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(57) ABSTRACT 

The disclosed invention relates to a diagnostic method for 
AlZheimer’s disease based on genotyping the Alpha-2-Mac 
roglobulin locus. A statistically signi?cant correlation Was 
found betWeen inheritance of particular alleles of the Alpha 
2-Macroglobulin gene and the occurrence of AlZheimer’s 
disease. The diagnostic method involves the isolation of 
nucleic acid from an individual and subsequent genotyping 
by means such as sequencing or restriction fragment length 
polymorphism analysis. The invention also provides a 
means of genotype analysis through protein isotyping 
Alpha-2-Macroglobulin variant proteins. Finally, kits for 
nucleic acid analysis or protein analysis are taught. 
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ALPHA-Z-MACROGLOBULIN ISOTYPE 
DIAGNOSTIC TEST FOR ALZHEIMER’S DISEASE 

RELATED APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Application No. 60/057,655, ?led on Sep. 5, 1997, and US. 
Provisional Application No. 60/093,297, ?led on Jul. 17, 
1998, the entire contents of Which are herein incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY-SPONSORED 

RESEARCH AND DEVELOPMENT 

[0002] At least part of the Work performed during devel 
opment of this invention utiliZed Grant Nos. P50AG05134 
and R01AG12406, from the National Institute of Aging, and 
Grant No. 5UO1 MH51066, from the National Institute of 
Mental Health. The US. Government has certain rights in 
this invention. 

[0003] 1. Field of the Invention 

[0004] This invention relates to the area of medical genet 
ics. Speci?cally, the invention provides a genetic test to 
identify carriers of speci?c alleles of the Alpha-2-Macro 
globulin gene, the occurrence of Which are genetically 
linked, With high statistical signi?cance, to the condition 
knoWn as AlZheimer’s disease. 

[0005] 2. Related Art 

[0006] Alpha-2-Macroglobulin (0.2M) is a major serum 
pan-protease inhibitor Which inhibits all four classes of 
proteases by a unique steric trapping mechanism (Borth, W., 
FASEB 6:3345-3353 (1992)). It is the major representative 
of a family of plasma proteins, most of Which possess a 
unique internal cyclic thiol ester bond, referred to as the 
ot-macroglobulins (Borth, W., FASEB 6:3345-3353 (1992)). 
Although it functions against a Wide variety of human and 
bacterial endopeptidases (Starkey, P. M. and Barret, A. J ., 
Proteinases in mammalian cells and tissues, Barret, A. J. 
(ed.), North-Holland, NeW York (pub), pp. 663-696, (1977)), 
a possible role in pathogenesis is not yet knoWn. In vitro 
studies have provided a great deal of information regarding 
protein structure and inhibitory functions (Scottrup-Jensen, 
L., et al.,]. Biol Chem. 259:8318-8327 (1984); Feldman, S. 
R., et al., Proc. Natl. Acad. Sci. USA 82:5700-5704, 1985; 
Kan, C. C., et al., Proc. Natl. Acad. Sci. USA 82:2282-2286 
(1985); Bretaudiere, J. P., et al., Proc. Natl. Acad. Sci. USA 
85:1437-1441 (1988); Van leuven, F., et al., J. Biol. Chem. 
261:11369-11373 (1986)), and at the molecular level, it is 
knoWn to be part of a related gene cluster on human 
chromosome 12p (Devriendt, K., et al., Gene 81:325-334, 
1989) that also includes the otzM pseudogene and the 
pregnancy-Zone gene. Recent evidence suggests that otzM 
may be associated With certain morphological characteris 
tics of AlZheimer’s Disease 

[0007] AD is a neurodegenerative disorder characteriZed 
by a global decline in mental function, memory and acquired 
intellectual skills. It is the most common form of dementia 
occuring in mid- to late-life and is a major cause of disability 
and death in the elderly (Price, L. and Sisodia, S.,Annu. Rev. 
Neurosci. 21:479-505 (1998)). The appearance of AD in the 
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population according to age is variable, often being catego 
riZed into early and late onset forms. In the general popu 
lation, 40% of the brains of normal individuals shoW some 
evidence of AB deposits, indicating a subclinical prevalence, 
and in the population 60 years and older, AD is diagnosed in 
10% of the population. 

[0008] AD is a genetically heterogenous disorder. Early 
onset familial AD (EO-FAD) is inherited as an autosomal 
dominant disorder involving defects in at least three genes, 
presenilin I (PSENI) on chromosome 14 (Sherrington, R., et 
al., Nature 375:754-760 (1995)), presenilin 2 (PSEN2) on 
chromosome 1 (Levy-Lehad, E., et al., Science 269:973-977 
(1995); Rogaev, E. I., et al., Nature 376:775-778 (1995)), 
and [3-amyloid precursor protein (APP) on chromosome 21 
(TanZi, R. E., et al., Science 235:880-884 (1987); Goate, A. 
M., et al., Nature 349:704-706 (1991)). These genes account 
for roughly 30-40% of EO-FAD (Hardy J ., Trends Neurosci. 
20:154-159 (1997); Cruts, M., et al., Hum. Mol. Genet. 
7:43-51 (1998); Blacker, D. and TanZi, R. E., Arch Neurol 
55:294-296 (1998)). 

[0009] Late-onset AD (LOAD) has been associated With 
the APOE-e4 allele of apolipoprotein E (APOE) located on 
chromosome 19 (Strittmatter, W. J ., et al, Proc. Natl. Acad. 
Sci. (USA) 90:1977-1981 (1993); Saunders, A. M., et al., 
Neurology 43:1467-1472 (1993)). Inheritance of APOE-e4 
loWers the age of onset of AD in a dose-dependent manner 
and is associated With cases of AD occurring from 40 to 90 
years. HoWever it has the greatest impact as a risk factor for 
onset in the 60’s (Blacker, D., et al., Neurology 48:139-147 
(1997); Farrer, L. A., et al., JAMA 278:1349-1356 (1997)). 
More recently, the gene encoding the major neuronal recep 
tor for apoE, the loW density lipoprotein receptor-related 
protein (LRP), located on the long arm of chromosome 12, 
Was shoWn to be associated With LOAD (Kang, D. E., et al., 
Neurology 49:56-61 (1997)). 

[0010] Neuropathological hallmarks of AD include abun 
dant neuro?brillary tangles (NET), and [3-amyloid deposi 
tion in cerebral blood vessels and in senile plaques (SP). 
Deposited amyloid is composed principally of the 40-42 
residue [3-amyloid protein (AB) (Glenner et al., Biochem, 
Biophys Res. Commun. 120:885-890 (1984)), Which is a 
proteolytic fragment of the [3-amyloid precursor protein 
(APP) (Kang etal., Nature 325:733-736(1987)). Pathogen 
esis is thought to develop in AD patients When the AB 
protein is organiZed into neurotoXic ?brils. In vitro studies 
demonstrate that AB is generated as a soluble peptide during 
cellular metabolism (Haas, C., et al., Nature 359:322-325, 
1992; Shoji, M., et al., Science 258:126-129 (1992)). Several 
additional plaque-associated proteins are knoWn to promote 
the in vitro formation of AB ?brils, suggesting the possibility 
that these proteins regulate AB aggregation in vivo (Ma, J ., 
et al., Nature 372: 92-94 (1994); Eriksson, S., et al., Proc 
Natl. Acad. Sci. USA 92:2313-2317 (1995)). Because AB 
deposition likely plays a role in the development of AD, a 
great deal of research is focused on the synthesis, degrada 
tion and clearance of this protein from the affected tissues. 

[0011] Furthermore, given the potential importance of the 
APP and AB proteins in AD pathogenesis, research is also 
focused on providing a genetic link betWeen mutations in the 
APP gene and the occurrence of AlZheimer’s disease. Muta 
tions in APP close to or in the AB domain are knoWn (Goate 
et al., Nature 349:704-706 (1991); Levy et al., Science 
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24811124-1126 (1990); Murrell et al., Science 254197-99 
(1991); Hendricks et al., Nature Genet. 11218-221 (1992); 
Chartier-Harlin, M. et al., Nature 3531844 (1991); Mullan, 
M., et 211., Nature Genet. 11345 (1992)). In some instances, 
linkage of the mutation With the occurrence of familial 
AlZheimer’s disease Was possible. 

[0012] Also implicated in the development of AD is the 
possibility that there eXists an imbalance betWeen proteases 
and protease inhibitors Which affects normal amyloid 
metabolism. Antibodies to ubiquitin strongly react With the 
characteristic amyloid neuro?brillar tangles (Tabaton, M., et 
al., Proc. Natl. Acad. Sci. 8812098-2102 (1991)). The A6 
peptide is generated proteolytically from APP, and proteases 
cathepsin B and D and protease inhibitors such as protease 
neXin 1 and 011-antichymotrypsin Were found in amyloid 
plaques (Cataldo, A. M. and Nixon, R. A., Proc. Natl. Acad. 
Sci. 8713861-3865, 1991; Rosenblatt, D. E., et al., Ann. 
Neurol. 261628-634 (1989); Abraham, C. R., et al., Cell 
521487-501 (1988)). 

[0013] Alpha-2-macroglobulin is another protease inhibi 
tor implicated in neural tissue metabolism. Several lines of 
evidence link the 012M protein to morphological properties 
associated With AD patient cerebra. One study in support of 
a role in neural metabolism identi?ed 012M as an astroglia 
derived neurite-promoting factor for cultured neurons from 
the rat central nervous system (Mori, T., et al., Brain Res. 
527155-61 (1990)). In addition, 012M has been shoWn to 
attenuate the ?brillogenesis and neurotoXicity of AB 
(Hughes, S. R., et al., Proc. Natl. Acad. Sci. (USA) 9513275 
3280 (1998); Du, Y., et al., J. Neurochem. 7011182-1188 
(1998);Zhang, Z., et al., Amyloid: Int. J Exp. Clin. Invest. 
31156-161 (1996)). Also suggestive of a connection betWeen 
012M and AD is that 012M tightly binds the AB peptide (Du, 
Y., et al, J. Neurochem. 691299-305 (1997); Hughes, S. R., 
et al., Proc. Natl. Acad. Sci. (USA) 9513275-3280 (1998)), 
and has been shoWn to mediate the clearance of AB via 
endocytosis through LRP (Narita, M., et al., J. Neurochem. 
691 1904-1911 (1997)). Furthermore, tWo independent stud 
ies found that an (>12M/protease compleX is capable of 
degrading the AB peptide (Zhang, Z., et al.,Amyloid: Int. J 
Exp. Clin. Invest. 31156-161 (1996); Qiu, W. Q., et al., J. 
Biol. Chem. 271(14)18443-8451 (1996)). In addition, 012M 
has been localiZed to senile plaques (SP) in AD (Bauer, J ., 
et al., FEBS 2851111-114 (1991); Van Gool, D., et al., 
Neurobiology ofAging 141233-237 (1993); Rebeck, G. W., 
et al., Ann. Neurol. 371211-217 (1995)). Van Gool et al., 
suggest that expression of 012M could be associated With 
neuro?brillary changes in senile plaques in AD. (Van Gool, 
D., et al., Neurobiology of Aging 141233-237(1993)). An 
immunocytochemistry study of cerebra of AD patients using 
tWo different monoclonal antibodies speci?c for 012M found 
localiZation in neuritic-type plaques but not preamyloid or 
burned-out type plaques (Van Gool, D., et al., Neurobiology 
of Aging 141233-237 (1993)). Because immunoreactivity 
Was associated With microglia in the outer border of the 
neuritic plaque, Van Gool et al suggest that 012M could be a 
marker for an in?ammatory process in the plaques (Van 
Gool, D., et al., Neurobiology ofAging 141233-237 (1993)). 

[0014] The human 012M gene has been cloned and several 
mutants have been identi?ed. (Poller, W., et al., Human 
Genetics 881313-319 (1992); Matthijs, G., and Marynen, P., 
Nucl. Acids Res. 19(18)15102 (1991)). One mutation repre 
sented a bi-allelic deletion polymorphism in Which 5 bases 
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Were deleted at positions —7 to —3 of the 5‘ splice acceptor 
site of eXon 18 (Matthijs, G., and Marynen, P., Nucl. Acids 
Res. 19(18)15102 (1991)) (referred to as the A2M-2 allele). 
The A2M-2 allele, and the Wild type A2Mallele (referred to 
as the A2M-1 allele) Were found at allele frequencies of 0.18 
and 0.82 respectively (Matthijs, G., and Marynen, P., Nucl. 
Acids Res. 19(18)15102 (1991)). The biological conse 
quences of this deletion mutation have not yet been reported, 
but it is knoWn that eXon 18 encodes “eXon II” of the bait 
domain of 012M, Which is used to trap proteases. 

[0015] Another mutation represented a simple polymor 
phism 25 amino acids doWnstream from the thiolester site of 
the protein that interchanges Val1000 (GTC) and Ile1000 
(ATC) (Poller, W., et al., Human Genetics 881313-319 
(1992) (numbering is based on the cDNA sequence Which 
includes a 24 amino acid signal peptide; this amino acid 
corresponds to Val/Ile976 in the mature protein). The Val, or 
G allele, and the Ile, or A allele, Were found at allele 
frequencies of 0.30 and 0.70, respectively (Poller, W., et al., 
Human Genetics 881313-319 (1992)). No difference in 012M 
serum levels Was associated With the tWo alleles. This 
polymorphism is interesting because the mutation occurs 
near the thiolester active site of the molecule. 

[0016] Family, tWin, and population data all suggest that 
genes involved in AD remain to be identi?ed (Lauten 
schlager, N. T., et al., Neurology 46(3)1641-50 (1996); 
Bergem, A., et al., Arch. Gen. Psychiatry 541264-270 
(1997); Payami, H., et al., Am J Hum Genet 601948-956 
(1997)) and several candidates have been reported (for a 
revieW, see Hardy 1., Trends Neurosci. 201154-159 (1997); 
Cruts, M., et al., Hum. Mol. Genet. 7143-51 (1998); and 
Blacker, D., and TanZi, R. E., Arch. Neurol. 551294-296 
(1998)). The identi?cation of speci?c genes or alleles 
thereof linked to the development of AD Will provide a 
greater understanding of the mechanisms behind the disease 
process, a screening method for detection of at-risk indi 
viduals, and may lead to effective treatment of this disease. 
A great deal toWards this end has been accomplished already 
in the study of the APP gene. This invention, linking A2M, 
and particularly inheritance of the A2M-2 and A2M-G 
alleles, to the occurrence of AlZheimer’s disease, provides 
another important resource. 

SUMMARY OF THE INVENTION 

[0017] This invention relates to the discovery that particu 
lar alleles of A2M are linked to the occurrence of AlZhe 
imer’s disease. More speci?cally, it Was found that individu 
als carrying at least one copy of the A2M-2 allele or Who are 
homoZygous for the A2M-G allele are disproportionately 
represented in a population of AD patients as compared to 
those unaffected by AD. 

[0018] Based on this discovery, a diagnostic method Was 
developed that characteriZes the A2Mgenotype of individu 
als in the population to assess risk for developingAD. In one 
embodiment of the invention, A2M genotype is determined 
by isolating nucleic acid from an individual, and analyZing 
it for the particular A2Malleles of interest. Various embodi 
ments of the invention enable analysis from isolated nucleic 
acid that is DNA or RNA. In a preferred embodiment, 
restriction fragment length polymorphism (RFLP) analysis 
is used to determine A2M genotype. 

[0019] In a more preferred embodiment of the invention, 
the nucleic acid is utiliZed as a template for the ampli?cation 
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of an A2M gene fragment prior to the genotyping analysis. 
Apreferred method is to amplify a fragment that contains the 
site of the pentanucleotide deletion mutation found in the 
A2M-2 allele. Analysis of the product of ampli?cation is 
preferably accomplished by determining the polynucleotide 
sequence of the ampli?ed fragment. Other methods of 
analyZing the ampli?ed fragment include siZe determination, 
single-strand conformation polymorphism (SSCP) analysis, 
and RFLP analysis. Another preferred method is to amplify 
a fragment that encodes amino acid 1000, the residue 
affected by the mutation found in the A2M-G allele. Analy 
sis of the product of ampli?cation is preferably accom 
plished by RFLP analysis. Other methods of analyZing the 
ampli?ed fragment include sequencing or siZing the frag 
ment, and SSCP analysis. 

[0020] Another embodiment of the invention relates to the 
use of protein isotyping to assess A2M genotype. In one 
embodiment, an antibody speci?c for an otzM variant lack 
ing eXon 18 (a2M-2) is used to assess A2M genotype 
through protein isotyping. In a preferred method of protein 
isotyping, a second antibody, Which is speci?c for an 0L2M 
protein having eXon 18 (the Wild type otzM referred to as 
ot—2M-1), is used as a control. Yet another embodiment of 
the invention relates to the use of an antibody speci?c for the 
Val]000 variant to assess the A2M-G genotype through 
protein isotyping. In a preferred method of protein isotyping, 
a second antibody, Which is speci?c for the Ile1000 protein, 
is used as a control. For the protein isotyping methods of the 
invention, preferably, protein is isolated from an individual 
and screened With the speci?c antibodies. More speci?cally, 
a more preferred embodiment Would utiliZe Western blot or 
ELISA technology. In yet another embodiment of the inven 
tion an otzM electrophoretic mobility assay is used to detect 
the (x2M-2 variant to assess A2M genotype through protein 
isotyping. 

[0021] The invention also relates to diagnostic kits for 
A2M genotyping. Alternative embodiments of the genotyp 
ing kit enable screening of nucleic acid or protein, providing 
a fast and ef?cient means for AlZheimer’s disease risk 
assessment. 

BRIEF DESCRIPTION OF THE FIGURES 

[0022] FIG. 1 Map of Chromosome 12 Markers: FIG. 1 
depicts a map of several chromosome 12 markers. Distances 
betWeen markers are given in cM. * represents markers used 
in the traditional linkage analysis techniques described in 
EXample 1 beloW; @represents markers used in the analysis 
described by Pericak-Vance et al. (Pericak-Vance, M. A., et 
al.,JAMA 278(15):1237-1241 (1997)); SS represents markers 
used in both analyses. The letter T inside of a circle 
represents a telomere of Chromosome 12. The letter C inside 
of a circle represents the centromere of Chromosome 12. 

[0023] FIG. 2 Results of Multipoint Non Parametric Link 
age Analysis of Chromosome 12 Markers to AlZheimer’s 
Disease: FIG. 2 depicts the results of a multipont non 
parametric linkage analysis using the program GENE 
HUNTER (Kruglyak, L., et al.,Am. JHum. Genet. 58:1347 
1363 (1996)(softWare available from Kruglyak et al. by 
anonymous ftp at ftp-genome.Wi.mit.edu, or from their 
World Wide Web site http://WWW-genome.Wi.mit.edu/ftp)/ 
distribution/softWare/genehunter)). This Was one of several 
genetic linkage analytic techniques used to determine ifthere 
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Was evidence for linkage in the A2M region, and particu 
larly, Whether A2Mmight be related to recent reports of 
linkage to the centromeric region of chromosome 12 (Peri 
cak-Vance, M. A., et al.,JAMA 278(15):1237-1241 (1997)). 
The results Were negative, although there Was a Weak but 
non-signi?cant signal in Tier 1. For this analysis, the fami 
lies from the sample described in EXample 1 Were divided 
into “tiers” according to the criteria of Pericak-Vance et al.: 
Tier 1 (FIG. 2B) is comprised of families in Which all 
affecteds Were APOE-e4/e4 (30 families); Tier 2 (FIG. 2C) 
is comprised of families not in Tier 1 in Which all affecteds 
Were 4POE-e4 carriers (131 families); Tier 3 (FIG. 2D) is 
comprised of families in Which at least one affected did not 
carry an APOE-e4 allele (126 families). The analysis Was 
also run on the total sample (FIG. 2A). 

[0024] FIG. 3 Alpha-2-Macroglobulin VallO00 Polymor 
phism Genotyping: FIG. 3 is a photograph of a 2% agarose 
gel shoWing A2M polymorphism genotypes after restriction 
digestion With Mbol. The gel shoWs a restriction digest 
pattern With bands representing the G (532 bp fragment) and 
the A (429 bp fragment) alleles. Genomic DNA isolated 
from brain tissue and blood Was ampli?ed by polymerase 
chain reaction (PCR) in the presence of oligonucleotide 
sense primer C23 (SEQ ID NO: 3) and antisense primer 
AS24 (SEQ ID NO: 4), 10 mM Tris-HCl, 50 mM KCl (pH 
8.3), 1.5 mM MgCl2, 5 mM dNTPs, 5 pmol each primer, and 
1.25 U Taq DNA polymerase. The PCR Was carried out in 
a touchdoWn procedure that stepped doWn the annealing 
temperature to increase primer speci?city as folloWs: 1 cycle 
at 94° C.—5 min; 4 cycles at 94° C.—30 sec, 65° C.—30 
sec, 72° C.—1 min; 4 cycles at 94° C.—30 sec, 62° C.—30 
sec, 72° C.—1 min; 4 cycles at 94° C.—30 sec, 59° C.—30 
sec, 72° C.—1 min; 20 cycles at 94° C.—30 sec, 56° C.—30 
sec, 72° C.—1 min; and 1 cycle at 72° C.—5 min. For each 
reaction miXture, 10 units of MboI Were added to the 
ampli?ed product of 615 bps and digestion carried out at 37° 
C. for 3 hours, producing fragments of 532 and 429 bps. The 
digested product Was loaded onto a 2% agarose gel treated 
With ethidium bromide (0.005%) and electrophoresed for 2 
hours under constant voltage (150V), Which is suf?cient to 
separate the digested product so that the 532 and 429 bp 
bands can be distinguished. After electrophoresis, DNA 
fragments Were visualiZed by UV illumination using a 
Biorad Geldoc system. Incomplete digestion Was monitored 
by looking for the presence of the 615 bp fragment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0025] De?nitions 

[0026] In the description that folloWs, a number of terms 
used in recombinant DNA technology are extensively uti 
liZed. In order to provide a clearer and consistent under 
standing of the speci?cation and claims, including the scope 
to be given such terms, the folloWing de?nitions are pro 
vided. 

[0027] Polymorphic: As is understood by one of ordinary 
skill in the art, a nucleic acid molecule is said to be 
“polymorphic” if it may eXist in more than one form. For 
eXample, a nucleic acid molecule is said to be polymorphic 
if it may have more than one speci?c nucleotide sequence 
(such as degenerate nucleic acid molecules or genes that 
may each encode the same protein). More commonly, a 
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nucleic acid molecule is said to be polymorphic if it displays 
size differences (i.e., differences in length), particularly 
When comparisons of nucleic acid molecules from different 
individuals are made. Of course, other de?nitions ofthe term 
“polymorphic” Will be apparent to one of ordinary skill and 
are also encompassed Within this de?nition. 

[0028] Primer: As used herein “primer” refers to a single 
stranded oligonucleotide that is extended by covalent bond 
ing of nucleotide monomers during ampli?cation or poly 
merization of a DNA molecule. Minisatellite primers used 
for the ampli?cation of minisatellite dimer, trimer, tetramer, 
etc., sequences are Well-known in the art. 

[0029] Restriction Fragment Length Polymorphism 
(RFLP): As used herein, a restriction fragment polymor 
phism refers to a polymorphism in the length of restriction 
fragments produced by digestion of DNA by a particular 
restriction endonuclease. The genomic DNA of tWo indi 
viduals in a population Will differ in sequence at many sites. 
When these differences occur in the recognition site for a 
restriction endonuclease, then a polymorphism in the length 
of restriction fragments produced by digestion of the DNA 
of the tWo individuals Will result. 

[0030] Single-Strand Conformation Polymorphism 
(SSCP): As used herein, a single-strand conformation poly 
morphism refers to a structural variation in single-stranded 
DNA due to sequence-dependent intrastrand secondary 
structure. 

[0031] Secondary structure is determined by the balance 
betWeen destabilizing thermal forces and Weak stabilizing 
forces. These forces are in turn dependent on the primary 
structure of the DNA strand, alloWing a sequence variation 
as small as a single base point mutation to lead to structural 
variations betWeen otherWise identical sequences. 

[0032] The differences in secondary structure among vari 
ants alloW the detection of SSCPs by electrophoresis using 
non-denaturing gels. Under the appropriate conditions, the 
electrophoretic mobility of the DNA is dependent not only 
on its length and molecular Weight, but also on its confor 
mation. Thus, not only Will complementary strands migrate 
as separate bands on a gel, but small differences in sequence 
Will also alter the mobility of these strands. 

[0033] Template: The term “template” as used herein 
refers to a double-stranded or single-stranded nucleic acid 
molecule Which is to be ampli?ed, synthesized or 
sequenced. In the case of a double-stranded DNA molecule, 
denaturation of its strands to form a ?rst and a second strand 
is performed before these molecules may be ampli?ed, 
synthesized or sequenced. A primer, complementary to a 
portion of a DNA template is hybridized under appropriate 
conditions and the DNA polymerase of the invention may 
then synthesize a DNA molecule complementary to said 
template or a portion thereof. The neWly synthesized DNA 
molecule, according to the invention, may be equal or 
shorter in length than the original DNA template. Mismatch 
incorporation or strand slippage during the synthesis or 
extension of the neWly synthesized DNA molecule may 
result in one or a number of mismatched base pairs. Thus, 
the synthesized DNA molecule need not be exactly comple 
mentary to the DNA template. 

[0034] Incorporating: The term “incorporating” as used 
herein means becoming a part of a DNA molecule or primer. 
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[0035] Ampli?cation: As used herein “ampli?cation” 
refers to any in vitro method for increasing the number of 
copies of a nucleotide sequence With the use of a DNA 
polymerase. Nucleic acid ampli?cation results in the incor 
poration of nucleotides into a DNA or molecule or primer 
thereby forming a neW DNA molecule complementary to a 
DNA template. The formed DNA molecule and its template 
can be used as templates to synthesize additional DNA 
molecules. As used herein, one ampli?cation reaction may 
consist of many rounds of DNA replication. DNA ampli? 
cation reactions include, for example, polymerase chain 
reactions (PCR). One PCR reaction may consist of 5 to 100 
“cycles” of denaturation and synthesis of a DNA molecule. 

[0036] Oligonucleotide: “Oligonucleotide” refers to a syn 
thetic or natural molecule comprising a covalently linked 
sequence of nucleotides Which are joined by a phosphodi 
ester bond betWeen the 3‘ position of the pentose of one 
nucleotide and the 5‘ position of the pentose of the adjacent 
nucleotide. 

[0037] Nucleotide: As used herein “nucleotide” refers to 
abase-sugar-phosphate combination. Nucleotides are mono 
meric units of a nucleic acid sequence (DNA and RNA). The 
term nucleotide includes deoxyribonucleoside triphosphates 
such as dATP, dCTP, dITP, dUTP, dGTP, dTTP, or deriva 
tives thereof. Such derivatives include, for example, [otS] 
dATP, 7-deaza-dGTP and 7-deaza-dATP. The term nucle 
otide as used herein also refers to dideoxyribonucleoside 
triphosphates (ddNTPs) and their derivatives. Illustrated 
examples of dideoxyribonucleoside triphosphates include, 
but are not limited to, ddATP, ddCTP, ddGTP, ddITP, and 
ddTTP. According to the present invention, a “nucleotide” 
may be unlabeled or detectably labeled by Well knoWn 
techniques. Detectable labels include, for example, radioac 
tive isotopes, ?uorescent labels, chemiluminescent labels, 
bioluminescent labels and enzyme labels. 

[0038] Thermostable: As used herein “thermostable” 
refers to a DNApolymerase Which is resistant to inactivation 
by heat. DNA polymerases synthesize the formation of a 
DNA molecule complementary to a single-stranded DNA 
template by extending a primer in the 5‘-to-3‘ direction. This 
activity for mesophilic DNA polymerases may be inacti 
vated by heat treatment. For example, T5 DNA polymerase 
activity is totally inactivated by exposing the enzyme to a 
temperature of 90° C. for 30 seconds. As used herein, a 
thermostable DNA polymerase activity is more resistant to 
heat inactivation than a mesophilic DNA polymerase. HoW 
ever, a thermostable DNApolymerase does not mean to refer 
to an enzyme Which is totally resistant to heat inactivation 
and thus heat treatment may reduce the DNA polymerase 
activity to some extent. A thermostable DNA polymerase 
typically Will also have a higher optimum temperature than 
mesophilic DNA polymerase. 

[0039] Hybridization: The terms “hybridization” and 
“hybridizing” refer to the pairing of tWo complementary 
single-stranded nucleic acid molecules (RNA and/or DNA) 
to give a double-stranded molecule. As used herein, tWo 
nucleic acid molecules may be hybridized, although the base 
pairing is not completely complementary. Accordingly, mis 
matched bases do not prevent hybridization of tWo nucleic 
acid molecules provided that appropriate conditions, Well 
knoWn in the art, are used. In the present invention, the term 
“hybridization” refers particularly to hybridization of an 
oligonucleotide to a DNA template molecule. 
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[0040] Other terms used in the ?elds of recombinant DNA 
technology and molecular and cell biology as used herein 
Will be generally understood by one of ordinary skill in the 
applicable arts. 

[0041] This invention relates to the ?nding that particular 
genotypes of the A2M locus may be linked to the occurrence 
of AlZheimer’s disease. More speci?cally, it Was found that 
individuals carrying at least one copy of the A2M-2 allele or 
Who are homoZygous for the A2M-G allele are more highly 
represented in AD patients than in the population as a Whole. 

[0042] Therefore, a ?rst embodiment of the invention is to 
utiliZe A2M genotyping as a diagnostic method for deter 
mining risk-assessment for the onset of AD. To that end, 
cells, tissues, organs or other samples from an individual are 
obtained in order to isolate nucleic acid or protein. Prepa 
ration of the nucleic acid is done by methods that are 
Well-knoWn in the art (See, e.g., Maniatis, T., et al., Molecu 
lar Cloning: A Laboratory Manual, Cold Spring Harbor, 
NY: Cold Spring Harbor Laboratory Press (1989); Kauf 
man, P. B., et al., Handbook of Molecular and Cellular 
Methods in Biology and Medicine, Boca Raton, Fla.: CRC 
Press (1995)). In one embodiment of the invention, the 
nucleic acid isolated is DNA. In another embodiment the 
nucleic acid is RNA, Which is subsequently converted to 
complimentary DNA (cDNA) prior to processing and analy 
sis by means of reverse transcription using procedures Well 
knoWn in the art (see, e.g., Unit 5.5 in Ausubel, F. M. et al., 
eds., Current Protocols in Molecular Biology: John Wiley 
and Sons, Inc. (1997)). The nucleic acid samples thus 
prepared can be analyZed to determine the A2M genotype. 

[0043] In a preferred embodiment of the invention, the 
sample(s) is genotyped for the A2M-2 allele. In another 
preferred embodiment of the invention, the sample(s) is 
genotyped for the A2M-G allele. 

[0044] In one embodiment of the invention, the genotype 
analysis is done utiliZing RFLP analysis. RFLP analysis is a 
procedure Well knoWn in the art for identifying polymor 
phisms in DNA. After restriction endonuclease digestion 
With one or more restriction enZymes, the DNA sample(s) is 
analyZed for a polymorphic variation. This step is usually 
accomplished by separation of the DNA fragments by siZe, 
a procedure Which permits the determination of the presence 
of unique polymorphic fragments in one or more of the DNA 
samples. The fragments may be separated by any physical or 
biochemical means including gel electrophoresis, capillary 
electrophoresis, chromatography (including siZing, af?nity 
and immunochromatography), density gradient centrifuga 
tion and immunoadsorption. For carrying out the present 
invention, separation of DNA fragments by gel electro 
phoresis is particularly preferred, as it provides a rapid and 
highly reproducible means of sensitive separation of a 
multitude of DNA fragments, and permits direct, simulta 
neous comparison of the fragments in several samples of 
DNA, or samples of DNA from a ?rst and a second 
individual. 

[0045] Gel electrophoresis is typically performed on aga 
rose or polyacrylamide gels according to standard protocols. 
Samples are loaded onto the gels, usually With samples 
containing DNA fragments prepared from different sources 
of genomic DNA being loaded into adjacent lanes of the gel 
to facilitate subsequent comparison. Reference markers of 
knoWn siZes may be used to facilitate the comparison of 
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samples. FolloWing electrophoretic separation, DNA frag 
ments may be visualiZed and identi?ed by a variety of 
techniques that are routine to those of ordinary skill in the 
art, such as ethidium bromide staining or autoradiography. 
One can then eXamine the samples for identifying polymor 
phic fragment patterns or for the presence of one or more 
unique bands. 

[0046] A preferred embodiment of the invention is to 
utiliZe a restriction endonuclease speci?c for a restriction 
site created or deleted due to the mutation (substituting G for 
A) found in the A2M-G allele, and siZe fractionation by 
agarose or polyacrylamide gel electrophoresis to test for the 
occurrence of the A2M-G allele. A more preferred embodi 
ment utiliZes the restriction enZyme MboI for RFLP analysis 
to test for the occurrence of the A2M-G allele. 

[0047] Another preferred embodiment of the invention is 
to analyZe the sample for the occurrence of the A2M-2 allele 
by digestion With a restriction endonuclease speci?c for a 
restriction site that has been created or deleted due to the 
pentanucleotide deletion found in the A2M-2 allele, fol 
loWed by siZe fractionation by agarose or polyacrylamide 
gel electrophoresis. One of ordinary skill in the art Will be 
able to select an appropriate restriction endonuclease(s) for 
use in RFLP analysis by analyZing the site of the A2M-2 
pentanucleotide deletion. This can be done by determining 
Whether the A2M-2 allele contains a restriction site not 
found in the Wild type A2Mallele (A2M-1), or Whether a 
restriction site found in the A2M-1 allele in the region of the 
deletion mutation has been lost. Restriction sites for com 
mercially available restriction endonucleases are described 
in Table 3.1.1 in Ausubel, F. M. et al., eds., Current 
Protocols in Molecular Biology: John Wiley and Sons, Inc. 
(1997). 
[0048] In a preferred embodiment of the invention, the 
DNA is ampli?ed prior to the genotyping analysis. General 
methods for ampli?cation and analysis ofthe DNA frag 
ments are Well-knoWn to one of ordinary skill in the art (see, 
e.g., US. Pat. Nos. 4,683,195; 4,683,202; and 4,800,159; 
Innis, M. A., et al., eds., PCR Protocols.'A Guide to Methods 
and Applications, San Diego, Calif.: Academic Press, Inc. 
(1990); Grif?n, H. G., Grif?n, A. M., eds., PCR Technology: 
Current Innovations, Boca Raton, Fla.: CRC Press (1994) 
and Ausubel, F. M. et al., eds., Chapter 15 in Current 
Protocols in Molecular Biology: John Wiley and Sons, Inc. 
(1997)). Typically, these methods comprise contacting the 
DNA sample With a thermostable DNA polymerase in the 
presence of one or more primer sequences and amplifying 
the DNA sample to generate a collection of ampli?ed DNA 
fragments, preferably by PCR or an equivalent automated 
ampli?cation technique. 

[0049] Based on the sequence of the alleles provided 
herein, PCR primers are constructed that are complementary 
to either (1) the region of A2M encompassing the site for the 
pentanucleotide deletion found in the A2M-2 allele, or (2) 
the region of A2M encompassing amino acid 1000 of the 
0L2M protein. Aprimer consists of a consecutive sequence of 
polynucleotides complementary to any region in the allele 
encompassing the position of interest. The siZe of these PCR 
primers range anyWhere from ?ve bases to hundreds of 
bases. HoWever, the preferred siZe of a primer is in the range 
from 10 to 40 bases, most preferably from 15 to 32 bases. As 
the siZe of the primer decreases so does the speci?city of the 
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primer for the targeted region. Hence, even though a primer 
Which is less than ?ve bases long Will bind to the targeted 
region, it also has an increased chance of binding to other 
regions of the template polynucleotide Which are not in the 
targeted region. Conversely, a larger primer provides for 
greater speci?city, hoWever, it becomes quite cumbersome 
to make and manipulate a very large fragment. Nevertheless, 
When necessary, large fragments are employed in the method 
of the present invention. 

[0050] A more preferred method of the invention for 
amplifying the DNA is to utiliZe primers that ?ank the site 
of the pentanucleotide deletion mutation present in the 
A2M-2 allele and provide a product that contains the 
sequence encoding eXon 18 of otzM. More preferably, the 
invention utiliZes primer 5° CTT TCC TTG ATG ACC CAA 
GCG CC 3‘ (SEQ ID NO: 1) and primer 5‘ GTT GAAAAT 
AGT CAG CGA CCT C 3‘ (SEQ ID NO: 2) (Matthijs, G., 
and Marynen, P., Nucl. Acids Res. 19(18):5102 (1991)) 
during the ampli?cation step. 
[0051] Another preferred method of the invention for 
amplifying the DNA is to utiliZe primers that ?ank the 
sequence encoding amino acid 1000 of the otzM protein and 
provide a product that contains the sequence encoding said 
amino acid. More preferably, the invention utiliZes the sense 
primer C23: 5‘ ATC CCT GAAACT GCC ACC AA3‘ (SEQ 
ID NO: 3) and antisense primer AS24: 5‘ GTA ACT GAA 
ACC TAC TGG AA 3‘ (SEQ ID NO: 4) during the ampli 
?cation step. 

[0052] FolloWing ampli?cation by the methods of the 
present invention, the ampli?ed DNA fragments may be 
analyZed to identify a speci?c polymorphism. 

[0053] The analysis can be done by determining the poly 
nucleotide sequence of the ampli?ed fragments using pro 
cedures Well knoWn in the art. Several methods of sequenc 
ing DNA are described by Ausubel, F. M. et al., eds., in 
Chapter 7 in Current Protocols in Molecular Biology: John 
Wiley and Sons, Inc. (1997) (see also, US. Pat. Nos. 
4,962,022 and 5,498,523, Which are directed to methods of 
DNA sequencing). This method of analysis is preferred 
When the ampli?ed fragment contains the site of the deletion 
mutation found in the A2M-2 allele. 

[0054] In another embodiment, the analysis can be done 
by RFLP analysis, as Was previously described herein. This 
method of analysis is preferred When the fragment ampli?ed 
encodes amino acid 1000 of the ot2M protein. 

[0055] In yet another embodiment, analysis of the ampli 
?ed sample can be done by Single-Strand conformation 
polymorphism (SSCP) analysis. SSCP analysis is a proce 
dure Well knoWn in the art for identifying polymorphisms in 
DNA (see, e.g., Orita, M., et al., Proc. Natl. Acad. Sci. USA 
86:2766-2770 (1989); Teschauer, W., et al., Eur J Clin. 
Chem. Clin. Biochem. 34:125-131 (1996); and Paccoud, B., 
et al., Nucl. Acids Res. 26(9):2245-2246 (1998)). After 
denaturation of a double stranded DNA sample(s), the single 
stranded DNA is analyZed for a polymorphic variation. This 
step is usually accomplished by separation of the single 
stranded DNA using electrophoresis, a procedure Which 
permits the determination of the presence of unique poly 
morphic conformations in the DNA sample(s). The strands 
may be separated on a non-denaturing polyacrylamide gel. 

[0056] Gel electrophoresis and visualiZation of the DNA 
may be performed as described immediately herein. 
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[0057] In an additional embodiment, the ampli?ed sample 
can be analyZed directly by siZe fractionation if the sequence 
of interest contains an insertion or deletion relative to the 
control DNA. 

[0058] An alternative embodiment of the invention uti 
liZes protein isotyping to determine the A2M genotype. The 
ot2M variant found in the A2M-2 genotype is predicted to 
lack eXon 18 due to the loss of nucleotides in the splice 
acceptor site of eXon 18. These nucleotides are believed to 
be necessary for effective splicing of ot2M. In the A2M-G 
genotype, Ile1000 (ATC) is replaced by Val1000 (GTC). Anti 
bodies speci?c to each of these variant forms of otzM can be 
utiliZed to screen individuals for the occurrence of these 
variants and thus for the occurrence of the A2M-2 or A2M-G 
alleles. 

[0059] The term “antibody” refers both to monoclonal 
antibodies Which have a substantially homogeneous popu 
lation and to polyclonal antibodies Which have heteroge 
neous populations. Polyclonal antibodies are derived from 
the antisera of immuniZed animals, and monoclonal anti 
bodies to speci?c otzM variants may be obtained by methods 
knoWn in the art (Kohler and Milstein, Nature 256:495-497, 
1975). Such antibodies may be of any immunoglobulin class 
including IgG, IgM, IgE, IgA, IgD and any subclass thereof. 
The term “antibody” is meant to include both intact mol 
ecules as Well as fragments thereof, such as Fab and F(ab‘)2, 
Which are capable of binding antigen. The antibodies are 
tested for their ability to distinguish the (x2M-2 from the 
a2M-1 proteins, or the Val1000 from the Ile1000 proteins by a 
standard immunoassay method such as ELISA (Chapter 11 
in Current Protocols In Molecular Biology: Green Publish 
ing Associates and Wiley-Interscience (1991)), using recom 
binantly expressed otzM. 

[0060] Once tested, the antibodies may be used to detect 
the presence of the (x2M-2 variant or the ot2M Val1000 
variant. These antibodies may be used in immunoassay 
techniques Well knoWn in the relevant arts, such as Western 
Blot or ELISA. Thus, in one embodiment, an antibody 
speci?c for the (x2M-2 variant is used to assess A2M 
genotype through protein isotyping. In a preferred method of 
protein isotyping, a second antibody, Which is speci?c for 
ot2M-1 is used as a control. Yet another embodiment of the 
inv%r)10tion relates to the use of an antibody speci?c for the 
Val variant to assess the A2M-G genotype through protein 
isotyping. In a preferred method of protein isotyping, a 
second antibody, Which is speci?c for the Ile1000 protein, is 
used as a control. For the protein isotyping methods of the 
invention, preferably, protein is isolated from an individual 
and screened With the speci?c antibodies. 

[0061] An alternative method of protein isotyping the 
A2M-2 genotype is to assay for the ot2M-2 variant using an 
ot2M electrophoretic-mobility assay, Which consists of ana 
lyZing the electrophoretic mobility of ot2M under non 
denaturing conditions after incubation With a protease, or 
other reagent capable of converting otzM to the fast form 
(Barret, A. J., et al., Biochem. J 181: 401-418 (1979); 
BoWen, M. E., and Gettins, P. W., J. Biol. Chem. 273:1825 
1831 (1998)). otzM can eXist in tWo forms easily distin 
guishable by mobility in gel electrophoresis (Barret, A. J ., et 
al., Biochem. J. 181: 401-418 (1979)). The difference in 
mobility is due to a conformational change. otzM has a 
tetrameric structure that undergoes a conformational change 
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upon proteolytic cleavage near the center of the bait domain 
by a protease (Borth, W. FASEB 6: 3345-3353 (1992)). This 
conformational change traps the protease ((Borth, W. FASEB 
6: 3345-3353 (1992))), and results in an increase in elec 
trophoretic mobility on poly-acrylamide gels run under 
non-denaturing conditions (this form is referred to as the 
“fast form” of otzM) (Barret, A. J ., et al., Biochem. J. 181: 
401-418 (1979); BoWen, M. E., and Gettins, P. W., J. Biol. 
Chem. 273:1825-1831 (1998)). This “sloW to fast” conver 
sion is used as the basis for an assay for this conformational 
change, and the tWo different ot2M conformations are 
referred to as the sloW and fast forms (BoWen, M. E., and 
Gettins, P. W., J. Biol. Chem. 273:1825-1831 (1998)). This 
assay is referred to herein as the otzM electrophoretic 
mobility assay. 

[0062] Because the (x2M-2 variant is eXpected to lack eXon 
18, the second of the tWo eXons of the bait domain, it is also 
expected that this variant Would be unable to undergo the 
conformational change that increases electrophoretic mobil 
ity converting it from the sloW form to the fast form of otzM. 
Thus, the (x2M-2 variant can be identi?ed using the otzM 
electrophoretic mobility assay. 

[0063] The ot2M electrophoretic mobility assay and meth 
ods of purifying otzM from serum are described by Barret et 
al. in Barret, A. J., et al., Biochem. J. 181: 401-418 (1979), 
and by BoWen et al. in BoWen, M. E., et al.,Arch. Biochem. 
Biophys. 337:191-201 (1997), and in BoWen, M. E., and 
Gettins, P. W., J. Biol. Chem. 273:1825-1831 (1998). 
Reagents for use in the conversion of otzM to the fast form 
include proteases, such as trypsin, papain, thermolysin or 
chymotrypsin; 
[0064] ammonia or loW-molecular-Weight ammonium 
analogues, such as (NH4)2SO4, methylamtnonium chloride 
and ethylammonium chloride; and salts of certain amines 
such as 1,3-diaminopropane, ethanolamine and methy 
lamine (BoWen, M. E., and Gettins, P. W., J. Biol. Chem. 
273:1825-1831 (1998)). After incubation With one of these 
reagents, preferably a protease, the otzM sample may be run 
on polyacrylamide gel under nondenaturing conditions, such 
as those described in BoWen, M. E., et al., Arch. Biochem. 
Biophys. 337:191-201 (1997). The otzM sample may be 
detected by methods Well knoWn in the art such as by 
radiolabelling the protease used, or by Western Blot using 
anti-(x2M antibodies. The (x2M-2 variant, and/or the fast 
form of ot2M-1 may be used as controls for comparison of 
electrophoretic mobility With the sample being analyZed. 

[0065] The invention also provides kits for use in the 
identi?cation, analysis and typing of polymorphic DNA 
according to the present methods. Kits according to the 
present invention may comprise a carrying means being 
compartmentaliZed to receive in close con?nement therein 
one or more containers such as vials, tubes, bottles and the 
like. Each of such containers may comprise components or 
a miXture of components needed to perform genotyping 
analysis. 

[0066] Akit for genotyping DNA can comprise a number 
of containers. In one eXample of such a kit, a ?rst such 
container can contain a substantially puri?ed sample of the 
primers With the sequences of SEQ ID NOs 1 and 2 
described above. A second such container can contain 
ot2M-2 DNA. A third such container may contain (x2M-1 
DNA. In another eXample of a kit for genotyping DNA, a 
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?rst such container can contain a substantially puri?ed 
sample of the primers With the sequences of SEQ ID NOs 3 
and 4 described above. A second such container can contain 
otzM Val1000 DNA. Athird such container may contain a2M 
Ile1000 DNA. 

[0067] In another embodiment, the invention provides a 
kit for A2M genotyping by means of protein isotyping. Such 
a kit can include one or more containers. In an eXample of 

such a kit, a ?rst such container may contain an antibody 

speci?c to the (x2M-2 protein. A second such container may 
contain an antibody speci?c to the (x2M-1 protein. A third 
such container may contain a substantially puri?ed sample 
of the (x2M-2 variant, or fragment thereof. A fourth such 
container may contain a substantially puri?ed sample of 
(x2M-1 protein, or fragment thereof. In another eXample of 
a kit for A2M genotyping by means of protein isotyping, a 
?rst such container may contain an antibody speci?c to the 
otzM Val1000 variant. A second such container may contain 
an antibody speci?c to otzM Ile1000 protein. A third such 
container may contain a substantially puri?ed sample of the 
otzM Val1000 variant, or fragment thereof. A fourth such 
container may contain a substantially puri?ed sample of 
otzM Ile1000 protein, or fragment thereof. In yet another 
eXample of a kit for A2M genotyping by means of protein 
isotyping, a ?rst container may contain a protease or other 

reagent for use in conversion of an otzM to the fast form. A 
second such container may contain a substantially puri?ed 
sample of the (x2M-2 variant. A third such container may 
contain a substantially puri?ed sample of the fast form of 
(x2M-1. Other containers may contain reagents for use in the 
puri?cation of otzM or for use in electrophoresis. 

[0068] It Will be readily apparent to those skilled in the 
relevant arts that other suitable modi?cations and adapta 
tions to the methods and applications described herein are 
obvious and may be made Without departing from the scope 
of the invention or any embodiment thereof. Having noW 
described the present invention in detail, the same Will be 
more clearly understood by reference to the folloWing 
examples, Which are included hereWith for purposes of 
illustration only and are not intended to be limiting of the 
invention. 

EXAMPLES 

[0069] To identify novel AD genes, the inventors 
employed a candidate gene strategy focusing on genes for 
knoWn LRP ligands other than apoE and APP (Kounnas, M., 
et al., Cell 82:331-340 (1995)). ot2M is a major LRP ligand 
and major serum pan-protease inhibitor Which inhibits all 
four classes of proteases (Borth, W., FASEB 6:3345-3353 
(1992)). In brain, A2M is upregulated during injury along 
With its major receptor, the loW density lipoprotein receptor 
related protein (LRP) (Strickland, D. K., et al., J. Biol. 
Chem. 265:17401-17404 (1990); Businaro, R., et al., Exp. 
Brain Res. 88:213-218 (1992); Lopes, M. B., et al., FEBS 
Lett. 338: 301-305 (1993)). otzM has been localiZed to senile 
plaques (SP) in AD (Bauer, J., et al., FEBS 285:111-114 
(1991)) and tightly binds the [3AP peptide, the major com 
ponent of [3-amyloid in SP and cerebral blood vessel depos 
its (Du, Y., et al., J. Neurochem. 69:299-305 (1997) and 
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Hughes, S. R., et al., Proc. Natl. Acad. Sci. (USA) 95:3275 
3280 (1998)). otzM has also been shown to attenuate the 
?brillogenesis and neurotoxicity of [3AP (Hughes, S. R., et 
al., Proc. Natl. Acad. Sci. (USA) 95:3275-3280 (1998) and 
Du, Y., et al., J. Neurochem. 70:1182-1188 (1998)) and to 
mediate both its degradation (Qiu et al., J. Biol Chem. 
271:8443-8451 (1996)) and clearance via endocytosis 
through LRP (Narita, M., et al., J. Neurochem. 69:1904 
1911 (1997)). In vieW of these ?ndings implicating otzM in 
AD, the inventors tested for a genetic association betWeen 
A2M and AD. 

[0070] During the course of this study, chromosome 12 
linkage to AD Was reported as part of a genome scan 

(Pericak-Vance, M. A., et al., JAlVlA 278(15):1237 
1241(1997)). Since A2M maps Within 30 cM of the impli 
cated chromosome 12 markers (Krauter, K., et al., Nature 
377:321-333 (1995)), the inventors attempted to con?rm this 
result using the National Institute of Mental Health (NIMH) 
Genetics Initiative AD sample (Blacker, D., et al., Neurology 
48:139-147 (1997)) and to determine Whether a genetic 
association of A2M With AD may account for the previously 
published chromosome 12 linkage. 

Example 1 

Pentanucleotide Deletion Allele 

[0071] A. Methods 

[0072] 1. Sample 

[0073] To test for a link betWeen A2M and AD, the 
inventors used the National Institute of Mental Health 
(NIMH) Genetics Initiative AD sample, a large sample of 
affected sibling pairs and other small families With AD 
(Blacker, D., et al., in Neurology 48:139-147 (1997)). Par 
ticipants Were recruited from local memory disorder clinics, 
nursing homes, and the surrounding communities With the 
only requirement for inclusion in the sample being that each 
family include at least tWo living blood relatives With 
memory problems. They Were evaluated folloWing a stan 
dardiZed protocol (Blacker, D., et al.,Arch. Neurol. 51:1198 
1204 (1994)) to assure that they met NINCDS/ADRDA 
criteria for Probable AD (or in the case of secondary 
probands, Possible AD) (McKhann, G., et al., Neurology 
34:939-944 (1984)), or research pathological criteria for 
De?nite AD (Khachaturian, Z., Arch. Neurol. 42:1105 
(1985)). Among the affected individuals, 142 (22.2%) had 
autopsy con?rmation of the diagnosis of AD. Unaffected 
relatives, generally siblings, Were included When they Were 
available and Willing to participate. 

[0074] There Were a total of 239 unaffected subjects from 
131 families (45.6%). An additional 22 study subjects With 
blood available Who had unclear phenotypes Were consid 
ered phenotype unknoWn, as Were 5 unaffected subjects With 
unknoWn ages, and 19 unaffected subjects beloW 50 years of 
age (primarily children of affected participants). There Were 
a total of 639 individuals affected With AD, from 286 
families. The majority of the affected individuals Were 
sibling pairs (202 families, 71%), but there Were 46 larger 
sibships (16%), and 38 families With other structures (13%; 
e.g., parent-child, ?rst cousin, avuncular, extended). All 
subjects (or, for signi?cantly cognitively impaired individu 
als, their legal guardian or care-giver With poWer of attor 
ney) gave informed consent. 
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[0075] The full sample Was used in the descriptive statis 
tics for genotype counts and allele frequencies, for the 
analyses of age of onset in affected individuals, and for all 
of the genetic linkage analyses (except ASPEX, Which uses 
sibships only). HoWever, because the Mantel-HaenZel test, 
conditional logistic regression, and Sibship Disequilibrium 
Test depend on comparisons of closely related affected and 
unaffected individuals, these Were performed on a sub 
sample including all families in Which there Was at least one 
affected and at least one unaffected sibling With A2M data 
available: 104 families With 217 affected and 181 unaffected 
siblings. 

[0076] In order to avoid examining very early onset AD, 
Which appears to have a distinct genetic etiology (Blacker, 
D., & TanZi, R. E.,Arch Neurol 55:294-296 (1998)), only 
those families in Which all examined affected individuals 
experienced the onset of AD at age 50 or later Were included. 
Although LOAD is conventionally identi?ed based on onset 
after age 60, families With onsets betWeen 50 and 60 Were 
included because onset in this decade is only partly 
explained by the knoWn AD genes. Age of onset Was 
determined based on an intervieW With a knoWledgeable 
informant and revieW of medical records. 

[0077] 2. Ampli?cation and Genotyping of A2M, APOE, 
and Chromosome 12 Markers 

[0078] The A2M exon 18 splice acceptor pentanucleotide 
deletion (the A2M-2 allele) Was manually genotyped accord 
ing to the protocol described in Matthijs et al. (Matthijs, G., 
& Marynen, P., Nuc. Acid. Res. 19:5102 (1991)). A 326 bp 
fragment Was ampli?ed by PCR using primers having the 
sequences described in SEQ ID NOs 1 and 2. The ampli?ed 
fragment Was then sequenced using 33P in a 96-Well format 
on 6% denaturing polyacrylamide gels. The presence of the 
deletion resulted in a 5 bp smaller amplicon. APOE Was 
genotyped as described in Blacker et al. (Blacker, D., et al., 
Neurology 48:139-147 (1997)). Chromosome 12 markers 
Were genotyped using primers that Were either provided 
from the Weber 8 set (Research Genetics) or Were custom 
synthesiZed (BRL). 

[0079] Manual genotyping Was carried out using a 96-Well 
microtiter dish format. Three to 10 nanograms, of human 
DNA Was mixed With a reaction buffer, deoxynucleotide mix 
(eg for a poly-[dGdT] STR, the ?nal concentration is 200 
mM each of dATP, dCTP and dTTP; and 2 mM dGTP), I 
mCi alpha-32PdGTP or 33P-dGTP, 15 pM of each ?anking 
primer and 0.25 units of Taq polymerase in a total volume 
of 10 ml. The reactions Were denatured at 94° C. for 4 min, 
folloWed by 25-30 cycles of 1 min denaturing at 94° C., 
0.5-1 min annealing (variable temperature, usually 55-65° 
C.) and extension for 1 min at 72° C. Fourty-eight (48) 
experimental and tWo control (for standardiZation of siZe) 
samples Were loaded on a gel at one time, thereby increasing 
the amount of information per gel. Whenever possible (e.g., 
if marker background Was sufficiently loW) multiple markers 
(tWo to four markers) Were multiplexed, or Were temporally 
staggered (30-45 minutes) tWo to three mm on a single gel. 
Allele siZes for CEPH individuals 1331-01 and 1331-02 
Were used as standards. In the rare event that no standards 

Were available for a marker, an initial gel Was run Which 
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included a sequencing ladder to determine allele sizes in 
these individuals. TWo pls of sample Were mixed With 
loading dye and siZe-fractionated on a 6% denaturing poly 
acrylamide gel. The gels Were then dried and placed on 
X-ray ?lm for 2-24 hrs. at —80° C. and read by tWo 
independent readers. 

[0080] 3. OvervieW of Statistical Techniques 

[0081] Five groups of statistical analyses Were used to 
explore the relationship betWeen A2M and AD in study 
families. First, the inventors sought to describe the sample 
by A2M genotype, and calculated allele frequencies for 
affected and unaffected individuals. Second, strati?ed on 
families, Mantel-HaenZel odds ratios Were calculated for the 
effect of possessing an A2M-2 allele on risk for AD, and 
conditional logistic regression, conditioning on family, Was 
used to control for the effect of APOE-e4. Third, association 
Was tested for using the Sibship Disequilibrium Test (SDT), 
a variation of the Transmission Disequilibrium Test (TDT) 
that is able to detect linkage and association in the absence 
of parental data. Fourth, a variety oftechniques Were used to 
assess Whether any A2M effect occurs via a change in age of 
onset. Fifth, several genetic linkage methods Were used to 
assess the relationship betWeen A2M and AD, and Whether 
any association might be related to the recent report of 
linkage to centromeric markers on chromosome 12. Wher 
ever possible, APOE-e4 effects Were controlled for by 
strati?cation or by including APOE-e4 as a covariate in 
muliivariate analyses. Except as otherWise noted, the analy 
ses reported here Were performed in the SAS statistical 
analysis package (SAS Institute, SAS Program Guide, Ver 
sion 6, Cary, NC (1989)). 

[0082] For all types of analysis, allele frequencies Were 
computed from the data, but rare alleles Were adjusted up to 
a frequency of 0.01 (With a compensatory small decrease in 
the frequency ofthe most common alleles) in order to 
minimiZe the possibility of a false positive result. All analy 
ses Were repeated using the uncorrected frequencies. 

[0083] B. Results 

[0084] 1. Genotype and Allele Frequencies 

[0085] For descriptive purposes, A2M genotype counts 
and allele frequencies Were examined in affected and unaf 
fected subjects in study families. Unaffected individuals in 
AD families are not genetically independent of their affected 
relatives, of course, and thus Would be expected to shoW 
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higher frequencies of AD-associated alleles compared to the 
general population. HoWever, given an increased risk of AD 
With a given allele, its frequency Would be expected to be 
higher among affected individuals than among their unaf 
fected relatives. HoWever, since these frequencies are 
pooled across families, they are neither as accurate nor as 
poWerful an indicator of genetic association as the SDT. 

[0086] A2M genotype counts and allele frequencies for 
A2M-2 are reported separately for primary and secondary 
probands, With primary probands serving as the primary 
subject population, and secondary probands as a con?rma 
tion sample. Allele frequencies in the probands Were com 
pared to those for unaffected individuals based on the oldest 
unaffected individual from each of the 105 families in Which 
one or more unaffected subjects With A2M data Was avail 
able. In addition, the analyses Were repeated using an 
unaffected sample that had passed through a majority of the 
age of risk, the “stringent” unaffecteds, those Who Were at 
least as old as the age of onset of the latest-onsetting affected 
family member, again selecting the oldest such individual in 
each family. Because age of onset is correlated in families 
(Farrer, L. A., et al., Neurology 40:395-403 (1990)), using 
onset ages in the subjects’ oWn families is preferable to 
setting an arbitrary cutoff. 

[0087] The applicants initially determined genotype 
counts and allele frequencies for the bi-allelic 5‘ exon 18 
splice acceptor deletion polymorphism in A2M (Matthij s, 
G., Marynen, P., Nuc. Acid. Res. 19:5102 (1991)) in primary 
probands, secondary probands, unaffected individuals (old 
est in family), and “stringent” unaffecteds, (those Who have 
reached the onset age of the latest-onsetting affected, again 
using the oldest such individual), strati?ed on individual 
APOE dose (see Tables 1 and 2). The combined genotype 
frequencies for the possession of 1 or 2A2M-2 alleles Was 
higher in the primary and secondary probands (29.5% and 
31.9%) than in the oldest unaffecteds (22.9%) and oldest 
stringent unaffected (19.3%; Table 1). The A2M-2 allele 
frequencies for primary and secondary probands; Were simi 
lar (16.4% and 17.7%) and both Were loWer than those 
observed in unaffecteds individuals (12.9% for oldest unaf 
fecteds and 10.5% for oldest stringent unaffecteds; Table 2). 
The effect Was particularly marked among the APOE-e4 
Zero-dose individuals (15.0% for primary probands and 
19.4% for secondary probands vs. 4.3% for oldest unaffect 
eds and 3.7% for oldest stringent unaffected). 

TABLE 1 

A2M Genotypes Strati?ed on Individual APOE-e4 Dose 

Primary Secondary Oldest Oldest Stringen 
Probands Probands Unaffecteds Unaffecteds" 

A2M genotype 1/1 1/2 2/2 1/1 1/2 2/2 1/1 1/2 2/2 1/1 1/2 2/2 

APOE-e4 dose 

0 59 18 3 62 26 5 42 4 0 25 2 0 
1 100 39 3 89 37 2 33 12 2 22 7 1 

2 42 19 3 43 18 3 6 5 1 3 2 0 

Total sample 201 76 9 194 81 10 81 21 3 50 11 1 
Percent 70.3 26.4 3.1 68.1 28.4 3.5 77.1 20.0 2.9 80.6 17.7 1.6 

*Stringent unaffecteds are those at least as old as the latest onsetting affected subject in the family. 
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[0088] 

TABLE 2 

A2M-2 Allele Frequencies Strati?ed on Individual APOE-e4 Dose 

Oldest 
Primary Secondary Oldest Stringent 

APOE-e4 Probands Probands Unaffecteds Unaffecteds" 

dose freq n$ freq n$ freq n$ freq n$ 

0 .150 80 .194 93 .043 46 .037 27 
1 .158 142 .160 128 .170 47 .150 30 
2 .195 64 .188 64 .292 12 .200 5 

Total .1 64 286 .177 285 .129 105 .105 62 

*Stringent unaffected are those at least as old as the latest onsetting 
affected subject in the family. 
n refers to the number of subjects on Which the frequency is based, and 

is thus half the number of alleles. 

[0089] 2. Mantel-HaenZel Odds Ratios and Conditional 
Logistic Regression 
[0090] Mantel-HaenZel odds ratios Were calculated for the 
odds of being affected given the possession of at least one 
A2M-2 allele. These analyses Were performed strati?ed on 
family using n-to-m matching, so all members of a sibship 
could be used and intercorrelations among siblings could be 
taken into account. Spielman and EWens (Spielman, R. S., 
and EWens, W. J., Am. J Hum. Genet. 62:450-458 (1998)) 
have recently suggested the use of a similar analysis to test 
for linkage. The analyses Were performed ?rst using all 
unaffected siblings, and then only the stringent unaffected 
siblings. 
[0091] Conditional logistic regression Was used to control 
the Mantel-HaenZel odds ratio for the effect of APOE-e4 on 
AD risk. Here, the outcome is disease status of each sibling, 
conditioning on family using an n-to-m matching paradigm, 
and including APOE-e4/e4 homoZygosity as a covariate, 
along With a term for the interaction betWeen APOE-e4 and 
A2M-2. Like the Mantel-HaenZel odds ratio, conditional 
logistic regression is a standard method for analysis of data 
from matched sets, and can control for clustering of geno 
types Within families of arbitrary siZe. These analyses Were 
performed using the PHREG procedure in SAS (SAS Insti 
tute, SAS Program Guide, Version 6, Cary, NC (1989)). 
These analyses Were repeated using only the “stringent” 
unaffected siblings (those Who Were as least as old as the 
onset age of the oldest-onsetting affected sibling) in order to 
minimize the effect of misclassi?cation of unaffected sib 
lings. These analyses Were also performed coding APOE-e4 
as gene dosage, and including a term for the possession of 
an APOE-2 allele, previously shoWn to decrease disease risk 
(Corder, E. H., et al., Nat Genet. 7:180-184 (1994); Farrer, 
L. A., et al., JAMA 278:1349-1356 (1997)). 

[0092] The Mantel-HaenZel odds ratio (Table 3) for the 
risk of being affected as a function of carrying at least one 

A2M-2 allele Was 3.56 (95% Cl={1.80, 7.03}; p=0.0003). In 
comparison, this same sample set yielded a similar odds 
ratio for the risk of being affected as a function of carrying 

tWo copies of APOE-e4 (3.54 [95% CI={1.76, 7.12}] 
p=0.0004). Thus, risk due to inheriting at least one A2M-2 
allele Was comparable to that conferred by APOE-e4 
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homoZygote status. When this analysis Was restricted to 
stringent unaffecteds, a much smaller sample, the Mantel 
HaenZel odds ratio for A2M-2 remained signi?cant (2.27 
[95% CI={1. 1 9, 6.23}]; p=0.015). Conditional logistic 
regression analyses, Which alloW for the calculation of 
Mantel-HaenZel odds ratios adjusted for the effect of APOE 
e4 onAD risk are also shoWn in Table 3, ?rst for all affected 
and unaffected siblings, and then for all affected and strin 
gent unaffected siblings. Of note, comparable and signi?cant 
magnitudes of risk Were conferred by the possession of one 
or more A2M-2 alleles (Model 1) or by APOE-e4 homozy 
gosity (Model 2) and the magnitude of that risk changed 
little When both genes Were included in the model (Model 3). 
There Was also no evidence of an interaction betWeen the 

tWo genes on disease risk (Model 4). The results for analyses 
using only the affecteds and stringent unaffecteds Were 
similar, but less signi?cant, as Would be expected given the 
smaller sample siZe. Additional analyses Were performed 
(not shoWn) coding APOE-e4 “dose” as an ordinal variable 
and including A-POE-2 in the model, With no appreciable 
difference in the results. 

TABLE 3 

Conditional logistic regression for the effect of A2M and APOE-e4 
on risk for AD 

Model Variables est. OR 95% CI p-value 

All Affecteds and Unaffecteds 

1 A2M any 2 3.56 (1.80, 7.03) .0003 
2 APOE-e4/e4 3.54 (1.76, 7.12) .0004 
3 A2M any 2 3.45 (1.71, 6.94) .0005 

APOE-e4/e4 3.45 (1.67, 7.10) .0008 
4 A2M any 2 3.40 (1.57, 7.35) .0018 

APOE-e4/e4 3.39 (1.51, 7.64) .0032 
interaction 1.07 (0.25, 4.46) .932 
All Affecteds and Stringent" Unaffecteds 

1 A2M any 2 2.72 (1.19, 6.23) .018 
2 APOE-e4/e4 3.90 (1.62, 9.40) .0025 
3 A2M any 2 2.85 (1.21, 6.70) .017 

APOE-e4/e4 4.10 (1.66, 10.12) .0023 
4 A2M any 2 2.48 (0.96, 6.39) .061 

APOE-e4/e4 3.61 (1.36, 9.58) .0099 
interaction 1.78 (0.29, 10.9) .533 

* Stringent unaffecteds are those at least as old as the latest onsetting 
affected subject in the family. 

[0093] 3. Sibship Disequilibrium Test 

[0094] The Sibship Disequilibrium Test (SDI) (Horvath 
and Laird, under revision, Am. J Hum. Genet.) is a non 
parametric sign test developed for use With sibling pedigree 
data that compares the average number of candidate alleles 
betWeen affected and unaffected siblings. The SDT is similar 
to the Sib-TDT, a recently developed test that also does not 
require parental data (Spielman, R. S., and EWens, W. J .,Am. 
J Hum. Genet. (SuppL.) 53:363 (1993)), but has the advan 
tage of being able to detect association in sibships of an 
arbitrary siZe. Like the TDT, Sib-TDT, and other family 
based association tests, the SDT offers the advantage of not 
being susceptible to errors due to admixture. Another advan 
tage of these methods is that misclassi?cation of affection 
status (e.g., due to the unaffected siblings not having passed 



US 2002/0028462 A1 

through the age of risk) decreases the power of the test, but 
does not lead to invalid results. The SDT can test both 

linkage and linkage disequilibrium; it can only detect link 
age disequilibrium in the presence of linkage, hence there is 
no confounding due to admixture. The null hypothesis of the 
SDT is that ®=2 (no linkage) or 6=0 (no disequilibrium), 
i.e., HO: 6(®)—1/z)=0. The STD program (for several plat 
forms) and documentation may be found at ftp://sph70 
57.harvard.edu/XDT/. 

[0095] Because the SDT does not require parental data, 
and can use all information from sibships of arbitrary siZe, 
it is Well-suited to the analysis of the NIMH AD data. Before 
using it to detect novel AD genes, the SDT Was validated 

With the knoWn AD gene APOE-e4 in the sample. In an 
examination of 150 sibships With 286 affected and 242 
unaffected individuals from the sample (n.b., the number of 
sibships is higher than that for the A2M analyses reported 
here because a greater number of families have been typed 
for APOE), the SDT Was able to detect not only the 
deleterious APOE-e4 effect but also the more dif?cult to 

detect APOE-2 protective effect (Farrer, L. A., et al., JAIVIA 
278:1349-1356 (1997); Corder, E. H., et al., Nature Genet. 
7:180-184 (1994)) not previously detected in these data 
(Blacker, D., et al., Neurology 48:139-147 (1997), and see 
Wilcox et al., in preparation). 

[0096] The primary analysis of the association of A2M-2 
With AD examined the probability of passing along an 
A2M-2 allele as a function of affection status. In order to 
increase the likelihood of correct classi?cation of unaffected 
status, the analyses Were repeated including only “stringent” 
unaffected siblings, those Who Were at least as old as the 
latest onsetting affected siblings, a sample of 60 families. In 
addition, in order to assess Whether the effect differed in 
different APOE genotypes persisted in individuals With 
similar APOE genotypes, the analyses Were repeated Within 
strata de?ned by matching affected and unaffected siblings 
for APOE-e4 gene dose. There Were 18 APOE-e4 Zero-dose 
sibships, 21 APOE-e4 one-dose sibships, and 11 APOE-e4 
tWo-dose sibships. 

[0097] Analysis by the SDT revealed that A2M-2 confers 
signi?cant risk for AD in the total sample (Z=4.74; 
p=0.00009). Once again the magnitude of the association 
Was comparable to that observed in individuals possessing 
tWo copies of APOE-e4 (Z=4.49; p=0.00006). The results of 
the SDT are shoWn in Table 4, including Z values (indicating 
the magnitude and direction of the effect), the exact p-val 
ues, the total number of sibships involved, and the number 
of sibships With a difference in the mean number of candi 
date alleles (A2M-2 or APOE-e4) betWeen affected and 
unaffected siblings (i.e., the effective sample siZe). This 
effect persisted When only the stringent unaffected siblings 
Were used, and Within the subset of sibships concordant for 
Zero or one “dose” of APOE-e4 (data not shoWn). To provide 
further validation of the SDT, the Sibling TDT (Spielman, R. 
S. and EWens, W. J.,Am. JHum. Genet. 62:450-458 (1998)) 
(Sib-TDT) Was applied. The Sib-TDT also revealed signi? 
cant association betWeen A2M and AD (Z=3.61, p=0.0002). 
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TABLE 4 

Sibling disequilibrium test" results for association between the A2M-2 
allele and AD 

Number of Effective 

Sample sibships sample size’? Z3‘ p 

A2M-2: Total sample 104 40 4.74 0.00009 

A2M-2: Sibships 60 27 3.47 0.0059 

including a stringent 
unaffected@ 
APOE-e4: Total 104 47 4.49 0.00006 

sample 

*Horvath and Laird, under revision, AJ HG. 
“The effective sample size is the number of sibships With a difference in 
the mean number of candidate alleles (A2M-2, APOE-e4) between affected 
and unaffected siblings. 
fIsZ values indicate the magnitude and direction of the effect. 

@Stringent unaffecteds are those at least as old as their oldest onsetting 
affected sibling. 

[0098] 4. Age of Onset Based Techniques 

[0099] In order to see if A2M effects appeared to operate 
via changes in age of onset, affected individuals Were 
examined according to A2M genotype, stratifying on or 
controlling for the poWerful effect of APOE-e4. First, this 
Was examined graphically using Kaplan Meier curves (data 
not shoWn) including all affected and unaffected individuals, 
?rst stratifying on A2M genotype alone, and then on A2M-2 
carrier status and APOE-e4 dose. Second, the mean ages of 
onset of primary and secondary probands Were compared by 
A2M genotype overall, and strati?ed on APOE-e4 gene 
dose. Third, analysis of variance (performed separately for 
primary and secondary probands) Was used, including ?rst 
only A2M genotype (de?ned as any 2 vs. none), then only 
APOE genotype (de?ned as APOE-e4 gene dose or APOE 
e4/e4 vs. not), then both, and then both plus an interaction 
term. 

[0100] Although A2M-2 appeared to increase risk for AD, 
unlike APOE-e4, it did not appear to decrease age of onset 
of AD. This is shoWn graphically in Kaplan Meier curves of 
the sample as a Whole, strati?ed ?rst on A2M genotype alone 
and then on both the presence of an A2M-2 allele and 

APOE-e4 dose. These graphs clearly shoW that inheritance 
of the APOE-e4/e4 genotype loWers age of onset, irrespec 
tive of A2M genotype. HoWever, no difference in age of 
onset Was conferred by A2M genotype for the overall 
sample or Within any APOE-e4 dose stratum. 

[0101] The mean ages of onset for primary and secondary 
probands for each A2M genotype overall, and strati?ed 
according to individual APOE-e4 dose shoWed no effect of 
A2M genotype on age of onset of AD (Table 5), but did 
shoW the expected decline in age of onset homoZygous for 
APOE-e4. Analysis of variance of primary (and secondary, 
performed separately) probands shoWed no effect of A2M 
genotype on age of onset, but did shoW a signi?cant effect 
of the APOE-e4/e4 genotype on age of onset. 
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TABLE 5 

Age of onset of AD by A2M genotype, strati?ed on individual APOE-e4 
dose 

APOE A2M Primary Probands Secondary Probands 

dose Genotype 1/1 1/2 2/2 1/1 1/2 2/2 

0 n 59 18 3 62 26 5 

m (sd) 73.0(8.7) 76.2(10.0) 76.3(3.5) 74.7(8.2) 75.7(8.2) 76.4(7.2) 
n 100 39 3 89 37 2 

m (sd) 71.7(7.4) 73.0(7.9) 73.0(7.9) 73.8(5.9) 73.0(6.0) 70.0(4.2) 
2 n 42 19 3 43 18 3 

m (sd) 68.4(6.9) 62.8(6.0) 67.0(4.4) 65.6(6.7) 67.9(8.8) 65.0(7.9) 
Total n 201 76 9 194 81 10 

m (sd) 71.4(7.8) 71.7(9.5) 72.1(6.4) 72.3(7.3) 72.7(7.8) 71.7(8.2) 

[0102] 5. Traditional Linkage Analysis and Related Tech 
niques 

[0103] In order to determine if there Was evidence for 
linkage in the A2M region, and in particular Whether A2M 
might be related to the recent reports of linkage to the 
centromeric region of chromosome 12 (Pericak-Vance, M. 
A., et al., JAIVIA 278(15):1237-1241 (1997)), a variety of 
genetic linkage analytic techniques Were performed. For 
these analyses, all families Were divided into “tiers” accord 
ing to the criteria of Pericak-Vance et al. (Pericak-Vance, M. 
A., et al., JAMA 278(15):1237-1241 (1997)): Tier 1 (30 
families) is comprised of families in Which all affecteds Were 
APOE-e4/e4; Tier 2 (131 families) is comprised of families 
not in Tier 1 in Which all affecteds Were APOE-e4 carriers; 
and Tier 3 (126 families) is comprised of families in Which 
at least one affected did not carry an APOE-e4 allele. It 

should be noted that Pericak-Vance et al. found evidence for 
linkage to chromosome 12 markers only for Tier 3. All 
analyses Were run on the entire sample and on each of these 

three tiers. In addition, because the analyses in Pericak 
Vance et al. Were con?ned to families With all onsets at 60 

or above, and in Which AD Was evident in at least tWo 

generations, the analyses Were repeated using the 259 fami 
lies meeting these criteria (24 in Tier 1, 118 in Tier 2, and 
117 in Tier 3). 

[0104] The ?rst technique used Was conventional linkage 
analysis using tWo autosomal dominant disease models. The 
?rst model Was an affecteds only analysis based on the 

model used by Pericak-Vance et al. (Pericak-Vance, M. A., 
et al., JAIVIA 278(15):1237-1241 (1997)): a gene frequency 
of .001 and a phenocopy rate of .05. The other main model 
Was an age-curve model assuming a normal distribution of 

disease onset With a mean of 71.4 and sd of 8.7 (n.h., these 
are the observed values in the Genetics Initiative sample, 
and are very similar to those used in Pericak-Vance et al. 

(Pericak-Vance, M. A., et al., JAMA 278(15):1237-1241 
(1997)), a disease gene frequency of 0.01, and a ?xed 
phenocopy rate of 0.10 (n.b., this value Was used for the 
Probable AD cases [70.3 % of the subjects] and for the 
computation of partial penetrances for unaffected subjects; a 
penetrance of 0.05 Was used for the De?nite AD cases 

[22.2% of the subjects], and 0.14 for the Possible AD cases 

[7.5% of the subjects]). However, because these analyses 
Were done in part in an attempt to replicate the ?ndings of 
Pericak-Vance et al., additional models (all using the normal 
onset distribution described above) considered consistent 
WithAD genetics and prevalence Were also tested, including 
the inventors’ best approximation of the age curve model 

used by Pericak-Vance etal. (Pericak-Vance, M. A., et al., 
JAMA 278(15):1237-1241 (1997)), With a disease gene 
frequency of 0.001 and a phenocopy rate ((1)) of 0.05; 
q=0.01 and $0.05; q=0.02 and <|>=0.05; q =0.02 and o=0.10. 
All lod score analyses Were performed in Fastlink (TerWil 
liger, J. D., Ott, J., Handbook of Human Genetic Linkage. 
Baltimore: Johns Hopkins UP, (1994)). 

[0105] The second technique Was multipoint non-paramet 
ric linkage analysis (FIG. 2) using the program GENE 
HUNTER (Kruglyak, L., et al., Am J Hum Genet 5811347 
1363 (1996)(softWare available from Kruglyak et al. by 
anonymous ftp at ftp-genome.Wi.mit.edu or from their 
World Wide Web site http://WWW-genome.Wi.mit.edu/ftp/ 
distribution/softWare/genehunter)), a multipoint non-para 
metric linkage program accommodating full pedigrees, and 
reporting non-parametric lod (NPL) scores. 

[0106] The last technique Was the multivariate sibship 
analysis package ASPEX (Affected Sibpair Exclusion Map 
ping; ftp://Iahmed.stanford.edu/pub/aspex/), Which is based 
on allele sharing Within sibships. The analyses Were per 
formed using the Sib-Phase program, using ?xed, allele 
frequencies based on those observed in the data (see beloW) 
to estimate IBD probabilities When parental information is 
missing, and using no dominance variance. In addition, 
exclusion analysis Was performed setting the ASPEX param 
eter “risk’ (Which is roughly equivalent to X, the recurrence 
risk in relatives) at 2, a reasonable value for AD based on 

family data (Farrer, L. A., et al., Neurology. 40(3 Pt 1):395 
403 (1990)). 

[0107] For all types of analysis, allele frequencies Were 
computed from the data, but rare alleles Were adjusted up to 
a frequency of 0.01 (With a compensatory small decrease in 
the frequency of the most common alleles) in order to 
minimiZe the possibility of a false positive result. All analy 
ses Were repeated using the uncorrected frequencies. 
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[0108] For the multipoint techniques (ASPEX and GENE 
HUNTER), maps of the region Were constructed based on 
Krauter et al., 1995 (Krauter, K., et al., Nature 377:321-333 
(1995)). The map used is shoWn in FIG. 1, Which indicates 
the markers used in the present study and those reported in 
Pericak-Vance et al. (Pericak-Vance, M. A., et al., JAlVlA 

278(15):1237-1241 (1997)). 
[0109] In the interest of clarity and simplicity, nominal 
p-values are reported here. Most of the methods used 
involve multiple comparisons (e.g., testing across multiple 
genetic models, or using multiple different approaches to the 
same question). Therefore, only p-values of 0.01 or less 
should be vieWed as signi?cant (Pocock, S., et al., N. Engl. 
J Med. 317:426-432 (1987)). 

[0110] Genetic linkage analysis in the sample of 286 
families Was performed next for A2M and a set of chromo 

some 12 markers (FIG. 1) including several centromeric 
markers recently reported to be linked to AD by Pericak 
Vance et al. (Pericak-Vance, M. A., et al., JAlVlA 
278(15):1237-1241 (1997)). A2M resides roughly 27 cM of 
the centromeric marker, D12S1042, Which yielded the high 
est maximum 2-point lod-score (2.7) by affecteds-only 
analysis in the Pericak-Vance et al. study ((Pericak-Vance, 
M. A., et al.,JAMA 278(15):1237-1241 (1997); Krauter, K., 
et al., Nature 377:321-333 (1995)). Besides setting out to 
determine Whether the association betWeen A2M-2 and AD 
could be detected by traditional linkage analyses and could 
be explained by the previous linkage ?ndings of Pericak 
Vance et al. (Pericak-Vance, M. A., et al., JAlVlA 
278(15):1237-1241 (1997)), the inventors also attempted to 
con?rm the previous linkage ?ndings in the sample set. 

[0111] Initially affecteds-only lod score analyses Were 
performed, Which shoWed that lod scores for A2M and 
virtually all markers Were less than 0 out to a recombination 

fraction of 30 cM. Lod scores from affecteds only analyses 
Were also strongly negative in Tier 3 (in Which at least one 
affected in each family does not carry the APOE-e4 allele). 
Tier 3 is analogous to the subgroup of AD families for Which 
Pericak-Vance et al. (Pericak-Vance, M. A., et al., JAlVlA 
278(15):1237-1241 (1997)) reported evidence for linkage to 
AD. The lod scores Were similarly negative in Tier 2 
(families in Which all affecteds are APOE-e4 carriers, but at 
least one is a non-homoZygote). HoWever, in Tier 1 (families 
in Which all affecteds are APOE-e4/e4), there Was a Weak but 
non-signi?cant signal: maximum lod score of 1.23 at ®=7 
cM for D12s1042 and 0.74 at ®=12 cM for D12s1090, 7cM 
distal. The results of several different age curve models (not 
shoWn), including that used by Pericak-Vance et al. (Peri 
cak-Vance, M. A., et al.,JAMA 278(15):1237-1241 (1997)), 
Were also strongly negative, except in Tier 1, Where the 
results Were slightly positive yet nonsigni?cant as in the 
affecteds-only analyses. 

[0112] Next, multipoint analyses Were performed using 
GENEHUNTER (Kruglyak, L., et al., Am J Hum Genet 
58:1347-1363 (1996)(softWare available from Kruglyak et 
al. by anonymous ftp at ftp-genome.Wi.mit.edu or from their 
World Wide Web site http://WWW-genome.Wi.mit.edu/ftp/ 
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distribution/softWare/genehunter)) (FIG. 2) and the results 
Were similarly negative. NPL scores for A2M and virtually 
all markers Were less than 0 for the sample as a Whole (FIG. 

2A) and for Tiers 2 (FIG. 2C) and 3 (FIG. 2D) (analogous 
to the subgroup analyZed by Pericak-Vance et al. (Pericak 
Vance, M. A., et al., JAMA 278(15):1237-1241 (1997)). 
HoWever, in Tier 1 (FIG. 2B), in Which all affecteds are 
APOE-e4/e4, there Was again a Weak but non-signi?cant 
signal: NPL=1.37 at D12s1042 (p=0.08) and 1.21 at 
D12s1090 (p=A1). 

[0113] Multipoint sibpair analyses in the program ASPEX 
Were similarly negative With maximum lods of 1.31 for 
D12s1042, and 0.91 for D12s1090. Of note, exclusion 
analyses With “risk” (corresponding approximately to )t, the 
recurrence risk in reLatives) set at 2 performed in ASPEX 
yielded extremely negative lod scores throughout the region 
for the sample as a Whole (lod <—8), and for Tiers 2 and 3 
(lod <—3). For Tier 1, consistent With the non-signi?cant 
peak observed in several analyses, the region provided no 
signi?cant results for genetic linkage, but could not be 
entirely excluded. 

[0114] Next, all of the above analyses Were repeated using 
uncorrected allele frequencies. The analyses de?ning the 
sample Was also repeated as in Pericak-Vance et al. (Pericak 

Vance, M. A., et al,JAMA 278(15):1237-1241 (1997)), i.e., 
using only the 25 9 families in Which all sampled affected 
individuals experienced onset of AD at 60 or above, and in 
Which at least 3 cases of AD spanning 2 generations Were 
evident. The results of all of these analyses Were similar to 
those described above, and did not con?rm the ?ndings 
presented in Pericak-Vance et al. (Pericak-Vance, M. A., et 
al.,JAA/[A 278(15):1237-1241 (1997)). Thus, similarly nega 
tive ?ndings Were obtained using multiple genetic models, 
multiple family selection criteria, and multiple statistical 
methods. In all cases, the inventors Were unable to con?rm 

the previous ?nding of linkage of AD to the centromeric 
region of chromosome 12 reported by Pericak-Vance et al. 
(Pericak-Vance, M. A., et al., JAlVlA 278(15):1237-1241 
(1997)). It should also be noted that traditional linkage and 
multipoint analyses Were not able to detect genetic linkage 
betWeen A2M and AD. This is most likely due to the lack of 
informativeness of the biallelic A2M polymorphism in a 
sample of this nature. HoWever, evidence Was found for 
linkage of chromosome 12 to AD using other markers, 
including D12598 and DRS358, (Wu, W. S., et al.,JAA/[A (in 
press, 1998)) that Were located much closer to A2M than the 
markers used in the genetic analysis described above. 

[0115] C. Discussion 

[0116] These analyses provide evidence of a link betWeen 
A2M and risk for AlZheimer’s disease, and demonstrate that 
inheritance of the A2M-2 allele, confers three- to four-fold 
increased risk for AD and is strongly associated With AD in 
the SDT. Moreover, in these analyses, the inheritance of one 
or tWo A2M-2 alleles; conferred a degree of risk for AD 
comparable to that associated With inheriting tWo APOE-e4 
alleles. The association of A2M-2 and AD Was not 

accounted for by differences in the dose of the APOE-e4 
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allele, and did not vary When the APOE-e4 effect Was 
controlled for in a multivariate setting. 

[0117] Although, A2M maps Within 30 cM of the chro 
mosome 12 markers reported to be linked to AD (Pericak 

Vance, M. A., et al., JAMA 278(15)11237-1241 (1997); 
Krauter K., et al., Nature 3771321-333 (1995)), the observed 
genetic association betWeen A2M and AD described here 
does not appear to account for these linkage ?ndings. 
Moreover, the inventors Were unable to con?rm the linkage 
reported by Pericak-Vance et al. (Pericak-Vance, M. A., et 
al., JAlVlA 278(15)11237-1241 (1997)) in the present data set 
despite rigorous attempts to duplicate that study. The inven 
tors Were also unable, using traditional genetic linkage and 
multipoint analyses, to demonstrate genetic linkage of A2M 
to AD, Which may re?ect the limited poWer of such analyses 
in a data set of this nature, especially in comparison to 
family-based association methods in the analysis of a can 
didate gene. 

[0118] Although these data suggest that A2M-2’s associa 
tion With AD may be as strong as that of APOE-e4, A2M-2 
does not appear to share APOE-e4’s effect on age of onset 

of AD (based on the similarity in age of onset among 
affecteds With different A2M genotypes seen graphically and 
analytically). Thus, rather than conferring risk by modifying 
the age of onset, as appears to be the case With APOE-e4, it 
appears that A2M-2 confers risk for developing the disease 
at any age. The mode of inheritance for the observed effect 
of A2M-2 on AD could not be assessed in the present study. 
For example, it is unclear Whether A2M acts alone or in 
conjunction With other genes to confer increased risk for 
AD. In addition, due to the small number of A2M-2 homoZy 
gotes, the inventors Were unable to assess for a difference in 

effect of one versus tWo doses of A2M-2 on risk for AD. 

[0119] Since increased APOE-e4 dose correlated With an 
earlier age of onset among AD patients With the A2M-2 
allele, it is possible that APOE-e4 in?uences the age of onset 
in individuals Who are a priori more susceptible to devel 
oping AD due to the inheritance of A2M-2. A2M-2 may 
represent a relatively prevalent public polymorphism (25 
30%) that confers susceptibility for AD, With age of onset of 
the disease in susceptible individuals modi?ed by APOE-e4 
dosage. Further investigation Will be necessary to identify 
other genes that may epistatically interact With A2M and/or 
APOE to determine either risk and/or the age of onset of AD. 
The genetic model suggested by these current ?ndings is in 
agreement With the recent observations of Meyer et al 

(Submitted), in a study of nearly 5,000 elderly individuals, 
that APOE genotype in?uences “When” but not “Whether” 
AD Will develop in apriori susceptible individuals, and that 
regardless of APOE genotype, roughly 50% of the popula 
tion Will not develop AD by age 100. In vieW of these 
?ndings, inheritance of mutations in genes like A2M or other 
genes yet to be identi?ed may be necessary to confer initial 
predisposition for the occurrence of AD, While genes like 
APOE modify age of onset in susceptible individuals. 

[0120] This heuristic genetic model for AD lends itself to 
an intriguing biological model for AD neuropathogenesis in 
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vieW of the knoWn physiological roles of otzM, apoE, APP, 
and their common receptor, LRP. 0L2M is a pan-protease 
inhibitor Which is constitutively expressed in brain and 
upregulated together With LRP during acute phase brain 
injury (e.g., by ischemia, stroke). 0L2M has been shoWn to 
bind a Wide range of proteases, groWth factors, cytokines, 
and small polypeptides, and has been detected in pyramidal 
neurons and neuritic plaques in affected regions of AD brain 
(Borth, W., FASEB 6: 3345-3353 (1992); Bauer J., et al., 
FEBS 2851111-114 (1991)). Recently, otzM Was shoWn to 
tightly bind AB and mediate its clearance via endocytosis 
through LRP (Narita, M., et al., J. Neurochem. 6911904 
1911 (1997)), and, in complex With a serine protease, has 
been shoWn to degrade AB (Qiu, W. Q., et al.,J. Biol. Chem. 
27118443-8451 (1996)). Thus, 0L2M may clear and/or 
degrade secreted AB from the brain parenchyma, thereby 
governing the rate of AP ?brillogenesis and [3-amyloid 
deposition. Indeed, otzM has also been shoWn to attenuate 
both AB ?bril formation and neurotoxicity in vitro (Du, Y., 
et al., J. Neurochem. 691299-305 (1997); Hughes, S. R., et 
al., Proc. Natl. Acad. Sci. (USA) 9513275-3280 (1998); Du, 
Y., et al., J. Neurochem. 7011182-1188 (1998)). Since apoE, 
like otzM, can bind AB and utiliZes LRP as its major neuronal 
receptor in brain, these tWo proteins could conceivably 
compete for binding to LRP and AB. Thus, the clearance and 
degradation of AB in the brain parenchyma could potentially 
be impaired by increased amounts of apoE (Zhang, Z., et al., 
Int. J Exp. Clin. Invest. 31156-161 (1996)), or the presence 
of apoE isoforms that have higher af?nity for LRP or A6. 

[0121] Interestingly, APOE promoter polymorphisms, 
Which upregulate transcription of APOE, have recently been 
shoWn to be associated With AD and to be in linkage 
disequilibrium With APOE-e4 (Bullido, M. J ., et al., Nature 
Genet. 18:69-71 (1998); Lambert, J. C., et al., Hum. Mol. 
Genet. 71533-540 (1998)). Additionally, allelic distortion 
resulting in higher levels of message for APOE-e4 (relative 
to APOE-3) has been reported to occur in the brains of AD 
patients but not age-matched controls (Lambert, J ., et al., 
Hum. Mol. Genet. 612151-2154 (1997)). The absence of 
apoe in transgenic mice expressing an FAD mutant form of 
APP has been shoWn to attenuate [3-amyloid deposition 
(Bales, K. R., et al., Nat. Genet. 171263-264 (1997)). Given 
these ?ndings, it is possible that increased levels of APOE 
expression may modify age of onset of AP perhaps by 
interfering With (x2M-mediated clearance and degradation of 
AD via LRP-mediated endocytosis and direct degradation 
by (x2M-protease complexes, respectively, resulting in 
greater amyloid burden. The inventors have recently local 
iZed LRP to synaptic terminals Where impaired clearance of 
0L2M complexes (e.g., containing AB) could conceivably 
promote synaptic degradation, a major neuropathological 
feature of AD et al., Submitted). A heuristic genetic 
model in Which A2M-2 confers susceptibility to AD While 
APOE genotype modi?es the age of onset readily lends itself 
to this biological model. In further support for this model, an 
exon 3 polymorphism in LRP has also recently been shoWn 
and con?rmed to be genetically associated With AD (Kang, 
D. E., et al., Neurology 49156-61 (1997); Lendon, C. L., et 
al, Neurosci. Lett. 2221187-190 (1997); Wavrant-DeVrieZe, 
F., et al., Neurosci. Lett. 227168-70 (1997); Hollenbach, E., 
et al., Neurology, In Press (1998)). HoWever, another poly 
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morphism consisting of atrinucleotide repeat in the 5‘ 
untranslated region of LRP Was excluded from being geneti 
cally linked or associated With AD (Lendon, C. L., et al., 
Neurosci. Lett. 222:187-190 (1997); ClatWorthy, A. E., et al., 
Arch. Neurol. 54:1289-1292 (1997); and Scott, W. K., et al., 
Neurogenetics 1:179-183 (1998)). 

[0122] The data above indicate that A2M is a novel AD 
gene that predisposes, in particular, carriers of the A2M-2 
deletion to increased risk for AD, but Without modifying 
age-of-onset. A2M, together With the gene for its receptor, 
LRP, and the genes encoding tWo other LRP ligands, APOE, 
and APP, have noW all been genetically linked to AD. Thus 
it is plausible that all four of these proteins participate in a 
common pathogenic pathWay leading to AD-related neuro 
degeneration. 

[0123] The A2M-2 exon splice site deletion occurs at the 
5‘ splice acceptor for exon 18. One Would predict that this 
deletion Would cause the skipping or deletion of exon 18, 
Which encodes the second half of the bait domain of otZM. 
The bait domain is required for otZM to bind and trap a Wide 
range of proteases. The inventors postulate that the loss of a 
fully functional bait domain in a portion of otZM molecules 
Would result in the promotion of AD-related neuropatho 
genesis in a variety of different Ways. One possibility is that 
the loss of the bait domain results in decreased ability to 
degrade and clear AB from the brain (e.g., in synapses). 
HoWever, the possible consequences of the loss of a fully 
functional bait domain are actually immense in scope given 
the incredibly Wide range of proteases that otZM can bind, 
and the multifold doWnstream events Which may occur as a 

result of the attenuation of global protease regulation (e.g., 
folloWing injury to the brain due to stroke or head trauma). 
The location of the A2M-2 exon splice site deletion suggests 
that the protease inhibitory function of otZM may protect 
against AD. Thus, the possibility that any of the multifold 
functions of otZM may be adversely affected by A2M-2 
cannot be ruled out. For example, in addition to binding to 
LRP, otZM can also bind to the otZM signalling receptor 
(otZMSR), Which is involved in cell signalling events (e.g., 
activation of phosphatidylinositol 3-kinase) modulating 
intracellular calcium levels (Misra, U. K. and PiZZo, V., J. 
Biol. Chem. 273:13399-13402 (1998)). 

Example 2 

The G Allele 

[0124] A. Genotype and Allele Frequencies 

[0125] An initial exploratory experiment Was used to test 
for the possibility that the less common “G” allele of A2M 
Would be associated With AlZheimer’s disease. Because of 
the potential for error due to multiple hypothesis testing, an 
initial data set Was used as an exploratory data set, With the 

intent of formulating speci?c hypotheses that Would then be 
tested formally With a second independent data set. 

[0126] In the initial data set, 90 non-AlZheimer’s individu 
als, age-compatible, Who had either undergone screening 
tests With the Blessed dementia scale (Blessed, G., et al., Br 
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J. Psychiatry 114:797-811 (1968)) or Whose DNA had been 
isolated from autopsy material and Were demonstrated to not 

have AlZheimer’s disease, and 171 individuals Who either 
had a clinical diagnosis of AlZbeimer’s disease or neuro 

pathologically proven AlZheimer’s disease Were genotyped 
(Table 6). The 90 control subjects Were primarily spouses of 
the AD subjects. 

[0127] Genotypes Were determined by polymerase chain 
reaction ampli?cation of DNA and RFLP analysis using 
MboI (FIG. 3). Genomic DNA isolated from brain tissue 
and blood Was ampli?ed by polymerase chain reaction 
(PCR) in the presence of oligonucleotide sense primer C23 
(SEQ ID NO: 3) and antisense primer AS24 (SEQ ID NO: 
4), 10 mM Tris-HCl, 50 mM KCl (pH 8.3),1.5 mM MgCl2, 
5 mM dNTPs, 5 pmol each primer, and 1.25 U Taq DNA 
polymerase. The PCR Was carried out in a touchdoWn 

procedure that stepped doWn the annealing temperature to 
increase primer speci?city as folloWs: 1 cycle at 94° C.—5 
min; 4 cycles at 94° C.—30 sec, 65° C,—30 sec, 72° C.—1 
min; 4 cycles at 94° C.—30 sec, 62° C.—30 sec, 72° C.—1 
min; 4 cycles at 94° C.—30 sec, 59° C.—30 sec, 72° C.—1 
min; 20 cycles at 94° C.—30 sec, 56° C.—30 sec, 72° C.—1 
min; and 1 cycle at 72° C.—5 min. For each reaction 
mixture, 10 units of MboI Were added to the ampli?ed 
product of 615 bps and digestion carried out at 37° C. for 3 
hours, producing fragments of 532 and 429 bps. The 
digested product Was loaded onto a 2% agarose gel treated 
With ethidium bromide (0.005%) and electrophoresed for 2 
hours under constant voltage (1 50V), Which is suf?cient to 
separate the digested product so that the 532 and 429 bp 
bands can be distinguished. After electrophoresis, DNA 
fragments Were visualiZed by UV illumination using a 
Biorad Geldoc system. Incomplete digestion Was monitored 
by looking for the presence of the 615 bp fragment. 

[0128] For the statistical analyses beloW, comparisons of 
A2M allele frequency (proportion of chromosomes in Which 
an allele is present) and genotype frequency (proportion of 
individuals With a genotype) Were performed With 2x2 tables 
using Fisher’s exact test for signi?cance. Age of onset of 
AlZheimer’s disease Was normally distributed and compared 
by t-test. Multivariate analysis for odds of AD Was per 
formed by logistic regression With APOE genotype coded 
according to the presence or absence of APOE-e4. Similar 
results Were obtained When the group With APOE-e4 Was 

coded separately as heteroZygotes or homoZygotes for this 
allele. Odds ratios are presented With 95% con?dence inter 
vals (CI). All analyses Were performed With Stata softWare 
(Stata Corporation, College Park, Tex.). All signi?cance 
tests Were tWo-tailed. 

[0129] The results of the genotype and allele frequency 
analysis for the exploratory data set suggested that the A2M 
Val/Ile‘lO00 polymorphism may be a genetic risk factor for 
AlZheimer’s disease, and Warranted further investigation. In 
the control series the G allele frequency Was 0.28 and 6 of 
90 individuals contained the A2M G/G genotype (0.067). In 
the AlZheimer’s disease set, the G allele frequency Was 0.32. 
The A2MG/G genotype frequency Was increased in the 
AlZheimer’s group at 0.12 (Table 6). 
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TABLE 6 

Overrepresentation of the A2M G/G genotype in AD 

N G allele (%) G/G genotype (%) 

Exploratory Data Set 

Control 90 0.28 0.07 
AD 171 0.32 0.12 
Hypothesis Testing Data set 

Control 359 0.32 0.07 
AD 566 0.34 0.12" 
Combined Data Set (Total) 

Control 449 0.32 0.07 
AD 737 0.34 0.12** 

*p < 0.05 
*"p < 0.01 

[0130] To formally test the hypothesis that the A2M G/G 
genotype of A2M is overrepresented in Alzheimer’s disease, 
another data set was collected and genotyped from addi 
tional independent groups of patients and controls. Power 
analysis showed that more than 500 AD and control indi 
viduals would be necessary to have an 80% chance of 
showing a difference between genotype frequencies of 0.07 
and 0.12. Therefore, AD patients and control individuals 
collected from several sites were used to form a sample of 
this size. This second data set consisted of individuals who 
met the criteria for AD or control individuals used for the 
initial data set, and included 387 sporadic AD and 359 
control individuals collected from the Massachusetts Gen 
eral Hospital Memory Disorder Unit and from a consortium 
of European Centers (University of Hamburg, Germany; 
University of Basel, Switzerland; University of Brescia, 
Italy) and 179 probands from NIMH Genetics Initiative 
sample (Blacker, D., et al., Neurology 48:139-47 (1997)). 
[0131] The results from the second data set supported the 
hypothesis, with GIG genotype 0.07 in controls and 0.12 in 
AD (p=0.05, Fisher’s exact test) (Table 6). The G allele was 
not over-represented in AD in this data set (control=0.32, 
AD=0.34) (Table 6). No difference in age of onset between 
GIG and non GIG was found in the second data set. 
Multivariate analysis showed that site of collection did not 
in?uence genotype frequencies. In addition, when the rate in 
controls was compared to the subset of 387 clinic based AD 
cases (GIG frequency=11.4%, p=0.06) and the subset of 179 
familial AD samples (GIG frequency=12.7%, p=0.056), 
essentially equal overrepresentation of GIG was found in 
each. These data support an association of the GIG genotype 
with AD. 

[0132] Next, a series of exploratory analyses were done 
using pooled data from both data sets (737 AD patients and 
449 controls). The GIG genotype was present in 11.9% of 
the Alzheimer patients, and 7.3% of the controls (p<0.01, 
Fisher’s exact test). The genotype frequency in controls was 
consistent with Hardy Weinberg equilibrium. Age of onset 
was not different between AD patients with GIG (70.0192, 
XISD) and non-G/G carriers (70619.1). 
[0133] B. Multivariate Model Controlling for Presence of 
APOE-e4 and Gender 

[0134] Amultivariate logistic model that controlled for the 
presence of the APOE-e4 allele and gender showed an odds 
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ratio of 1.88 (95% CI 1.20-2.95; p<0.01) for the presence of 
A2MG/G genotype. The presence of APOE-e4 in this model 
was associated with an odds ratio of 4.21 (95% CI 3.20-5.55; 
p<0.001). The odds ratio for the combination of A2M G/G 
and APOE-e4 is 9.68 (95% CI 3.91-24.0; p<0.001) relative 
to those with neither risk factor. 

[0135] To explore whether the A2M G/G mediated risk 
was in?uenced by the presence or absence of APOE-e4, the 
sample was strati?ed by the presence or absence of APOE 
e4. Similar overrepresentations of the A2M G/G genotype 
were seen in the strata with or without APOE-e4, suggesting 
that the effects ofthe two risk factors are independent. 
Multivariate analysis for interaction between the A2M G/G 
genotype and either APOE-e4 or gender demonstrated no 
interactions (p>0.5 for interaction terms). Analysis based on 
the Mantel-Haenzel estimator suggested no heterogeneity of 
odds ratios between strata with and without APOE-4 
(p>0.5), consistent with the absence of an interaction 
between A2M and APOE-e4 in our logisteic regression 
model. 

[0136] C. Biological and Neuropathological Effects of 
G/G Genotype 

[0137] Also investigated were the possible biological 
effects of inheritance of the A2M G/G genotype. Previous 
studies of A2M immunohistochemistry performed on Alzhe 
imer’s brain suggested that senile plaques in different 
patients stained with varying intensity (Rebeck, G. W., et al., 
Ann. Neurol. 37:211-217 (1995)). The possibility that this 
variability was due to different genotypes was investigated 
by immunostaining samples from 8 AD cases known to be 
G/G or A/A genotype. 

[0138] Sections of brain tissue from AD patients were 
incubated with anti-(x2M antibody (1:500) from Zymed. A 
goat Cy-3 linked secondary antibody (Jackson Immunore 
search) was used to visualize immunostaining. In some 
instances, double immuno?uorescence was carried out with 
an AB counterstain (antibody 10D5, obtained from Dr. D. 
Schenk, Athena Neurosciences) using bodipy?uorescein 
linked secondary antibody (Molecular Probes) as the second 
?uorochrome. In all instances, 0L2M immunoreactivity was 
present robustly on senile plaques, astrocytes, and neurons, 
and no qualitative differences were observed between the 
genotype groups. 

[0139] Next explored was the effect inheritance of the 
A2MG/G genotype on the neuropathological phenotype of 
Alzheimer’s disease. In an earlier study, reported in Gomez 
Isla et al. (Gomez-Isla, T., et al., Ann. Neur0l.41:17-24 
(1997)), stereological techniques and quantitative image 
analysis were used to measure the amount of amyloid 
burden present in neocortical association area surrounding 
the superior temporal sulcus (STS) and the number of 
neuro?brillary tangles present in the same region in normal 
and Alzheimer brain. Thirty-one (31) of the previously 
analyzed AD cases (Gomez-Isla, T., et al., Ann. Neu 
r0l.41:17-24 (1997)) were genotyped and selected for fur 
ther analysis. Initial inspection of the data suggested an 
increase in AB in individuals who were A/G or G/G, with no 
difference between these two groups. A statistically signi? 
cant increase in AB deposition was seen comparing the G 
containing cases to the non-G containing cases (8.8:2.8% vs 
6.6:1.9%, p<0.03, unpaired t test) (Table 7). The effect 
appears to be primarily due to the presence of at least one G 








