAGCCGCAGCCATTGCCTITTATGGTAATC
GTGCGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTGGCGGAGCCGAAATCT
GGGAGGCGCCGCCGCACCCCCTCTAGCGGGCGCGGGCGAAGCGGTGCGGCGCCG
GCAGGAAGGAAATGGGCGGGGAGGGCCTTCGTGCGTCGCCGCGCCGCCGTCCCC
TTCTCCATCTCCAGCCTCGGGGCTGCCGCAGGGGGACGGCTGCCTTCGGGGGGG
ACGGGGCAGGGCGGGGTTCGGCTTCTGGCGTGTGACCGGCGGCTCTAGAGCCTC
TGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACAG

SEQ ID NO: 41

Expression cassette for AAV production containing AAV2 ITRs (1-141, 4553-4693),
Presenilin 1 promoter (underlined 237-1200), a synthetic human beta-globin intron (1221-
1786), HA-tag (1866-1898), codon-optimized human presenilin 1v1.5 (uppercase SEQ ID NO:
37, 1899-3299), human growth hormone polyadenylation sequence (3330-3806) and albumin
genomic sequence (3810-4522).
cctgeaggceagcetgegegetegetcgetcactgaggecgeccgggcaaageccgggegtegggegacctttggtegeccggecte
agtgagcgagcegagegegeagagagggagtggecaactecatcactaggggticctgeggecaaticagtcgataactataacggt
cctaaggtagcgatttaaatacgcgetctettaaggtageccegggacgegtcaattgagatctcgggeotogatttttaaagaaacttta
gaagaatgtaacttgcccagataccatgtaccgttaatttcattttcggttttttgaatacccatgtitgacatttctccgticaccttgattaaat
aaggtagtattcattttttagttttagcttttgoatatatgtetaast; atgctgtctaatgaattagacattggatactgtctttaccaaaac
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tggacaaagagcaggcagatgcaaaaatcaagtgacccageaaaccagacacattttetgctetcagetagettgccacctagaaaga
ctggttatcaaagggocagtccaagaatcgeggagaatatttaaaatgcagtttctcaggttctcgecacccaccagaagtttteatteat

ccacgctgttttgacctccatagaagacaccgggaccgatccagectecgeggattcgaatceccggecgggaacggtgcattggaac
geggattcceccgtgecaagagtgacgtaagtaccgectatagagtctataggeccacaaaaaatgcetttettcttttaatatacttttttgttt
atcttatttctaatactttccctaatctctttctttcagggcaataatgatacaatgtatcatgectctttgcaccattctaaagaataacagtgat
aatttctgggttaaggcaatagcaatatttctgcatataaatatttctgecatataaattgtaactgatgtaagaggtttcatattgctaatagea
gctacaatccagctaccattctgcttttatttigtggttggoataaggetggattattctgagtccaagetaggeccttitgetaatcgtgtica
tacctcttatcttcctcccacagetectgggeaacgtgetggtetgtgtgctggeccatcactttggcaaagaattaccggtetectgggc
aacgtgctggttattgtectgtcteatcattttggcaaagaattcacgecccagagecgecaccATGgectacccatacgatgttccag
attacgct ACAGAATTACCTGCCCCCTTGAGCTACTTCCAGAATGCACAGATGAGCGA
GGACAACCACCTGAGCAATACTGTACGTAGCCAGAATGACAACAGAGAACGGCA
GGAACACAACGACAGGCGGAGCCTGGGCCACCCTGAGCCCCTGTCTAATGGAAG
ACCCCAGGGTAACAGCAGACAGGTGGTGGAACAAGATGAGGAAGAGGACGAGG
AGCTGACCCTGAAGTACGGCGCCAAGCACGTGATCATGCTCTTCGTGCCCGTGAC
TCTCTGCATGGTGGTGGTGGTGGCTACAATCAAGAGCGTCAGCTTTTATACCCGG
AAGGATGGGCAGCTAATCTATACCCCATTCACAGAAGACACCGAGACTGTGGGC
CAGAGAGCCCTGCACTCAATCCTGAATGCCGCCATCATGATCAGCGTCATTGTTG
TCATGACTATCCTCCTGGTGGTTCTGTATAAATACAGGTGCTATAAGGTCATCCA
TGCCTGGCTGATCATATCATCTCTGTTGCTGCTGTTCTTTTTTAGCTTCATTTACCT
GGGCGAAGTGTTTAAAACCTATAACGTTGCCGTGGACTACATTACTGTTGCCCTC
CTGATCTGGAACTTCGGCGTGGTGGGCATGATTTCCATTCACTGGAAAGGCCCCC
TGAGACTGCAGCAGGCATACCTCATTATGATCTCCGCCCTCATGGCCCTGGTGTT
CATCAAGTACCTGCCCGAGTGGACTGCTTGGCTCATCTTGGCTGTGATCTCCGTG
TATGATTTAGTGGCTGTTCTGTGTCCTAAAGGTCCACTGCGTATGCTGGTGGAAA
CAGCTCAGGAAAGAAATGAAACACTGTTTCCTGCTCTGATTTACTCCTCAACAAT
GGTGTGGCTCGTGAATATGGCCGAAGGAGACCCTGAAGCCCAACGGAGAGTGTC
CAAAAACTCCAAGTATAACGCCGAGAGCACAGAAAGGGAGAGCCAGGATACAG
TTGCCGAGAATGACGATGGCGGCTTCAGTGAGGAATGGGAAGCCCAGAGGGACA
GCCACCTGGGGCCTCACAGAAGCACCCCTGAGTCTAGAGCCGCTGTCCAGGAAC
TGTCCAGCTCCATCCTGGCCGGCGAAGACCCCGAAGAAAGGGGAGTAAAACTTG
GACTGGGAGATTTCATCTTCTACAGTGTTCTCGTTGGCAAAGCCAGCGCAACAGC
TAGCGGAGACTGGAACACAACAATAGCCTGTTTCGTAGCCATCTTAATTGGCCTG
TGCCTTACACTTCTGCTCCTGGCCATCTTCAAGAAGGCCCTGCCAGCCCTGCCTAT
CAGCATCACCTTCGGGCTTGTTTTCTACTTTGCCACCGATTATCTGGTGCAGCCCT
TCATGGACCAGCTGGCCTTCCACCAGTTTTACATCTAGtaagcggecgecctagggagetecteg
agggggtgocatccctgtgacccctecccagtgectetectggeectggaagttgecactccagtgeccaccagecttgtectaataaa
attaagttgcatcattttgtctgactaggtgtecttctataatattatggggotggagggggotootatggagcaagggocaagggeggaa
gacaacctgtagggcctgcggggtctattgggaaccaagetggagtgcagtggcacaatcttggetcactgcaatctecgectectgg
gttcaagcgattctectgectcagectececgagttgttgggattccaggeatgeatgaccaggetcagetaatttttgtitttitggtagaga
cggggtttcaccatattggecaggetggtetceccectectaatetcaggtgatctacecaccttggecteccaaattgetgggattacagg
cgtgaaccactgetcectteectgtecttggectaggtttettgagacctctacaagaggggeagttgacacttggggtactitcttggtot
aacgaactaatagcctgaaaaaaagaagtcatgtgttttcagcaaggcaagaaactgtctaacatagtagataaaacagagaacacttg
gccggaatcaactaagatgttgctatgticcattcatcatattatctccatctgcagagtagtgggttagtggagggtagaaaacattctee
tgaacaactagttaaacttggctttgagttccacctgtaccacttgecataatcttgggaaagtgagttgectaattcagtgacattaataaatt
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tattaatttcttctttcaataaaacctggagagagcttcatatgtatcagceatatgctaaacttgaaagatacaagtagaaaatggaaggaa

atatatctgactcaatagggatagttcaagggttaaattaaaagtagtaaagtattataattaatctgacatggtacctaatatataataatca
tgtattaagaatgccagtcaccattaaaagtcaatgtatgactttaatctactcgaggaaagaaactatgtcttgttcactgttattatctctaa
aatccataatcagaagagcaccatgtgtatgagccacacaataaatatctactgtataatatgtctcttcttgtttttaaccttcatagataag

acttagggataacagggtaatggcgcgggccgeaggaaccectagtgatggagttggecactecctctetgegegetegetegetea
ctgaggcecgggcgaccaaaggtcgeccgacgeccgggctttgccegggeggcctecagtgagegagegagegegeagetgectg

cagg

SEQ ID NO: 42

Expression cassette for AAV production containing AAV2 ITRs (1-141, 4554-4694),
Ubiquitin C promoter (underlined, 237-1323), a synthetic human beta-globin intron (1344-
1909), HA-tag (1989-2015), codon-optimized human presenilin 1v1.5 (uppercase SEQ ID NO:
37, 1983-3416), human growth hormone polyadenylation (3447-3923) and human growth
hormone genomic sequence (3924-4523).
cctgecaggceagetgegegcetegetcgetcactgaggecgeccgggceaaageccgggegtegggegacctttggtegececggecte
agtgagcgagcegagcgegeagagagggagtggecaactccatcactaggggticetgeggecaattcagtcgataactataacggt
cctaaggtagegatttaaatacgcgetctcttaaggtageccegggacgcegtcaattgagatcteggtgeageggecteecgegecggg
ttttggcgecteccgegggcgeccccetectcacggegagegetgecacgtcagacgaagggcgcaggagegticetgatecttce
geecggacgetcaggacageggeccgetgeteataagactcggccttagaaccecagtatcagecagaaggacattttaggacggga
cttgggotoactctagggcactggttitctttccagagagcggaacaggcgaggaaaagtagtccctictcgocgatictgcggaggoat

ctcegtg ggg ggtgaacgccgatgattatataaggacgcgccgggtgtggcacagctagttccgtcgcagc cgggatttgggtcgc

ccggtaggtgtgcggtaggcttttctccg;tcgcaggacgcaggg gggcctagggtaggctctcctgaatcgacaggcgccgga
ctetggtgaggggaggoataagtgaggcgtcagtttetttggteggttttatgtacctatcticttaagtagetgaagetecggttttgaact
atgactagtaaaaagcttcgtttagtgaaccgtcagatcgectggagacgecatecacgetgttttgacctccatagaagacaccggga
ccgatccagectecgeggattcgaatcccggecgggaacggtgeattggaacgeggattccccgtgecaagagtgacgtaagtace
gcctatagagtctataggcccacaaaaaatgctttcttcttttaatatacttttttgtttatcttatttctaatactttccctaatctctttctttcagg
gcaataatgatacaatgtatcatgectctttgcaccattctaaagaataacagtgataatttctgggttaaggcaatagcaatatttctgcata
taaatatttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagctacaatccagcetaccattctgcttttattttgtggtt
gggataaggetggattattctgagtccaagetaggoccttitgctaategtgttcatacctettatettceteccacagetectgggcaacgt
getggtetgtgtectggeccatcactttggcaaagaattaccggtggeaacgtgctggttattgtgctgtetcatcattttggcaaagaatt
cacgccccagagecgecaccATGgcectacccatacgatgttccagattacgct ACAGAATTACCTGCCCCCTTG
AGCTACTTCCAGAATGCACAGATGAGCGAGGACAACCACCTGAGCAATACTGTA
CGTAGCCAGAATGACAACAGAGAACGGCAGGAACACAACGACAGGCGGAGCCT
GGGCCACCCTGAGCCCCTGTCTAATGGAAGACCCCAGGGTAACAGCAGACAGGT
GGTGGAACAAGATGAGGAAGAGGACGAGGAGCTGACCCTGAAGTACGGCGCCA
AGCACGTGATCATGCTCTTCGTGCCCGTGACTCTCTGCATGGTGGTGGTGGTGGC
TACAATCAAGAGCGTCAGCTTTTATACCCGGAAGGATGGGCAGCTAATCTATACC
CCATTCACAGAAGACACCGAGACTGTGGGCCAGAGAGCCCTGCACTCAATCCTG
AATGCCGCCATCATGATCAGCGTCATTGTTGTCATGACTATCCTCCTGGTGGTTCT
GTATAAATACAGGTGCTATAAGGTCATCCATGCCTGGCTGATCATATCATCTCTG
TTGCTGCTGTTCTTTTTTAGCTTCATTTACCTGGGCGAAGTGTTTAAAACCTATAA
CGTTGCCGTGGACTACATTACTGTTGCCCTCCTGATCTGGAACTTCGGCGTGGTG
GGCATGATTTCCATTCACTGGAAAGGCCCCCTGAGACTGCAGCAGGCATACCTCA
TTATGATCTCCGCCCTCATGGCCCTGGTGTTCATCAAGTACCTGCCCGAGTGGAC
TGCTTGGCTCATCTTGGCTGTGATCTCCGTGTATGATTTAGTGGCTGTTCTGTGTC
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CTAAAGGTCCACTGCGTATGCTGGTGGAAACAGCTCAGGAAAGAAATGAAACAC
TGTTTCCTGCTCTGATTTACTCCTCAACAATGGTGTGGCTCGTGAATATGGCCGA
AGGAGACCCTGAAGCCCAACGGAGAGTGTCCAAAAACTCCAAGTATAACGCCGA
GAGCACAGAAAGGGAGAGCCAGGATACAGTTGCCGAGAATGACGATGGCGGCT
TCAGTGAGGAATGGGAAGCCCAGAGGGACAGCCACCTGGGGCCTCACAGAAGC
ACCCCTGAGTCTAGAGCCGCTGTCCAGGAACTGTCCAGCTCCATCCTGGCCGGCG
AAGACCCCGAAGAAAGGGGAGTAAAACTTGGACTGGGAGATTTCATCTTCTACA
GTGTTCTCGTTGGCAAAGCCAGCGCAACAGCTAGCGGAGACTGGAACACAACAA
TAGCCTGTTTCGTAGCCATCTTAATTGGCCTGTGCCTTACACTTCTGCTCCTGGCC
ATCTTCAAGAAGGCCCTGCCAGCCCTGCCTATCAGCATCACCTTCGGGCTTGTTT
TCTACTTTGCCACCGATTATCTGGTGCAGCCCTTCATGGACCAGCTGGCCTTCCAC
CAGTTTTACATCTAGtaagcggecgecctagggagetectcgagggggtggcateectgtgaccectecccagtgect
ctectggecctggaagttaccactccagtgeccaccagecttgtectaataaaattaagttgeatcattttgtetgactaggtgtecttctat
aatattatggggtogagogoootogtatggagcaaggggcaaggggggaagacaacctgtagggectgeggggictatigggaac
caagctggagtgcagtggceacaatcttggctcactgcaatctccgectectgggttcaagegattctectgectcagecteccgagttgt
tgggattccaggcatgcatgaccaggcetcagctaattittgtitttttggtagagacggggtttcaccatattggecaggetggtcteccce
tcctaatctcaggtgatctacccaccttggectcccaaattgetgggattacaggegtgaaccactgeteccttecctgtectictgatttta
aaataactataccagcaggaggacgtccagacacagcataggctacctggecatgcccaaccggtgggacatttgagttgcttgettg
gcactgtcctctcatgegttgggtecactcagtagatgectgttgaattcctgggectagggetgtgecagetgectegteccgteacctt
ctggcttcttctctecctecatatettagetgttttcctcatgagaatgttccaaattcgaaatttctatttaaccattatatatttacttgtttgctat
tatctctgeccccagtagattgttagetccagaagagaaaggatcatgtettttgettatctagatatgeccatctgectggtacaatctetg
gcacatgttacaggcaacaactacttgtggaattggtgaatgcatgaatagaagaatgagtgaatgaatgaatagacaataggcagaa
atccagcctcaaagagcttacagtctggtaagaggaataaaatgtctgcaaatagecacaggacaggtcaaaggaaggaggooctat
ttccagetgagggcaccccatcaggaaageaccccagacticcttagggataacagggtaatggcgegggccgeaggaaccectag
tgatggagttggccactceectetetgegegetegetegetcactgaggecgggegaccaaaggtegeccgacgeecgggctttgece
gggcggcctcagtgagegagegagegegeagetgectgeagg

SEQ ID NO: 43

Expression cassette for AAV production containing AAV2 ITRs (1-141, 4554-4694), CBA
promoter (underlined, 237-890), a synthetic human beta-globin intron (911-1476), HA-tag
(1556-1582), codon-optimized human presenilin 1v1.5 (uppercase SEQ ID NO: 37, 1550-
2983), human growth hormone polyadenylation (3014-3490) and human growth hormone
genomic sequence (3014-3491).
cctgecaggeagetgegegetegetecgetcactgaggecgeccgggeaaageccgggegtegggegacctttggtegeccggecte
agtgagcgagegagegegeagagagggagtggccaactccatcactaggggticctgeggcecaattcagtcgataactataacggt
cctaaggtagegatttaaatacgegcetetettaaggtageccegggacgegtcaattgagatetccgacattgattattgactagttattaa
tagtaatcaattacggggtcattagttcatagcccatatatggagticcgegttacataacttacggtaaatggeccgectggetgaccge
ccaacgaccceccgeccattgacgtcaataatgacgtatgttcccatagtaacgecaatagggactttccattgacgtcaat
atttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgeccectattgacgtcaatgacggtaaatggccceg
cctggcattatgcccagtacatgaccttat actttcctacttggcagtacatctacgtattagtcatcgctattaccatgtcgaggcca

cgttetgcttcactetccccatctcccccccetececccacceccaattttgtatttatttattitttaattattttgtocagegatggegocggog

ggoagcaagceticgtttagtgaaccgtcagatcgectggagacgecatccacgetgttttgacctccatagaagacaccgggaccgat
ccagectecgeggattcgaatcccggecgggaacggtgcatiggaacgeggattcceccgtgccaagagtgacgtaagtaccgectat
agagtctataggcccacaaaaaatgcetttcticttttaatatacttttttgtttatcttatttctaatactttccctaatctctttctttcagggcaata
atgatacaatgtatcatgcctctttgcaccattctaaagaataacagtgataatttctgggttaaggcaatagcaatatttctgeatataaata
tttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagecagcetacaatccagetaccattetgcttttattitgtogttogoat
aaggctggattattctgagtccaagctaggceccttttgctaatcgtgttcatacctcttatcttcctcccacagetectgggeaacgtgctgg
tetgtgtgctggcccatcactttggcaaagaattaccggtggcaacgtgctggttattgtgctgtetcatcatittggcaaagaattcacge
cccagagecgecaccATGgectacccatacgatgtteccagattacgct ACAGAATTACCTGCCCCCTTGAGC
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TACTTCCAGAATGCACAGATGAGCGAGGACAACCACCTGAGCAATACTGTACGT
AGCCAGAATGACAACAGAGAACGGCAGGAACACAACGACAGGCGGAGCCTGGG
CCACCCTGAGCCCCTGTCTAATGGAAGACCCCAGGGTAACAGCAGACAGGTGGT
GGAACAAGATGAGGAAGAGGACGAGGAGCTGACCCTGAAGTACGGCGCCAAGC
ACGTGATCATGCTCTTCGTGCCCGTGACTCTCTGCATGGTGGTGGTGGTGGCTAC
AATCAAGAGCGTCAGCTTTTATACCCGGAAGGATGGGCAGCTAATCTATACCCC
ATTCACAGAAGACACCGAGACTGTGGGCCAGAGAGCCCTGCACTCAATCCTGAA
TGCCGCCATCATGATCAGCGTCATTGTTGTCATGACTATCCTCCTGGTGGTTCTGT
ATAAATACAGGTGCTATAAGGTCATCCATGCCTGGCTGATCATATCATCTCTGTT
GCTGCTGTTCTTTTTTAGCTTCATTTACCTGGGCGAAGTGTTTAAAACCTATAACG
TTGCCGTGGACTACATTACTGTTGCCCTCCTGATCTGGAACTTCGGCGTGGTGGG
CATGATTTCCATTCACTGGAAAGGCCCCCTGAGACTGCAGCAGGCATACCTCATT
ATGATCTCCGCCCTCATGGCCCTGGTGTTCATCAAGTACCTGCCCGAGTGGACTG
CTTGGCTCATCTTGGCTGTGATCTCCGTGTATGATTTAGTGGCTGTTCTGTGTCCT
AAAGGTCCACTGCGTATGCTGGTGGAAACAGCTCAGGAAAGAAATGAAACACTG
TTTCCTGCTCTGATTTACTCCTCAACAATGGTGTGGCTCGTGAATATGGCCGAAG
GAGACCCTGAAGCCCAACGGAGAGTGTCCAAAAACTCCAAGTATAACGCCGAGA
GCACAGAAAGGGAGAGCCAGGATACAGTTGCCGAGAATGACGATGGCGGCTTC
AGTGAGGAATGGGAAGCCCAGAGGGACAGCCACCTGGGGCCTCACAGAAGCAC
CCCTGAGTCTAGAGCCGCTGTCCAGGAACTGTCCAGCTCCATCCTGGCCGGCGAA
GACCCCGAAGAAAGGGGAGTAAAACTTGGACTGGGAGATTTCATCTTCTACAGT
GTTCTCGTTGGCAAAGCCAGCGCAACAGCTAGCGGAGACTGGAACACAACAATA
GCCTGTTTCGTAGCCATCTTAATTGGCCTGTGCCTTACACTTCTGCTCCTGGCCAT
CTTCAAGAAGGCCCTGCCAGCCCTGCCTATCAGCATCACCTTCGGGCTTGTTTTCT
ACTTTGCCACCGATTATCTGGTGCAGCCCTTCATGGACCAGCTGGCCTTCCACCA
GTTTTACATCTAGtaagcggccgeectagggagetectegagggggtggcatecctgtgaccectccccagtgectetee
tggcecctggaagttgecactccagtgeccaccagecttgtcctaataaaattaagttgcatcattttgtctgactaggtgtecttctataatat
tatggggotagagogoootagotatggagcaagggecaagggegoaagacaacctgtagggcctgeggggtetattgggaaccaag
ctggagtgcagtggcacaatcttggetcactgeaatcteccgectectgggttcaagegattetectgectcagecteccgagttgttgeg
attccaggcatgcatgaccaggctcagcetaatttttgtttttttggtagagacggggtttcaccatattggecaggetggtcteccectecta
atctcaggtgatctacccaccttggecteccaaattgetgggattacaggegtgaaccactgeteccttcectgtectictgattttaaaata
actataccagcaggaggacgtccagacacagcataggcetacctggecatgeccaaccggtgggacatttgagttgcttgettggeact
gtectetcatgegttgggtecactcagtagatgectgttgaattcetgggectagggcetgtgecagetgectegtecegteaccttetgge
ttettetetecctecatatettagetgttttcctcatgagaatgttccaaattcgaaatttctatttaaccattatatatttacttgtttgetattatcte
tgcceccagtagattgttagetccagaagagaaaggatcatgtcettttgettatctagatatgeccatetgectggtacaatetetggeaca
tgttacaggcaacaactacttgtggaattggtgaatgcatgaatagaagaatgagtgaatgaatgaatagacaataggcagaaatccag
cctcaaagagcttacagtctggtaagaggaataaaatgtetgeaaatagecacaggacaggtcaaaggaaggagggactatttccag
ctgagggcaccccatcaggaaagceaccccagacttcctacaactactagacacatctcgatgcttttcacttctctatcaatggatcgtet
ccctggagaataatccccaaagtgaaattacttagecacgtccagttaggtagatcettgtgtacttcttggttgticagagatcatcaacca
gtgcaaacaatccccccatcaatacacageagtgectgeccctetcececcecgaggteticecgaggceccttectecgtgectgaacccee
ctggacatatcatatggcaaactgaagtgtccaacgagatataggaagtgaaacacgatgtacactgaaacgtgcaatacaaatatgca
gcatgaagtgcecteggttcactaacccgagetacgetgggtgcticttttctaccactticettaatgectatggacaccteattctgtgget
gaagttccttgtgticaatagggataacagggtaatggcgegggccgeaggaaccectagtgatggagttggecacteectetetgeg
cgcetegetegetcactgaggecgggcegaccaaaggtegeccgacgeccgggctitgeccecgggeggectcagtgagegagegage
gcgceagctgectgeagg

SEQ ID NO: 44

Expression cassette for AAV production containing AAV2 ITRs (1-141, 4500-4640), EF-
lalpha promoter (underlined, 237-1415), a synthetic human beta-globin intron (1436-2001),
HA-tag (2081-2107), codon-optimized human presenilin 1v1.5 (uppercase SEQ ID NO: 37,
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2075-3508), human growth hormone polyadenylation (3539-4015) and human growth
hormone genomic sequence (4016-4469).
cctgeaggceagcetgegegcetegetegetecactgaggecgeccgggcaaageccgggcegtegggegacctttggtegeeccggecte
agtgagcgagcgagcgcgragagagggagtggccaactccatcactaggggttcctgcggecaaticagtcgataactataacggt
cctaaggtagcegatttaaatacgegcetctettaaggtagecccgggacgegtcaattgagatcteggetecggtoccegteagtggoc

gcggocctggcctictttacgggttatgeccectt

gcttaaggagcecccttcgcctegtoctigagttgagecctggcctggocgctegooccaccgegtocgaatetgoteggcaccttc
gcgcctgtctcgetgctttcgataagtctctagecatttaaaatttttgatgacctoctgcgacoctttttttctogcaagatagtcttgtaaat
gcgggoccaagatctgcacactggtatttcggtttttoggaccgcggacggcgacggooccegtacgteccagegcacatgticgac

gaggcgogocctgcgageacggccaccgagaatcggacgggootagtctcaagetggccgaocctgctctggatocctggotetcocg

tgaaagcttcgtttagtgaaccgtcagatcgectggagacgecatccacgetgtittgacctccatagaagacaccgggaccgatccag
cctecgeggattcgaatcccggecgggaacggtgcattggaacgeggattcccegtgccaagagtgacgtaagtaccgectataga
gtctataggcccacaaaaaatgctttcticttttaatatactittttgtttatcttatttctaatactttccctaatetetttctttcagggcaataatg
atacaatgtatcatgcctctttgcaccattctaaagaataacagtgataatttctgggttaaggcaatagcaatatttctgeatataaatattte
tgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagctacaatccagctaccattetgcettttattttgtggttgooataag
gctggattattctgagtccaagetaggeccttttgctaategtgttcatacctcttatcttcctcccacagetcctgggeaacgtgetggtet
gtgtectggcccatcactttggcaaagaattaccggtggcaacgtgetggttattgtgctgtetcatcattttggecaaagaattcacgece
cagagccgecaccATGgcectacccatacgatgttccagattacgct ACAGAATTACCTGCCCCCTTGAGCT
ACTTCCAGAATGCACAGATGAGCGAGGACAACCACCTGAGCAATACTGTACGTA
GCCAGAATGACAACAGAGAACGGCAGGAACACAACGACAGGCGGAGCCTGGGC
CACCCTGAGCCCCTGTCTAATGGAAGACCCCAGGGTAACAGCAGACAGGTGGTG
GAACAAGATGAGGAAGAGGACGAGGAGCTGACCCTGAAGTACGGCGCCAAGCA
CGTGATCATGCTCTTCGTGCCCGTGACTCTCTGCATGGTGGTGGTGGTGGCTACA
ATCAAGAGCGTCAGCTTTTATACCCGGAAGGATGGGCAGCTAATCTATACCCCAT
TCACAGAAGACACCGAGACTGTGGGCCAGAGAGCCCTGCACTCAATCCTGAATG
CCGCCATCATGATCAGCGTCATTGTTGTCATGACTATCCTCCTGGTGGTTCTGTAT
AAATACAGGTGCTATAAGGTCATCCATGCCTGGCTGATCATATCATCTCTGTTGC
TGCTGTTCTTTTTTAGCTTCATTTACCTGGGCGAAGTGTTTAAAACCTATAACGTT
GCCGTGGACTACATTACTGTTGCCCTCCTGATCTGGAACTTCGGCGTGGTGGGCA
TGATTTCCATTCACTGGAAAGGCCCCCTGAGACTGCAGCAGGCATACCTCATTAT
GATCTCCGCCCTCATGGCCCTGGTGTTCATCAAGTACCTGCCCGAGTGGACTGCT
TGGCTCATCTTGGCTGTGATCTCCGTGTATGATTTAGTGGCTGTTCTGTGTCCTAA
AGGTCCACTGCGTATGCTGGTGGAAACAGCTCAGGAAAGAAATGAAACACTGTT
TCCTGCTCTGATTTACTCCTCAACAATGGTGTGGCTCGTGAATATGGCCGAAGGA
GACCCTGAAGCCCAACGGAGAGTGTCCAAAAACTCCAAGTATAACGCCGAGAGC
ACAGAAAGGGAGAGCCAGGATACAGTTGCCGAGAATGACGATGGCGGCTTCAGT
GAGGAATGGGAAGCCCAGAGGGACAGCCACCTGGGGCCTCACAGAAGCACCCC
TGAGTCTAGAGCCGCTGTCCAGGAACTGTCCAGCTCCATCCTGGCCGGCGAAGA
CCCCGAAGAAAGGGGAGTAAAACTTGGACTGGGAGATTTCATCTTCTACAGTGT
TCTCGTTGGCAAAGCCAGCGCAACAGCTAGCGGAGACTGGAACACAACAATAGC
CTGTTTCGTAGCCATCTTAATTGGCCTGTGCCTTACACTTCTGCTCCTGGCCATCT
TCAAGAAGGCCCTGCCAGCCCTGCCTATCAGCATCACCTTCGGGCTTGTTTTCTA
CTTTGCCACCGATTATCTGGTGCAGCCCTTCATGGACCAGCTGGCCTTCCACCAG
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TTTTACATCTAGtaagcggccgecctagggagetectecgaggggetgegcatccctgtgaccectecccagtgectetectg
geectggaagttgecactccagtgeccaccagectigtcctaataaaattaagttgcateattttgtctgactaggtgtccttctataatatta
tggggtggagoooootootatggagcaaggggcaaggggogaagacaacctgtaggacctgcggggtctattgggaaccaaget
ggagtgcagtggcacaatcttggctcactgcaatctecgectectgggttcaagegattctectgectcagectcccgagttgttgggatt
ccaggcatgcatgaccaggcetcagctaatttttgtttttitggtagagacggggtttcaccatattggecaggetggtetccecectectaat
ctcaggtgatctacccaccttggectcccaaattgetgggattacaggegtgaaccactgceteccttecctgtecttecctgggcctaggg
ctgtgccagcetgectegteccgtcaccttetggcttcttctctecctecatatettagetgttttcctcatgagaatgticcaaattcgaaatttc
tatttaaccattatatatttacttgtttgctattatctctgeccccagtagattgttagetccagaagagaaaggatcatgtcttttgcettatctag
atatgcccatctgcctggtacaatctctggeacatgttacaggcaacaactacttgtggaattggtgaatgcatgaatagaagaatgagt
gaatgaatgaatagacaataggcagaaatccagectcaaagagettacagtctggtaagaggaataaaatgtetgcaaatagecacag
gacaggtcaaaggaaggaggggctatttccagetgagggceacccecatcaggaaageaccccagacttcettagggataacagggta
atggcgcgggccgeaggaacccctagtgatggagttggccacteectetetgegegetegetegetcactgaggecgggcgaccaa
aggtcgcccgacgeecgggctttgccegggeggcectcagtgagegagegagegegeagetgectgeagg

SEQ ID NO: 45

Expression cassette for AAV production containing AAV2 ITRs (1-141, 4533-4673), PGK
promoter (underlined, 237-663), a synthetic human beta-globin intron (684-1249), HA-tag
(1329-1355), codon-optimized human presenilin 1v1.5 (uppercase SEQ ID NO: 37, 1323-
2756), human growth hormone polyadenylation (2787-3263) and human growth hormone
genomic sequence (3264-4502).

cctgeaggeagetgegegetegetegetecactgaggecgeccgggeaaageccgggegtegggegacctttggtegeeccggecte
agtgagcgagegagegegeagagagggagtgoccaactecatcactaggggttcctgecggcecaattcagtcgataactataacggt
cctaaggtagcgatttaaatacgegetctcttaaggtagecccgggacgcegtcaattgagatctegectcgaattccacggogttogoo

fzagtctcacacattcttcacfztccgttcgcagcgtcacccgaatcttcgccgctacccttgtgggccccccggcoacgcttcctgctcc

gcccctaagtcgggaaggttccttgcgg;tcgcggcgtgccggacgtUacaaac 2Uaagccgcacgtctcacta}ztaccctcgcag

g cccaagcttcgtttagtgaaccgtcagat
cgcctggagacgecatccacgetgttttgacctecatagaagacaccgggaccgatccagecteccgeggattcgaatcecggeegg
gaacggtgcattggaacgcggattccecgtgecaagagtgacgtaagtaccgectatagagtctataggcccacaaaaaatgetttctt
cttttaatatacttttttgtttatcttatttctaatactttccctaatctetttctttcagggcaataatgatacaatgtatcatgectctttgcaccatt
ctaaagaataacagtgataatttctgggttaaggcaatagcaatatttctgcatataaatatttctgcatataaattgtaactgatgtaagagg
tttcatattgctaatagcagctacaatccagetaccattctgettttattttgtggttgggataaggetggattatictgagtccaagetagge
ccttttgctaategtgttcatacctettateticcteccacagetectgggcaacgtgetggtetgtgtgctggcccateactttggeaaaga
attaccggtggcaacgtgctggttattgtgctgteteateattitggeaaagaattcacgecccagagecgecaccATGgectacceca
tacgatgttccagattacgct ACAGAATTACCTGCCCCCTTGAGCTACTTCCAGAATGCACAG
ATGAGCGAGGACAACCACCTGAGCAATACTGTACGTAGCCAGAATGACAACAGA
GAACGGCAGGAACACAACGACAGGCGGAGCCTGGGCCACCCTGAGCCCCTGTCT
AATGGAAGACCCCAGGGTAACAGCAGACAGGTGGTGGAACAAGATGAGGAAGA
GGACGAGGAGCTGACCCTGAAGTACGGCGCCAAGCACGTGATCATGCTCTTCGT
GCCCGTGACTCTCTGCATGGTGGTGGTGGTGGCTACAATCAAGAGCGTCAGCTTT
TATACCCGGAAGGATGGGCAGCTAATCTATACCCCATTCACAGAAGACACCGAG
ACTGTGGGCCAGAGAGCCCTGCACTCAATCCTGAATGCCGCCATCATGATCAGC
GTCATTGTTGTCATGACTATCCTCCTGGTGGTTCTGTATAAATACAGGTGCTATAA
GGTCATCCATGCCTGGCTGATCATATCATCTCTGTTGCTGCTGTTCTTTTTTAGCTT
CATTTACCTGGGCGAAGTGTTTAAAACCTATAACGTTGCCGTGGACTACATTACT
GTTGCCCTCCTGATCTGGAACTTCGGCGTGGTGGGCATGATTTCCATTCACTGGA
AAGGCCCCCTGAGACTGCAGCAGGCATACCTCATTATGATCTCCGCCCTCATGGC
CCTGGTGTTCATCAAGTACCTGCCCGAGTGGACTGCTTGGCTCATCTTGGCTGTG
ATCTCCGTGTATGATTTAGTGGCTGTTCTGTGTCCTAAAGGTCCACTGCGTATGCT
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GGTGGAAACAGCTCAGGAAAGAAATGAAACACTGTTTCCTGCTCTGATTTACTCC
TCAACAATGGTGTGGCTCGTGAATATGGCCGAAGGAGACCCTGAAGCCCAACGG
AGAGTGTCCAAAAACTCCAAGTATAACGCCGAGAGCACAGAAAGGGAGAGCCA
GGATACAGTTGCCGAGAATGACGATGGCGGCTTCAGTGAGGAATGGGAAGCCCA
GAGGGACAGCCACCTGGGGCCTCACAGAAGCACCCCTGAGTCTAGAGCCGCTGT
CCAGGAACTGTCCAGCTCCATCCTGGCCGGCGAAGACCCCGAAGAAAGGGGAGT
AAAACTTGGACTGGGAGATTTCATCTTCTACAGTGTTCTCGTTGGCAAAGCCAGC
GCAACAGCTAGCGGAGACTGGAACACAACAATAGCCTGTTTCGTAGCCATCTTA
ATTGGCCTGTGCCTTACACTTCTGCTCCTGGCCATCTTCAAGAAGGCCCTGCCAG
CCCTGCCTATCAGCATCACCTTCGGGCTTGTTTTCTACTTTGCCACCGATTATCTG
GTGCAGCCCTTCATGGACCAGCTGGCCTTCCACCAGTTTTACATCTAGtaagcggecgc
cctagggagctcectcgagggggtegcatecctgtgacccctecccagtgectetectggecctggaagttgecactecagtgeccace
agccttgtcctaataaaattaagttgcatcattttgtctgactaggtgtcctictataatattatggggtogagggoootaogotatggagcaa
gggocaaggooooaagacaaccigtagggcctgeggggtctattgggaaccaagetggagtgcagtggeacaatcttggeteactg
caatctccgectectgggttcaagegattctectgectcagectcccgagttgttgggattccaggeatgeatgaccaggetcagcetaatt
tttgtttttttggtagagacggggtttcaccatattggccaggetggteteccecctectaatctcaggtgatctacccaccttggectecccaa
attgctgggattacaggcegtgaaccactgceteccttecctgtecttctgattttaaaataactataccagcaggaggacgtccagacaca
gcataggctacctggccatgeccaaccggtgggacatttgagttgcttgcttggeactgtectetcatgegttgggtecactcagtagat
gectgttgaattectgggectagggctgtgecagetgectegteccgteaccttetggcettcttetetecctecatatettagetgttttecte
atgagaatgttccaaattcgaaatttctatttaaccattatatatttacttgtttgctattatctctgeccccagtagattgttagetccagaaga
gaaaggatcatgtcttttgettatctagatatgeccatctgectggtacaatctetggeacatgttacaggeaacaactacttgtggaattgg
tgaatgcatgaatagaagaatgagtgaatgaatgaatagacaataggcagaaatccagectcaaagagettacagtctggtaagagga
ataaaatgtctgcaaatagccacaggacaggtcaaaggaaggagggoctatttccagetgagggceaccccatcaggaaageaccce
agacttcctacaactactagacacatctcgatgcttttcacttctctatcaatggatcgtctecctggagaataatccccaaagtgaaattac
ttagcacgtccagttaggtagatcctigtgtacttettggttgttcagagatcatcaaccagtgcaaacaatcceccccatcaatacacagea
gtgectgeccctetecceecgaggtettccgaggeccttectecgtgectgaaccecctggacatatcatatggeaaactgaagtgtee
aacgagatataggaagtgaaacacgatgtacactgaaacgtgcaatacaaatatgcagcatgaagtgecteggttcactaacccgage
tacgctgggtgcttcttttctaccactttecttaatgectatggacacctcattetgtggctgaagttecttgtgttcaattccccecatctteatt
gaacatcctgtgtagggacctcacccectgtectgetagcetttgeactgaggcaagttctgtecatgectagtagtgecaccacctttacta
gatgagacttctaaagagcttggcatggaaggaaageccgggggccttggaagecatcacttagaaactgggagagetecaggceaa
gecacctcatcttagggataacagggtaatggcgegggccgeaggaacccectagtgatggagttggoccacteectetetgegegete
gctcgcetecactgaggecgggegaccaaaggtcgeccgacgeccgggctitgeecegggeggectcagtgagegagegagegegea
geotgectgeagg

SEQ ID NO: 46

Expression cassette for AAV production containing AAV2 ITRs (1-141, 4554-4694), synapsin
1 promoter (underlined, 237-684), a synthetic human beta-globin intron (705-1270), HA-tag
(1350-1376), codon-optimized human presenilin 1v1.5 (uppercase SEQ ID NO: 37, 1344-
2777), human growth hormone polyadenylation (2808-3284) and human growth hormone
genomic sequence (3285-4523).

cctgeaggceagetgegegetegetecgeteactgaggecgeccgggcaaageccgggegtegggegacctttggtegeceggecte
agtgagcgagcegagegegeagagagggagtggccaactecatcactaggggttcctgeggcecaaticagtcgataactataacggt
cctaaggtagcgatttaaatacgegcetctcttaaggtageccegggacgegtcaattgagatctcagtgcaagtoogttttaggaccag
gatgaggcgoootoooootocctacctgacgaccgaccccgacceactggacaageacccaacceccaticecccaaattgegeat

cccctatcagagagggogaggooaaacaggat:

geetecgeggattcgaatecccggecgggaacggtgeattggaacgeggattceccgtgecaagagtgacgtaagtaccgectatag
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agtctataggcccacaaaaaatgctttcttcttttaatatacttttttgtttatcttatttctaatactttcectaatctetttetttcagggcaataat
gatacaatgtatcatgcctctttgcaccattctaaagaataacagtgataattictgggttaaggcaatagceaatatttctgcatataaatattt
ctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagcetacaatccagetaccattctgettttattttgtggttgggataa
ggctggattattctgagtccaagetaggceccttttgetaatcgtgttcatacctcttatcttcctcccacagetectgggeaacgtgetggte
tgtgtoctggcccatcactttggcaaagaattaccggtggcaacgtgcetggttatigtgetgtcteatcattttggcaaagaattcacgece
cagagcecgecaccATGgectacccatacgatgttccagattacgct ACAGAATTACCTGCCCCCTTGAGCT
ACTTCCAGAATGCACAGATGAGCGAGGACAACCACCTGAGCAATACTGTACGTA
GCCAGAATGACAACAGAGAACGGCAGGAACACAACGACAGGCGGAGCCTGGGC
CACCCTGAGCCCCTGTCTAATGGAAGACCCCAGGGTAACAGCAGACAGGTGGTG
GAACAAGATGAGGAAGAGGACGAGGAGCTGACCCTGAAGTACGGCGCCAAGCA
CGTGATCATGCTCTTCGTGCCCGTGACTCTCTGCATGGTGGTGGTGGTGGCTACA
ATCAAGAGCGTCAGCTTTTATACCCGGAAGGATGGGCAGCTAATCTATACCCCAT
TCACAGAAGACACCGAGACTGTGGGCCAGAGAGCCCTGCACTCAATCCTGAATG
CCGCCATCATGATCAGCGTCATTGTTGTCATGACTATCCTCCTGGTGGTTCTGTAT
AAATACAGGTGCTATAAGGTCATCCATGCCTGGCTGATCATATCATCTCTGTTGC
TGCTGTTCTTTTTTAGCTTCATTTACCTGGGCGAAGTGTTTAAAACCTATAACGTT
GCCGTGGACTACATTACTGTTGCCCTCCTGATCTGGAACTTCGGCGTGGTGGGCA
TGATTTCCATTCACTGGAAAGGCCCCCTGAGACTGCAGCAGGCATACCTCATTAT
GATCTCCGCCCTCATGGCCCTGGTGTTCATCAAGTACCTGCCCGAGTGGACTGCT
TGGCTCATCTTGGCTGTGATCTCCGTGTATGATTTAGTGGCTGTTCTGTGTCCTAA
AGGTCCACTGCGTATGCTGGTGGAAACAGCTCAGGAAAGAAATGAAACACTGTT
TCCTGCTCTGATTTACTCCTCAACAATGGTGTGGCTCGTGAATATGGCCGAAGGA
GACCCTGAAGCCCAACGGAGAGTGTCCAAAAACTCCAAGTATAACGCCGAGAGC
ACAGAAAGGGAGAGCCAGGATACAGTTGCCGAGAATGACGATGGCGGCTTCAGT
GAGGAATGGGAAGCCCAGAGGGACAGCCACCTGGGGCCTCACAGAAGCACCCC
TGAGTCTAGAGCCGCTGTCCAGGAACTGTCCAGCTCCATCCTGGCCGGCGAAGA
CCCCGAAGAAAGGGGAGTAAAACTTGGACTGGGAGATTTCATCTTCTACAGTGT
TCTCGTTGGCAAAGCCAGCGCAACAGCTAGCGGAGACTGGAACACAACAATAGC
CTGTTTCGTAGCCATCTTAATTGGCCTGTGCCTTACACTTCTGCTCCTGGCCATCT
TCAAGAAGGCCCTGCCAGCCCTGCCTATCAGCATCACCTTCGGGCTTGTTTTCTA
CTTTGCCACCGATTATCTGGTGCAGCCCTTCATGGACCAGCTGGCCTTCCACCAG
TTTTACATCTAGtaagcggccgecctagggagetectcgagggggtggcatecctgtgaccectecccagtgectetectg
gecctggaagttgecactccagtgcccaccagectigtcctaataaaattaagttgcatcattttgtctgactaggtgtccttctataatatta
tggggtoggaggooootootatggagcaaggggcaaggggogaagacaaccigtagggcctgeggggtctattgggaaccaaget
ggagtgcagtggcacaatcttggctcactgcaatctecgectectgggttcaagegattetectgectcagecteccegagttgttgggatt
ccaggcatgcatgaccaggcetcagctaatttttgtttttttggtagagacggggtttcaccatattggecaggcetggtetcceectectaat
ctcaggtgatctacccaccttggectcccaaattgetgggattacaggegtgaaccactgetcecttecctgtecttctgattttaaaataa
ctataccagcaggaggacgtccagacacagcataggctacctggecatgeccaaccggtgggacatttgagttgettgettggeactg
teeteteatgegttgggtecactcagtagatgectgttgaattcetgggcctagggetgtgecagetgectegteccgtcaccttctggett
cttctetecctecatatcttagetgttttcctcatgagaatgticcaaattcgaaatttctatttaaccattatatatttacttgtttgetattatetct
gcccccagtagattgttagetccagaagagaaaggatcatgtcttttgettatctagatatgeccatctgectggtacaatctetggeacat
gttacaggcaacaactacttgtggaattggtoaatgcatgaatagaagaatgagtgaatgaatgaatagacaataggcagaaatccag
cctcaaagagcttacagtctggtaagaggaataaaatgtctgcaaatagecacaggacaggtcaaaggaaggaggggctatttccag
ctgagggcaccccatcaggaaageaccccagacttcctacaactactagacacatctcgatgcttttcacttctctatcaatggategtet
ccctggagaataatccccaaagtgaaattacttagecacgtccagttaggtagatccttgtgtacttcttggttgticagagatcatcaacca
gtgcaaacaatccccccatcaatacacageagtgectgeccctetecececcgaggtettccgaggecctiectecgtgectgaaccee
ctggacatatcatatggcaaactgaagtgtccaacgagatataggaagtgaaacacgatgtacactgaaacgtgcaatacaaatatgea
geatgaagtgectcggttcactaaccegagcetacgetgggtgcttettttctaccactttecttaatgectatggacacctcattetgtgget
gaagttccttgtgttcaattccccccatcttcattgaacatcctgtgtagggacctcacceetgtectgetagetttgecactgaggceaagttc
tgtccatgectagtagtgccaccacctttactagatgagacttctaaagagcettggcatggaaggaaageccgggggccitggaagee
atcacttagaaactgggagagctccaggcaagecaccteatcttagggataacagggtaatggegegggecgeaggaaccectagt
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gatggagttgeccactcectetetgegegetegetegeteactgaggecgggegaccaaaggtegecegacgeeegggctttgece
gggeggcecteagtgagegagegagegegeagetgectgeagg

SEQ ID NO: 47

Expression cassette for production of a self-complementary AAV containing native and
modified AAV2 ITRs (1-105, 2386-2526), CBA promoter (underlined, 113-766), minute virus
of mice intron (776-867), HA-tag (884-910), codon-optimized human presenilin 1v1.5
(uppercase SEQ ID NO: 37, 881-2311), rabbit beta-globin polyadenylation sequence (2319-
2367).

ctgegegcetegetegeteactgaggecgeecgggeaaageecgggcgtegggcgacctitggtegeccggectcagtgagegage
gagcgcgeagagagggagtgagatctcegacattgattattgactagttattaatagtaatcaattacggggteattagttcatageccat
atatggagttccgcegttacataacttacggtaaatggeccgectggetgaccgeccaacgaceeecgeccattgacgtcaataatgac

gtatgttcccatagtaacgccaatagggactttecattgacgtcaatgogtogastatttacggotaaactgeecacttggeagtacatcaa

gtgtatcatatgccaagtacgccccctattgacgtcaatgacggtaaatggcccgectggcattatgeccagtacatgaccttatgggac
tttectacttggcagtacatctacgtattagtcatcgetattaccatgtecgaggccacgttetgettcactetecccatetecccccectecee

ggecgageoocgoooceooocoageceoagagetecgecgacagecaatcagageggcgcgctccgaaagtttecttttatgge

cgaggeggeggeggeggcggaccctataaaaagegaagegcgeggeggecgggagcaageticgtaagaggtaagggtttaagg
gatggttggttogtooootattaatgtttaattacctgttttacaggectgaaatcacttggttttaggttgggctageccgecaccATGta

cccatacgatgttccagattacgctACAGAATTACCTGCCCCCTTGAGCTACTTCCAGAATGCAC
AGATGAGCGAGGACAACCACCTGAGCAATACTGTACGTAGCCAGAATGACAACA
GAGAACGGCAGGAACACAACGACAGGCGGAGCCTGGGCCACCCTGAGCCCCTGT
CTAATGGAAGACCCCAGGGTAACAGCAGACAGGTGGTGGAACAAGATGAGGAA
GAGGACGAGGAGCTGACCCTGAAGTACGGCGCCAAGCACGTGATCATGCTCTTC
GTGCCCGTGACTCTCTGCATGGTGGTGGTGGTGGCTACAATCAAGAGCGTCAGCT
TTTATACCCGGAAGGATGGGCAGCTAATCTATACCCCATTCACAGAAGACACCG
AGACTGTGGGCCAGAGAGCCCTGCACTCAATCCTGAATGCCGCCATCATGATCA
GCGTCATTGTTGTCATGACTATCCTCCTGGTGGTTCTGTATAAATACAGGTGCTAT
AAGGTCATCCATGCCTGGCTGATCATATCATCTCTGTTGCTGCTGTTCTTTTTTAG
CTTCATTTACCTGGGCGAAGTGTTTAAAACCTATAACGTTGCCGTGGACTACATT
ACTGTTGCCCTCCTGATCTGGAACTTCGGCGTGGTGGGCATGATTTCCATTCACT
GGAAAGGCCCCCTGAGACTGCAGCAGGCATACCTCATTATGATCTCCGCCCTCAT
GGCCCTGGTGTTCATCAAGTACCTGCCCGAGTGGACTGCTTGGCTCATCTTGGCT
GTGATCTCCGTGTATGATTTAGTGGCTGTTCTGTGTCCTAAAGGTCCACTGCGTAT
GCTGGTGGAAACAGCTCAGGAAAGAAATGAAACACTGTTTCCTGCTCTGATTTAC
TCCTCAACAATGGTGTGGCTCGTGAATATGGCCGAAGGAGACCCTGAAGCCCAA
CGGAGAGTGTCCAAAAACTCCAAGTATAACGCCGAGAGCACAGAAAGGGAGAG
CCAGGATACAGTTGCCGAGAATGACGATGGCGGCTTCAGTGAGGAATGGGAAGC
CCAGAGGGACAGCCACCTGGGGCCTCACAGAAGCACCCCTGAGTCTAGAGCCGC
TGTCCAGGAACTGTCCAGCTCCATCCTGGCCGGCGAAGACCCCGAAGAAAGGGG
AGTAAAACTTGGACTGGGAGATTTCATCTTCTACAGTGTTCTCGTTGGCAAAGCC
AGCGCAACAGCTAGCGGAGACTGGAACACAACAATAGCCTGTTTCGTAGCCATC
TTAATTGGCCTGTGCCITACACTTCTGCTCCTGGCCATCTTCAAGAAGGCCCTGCC
AGCCCTGCCTATCAGCATCACCTTCGGGCTTGTTTTCTACTTTGCCACCGATTATC
TGGTGCAGCCCTTCATGGACCAGCTGGCCTTCCACCAGTTTTACATCTAGgcggecga
ataaaagatctttattttcattagatctgtgtgttggttttttgtotgtaggeataacagggtaataggaacccctagtgatggagttggecac
teectetetgegegetegetegeteactgaggeegggegaccaaaggtegeecgacgecegggctttgeccgggeggecteagtga

gcgagegagegegeagcetgectgcagg
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[0190] Any and all references and citations to other documents, such as patents, patent
applications, patent publications, journals, books, papers, web contents, that have been made
throughout this disclosure are hereby incorporated herein by reference in their entirety for all
purposes.

[0191] Although the present invention has been described with reference to specific details
of certain embodiments thereof in the above examples, it will be understood that modifications
and variations are encompassed within the spirit and scope of the invention. Accordingly, the

invention is limited only by the following claims.
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