
n 1907, Alois Alzheimer, a Bavarian psychia-
trist, reported the case of a middle-aged woman who
developed progressive memory loss and cognitive dis-
orders with autopsy findings of neuritic plaque and neuro-
fibrillary tangles in the cerebral cortex.1 Thereafter, it
was named as Alzheimer’s disease (AD). However, it
was only in the 1960s that came to be recognized as the
most common cause of dementia in the aged.2 AD cur-
rently accounts for at least 60% to 70% of cases of
dementia in aged people.3 In the United States, the total
prevalence of AD is greater than 2.3 million and poten-
tially affects more than 4 million individuals.4 The aver-
age duration of AD is 8 to 10 years, or even shorter.AD
has been ranked as the fourth leading cause of death in
the United States.2 By the year 2025, over 22 million
patients with dementia are expected around the world.5,6

Pathology of AD

The pathologic criteria for diagnosis of AD require the
presence of both neuritic plaques and neurofibrillary tan-
gles, together with a progressive decline in cognitive func-
tion.7 The neuritic plaques are composed of aggregations
of β-amyloid (Aβ) and are surrounded by dystrophic neu-
rons and astrocytes.8-10 The neurofibrillary tangles consist
of intraneuronal aggregations of hyperphosphorylation
microtubule–associated protein tau.11-14 Reduction in
synaptic density and neuronal loss in some specific brain
regions, including the cerebral cortex and hippocampus,
are also important criteria in the diagnosis of AD.15-19

Clinically,AD is rarely found in people under the age of
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Alzheimer’s disease (AD), the most common cause of
dementia in aged populations, is believed to be caused by
both environmental factors and genetic variations.
Extensive linkage and association studies have established
that a broad range of loci are associated with AD, includ-
ing both causative and susceptibility (risk factor) genes.
So far, at least three genes, APP, PS1, and PS2, have been
identified as causative genes. Mutations in these genes
have been found to cause mainly early-onset AD. On the
other hand, APOE has been identified to be the most
common high genetic risk factor for late-onset AD.
Polymorphisms in the coding region, intron, and pro-
moter region of certain genes constitute another kind of
genetic variation associated with AD. A number of other
genes or loci have been reported to have linkage with AD,
but many show only a weak linkage or the results are not
well reproduced. Currently, the measurable genetic asso-
ciations account for about 50% of the population risk for
AD. It is believed that more new loci will be found to asso-
ciate with AD, either as causative genes or genetic risk fac-
tors, and that eventually the understanding of genetic
factors in the pathogenesis of AD will be important for
our efforts to cure this illness. 
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65. In patients under this age, it is called early-onset AD,
and if an obvious familial history can be traced, it is called
familial AD (FAD). The youngest reported case of AD
was found in a 25-year-old person.6 In patients with age of
onset over 65 years, it is called late-onset AD.The major-
ity of the cases of AD are late-onset.3,20 AD in patients
without any family history of the disease is called sporadic
AD (SAD).The etiology of AD is not clear. One critical
demographic factor is aging.The prevalence of AD dou-
bles every 5 years after age 60 from less than 1% preva-
lence between 60 and 64 years old to more than 40% in
those aged 85 years or older.21,22 Although environmental
factors, such as education, head trauma, and diet, are
thought to be involved in the pathogenesis of AD, no con-
sistent findings have been reported.23-26 The other demon-
strated risk factor is genetic variation.27,28

Genetic factors

The first direct evidence of the significant implication of
genetic factors in the pathogenesis of AD came from epi-
demiological studies. AD aggregates within families29,30:
first-degree relatives of AD patients have a 3.5 times
greater risk of developing the disease than the general
population. Concordance rates were found to be 35% in
dizygotic twins and as high as 80% in monozygotic
twins.31,32 In particular, many early-onset AD cases exhibit
an autosomal dominant pattern of inheritance.5,32-34 In addi-
tion, there is a significant association between AD and
Down’s syndrome.35 However, the involvement of genet-
ics in the pathogenesis of AD is very complicated.
First, as stated above, in some cases AD is an autosomal
dominant inherited disease. Single gene mutation is suffi-
cient to cause the disease. However, it is different from
many typical inherited diseases with single gene mutation,
such as Huntington’s disease, because it shows true genetic
heterogeneity.36 In autosomal dominant inheritance AD,

mutations in at least three different genes are each suffi-
cient to produce the illness. In addition, variants of these
genes have synergistic effects on the development of late-
onset AD.17,37,38 Second, the autosomal dominant inherited
types of AD identified so far do not account for the major-
ity of cases of AD (only about 5% to 10% of all cases).17,20,32

However, it has been shown epidemiologically that more
than 50% (or even up to 80%) of cases of AD have a
genetic determination in a nonmendelian pattern, possi-
bly as an incompletely penetrant trait. It is has been shown
that certain genetic variations predispose to AD, but do
not invariably cause AD (see below).Third, the fact that
the incidence of AD closely correlates with aging suggests
a significant contribution of environmental factors to the
pathogenesis.2,39 However, the similarities between early-
onset and late-onset AD in terms of clinical and patho-
physiological manifestations suggest a dominant role for
genetic factors in the determination of the phenotypes of
all cases of AD.17,40 All these observations indicate that AD
is a very complex disease genetically.6,17,20

Amyloid precursor protein

The first single gene that was found to cause AD was the
gene for amyloid precursor protein (APP) on chromo-
some 21. Following linkage analysis, a mutation in APP
was observed in FAD,41,42 and was later identified as a
mutation at codon 396 (Glu693Gln).43 Thereafter, more
than 16 other APP mutations were reported in 40 families
around the world. The most frequently observed APP
mutation is the London mutation (Val717Ile), which has
been observed in 23 families of various ethnic origins.44-47

There are three other kinds of mutations at codon 717:
Val717Leu, Val717Phe, and Val717Gly. The second most
frequent mutation is a Dutch mutation (Glu693Gln),
which has been seen in four families.43 Other reports
include a Swedish mutation at codon 670/671,48 a Flemish
mutation at codon 692,49 and others. APP mutations can
result in both FAD and SAD, but the majority of AD cases
caused by APP mutations are FAD.6,50 Not all APP muta-
tions are pathogenic.6,17,51 It has been estimated that the AD
caused by APP mutations accounts for only about 0.5%
of all cases of AD.32

The current hypothesis about the role of APP in AD is the
amyloid cascade theory.52-54 The principle of this theory is
that certain Aβ peptides (which are derived from APP)
are neurotoxic, and that the accumulation of these pep-
tides in the brain is the central event for triggering the
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pathoanatomical and pathophysiological changes in the
brain of AD patients, including the formation of neuritic
plaques and neuronal loss.The finding of APP mutations
in AD dramatically strengthened this hypothesis.The APP
gene encodes for a transmembrane protein containing 770
amino acids, which is extensively expressed on the cell sur-
face.34,55,56 The function of APP is not yet clearly under-
stood. It is generally considered that APP undergoes a
series of endoproteolytic cleavages during its processing.53,57

Three kinds of cleavage events are involved, α, β, and γ
cleavage: α cleavage cleaves Lys687 and Leu688 to gener-
ate Aβ peptides with 16 to 17 amino acids (Aβ16 and
Aβ17), while β cleavage cleaves Met671 and Asp672 to
generate  Aβ40 to Aβ42.58 Aβ40 is the dominant product
of the normal cleavage of APP and is found in the normal
aged brain.51,59-61 In contrast, γ cleavage cleaves Ile712,
Thr714, or Val715 to generate Aβ40, Aβ42, and Aβ43,
respectively,62,63 and the latter two forms are the major
components of the neuritic plaques observed in the AD
brain.51,54,64,65 Since they are more fibrillogenic and neuro-
toxic than Aβ40,Aβ42 and Aβ43 are currently considered
to play a central role in the pathological processes of
AD.66,67 Therefore, enhancement of γ cleavage is thought to
be a primary reason for why mutant APP causes AD. It
has been shown that most of the APP mutations found in
AD are located in the molecular region around the secre-
tase sites, suggesting that these mutations lead to changes
in the substrate in proteolytic processing. Indeed, it has
been found that many APP mutations in AD significantly
enhance APP cleavage, especially γ cleavage.63,65,68-72 All
these findings suggest that Aβ metabolism is a key path-
way and should be targeted for therapy. Indeed, a com-
pound that can inhibit γ cleavage of APP, a small molecule
that can bind to Aβ to prevent its deposition, or an anti-
inflammatory agent that can diminish the toxic response
associated with Aβ have been the major focuses of our
attempts to cure this illness.17 Recently, transgenic mice
that have a known AD-causing human mutation have
been immunized with synthetic human Aβ peptide; this led
to a significant reduction in the pathological changes asso-
ciated with the mutant APP and a better performance.10,12

This could be a novel therapeutic strategy to target Aβ
neurotoxicity in AD.

Presenilin

APP mutations result in only a small proportion of auto-
somal dominant inherited types of AD, which is why

there have been so many linkage studies of other loci
with FAD. The observation of linkage with chromoso-
mal region 14q in some FAD families eventually led to
the discovery of a novel gene, namely presenilin 1
(PS1).73-76 The first PS1 mutation associated with FAD
was reported in 1995.73,77,78 Since then about 120 kinds of
PS1 mutation have been reported in about 260 families
around the world. Almost all of the reported PS1 muta-
tions are missense and give rise to the substitution of a
single amino acid. So far, only two splicing defect muta-
tions have been reported79,82; these change the topo-
graphy of the protein in membranes. In addition, the
mutations are most frequently observed in exon 5 (28
mutations), exon 7 (23 mutations), and exon 8 (20 muta-
tions). Mutation in the intron was also found to be able
to produce AD.83 Of the 120 PS1 mutations reported, the
majority were only found in a single AD family. The
most frequently observed is the AD-associated PS1
mutation on codon 206 (Gly206Ala), and was found in
18 families.The other common mutations are Met146Len
in 12 families, Glu280Ala in 12 families, His163Arg in 10
families, and Pro264Leu in 8 families. Almost all of the
PS1 mutations were found to cause early-onset AD.
However, PS1 mutation on codon 318 (Glu318Gly) was
found in 6 families with SAD and 4 families with FAD,
and even in normal subjects.84,85 Therefore, this mutation
is called a partial pathogenetic factor.
The gene for presenilin 2 (PS2) was first identified on
chromosome 1 in the public nucleotide sequence data-
base, and has an overall 62% homology to PS1.86,87 The
first mutation in PS2 found to associate with FAD was
identified in a German family by linkage studies.86,87

Thereafter, more than eight kinds of missense mutations
in PS2 were found to cause AD. However, the PS2
mutations do not only produce FAD and late-onset
AD.74,88 There is one known case of a PS2 mutation with
apparent nonpenetrance in an asymptomatic octoge-
narian transmitter of the disease.74

Currently, most researchers believe that the major
pathological role for mutant PS1 and PS2 in AD comes
from their capacity to facilitate production of amy-
loidogenic Aβ42 peptides.67,89 This “gain-of-function”
hypothesis has been evidenced by many biochemical
findings and transgenic studies.89,90 Presenilin is a con-
served polytopic membrane–spanning protein family
consisting of PS1, a 463–amino acid polypeptide, and
PS2, a 448–amino acid polypeptide.75,86,91 Immunohisto-
chemical analyses indicate that both PS1 and PS2 are
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widely expressed in the brain, both in neurons and in
glia, and with the highest levels in the pyramidal neurons
of the hippocampus.86,92-95 Biochemical studies have
shown that PS1 and PS2 both have eight membrane-
spanning segments with a large hydrophilic loop
between the transmembrane domains 6 and 7, and the
N-terminal and C-terminal both face the cytoplasm.96-100

This unique structure confers their capacity to interact
with other cytoplasmic proteins. Both of these hypothe-
ses have been supported experimentally: γ-secretase is
an oligomeric complex containing presenilin91,101-105; and
presenilin itself acts as a γ-secretase.103,106-110 Indeed, com-
pelling evidence has emerged to support a role for PS1
and PS2 in the γ-secretase proteolysis of APP, Notch (a
transmembrane protein essential for neurogenesis), and
other substrates.105,107,109,111-116 For example, PS1 facilitates
the proteolysis of APP C-terminal fragments by α- and
β-secretase,106,109,116-119 which produces Aβ peptides, includ-
ing Aβ42.84,89,120 Loss of presenilin function results in
diminished Aβ production.109,121-123 The PS1 or PS2 muta-
tions found in AD do not result in loss of func-
tion.111,120,121,124,125 Instead, these missense mutants signifi-
cantly and specifically enhance γ-secretase cleavage to
generate amyloidogenic Aβ42 peptides.69,89,90,126,127 All
these findings point to a central role for PS1 and PS2 in
both APP processing and AD pathogenesis. However, a
critical question here is why so many different kinds of
mutation in either PS1 or PS2 produce gain of function
to enhance γ-cleavage. Recently, it has been reported
that polymorphisms in PS1 and PS2 increase risk of
developing late-onset AD.128 The pathway by which these
polymorphisms predispose to AD is not clear.
These findings make it extremely difficult to understand
the role of presenilin-regulated APP metabolism in the
pathogenesis of AD. Moreover, we have recently found
that PS1 plays an important role in adult neurogenesis in
the brain.129 On the basis of the fact that neuronal loss in
the brain is a hallmark of AD, it is possible that the loss
of function associated with presenilin mutations, and
hence neurogenesis, is another molecular pathway by
which presenilin mutation leads to AD.
It should be noted that, although PS1 mutations are
more common in FAD, the PS1 and PS2 mutations com-
bined are only implicated in about 8% of cases of early-
onset FAD.32,130-132 The majority of AD is late-onset, and
the determination of the contribution of genetic varia-
tions in these patients is fundamental to our under-
standing of the pathogenesis of AD.

Apolipoprotein E

Apolipoprotein E (APOE) was originally reported as a
risk factor for cardiovascular disease. First, a weak linkage
was found between a locus of chromosomal region 19q
and FAD,133 and then a stronger association between
APOE and late-onset AD was reported in 1993.134 This
linkage has been well reproduced in subsequent associa-
tion studies and it is now established that APOE is the
most common genetic risk factor for late-onset AD,133-139

though it appears that there are additional common sus-
ceptibility genes associated with late-onset AD.38,40,135,140,141

The APOE gene in humans contains three main poly-
morphisms, ε2, ε3, and ε4, of which ε3 is the most common
(75%).The ε3 polymorphism contains a cysteine at codon
112 and an arginine at codon 158. The ε4 polymorphism
represents an arginine at codon 112 and was found to
strongly associate with late-onset AD.133,139 Persons
homozygous for ε4 have almost a 15-fold higher risk of
developing AD, and persons heterozygous for ε4 have a 3-
fold higher risk than those who do not carry this allele.142,143

This dose–response relationship provides a strong argu-
ment for the APOE polymorphism being a contributing
factor for AD.The ε2 polymorphism contains a cysteine at
codons 112 and 158, and has also been found to associate
with late-onset AD.134 In addition, it has been reported that
the ε4 polymorphism or a polymorphism in the promoter
region is associated with early-onset AD.135,144 Furthermore,
polymorphisms within the promoter regions of the APOE
gene, such as the region at 491 amino acids upstream of the
APOE transcriptional start site (-491 A/T), were also
found to associate with AD.145-148 It has been shown that
these polymorphisms (ie, at -491 A/T and at the ε4 allele)
are independent genetic risk factors.37 A study of 5.5 kb of
the APOE gene found at least 22 single nucleotide poly-
morphisms (SNPs).These SNPs generate 31 distinct hap-
lotypes and 7 SNPs were found in promoter region.149 A
role for these polymorphisms in pathogenesis of AD has
not been shown.40

Despite these robust association results, there are still con-
flicting reports. A major discrepant finding came from
studies in African-American and Hispanic populations,
which did not find any association of the ε4 allele with
AD.150-152 Also, it is not clear why some homozygotes of ε4
still do not show any obvious AD symptoms, even when
they are in their nineties. On the other hand, most AD
patients do not harbor an ε4 allele.17 In addition, some
studies indicate no increased risk factor for AD with 
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the promoter (-491 A/T) genotype in Caucasian,153

Japanese,67,154 or Chinese155 populations. It is reasonable to
consider that the APOE polymorphism is only a genetic
risk factor, but not a causative gene.This is also evidenced
by the finding that many other factors, such as head
injury,156,157 spontaneous intracerebral hemorrhage,158 and
heart surgery,159 facilitate the association of APOE poly-
morphism with AD.
The mechanism by which the APOE gene is implicated in
AD pathogenesis is still unclear.The current hypothesis is
that APOE ε4/ε2 polymorphisms may affect the production,
distribution, or clearance of Aβ.There is evidence to show
that APOE genotype is a factor affecting the age of onset
of AD with the London APP mutation, suggesting a direct
biochemical interaction between APOE and Aβ.160-162

However, an open question here is why this synergistic
effect on age of onset is only observed for the London
APP mutation, but not in other mutations such as the
Flemish mutation.5 Another line of evidence to support
this hypothesis comes from the observations that a higher
Aβ plaque burden was observed in AD patients with
APOE ε4 allele than without APOE ε4 allele.163-165 It has
also been reported that APOE and Aβ may share the
same clearance mechanism, which is through the lipopro-
tein-related receptor, and ε4 competes with Aβ for clear-
ance by the receptor.166 However, in many cases, changes
in Aβ deposition are not significantly correlated with the
presence of the APOE ε4 allele, which leads to an uncer-
tain status for this hypothesis.17 Other possible mechanisms
for the involvement of APOE polymorphisms in AD
pathogenesis include (i) the ε4/ε2 allele enhancing the for-
mation of neurofibrillary tangles167,168; and (ii) the ε4 allele
reducing the normal function of ε3 in maintaining normal
synaptic density.169,170 All these ideas remain hypothetical.
Remarkably, the ε4/ε2 central theory in the APOE
hypothesis is challenged by the findings of polymorphisms
in promoter regions of APOE that are associated with AD
independently of the ε4 allele.37 This independence indi-
cates that the presence of ε4/ε2 alleles is not the only fac-
tor implicating the involvement of APOE in the patho-
genesis of AD, since it is supposed that the polymorphisms
in the promoter region may alter level of expression of ε3,
but not ε4.145,147

Other genetic risk factors

The mutations in APP, PS1, PS2, and APOE polymor-
phisms account for less than half of the genetic variance

in AD, which indicates that there must be other suscepti-
bility loci or genetic risk factors in this disease.171,172 Indeed,
on chromosome 12, at least three genes were found to
associate with AD. One is α2-macroglobulin (A2M).173,174

Like APOE, A2M is a ligand for a lipoprotein-related
receptor, and its functions are related to the binding,
degradation, and clearance of the Aβ that accumulates in
senior plaques.175 Two A2M polymorphisms were identi-
fied in association with AD,173 and other positive associ-
ations with AD have been reported176-180; however, some
negative associations have also been found.181,182

Another gene with a potential involvement in AD risk is
low-density lipoprotein receptor–related protein (LRP1),
as reported in a study of 128 AD families.183 LRP1 is the
receptor for Aβ clearance, which might share the same
mechanisms as APOE or A2M. A detailed association
study with a bigger sample size in different ethnic popu-
lation is now required.
A third possible AD gene is synaptobrevin.184 Synapto-
brevin is a vesicle-associated membrane protein and its
expression is associated with number of synapses.This is
a good candidate gene since it can be used as an index
for synaptic loss or neuronal loss,184 which is a major
observation in the AD brain.
On chromosome 10, associations between increased risk
for AD and the loci D10S1423,141,185,186 D10S1211,141,187 and
D10S1225188,189 were reported. This variation needs to be
studied further. The gene for insulin-degrading enzyme
on chromosome 10 has also been associated with
AD.188,190 Since this gene has been shown to degrade Aβ
in primary neuronal culture, it is a good candidate
genetic risk factor for AD. Also, multiple regions on
chromosome 9,187,189 chromosome 6,171,172 chromosome
1,191,192 and chromosome 19189 have been reported to asso-
ciate with the risk for AD. Other genes reported to asso-
ciate with AD include those for cathepsin D,37 nerve
growth factor (NGF),137 FE65 (an adapter protein),193

LBP-1c/CP2/LSF transcription factor,193 bleomycin
hydrolase,193 α1-antichymotrypsin,193 interleukin-1,194,195

cyclooxygenase-2,191,192,196 NOS-3 (NOS, nitric oxide syn-
thase),197 transferrin C2,198 and many other genes.37

However, the exact roles for these genes in the patho-
genesis of AD are not yet clear, and some of these asso-
ciations can be considered as insufficiently replicated.
Nevertheless, they offer hope for progress in the identi-
fication of susceptibility genes, as well as for functional
analysis of the associated gene products, which will fur-
ther contribute to our understanding of AD pathogenesis.
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Conclusion

Linkage studies and association analysis are the two prin-
cipal strategies of the last 20 years that have led to the
identification of specific gene variants that contributing to
the pathogenesis of AD.The overall conclusion from these
studies is that the majority of AD is complex, is inherited
in a nonmendelian pattern, and involves the interplay of
susceptibility genes with environmental factors.Aging is

still a crucial factor in the onset of this disease. Since the
current genetic associations only account for about 50%
of the population risk for AD, it is believed that more new
loci will be disclosed to associate with AD, either as
causative genes or as genetic risk factors. In the near
future, we would expect linkage, association, and positional
cloning studies with larger samples, and more sophisticated
statistical, genomic, and proteomic analytical methods to
further elucidate the genetic bases of AD. ❏
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La Enfermedad de Alzheimer (EA), la causa más
común de demencia en poblaciones de senescentes,
se cree que es causada tanto por factores ambienta-
les como por variaciones genéticas. Extensos estudios
de linkage y de asociación han establecido que una
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yendo genes causales y de susceptibilidad (factor de
riesgo). Hasta la fecha se han identificado al menos
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identificado a la APOE como el factor de alto riesgo
genético más común para la EA de inicio tardío. Los
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constituyen otra clase de variación genética asociada
con la EA. Se ha reportado un número de otros
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muchos muestran sólo un enlace débil o los resulta-
dos no están bien reproducidos. Actualmente las
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del 50% de la población en riesgo para EA. Se piensa
que se encontrarán más loci nuevos que se asocien
con la EA, ya sea como genes causales o factores de
riesgo genético, y que en un futuro la comprensión
de los factores genéticos en la patogénesis de la EA
será importante en nuestros esfuerzos para curar
esta enfermedad.

Études génétiques dans la maladie
d’Alzheimer

L’association de facteurs environnementaux et de
variations génétiques semble bien être à l’origine de
la maladie d’Alzheimer (MA), cause la plus fréquente
de démence chez les sujets âgés. Des études de liai-
son et d’association de grande envergure ont établi
qu’un grand nombre de locus sont associés à la MA,
y compris les gènes (facteurs de risque) de suscepti-
bilité et les gènes causals. Jusqu’ici, au moins trois
gènes, APP, PS1 et PS2 ont été  identifiés comme
gènes causals. Les mutations de ces gènes sont res-
ponsables principalement de MA à début précoce.
Par ailleurs, APOE a été identifié comme le facteur
de risque génétique élevé le plus courant pour la
MA à début tardif. Les polymorphismes de la région
codante, l’intron, et la région activatrice de certains
gènes constituent un autre type de variation géné-
tique associé à la MA. Une relation entre plusieurs
autres gènes ou locus et la MA a été rapportée mais,
pour la plupart, le lien est faible ou bien les résultats
sont mal reproduits. Actuellement, les associations
génétiques mesurables expliquent environ 50 % des
risques de la population pour la MA. Il est à prévoir
que plusieurs autres nouveaux locus montreront une
association à la MA, que ce soit comme gènes cau-
sals ou comme facteurs de risque génétique. Ainsi,
la compréhension des facteurs génétiques dans la
pathogenèse de la MA devrait contribuer de façon
importante à nos efforts pour soigner cette maladie.



56. Haass C, Hung AY, Selkoe DJ. Processing of β-amyloid precursor protein
in microglia and astrocytes favors a localization in internal vesicles over con-
stitutive secretion. J Neurosci. 1991;11:3783-3793.
57. Kitaguchi N, Takahashi Y, Tokushima Y, Shiojiri S, Ito H. Novel precursor
of Alzheimer’s disease amyloid protein shows protease inhibitory activity.
Nature. 1988;331:530-532.
58. Vassar R, Bennett BD, Babu-Khan S, et al. β-Secretase cleavage of
Alzheimer’s amyloid precursor protein by the transmembrane aspartic pro-
tease BACE. Science. 1999;286:735-741.
59. Haass C, Schlossmacher MG, Hung AY, et al. Amyloid β-peptide is pro-
duced by cultured cells during normal metabolism. Nature. 1992;359:322-
325.
60. Shoji M, Golde TE, Ghiso J, et al. Production of the Alzheimer amyloid
β protein by normal proteolytic processing. Science. 1992;258:126-129.
61. Yankner BA, Duffy LK, Kirschner DA. Neurotrophic and neurotoxic
effects of amyloid β protein: reversal by tachykinin neuropeptides. Science.
1990;250:279-282.
62. Citron M, Vigo-Pelfrey C, Teplow DB, et al. Excessive production of amy-
loid β-protein by peripheral cells of symptomatic and presymptomatic
patients carrying the Swedish familial Alzheimer disease mutation. Proc Natl
Acad Sci U S A. 1994;91:11993-11997.
63. Haass C, Hung AY, Selkoe DJ, Teplow DB. Mutations associated with a
locus for familial Alzheimer’s disease result in alternative processing of amy-
loid β–protein precursor. J Biol Chem. 1994;269:17741-17748.
64. Annaert W, Cupers P, Saftig P, De Strooper B. Presenilin function in APP
processing. Ann N Y Acad Sci. 2000;920:158-164.
65. Eckman CB, Mehta ND, Crook R, et al. A new pathogenic mutation in
the APP gene (I716V) increases the relative proportion of Aβ42(43). Hum
Mol Genet. 1997;6:2087-2089.
66. Lorenzo A, Yankner BA. β-Amyloid neurotoxicity requires fibril formation
and is inhibited by congo red. Proc Natl Acad Sci U S A. 1994;91:12243-12247.
67. Yankner BA. The pathogenesis of Alzheimer’s disease. Is amyloid β-pro-
tein the beginning or the end? Ann N Y Acad Sci. 2000;924:26-28.
68. Cai XD, Golde TE, Younkin SG. Release of excess amyloid β protein from
a mutant amyloid β protein precursor. Science. 1993;59:514-516.
69. Citron M, Westaway D, Xia W, et al. Mutant presenilins of Alzheimer’s
disease increase production of 42-residue amyloid β-protein in both trans-
fected cells and transgenic mice. Nat Med. 1997;3:67-72.
70. Haass C, Koo EH, Capell A, Teplow DB, Selkoe DJ. Polarized sorting of β-
amyloid precursor protein and its proteolytic products in MDCK cells is reg-
ulated by two independent signals. J Cell Biol. 1995;128:537-547.
71. Myers AJ, Goate AM. The genetics of late-onset Alzheimer’s disease. Curr
Opin Neurol. 2001;14:433-440.
72. Suski N, Iwatubo T, Odaka A, Ishibashi Y, Kitada C, Ihary Y. High tissue
content of soluble β-1-40 I linked to cerebral amyloid angiopathy. Am J
Pathol. 1994;145:452-460. 
73. Schellenberg GD, Bird TD, Wijsman EM, et al. Genetic linkage evidence
for a familial Alzheimer’s disease locus on chromosome 14. Science.
1992;258:668-671.
74. Sherrington R, Froelich S, Sorbi S, et al. Alzheimer’s disease associated
with mutations in presenilin 2 is rare and variably penetrant. Hum Mol
Genet. 1996;5:985-988. 
75. St George-Hyslop P, Haines J, Rogaev E, et al. Genetic evidence for a
novel familial Alzheimer’s disease locus on chromosome 14. Nat Genet.
1992;2:330-334.
76. Van Broeckhoven C, Backhovens H, Cruts M, et al. Mapping of a gene
predisposing to early-onset Alzheimer’s disease to chromosome 14q24.3.
Nat Genet. 1992;2:335-339.
77. Campion D, Flaman JM, Brice A, et al. Mutations of the presenilin I gene
in families with early-onset Alzheimer’s disease. Hum Mol Genet. 1995;4:373-
377.
78. Clark RF, Cruts M, Korenblat KM, et al. A yeast artificial chromosome
contig from human chromosome 14q24 spanning the Alzheimer’s disease
locus AD3. Hum Mol Genet. 1995;4:1347-1354.
79. Kwok JB, Taddei K, Hallupp M, et al. Two novel (M233T and R278T) pre-
senilin-1 mutations in early-onset Alzheimer’s disease pedigrees and pre-
liminary evidence for association of presenilin-1 mutations with a novel phe-
notype. Neuroreport. 1997;8:1537-1542.

80. Perez-Tur J, Froelich S, Prihar G, et al. A mutation in Alzheimer’s disease
destroying a splice acceptor site in the presenilin-1 gene. Neuroreport.
1995;7:297-301. 
81. Sato S, Kamino K, Miki T, et al. Splicing mutation of presenilin-1 gene for
early-onset familial Alzheimer’s disease. Hum Mutat. 1998;(suppl 1):S91-S94. 
82. Tysoe C, Galinsky D, Robinson D, et al. Apo E and Apo CI loci are associ-
ated with dementia in younger but not older late-onset cases. Dement
Geriatr Cogn Disord. 1998;9:19119-19118.
83. Beck JA, Mead S, Campbell TA, et al. Two-octapeptide repeat deletion
of prion protein associated with rapidly progressive dementia. Neurology.
2001;57:354-356.
84. Suzuki N, Cheung TT, Cai XD, et al. An increased percentage of long
amyloid β protein secreted by familial amyloid β protein precursor (β
APP717) mutants. Science. 1994;264:1336-1340.
85. Taddei K, Fisher C, Laws SM, et al. Association between presenilin-1
Glu318Gly mutation and familial Alzheimer’s disease in the Australian pop-
ulation. Mol Psychiatry. 2002;7:776-781.
86. Levy-Lahad E, Wasco W, Poorkaj P, et al. Candidate gene for the chro-
mosome 1 familial Alzheimer’s disease locus. Science. 1995;269:973-977.
87. Rogaev EI, Sherrington R, Rogaeva EA, et al. Familial Alzheimer’s dis-
ease in kindreds with missense mutations in a gene on chromosome 1
related to the Alzheimer’s disease type 3 gene. Nature. 1995;376:775-778.
88. Bird TD, Levy-Lahad E, Poorkaj P, et al. Wide range in age of onset for chro-
mosome 1–related familial Alzheimer’s disease. Ann Neurol. 1996;40:932-936.
89. Price DL, Sisodia SS. Mutant genes in familial Alzheimer’s disease and
transgenic models. Annu Rev Neurosci. 1998;21:479-505.
90. Duff K, Eckman C, Zehr C, et al. Increased amyloid-β42(43) in brains of
mice expressing mutant presenilin 1. Nature. 1996;383:710-713.
91. Kovacs DM, Fausett HJ, Page KJ, et al. Alzheimer-associated presenilins
1 and 2: neuronal expression in brain and localization to intracellular mem-
branes in mammalian cells. Nat Med. 1996;2:224-229.
92. Cribbs DH, Chen LS, Bende SM, LaFerla FM. Widespread neuronal expres-
sion of the presenilin-1 early-onset Alzheimer’s disease gene in the murine
brain. Am J Pathol. 1996;148:1797-1806.
93. Lee MK, Borchelt DR, Kim G, et al. Hyperaccumulation of FAD-linked
presenilin 1 variants in vivo. Nat Med. 1997;3:756-760.
94. McGeer PL, Kawamata T, McGeer EG. Localization and possible func-
tions of presenilins in brain. Rev Neurosci. 1998;9:1-15. 
95. Page K, Hollister R, Tanzi RE, Hyman BT. In situ hybridization analysis of
presenilin 1 mRNA in Alzheimer disease and in lesioned rat brain. Proc Natl
Acad Sci U S A. 1996;93:14020-14024.
96. De Strooper B, Beullens M, Contreras B, et al. Phosphorylation, subcel-
lular localization, and membrane orientation of the Alzheimer’s disease-
associated presenilins. J Biol Chem. 1997;272:3590-3598. 
97. Doan A, Thinakaran G, Borchelt DR, et al. Protein topology of presenilin
1. Neuron. 1996;17:1023-1030.
98. Kostyszyn B, Cowburn RF, Seiger A, KjAEldgaard A, Sundstrom E.
Expression of presenilin-1 and Notch-1 receptor in human embryonic CNS.
Neuroscience. 2001;103:885-898.
99. Mitsuda N, Roses AD, Vitek MP. Transcriptional regulation of the mouse
presenilin-1 gene. J Biol Chem. 1997;272:23489-23497.
100. Walter J, Capell A, Grunberg J, et al. The Alzheimer’s disease–associ-
ated presenilins are differentially phosphorylated proteins located pre-
dominantly within the endoplasmic reticulum. Mol Med. 1996;2:673-691.
101. Capell A, Grunberg J, Pesold B, et al. The proteolytic fragments of the
Alzheimer’s disease–associated presenilin-1 form heterodimers and occur
as a 100–150-kDa molecular mass complex. J Biol Chem. 1998;273:3205-3211.
102. Seeger M, Nordstedt C, Petanceska S, et al. Evidence for phosphory-
lation and oligomeric assembly of presenilin 1. Proc Natl Acad Sci U S A.
1997;94:5090-5094.
103. Sisodia SS, St George-Hyslop PH. γ-Secretase, Notch, Aβ and Alzheimer’s
disease: where do the presenilins fit in? Nat Rev Neurosci. 2002;3:281-290.
104. Thinakaran G, Borchelt DR, Lee MK, et al. Endoproteolysis of presenilin
1 and accumulation of processed derivatives in vivo. Neuron. 1996;17:181-190.
105. Xia W, Ostaszewski BL, Kimberly WT, et al. FAD mutations in presenilin-
1 or amyloid precursor protein decrease the efficacy of a γ-secretase
inhibitor: evidence for direct involvement of PS1 in the γ-secretase cleavage
complex. Neurobiol Dis. 2000;7:673-681.

B a s i c  r e s e a r c h

24



Genetic studies of Alzheimer’s disease - Tang and Gershon Dialogues in Clinical Neuroscience - Vol 5 . No. 1 . 2003

25

106. Annaert W, De Strooper B. Presenilins: molecular switches between
proteolysis and signal transduction. Trends Neurosci. 1999;22:439-443.
107. De Strooper B, Saftig P, Craessaerts K, et al. Deficiency of presenilin-1 inhibits
the normal cleavage of amyloid precursor protein. Nature. 1998;391:387-390.
108. Esler WP, Wolfe MS. A portrait of Alzheimer secretases—new features
and familiar faces. Science. 2000;293:1449-1454.
109. Li YM, Xu M, Lai MT, et al. Photoactivated γ-secretase inhibitors directed
to the active site covalently label presenilin 1. Nature. 2000;405:689-694.
110. Naruse S, Igarashi S, Kobayashi H, et al. Mis-sense mutation Val----Ile
in exon 17 of amyloid precursor protein gene in Japanese familial
Alzheimer’s disease. Lancet. 1991;337:978-979.
111. Berezovska O, Jack C, McLean P, et al. Rapid Notch1 nuclear translo-
cation after ligand binding depends on presenilin-associated γ-secretase
activity. Ann N Y Acad Sci. 2000;920:223-226.
112. De Strooper B, Annaert W, Cupers P, et al. A presenilin-1-dependent γ-
secretase-like protease mediates release of Notch intracellular domain.
Nature. 1999;398:518-522.
113. Katayama T, Imaizumi K, Sato N, et al. Presenilin-1 mutations down-
regulate the signalling pathway of the unfolded-protein response. Nat Cell
Biol. 1999;1:479-485.
114. Niwa M, Sidrauski C, Kaufman RJ, Walter P. A role for presenilin-1 in
nuclear accumulation of Ire1 fragments and induction of the mammalian
unfolded protein response. Cell. 1999;99:691-702.
115. Song W, Nadeau P, Yuan M, Yang X, Shen J, Yankner BA. Proteolytic
release and nuclear translocation of Notch-1 are induced by presenilin-1 and
impaired by pathogenic presenilin-1 mutations. Proc Natl Acad Sci U S A.
1999;96:6959-6963.
116. Wolfe MS, Xia W, Ostaszewski BL, Diehl TS, Kimberly WT, Selkoe DJ.
Two transmembrane aspartates in presenilin-1 required for presenilin endo-
proteolysis and γ-secretase activity. Nature. 1999;398:513-517.
117. Huse JT, Pijak DS, Leslie GJ, Lee VM, Doms RW. Maturation and endo-
somal targeting of β-site amyloid precursor protein–cleaving enzyme. The
Alzheimer’s disease β-secretase. J Biol Chem. 2000;275:33729-33737.
118. Kang DE, Soriano S, Frosch MP, et al. Presenilin 1 facilitates the constitu-
tive turnover of β-catenin: differential activity of Alzheimer’s disease–linked
PS1 mutants in the β-catenin–signaling pathway. J Neurosci. 1999;19:4229-4237.
119. Zhang Z, Nadeau P, Song W, et al. Presenilins are required for γ-secre-
tase cleavage of β-APP and transmembrane cleavage of Notch-1. Nat Cell
Biol. 2000;2:463-465.
120. Sisodia SS. Neuroscience. An accomplice for γ-secretase brought into
focus. Science. 2000;289:2296-2297.
121. Borchelt DR, Ratovitski T, van Lare J, et al. Accelerated amyloid depo-
sition in the brains of transgenic mice coexpressing mutant presenilin 1 and
amyloid precursor proteins. Neuron. 1997;19:939-945.
122. Chen F, Yang DS, Petanceska S, et al. Carboxyl-terminal fragments of
Alzheimer β-amyloid precursor protein accumulate in restricted and unpre-
dicted intracellular compartments in presenilin 1–deficient cells. J Biol Chem.
2000;275:36794-36802.
123. Naruse S, Thinakaran G, Luo JJ, et al. Effects of PS1 deficiency on mem-
brane protein trafficking in neurons. Neuron. 1998;21:1213-1221.
124. Davis JA, Naruse S, Chen H, et al. An Alzheimer’s disease-linked PS1
variant rescues the developmental abnormalities of PS1-deficient embryos.
Neuron. 1998;20:603-609.
125. Lee MK, Slunt HH, Martin LJ, et al. Expression of presenilin 1 and 2 (PS1
and PS2) in human and murine tissues. J Neurosci. 1996;16:7513-7525.
126. Borchelt DR, Thinakaran G, Eckman CB, et al. Familial Alzheimer’s dis-
ease–inked presenilin 1 variants elevate Aβ1-42/1-40 ratio in vitro and in
vivo. Neuron. 1996;17:1005-1013.
127. Scheuner D, Eckman C, Jensen M, et al. Secreted amyloid β-protein sim-
ilar to that in the senile plaques of Alzheimer’s disease is increased in vivo
by the presenilin 1 and 2 and APP mutations linked to familial Alzheimer’s
disease. Nat Med. 1996;2:864-870.
128. Wragg M, Hutton M, Talbot C. The Alzheimer’s Disease Collaborative
Group. Genetic association between intronic polymorphism in presenilin-1
gene and late-onset Alzheimer’s disease. Lancet. 1996;347:509-512.
129. Feng R, Rampon C, Tang YP, et al. Deficient neurogenesis in forebrain-
specific presenilin-1 knockout mice is associated with reduced clearance of
hippocampal memory traces. Neuron. 2001;32:911-926.

130. Cruts M, van Duijn CM, Backhovens H, et al. Estimation of the genetic
contribution of presenilin-1 and -2 mutations in a population-based study
of presenile Alzheimer disease. Hum Mol Genet. 1998;7:43-51.
131. Tanzi RE, Kovacs DM, Kim TW, Moir RD, Guenette SY, Wasco W. The
gene defects responsible for familial Alzheimer’s disease. Neurobiol Dis.
1996;3:159-168. 
132. Tol J, Roks G, Slooter AJ, van Duijn CM. Genetic and environmental fac-
tors in Alzheimer’s disease. Rev Neurol (Paris). 1999;155(suppl 4):S10-S16.
133. Pericak-Vance MA, Bebout JL, Gaskell PC Jr, et al. Linkage studies in
familial Alzheimer disease: evidence for chromosome 19 linkage. Am J Hum
Genet. 1991;48:1034-1050. 
134. Corder EH, Saunders AM, Strittmatter WJ, et al. Gene dose of apolipo-
protein E type 4 allele and the risk of Alzheimer’s disease in late-onset fam-
ilies. Science. 1993;261:921-923.
135. Lambert JC, Araria-Goumidi L, Myllykangas L, et al. Contribution of
APOE promoter polymorphisms to Alzheimer’s disease risk. Neurology.
2002;59:59-66.
136. Liu L, Forsell C, Lilius L, Axelman K, Corder EH, Lannfelt L. Allelic asso-
ciation but only weak evidence for linkage to the apolipoprotien E locus in
late-onset Swedish Alzheimer families. Am J Med Genet. 1996;67:306-311.
137. Roses AD, Bryan J, Bryan K. Apolipoprotein E genotype: utility in clin-
ical practice in Alzheimer’s disease. J Am Geriatr Soc. 1996;44:1479-1481. 
138. Roses AD, Saunders AM. ApoE is a major susceptibility gene for
Alzheimer’s disease. Curr Opin Biotechnol. 1994;5:663-667. 
139. Strittmatter WJ, Saunders AM, Schmechel D, et al. Apolipoprotein E: high-
avidity binding to β-amyloid and increased frequency of type 4 allele in late-
onset familial Alzheimer disease. Proc Natl Acad Sci U S A. 1993;90:1977-1981.
140. Yamagata K, Urakami K, Ikeda K, et al. High expression of apolipopro-
tein E mRNA in the brains with sporadic Alzheimer’s disease. Dement Geriatr
Cogn Disord. 2001;12:57-62.
141. Myers A, Holmans P, Marshall H, et al. Susceptibility locus for
Alzheimer’s disease on chromosome 10. Science. 2000;290:2304-2305.
142. Farrer LA, Cupples LA, Haines JL, et al. Effects of age, sex, and ethnic-
ity on the association between apolipoprotein E genotype and Alzheimer
disease. A meta-analysis. APOE and Alzheimer Disease Meta Analysis
Consortium. JAMA. 1997;278:1349-1356.
143. Liddell MB, Lovestone S, Owen MJ. Genetic risk of Alzheimer’s disease:
advising relatives. Br J Psychiatry. 2001;178:7-11.
144. van Duijn CM, de Knijff P, Cruts M, et al. Apolipoprotein E4 allele in a
population-based study of early-onset Alzheimer’s disease. Nat Genet.
1994;7:74-78.
145. Artiga MJ, Bullido MJ, Frank A, et al. Risk for Alzheimer’s disease cor-
relates with transcriptional activity of the APOE gene. Hum Mol Genet.
1998;7:1887-1892.
146. Lambert JC, Berr C, Pasquier F, et al. Pronounced impact of Th1/E47cs
mutation compared with -491 AT mutation on neural APOE gene expres-
sion and risk of developing Alzheimer’s disease. Hum Mol Genet.
1998;7:1511-1516.
147. Laws SM, Taddei K, Martins G, et al. The -491AA polymorphism in the
APOE gene is associated with increased plasma apoE levels in Alzheimer’s
disease. Neuroreport. 1999;10:879-882.
148. Wang JC, Kwon JM, Shah P, Morris JC, Goate A. Effect of APOE geno-
type and promoter polymorphism on risk of Alzheimer’s disease. Neurology.
2000;55:1644-1659.
149. Fullerton SM, Clark AG, Weiss KM, et al. Apolipoprotein E variation at
the sequence haplotype level: implications for the origin and maintenance
of a major human polymorphism. Am J Hum Genet. 2000;67:881-900.
150. Hendrie HC, Hall KS, Hui S, et al. Apolipoprotein E genotypes and
Alzheimer’s disease in a community study of elderly African-Americans. Ann
Neurol. 1995;37:118-120.
151. Maestre G, Ottman R, Stern Y, et al. Apolipoprotein E and Alzheimer’s
disease: ethnic variation in genotypic risks. Ann Neurol. 1995;37:254-259.
152. Tang MX, Stern Y, Marder K, et al. The APOE-ε4 allele and the risk of
Alzheimer disease among African-Americans, whites, and Hispanics. JAMA.
1998;279:751-755.
153. Roks G, Cruts M, Bullido MJ, et al. The -491 A/T polymorphism in the
regulatory region of the apolipoprotein E gene and early-onset Alzheimer’s
disease. Neurosci Lett. 1998;258:65-68.



B a s i c  r e s e a r c h

26

154. Toji H, Maruyama H, Sasaki K, Nakamura S, Kawakami H. Apolipopro-
tein E promoter polymorphism and sporadic Alzheimer’s disease in a
Japanese population. Neurosci Lett. 1999;259:56-58.
155. Chen L, Baum L, Ng HK, et al. Apolipoprotein E promoter and α2-
macroglobulin polymorphisms are not genetically associated with Chinese
late-onset Alzheimer’s disease. Neurosci Lett. 1999;269:173-177.
156. Mayeux R, Ottman R, Maestre G, et al. Synergistic effects of traumatic
head injury and apolipoprotein-ε4 in patients with Alzheimer’s disease.
Neurology. 1995;45(3 Pt 1):555-557.
157. Roses AD, Saunders A. Head injury, amyloid β and Alzheimer’s disease.
Nat Med. 1995;1:603-604.
158. Alberts MJ, Graffagnino C, McClenny C, et al. ApoE genotype and sur-
vival from intracerebral haemorrhage. Lancet. 1995;346:575. 
159. Newman MF, Croughwell ND, Blumenthal JA, et al. Predictors of cog-
nitive decline after cardiac operation. Ann Thorac Surg. 1995;59:1326-1330.
160. Nacmias B, Latorraca S, Piersanti P, et al. ApoE genotype and familial
Alzheimer’s disease: a possible influence on age of onset in APP717 Val-->
Ile mutated families. Neurosci Lett. 1995;183:1-3.
161. Sorbi S, Nacmias B, Forleo P, Piacentini S, Latorraca S, Amaducci L.
Epistatic effect of APP717 mutation and apolipoprotein E genotype in famil-
ial Alzheimer’s disease. Ann Neurol. 1995;38:124-127.
162. St George-Hyslop P, McLachlan DC, Tsuda T, et al. Alzheimer’s disease
and possible gene interaction. Science. 1994;263:537.
163. Gearing M, Mori H, Mirra SS. Aβ-peptide length and apolipoprotein E
genotype in Alzheimer’s disease. Ann Neurol. 1996;9:395-399.
164. Rebeck GW, Reiter JS, Strickland DK, Hyman BT. Apolipoprotein E in
sporadic Alzheimer’s disease: allelic variation and receptor interactions.
Neuron. 1993;11:575-580.
165. Schmechel DE, Saunders AM, Strittmatter WJ, et al. Increased amyloid
β-peptide deposition in cerebral cortex as a consequence of apolipoprotein
E genotype in late-onset Alzheimer disease. Proc Natl Acad Sci U S A.
1993;90:9649-9653.
166. Kounnas MZ, Moir RD, Rebeck GW, et al. LDL receptor–related protein,
a multifunctional ApoE receptor, binds secreted β-amyloid precursor pro-
tein and mediates its degradation. Cell. 1995;82:331-340.
167. Huang DY, Weisgraber KH, Goedert M, Saunders AM, Roses AD,
Strittmatter WJ. ApoE3 binding to tau tandem repeat I is abolished by tau
serine262 phosphorylation. Neurosci Lett. 1995;192:209-212.
168. Strittmatter WJ, Saunders AM, Goedert M, et al. Isoform-specific inter-
actions of apolipoprotein E with microtubule-associated protein tau: impli-
cations for Alzheimer disease. Proc Natl Acad Sci U S A. 1994;91:11183-11186.
169. Masliah E, Mallory M, Ge N, Alford M, Veinbergs I, Roses AD.
Neurodegeneration in the central nervous system of apoE-deficient mice.
Exp Neurol. 1995;136:107-122.
170. Nathan BP, Chang KC, Bellosta S, et al. The inhibitory effect of
apolipoprotein E4 on neurite outgrowth is associated with microtubule
depolymerization. J Biol Chem. 1995;270:19791-19799.
171. Pericak-Vance MA, Bass ML, Yamaoka LH, et al. Complete genomic
screen in late-onset familial Alzheimer’s disease. Neurobiol Aging. 1998;19(1
suppl):S39-S42.
172. Pericak-Vance MA, Bass MP, Yamaoka LH, et al. Complete genomic
screen in late-onset familial Alzheimer disease. Evidence for a new locus on
chromosome 12. JAMA. 1997;278:1237-1241.
173. Blacker D, Wilcox MA, Laird NM, et al. A-2 macroglobulin is genetically
associated with Alzheimer disease. Nat Genet. 1998;19:357-360.
174. Rogaeva EA, Premkumar S, Grubber J, et al. An α-2-macroglobulin
insertion-deletion polymorphism in Alzheimer disease. Nat Genet.
1999;22:19-22.
175. Borth W. α2-Macroglobulin, a multifunctional binding protein with tar-
geting characteristics. FASEB J. 1992;6:3345-3353.

176. Alvarez V, Alvarez R, Lahoz CH, et al. Association between an α(2)
macroglobulin DNA polymorphism and late-onset Alzheimer’s disease.
Biochem Biophys Res Commun. 1999;264:48-50.
177. Dodel RC, Du Y, Bales KR, et al. α2-Macroglobulin and the risk of
Alzheimer’s disease. Neurology. 2000;54:438-442.
178. Myllykangas L, Polvikoski T, Sulkava R, et al. Genetic association of α2-
macroglobulin with Alzheimer’s disease in a Finnish elderly population. Ann
Neurol. 1999;46:382-390.
179. Romas SN, Mayeux R, Rabinowitz D, et al. The deletion polymorphism
and Val1000Ile in α2-macroglobulin and Alzheimer disease in Caribbean
Hispanics. Neurosci Lett. 2000;279:133-136.
180. Verpillat P, Bouley S, Hannequin D, et al. α2-Macroglobulin gene and
Alzheimer’s disease: confirmation of association by haplotypes analyses. Ann
Neurol. 2000;48:400-402.
181. Gibson AM, Singleton AB, Smith G, et al. Lack of association of the α2-
macroglobulin locus on chromosome 12 in AD. Neurology. 2000;54:433-438.
182. Koster MN, Dermaut B, Cruts M, et al. The α2-macroglobulin gene in AD:
a population-based study and meta-analysis. Neurology. 2000;55:678-684.
183. Kang DE, Saitoh T, Chen X, et al. Genetic association of the low-den-
sity lipoprotein receptor–related protein gene (LRP), an apolipoprotein E
receptor, with late-onset Alzheimer’s disease. Neurology. 1997;49:56-61.
184. Lukiw WJ, Bazan NG, McLachlan DR. Relative RNA message abundance
in control and Alzheimer’s disease–affected human neocortex. Res Adv
Alzheimer Dis Related Disord. 1996;7:437-445.
185. Majores M, Bagli M, Papassotiropoulos A, et al. Allelic association
between the D10S1423 marker and Alzheimer’s disease in a German pop-
ulation. Neurosci Lett. 2000;289:224-246.
186. Zubenko GS, Hughes HB, Stiffler JS, Hurtt MR, Kaplan BB. A genome
survey for novel Alzheimer disease risk loci: results at 10-cM resolution.
Genomics. 1998;50:121-128. 
187. Kehoe P, Wavrant-De Vrieze F, Crook R, et al. A full genome scan for
late-onset Alzheimer’s disease. Hum Mol Genet. 1999;8:237-245.
188. Bertram L, Blacker D, Mullin K, et al. Evidence for genetic linkage of
Alzheimer’s disease to chromosome 10q. Science. 2000;290:2302-2303.
189. Pericak-Vance MA, Grubber J, Bailey LR, et al. Identification of novel
genes in late-onset Alzheimer’s disease. Exp Gerontol. 2000;35:1343-1352.
190. Ertekin-Taner N, Graff-Radford N, Younkin LH, et al. Linkage of plasma
Aβ42 to a quantitative locus on chromosome 10 in late-onset Alzheimer’s
disease pedigrees. Science. 2000;290:2303-2304.
191. Kitamura Y, Shimohama S, Koike H, et al. Increased expression of
cyclooxygenases and peroxisome proliferator-activated receptor–γ in
Alzheimer’s disease brains. Biochem Biophys Res Commun. 1999;254:582-586.
192. Pasinetti GM, Aisen PS. Cyclooxygenase-2 expression is increased in
frontal cortex of Alzheimer’s disease brain. Neuroscience. 1998;87:319-324.
193. Lukiw WJ, Rogaev EI, Bazan NG. Potential of transcriptional coordina-
tion of nice genes associated with Alzheimer’s disease. Alzheimer’s Rep.
2000;3:233-245.
194. Grimaldi LM, Casadei VM, Ferri C, et al. Association of early-onset
Alzheimer’s disease with an interleukin-1α gene polymorphism. Ann Neurol.
2000;47:361-365.
195. Nicoll JA, Mrak RE, Graham DI, et al. Association of interleukin-1 gene
polymorphisms with Alzheimer’s disease. Ann Neurol. 2000;47:365-368.
196. Lukiw WJ, Bazan NG. Cyclooxygenase 2 RNA message abundance, sta-
bility, and hypervariability in sporadic Alzheimer neocortex. J Neurosci Res.
1997;50:937-945.
197. Dahiyat M, Cumming A, Harrington C, et al. Association between
Alzheimer’s disease and the NOS3 gene. Ann Neurol. 1999;46:664-667.
198. Namekata K, Imagawa M, Terashi A, Ohta S, Oyama F, Ihara Y.
Association of transferrin C2 allele with late-onset Alzheimer’s disease. Hum
Genet. 1997;101:126-129.




