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METHODS FOR TREATING, DIAGNOSING AND MONITORING

ALZHEIMER’S DISEASE

FIELD OF THE INVENTION
Methods of 1dentifying, diagnosing, and prognosing Alzheimer’s Disease (AD),
including certain subphenotypes of AD, are provided, as well as methods of treating AD,
including certain subpopulations of patients. Also provided are methods for identifying effective

AD therapeutic agents and predicting responsiveness to AD therapeutic agents.

BACKGROUND

Alzheimer's Disease (AD) 1s a neurodegenerative disease of the central nervous system
assoclated with progressive loss of cognitive and memory function, and ultimately dementia.
AD 1s the most significant and common cause of dementia in developed countries, accounting
for 60% or more of all cases of dementia. Two pathological characteristics are observed in AD
patients at autopsy: extracellular plaques and intracellular tangles in the hippocampus, cerebral
cortex, and other areas of the brain essential for cognitive function. Plaques are formed mostly
from the deposition of amyloid 3 (AB), a peptide derived from amyloid precursor protein (APP).

The trequency of AD increases with each decade of adult life, reaching 20-40% of the
population over the age of 85. Because more and more people will live into their 80's and 90's,
the number of patients 1s expected to triple over the next 20 years. More than 5 million people
sufter from AD 1n the USA, where 800,000 deaths per year are associated with AD. In 2011, the
cost of caring for AD patients 1s estimated to be a total of $183 billion dollars. AD also puts a
heavy emotional toll on family members and caregivers: about 14.9 million people care for AD
patients in the USA. AD patients live for an average of 7 to 10 years after diagnosis and spend
an average of 5 years under care either at home or in a nursing home.

Early-onset Alzheimer's disease (EOAD) is a rare form of Alzheimer's disease in which
individuals are diagnosed with the disease before age 65. Less than 10% of all Alzheimer's
disease patients have EOAD. Approximately half the cases of EOAD are familial, in which
disease inheritance follows an autosomal dominant pattern. AD cases in which no obvious
inheritance pattern 1s found are termed “sporadic.” To date, mutations in three genes including
amyloid precursor protein (APP) on chromosome 21, presenilin 1 (PSEN1) on chromosome 14
and presenilin 2 (PSEN2) on chromosome 1 have been identified in families with familial

EOAD. Most of the pathogenic mutations in the APP and presenilin genes are associated with

abnormal processing of APP, which leads to an increase in the production of AB42, the main
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component 1n amyloid plaques.

Late-onset Alzheimer's disease (LOAD) 1s the most common form of Alzheimer's
disease, accounting for about 90% of cases and usually occurring after age 65. LOAD strikes
almost half of all individuals over the age of 85, and 1s typically sporadic. Based on twin studies,
heritability for the disease has been estimated at 79%, with no difference (after controlling for
age) between men and women 1n prevalence or heritability (Gatz, et al., Arch. Gen. Psychiatry,
63:168-74 (2006)). The single-gene mutations identified to date as being associated with earlyé
onset Alzheimer's disease do not seem to be involved in late-onset Alzheimer's.

While no specific gene has been found that causes the late-onset form of AD, one genetic
risk factor that increases a person's risk of developing the disease 1s related to the apolipoprotein
E (APOE) gene found on chromosome 19. Early genetic studies of AD demonstrated association

and linkage to the same region on chromosome 19 containing the APOE gene (Schellenberg, et

al., J. Neurogenet., 4:97-108 (1987); Pericak-Vance, et al., Am. J. Hum. Gen., 48:1034-1050
(1991)). The APOE gene has three common alleles, designated €2, €3, and €4. As compared to

the common €3 allele, the €4 allele increases the risk of AD, while the €2 allele decreases the
risk of AD. (Corder, et al. (1993) Science, 281:921-923; Corder et al. (1994) Nat. Genet. 7: 180-
184). While the lifetime risk (LTR) of AD by age 85 for the general population is 11-14%, the
LTR rises to 23-35% tor APOE 3/4 carriers, and to 51-68% for APOE 4/4 carriers (Genin et al.
(2011) Molecular Psychiatry 16: 903-907). The AD risk for APOE 2/4 carriers 1s the same as for
subjects having the neutral genotype APOE 3/3, while APOE 2/3 carriers have a decreased risk.

Although 40-65% of AD patients have at least one copy of the APOE-e4 allele, APOE-¢4 is not
a required determinant of the disease 1n that at least a third of patients with AD are APOE-¢4

negative and some APOE-¢4 homozygotes never develop the disease. Thus this allele on its own
1s not sufticient for diagnosis of AD (Ertekin-Taner (2007) Neurol. Clin. 25: 811).

Currently, the primary method of diagnosing AD involves taking detailed patient
histories, administering memory and psychological tests, and ruling out other explanations for
memory loss, including temporary (e.g., depression or vitamin B12 deficiency) or permanent
(e.g., stroke) conditions. Under this approach, AD cannot be conclusively diagnosed until after
death, when autopsy reveals the disease's characteristic amyloid plaques and neurofibrillary
tangles 1n a patient's brain. In addition, clinical diagnostic procedures are only helpful after
patients have begun displaying significant, abnormal memory loss or personality changes. By
then, a patient has likely had AD for years. A diagnostic test that, for example, enables
physicians to 1dentity AD early in the disease process, or identify individuals who are at high
risk of developing the disease, will provide the option to intervene at an early stage in the

disease process. Early intervention in disease processes does generally result in better treatment
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results by delaying disease onset or progression compared to later intervention. There is

therefore a need for other methods of diagnosing and aiding diagnosis of AD.

SUMMARY
The invention provides methods of diagnosis and prognosis of Alzheimer’ disease (AD)
In a subject comprising detecting the presence or absence of one or more genetic variations in a
sample from the subject, wherein the presence of the genetic variation indicates that the subject
1s afflicted with, or at risk of developing, AD as disclosed herein.
In an embodiment, the invention provides a method of screening for genetic variants

having a detrimental or beneficial effect on the development of AD in subjects having at least
one APOE-¢4 allele, the method comprising identifying a genetic variant that is present at
increased or decreased frequency in subjects under 65 years of age, having AD, and having at
least one APOE-¢4 allele, as compared to control subjects over 75 years of age, without AD, and
having at least one APOE-¢4 allele, wherein increased frequency in subjects having AD as
compared to control subjects indicates that the genetic variation is associated with a detrimental
effect in subjects having at least one APOE-¢4 allele, and decreased frequency in subjects
having AD as compared to control subjects indicates that the genetic variation is associated with
a beneficial effect in subjects having at least one APOE-¢4 allele. In some embodiments, the
genetic variation 1s identified using a genome-wide association scan.

The invention further provides a method of screening for genetic variants having a

detrimental or beneficial effect on the development of AD in subjects having at least one APOE-
¢4 allele, the method comprising (a) determining the genotype at one or more genetic locus of a
plurality of subjects under 65 years of age, having AD, and having at least one APOE-¢4 allele;
(b) determining the genotype at one or more genetic locus of a plurality of control subjects over
75 years of age, without AD, and having at least one APOE-¢4 allele; and (c) identifying a
genetic variant that i1s present at increased or decreased frequency in subjects having AD as
compared to control subjects, wherein increased frequency in subjects having AD as compared
to control subjects indicates that the genetic variation is associated with a detrimental effect in
subjects having at least one APOE-¢4 allele, and decreased frequency in subjects having AD as
compared to control subjects indicates that the genetic variation is associated with a beneficial
effect in subjects having at least one APOE-¢4 allele.

In some embodiments of these screening methods, the detrimental effect is increased risk

of developing AD. In some embodiments, the detrimental effect is lower age of onset of AD. In

some embodiments, the beneficial effect is decreased risk of developing AD. In some
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embodiments, the beneficial effect is later age of onset of AD.

In an embodiment, the invention provides a method for detecting the presence or absence
of a genetic variation indicative of Alzheimer’s disease (AD) in a subject, comprising: (a)
contacting a sample from the subject with a reagent capable of detecting the presence or absence
of a genetic variation in a gene selected from the genes encoding IL6R, NTF4 and UNCS5C, or a
gene product thereof; and (b) determining the presence or absence of the genetic variation,
wherein the presence of the genetic variation indicates that the subject 1s afflicted with, or at risk
of developing, AD.

In various embodiments, the at least one genetic variation is a single nucleotide
polymorphism (SNP), an allele, a haplotype, an insertion, or a deletion. In some embodiments,
the genetic variation i1s a SNP. In an embodiment, the genetic variation is a SNP that results in
the amino acid substitution D358 A 1n the amino acid sequence of IL6R (SEQ ID NO:1). In a
further embodiment, the genetic vanation is a ‘C’ allele at rs2228145. In an embodiment, the
genetic variation 1s a SNP that results in the amino acid substitution R206W in the amino acid
sequence of NTF4 (SEQ ID NO:2). In a further embodiment, the genetic variation is a ‘T’ allele
atrs121918427. In an embodiment, the genetic variation 1s a SNP that results in the amino acid
substitution T835M 1n the amino acid sequence of UNCSC (SEQ ID NO:3). In a further
embodiment, the genetic variation i1s a SNP that substitutes G for A in the codon encoding the
amino acid at position 835 of UNCS5C (SEQ ID NO:3).

In other embodiments, the at least one genetic variation 1s an amino acid substitution,
insertion, or deletion. In some embodiments, the genetic variation is an amino acid substitution.
In an embodiment, the genetic variation is the amino acid substitution D358 A in the amino acid
sequence of IL6R (SEQ ID NO:1). In an embodiment, the genetic variation is the amino acid
substitution R206W in the amino acid sequence of NTF4 (SEQ ID NO:2). In an embodiment,
the genetic variation is the amino acid substitution T835M in the amino acid sequence of
UNCSC (SEQ ID NO:3).

In some embodiments of the method, the reagent is selected from an oligonucleotide, a
DNA probe, an RNA probe, and a ribozyme. In other embodiments, the reagent is an antibody
that specifically binds to a protein comprising the genetic variation. In some embodiments, the
reagent 1S labeled.

[n some embodiments of the method, the sample is selected from one of cerebrospinal
fluid, blood, serum, sputum, saliva, mucosal scraping, tissue biopsy, lacrimal secretion, semen,
Oor sweat.

In an embodiment, the method further comprises treating the subject for AD based on the

results of step (b). In an embodiment, the method further comprises detecting in the sample the
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presence of at least one APOE-e4 allele. In an embodiment, the presence of the at least one

genetic variation together with the presence of at least one APOE-¢4 allele 1s indicative of an
increased risk of earlier age of diagnosis of AD compared to a subject having at least one
APOE-€4 allele and lacking the presence of the at least one genetic variation,

Thé invention further provides a method for detecting a genetic variation indicative of
Alzheimer’s disease (AD) in a subject, comprising: determining the presence or absence of a
genetic variation in a gene selected from the genes encoding IL6R, N'TF4 and UNCS5C, or a gene
product thereof, in a biological sample from a subject, wherein the presence of the genetic
variation indicates that the subject 1s afflicted with, or at risk of developing, AD.

[n various embodiments, the at least one genetic variation is a single nucleotide
polymorphism (SNP), an allele, a haplotype, an insertion, or a deletion. In some embodiments,
the genetic variation 1s a SNP. In an embodiment, the genetic variation 1s a SNP that results in
the amino acid substitution D358A in the amino acid sequence of IL6R (SEQ ID NO:1). In a
further embodiment, the genetic variation 1s a ‘C’ allele at rs2228145. In an embodiment, the
genetic variation is a SNP that results in the amino acid substitution R206 W 1in the amino acid
sequence of NTF4 (SEQ ID NO:2). In a further embodiment, the genetic variation is a “T” allele
at rs121918427. In an embodiment, the genetic variation 1s a SNP that results in the amino acid
substitution T835M 1n the amino acid sequence of UNCS5C (SEQ ID NO:3). In a further
embodiment, the genetic variation i1s a SNP that substitutes G for A 1n the codon encoding for
the amino acid at position 835 of UNCSC (SEQ ID NO:3).

In other embodiments, the at least one genetic variation 1s an amino acid substitution,
insertion, or deletion. In some embodiments, the genetic variation 1s an amino acid substitution.
In an embodiment, the genetic variation 1s the amino acid substitution D358 A 1n the amino acid

sequence of IL6R (SEQ ID NO:1). In an embodiment, the genetic variation 1s the amino acid

substitution R206 W 1n the amino acid sequence of NTF4 (SEQ [D NO:2). In an embodiment,

- the genetic variation 1s the amino acid substitution T835M in the amino acid sequence of

UNCSC (SEQ ID NO:3).

In various embodiments of the method, detection of the presence of the one or more
genetic variation 1s carried out by a process selected from the group consisting of direct
sequencing, allele-specific probe hybridization, allele-specific primer extension, allele-specific
amplification, allele-specific nucleotide incorporation, 5' nuclease digestion, molecular beacon
assay, oligonucleotide ligation assay, size analysis, and single-stranded conformation
polymorphism. In some embodiments, nucleic acids from the sample are amplified prior to
determining the presence of the one or more genetic variation.

In other embodiments of the method, detection of the presence of the one or more genetic

S
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variation in a protein is carried out by a process selected from electrophoresis, chromatography,
mass spectroscopy, proteolytic digestion, protein sequencing, immunoattinity assay, or a
combination thereof. In some embodiments, proteins from the sample are purified using
antibodies or peptides that bind the proteins prior to determining the presence of the one or more
genetic variation.

In some embodiments of the method, the sample is selected from one of cerebrospinal
fluid, blood, serum, sputum, saliva, mucosal scraping, tissue biopsy, lacrimal secretion, semen,
or sweat.

In an embodiment, the method further comprises treating the subject for AD based on the

results of step (b). In an embodiment, the method further comprises detecting in the sample the

presence of at least one APOE-g4 allele. In an embodiment, the presence of the at least one

genetic variation together with the presence of at least one APOE-¢4 allele 1s indicative of an
increased risk of earlier age of diagnosis of AD compared to a subject having at least one
APOE-¢4 allele and lacking the presence of the at least one genetic marker.

The invention further provides a method for diagnosing or prognosing AD 1n a subject,
comprising: (a) contacting a sample from the subject with a reagent capable of detecting the
presence or absence of a genetic variation in a gene selected from the genes encoding ILOR,
NTF4 and UNCS5C, or a gene product thereof; and (b) determining the presence or absence of
the genetic variation, wherein the presence of the genetic variation indicates that the subject 1s
afflicted with, or at risk of developing, AD.

In various embodiments, the at least one genetic variation is a single nucleotide
polymorphism (SNP), an allele, a haplotype, an insertion, or a deletion. In some embodiments,
the genetic variation 1s a SNP. In an embodiment, the genétic variation 1s a SNP that results 1n
the amino acid substitution D358A 1n the amino acid sequence of IL6R (SEQ ID NO:1). Ina
further embodiment, the genetic variation is a ‘C’ allele at rs2228145. In an embodiment, the
genetic variation 1s a SNP that results in the amino acid substitution R206W in the amino acid
sequence of NTF4 (SEQ ID NO:2). In a further embodiment, the genetic variation is a “T” allele
at rs121918427. In an embodiment, the genetic variation 1s a SNP that results in the amino acid
substitution T835M i1n the amino acid sequence of UNCSC (SEQ ID NO:3). In a further
embodiment, the genetic variation 1s a SNP that substitutes G for A in the codon encoding for
the amino acid at position 835 of UNCSC (SEQ ID NO:3).

In other embodiments, the at least one genetic variation 1s an amino acid substitution,
insertion, or deletion. In some embodiments, the genetic variation 1s an amino acid substitution.
In an embodiment, the genetic variation 1s the amino acid substitution D358A in the amino acid

sequence of IL6R (SEQ ID NO:1). In an embodiment, the genetic variation 1s the amino acid
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substitution R206 W 1n the amino acid sequence of NTF4 (SEQ ID NO:2). In an embodiment,
the genetic variation 1s the amino acid substitution T835M in the amino acid sequence of
UNCSC (SEQ ID NO:3).

In some embodiments of the method, the reagent is selected from an oligonucleotide, a
DNA probe, an RNA probe, and a ribozyme. In other embodiments, the reagent 1s an antibody
that specifically binds to a protein comprising the genetic variation. In some embodiments, the
reagent 1s labeled.

In some embodiments of the method, the sample 1s selected from one of cerebrospinal
fluid, blood, serum, sputum, saliva, mucosal scraping, tissue biopsy, lacrimal secretion, semen,
Oor sweat.

In an embodiment, the method further comprises treating the subject for AD based on the

results of step (b). In an embodiment, the method further comprises detecting in the sample the

presence of at least one APOE-€4 allele. In an embodiment, the presence of the at least one

genetic variation together with the presence of at least one APOE-¢4 allele 1s indicative of an
increased risk of earlier age of diagnosis of AD compared to a subject having at least one
APOE-¢4 allele and lacking the presence of the at least one genetic marker.

In some embodiments, the method further comprises subjecting the subject to one or
more additional diagnostic tests tor AD selected from the group consisting of screening for one
or more additional genetic markers, administering a mental status exam, or subjecting the
subject to imaging procedures.

In some embodiments, the method further comprises analyzing the sample to detect the
presence of at least one additional genetic marker that is an APOE modifier, wherein the at least
one additional genetic marker 1s 1n a gene selected from the gene encoding IL6R, the gene
encoding NTF4, the gene encoding UNCS5C, and a gene listed in Table 3. In various
embodiments, the at least one additional genetic marker 1s a SNP that results in the amino acid
substitution D358A 1n the amino acid sequence of IL6R (SEQ ID NO:1), a SNP that results in
the amino acid substitution R206W in the amino acid sequence of NTF4 (SEQ ID NO:2), a SNP
that results 1n the amino acid substitution T835W in the amino acid sequence of UNCS5C (SEQ
[D NO:3), or a SNP that 1s listed in Table 3.

The 1nvention further provides a method of diagnosing or prognosing AD in a subject,
comprising: determining the presence or absence of a genetic variation in a gene selected from
the genes encoding IL6R, NTF4 and UNCSC, or a gene product thereof, in a biological sample
from a subject, wherein the presence of the genetic variation indicates that the subject is afflicted
with, or at risk of developing, AD.

In various embodiments, the at least one genetic variation is a single nucleotide
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polymorphism (SNP), an allele, a haplotype, an insertion, or a deletion. In some embodiments,
the genetic variation 1s a SNP. In an embodiment, the genetic variation 1s a SNP that results in
the amino acid substitution D358A in the amino acid sequence of IL6R (SEQ ID NO:1).Ina
further embodiment, the genetic variation 1s a ‘C’ allele at rs2228145. In an embodiment, the
genetic variation 1s a SNP that results in the amino acid substitution R206W 1n the amino acid
sequence of NTF4 (SEQ ID NO:2). In a further embodiment, the genetic variationis a ‘T allele
at rs121918427. In an embodiment, the genetic variation 1s a SNP that results in the amino acid
substitution T835M in the amino acid sequence of UNCSC (SEQ ID NO:3). In a further
embodiment, the genetic variation 1s a SNP that substitutes G for A 1n the codon encoding for
the amino acid at position 835 of UNCS5C (SEQ ID NO:3).

In other embodiments, the at least one genetic variation 1s an amino acid substitution,
insertion, or deletion. In some embodiments, the genetic variation i1s an amino acid substitution.
In an embodiment, the genetic variation 1s the amino acid substitution D358 A 1n the amino acid
sequence of IL6R (SEQ ID NO:1). In an embodiment, the genetic variation 1s the amino acid
substitution R206W 1n the amino acid sequence of NTF4 (SEQ ID NO:2). In an embodiment,
the genetic variation 1s the amino acid substitution T835M 1n the amino acid sequence of
UNCSC (SEQ ID NO:3).

In various embodiments of the method, detection of the presence of the one or more
genetic variation 1s carried out by a process selected from the group consisting of direct
sequencing, allele-specific probe hybridization, allele-specific primer extension, allele-specific
amplification, allele-specitic nucleotide incorporation, 5' nuclease digestion, molecular beacon
assay, oligonucleotide ligation assay, size analysis, and single-stranded conformation
polymorphism. In some embodiments, nucleic acids from the sample are amplified prior to
determining the presence of the one or more genetic variation.

In other embodiments of the method, detection of the presence of the one or more genetic
variation 1n a protein 1s carried out by a process selected from electrophoresis, chromatography.
mass spectroscopy, proteolytic digestion, protein sequencing, immunoaffinity assay, or a
combination thereof. In some embodiments, proteins from the sample are purified using
antibodies or peptides that bind the proteins prior to determining the presence of the one or more
genetic variation.

In some embodiments of the method, the sample is selected from one of cerebrospinal
fluid, blood, serum, sputum, saliva, mucosal scraping, tissue biopsy, lacrimal secretion, semen,
Oor sweat.

In an embodiment, the method further comprises treating the subject for AD based on the

results of step (b). In an embodiment, the method further comprises detecting in the sample the
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presence of at least one APOE-¢4 allele. In an embodiment, the presence of the at least one

genetic variation together with the presence of at least one APOE-¢4 allele 1s indicative of an
increased risk of earlier age of diagnosis of AD compared to a subject having at least one
APOE-¢4 allele and lacking the presence of the at least one genetic marker.

In some embodiments, the method further comprises analyzing the sample to detect the
presence of at least one additional genetic marker that i1s an APOE modifier, wherein the at least
one additional genetic marker 1s 1n a gene selected from the gene encoding IL6R, the gene
encoding NTF4, the gene encoding UNCSC, and a gene listed 1in Table 3. In various
embodiments, the at least one additional genetic marker 1s a SNP that results in the amino acid
substitution D358A in the amino acid sequence of IL6R (SEQ ID NO:1), a SNP that results in
the amino acid substitution R206W 1n the amino acid sequence of NTF4 (SEQ ID NO:2), a SNP
that results in the amino acid substitution T835W 1n the amino acid sequence of UNCSC (SEQ
ID NO:3), or a SNP that 1s listed in Table 3.

The invention further provides a method of identifying a subject having an increased risk
of earlier age of onset of AD, comprising: (a) determining the presence or absence of a genetic
variation in a gene selected from the genes encoding IL6R, NTF4 and UNCSC, or a gene

product thereof, in a biological sample from a subject; and (b) determining the presence or

absence of at least one APOE-g4 allele, wherein the presence of the genetic variation and at least

one APOE-¢4 allele indicates that the subject has an increased risk of earlier age of diagnosis of

AD as compared to a subject lacking the presence of the genetic variation and at least one

APOE-¢g4 allele.

In various embodiments, the at least one genetic variation is a single nucleotide
polymorphism (SNP), an allele, a haplotype, an insertion, or a deletion. In some embodiments,
the genetic variation 1s a SNP. In an embodiment, the genetic variation 1s a SNP that results in
the amino acid substitution D358A 1n the amino acid sequence of IL6R (SEQ ID NO:1). In a
further embodiment, the genetic variation 1s a *C’ allele at rs2228145. In an embodiment, the
genetic variation 1s a SNP that results in the amino acid substitution R206W in the amino acid
sequence of NTF4 (SEQ ID NO:2). In a further embodiment, the genetic variation 1s a ‘T’ allele
at rs121918427. In an embodiment, the genetic variation 1s a SNP that results in the amino acid
substitution T835M 1n the amino acid sequence of UNCSC (SEQ ID NO:3). In a further
embodiment, the genetic variation 1s a SNP that substitutes G for A in the codon encoding for
the amino acid at position 835 of UNCS5C (SEQ ID NO:3).

In other embodiments, the at least one genetic variation is an amino acid substitution,
insertion, or deletion. In some embodiments, the genetic variation is an amino acid substitution.

In an embodiment, the genetic variation is the amino acid substitution D358A in the amino acid
9
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sequence of IL6R (SEQ ID NO:1). In an embodiment, the genetic variation 1s the amino acid
substitution R206W 1n the amino acid sequence of NTF4 (SEQ ID NO:2). In an embodiment,
the genetic variation 1s the amino acid substitution T835M 1n the amino acid sequence of
UNCSC (SEQ ID NO:3).

In various embodiments of the method, detection of the presence of the one or more
genetic variation is carried out by a process selected from the group consisting of direct
sequencing, allele-specific probe hybridization, allele-specific primer extension, allele-specific
amplification, allele-specific nucleotide incorporation, 5' nuclease digestion, molecular beacon
assay, oligonucleotide ligation assay, size analysis, and single-stranded conformation
polymorphism. In some embodiments, nucleic acids from the sample are amplitfied prior to
determining the presence of the one or more genetic variation.

In other embodiments of the method, detection of the presence of the one or more genetic
variation in a protein is carried out by a process selected from electrophoresis, chromatography,
mass spectroscopy, proteolytic digestion, protein sequencing, immunoaffinity assay, or a
combination thereof. In some embodiments, proteins from the sample are puritied using
antibodies or peptides that bind the proteins prior to determining the presence of the one or more
genetic variation.

In some embodiments of the method, the sample 1s selected from one of cerebrospinal
fluid, blood, serum, sputum, saliva, mucosal scraping, tissue biopsy, lacrimal secretion, semen,
or sweat.

The invention further provides a method of aiding prognosis of a subphenotype of AD in
a subject, the method comprising detecting in a biological sample derived from the subject the
presence of a SNP that results in the amino acid substitution D358A 1n the amino acid sequence
of IL6R (SEQ ID NO:1), wherein the subphenotype of AD 1s characterized at least in part by
increased levels of soluble ILL6R 1n a biological sample derived from the subject as compared to
one or more control subjects.

The invention further provides a method of predicting the response of a subject to an AD
therapeutic agent that targets IL6R, comprising detecting in a biological sample obtained from
the subject a SNP that results in the amino acid substitution D358 A in the amino acid sequence
of IL6R (SEQ ID NO:1), wherein the presence of the SNP i1s indicative of a response to a
therapeutic agent that target's IL6R. In an embodiment, the therapeutic agent 1s an anti-ILO6R
antibody.

The invention further provides a method of aiding prognosis of a subphenotype of AD in
a subject, the method comprising detecting in a biological sample derived from the subject the

presence of a SNP that results in the amino acid substitution R206W in the amino acid sequence
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of NTF4 (SEQ ID NO:2), wherein the subphenotype of AD is characterized at least in part by

decreased activation of TrkB in a biological sample derived from the subject as compared to one
or more control subjects.

The invention further provides a method of predicting the response of a subject to an AD
therapeutic agent that targets TrkB, comprising detecting in a biological sample obtained from
the subject a SNP that results in the amino acid substitution R206W 1n the amino acid sequence
of NTF4 (SEQ ID NO:2), wherein the presence of the SNP 1s indicative of a response to a
therapeutic agent that targets TrkB. In an embodiment, the therapeutic agent 1s a TrkB agonist.

The invention further provides a method of aiding prognosis of a subphenotype of AD in
a subject, the method comprising detecting in a biological sample derived from the subject the
presence of a SNP that results 1in the amino acid substitution T835M in the amino acid sequence
of UNCSC (SEQ ID NO:3), wherein the subphenotype of AD 1s characterized at least in part by
increased apoptotic activity of UNCSC 1n a biological sample derived from the subject as
compared to one or more control subjects.

The invention further provides a method of predicting the response of a subject to an AD
therapeutic agent that targets UNCSC, comprising detecting in a biological sample obtained
from the subject a SNP that results in the amino acid substitution T835M 1n the amino acid
sequence of UNCSC (SEQ ID NO:3), wherein the presence of the SNP 1s indicative of a
response to a therapeutic agent that targets UNCSC. In an embodiment, the therapeutic agent
targets the UNCSC death domain.

The invention further provides a method of diagnosing or prognosing Alzheimer’s
Disease (AD) in a subject, comprising: (a) contacting a sample from the subject with a reagent
capable of detecting the presence or absence of one or more SNPs selected from the group
consisting of a SNP that results in the amino acid substitution D358 A in the amino acid
sequence of IL6R (SEQ ID NO:1), a SNP that results in the amino acid substitution R206W in
the amino acid sequence of NTF4, and a SNP that results in the amino acid substitution T§35M
in the amino acid sequence of UNCSC (SEQ ID NO:3), and (b) analyzing the sample to detect
the presence of said one or more SNPs, wherein the presence of the one or more SNPs in the
sample indicates that the subject 1s afflicted with, or at risk of developing, AD. In an
embodiment, the method further comprises detecting one or more SNPs selected from the SNPs
listed 1n Table 3.

The invention further provides a kit for carrying out the method, comprising at least one
oligonucleotide detection reagent, wherein the oligonucleotide detection reagent distinguishes
between each of at least two different alleles at the one or more SNP. In various embodiments,

the detecting 1s carried out by a process selected from the group consisting of direct sequencing,
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allele-specific probe hybridization, allele-specific primer extension, allele-specitic amplitication,
sequencing, 5' nuclease digestion, molecular beacon assay, oligonucleotide ligation assay, size
analysis, and single-stranded conformation polymorphism.

In an embodiment, the oligonucleotide detection reagents are immobilized to a substrate.
In a further embodiment, the oligonucleotide detection reagents are arranged on an array.

The invention further provides a method of diagnosing or prognosing Alzheimer’s
Disease (AD) in a subject, comprising: (a) contacting a sample from the subject with a reagent
capable of detecting the presence or absence of one or more amino acid substitutions selected
from the group consisting of the amino acid substitution D358A in the amino acid sequence of
IL6R (SEQ ID NO:1), the amino acid substitution R206W 1n the amino acid sequence of NTF4,
and the amino acid substitution T835M in the amino acid sequence of UNCSC (SEQ ID NO:3),
and (b) analyzing the sample to detect the presence of said one or more amino acid substitutions,
wherein the presence of the one or more amino acid substitutions in the sample indicates that the
subject 1s afflicted with, or at risk of developing, AD.

The invention further provides a kit for carrying out the method, comprising at least one
antibody detection reagent, wherein the antibody detection reagent distinguishes between each
of at least two different amino acids at the one or more amino acid substitution. The invention
further provides a kit for carrying out the method, comprising at least one peptide detection
reagent, wherein the peptide detection reagent distinguishes between each of at least two
different amino acids at the one or more amino acid substitution.

The invention further provides a therapeutic target for the treatment of AD, wherein the
therapeutic target 1s one or a combination of proteins encoded by the genes selected from IL6R,
NTF4 and UNCS5C.

The invention further provides a set of molecular probes for diagnosis or prognosing AD
comprising at least two probes capable of detecting directly or indirectly at least two markers
selected from the group comprising: a SNP that results in the amino acid substitution D358A in
the amino acid sequence of IL6R (SEQ ID NO:T), a SNP that results in the amino acid
substitution R206 W 1n the amino acid sequence of NTF4, and a SNP that results in the amino
acid substitution T835M 1n the amino acid sequence of UNCSC (SEQ ID NO:3), wherein said
molecﬁlar probes are not associated with a microarray of greater than 1000 elements. In an
embodiment, the set of molecular probes further comprises one or more probes capable of

detecting directly or indirectly at least two markers selected from the SNPs listed in Table 3.

BRIEFK DESCRIPTION OF THE FIGURES

Fig. 1 illustrates the strategy used in the APOE modifier screen.
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Fig. 2 1s a Manhattan plot showing the locations across a portion of human chromosome
1 where there was a statistically significant difference between genetic variants in the AD case
samples versus the supercontrols. The lower the p-value, the stronger the association.

Fig. 3 shows the frequency of the T allele of rs4129267, proxy of the C allele of
rs2228145, in unselected Alzheimer’s disease cases (N = 932 individuals) and controls (N = 832
individuals) from the NIA/LOAD study. The frequency of the minor allele 1s stratified by age ot
onset in AD cases and age 1n controls.

Fig. 4 shows an analysis of data from the TGEN project (Webster et al. (2009) Am. J.
Hum. Genet. 84: 445-458). Expression levels of both membrane bound and soluble IL6R 1n the
brains of subjects with AD <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>