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Abstract

Apolipoprotein E (ApoE) plays a key part
in lipid metabolism both in the liver, and
in the CNS. To clarify the association of
ApoE polymorphism with Alzheimer’s
disease and vascular dementia in Japan,
13 patients with early onset (age >65)
sporadic Alzheimer’s disease, 40 patients
with late onset (age <65) sporadic
Alzheimer’s disease, 19 patients with
vascular dementia, and 49 non-demented
control subjects were analysed. The
results showed a significantly increased
frequency of the ¢4 allele in the patients
with late onset sporadic Alzheimer’s dis-
ease (0-25), but not in the patients with
early onset sporadic Alzheimer’s disease
(0:04) or in the patients with vascular
dementia (0:13) compared with controls
(0-09). The raised frequency of the ¢4
allele in the patients with late onset
sporadic Alzheimer’s disease was of a
lower magnitude than that in United
States and Canadian studies. This may
in part be due to a lower &4 frequency in
the normal Japanese population and
reflect the Ilower morbidity from
Alzheimer’s disease in Japan.

(¥ Neurol Neurosurg Psychiatry 1994;57:1414-1416)

Apolipoprotein E (ApoE) is a structural com-
ponent of chylomicrons, very low, intermedi-
ate, and high density lipoproteins.! It plays
key parts in the metabolism of cholesterol and
triglyceride in plasma through the uptake of
ApoE containing lipoprotein by low density
lipoprotein (LDL) receptors or by the LDL-
receptor related protein (LRP) in liver.
Although ApoE is mainly synthesised in the
liver, it is also synthesised in the CNS, and is
a major apolipoprotein in the CSF.! Recently
ApoE and LRP immunoreactivities have been
found to be associated with the amyloid of
senile plaques, vascular amyloid, and neu-
rofibrillary tangles in the brains of patients
with Alzheimer’s disease.?> Moreover, several
reports indicate that ApoE binds strongly to
synthetic /A4 peptide.* These findings have
led to a hypothesis that ApoE-f/A4 com-
plexes may be taken up by LRP on activated

astrocytes or neurons, mediating clearance of
f/A4 from neurophils.’

ApoE has three major isoforms, referred to
as ApoE2, ApoE3, and ApoE4, which are
encoded by three alleles, &2, &3, and &4,
respectively, at a single locus on the long arm
of chromosome 19. Recently, Strittmatter et
al* reported an increased frequency of the ¢4
allele in late onset familial and sporadic
Alzheimer’s disease in the United States.’
Increased frequency of the &4 allele in
Japanese patients with multi-infarct dementia
was also reported.®

To clarify further the relation between
ApoE polymorphism and dementia, we
analysed the genotype of ApoE in Japanese
patients with early onset (age <65) and late
onset (age >65) sporadic Alzheimer’s disease,
vascular dementia, and Japanese non-
demented controls.

Patents and methods

DNA was extracted from leucocytes of 13
patients with early onset sporadic Alzheimer’s
disease, 40 patients with late onset sporadic
Alzheimer’s disease, 19 patients with vascular
dementia, and 49 non-demented subjects. All
the patients and normal subjects were resi-
dents of Kyoto city and its suburbs.
Alzheimer’s disease was diagnosed clinically
as probable Alzheimer’s disease on the basis
of the NINCDS-ADRDA criteria.” Patients
with sporadic Alzheimer’s disease were
defined as those without a known family his-
tory of Alzheimer’s disease or dementia.
Vascular dementia was diagnosed clinically as
probable vascular dementia and classified as
“small vessel disease with dementia” on the
basis of the NINDS-AIREN criteria.?
Patients with a history of diabetes mellitus,
hyperlipidaemia, or other severe complica-
tions were excluded from analysis in this
study. The average age of onset of dementia
of the patients with early onset sporadic
Alzheimer’s disease, late onset sporadic
Alzheimer’s disease, and vascular dementia
were (mean (SD)) 56-3 (6-5), 77-9 (6-8)
and 74-5 (6-9) years respectively. The mean
age of control subjects at examination was
57-1 (18-4) with a range of 26-90 years. The
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control subjects were matched with each
group of patients for age.

ApoE genotyping was performed with the
polymerase chain reaction-restriction frag-
ment length polymorphism method. Briefly,
genomic DNA was amplified by the poly-
merase chain reaction in a DNA thermal
cycler (Perkin Elmer Cetus) with an
upstream primer: 5-TCCAAGGAGCT-
GCAGGCGGCGCA-3' and a downstream
primer: 5'-ACAGAATTCGCCCCGGC-
CTGGTACACTG-3'. Each amplification
reactor contained 200 ng of genomic DNA, 6
pmol of each primer, 5 nmol of each dNTP,
the supplied buffer (Cetus), and 0-6 units
Tagq DNA polymerase (Amplitaq, Cetus) in
25 ul. An initial denaturation at 95°C for
three minutes was followed by 30 cycles of
annealing at 55°C for one minute, extension
at 72°C for two minutes, denaturation at
95°C for one minute, and a final extension at
72°C for five minutes. After at least three
hours of digestion at 37°C with 10 units Cfol
(Boehringer), each reaction mixture was
loaded on a 4% agarose gel (NuSieve, FMC)
and treated by electrophoresis for two hours
at 100 V, then photographed under UV light
after staining with ethidium bromide. A y?
test was used to examine the significance of
the polymorphic difference between the

groups.

Results

Tables 1 and 2 show the prevalence of each
genotype and the allele frequencies. The
overall frequencies of alleles &2, ¢3, and ¢4
were 0-000, 0-962, and 0-039, respectively, in
the early onset Alzheimer’s disease group;
0-025, 0-725, and 0-250 in the late onset
Alzheimer’s disease group; 0-053, 0-816, and
0-132 in the vascular dementia group; and
0-102, 0-806, and 0-092 in the control group.

There is no significant difference between
the allele frequency of control subjects in this
report and that reported previously® for the
normal Japanese population. .

The frequency of the ¢4 allele was signifi-
cantly increased in patients with late onset
sporadic Alzheimer’s disease (p < 0-01, x?
test), but not in those with early onset spo-
radic Alzheimer’s disease compared with that
of the present control subjects or that
reported previously for the normal Japanese
population.® The mean age of onset for
patients with late onset sporadic Alzheimer’s
disease who had at least one &4 allele was less
than that of the patients without the &4 allele
(75-3 (7-2) v 795 (6-2)).

Table 1 Genotypes in patients with early onset sporadic
Alzheimer’s disease, late onset sporadic Alzheimer’s
disease, vascular dementia, and control subjects

Group (n) 22 213 214 313 314 4/4

Alzheimer’s disease:

Early onset (13) 0 0 0 12 1 0
Late onset (40) 0 1 1 23 11 4
Vascular dementia (19) 0 2 0 13 3 1
Control (49) 0 9 1 31 8 0
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The frequency of the &4 allele in vascular
dementia was slightly greater than the con-
trols (0-132 v 0-:092), but the difference was
not significant. The mean age of onset of
patients with vascular dementia who had at
least one &4 allele was also less than that of
patients who had no &4 allele (70-0 (9-0) v
757 (6-0)).

Discussion

Our present results confirmed the high fre-
quency of the ¢4 allele in patients with late
onset sporadic Alzheimer’s disease (p < 0-01,
x? test), but not in patients with early onset
sporadic Alzheimer’s disease compared with
non-demented controls. In late onset spo-
radic Alzheimer’s disease, raised frequencies
of the &4 allele as high as from 0-38 to 0-40
have been reported in United States® and
Canadian studies.!® Whereas, in the Japanese,
it was found to be 0:25 in the present study
(table 2). This lower figure is supposed to be
due to the ethnic and environmental back-
grounds. A previous report' has shown that
the frequency of the ¢4 allele in a normal
Japanese population is lower than that in
Caucasians (0-11 v 0-16; p <0-001). This
difference may be one of the causes of the
lower morbidity from Alzheimer’s disease
among the Japanese. Although we could not
find an increased frequency of the &4 allele in
early onset sporadic Alzheimer’s disease, the
mean age of onset of patients with late onset
sporadic Alzheimer’s disease who had at least
one ¢4 allele was lower than that of the
patients without the &4 allele (75-3 (7-2) v
79:5 (6-2)). ApoE4 may act as an accelerating
modulator in the course of late onset sporadic
Alzheimer’s disease.

As ApoE4 is reported to be a risk factor of
coronary artery disease,' similar pathophysio-
logical effects may exist in the aetiology of
vascular dementia.®!! 2 It is virtually impossi-
ble to distinguish mixed dementia or
“Alzheimer’s disease with cerebrovascular
disease” based on NINDS-AIREN criteria
from the so called vascular dementia strictly
by clinical features and imaging. An increased
frequency of the ¢4 allele in vascular demen-
tia may be, to some extent, due to inevitable
contamination with mixed dementia. To min-
imise these effects, we chose patients with
vascular dementia who were classified as
“small-vessel disease with dementia” by
NINDS-AIREN criteria, and excluded
patients whose CT findings showed moderate
to severe cortical atrophy especially in the
frontotemporal lobes. We also excluded
patients with a history of diabetes mellitus,
hyperlipidaemia, or other severe complica-
tions. As a result, the frequency of the ¢4
allele in vascular dementia was slightly
increased compared with controls (0-132 v
0:092), but the difference was not statistically
significant. A previous Japanese report®
showed a higher ¢4 frequency (0-208) in
patients with multi-infarct dementia. The
mean age of onset of patients with vascular
dementia who had at least one &4 allele was
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Table 2 Allele frequency of ApoE in patients with early onset sporadic Alzheimer’s
disease, late onset sporadic Alzheimer’s disease, vascular dementia, and control subjects

Group (n) &2 €3 &4
Alzheimer’s disease:
Early onset (26) 0-000 (0) 0-962 (25) 0-039 (1)
Late onset (80) 0-025 (2) 0725 (58) 0-250 (20)*
Vascular dementia (38) 0-053 (2) 0-816 (31) 0-132 (5)
Control (98) 0-102 (10) 0-806 (79) 0-092 (9)
Japanese normal population (638)° 0-081 0-849 0-067

*p<0-01 (x? test); late onset Alzheimer’s disease v control.
Allele numbers are in parentheses.

also lower than that of those who had no ¢4
allele (70-0 v 75-7). These findings may only
reflect the difficulty in diagnosing vascular
dementia, but a possibility exists that ApoE4
may act as an accelerating modulator in the
course of vascular dementia. High frequency
of the &4 allele in ischaemic cerebrovascular
disease was reported in one study,'' but in
another study the frequency of the ¢2 allele
was increased but not that of the ¢4 allele.?
This difference is thought to be due to the
selection of patients.

In conclusion, the frequency of the ¢4 allele
in patients with late onset sporadic
Alzheimer’s disease in Japan is increased, but
not as much as previously reported in the
United States and Canada, which may be due
partly to a lower ¢4 allele frequency in the
normal Japanese population than in
Caucasians, and reflect the relatively lower
morbidity from Alzheimer’s disease in Japan.
Genotypes of ApoE in patients with early
onset sporadic Alzheimer’s disease and vascu-
lar dementia were also evaluated, but no
statistical difference from the controls could
be found.
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