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Abstract
Objective—Presenilin-1 is a major causa-
tive gene for early onset familial
Alzheimer’s disease, and the apolipopro-
tein E å4 allele is a major genetic risk fac-
tor known to influence late onset and
sporadic early onset Alzheimer’s disease.
The presenilin-1 1/1 genotype has recently
been reported to be associated with spo-
radic Alzheimer’s disease. The purpose of
this study is to determine whether
Alzheimer’s disease is associated with
presenilin-1 gene polymorphism and the
apolipoprotein E genotype in an extended
case-control study.
Methods—An examination was conducted
on 217 patients with Alzheimer’s disease,
along with an equal number of age and sex
matched controls derived from the same
community in a Japanese population, by
using a ÷2 test for homogeneity and a
logistic regression analysis. A meta-
analysis of data from the literature on
allele frequencies in Alzheimer’s disease
and control populations was used for
comparison with the Japanese allele fre-
quencies obtained in this study.
Results—The presenilin-1 allele-1 fre-
quencies were similar in patients with
early onset Alzheimer’s disease (0.61) and
younger controls (0.61), and in those with
late onset Alzheimer’s disease (0.63) and
elderly controls (0.63). We found no evi-
dence for a possible association between
the presenilin-1 polymorphism and the
apolipoprotein E å4 allele. However, the
meta-analysis showed that the association
between the presenilin-1 1/1 genotype and
Alzheimer’s disease was significant (Peto
odds ratio=1.16, 95% confidence
interval=1.04–1.31).
Conclusions—These results suggest a sub-
tle but positive association of presenilin-1
gene polymorphism with Alzheimer’s dis-
ease, although Japanese data in this study
which failed to support such a relation
would indicate an ethnic variation.
(J Neurol Neurosurg Psychiatry 1999;66:722–726)

Keywords: Alzheimer’s disease; presenilin-1; meta-
analysis

Alzheimer’s disease is a neurodegenerative dis-
order and is the most common cause of
dementia in elderly people.1 Although the age
of onset is variable, most cases of Alzheimer’s

disease occur at a late age (late onset
Alzheimer’s disease). An association between
Alzheimer’s disease and the apolipoprotein E
(apoE) å4 allele has been reported in both
familial2 and sporadic late onset Alzheimer’s
disease.3 The apoE å4 allele increases the risk
and lowers the age of onset distribution in a
dose dependent fashion.4 However, only half of
all patients with Alzheimer’s disease have the
apoE å4 allele, and a substantial number of
people having apoE å4 alleles do not develop
Alzheimer’s disease. These facts indicate that
another gene in combination with the apoE å4
allele may be involved in sporadic Alzheimer’s
disease.

In a linkage study of pedigrees having early
onset Alzheimer’s disease in which the disease
has been shown to segregate as an autosomal
dominant trait, presenilin-1 (PS1) has been
identified on chromosome 14 through posi-
tional cloning.5 Most early onset familial
Alzheimer’s disease pedigrees from various
ethnic backgrounds are linked to mutations in
PS1, many of which are missense mutations.6

Mutations in genes coding for PS1 may aVect
the metabolism of amyloid precursor protein,
resulting in an increase in the production of
amyloid â1–42.7 8 These findings suggest that
PS1 might have relevance in general
Alzheimer’s disease pathogenesis.

An important association was reported
between a PS1 intronic polymorphism situated
3' of exon 9 of the PS1 gene and late onset,
sporadic Alzheimer’s disease.9 The polymor-
phism is the result of an A/T to C/G substitu-
tion, in which the first, the more common
allele, is designated allele-1, and the second is
designated allele-2. This study also reported
that the PS1 allele-1 was overrepresented in
white Americans with late onset Alzheimer’s
disease, but was not seen in AfroAmericans.
However, other studies have shown conflicting
results.10–24 These prompted us to examine the
association between the PS1 allele-1 and
Alzheimer’s disease in an extended case-
control study in a Japanese population. We also
evaluated the apoE genotype and examined the
interaction between PS1 polymorphism and
the apoE å4 allele.

Methods
SUBJECTS

Patients with Alzheimer’s disease were re-
cruited from those who were consecutively
admitted to Hyogo Institute for Aging Brain
and Cognitive Disorders (HI-ABCD) for
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examination between October 1994 and De-
cember 1996. All patients were examined by
both neurologists and psychiatrists during an
admission of more than 1 month and were
given routine laboratory tests, standard neuro-
psychological examinations, EEC, MRI of the
brain, MR angiography of the neck and head,
and cerebral perfusion/metabolism studies by
PET or single photon emission computed
tomography (SPECT).25

The control group was comprised of subjects
from three sources: 768 subjects (age range
21–90 years) in the HI-ABCD established
population for sex diVerence study, who were
genotyped for apoE as previously described.26

Seventy two subjects (age range 23–80 years)
were volunteers enrolled at the HI-ABCD for
PET study from the community.25 Finally, 37
elderly subjects ranging in age from 70 to 93
years were recruited from an old people’s
home. These subjects had complete neurologi-
cal and medical examinations that showed that
they were free of significant illness and had
mini mental state examination27 scores>28. For
each patient, a control subject was drawn ran-
domly from the combined control population,
and matched for sex and age (within 2 years) at
the time of diagnosis. All case-control pairs
were selected on the basis of (1) the patient
having a diagnosis of probable Alzheimer’s dis-
ease according to the criteria of the National
Institute of Neurological Disease and Stroke/
Alzheimer’s Disease and Related Disorders

Association (NINCDS/ADRDA),28 (2) a nega-
tive family history for dementia in both first
and second degree relatives on an informant
based assessment, and (3) the availability of a
blood sample for the patients, and for the
matched controls.

Before beginning this study, informed con-
sent was obtained for all patients and from all
volunteers according to the Declaration of
Human Rights, Helsinki, 1975. All procedures
were strictly followed according to the clinical
study guidelines of the ethics committee,
Hyogo Institute for Aging Brain and Cognitive
Disorders (HI-ABCD), 1993, and was ap-
proved by the internal review board.

DNA ANALYSIS

Peripheral leucocytes were separated by Mo-
nopoly resolving medium (ICN Biomedicals
Inc, CA, USA) according to the manufactur-
er’s protocol. The separated leucocytes were
washed once with phosphate buVered saline.
Genomic DNA was then extracted with a
Genomix DNA extraction kit (Talent Corp,
Trieste, Italy) according to the manufacturer’s
protocol. PS1 genotyping was performed
according to the protocol of Wragg et al,9 and
apoE genotyping was performed according to
the method of Wenham et al.29

STATISTICAL ANALYSIS

Analyses were conducted using SAS Release
6.10 software (SAS Institute Inc). We stratified
the patient groups by age of onset (early onset<
65 years, late onset>65 years) to see if age of
onset was confounding a potential genetic
association. We also stratified the data on the
basis of the presence or absence of copies of the
apoE å4 allele. As an association with the 1/1
genotype and late onset Alzheimer’s disease
has been proposed,9 we examined diVerences
in the 1/1 genotype frequency between patients
and controls combining the 1/2 and 2/2 groups
as the reference by using the ÷2 test for homo-
geneity. To examine whether the PS1 genotype
predicts Alzheimer’s disease, we used a multi-
ple logistic regression analysis, with diagnosis
(AD v control) as a dependent variable and the
PS1 and apoE genotypes as independent vari-
ables.

META-ANALYSIS

For the meta-analysis of the frequency of the
PS1 1/1 genotype in controls and patients with
Alzheimer’s disease, we searched Medline for
the period 1995 to 1998 for all entries contain-
ing both “presenilin” and “Alzheimer’s dis-
ease”. The retrieved articles or letters, exclud-
ing abstracts, were identified. We included only
studies in which: (1) data presentation was in
such a manner that PS1 allele frequencies
could be calculated, and (2) the ethnic
background of each patient was identified. The
meta-analysis was performed using the method
of Peto’s fixed eVect model.30

Results
From the Alzheimer’s disease and control sub-
ject pools, a sample of 217 clinically probable
patients with Alzheimer’s disease and their age

Table 1 Distribution of the intronic polymorphism in the presenilin-1 gene

Genotype* Allele†

1/1 1/2 2/2 1 2

Younger control 21 (0.36) 30 (0.51) 8 (0.14) 0.61 0.39
ApoE å4 non-carriers 14 (0.33) 22 (0.51) 7 (0.16) 0.58 0.42
ApoE å4 carriers 7 (0.44) 8 (0.50) 1 (0.06) 0.68 0.32

Early-onset AD 21 (0.36) 30 (0.51) 8 (0.14) 0.61 0.39
ApoE å4 non-carriers 9 (0.36) 13 (0.52) 3 (0.12) 0.62 0.38
ApoE å4 carriers 12 (0.35) 17 (0.50) 5 (0.15) 0.62 0.38

Elderly control 59 (0.37) 80 (0.51) 19 (0.12) 0.63 0.37
ApoE å4 non-carriers 50 (0.39) 61 (0.48) 17 (0.13) 0.63 0.37
ApoE å4 carriers 9 (0.30) 19 (0.63) 2 (0.07) 0.62 0.38

Late-onset AD 61 (0.39) 76 (0.48) 21 (0.13) 0.63 0.37
ApoE å4 non-carriers 26 (0.38) 34 (0.49) 9 (0.13) 0.62 0.38
ApoE å4 carriers 35 (0.39) 42 (0.47) 12 (0.13) 0.63 0.38

*Number of subjects (frequency).
†Frequency. AD=Alzheimer’s disease.

Table 2 Apolipoprotein E allele frequencies among presenilin-1 genotypes

Presenilin-1 genotype* Allele†

1/1 1/2 2/2 1 2

Younger control:
å2 2 (0.05) 3 (0.05) 1 (0.06) 0.58 0.42
å3 33 (0.79) 48 (0.80) 14 (0.88) 0.60 0.40
å4 7 (0.17) 9 (0.15) 1 (0.06) 0.68 0.32

Early onset AD:
å2 4 (0.10) 2 (0.03) 1 (0.06) 0.61 0.39
å3 25 (0.60) 34 (0.57) 10 (0.63) 0.60 0.40
å4 13 (0.31) 24 (0.40) 5 (0.31) 0.61 0.39

Elderly control:
å2 8 (0.07) 5 (0.03) 3 (0.08) 0.66 0.34
å3 101 (0.86) 135 (0.84) 33 (0.87) 0.63 0.37
å4 9 (0.08) 20 (0.13) 2 (0.05) 0.61 0.39

Late onset AD:
å2 2 (0.02) 2 (0.01) 1 (0.02) 0.60 0.40
å3 81 (0.66) 103 (0.68) 26 (062) 0.63 0.37
å4 39 (0.32) 47 (0.31) 15 (0.36) 0.62 0.38

*Number of alleles (frequency).
†Frequency. AD=Alzheimer’s disease.
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and sex matched controls were utilised for the
present analysis. From each group of 217, there
were 158 women and 59 men. Of 217 probable
patients with Alzheimer’s disease, 59 (31
women, 28 men, mean (SD) age at diagno-
sis=62.1 (4.9) years were early onset (mean age
of onset=58.6 (4.9) years), and 158 (107
women, 51 men, mean age at diagnosis=75.7
(6.0 years) were late onset (mean age of
onset=73.0 ( 5.9) years). The mean ages of age
and sex matched controls for early and late
onset Alzheimer’s disease were 61.8 (4.8) and
75.7 (6.3) years, respectively. The apoE allele
distribution of patients with Alzheimer’s dis-
ease (å2/3, 4%; å2/4, 1%; å3/3, 39%; å3/4,
46%; å4/4, 9%) was significantly diVerent from
that of controls (å2/3 10%, å2/4 0%, å3/3 69%,

å3/4 20%, å4/4 1%) (÷2=62.46, df=4,
p<0.001).

Table 1 shows the PS1 intronic genotypes
and allele frequencies for Alzheimer’s disease
and age and sex matched control subjects.
ApoE and PS1 genotypes were in Hardy-
Weinberg equilibrium for both the Alzheimer’s
disease and control subjects. There was no dif-
ference in the PS1 gene polymorphism be-
tween the younger control group and the
elderly control group (÷2=0.12, df=2, p=0.943)
or between early onset Alzheimer’s disease and
late onset patients with Alzheimer’s disease
(÷2=0.17, df=2, p=0.918). There was no
evidence indicating an association between the
PS1 1/1 genotype and diagnosis (early onset
Alzheimer’s disease v younger control group:
÷2=0.00, df=1, p=1.000; late onset Alzheimer’s
disease v elderly control group: ÷2=0.05, df=1,
p=0.813).

Table 1 also shows the PS1 genotypes and
allele frequencies for Alzheimer’s disease sub-
jects and controls according to their å4 carrier
status. Because of the few å2 alleles, we
combined the å2 and å3 alleles and compared
their distribution with that of å4 alleles in a ÷2

analysis with the PS1 genotype as the second
dimension. Among patients with Alzheimer’s
disease, there was no evidence that PS1
genotype frequencies were diVerent between
å4 carriers and non-å4 carriers (early onset
Alzheimer’s disease: ÷2=0.09, df=2, p=0.956;
late onset Alzheimer’s disease: ÷2=0.07, df=2,
p=0.967). In the control å4 carriers, there was
a reduction in the number of subjects with the
PS1 allele-2/2 genotype, but this diVerence was
not significant (younger control group:
÷2=1.28, df=2, p=0.528; elderly control group:
÷2=2.60, df=2, p=0.273). We did not find that
the patients with Alzheimer’s disease who were
carriers of å4 were more likely to have the 1/1
genotype than were the control subjects (early
onset Alzheimer’s disease v younger control
group: ÷2=0.85, df=2, p=0.653; late onset
Alzheimer’s disease v elderly control group:
÷2=2.55, df=2, p=0.279). Similarly, we did not
find that the patients with Alzheimer’s disease
who were not carriers of å4 were more likely to
have the 1/1 genotype than were the control
subjects (early onset Alzheimer’s disease v
younger control group: ÷2=0.25, df=2,
p=0.881; late onset Alzheimer’s disease v
elderly control group: ÷2=0.05, df=2,
p=0.976).

Table 2 gives the apoE allele frequencies
among the three PS1 genotypes for the patients
with Alzheimer’s disease and control subjects.
There was no evidence of an association
between the PS1 genotype and the apoE allele
frequencies among the patients with
Alzheimer’s disease (early onset Alzheimer’s
disease: ÷2=2.35, df=4, p=0.672; late onset
Alzheimer’s disease: ÷2=0.65, df=4, p=0.958)
nor among control subjects (younger control
group: ÷2=1.07, df=4, p=0.899; elderly control
group: ÷2=5.06, df=4, p=0.282). The logistic
regression analysis revealed that there was no
eVect of the PS1 allele-1 on predicting
Alzheimer’s disease when the eVect of apoE å4
allele was adjusted (table 3).

Table 3 Interaction between apolipoprotein E å4 allele frequency and presenilin-1 allele-1
frequency by logistic regression analysis

Variable
Odds ratio
(95% CI) Wald ÷2 Probability

Early onset v younger control:
ApoE å4 frequency 3.2 (2.6–3.9) 11.925 0.001
PS1 allele-1 frequency 1.0 (0.4–1.5) 0.011 0.917
Late onset v elderly control:
ApoE å4 frequency 4.9 (4.4–5.4) 42.261 0.000
PS1 allele-1 frequency 1.0 (0.7–1.4) 0.009 0.925

PS1 = presenilin-1; AD=Alzheimer’s disease.

Odds ratio and 95% CIs of the presenilin-1 allele-1 in diVerent studies ordered according to
the type of population studied and within a category. AD=Alzheimer’s disease;
PS1=presenilin-1.

Peto odds ratio of PS1 1/1 genotype
v combined 1/2 and 2/2 group as reference

χ2
15 = 21.8

p = 0.114

Reference (n: AD/control)

White population
White American

Wragg et al 9 (208/185)
Scott et al 12 (590/515)

0.43/0.28
0.35/0.30

PS1 1/1 genotype
frequency

(AD/control)

0.3 1 3.3

Japanese population
Higuchi et al 20 (106/186)

Nishiwaki et al 21 (149/286)
0.51/0.36
0.46/0.47

Isoe et al 22 (123/101)
Sodeyama et al 24 (36/86)

0.58/0.45
0.36/0.38

The present study (217/217) 0.38/0.37

All studies (2663/2598)

Test for
heterogeneity:

0.37/0.34

English

Kehoe et al 11 (201/81)
Tysoe et al 15 (183/215)

0.37/0.27
0.30/0.35

Singleton et al 16 (108/120) 0.24/0.29
Scottish

Brookes et al 18 (81/152)
Lendon et al 19 (106/171)

0.33/0.36
0.30/0.33

French

Peres-Tur et al 14 (147/78) 0.27/0.27
Spanish

Ezquerra et al17 (174/147) 0.30/0.27
Italian

Sorbi et al 13 (72/80) 0.26/0.25
Polish

Kowalska et al 23 (97/43) 0.49/0.44
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We identified 16 studies through the litera-
ture search. The study of Mann et al10 in which
data to complete a 2×2 table was lacking was
not included in any of the analyses. In the study
of Kehoe et al11 the final analysis included some
controls also reported by Wragg et al.9 We
removed the control group of Wragg et al and
used an amended data set in a meta-analysis.
As the result, 15 studies.9 11–24 and the present
study that included 2598 patients and 2663
controls as a whole were included in the meta-
analysis. The meta-analysis of data showed that
there was a significant diVerence in the
frequency of the PS1 1/1 genotype between
patients and controls (÷2=6.47, df=1, p=0.011;
Peto odds ratio=1.16, 95% confidence interval
(95% CI)=1.04–1.31; test of heterogeneity:
÷2=21.78, df=15, p=0.114, figure).

Discussion
Wragg et al9 originally examined the intronic
polymorphism in the PS1 gene and showed
that the incidence of late onset Alzheimer’s
disease was twice as high in those who were
homozygous for allele-1 compared with those
with either the 1/2 or 2/2 genotypes. This
association has recently been reported for both
late onset and early onset sporadic Alzheimer’s
disease from several laboratories.9–24 In the
present case-control study, we failed to find an
association between PS1 polymorphism and
early onset or late onset patients with
Alzheimer’s disease. The regression analysis
controlled for the apoE å4 allele eVect also
supported the idea that there is no association
between PS1 polymorphism and Japanese spo-
radic Alzheimer’s disease. However, a com-
bined analysis showed an excess of allele-1
homozygotes in Alzheimer’s disease. The most
likely interpretation of the discrepancy would
be a racial or ethnic diVerence. The PS1 allele
frequencies diVer markedly between the Japa-
nese and white controls, and also between the
Japanese and AfroAmerican controls, suggest-
ing that the allele frequencies of controls vary
substantially depending on the ethnic back-
ground. AfroAmerican controls have the high-
est frequency of allele-1 (0.80)9 and Japanese
controls have an intermediate frequency
among the three ethnic groups.

Additional evidence is the variation of the
PS1 allele frequencies within a white popula-
tion. Although there was no diVerence in the
frequency of the 1/1 genotype between Ameri-
can controls and English, French, Italian, and
Spanish controls, it is interesting to note that
the frequencies of the PS1 genotype of patients
with Alzheimer’s disease vary in diVerent
reports. Scott et al,12 Sorbi et al,13 and Peres-Tur
et al14 failed to detect any association between
late onset Alzheimer’s disease and PS1 poly-
morphism in American, Italian, and French
populations, respectively. The studies in Eng-
lish populations15 16 also found no significant
eVect of PS1 polymorphism either in early
onset or in late onset Alzheimer’s diseases. The
study in Spain17 did not find an excess of
homozygotes for allele-1, but instead found a
significant decrease of homozygotes for allele-
2/2 in the familial Alzheimer’s disease group. In

the study of Scott et al,12 early onset sporadic
Alzheimer’s disease had a slightly increased
frequency of allele-1, whereas two studies in
Scottish populations18 19 found no significant
association between PS1 polymorphism and
early onset Alzheimer’s disease.

The association between PS1 polymorphism
and Alzheimer’s disease is diYcult to confirm
because of the large study group size that is
needed. This is because the group of subjects
homozygous for allele-2 is small, and because
the eVect of the apoE å4 allele, the major
genetic risk factor known to influence
Alzheimer’s disease, is stronger than the effects
of other candidate genes and is diYcult to con-
trol for statistical analyses. Another limitation
of the association study is that the PS1
polymorphism exists in an intron, which does
not alter a splice site or the predicted amino
acid sequence. Thus a direct causal eVect of
this polymorphism on PS1 biology is unlikely.
An alternative possibility is that the PS1
polymorphism is merely a marker for another,
and is in linkage disequilibrium with another
locus of functional significance in Alzheimer’s
disease, which has not been identified.

In summary, we failed to support a relation
between the PS1 gene and early onset and late
onset sporadic Alzheimer’s disease, nor an
interaction between PS1 polymorphism and
the apoE å4 allele in a Japanese population.
However, a meta-analysis including both white
and Japanese data sets disclosed a significant
association between the PS1 1/1 genotype and
Alzheimer’s disease. Consequently, it may be
premature to discount the PS1 gene, or less
plausibly a gene in linkage disequilibrium with
it, as a risk factor for Alzheimer’s disease.
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