wo 2011/120043 A1 I 10KV OO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization ,,/QT‘ES\
ellectual Property /,;‘. ) 0 T 0 DA O 0
. . L. _ S (10) International Publication Number
(43) International Publication Date \,!:,: #
29 September 2011 (29.09.2011) WO 2011/120043 A1
(51) International Patent Classification: (74) Agent: DOBBELAERE, Amy, A.; Novak Druce +
C12Q 1/68 (2006.01) Quigg LLP, City Place Tower, 525 Okeechobee Blvd.,

(21) International Application Number: 15th Floor, West Palm Beach, Florida 33401 (US).

PCT/US2011/030199 (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
28 March 2011 (28.03.2011) CA., CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(25) Filing Language: Enghsh DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(26) Publication Language: English KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
61/317,900 26 March 2010 (26.03.2010) Us NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, 5D,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(71) Applicant (for all designated States except US): UNI- TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
VERSITY OF MIAMI [US/US]; 1475 N.W. 12th Av- . L
enue, Suite 2012, Miami, Florida 33136 (US). (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors; and GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(75) Inventors/Applicants (for US only): PERICAK- ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
VANCE, Margaret [US/US]; 9250 Old Cutler Road, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Coral Gables, Florida 33156 (US). HAINES, Jonathan EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
L. [US/US]; 1609 Knox Dr., Brentwood, Tennessee LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
37027 (US). BUXBAUM, Joseph D. [US/US]; 467 Cen- SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
tral Park West, Apt. 2A, New York, New York 10025 GW, ML, MR, NE, SN, TD, TG).
(US). GILBERT, John [US/US]; 7370 SW 156th St., Published:

Palmetto Bay, Florida 33157 (US). BEECHAM, Gary
[US/US]; 1213 Andora Avenue, Coral Gables, Florida —  with international search report (Art. 21(3))
33146 (US). MARTIN, Eden [US/US]; 7740 SW 176th
Street, Palmetto Bay, Florida 33157 (US). NAJ, Adam
[US/US]; 2850 Coconut Avenue, #15, Miami, Florida
33133 (US).

—  with sequence listing part of description (Rule 5.2(a))

(54) Title: METHODS AND COMPOSITIONS FOR DIAGNOSING AND PREDICTING RISK OF LATE-ONSET
ALZHEIMER'S DISEASE

(57) Abstract: An analysis of genome-wide association in a discovery dataset of 931 cases and 1,104 controls and results from a
replication analysis on the strongest associations (P<10-5) using genotype data from four existing studies totaling 1,338 cases and
2,003 controls identitied SNPs that are associated with late-onset Alzheimer's Disease (LOAD), providing methods, assays,
reagents and kits for predicting a subject's risk of developing LOAD. A typical method of predicting a subject's risk of developing
LOAD includes obtaining a biological sample from the subject; analyzing the biological sample for the presence of at least one
SNP in the MTHFDIL gene; and correlating the presence of the at least one SNP with an increased risk of developing LOAD.
The at least one SNP can be one of the SNPs listed in Table 2 (e.g., one or more of 152075650, 1511754661, 1803424, 152073067,
152072064, 1517349743, and rs803422).



WO 2011/120043 PCT/US2011/030199
1

METHODS AND COMPOSITIONS FOR DIAGNOSING AND PREDICTING RISK
OF LATE-ONSET ALZHBEIMER’S DISEASE

CROSS-REFERENCE TO RELATED APPLICATIONS

0001}  This application claims the benefit of Provisional Application Serial No.

61/317,900 filed March 26, 2010, which is herein mcorporated by reference in its entirely.

FIELD OF THE INVENTION
{3002 The invention relates generally to the fields of genetics and medicine. More
particularly, the invention relates to methods of and biomarkers for diaguosing and predicting

risk of late-onset Alzheimer’s Disease.

BACKGROUND

{30031 Alzheimer Disesse (AD) [MIM 1043001 is a neurodegencrative  disorder
characterized by memory and cognitive impairment affecting more than 13% of individuals
aged 65 years and older {Alzheimer's Association 2009 Alzheimer’s Dsease Facis and
Figures, Washington, D.C.; Hebert et al, Arch Neurol vol. 60:1119-1122, 2003} and
constitutes the most commmon form of deroentia among older adults. While several major
genes contributing to risk of Alzheimer Discase have been identified (APP | PSI, PS2), all
but one (APOE (Saunders et al., Neurology vol. 43:1467-1472, 1993; Corder ot al., Science
vol, 261:921-923, 1993, Suittmatter et al., Proc Natl Acad S¢1 USA vol. 90:1977-1981, 1993)
contributed predominantly to carly-onset forms of AD that cluster within families; other than
APOE, fow consistent association signals have been observed for late-onset AD (LOAD).
Recent estimates of the heritability of LOAD fall between 60% and 80% {(Gatz et al, |
Gerontol A Biol Sci Med Sci vol. S2:M1ET7-125, 1997), However, while APOE sd-alleles
clevate AD risk, only 50% of AD cases carry an APOE ¢4 allele, suggesting genctic factors
elsewhere in the genome contribute to AD risk (Huang et al, Arch Neurol vol. 61:1930-1934,
2004).

(30041 Studics have been conducted that have tested association with LOAD on genome-
wide panels of single nucleotide polymorphisms (SNPs). However, it remains unlikely that
these studies, incorporating cases and controls from nultiple samples with varyving

case/control inclusion criteria, have wentified all loci with modest effect sizes in LOAD,
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SUMMARY

(60051 The mvention relates to the development of reagents and methods for diagnosing
LOAD and for determining a subject’s risk of developing LOAD. Studies locking for genctic
variants across the genome that affect LOAD have had little success identifying genes other
than APOE. Here, an expanded set of AD cases and controls was used to improve the power
to detect genetic vartants driving LOAD risk.  Analyzing 483,399 genetic variants across the
genome in g discovery dataset of 931 cases and 1,104 controls, a strong association to the
marker 1511754661 on chromosome 6 in the gene MTHFDIL was found, in addition to the
highly replicated chromosome 19 APOE association. Adjacent varianis on chromosome 6
were also genotyped in these same cases and controls, and it was found that these variants
were also associated with LOAD. The association was replicated with 1311754661 and
additional SNPs in MTHFDIL in a combined dataset of cases and controls, some from
publicly-available datasets. This finding is mmportant because the gene is known to be
involved in biological pathways influencing levels of homocysteine, a significant risk factor
for AD. Described heremn are methods diagnosing LOAD in an individual and methods of
identifving an individual’s risk of developing LOAD involving the use of SNPs. Examples
of these methods include obtaining a sample from the individual, purifying genomic DNA
from the sample; genotyping one or more single nucleotide polymorphisms SNFs associated
with LOAD (e.g., one or more SNPs in the MTHFDIL gene); and cosrelating the presence of
one or more of the SNPs associated with LOAD with an mcereased risk of developing LOAD
n the individual.

[6006] Accordingly, described herein is a method of predicting a subject’s nisk of
developing LOAD.  The method includes the steps of: obtaining a biological sample from
the subject; analyzing the biological sample (e.g., blood, plasma, scrum, saliva, urine, and
tissuc) for the presence of at least one SNF in the MTHFDIL genc (e.g., an SNP selected
from Table 2); and correlating the presence of the at least one SNP with an increased risk of
developing LOAD. The at least one SNP can be an SNP such as 12075650, rs11754661,
rs803424, 152073067, 2072064, rs17349743, and 15803422, eg, wsi1754661 of
chromosome 6¢25.1, The method can further include analyzing the biological sample for the
presence of a mutation m the APOE gene, and correlating the presence of the at least one
SNF in the MTHFDIL genc and the presence of the mutation in the APOE gene with an
increased risk of developing LOAD. In one embodiment, the method can additionally
include the step of analyzing homocysteine levels in the biological sample and correlating

mncreased lovels of homocysteime and the presence of the at least one SNP in the MTHFDIL
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gone with an increased risk of developing LOAD. The at least one SNP can be two or more
SNPs selected from Table 2.

00071 Also described herein s a method of diagnosing LOAD in a subject. The method
includes the steps of: obtaining a biclogical sample (e.g., blood, plasma, serum, saliva, urine,
and tissue, etc.} from the subject; analyzing the biological sample for the presence of at least
one SNP in the MTHFDIL gene; and correlating the presence of the at least one SNP with a
diagnosis of LOAD in the subject. The at least one SNP can be, ¢.g., an SNP selected from
Table 2. The at least one SNP can be one or more of the following SNPs: 1s2075650,
1511754661, rs803424, rs2073067, rs2072064, vs17349743, and 1803422, ¢.g., 1511754661
of chromosome 6q25.1. The racthod can further include analyzing the biological sample for
the presence of a mufation in the APOE gene, and correlating the presence of the atf least one
SNP in the MTHFDIL gene and the presence of the mutation in the APOE gene with a
diagnosis of LOAD 10 the subject. In one embodiment, the method can additionally include
analyzing homocysteine levels in the biological sample and correlating increased levels of
homocysteine and the presence of the at least one SNP in the MTHFDIL gene with a
diagnosis of LOAD in the subject. The at least one SNP can be two or more SNPs selected
fromn Table 2.Unless otherwise defined, all technical terms used herein have the same
meaning as conumonly understood by one of ordinary skall in the art to which this invention
belongs.

[3008] Farther described herein is a kit for predicting a subject’s nisk of developing
LOAD. A typical kit includes: at least one reagent for analyzing a biological sample from the
subject for the presence of at least one SNP in the MTHFDIL gene; at least one control; and
mstructions for use. The at least one SNP can be an SNP sclected from Table 2. The at least
one SNP can be one of the following SNPs: 152075650, rs117534661, rs803424, 132073067,
182072064, rs17349743, and rs803422, e.g., 1s11754661 of chromosome 6gZ23.1.

HHELY As used herein, “protein” and “polypeptide” are used synonymously to mean any
peptide-linked chain of amino acids, regardiess of length or post-translational modification,
e.g., glycosviation or phosphorylation.

[0001D] By the term “gene” is meant a nucleic acid molecule that codes for a particular
protein, o fu certain cases, a functional or structural RNA molecule,

000111  As used herein, 2 "nucleic acid” or a "nucleic acid molecule” means a chamn of
two or more nucleotides such as RNA (ribonucleic acid) and DNA (deoxyribonucleic acid),
{6018} As used herein, an "allele™ may refer to a nucleotide at a SNP position {wherein at

least two alternative nucleotides are present in the population at the SNP position, in
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accordance with the inherent definition of a SNP) or, for ¢SNPs, may refer to an amino acid
residue that is encoded by the codon which contains the SNP position (where the alternative
mucleotides that are present 1n the population at the SNP position form aliemative codons that
encode different amino acid residues). An "allele" may also be referred to herein as a
"variant”. Also, an amino acid residue that is encoded by a codon containing a particular SNP
may simply be referred to as being encoded by the SNP,

10011} The term, "complementary” means that two sequences are complementary when the
sequence of one can bind to the sequence of the other in an anti-parallel sense wherein the 3'-
end of each sequence binds to the 5-end of the other sequence and cach A, T(U}, G, and C of
ane sequence s then aligned with a T(U), A, C, and G, respectively, of the other sequence.
({3012 The term "complementary sequence” as it refers to a polynucleotide sequence, relates
to the base sequence in another nucleic acid molecule by the base-pairing rules. More
particularly, the term or like term refers to the hybudization or base pairing between
nucleotides or nucleic acids, such as, for instance, between the two strands of a double
stranded DNA molecule or between an oligonucleotide primer and a primer binding site on a
single stranded nucleic acid to be sequenced or amplified. Complementary nucleotides are,
generally, A and T {or A and U}, or C and G. Two single stranded RNA or DNA molecules
are said to be substantially complementary when the nucleotides of one strand, optimally
aligned and compared and with appropriate nucleotide insertions or deletions, pair with at
least about 95% of the nucleotides of the other strand, usually at least about 98%, and more
preferably from about 99 % to about 100%. Complementary polynucleotide sequences can be
identified by a variety of approaches including use of well-known computer algorithms and
software, for example the BLAST program.

[0613] The terms "biomarker™ and "genetic marker” and "marker” are used interchangeably
herein and as used herein refer to 3 region of a nucleotide sequence (e.g., in a chromosomnme}
that is subject to variability (t.¢., the region can be polymorphic for a variety of alleles). For
exarnple, a SNP 10 a nucleotide sequence is a biomarker that is polymorphic for two alleles.
Other examples of biomarkers of this mvention can include but are not limited 1o
microsatellites, restriction fragment length  polymorphisms (RFLPs), repests (e,
duplications), msertions, deletions, eic,

0014/ By the phrases "risk genes,” "nisk genes for discases,” and "disease loci” is
meant genetic variants that confer an increased likelihood of developing disease.

(3015} The terms "arrays,” "microarrays,” and "DNA chips® are used herein

nterchangeably to refer to an array of distinct polynucleotides atfixed to a substrate, such as
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glass, plastic, paper, nylon or other type of membrane, filter, chip, or any other suitable sohid
support. The polynuclestides can be synthesized directly on the substrate, or synthesized
separate from the substrate and then atfixed to the substrate. Microarrays can be prepared and
used by a number of methods, including those described in U.S. Pat. No. 5,837,832 (Chec et
al.), PCT application W(95/11995 (Chee et al.}, Lockhart, D J. et al. (Nat. Biotech. 14:1675-
1680, 1996) and Schena, M. et al. (Proc. Natl. Acad. Sci. 93:10614-10619, 1996), all of
which are incorporated herein in their catirety by reference. In other embodiments, such
arrays can be produced by the methods described by Brown et al., U.S. Pat. No. 5,807,522,
0016} By the terms "genomewide association study” and "GWAS” is meant a study
of genetic variation across the entire humsan genome designed to identify genctic association
with observable traits or the presence or absence of a disease.

({3017 As used herein, the term “convergence study” means an evidence-based
evaluation of multiple independent experimental methods that substantiate the role of a gene
in discase.

{6018} The terms "patient,” "subject” and "individual® are used interchangeably
herein, and mean a mammalian (e.g., human) subject to be diagnosed and/or treated and/or to
abtain a biclogical sample from.

j3619] Although methods and reagents similar or eguivalent to those described
herein can be used in the practice or testing of the present invention, suitable methods are
described below.  All publications, palent applications, and patents mentioned herein are
mncorporated by reference n their entirety. In the case of contlict, the present specification,
including definitions, will control.  The particular embodiments discussed below are

ithustrative only and not mntended to be Himiting.

BRIEF DESCRIPTION OF THE DRAWINGS

{30281 FIG. 1 s a pair of Quantile-Quantile plots for 483,399 single SNP fests of
association. Plots depict expected versus observed —/og10 P-vahies for 483,399 single SNP
tests of association (in 931 LOAD cases and 1,104 cognitive controls, with adjustment for
principal componenis as covariates for population substructure). Plot A includes the most-
strongly associated SNPs within the APOE locus, whereas plot B excludes the three most-
strongly associated SNPs for clarity.,

{60211 FIG. 2 is a Manhattan plot of SNP associations in MTHFDIL, on
chromosome 6 between 151.2Mb and 151.3Mb. Plot of -logl0 P-values for single SNP tests

of association with LOAD with adjustment for population substructure for the chromosome 6
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region from [S1.2Mb to 151.3Mb in MTHFDIL. Blue circles depict results for SNPs
examined as part of genomewide association festing, whereas the green circle depicts the
genome wide significant association of wsl11754661 and the green imangles show the
association resulis of the additional six SNPs proximal to rs11754661 genotyped on the
Tagman platform. The orange line below the x-axis depicts the exons (thick line) and introns
{thin hine) of the MTHFDIL, ovtented 37 fo 37 from left to right.

16022} FIG. 3 is a pair of plots of —Jog10 P-valucs for 483,399 single SNP tosts of
association (in 931 LOAD cases and 1,104 cognitive controls, with adjustment for principal
componenis as covariates for population substructure). Plot A ncludes association results
from all SNPs within the APOF locus, whereas plot B excludes the three most-strongly
associated SNPs for clarity,

[3023] FIG. 4 shows an LI (Plot A: 1’, Plot B: ) between 130 SNPs genotyped in
931 cases and 1,104 controls in and around the gene MTHFD/L (= 50 kilobascpairs). The
SNP with the most significant association, r1s11754661, is highlighted with a blue arrow m

the diagram below.

DETAILED DESCRIPTION

16241 Described herein are results from an analysis of genome-wide association in
a discovery dataset of 931 cases and 1,104 controls and results from a replication analysis on
the strongest associations (P<107) using genotype data from four existing studies totafing
1,338 cases and 2,003 controls. As described n greater detail in Example 1, SNPs were
identified that arc associated with LOAD, providing methods, assays, reagents and kits for
predicting a subject’s risk of developing LOAD. A typical method of predicting a subject’s
risk of developing LOAD mchudes obtaining a biclogical sample from the subject; analyzing
the biological sample for the presence of at least one SNP in the MTHFDIL gene; and
correlating the presence of the at least one SNP with an increased risk of developing LOAD.
The at least one SNP can be one of the SNPs listed in Table 2 (.2, one or more of
12075630, rs1 1734661, 15803424, rs2073067, ve2072064, rs17349743, and rs03422).

[6025] The below described preferred embodiments ilustrate adaptations of these
methods,  Nonetheless, from the description of these embodiments, other aspects of the
mvention can be made and/or practiced based on the description provided below,

Biological Methods
{3026} Methods involving conventional molecular biology techniques are described

herem.  Such techniques are generally kvown m the art and are described i detail in
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methodology treatises such as Molecular Cloning: A Laboratory Manual, 3rd ed., vel. 1-3,
ed. Sambrook ef al,, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NUY ., 2001,
and Current Protocols in Molecular Biology, ed. Ausubel ot al,, Greene Publishing and
Wiley-Interscience, New York, 1992 (with periodic updates). Genotyping techniques and
SNP analysis methods are generally known in the art and are described in detall in
methodology treatises such as Genetic Analysis of Complex Disease by Jonathan L. Haines
and Margaret A, Pericak-Vance, 2% ad. 2006, Wiley-Liss Publishing, Hoboken, NJ; and
Single Nucleotide Polymorphisms Methods and Protocols (Methods in Molecular Biology)
by Pui-Yan Kwok, 1* ed., 2002, Humana Press, New York, New York. Genome-wide
associafion studies are reviewed in Pearson and Manolio, JAMA vol. 299:1335-1344, 2008,
A human haplotype map of over 3.1 million SNPs is described in Infernational HapMap
Consortium et al., Nature vol. 449:851-861, 2007,
Biomarkers and SNPs

10027} In the experiments described herein, biomarkers were identitied as being
associated with risk of LOAD and include SNPs which demonstrated strong association with
LOAD risk. In a typical embodiment, a biomarker for predicting LOATD inclades at least one
SNF on chromosome 6g25.1 and/ or at least one SNP set forth as: rs2073650, rs11754661,
13803424, 132073067, 152072064, 117349743, and 158034272, variants, mutants, alleles or
complementary sequences thereof. In some embodiments, a biomarker for predicting LOAD
includes at least one SNP from Table 2. One example of a method of dentifymg the risk of
developing LOAD or diagnosing LOAD in a patient includes identifying in a patient a
biomarker st including at least one SNP on chromosome 6q25.1 and/ or at least one SNP st
forth as: 2075650, rs11754661, rs803424, 152073067, 2072064, rs17349743, and
13803422, The biomarkers of this invention can be used individually or in combination,
Thus, in some embodiments, a method of predicting a patient’s risk of developing LOAD
includes identifying one of the SNPs described herein in a sample from the patient, while in
other embodiments, a method of predicting a patient’s risk of developing LOAD imchudes
wdentifying two or more of the SNPs described herein.

[6028] The coexistence of multiple forms of a genetic sequence gives rise to genetic
polymorphisms, inchuding SNPs. SNPs are single base positions in DNA at which different
alicles, or alternative nucleotides, exist i a population, and are the most common form of
genctic variation in the genome. The SNP position {(interchangeably referred to herein as
SNP, SNP site, SNP locus, SNP marker, biomarker or marker) is usually preceded by and

tollowed by highly conserved sequences of the allele {e.g., sequences that vary in less than
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100 or 171000 members of the populations). An individual may be homozygous or
heterozygous for an allele at each SNP position. Tn some erabodiments, an SNP is referred to
as a "cSNP" to denote that the nucleotide sequence containing the SNP s an amino acid
coding sequence.

[6029] A SNP may arise from 2 substitetion of one nucleotide for another at the polymorphic
site. Substitutions can be transitions or transversions. A transition is the replacement of one
purine nucleotide by another purine mucleotide, or one pyrimidine by another pyrimidine. A
transversion is the replacement of a purine by a pyrimidine, or vice versa. A SNP may also be
a single base msertion or deletion variant reterred to as an "indel” (Weber et al,, Am. J. Hum,
Genet. 71:854-62, 2002).

[3030] As used herem, references to SNPs and SNP genotypes inchlude individual SNPs
and/or haplotypes, which are groups of SNPs that are generally inherited together.
Haplotypes can have stronger correlations with diseases or other phenotypic effects compared
with individual SNPs, and therefore may provide incrcased diagnostic accuracy in some cascs
{Stephens et al., Science 293, 489-493, 2001}, Causative SNPs are those SNPs that produce
alierations in gene expression or in the expression, structure, and/or function of a gene
product, and therefore are most predictive of a possible chinical phenotype. One such class
includes SNPs falling within regions of genes encoding a polypeptide product, t.e. cSNPs.
These SNPs may result in an alteration of the amino acid sequence of the polypeptide product
(1.2., non-synonymous codon changes) and give rise to the expression of a defective or other
variant protein. Furthermore, in the case of nonsense nuitations, a SNP may lead to premature
termination of a polypeptide product. Such variant products can result in a pathological
condition, ¢.g. genetic disease.

[0631] Causative SNPs do not necessarily occur i coding regions; causative SNPs can occur
in, for example, any genetic region that can ultimately affect the expression, structure, and/or
activity of the protein enceded by a nucleic acid. Such genetic regions mchude, for example,
those involved in transcription, sach as SNPs in transeription factor binding domains, SNPs
in promoter regions, in areas involved in franseript processing, such as SNPs at intron-exon
boundaries that may cause defective splicing, or SNPs in mRNA processing signal sequences
such as polvadenylation signal regions. Some SNPs that are nol causative SNPs nevertheless
arg m close association with, and therefore segregate with, a disease-causing sequence, In this
situation, the presence of a SNP correlates with the presence of, or predisposition to, or an
increased risk in developing the disease. These SNPs, although not causative, are nonctheless

also useful for diagnostics, disease predisposition sereening, and other uses.
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(0832} An association study (e.g, GWAS} of a SNP and a specific disorder involves
determining the presence or frequency of the SNP allele in biological samples from
individuals with the disorder of interest, such as neurodegenerative discase, and comparing
the information to that of controls {i.c., individuals (subjects} who do not have the disorder;
controls may be alse referred to as "healthy™ or "normal” individuals (subjects}) who are
preferably of similar age and race. The appropriate selection of patients and controls is
important to the success of SNP association studics. Therefore, a pool of individuals with
well-characterized phenotypes is desirable.

[0033] A SNP may be screened in diseased tissue samples or any biological sample obtaimed
from a discased individual, and compared to control samples, and selected for its increased
{or decreased) occurrence i a specific pathological condition, such as pathologies related to
neurodegenerative disease {e.g., LOAD}. Once a statistically significant association is
established between one or more SNPs and a pathological condition {or other phenotype) of
interest, then the regions around the SNPs can optionally be thoroughly screened to identify
the causative genetic locus or sequences (¢.g., the causative SNP/mutation, gene, regulatory
regton, ete.) that influences the pathological condition or phenotype. Association studies such

as GWAS arc gererally conducted within the general population, in contrast to studies

performed on related individuals in affected families (linkage studies).
GWAS and Genomic Convergence

(6034} Described herein are SNPs associated with LOAD that were identified by
methods mvolving GWAS and genomie convergence studies, GWAS use high-throughput
genotyping technologies 1o assay hundreds of thousands of the most common form of genetic
variant, the SNP, and relate these vaniants to discases or health-related traits. With the advent
of GWAS and genome-wide expression studies, the entire genome can now bhe 1nterrogated
with increased resolution, and increased power to defect disease loci for common diseases. A
typical GWAS genotypes 300,000 to one million SNPs and has four parts: selection of a large
number of mdividaals with the disease or trait of interest and a auitable comparison group;
DNA isolation, genotyping, and data review to ensure high genotyping quality; statistical
tests for associations between the SNPs passing quality thresholds and the disease/trait; and
replication of identified associations in an independent population sample or examination of
functional implications experimentally. GWAS have already been completed for a variety of
complex genctic diseases with varying degrees of success (Maragonore ot al., Am. J, Hum,

Genet. 77:685, 2005; Herbert et al, Obesity 14:1454, 2006; Duerr et al., Science 2006;
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Libioulle et al., PLoS Genet 3: eS8, 2007). Two published GWAS have examined LOAD
{Coon et al,, L. Clin. Psychiatry 68:613, 2007; Li ¢t al,, Arch. Neurol. 65:45, 2008).
(3035 Genomic convergence 1s the combining of results from multiple sample scts
and multiple genomic technologics to further facilitate the dissection of LOAD and other
complex diseases. This convergence across multiple studies effectively increases sample
sizes, decreases false-positives, and adds layers of replication to the inifial results, This
allows the detection of consistent effects that may otherwise be lost in the flood of statistical-
genomic data,

Methods of Predicting Risk of Developing LOAD
{00361 In the methods described herein, the detection of a biomarker {e.g., one or
more of the SNPs described herein associated with a risk of developing LOAD) m a subject
can be carried out according to methods well known in the art. For example DNA is obtained
tfrom any suitable sample from the subject that will contain DNA, preferably genomic DNA,
and the DNA is then prepared and analyzed according to well-established protocols for the
presence of biomarkers. In some embodiments, analysis of the DNA can be carried out by
amplification of the region of mterest according to amphification protocols well known in the
art {e.g., polvmerase chain reaction, ligase chain reaction, strand displacement amplification,
transcription-based amplification, self-sustained sequence roplication (38R), Qf replicase
protocols, nucleic acid sequence-based amplification (NASBA), repair chain reaction (RCR}
and boomerang DNA amplification (BDA)). The amplification product can then be visualized
direetly in a gel by staining or the product can be detected by hybridization with a detectable
probe. When amplification conditions allow for amplification of all allelic types of 2
biomarker, the types can be distinguwished by a variety of well-known methods, such as
hybridization with an allele-specific probe, sccondary amplification with allele—specific
primers, by restriction endonuclease digestion, or by clectrophoresis. Also described herein
arc oligonuciectides for use as primers and/or probes for detecting and/or identifying
biomarkers according to the methods described herein
10037) A typical method of predicting a subject’s tisk of developing LOAD
inchides obtaining a biclogical sample from the subject; analyzing the biological sample for
the presence of at least oue SNP in the MTHFDIL gene; and correlating the presence of the
at least one SNP with an increased risk of developing LOAD, The at least one SNFP can be
one of the SNPs listed in Table 2 {c.g., one or more of rs2075650, 111754661, rsB03424,
152073067, 132072064, rs17349743, and rs803422). In some embodiments, the af least one

SNP is the at least one SNP 1s rs11754661 of chromosome 6¢25.1, The method can further
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inchide analyzing the biological sample for the presence of a mutation in the APOE gene, and
correlating the presence of the at least one SNP in the MTHFDRIL gene and the presence of
the mutation in the APOE gene with an increased risk of developing LOAD. Additionally or
alternatively, the method can mclude analyzing homocysteine levels in the biological sample
and correlating increased levels of homocysicine and the presence of the at least one SNP in
the MTHFDIL gene with an increased risk of developing LOAD. Typically, an increased
risk is relative to the risk in an individual who does not have the at least one SNP in the
MTHFDIL gene.

{0038} Any suitable biological samples can be used to obtamn DNA for genotyping,
Typical sources of DNA melude ammiotic fluid, serum, blood, buccal cells, urine, whole
genome amplified DNA, plasma, cells, and tissue {e.g. brain}. Any suitable platform or
method of genotyping a plurality of samples can be used. A platform is a series of arrays or
chips on which high-throughput genotyping is performed. Several genotyping platforms are
commercially avatlable, including those from Affymetrix, [llumina, and Perlegen. For
example, one can use lHhumina’s Infinium I assay on the HumanHap330 Beadchip to
genotype over half a million SNPs in each case and control participant.

(60391 All genes, gene names, and gene products disclosed herein are infended to
correspond to homologs from any species for which the compositions and methods disclosed
herein are applicable. Thus, the terms include, but are not limited o, genes and gene products
trom hurnans and mice. It 1s understood that when a gene or gene product from a particular
species is disclosed, this disclosure s mitended to be exemplary only, and s not to be
interpreted as a limitation unless the context in which it appears clearly indicates. Thus, for
example, tor the genes disclosed berem, which i some embodiments relate to mammalian
mucleic acid and amino acid scquences are infended fo encompass homologous and/or
orthologous genes and gene products from other animals including, but not limited to other
mammals, fish, amphibians, reptiles, and birds. In preferred embodiments, the genes or

nucleic acid sequences are human.

EXAMPLES
{30401 The present invention 15 further illustrated by the following specific
examples. The examples are provided for illustration only and should not be construed as

limiting the scope of the invention in any way.
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Example 1 ~ Novel Chromosome 6 Locus for Late-Onset AD Provides Genetic Evidence for
Folate-Pathway Abnormalities

(60411 Genome-wide association studies (GWAS) of LOAD have consistently
observed strong evidence of association with polymorphisms in APOE, however, until
recently, variants at fow other loct with statistically significant associations have replicated
across studies.  The present study combines data on 483,399 SNFs from a previously-
reported GWAS of 492 LOAD cases and 496 controls and from an independent set of 439
LOAD cases and 608 controls to strengthen power to identify novel genetic association
signals. Associations exceeding the experiment-wide significance threshold {u=1.03x107)
were replicated i an additional 1,338 cases and 2,003 controls. As expected, these analyses
unequivocally confirmed APOE’s risk effect (rs2075650, P=1.9x107%). Additionally, the
SNP 1311754661 at 151.2Mb of chromosome 6q25.1 in the gene MTHFDIL (which encodes
the methylenetetrahydrofolate dehvdrogenase (NADP+ dependent) 1-like protein) was
significantly associated with LOAD (P=4.70210-8;  Bonferroni-corrected P=0.022)
Subsequent genotyping of SNPs in high linkage disequilibrium (r2 > 0.8} with 111754661
identified statistically sigmificant associations in multiple SNPs (13803424, P=0.016;
152073067, P=0.03; rs2072064, P=0.033), reducing the lkelihood of association due to
genotyping error,  In the replication case-control s¢t, an association of 11754661 was
observed in the same direction as the previous association at P=0.002 (F=1.90x10"" in
combined analysis of discovery and replication sels), with associations of similar statistical
significance at soveral adjacent SNPs (1817349743, P=0.005; 803422, P=0004). In
summary, a novel statistically significant association in MTHFDIL, a gene tnvolved in the
tetrahydrofolate synthesis pathway, was observed and replicated. This finding is noteworthy,
as MTHFDIL may play a role m the generation of methionine frore homocysteine and
influence homocysteine-related pathways, and levels of homocysteine are a significant risk
factor for LOAD development.

[0042] MTHFDIL i3 an excellent candidate for predicting LOAD risk on account of
its involvement in folate-pathhway sbnormalities linked with homocysteine.  Detection of
abnormalities in the folate-pathway linked with homocysteine may be used as an index {e.g.,
a panel of biomarkers) to predict the probability of developing LOAD. Thus, high
homocystetne levels can be used in the methods described herein as a biomarker to predict
the mereased risk of LOAD, The aging population may find particular use for this biomarker
in predicting a risk of developing LOAD. In some embodiments, this biomarker may be used

for diagnosing LOAD in a subject.
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Resulis
Drataset Characteristics
[3043] Table 1 depicts the demographic characteristics of the case and control

samples examined in mitial association analyses. We examined 931 LOAD cases, average
age 74.4 years at onset (standard deviation: £ 8.1 years), and 1,104 cognitive conirols,

~1

average age 73.8 years at exam (= 7.8 years) (Table 1). Cascs were 64.5% female, while

controls were 61.9% female.

Table 1. Demographic characteristics of participants in the study sample (Mean + SD or
Number (Percent)).

All Cascs Controls
Number of subjects 2,036 931 1,104
Females (%) 1,284 (63.0%) 601 (64.5%) 683 (61.9%})
Age-at- onset leases] (yr)/
Age-at-exam [controls]
{yr} - 74.4+8.1 73.8+£7.8
APOE =4 carrier status
/- carriers {0 copies) 1223 (60.1%) 399 (42.8%) 824 (74.6%)
ed/-- carriers {1 copy) 629 (30.9%3  398(42.7%) 231 {20.9%)
ed/ed carriers (2 copics) 4 {7.1%) 127 (13.6%3 17 {(1.5%;
carrier status missing 40 (2.0%) 3 (0.9%) 32 ¢2.9%)

*Percentage of successfully genotyped SNPs among those attempied.

GWAS Results

{0044} 11 SNPs had association p-values (P) <107 after adjustment for population

substructure (Table 2; P<107 tn Tables 3 and 4; all association results in FIG, 3),
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{8045} Table 2 shows the strongest associations (P<I10-5) from a GWAS of late-
onset Alzbeimer IDhsease.  Single nucleotide polymorphisms (SNPs)  demonstrating
association with late-onset Alzhemmer Disease at P<I0-3 m association iests adjusting for
covartates from principal components capturing population substructure, evaluated in the
Discovery genome-wide association study (GWAS) dataset of 931 independent cases and
i,104 independent cognitively normal controls, in the Replication GWAS dataset of 1,242
independent cases and 1,737 independent controls, and in the Combined GWAS dataset of
2,174 cases and 2,181 controls.

160461 Table 3 shows 3NPs demonstrating associalion with late-onset Alzheimer
Discase at P<i0™ in association tests adjusting for covariates from principal components
capturing population substructure, evaluated in the Discovery genome-wide association study
(GWAS) dataset of 931 independent cases and 1,104 independent cognitively normal
controls, n the Replication GWARS dataset of 1,242 ndependent cases and 1,737 independent

controls, and in the Combined GWAS dataset of 2,174 cascs and 2,181 controls.

{80471 Table 4 shows genotyped and imputed SNPs demonstrating association with
latc-onset Alzheimer Disease at P<I187 in association iests adjusting for covariates from

principal components capturing population substructure, evaluated in the Discovery genome-
wide association study (GWAS) dataset of 931 independent cases and 1,104 independent
cognitively normal controls, in the Replication GWAS dataset of 1,242 independent cases
and 1,737 independent controls, and in the Combined GWAS dataset of 2,174 cases and
2,181 controls.

048] Although the SNPs defining the APOF €2, £3, and &4 alieles, 1429358 and
rs7412, were not included on our genotyping platforms, we independently genotyped these
SNPs and tested the association of APOF 4 with LOAD risk (OR (95% CIy: 418 (3.51,
497y, P=5.49x107%. SNPs adjacent to the APOF haplotype on chromosome 19 otherwise
demonstrated the highest associations observed, with the peak association being 32075650
with P=1.90x107° confirming the expected effect of APOF on LOAD risk in this sample.
The roost significant non-APOE SNP in our previous GWAS (Beecham ot al,, Am J Hum
Genet vol, 84:35-43, 2009) (Table 5) was 1511610206 on 12¢13 (45,92 Mb} with P=1 43x1¢
® in this study, this SNP was still strongly associated with LOAD (OR (95% CI): 0.67 (0.54,

0.85); P=7.70x 10", but not with experiment-wide siatistical significance.
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(60491 Table 5 shows the results from a follow-up of the strongest associations
reporied in the Beecham et al, (Am J Hum Genet vol, 84: 35-43, 2009) GWAS of late-onsct
Alzheimer Disease. 32 SNPs demonstrating the sfrongest association with late-onset
Alzheimer Disease at P<107 in the Beecham et al. (Am J Hum Genet vol. 84:35-43, 2009}
GWAS of late-onset Alzheimer’s Disease, tested here for association with adjustment for
covariates from principal components capturing population substructure, cvaluated in the
Discovery genome-wide association study {GWAS) dataset of 931 independent cases and
1,104 mdependent cognitively normal controls,

{00501 The SNP rsl 1754661, located at 151.2Mb of chromosome 6g25.1 m the
gene MTHFDIL, was significantly associated with LOAD (P=4.70x10; Bonferroni-
corrected P=0.022). To ensure that this association was not spurious due to differences
between subsets of geunotyped samples, we performed several post-hoe quality control
analyscs. We examined clustering plots from genotype calling by platform fo determine if
misclassification could have affected the associations observed for the top 11 SNPs with
P<107, and observed discrete clustering by genotype for alf 11 SNPs. We found no evidence
of a difference m genotype frequencies among controls across subsets by genotyping

platform (Fisher's exact test #=0.71) or by study center (Fishers exact test #=0,95, Table 6).
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10051 ] Table 6 shows genotype frequency distributions and differences in three
subsets of 2 GWAS dataset for SNPs with strong associations with late-onset Alzheimer
Discase. Genotype counts, P-values for Hardy-Wemberg Equilibrium (HWE), and P-values
for differences m genotypic distribution from a Fisher's Exact Test (FET}) comparing controls
in SNPs with strong associations with late-onset Alzheimer Disease in three subsets of a
GWAS dataset: cogmitively normal controls from the previously-published Beecharn et al.
(Am § Hum Genet 84:35-43, 2009) study (“Beecham ot al. controls”) , cognitively normal
controls recruited after the Beecham et al. (Am J Hum Genet 84:35-43, 2009) study (“New
AD Controls™), and cogntively normal controls consented for multiple genetic studies whose
recruitment was funded through the Udall Parlanson’s Disease Collaboration ("Udall
Controls”).

180521 We also examined differences in dataset characteristics including variation
n age, sex, and APOE 24 genotype distributions, and found himited differences between
subsets by study center, autopsy- or chinical-confirmation of case or control status, and by

genotyping platform (Table 7).
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{0053 Table 7 shows demographic characteristics of participants, subsetted by
study center, autopsy or clinical confirmation of case or conirol status, and by genotyping
platform (Mean = SD or Number (Percent)).

{3054 Subsequently, we examined the first hundred principal componcents
gencrated from EIGENSTRAT to determine if any of the principal components were
associated with both differences in genotyping platform subset and disease status at P<0.08
as markers of potential systematic bias. While two principal components other than those
used to adjust for population substructure showed association with both genotyping platform
subset and LOAD, additional adjustment for these primcipal components did not change the
sirength of association between 1511734661 and LOAD. Models further adjusting for age,
sex, and APOF ¢4 carrier status (+/-} (Table 8) only marginally dinunished the effect size and
statistical significance of the association of rs11754661 with LOAD (adjustment for age and
sex, OR (95% CT): 2.03 (1.56, 2.64), P=1.42x107; adjustment for age, sex and APOFE &4 (+/-
%, OR (95% Cly: 2.0F (1.51, 2.67), P=1.64x16).
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[0055] Table 8 shows changes in effect size and p-value with additional covariate
adjustment for age, sex, and presence/absence of the APCE e4 allele for SNP associations
demonstrating P<107 in preliminary analyses of latc-onset Alzheimer Disense.  SNPs
demonstrating association with late-onset Alzheimer Disease at P<10” as identified in Table
2, here showing resuits from logistic regression modeling with (1) no additional covariate
adjustment, (2} additional covanate adjustment for age-at-onset {years, in cases only) and
age-at-cxam {years, in controls only) and sex, and (3} additional covariate adjustment for age-
at-onset {years, in cases only} and age-at-exam (years, in controls only); sex; and presence
presence/absence of the 4PCE ¢4 allele.  All models include, at minimum, covariate
adjustment for principal components capturing population substructure,

HEIRGY Furthermore, we coxamined the associations in 4 SNPs i linkage
disequilibrium (LD} (FIG. 4} of D>0.8 with rs11754661, which demonstrated variable
patterns  of association with LOAD (Figure 2; 132839947, P=0.0479; 11757561,
P=0.000684; rs2073066, P=0.768; rs13201018, P=0.185). It should be noted that due to the
low minor allele frequency (MAF) of 1511754661 (MAF = 0.07), only one of these SNPs,
1511757561 (MAF=0.20), had an #* > 0.10 ("=0.23). This SNP had a similar direction of
association as rsl 1754461 (OR (95% CTy: 131 (112, L.33)).

13657} Based on the pattern of LD m the vicinity of 1511754661, we examined
several haplotypes of MTHFDIL which included this SNP to identify potential markers for
uniyped variants associated with LOAD. Two haplotypes (the first cornprising 152073066~
rs11754661-rs13201018, the sccond comprising  rs2839947-r51 1757561 -rs2073066-
rs11754661-rs13201018) both containing the risk-increasing A allele of 1311754661 had
highly statistically sigruficant associations similar to the genotypic association of rs11754661
(P=4.60x10™ and P=6.54x10°, respectively) (Table 9). Both baplotypes had similar
frequencics (MHF) to the A allele of rs11754661 (MHF=0.0696 and MHF=0.062%,

respectively}.

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/030199

WO 2011/120043

48

oney SPRO = ¥ wx

Anuonbar] = borg .

CPLEYELISE-RI0T0TEISE - [9OPCL T I8 ~990E 0TS - 19SLS LTSI ~LPB6ERTSE ~GLLPAP( 182

~LTOLEEEST ~6RELTPLIST -06R8PLLISE ~COPLORST ~LOPTOSST ~19FL 16951 -0IHCORST ~LTLOTYLISI~6ZF8 oLl 7 odfordeyy popusnyg
SIOTOZETSE - 199PCL TS 0000 LOTSI-TOSLSL T IS ~LpaserTsd 1] sddjopdeyy papuoiny |

195L5L 1181 ~Lp66E8Ts1 (T adfjordeyy

QTOTOTCISE-199PCLT 181 -900¢L07sT 1] ed&ojdeyy |

(T:ON {1:0ON -

. . a1 Ods) ) . o s a1 OHEsS) P
{ £ Z0 g 907 3 . <110 / sd&oids
o000 £ RIZO'0 VYOO SOT000°0 1§°¢ 1100 OVYYDOYY mm\ﬂzwﬁ_w
DYVOVYYDD OYOVYVHDH
sb

CTLO0 1L8°0 6750 VOYVY {-DIXPS9 60°C 6790°0 VYYDD sdAjopder]
PEPUSIYH

e
SG0 7880 () Yy POO0a0 FA | 0 55 ad @Qawm
LEIGO 1€8°0 P90 VDY OTxO9Y €07 96900 LA AY adiorde

& 220 Y ] FOHY & 2280 2 E FRY 3
UOUTII0SSY JdAejde ] 18530005 PUGISE WOIRIR0sS Y 3idAoideyy 1838u0.0y diyopdugy
6 OB L

SUBSTITUTE SHEET (RULE 26)



WO 2011/120043 PCT/US2011/030199
49

{HIRLY Table 9 shows associations with late-onset Alzheimer Disease of MTHFDIL
haplotypes mcorporating SNP 1311754661, with adjustment for covarniates from principal
components capturing population substructure, evaluated n the Discovery GWAS dataset of
931 independent cases and 1,104 independent cognitively normal controls,

{30591 in order to cnsure that the assoctation we observed at 1311754661 was not
merely due to genotyping error, we genotyped four additional SNPs in MTHFDIL proximal
to and in high LD (¢ > 0.8) with rs11754661. All SNPs but one (rs7765521, P=0.055)
demonsirated  associations with nominal statistical significance (rs803424, P=0.016;
152073067, P=0.030; and 32072064, P=0.035). Figure ! shows the —fegi{-transformed P-
values for single SNP tests of association n the MTHFIDIIL and 50kb flanking region
(151.2Mb-151.3Mb) surrounding the chromosome 6 association signal at 1811754661, among
both SNPs genotyped in the mitial GWAS and those genotyped subsequently.

{060} Association analyses of pooled datasets combining data on 1,242 cases and
§,737 controls confirmed experiment-wide statistically significant associations for SNPs
in/ncar APOF (rephication from P=6 245107 1o P=0.00187) for all but one SNP (rs8106922;
discovery P=310x10"% replication P=0.108) (Table 23, however the direction of association
in the replication was consistent across cach of these SNPs.  The association of the
MTHFDIL SNP 1511754661 in the replication was both statistically significant (P=0.00187)
and showed similar strength and dircction (discovery OR (93%CIy 2.03 (1.58, 2.62)

rephecation OR (95%CT): 2.34 (1.37, 3.98)).

Association in Combined Discovery and Replication Dataseis

{00611 In combined analyses, associations in and around the APOFE locus were
unequivocally strengthened, with the p-values observed ranging from P=318x1077 to
P=4 87x107° . Variation at rs11754461 was strongly associated (P=190x10"") with an
elevated risk of LOAD with OR=2.10 (95% CE 1.67, 2.64). Several adjacent SNPs also
demonstrated nominal associations with simitlar divection of effect, inchuding 311757561
(P=0.000846) with OR=1.31(95% CL: 1.12, 1.53} and rs 12193069 (P=0.0432) with OR=1.25
{95% CL: 1,01, 1.55},

0062} Two SNPs with only modest statistical significance of association 1n the
discovery GWAS demonstrated highly statistically significant association m analyses
combining both discovery and replication datasets {Tables 3 and 4). SNPs 134676049 and
1317034806, located at 109Mb on chromosome 2¢i3, had associations of OR=1.62

(P=1.88x107) and OR=1.61 (P=2.66x10"") respoctively in the discovery dataset. However,
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combining discovery and replication datasets, the SNP associations gained modest strength in
eftect size (OR=1.76 for rs4676049 and OR=1.75 for rs17034806), but the associations now
exceeded the threshold for experiment-wide statistical significance, with P=4.31x107 for
134676049 and P=5 14x10™ for rs17034806.

Methods
Ethics Staternond
{0063 After complete deseription of the study to the subjects, written informed

consent was obtained from all participanis, in agreement with protocols approved by the
institutional review board at each contributing center,

Ascertainment

[0064] Dhscovery dataset cases and controls were clinically ascertained through the
Collaborative Alzheimer’s Project (CAP) comprising the University of Miami Jobn P,
Hussman Institute for Human Genomics (HIHG) and the Vanderbilt University Center for
Human Genetics Research (CHGR), and auiopsy-verified cases and controls were collected
through the Mount Sinai Brain Bank (MSBRB) at the Mount Sinai School of Medicine {sce
{471y, Additional controls were also identified in the National Cell Repository for
Alzheimer's Disease (NCRAD). 266 cases and 643 controls genotyped in the discovery
dataset from the NCRAD, HIHG, and CHGR (Edwards et al., Ann Hum Genet vol. 74:97-
109, 2010) and NCRAD were mdependent from previously published data sets including
those from our group’s previously published GWAS (Beecham et al,, Am J Hum Genet vol.
84:35-43, 2009). All CAP-ascertained cases and controls were recruited and evaluated using
standardized criteria and protocols, and case adjudication in the CAP was performed jointly
by g Clinical Advisory Board (CAB) composed of both HIHG and CHGR members, with
controls evaluated jointly as well.

O All cases and controls from the HIHG, CHGR, and NCRAD met selection
criteria described in the Beecharn et al. study (Beecharn et al,, Am J Hum Genet vol. 84:35-
43, 2009). Brietly, the study was described and writien informed consists were obtained
from all participants, in accordance with institutional review board protocols at each study
center.  Each individual classitied as a LOAD case met the NINCDS-ADRDA erteria for
probable or definitc AD and had an age at onset greater than 60 years of age (McKhann et al,
Neurology vol. 34:936.944, 1984}, as determined from specific questions within the clinical
history answered by a reliable family jnformant or from documented significant cognitive
tmpairment i the omedical record.  Vascular dementta was diagnosed according to

contemporary standards (Roman et al., Neurology vol, 43:250-260, 1993} by the CAB, and
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individuals with confirmed vascular dementia or phenotypic uncertainty were excluded from
analyses. Cognifive controls were mdividuals who showed signs of dementia i clinical
history or upon mferview, and were drawn from spouses, friends, and other biologically
unrelated mdividuals of cases, were frequency-matched by age and gender to the cases, and
were located in the same clinical catchment areas. All cognitive controls were examined, and
none showed signs of dementia in chinical history ot upon inferview. Also, each cognitive
control had a documenied Mini-Mental State Exam (MMSE) score > 27 or a Modified Mini-
Mental State (3MS) Exam score > &7. Chinical history and interview data for NCRAD
controls, inchuding MMSE scores, were made available and collected along with whole blood
for DNA extraction for inclusion m our study.

[3066] 306 cases and 81 controls identified in the MSBB were recently deceased
patients at the Mount Sinai Medical Center in New Yorl, NY, and had affection status
verified through clinical review and bran autopsy. Neither the cases nor controls examined
have been used in previously published studies. Covariates including age at death and sex
were abstracted from reviews of medical charts performed by members of the MSBB.

{0067/ In total, S72 wew cases and 724 new controls were genotyped in this study,
and after quality controls measures, combined with data on 492 cases and 496 controls from
the previous GWAS {18} for analysis. We also had available for replication from the HIHG,
a dataset of 246 cases and 69 cognitively normal controls from a previously described dataset
(Slifer et al., Am J Med Genet B Neuropsychiatr Genet vol. 141B:208-213, 2006).
(Genotyping

{0068] We extracted DNA for individuals ascertained by the HIHG, CHGR, MSEHEB,
and NCRAD from whole blood by using Puregene chemistry (QIAGEN, Germantown, MD,
USA). We performed genotyping using the Hlumina Beadstation and the [Humina Tnfinium
Human IM beadchip on 530 cases and 393 controls following the recommiended protocol,
only with a more stringent GenCall score threshold of 0.25. Genotyping on 248 controls from
the PO GWAS dataset (Edwards et al., Ann Hum Genet vol. 74:97-109, 2010} was performed
using the Hlumina Infinture Human 610-Quad beadchip. Genotyping efficiency was greater
than 99%, and quality assurance was achieved by the inclusion of one CEPH control per 96-
well plate that was genotyped multiple times. Technicians were blinded to affection status
and quality-control samples. We used Tagroan Genotyping Assays for SNPs +3937/rs429358
and +4075/rs7412 and performed allelic discrimination/genotype calling on the ABI 7900

agman system, the results of which were used o determine . i £2/e3/e4 senotypes.
T ystem, lts of which d to det 4POFE £2/83/e4 genoty
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160691 After excluding samples which failed quality control (described i the next
section} with low genotyping call raies, genotype data was available on 870,954 SNPs (after
quality control) using the Ulumina 1M BeadChip on 440 cascs and 437 confrols, while
genotvpe data on 490,960 SNPs (after quality control) from the [llumina 610Quad BeadChip
was available on 172 controls. Combining these data with the 522,366 SNPs on 492 cases
and 496 controls in our previous GWAS (Beecham ¢t al, Amo J Hum Genet vol, 84:35-43,
2009}, a set of 483,399 SNPs common to all platforms was generated that passed quality
control for each subset individually and in a pooled dataset. The Bonferroni-corrected
threshold for experiment-wide statistical signmificance was thus set al Bonferroni-corrected
&=1.03x107,

Sample Quality Control

{30701 After genotyping, multiple quality controls were performed including
assessmoent of sample efficiency, which is the proportion of valid genotype calls fo atterapted
calls within a sample. Samples with cfficiency less than 9.98 were dropped from the
analysis. Reported gender and genetic gender were examined with the use of X-linked SNPs;
32 mconsistent samples were dropped from the analysis. Relatedness between samples was
tested via the prograro Graphical Representation of Relatedness (GRR) (Abecasis ot al,,
Bioinformatics vol. 17:742-743, 2001), and 3 related samples were dropped from the
analysis,

{071} To determine if popolation substructure exists in the case-control sample, &
set of 10,000 SNPs with MAF > 0.25, sclected for minimal between-SNP linkage
disequilibrium (" < 0.20), and spread evenly across the autosomal chromosomes were
analyzed using the program STRUCTURE (Pritchard et al,, Genetics vol. 155:945-959, 2004,
Pritchard et al., Am J Hum Genet vol. 67:170-181, 2000} (burn v 5,000, iterations: 25,000)
assuning different number of assumed subpopulations (K). The ~log likelthood for K was
maximized at K = 3, suggesting population substructure. Further analysis was performed in
EIGENSTRAT (Price et al, Nat Genet vol. 38:904-909, 2006}, where principal components
analvsis on the sample of 10,000 SNPs was used to generate principal component loadings
for samples and remove outliers by using the top ten principal components over 5 iterations
with a threshold of six standard deviations. The top three principal component loadings were
used as covariates 1o account for population structure in the association analysis,

{6072} Removing genotyped individuals with low genotype call rates, incorrect

reported gender, high relatedness with other samples, and extreme outliers in substructure
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analyses, 440 cases and 608 controls rematned for inclusion in analysis, and were combined
with 492 cases and 496 controls from the previous GWAS.

SNF Quality Control

{36731 Quality control was performed to remove any low quality SNPs. Genotype
clusters were redefined using signal intensities of samples with efficiency greater than 0.98,
and genotypes were recalled on the basis of these new clusters per the manufacturer’s
recommendation, Efficiency of individual SNPs was estimated as the proportion of samples
with genotype calls for a given SNP, and SNPs with efficiency Iess than 0.95 were dropped
from analysis, Due to concemns of low statistical power to delect association, SNPs with
MAF < 0.005 were dropped from analysis.  Hardy-Weinberg Disequilibrium (HWD)
statistics were calculated among contrels with the Fisher’s exact test in the PLINK software

ee {Purcell et al, Am J Hum Genet vol. 81:559-575, 2007); SNPs with P<i0® for

i

packa
HWD were dropped from analysis. In addition, due to concerns with the spurious association
originating from the use of different genotyping platforms on samples in the previous and
current GWAS studies, distributions of genotype frequencies at each SNP i cach study were
examined among controls using a Fisher's exact test, and SNPs with highly-differing
genotype distributions across genotyping subsets (P<.001) were dropped prior to analysis,
After these quality control measures, 483,399 SNPs remained for association analysis,
Association Analysis

[3074] Association analysis was performed using logistic regression fo fest
association of genotypes with LOAD under an additive model. Logistic regression was used
to permit covariate adjustment for loadings taken from the first three principal components
identified in EIGENSTRAT to account for population substructure. Here we report results
from logistic regression models adjusting only for population substructure with principal
components.  Further regression modeling was also performed on SNPs with initial
associations of P<10”, extending models to adjust for APOF genotype (designated as the
number of ¢4 alleles), age-at-onset in cases and age-at-exam in controls, and gender as
covariates (Table 7). All analyses were performed using the PLINK software package
(Purcell et al., Am J Hum Genet vol. 81:559-575, 2007). Quantile-quantile plots of the
associations were made (Figure 1), and suggest the absence of systematic bias m the tests of
association.

Imputation and Replication Analysis

{3075} To provide imdependent replication of the associations observed in the

discovery dataset, genome-wide genotyping data were combined from four additional
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datasets (one unpublished and three publicly-available datasets) and missing genotype data

imnputed using IMPUTE v1.0 (Marchini et al,, Nat Genet vol. 39:906-913, 2007) (Table 10).
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Table 16:
SN Chr  Location U ADRC g:ﬁiiﬁmggigf TGEN
52075650 19 50087459 Geﬂztyp ¢ Imputed Gefgztyp Imputed | Imputed
rs1 57582 g 50088059 Genzlype Imputed | imputed | Imputed | Imputed
rs405509 i9 50100676 Genztype Imputed Gf.ﬂ;gﬁiyp Imputed | Tmputed
58106922 | 19 | 50093506 Gm‘?m Tmputed G“;Wp fmputed | Toputed
SISTSR0 L 19| S0087106 Gﬂ’?’p"* Imputed Gegziyp fmputed | Imputed
1439401 19| 50106291 Ge‘f‘?yp“ Tmputed G‘“;Z*yp Tmputed | Tmputed
1511754661 6 | 151248771 G’m;type Tmputed (392?@ Tmputed | Tmputed
56859 o ooz | SO pmpuied | 9OYP ) pmputed | torputed
SH0402270 | 19 50021054 Ge"‘?ype Gefég“’p G“;Z“p Ga‘;gyp Gef;g‘yp
1s2252811 HY 49862126 Gengiype Imputed | Tmputed | Imputed | Huputed
SETTIS62 L 3| 23633034 Ge”ffype GQQZ‘W fmputed szt}p Ge‘;gw
137699794 4 138565789 Gel'lzfy'p ¢ fmputed | Imputed | Imputed | fmputed
1310005776 4 111235463 Gcngtypc Imputed | Imputed | Troputed | Imputed
rs 12645160 4 160688870 Geng‘rype {mputed Geigryp Imputed | Imputed
1512047155 I 50189517 Geﬂztyp ¢ Imputed | Imputed | Imputed | Imputed
1s65(9916 g 60254214 Genziype Imputed Gélégiyp imputed | Imputed
rs309512 il 105350133 Genz&ype Imputed Ge:;ztyp Imputed | Tmputed
1679670 6 | 138179244 Ge"f;ype Imputed C‘e’;ifyp fmputed | Imputed
15966027 I 58272772 Genziype Imputed | Imputed | Imputed | Imputed
34926825 I 49831163 Genz&ypc Imputed | Imputed | Imputed | Imputed
1244006 | 12| 123481044 G“”“‘;We Tmputed (3“"2‘3“'? Tmputed | Fmputed
15799419 6 | 138180548 Ge“g“’pe {mputed Ge’;‘éw Imputed | fmputed
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15669397 0 105351597 (enolype Imputed Genolyp | Genotyp | Genotyp
d ed ed ed
110225470 7 54155997 u mif‘“v be Imputed u m;zt;v P Imputed | Imputed
r$§074294 | eemny | O f’“‘gwpe Trputed (J“;‘g“'p Tmputed | Troputed
1s1167272 1 49658574 (Imzwe Imputed | Imputed | Imputed | Imputed
17379721 | 50049596 u enzt‘y e imputed | Imputed | Imputed | Imputed
WII028237 11| 19726288 | O Q“‘;WP@ Gei?’p Tmputed | Tmputed | fmputed
] ~ e Genotype Genotyp | Genotyp | Genotyp | Genotyp
ol ¢ i 2 et J b i
157091819 10 60288346 g od o o od
1512083887 I 118683212 Genzityp ¢ fmputed | Imputed | Imputed | fmputed
< . Genotype Genotyp | Genotyp | Genotyp | Genotyp
e i ") ,{)' , R R J /
158113032 t9 60245954 d o o od od
rs 12135821 t 118744972 Uenzrype fmputed | Toputed | Inputed | Tmputed
511131690 3 RIIROD Genotype Genotyp Tmputed (enotyp | Genotyp
d ed ed od
1$1893953 4 160693858 Genotype Imputed | Tmputed | Imputed | buputed
d p i
84676049 2 109001689 Uenz‘fype Imputed Uelzztyp Imputed | Tmputed
‘ﬁ/
sT303876 | 12| swazn479 | O SO mputed (Je’;ffyp imputed | Imputed
151856297 I 49810849 Genziype Imputed | Imputed | Imputed | Imputed
134388744 I 50294161 u enzﬁty e Imputed | Tmputed | Tmputed | Tmputed
1511160238 4 160696507 (jenztyp ¢ Imputed | Imputed | Imputed | Imputed
154489606 I 50287148 Genziype Imputed | Imputed | Imputed | Imputed
1312255607 i 20181408 b enzﬁty be Imputed | Toputed | Imputed | Tmputed
154926814 i som973 | © en‘;type Imputed | Tmputed | Tmputed | Foputed
4926547 | 1| S03193gy | UCIOWRC || Gen0D g Gonolyp | Genotyp
d ed ed ed
rs 11038813 il 465163006 Geﬂzt} be imputed | Imputed | Imputed | Imputed
rs 14153983 I 49703336 (jc—:nztyp ¢ Inputed | Tmputed | Traputed | Tmputed
12975139 12| 16393084 (xengiype Tmputed Gexgziyp Imputed | fmputed
517034806 | 2| 109002337 G""‘ZWW G‘”’zztﬁ’? Ge’;;’*yp Tmputed | Tmputed
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1523015543 ig 6251527 Genziype Imputed | Imputed | Imputed | Impuied
111720720 3 63794510 u mz@ be Imputed | Douputed | Imputed | Imputed
152529491 7 110939870 (jc—:nztyp ° Inputed | Tmputed | Tmputed | Troputed
1s1360873 i3 63489718 (Imzwe Imputed (m}zw imputed | Imputed
&
136957883 7 147870112 (_senzﬁiype imputed | Imputed | Imputed | Imputed
rs1538981 Y 31451361 (jc—:nztyp ¢ Inputed | Tmputed | Imputed | fruputed
151185222 I 49731548 (Ienziype Imputed | Imputed | Imputed | Imputed
131727987 I 49761808 Genzt;v e fmputed | Imputed | Imputed | fmputed
ral08BB66S i 49911493 Gen giype Imputed | Imputed | Imputed | buputed
2030876 | 10| 31003734 | SenOwpe ) | Genotyp  Gendiyp | g | Genotyp
d ed ed ed
1167262 i 49646567 (Jen?;yp ¢ Imputed | Imputed | Imputed | Imputed
1310888679 i 50338853 Gengiype Imputed Gezgi}'p Impuoted | fraputed
IROL6ET | 1| 498697y | UOmOWPe || GEOD g | GOROP | Genotyp
d ed ed ed
52000886 4 160740930 G enztyp ¢ Imputed | ITmputed | Imputed | Imputed
11112687 I 49841291 Genziype Imputed | Imputed | Imputed | Imputed
137019702 9 132897543 b enzﬁty be e’aﬁzztyp Imputed | Tmputed | Tmputed
rs3957 i 49630448 (jenztyp ¢ Imputed | Imputed | Imputed | Imputed
159989761 2| 132855872 Ganzwe Imputed GQ‘;‘:{W tmputed | Imputed
112049328 | 49463210 b enzﬁty be Imputed | Toputed | Imputed | Tmputed
rs1343161 I 498383437 Genotype Imputed | Tmputed Genotyp Gexlmtyp
d ed od
516974980 | 16 | $3530064 (’mziypﬁ Tmputed Ge‘sziyp Imputed | fmputed
1513151952 4 138539922 Geﬂzt} be imputed | Imputed | Imputed | Imputed
SITI4IT | 14| 1oo3ses) | Demovpe OROP | o uted | SENOWP | Lienolyp
d ed ed ed
186693244 I 49651709 (xengiypcf: Imputed | Imputed | Imputed | Imputed
34820297 22 36435927 Genziiyp © imputed Ge@;zit;v P Imputed | Imputed
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s 1577969 I 49637882 Genziype Imputed | Imputed | Imputed | Impuied
swoness 1 sowsts | O puied | tmputed G"’EZW Gc‘j\gw
rs 1112368 i 49932177 (jc—:nztyp ° Inputed | Tmputed | Tmputed | Troputed
157530169 1 49941178 (Imzwe Imputed | Imputed | Imputed | Imputed
135930403 23 129318208 u ‘3”3?'} e imputed Ge};?} P Imputed | Imputed
151179484 | 40sgiyp | Comotype | GOROYD Ly g | UEnOWP | Genolyp
d ed ed ed
11167270 I 49685647 (Ienziype Imputed | Imputed | Imputed | Imputed
55977248 | 23| 120320168 | UCNOWpe || Genotyp Genotyp o | mputed
d ed ed
s 1494462 i 49568744 Gen EWPQ Imputed | Imputed | Imputed | Imputed
182301343 2 40533633 Uenzrype fmputed Uelzzryp Imputed | fmputed
[
rs2064179 23 §29236874 (jen?;yp ¢ Imputed (,:efgztyp Imputed | Imputed
12846215 il F05376028 Gen giype Imputed | Tmputed | Imputed | buputed
154926812 I 49586400 Uenz‘fype Imputed | Toputed | Inputed | Tmputed
51338214 { 49596084 Genotype (xem";typ Tmputed Lenotyp (Jﬁljiﬁt}’}’)
d ed ed od
1310259067 7 95069392 Genziype Imputed | Imputed | Imputed | Imputed
1510244338 7 70359758 u enzﬁty e Imputed u m;zt;v P Imputed | Tmputed
588362 i 50066539 (jenztyp ¢ Imputed | Imputed | Imputed | Imputed
10888660 | 1| 50022860 | OSnOWPe || Genolyp by g | Genolyp | Genotyp
d ed ed ed
132787693 | 49688435 (_aenztypc Imputed | Toputed | Imputed | Tmputed
16589104 | 105312982 G“ZWW Imputed (“‘“;‘f'p fmputed | fmputed
183092217 20 39813482 (Ienziype Imputed | Imputed | Imputed | Imputed
154926545 I 30152063 Geﬂzt} be imputed | Imputed | Imputed | Imputed
16697839 I 50163925 (jc—:nztyp ° Inputed | Tmputed | Tmputed | Troputed
rs 10788924 1 50168618 (If«‘ﬂgi}’pf«‘ fmputed | Imputed | Imputed | Imputed
SU60366Y 11| 134212061 | OGRS | T OSIOUR e | GORODD ) Genolyp
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1$8932752 23 129334460 Genziype Imputed Gm;giyp Imputed | Imputed
s 120363551 I 49355928 G mz@ be Imputed | Douputed | Imputed | Imputed
rs 7793083 7 70376454 G‘rc—:nztyp ° Gezzfyp Toputed | Trmputed | Imputed
13798267 6 46058786 Genziype Imputed Geléziyp imputed | Imputed
136029791 Z0 39794198 G en?;y e imputed | Imputed | Imputed | Imputed
10424969 | 19 | 60258324 | Oonompe | Gonotyp b g | GEROLD | Gemotyp
d ed ed ed

16693846 1 50087939 Geﬂ?’pe fmputed | Imputed | Imputed | Imputed
1537544728 I 50112236 Geﬂ?" e fmputed | Imputed | Imputed | fmputed
1$28325594 21 30388188 Gen EWPQ Imputed | Imputed Gﬂzz@*p fraputed
1930153 | i1 | 105256936 Ge‘lzrype fmputed G“;ffyp Tmputed | Tmputed
15118472468 i3 5583325 G en?;yp ¢ Imputed G er;?ityp Imputed | Imputed
1312713404 2 59860209 Gen giype Imputed | Tmputed | Traputed | Imputed
rs12743369 I 50337003 Genz‘fype Imputed | Toputed | Inputed | Tmputed

r256335 | 19| 39007736 Ge“f;ype Imputed Ge’;ffyp {mputed | Imputed
187540194 I 49563736 Genziype Imputed | Imputed | Imputed | Imputed
132714068 il 122904751 G enzﬁty be Imputed U m;zt;v P Imputed | Tmputed
54806636 19 60240370 (}enztyp ¢ Imputed | Imputed | Imputed | Imputed
1s3899856 I 50016441 Genziype Imputed | Imputed | Imputed | Imputed
13609504 1 | 50018096 G m?"y be Imputed | Toputed | Imputed | Tmputed
SO L 23| 129240314 G’mgwm fmputed | Tmputed | Tmputed | Fmputed
151654431 19| 60241570 Gengw Tmputed | Imputed | Imputed | Imputed

(5241472 1| 49544440 Ge"‘(é?)'pe Gei;’“’p Imputed | Imputed Ge‘égt-"’p
1061995 | 12| 1815303 G“”“‘;WW tmputed | “ | tmputed | fmputed
7539485 . 11094713 Genziype Ge:ztyp Ger;giyp Geiztyp G-ezztyp
1512976416 i9 34053326 Gen?} be imputed | Imputed | Imputed | Imputed

SUBSTITUTE SHEET (RULE 26)



WO 2011/120043 PCT/US2011/030199
60
151010978 23 129307141 Genziype Imputed | Imputed | Imputed | Impuied
136449493 5 60082253 (-ii?iizif‘y'pi? Imputed | Douputed | Imputed | Imputed
rsd§30186 23| 129340004 (j@“‘?pe Tmputed | Tmputed | Tmputed | Tmputed
154830187 23 129340424 (xenziype iz'eiéztyp Imputed | Imputed | Imputed
445837848 . 50084787 Genotype Genotyp Fmputed Genotyp | Genotyp
d ed ed od
rsd 779542 15 29639276 (jc—:nztyp ¢ Inputed | Tmputed | Imputed | fruputed
187574523 Z 132858237 (Ienziype Imputed | Imputed | Imputed | Imputed
£s8690358 6 90312689 Genzt;v e fmputed | Imputed | Imputed | Imputed
154234232 3 34051850 Gen EWPQ Imputed GQ}QZWP Imputed | fruputed
10912337 i 169433156 Uenzrype fmputed Uelizryp Imputed | Tmputed
(&
rs1800291 23| 153811479 (jef‘fit}'pe Imputed | Imputed | Imputed | Imputed
1s3777599 6 46050909 Gengiype Imputed | Tmputed | Imputed | buputed
51393576 | 4 | 160707662 | OSMOWPE | peg  Oonolyp | Genotyp | Genotyp
d ed ed ed
wS932734 | 23| 129342752 | UGS (}ef;ztﬂ"p fmputed | Imputed | Imputed
1313427042 2 132838435 Genziype Imputed | Imputed | Imputed | Imputed
s 10282292 7 10879714 U enzﬁty e Imputed u m;zt;v P Imputed | Tmputed
57080202 10 31697100 (jenztyp ¢ Imputed | Imputed | Imputed | Imputed
1231501 g 97432157 (enotype Genotyp G@oiyp Gengtyp Genotyp
d ed od ed ed
rs867991 i 31429271 b enzﬁty be Imputed | Tmpuied | Imputed | Tmputed
152292583 10| 49856323 (jen‘;ty?e Imputed | Tmputed | Tmputed | Foputed
sAB30188 | 23 | 129342104 (’mziypﬁ i"ezztyp imputed | Imputed | Imputed
151008587 9 78268523 Genotype Genotyp fmputed Genotyp | Genotyp
d ed ed od
59544105 | 13 | 75456154 (ﬂ’ﬁ‘gwpe tmputed | PO Tputed | Tmputed
SI2610605 19 | 50062678 (If«‘ﬂgi}’pf«‘ Genetyp (mﬁg*}’p (;'e‘;zt—“’ Imputed
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(0676} Table 10 shows genotyping or Imputation of SNPs associated with LOAD at
P<107* Index indicating whether SNPs demonstrating association with latc-onset Alzheirser
Disease at P<10-4 in association tests adjusting for population substructure in the Discovery
dataset where genotyped or imputed in the Discovery dataset (931 independent cases and
1,104 independent cognitively normal controls) or any of the Replication Datasets, including
the from the Alzheimer’s Disease Neuroimaging Initiative (ADND) (Frank et al., Neurobiol
Aging vol. 24:521-536, 2003) (147 cases and 182 conirols), the Framingham Study SHARe
dataset (SHARe) (Bachman et al, Neurology vol. 2:115-119, 1992} (86 cases and 1,200
controls (all unrelated)), the Reiman ¢t al. LOAD GWAS dataset (TGEN) (Reiman ef al,,
Neuron vol. 54:713-720, 2007) (859 cases and 552 controls), and an additional set of LOAD
cases and controls independent of the Discovery dataset and not used in prior publications
(ADRC) (Shier et al., Am J Med Genet B Neuropsychiatr Genet vol. 141B:208-213, 2006)
{246 LOAD cases and 69 cognitively normal controls).

{80771 SNPs with differing genotypic distributions between datasets were excluded
from imputation using the Fisher’s exact test approached described earbier (Ziegler A, Genet
Epidemiol vol. 33:845-850, 2009). Both primary and replication datasets were imputed to a
HapMap reference of over 2.5 million SNPs, Individual genotypes with probability less than
.90 were not inchuded, and SNPs missing > 10% of genotypes within cither data set were
dropped. In addition to using the combined Hapmap Phase 11T CEPH Utah pedigree (CEU)
and Tuscan (TSI haplotype reference panels for imputation, for imputation within cach
study, we used genotype data on controls from other datasets to improve imputation
accuracy, and Affymetrix 5.0 genotype data on 105 individuals genotyped 1n an independent
Ashkenazi Jowish genotyping panel (IntraGenDB population genetics database).

{3678} We analyzed existing pooled and imputed datasets of unrelated individuals
from several studies: 147 cases and 182 controls from the Alzheimer’s Disease
Neuroirvaging Inittative (ADNI} (Frank et al., Neurobiole Aging vol. 24:521-536, 2003}, 36
cases and 1,200 controls (all unrelated) from the Framingham Study SHARe dataset
{Bachman et al,, Neurology vol, 42:115-119, 1992}, and 859 cases and S52 controls from the
Retman et al. (Neuron vol. 34:713-720, 2007) LOAD GWAS dataset, and a set of 246 LOAD
cases and 69 cognitively normal controls previously described (Slifer et al,, Am 1 Med Genet
B Neuropsychiatric Genet vol, 141B:208-213, 2006) and genotyped on the Affymetrix 6.0
genotyping platform on which results have not been previously published.

Supplementary Methods
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Haplotype Analyses

(60791 In order to define haplotypes, Linkage Disequilibrium (LD} structure in the
vicimity of SNP 111754661 was exanuned with the Haploview program (Bamrett ot al,
Bioinformatics 21: 263-265, 2003) cstimating both £ and +° measures for this region.
Haplotypes were constructed using LD blocks assigned by Haploview, mcluding the LD
block containing the SNP (consisting of 152073066, 1511754661, and rs13201018; analyzed
as “Haplotype 17} and immediately adjacent to the SNP (consisting of rs2839947 and
rs11757561; analyzed as “Haplotype 27) were examined for association.  Extended
haplotypes were constructed by further ncorporating SNPs from LD Blocks immediately
adjacent to the Haplotype 1 block in MTHFDIL, which included the Haplotype 2 block and a
third, larger block incorporating SNPs 1517348429, 1817426727, 15803410, rs6917461,
1803407, 1803403, rsl1 7348890, rs17427389, 159397027, and rs10484779 {labeled here as
“Haplotype 37). This set of haplotypes inchided “Extended Haploype 17 {comprising SNPs

k4

from Haplotype 1 and 2 blocks), and “Extended Haplotype 27 {(comprising SNPs from
Haplotype 1, 2, and 3 blocks).

(08887 Haplotypic association fests were performed in a manner similar fo genotypic
association analysis, using a logistic regression approach with covariate adjusment for
loadings taken from the first three principal components identified in EIGENSTRAT (Price of
al., Nat Genet 38: 904-909) to account for population substructure, 2006). All analyses were
performed using the “--hap-logistic” function in the PLINK software package (Purcell ef al,,
Am ] Hum Genet 81: 559-578, 2007,

Summary

[0081] MTHFDJIL, which encodes the methylenctetrahydrofolate debydrogenase (NADP+
dependent) 1-like protein, is mvolved 1o tetrabydrofolate (THY) synthesis, catalyzing the
reversible synthesis of 10-formyl-THF to formatc and THF, an important step in
homocysteine conversion to methionine. On-going biological investigations are continuing
to clucidate the pathways connceting elevated homocysieine with AD. Mihfdll protein has
been reported to be decreased in the hippocampus in a mouse model of AD using a proteoric
approach (Martin et al, PLoS One 3:e2750, 2008} Homoeysicic acid, derived from
homocysieine and methionine, s clevated in these mice and treatment with antibodies to
homocystete acid reduced amyloid burden and inhibited cognitive decling 1o these animals
{40}, B6-deficiont diets lead to further increases in homocysteic acid in these mice. In thig
genome-wide association study of LOAD, we tdentified a novel association with experiment-

wide statistical sigmificance in a gene with a potential biological role, MTHIFDIL. We
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replicated this association in additional publicly-available genomewide association datasets,
and observed statistically significant association with a similar effect size and direction at this
SNP.  In summary, MTHFDIL 15 an excellent candidate for LOAD on account of s
involvement in folate-pathway abnormaliics linked with homocysteing, a significant

biological risk factor for AD.

Other Embodiments

{6082} Any improvement may be made in part or all of the method steps. All
references, inchuding publications, patent applications, and patenis, cited herein are hereby
meorporated by reference. The use of any and all examples, or exemplary language (e.g.,
"such as") provided herein, is intended to illuminate the nvention and does not pose a
limitation on the scope of the invention unless otherwise claimed.  Any statement herein as
to the natare or benetits of the invention or of the preferred embodiments 1s not mtended to
be limiting, and the appended claims should not be deemed to be limited by such statements.
More generally, no language in the specification should be construed as indicating any non-
claimed element as being cssential to the practice of the invention. This nvention ncludes
all modifications and equivalents of the subject matter recited in the claims appended hereto
as permitted by applicable law, Moreover, any combination of the above-described eloments
in all possible variations thereof is encompassed by the invention unless otherwise indicated
herein or otherwise clearly contraindicated by conlext,

What is claimed 15
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A method of predicting a subject’s risk of developing late-onset Alzheimer’s

Dnsease {LOAD), the method comprising the steps of:

a) obtaining a biological sample from the subject;
b} analyzing the biological sample for the presence of at least one single

nuclectide polymorphism (SNP) in the MTHFDIL gene; and
) correlating the presence of the at least one SNP with an increased risk of

developing LOAD.

2. The method of claim 1, wherein the at least one SNP is an SNP selected from

Table 2.

~

)

3. The method of claim 2, wherein the at ieast one SNP 15 an SNFP selected from the
group consisting oft 12075650, rs 11754661, 13803424, va2073067, 1s2072064, 1517349743,
and rsR03422.

4, The method of claim 3, wherein the at Jeast one SNP is 1511754661 of
chromosome 6g25.1.

5. The method of claim 1, further comprising analyzing the biological sample for the
presence of a mutation i the APOE gene, and correlating the presence of the at least one
SNF in the MTHEFDIL gene and the presence of the mutation in the APOE gene with an

increased risk of developing LOAD.

6. The method of claim 1, turther comprising analyzing homocysteine levels in the
biological sample and correlating increased levels of homocysteine and the presence of the at

least one SNP in the MTHFDIL gene with an increased risk of developing LOAD,

7

The method of claim 1, wherein the at least one SNF coraprises two or more SNPs

selected trom Table 2.
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8. The method of claim 1, wherein the biclogical sample is selected from the group

consisting of: blood, plasma, seram, saliva, urine, and fissue,

9. A method of diagnosing LOAD m a subject, the method comprising the steps of!
a} obtaining a biological sample from the subject;
h} analyzing the biological sample for the presence of at least one SNP in the

MTHFDIL gene; and
3! correlating the presence of the at least one SNP with a diagnosis of LOAD in

the subject.

0. The method of clatm 9, wherein the at least one SNF is an SNP selected from

Table 2.

i1 The method of claim 10, wherein the at least one SNP 15 an SNP selected from the
group consisting oft 182075650, rs1 1754661, 13803424, 132073067, 152072064, 1517349743,
and 15803422,

12, The method of ¢laim 11, wherein the at least one SNP is rs11754661 of

chromosome 6g25.1.

13, The method of claim 9, further comprising analyzing the biological sample for the
presence of a mutation in the APOE gene, and correlating the presence of the at feast one
SNP in the MTHFDIL gene and the presence of the mutation in the APOE gene witha
diagnosis of LOAD 1 the subject.

14, The method of claim 9, further comprising analyzing homocysteine levels in the
biological sample and correlating increased levels of homocysteine and the presence of the at

least one SNP in the MTHFDI L gene with a diagnosis of LOAD in the subject.

135, The method of claim 9, wherein the at least one SNP comprises two or more SNPs

selected trom Table 2.

i6. The method of claim 9, wherein the biological sample is selected from the group

consisting of: blood, plasma, serum, sahiva, urine, and tissue.
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A kit for predicting a subject’s nisk of developing LOAD, the kit comprising:

{a) at least one reagent for analvzing a biological sample from the subject for the
presence of at least one SNP in the MTHFDIL geng;

{b) at least one control; and

{c} mstructions for use.

18. The kit ot claim 17, wherein the at least one SNF 1s an SNP selected from Table 2.
19, The method of clai 18, wherein the at feast one SNP is an SNP selected from the
group consisting oft ts2075630, rs11754661, 15803424, vs2073067, 1s2072064, rs17349743,

and rs803422.

20, The method of ¢laim 19, wherein the at least one SNP s 1511754661 of

chromosome 6g25.1,
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