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APQE GENE THERAPY

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of the filing date of U.S. application No. 82/938899, filed on
Novernber 25, 2018, the disclosure of which is incorporated by reference herein.

BACKGROUND

Alzheimer's disease (AD) direclly affects 5 million Americans and is rapidly increasing in
prevalence and economic impact. Existing drugs have little impact on the underlving disease process and
no preventive therapies are currently available. Inheritance of the variant APOE4 conveys a high risk for
the development of AD, while inheritance of APQEZ gene is protective, reducing the risk of developing AD
by ~50% and delaying the age of onsel. AFOE4 is associated with increased brain amyloid load and
greater memory impairment in AD. Conversely, APOE2 altenuates these effects. Previous studies have
shown thatl adenc-associated virus (AAV) gene delivery of the human APOEZ2 coding sequence o the
CNS of a murine model expressing human APOE4 reduces the amount of amyloid-R peptide and amyioid
burden {Zhao el al. 2016). In humans, the odds ratio of developing AD with E4/E4 homozygous genolype
is 14.9 and is reduced to 2.6 in E2/E4 helerozygoles. Recent reports have suggested that APOE4 is

associated with abnormal brain function apart froni its role in promoting amyloid production.

SUMMARY

The disclosure provides for g gene therapy vector comprising an expression cassetie coding for a
mammalian apolipoprotein E (APQE) that is protective or includes a subsiitulion, e.g., relstive 10 APOE4,
in & region that binds a lipoprotein receptor, e.g., LDLR, or binds heparan sulfate protecglycan (HSPG),
e.g., a region such as that from position 135 to 151, In one embodiment, the mammalian APCE in the
gene therapy vector has a residue other than arginine, histidine or lysine at st least one of positions 112,
136, or 158, In one embodiment, the mammalian APOE in the gene therapy vector has a residue other
than arginine at positions 112 and 136. in one embodiment, the mammalian APOE in the gene therapy
vector has a residue other than arginine af positions 136 and 158, In one embodiment, the mammalian
APQE in the gene therapy vector has a residue other than arginine at positions 112, 138 and 158, Inone

embodiment, the apolipoprois

APOHRORIT

ein &, In ong embodiment, the residue other
than arginine is serine, leucine, valine, glycine, iscleucine, alanine, threonine, asparagine, cysteine, or
methionine. In one embodiment, the residue other than arginine is serine, threonine, asparagine,
cysteine, or glutamine. In one embodiment, position 112 has a cysteine, methionine, valine, threoning,
alanine, serine, arginine, glycine or isgleucine.  In ons embodiment, position 112 has a cysteine. in one
embodimeant, position 136 has a threonine, cysteine, methioning, arginine or a serine. In one embodiment,
position 136 has a serine. In one embodiment, position 158 has a cysteine, methionine, valing, threonine,
alanine, serine, arginine, glycine or isolsucine. In one embodiment, position 158 has an arginine or a
cysteine. In one embodiment, two of positions 112, 1386 or 158 have an arginine. in one embodiment,
position 112 does not have an argining. In one embaodiment, position 138 does not have an arginine. In
one embaodiment, position 158 does not have an arginine. In one embodiment, the mamimalian APOGE in
the gene therapy vector has a Cys at position 112, a Ser at position 136 and a Cys at position 158, Inone
embodiment, the mammalian APOE in the gene therapy vector has a Cys at position 112, a Ser at
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position 136 and a Arg at position 158, In one embodiment, the gene therapy vector is a viral gene

therapy vector. in one embodiment, the gene therapy vector is an adenovirus, adeno-associated virus
{AAV), retrovirus or lentivirus vector. In one embodiment, the viral gene therapy vecior is a rAAV vector. In
one embodiment, the AAV veclor is pseudotyped, e.¢., with AAVITL10, AAVE, AAVE, AAVS, AAVHU.G7,
AAVHU.20, AAVHhU.43, AAVRhU.B, AAVhU.2, or AAVT capsid. In one embodiment, the AAV vectoris
pseudotyped with AAVIH. 10, AAVE, or AAVS, In one embodiment, the AAV veclor is AAVZ, AAVE, AAVY,
AAVE, AAVE or AAVIR.10. In one embodiment, the gene therapy vecior further comprises a nucleotide
sequence having RNAI sequences corresponding 1o APOE4 for inhibition of APOE4 mRNA. Inone
embodiment, a second gene therapy vector comprises a nucleotide sequence having RNAI seguences
corresponding to APOE4 for inhibition of APOE4 mRNA. In one embodiment, the nucleotide sequence is
linked to a second promoter. in one embodiment, the second promoter is a Polll promoler. Inone
embodiment, the RNAI comprises miRNA including a plurality of miRNA sequences. In one embodiment,
the RNAI comprises siRNA including a pluralily of siRNA sequences. In one embodiment, the vectoris a
plasmid. In one embaodiment, the mammalian apolipoprotein gene in the veclor has C112, 5138 and R158
ora C112, 8136 and C158. In one embadimant, a second gene therapy vector comprises a nucleotide
seguence having nucleic acid sequences encoding an anti-APOE4 or anti-heparan antibody.

Also provided is a pharmaceutical composition comprising the gene therapy vector. Inone
embodiment, the vedtor is a viral vector. In one embodiment, the vecior is a rAAYV vector. In one
embodiment, the amount of the vector in the compaosition is about 1 x 10" to about 1 x 10" genome
copies. in one embodiment, the amount of the vector in the compaosition is about 1 x 10 to about 1 x 107
genome copies. In one embodiment, the amount of the vector in the composition is about 1 x 10" to
about 1 x 10'° genome copies. in one embodiment, the amount of the vector in the composition is about 1
x 10 o about 1 x 10" genome copies. In one embodiment, the pharmaceutical composition further
comprises a pharmaceutically acceptabie carrier.

Further provided is a method to prevent, inhibil or treat Alzheimer’s disease including preventing
or treating one or more symptoms thereof such as dementia, or other tauopathy or cognitive impairment in
a mammal. {n one embodiment, prior io administration, the mammal has or is at risk of increased amyloid
plague and/or increased tau in the brain, e.g., relative to an age-maiched mammal or a mammal with a
decreased risk of Alzheimer’s disease or other tauopathy or cognitive impairment. In one embodiment, the
mammal has cognitive impairment. The method inciudes adminisiering to the mammal an effeclive
amount of a composition comprising the gene therapy vector. in one embodiment, the composition
comprises liposomes comprising the vector. In one embodiment, the composition comprises nanoparticles
comprising the vector. In one embodiment, the mammal is a E2/E4 heterozygote. In one embodiment, the
mammal is a E4/E4 homozygote. in one embodiment, the mammal is a E3/E4 helerozygole. In one
embodimesnt, the mammal is a E2/E3 heterozygote. in one embodiment, the mammal is a human. in one
embodiment, the human is an adult, e.g., over the age of 20 years old, e.g., at least 40, 50 or 80 years
oid. In ong embodiment, the human is a juvenile, 8.g., from 10 1o 20 years old. In one embodiment, the
human is a child, e.g., under the age of 10 years old. In one embodiment, the composition is administered
to a human at birth or within 1, 2, 3, 4 or 5 years of birth. in one embodiment, the composition is
systemically administerad. in one embaodiment, the composition is orally administered. In one
embodimeant, the composition is intravenously administered. In one embodiment, the composition is
locally administered. In one embodiment, the composition is injected. In one embodiment, the composition
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is administerad 1o the ceniral nervous system. In one embaodiment, the composition is administered to the

brain. In one embodiment, the compaosition is a sustained release compaosition. In one embodiment,
administration of the gene therapy vector is effective 1o prevent or inhibil accumudation of amyloid
plagques. In one embodiment, administration of the gene therapy vecior is effective to prevent or inhibit
tau pathology. In one embodiment, administration of the gene therapy vector is effective o prevent or
inhibit accumulation of amyloid plagues and prevent or inhibit tau pathology.

In addition, a method 1o prevent, inhibit or treat a disease associated with APOE4 expression in a
mammal is provided. The method includes adminisiering to the mamimal an effeclive amount of a
composition comprising the gene therapy vector. In one embodiment, the composition comprises
liposomes comprising the vector, In one embodiment, the composition comprises nanoparticles
comprising the veclor. In one embodiment, the mamimal is a E2/E4 heterczygote. In one embodiment, the
mammal is a E4/E4 homozygote. in one embodiment, the mammal is a E3/E4 helerozygote. In one
embodiment, the mammal is a E4/E4 homozygole. In one smbodiment, the mammal is a human. in one
embodiment, the composition is systemically administered. In one smbaodiment, the composition is orally
administered. In one embodiment, the composition is intravenously administered. In one embodiment, the
composition is locally administered. in one embodiment, the composition is injected. In one embodiment,
the composition is administered o the central nervous system. In one embodiment, the composition is
adminisiered to the brain. In one embodiment, the composition is a sustained releass composition.

A method to reduce binding to heparin sulfate proteoglvcans in a mammal is provided that
includes administering {o the mammal an effective amount of a composition comprising the gene therapy
vecior. In one embodiment, the composition comprises liposomes comprising the vector. in one
embodiment, the composition comprises nanoparticles comprising the vector. in one embodiment, the
mammal is a E2/E4 heterczygote. In one embodiment, the mammal is 8 E4/E4 homozygote. In one
embodiment, the mammal is a E3/E4 heterozygote. In one embodiment, the mammai is g £4/E4
homozygote. In one embodiment, the mammal is a human. in one embodiment, the composition is
systemically administered. in one embodiment, the composition is orally administered. In one
embodiment, the composition is intravenously administered. In one embodiment, the compaosition is
focally administered. in one embodiment, the composition is injected. In one embodiment, the composition
is adminisiered to the ceniral nervous system. In one embodiment, the composition is administered {o the
brain. In one embodiment, the compaosition is a sustained release composition.

in one embodiment, the composition is adminisiered via a catheter. In one embodiment, the
composition is intraventricularly administered. In one embodiment, the compaosition is intracranially
administered. In one embodiment, the composition is adminisiered to the lumbar region. Inone
embodiment, the composition is administered to the cisterna magna. In one embodiment, the composition
is administerad via buir holes to the brain. in one embodiment, the compeosition is administered below C1i-
C2.

in one embodiment, the composition is adminisiered so that expression of the encoded gene
product, e.g., modified APOE or an antibody that binds heparan, is similar to expression levels of APOE4
it the mammal. In one embodiment, the ratio of secreted vector encoded gene product to secreted
APOE4 in the mammal is 1:1. In one embodiment, the ratio of secreted vector encoded gene product to
secreted APOE4 in the mammal is 2:1. In one embodimeant, the ratio of secreted vector encoded gene
product to secreted APOE4 in the mammal is 0.5:1. In one embodiment, the ratio of secreted vector
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encoded gene product 1o secreted APOE4 in the mammal is 0.1:1. In one embodiment, the ratio of

secreted vector encoded gene product 1o secreted APCE4 in the mammal is 3:1. In one embaodiment, the
levels of expression of the encoded gene product in the mammal prevent ar inhibit cognitive decline
{deterioration). In one embaodiment, the levels of expression of the encoded gene product in the mammal
reduce fau tangles and amvioid accumulation.

A method to prevent, inhibit or freat a lipid disorder in a mammal is provided that includes
administering to the marmmal an effective amount of 8 composition comprising the gene therapy vector. in
one embodiment, the composition comprisas liposomes comprising the vector. In one embodiment, the
composition comprises nanoparticles comprising the vector. In one embodiment, the mammal is a E2/E4
heterozygote. In one embodiment, the mammal is a E4/E4 homozygote. In one embodiment, the mammal
is a BE3/E4 heterozygote. In one embodiment, the mammal is a E4/BE4 homozygote. In one embodiment,
the mammal is 8 human. In one embodiment, the composition is systemicaily administered. in one
embodiment, the composition is orally administered. in one embodiment, the composition is inlravenously
adminisiered. In one embodiment, the compaosition is locally administered. In one embodiment, the
compaosition is injected. In one embodiment, the composition is administerad 1o the central nervous
system. In one embodiment, the composition is adminisierad to the brain. in one embodiment, the
composition is a sustained release composition.

in one embadiment, a gene therapy vector comprises an AAV expression vector encoding a
human APOE gene modified as described herein and either in ¢/s or in frans artificial miRNA(s} that target
endogenous APCGE4. This vector system silences the expression of detrimental endogenous APQE4 in
combination with supplementation of the beneficial APOCE gene from a gene therapy veclor, 2.¢., an AAV
vector, Exemplary microRNA sequences were incorporated in the CAG promoter intron or polyA tail of
the veclior transgene plasmid coding for the human APOE coding sequence. Alternatively, the
microRNA(s) may be inseried between a Pollll promoter, e.g., a US promoter, and terminator following the
poivA site of the APOE expression cassetie. The vector-derived human ARPOE DNA sequence may
include silent nucleotide changes 1o ensure that | is not suppressed by the microRNAs and can include a
tag such as a MA tag for detection, e.g., for pre-clinical detection studies. In one embodiment, the
expression construct is packaged into an AAV capsid of g serotype that targets astrocytes and glial cells
(for example AAVY but can be other veciors), the prominent sites of endogenous APOE expression in the
CNS.

The vectors described herein may be employed to prevent, inhibit or treat cognitive impairment,
dementia, Alzheimer's disease, e.g., autosomal dominant, late onsel, or early onset. in one embodiment,
the mammal has reduced fibrillar amyioid-beia plaque burden, reduced levels of paired helical filament
tau, or decrgased neurodegeneration, post-administration of the vector. In one embodiment, the vectors
described hergin may be employed o prevent, inhibit or treat cognitive impairment, e.g., associaled with
traumatic brain injury, stroke, transient ischemic altack, dementia, Creutzfeldi-dakob disease, multiple
sclerosis, prion disease, Pick’s disease, corticobasal degeneration, Parkinson's diseaseg, Lewy body
dementia, Progressive supranuclear palsy; Dementia pugilistica {chronic traumatic encephalopathy);
frontotemporal dementia and parkinsonism linked to chromosome 17; Lytico-Bodig disease; Tangle-
predominant dementia; Ganglioglioma and gangliocytoma; Meningioangiomatasis; Subacute sclerosing
panencephalitis; lead encephalopathy, tuberous sclerosis, Hallervorden-Spatz disease, and lipofuscinosis;
Argyrophilic grain disease; or Frontotemporal lobar degeneration.
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The vectors described herein may also be employed {0 prevent, inhibit or treat one or more

symptoms associated with hyperiipoproteinemia, e.g., Type |, Type 2, Type 3, Type 4 or Type & Inone
embodiment, the armount of vector administered decreases circulating cholesterol, e.g., decreases VLDL
and/or LDL, decreases intermediate density lipoproteins, decreases plasma levels of cholesterol and/or

trigiycerides, decreases triglycerides containing VLDL, decreases lipid accumuiation in the glomerular

capillaries, decreases intragiomerular lipoprotein or decreases thrombi.

BRIEF DESCRIPTION OF FIGURES

Figure 1. APOE alleles, prevalence and associated risk of developing Alzheimer’s disease.

Figure 2. Exemnplary viral gene therapy.

Figure 3. Exemplary rouie of administration of gene therapy.

Figure 4. Selecled amino acid residues for different APOE alleles, prevalence and associated risk
of developing Alzheimer's disease.

Figure 5. Nuclegtide residues al two positions in different APQOE alleles.

Figure 8. APOE3ch muiation.

Figure 7. lmpact of APOESch mutation.

Figure 8. Affinity of ARPCESch for heparin.

Figure 8. Possible mechanism for APOE or tau binding to H3PGs.

Figure 18, Exemplary gene therapy approaches (o prevent, inhibit or treat diseases associated
with expression of certain APCE alleles.

Figure 11. Association of APOE alleles with Dominant type il hypertipoproteinemia and
fipoprotein glomerulopathy.

Figure 12. Gene therapy with AAV-mediated delivery of APOE AD decreased risk variants. Based
on the knowledge that APOE4 homozygotes have a 15-20-fold increased risk for AD {Reiman et al., 2020,
Corder et al., 1883; Hefferman et al., 2016}, a therapeutic strategy is employed using an AA V vectorio
deliver the coding sequence of APOEZ and APCEZ varianis with the Chrisichurch variant to decrease the
risk for AD.

Fiqure 13, APOE variants, the risk for AD, and proposed gene therapy to protect against APOE4.
APQEZ, 3 and 4 are common variants (Hefferman et al,, 2018; ALXFORUM, 2010). APQE3CHC is the
variant superimposed on PSEN 1-E290A in the case report of the Chrisichurch mutation on the APOE3
background protecting from the PSEN 1-E29CA dominant variant causing early onset AD19. APOE3ChC
and APQE2CHC vanants may be therapies to mitigate the high risk of AD in APOE4 homozygotes. The
APOEZCHC variani has not been observed in nature, but it may be maore sffective than APCE3CHhC. *Low
in the context of PSEN 1-E280A.

Figure 14, Studies supporting the relative effect of APOE3CHT in a female with the PSEN1-E280
mutation. Shown are quantitative data for mean cortical amyloid plague burden {Pittsburgh Compound 8,
PET}, inferior temporal cortex PHF tau burden (Florataucipir PET), hippocampal volume (MRI} and
precuneus glucose metabolism (Fludeoxyglucose PET). Black dots- PSENT carriers with MCl onset at
typical young age,; grey dots- PSEN1 carriers that have not yet developad MCI; the subject with PSEN1
carrier + ARPQE3ChC variant (red dot with arrow). Figure modified from Arboleda-Velasquez et al. (2018).
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Figure 15, The Christchurch mutation impairs heparin binding of APOE. ELISA was used {o

quantify differences in the NaCl elution pattern of different APOE isoforrns from heparin columns. Figure
taken from Arboleda-Velasquez et. al. (2018). Arrow designates the subject with the APOECHC variant.
Figure 18, AAVH . 10hAPOEZ vedctor, The AAVHH
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Figure 18, Assassment of the distribution of the APOEZ protein in the brain of nonhuman primales
following intracisternal administration of AAVIM10APOEZ. NHF
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Figures 18A-188. Resolution of amyloid gathoiagy in the PDAPF mouse model.

AAVTh. 10hAPCE2 or the control AAVrh. 10mCherry (1070 gc) were administered bilaterally into the
hippocampus of 8-month old PDAPR miice. Eight week post-administration, the mice were sacrificed and
the hippocampus of the left hamisphere was dissected, homogenized, and sequentially exiracted with
RIFA {representing soluble AR} and 5.5 M guanidine (representing insoluble AB). Ap1-42, and AB1-40
levels were determined by ELISA. A) Tissue levels of AR1-42; and B} Tissue levels of Ap1-40 in
hippocampus of PDAPPF mice injected with AAVh. 10hAFPOEZ or AAVIK. 10mCherry. n=10-12 animals per
group. Data pressnted as meant SD.* p<0.08, *** p<0.001. See Zhao ot al. 2016).

Figures 20A-208. Dose-dependent effects of intrahippocampal delivery of APOEZ on AP levels in
the hippocampus of 2.5-month old APP.PS1/TRE4 mice. AAVIN. 10hAPOE2 (0.25x10'°, 0.5x10 or
1x10% go) or AAVTh.10mCherry (1x10'° go) were injected bilaterally into the hippocampus of 2.5-month
old male APP.PS1/TRE4 mice. Eight-week post-administration, the mice were sacrificed. The
hippocampus of the left hemisphere was dissectad, homogenizad, and sequentially exiracted with RIPA
{representing soluble AR) and 5.5 M guanidine (representing insoluble AB). AB1-42 levels in each exdract
were determined by ELISA. A) Insoluble AB1-42 levels (guanidine exdractable) in hippocampus. B)
Soluble AB1-42 levels (RIPA exdraciable) in hippecampus. n=3-5 animals per group. Data presented as
meant SD; *p < 0.05, ** p<0.001. Zhao et al. {2018).

Figures 21A-21B.Intrathalamic delivery of AAVS-hARPOE2 on APOE and AR levels in the brain in
APPF FS1/TRE4 mice. Ten wk old mice were administered AAVE-hAPOEZ2 or AAVY-GFF by bilateral
intrathalamic injection (10" gc) and sacrificed after 8 wk. Thalamus, hippocampus, and cergbral cortex
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from the left hemisphere were dissected and homogenized. A) APOE and B} AB1-42 levels were

quantified by ELISA. Adapted from Zhao et al.

Figure 22, Knockdown of APQE in vifro. U87 human astrogiioma celis were transfecied with
siRNAS targeting APOE or non-targeting (NT) control (5 pmol). Celis were collecied 72 br later and
endogenous APOE mRNA levels were quantified by RT-gPCR. Four different siRNAs targeling the coding
sequence of AFOE were generated based on a comparison of multiple siRNA design slgorithms. The
identified sequences were as follows: GGUGGAGCAAGCGGUGGAGuUY (SEQ D NO:20);
GGAGUUGAAGGCCUACAAAUL (SEQ D NO:21);, GGAAGACAUIGCAGCGCCAGUY (SEQ 1D NO22);
and GCGCECGGAUGGAGGAGAULY (SEQ 1D NG:23).

Figures 23A-238. hAPOEZ-mirAPOE4 expression cassetie. A) Schematic of mirAPOE4. The
siRNA targeting sequence {guide strand) and antisense sequence with selected mismatches (passenger
strand) {o facility processing are incorporated into the enhanced mir155 backbone. B) Schematic of the
AAVE-hAPOEZ-miraPOE4 expression construct. The construct contains the human APOEZ coding
sequence fused to a hemagglutinin tag (HA) behind the conslitulive CAG promuoier [oylomegalovirus
{CMV) enhancer, chicken § actin promuoter, splice donor and intron, and rabbit B-globin splice acceptor],
and followed by the rabbil B-globin polvadenylation {polyA) signal. mirAPOE4 tandem repeats are inserled
into either the CAG intron and/or between the transgene stop codon and the polyA sequence. The
hAPQOEZ expression casssite is flanked by the AAVZ inverted terminal repeats ((TR) and packaged into
the AAVS capsid. A miR from siRNA#2 may be employed, e.g.,
CTGGAGGCTTGCTGAAGGCTGTATGCTGATTTGTAGGCCTTCAACTCCT
GTTTTGGCCACTGACTGACAGGAGTCGAGGUCTACAAATCAGGACACAAGGCCTGTTACTAGCACTCA
CATGGAACAAATGGCC (SEQ D NO:24);
CTGGAGGCTTGCTTTGGGCTGTATGCTGATTTGTAGGCCTTCAACTOCTGTTTTGGCCACTGACTGA
CAGGAGTTGAAGTCACAAATCAGGACACAAGGCCCTTTATCAGCACTCACATGGAACAAATGGCCAC
CGTGGGAGGATGACAA (SEQ ID NO:25); or
CTGGAGGCTTGCTTTGGGCTGTATGCTGTTCCGATTTGTAGGCCTTCAAGTTTTGGUCACTGACTGA
CTTGAAGTCACAAATCGGAACAGGACACAAGGCCCTTTATCAGCACTCACATGGAACAAATGGCCAC
CETGGEGAGGATGACAA (SEQ ID NO:28).

Fiqure 24, Testing the knockdown efficiency of miRs located in the infron and polvA.

Figure 25, Luciferase results for knook-down efficiency.

Figure 26, Testing APOE Target Site Only Control

Fiqure 27, identifving the miRNA target site in the vector-derived APOEZ with silent nucleotide
changes.

Figure 28. Gengrating pAAV-MIRNA-APOE-HA.

Figure 28. In vivo studies,

Figure 30. Luciferase expression in controls.,

Detailed Description
in the following description, reference is made to the accompanying drawings that form a part

hersof, and in which is shown by way of illustration specific embodiments which may be practiced. These
embodimants are described in detail to enable those skilted in the art to practice the invention, and t is to
be understood that other embodiments may be utilized and that logical changes may be made without
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departing from the scope of the present invention. The following description of example embaodiments is,

therefore, not {o be taken in a limited sense, and the scope of the present invention is defined by the
appended claims.

DETAILED DESCRIPTION
Definitions

A “vector” refers to a macromolecule or association of macromolecules that comprises or
associates with a polynuclectide, and which can be used to mediate delivery of the polynuclectide to a
cell, either in vitro or in vivo. lllustrative vectors include, for example, plasmids, viral vectors, liposomes
and cther gene delivery vehicles. The polynucieotide o be delivered, somelimes referred 1o as a "targst
polynucieotide” or “transgene,” may comprise a coding sequence of interest in gene therapy (such as a
gene encoding a protein of therapeutic interest), a coding sequence of interest in vaccine development
{such as a polynuclectide expressing a protein, polypeptide or peplide suitable for eliciting an immune
response in a mammal), and/or a selectable or detectable marker,

“Transduction,” "transfection,” “ransformation” or “transducing” as used herein, are terms
referring 1o a process for the introduction of an exogenous polynuclestide inlo a host cell leading io
expression of the polynuclectide, e.g., the transgene in the csll, and includes the use of recombinant virus
to introduce the exogencus polynuclectide 1o the host cell. Transduction, transfection or transformation of
a polynucleotide in a cell may be determined by methods well known {0 the art including, but not limited
to, protein expression (including steady state levels), e.g., by ELISA, flow cytometry and Westemn biot,
measurement of DNA and RNA by hybridization assays, e.q., Northern blots, Southern blots and gel shift
mobility assays. Methods used for the infroduction of the exogenous polynuclectide include well-known
techniques such as viral infection or transfection, lipofection, transformation and electroporation, as well
as other non-viral gene delivery technigues. The introduced polynuciectide may be stably or transiently
maintained in the host cell.

“Gene delivery” refers to the introduction of an exogenous polynuciectide into a cell for gene
transfer, and may encompass fargeting, binding, uptake, transport, localization, replicon integration and
exprassion,

“Gene transfer” refers 1o the introduction of an exogenous polynucieotide into a cell which may
encompass targeting, binding, uptake, transport, focalization and replicon integration, but is distinct from
and does not imply subsequent expression of the gene.

“Gene expression” or "expression” refers to the process of gene transcription, transiation, and
posi-transiational modification.

An finfectious” virus or viral particle is one that comprises a polynuclectide component which it is
capabile of delivering into a cell for which the viral species is trophic. The ierm does not necessarily imply
any replication capacity of the virus.

The term “polynuclectide” refers to a polymeric form of nuclectides of any length, including
deoxyribonuclectides or ribonucleotides, or analegs thereof. A polynucleotide may comprise maodified
nucleotides, such as methylated or capped nucleotides and nucleotide analogs, and may be interrupted
by non-nuclectide components. If present, modifications to the nucleatide structure may be imparied
before or after assembly of the polymer. The term polynucleotide, as used hergin, refers interchangeably
to double- and single-stranded molecules. Unless otherwise specified or required, any embodiment
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described herein that is a polynucleotide encompasses both the double-stranded form and each of two

compiementary single-stranded forms kKnown or predicted to make up the double-stranded form.

An “isolated” polynuciectide, e.g., plasmid, virus, polypeptide or other substance refers o g
preparation of the substance devoid of at least some of the other componentis that may aiso be present
where the substance or a similar substance naturally occurs or is initially prepared from. Thus, for
example, an isolated substance may be prepared by using a purification technique to enrich it from a
source mixture. Isolated nucleic acid, peptide or polypeptide is present in a form or setling that is different
frormn that in which i is found in nature. For example, a given DNA sequence (8.q., g gene) is found on the
haost cell chromosome in proximity (o neighboring genes; RNA sequences, such as a specific mRNA
sequence encoding a specific protein, are found in the call as a mixture with numerous other mRNAs that
encode a multitude of proleins. The isolaled nucleic acid molecule may be present in single-stranded or
double-stranded form. When an isolated nucleic acid molecule is to be utilized {0 express a protein, the
motecule will contain al a minimum the sense or coding strand (i.e., the molecule may single-stranded),
bul may contain both the sense and anli-sense strands (i.e., the molecule may be double-siranded).
Enrichiment can be measured on an absolute basis, such as weight per volume of solution, or it can be
measured in relation (o a second, potentially interfering subsiance present in the source midure.
increasing enrichments of the embaodiments of this invention are envisioned. Thus, for exampls, a 2-fold
snrichment, 10-fold enrichment, 100-fold enrichment, or a 1000-fold enrichment.

A “transcriptional regulatory sequence” refers to a genomic region that controls the transcription of
a gene or coding sequence to which # is operably linked. Transcriptional regulatory sequences of use in
the present invention generally include at least one transcriptional promoter and may also include one or
more enhancers and/or terminators of transcription.

“Operably linked” refers to an arrangement of two or more components, wherein the components
so described are in a relationship permitting them to function in a coordinated manner. By way of
fHiustration, a transcriptional regulatory seguence or a promoter is operably linked to a coding sequence if
the TRS or promoter promotes transcription of the coding seguence. An operably linked TRS is generally
joined in ois with the coding sequence, but it is not necessarily directly adjacent to it.

“Heterologous™ means derived from a genotypically distinct entity from the entity o which it is
comparsd. For example, a polynuclectide introduced by genetic engineering techniques into a different
cell type is a heterologous polynuclectide {and, when expressed, can encode a helerologous
polypeptide). Similarly, a transcriptional reguiatory element such as a promoter that is removed from s
native coding sequence and operabily linked to a different coding sequence is a helerologous
transcriptional regulatory slement.

A "terminator” refers to a polynuciectide sequence that tends to diminish or prevent read-through
transcription (i.e., it diminishes or prevent franscription originating on one side of the terminator from
continuing through to the other side of the terminator). The degree to which transcription is disrupted is
typically a function of the base sequeance and/or the length of the terminator sequsance. In particular, as is
well known in numercus molecular biological systems, particular DNA sequences, generally referred o as
“transcriptional termination sequences” are specific sequences that tend to disrupt read-through
transcription by RNA polymierase, presumably by causing the RNA polymerase molecule to stop and/for
disengage from the DNA being transcribed. Typical example of such sequence-specific terminators
include polyadenylation (“polyA”} sequences, e.g., SV40 polvA. In addition to or in place of such
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seqguence-specific terminators, insertions of relgtively long DNA sequences between a promoter and a

coding region also tend o disrupt transcription of the coding region, generally in proportion to the length of
the intervening seguence. This effect presumably arises because there is always some tendency for an
RNA polymerase molecule to become disengaged from the DNA being transcribed, and increasing the
lengih of the sequence o be traversed before reaching the coding region would generally increase the
likelihood that disengagement would ocour before transcription of the coding region was compileted or
possibly even initiated. Terminators may thus prevent transcription from only one direction ("uni-
directional” terminators) or from both directions ("bi-directional” terminators), and may be comprised of
sequence-spacific termination sequenceas or seguence-non-specific terminators or both. A variety of such
terminator sequences are known in the arl; and illustrative uses of such seguences within the context of
the present invention are provided below.

“Host celis,” “cell ines,” “cell cultures,” “packaging cell line” and other such terms denote higher
csukaryotic cells, such as mammalian cells including human cells, useful in the present invention, e.g., to
produce recombinant virus or recombinant fusion polypeptide. These celis include the progeny of the
original cell that was transduced. H is understood that the progeny of a single cell may not necessarily be
complsiely identical {in morphology or in genomic complement) to the original parent cell.

“Recombinant,” as applied {0 a polynucleatide means that the polynuclectide is the product of
various combinations of cloning, restriction and/or ligation steps, and other procedures that result in a
construct that is distinct from a polynuclectide found in nature. A recombinant virus is a viral particle
comprising a recombinant polynucleotide. The terms respectively include replicates of the original
polynucieotide construct and progeny of the original virus construct.

A “control element” or “control sequence” is a nucleotide sequence involved in an interaction of
molecules that contributes {o the functional regulstion of a polynuclectide, including replication,
duplication, transcription, splicing, transiation, or degradation of the polynuclectide. The reguiation may
affect the frequency, speed, or specificity of the process, and may be enhancing or inhibitory in nature.
Control elements known in the art include, for example, transcriptional regulatory seguences such as
promaoters and enhancers. A promoter is a DNA region capable under certain conditions of binding RNA
polymerase and initiating transcription of a coding region usually located downstream {in the 3' direction}
from the promoter. Promolers include AAV promoters, e.g., P35, P18, P40 and AAV ITR promoters, as
well as heterologous promoters,

An "expression vector” s a vector comprising a region which encodes a gene product of interest,
and is used for effecting the expression of the gene product in an infended target cell. An expression
vecior also comprises control elements operatively linked to the encoding region to facililate expression of
the prolein in the targst. The combination of control elements and a gene or genes {0 which they are
operably linked for expression is sometimes referred (o as an “expression cassetie,” a large number of
which are kinown and available in the art or can be readily constructed from components that are available
i the art.

The terms “polypeptide” and “protein” are used interchangeably hersin to refer {0 polymers of
amino acids of any length. The terms also encompass an aming acid polymer that has been maodified; for
example, disulfiide bond formation, glycosyiation, acetylation, phosphonylation, lipidation, or conjugation

with a labeling component.
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The term "exogenous,” when used in relation to a protein, gene, nucleic acid, or polynucieotide in

a cell or organism refers {0 a protein, gene, nucleic acid, or polynuciectide which has been introduced into
the ceil or organism by attificial or natural means. An exogenocus nucieic acid may be from a different
organism or cell, or i may be one or more additional copies of a nucieic acid which occurs naturally within
the organism or cell. By way of a non-limiting exampile, an exogenous nucleic acid is in a chromosomal
location different from that of natural cells, or is otherwise flanked by a different nucleic acid sequence
than that found in nature, e.q., an expression cassetie which links & promoter from one gene {0 an open
reading frame for a gene product from a different gene.

"Transformed” or "transgenic” is used herein to include any host cell or cell line, which has been
sltered or augmentad by the presence of at least one recombinant DNA sequence. The host cells of the
present invention are typically produced by transfection with a DNA sequence in a plasmid expression
vector, as an isolated linear DNA sequence, or infection with a recombinant viral vector.

The term “sequence homology” means the proportion of base maiches belween two nucleic acid
sequences or the proportion amino acid matches belween two amino acid sequencss. When sequence
homology is expressed as a percentage, .9., 50%, the percentage denotes the proportion of matches
over the length of a selected sequence that is compared {0 some other sequence. Gaps (in either of the
wo sequences) are permitied to maximize matching; gap lengths of 15 bases or less are usually used, 8
bases or less e.g., with 2 bases or less. When using oligonuclestides as probes or treaiments, the
sequence homology between the target nucleic acid and the oligonuclectide sequence is generally not
less than 17 target base matches out of 20 possible oligonuclectide base pair matches (85%); not less
than 8 matches out of 10 possible base pair matches (80%), or not less than 19 matches out of 20
possible base pair matches (85%).

Two amino acid sequences are homologous if there is a partial or complete identity between their
sequences. For example, 85% homology means that 85% of the amino acids are identical when the two
sequences are aligned for maxdmum matching. Gaps (in either of the two sequences being matched) are
allowed in maximizing matching; gap lengths of 5 or less or with 2 or less. Alterngtively, two protein
sequences {(or polypeptide sequences derived from them of al least 30 amine acids in length) are
homologous, as this term is used herein, if they have an alignment score of al more than 5 {in standard
deviation units) using the program ALIGN with the mutation data matrix and a gap penalty of 6 or grester.
The two seqguences or paris thereof are more homologous if their amino acids are greater than or equal
o 50% identical when optimally aligned using the ALIGN program.

The term “corresponds to” is used herein {0 mean that & polynucieotide sequence is struchurally
related {o all or a portion of a reference polynucleotide sequencs, or that a polypeplide sequence is
structurally relaied to all or a portion of a reference polypeptide sequence, e.g., they have at least 80%,
85%, 80%, 95% or more, e.g., 88% or 100%, sequence identily. In contradistinction, the term
‘complementary to” is used herein to mean that the complementary sequence is homologous io all or a
portion of a reference polynucleotide sequence. For ilfustration, the nucisotide sequence *TATAL?
corresponds (o a reference sequence “TATAC” and is complementary o a reference sequence “GTATA”.

The term “sequence identity” means that two polynuclectide sequences are identical e, on a
nuclestide-by-nuclectide basis) over the window of comparison. The term “percentags of sequence
identity” means that two polynuclestide sequences are identical (i.e., on a nuclectide-by-nucleotide basis}
over the window of comparison. The term “percentage of sequence identity” is calculated by comparing
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two optimally aligned seguences over the window of comparison, determining the number of positions at

which the identical nucieic acid base (e.g., A, T, C, G, U, or i) ocours in both sequences 1o yield the
number of matched positions, dividing the number of matched positions by the {otal number of positions in
the window of comparison {.e., the window size), and multiplying the result by 100 {0 vield the percentage
of sequence identity. The terms “substantial identity” as used herein denote a characteristic of a
poiynuclectide sequence, wherein the polynucleotide comprises a sequence that has at least 85 percent
sequence identity, e.g., at least 90 {0 95 percent sequence identily, or at least 89 percent sequence
identity as compared 1o a reference sequence over a comparison window of at least 20 nucleolide
positions, frequently over a window of at least 20-50 nucleotides, whersin the percentage of sequence
identity is calculated by comparing the reference sequence to the polynuciectide sequence which may
inciude deletions or additions which total 20 percent or less of the reference sequence over the window of
comparison.

“‘Conservative” amino acid substitutions are, for example, aspartic-glutamic as polar acidic amino
acids; lysine/arginine/histidine as polar basic aming acids;
leucine/isoleucine/methioning/valing/alanine/glycine/proling as non-polar or hydrophobic amina acids;
serine/ threonine as polar or uncharged hydrophilic amino acids. Conservative amino acid substitution
also includes groupings based on side chains. For example, a group of aming acids having aliphatic side
chains is glycing, alanine, valing, leucine, and iscleucine; a group of amino acids having aliphatic-hydroxyl
side chains is serine and threonine; a group of amino acids having amide-containing side chains is
asparagine and glutamine; a group of amino acids having aromatic side chains is phenylalaning, tyrosine,
and trypiophan,; a group of amino acids having basic side chains is lysine, arginine, and histidine; and a
group of amino acids having sulfur-containing side chains is cysteine and methionine. For example, itis
reasonable 1o expect that replacement of a leucine with an isoleucine or valine, an aspartate with a
glutamate, a threonine with a serine, or a similar replacement of an amino acid with a structurally related
amino acid will not have & major effect on the properties of the resulting polypeptide. Whether an aming
acid change resulis in a functional polypeptide can readily be determined by assaying the specific acivity
of the polypeptide. Naturally ocourring residues are divided into groups based on common side-chain
properiies: (1) hydrophobic: norleucine, met, ala, val, ley, ile; (2) neutral hydrophilic: cys, ser, thr; (3}
acidic: asp, glu; (4) basic: asn, gin, his, lys, arg; (8) residues that influence chain orientation: gly, pro;
and (8) aromatic; rp, tyr, phe.

The disclosure also envisions polypeptides with non-conservative substitutions. Non-
conservative substitutions entail exchanging a mermber of one of the classes described above for another,
Rationale

Existing drugs have litlle effect on the underlying disgase processes of AD and no preventive
therapies are currently available As there are no effective therapies for AD, an effective therapy for AD
would be a major advance (Conrado et al., 2020}, Worldwide, there are approximately 35 million cases of
AD affecting 6% of individuals >85 years (Fann et al., 2018), and i is responsible for 1.9 million
deaths/year {Collaborators GBDD, 201%; Hebert et al., 2013). In the US, there are over 122,000
deaths/year. The estimated financial burden of caring for AD patients in the US is $305 billion/year. The
APOEA4 allele represents 13.7% of worldwide populations and with a much higher frequency in patients
with AD (Safieh et al., 2019). Inheritance of APOE4 is associated with early cognitive decline, earlier
onset AD and more severe disease with earlier death (Safieh et al,, 2019; Williams 2028, Raber et al,,
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2004). There have heen many attempts at therapy for AD direcied at amyloid, tau and other pathologies.

While inheritance of the ARPOE4 allele represents the sirongest genetic risk factor for the development of
late-onset AD, the APOEZ gllele is protective. Gene therapy to permanently deliver APOE2Z while
decreasing endogencus APOE4 expression could effectively convert APOE4 homozygous individuals {o
APOEZ2/M4 heterozygotes with lowered APOE4 expression, substantially reducing the risk of AD
development. Further APOE4 homozygous individuals could receive the AAV gene therapy according to
their genotype years hefore the onset of symptoms. The present strategy represents the development of a
strategy, capitalizing on the observation that the APQE3CHhC varniant prolected an individual in the
PSEN1-EZ80A kindred who develop early-onset AD {(Arboleda-Velasquez et al, 2018). AdV-mediated
gene transfer of APOE3CHhC and APOE2CHhC may be sfficacious in amyioid and/or tau pathology, and
more so than AAV delivery of APQOEZ alone.

Based on the knowledge that APCE4 enhances the risk for amyioid and tau-based AD patholoQy,
it was demonstrated (Zhao et al., 2018; Shi et al,, 2017, Dodart et al., 2005; Hudry et al., 2013}hat CNS
gene therapy with APOEZ can prevent APQOE4-based AD pathology in mouse models. The primary
innovation of this proposal is converting a unigue clinical observation {Arboleda-Velasquez et al., 2019}
into a 2nd generation, more effective gene therapy. There is exiensive gpidemiologic data demonstrating
that the APOE genotype plays an impuortant role in the pathogenesis of AD, with APCEZ2 protecting and
AROE4 increasing the risk for development of AD-related pathology (Corder et al., 1894, Raber 2004,
Genin et al., 2011, Sando et al,, 2008). The observation that an individual in the Colombian PSEN1-
E280A kindred was prevented from developing early onset AD by homozygous co-inheritance of
homozygous APOE3ChC, led to APCEICHC gene therapy based genetic modification of the ONS of
APQCE4 homozygotes topre vent the high risk of APQE4-driven AD-related pathology. Further, based prior
studies demonstrating that gene therapy with APOEZ suppresses E4-driven amyloid-related pathology,
APQOEZCHhC gene therapy may prevent both APOE4-driven amyloid and tau pathology and do so more
effectively than APOEZ or APOE3ChHC.

Exemplary APQE Nugcieic Acid and Aming Acid Ssquences

Apolipoprotein E (APOE) is a 299 amino acid protein involved in the metabolism of fats in the
body. itis a family of profeins that binds fats and interact with the low density lipoprotein receplor (LBLR)
which is imporiant for normal processing of trighyceride rich lipoproteins. In peripheral tissues, APOE is
produced by the liver and macrophages, and mediates cholesterol metabolism. In the central nervous
system, AFOE is produced by astrocytes and transporis cholestercl o neurons via ARPQ receptors, which
are members of the LDLR family, There are three major APOE alieles, APOEZ (Cys 112, Cys 158),
APOEZD (Cyst12, Arg158) and APOE4 (Arg112, Arg158).

Exemplary human APOE sequences include bui are not limited to:
mkviwaallv tlliagegaky eqavetepep elrgqgtewgs garwelalgr fwdylrwvgt
seqvgeell ssgvigelra imdetmkelk aykseleegl tpvasetrar Iskelgaaga
rigadmedve grivqyrgev gamiggstee frvrlashir kirkilirda ddigkriavy
gagaregaer glsairerlg plveggrvra atvgslagap lgeragawge rirarmeemg
srrdridev kegvaevrak leegaqgirt gaeafgarik swiephvedm grgwaglivek
vijaavgisaa pypsdnh (SEQ 1D NG:1) as well as sequences with at least 80%, 85%, 80%, 25% or maore,

e.g., 98% or 100%, sequence identity thereto,
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where in one embodiment, APOE4 may have 31K, 46P, 79T, 130R, 183C, 292H and/or 314R, and

APRPOEZ may have 43C, 152Q, 184C/5, 183C/P, 164Q, 172A, 176C, 242Q, 246C, 254E.

Exemplary human APOE sequences, e.q., those for silent nuclectide substitutions if they encode APQEZ,
include but are not fimited to:
ggaactigat gotcagagag gacaagteat tigoecaagg fcacacaget ggoaacigge
agagecagga teacgocot ggeaattiga clecagaate ctaaccitaa ccoagaagoea
cggcticaag cococtggaas ceacaatace iglggeage agggggaggt gelggaatet
tgatiaaaac ceaggteces thigeasage ctogacitit ageaggtgea toatactalt
cocacceocte ceateocadt tolgiccage cgoctagese cactolt Httotitt
titgagacag teteoctett gotgaggelg gagtgeagly gegagalcte ggoteactgt
aacctecgec tocegggtic aagogatict eclgeateag oclcccaagt agetaggatt
acaggegece gocaccacge ctggetaact itigtatitt taglagagat ggggtticac
catgitggec aggotagict caaactoctg accitaagiy aticgeccac tgiggectae
caaagtgetg ggattacagg cglgagetac cgececcage cocteceate ceacticigr
ccagecooct agocotact! tottictgag atocaggagt ccagatcoce agooceotat
ccagattaca #catccagg cacaggaaag gacagggica ggaaaggang actelggacg
goagecteea cattecoctt coacgotigg cococagaat ggaggaggagt gtetggatia
clgggogagy tgloctoect toctggggac 1gtogggggat gatcaaaaga coictatgoe
ceacctoctt cotooclcly coctgotgta colquggean gggaagaaca geceaceteg
tgacigaaag clggeccage cogocctate colgugggey ggggcIgsac agaaugages
ctataatigyg acaagiclgg gatectigag icctactcag coocagogya ggtgaaggac
giccticooe aggagecy (SEQ D NG2)
or
cCotagegge ggigaaggac gtecttcooe aggagongac tggecaatca caggeaggaa
gatgaaggh cigigggelg cgitgolggt cacaticcty goaggatges aggocaagat
OGageasgey giogagacag ageeqaages cgagetgege cageagacey aglggeagag
cggocagoege ggaaactgg cacigggteg ciitgggat tacclgeget gaglgeagac
actglclgag caggigeagg aggagotgot cagoicceas glcacceaag aacigaggae
getgatggac gagaceatga aggagtigaa ggoctacaas toggaactygg aggaacaact
gaccecqats goguaagaga cgogageacy gotgtocaag gagolgoaga cggoegeagae
ccggetogge geggacatgg aggacgtiatg cggeogecty gtgeagtace goggegagot
gcaggecaig ctoggocaga geaccgagga gotgeggatg cgectogect coccacotgog
caagctgogt aagoggelcee tecgegaice cgatgacelg cagaagegec iggeagigla
CCaggerggg gocogoaagg gogoogageg cggectcage gocatocgeg agogectagy
geoccigatg gaacagagae gegigeggge caocactatg ggotoceotgg coggeaages
gctacaggag cgggeocagy colggggeda goggotgods gogeagatag aggagataag
cagicggace cgogaccge iggacgaggt gaaggageag gtggeggagg lgegegecaa
golggagaag caggeccage agatacgect geaggocgag gecticeagy ceogoctcaa
gagelgattc gagococtgg tggaagacat goagoegoeag tgggecggac tggtaugagaa
ggtgcaggct gecgtaggea ccagegecge cocigigece agegacaate actgaacgee
14



W

2
<

40

WO 2021/108809 PCT/US2020/070822
gaagoecigea gooatgoegac ceeacgecas couglgocis cigoctooge goagecigoa

gouggagace ctgtconcge cecagocgte ctectggagt auaccctagt Haataaaga

ticaccaagt Hecacge (SEQ D NO:3)

or have
MKVLWAALLVTFLAGCQAKVEQAVETEPEPELRQATEWQSGQRWELALGRFWDYLRWVQTLSEQVQE
ELLSSQVTQELRALMDETMKELKAYKSELEEQLTPVAEETRARLSKELQTAQARLGADMEDVCGRLVQY
RGEVQAMLGQSTEELRVRLASHLRKLRKRLLRDPDDLOKRLAVYCAGAREGAERGLSAIRERLGPLVEQ
GRVRAATVGSLAGOPLOQERAQAWGERLRARMEEMGERTRDRLDEVKEQVAEVRAKLEEQAQQIRLGA
EAFQARLKSWFEPLVEDMQOQROWAGLVEKVOAAVGTSAAPVPSDNH (SEQ 1D NGC:4)

as well as sequences with al least 40%, 50%, 80%, 70%, 80%, 85%, 80%, 95% or more, e.g., 99% or

100%, sequence identily thereto that encode an APOE.

Other exemplary APOE sequence include

mkviwaally tflagcgaky eqavetepep elrgqlewqgs garwelalgr fwdylrwvgt Isequgeeit ssgvigelra imdetmkelk
aykseleeg! tpvaselrar Iskelgaaga rigadmedve grivayrgev gamigastee Irvrlashir kirkilirda ddlgkriavy
gagaregasr gisairerly plveagrvra atvgsiagap lgeragawge rirarmeemg srirdridey kegvaewrak leegaqair
gaeafgarik swieplvedm grqwaghvek vigaavgtsaa pvpsdnh (SEQ 1D NG:5);

mkviwaally tlagcqgaky eqavetepep elrgatewqgs garwelalgr fwdylrwygt Issgvqesit ssgvitgelra Imdetmkelk
avkseleeqg! tpvaeetrar iskelgaaga rigadmedve grivgyrgev qamiggstee Irvriashir kdrkrlirda ddigkrdavy
gagaregaer gisairerig plveggrvra atvgsiaggp lgeragawge rirarmeemg srirdridev kegvaevrak leegaqair
naeafgarik swiephvedm grqwaghvek vgaavgtsaa pvpsdnh (SEQ 1D NO:6);

mkviwaally tllagegaky eqavetepep elrggtewgs garwelalgr fwdylnwvat Isequqesi! ssgvigelra imdetmkeik
avkseleeqg! ipvaeetrar iskelgaaqa rigadmedve grivgyrgev qamiggstee Irvriashir kirkrlirda ddigkrlavy
gagareqgasr glsairerig plveggrvra atvgsiagap Igeraqawge rirarmeemg srirdridev kegvaevrak leegaqqind

naeafgarik swiephvedm grqwaghvek vgaavgisaa pvpsdnh (SEQ 1D NOG:7).

For positions 112 and 158, E2 contains two cysieine residues, E3 contains a cysteine and an
argining, and B4 contains arginine residues at both sites. In one embodiment, the AAV vectors are
prepared {0 express the Christchurch mutant in an ApoE2 or ApoE3 background. The vectors may be
introduced to wild-lype and disease model mice, and expression and biclogical measures of efficacy
determined.

Gene Delivery Vectors

Gene delivery vectors within the scope of the invention include, but are not limited 1o, isolated
nucleic acid, e.g., plasmid-based vectors which may be extrachromosomaily maintained, and viral veciors,
e.g., recombinant adenovirus, retrovirus, lentivirus, herpesvirus, poxvirus, papilioma virus, or adeno-
associated virus, including viral and non-viral vectors which are present in liposomes, €.g., neutral or
cationic liposomes, such as DOSRPA/DORE, DOGS/DORE or DMRIE/DOPRE liposomss, and/or associated
with other molecules such as DNA-anti-DNA antibody-cationic lipid (DOTMA/DOPE) complexes. The
gene therapy vectors may encode an APOE, RNAI, and/or an antibody or fragment thereof, as disclosed
hersin. Exempdary viral gene delivery vectors are described below. Gene delivery vectors may be
administered via any route including, but not limited to, intracranial, intrathecal, intramuscular, buccal,
rectal, intravenous or intracoronary administration, and transfer to cells may be enhanced using
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electroporation and/or iontophoresis, and/or scaffolding such as exdraceliular matrix or hydrogels, e.g., a

hydrogel patch. In one embodiment, a permeation enhancer is not employed {0 enhance indirect delivery
to the CNS.
Reirgviral vegtors

Retroviral vectors exhibit several distinctive features including their ability to stably and precisely
integrate into the host genome providing long-term transgene expression. These vectors can be
manipulated ex vivo to eliminate infectious gene particles {0 minimize the risk of systemic infection and
patient-lo-patient transmission. Pseudotyped refroviral vectors can alier host cell ropism.
Lentiviruses

Lentiviruses are derived from a family of retroviruses that include human immunodeficiency virus
and feline immunodeficiency virus. However, unfike refroviruses that only infect dividing cells, lentiviruses
can infect both dividing and nondividing celis. For instance, lentiviral vectors based on human
immunodeficiency virus genome are capabile of efficient transduction of cardiac myocytes in vivo.
Although lentiviruses have specific tropisms, pseudotyping the viral envelope with vesicular stomatitis
virus yields virus with a broader range (Schnepp et al., Mgth, Mol Med,, §2:427 (2002}).
Adengviral vectors

Adenoviral vectors may be rendered replication-incompstent by deleting the early (E1A and E1B)
genes responsible for viral gene expression from the genome and are stably maintained inio the host cells
in an extrachromosomal form. These vectors have the ability to transfect both replicating and
nonreplicating cells and, in panticuiar, these vectors have been shown 1o efficiently infect cardiac
myocytes in vivo, e.q., afier direction injection or perfusion. Adenoviral vectors have been shown to result
in transient expression of therapeutic genes in vivo, peaking at 7 days and lasting approximately 4 weeks.
The duration of transgene expression may be improved in systemns utilizing neural specific promoters. In
addition, adenoviral vectors can be produced at very high titers, allowing efficient gene transfer with small
volumes of virus.

Adeng-associated virus vectors

Recombinant adeno-associated viruses fAAVY) are derived from nonpathogenic parvoviruses,
evoke essentially no cellular immune response, and produce transgene expression fasting months in most
systems. Moreover, like adenovirus, adenc-associated virus veciors also have the capability to infect
replicating and nonreplicating cells and are believed 1o be nonpathogenic to humans. Moreover, they
appear promising for susiained cardiac gene transfer (MHoshijima et al., Nal. Med., 88684 (2002); Lynch et
al., Cire. Res., 80:197 (1997)).

AAV vactors include but are not imited 10 AAYT, AAVZ, AAVSE, AAVT, AAVS, AAVS or AAVIH10,
including chimeric viruses where the AAY genome is from a different source than the capsid.

Plasmid DNA veciors

Plasmid DNA is often referred to as "naked DNA" {0 indicate the absence of a more elaborate
packaging system. Direct injection of plasmid DNA o myocardial cells in vivo has been accomplishad.
Plasmid-based vectors are relatively nonimmunogenic and nonpathogenic, with the potential to siably
integrate in the cellular genome, resulting in long-term gene expression in postmitotic cells in vive. For
example, expression of secreted angiogenesis factors after muscle injection of plasmid DNA, despite
relatively low levels of focal transgene expression, has demonstrated significant biologic effects in animal
maodels and appears promising clinically (isner, Nalure, 415:234 (2002)). Furthermore, plasmid DNA is
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in one embodiment, a non-viral delivery vehicle comprises polymers including but not limited to
poly{iactic-co-glycolic acid) (PLGA), polviactic acid (PLA}, linear and/or branched PE! with differing
molecular weights (e.g., 2, 22 and 25 kDa}, dendrimers such as polyamidoamine (PAMAM) and
polymethoacrylates; lipids including but not limited to cationic liposomes, cationic emulsions, DOTAP,
DOTMA, DMRIE, DOSPA, distearoyiphosphatidyicholine (08PC), DOPE, or DC-cholesterol; peptlide
based vectors including but not limited to Poly-L-lysine or protamine; or poly(B3-amino ester), chitosan,
PEl-polyethylene glycol, PEl-mannose-desdrose, BOTAP-cholestero! or RNAIMAX,

in one embodiment, the delivery vehicle is a glvcopolymer-based dslivery vehicle,
poly{givcoamidoaming)s (PGAAS), thal have the ability {0 complex with various polynucieotide types and
form nancparticles. These malerials are created by polymerizing the methylester or lactone derivatives of
various carbohydrales (D-glucarate {0}, meso-galactarate {(3), D-mannarate (M), and L-lariarate (1)) with
a series of oligosthyleneamine monomers {containing betwesn 1-4 ethylenamines (Liu and Reineke,
2008). A subset composed of these carbohydrates and four ethyleneamines in the polymer repeat units

yielded exceptional delivery efficiency.

in one embodiment, the delivery vehicle comprises polyethylengimine (PED, Polvamidoaming
{(PAMARM), PELPEG, PEI-PEG-mannose, dextran-PEl, OVA conjugate, PLGA microparticles, or PLGA
microparticles coated with PAMAM, or any combination thereof. The

in one embodiment, the delivery vehicle comprises a lipid, e.g., N-[1-(2,3-dioleovioxyipropel]-
NN N-trimethylammonium (DOTMA), 2, 3-dioleyioxy-N-{Z2-spermine carboxamide] ethyl-N N-dimethyi-1-
propanammonium trifluoracetate (DOSPA, Lipofectamineg); 1,2-dioleoyl-3-trimethylammonium-propane
{(DOTAP); N-[1-(2,3-dimyristioxy) propyl], N A-dimethyl-N-2-hydroxyethyl) ammonium bromide (DMRIE),
3-3-IN-(N N -dimethylaminoethane) carbamovl] cholesterol (DC-Chol); dioctadecy! amidoglycenyi spermine
(DOGSE, Transfectam); or imethyldioctadeclvammonium bromide (DDAB). The positively charged
hydrophilic head group of cationic lipids usually consists of monoamine such as tertiary and quaternary
amines, polyamine, amidinium, or guanidinium group. A series of pyridinium lipids have been developed
{(Zhu et al., 2008; van der Woude et al,, 1957, llies et al,, 2004). In addition to pyridinium cationic lipids,
other types of heterocyalic head group include imidazole, piperizine and aming acid. The main function of
cationic head groups is to condense negatively charged nucleic acids by means of elecirostatic interaction
o slightly positively charged nanoparticles, leading 1o enhanced cellular uptake and endosomal escape.

Lipids having two linear fatty acid chains, such as DOTMA, DOTAPR and SAINT-2, or DODAC,
may be employed as a delivery vehicle, as well as tetraalkyl lipid chain surfactant, the dimer of N N-
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dicleylk-N N- dimethylammonium chioride (DODAC). All the frans-orientated lipids regardless of their

hydrophobic chain lengths {Cisn, Crer and Coo) appear to enhance the transfection efficiency compared
with their ois-orientated counterparts.

The structures of cationic polymers useful as a delivery vehicle include but are not limited 1o linear
polymers such as chilosan and linear poly(ethyleneimine), branched polymers such as branch
poly(ethyleneimine) (PE), circle-like polymers such as cyclodexirin, nefwork (crossiinked) type polymers
such as crosslinked poly(amino acid) (PAA), and dendrimers. Dendrimers consist of a central core
molecule, from which several highly branched arms ‘grow’ 1o form a tree-like structure with a manner of
symmetry or asymmelry. Examples of dendrimers include polyamidoamine (PAMAM) and
polypropyleniming (PRI dendrimers.

DOPRE and cholesterol are commaonly used neutral co-lipids for preparing cationic liposomes.
Branched PEl-cholesterol water-soluble lipopolymer conjugates self-assembile into cationic micelles.
Pluronic {poloxamer), a non-ionic polymer and SP1017, which is the combination of Pluronics L81 and
F127, may also be used.

in one embaodiment, PLGA panticles are emiployed to increass the encapsulation frequency
although complex formation with PLL may also increase the sncapsulation efficiency. Other cationic
materials, for example, PEL, DOTMA, DC-Chol, or CTAB, may be used to make nanospheres.

in one embadiment, complexes are embedded in or applied to a material including but not limited
to hydrogels of poloxamers, polyacrylamide, poly(2-hydroxyethyl methacrylate), carboxyvinyl-polymers
{e.g., Carbopol 834, Goodrich Chemical Co.), cellulose derivatives, e.g., methyicellulose, cellulose acetale
and hydroxypropyl cellulose, polyvinyl pyrrolidone or polyvinyl alcohols, or combinations thereof,

in some embaodiments, a biocompatible polymeric material is derived from a bicdegradabie
polymeric such as collagen, e.g., hydroxviated collagen, fibrin, polvlactic-polyglycolic acid, or a
polyanhydride. Other examples include, without limitation, any biocompatible polymer, whether
hydrophilic, hydrophobic, or amphiphilic, such as ethylene vinyl acetate copolymer (EVA), polymethyl
methacrylate, polyamides, polycarbonates, polyesters, polyethylene, polypropyienes, polystyrenes,
poiyvinyl chioride, polvietrafluorosethviene, N-isopropylacrylamide copolymers, poly{ethyiene
oxide)/poly(propylene oxide) block copolymers, poly(ethylene giveol)/poly(D, L-actide-co-glycolide) block
copolymers, polyglycolide, polylactides (PLLA or PRDLA), poly{caprolacions) (PCL), or poly(dioxanone)
(PPS).

in another embodiment, the biocompatible material includes polyethyleneterephalate,
poiytetraflucroethyiene, copolymer of polyethylene oxide and polypropylene oxide, a combination of
polygiyeolic acid and polyhydroxyalkanoate, gelatin, alginate, poly-3-hydroxybutyrate, poly-4-
hydroxybutyrate, and polyhydroxyociancate, and polyacrylonitrilepolyvinyichlorides.

in one embodiment, the following polymers may be employed, e.g., natural polymers such as
starch, chitin, glycosaminoglycans, e.g., hyaluronic acid, dermatan suifate and chrondrotin sulfate, and
microbial polyesters, e.g., hydroxyalkanoates such as hydroxyvalerate and hydroxybutyrate copolymers,
and synthetic polymers, e.g., poly{crthoesters) and polyanhydrides, and including homo and copolymers
of giycolide and lactides {e.q., poly{L-lactide, poly(L-lactide-co-D, L-lactide)}, poly{L-lactide-co-glycolide,
polygivoolide and poly(D L-lactide), pokD, L-lactide-coglycolide), poly(lactic acid colysing} and
polycaprolactone.

in one embodiment, the biccompatible material is derived from isolated extraceliular matrix
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{(ECM). ECM may be isolated from endothelial fayers of various cell populations, tissues and/or organs,

e.g., any organ or tissue source including the dermis of the skin, liver, glimentary, respiratory, intestinal,
urinary or genital tracks of a warm blooded vertebrate. ECM empioyed in the invention may be froma
combination of scurces. Isolated ECM may be prepared as a sheet, in particulate form, gel form and the
lika.

The biocompatible scaffold polymer may comprise silk, elastin, chitin, chitosan, poly{d-hydroxy
acid), poly{anhydrides), or poly{orthoesters). More particularly, the biocompatible polymer may be formed
polyethylene glyeol, polv{lactic acid), poly{ghyeoiic acid), copolymers of factic and glycolic acid,
copolymers of lactic and ghycolic acid with polysthylene glveol, poly(E-caprolacione), poly(3-
hydroxvbutyrate), poly(p-dioxanone), polypropyiene fumarate, poly{orthoasters), polyolidiketene acetals
addition polymers, poly(sebacic anhvdride} (PSA), polv{carboxybiscarboxyphenoxyphenoxy hexone
{PCPF) polyibis {p~carboxypheonoxy) methane] (FCPM), copolymers of SA, CPP and CPM, poly(aming
acids), poly{pseudo amino acids), polyphosphazenes, derivatives of polyl(dichioro)phosphazenes] or
polyf{organo) phosphazenes], poly-hydroxybutyric acid, or S-caproic acid, polylactide-co-glycolide,
poiylactic acid, polyethylene giycol, celiulose, oxidized cellulose, alginate, gelatin or derivatives thereof.

Thus, the polymer may be formed of any of a wide range of malerials including polymers,
including naturally occurring polymers, synthetic polymers, or a combination thereof. In one embodiment,
the scaffold comprises biodegradable polymers. In one embodiment, a naturally occurring biodegradable
polymer may be maodified to provide for a synthetic bicdegradable polymer derived from the naturally
occurring polymer. In one embodiment, the polymer is a poly{lactic acid) ("PLA"} or poly(lactic-co-glycolic
acid) ("PLGA"). In one embodiment, the scaffold polymer includes but is not limited to alginate, chitosan,
poiy(2-hydroxyethyimethacrylate), xyloglucan, co-polymers of Z-methacrylovioxyethyl phosphoryicholine,
poiy{vinyl alcohol), silicone, hydrophobic polyesters and hydrophilic polyester, poly(lactide-co-glycolide),
N-isoproviacrvlamide copolymers, poly(ethylene oxide)/poly(propylene oxide), polylactic acid,
poiy(orthoesters), polyanhydrides, polyurethanes, copolymers of 2-hydroxyethylmethacrylate and sodium
methacrylate, phosphoryicholine, cyclodexiring, polysulfone and polyvinylpyrrolidine, starch, poly-D L-
lactic acid-para-dioxanone-polyethylene glycol block copaolymer, polypropylene, poly{ethylene
ferephthalale), poly{etrafivoroethylene), poly-epsilon-caprolactone, or orosslinked chitosan hydrogels.

Alternatively, the nucleic acids or veciors, can be administered in dosages of at least about
0.0001 mg/kg to about 1 mg/kg, of at least about 0.001 mg/kg o about 8.5 mg/kg, at least about 0.01
ma/kg to about 0.25mg/kg or at least about 8.01 mg/kg to about §.25 mg/kg of body weight, although
other dosages may provide heneficial results.

Allernatively, the nucleic acids or vecltors, can be administered in dosages of at least aboul
0.0001 mg/kg to aboul 1 mgfkg, of al Isast aboui 0.001 mg/kg 1o about .5 mg/kg, at least about 0.01
mg/kg to about 0.25 mg/kg or at least about 8.01 mg/kg to about 8.25 mo/kg of body weight, although
other dosages may provide beneficial results.

Pharmaceutical Compositions

The invention provides a composition comprising, consisting essentially of, or consisting of the
above-described gene transfer vector(s) and a pharmaceutically acceptabile {e.g., physiologically
acceptable) carrigr. When the composition consists essentially of the gene transfer vector and a
pharmaceutically acceptable carrier, additional components can be included that do not materially affect
the composition (e.g., adjuvants, buffers, stabilizers, anti-inflammatory agents, solubilizers, preservatives,
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etc.). VWhen the composition consists of the inventive gene transfer vecior and the pharmaceutically

acceptable carrier, the composition does not comprise any additional compaonents. Any suilable carrier
can be used within the contexd of the invention, and such carriers are well known in the arl. The choice of
carrier will be determined, in part, by the particular site 1o which the composition may be administerad and
the particular method used to adminisier the composition. The composition optionally can be sterile with
the exception of the gene transfer vector described herein. The composition can be frozen or iyophilized
for storage and reconstituted in a suitable sterile carrier prior to use. The compositions can be gensrated
in accordance with conventional technigues described in, e.q., Remingion: The Science and Fractive of
Fharmacy, 21st Edifion, Lippincolt Willlams & Wilking, Philadelphia, PA (2001).

Suitable formulations for the composition include agueous and non-aqueous solutions, isofonic
sterile solutions, which can contain anti-oxidants, buffers, and bacleriostals, and agueous and non-
aqueous sterile suspensions that can inciude suspending agents, solubilizers, thickening agents,
stabilizers, and preservatives. The formulations can be presented in unii-dose or multi-dose sealed
containers, such as ampules and vials, and can be stored in a fresze-diied (lyophilized) condition
requiring only the addition of the sterile liquid carrier, for excample, water, immediatsly prior {o use.
Extemporanecus solutions and suspensions can be prepared from sterile powders, granules, and tablets
of the kind previously described. in one embodiment, the cairier is a buffered saline solution. in one
embodiment, the inventive gens transfer vector is administered in a compaosition formulated to protect the
gene transfer vector from damage prior o administration. For example, the composition can be
formulated to reduce loss of the gene transfer vector on devices used to prepare, store, or administer the
gene transfer vactor, such as glassware, syringes, or needies. The composition can be formulated to
decrease the light sensitivily and/or temperature sensitivity of the gene transfer vecior. To this end, the
composition may comprise a pharmaceutically acceptable liquid carrier, such as, for example, those
described above, and a stabilizing agent selected from the group consisting of polysorbate 80, L-arginine,
poiyvinvipyrrolidone, trehalose, and combinagtions thereof. Use of such a compasition will extend the shelf
fife of the gene transfer vector, faciliiate administration, and increase the efficiency of the inventive
method. Formulations for gene transfer veclor -containing compositions are further described in, for
example, Wright ef al, Curr. Opin. Drug Discov. Devel, 6(2). 174-178 (2003) and Wright et al., Molecudar
Therapy, 12 171-178 (2005))

The composition also can be formulated to enhance transduction efficiency. In addition, one of
ordinary skill in the art will appreciate that the inventive gene transfer vector can be present in a
composition with other therapeutic or biclogicallv-active agents. For example, factors that conirol
inflammation, such as ibuprofen or steroids, can be part of the composition {o reduce swelling and
inflammation associated with in vivo administration of the gene transfer vector. Immune syslem
stimulators or adjuvants, e.q., interleukins, lipopolysaccharide, and double-stranded RNA.  Antibislics,
i.e., microbicides and fungicides, can be present o treat existing infection and/or reduce the risk of future
infection, such as infection associated with gene transfer procedures.

injectable depot forms are made by forming microencapsule matrices of the subject compounds
iy biodegradable polymers such as polylactide-polyglycolide. Depending on the ratic of drug to polymer,
and the nature of the particular polymer employed, the rate of drug release can be controlled. Exampies
of other biodegradable polymers include poly(orthoesters) and poly(anhydrides). Depot injectable
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forrulations are aiso prepared by entrapping the drug in liposomes or microemuisions which are

compatiblie with body tissue.

in certain embodiments, a formulation comprises a biocompatible polymer seiected from the
group consisting of polvamides, polycarbonates, polvalkyienes, polymers of acrylic and methacryvlic
esters, polyvinyl polymers, polyglycolides, polysiloxanes, polyurethanes and co-polymers thereof,
celiuloses, polypropylene, polvethyienes, polystyrene, polymers of lactic acid and glycolic acid,
polyanhydrides, polv(oriho)esters, poly(butic acid}, polv(valeric acid}, poly(lacltide-co-caprolacione),
polysaccharides, proteins, polyhyaluronic acids, polyovanocacrylates, and blends, mixtures, or copolymers
thereof.

The composition can be administered in or on a device that allows controlied or sustained
refease, such as a sponge, biccompatible meshwork, mechanical reserveir, or mechanical implant.
implants {see, e.q., U.8. Palent No. 5,443 508), devices (see, e.q., LS. Falent No. 4,863,457), such as
an implantable device, e.g., a mechanical reservoir or an implant or a device comprised of a polymeric
composition, are particularly useful for administration of the inventive gene transfer vecior. The
composition also can be administered in the form of sustained-release formulations (see, e.g., U.S. Patent
No. 5,378,475) comprising, for example, gel foam, hyaluronic acid, gelatin, chondroitin sulfate, a
polyphosphoester, such as bis-2-hydroxyethyl-terephthalate (BHET), and/or a poiylactic-giycolic acid.

The dose of the gene transfer vector in the composition administered o the mammal will depsnd
on a number of factors, including the size {(mass) of the mammal, the extent of any side-effects, the
particular route of administration, and the tike. In one embodiment, the inventive method comprises
administering a “therapeutically effective amount” of the compaosition comprising the inventive gene
transfer vector described herein. A “therapeutically effective amount” refers 10 an amount effective, at
dosages and for pericds of time as necessary, 10 achieve a desired therapeutic result. The therapeutically
effective amount may vary according to factors such as the exient of the disease or disorder, age, sex,
and weight of the individual, and the ability of the gene transfer vecior to elicit a desired response in the
individual. The dose of gene transfer vector in the composition to achieve a particuiar therapeutic effect
typically is administered in units of vector genome copies per cell (go/celly or vector genome copias/per
kilogram of body weight (go/kg). One of ordinary skill in the art can readily determine an appropriate gene
fransfer vecior dose range 1o treat a patient having a particular disease or disorder, based on thess and
other factors that are well known in the art. The therapeutically effective amount may be between 1 x 10'°
genome copies to 1x 10% genoms copies. The therapeutically effective amount may be between 1 x 109
genome copies to 1x 10% genoms copies. The therapeutically effective amount may be between 1 x 107
genome copies to 1 10 genoms copies. The therapeutically effective amount may be between 1 x 19"
genome copies to 1x 10" genoms copies. Assuming a 70 kg human, the dose ranges may be from 1.4 x
10% gofkg to 1.4 x 10" gorkg, 1.4 x 10% gorkg 1o 1.4 x 10% gorkg, 1.4 x 100 go/kg to 1.4 x 10" gofkg, or 1.4
x 10 gofkg to 1.4 x 10 gofkg.

in one embodiment, the composition is adminisiered once o the mammal. |t is believed that a
single administration of the composition may result in persistent expression in the mammal with minimal
side effects. However, in cerain cases, it may be appropriate to administer the composition multiple
times during a therapeutic period o ensure sufficient exposure of celis to the composition. For exampls,
the composition may be administered to the mammal two or more times (e.g., 2, 3, 4,5, 6,6, 8, 9, or 10 or
move times) during a therapeutic period.
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The present disclosure provides pharmaceutically acceptable compositions which comprise a

therapeutically-effective amount of gene transfer vector comprising a nucleic acid sequence as described
above.

Routes of Adminisiration, Dosages and Dosage Forms

Administration of, for example, the gene delivery vectors in accordance with the present invention,
may be continuous or intermittent, depending, for example, upon the recipient's physiological condition,
and other factors known to skilled practitioners. The adminisiration of the gene delivery vector(s) may be
essentially continuous over a preselected period of time or may be in a series of spaced doses, Both
local administration, .q., intracranial, intranasal or intrathecal, and systemic administration, e.g., using
viruses that cross the blood-brain barrier, are contemplated. Any route of administration may be
employed, e.q., intravenous, intranasal or intrabronchial, direct administration to the lung and intrapleural.
in one embodiment, compositions may be delivered {o the pleura.

One or more suitable unit dosage forms comprising the gene delivery vector(s), which may
optionally be formulated for sustained release, can be adminisierad by a varigly of roules including
intracranial, intrathacal, or intranasal, or other means to deliver o the ONS, or oral, or parenteral,
including by rectal, buccal, vaginal and sublingual, iransdermal, subcutaneous, infravencus,
intramuscular, intraperiioneal, intrathoracic, or intrapulmonary routes. The formulations may, where
appropriate, be conveniently presented in discrate unit dosage forms and may be prepared by any of the
methods well known to pharmacy. Such methods may include the step of bringing into association the
vector with liquid carriers, solid matrices, semi-solid carriers, finely divided solid carriers or combinations
thereof, and then, if necessary, introducing or shaping the product into the desired delivery system.

The amount of gene delivery vector(s) administered 10 achieve a pariicuiar cutcome will vary
depending on various fadiors including, but not imited to, the genes and promoters chosen, the condition,
patient specific parameters, .g¢., height, weight and age, and whether prevention or treatment, is {o be
achieved.

Vectors of the invention may conveniently be provided in the form of formulations suitahle for
adminisiration, e.g., info the brain. A suilable administration format may best be determined by a medical
practitioner for each patient individually, according to standard procedures. Suitable pharmaceutically
acceptable carriers and their formulation are described in standard formulations treatises, e.g.,
Remingtlon's Pharmaceuticals Sciences. By "pharmaceutically acceplable”™ it is meant a carrier, diluent,
excipient, and/or salt that is compatible with the other ingredients of the formulation, and not deleterious to
the recipient thereof.

Vectors of the invention may be formulatled in solution at newtral pH, for example, about pH 8.5 1o
about pH 8.5, or from about pH 7 1o 8, with an excipisnt 1o bring the solution to aboul isotonicity, for
example, 4.5% mannitol or 0.9% sodium chioride, pH buffered with art-known buffer solutions, such as
sodium phosphate, that are generally regarded as safe, together with an accepted preservative such as
metacresol 0.1% 10 0.75%, or from 0.15% to 0.4% metacresol. Obtaining a desired isotonicity can be
accomplished using sodium chioride or other pharmaceutically acceptable agents such as dexdrose, boric
acid, sodium tartrate, propylene glycol, polvols (such as mannitol and sorbitol}, or other inorganic or
organic solutes. Sodium chioride is useful for buffers containing sodium ions. If desired, solutions of the
above compaositions can also be prepared to enhance shelf life and stability. Therapeutically useful
compositions of the invention can be prepared by mixing the ingredients following generally accepted
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procedures. For example, the selected components can be mixed to produce a concentrated mixture

which may then be adjusted to the final concentration and viscosity by the addition of water and/or a
buffer to control pH or an additional solute to control tonicity.

The vectors can be provided in a dosage form containing an amount of a vedior effective in one or
multiple doses. For viral vectors, the effective dose may be in the rangs of at least about 107 viral
particles, e.q., about 10° viral particles, or about 10" viral particles. Ths number of viral particles added
may be up to 10" For example, when a viral expression vector is employed, about 108 to about 10% g
of viral vector can be administered as nucleic acid or a5 g packaged virion. In some embodiments, about
10° to about 10'° copies of viral vecior, e.g., per 0.5 to 10 mi., can be administered as nucleic acid or as a
packaged virion. Alternatively, the nucleic acids or vectors, can be adminisiered in dosages of at least
about 0.0001 mg/kg 1o about 1 mg/kg, of al least about §.001 mg/ikg to about 0.5 mg/kg, at least about
0.01 mg/kg to about 0.25mg/kg or at least about §.01 mg/kg to about 0.25 mg/kg of body weight, although
sther dosages may provide beneficial resulis. The amount administered will vary depending on varigus
factors including, but not limited to, the nucleic acid or vector chosen for administration, the disease, the
weight, the physical condition, the health, and/or the age of the mammal. Such factors can be readily
delermined by the clinician employing animal models or other lest systems that are available in the arl.
As notad, the exact dose o be administered is determined by the attending clinician, but may be in 1 mb
phosphate buffered saling. For delivery of plasmid DNA alone, or plasmid DNA in a complex with other
macromaoiacules, the amount of DNA to be administered will be an amount which resulis in a beneficial
effect to the recipient. For example, from 0.0001 to 1 mg or more, e.g., upto 1 g, in individual or divided
doses, 2.q., from 0.001 10 0.5 mg, or 0.01 to 8.1 mg, of BNA can be administered.

For example, when a viral exprassion vector is employed, about 108 to about 10% gc of viral
vector can be administered as nucleic acid or a3 a packaged virion. In some embaodiments, about 10° to
about 10'° copies of viral vector, e.g., per 0.5 10 10 mL, can be administered as nucleic acid or as a
packaged virion. Altematively, the nucleic acids or vediors, can be administered in dosages of at least
about 0.0001 mg/kg to about 1 mg/kg, of at least about 0.001 mg/kg to about 0.5 mg/kg, at least about
0.01 mo/kg to about 0.25 mg/kg or at least about 8.01 mg/kg to about .25 mg/kg of body weight,
atthough other dosages may provide beneficial resuils.

in one embodiment, administration may be by intracranial, intraventricular, infracisternal, lumbar,
intrahepatic, intratracheal or intrabronchial injection or infusion using an appropriate catheler or needle. A
variely of catheters may be used to achieve delivery, as is known in the arl. For example, a variety of
general purpose catheters, as well as modified catheters, sultable for use in the present invention are
available from commercial suppliers. Also, where delivery is achieved by injeclion direclly into a specific
region of the brain or lung, a number of approaches can be used o introduce a catheter inlo that region,
as is known in the ar,

By way of illustration, liposomes and other lipid-containing gene delivery complexes can be used
to deliver one or more transgenes. The principles of the preparation and use of such complexeas for gene
delivery have been described in the art (see, e.g., Ledley, (1985}, Miller et al., (1995}, Chonn et al,,
{1995); Schofield et al., (1995); Brigham et al., (1993)).

Pharmaceutical formulations containing the gene delivery veciors can be prepared by procedures
known in the arl using well known and readily available ingredients. For example, the agent can be
formulated with common excipients, diluents, or carriers, and formed into tablets, capsules, suspensions,
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powders, and the like. The vectors of the invention can also be formulated as elbdrs or solutions

appropriate for parenteral administration, for instance, by intramuscular, subcutaneous or infravenous
routes.

The pharmaceutical formulations of the vectors can also take the form of an agueous or
anhydrous solution, .g., a lvophilized formulation, or dispersion, or allernatively the form of an emulsion
or suspension,

In one embodiment, the vectors may be formulated for administration, e.g., by injection, for
example, bolus injection or continuous infusion via a catheter, and may be presented in unit dose form in
ampules, pre-filled syringes, small volume infusion containers or in muiti-dose containers with an added
preservative, The active ingredients may {ake such forms as suspensions, solutions, or emulsions in olly
or agueous vehicles, and may contain formulatory agenis such as suspending, stabilizing andior
dispersing agenis. Alternatively, the aclive ingredients may be in powder form, oblained by aseplic
isolation of sterile solid or by lyophilization from solution, Tor constitution with a suilable vehicle, e.g,,
sterile, pyrogen-free water, before use.

Thase formulations can contain pharmaceutically acceptable vehicles and adjuvants which are
well known in the prior art. i is possible, for example, to prepare solutions using one or more organic
solvent(s) that is/are acceptable from the physiological standpoint.

For administration to the uppser (nasal) or lower respiratory tract by inhalation, the vecloris
conveniently delivered from an insufflator, nebulizer or a pressurized pack or other convenient means of
delivering an aerosol spray. Pressurized packs may comprise a suitable propellant such as
dichlorodifiuoromethane, trichloroflucromethane, dichiorotetrafiuornethane, carbon dioxide or other
suitable gas. Inthe case of a pressurized aerosol, the dosage unit may be determined by providing a
valve to deliver a metered amount.

Alternatively, for administration by inhalation or insufflation, the composition may take the form of
a dry powder, for exampie, a powder mix of the therapeutic agent and g suitable powder base such as
factose or starch. The powder composition may be presented in unit dosage form in, for example,
capsules or cartridges, or, e.g., gelatine or blister packs from which the powder may be administered with
the aid of an inhalator, insufflator or a metered-dose inhaler.

For infra~-nasal administration, the vector may be administered via nose drops, a liguid spray,
such as via a plastic botlle atomizer or melered-dose inhaler. Typical of atomizers are the Mistometer
{(Wintrop) and the Medihaler (Riker).

The local delivery of the vectors can also be by a variety of techniques which administer the
vecior at or near the sits of disease, e.g., using a catheter or needle Examples of site-specific or targeted
jocal delivery techniques are not intended {0 be limiting but to be Hustrative of the technigues avaiiable.
Examples include local delivery cathetlers, such as an infusion or indwelling catheter, e.g., a needle
infusion catheter, shunts and stents or other implantable devices, site specific cairiers, direct injection, or
direct applications.

The formulations and compositions described herein may also contain other ingredients such as
antimicrobial agents or preservatives.

Subiects

The subject may be any animal, including a human. human and non-human animals, Non-human

animals includes all vertebrates, e.g., mammals and non-mammals, such as non-human primates, sheep,
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dogs, cals, cows, horses, chickens, amphibians, and reptiles, aithough mammals, such as non-human

primates, sheep, dogs, cats, cows and horses may be the subject. The subject may also be livestock such
as, catlle, swine, sheap, poullry, and horses, or pets, such as dogs and catls.

in one embodiment, subjects include human subjects. The subjedt is generally diagnosed with
the condition by skilled arlisans, such as a medical practitioner.

The methods of the invention described herein can be employed for subjects of any species,
gender, age, sthnic population, or genotype. Accordingly, the term subject includes males and females,
and i includes elderly, elderly-to-adult transition age subjects aduits, aduli-to-pre-adult transition age
subjects, and pre~adulis, including adolescents, childrens, and infants.

Examples of human ethnic populations include Caucasians, Asians, Hispanics, Africans, African
Amaericans, Native Americans, Semites, and Pacific Islanders. The methods of the invention may be more
appropriate for some ethnic populations such as Caucasians, especially northern European populations,
as well as Asian populiations.

The term subject also includes subjects of any genotype or phenotype as long as they are in need
of the invention, as described above. In addition, the subject can have the genotype or phenotype for
any hair color, eye color, skin color or any combination thereof,

The term subject includes a subject of any body height, body weight, or any organ or body part
size or shape.

Exemplary Embodiments

in one embaodiment, a gene therapy vector is provided comprising an expression cassette coding
for a mammalian apolipoprotain E that has a residue other than arginine at at least one of positions 112,
1386, or 158, or coding for an antibody or antigen binding fragment thereof that specifically binds APCE4,
such as an antibody that has the binding specificity or is derived from 8011, 4E4 (binds o residues
between 100 and 150), 585, E29, 1343A (Arboleda-Velasquez et al., 2019}, or one disclosed in U.S.
Patent No. 8,741,288, the disclosures of which are incorporated by reference herein, or one that binds
heparan sulfate, 2.q., heparan sulfale protecglycans (HPSGs). In one embaodiment, the mammalian
wotein B is not APOEZ, APQES, or APOE4 but rather is a modified APOE that is protective, e.g.,

decreases or delays cognitive impairment or deterioration, when exogenously expressed in a mammal, or

ar
E2ER

soprotain £ in the vedtor s a human

may have reduced binding to HSPGs.  In one embodiment, the &g

B0, Mo as des 4 herain, In one embodiment, the residue in the APOE in the

vector other than arginine is serine, threonine, asparagine, cysteine, or glutamine. In one embodiment,
position 112 in the APOE in the vector is & cysteine. In one embodiment, position 138 in the APOE in the
vector | a serine. in one embodiment, position 158 in the APOE in the vector is an argining or a cysieine.
in one embodiment, two of positions 112, 138 or 158 in APOE in the vecior have an arginine. In one
embodimeant, position 112 in the APOE in the veclors does not have an arginine. In one embodiment,
position 158 in APOE in the vector does not have an arginine. In one embuodiment, the gene therapy is a
viral gene therapy vector, e.g., an adenovirus, adeno-assaciated virus {(AAV), retrovirus or lentivirus
vector. In one embaodiment, the viral gene therapy vector is a rAAY vector. In one embodiment, the AAY
vector has an AAVTH.10, AAVS, AAVS AAVS, AAVHhU.37, AAVHU.20, AAVhU.43, AAVhU.8, AAVhu.2, or
AAVT capsid. In one embodiment, the AAV vaedtor is AAVZ, AAVS, AAVT, AAVE, AAVS or AAVL10. Th
vector may be present in a pharmaceutical composition. in one embodiment, the amount of the viral
vector in the composition is about 1 10" to about 1 x 10'® genome copiaes.
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The vector may be introduced to cells in vitro or in vivo. In one embodiment, a method to prevent,

inhibit or treat Alzheimer's disease in a mammal includes administering to the mammai an effective
amount of the gene therapy vector. in one embodiment, a method 1o prevent, inhibit or treat a disease
associated with APOE4 expression in 2 mammal includes administering 1o the mammal an effective
amount of the gene therapy vector. in one embodiment, a method 1o prevent, inhibit or treat a lipid
disorder in a mammal includes administering 1o the mammal an effective amount the gene therapy vector.
in one embodiment, the mammal is a E2/E4 helerozygole. In one embodiment, the mammal is a E4/E4
homozygote, In one embodiment, the mammal is a E2/E2 homozygote. In one embodiment, the mammal
i5 a E3/E3 homozygote. in one embodiment, the mammal is a EJ/ES heterozygote. in one embodiment,
the mammal is a EZ/E3 heterozygote. In one embodiment, the mammal is a2 human. In one embodiment,
the vector is systemically administered. In one embodiment, the vector is injected. In one embodiment, the
vector is administered to the central nervous system. In one embodiment, the vector is adminisiered to the
brain. In one embodiment, the veclor encodes an apoli lein E having C112, 8136 and Ri58 or
having C112, 8138 and C158.

in one embodiment, a gene therapy vector comprising a promoter operably linked o a nucleic

acid sequence comprising an open reading frame encoding APOE that is not APOEZ, APCES, or APOE4
but is modified and is protective, and a 3’ untransiated region (3’ UTR]}, and a nucleotide sequence having
RNAI sequences corresponding to APOE4 for inhibition of APOE4 mRNA. In one embiodiment, the vecior
comprises the nuclectide sequence. In one embodiment, the nucleotide sequence is § or 3" to the open
reading frame. [n one embodiment, the nucleotide sequence is 5 and 3 to the open reading frame. in
one embodiment, the nucleotide sequence is on a different vector. In one embaodiment, the vecloris a
viral vecior, in one embodiment, the viral vedior is an AAY, adenovirus, lentivirus, herpesvirus or
retrovirus vecior. In one embodiment, the AAY is AAVYS, AAVY or AAYIRI0. In one embodiment, the
nuclectide seguence is linked o a second promoter. in one embodiment, the second promoter is a Polill
promoter. In one embaodiment, the RNAIT comprises miRNA including a plurality of miRNA seguences. In
one embodiment, the RNAI comprises siRNA including a plurality of siRNA seguences. in one
embodiment, the open reading frame comprises a pluraiity of silent nuclectide substitutions. in one
embodiment, the vector has at least 5%, 10%, 20%, 30%, 40%, 50%, §0%, 70%, 80% or 80% of the
codons have a silent nucleotide substitution. In one embodiment, the open reading frame further
comprises a peplide tag, e.g., 8 HA, histidine tag, AviTag, maitose binding taq, Strep-lag, FLAG-tag, V5-
fag, Myo-tag, Spol-tag, 77 tag, or NE-tag. in one embodiment, the vector is in a host cell, e.g., in a host
organism such as a mammal, or a non-human primate or g human. The host mammal may be
administered the vector in an amount effective to, for exampls, prevent, inhibit or treat Alzheimer’s
disease in 2 mammal, or prevent, inhibit or treat a dissase associated with APOE4 expression in a
mammal. In one embodiment, the vector and/or the nucleotide sequence is systemically adminisiered. In
one embaodiment, the vector and/or the nucleotide sequence is orally administered. In one embodiment,
the vector and/or the nucleotide sequence is intravenously administered.

The invention will be further described by the following non-limiting examples.

Example 1

Dverview

The pathogenesis of Alzheimer's disease (AD) is complex, characierized by central nervous
system (CNS) accurnulation of amyloid-beta (AP), and amyloid plagues, abnormal phosphorviation of tay,
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tau tangles, inflammation and progressive loss of neurons, resulling in progressive cognitive declined.

Genetics play a major role in the risk for these pathogenic processes (DeTure & Dickson, 2018; Holtzman
et al,, 2012; Safieh et al., 2019; Fernandez et al., 2019). Early-onset avtosomal dominant AD is caused by
mutations in amyloid protein precursor (APP) and presenilin (PSEN) 1 and 2 {Campion et al,, 1889;
Carmona et al., 2018), genes that affect APP processing, altering production of Aj peptides, resulting in
aggregation and plaque formation {Carmona et al,, 2018; Dal et al,, 2018). The major genetic factors for
sporadic late-onset AD are variants of apolipoprotein E (APQOE), a lipid transport protein (Tzioras et al,,
2019; Wolters ef al,, 2019). APOE has 3 common isoforms, the common €3 isoform is associated with an
average risk for AD, =4 increases risk 158-20-fold while 2 decreases risk 88 {0 99% lower than 3 and =4,
respectively (Wolters et al., 2019; Corder et al., 1984, Naj et al.,. 2011, Reiman et al., 2020). At the
biclegic level, the APOE genctype (=4>c3>¢2) predicts timing and amount of brain amyioid, p-tau and tau
tangles in humans and AD mouse models (Tzioras et al,, 2018; Shi et al., 2017, Abner et al,, 2018). The
differences in E2 and E4 are dictated by amino acids 112 and 158, ARPCEZ (C112 C158) conveys low risk
and APOE4 (R112 R158) high risk (Corder et al,, 1894; Reiman et al., 2020; Corder et al., 1883). Within
this 112-158 "Alzheimer's risk region” is coding for the LDL receptor and binding {o heparan proteogivcans
{Mahiey et al,, 1889).

Since APOE4 conveys high risk and APOEZ low risk, 1o develop a gene therapy to preventftreat
the development of AD-related pathology in APOE4 homozygotes with AAVrh. 10hAPQEZ, a serotype
rh. 10 adeno-associated virus (AAV) gene transfer vector coding for human APOEZ was prepared. CNS
administration of AAVrh.10hAPOEZ prevented APOE4-associated AR and amyloid burden in mouse
models {Zhao et al., 2016), supporting the concept that ARPCE4-associated risk for AD might be mitigated
using APOEZ gene therapy to convert the APOE4 homozygote brain 1o an APQEZ-APOE4 helerozygote
state (Zhao et al,, 2016).

The importance of the APOE 112-158 region in mediating AD risk was highlighted by the report of
a fernale carrier of the PSEN1 E280 mutation but also homozygote for APOEICHC, the Chrisichurch
R13688 APOES variant (Arboleda-Velasquez et al,, 2019). The dominant PSEN1-E2980A gene defines a
Colombian family of >1,200 individuals all with early onsel CNS Aj and amylold accumuliation;
heterozygotes develop dementia in their mid-forties (Lopera et al., 1887). Strikingly, the female who co-
inherited APCE3CHC and PSEN1-E280A was in good cognitive condition at age 70, well past the age
when the kindred typically develop cognitive decline (Arboleda-Velasquez et al., 2019). Clinical
assessment revealed accumulation of amyloid plaques, but low levels of fau pathology, leading to the
concept that the APOE3CHhC variant blocked development of tau pathology. This was comroborated with in
vifro experiments demonstrating that APOE3CHC behaves like the APQOE?2 aliele; both bind poorly to
heparin (APOE3ChC>APOEZ) compared to APCE4 which binds tightly (Mahiley et al,, 1999; Zhao et al.,
2018; Rosenberg et al., 2018; Arboleda-Velasquez et al., 2019). The observation that the inheritance of
APOEICHC prevents PSEN1-E280A-driven development of tau pathology but not amyloid pathology
{Arboleda-Velasquez et al., 2019}, together with gene therapy studies demonstrating that APOE4-driven
amyloid pathology can be suppressed by AAV-mediated delivery of ARPCEZ o the ONS, led to testing, in
mouse models of AD amyloid and tau pathology, whether AAVrh.13-meadiated delivery to the CNS of
APQE3CHhC (APOES with Christchurch variant) suppresses tau-related pathology and whether delivery of
AROCE2ChC {(APOEZ with Christchurch variant) suppresses both amyloid and tau pathology. 2 mouse,
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human E4-based models are used: APR.FS1/TRES exhibiting APP and APOE4-associated amyloid

pathology (Zhao et al,, 2016; Rosenberg ef al., 2018, Arboleda-Velasquez et al., 2019; Lopera et al,
1987, Kim et al, 2011) and P3015/E4 exhibiting tau and APOE4 associated tau pathology (Liu et al,,
2018; Allen et al,, 2002).

Strategy

Heredity plays a major rofe in the risk for Alzheimer's disease (DeTure & Dickson, 2019, Holtzman
et al., 2012; Safieh et al,, 2019, Fernandez et al., 2019). Early-onset auiosomal dominant AD is caused by
mutations in amyloid protein precursor (APF) and presenilin 1 (PSEN1) and 2 (FSEN2) (Campion et al,,
1889, Carmona &l al., 2018}, genes that affect the processing of APP, allering the production of AB
peptides, resulting in aggregation and increased plague formation (Carmona et al,, 2018; Dai et g, 2018).
The major genetic factors for sporadic late-onset AD are variants of apolipoprotein E (APOE), a lipid
transport protein (Tzioras et al., 2019; Wolters et al,, 2019). APOE has three common isoforms, s2, €3, <4,
the common &3 iscform is associated with an average risk for AD, =4 increases the risk and reduces the
age of onset of AD, while ¢2 decreases risk and delays the age of onsel (Wolters et al., 2019; Corder et
al., 1894; Naj et al,, 2011). Al the biclogic level, the APOE genctype ¢4 > ¢3 > ¢2 predicts the timing and
amount of brain amyloid, p-tau and tau tangles in humans and mouse models of AD (Tzioras et al., 2019;
Shi et al., 2017, Abner et gl 2018). Based on the knowledge that inheritance of different variants of the
APQE genes can dictate the AD risk, age of onset and severity (DeTure & Dickson, 2019; Shinchara et
al., 20186), it was envisioned that a therapy 1o reduce the CNS-related Alzheimer's pathology in APOE4
homozygotes could be accomplished by delivering "APOE AD decreased risk” variants 1o the CNS. Prior
studies demonstrated that APOE?Z delivery to the CNS mediated by AAV serotype rh. 10 (AAVIHL10),
reduced AP and amyloid burden in mouse modeis of AD (Zhao et al., 2018). The ability of APOEZ {0
reduce brain AP burden in these mouse models was dependent on gene dose and the amount of pre-
existing Ap1-42 deposition, suggesting that, if sufficient brain APOE2 levels could be achieved early in the
course of the disease, gene delivery of ARPOCE?2 using an AAV vector was a viable therapeutic approach
for treating or preventing AD (Zhao et al., 2016}, This daia, along with studies demonsirating the ability to
deliver and safely achieve high levels of APOEZ expression in the CNS of non-human primates using
intracisternal route (Rosenberg et al,, 2018}, led to a first-in-human ongoing clinical study 1o treat APOE4
homozygotes with infracisternal administration of AAVh.10hAPOEZ.

An "APCE AD decreased risk” gene therapy strategy that is more effective than gene therapy with
APOEZ in mitigating development of APOE4-driven AD-related pathology is envisioned. The approach is
based on a recent report of the conseguences of the APOES-Christchurch (APCE3CHhC) mutation
superimposed on the Colombian PSEN1T-E280A mutation, a PSENT variant in a family affecting >1,200
individuals (Lopera et al., 1997; Acosta-Baena et al,, 2011). The PSEN1-E280A muiation is associated
with an increased AP production, leading o amyloid accumulation; heterozygotes develop dementia in
their mid-forties (Lopera et al., 1997). A female from this kindred with the aulosomal dominant PSEN1
E280A mutation, but also homozygous for the APOESCHC variant, is in good cognitive condition at age 70
and remains independent, well past the age of 40 yr, when those with the same PSEN1 mutation typically
demonstrate cognitive decline (Arboleda-Velsquez et al,, 2019). Clinical assessment revealed significant
accumuiation of amvioid plaques, but low tau/p-tau pathology suggesting that the APOESCHhC mutation

may have blocked development of tau pathology (Arboleda-Velsquez ef al., 2019). Of interest, the
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APQE3CHC variant (R1368) is in the same region of the APOE protein as the common &2, 3 and 4 alisles

{112-158), consistent with the concept that this region of APOE is related to risk for AD (Mahley et al,,
1999).

The ability of the APOE3ChC variant to suppress tau pathology was corroborated with in vifro
experiments demonstrating that APOE3ChC behaves like the APOEZ2 allele; both bind poorly 1o heparin
{(APOE3ChC<APOEZ) (Mahiey et al., 1899; Arboleda-Velsquez et al., 2019). These findings suggest that
the AD-related chain of pathogenic events is likely broken by APOE3CHhC after amyloid formation, and
independent of the mechanism, the Chrisichurch mutation is protective, can be used {0 treat APCE4
homozygotes, and likely will be more effective than gene therapy with the APOEZ glisie (Figures 12-13).
Using the AAVrh. 10 capsid as a delivery system in relevant AD mouse maodels, it is assessed AAVTL10-
mediated delivery {0 the CNS of either APOES or APQEZ each harboring the Christchurch mutation, are
superior to AA Vi 10hAPOEZ as & treatment for Alzhelimer's disease in APOE4 homozygotes. Based on
the prior demonstration that AAVrh. 10hAPOER suppresses amyloid accumulation in murine models (Zhao
et al., 2018}, and the clinical case report on the Christchurch variant, it is ikely that AAVrh. 10hAPOESCHC
suppresses fau, bul not amyloid, pathology, and that AAVI 10hAPOEZCHC may be more effective,
suppressing bolh amyleid and tau pathology.

PSENT-APQEICHC. While the report of an individual who inherited the APOCEICHC variant along

with Colombian PSEN1-E280 mutation only represents a single case, the report included additional

studies that support the conclusion that APOE3CHC is an "TAPQOE AD decreasead risk” variant. Although
amyleid PET scanning revealed a significant accumulation of CNS amyloid plaques, very fittle tau
pathology was observed, and was mostly confined to the medial temporal lobe. In addition, brain glucose
metabolism was almost nommal (Figure 14). The concept that the APOE3CHhC mutation biocks
deveiopment of tau pathology is similar to the concept in the study by Reiman et al. (2020) that observed
i 24 autopsy samples from APOEZ homozygotes that APOEZ was associated with decreased tau
pathology. The ability of the APOE3CHC variant {0 suppress tau pathology was supported by in vitro
experimenis demonstrating that APCE3CRhC behaves like the APQEZ allele; and that compared io E4, E2
and E3CHhC both bind poorly to heparin (binding: E4>E3>E2>>E3ChC, Figure 18). HSPGs have been
implicated in the buildup of amyloid plagues, as well as in promoting microglial response o amyloid
{Hefferman el al., 2016, ALXFORLUM, 2010; Snow et al,, 1888, Liu et al., 2016, C'Callaghan et al,, 2018).
HSPG have also been linked to tau pathology, it has been suggesied that HSPG allow tau fibrils to attach
to neurons, faciitating uptake and propagation of toxic forms of tau (Rauch et al., 2018; Zhao et al., 2019).
in vitro studies also demonstrated that APOES bound with an antibody to residues 130-143 (which
includes the region of the Christchurch mutation) converted APQOES functionally to APOE3CHC as
measured by heparin binding. Together, these findings suggest that the Alzheimer's related chain of
pathogenic svents is likely broken by APOEICHhC afier amyloid formation, and independent of the
mechanism, since the Chrisichurch mulation is protective, it be used (o treat APCE4 homozygotes.
APQE4-associated risk for AR, APOE, a lipid binding protein, is the major carrier of cholesterol in

the CNGS (Puglielli et al., 2003, Williams el al,, 2020). In the brain it is mainly produced by asiroglia and

micraghia (Flowers & Rebeck, 2020; Pitas et al,, 1987, Holtzman et al., 2012). The APOE particles arg

formed in the extraceliular milieu (Mahley et al., 1899, Flowers & Rebeck, 2020}, the APOE paiticle

transports cholesteral to neurons via APCE receptors, members of the low density lipoprotein receptor

gene family (Liu et al., 2013, Mondadoor et al., 2007; Zhang et al., 2013). The APOE protein (289 amino
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acids) has N-terminal (1-187) and C-lerminal (206-29%9)domains connected by a hinge region (Safieh et al,

2019; Flowers & Rebeck, 2020). The C-terminal region contains the low density lipoprotein receptor
binding sited1 {Figurs 2}. In addition 1o iis role in transporting cholesterol in the CNS, APCE has myriad
other functions (Holtzman et al,, 2012; Castellanc et al,, 2011; Deane et al,, 2008; Hashimoto et al, 2012;
Hatters et al., 2006a; Hatters st al., 2008h; Li et al,, 2012; Manslli et al., 2005; Walkar st al,, 2000; Yu st
al., 2014, Zhao et al,, 2009). Human APQE is commonly expressed in 3 isoforms (APOEZ, 3, and 4) that
differ only by two residues (Mahley et al., 1998; Zannis et al., 1981) (Figure 13). inheritance of APOE4 is
the most imporiant genetic risk factor for AD, APOES is neutral, the E4 allsle increases risk and reduces
age of onset and £2 decreases risk and delays age of onset (Relman et al, 2020; Mahley, 2016;
Conejero-Goldberg et al, 2014; Nagy et al,, 1995; Raber et al,, 2004). Epidemiologic data suggest that
APOE4 and APOEZ are co-dominant, that is, E2/E4 helerozygotes, instead of having the 4-fold higher risk
for AD of EWE4S helerozygotles, have close 1o the normal risk of E3/E3 homozygotes (Corder et al., 1994,
Livi et al, 2013; Genin et al,, 2011), i.e., roughly eguivalent expression of E2 cancels out the delelericus
effect of the E4 allele (Corder et al,, 1994, Famrer et al., 1897, Coon st al., 2007}, The key conclusions
from epidemioclogic studies of the protective effects of E2 studiss include: the E2 genotype is markedly
underrepresenied in AD (Corder et al., 1994; Reiman et al., 2020); the E2 allele is associated with a
delayed age-of-onset of AD (Reiman et al., 2020; Benjamin et al., 1884); E2 carriers have reduced AD-
related pathology (Reiman et al., 2020, Nagy et al., 1885); E2 is associagied with slower cognitive decline
{Small et al., 2004); E2 carriers harbor more robust white matter integrity that may be associated with
decreased vulnerability to developing AD (Chiang et al, 2012); and in normal elderly, E2 carriers have
lower levels of cerebrospinal fluid p-Tau and marginally lower tau (Chiang et al.,, 2010). Experimental
studies demonsirate that B2 promotes metabolism of AJ; neuronal repalr and neurile outgrowth; and acls
as an anti-oxidant and anti-inflammatory agent (Rebeck &t al., 2002). Further, animal and clinical studies
have shown that APOE genotype also predicts the timing and amount of brain amyloid B (AB) peptide
deposition as well as amyioid burden (E4>E3>E2) (Castellano et al,, 2011, Raber et al., 2004, Balss &t
al., 2009; Holtzman et al,, 2000; Reiman et al., 2009; Schimechel et al,, 1893}, i.e, APCE4 impairs amyloid
$ clegrance and increases amyloid formation 70,71 .(Liao et |, 2017; Hu ef al,, 2015). Murine studies in
mice have shown that targeted deletion of the endogencus Apof£ gens resuilts in a dramatic decrease in
fibrillary amyicid and total brain AB deposition in the PDAPP mouse model of AD (these mice express a
mutant APP transgenes resulting in high brain levels of human AP) (Bales st al., 1897}, By crossing
FDAPP mice to human APOE targeted replacement (TRE) mice, APOE isoform-dependent effects were
observed in brain Ap deposition and amyloid burden {(E4>>E3>E2} in a manner that recapitulates what is
observed in AD patients (Castellanc et al., 2011; Bales et al., 2009; Holtzran et al,, 2000; Fagan et al,
2002}, suggesting that the APOE isoforms play an imporiant role in determining brain amyioid burden.
Further, studies in tau pathology-related F3015/E3, E2 and E4 mice demonstrate Apok affecis
neurodegeneration in the contesd of tau pathology independently of amyloid-$3. ApoE4 resuited in
aggravated neurcdegeneration whereas the absence of ApoE was neurgprotective (Shi et al., 2017).

APCEZ gene therapy for APOE4-related CNS pathology. Based on the epidemiclogic data of

APQEZ being protective, a gene therapy program was developed 1o assess the hypothesis thal transfer of
APOEZ to the CNS of APOE4 homuozygoles would mitigate the E4 risk (Zhao et al., 2018; Rosenberg et
al., 2018). Evidence in the literature of the feasibility of this approach came from studies of Dodart et al.
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{2005} who demonstrated that administration of APOE4 and APOEZ to the CNS of murine AD models

using lentivirus vectors increased and decreased, respectively, brain AB/amyloid burden. The finding that
APQOEZ decreased brain Ald/amyloid burden was repilicated by MHudry and colleagues (2013) using an
AAV4 vector to deliver APOEZ into the lateral ventricle of mutant APP mice. Using AAVE vectors
adminisiered {0 the CSF, Hy et a1, (2015) found that increasing APQOEZ in TRE4 mouse models, was an
efficacious strateqgy 1o treat AD; whereas, increasing APOE4 in TRE4 mice was deleterious. As described
in detail below, an AAVh 10 serolyps vaotor coding for human APQEZ reduces the amvyioid burden in 2
mwine models (Zhao et al, 20318} rrespective of the molecular mechanisms by which these APOE
alieles determine AD risk, given the fact that APCEZ is strongly protedtive and when delivered to the
mouse brain via either gene therapy vecior markadly reduces AB/amyloid burden, ONS gene delivery of
APOEZ via viral vectors represents a therapautic sirategy for APOE4 homozygous AD.

AAVTTH. 1D, The AAVR 1O serotype is derived fror
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AA Vi 10hAPOED amelicrates paihology in AD animal models. The PDAPF mouse is a well
characterized mouse model of brain amyloidosis that overexpresses a human APP mutation and develops

tibule the coding AFQOR isoform throughout the

age-dependent AR and amyloid deposition in the hippocampus and cerebral coriex (Games et al., 1985;
Schenk et al., 1888). At 8 months of age, there are abundant AB and amyloid plagues in the
hippocampus8(. Expression of the AAVh. 10hAPOEZ vector demonstrated significant resolution of the
amyloid pathology observed in control animals treated with a similar viral vector expressing an irrelevant
gene (Figure 198) (Zhao et al., 20186). Expression of APOE2 using the AAVTHh.10hAPDOEZ vector resulted in
a marked decrease in insoluble Ap1-42 (70.4% reduction. p<$.001 vs the mCherry control} and soluble
Ap1-42 (27.2% reduction, p<{.05 vs mCherry control} levels in the hippocampus of PDAPP mice.
insoluble Ap1-40 was also dramatically decreased (81.2% reduction. p<0.001 vs control) atthough the
relatively already low levels of soluble AR1-40 were not altered.

To further assess the role of APOE2 expression on brain AP burden, the impact of
AAVh T0hAPQER dose on AR/amyloid pathology in APP.PS1/TRE4 triple transgenic mice was also
evaluated. APP.PS1/TRE4 mice camry the APP Swedish (APPswe) and P31 mutations as well as the
human AROE4 gene (Kim et al,, 2011, Jankowsky et al., 2018). APP.PS1/TRE4 mice develop robust age-
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dependent AR and amyloid pathology in multiple brain regions including the cerebral corex, hippocampus,

and thalamus. Amyloid plagues are observed in the cortex of these mice as early as 2 months of age and
the brain Ad3/amyloid burden that develops is dependent on APOE4 expression (Kim et al., 2011). Similar
o the observation in the PDAPP mice, dose-dependent suppression of amyicid-beta levels was observed
in the hippocampus of APP.PS1/TRE4 mice tregted with intra-hippocampal delivery of AAVIh.1ChAPOEZ
{Figure 20).

Mouse models of APCE4-related AD pathology. The clinical goal is to suppress both amyicid and

fau pathology in the CNS of APOE4 homozygotes, and thus murine models were chosen with murine
ApoE knockouts and human APOE4 knockins. One murine modet for APOE4-related amyloid pathology
and another one is for APOE4-related 1au pathology. The APP.PS1/TRE4 mouse expresses the human -
amyloid (AB) precursor protein (APP) with the Swedish mutation (APPswe), mutant (L 168P) human
presenilin 1 and the human APCE4 gene replacing the endogenous mouse Apok gene. These mice
express high levels of human Ap protein and human AD-like amyloid pathology (Kim et al., 2011) and
were used in our prior studies o demonstrate that AAVrh. 10hAPOEZ will suppress AD amyloid-related
pathology (Zhao et al., 2018} (Figure 20). The P301S/E4 mouse harbor the human P3018 1N4R tau,
deletion of the murine ApoE gene and addition of the human APOE4 gene (Shiet al, 2017, Allen et al,,
2002). These mice have APOE4-related tau pathology and will he used to evaluate the ability of the gene
therapy vector {o suppress tau pathology. These mice aliso have microghial and astrocyie activation,
representing AD-related inflarnmation (Shiet al., 2017).

Approach. The Christchurch variant (APOES-R 1368) is in the APOE 112-158 "Alzheimer's risk region”
that includes residues 112 and 118 that define APOEZ, 3 and 4, the LDL binding region (138-150) and the
proteogivean heparan sulfate binding region (Figure 13). Thedemonstration that the APOE4-associated
Abeta and amyloid burden in an APOE4-related mouse model could be prevented with CNS
administration of AAVIH.T0APOEZ supporis the concept that the APOE4-associated risk for AD might be
mitigated by using gene therapy delivering the APQOEZ coding sequence to convert the APOE4
homozygote brain to an APOEZ-APOE4 heterozygote state (Zhao et al,, 2016). The report of a woman in
the PSEN1-E2804A kindred with concomitant homozygous inheritance of APOE3CHC that negated the
PSENT-E290A driven AD-related {au pathology, led to the focus of this proposal: {o develop a 2nd
generation gene therapy for APCE4 homozygotes using an AAVrh.10 vector to deliver the Christchurch
mutation on either the APQE3S or APOEZ background. We will test this in 2 human APOE4-related mouse
models: APP.PS1iRE4 demonstrating primarily amyloid-related pathology and F3015/E4 demonstrating
primarily tau-related pathelogy (Shi et al., 2017, Kim et al., 2011). if the Chrisichurch variant on the
APQCES background is effective in the mouse models equivalent to the case report of dual inheritance of
PSEN1-E290A and APOE3CHC, then gene therapy with AAVIh. 10APOE3CKhC should suppress tau
pathology in the P301S/E4 mouse but not the amyloid pathology in the APP PS1RE4 mouse. However,
based on the effectivenass of AAVrh. 1ChAPOEZ in suppressing amyloid pathology in the APP.PS1fIRE4
mouse (Zhao et al., 2018), we hypothesize that AAVrh. 10hAPOEZCKhC will suppress both the amyioid
pathology in the ARPP PS1fRE4 mouse and also the tau pathology in the PSEN1-E290A mouse. i the
hypothesis is correct, AAVIh. 10hAPOECHC will be an ideal 2" generation candidate to move to the clinic
o treat APOE4 homozygotes. Cther than the different vectors (AAVIT.10hAPOEICHhT and

AAVHh. 10hAPOES, or AAVTH.10hAPOE2CHKC and AAVrh. 10hAPQER), everything is identical. The
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statistical analysis includes comparison of the parameters within each experiment, and separately,, to

compars the differences of AAVIML10hAPOEICHC and AAVIh. 10hARPOEZCHC.

For each mouse model (APP.PS1RE4, P301S/E4) the vectors AAVI. 10hAPOE3CHC,
AAVIN T0hAPOES; AAVIR 10hAPOEZCHC, AAVIh. 10hAPCOEZ; controls for both, AAVrh. 10Null {(no
translatable transgene) or PBS] are administered at 2 months of age bilaterally 1o the hippocampus in 2
ul. The vectors are administered with 2 doses 0.4x10'¢ genome copies (go) or 1.0x10' ge. Assessments
will be at 5 and § months. Ten males and 10 females will be used for all data points (mouse strain, vecior
or PBS, assessment time points; Table 1). The assessments {0 be conducted related {o the vectors,
general pathology, amylold, tau and inflammation are listed in Table L. Based on AAVrHh.1ChAPQEZ
effectively suppressing amyloid-related pathology in APF.FS1IRE4 mice (Zhao et al., 2016), and the
case repori of homozygous inheritance of APOEICHC allowing for amyloid pathology but preventing the
tau pathology in a female carvier in the PSEN1T-E280A kindred {Arboleda-Velasquez et al., 2019), we both
the hAPOE3CHC and hAPQEZCHhC vectors ars likely more effective than the hAPOE3J and hAPOE2
vectors without the ChC variant, and the hAPOE2CKC construct is likely more effeclive than the
hAPCESChC construct in preventing both amyleid and tau pathology. Also tested are: (1) the
sifectiveness of the hAPOEICHC and hAPOEZ vectors on more general pathology (quantilative volumes
of AD-relevant CNS structures, transcriptome analysis of general cell funclions}; and (2} AD-related
inflammation (microglia and astrocyle activation, transcriptome analysis of proinflammatory genes)
because the E4 variant is associated with greater innate immune-related inflammation than the E2 and £3
variants (Vitek et al,, 2009; Gale et al,, 2014).
Table |. AAVrh.10-mediated Therapy with APOE Varianis of APP.PS1/TRES and P301S/E4 Mouse
Models of Human APQE4-related AD Pathology

Parameter Yariable

Mouse model APP. PS1/TRE4, P301S/84

Transgene (AAVrH. 10 vectors) AFPCE3ChC, APQES; APOE2CKC, APOEZ,
-Null, PBS’

Route, dose Bilateral hippocampus, 0.4x10' ge, 1x10'°
go2

Age at vector administration 2 months®

Age of assessment 4, @ months?®

Number of mice/lime-point, dose 10 M, 10F

Total number of mice 380

Each mouse model is treated with PBS or AAVIH.10 vectors coding for the listed transgenes; All
adminisirations are at 2 months, bilateral 1o the hippocampus at the listed doses in 2 yl each; Assessment
of the CNS is at 5 and 9 months, see Table | for list of parameters 1o be assessed

Table l. Assessment of the Efficacy of APOE Varianis in the APP.PS1/TRE4 and P3015/E4 Mouse
Models of Hurmnan APOE4-related AD Pathology

Parameter Assessment

Vector-related Transgene DNA, mRNA, protein (Western,

immungchistochemisiry}
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General pathology Quantitative volumes, transcriptome of general cell

funclion (RNAseq)
Amyloid-related Soiuble, insoluble AB-1-42, AP-1-40 (ELISA,

immunchistochemisiry)

Tau-related Total tau, p-iau (ELISA, immunohistochamistry)

inflammation-related Microglia, astrocyie gotivation (CD88
immunchistochemistry, RNAseq proinflammatory
genes)

Each mouse model is administered AAVH. 10hAPQEI3CKhC, hAPCEZ, hAPCEZCHhC, hAPOEZ, Null
{0.4x10%¢ ge or 1x10' go; bilateral, hippocampus) or PBS at 2 months of age and evalualed at 5 and 2
months of age. Ten males, 10 females for each vector, each dose, each time-point; PBS 10M, 10F each
timepoint; DNA, mRNA by gPCR, APOE proteins are assessed by quantiiative Western, quantitative
immunechistochemistry; Quantitative volumes of piriform/entorhinal corlex, hippocampus, posterior lateral
ventricle, and thickness of dentate gyrus are assessed; RNAseq of quantitative transcriptome of general
cell function-related is assessed; Soluble (RIPA) and insoluble Ap-1-42 and AR-1-40 are assessed by
ELISA and immunochistochemistry of Ap {positive % area of hippocampus, AP plaque burden); ELISA and
immunohistochemisiry of tau and p-tau (positive % area of hippocampus, tau tangle quantification are
assessed); Quantification of microglia (CDEE, bat) and astrocytes (GFAP) are assessed by cell count
and% area of hippocampus, RNAseq quantitative transcriptome of proinflammatory genes.

Metihods.

Vector-related. The MVrh.10 vectors are produced and purified as described previously {(Sondhi

et al,, 2012; Sondhi el al,, 2007). Briefly, the vectors are produced by cotransfection of HEKZ93T cells
with an expression casselte plasmid and adenoviral helper plasmids. The packaging cell line, HERK223T,
is maintained in Dulbecco's modified Eagles medium, supplemented with 5% felal bovine serum, 100 UWimi
peniciliin, 100 mg/mi streplomycin, and maintained at 37°C with 5% CQ2. The celis are grown in
CeliSTACKS (Corning) for 24 hours followed by transfection with plasmids using the PElpro procedure.
The cells are incubated 3 days before harvesting and lysed by 5 freezefthaw cycles. The resulting cel
lysate is treated with 50 U/mi of benzonase at 37°C, 30 minutes. The cell lysate is purified by iodixanal
density gradient followed by Q-HP ion-exchange chromatography. The purified AAVrh. 10 vectors are
concentrated in phosphate buffered saline (PBS). Vector genome titer is determined by TagMan
guantitative polymerase chain reaction. The purified vectors are sterile filtered; tested 14 days for growth
on medium supporting the growth of aerobic bacteria, anaerobic bacteria, or fungi; tested for endotoxin,
and demonstrated to be mycoplasma free.

Mouse models. The APP.PS1/TRE4 mouse colony, derived from crossing APP.PS1-21 mice with
human APCE4 knockin mice, are esiablished (Zhao et al,, 2016). The P301S/E4 mice are generated by
crossing human tau mutant P301S mice with human ARPQE4 knockin mice. The genome ofthe mice is
validated by PCR of the relevant knockin genes. Infracersbral injection of AAV vedtors is carried out by
stereotaxic surgery (Dodart et al., 2008). Briefly, under sterile conditions, mice are anesthetized with
isoflurane and secured on a sterectaxic frame (David Kopf Instruments). An incision is made over the
skull, and burr holes of the size of the injection needie are made using a high-speed drill. The AAV
preparation (2 yl, go at the indicated dose) is bilaterally injected into the targeted brain regions using a
33-gauge needle (Mamilton} and a syringe pump (KD Scientific) at a rate of 0.2 ul/min. Slersotaclic
coordinates used for injections are as follows: 1.7 mm anteroposterior from bregma; £1.2 mm
mediolateral from bregma, and &1, ¥ mim dorsoveniral below the dura. This is based on an atlas of the

mouse brain®s. After sach injection, the needie is left in place for & minutes {o minimize backflow and
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then slowly withdrawn. Animals are individually housed and monitored until they regained full

consciousness. At & months and 9 months of age, the mice are deeply anesthetized with
ketamine/xylazine and transcardially periused with 0.3% heparinized saline (2500 IU/L). Brains are rapidly
collected, and each brain will be divided along the sagittal plane with 1 hemibrain processed for histologic
and immunohistochemistry (IHC) analyses, and the other hemibrain microdissecied into the hippocampus,
thalamus, and entorhinal cortex then rapidly frozen on dry ice and stored at -80° for biochemical analyses.
Brains are posi-fixed in 4% paraformaldehyds for > 48 hours, transferred 1o 30% sucrose for > 48
hours before freezing, and sectioned using a CM3050-S cryostat (Leica). Serial coronal sections aree
prepared at 50 ym intervals, IHC analyses will be performed using standard methods (Bales et al,, 2009,
Holtzman et al., 2000; Bales et al., 1887). Free-flogling sections are washed and incubated with primary
antibodies overnight at 4°C. Immunoreactivity (IR) are visualized using Alexa Fluor 488 or 584-conjugated
secondary antibodies (1:200; invilrogen) or the Vectastain ABC Elite kit (Vector) and 3,3~
diaminobenzidine soiution. The specificity of the primary antibodies siaining is verified by the lack of IR
signal when the primary antibodies were omitied. Thioflavin-S staining is performed as o detect amyioid
plagues (Bales et al., 2009; Holtzman et al., 2000; Bales et al., 1997). Fixed brain sections are briefly
incubated with 0.1 % freshly mads thioflavin-S solution {(in 50% sthanol) for 8 minutes and then cleared
with 80% ethanol for 1 minule followed by washing with HO 3x for 1 minute each before being cover
shipped with mounting media. images are taken using an epifluorescence microscope (Nikon HE50L).

Vector-derived APOE. For tissue homogenates processed for vaector DNA, the DNeasy Blood and

Tissue Kit (cat #59508; Qiagen) wilt be used with about 50 mg of homogenized tissue sample. For tissue
homogenates processed for vector transgene mRNA, the RNeasy Lipid Tissue Mini kit (Qlagen) will be
used with ~50 mg of homogenized tissue sample. Quantitative analysis of vector DNA and transgene
mRNA copiss in the brain sections will be performed by PCR using a TagMan-based analysis (Applied
Biosystems "Universal Master Mix ll, no UNG" reagent) and a human-specific primer/probe set (Applied
Biosystems) to detect the 3’ terminus of the human APOEZ or E3 or E4 cDNA from viral genomes, in the
background of murine genomic DNA (forward primer. 8GTGGAGAAGGTGCAGGECT-3 (SEQ 1D NGO 10y,
reverse primer. 8-AAGCGTAATCTGGAACATCGT-3 (SEQ ID NO:11); probe,
SCCCTGTGCCCAGCGACAATC-3 (SEQ ID NO:12). The PCR is performed using the QuaniStudiod Flex
system (Applied Biosystems) (Rosenberg et al., 2018). APOE ievels are measurad in brains using a
sandwich ELISA (Bales et al., 2008). Tissus homogenates are diluted in sample dilution buffer (PBST
comtaining 0.4% glycine). Samples were ioaded into 96-well plates coated with an anti-APOE antibody
{1:2000; Millipore). Afler overnight incubation at 4°C, a biotinviated anti-APQOE antibody (1:10,004Q;
Meridian Life Science) is used for detection. The IR signal after incubation with HRP-conjugated
streptavidin (Research Diagnostics) is developed with a TME subsirate (Thermo Scientific) and read on a
Synergy M1 Hybrid plate reader (BioTek). Levels of APOE are caloulated using a standard curve
generated with recombinant human APOE (Meridian Life Science). Levels of APGE in brain homogenates
are delermined in triplicate, normalized to protein content, and expressed as the amount of APCE/ mg
protein. Examination of APQOE and other prolein levels in mouse brain lissue homogenates is also carried
oul by Western analysis (Zhao el al,, 2018; Sacramento e al., 2020). The {otal protein concentration in
tissue homogenates was determined using a BCA protein assay kil (Thermo Scientific). For sodium
dodecyl suifate (S0OS) polyacrylamide gel elecirophoresis, equivalent amounis of proiein (25 mg) samples
are mixed with loading dye containing 2% SDS and 1 % p-mercaptoethanol, incubated for 10 minutes at
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80°C, and resolved on 10% Tris-glycine polyacrylamide gels. For nondenaturing PAGE, equivalent

amounts of protein (25 ug) samples are mixed with nondenaturing loading dye to a final concentration of
0.04% hromophenol blue, 4.0% glycerol, and 100 mM Tris (pH 6.8) and resolved on 4-12% nondenaturing
Tris~glycine polyacrylamide gels (nvitrogen). Proteins are transferred onio polyvinylidene diffucride
{Millipore) membranes at 100 V. Afler blocking with Superblock (Thermo Scientific) for 1 hour, 23°C,
membranes are probed with primary antibodies overnight at 4°C followed by species-specific HRP-
conjugated secondary antibodies (1:8000; Invitrogen) for 1 hour, 23°C. Enhanced chemiluminescence
{GE Mealthcare Biosciences) is used to ideniify the bands. Protein molecular weights on denaluring gels
are determined by comparison with the kaleidoscope molecular weight marker standard (Bio-Rad).
Particle diameters on native gels is determined by comparison with a native high molecular weight marker
standard (GE Healthcare Biosciences). Signal quantificalion is done using densitomelry analysis of the
scanned, autoradiograms with Image Lab software (Bio-Rad). Loading is normalized by stripping blots
and reprobing with a p-actin antibody {Sigma-Aldrich).

General pathology.

Volumetric analysis. Every 6th coronal brain section (300 um belween sections) staring rosirally
at bregma +2.1 mm to the dorsal end of the hippocampus at bregma -3.8 mm are cryosectioned for gsach
mouse. The mounted sections are stained with 0.1 % Sudan black in 70% ethanol at RT for 20 minutes,
then washed in 70% ethanol for 1 minute, 3 times. The sections are washed in Milli-Q water for 3x and
coverslippad with Fluoromount. The stained slices are imaged with the NanoZoomer and areas of interest
traced and measured in each slice using the NOP viewer. The volume is calculated using the formula:
volume = {sum of area) x 0.3 mm. For hippocampus and posterior lateral ventricle, quantification starts
from bregma -1.1 and ends at bregma -3.9. For pirifform/entorhinal cortex, quantification staris at bregma -
2.3 and ends at bregma -3.9.

Neuwronal fayer thickness measurement, Three sections (bregma -1.4, -1.7, and -2.0 mmy) from
each mouse are mounted and stained in cresyl violet for 5 minutes at RT. The slices are then sequentially
dehydrated in 50%, 70%, 95% (3 times) and 100% ethanol (twice} for 1 minute, then cleared in xylene for
4 minutes (twice), and cover slipped in cytoseal (Coon et al., 2007) (Thermo Fisher Scientific, 8310-16}.
The thickness of the CA1 pyramidal cell layer and deniate gyrus granular cell layer are measured by
drawing a scale perpendicular 1o the cell layer at two spots in all 3 slices and taking the average value for
each mouse.

RNASeq transcriptome analysis. Total RNA is exiracted using the TRizol method and subsequent
clean-up was performed on RNeasy columns (Qiagen). RNA guantity was assessed by Nanodrop ND-
1000 (Thermo Scientific) and RNA quality assessed by Bicanalyzer {Agilent Technologies) (Raman et al,
2009; Tumor Analysis, 2004}, Total RNA is purified, ampiified and loaded onto an Hlumina flowcell for
paired-end sequencing reactions using the Hiumina HiSeq 2500 (Humina) (Ryan et al., 2014). The library
is prepared using (0.5 yg total RNA) TruSeq RNA Library Prep Kit v2. llumina HiSeq paired-end reads
are aligned to GRCh37/hg198 human reference genome and RefSeq gene definitions (2014-08-02) using
STAR (2.3.1213_r470). Cuillinks {2.2) is used to converl aligned reads into fragments per kilobase of
gxon per milion fragments sequenced (FPKM) using RefSeq gene definitions. Genes with FRPKM >0.125
are included in the analysis. The dysregulated genes are funclionally annolated using Gene Ontology
{GO) and the Human Protein Reference Data Base (www . hprd.org). A 2-tailed Student's t-test is used for
comparison of numerical data and a chi-square test is used with Yales' correction is used for comparison
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of cateqorical data. The files are processed in Partek Genomics Suile software version 8.8, 2012 (Partek).

A t-way ANOVA is used to compare the matched groups, and a 2-0r 3-way ANOVA is used o compare
groups with parameters identified as a source of variation. A p value <0.05 is considered significant (p
value was corrected for multiple testing using with Benjamini-Hochberg correction). Relevant to "general
pathology,” normal cell funclion genes and autophagy-related genes are assessed as detailed in the Shi
et al. (2017) study.

Amyloid-relaled. Quantification of amyloid/AIS burden is performed using standard methods (Zhao
et al,, 2018; Bales et al., 2009, Hollzman et al., 2000; Bales et al., 1997). Briefly, 4 brain sections per
mouse, each separated by 300 pm, are selected for quantification. These sections correspond roughly fo
sections at Bregma -1.4,-1.7, -2.0, and -2.3 mm in the mouse brain atlas (Franklin ef al., 2019).
Quantification of brain AP burden is completed after immunostaining with the biolinylated 3D6 antibody
{(Zhao et al., 2018). Images are threshoided to highlight plagues and then analyvzed by the "Analyze
Farticles” funclion of the Imaged sofiware (National Institules of Health). Afler thresholding, identified
objects are individually inspected to confirm each object quantified is a plague. The percentage of surface
area covered by AP IR (AP burden) or thioflavin-8 (amyloid burden) is deiermined for specific areas of the
hippocampal formation comprising the stratum oriens, pyramidal iayer, stratum radiatum, and the dentate
gyrus. Ap or thioflavin-S burden is then represented as a % of the {otal area quantified. An average of 4
fissue sections is used to quantify the plaque load for each mouse. All analyses are performed in a
blinded manner, with the examiner unaware of the treatment condition of any animal.

Af levels are assayed in brain homogenates from mice using a sandwich enzyme-linked
immunosorbent assay (ELISA) using standard methods (Bales et al., 2008, Hollzman et al., 2000; Bales
et al., 1997}, Briefly, brain tissue is homogenated serially with RIPA and a 5.5-M guanidine buffer
coniaining a cockiall of protease inhibitors (1:1000; Roche). Ap measured after the RIPA exiraction
represents the soluble pool of AP, whereas AP measured afler guanidine exiraction represents the
insoluble pool. The homogenates are diluted with a cold sampile dilution buffer (1% bovine serum albumin
in phosphate buffered saline-0.058% tween 20 [PBST] before measurement of AR1-40 or AR1-42.
Samples are ioaded onto plates coated with an antibody that specifically recognizes the C-terminal
domain of Ap1-42 2112}, or AR1-40 (2G3) as the caplure antibody, and biclinylated 3D6 is used for
detection. The IR signal after incubation with horseradish peroxidase (HRP)-conjugated streptavidin
{Research Diagnostics) is developed with a TMEB substrate (Thermo Scientific) and read on a Synergy H1
Hybrid plate reader (BioTek). Levels of AR are calculated using a standard curve generated with
recorbinant human AB (American Peptide Company). Levels of Aj in brain homaogenates are determined
in triplicate, normalized to protein content, and expressed as the amount of Ap/mg protein. AB cligomers
are guantified with the 3D6/biotin-3D6 sandwich ELISA (immuno-Biological Laboratorigs), in which the
same N-terminal (residues 1-18) antibodies are used for both capture and detection.

Tau-related. £L/SAs, Human total tau, and p-lau are quantitated by pS202/7205-tau (ATS) and
pT212/pS214-tau (AT100) antibodies as sandwich ELISAs as described by Chai et al. (2011). Briefly, 98-
well plates are precoated with 5 ug/mi ATS, or 2 po/mi AT100 (Thermo Fisher Scientific) overnight at 4°C
followed by blocking with Starting Block blocking buffer (Thermo Fisher Scientific). Samples (81 or P1)
are diluted in Superblock buffer {Thermo Fisher Scientific) and loaded onto the plates together with
bictinylated-HT7 antibody (1:300; Thermo Fisher Scientific). After incubation for 1 hour, 23°C, samples
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are washed 9 times with TBS/0.5% Tween 20 wash buffer followed by incubation with streptavidin-HRP

{dackson Immunoresearch) for 30 minutes. The plates are then developed by incubating with one-step
3,3,5,5-tetramethyibenzidine (TMB) substrate (Thermo Fisher Scientific) for 30 minutes and stopped with
2N H2804 and then read using a BioTek Synergy H1 Hybrid Reader at 450 nm. The amount of ATS ar
ATI00 immunoreactive tau is determined using a standard curve derived from human AD brain
homogenates,

Inflammation-related. The extent and characteristics of gene therapy on the inflarnmation

associated with the 2 murine models are assessed as described by Shi et al. 2017).
immunochistochemistry is assessed by CDE&-positive and 1ba-1 microglial straining and astrocyte straining
{GFAF). In addition, the RNAseq dala are assessed using the same proinflammatory genes used by Shi
et al. (2017), with particular focus on the proinflarmmmatory gene cluster 1 and astrocyte Al-specific
{inflammation only) genes (Shi et al,, 2017).

Statistical considerations. For each measurerment within the categories vector-derived APOE,

general pathology, Amyloid-related, Tau-related, inflammation-related (Table i} a multi-way ANOVA
model is applied. The main ANOVA model includes five factors: mouse maodel (AFPP.PS1/TREY,
P301S/E4S), vector (AAVIRL10-APOES3ChC, -APOES, AAVrh. 10APOEZCKC, -APQE2, AAVIh. 10Null), dose
{0.5x10%% and 1x10'° g, time (5 and 9 months), and sex (M/F), where additional separate ANOVAS
comparing one vector at a time 1o no therapy-PBS (but otherwise the same facior) are used {0 explore
impacts compared to the PBS control. The central hypotheses are assessed with the main ANOVA
models with the following pre-hoc conirasts for the Amvicid-related and Tau-related measurements: AA
Vrh 1 -APOE3CHC vs AA Vri1 ONull (Aim 1) and AAVTHL10APOE2CHC vs AAVIR.1ONull and AAVTH.10-
APQCE3CHC vs AAVIh. 10APOEZCHhC with each of these applied between mouse strains, between doses
within each mouse strain, and between time points within each mouse strain. This comprises 45 (= vedior
comparisons x faclor comparisons x meagsuraements) planned iests and & Bonferroni correction is used to
assess significance controfling an overall 0.05 type | error. As an empirical benchmark to approximate the
lower bound on power of this design, differences in soluble AB1-42 of 27 2% and the observed standard
deviation of each group when comparing AAVIM. 10hAPOEZ2 to control in the PDAPP mouse brain
amyloidosis experiments (Figure 8} produces power > (1.85, where considering the empirical differences
and standard deviations for insoluble AR1-42 the power would be even greater, indicating the overall
design is well-powered o assess the central hypotheses. As well as these prehoc comparisons, an
exploratory post-hoc testing approach {with appropriate corrections) is additionally applied 1o assess the
amount of brain vector derived APOE for different mouse maodels, doses, and time of measurement, as
well as to explore how the broader vector impacts (e.g., AAVIM10-APOE3CHhC and AAVTH. 10APOE2CHC
in comparison 1o each other and to AAVIML1G-APOES and AAVIML10-ARPOE2) on general pathology and
inflammation related measurements {(volume and RNA-Seq) and to estimate contributions of mouse

maodel, vector, dose, time of measurermnent and sex to these impacis.

Example 2
Overview
Alzheimer's disease (AD), a degeneralive brain disease and the most common cause of
dementia, currently affects 5.8 million Americans and 50 million people worldwide. AD symploms inchude

progressive decline of cognitive and functional abilities and brain pathology, including extracellular beta-
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amyloid plagues, intraceliular tau tangles, chronic inflammation, and brain atrophy. The strongest genetic

risk factor for susceptibility 1o late-onset AD concerns polyrmorphisms in the apolipoprotein E (ARPCE)
allele. APOE4 is found at high frequency in AD patients and homozygous inherilance is associated with a
14.5-fold increased risk of developing AD. In contrast, APOE2 decreases risk of AD development and
delays onset of disease, e.q., reducing the risk of developing AD by 250% and delaying the age of onset.
Based on the epidemiologic data, APOE4 is associated with increased brain amyloid load and greater
memory impairment in AD, while APOEZ atlenuales these effects. In humans, the odds ratio of
developing AD with APOE4/4 homozygous genolype is 14.5 and is reduced 10 2.6 in APOEZ/A4
heterozygotes. Thus, the presence of APOE4 still constitutes a risk even when supplemented by the
protective APOEZ. In addition, APOE4 is associated with increased innate immune activation, differential
signaling in neurons, exacerbation of tau pathology, and abnormal brain funclion apart fromils role in
promoting B-amvioid production.

Delivery of APOE2 directly to the CNS of AD murine models using an adeng-associated virus
{AAV) vector could provide significant APOEZ expression and decrease the levels of soluble and insoluble
amyloid-B peplide and amyloid burden. However, even with ARPCER supplementalion, the presence of
APOE4 stili constitutes an increased risk as APOE2/4 heterozygotes have a 2.8-fold increased risk of
developing AD. In one embodiment. an AAV-based gene therapy to introduce exprassion of the protective
AROE2, a modified APOE2 or APOES, while simultaneously decreasing the levels of deleterious
endogenous APCGE4 in APOE4 homozygotes is provided. In one embadiment, artificial microRNAs
{miRNA) targeting the endogenous APQOE4 are introduced into an AAV expression cassetie along with the
cDNA for the human ARPOEZ gene (hARPQOEZ-mirAFPOE4). In one embodiment, the AAVY serotype capsid
is employed 1o package the expression cassette because it mediates efficient transduction of astrocytes,
the main producers of APOE, as well as microglia and neurons. The established P3013/E4 AD mouse
model that expresses mutant human tau and human APOE4 and has high phosphoryiated tau burden,
chronic inflammation, and extensive neurodegeneration is used {0 assess therapy efficacy. To evaluate
the strategy with AAVS-hAPOEZ-mirAPOE4, an AAV construct is tested for silencing of endogencus
APQOE4 expression and delivery of the APOE?Z coding sequence in vifro. In addition, # is determined if
augmentation of APGE2 with reduction of endogenous APOE4 protects against tau pathology,
neurodegeneration, and neurcinflammation in vivo.

Adeno-associated virus (AAV) serotype rh.10 and serotype 9 delivery of the human APOEZ
coding sequence 1o the central nervous system (CNS) of two AD muring models by infrahippocampal or
intrathalamic routes vielded significant levels of human APOEZ expression across the brain. Further, the
amount of soluble and insoluble amyloid-B peptide and amyloid burden was reduced in portions of the
brain. However, geneglically modifying the brain from ARPOEL/M 10 AROER2/4 by only providing APOE2 does
not completely mitigats the risk of the presence of APOE4. Decreasing expression of endogencus APOE4
along with delivering the protective APOEZ using AAY gene therapy can diminish the risk of APOE4
homozygotss than gene therapy with ARPCE2 alone.

The coding sequences for human APCEZ and APCEA4 differ by two nucleotides. Artificial
microRNA (miRNA) seguences were designed that target the endogenous APCE4 mRNA for
suppression. Artificial miRNAs are screened i vitro for their ability to silence APOE expression in a
human astroglioma cell fine. Selected miRNAS are incorporated into the AAY expression cassette along
with a modified human APOE2 cDNA that cannot be silenced by the miRNAs. The selected AAV
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expression cassettes containing APCEZ and the artificial miRNAs targeting APCE4 are packaged into the

AAVE capsid in order o target expression 10 astrooytes, the main producers of ARPOE in the ONS.

P301S/E4 AD murine model mice express both human mutant tau and human APCE4 and
develop high levels of phosphorviated tau, brain atrophy, and neurocinflammation from microglia activation.
Because APOE in the CNS is expressed mainly from asirooytes, an AAVY vector is used that efficiently
transduces astrooytes as well as microglia and neurons in this study. AAVE-hAPOEZ-mirAPOE4 and
AAVO-hAPOEZ vediors are administered directly to the CNS of P301S/E4 mice by the intracisternal route.
Mice are evaluated for changes in behavior and cognitive function over time. After sacrifice, mice will be
assessed for expression of veclor-derived hAPQEZ and endogenous hAPOE4 in the brain as welf as 3~
amyloid, total and phosphorylated tau levels and pathology, microglial activation, and brain atrophy.
Stralegy. Alzheimer's symptoms include progressive decline of cognitive and funclional abilities, including
memory 10ss, confusion, personality and mood changes, and loss of ability to perform basic activiliest.
Brain pathology associated with AD includes the accumulation of extraceliular bela-amyloid (AR) plaques
and intraceilular neurofibrillary au tangles. Chronic neurcinflammation from glial activation and cell loss
leading to brain atrophy are present in the advanced AD brain (Association As., 2018).

The strongest genetic risk facior for susceptibility {o late-onset AD concerns polymorphisms in the
apolipoprotein E (APOE) allele. APOE has three isoforms: APOEZ, APOES3, and ARPCE4 APQESZ is the
most comimon allele while the allelic frequency of APOE4 is approximately 15% and APOEZ 8% (Farrer et
al., 1897). However, the frequency of AD patients with AP0OE4 is 40-85% (Famrer et al,, 1887, Corder et
al., 1893; Ward et al., 2012}, APOE4 is associated with accelerated rate and severity of cognitive decline
and an earlier age of onset of AD. In contrast, APOEZ2 decreases the risk of AD deveiopment by 50% and
delays onset by up fo 10 years {Corder et al, 1993; Corder ef al,, 1897, Sando et al., 2008; Shinchara et
al., 2018).

APOE is a secreted protein with a primary role in lipid transport in both the periphery and central
nervous system (CNS). The APOE isoforms differ at only two amino acids positions 112 and 158 (APOEZ:
Cys/Oys, APOES: Cys/Arg, APCE4: Arg/Arg). However, these differences profoundly affect the structure
and function of APOE (Hatlters & Peters-Libeu, 20086). Serum and brain concentration of AROE differ
between isoforms (APCOEZ > APQES > AFOE4). There are differences in the lipidation status with APOE2
and APQE3S usually associating with high-density lipoproteins (HDL) and APOE4 with low- and very low-
density lipoproteins (LD, VLDLU) (Hatlers & Peters-Libeu, 2008; Dong el al., 1994). Additionally, APOE
isoforms bind differentially to receptors including low-density lipoprotein receptor-related 1 (LRP1),
heparan sulfate proteogiveans (HSPG), and LDL receptor (LDLR) with APOEZ having a lower affinity than
APOES or APOE4 (Bu, 2009, Arboleda-Velasquez s al,, 2018},

APOE plays numsrous roles in the pathology and neurodegeneration found in AD. Exiracellular
AR plagues are a hallmark of AD pathology. AR deposition is more abundant in APOE4 carriers (Dorey et
al., 2014). ARPQOE4 enhances AR production, reduces AR clearance by impairing lysosomal degradation
and transport across the blood brain barrier, and promotes AR aggregation and oligomer stabilization,
representing a toxic gain-of-function (Jiang et al., 2008; Du et al., 2009; Nielsen et al,, 2010; Rodriguez et
al., 2014; Zekonyte et al., 20186; Lin et al., 2018; Wang et al., 2018}, Hyperphosphorylated tau is the
primary constituent of neurcfibrillary tangles found in later stages of AD disease (Hampel et al., 2010).
APOE4 expression exacerbates tau pathology (Shi et al., 2017). APOE4 shows weaker binding 1o tau
than other isoforms (Strittmatter et al., 1994; Fleming et al., 1888}, and expression of APOE4 in neurons
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can increase tau phosphorylation (Wang et al., 2018; Brecht et al., 2004; Harris et al., 2004). APOE also

has immunomoduiatory functions and greater immune response is associated with the APOE4 allele (Shi
& Holizman, 2018). Recent studies showed that innate immune activation in the CNS plays a key role in
neurcinflammation and subsequent neuronal loss and brain atrophy in AD, and microghial activation is
promoted by the presence of APOE4 (Rodriguez et al, 2014, Shi et al., 2017, Shi et al,, 2019). APOE4
binds with higher affinity than APOEZ {o receptors on neurons and stimulates enhanced activation of
multiple signaling pathways including synapse formation and increased amyloid precursor protein (APP)
transcription (Ohkubo et al., 2001, Huang et al,, 2017; Huang et al., 2018). APOE4 binding 1o these
receptors on damaged neurons also may act as an opsonin to promote neuronal phagooytosis by
microghia via the interaction with the microglial expressed APOQE binding partner triggering receptor
expressed on myeloid celis-2” (TREMZ) leading fo enhanced neuronal loss and brain atrophy (Atagi et al,,
2015; Bailey et al., 2015; Yeh ef al., 2016; Jendresen et al., 2017). Further, APQES disrupls normal
astrocyle and microglia homeostatic function (Fernandez et al,, 2019). Clinically, AP0E4 is associated
with accelerated cognitive decline while APOEZ is protective (Shinohara et al., 2018; Helkala et al., 1398;
Stashelin et al., 1989, Wilson et al., 2002}, Thus, APOE4 plays a ceniral role in multiple processes
connecled to AD development and is a prime target for intervention,

The human genetic data indicates that the APQE4 and APQOEZ alleles have semi-dominant
inheritance (Corder et al., 1994, Genin et al, 2011). While AROE4 homozygous individuals have a 14.5-
fold increased risk of developing AD, APCE2/4 individuals have only a 2.6-fold increased risk, indicating
that the presence of the protective APCE2 allele can partially mitigate the deleterious effects of the
APQE4 allele. Although the risk of AD development is substantially reduced in ARPCEZ/4 heterozygotes, it
is still significantly higher than in individuals with APOEZ2/3 or APQEZ/2 genotypes (1.8- and 7.7-fold
decreased risk of AD development, respectively {Genin et al,, 2011). This genetic datg suggests that
reduction in the level of ARPQOE4 along with increasing ARPCEZ in the CNS would be beneficial for therapy
for APOE4 carriers at high risk for AD development.

Human induced pluripotent stem cell derived neurons expressing APCOE4 had increased AR
production, higher levels of tau phosphoryigtion, and more degeneration that was corrected by converting
AFPQE4 1o APCES through gene editing (Lin et al,, 2018; Wang et al., 2018). Previous studies from our
group and others dernonstrated that delivery of APQEZ {0 the CNS by viral vectors both increased the
expression of APOEZ and decreased brain AR and amyloid burden in mouse models of AD41-43. The
dose of APOEZ delivered and the amount of pre-existing AR1-42 deposition were important factors in
determining the efficacy of the treatment (Zhao st al,, 2018). However, in these previous studies,
endogenous APOE4 was still present.

The disclosed therapies could be delivered to APOE4 homaozygoles long before symptom onsest
to prevent or halt disease processes before they lead to AD.

Studies. Previous studies tested AAV serotype rh. 10 and serotype 8 delivery of the human
ARPOE2 coding sequence 1o the CNS of two AD murine models by intrahippocampal or intrathalmic routss.
Human APOEZ2 was expressed (o high levels across the brain using intrathaimic delivery of AAVS-APCE2
vector in the APP PS1/TRE4 AD murine model of AR amyloidosis expressing human amyloid precursor
protein (APP} and presenifin 1 (PS1) mutations and human ARPCE4 instead of murine APCE43S (Figure
21A). Further, APOEZ augmentation reduced AR and amyloid loads in this AD mouse {Zhao et al., 20186)
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{Figure 21B). One sirategy is 1o encode artificial microRNAs (miRNA) targeting the endogenous APOE4

into the AAY expression cassette along with the cDNA for human ARPOEZ gene.
Targel sequence selection. The APOE4 sequence was evaluated for the best targeting

sequences for small interfering RNAs (5IRNAs) using multiple algorithms and screened {0 minimize the
potential for offtarget interactions. Knockdown ability of the selected siRNAs was tested in vifro for
endogenous APOE in the U8BY human astroglioma cell line (Fiqure 22). The siRNA sequences ars not
specific for APOE4 and will inhibit expression of all APQOE isoforms. The best siRNA sequence was
selected for incorporation into an artificial MIRNA cassette for expression in the AAV vector.

The effect of the gene therapy focuses on tau pathology, neurcinflammation, and
neurodegeneration. The AAV vector delivers persistent expression of human ARPQOEZ along with artificial
miRNAs targeting the endogencus APOE4 mRNA 1o downregulate expression (hAPOEZ-mirAPOE4).
AAVY efficiently transduces astrocyles, which are the primary producers of APOE in the brain, as well as
microghia and neurons and will be used for this study (Xu el al., 2008, Foust et al., 2009; Gray et al., 2011;
Gong et al., 2015; Vagner et al, 2018; Zhang el al,, 2014; Zhang et al,, 2-2014). This AAV gene therapy
provides enhanced APOEZ expression relative to APCE4 in APCE4 homozygotes, reduce neurcfibrillary
tau langles, decrease microglial activation, reduce hippocampus and cortex pathology, and improve
behavior.

AAV construct 1o silence endogenous APCE4 expression and deliver the ARPCE?2 coding

seqguence i vifro. siRNA seqguences were identified that effectively knockdown the expression of APOE in
U87 human astroglioma cells. These sequences target segments of APCLE that are common to all allele
sequences. The maost effective siRNA sequences are selecied and incorporated into an enhanced mirt55s
artificial miRNA backbone {o yield mirAPOE4 (Fowler et al,, 2018} (Figure 23A). As the placement of the
mismatches in the hairpin stem and GO content can affect the processing of miRNAs in cells (Fowiler et
al., 2016; Fang & Bartel, 2015), several fterations of the mirAPOE4s are tested for ability to knockdown
APQCE in vifro 1o ensure the most effective design. Two to four tandem copiles of the optimized mirAPOE4
are cloned into either the intron present in the AAV expression cassetie promoter (hybrid CMV/Chicken 3-
actin; CAG) or into the intervening sequence between the transgene (mCherry or hARPOEZ-HA) stop
codon and the polyadenylation signal 1o determine the optimal number and positioning of mirAPOE4 in
the expression cassette (Mueller et al,, 2012} (Figure 23B). The AAV mirAPOE4 expression cassetie
plasmids are {ested in vifro for their ability {0 reduce expression of APOE by transfecling U87 cells for 72
hours before harvesting the culture media and celis. Expression of APOE mRNA is evaiuated by RT-
gPCR and secreted APOE protein by western blot and ELISA.

in paraliel, silent mutations are made in the coding sequence of the human APOEZ cDNA at the
recognition sites for the chosen mirAPOE4s to ensure that vector derived APOEZ expression cannot be
silenced. Vector-derived human APOE2Z has a C-lerminal hemaggiutinin (HA) tag to facilitale detsction.
Expression of vector-derived hAPOEZ-HA in the presence of mirAPOE4 is confirmed by co-transfection
and analysis of hAPOEZ2-HA expression by western blotting with an anti-HA antibody. The optimized
hAPOEZ-mirAPOE4 cassette is packaged into an AAVY serotype capsid. AAVY efficiently transduces
astrocytes, which are the primary producers of APOE in the brain, as well as microglia and neurons.
Functionality of the AAVY vectors (o express hARPCEZ-HA and mirARPOEY is confirmed in vifro before
proceeding o #7 vivo experiments.
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Augmentation of APOEZ2 may correlate with reduction of endogenous APOE4 protects against fay

pathology, neurcdegeneration, and neurcinflammation in vivo. Administration of AAVS-hAPOEZ to the
CNS increased APQOE levels across the brain and reduced AB1-42 levels in the APP.PS1/TRE4 AD
mouse model of AR amyloidosis in the contexd of human APOE4 (Zhao et al., 2016; Kim et ai, 2011)
{Figure 21). Because of the imporiance of neurofibrifiary tau tangles and innate immune response in AD

brain atrophy and cognitive dysfunction independent of AB load (Arboleda-Velasquez et al,, 2019; Shiet
al., 2017; Shi et al,, 2019; Josephs et al., 2008; Matisson et al,. 2018), tau pathology, microglial activation,
and neurcdegeneralion are determined. P3018/84 mice overexpress 1N4R human fau containing the
P301S mutation, linked to frontotemporal dementia, and human ARPOE4 replacing the mouse APOE (Shi
et al., 2017; Yoshivama et al., 2007). The P301S/E4 mice have higher brain phosphorylated tau burdens
and more extensive neurodegeneration and neuroinflammation than mice expressing human AFOE3 or
APCEZ (Shiet al,, 2017; Shi et al., 2018), but do not show amyloid plaque formation {(Shi et al,, 2017,
Yoshivama et al., 2007, Haurigot et al., 2013}, P301S 1N4R tau BS/C3 mice {Jackson Laboraiories
008189) and human APOE4 knockin mice (TRE4 - Taconic 1548: B8.128FP2-Apoeim3 (APOE*4)Mae N8)
can recreate the published model by crossing the P301S and TRE4 mice.. C57B1/8 mice are used as
wild-type controls.

The impact of vecior-mediated delivery of AAVS-hAPOEZ-mirAPOE4 expressing human ARPOEZ2
plus MIRNA against endogenous APOE4 is assessed after administration by the intracisternal (IC) route
in the P301S/E4 mice. The IC route provides wide vector distribution throughout the brain with the least
invasive administration (Haurigot et al., 2013; Hinderer et al., 2018; Rosenberg et al., 2018; Markmann et
al., 2018). AAVE-hAPOEZ, AAVE-mCherry-mirAPOE4, AAVS-null, and no therapy (PBS) are used as
controls. Mice are evaluated for behavior and neurclogic assessment monthly. After sacrifice, mice are
evaluaied for vector-derived hAPOEZ and endogenocus APOE4 exprassion, AR peptide burden, iotal
soluble and insoluble tau burden, hyperphosphorylated tau tangles, microglial activation, and brain
neurcdegeneration at 1 and 7 months post-administration (total age: 3 and 9 months, respectively} (Table
3.

Table 3. Mouse Study

Mouse model | Vector Adminisiration Parameters to be
{genotype) dose and route evaluated
P301S/ES AAVE-hAPOEZ » Behavior and
neurologic
AAVE-hAPOE2- assessment
mirAPCE4 {monthly)
= Brain expression of
AAVE-mCherry- hAPOE4 and
mirAPCE4 hAPQEZ2
« Soluble and
10" g, via inscluble AB isvels
intracisternal (IC) « Assessment of
routs phosphorylated tau
No therapy (PBS) None (PBS, I1C)
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CH78I8 No therapy (PBS) None (PBS, I0) and total tay levels in

{controls) brain homogenaies

* CNS assessment of
neurofibrillary tangtes
» Microglial activation
» Pathology of
hippocampus and

cortex!> 4

2 strains § vectors 1 route Necropsy @ 3and 8

months of age

Eight wk old adult mice, n=18 males and n=16 females per treatment cohort (n=182 total). All mice are
randomily assigned to cohort groups, 1o avoid potential study bias, with staggered dosing of animals
across all groups. Cages are numbered without treatment qualifiers to keep researchers blinded to
freatment status.

Treatment cohorts involve double mutant mouse fines (P3013/E4) with human tau and APOE4 gene
replacements, Wild-type controls with the same genetic background, C5781/6 sirain, are used for ‘No
therapy’ controls.

Veclors tested include: AAVS-hAPQOEZ, AAVS-hAPOQEZ-mirARPOE4, AAVE-mCherry-mirAPOE4, AAVS-
null, or no therapy (FB3).

All vectors are administerad at 10" ganome copies (ge) or PBS (10 ul) into the CSF via the iC route. This
dose scales {0 8 dose (10 go) that is safe to deliver in humans (Sharma & McNeilf, 2009).

Health checks are performed 3 times/weeks for the first two weeks, and then weekly afterwards on all
surviving mice, with observation for any unusual or altered behavior. As part of the weekly health checks,
the mice are weighed and recorded by personnel blinded to the treatment cohorts.

Mice are sacrificed at 2 time points {3 and 8 monihs of age, 1 and 7 months post-vector administration),
haif of each cohort is sacrificed (n=8M/8F). During necropsy, the mouse CSF is sampled first from the
cisierna magna, then the mice are perfused with cold PBS and the brain is collected and flash-frozen in
liquid nitrogen and stored at -80°C. Half of the brain is used for vector DNA, mRNA, and protein assays.
The remaining hemisphere is fixed and seclioned coronally at 50 pyM slices for immunachistochemistry
{(IHC), immunofluorescencs {(IF}, or pathology.

Al monthly intervals, mice are subjected 10 a behavior and neurologic assessment. Mouse locomolor
activity and ability {o stand/rear are evaluated in the open field chamber equipped with infrared beam
arrays to monitor and record mouse movementat4. Second, the mice are tested for cognitive abililies by
use of novel obiect recognition 24 hours after introduction of a new object. The test is performed inside of
the open field chamber and the amount of time exploring the new object will be recorded (Wabster et al,,
2013). AD mice show decreased performance in this tesl with age. All testing is videotaped for
examination of altered behavior by blinded personnel.

hARPOEZ-HA and hARCOE4 protein are detected in brain tissus samples from multiple regions by westemn
bioctting/ELISA with antibodies specific for hAPCOE4 and the hAPOEZ2 HA tag; mRNA are detected by
RTgPCR using allele specific probes (Zhong et al,, 2018).

Microdissected sections of the hippocampus, thalmus, and cerebral cortex are homaogenized and
sequentially exiracted with RIPA {(soluble AR) and 5.5 M guanidine {insoluble AB). Ap1-42/1-40 levels are
quantified by ELISA {(Zhao et al., 2018).

Brain lysates are probed with antibodies against total tau (BT2) and phosphoryiated-tauy (CP13) by
western biotting (Sacramento et al,, 2020).

Brain slices are stained by anti-phospho-tau antibody ATS for IHCAF (Shi et al., 2017, Sacramento et al,,
2020).

Microghia activation is assessed in brain sections by staining for CRBE& positive celis by IHC (Shi et al,,
2017).

Multiple brain slices, 300 uM apari, are slained with 0.1% Sudan black for brain volume analysis. The
areas of inferest, including hippocampus, posterior lateral ventricles, and pirfform/entorhinal corlex, are
traced and measured in the imaging soflware. Three sections are stained with cresyl violet for neuronal
layer thickness measurements of the CA1 pyramidal cell layer and dentate gyrus granuiar cell laver for
observational changes in the hippocampal region. Measurements are recorded using Imaged software at
all sites and averaged (Shi et al, 2017).
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Neuronal toxicly of the AAVS vector itself is evalualed in the cresyl violet stained brain sections by

assessing the percentage of positively stained celis for each of the three sections.

Siatistics. Studies are performed in triplicate for three independent experiments, and data wili be
presemted as means & standard deviation (SB) unless otherwise stated. Differences between groups are
analyzed using a one-way analysis of variance (ANOVA) for muitiple comparisons. Aim 2 studies will be
performed with n=8 mice per cohort (BM/8F). if the coefiicient of variation is 35% for both groups, then the
use of n=8 per group allows for a 2.8-fold difference between groups (p<Q.05, power=0.95). Differences
between groups for biochemical measurements are analyzed by ANOVA for mulliple comparisons.
Behavioral assessments are analyzed by two-way repested measures ANOVA with multiple comparisons.

Exemplary Modified APOEZ sequences:

ATCGAAGGTTCTGTGGGCTGCETTGCTGRTCACATTCCTGGCAGGATGCCAGGCCAAGRTES
AGCAAGCGGTGBAGACAGAGCCECGAGCCOCGAGCTGUBCCAGCAGACCGAGTEGCAGAGCGGBLCA
GCGCTGGGAACTGGCACTGGGTCGOTTTTGGGATTACCTGLGCTOGGTGCAGACACTGTCTGAGCA
GGTGCAGCAGGAGCTGCTCAGCTCCCAGGTCACCLCAGGAACTCGAGGGLGUTGATGGACGAGACCA
TGAAAGAACTUAAAGCYTATAARAGUGARCTGGAGGAACAACTGACCCCGGTEGLGGAGGAGACE
CGGGCACGGCTGTCCAAGRAGCTGCAGGLGGLGCAGGLUCEGCTGGGCELEGACATEGAGGACSE
TGTGCGBUCGCCTEGOTGCAGTACCGUGGUGAGGTGCAGGCCATGUTCGGCCAGAGCACCGAGGA
GCTGCGGGTGCGCLTCGUCTCCCACCTGLCGLAAGCTGCOGTAAGCGGCTCLTCCGCGATECUGATS
ACCTGCAGAAGTGCCTEECAGTCTACCAGGLUGGGELCCELEAGGGUGCLEGAGCGCEGCLTAG
CGCCATCCGLGAGCGLUTEEGECOCCTGETGGAACAGGECOGCEGTGOGGGCLCEGLCACTETGEGC
TCCCTGGLCCGEUCAGCCEGCTACAGGAGCGGGCCCAGGCLTEGGGGCEAGLGGCTGCGLCEGLELGGA
TGGAGGAGATGGGCAGCCGGACCCGCGACCGLUTERACGAGETCAAGGAGCAGETGGLGBAGGET
GCGCGCCAAGCTGGAGGAGCAGGCOCAGTCAGATACGCOTGOAGGCCGAGGCLTTCCAGGCLCGE
CTCAAGAGUTGGTTCGAGCCOCCTGGTGCAAGACATGCAGCGLCAGTEGGGCLGERUTEETGGAGAA
GGTECAGGCTGCOGTEEGCACCAGCECOGOCCOTETGLCOCAGUGACAATCAC (SEQ ID NO:128);

ATCAAGGTTCTGTGGGCTGCETTGUTGETCACATTCCTGGCAGGATGLUCAGGECCAAGGTGEG
AGCAAGCGGTGGAGACAGAGCCGGAGLCCGAGCTGCGCCAGCAGACCGAGTGGCAGAGCGGCCA
GCGCTGGGAACTGGCACTGGGTCGCTTTTGGGATTACCTGCGCTGGGTGCAGACACTETCTGAGCA
GGTGCAGGAGGAGCTGCTCAGCTCCCAGGTCACCCAGGAACTGAGGGLGCTGATGGACGAGACCA
TGAANGAALTYAANGCATATAARSGTGARCTECAGGAACAACTCACCCCGETGGUGBAGBAGACGC
GGGCACGECTETCCAAGGAGCTECAGGCGGLGCAGGCCLBBCTEEELECEGACATGGAGGACGT
GTGCGGCCGCCTGETGCAGTACCGCGGUGAGGETGCAGGCCATGUTCGGCCAGAGCACCGAGGAS
CTGCGGGTRCGLCTCGCCTCCCACCTGCGCAAGCTEGCGTAAGCGGCTCCTCCGCGATGUCBATGA
CCTGCAGAAGTGCCTGGCAGTGTACCAGGLCGGGEGUCCECCAGGGCGLCLGAGCECOBLCTCAGE
GCCATCCGCGAGCGUOTGEGGUCCCTEETCGAACAGGGCCELETELEGGCCGCCACTETEEEET
COCTGGCCEGLCOAGCLGCTACAGGAGCGGGLCCAGGLUCTGGGGUGAGLGGUTGUGCGCGCEGAT
GOAGGAGATGGGCAGCCGGACCCGUGACCGCCTEGRACGAGGTCGAAGGAGCAGGTGGCGGAGGETG
CECGCCAAGCTGEAGGAGCAGGCCCAGCAGATACGCCTGCAGGCCGAGGCCTTCCAGGCCLGLOT
CAAGAGCTGGTTCGAGUCCCTGETGGAAGACATGCAGUGCCAGTGGGLLGGGUTGGTGEAGAAGSG
TGCAGGCTGCCETGGGCACCAGCGCCGLOCCTGTGCCCAGCGACAATCAC (SEQ 1D NO2Ty;
ATGAAGGTTCTGTGGGCTGCETTGCTGGTCACATTCCTGGCAGGBATGCCAGGOCAAGGTGGAGTAA
GCGGTGGAGACAGAGLCGGAGLCCGAGUTGUGCCAGCAGACCGAGTGGCAGAGLUGGCCAGCGCT
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GGCAACTGGCACTGGGTCGCTTTTCECATTACCTGUGCTGGETGCAGACACTGTCTGAGCAGGETGEC

AGGAGGAGCTGCTCAGCTCCCAGGTCACCCAGGAACTGAGGGCGLTGATEGACCGAGACCATGAAN
GARCTOAANGCATATAAR AR TGARCTGGAGGAACAACTGACCCCGGTGGOGGAGGAGACELGGRGE
ACGGCTGTCCAAGGAGCTGCAGGLGGCGCAGECCCGGCTGGGCECEGACATGGAGGACGTGTGE
GGCCGCCTGETGCAGTACCGUGGCGAGETGCAGGLCATGCTCGGCCAGAGCACCGAGGAGCTGC
GGGTGCGCCTORCCTCCCACOTROGCAAGCTGCGTAAGCGGCTCCTCCGCGATGCCGATGACCTS
CAGAAGTGCCTGGCAGTGTACCAGGCCGGGGCOOGCGAGGGCEOCEAGCGLGGOCTCAGCGCCA
TCCGUGAGCGLCTGGGGLCCCTGETGGAACAGGGLCGLGTECGGELCGLCACTGTGGGLTCCCT
GGCCGGLCAGCCGCTACAGGAGCGGECCCAGGLCTGGEEGELGAGCGGCTGLGLGLGLGGATEGA
GGAGATGGGCAGCCGGACCCGCRACCACOTGGACGAGGTCAAGGAGCAGGTEGCGGAGGTGRGE
GCCAAGCTGGAGGAGCAGGCCCAGCAGATACGCCTGLCAGGCCGAGGUCCTTCCAGGCCLECCTCAA
GAGCTGGTTCGAGCCLCTGETGGAAGACATGLCAGCGUCAGTGGGEUCGGEUTOETGGAGAAGGTEC
AGGCTGCCGTGGGCACCAGCGLCGCCOCTGTGOCCAGCGACAATCAC (SEQ 1D NO:28):

ATGAAGGTTCTGTGGGUTGUGTTGCTGGTCACATTCCTGGCAGGATGUCAGGLCAAGGTGGAGCAA
GCGGTGGAGACAGAGCCGGAGCLCCGAGCTGCGLCAGCAGACCGAGTGGCAGAGCGGLCAGCGELT
GGGAACTGGCACTGEGTCGCTTTTGGGATTACCTGCGCTGGGTGCAGACACTGTCTGAGCAGGTGE
AGCAGGAGCTGCTCAGCTCCCAGGTCACCCAGGAACTCGAGGGUGUTGATGGACGAGACCATGAAN
GAAUTTAAAGOTTATAAQAGRTCGAGTCTGGAGGAACAACTCACCCCGGTEGUGGAGGACGACGLGGEGET
ACGGCTETCCAAGGAGLTECAGGCGACECAGGCCOGGCTEGECGCGEACATGGAGGACGTGTGE
GGCCGCOTEETGCAGTACCGCGGCCAGGTGCAGGCCATGCTCGGCCAGAGCACCGAGGAGETGE
GGGTEUGCCTCECUTCCCACCTGLCECAAGCTGUGTAAGLGGCTCCTCCGUGATGCCCATGACCTG
CAGAAGTECOTGGRCAGTGTACCAGGCOGGGGCCCELEAGGGCGCCEAGCGCEGCOTCAGCECCA
TCCGCGAGCGCCTEGEGCOCCTGRTREAACAGGGCCGCETEGOGEEOCGCCACTGTGGGLTCCOT
GGCCGGLCCAGCCGUTACAGGACCGGGUCCAGGUCTGEGGCGAGCGECTEUGCGCEGLGEATEEA
GGAGATEGGECAGCCGGACCCGCGACCGCCTGGACGAGGTGAAGGAGCAGGTGGCGGABETGCEE
GCCAAGCTEGAGGAGCAGGCCLAGCAGATACGCCTGCAGGCCGAGGLCTTCCAGGCCCECOTCAA
GAGCTGECTTCGAGCCCCTCETGGAAGACATGCAGCGLCAGTGGGUCGEGECTGETGGAGAAGGETGEC
AGGCTGCOGTEEGCACCAGCBLCGCCCOTATGCOCAGCGACAATCAC (SEQ 1D NO:29):

ATGAAGGTTCTGTERGCTECETTGCTGGTCACATTCCTGGCAGGATGCOAGGCCAAGGTAGAGCAA
GCGGTGGAGACAGAGCCGGAGCCCGAGCTGCGCCAGCAGACLCGAGTGGCAGAGCGGLCAGCGCT
GGGAACTGGCACTGEGTCGCTTITGGGATTACCTGCECTGGGETGCAGACACTGTCTGAGCAGGTGO
AGGAGGAGCTGCTCAGCTCCOAGGTCACCCAGGAACTGAGGRCGCTEATGGACGAGACCATEAAR
GAACTTAASGCATATAAGAGUGAGCTGGAGGAACAACTGACCCCGGTGGUGGAGGAGACGUGGEGT
ACGGCTGTCCAAGGAGCTGCAGGUGGCGCAGGUCLEGLTGGGCGLGRACATGGAGGACETGTGC
GGCCGCCTGGTGCAGTACCGCGECGAGGTGCAGGCCATGCTCGGCCAGAGCACCGAGGAGCTGE
GECTGCELCCTCGUCTCCCACCTGUGCAAGCTGCGTAAGCEGGLTCCTCCGCCATGCCGATGACCTG
CAGAAGTGCCTCGCAGTGTACCAGGCLEGEGGLCCCGCGAGGGLGUCGAGCGUGGULCTCAGCGCCA
TCOGOGAGCECCTEGGGOCCOTEETGGAACAGGGCCGCETGCAGGCCGOCACTETEGGLTCCCT
GGCLGGOCAGCCGCTACAGGAGCGGGCCTAGGCOTEERGCEAGCGGCTGCGCECGLGGATGGA
GCAGATGGGCAGCCCCGACCLCEUGACCEGUCTGGACGAGGTGAAGGAGCAGGTGGLGGAGETGCEC
GCCAAGCTGGAGGAGCAGGCCCAGCAGATACGLCTGCAGGCCGAGGCOTTCOAGGCCCGCCTCAA
GAGCTGGTTCGAGCCCCTGETGGAAGACATGCAGCGOCAGTEGGCCEGECTEETGRAGAAGGTEE
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AGGCTGCCGTGGGCACCAGCGCLCGCOCCTEGTGCCLCAGCGACAATCAC (GEQ D NO:30),;

ATGAAGGTTCTCTGGGCTGCGTTGCTGGTCACATTCCTGGCAGGATGCCAGGCCAAGGTEGGAGTAA
GCGETGGAGACAGAGCCGGAGCOCGAGLTECGCCAGCAGACCGAGTEGLAGAGCGGCCAGCGET
GGGAACTGGCACTGGGTCGCTTTTRGGATTACCTECGOTEEGTGCAGACACTGTCTGAGCAGGTGC
AGGAGGAGCTGCTCAGUTCCCAGGTCACCCAGGAACTGAGGGCGCTGATGGACGAGACCATGAAN
GANCTOAAS GO TTATAAGAG TGARCTGGAGGAACAACTGACCCCAGTGGCEGAGGAGACGTEGGE
ACGGCTGTCCAAGGAGCTGCAGGLGGCGCAGGCCCGGTGGECECEGACATGGAGGACGTGTGE
GGCCGLCCTGETGCAGTACCGUGGLGAGETGCAGGLCCATGCTCGGCCAGAGCACCGAGGAGCTGC
GEGTGCECCTCGCCTCCCACCTGUGCAAGCTGUGTAAGCGGCTCCTCCGUGATGLCGATGACCTG
CAGAAGTGCCTGGCAGTGTACCAGGCCGGGGCCOGCGAGGGCEOCEAGCELGGCCTCAGCGCCA
TCCGUGAGCGLCTGGGGLCCCTGETGGAACAGGGLCGLGTECGGELCELCACTGTGGGETCCCT
GGCCGGLCAGCCGCTACAGGAGCGGECCCAGGLCTGEEGLGAGCGGCTGLGCGLGLGGATEGA
GGAGATGGGCAGCCGBACCCGCGACCGCCTEGACGAGGTGAAGGAGCAGGTGGCGGAGGTGCGE
GCCAAGUTGGAGGAGCAGGCLCAGCAGATACGCCTGLCAGGUCCGAGGUCTTCCAGGUCCEUTTCAA
GAGCTGGTTCGAGCCCCTGGTGCAAGACATGCAGCGLCCAGTGGGUCEGEGEGLTGGETGGAGAAGGTGC
AGGCTGCCGTGGGCACCAGCGLCGCCOCTGTGOCCAGCGACAATCAC (SEQ 1D NO:31):
ATCGAAGGTTCTGTGGGCTGUGTTGCTGETCACATTCCTGGLCAGGATGCCAGGCLAAGGTGGAGCAA
GCGGTGGAGACAGAGCCGGAGCLCCGAGCTGCGLCAGCAGACCGAGTGGCAGAGCGGLCAGLCELT
GGGAACTGGCACTGEGETCGCTTTTGGGATTACCTGCGCTGGGTGCAGACACTGTCTGAGCAGGTGE
AGGAGGAGCTGCTCAGCTCCCAGGTCACCCAGGAACTGAGGRCGCTGATGGACGAGACCATGAAR
GASUTUAAAGCATATAARARUCGAGRCTGGAGGAACAACTCACCCCGEGTGEUGGAGGAGACGCGEET
ACGGOTETCCAAGGAGCTGCAGGCGGCECAGGCCOGEETEGRCGCGGACATGGAGGACGTGTEE
GGCCGCLTEETGCAGTACCGCGGCGAGETGCAGGCCATGCTCGGCCAGAGCACCEAGGAGCTEE
GGGTCUGCCTCECOTCCCACCTGLCECAAGCTGUGTAAGCGGCTCCTCCGUGATGCCCATGACCTG
CAGAAGTGCOTGGRCAGTGTACCAGGCOGGGGCCCELEAGGGCGCCEAGCGCREGCOTCAGCGCCA
TCCGCGAGCGCCTEEEGCOCCTGRTREAACAGGGCOGCETEGOGEEOCGCCACTGTGGGCTCCOT
GGCCGGLCAGCCGUTACAGGACCGGGUCCAGGOCTGEGGCGAGCEECTGUGCGCEGLGEATEEA
GGAGATGGEGCAGCCGGACCCECBACCGLCTGGACGAGGETGAAGGAGCAGGTEGGCEGGAGGTGELGO
GCCAAGCTGGAGGAGCAGGCCCAGCAGATACGLCTGCAGGCCGAGGCCTTCCAGGCCCECCTCAA
GAGCTGGTTCGAGCCCCTGGTEGGAAGACATGCAGCGCCAGTGGGLCGEECTGGETGGAGAAGGTEC
AGGCTGCCETGOGCACCAGCGCCGCCCOCTETGCCCAGLGACAATCAC (SEQ D NO:32): or
ATGAAGGTTCTGTGRGCTECGTTGCTGGTCACATTCCTGRCAGGATGCOAGGCCAAGGTAGAGCAA
GCGGTGGAGACAGAGCCGGAGCUCGAGUTGUGCCAGCAGACCGAGTGGUAGAGUGGUCAGCGLT
GOGAACTGGCACTGGGTCGCTTITGGGATTACCTGCGUTGGGTGCAGACACTGTCTGAGCAGGTGC
AGGAGGAGCTGCTCAGCTCCCAGGTCACCCAGGAACTGAGGGCGCTEATGGACGAGACCATGAAS
GAQACTYAASGCTTATAAGAGUGARCTGEAGGAACAACTCGACCCCGGTGGLCEGAGGAGACGLEGEL
ACGGCTGTCCAAGGAGCTGCAGGUGGCGCAGGLCCEGELTCEGGLEGLGEACATCGEGAGGACGTETGEC
GGCOGCCTGGTGOAGTACCGCEECGAGGTGCAGGCCATGCTCEEOCAGAGCACCGAGGAGCTGE
GGGTGCGCCTCGCCTCCCACCTGOGCAAGCTGCGTAAGCGGCTCOTCCGCCATGCCGATGACCTG
CAGAAGTGCCTCGCAGTGTACCAGGCLEEEGLCCCGCGAGGELCGUCGAGCGUGGULTCAGCGCLCA
TCOGOGAGCECCTEGGGECCCOTRGTGGAACAGGGCCGCETGCAGGCCGCCACTETEGGLTCCCT
GGCCGGOCAGCCGCTACAGGAGCGGGCCCAGGCOTEERGCEAGCGGCTGCACEOGLGGATGGA
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GGAGATGGGCAGCCGCGACCCEUGACCGUCTGGACGAGGTGAAGGAGCAGGTEGUGGAGGTGCGEC

GCCAAGCTGGAGGAGCAGGUCCAGCAGATACGCOTGCAGGCCGAGGCCTTCCAGGCCUGCCTCAA
CAGCTGGTTCCAGCCCCTGGTGGAAGACATGLAGCGCCACTGGGCCEGEUTCETCGAGAAGGTEO
AGGCTGCCGTGGGCACCAGCGCCGCOCCTGTGCCOAGCGACAATCAT (SEQ 1D NO:33).
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