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USE OF APOE4 MOTIF-MEDIATED GENES FOR DIAGNOSIS AND
TREATMENT OF ALZHEIMER’S DISEASE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the priority benefit of U.S. Provisional Application No.
62/435,815, filed December 18, 2016, which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to a method of diagnosing, preventing and treating
Alzheimer’s disease or mild cognitive impairment. Methods of the invention are based at least in
part on measuring or modulating one or more genes, or their expression products, from a set of
genes identified by the present inventors as being connected to Alzheimer’s disease (referred to
herein as the “APOE4 motif-mediated genes”). The present invention also relates to a method of
using the inhibition of APOE4 motif-mediated gene expression to treat and diagnose

Alzheimer’s disease or a mild cognitive impairment.

BACKGROUND OF THE INVENTION

[0003] Alzheimer’s disease (AD) affects tens of millions of people worldwide and its
prevalence continues to rise. Currently, however, there are no reliable and effective methods for
diagnosis, treatment or prevention of AD. It is believed that AD is caused by a combination of
environment, lifestyle, medical condition and genetic factors. AD often goes unrecognized in its
early stages where treatments might be most effective. Current Food and Drug Administration
(FDA) approved Alzheimer’s drugs have significant side effects and only modest eftects on
improving the patient's daily functioning but do not slow down the disease process or treat the

underlying pathology.

[0004] The biochemical basis of AD is not fully understood. Most of AD research has
focused on the accumulation of amyloid plaques - whose major components are 39- to 43-amino
acid 3-amyloid peptides derived by proteolytic cleavages of the amyloid precursor protein (APP)
- and neurofibrillary tangles of hyperphosphorylated microtubule associated protein Tau

(MAPT). Other hallmarks of AD include the dysregulation of cyclin-dependent kinase 5

-1-



WO 2018/112446 PCT/US2017/066881

(CDK35)' which participates in the abnormal hyperphosphorylation of Tau and the presence of
neuroinflammation from early to late stages of AD. Markers of DNA damage, particularly
oxidative DNA damage, have been found in brain regions, peripheral tissues, and biological
fluids of AD patients. Research has also suggested AD involves dysfunction in neuronal cell
cycle reentry”. An increased occurrence of chromosomal anomalies, micronuclei, binucleation
and aneuploidy has been noted in AD patients’ neurons, lymphocytes™ and somatic cells”.
Autophagy dysregulation”, Golgi fragmentation and atrophy"' are also typically observed.
Downregulation of cell-surface o-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
receptors (AMPAR) and selective loss of GluR2/R3 AMPAR subunits was observed, even
before plaque formation*". Additionally, early endosomes are markedly enlarged in sporadic AD,

an anomaly which develops years before the earliest stage of AD".

[0005] Unfortunately, it is not clear whether the biochemical events observed are a cause
or a result of the development of AD. The conventional research apparently does not relate to
the actual mechanism of causation of AD but rather only relates to the consequences of the
underlying mechanism that causes AD. If one can gain detailed knowledge of the underlying
mechanism for development of AD, it would be possible to accurately diagnose, treat and/or

prevent development of AD.

[0006] One tantalizing clue towards possible treatments for AD comes from genetic
research which, in the early 1990s, revealed that people carrying a specific allele of the
apolipoprotein (APOE) gene, namely the APOE4 allele, are at substantially increased risk of
developing AD. Apolipoproteins have a major role in transporting cholesterol and triglycerides
in the blood and liver. The genetic discovery has triggered substantial investigation into the role
apolipoproteins may play in the development of AD. To date there is no generally accepted
explanation for the correlation between APOE4 activity, which is predominantly in the blood and
liver, and the observed biochemical effects of AD which are identified in the brain, beyond the
blood-brain barrier. Here again, this research area has been frustrating and has not yet led to new

treatments for AD.

[0007] Since current treatment of AD only treats the symptoms and not the underlying
cause of AD, there is still a need for a method for treating AD by treating the actual cause of AD.
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SUMMARY OF THE INVENTION

[0008] Some aspects of the present invention are based on the discovery of a set of genes
that are directly responsible for the development of AD. This discovery by the present inventors

provides multiple new avenues for diagnosing, preventing and/or treating AD.

[0009] One particular aspect of the invention is based on the analysis of the gene
structure of the APOE4 variant and the unexpected discovery that the APOE4 variant creates a
de novo recognition motif for the neuron-specific transcription factor NRF1. This remarkable
finding by the present inventors reveals for the first time that the APOE4 allele is causing
transcription effects in brain cells, and unexpectedly modulating (e.g., activating or suppressing)
transcription of a wide range of genes, herein referred to as APOE4 motif-mediated genes.

These genes are not activated (or suppressed) to the same extent by other alleles of APOE,
thereby for the first time providing an explanation for the correlation of APOE4 with AD. As
discussed herein, APOE4 motif-mediated gene expression can result in inhibition or activation of
a particular gene or the activity of the gene expression product. Accordingly, throughout this
disclosure, it should be understood that when the term “inhibit” is used in reference to APOE4
motif-mediated gene expression or the gene expression product thereof, the term “inhibit” can be
alternatively be substituted with the term “increase” or “activate.” For example, if a particular
gene expression (or the activity of the gene expression product thereof) is reduced or suppressed
due to the presence of APOE4 allele, then the methods of the invention will be directed to
increasing the gene expression (or the activity of the gene expression product thereof).

Similarly, if a particular gene expression (or the activity of the gene expression product thereof)
is increased due to the presence of APOEA4 allele, then the methods of the invention will be

directed to inhibiting the gene expression (or the activity of the gene expression product thereof).

[0010] The transcription factor which recognizes the APOE4 motif is Nuclear respiratory
factor 1 (“NRF1”). Nuclear respiratory factor 1, also known as Nrfl, Nrf-1, NRF1 and NRF-1,
has been associated with the regulation of neurite outgrowth. NRF1 has also been shown to
encode a protein that homodimerizes and functions as a transcription factor which activates the
expression of some key metabolic genes. An analysis of target genes in the vicinity of APOE4
which may be activated by NRF 1 identified FBX046 as an AD causing gene. FBX046

interferes with the function of the physiological amyloidogenic pathway, leading to widespread

-3-



WO 2018/112446 PCT/US2017/066881

protein sorting dysfunction, cell cycle re-entry and neuronal death and thereby is believed to
cause AD. In some embodiments, methods of the invention provide inhibiting aberrant activity
of FBX046, and/or inhibiting the function of this NRF1 recognition site created by the APOE4

motif to stabilize or improve the cognitive ability of subjects with AD.

[0011] One particular aspect of the invention provides a method of modulating the
APOE4 motif-mediated (i.e., regulated) expression of a gene or the activity of gene product
thereof. In some embodiments, modulation of the APOE4 motif regulated gene expression is
achieved by contacting a cell that is capable of or is expressing a gene mediated by the APOE4
motif with a molecule. As used herein unless the context requires otherwise, the terms
“molecule” and “compound” are used interchangeably herein and refers to any molecule known
to one skilled in the art, such as, but not limited to, drugs, oligonucleotides (including short
interfering RNAs, aptamers, etc.), peptides (including aptamers, antibodies and fragments
thereof), as well as derivatives or modified forms thereof. In some embodiments, the cell is a
neuronal cell, a neuronal progenitor cell or a differentiated neuron. In other embodiments, the
modulation of the activity of APOE4 motif-mediated gene expression product is achieved by
contacting said gene expression product with a molecule that is capable of selectively

modulating said gene expression product.

[0012] Yet in other embodiments, the gene that is expressed by the APOE4 motif is
located on human chromosome 19 within about 2 Mb of rs429358. In other embodiments, the
APOE4 motif-mediated gene is selected from the group consisting of PSG1, XRCC1, PINLYP,
IRGQ, ZNF576, SRRMS5, ZNF428, PLAUR, SMG9, ZNF224, ZNF285, ZNF180, PVR, BCL3,
CBLC, BCAM, PVRL2 / NECTIN2, CLPTM1, RELB, CLASRP, GEMIN7, MARKA4,
PPP1R37, NKPD1, TRAPPC6A, BLOC1S3, EXOC3L2, CKM, KLC3, ERCC2, PPPIRI3L,
ERCC1, FOSB / deltaFOSB, RTN2, VASP, OPA3, GPR4, EML2, GIPR, SNRPD2, QPCTL,
FBX046, SIX5, SYMPK, FOXA3, MYPOP, NOVA2, CCDC61, HIF3A, PPP5C, PNMASA /
PNMALI1, PNMASB / PNMAL2, DACT3, STRN4, FKRP and a combination thereof. Still in
other embodiments, the APOE4 motif-mediated gene comprises FBX046, SNRPD2, ZNF285,
ZNF180, PVR, ERCC2, QPCTL, SYMPK, MYPOP, CCDC61, XRCC1, ZNF576, ZNF428,
SMG9, PPP5C, PNMASA / PNMAL1, PNMASB / PNMAL2, DACT3, STRN4, FKRP, RTN2,
IRGQ, SRRMS, FOXA3, FOSB / deltaFOSB, SIX5, GPR4 or a combination thereof. In a further
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embodiment, the APOE4 motif-mediated gene comprises FBX046, PPP5C, FKRP, SYMPK,
FOSB / deltaFOSB, FOXA3, GPR4, PSG1, PPP1R13L, EXOC3L2, SIX5, PLAUR, KLC3 or a

combination thereof.

[0013] In one particular embodiment, the APOE4 motif-mediated expression is
modulated using a molecule or a compound that modulates APOE4 motif-mediated gene

29 CC

expression. As used herein, the terms “APOE4 motif-mediated gene,” “gene mediated by
APOE4 motif” and “APOE4 motif” are used interchangeably herein and refer to gene(s) located
on human chromosome 19 within about 5 Mb, typically within about 4 Mb, often within about 3
Mb, and most often within about 2 Mb of 1s429358. In one particular embodiment, the APOE4
motif-mediated gene is selected from the group consisting of PSG1, XRCCI1, PINLYP, IRGQ,
ZNF576, SRRMS, ZNF428, PLAUR, SMG9, ZNF224, ZNF285, ZNF180, PVR, BCL3, CBLC,
BCAM, PVRL2 / NECTIN2, CLPTM1, RELB, CLASRP, GEMIN7, MARK4, PPP1R37,
NKPDI1, TRAPPC6A, BLOC1S3, EXOC3L2, CKM, KLC3, ERCC2, PPPIR13L, ERCCI,
FOSB / deltaFOSB, RTN2, VASP, OPA3, GPR4, EML2, GIPR, SNRPD2, QPCTL, FBX046,
SIX5, SYMPK, FOXA3, MYPOP, NOVA2, CCDC61, HIF3A, PPP5C, PNMASA / PNMALL,
PNMASB / PNMAL2, DACT3, STRN4, FKRP and a combination thereof. Still in another
embodiment, the APOE4 motif-mediated gene comprises FBX046, SNRPD2, ZNF285,
ZNF180, PVR, ERCC2, QPCTL, SYMPK, MYPOP, CCDC61, XRCC1, ZNF576, ZNF428,
SMG9, PPP5C, PNMASA / PNMAL1, PNMASB / PNMAL2, DACT3, STRN4, FKRP, RTN2,
IRGQ, SRRMS, FOXA3, FOSB / deltaFOSB, SIX5, GPR4 or a combination thereof. In a
further embodiment, the APOE4 motif-mediated gene comprises FBX046, PPP5C, FKRP,
SYMPK, FOSB / deltaFOSB, FOXA3, GPR4, PSG1, PPP1R13L, EXOC3L2, SIX5, PLAUR,
KLC3 or a combination thereof. The terms “about” and “approximately”, when used to describe
a numeric value, are used interchangeably herein and are not intended to limit the scope of the
invention unless indicated otherwise. The terms “about” and “approximately” refer to being
within an acceptable error range for the particular value as determined by one of ordinary skill in
the art, which will depend in part on how the value is measured or determined, 1.e., the
limitations of the measurement system, i.e., the degree of precision required for a particular
purpose. For example, the terms “about” and “approximately” can mean within 1 or more than 1

standard deviation, per the practice in the art. Alternatively, the terms “about” and

“approximately” when referring to a numerical value can mean + 20%, typically = 10%, often =+
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5% and more often = 1 % of the numerical value. In general, however, where particular values
are described in the application and claims, unless otherwise stated, the terms “about” and
“approximately” mean within an acceptable error range for the particular value. The term
“modulate” when used in reference to APOE4 motif-mediated gene expression includes reducing
or increasing transcription and/or translation of the gene. This can include downregulating or
complete suppression or upregulating of gene expression as compared to a control (e.g., in the
absence of the molecule). Typically, methods of the invention show at least about 25%, typically
at least about 50%, and often at least about 75% modulation of APOE4 motif-mediated gene
expression or activity of the expression product thereof. In one particular embodiment, methods
of the invention inhibits APOE4 motif-mediated gene expression or activity of the expression

product thereof.

[0014] The molecule used for inhibiting APOE4 motif-mediated expression of a gene
includes, but not limited to, a drug, an oligonucleotide, a peptide or a derivative thereof or a
combination thereof. In some instances, the oligonucleotide is 11 to 30 nucleotides in length
comprising consecutive nucleotide sequences within SEQ ID NO: 1. In some cases, the
oligonucleotide is a single-stranded oligonucleotide while in other instances the oligonucleotide
is a double-stranded oligonucleotide. The oligonucleotide can also be a phosphorothioate
oligonucleotide, a methylphosphonate oligonucleotide, a phosphoamidite oligonucleotide, a
peptide nucleic acid oligonucleotide, a locked-nucleic acid-modified oligonucleotide, or

combinations thereof.

[0015] In some embodiments, the molecule further comprises a pharmaceutically

acceptable carrier.

[0016] Another aspect of the invention provides a method for identifying a molecule that
can inhibit binding of a transcription factor to the APOE4 motif. This method can be used inter

alia to identify a lead candidate for a drug development for treatment of AD.

[0017] Yet another aspect of the invention provides a method for inhibiting APOE4
motif-mediated expression of a gene in a cell. The method comprises contacting a cell that is
expressing a gene mediated by the APOE4 motif with a molecule that is capable of inhibiting
expression of said gene. Yet in other embodiments, the molecule comprises a drug, an

oligonucleotide, a peptide or a derivative thereof or a combination thereof. In some instances,
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the oligonucleotide is a small interfering RNA (siRNA). Still in other embodiments, the APOE4
motif-mediated expressed gene is MIR4531, MIR8085, MIR6088, MIR330, MIR642A,
MIR642B, MIR769 or MIR320E and the molecule that is used for inhibiting expression is a
locked nucleic acid modified oligonucleotide. As used herein, the term “locked nucleic acid”
refers to a nucleic acid in which the ribose moiety is modified with an extra bridge connecting

the 2’-oxygen and 4’-carbon.

[0018] Yet another aspect of the invention provides a method for treating a subject
suffering from Alzheimer’s disease or mild cognitive impairment. The method includes
determining the APOE genotype present in the subject; and (a) if said subject carries the APOE4
allele, administering said subject with a molecule that is capable of inhibiting binding of a
transcription factor to the APOE4 motif; or (b) if said subject does not carry the APOE4 allele,
administering said subject with a molecule that is different from said molecule of (a). In some
embodiments, the method can include a step of determining whether said subject is homozygous
or heterozygous for APOE4. As used herein, the term “treating” or “treatment” of a disease
includes: (1) preventing the disease, i.e., causing the clinical symptoms of the disease not to
develop in a mammal that may be predisposed to the disease but does not yet experience or
display symptoms of the disease; (2) inhibiting the disease, i.e., arresting or reducing the
development of the disease or its clinical symptoms; or (3) relieving the disease, i.e., causing

regression of the disease or its clinical symptoms.

[0019] The advantages of the present invention include a transformative approach to AD
treatment, targeted therapies addressing APOE4 motif-mediated dysfunction that delays AD
onset, prevent its progression or reverse its symptoms, and provide disease-modifying therapies,

i.e., treating the actual cause of AD rather than treating mere symptoms of AD.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] Figure 1 illustrates a protein sequence alignment of the APOE4 region from 11

mammalian species.

[0021] Figure 2 is comparison of the mouse APOE and human APOE4 with respect to

the ¢ allele residues.
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[0022] Figure 3 illustrates the mechanism of activation of the AD causing gene by
APOE4 and a trigger-specific transcription factor.

[0023] Figure 4 illustrates the physiological role of SorL A in the amyloidogenic pathway
in healthy subjects.

[0024] Figure 5 is analysis the DNA sequences in the proximity of the APOE ¢ alleles.
The APOE4 motif is defined as the sequence "TGGAGGACGTGCGCGGCCGCCTGG”. The
nucleotide change present in rs429358 is highlighted in bold and underlined.

[0025] Figure 6 demonstrates the genomic occurrences of the APOE4 motif.

[0026] Figure 7 is a schematic illustration showing creation of a de novo NRF1 binding
site by APOEA4.

[0027] Figures 8a-c show FBX046 mechanism of action and the effect of FBX046

misexpression on the amyloidogenic pathway. Figure 8a, Legend: The cullin subunit CUL1
functions as a molecular scaffold that interacts at the amino terminus with the adaptor subunit
SKP1 (S-phase kinase-associated protein 1) and at the carboxyl terminus with RING-finger
protein RBX1 and a specific ubiquitin-conjugating enzyme E2. F-box protein FBX046 is linked
to the core complex through interaction between Skp1 and the F-box domain. Ubiquitin is
transferred from E2 onto the substrate recruited by FBX046. After poly-ubiquitination, the
substrate is recognized and degraded by the proteasome or alternatively the lysosome. The
specific target substrate for FBX046 is either SorL A or a protein affecting SorLA gene
transcription and /or protein stability. Figure 8(c) Effect of FBX046 expression on
amyloidogenic pathway. Mutation effect: APOE4 linked expression of FBX046 reduces SorLA
levels; Affected step: APP-BACEI processing occurs prematurely; End result: Fe65 remains

bound to APP, no BACE] recycling (endosome enlargement), no retromer binding.

[0028] Figure 9 is a schematic illustration of the effect of Reticulon-2 misexpression on

the amyloidogenic pathway.

DETAILED DESCRIPTION OF THE INVENTION

[0029] Apolipoprotein E (“APOE”) is a major cholesterol carrier that regulates lipid

transport from one tissue or cell type to another. In the brain, APOE is mainly produced by
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astrocytes, and transports cholesterol to neurons via APOE receptors. It is a polymorphic protein
arising from different alleles - designated € 2, 3 and 4 - at a single gene locus. An “allele” is a
variant or alternative form of a gene that exists in a population. An individual normally inherits
two such alleles for each gene at conception. APOE ¢ variants frequencies in the general
population are shown (Table 1). The three major isoforms, APOE2, APOE3, and APOEA4, differ
from one another by a Cysteine/Arginine substitution at 2 positions, rs429358 (T/C
polymorphism at position 19:44908684 on chromosome 19 in the Genome Reference
Consortium Human Build 38 patch release 2/GRCh38.p2) and rs7412 (C/T polymorphism at
position 19:44908822 on chromosome 19 in GRCh38.p2), affecting residues 130 and 176 in the
synthesized protein containing the signal-peptide and residues 112 and 158 in the mature protein.

APOE allele €4 (APOE4 variant, short form E4) harbors a C at position 19:44908684 and
position 19:44908822. APOE allele €2 (APOE2 variant, short form E2) harbors a T at both
positions. APOE allele €3 (APOE3 variant, short form E3) harbors a T at position 19:44908684

and a C at position 19:44908822 (Table 2). In the following paragraphs “APOE2/E3/E4” will
refer either to the gene or the protein variants depending on the context. “APOE2/E3/E4” has the
meaning that either APOE2, or APOE3 or APOEA4 is present. APOE3 is the normal isoform for
all known functions. APOE2 is associated with the genetic disorder type III hyperlipo-
proteinemia and atherosclerosis™.

Table 1: APOE e¢ variants frequencies in the general population

Genotype €2/e2 €2/€3 €2/e4 €3/e3 €3/e4 ed/e4
Frequency in
global 1 12 2 60 2 2
population
(%)

Table 2: APOE2, APOE3, and APOE4

Yariant rs429358 rs7413
Mucleotide AA 130 PMAF MNuclegtide AA 176 MAF
g2 T {ys .851 T Cys 3.074
£3 T {ys G851 C Arg (3.928
&4 C Arg 0.14%9 . Arg (3.926
[0030] Linkage studies and genome wide associations by the present inventors have

revealed that the Apolipoprotein E variant APOE4 as the largest known genetic risk factor for
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AD. In addition, meta-analysis of clinical and autopsy-based studies demonstrated that the risk of
developing AD increases with each copy of the E4 variant compared with the E3/E3 genotype:
Odds ratios (OR) are 2.6 (E2/E4) and 3.2 (E3/E4) with one copy of the E4 allele, OR increases to
14.9 with two copies of the allele (E4/E4). On the other hand, the E2 allele of APOE is
protective against AD, with an OR = 0.6 for E2/E2 individuals. APOZF+4 is associated with an
earlier age of onset with age 68 as mean age of clinical onset for AP”OF+4 homozygotes versus 84
years of mean age of clinical onset for subjects not carrying the APOFE4 allele™. Clinical and
epidemiological data have indicated that, depending on the population and the study, between 40
to 80% of AD patients are APOE4 carriers™ with penetrance of APOE4 estimated to be at 60—
80%. These data show that the magnitude of the effect of APOE on AD is more similar to the
one observed for major genes in Mendelian diseases such as BRCA ! in breast cancer than to low-

risk common alleles identified by recent GWASs in complex diseases™.

[0031] The most commonly accepted prodromal AD stage is mild cognitive impairment
(MCT), which is characterized by clinically-relevant cognitive dysfunction in the absence of
significant interference with daily functioning. The relative risk of progression from normal
cognition to mild impairment was doubled for individuals with one or more APOE4 alleles ™.
In addition, E4/E4 homozygote status substantially accelerates progression from MCI to

dementia, and accelerate dementia occurrence by more than 3 years in people with MCI™.

[0032] Genome wide association studies have shown that the APOE region is also

significantly associated with nonpathological cognitive ageing™ .

[0033] Variants €2, €3, and €4 are imbedded in a CpG island (CGI) overlapping the end
of Intron 3 and Exon 4 of the APOE gene that is highly methylated in the human brain. This
APOE CGI can function both as a transcriptional enhancer or silencer in a luciferase-based

XVixvii

reporter system depending on cell type and promoter construct

[0034] Amino acid changes in proteins almost always lead to reduced function, and are
prime suspects for disease causation. Since a direct causative effect could not be assigned to
APOE4 protein function in AD, whole exome sequencing of thousands of AD patient DNA
samples were subsequently undertaken. However, these studies failed to identify non-

synonymous mutations associated with the disease (other than APOE4). Several genomic regions
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were identified in genome wide association studies as risk factors for late-onset disease (e.g.,
CLU, PICALM, CR1, BIN1, MS4A, CD2AP, CD33, EPHA1, and ABCA7)™™", However, no
single functional risk variant were identified from over 400 genetic association studies
performed. In these studies, only a small fraction of patients had a given single nucleotide
polymorphism (SNP). Moreover, the vast majority of SNPs identified were located in introns.

APOE4 is the sole mutation consistently associated with AD.

[0035] Approximately half of the cases of early-onset Alzheimer's (i.e., diagnosed before
the age of 65) are Familial Alzheimer’s Disease (FAD), and are inherited in an autosomal
dominant fashion. FAD is caused by a mutation in one of at least 3 genes: APP mutants, PSEN1
mutants and PSEN2 mutants. Amyloid Precursor Protein (APP) mutations have been identified
in 121 families. The most common missense mutations replace Val’'” residue by Ile (London
mutation), Phe, or Gly residues, Glu®” by Gln residue (Dutch mutation) or Gly residue (Arctic
mutation), or Lys””” and Met””’ by Asn and Leu residues (double mutant known as the Swedish
mutation, numbering in APP77pisoform). 219 Presenilin 1 (PSENT1) mutations have been
identified in 480 families, with impaired y-secretase cleavage, increased oxidative stress for
some mutants and increased neuron sensitivity to DNA damage-induced death™™. 13 Presenilin 2

(PSEN2) mutations have been identified in 34 families, with impaired y-secretase cleavage and

increased oxidative stress for some mutants™.

[0036] Non-amyloidogenic processing of APP occurs mainly at the cell surface, where a-
secretases are present. It is the main type of APP cleavage under physiological conditions™.
Proteolytic cleavage by alpha-secretase leads to the generation of soluble APP peptides
(SAPPa), and the retention of a corresponding membrane-anchored C-terminal fragment, C83.
Subsequent processing of C83 by presenilin/nicastrin-mediated y-secretase yields p3 peptides
and a C-terminal intracellular soluble domain AICD. After y-secretase processing soluble AICD
is released in the cytoplasm where it is degraded, although a fraction of it is redistributed to the
nucleus where it could have important signaling functions™". Amyloidogenic processing is part
of the normal APP processing as well, but involves transit through the endocytic organelles,
where APP encounters -secretase (BACE1)™". APP proteolytic cleavage by BACE1 leads to

the generation of soluble APP peptides (SAPP[3), and the retention of a corresponding
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membrane-anchored C-terminal fragment, C99. Processing of C99 by y-secretase releases AICD
and amyloid-beta fragments (A[340-42). The A[340/A 342 ratio is influenced by the intracellular
site of production. A[340 is generated predominantly in the trans-Golgi network (TGN), relying
on an endocytosed pool of APP recycled from early endosomes to the TGN™. An interruption
of the bidirectional trafficking of APP between the TGN and endosomes, particularly retromer-
mediated retrieval of APP from early endosomes to the TGN, results in the accumulation of
endocytosed APP in early endosomes with reduced APP processing. BACE1 undergoes
recycling between the endosome, TGN, or the plasma membrane, from where it is endocytosed.
The cytosolic domain of BACEI contains an acid cluster-dileucine motif (ACDL) that binds
Golgi-localized y-ear-containing ARF-binding (GGA) proteins and influences its subcellular
distribution. Phosphorylation of Ser”” by casein kinase 1 facilitates BACE1 recognition by
GGAI1 for retrieval to the endosome. Ubiquitination of the BACE1 C-terminal Lys’”’ signals
GGA3 to export BACEI to the lysosome for degradation. The retromer mediates the retrograde
transport of BACE1 from the endosome to TGN. Under basal conditions, the majority of APP
and BACE1 containing dendritic vesicles are largely segregated after synthesis via the secretory
pathway. While BACEI] is sorted into acidic recycling endosomes, APP is conveyed in Golgi-
derived vesicles. However, upon trigger induction of the amyloidogenic pathway APP is routed
into BACE1-positive recycling endosomes via a clathrin-dependent mechanism™". Alternatively,
BACEI may cluster in lipid rafts at the plasma membrane and undergo endocytosis together with

APP.

[0037] The cytoplasmic domain of APP contains the highly conserved Y*’ENPTY*”
motif (residue numbering of neuronal APP spliceform APPg9s) where several adaptor proteins
bind through their phosphotyrosine-binding (PTB) domains, most notably Fe65 (Amyloid beta
A4 precursor protein-binding family B member 1, APBB1)™", Fe65 is a 90-kDa adaptor protein
expressed in neurons in several regions of the mammalian nervous system™"". Fe65 possesses
three putative protein-protein interaction domains: one WW (tryptophan-rich, proline-proline-
leucine-proline- sequence binding) domain and two PTB domains. The PTB1 domain binds
xoxviii

among others histone acetyltransferase Tip60 (KATS)
LSF/CP2/LBP1 (TFCP2), which is a genetic determinant of risk of AD™™. TFCP2 drives the

and the transcription factor

expression of thymidylate synthase that is essential for DNA replication and cell survival.
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Moreover, Fe65 also interacts with proteins involved in actin cytoskeleton remodeling through
its WW domain, notably Vasodilator-stimulated phosphoprotein VASP. VASP has been shown

to modulate spine and synapse formation, maturation, and spine head enlargement™ .

[0038] Low density lipoprotein-related protein-1 (LRP1) is a receptor localized mainly in
hepatocytes, fibroblasts, and neurons. It is composed of an extracellular ligand-binding subunit
(515-kDa a-chain) linked to a shorter transmembrane subunit (85-kDa [3-chain). It is implicated
in diverse biological processes both as an endocytic receptor and as a signaling molecule.
Moreover, LRP1 expression is critical for the survival of primary neurons under stress
conditions™ . Under physiological conditions LRP1 undergoes ectodomain shedding, mediated
by metalloproteinases, to release a soluble form of LRP1 (SLRP1) that can bind to ligands™*".
LRP1 and its ligands, notably APOE, are genetically associated with AD and are found in senile
plaques of AD patients™". Along with LRP1, APP is transported from the early secretory
compartments to the cell surface and subsequently internalized into the endosomal compartment.
It has been shown that LRP1 modulates multiple steps in APP processing and trafficking,
including the turnover of both full-length and C-terminal fragments of APP, secretion of APPs,

internalization of cell surface APP, and the generation and release of A peptide™ . APP is not

known to directly bind to LRP1 but rather through an indirect interaction with the PTB1 domain
of Fe65™.

[0039] Phosphorylation of APP at Thr®*® by proline-directed protein kinases such as
CDK35, GSK-383, CDK 1 and c-Jun N-terminal protein kinase (JNK)**' can be observed in

neurons in normal conditions. Threonine®” phosphorylation by JNK is required for y-mediated
cleavage of the C-terminal fragment of APP produced by B-secretase™". Thr®™ is located

within the motif ”VTPEER"?, which forms a type I 3-turn and amino-terminal helix-capping

box structure that stabilizes its carboxyl-terminal helix structure. Phosphorylation of Thr’”

induces a conformational change in APP cytoplasmic region, affecting its interaction with
Fe65™ The production of AP is significantly reduced when phosphorylation of Thr* is
either abolished by mutation or inhibited by Thr’*® kinase inhibitors. Thr’” phosphorylation may

also facilitate the BACE1 cleavage of APP™,
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[0040] Proteins involved in trafficking between endosomal compartments and the TGN,
namely the retromer complex (Vps35, Vps26) and its putative receptors (SorL 1/Sortilin-Related
Receptor, SorLA) have been implicated in the molecular pathology of AD**, Direct binding
between APP and the retromer complex has not yet been found, suggesting the existence of a
sorting receptor that bridges APP to the retromer. To mediate trafficking of APP to TGN, the
retromer binds to the sorting motif of neuronal sorting receptor SorLLA, bound itself to

i

cytoplasmic domain of APP™". Reduced retromer activity can mimic the effects of familial AD

Presenilin mutations on APP processing™.

[0041] Several studies have shown that SorL A is protective against AD. Reduced levels
of SorLA in cortex and hippocampus have been noted in autopsy material from AD patients.
Expression of SorLLA, on the other hand, is normal in cerebellum (a tissue that is not affected by
AD pathology). Western blot and immunohistochemical analysis confirmed a 25% reduction of
the SorL A protein in AD frontal cortex™”. Decreased levels of the shed SorLA ectodomain is
observed in the cerebrospinal fluid of AD patients™. Expression of SorLA, however, is normal
in individuals suffering from FAD and in PS1/APP transgenic mice™"'. Neuronal SorLA
expression is reduced in subjects showing mild cognitive impairment™". Several SorLA variants

associated with AD have been reported to result in reduced SorLA protein levels™™.

[0042] APP interacts with SorL A both through its carbohydrate linked, extracellular
domain and its cytoplasmic tail*™. Studies have shown that secretases are allosteric enzymes that
require cooperativity by APP oligomerization for efficient processing and that SorLLA prevents
APP oligomerization, causing secretases to switch to a less efficient non-allosteric mode of
action’. SorLA also interacts with BACE, and might therefore directly affect BACE-APP
complex formation". ROCK2 kinase phosphorylation of SorLA at Ser”?’, a residue close to the
GGA-binding site in the cytoplasmic domain, boosts both SorL A ectodomain shedding by
metalloproteinases and GGA binding. This phosphorylation event is necessary for proper APP
amyloidogenic processing™. The processed SorLA C-tail remains able to bind C99 (B cleaved, C-

terminal APP fragment), independently from the GYENPTY motif '*.

[0043] The Nuclear Respiratory Factor 1 (NRF1) protein sequence is deposited in
UniProtKB as “NRF1_HUMAN” with the accession number Q16656-1. NRF1 is a homodimeric

transcription factor which mediates the expression of key metabolic genes and of a range of
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nuclear genes essential for mitochondrial biogenesis, including subunits of the respiratory chain
complexes, and constituents of the mtDNA transcription and replication machinery™. NRF1
regulates both the expression of glutamatergic receptor subunit genes (e.g., NMDA receptor
subunits 1 and 2B and AMPA receptor subunit 2) and of the subunits of ion pumps Na+/K+-
ATPase, thus playing an important role in the coupling between energy consumption, energy
generation, and neuronal activity™. NRF1 has also been associated with the regulation of neurite
outgrowth™. Moreover, a panel of neurodegenerative disease-related genes, such as PARK?2,
PINK1, PARK?7, and GPR37, PSENEN, and MAPT have been recognized as

NRF1 targets™. NRF1 has also been found to be a potentially important factor for AD using

network topology analysis of microarray data from post-mortem brains™"

[0044] Members of the F-box protein family, such as FBX046, are components of the
SCF complex (or SKP1--Cullin--F-box containing complex), a multi-protein E3 ubiquitin ligase
catalyzing the ubiquitination of proteins destined for proteasomal degradation. The cullin subunit
CUL1 functions as a molecular scaffold that interacts at the amino terminus with the adaptor
subunit SKP1 (S-phase kinase-associated protein 1) and at the carboxyl terminus with RING-
finger protein RBX1 and a specific ubiquitin-conjugating enzyme (E2). The F-box protein
functions as the variable component that binds SKP1 through the F-box domain and the substrate
to be ubiquitinated through other motifs localized C-terminally of the F-box motif. Each F-box
protein is target specific and recognizes a small subset of substrates hence contributing to the

specificity of SCF.

[0045] Some F-box proteins also have functions of their own. FBXP38 as an example is

a transcriptional co-activator of Krueppel-like factor KLF7.

[0046] Reticulons form a large and diverse family of membrane-associated proteins with
multiple functions in cells. Reticulons principally localize to the endoplasmic reticulum, and
there is evidence that they are involved in shaping the endoplasmic reticulum (ER) membrane,
ER-Golgi trafficking, membrane morphogenesis, vesicle formation and fusion and endocytic
recycling™™. The mammalian reticulon family of proteins consists of four members (RTN1—
RTN4). Although the reticulon genes are expressed in many tissues, RTN4 (Nogo) and RTN2

are preferentially expressed in nervous tissues. RTN4 has been widely demonstrated to be an
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inhibitor of axonal extension and neurite outgrowth. Mutations in RTN2 cause the axon-

lix

degenerative disorder hereditary spastic paraplegia type 12

[0047] He et al™ showed that BACE1 co-immunoprecipitates with RTN1, RTN2, RTN3
and RTN4. Reticulons bind to BACE1 transmembrane/C-terminal domain and inhibit its
activity. Overexpression of a single RTN reduces the levels of A{3 produced by HEK-293 cells

expressing a mutant of APP™ that fosters p-secretase (Swedish mutation). Reduction of B-
amyloid accumulation by RTN3 has been observed in transgenic mice expressing APP Swedish
and London mutations™. On the other hand, reticulons are known to accumulate in the
dystrophic neurites of Alzheimer's disease neurons. Transgenic mice overexpressing RTN3
develop dystrophic neuritis that are morphologically similar to those observed in AD brains and

that correlate with the formation of RTN3 aggregates in susceptible brain regions™".

[0048] Axonal microtubules in neurons are organized such that the plus-end is oriented
out from the cell body, while dendrites exhibit a mixed microtubule polarity containing both
minus-end-out and plus-end-out microtubules. Intracellular transport of vesicles and organelles
along microtubules is powered by kinesin (anterograde) and cytoplasmic dynein (retrograde)
molecular motors. Dynein is a large protein complex with six subunits: a large dynein heavy
chain, an intermediate and light-intermediate chain, and three dynein light chains. Kinesin-1 is
composed of a pair of heavy chains (KHC), which use ATP hydrolysis to power movement on
microtubules, and a pair of light chains (KLC), which regulate KHC activity and mediate cargo
attachment. APP is able to recruit kinesin-1 to vesicles through binding of its C-terminus to
KLC™ although some evidence suggests that the attachment of APP to kinesin-1 may not be
direct, but instead requires proteins of the c-Jun N-terminal kinase (JNK)-interacting proteins
(JIP1-1/JIP-2). Data further suggest that APP is also able to recruit Dynein-1 as a retrograde
APP vesicle motor subunit ™. Moreover kinesin-1 is required for proper association of dynein on
APP vesicles. Loss of kinesin-1 on cargos leads to reduced dynein on vesicles. Since both
anterograde and retrograde motors can simultaneously attach to the same cargo, tight
coordination is critical to proper distribution of intracellular materials. Work in animal models

suggests that altered axonal transport caused by kinesin-1 dysfunction perturbs levels of both A3

and phosphorylated Tau in neural tissues. Mouse transcriptomics have identified KLC1 as a

-16 -



WO 2018/112446 PCT/US2017/066881

modifier of A3 accumulation. Functional analysis using neuroblastoma cells showed that

Ixvi

overexpression of a KLC1 splicing variant increases the production of both A340 and A342™".

[0049] Apolipoprotein E (APOE) is a key constituent of lipoproteins and is crucial for
maintaining cholesterol and triglyceride homeostasis. It is expressed by about 75% of the
astrocyte population under normal (healthy) conditions with the highest level of expression in the
olfactory bulb. It is not expressed by neurons except in response to stress (e.g., excitotoxic
injury). A series of hypotheses have been proposed to explain the association of the APOE4
allele with AD™":.Impairment of the antioxidative defense system, dysregulation of neuronal
signaling pathways, disruption of cytoskeletal structure and function, altered phosphorylation of
Tau and the formation of neurofibrillary tangles, depletion of cytosolic androgen receptor levels
in the brain, potentiation of A[3-induced lysosomal leakage and apoptosis in neuronal cells, or
promotion of endosomal abnormalities linked to A3 overproduction, or direct transcriptional

effect of the expressed APOE protein™™ . Skilled artisans in the field have concluded that these
APOEA4 effects are mediated by the amino acid change Cys"**/Arg in the APOE protein.

[0050] Variants in APOE were analyzed and surprisingly found that there is no
correlation between APOE variants protein structure and AD: APOE4 variant (Cys’%/Arg)
associated with increased risk of AD is benign as assessed by tools predicting deleterious effects
of protein variants (e.g., Sift, PolyPhen-2). Arg’*?/Ser next to it is predicted to be more damaging
yet it is not associated with increased risk of AD. Furthermore, it is striking that most mammals
carry the E4 isoform at position 130 (Arg). A multiple protein sequence alignment of the APOE4

region from apes and several other mammals is provided in Figure 1.

[0051] Many APOE mouse models have been established to study the mechanisms
underlying the pathogenic actions of APOE4. These include transgenic mice expressing

different APOE isoforms in neurons or astrocytes, mice expressing neurotoxic APOE4 fragments
in neurons and human APOE isoforms knock-in mice. However, since mouse Apoe is equivalent
to human APOE4 with respect to the ¢ allele residues (Figure 2), results obtained with transgenic
mice cannot be representative of the true effect of the human APOE4 variant as they replace WT
mouse Apoe by a structurally identical isoform. Moreover, differences observed between APOE

isoforms show that human APOE4 protein is only detrimental when artificially overexpressed in
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transgenic neurons. On the other hand, APOE2/3/4 knock-in into Apoe™ mice display the same
rank order of affinities (APOE4 > APOE3 >> APOE2) to LDLR as in humans. Moreover, the
lipoprotein profile of APOE variants in humans is reflected in mice expressing the corresponding
APOE genotype. Differences in cholesterol levels in humans carrying the different APOE
isoforms are reflected in the corresponding APOE2/3/4 knock-in mice. In the same way,
transgenic overexpression of APO4 in astrocytes (under e.g., Glial fibrillary acidic
protein/GFAP) in Apoe” mice does not lead to senile plaques accumulation, neurodegeneration
nor any other AD hallmark. The present inventors realized that even though APOE allelic effects
on cholesterol and fat metabolism are faithfully represented in animal models these models do
not display AD hallmarks. The present inventors discovered, contrary to skilled artisans in the
field, that the effects of APOE4 on AD are not linked to the Cys to Arg mutation at the protein

level.

[0052] Many genes are expressed in more than one subset of cells or tissues. The activity
of transcription factors allows temporal and spatial regulation of these genes. Transcription
factors bind to regulatory elements such as enhancers, resulting in stimulation or enhancement,
or alternatively repression of gene transcription. Enhancers contain the same regulatory elements
that are found at promoter their corresponding promoters. They generally represent a modular
arrangement of short sequence motifs, each interacting with a specific cellular transcription
factor™™, which will be responsible for turning the transcription on or off in a different set of

cells, or at different times in development.

[0053] The present inventors discovered that the APOE4 variant at the genetic level
contains a short sequence motif, the “APOE4 motif” (Figure Se) and creates a de novo
recognition sequence for the transcription factor NRF1 in AD neurons. The APOE4
transcriptional enhancer element can extend beyond the central APOE4 motif, encompassing

neighboring sequences on APOE4 exon 4.

[0054] Enhancers exert their regulatory function through binding of cell-type specific
transcription factors. Therefore, the DNA sequence of the APOE4 motif was searched for
putative transcription factor binding sites using binding profiles from the JASPAR CORE
database of experimentally defined transcription factor binding sites for eukaryotes

(jaspar.genereg.net). A score was calculated for the probed sequence that provided a measure of
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similarity to the transcription factor consensus sequence. This analysis of the APOE4 motif
resulted in a statistically significant hit for the nuclear respiratory factor 1 (NRF1) consensus
binding motif (Figure 7a). Table 4 shows the highest values obtained for APOE4 rs429358/C
variant, compared to the score and relative score obtained for APOE3 at the same position. The
novel NRF1 binding site created by the APOE4 variant is located on the reverse strand (Figure
7b), with a score of 11.859 while APOES3 resulted in a score of 3.879. As a comparison, the
highest score to be expected for the NRF1 consensus sequence in JASPAR 1is 18.058. Score is 0
if the sequence has equal probability for being a functional or a random site. Moreover, the
APOE4 variant changes a non-consensus T nucleotide (A on the reverse strand) with 0
appearance in the nucleotide frequency matrix of the NRF1 consensus sequence into a highly
conserved, consensus matching C nucleotide (G on the reverse strand) with 4275 appearances in
the frequency matrix (Figure 7c). It was discovered that surprisingly, the change of the T
nucleotide (APOE3) to a C nucleotide (APOE4) creates a de novo NRF1 binding site. APOE4
motif also leads to a statistically significant hit for transcription factor HIF1A::ARNT. A binding
motif for this transcription factor can be found in the APOE3 sequence as well, with a similar
score (Table 4). HIF1A::ARNT is hypoxia-inducible factor 1 (H/F-1), a heterodimeric
transcription factor composed of the alpha subunit H/F'/A (Hypoxia-inducible factor 1, alpha),
and the beta subunit ARNT (Aryl hydrocarbon receptor nuclear translocator). Fi¥F-1 is the chief
regulator of the cellular response to hypoexia, owing to the activating of many genes. The de
novo NRF1 binding motif created by APOE4 overlaps the already existing HIFA::ARNT binding
motif. Thus, in APOE4 AD patients’ response to hypoxia can be impeded due to competitive
binding of NRF1 and HIF-1 to the same DNA region.

Table 4: JASPAR Analysis of the Region Overlapping rs429358

Model ID  |[Model name |Sequence name Score Strand Predicted site
MAO0506.1 |NRF1 Consensus 18.058 forward |GCGCCTGCGCA
MAO0506.1 |NRFI APOE3, Rs429358/T |3.879 reverse GCGGCCGCaCA
MAO0506.1 |NRFI APOE4, Rs429358/C |11.859 reverse GCGGCCGCgCA
MAO0259.1 |HIF1A::ARNT|Consensus 11.2 forward |GGACGTGC
MAO0259.1 |HIF1A::ARNT|APOE3, Rs429358/T |11.2 forward |GGACGTGt
MAO0259.1 [HIF1A::ARNT|APOE4, Rs429358/C |9.6 forward |GGACGTGec

APOE variant rs429358 is indicated in small cap.
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[0055] The NRF1 binding site of the APOE4 motif is a legitimate enhancer as these
sequences can be positioned in both forward or reversed orientations, inside, downstream, or
upstream of the regulated gene and most transcription factor binding sites can occur in both

orientations in promoters or enhancers.

[0056] Age, head trauma, poorly controlled diabetes as well as common virus infections
are known risk factors influencing AD onset, progression and outcome. These triggers all
stimulate NRF1 activity™> "2 6 - The hresent inventors have discovered that the APOE4
variant creates a de novo binding site for NRF 1, which is part of the APOE4 motif that regulates

the expression of AD causing genes.

[0057] In some instances enhancers modulate DNA transcription over long distances. For
instance, Sonic Hedgehog enhancer ZRS is situated 1 Mb upstream of the gene that it regulates.
The ability of enhancers to interact with promoters is not limited to genes located in cis on the
same chromosome. Gene regulatory elements have been found to engage in direct physical
interactions with target genes on other chromosomes™. Yet an important property of enhancers
is that their readout is context-specific™, so too are the effects of mutations within them, that
may alter a gene's expression in one tissue, but not in another. Variations in distantly acting
enhancers are known to contribute to disease (e.g. Beta-thalassaemia, Hirschsprung's disease,
preaxial polydactyly). A common single nucleotide polymorphism (SNP) that alters a binding
site for the lymphoid enhancer-binding factor 1 (LEF1) transcription factor, reducing LEF1
responsiveness and enhancer activity in cultured human keratinocytes has been found to

contribute to the classic blond hair phenotype found in northern Europeans™".

[0058] The present inventors have discovered that the APOE4 motif acts as an enhancer
causing improper transcription of a distant gene in AD vulnerable neurons, defined as the AD

causing gene.

[0059] Enhancers can affect the transcription of genes located in cis as far as 2 Mb away
on the same chromosome, but they can also affect the transcription of genes located on a
different chromosome brought into spatial proximity to the enhancer by protein-protein, DNA-
DNA or protein-DNA interactions. Several genes located upstream and downstream of the

APOE4 motif can affect pathways involved in AD.
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[0060] In some embodiments, “APOE4 motif-mediated gene” means any gene located
within 2Mb (2 megabases = 2 million bases) upstream or downstream of the APOE4 motif
centered on rs429358 of chromosome 19. Still in other embodiments, the term “APOE4 motif-
mediated gene” or the “expression product” refers to the gene or the expression product,
respectively, that is modulated (e.g., either increased or decreased) by the presence of APOE4
allele compare to other APOE alleles. In some cases, the activity of APOE4 motif-mediated
gene or the expression product thereof is increased compared to other APOE alleles. In other
cases, the activity of the gene or the expression product thereof is reduced compared to other
APOE alleles. A transcription product of such a gene includes any RNA transcript based on
such gene, including any microRNA or mRNA (whether the mRNA transcript is primary,
spliced, edited, modified or mature). An “APOE4 motif-mediated gene expression product” as
used herein means a polypeptide translated from an mRNA transcript of an APOE4 motif-
mediated gene, although it is sometimes colloquially used to refer to the RNA transcription
product of a gene. Such polypeptide may be nascent or processed into a mature or modified

form of the protein.

[0061] A representative list of the APOE4 motif-mediated genes, including genes located
on chromosome 19 in a 2 Mb window around the APOE motif, was compiled from the
GRCh38.p5 Homo sapiens Genome Assembly of EnsEmbl™"" and is provided in Table 3. These
genes include PSG1, XRCC1, PINLYP, IRGQ, ZNF576, SRRM5, ZNF428, PLAUR, SMG9,
ZNF224, ZNF285, ZNF180, PVR, BCL3, CBLC, BCAM, PVRL2 / NECTIN2, CLPTMI,
RELB, CLASRP, GEMIN7, MARK4, PPP1R37, NKPD1, TRAPPC6A, BLOC1S3, EXOC3L2,
CKM, KLC3, ERCC2, PPPIR13L, ERCC1, FOSB / deltaFOSB, RTN2, VASP, OPA3, GPR4,
EML2, GIPR, SNRPD2, QPCTL, FBX046, SIX5, SYMPK, FOXA3, MYPOP, NOVA2,
CCDCo61, HIF3A, PPP5C, PNMASA / PNMAL1, PNMA8SB / PNMAL2, DACT3, STRN4 and
FKRP. Still in other embodiments, the gene that is expressed by APOE4 motif comprises
FBXO046, SNRPD2, ZNF285, ZNF180, PVR, ERCC2, QPCTL, SYMPK, MYPOP, CCDC61,
XRCC1, ZNF576, ZNF428, SMG9, PPP5C, PNMASA / PNMAL1, PNMASB / PNMAL2,
DACTS3, STRN4, FKRP, RTN2, IRGQ, SRRMS5, FOXA3, FOSB / deltaFOSB, SIX5 and GPR4.
In a further embodiment the gene that is expressed by the APOE4 motif comprises FBX046,
PPP5C, FKRP, SYMPK, FOSB / deltaFOSB, FOXA3, GPR4, PSG1, PPP1R13L, EXOC3L2,
SIXS, PLAUR and KLC3.
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Table 3: Representative list of genes located within about 2 Mb upstream and downstream of
APOE4 motif (genome assembly GRCh38.p5)

PSG1 (ENSG00000231924)

19:42866464-42879822

PSG7 (ENSG00000221878)

19:42906822-43082671

PSG2 (ENSG00000242221)

19:43064211-43083045

PSGS (ENSG00000204941)

19:43166256-43186536

PSG4 (ENSG00000243137)

19:43192702-43207299

PSG9 (ENSG00000183668)

19:43211791-43269530

CD177 (ENSG00000204936)

19:43353659-43363172

TEX101 (ENSG00000131126)

19:43401496-43418597

LYPD3 (ENSG00000124466)

19:43460787-43465660

PHLDB3 (ENSG00000176531)

19:43474954-43504935

ETHE1 (ENSG00000105755)

19:43506719-43527244

ZNF575 (ENSG00000176472)

19:43525497-43536130

XRCC1 (ENSG00000073050)

19:43543040-43580473

L.34079.2 (ENSG00000268361)

19:43554692-43593036

PINLYP (ENSG00000234465)

19:43576800-43583964

IRGQ (ENSG00000167378)

19:43584369-43596135

ZNF576 (ENSG00000124444)

19:43596392-43601157

SRRMS (ENSG00000226763)

19:43596617-43614497

ZNF428 (ENSG00000131116)

19:43607219-43619874

CADM4 (ENSG00000105767)

19:43622368-43639839

PLAUR (ENSG00000011422)

19:43646095-43670547

IRGC (ENSG00000124449)

19:43716010-43720021

SMG9 (ENSG00000105771)

19:43727992-43754990

KCNN4 (ENSG00000104783)

19:43766533-43781257

LYPDS5 (ENSG00000159871)

19:43795929-43827206

ZNF283 (ENSG00000167637)

19:43827292-43852017

ZNF404 (ENSG00000176222)

19:43872363-43901385

ZNF45 (ENSG00000124459)

19:43912629-43935278

ZNF221 (ENSG00000159905)

19:43951223-43967709

ZNF155 (ENSG00000204920)

19:43967862-43998325

ZNF230 (ENSG00000159882)

19:44002948-44013926

ZNF222 (ENSG00000159885)

19:44025342-44033112

AC084219.2 (ENSG00000267022)

19:44025354-44087318

ZNF223 (ENSG00000178386)

19:44051367-44067991

ZNF284 (ENSG00000186026)

19:44072144-44089613

ZNF224 (ENSG00000267680)

19:44094339-44109886

ZNF225 (ENSG00000256294)

19:44112181-44134816

ZNF234 (ENSG00000263002)

19:44141557-44160309

ZNF226 (ENSG00000167380)

19:44165073-44178381

ZNF227 (ENSG00000131115)

19:44207547-44237268

ZNF235 (ENSG00000159917)

19:44228729-44305046

ZNF233 (ENSG00000159915)

19:44259880-44275317

ZNF112 (ENSG00000062370)

19:44326555-44367217
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CTC-512J12.6 (ENSG00000267173)

19:44329695-44401608

ZNF285 (ENSG00000267508)

19:44382298-44401608

ZNF229 (ENSG00000278318)

19:44417519-44448578

ZNF180 (ENSG00000167384)

19:44474428-44500524

CEACAM?20 (ENSG00000273777)

19:44501677-44529788

IGSF23 (ENSG00000216588)

19:44613630-44636781

PVR (ENSG00000073008)

19:44643798-44663583

CEACAM19 (ENSG00000186567)

19:44662278-44684359

CEACAM16 (ENSG00000213892)

19:44699151-44710714

BCL3 (ENSG00000069399)

19:44747705-44760044

MIR8085 (ENSG000002777360)

19:44758657-44758721

CBLC (ENSG00000142273)

19:44777869-44800634

BCAM (ENSG00000187244) 19:44809059-44821420
PVRL2 (ENSG00000130202) 19:44846175-44889228
TOMMA40 (ENSG00000130204) 19:44890569-44903689
APOE (ENSG00000130203) 19:44905754-44909393

AC005779.2 (ENSG00000267545)

19:45179822-45202444

APOCI1 (ENSG00000130208)

19:44914247-44919349

APOC4 (ENSG00000267467)

19:44942238-44945496

APOC4-APOC2 (ENSG00000224916)

19:44942238-44949565

APOC2 (ENSG00000234906)

19:44946035-44949565

CLPTM1 (ENSG00000104853)

19:44954585-4499334 1

RELB (ENSG00000104856)

19:45001430-45038198

CLASRP (ENSG00000104859)

19:45039040-45070956

ZNF296 (ENSG00000170684)

19:45071500-45076588

GEMIN7 (ENSG00000142252)

19:45079195-45091524

MARK4 (ENSG00000007047)

19:45079288-45305283

PPP1R37 (ENSG00000104866)

19:45091396-45148077

NKPD1 (ENSG00000179846)

19:45149750-45160150

TRAPPC6A (ENSG00000007255)

19:45162928-45178237

BLOCI1S3 (ENSG00000189114)

19:45178745-45181801

AC005779.2 (ENSG00000267545)

19:45179822-45202444

EXOC3L2 (ENSG00000130201)

19:45212621-45234211

CKM (ENSG00000104879)

19:45306414-45322977

KLC3 (ENSG00000104892)

19:45333434-45351520

ERCC2 (ENSG00000104884)

19:45349837-45370918

PPPI1R13L (ENSG00000104881)

19:45379634-45406349

CD3EAP (ENSG00000117877)

19:45406209-45410766

ERCC1 (ENSG00000012061)

19:45407333-45478828

FOSB (ENSG00000125740)

19:45467995-45475179

MIR6088 (ENSG00000275726)

19:45436654-45436704

RTN2 (ENSG00000125744)

19:45485289-45497061

PPMIN (ENSG00000213889)

19:45488777-45502510

VASP (ENSG00000125753)

19:45506579-45526983

OPA3 (ENSG00000125741)

19:45527427-45602212
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GPR4 (ENSG00000177464)

19:45589764-45602208

EML2 ENSGO00000125746 )

19:45606994-45645629

MIR330 (ENSG00000199066)

19:45638994-45639087

GIPR ENSG00000010310 )

19:45668244-45683724

MIR642A (ENSG00000207773)

19:45674928-45675024

SNRPDZ ENSG00000125743

19:45687454-45692569

QPCTL ENSG00000011478

19:45692483-45703989

FBX046 (ENSG00000177051)

19:45710629-45730904

BHMGI1 ENSG00000237452 )

19:45733251-45764534

SIXS (ENSG00000177045)

19:45764785-45769226

DMPK ENSGO00000104936 )

19:45769717-45782552

ACO011530.4 (ENSG00000268434)

19:45779437-45785973

DMWD (ENSG00000185800)

19:45782947-45792802

RSPH6A ENSG00000104941

19:45795710-45815319

SYMPK (ENSG00000125755)

19:45815410-45863290

FOXAZ ENSG00000170608

19:45863989-45873797

IRF2BP1 (ENSG00000170604)

19:45883607-45886170

MYPOP( ENSG00000176189

19:45890020-45902604

NANOS2 (ENSG00000188425)

19:45913214-45914870

NOVA2 (ENSG00000104967)

19:45933734-45973546

CCDC61 ENSG00000104983

19:45995461-46021318

MIR769 (ENSG00000211580}

19:46019153-46023065

PGLYRP1 ENSG00000008438

19:46019153-46023065

IGFL4 (ENSG00000204869)

19:46039748-46077118

IGFL3 ENSG00000188624 )

19:46120071-46124674

IGFL2 ENSG00000204866 )

19:46143106-46161299

IGFL1 (ENSG00000188293)

19:46229752-46231243

HIF3A ENSG00000124440 )

19:46297046-46343433

PPP5C (ENSG00000011485)

19:46346994-4639298 1

CCDC8 EN$G00000169515 )

19:46410372-46413584

PNMAL1 (ENSG00000182013)

19:46466491-46471563

PPP5D1 (ENSG00000230510)

19:46480796-46601200

PNMAL2 ENSG00000204851 )

19:46486906-46496498

CALM3 (ENSG00000160014)

19:46601074-46610793

PTGIR( ENSG00000160013

19:46620468-46625118

GNG8 (ENSG00000167414)

19:46634076-46634685

DACT3 ENSG00000197380 )

19:46647612-46661138

PRKD2 (ENSG00000105287)

19:46674275-46717127

MIR320E (ENSG00000211513)

19:46709271-46709382

STRN4 ENSG00000090372

19:46719507-46746994

FKRP (ENSG00000181027)

19:46746046-46776988

SLC1AS ENSG00000105281

19:46774883-46788594

AC008622.1 (ENSG00000280050)

19:46792971-46793189

AP2S1( ENSG00000042753

19:46838136-46850992

ARHGAP35 ENSG000001H0007

19:46918676-47005077
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| NPAS1 (ENSG00000130751) | 19:47019820-47045775 |

[0062] Progression through the cell cycle in eukaryotes is achieved through highly
controlled phosphorylation and degradation of cell-cycle-regulating proteins. The SCF controls
the G1/S and G2/M phases transition through specific binding and ubiquitination of cyclins (e.g.
FBXW?7 binds directly to cyclin E and FBXO31 mediates cyclin D1 degradation). F-box
proteins are themselves intrinsically unstable and are degraded by the ubiquitin-dependent
pathway, probably through auto-ubiquitination within the assembled SCF complex thereby
enabling cells to rapidly adapt to changing environmental conditions and progress through the
cell cycle™ ™ Cell cycle reentry has been observed in AD neurons and thus implicates F-box

proteins function. FBXO046 interferes with the normal amyloidogenic pathway.

[0063] Studies have suggested that alterations in reticulons, such as increased
aggregation, impair BACEI binding, increasing amyloid-[3 production, and facilitating reticulon
deposition in dystrophic neurites. Improper expression of RTN2 interferes with the normal

amyloidogenic pathway in AD neurons.

[0064] APP transgenic mice with reduced KLC1 function exhibit earlier and accentuated
brain amyloid plaques, thought to be caused by abnormal APP transport and/or cleavage.
Inappropriate expression of the motor proteins subunit KLC3 in AD neurons interferes with the

normal amyloidogenic pathway.

[0065] A list of genes located on chromosome 19 in a 2 Mb window around the APOE
motif from the GRCh38.p2 Homo sapiens Genome Assembly of EnsEmbl is provided in Table 3.
This list was then compared with a list of NRF1 target genes as determined from a published
ChIP-Seq-Based data retrieved from ChIP-Seq experiments performed in SK-N-SH human
neuroblastoma cells for the ENCODE project (encodeproject.org, DDBJ Sequence Read
Archive, accession number of SRP007993)™. By this analysis the F-box protein FBXO46 was
identified to be among the genes controlled by NRF1 and to be located in the vicinity of the
APOE4 motif. FBX046 is situated on 19q13.32, 0.8 Mb downstream from APOE. Other genes
located in the vicinity of the APOE4 motif and controlled by NRF1 comprise of FBX046,
SNRPD2, ZNF285, ZNF180, PVR, ERCC2, QPCTL, SYMPK, MYPOP, XRCC1, ZNF576,
ZNF428, SMG9, PPP5C, PNMASA / PNMALI1, PNMASB / PNMAL2, DACT3, STRN4 and
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FKRP. The APOEA4 variant creates a de novo binding site for NRF1 and that within a genomic
distance to the APOE4 motif known to be within reach of transcriptional enhancer activity,
FBX046 was determined to be a target gene. Without being bound by any theory, it is believed
that the APOE4 motif mediates transcription via NRF1 in AD neurons. APOE4 motif-mediated
expression of a gene refers to the stimulation or alternatively, repression of the expression of a

gene.

[0066] NRF1 binding sites were also detected in the 5° DNA regions of RTN2, IRGQ),
SRRMS, FOXAS3, FOSB / deltaFOSB, SIXS and GPR4. The 5° DNA regions of genes RTN2,
IRGQ, SRRMS, FOXA3, FOSB / deltaFOSB, SIXS and GPR4 encompassing -1000 bp + 400 bp
with respect to the transcription start site were subjected to a JASPAR 2016 database
(http://jaspar2016.genereg.net/) search of NRF1 binding motifs. One NRF1 binding site with a
score 11.490 was identified in the 5° region of RTN2, five NRF1 binding sites with scores
ranging from 14.489 to 18.058 were identified in the 5° DNA region of IRGQ, and five NRF1
binding sites with scores ranging from 14.489 to 18.058 were identified (Table 5) in the 5> DNA
region of SRRMS, three NRF1 binding sites with scores ranging from 10.857 to 17.077 were
identified in the 5" DNA region of FOXA3, eight NRF1 binding sites with scores ranging from
10.228 to 18.058 were identified in the 5" DNA region of FOSB / deltaFOSB, three NRF1
binding sites with scores ranging from 14.200 to 18.058 were identified in the 5" DNA region of
SIXS, and one NRF1 binding site with a score of 9.693 was identified in the 5* region of GPR4.
We concluded that genes RTN2, IRGQ, SRRMS, FOXA3, FOSB / deltaFOSB, SIXS and GPR4
are controlled by the transcription factor NRF1.

[0067] Cell cycle or tissue specific DNA binding transcription factors bound at
promoters and enhancers recruit “looping” factors which setup contacts between distal enhancers
and promoters. Such factors appear to form loops within more “structural” loops mediated by
general factors like CCCTC binding factor (CTCF). CTCF and cohesin are involved in the
formation of self-associating, long-range chromatin topological domain in the mammalian
genome. The differential recruitment of CTCF in different cell types controls differential gene
expression patterns by helping to establish cell-type-specific chromatin domains that control
enhancer activities. Interaction between two CTCF molecules bound to their binding sites

positively influences the expression of all the genes within the created loop. Numerous CTCF
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binding sites are present in the APOE genomic region, upstream as well as downstream of

APOE.

[0068] Influence of environment, lifestyle, and medical condition on the onset of AD has
been amply documented. Concordance rates for AD for monozygotic twins vary between 59%
and 80%, depending on the study. Moreover, among monozygotic twins both affected by AD,
differences in age of onset ranges from 0 to 15 years. In the case of APOE4, penetrance is about
67%. Thus, expression of the AD gene is dependent on triggers that will influence the outcome
of the disease by inducing a secondary chromatin loop inside an AD neuron specific CTCF loop.
The APOE4 motif becomes active when the required factors are present in the AD vulnerable
neuron, thus explaining how external triggers affect expression of the disease. A DNA loop
overlapping APOE is created by a neuron specific interaction between 2 CTCF molecules. In
subjects carrying the APOE4 variant, the trigger specific transcription factor NRF 1 induces the
formation of a secondary chromatin loop and subsequently mediates expression of the AD
causing gene. APOE3 does not create the NRF1 binding site and is thus not a neuron specific
enhancer for this transcription factor and does not typically allow transcriptional regulation.

Protective APOE2 may bind a repressor of transcription for this gene (Figure 3).

[0069] Without being bound by any theory, it is believed that in response to
environmental and physiological stresses, including but not limited to infection, cerebral
hypoxia, hypoglycemia, or hyperinsulinemia, NRF1 is activated in AD neurons. In one non-
limiting example, by binding to the APOE4 motif and the proximal promoter region of the
FBXO046 gene, it is believed that NRF1 turns on the inappropriate expression of the AD causing
gene FBX046.

[0070] One of the key steps in the amyloidogenic pathway involves endocytosis of
LRP1, Fe65 and APP in a ternary complex followed by processing by BACE1 and y-secretase,
APP phosphorylation at Thr’”, and finally retromer mediated retrograde trafficking of c99-APP
into the TGN. All these steps must take place in precise order. Delay or malfunction in any of
these steps lead to cell cycle re-entry, CDKS hyperactivation, Tau/MAPT hyperphosphorylation

and tangles formation and ultimately cell death.
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[0071] Figure 4 illustrates the role of SorL A in the physiological amyloidogenic
pathway. The SorLA interaction with APP inside the amyloidogenic trafficking endosome
inhibits premature APP processing by BACE1. SorL A is phosphorylated and sheds its
ectodomain after which APP is phosphorylated as well, which leads to a conformation change
and frees Fe65. BACEI1 gains access to APP and then is recycled after APP processing. The
retromer is then able to bind to the C-tail of SorLLA, which is still attached to C99, and retrieves
APP to the TGN.

[0072] Overexpression of SorL A in AD neurons reduces amyloidogenic processing and
senile plaque formation while inactivation of gene expression (as in knock-out mouse models)

accelerates amyloidogenic processing and senile plaque formation.

[0073] Dysfunction of the amyloidogenic pathway in AD patients is linked to low SorLA
concentration in neurons. We discovered that this low concentration in neurons of AD patients
carrying the APOE4 variant is a direct consequence of the transcriptional enhancer activity of the
APOE4 motif. In AD patients, APOE4 motif-mediated expression of the AD causing gene
FBXO046 reduces levels of SorL A protein.

[0074] The present invention is based on the discovery of detailed knowledge of the
underlying genetic mechanism for development of Alzheimer’s disease as discussed above. In
particular, such a discovery by the present inventors have provided methods for more accurate
diagnose and/or treatment for Alzheimer’s disease. This discovery also provides methods for
preventing development of Alzheimer’s disease (AD) in individuals, particular those individuals

that are genetically predisposed to AD.

[0075] Based on the analysis of the gene structure, the present inventors have discovered
that the APOE4 variant creates a de novo recognition motif for the neuron-specific transcription
factor NRF1. An analysis of NRF1 target genes in the vicinity of the APOE4 variant identified
FBXO046 as the AD causing gene. Based at least in part by this discovery, one aspect of the
invention provides a method of inhibiting the function of this NRF1 recognition site created by

the APOE4 motif to infer alia stabilize or improve the cognitive ability of subjects with AD.

[0076] In some embodiments, inhibition of APOE4 motif regulated gene expression is

achieved by contacting a cell that is expressing a gene mediated by APOE4 motif with a
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molecule that is capable of inhibiting binding of a transcription factor to APOE4 motif
(sometimes called a “decoy”). In some embodiments, the cell is a neuronal cell, a neuronal

progenitor cell or a differentiated neuron.

[0077] Yet in another embodiment of the invention, the gene whose expression is
mediated by the APOE4 motif is located on human chromosome 19 within 2 Mb of rs429358.
Exemplary genes that are expressed by APOE4 motif include, but are not limited to, PSGI,
XRCC1, PINLYP, IRGQ, ZNF576, SRRMS5, ZNF428, PLAUR, SMG9, ZNF224, ZNF285,
ZNF180, PVR, BCL3, CBLC, BCAM, PVRL2 / NECTIN2, CLPTM1, RELB, CLASRP,
GEMIN7, MARK4, PPP1R37, NKPD1, TRAPPC6A, BLOC1S3, EXOC3L2, CKM, KLC3,
ERCC2, PPPIR13L, ERCC1, FOSB / deltaFOSB, RTN2, VASP, OPA3, GPR4, EML2, GIPR,
SNRPD2, QPCTL, FBXO046, SIX5, SYMPK, FOXA3, MYPOP, NOVA2, CCDC61, HIF3A,
PPP5C, PNMASA / PNMALI1, PNMASB / PNMAL2, DACT3, STRN4 and FKRP and a
combination thereof. Still in other embodiments, the gene whose expression is mediated by
APOE4 motif comprises FBX046, SNRPD2, ZNF285, ZNF180, PVR, ERCC2, QPCTL,
SYMPK, MYPOP, CCDC61, XRCC1, ZNF576, ZNF428, SMG9, PPP5C, PNMASA /
PNMALI1, PNMASB / PNMAL2, DACT3, STRN4, FKRP, RTN2, IRGQ, SRRM5, FOXA3,
FOSB / deltaFOSB, SIXS, GPR4. In a further embodiment, the gene whose expression is
mediated by the APOE4 motif comprises FBX046, PPPSC, FKRP, SYMPK, FOSB /
deltaFOSB, FOXA3, GPR4, PSG1, PPP1R13L, EXOC3L2, SIX5, PLAUR, KLC3.

[0078] One particular embodiment of the invention provides a method for inhibiting
binding of a transcription factor to the APOE4 motif. Still in another embodiment the invention
provides a method for inhibiting expression of a gene mediated by binding of a transcription
factor to APOE4 motif. It should be appreciated that the term “inhibiting” when referring to a
gene expression means the amount of gene transcribed and/or translated is reduced by at least
about 10%, typically by at least about 20%, or arrested substantially completely (i.e., >90%
reduction) in the presence of a molecule of the invention compared to the same cell line in the
absence of the molecule. One skilled in the art can readily measure the amount of inhibition

using any of the methods that are known.

[0079] One specific embodiment of the invention provides a molecule that is capable of

inhibiting the APOE4 motif-mediated expression of a gene by inhibiting the transcription factor
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NRF1. Asused herein, the term “inhibiting transcription factor NRF1” includes inhibiting
binding of NRF1 to APOE4 motif, inhibiting production of NRF1, e.g., by inhibiting
transcription of NRF 1 gene and/or by inhibiting translation of mRNA that encodes NRF1, etc.

[0080] The molecule used for inhibiting APOE4 motif-mediated expression of a gene by
inhibiting the transcription factor NRF1 includes, but not limited to, a drug, an oligonucleotide, a
peptide or a derivative thereof or a combination thereof. In some embodiments, sometimes
called a “decoy oligonucleotide”, the oligonucleotide is a subsequence or a segment of SEQ ID
NO:1. In particular, the oligonucleotide is 11 to 30 nucleotides in length comprising consecutive
nucleotide subsequence within SEQ ID NO: 1. In one instance, the decoy oligonucleotide is a
single-strand oligonucleotide. Yet in another instance, the decoy oligonucleotide is a double-

strand oligonucleotide.

[0081] The term “oligonucleotide” refers to a deoxyribonucleotide or ribonucleotide
polymer in either single- or double-stranded form, and unless otherwise limited, encompasses
known analogs of natural nucleotides that hybridize to nucleic acids in a manner similar to
naturally-occurring nucleotides. Examples of such analogs include, without limitation,
phosphorothioates, phosphoramidates, methyl phosphonates, chiral-methyl phosphonates, 2-O-
methyl ribonucleotides, and peptide-nucleic acids (PNAs). A “subsequence” or “segment” refers

to a sequence of nucleotides that comprise a part of a longer sequence of nucleotides.

[0082] In another embodiment of the invention, a molecule is an oligonucleotide that can
bind to APOE4 motif that binds to NRF1. In some instances, the oligonucleotide is substantially
complementary to the APOE4 motif that binds to NRF1. The term “substantially complementary
to” or “substantially the sequence” refers to sequences which hybridize to the sequences
provided under stringent conditions and/or sequences having sufficient homology with APOE4
motif that binds to NRF 1 such that the oligonucleotides of the invention hybridize to the APOE4
motif sequence. “Substantially” the same as it refers to oligonucleotide sequences also refers to
the functional ability to hybridize or anneal with sufficient specificity to distinguish between the
presence or absence of the mutation. This is measurable by the temperature of melting being
sufficiently different to permit easy identification of whether the oligonucleotide is binding to the
APOE4 motif sequence that binds to NRF1. Unless the context requires otherwise, the term
“APOE4 motif” refers to a portion of the E4 variant of the APOE gene that binds to NRF1.
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[0083] Yet in some embodiments, the oligonucleotide is a phosphorothioate
oligonucleotide, a methylphosphonate oligonucleotide, a phosphoamidite oligonucleotide, a
peptide nucleic acid oligonucleotide, a locked-nucleic acid-modified oligonucleotide, and

combinations thereof.
[0084] In another embodiment, the oligonucleotide is fused to a cell penetrating peptide.

[0085] In some embodiments, the molecule is a peptide that is a fragment of the NRF 1
protein that can bind to the APOE4 motif. In a preferred embodiment, said peptide lacks the
transactivation domain of NRF1 and encompasses amino acid residues 78 to 304. In a further
preferred embodiment said peptide comprises the amino acid residues 110 to 304 of the NRF1

sequence or a fragment thereof.

[0086] In a further embodiment NRF1 peptides and fragments thereof are fused to a cell
penetrating peptide to facilitate intracellular delivery of the NRF1 peptides and fragments
thereof. In another embodiment the cell penetrating peptide has the amino acid sequence
GRKKRRQRRRPQ. In another embodiment, the NRF1 peptide or fragment thereof is encoded

by an expression vector.

[0087] The molecule can further include a pharmaceutically acceptable carrier. The
terms “pharmaceutically acceptable carrier” and “pharmaceutically acceptable excipient” are
used interchangeably herein and refer to an excipient that is useful in preparing a pharmaceutical
composition that is generally safe, non-toxic and neither biologically nor otherwise undesirable,

and includes excipient that is acceptable for human pharmaceutical use.

[0088] Still in other embodiments, the cell comprises a neuronal cell. Neuronal cells can
be neuronal progenitor cells as well as differentiated neurons. Methods of the invention are

applicable to a neuronal progenitor cell, a differentiated neuron or a combination thereof.

[0089] Methods of the invention include molecules that can inhibit APOE4 mediated
gene expression by binding to the APOE4 motif, the transcription factor, or both.

[0090] Another aspect of the invention provides a method for identifying a molecule that
can inhibit binding of a transcription factor to the APOE4 motif. This method can be used to
identify a lead candidate for drug development for treatment of AD. The method typically

-31 -



WO 2018/112446 PCT/US2017/066881

involves an in vifro or a biochemical assay that does not contain whole cells. The assay may
contain cell extracts or other cellular components. One skilled in the art having read the present
disclosure can readily recognize suitable in vitro assay conditions necessary to identify a
molecule that can inhibit binding of a transcription factor to APOE4 motif. Typically, it will be
an in vitro binding assay in which direct binding of NRF1 to an immobilized APOE4 motif
oligonucleotide is measured. Exemplary suitable in vifro assays include, but are not limited to, a
surface plasmon resonance and an electrophoretic mobility shift assay (EMSA). Briefly, in
EMSA a radioactively labeled APOE4 motif oligonucleotide is incubated with a recombinant
NRF1 and a molecule to be tested as being a possible lead drug candidate. The ability of the
molecule to inhibit binding of the recombinant NRF1 to the labeled APOE4 motif is then
analyzed by gel electrophoresis. If NRF1 is bound to the labeled APOE4 motif (that is the
molecule did not significantly inhibit binding), the observed mobility of the labeled APOE4

motif is shifted towards higher molecular weight.

[0091] High-Throughput Screening Assays: Screening assays of the invention are

designed to identify modulation of a function, activity or amount of an APOE4 motif-mediated
gene or gene expression product, e.g., the mRNA or the protein generated from the gene
sequence. As used herein the term “modulation” means any change in activity of a function or
amount of the transcribed gene, mRNA or protein, (together which are sometimes called the
“target”) including any change in transcription rate or expression level, and includes inhibition or
activation, and antagonist and agonist effects on the biochemical or biological activity of the
target. Throughout this disclosure, the term “change” when referring to any biological activity,
e.g., APOE4 motif-mediated gene expression or activity of APOE4 motif-mediated gene
expression product, means the value is statistically different from a control (i.e., p < 0.25, often p
< 0.1, and more often p < 0.05). The term “control” of gene expression or activity of a gene
expression product refers to a standard level against which gene expression or the activity of the
gene expression product, respectively, in a patient sample is or can be compared. In some
embodiments, the control can be relative to cells having no APOE4 allele, meaning the level
compared to a non-APOE4 motif-mediated gene expression or the expression product thereof.
This allows a determination based on the expression or biological activity against cells or subject
without APOE4 allele. The term “control” can also be used in reference to the level established

in a sample from the subject or from a population of individuals which is believed to carry
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APOE4 allele. In some cases, the terms “negative control”, i.e., against subjects or cells without
APOE4 allele or “positive control”, i.e., against subjects or cells with APOE4 allele, is used to
further distinguish the meaning of “control.” In this manner, the level of APOE4 motif-modified
gene expression or the level of activity of APOE4 motif-modified gene expression product can

be compared against the “negative control” or the “positive control.”

[0092] This specification discloses diverse functions of APOE4 motif-mediated genes,
either known from the art or implied from proteins of the same class, that may be used to assess
modulation. Some functions may be assessed directly, such as the catalyzing of a specific
reaction, or less directly, such as by measuring the accumulation of a downstream product.
Many assay designs are available to those skilled in the art. Preferred assays are optimized for
speed, efficiency, signal detection and low reagent consumption. (Zhang et al. (1999) J.
Biomolec. Screen. 4(2):67). Assays can be reporter assays measuring gene transcription, gene
translation or a biological activity of the gene expression product. Assays can be developed in
neurological cells or cells derived from a mammalian neurological cell or a mammalian
pluripotent stem cell. The examples below include description of assays for accumulation of
SorLa protein, which is an example of one such downstream product which can be measured in
neurological cells to identify compounds which inhibit the activity of one or more of the APOE
motif-mediated gene products. Based on the invention herein, those of skill in the art can now
predictably develop screening assays for potential AD therapeutic agents based on assays
designed to measure if the compound modulates the protein functions disclosed herein, and other

functions known or to be discovered now that their significance is understood.

[0093] In some embodiments, the screening assays of the invention, either cellular, cell
extract or biochemically based, are designed for testing a plurality of compounds (e.g., millions)

through high-throughput screening of chemical libraries.

[0094] Chemical libraries of test compounds that may be screened to identify a
modulator can be obtained from numerous available resources or using any of the numerous
approaches in library synthesis methods known in the art, including: biological libraries;
spatially addressable parallel solid phase or solution phase libraries; synthetic library methods
requiring deconvolution; the “one-bead one-compound” library method; and synthetic library

methods using affinity chromatography selection. The biological library approach is limited to
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peptide libraries, while the other four approaches are applicable to peptide, non-peptide oligomer
or small molecule libraries of compounds (Lam (1997) Anticancer Drug Des. 12:145). See also
Dolle et al. (2010) Comprehensive Survey of Chemical Libraries for Drug Discovery and
Chemical Biology: 2009. J. Comb. Chem., 2010, 12 (6), pp 765-806.

[0095] Examples of methods for the synthesis of molecular libraries can be found in the
art, for example in: DeWitt et al. (1993) Proc. Natl. Acad. Sci. U.S.A. 90:6909; Erb et al. (1994)
Proc. Natl. Acad. Sci. USA 91:11422; Zuckermann et al. (1994). J. Med. Chem. 37:2678; Cho et
al. (1993) Science 261:1303; Carrell et al. (1994) Angew. Chem. Int. Ed. Engl. 33:2059; Carell
et al. (1994) Angew. Chem. Int. Ed. Engl. 33:2061; and in Gallop et al. (1994) J. Med. Chem.
37:1233.

[0096] Test compounds which successfully modulate, especially inhibit, the activity of an
APOE4 motif-mediated gene or expression product are attractive candidates for further
investigation and secondary screening in alternative assays for potential use in treating AD or
mild cognitive disorder. Compounds are considered “potentially useful for treatment” when first
identified in a screening assay, because it is well known that initial successful hits rarely contain
all the required features for a successful pharmaceutical. They are however extremely useful to
allow researchers to identify a chemical core structure shared among compounds that effectively
modulates or inhibits the target activity. Typically, when a core structure is identified, an
extensive library of possibly thousands of related compounds is further developed with the aim
of identifying a lead compound that meets all the criteria for a successful pharmaceutical
candidate. The assay is used repeatedly through many rounds of screening of up to millions of
compounds to ultimately identify a small group of lead compounds, one of which may eventually

become an approved therapeutic agent.

[0097] In some embodiments of the invention, a possible lead molecule for treatment of
AD identified by methods of the invention has 50% inhibition concentration (ICsy) of about 500
uM or less, typically about 100 uM or less, often about 50 uM or less, more often about 10 uM

or less, and most often about 500 nM or less.

[0098] Still another aspect of the invention provides a method for inhibiting APOE4
motif-mediated expression of a gene in a cell. It should be appreciated that throughout this

disclosure the term “APOE4 motif-mediated expression of a gene” refers to expression of a gene

-34 -



WO 2018/112446 PCT/US2017/066881

caused by, due to, or mediated by binding of a transcription factor to APOE4 motif. Expression
of a gene refers to induction or repression of said gene. Such a method includes contacting a cell
that is expressing or is capable of expression a gene mediated by the APOE4 motif with a
molecule that is capable of inhibiting expression of said gene. In one embodiment, the gene that
is expressed by the APOE4 motif is located on human chromosome 19 within 2 Mb of rs429358.
Exemplary genes that are expressed by the APOE4 motif include, but are not limited to PSG1,
XRCC1, PINLYP, IRGQ, ZNF576, SRRMS5, ZNF428, PLAUR, SMG9, ZNF224, ZNF285,
ZNF180, PVR, BCL3, CBLC, BCAM, PVRL2 / NECTIN2, CLPTM1, RELB, CLASRP,
GEMIN7, MARK4, PPP1R37, NKPD1, TRAPPC6A, BLOC1S3, EXOC3L2, CKM, KLC3,
ERCC2, PPPIR13L, ERCC1, FOSB / deltaFOSB, RTN2, VASP, OPA3, GPR4, EML2, GIPR,
SNRPD2, QPCTL, FBXO046, SIX5, SYMPK, FOXA3, MYPOP, NOVA2, CCDC61, HIF3A,
PPP5C, PNMASA / PNMALI1, PNMASB / PNMAL2, DACT3, STRN4 and FKRP. In
particular, methods of the invention include inhibiting expression of the following genes that are
expressed by binding of a transcription factor to the APOE4 motif: FBX046, SNRPD2, ZNF285,
ZNF180, PVR, ERCC2, QPCTL, SYMPK, MYPOP, CCDC61, XRCC1, ZNF576, ZNF428,
SMG9, PPP5C, PNMASA / PNMAL1, PNMASB / PNMAL2, DACT3, STRN4, FKRP, RTN2,
IRGQ, SRRMS, FOXA3, FOSB / deltaFOSB, SIX5 and GPR4 or a combination thereof. In a
further embodiment, the APOE4 motif-mediated gene comprises FBX046, PPP5C, FKRP,
SYMPK, FOSB / deltaFOSB, FOXA3, GPR4, PSG1, PPP1R13L, EXOC3L2, SIX5, PLAUR,
KLC3 or a combination thereof. In one specific embodiment, the gene whose expression is
inhibited by methods of the invention is MIR4531, MIR8085, MIR6088, MIR330, MIR642A,
MIR642B, MIR769, MIR320E, where the molecule used for inhibition is a locked nucleic acid

modified oligonucleotide.

[0099] Clinical use of methods of the invention includes a method for treating a subject
suffering from AD or mild cognitive impairment. Methods of the invention include determining
the APOE genotype present in said subject; and (a) if said subject carries the APOE4 allele,
administering the subject with a molecule that is capable of inhibiting binding of a transcription
factor to APOE4 motif; or (b) if the subject does not carry the APOE4 allele, administering the
subject with a molecule that is different from the molecule that inhibits binding of a transcription

factor to APOE4 motif. In some embodiments, the step of determining the APOE genotype in
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the subject comprises a step of determining whether the subject is homozygous or heterozygous

for APOEA4.

[0100] The molecule of the invention can be orally administered, for example, with an
inert diluent or with an assimilable edible carrier, or it can be enclosed in hard or soft shell
gelatin capsules, or it can be compressed into tablets, or it can be incorporated directly with the
food of the diet. For oral therapeutic administration, the molecule of the invention may be
incorporated with excipient and used in the form of ingestible tablets, buccal tablets, troches,
capsules, elixirs, suspensions, syrups, wafers, and the like. Such compositions and preparation
can contain at least 0.1% of molecule of the invention. The percentage of the compositions and
preparation can, of course, be varied and can conveniently be between about 1 to about 10% of
the weight of the unit. The amount of molecule of the invention in such therapeutically useful
compositions is such that a suitable dosage will be obtained. Preferred compositions or
preparations according to the present invention are prepared such that an oral dosage unit form

contains from about 1 to about 1000 mg of molecule of the invention.

[0101] The tablets, troches, pills, capsules and the like can also contain the following: a
binder such as gum tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium
phosphate; a disintegrating agent such as corn starch, potato starch, alginic acid and the like; a
lubricant such as magnesium stearate; and a sweetening agent such as sucrose, lactose or
saccharin can be added or a flavoring agent such as peppermint, oil of wintergreen, or cherry
flavoring. When the dosage unit form is a capsule, it can contain, in addition to materials of the
above type, a liquid carrier. Various other materials can be present as coatings or to otherwise
modify the physical form of the dosage unit. For instance, tablets, pills, or capsules can be
coated with shellac, sugar or both. A syrup or elixir can contain the molecule of the invention,
sucrose as a sweetening agent, methyl and propylparabens as preservatives, a dye and flavoring
such as cherry or orange flavor. Of course, any material used in preparing any dosage unit form
should be pharmaceutically pure and substantially non-toxic in the amounts employed. In
addition, the molecule of the invention can be incorporated into sustained-release preparations

and formulation.

[0102] The molecule of the invention can also be administered parenterally. Solutions of

the molecule of the invention as a free base or pharmacologically acceptable salt can be prepared
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in water suitably mixed with a surfactant such as hydroxypropylcellulose. Dispersion can also
be prepared in glycerol, liquid polyethylene glycols, and mixtures thereof and in oils. Under
ordinary conditions of storage and use, these preparations contain a preservative to prevent the

growth of microorganisms.

[0103] The pharmaceutical forms suitable for injectable use include sterile aqueous
solutions or dispersions and sterile powders for the extemporaneous preparation of sterile
injectable solutions or dispersions. In all cases the form must be sterile and must be fluid to the
extent that easy syringability exists. It can be stable under the conditions of manufacture and
storage and must be preserved against the contaminating action of microorganisms such as
bacterial and fungi. The carrier can be a solvent of dispersion medium containing, for example,
water, ethanol, polyol (e.g., glycerol, propylene glycol, and liquid polyethylene glycol, and the
like), suitable mixtures thereof, and vegetable oils. The proper fluidity can be maintained, for
example, by the use of a coating such as lecithin, by the maintenance of the required particle size
in the case of dispersion and by the use of surfactants. The prevention of the action of
microorganisms can be brought about by various antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, it
will be preferable to include isotonic agents, e.g., sugars or sodium chloride. Prolonged
absorption of the injectable compositions of agents delaying absorption, e.g., aluminum

monostearate and gelatin.

[0104] Sterile injectable solutions are prepared by incorporating the molecule of the
invention in the required amount in the appropriate solvent with various other ingredients
enumerated above, as required, followed by filtered sterilization. Generally, dispersions are
prepared by incorporating the various sterilized active ingredient into a sterile vehicle which
contains the basic dispersion medium and the required other ingredients from those enumerated
above. In the case of sterile powders for the preparation of sterile injectable solutions, the
preferred methods of preparation are vacuum drying and the freeze drying technique which yield
a powder of the active ingredient plus any additional desired ingredient from previously sterile-

filtered solution thereof.

[0105] The physician will determine the dosage of the molecule of the invention which

will be most suitable for prophylaxis or treatment and it will vary with the form of administration
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and the particular molecule chosen, and also, it will vary with the particular patient under
treatment. The physician will generally wish to initiate treatment with small dosages by small
increments until the optimum effect under the circumstances is reached. The therapeutic dosage
can generally be from about 0.1 to about 1000 mg/day, and preferably from about 10 to about
100 mg/day, or from about 0.1 to about 50 mg/Kg of body weight per day and preferably from
about 0.1 to about 20 mg/Kg of body weight per day and can be administered in several different
dosage units. Higher dosages, on the order of about 2X to about 4X, may be required for oral

administration.

[0106] Additional objects, advantages, and novel features of this invention will become
apparent to those skilled in the art upon examination of the following examples thereof, which
are not intended to be limiting. In the Examples, procedures that are constructively reduced to
practice are described in the present tense, and procedures that have been carried out in the

laboratory are set forth in the past tense.

EXAMPLES

[0107] Analysis of the DNA sequence overlapping the APOE alleles: The two SNPs
determining the APOE alleles, rs429358 and rs7412, are located 138 bp apart on exon 4 (Figure

5a). We aligned the DNA sequences overlapping these SNPs and observed that they are very
similar (Figure 5b).

[0108] Moreover, a rare APOE variant Val236Glu located on APOE exon 4

(rs199768005, Val254Glu in the full length sequence, Figure 5c) was found to be significantly
associated with a marked reduction in risk of AD (P =7.5x10"; OR = 0.10 [0.03 to 0.45])™*.
The sequence overlapping this polymorphism was analyzed and found that it is very similar to

the DNA sequence harboring the APOE4 rs429358 SNP (Figure 5d).

[0109] As 15429358 is the genetic variant determining the APOE &4 allele, the sequence
“TGGAGGACGTGCGCGGCCGCCTGG” (SEQ ID NO:1) located around rs429358 was
defined as the “APOE4 motif” (Figure Se).

[0110] Occurrence of APOE4 motif in the human genome: A Basic Local Alignment

Search Tool (BLAST) analysis was conducted to find genomic regions similar to the APOE4
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motif and found that this motif occurs in other genomic locations, for example in the IRFS gene

(Figure 6a).

[o111] Hispanic populations show both a high risk of AD and Type 2 diabetes. A 32bp
insertion (rs3842570) within intron 6 of the Calpain 10 (CAPN10) gene has been linked to
higher risk of type 2 diabetes in the Mexican-American population. Two alleles are associated
with this polymorphism, UCSNP-19: allele 1 harbors 2 repeats, and allele 3, 3 repeats of the 32-
bp sequence. The reverse complementary sequence of this insertion (CAPN10Ins) was found to

be very similar to the APOE4 motif (Figure 6a).

[0112] Analysis of APOE exon 4 DNA sequence: Rs429358 and rs7412 are both located
inside exon 4 of the APOE gene and are part of a 880 bp CpG island (CGI) that extends from the

end of intron 3 and overlaps the totality of exon 4. This APOE CGI normally carries a high level
of methylation in the brain. As the DNA region overlapping these SNPs shows a high level of
identity, the exon 4 DNA sequence was inspected in search of other structural elements and
found numerous repeats interspersed across the whole exon, some of them very similar to the
APOE4 motif (Figure 6b). Enhancer sequences contain short DNA sequence motifs that serve as
binding sites for transcription factors and other regulatory proteins. Exon 4 of APOE surprisingly
harbors an arrangement of modular short-sequence motifs typical of transcriptional enhancer
elements. The APOE4 transcriptional enhancer element can therefore extend beyond the central

APOE4 motif, encompassing neighboring sequences on APOE4 exon 4.

[0113] Identification of an NRF I transcription factor binding site in the APOE4 motif:

Enhancers exert their regulatory function through binding of cell-type specific transcription
factors. Thus, the DNA sequence around the APOE4 motif was searched for putative
transcription factor binding sites using binding profiles from the JASPAR CORE database of
experimentally defined transcription factor binding sites for eukaryotes (jaspar.genereg.net). A
score is calculated for the probed sequence that provides a measure of similarity to the
transcription factor consensus sequence. This analysis of the APOE4 motif resulted in a
statistically significant hit for the nuclear respiratory factor 1 (NRF1) consensus binding motif
(Figure 7a). Table 4 shows the highest values obtained for APOE4 rs429358/C variant,
compared to the score and relative score obtained for APOE3 at the same position. The novel

NRF1 binding site created by the APOE4 variant is located on the reverse strand (Figure 7b),
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with a score of 11.859 while APOES3 resulted in a score of 3.879. As a comparison, the highest
score to be expected for the NRF1 consensus sequence in JASPAR is 18.058. Score is O if the
sequence has equal probability for being a functional or a random site. Moreover, the APOE4
variant changes a non-consensus T nucleotide (A on the reverse strand) with 0 appearance in the
nucleotide frequency matrix of the NRF1 consensus sequence into a highly conserved, consensus
matching C nucleotide (G on the reverse strand) with 4275 appearances in the frequency matrix
(Figure 7c¢). Surprisingly and unexpectedly, it was discovered that the change of the T nucleotide

(APOE3) to a C nucleotide (APOE4) creates a de novo NRF1 binding site.

[0114] This binding site is a legitimate enhancer as these sequences can be positioned in
both forward or reversed orientations, inside, downstream, or upstream of the regulated gene and

most transcription factor binding sites can occur in both orientations in promoters or enhancers.

[0115] Matching NRF1 targets with genes in vicinity to the APOE4 motif: The NRF1

transcription factor is expressed in response to cellular injury/traumatic brain injury, metabolic
and xenobiotic stress. It was realized that these are all factors associated with an increased AD
risk. A list of all the genes located on chromosome 19 in a 2 Mb window around rs429358 was
established from the GRCh38.pS Homo sapiens Genome Assembly of EnsEmbl (Table 3). This
list was then compared with a list of NRF1 target genes as determined from a published ChIP-
Seq-Based data retrieved from ChIP-Seq experiments performed in SK-N-SH human
neuroblastoma cells for the ENCODE project (encodeproject.org, DDBJ Sequence Read
Archive, accession number of SRP007993), and involving chromatin immunoprecipitation with a
monoclonal anti-NRF1 antibody followed by deep sequencing at a 36 bp read length on Genome
Analyzer™
controlled by NRF1 and to be located in the vicinity of APOE. FBX046 is situated on 19q13.32,
0.8 Mb downstream from APOE. Other genes located in the vicinity of the APOE4 motif and
controlled by NRF1 comprise SNRPD2, ZNF285, ZNF180, PVR, ERCC2, QPCTL, SYMPK,
MYPOP, CCDC61, XRCC1, ZNF576, ZNF428, SMG9, PPP5C, PNMASA / PNMALI,
PNMASB / PNMAL2, DACT3, STRN4 and FKRP.

. By this analysis, F-box protein FBX046 was identified to be among the genes

[0116] NRF'1 binding sites were also detected in the 5’ DNA regions of RIN2, IRGO,
SRRMS, FOXA3, FOSB / deltalF'OSB, SIX5 AND GPR4: Functional transcription factor binding

sites are likely to be observed between 100bp downstream from the transcription start site and
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about 200bp upstream, but can sometimes be found further away. We subjected the 5 DNA
regions of genes RTN2, IRGQ, SRRMS5, FOXA3, FOSB (deltaFOSB, a splice variant of FOSB),
SIXS and GPR4 encompassing -1000 bp + 400 bp with respect to the transcription start site to a
JASPAR 2016 database (http://jaspar2016.genereg.net/) search of NRF1 binding motifs.
Genomic regions chr19:454%6661-45498061 (RTN2), chr19:43595735-43597135 (IRGQ) and
chr19:43596017-43597017 (SRRMS), chr19:45862989:45874397 (FOXA3), chr19:45466995-
45468395 (FOSB / deltaFOSB), chr19:45768826-45770226 (SIXS) and
chr19:45589164:45601808 (GPR4) respectively, were scanned using a stringent relative profile
score threshold of 90% (all coordinates are from genome assembly GRCh38.p10). One NRF 1
binding site with a score 11.490 was identified in the 5° region of RTN2, five NRF1 binding sites
with scores ranging from 14.489 to 18 058 were identified in the 5 DNA region of IRGQ), five
NRF1 binding sites with scores ranging from 14.489 to 18.058 were identified in the 5" DNA
region of SRRMS, three NRF1 binding sites with scores ranging from 10.857 to 17.077 were
identified in the 5" DNA region of FOXA3, eight NRF1 binding sites with scores ranging from
10.228 to 18.058 were identified in the 5" DNA region of FOSB / deltaFOSB, three NRF1
binding sites with scores ranging from 14.200 to 18 058 were identified in the 5 DNA region of
SIXS, and one NRF1 binding site with a score of 9.693 was identified in the 5° region of GPR4
(Table 5) The highest score to be expected for the NRF1 consensus sequence in JASPAR is
18.058. We concluded that genes RTN2, IRGQ, SRRMS, FOXA3. FOSB / deltaFOSB, SIXS and
GPR4 are controlled by the transcription factor NRF1.

Table 5: JASPAR Analysis of the 5> DNA Regions of RTN2, IRGQ, SRRMS, FOXA3, FOSB /
deltaFOSB, SIX5 and GPR4.

Model 1D Model Score Relative Gene Strand Predicted site
name score sequence
MAO0506.1 NRF1 11.490 0.92 RTN2  forward GCGCTTGCCCG
(SEQ 1D NO:2)
MA0506.1 NRF1 15.197 0.96 IRGQ  reverse ACGCATGCGCA
(SEQID NO:3)
MAO0506.1 NRF1 17.551 0.99 IRGQ  reverse GCGCCTGCGCG
(SEQID NO:4)
MAO0506.1 NRF1 14.489 0.96 IRGQ forward GCGCAGGCGCG
(SEQID NO:5)
MAO0506.1 NRF1 18.058 1.00 IRGQ  reverse GCGCCTGCGCA
(SEQ 1D NO:6)
MAO0506.1 NRF1 14.489 0.96 IRGQ forward GCGCAGGCGCG
(SEQ 1D NO:7)
MAO0506.1 NRF1 14.489 0.96 SRRMS5  reverse GCGCAGGCGCG
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(SEQ 1D NO:8)
MAO0506.1 NRF1 18.058 1.00 SRRMS5  forward GCGCCTGCGCA
(SEQ 1D NO:9)
MAO0506.1 NRF1 14.489 0.96 SRRMS  reverse GCGCAGGCGCG
(SEQ 1D NO:10)
MAO0506.1 NRF1 17.551 0.99 SRRMS5  forward GCGCCTGCGCG
(SEQ1DNO:11)
MAO0506.1 NRF1 15.197 0.96 SRRMS5  forward ACGCATGCGCA
(SEQ 1D NO:12)
MAO0506.1 NRF1 17.077 0.99 FOXA3 reverse GCGCGTGCGCA
(SEQ 1D NO:13)
MAO0506.1 NRF1 13.157 0.94 FOXA3 forward GCGCACGCGCC
(SEQ 1D NO: 14)
MAO0506.1 NRF1 10.857 0.91 FOXA3 reverse GCGCCCGCCCa
(SEQ 1D NO:15)
MAO0506.1 NRF1 18.058 1.00 FOSB  reverse GCGCCTGCGCA
(SEQ 1D NO:16)
MAO0506.1 NRF1 14.489 0.96 FOSB  forward GCGCAGGCGCG
(SEQ 1D NO:17)
MAO0506.1 NRF1 10.228 0.90 FOSB  reverse CCGCCCaeaee
(SEQ 1D NO:18)
MAO0506.1 NRF1 13.453 0.94 FOSB  reverse GCGCCCGCGCC
(SEQ 1D NO:19)
MAO0506.1 NRF1 13.803 0.95 FOSB  forward GCGCGGGCGCG
(SEQ 1D NO:20)
MAO0506.1 NRF1 10.372 0.91 FOSB  forward GCGGGCGCGCG
(SEQ 1D NO:21)
MAO0506.1 NRF1 12.472 0.93 FOSB  reverse GCGCGCGCGCC
(SEQ 1D NO:22)
MAO0506.1 NRF1 13.427 0.94 FOSB  forward GCGCGCGCGCG
(SEQ 1D NO:23)
MA0506.1  NRF1  14.995 0.96 SIX5 reverse ~ GCGCAGGCGCA
(SEQ 1D NO:24)
MAO0506.1 NRF1 18.058 1.00 SIX5  forward GCGCCTGCGCA
(SEQ 1D NO:25)
MAO0506.1 NRF1 14.200 0.95 S1X5 reverse GCGGATGCGCG
(SEQ 1D NO:26)
MAO0506.1 NRF1 9.693 0.90 GPR4  reverse GCGGATGCCCC
(SEQ 1D N0O:27)
[0117] As can be clearly seen, the APOE4 variant creates a de novo binding site for

NRF1. In response to environmental signals including but not limited to herpes reactivation, head
injury or metabolic stress, it is believed NRF1 is activated in AD neurons. By binding to APOE4
and the proximal promoter region of one of the genes harboring NRF1 binding sites this

transcription factor leads to inappropriate (increase or decrease) expression of AD causing genes.
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Thus, some aspects of the invention provide a method of treating AD by inhibiting the

expression of AD causing genes.

[0118] FBXOA46 interference with amyloidogenic pathway: SorL A levels are decreased

both in AD patients and in people with mild cognitive impairment. FBXO046 has been shown to
interact with key members of the ubiquitination/neddylation pathway™* " SKP1, NEDDS,
and COPSS, indicating its role in protein ubiquitination and proteosomal degradation (Figure 8a).
The APOE4 motif-mediated expression of FBXO046 reduces levels of SorLA. Furthermore, the
APOE4 motif-mediated expression of FBX046 leads to the degradation and ensuing low
expression of SorLA (Figure 8b). Moreover, FBX046 directly binds and ubiquitinates SorLA
causing its extraction from the membrane and premature degradation by the proteasome or the
lysosome.In addition, FBX046 degrades or binds SorLA’s transcription factor and leads to
decreased transcription of SorLA. It is believed that FBXO46 causes the premature degradation
of SorL A by binding to a SorL A binding protein.

[0119] In AD patients, APOE4 motif-mediated expression of FBX046, thereby reducing
levels of SorL A protein (Figure 8c). Without being bound by any theory, it is believed that
APP-BACE] processing occurs prematurely, to the detriment of LRP1 processing. y-secretase is
unable to process uncleaved LRP1. The LRP1 cytoplasmic domain remains associated with the
Fe65/APP complex, and Fe65 cannot be released after APP phosphorylation. Retromer and
GGA protein cannot bind due to steric hindrance. As a result, pAPP is not trafficked to the TGN.
The endocytic vesicle is directed to the early/late endosome, and intermixes with other cell

components. Insoluble A {342 is produced and the content of vesicles is expelled as plaque.

[0120] RTN?2 interference with amyloidogenic pathway: The cytogenic location of RTN2

is at 19q13.32, about 0.58 Mb qter on the reverse strand from APOE, and thus in the range of the
APOE4 motif. The APOE4 motif enhances expression of RTN2 (Figure 9). RTN2 binds to
BACEI! retaining more BACEL in the endoplasmic reticulum compartment, and keeping it from
accumulating in lipid rafts at the plasma membrane. APP-BACE] processing occurs
prematurely - when the endocytosed APP complex subsequently merges with a BACE-1-positive
recycling endosome. y-secretase is unable to process uncleaved LRP1 and the LRP1 cytoplasmic
domain remains associated with the Fe65/APP complex, and Fe65 cannot be released after APP

phosphorylation. The retromer and GGA protein cannot bind due to steric hindrance. As a result,
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phosphorylated APP is not trafficked to the TGN. The endocytic vesicle is directed to the
early/late endosome, and intermixes with other cell components. Insoluble A[342 is produced and

the content of vesicles is expelled as plaque.

[0121] KLC3 interference with amyloidogenic pathway: The KLC3 (kinesin light chain

3) gene is located on chromosome 19q13.32, downstream of APOE. KLC3 is normally expressed
in several tissues, including testis and brain. Under specific environmental or cellular triggers
KLC3 is expressed in AD neurons through the transcriptional enhancer activity of the APOE4
motif. Transport of the APP-Fe65-LRP1 vesicle depends on motor protein dynein-, as does
retromer transport of APP to the TGN. Kinesin-1 is also required for correct association of
dynein on APP vesicles. Improper expression of KLC3 in AD neurons disrupts proper
coordination between anterograde and retrograde transport of APP vesicles by shifting the
balance towards anterograde transport. In AD patients, APOE motif-mediated expressed KLC3
binds to the heavy chain of kinesin-1, and/or to APP keeping the endocytosed complex from
being properly transported to, and from the plasma membrane and other cellular compartments.
The key players involved in the amyloidogenic pathway are not recruited in timely fashion. APP-
BACEI] processing occurs prematurely. Moreover, transport to the perinuclear space and APP
back-trafficking back to the TGN do not take place. The endocytic vesicle remains inside the

dendrite and matures into a late endosome. Insoluble A 342 is produced and the content of

vesicles is expelled as plaque.

[0122] Determination of expression levels in cells of proteins encoded by the AD causing

gene: Human induced pluripotent stem cells (iPSC) derived from a subject with AD and with a
known genotype at the rs429358 locus are cultivated and differentiated into neurons. There are
numerous protocols available to the one skilled in the art to perform cultivation of iPSC and
achieve differentiation into neurons, for example cortical neurons. Cells are typically received in
cryovials, cells are then thawed and seeded in an appropriate culture vessel at a density of
approximately 50,000 cells/cm”. Cells are then grown in the presence of a neuronal
differentiation medium for three days and cultivated for a further several weeks in the presence
of a neuronal maintenance medium. Cells are typically assessed 35 days after differentiation for
neuronal and synaptic marker expression. Neuronal markers are typically Tuj1 and MAP2, while

synaptic markers are PSD-95 (postsynaptic terminals) and synaptophysin (presynaptic
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terminals). Cell cultures containing one, several or all of these neuronal and synaptic markers can
be analyzed as such or further subjected to stress. While there are many procedures to induce
cellular stress available to the skilled artisan, osmotic stress is induced by replacing the culture
medium of the differentiated neurons with medium containing sorbitol, at a concentration of for
example 0.1 to 2.0 M, for 15 to 180 minutes. NRF1 expression and binding to the APOE4 motif
can also be achieved by infecting the neuronal cell culture with herpes simplex virus. A further
procedure to stress the differentiated neurons is to replace the culture medium of the
differentiated neurons with medium lacking glucose for 15 to 180 minutes. After incubation of
the differentiated neurons under these described stress conditions, the medium is removed. Some
of the cultures are kept in the original culture medium (negative control) and are not exposed to
stress conditions. All the neuronal cultures are then rinsed with an appropriate buffer, for
example phosphate-buffered saline, and lysed. The lysate is then analyzed for presence of the
expressed protein encoded by the AD causing gene using one of the numerous methods available
to the one skilled in the art. Cell lysates are prepared and mixed with an appropriate loading
buffer. The levels of specific proteins in the lysate are determined by a combination of sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) of the lysates with a specific
detection method (Western blot) using antibodies directed to the proteins to be analyzed. The
levels of FBX046, PPP5C, FKRP, SYMPK, FOSB / deltaFOSB, FOXA3, GPR4, PSG1,
PPPIR13L, EXOC3L2, SIXS, PLAUR, KLC3or any of the genes listed in Table 3 in neurons
with an E4 genotype at rs429358 are compared to levels in neurons with an E3 genotype at
rs429358 (negative control). Further, the levels of FBX046, PPP5C, FKRP, SYMPK, FOSB /
deltaFOSB, FOXA3, GPR4, PSG1, PPP1R13L, EXOC3L2, SIX5, PLAUR, KLC3 or any of the
genes listed in Table 3 in neurons exposed to stress can be compared to levels in neurons that
were not exposed to stress (negative control). The expression levels of the AD causing gene are
also determined by quantification of messenger RNA (mRNA) levels and compared in cells
carrying the E4 genotype versus the E3 genotype. Further the effect of stress conditions can be

measured by comparison to the mRNA levels in neurons that were not exposed to stress.

[0123] In order to assess the activity of a compound on inhibition of stress-induced
expression in differentiated neurons the same cell culture and stress conditions are employed.

However, in this case the cell culture is incubated for 1 to 48 hours prior to stress induction with
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a pharmaceutical composition. The pharmaceutical composition can contain a compound, an

oligonucleotide or a derivative thereof, a siRNA or derivative thereof, a protein or a peptide.

[0124] It is readily apparent to one skilled in the art that this described method is not
limited to neuronal cultures but can be applied to a neuronal cell line, neuronal progenitor cells,
cells collected from a patient with AD or cells derived from cells collected from a human
subject. It is readily apparent that this assay can be performed using blood, plasma, serum or

isolated blood cells collected from human subjects, and can be used to diagnose AD.

[0125] Determination of the activity of AD causing genes in cellular assay:

Differentiated neurons derived from human iPSC, neuronal progenitor cells, cells of a neuronal
cell line such as PC12 or SH-SYSY are maintained in culture. Cells are transfected with a viral
delivery system, using an adeno-associated or semliki-forest like virus, pPBROAD, lentivirus,
HSV vector or other transfection vehicles carrying a DNA sequence encoding the FBX046,
RTN2, KLC3 or any of the genes listed in Table 3 gene.

[0126] After transient expression of the AD causing gene or establishment of stable
expression of the AD causing gene, levels of SorL A are determined in the lysate of cultured cells
by a combination of sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) of
the lysates with a specific detection method using antibodies directed to SorL A, using Western

blots.

[0127] The activity of a pharmaceutical composition on inhibition of the AD causing
gene activity is measured by the levels of SorL A in cultured cells expressing the AD causing
gene. The cell culture is incubated for 1 to 48 hours with the pharmaceutical composition. The
pharmaceutical composition can contain a compound, an oligonucleotide or a derivative thereof,
a protein or a peptide. The levels of SorL A in presence or absence of the pharmaceutical

composition are compared.

[0128] It is readily apparent to one skilled in the art that this described method is not
limited to neuronal cultures but can be applied to a neuronal cell line, neuronal progenitor cells,
cells collected from a patient with AD or cells derived from cells collected from a human
subject. It is readily apparent that this assay can be performed using blood, plasma, serum or

isolated blood cells collected from human subjects and can be used to diagnose AD.
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[0129] A method for measuring inhibition of binding of a transcription factor to the
APOE4 motif in the presence of a test molecule can comprise a biochemical assay. A
biochemical assay is substantially devoid of whole cells but may contain cell extracts or other
cellular components, comprises of a recombinant or chemically synthesized transcription factor,
a recombinant or chemically synthesized oligonucleotide, and a detection method to measure the
binding of the transcription factor to the oligonucleotide. There are numerous methods available
to the ones skilled in the art to measure the binding of a transcription factor to an

oligonucleotide.

[0130] The transcription factor can be immobilized on a solid support and the
oligonucleotide is brought into contact with the transcription factor in a reaction chamber. The
binding of the oligonucleotide is quantified in an appropriate instrument using techniques known
to one skilled in the art. In a preferred embodiment, the binding is quantified by surface plasmon
resonance technology. Alternatively, the oligonucleotide is immobilized to the solid support and
the transcription factor is brought into proximity in an appropriate reaction chamber. The
transcription factor can be a recombinantly expressed NRF 1 or a fragment thereof. The
oligonucleotide comprises the APOE4 motif. In one embodiment, the oligonucleotide is the exon
4 of the APOE gene or a fragment thereof. In a preferred embodiment the oligonucleotide is 11

to 30 nucleotides in length comprising 11 to 30 consecutive nucleotides within SEQ ID NO: 1.

[0131] The biochemical assay comprises an electrophoretic mobility shift assay (EMSA).
An APOE4 motif containing oligonucleotide, labeled with a radioactive, fluorescent or biotin
label is incubated with a transcription factor to allow complex formation. In one embodiment, the
transcription factor is recombinantly expressed NRF1 or a fragment thereof. In another
embodiment, the transcription factor is chemically synthesized NRF1 or a fragment thereof. In
another embodiment, NRF 1 is contained in a nuclear extract of a cell. In one embodiment the
oligonucleotide is 11 to 30 nucleotides in length comprising 11 to 24 consecutive nucleotides
within SEQ ID NO: 1. The reaction mixture is then analyzed by gel electrophoresis. If NRF1 or a
fragment thereof is bound to the APOE4 motif oligonucleotide it shifts the observed mobility of

the labeled oligonucleotide towards an apparent higher molecular weight.

[0132] In the alternative to a decoy oligonucleotide which inhibits activity of the NRF1

transcription factor, the invention also includes oligonucleotides targeting any transcript of an
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APOE4 motif-mediated gene. Such oligonucleotide may comprise an oligonucleotide of 11 to
30 nucleotides in length which binds to the transcription product of an APOE4 motif-mediated
gene. It may be a single-strand oligonucleotide or a double-strand oligonucleotide. For use as a
therapeutic agent, such oligonucleotide may further comprise a pharmaceutically acceptable
carrier. Optionally it may be chemically modified or formulated to enable transport into the
brain across the blood-brain barrier. Preferred modifications include a phosphorothioate
oligonucleotide, a methylphosphonate oligonucleotide, a phosphoamidite oligonucleotide, a
peptide nucleic acid oligonucleotide, a locked-nucleic acid-modified oligonucleotide, and
combinations thereof. The invention includes methods for inhibiting expression of an APOE4
motif-mediated gene in a cell, said method comprising contacting a cell with an oligonucleotide

disclosed herein.

[0133] In another embodiment, the oligonucleotide is a short-interfering RNA (siRNA).
There are several methods for preparing siRNA, such as chemical synthesis, in vitro
transcription, siRNA expression vectors, and PCR expression cassettes. Irrespective of which
method one uses, the first step in designing a siRNA requires choosing the siRNA target site.
Standard guidelines for choosing siRNA target sites available in the current literature. Using
standard guidelines, approximately half of all siRNAs yield >50% reduction in target mRNA
levels, thus providing compounds potentially useful in the treatment of AD, and of great interest

for further investigation and secondary screening.

[0134] Antibodies and antigen binding fragments thereof: The term "antibody" as used to

herein can include whole antibodies and refers, in one embodiment, to a glycoprotein comprising
at least two heavy (H) chains and two light (L) chains inter-connected by disulfide bonds, or an
antigen binding portion thereof. Each heavy chain is comprised of a heavy chain variable region
(abbreviated herein as Vi) and a heavy chain constant region. In certain naturally occurring IgG,
IgD, and IgA antibodies, the heavy chain constant region is comprised of three domains, CH1,
CH2 and CH3. In certain naturally occurring antibodies, each light chain is comprised of a light
chain variable region (abbreviated herein as Vi) and a light chain constant region. The light
chain constant region is comprised of one domain, CL. The Vg and Vi, regions can be further
subdivided into regions of hypervariability, termed complementarity determining regions (CDR),

interspersed with regions that are more conserved, termed framework regions (FR). Each Vg and
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Vi is composed of three CDRs and four FRs, arranged from amino-terminus to carboxy-terminus
in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. The variable regions of the
heavy and light chains contain a binding domain that interacts with an antigen. The constant
regions of the antibodies may mediate the binding of the immunoglobulin to host tissues or
factors, including various cells of the immune system (e.g., effector cells) and the first

component (C1q) of the classical complement system.

[0135] Antibodies typically bind specifically to their cognate antigen with high affinity,
reflected by a dissociation constant (Kp) of 107 to 10! M or less. Any Kp greater than about 10°
% M is generally considered to indicate nonspecific binding. As used herein, an antibody that
"binds specifically" to an antigen refers to an antibody that binds to the antigen and substantially
identical antigens with high affinity, which means having a Kp of 10”7 M or less, preferably 10™
M or less, even more preferably 5 X 10 M or less, and most preferably between 10® M and 10-
M or less, but does not bind with high affinity to unrelated antigens.

[0136] Antibodies can also include, by way of example, both naturally occurring and
non-naturally occurring antibodies, monoclonal and polyclonal antibodies; chimeric and

humanized antibodies; fully-human antibodies and many variations known in the art.

[0137] The phrase “selectively binds to” refers to the ability of an antibody, antigen
binding fragment or binding partner (antigen binding peptide) to preferentially bind to APOE4
motif-mediated gene expression product. Often the phrase “selectively binds” refers to the
specific binding of antibody, fragment thereof, or binding partner to an antigen. The level of
binding, as measured by any standard assay (e.g., an immunoassay), is statistically significantly
higher than the background control for the assay. For example, when performing an
immunoassay, controls typically include a reaction well/tube that contain antibody or antigen
binding fragment alone (i.e., in the absence of antigen), wherein an amount of reactivity (e.g.,
non-specific binding to the well) by the antibody or antigen binding fragment thereof in the
absence of the antigen is considered to be background. Binding can be measured using a variety
of methods standard in the art including enzyme immunoassays (e.g., ELISA), immunoblot

assays, etc.).

[0138] Isolated antibodies of the invention can include serum containing such antibodies,

or antibodies that have been purified to varying degrees. Whole antibodies of the invention can
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be polyclonal or monoclonal. Alternatively, functional equivalents of whole antibodies, such as
antigen binding fragments in which one or more antibody domains are truncated or absent (e.g.,
Fv, Fab, Fab', or F(ab), fragments), as well as genetically-engineered antibodies or antigen
binding fragments thereof, including single chain antibodies or antibodies that can bind to more
than one epitope (e.g., bi-specific antibodies), or antibodies that can bind to one or more different

antigens (e.g., bi- or multi-specific antibodies), can also be employed in the invention.

[0139] Generally, in the production of an antibody, a suitable experimental animal, such
as, for example, but not limited to, a rabbit, a sheep, a hamster, a guinea pig, a mouse, a rat, or a
chicken, is exposed to an antigen against which an antibody is desired. Typically, an animal is
immunized with an effective amount of antigen that is injected into the animal. An effective
amount of antigen refers to an amount needed to induce antibody production by the animal. The
animal's immune system is then allowed to respond over a pre-determined period of time. The
immunization process can be repeated until the immune system is found to be producing
antibodies to the antigen. In order to obtain polyclonal antibodies specific for the antigen, serum
is collected from the animal that contains the desired antibodies (or in the case of a chicken,
antibody can be collected from the eggs). Such serum is useful as a reagent. Polyclonal
antibodies can be further purified from the serum (or eggs) by, for example, treating the serum

with ammonium sulfate.

[0140] Monoclonal antibodies can be produced according to the methodology of Kohler
and Milstein (Nature, 1975, 256, 495-497). For example, B lymphocytes are recovered from the
spleen (or any suitable tissue) of an immunized animal and then fused with myeloma cells to
obtain a population of hybridoma cells capable of continual growth in suitable culture medium.
Hybridomas producing the desired antibody are selected by testing the ability of the antibody
produced by the hybridoma to bind to the desired antigen.

[0141] The term "antigen-binding fragment" of an antibody, as used herein, refers to one
or more fragments of an antibody that retain the ability to selectively bind to an antigen (e.g., the
expression product of an APOE4 motif-mediated gene). It has been shown that the antigen-
binding function of an antibody can be performed by fragments of a full-length antibody.
Examples of binding fragments encompassed within the term "antigen-binding fragment" of an

antibody, e.g., an antibody directed to the expression product of an APOE4 motif-mediated gene,
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include (1) a Fab fragment, a monovalent fragment consisting of the Vi, Vy, CL and CH1
domains; (i1) a F(ab'), fragment, a bivalent fragment comprising two Fab fragments linked by a
disulfide bridge at the hinge region; (ii1) a Fd fragment consisting of the Vg and CH1 domains;
(iv) a Fv fragment consisting of the Vi and Vg domains of a single arm of an antibody, (v) a dAb
fragment (Ward et al., (1989) Nature 341:544-546), which consists of a Vg domain; and (vi) an
isolated complementarity determining region (CDR) or (vii) a combination of two or more
isolated CDRs which may optionally be joined by a synthetic linker. Furthermore, although the
two domains of the Fv fragment, Vi, and Vg, are coded for by separate genes, they can be joined,
using recombinant methods, by a synthetic linker that enables them to be made as a single
protein chain in which the Vi and Vg regions pair to form monovalent molecules (known as
single chain Fv (scFv); see e.g., Bird et al. (1988) Science 242:423-426; and Huston et al. (1988)
Proc. Natl. Acad. Sci. USA 85:5879-5883). Such single chain antibodies are also intended to be
encompassed within the term "antigen-binding portion" of an antibody. These and other potential
constructs are described at Chan & Carter (2010) Nat. Rev. Immunol. 10:301. Those skilled in
the art are also familiar with antigen-binding fragments such as minibodies, cys-diabodies and
fibronectin binding domains, which are also included in the invention herein. These antigen
binding fragments are obtained using conventional techniques known to those with skill in the
art, and the fragments are screened for utility in the same manner as are intact antibodies.
Antigen-binding fragments can be produced by recombinant DNA techniques, or by enzymatic

or chemical cleavage of intact immunoglobulins.

[0142] A "bispecific" or "bifunctional antibody" is an artificial hybrid antibody having
two different heavy/light chain pairs and two different binding sites. Bispecific antibodies can be
produced by a variety of methods including fusion of hybridomas, or by linking of antigen-
binding fragments. See, e.g., Songsivilai & Lachmann, Clin. Exp. Immunol. 79:315-321 (1990);,
Kostelny et al., J. Immunol. 148, 1547-1553 (1992). The invention includes a bispecific
antibody for use in the treatment of AD when one or both of the binding sites are specific for the
expression product of an APOE4 motif-mediated gene. Based on the invention disclosed
herein, an attractive avenue for therapeutic antibodies and antigen-binding fragments thereof
include modifications to enhance transport from the blood to the brain across the blood-brain

barrier (BBB).
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[0143] Antibodies have demonstrated the capacity to cross the blood-brain barrier
(“BBB”) on their own, often in cases of BBB defects (Prins and Scheltens (2013) Alzheimer's
Research & Therapy 5:56; Doody et al. N Engl J Med 370:4). Antibody fragments able to do so
have been isolated by phenotypic panning of a naive llama single-domain antibody phage display
library. Single domain antibodies, also referred to as nanobodies, are derived from camelids,
which make a unique subset of immunoglobulins consisting of heavy chain homodimers devoid
of light chains. Their variable region (VHH) is the smallest antigen-binding single polypeptide
chain naturally found in the antibody world. Selected antibodies FC5 and FC44 demonstrated
significantly (p < 0.01) enhanced transport (50—100-fold) across the BBB in a rat in vitro model

compared to control VHHs.

[0144] An alternative to enhance BBB transport is to employ linker molecules that
transport antibodies/fragments from the blood into the brain. For example, specific brain
delivery is achieved by engineering bispecific antibodies in which a therapeutic "arm" is
combined with a BBB-transcytosing arm. Such work is based on recognized BBB specific
receptors and transporters. Many endogenous molecules in circulation are able to cross the BBB
via specific receptors and transporters expressed on the luminal side of brain endothelial cells, a
process known as receptor-mediated transcytosis. Antibodies generated against these receptors,
e.g. transferrin receptor (TFRC), insulin receptor (INSR), low density lipoprotein receptor-
related protein 1 (LRP1), Basigin (Ok Blood Group, BSG), Glucose Transporter Type 1
(SLC2A1) and solute carrier CD98hc (SLC3A2) have been shown to accumulate in the brain in
vivo. These antibodies can be used as platform to deliver therapeutic antibodies across the BBB
(Bispecific antibodies in which one half targets the transport system, and the other half is the
therapeutic antibody). Bispecific antibodies against the transferrin receptor and BACE1 have

been shown to traverse the blood—brain barrier and effectively reduce brain amyloid 3 levels.

[0145] The single-domain antibody FCS5 has been shown to engage an active RMT
process by binding a putative a(2,3)-sialoglycoprotein receptor. Use of FC5 as the BBB-carrier

arm in bispecific antibodies or antibody-drug conjugates offers an avenue to develop

pharmacologically active biotherapeutics for CNS indications.

[0146] Another BBB transport moiety is the heavy-chain only antibodies identified in
sharks. Antigen binding is mediated by a small and highly stable domain, known as VNAR.
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Antigen-specific VNAR molecules have been generated against a multitude of different targets
via immunization, for instance VNAR that target the BBB transferrin receptor, as demonstrated
by Ossianix Inc (Philadelphia, PA). This VNAR can be incorporated into a bispecific antibody,
wherein the other binding moiety targets the expression product of an APOE4 motif-mediated

gene.

[0147] Diagnosis and prognosis of AD using APOE4 motif-mediated genes: Another

aspect of the present invention provides diagnostic assays for measuring levels of an APOE4
motif-mediated gene, or its protein activity, in the context of a biological sample (e.g., blood,
urine, biopsies, lymph, saliva, cerebral spinal fluid) to thereby contribute to diagnosis of AD or

mild cognitive disorder.

[0148] Tissues, cells or body fluids from subjects are collected and analyzed for
expression levels of the AD causing gene or for expression levels of any of the genes listed in
Table 3. There are numerous methods known to the skilled artisan to measure protein or mRNA
expression levels in tissues, cells or body fluids. In a preferred embodiment, the tissue collected
from subjects for expression analysis includes whole blood. In another preferred embodiment,
fluids collected from subjects for expression analysis include blood plasma, blood serum,
sputum, saliva or cerebrospinal fluid. In yet another preferred embodiment, cells collected from

subjects include blood cells, buccal cells or skin fibroblasts.

[0149] An exemplary method for detecting the presence or absence of an APOE4 motif-
mediated protein or nucleic acid in a biological sample involves obtaining a biological sample
from a test subject and contacting the biological sample with a compound or an agent capable of
detecting the protein or a nucleic acid (e.g., mRNA) that encodes the protein such that the
presence of the protein or nucleic acid is detected in the biological sample. A preferred agent for
detecting mRNA 1is a labeled nucleic acid probe capable of hybridizing to the mRNA. The
nucleic acid probe can be, for example, a nucleic acid or a corresponding nucleic acid for an
APOE4 motif-mediated gene such as an oligonucleotide of at least 15, 30, 50, 100, 250 or 500
nucleotides in length which is capable of specifically hybridizing under stringent conditions to
the mRNA. Other suitable probes for use in the diagnostic assays of the invention are known to

those skilled in the art.
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[0150] A preferred agent for detecting protein expression is an antibody capable of
binding to a protein expressed from an APOE4 motif-mediated gene, preferably an antibody with
a detectable label. Antibodies can be polyclonal, or more preferably, monoclonal. An intact
antibody, or a fragment thereof (e.g., Fab or F(ab')2) can be used. The term "labeled," with
regard to the probe or antibody, is intended to encompass direct labeling of the probe or antibody
by coupling (i.e., physically linking) a detectable substance to the probe or antibody, as well as
indirect labeling of the probe or antibody by reactivity with another reagent that is directly
labeled. Examples of indirect labeling include detection of a primary antibody using a
fluorescently labeled secondary antibody and end-labeling of a DNA probe with biotin such that

it can be detected with fluorescently labeled streptavidin.

[0151] With respect to antibody-based detection techniques, one of skill in the art can
raise antibodies against an appropriate immunogen of an APOE4 motif-mediated gene protein
expression product using no more than routine experimentation. Conditions for using such
antibodies in a diagnostic assay include incubating an antibody with a test sample under
conditions that vary depending upon the tissue or cellular type. Incubation conditions can depend
on the format employed in the assay, the detection methods employed, and the type and nature of
the antibody used in the assay. One skilled in the art will recognize that any one of the
commonly available immunological assay formats (such as radioimmunoassays, enzyme-linked
immunosorbent assays, diffusion based Ouchterlony, or rocket immunofluorescent assays) can
readily be adapted to employ an antibody of the invention. Examples of such assays can be found
in Chard, "An Introduction to Radioimmunoassay and Related Techniques," Elsevier Science
Publishers, Amsterdam, The Netherlands (1986); Bullock et al., "Techniques in
Immunocytochemistry," Academic Press, Orlando, Fla. Vol. 1 (1982), Vol. 2 (1983), Vol. 3
(1985); Tijssen, "Practice and Theory of enzyme Immunoassays: Laboratory Techniques in
Biochemistry and Molecular Biology," is Elsevier Science Publishers, Amsterdam, The

Netherlands (1985).

[0152] The diagnostic methods of the invention can be used to detect mRNA or protein
of an APOE4 motif-mediated gene in a biological sample in vitro as well as in vivo. For
example, in vitro techniques for detection of mRNA include northern blot hybridizations and in

situ hybridizations. In vitro techniques for detection of proteins include enzyme linked
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immunosorbent assays (ELISAs), Western blots, immunoprecipitations, immunofluorescence, or
quantitative sequencing reactions. Protein or mRNA levels can also be measured in an assay

designed to evaluate a panel of target genes, e.g., a microarray or multiplex sequencing reaction.

[0153] The invention also provides kits for detecting the presence of an APOE4 motif-
mediated gene transcript or its protein expression product in a biological sample. For example,
the kit can comprise a labeled compound or agent capable of detecting such protein or mRNA in
a biological sample; means for determining the amount of such protein or mRNA in the sample;
and means for comparing the amount in the sample with a known standard. The compound or
agent can be packaged in a suitable container. The kit can further comprise instructions for using

the kit.

[0154] One of skill in the art would be capable of performing these well-established
protocols for the methods of the invention. (See, for example, Ausubel, et al., "Current Protocols

in Molecular Biology," John Wiley & Sons, NY, N.Y. (1999)).

[0155] Companion Diagnostic or Selection of Therapeutic Agent: The diagnostic

methods of the invention provide advantages in the selection of an appropriate therapeutic agent
for treatment or prevention of AD or mild cognitive disorder. Given that a variety of therapeutic
agents are employed in the treatment of symptoms of AD, and new therapeutics are anticipated
in coming years, it is now possible to stratify patients who are responders or non-responders to
such treatments on the basis of the activity or expression of the APOE4 motif-mediated genes.
Those of skill in the art can now perform clinical trials which correlate drug responsiveness with
the results of one or more diagnostic assays for APOE4 motif-mediated genes and their protein

products.

[0156] At least two categories of such tests are immediately apparent. In one, a method
for selecting a therapeutic agent for administration to a subject having, or at-risk of having,
Alzheimer’s disease or mild cognitive impairment, comprises measuring the activity of an
APOE4 motif-mediated gene in a biological sample from the subject, and selecting a therapeutic
agent based on whether the subject demonstrates elevated activity of said gene in said sample.
This example facilitates selection of a therapeutic agent of any type for the patient based on the

diagnostic result.
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[0157] In another method, a therapeutic agent which inhibits activity of an APOE4 motif-
mediated gene expression product may be recommended only if the subject demonstrates an
elevated level of such gene expression product in the tissue sample. In this case the diagnostic
test for an APOE4 motif-mediated gene expression product is commonly known as a companion
diagnostic. In such cases, if said subject does not demonstrate elevated levels of gene or protein

activity, the treatment is different than if he/she does.

[0158] Experimental validation of APOEA motif-mediated genes as diagnostic and

therapeutic targets in human neural cells

[0159] Study 1: FBXO46 RNA expression levels in AD and control neurological
tissue: In this study, elevated RNA transcript level of FBX046, one of the APOE4 motif-
mediated genes, is identified in AD subjects compared to non-AD subjects, thereby validating

the potential for FBX046 as a target for diagnosis and therapy of AD.

[0160] Relative RNA expression levels of FBX046 in hippocampal tissues isolated from
subjects with or without Alzheimer’s disease was determined. The Dataset Browser of GEO
(Gene Expression Omnibus), a public functional genomics data repository to search for gene
expression profiles in Alzheimer’s disease, was used. The GEO Profiles database stores gene
expression profiles derived from curated data sets submitted by the research community. The
present inventors identified 32 dataset records containing search term (“Alzheimer”), the present
inventors selected the study titled: “Postmortem Alzheimer's disease brains: Hisayama study”
ol s most relevant as it is a comparative microarray analyses of postmortem brain tissues
(frontal cortex, temporal cortex, hippocampus) from male and female Hisayama residents

pathologically diagnosed as having Alzheimer's disease (AD) or an AD-like disorder (Reference
series GSE36980).

[0161] Total RNA from the dissected hippocampi of 7 Alzheimer’s disease patients (4
females and 3 males), and 10 healthy (non-AD) subjects (5 females and 5 males) were analyzed.
All AD patients were diagnosed as Braak stage V-VI. Affymetrix GeneChip Human Gene 1.0
ST arrays ((GPL6244 platform) were used, all experimental steps followed manufacturer’s
instructions and data analysis was done using manufacturer’s software. The obtained dataset,
recorded as GDS4758 in GEO profiles, is based on expression data for 33,297 transcript clusters.
This dataset was analyzed using the browser DATA analysis tools. Term “FBX046” was entered
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in the search window and retrieved the data for each of the 17 tissue samples representing the
log2 transformed relative expression levels of FBX046. An exponent of 2 (i.e., 2%) was applied

to this data to yield untransformed expression level information for each of the 17 tissues (Table

6).

[0162] The average expression level for the 7 tissues derived from the AD patients and
the 10 tissues from the control patients, respectively, was calculated and compared the values
using a two-tailed Student t-test. The FBX046 expression values were for the AD patients 271.6
+ 14.1 (mean + standard deviation) and for the control subjects 254.7 + 15.6 (mean * standard
deviation). This difference was statistically significant with a p-value < 0.05. These results
indicate that FBX046 expression is increased in Alzheimer’s disease.

Table 6: FBX046 expression levels in Alzheimer’s disease and control human hippocampal
tissues.

Sample log 2 transformed| Untransformed Mean SD*
expression level | expression level
(27x)
AD hippocampus subject 1 7.992 254.55
AD hippocampus subject 2 8.131 280.29
AD hippocampus subject 3 8.005 256.87
AD hippocampus subject 4 8.030 261.36
AD hippocampus subject 5 8.187 291.46
AD hippocampus subject 6 8.103 275.04
AD hippocampus subject 7 8.138 281.78 271.62 14.13
Control* hippocampus subject 1 8.068 268.41
Control hippocampus subject 2 7.985 253.39
Control hippocampus subject 3 7.884 236.14
Control hippocampus subject 4 7.933 24432
Control hippocampus subject 5 8.123 278.71
Control hippocampus subject 6 8.075 269.69
Control hippocampus subject 7 7.834 228.25
Control hippocampus subject 8 8.019 259.44
Control hippocampus subject 9 7.974 251.39
Control hippocampus subject 10 8.010 257.74 254.75 15.58
* Control = non-AD ** Standard Deviation
[0163] Study 2: PPP5C RNA expression levels in AD and control neurological tissue: In

this study, decreased RNA transcript level of PPPSC, one of the APOE4 motif-mediated genes,
is identified in AD subjects compared to non-AD subjects, thereby validating the potential for
PPP5C as a target for diagnosis and therapy of AD.
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[0164] Relative expression levels of PPP5C (Protein Phosphatase 5 Catalytic Subunit)
were determined in hippocampal tissues isolated from subjects with or without Alzheimer’s
disease. The study titled: “Postmortem Alzheimer's disease brains: Hisayama study” ™t
(Reference series GSE36980) from the GEO functional genomics data repository was selected as
the most relevant as it is a comparative microarray analyses of postmortem brain tissues (frontal
cortex, temporal cortex, hippocampus) from male and female Hisayama residents pathologically
diagnosed as having Alzheimer's disease (AD) or an AD-like disorder. The pertaining dataset
(GDS4758) for “PPP5C” was searched using the DATA analysis tools browser and retrieved the
data for each of the 17 tissue samples representing the log2 transformed relative expression
levels of PPP5C. An exponent of 2 (i.e., 2%) was applied to this data to yield untransformed
expression level information for each of the 17 tissues (Table 7). The average expression level
for the 7 tissues derived from the AD patients and the 10 tissues from the control patients,
respectively, were calculated and compared using a two-tailed Student t-test. The PPP5C
expression values were for the AD patients 496.01 + 50.83 (mean =+ standard deviation) and for
the control subjects 574.14 + 51.28 (mean =+ standard deviation). This difference was statistically

significant with a p-value < 0.05. The results indicate that PPP5C expression is decreased in

Alzheimer’s disease.

Table 7: PPPSC expression in Alzheimer’s disease and control human hippocampal tissues

log 2
Sample transforrped Untr'ansformed Mean SD*
expression |expression level (27'x)
level
AD hippocampus subject 2 9.01 517.06
AD hippocampus subject 3 8.85 461.58
AD hippocampus subject 4 9.07 538.48
AD hippocampus subject 5 9.09 545.87
AD hippocampus subject 6 8.99 508.47
AD hippocampus subject 7 8.66 404.58 496.01 | 50.83
Control** hippocampus subject 1 9.27 619.13
Control hippocampus subject 2 9.24 602.68
Control hippocampus subject 3 9.01 51531
Control hippocampus subject 4 8.96 497 .85
Control hippocampus subject 5 9.12 557.68
Control hippocampus subject 6 9.23 601.33
Control hippocampus subject 7 922 597.78
Control hippocampus subject 8 935 654.11
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Control hippocampus subject 9 9.01 514.70

Control hippocampus subject 10 9.18 580.88 574.14 | 5128
* Standard Deviation ** Non-AD
[0165] Study 3: Fukutin Related Protein and Symplekin expression levels in AD and

control tissues: In this study, increased RNA transcript levels of Fukutin Related Protein (FKRP)
and Symplekin (SYMPK), which are APOE4 motif-mediated genes, are identified in incipient
AD subjects compared to non-AD subjects, thereby validating the potential for FKRP and
SYMPK as a target for diagnosis and therapy of AD.

[0166] Relative expression levels of FKRP and SYMPK were determined in
hippocampal tissues from subjects at varying stages of Alzheimer’s disease. The Dataset
Browser of the GEO functional repository was used to search for gene expression profiles and
selected the study titled: “Various stages of Alzheimer's disease: laser-captured hippocampal

25 IXXXIV

CA1 gray matter as most relevant. This study is a comparative microarray analysis of
hippocampal CA1 gray matter microdissected by laser capture from formalin-fixed, paraftin-
embedded hippocampal sections of subjects at varying stages of Alzheimer’s disease (Reference
series GSE28146). Brain sections from a total of 30 subjects were analyzed. Subjects were
separated into four categories of varying AD severity based on Mini Mental Status Exam results
(MMSE), Neurofibrillary Tangle (NFT) count and Braak stage. Hence, 8 subjects were classified
as control (MMSE:27.6 £ 0.6; NFT:3.0 + 1.1; Braak: 2.3 &= 0.40), 7 subjects were classified as
incipient AD (MMSE: 24.3 + 1.1; NFT:17.5 + 8.2; Braak:5.0 £ 0.5), 8 subjects as moderate AD
(MMSE:16.5 + 0.6; NFT:8/25.6 + 3.5, Braak: 5.5 £ 0.2), and 7 subjects as severe AD (MMSE:
6.0+ 1.4; NFT: 327+ 3.2; Braak: 5.8 £0.2). A Zeiss AxioObserver PALM Microbeam with
RoboMover cap system was used to image, cut and capture CA1 gray matter region for each
specimen. Total RNA from the dissected regions was then prepared for labeling and microarray
hybridization (Affymetrix Human Genome U133 Plus 2.0 Array, GPL570 platform). All
experimental steps followed manufacturer’s instructions and data analysis was done using

manufacturer’s software. The obtained dataset, recorded as GDS4136 in GEO profiles, is based

on expression data for 12,665 genes.

[0167] This dataset was analyzed using the browser DATA analysis tools. The term

“FKRP” was entered in the search window and retrieved the data for each of the four tissue
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sample categories representing the untransformed expression levels of Fukutin Related Protein
(Table 8). The average expression level for the 8 tissues derived from the control patients and the
7 tissues from incipient AD patients, respectively, was calculated after removing values below
1/3 of average or above 3 times the average in all groups. The remaining 7 control values and 5
incipient AD values were compared using a two-tailed Student t-test. The FKRP expression
values were for the AD patients 455.32 + 88.39 (mean + standard deviation) and for the control
subjects 262.97 + 72.09 (mean + standard deviation). This difference was statistically significant
with a p-value < 0.05. The results showed that FKPD expression is increased in Alzheimer’s

disease.

Table 8: FKRP expression in incipient Alzheimer’s disease and control human CA1 gray matter.

Untransformed Standard
Sample . Mean .
expression level deviation
Control (non AD) CA1 subject 1 159.1
Control (non AD) CA1 subject 2 282.5
Control (non AD) CAL1 subject 4 210.7
Control (non AD) CA1 subject 5 2322
Control (non AD) CAL1 subject 6 250.9
Control (non AD) CA1 subject 7 359.2
Control (non AD) CA1 subject 8 346.2 262.97 72.09
Incipient AD CA1 subject 1 488.2
Incipient AD CA1 subject 3 471.0
Incipient AD CALl subject 4 321.5
Incipient AD CA1 subject 5 562.7
Incipient AD CALl subject 6 433.2 45532 88.39
[0168] The term “SYMPK” was entered in the search window of the browser DATA

analysis tools and retrieved the data for each of the four tissue sample categories representing the
untransformed expression levels of Symplekin. (Table 9). The average expression level for the 8
tissues derived from the control patients and the 7 tissues from incipient AD patients,
respectively, was calculated and removed values below 1/3 of average or above 3 times the
average in all groups. The remaining 7 control values and 6 incipient AD values was compared
using a two-tailed Student t-test. The SYMPK expression values were for the AD patients 504.73
+ 198.01 (mean + standard deviation) and for the control subjects 253 + 127.81 (mean =+ standard
deviation). This difference was statistically significant with a p-value < 0.05. These results

showed that SYMPK expression is increased in Alzheimer’s disease.
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Table 9: SYMPK expression in incipient Alzheimer’s disease and control human CA1 gray
matter.

Sample Untransformed expression Mean Standard
level deviation
Control (non AD) CA1 subject 1 4983
Control (non AD) CAL1 subject 2 174.9
Control (non AD) CAL1 subject 3 317.2
Control (non AD) CA1 subject 5 134.2
Control (non AD) CAL1 subject 6 2744
Control (non AD) CAL1 subject 7 231.1
Control (non AD) CA1 subject 8 140.9 253 127.81
Incipient AD CA1 subject 1 515.1
Incipient AD CA1 subject 3 457.6
Incipient AD CALl subject 4 353.9
Incipient AD CA1 subject 5 264.8
Incipient AD CALl subject 6 823.4
Incipient AD CALl subject 7 613.6 504.73 198.01
[0169] Study 4: Differential gene expression of isogenic human neurons with

APOE4/E4, APOE3/E3 and APOE2/E2 genotypes using gPCR

[0170] Methods: Quantitative real-time reverse-transcription polymerase chain reaction
(qPCR) analysis was performed to evaluate the expression profile of genes located within 2 Mb

of rs429358 (APOE4) on chromosome 19.

[0171] PCR (Polymerase Chain Reaction) is a common laboratory method known to one
skilled in the art where a specific part of a template DNA is replicated in cycles of repeated
heating and cooling, thus permitting an exponential amplification of the target sequences. PCR
relies on a thermostable DNA polymerase, and requires primers, short fragments of single-
stranded DNA that bind to the template by complementary base pairing. Primers are design so
they flank the DNA region to be amplified. While in standard PCR the amplified DNA product is
detected in an end-point analysis, in qPCR (quantitative PCR or real-time PCR) the accumulation
of amplification products is measured as the reaction progresses after each cycle. Detection of
PCR products is enabled by the use of a fluorescent reporter molecule in the reaction that yields
increased fluorescence with an increasing amount of product DNA. We employed a method of
detection that involves the double-stranded DNA intercalating molecule SYBR Green® to

determine gene expression levels of protein encoding genes located within 2 Mb of rs429358
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(APOE4) on chromosome 19. We employed a method that uses dual-labeled probes, also known
as TagMan® probes to measure expression levels of miRNAs located within 2 Mb of rs429358
(APOE4) on chromosome 19. A dual-labeled probe consists of a 18-22 bp single-stranded
oligonucleotide that is labeled with a reporter dye at the 5° end and a quencher moiety at the
3’end. This type of fluorogenic probe is designed to anneal specifically to an internal region of
the target sequence between the forward and reverse primer. Amplification of the target gene
causes displacement and cleavage of the probe by the 5” nuclease activity of Taq DNA
polymerase, generating an increase in reporter fluorescence as the PCR primer is extended. Both
of these methods are commonly used for quantification of gene expression levels and are known

to a skilled artisan.

[0172] Quantitative PCR (qPCR) was performed to determine transcript levels of a
subset of the APOE4 motif-mediated genes in commercially available human neurons
differentiated from induced pluripotent stem cells (IPSC) (Cellular Dynamics Inc., Wisconsin,
USA). Human IPCS are derived from somatic cells that have been reprogrammed to
pluripotency by application of a set of transcription factors™. One original neuron line was
modified by CRISPR to carry either the APOE4/E4, APOE3/E3 or APOE2/E2 genotype,
respectively, thereby minimizing any other genetic variation between the cell lines. Hence, each
of these neurons is homozygous for the E4, E3 or E2 allele, respectively. Neurons analyzed are
thus designated E3E3, E4E4 and E2E2 for homozygous genotypes E3/E3, E4/E4 and E2/E2,
respectively. These neurons are a mixture of post-mitotic neural subtypes, but comprise primarily

of GABAergic, inhibitory neurons, with typical physiological characteristics and responses.

[0173] Total RNA was extracted from 4.0 x 10° E3E3 neurons, 4.9 x 10° E4E4 neurons
and 4.4 x 10° E2E2 neurons by methods known to the skilled artisan. Initial assessment of RNA
purity and concentration was performed by NanoDrop spectrophotometer analysis and RNA
integrity was determined by using the Agilent 2100 Bioanalyzer. The yields for total RNA were
9.6 micrograms, 5.8 micrograms and 8.4 micrograms for the E3E3, E4E4 and E2E2 neurons,
respectively. Complementary DNA was synthetized using proven, consistent and reliable
reagents from established manufacturers known to the skilled artisan. qPCR experiments were
run in the 7900 HT fast real-time PCR system from Thermo Fisher Scientific using SYBR

Green-based assays for the detection of messenger RNAs and TagMan probes for the detection
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of micro RNAs. Each experiment encompassed three independent amplification assays of the

genetic material isolated from each independent pellet.

[0174] Results: Quantification of nucleic acids was achieved using relative
quantification analysis (Double delta Ct data analysis). Relative quantification allows to
determine fold-differences in expression of the target gene in the disease cell line relative to the
control cell lines. First a baseline was subtracted from the raw data based on the raw
fluorescence values. Next, the threshold cycle (Ct) value was determined for each sample, which
represents the number of cycles needed to reach a particular quantification threshold
fluorescence signal level. Ct values were determined both for the genes being evaluated and for
reference genes for normalization purposes. Four genes, Glyceraldehyde-3-Phosphate
Dehydrogenase (GAPDH), ubiquitin conjugating enzyme E2 D2 (UBE2D2), cytochrome c1
(CYC1) and ribosomal protein L13 (RPL13) were used as reference genes in the SYBR® Green-
based assays and MIR103, MIR106b, MIR26b and MIR191 were used as references in the
TagMan® microRNAs expression assays. Average Ct values were determined for a gene of
interest and the reference genes (designated as “Ref”) in the E4AE4 IPSC-derived neurons and
each of the control cell lines (E3E3 and E2E2 IPSC-derived neurons, respectively). For further
data analysis the E4E4 samples were compared to either the E3E3 or the E2E2 samples. For
each paired comparison the following four values were generated: Avg. Ct Ref in E4E4, Avg. Ct
Ref'in E3E3 (or E2E2), Avg. Ct gene of interest in E4E4, and Avg. Ct gene of interest in E3E3
(or E2E2). The differences between Ct values of the gene of interest and reference genes (delta
Ct values, short dCt) were calculated for the E4E4 and the control. Next, the difference between
E4E4 and control was calculated to arrive at the Double Delta Ct Value (ddCt E4E4-E3E3 or
ddCt E4E4-E2E2). Since the quantity of amplified product doubles in each cycle, the expression
fold change between E4E4 and control (Relative Quantification or RQ (E4E4/E3E3 or
E4E4/E2E2) was computed with the following formula 2%, P values to assess statistical
significance of observed differences were calculated by a two-tailed t test using dCt values of
each sample set as the data. Protein encoding genes which are significantly different in IPSC-
derived neurons with the homozygous E4E4 genotype compared to the E3E3 or E2E2 neurons
are listed in Table 10. A negative value in the fold change column indicates that the gene is

downregulated in E4E4 neurons, while a positive value indicates that the gene is upregulated.
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MIR320E was elevated in E4E4 neurons (1.37-fold) relative to E3E3 neurons. MIR320E was
elevated in E4E4 neurons (1.54-fold) relative to E2E2 neurons.

Table 10: Genes exhibiting significant differential expression in IPSC-derived neurons with the
homozygous E4E4 genotype compared to E3E3 and E2E2 neurons, respectively.

E4E4 vs E3E3 E4E4 vs E2E2
Gene Fold Change Fold Change
(Test/Control) pvalue (Test/Control) pvalue

deltaFOSB -6.254 0.0016556 -7.492 0.0008517
FOXA3 -5.604 0.0000212 -5.261 0.0000187
GPR4 -5.427 0.0002294 -5.705 0.0001269
PSG1 -4.201 0.0004173 -3.774 0.0002849
PPPIR13L -2.339 0.0000247 -1.682 0.0012937
EXOC3L2 -2.243 0.0003368 -2.202 0.0010158
ZNF285 -1.889 0.0029322 -1.512 0.0172506
SIX5 -1.754 0.0038547 -9.791 0.0000017
PLAUR -1.730 0.0105537 -2.521 0.0002754
VASP -1.689 0.0009335 -1.290 0.0019558
EML2 -1.331 0.0048007 -1.386 0.0031142
OPA3 -1.287 0.0132998 -1.239 0.0112741
BCAM -1.266 0.0011660 -1.762 0.0003897
QPCTL -1.246 0.0396793 -1.378 0.0066485
STRN4 1.127 0.0031971 1.315 0.0009115
SYMPK 1.269 0.0037928 1.180 0.0133916
KLC3 4.092 0.0000493 4.419 0.0005891

These results show strikingly that the presence of the APOE4 motif in E4E4 neurons
mediates significant changes in expression levels of genes in the vicinity of rs429358 (APOE4)
on chromosome 19 compared to isogenic neurons that are either homozygous for the E3 or
homozygous for the E2 genotype, respectively. Further, the presence of the APOE4 motif can
decrease the expression level (FOSB splice variant deltaFOSB, FOXA, GPR4, PSG1,
PPPIR13L, EXOC3L2, ZNF285, SIX5, PLAUR, VASP, EML2, OPA3, BCAM, QPCTL) or
increase the expression level (KLC3, SYMPK, STRN4) of a target gene.

[0175] Together the examples herein provide experimental validation of APOE4 motif-
mediated genes and expression products thereof as targets for diagnosis, prevention and

treatment of Alzheimer’s disease and mild cognitive impairment.
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[0176] The foregoing discussion of the invention has been presented for purposes of
illustration and description. The foregoing is not intended to limit the invention to the form or
forms disclosed herein. Although the description of the invention has included description of
one or more embodiments and certain variations and modifications, other variations and
modifications are within the scope of the invention, e.g., as may be within the skill and
knowledge of those in the art, after understanding the present disclosure. It is intended to obtain
rights which include alternative embodiments to the extent permitted, including alternate,
interchangeable and/or equivalent structures, functions, ranges or steps to those claimed, whether
or not such alternate, interchangeable and/or equivalent structures, functions, ranges or steps are
disclosed herein, and without intending to publicly dedicate any patentable subject matter. All

references cited herein are incorporated by reference in their entirety.
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What is Claimed is:

1. An assay for measuring the activity of an apolipoprotein E 4 (“APOE4”) motif-
mediated gene or expression product thereof, said assay comprising:
a cell that is capable of producing an expression product of a gene that is mediated by
APOE4 motif;
an expression product of an APOE4 motif-mediated gene; or

a combination thereof.

2. The assay of claim 1, wherein said cell comprises a mammalian neurological cell,

a mammalian pluripotent stem cell, or a cell derived therefrom, or a combination thereof.

3. The assay of claim 1, wherein said assay is used to measure the activity is gene

transcription, gene translation or a biological activity of the gene expression product.

4. A method for identifying a compound potentially useful in treatment of
Alzheimer’s disease (AD), said method comprising:
contacting a test compound with an assay of claim 1;
determining the modulation level of apolipoprotein E 4 (“APOE4”) motif-mediated gene
expression or the modulation level of activity of APOE4 motif-mediated gene
expression product, or a combination thereof in said assay;
wherein when the activity of APOE4 motif-mediated gene expression or the level of activity of
APOE4 motif-mediated gene expression product is modulated in the presence of said test
compound compared to the activity of APOE4 motif-mediated gene expression in the absence of
said test compound, then it is an indication that said test compound is potentially useful in

treating Alzheimer’s disease.

5. The method of claim 4, wherein said method comprises determining the level of
APOE4 motif-mediated gene transcription, APOE4 motif-mediated gene translation, a biological

function of APOE4 motif-mediated gene expression product, or a combination thereof.
6. The method of claim 4, wherein said modulation is inhibition.

7. The method of claim 4, wherein said APOE4 motif-mediated gene is located on
human chromosome 19 within about 2 Mb of rs429358.
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8. The method of claim 4, wherein said APOE4 motif-mediated gene is selected
from the group consisting of PSG1, XRCC1, PINLYP, IRGQ, ZNF576, SRRMS, ZNF428,
PLAUR, SMG9, ZNF224, ZNF285, ZNF180, PVR, BCL3, CBLC, BCAM, PVRL2 / NECTIN2
CLPTM1, RELB, CLASRP, GEMIN7, MARK4, PPP1R37, NKPD1, TRAPPC6A, BLOC1S3,
EXOC3L2, CKM, KLC3, ERCC2, PPPIR13L, ERCC1, FOSB / deltaFOSB, RTN2, VASP,
OPA3, GPR4, EML2, GIPR, SNRPD2, QPCTL, FBX046, SIX5, SYMPK, FOXA3, MYPOP,
NOVA2, CCDC61, HIF3A, PPP5C, PNMASA / PNMAL1, PNMASB / PNMAL2, DACTS3,
STRN4, FKRP, and a combination thereof.

2

9. The method of claim 8, wherein said APOE4 motif-mediated gene is selected
from the group consisting of FBX046, SNRPD2, ZNF285, ZNF180, PVR, ERCC2, QPCTL,
SYMPK, MYPOP, CCDC61, XRCC1, ZNF576, ZNF428, SMG9, PPP5C, PNMASA /
PNMALI1, PNMASB / PNMAL2, DACT3, STRN4, FKRP, RTN2, IRGQ, SRRM5, FOXA3,
FOSB / deltaFOSB, SIX5, GPR4, and a combination thereof.

10. The method of claim 8, wherein said APOE4 motif-mediated gene is selected
from the group consisting of FBX046, PPP5C, FKRP, SYMPK, FOSB / deltaFOSB, FOXA3,
GPR4, PSGI, PPPIR13L, EXOC3L2, SIXS, PLAUR, KLC3, and a combination thereof.

11. The method of claim 8, wherein said assay is a high-throughput screening assay

of a small molecule library.

12. The method of claim 11 further comprising the step of identifying an inhibitor

having inhibitory activity in said assay and subjecting said inhibitor to a second assay.

13. The method of claim 4, wherein said test compound is selected from the group
consisting of a small molecule, an oligonucleotide or a derivative thereof, or a peptide or a

derivative thereof.
14.  The method of claim 13, wherein said oligonucleotide is a small interfering RNA.

15. The method of claim 4, wherein said APOE4 motif-mediated gene is MIR4531,
MIR8085, MIR6088, MIR330, MIR642A, MIR642B, MIR769, MIR320E, and a combination

thereof, and said test compound is a locked nucleic acid modified oligonucleotide.
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16. A method for inhibiting activity of an APOE4 motif-mediated gene or APOE4
motif-mediated gene expression product in a cell, said method comprising contacting a cell that
is expressing said APOE4 motif-mediated gene, with a compound that is capable of inhibiting

activity of said APOE4 motif-mediated gene or APOE4 motif-mediated gene expression product.

17. The method of claim 16, wherein said compound is an oligonucleotide or a
derivative thereof, a peptide or a derivative thereof, or an antibody or an antigen-binding
fragment thereof, wherein said antibody selectively binds to an APOE4 motif-mediated gene

expression product.

18. A therapeutic agent for the treatment or prevention of Alzheimer’s disease
comprising a test compound of claim 4 that has been identified as lowering the level of APOE4
motif-mediated gene expression or the level of activity of APOE4 motif-mediated gene

expression product.

19. A therapeutic agent for treatment of AD comprising an antibody, or an antigen-
binding fragment thereof which selectively binds to the expression product of an APOE4 motif-

mediated gene.

20.  The therapeutic agent of claim 19, wherein said antibody or said antigen-binding
fragment thereof binds to an extracellular domain of APOE4 motif-mediated gene expression

product.

21.  The therapeutic agent of claim 19, wherein said antibody or said antigen-binding
fragment thereof is modified to increase transport from blood into the brain across the blood-

brain barrier.

22.  The therapeutic agent of claim 19 further comprising a pharmaceutically

acceptable carrier.

23. A composition comprising an oligonucleotide of 11 to 30 nucleotides in length
comprising 11 to 24 consecutive nucleotides within SEQ ID NO: 1 and a pharmaceutically

acceptable carrier.

24.  The composition of claim 23, wherein said oligonucleotide is a double-strand

oligonucleotide.
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25. The composition of claim 23, wherein said oligonucleotide is a single-strand
oligonucleotide.
26.  The composition of claim 23, wherein said oligonucleotide is chemically

modified or formulated to enable transport into the brain across the blood-brain barrier.

27.  The oligonucleotide of claim 23, wherein said oligonucleotide is a
phosphorothioate oligonucleotide, a methylphosphonate oligonucleotide, a phosphoamidite
oligonucleotide, a peptide nucleic acid oligonucleotide, a locked-nucleic acid-modified

oligonucleotide, or a combination thereof.

28. A method for inhibiting expression of an APOE4 motif-mediated gene in a cell,

said method comprising contacting a cell with the composition of claim 23.

29. A method of diagnosing a subject for a risk of having Alzheimer’s disease or mild
cognitive impairment, said method comprising determining the level of an APOE4 motif-
mediated gene or the level of APOE4 motif-mediated gene expression product in a sample
obtained from said subject, wherein a difference in the level of APOE4 motif-mediated gene or a
difference in the level of APOE4 motif-mediated gene expression product compared to a control
is an indication that said subject has elevated risk of Alzheimer’s disease or mild cognitive

impairment.

30. The method of claim 29, wherein said sample comprises a tissue, a cell or a

bodily fluid.

31 The method of claim 29, wherein said APOE4 motif-mediated gene comprises a

gene located within about 2 Mb of rs429358 on human chromosome 19.

32. The method of claim 30, wherein said APOE4 motif-mediated gene is selected
from the group consisting of PSG1, XRCC1, PINLYP, IRGQ, ZNF576, SRRMS, ZNF428,
PLAUR, SMG9, ZNF224, ZNF285, ZNF180, PVR, BCL3, CBLC, BCAM, PVRL2 / NECTIN2,
CLPTM1, RELB, CLASRP, GEMIN7, MARK4, PPP1R37, NKPD1, TRAPPC6A, BLOC1S3,
EXOC3L2, CKM, KLC3, ERCC2, PPPIR13L, ERCC1, FOSB / deltaFOSB, RTN2, VASP,
OPA3, GPR4, EML2, GIPR, SNRPD2, QPCTL, FBX046, SIX5, SYMPK, FOXA3, MYPOP,
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NOVA2, CCDCe61, HIF3A, PPP5C, PNMASA / PNMALI1, PNMASB / PNMAL2, DACTS3,
STRN4, FKRP, and a combination thereof.

33. A method for determining a treatment protocol in a subject having, or at-risk of
having, Alzheimer’s disease or mild cognitive impairment, said method comprising:
measuring a level of an APOE4 motif-mediated gene or an APOE4 motif-mediated gene
expression product in a biological sample from the subject;
comparing the level of APOE4 motif-mediated gene or APOE4 motif-mediated gene
expression product in the biological sample with a control level; and

selecting a therapeutic agent based on the comparison.

34. The method of claim 33, wherein said control is a standard level of APOE4 motif-
mediated gene or APOE4 motif-mediated gene expression product in a subject that does not have

APOQOE4 allele.

35. The method of claim 33, wherein said control is a standard level of APOE4 motif-
mediated gene or APOE4 motif-mediated gene expression product in a subject that has APOE4

allele.

36. A method for treating a subject having, or at-risk of having, Alzheimer’s disease
or mild cognitive impairment, said method comprising determining the APOE genotype in said
subject and if said subject carries the APOE4 allele, administering to said subject a
therapeutically effective amount of a molecule that modulates the activity of an APOE4 motif-
mediated gene.

37.  The method of claim 36, wherein said step of determining the APOE genotype in
said subject comprises a step of determining whether said subject is homozygous or

heterozygous for APOE4.
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89T AAVTIHOTAAVAITANME TMIWHSYAITATAIS SODTWYOTEADHAO L TIN 50d HOdY
08T ZAVTIMOTAAVAdTTINA TN THSYV TIVITAAL SODTNYOATDIXOATHD NYLNONTIO HOdY
08T XAVTIMOTAAVAdT TINI TN THSY TIVITAAL SODTNYOATDIXOYTHD: YTIIH0D H0dVY
LOT ————MOTAQVQITTINE TMEI THSY TIVITAILSOD TNYOATSHAOA TS HNOVOYW HOdY
08T XAVTIMOTAAVAdT TINA TN THSY TIVITAAL SODTWYOATDIXOATHD AAZNYAWIHD HOdY
08T ZAVTIMOTAAVAIT TINI TN THSY TIATTAALSODTWNYOAADIAOATIDDATANAYO T NYWAH J0dY
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Rs429358
T->C
481
GCGGACATGGAGGACGT GGGCCGCCTGGT GCAGTACCGCGGCGAGGTGCAGGCCATG
124 A--D--M--E--D--V--[¢--G--R--L--V--Q--Y--R--G--E--V--Q--
A--M-
Cys—-Arg
541
CTCGGCCAGAGCACCGAGGAGCTGCGGGETGCGCCTCGCCTCCCACCTGCGCAAGCTGCGT
144 L--G--Q--S--T--E--E--L--R--V--R--L--A--S--H--L--R--K--
L--R-
Rs7412
C->T
601
AAGCGGCTCCTCCGCGATGCCGAT GACCTGCAGAAGCTGGCAGT GTACCAGGCCGGG
164 K--R--L--L--R--D--A--D--D--L--Q--K--R--L--A--V--Y--Q--
A--G-
Arg-Cys
The allelic nucleotides are in bold inside the box delineating the variable codons. The
resulting amino acid changes are in bold and boxed.

Comparison of the DNA sequence around the SNPs determining the APOE ¢ alleles
Rs429358

GGCTGGGCGCGGACATGIGAGGACGTGcGCGGCCGCCTGGITGCAGTACCGCGG

CGAGG
Rs7412

GGCTCCTCCGCGAT GCC||GATGACCTGCAGAAGCGCCTGG“CAGTGTACCAGGCCGGGG
Val254Glu protective mutation

Ts A
730
CGC.GAC,CGC.CTG.GAC.GAG,GTGAAG.GAG,CAG.GG:GCG.GAG.GTG.CGC.GC
C AAGCTG.GAG
244 -R---D---R---L---D---E---V---K---E---Q--- --A---E---V---R---A---K---L---E-

V—E
Sequence comparison between rs429358 (APOE4) and rs199768005 (Val254Glu)

rs429358
GGCTGGGCGCGGACAITGGAGGACGTGcGCGGCCGCCTGGITGCAGTACCGCGG

CGAGG
rs199768005

AGGTGAAGGAGCAG G||tGGCGGAGGTGCGCGCCAAGCTGG“AGGAGCAGGCCCAG CAGA

Rs429358 and rs7412 and rs 199768005 are indicated in lowercase. Common nucleotides are
in bold.

FIGURE §
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APCE4 region
GGGCGCGGACATGGAGGA|CGTGCGCGGCICGCCTGGTGCAGTACCGCGGCGAGGT
Rs7412 region

CCTCCGCGATGCCGATGA|ICCTGCAGAAG|IcGCCTGGICAGTGTACCAGGCCGGGGC

TRES (3)
GGAGTAGGGCGGGGTCCGGCTGCGAGCTCGGGGGGGT

IRF5(5)
GGAGTAGGGCGGGGTCCGICGTCOAGCTGICGCCTGGIAGACCGAGCTTCGAGTG

GGT
CY9orfl72-1

CGCGGGTCCCGCCCCCCGCTGCCATCAAGCCAGACGACGC

19g12

ATTGCCTGAATAAGACAGGGGCCGAGGACTCTTAGAA
TRPM4
TGTGCGCGCCGAGGTACCCCTCOGGGOGGG|CGCCTGGIGACCCTCACCCAGGCC
AGG

CAPNI0Ins CCCTCCCACAAGCCCACC|CTCCTIcCCAgctectgdsacagaateatcaccetce

IRF’5, Interferon Regulatory Factor 5; TRPM4, Transient Receptor Potential Cation Channel,
Subfamily M, Member 4, CAPN10, Calpain 10. Rs429358 and rs7412 and the Calpain 10
insert (Ins) are in lowercase. Nucleotides occurring in at least four of the sequences at a
given position shown in bold.

Sequence repeats within Exon 4 of Apolipoprotein E

GGCGCTGATGGACGAGACCATGAAGGAGT TGAAGGCCTACAAATCGGAACTGGAGGAACAAC
TGACCCCGGTGGCGGAGGAGACGCGGGCACGGCTGTCCAAGGAGCITGCAGGCGGCGCAGGCT
[cGGCTEEGCECGEACATGGAGGACGTEcJGCGGCCGCCTGGETGCAGTACCGCGGCGAGGTGC
AGGCCATGCTCGGCCAGAGCAICCGAGGAGCTGCGGGTGCGCCTCGCCTCCCACCTGCGCAAG
CTGCGTAAGCGGCTCCTCCGCGATGCCGATGACCTGCAGAAG]C|GCCTGGCAGTGTACCAGG
CCGGGGCCCGCGAGGGCGCCGAGCGCGGCCITCAGCGCCATCCGCGAGCGCCTGGGGCCCCTG
GTGGAACAGGGCCGCGTGCGGGCCGCCACTGTGGGCTCCCTGGCCGGCCAGCCGCTACAGGA
GCGGGCCCAGGCCTGGGGCGAGCGGCTGCGCGCGCGGNTGGAGGAGATGGGCAGCCGGACCC

.......................

.......................
........................

......................

GGACCCTAGTTTAATAAAGATTCACCAAGTTTCACGCA
Rs429358 and rs7412 are indicated by a double box. Elements of high similarity with APOE4
motif are indicated by boxes. Nucleotides common to APOE4 region are in bold.

FIGURE 6
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De novo NRF1 binding motif overlapping APOE4 on the reverse strand
G C GG C C G CJ]GJC A

1 2 3 4 5 6 7 8 9 10 11

Position Frequency Matrix for each nucleotide in the recognition motif (Jaspar database)
matched to APOE4 and APOE3 overlapping sequences (reverse strand).

1 2 3 4 5 6 7 8 9 |10 11

Position

0 4239 468 935 528 4624 0 4275“ 0 1575

G 3647 |
T 0 0 0 140 313 3693 0 286 0 0 0
APOE3 G C G G € C G Cc[,]c a
APOEA G ¢ G G Cc Cc G cflg]cCc A

Pertaining nucleotide frequency at each position is in bold. Variant rs429358/C is indicated

in small cap.
FIGURE 7
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