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Summary

Introduction

Apolipoprotein E (apoE) is associated with Alzheimer’s
neurofibrillary tangles and &bgr;-amyloid protein in senile plaques.
It also appears to play an important part in the redistribution of
lipids that follows deafferentation and neurodegeneration in
the brain. The gene for apoE is on chromosome 19, within the
genomic region previously associated with late-onset familial
Alzheimer’s disease (AD).
We have studied apoE phenotype expression and the
corresponding allele frequencies (&isin;2, &isin;3, &isin;4) in 91 patients
with sporadic AD and 74 controls. There was a significant
association between &isin;4 and sporadic AD (&isin;4 frequency 0 380
in AD and 0&middot;122 in controls, p < 0&middot;01). Analysis of &isin;4 allele
frequency as a function of age revealed a bimodal distribution,
with peaks at 65 and 75 years. In bearers of &isin;4 in whom AD
develops this tended to happen earlier in life than in those with
&isin;3 or &isin;2. The &isin;4/AD association was more pronounced in
women. Octogenarians with AD had an &isin;4 allele frequency that
was 3 times higher than one reported, in a different study, in
healthy octogenarians.
ApoE may be an important susceptibility factor in the
aetiopathology of sporadic AD.
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E (apoE) is a polymorphic protein
associated with plasma lipoproteins. It interacts with the
"remnant receptor" (apoE receptor) and the low-densitylipoprotein (LDL) receptor (apoE/B receptor) of the liver
and other organs to modulate the catabolism of triglyceriderich lipoprotein particles. ApoE is unique among
apolipoproteins in that it has a special relevance to nervous
tissue.1 It is involved in the mobilisation and redistribution
of cholesterol in repair, growth, and maintenance of myelin
and neuronal membranes during development or after

injury.2-4
The importance of apoE is underscored in Alzheimer’s
disease (AD) by its presence within the plaques_ and
dystrophic neurites that characterise AD;5,6 by the fact that
apoE mRNA, which has a critical role during compensatory
central-nervous-system sprouting and synaptogenesis,1,7 is
reduced in the hippocampus in AD,8 and by the ability of
apoE to bind tightly to the soluble and insoluble forms of
&bgr;-amyloid.6,9,10 Furthermore, linkage between apoE and
apoCII gene loci on chromosome 19 has lately been
reported in some cases of late-onset familial AD.10,11 A
preliminary report on apoE genotypes in some cases of
familial AD showed an increase in the e4 allele prevalence. 10
ApoE is encoded by a gene on the long arm of
chromosome 19, within a region previously associated with
familial late-onset AD. Common apoE polymorphisms are
determined by alleles designated s4, e3, and &isin;2.4 The
ancestral isoform of the protein is apoE3, and this has
cysteine at residue 112 and arginine at residue 158, whereas
arginine in apoE4 and cysteine in apoE2 are present at both
sites. This polymorphism results in six apoE phenotypesE2/2, E3/3, and E4/4 in homozygotes and E3/2, E4/2, and
E4/3 in heterozygotes. ApoE2 has lower affinity for the
LDL receptor than has either E3 or E4.’ Lipoproteins
associated with apoE4 are cleared more efficiently than the
ones containing apoE3 and apoE2. The presence of apoE4
has some direct consequences for plasma cholesterol and
lipoprotein levels and may alter brain reinnervation
processes which rely heavily upon cholesterol and
triglyceride transport by apoE.1,7 The fact that sporadic AD
patients have abnormally high plasma levels of lipoproteincholesterol12,13 and poor reinnervation capacity14-16
prompted us to study apoE polymorphism in a large cohort
of sporadic cases of AD and controls living in eastern
Canada. The apoE polymorphism profile of this population
has been extensively characterised.l’ A detailed analysis of
apoE genotype in healthy octogenarians from eastern
Canada is also available.18
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Patients and methods
Patients
The investigation was done at the McGill Centre for Studies in
Aging in collaboration with the Clinical Research Institute of
Montreal, with approval by institutional review boards. Informed
consent was obtained from all patients. 91 consecutive ambulatory
patients living near Montreal who were referred to the cognitive
disorder clinic between May, 1990, and January, 1991, were
screened. They all had a clinical diagnosis of probable AD19 and
most were in stage 3 or 4 of the Reisberg global deterioration scale.
Controls consisted of healthy spouses of AD patients and elderly
volunteers.

ApoE phenotype
Blood was obtained after a 12 h fast. Plasma was separated in the
cold and frozen at - 80&deg;C until determination of phenotype with
analytical isoelectric focusing followed by apoE goat antibodies and
enzyme-conjugated rabbit anti-goat IgG detection.2O

Results
The ages of controls were well matched with the patients’
ages (table 1). As expected, cognitive scores (MMS) were
lower in AD patients than in controls (table 1). The mean
duration of AD was 3-98 (SD 0-36) years. The prevalence of
Down’s syndrome within the patient’s family was similar
for both groups. Additional AD or senility in the family (as
assessed by questionnaire) was more common in the
Alzheimer cohort than in the control cohort but dementia in
the family of the Alzheimer’s patients had no impact on the
apoE phenotype distribution (not shown).
The apoE phenotype distribution and allele frequencies
are given in table 2. We included the phenotype distribution
profile of normolipidaemic individuals from eastern
Canada as a reference.18 The phenotypic profile shows
enrichment of the E4/4 and E4/3 phenotypes in AD. The e4
allele frequency is significantly higher (3-fold) in the
Alzheimer population. The 84 allele is thus much enriched
in AD, and at the expense of both s3 and 82. Within the AD
cohort, a marked enrichment of s4 allele frequency is
observed in women versus men.
Figure 1A shows the distribution of s4 allele prevalence
as a function of age, suggesting two peaks, at 56-66 and
75-85 years, in AD. When (figure 1B) the analysis was
restricted to individuals who were s4 homozygous or
heterozygous the age distribution profile was similar for
AD and controls, confirming that it is the overall prevalence
ofe4 which is increased in AD.
An extended analysis for the 75-85-year-old AD patients
was made possible by the large study of Davignon et al18 on
healthy octogenarians living in eastern Canada. Figure 2
illustrates the phenotype distribution of apoE in 236
healthy octogenarians and in the 37 octogenarians with AD
in our study. The increase in apoE4/3 in the AD
octogenarian population is accompanied by a reduction in
E3/3 and E3/2.

*p < 0 01 and tp < 0 001 versus controls; &Dagger;p < 0 01 versus men.
Table 2: Apo E phenotype and allele frequencies

Analysis of the gene dosage effect revealed a correlation
between the age of onset and the 84 allele copy number
(p 0-027) in AD. As age of onset increased, e4 allele copy
number decreases (ie, average ages of onset for e4/4, s4/3,
and 83/3 are 70-4, 74-5, and 77-6, respectively).
=

Discussion
Plasma lipoprotein concentrations are modulated by apoE
genotype and differences in aminoacid sequence of apoE are
major determinants of plasma cholesterol within a
population. ApoE has a key role in the clearance of
cholesterol from plasma and reverse cholesterol transport
and the avidity of apoE-containing lipoproteins for
lipoprotein receptors increases from apoE2 to apoE3 to
apoE4. Plasma cholesterol, LDL-cholesterol, andapoB rise
and apoE falls with increasing allele number (e2 to s3 to s4).
Our results indicate that the e4 allele is increased in
frequency in sporadic AD, consistent with the report of
Strittmatter et apo on 84 frequency in late-onset familial
AD. Those workers reported an 84 prevalence of 0’52

Age
Figure 1: Distribution of E4 allele prevalence by age
Mean (SD) for age and MMS. *% of M + F.
Table 1: Demographic and clinical characteristics
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(A)

All individuals in AD and control groups.

heterozygous for &isin;4.

(B)

Individuals

homozygous or
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Figure 2: ApoE phenotype distribution In AD and control
octogenarians
whereas this

frequency was 0-38 in our sporadic cases. In
patients with age at onset greater than 70
the e4 frequency was 0-36, indicating that factors other than

our

sporadic AD

age account for the differences between the familial and the
sporadic series. The familial study measured allele
frequency by polymerase chain amplification on postmortem genomic DNA whereas the phenotype was
examined in a living population of AD patients;
furthermore families of several ethnic origins were used in
the familial study while the controls were from France. Our
AD patients and controls are both from eastern Canada, and
the vast majority of them were born in the Province of
Quebec. Since apoE allele frequencies vary in different
populations21 it is crucial to select AD and control groups,
with a uniform genetic background.
In AD we found two peaks in E4 prevalence, at 55-65 and
75-85 years. This is consistent with the concept of an early
and a late onset form of AD. Those two entities are also
found in familial AD, for which distinct chromosomal loci
have been reported.11,22 Interestingly, when all the elderly
individuals from our study and those healthy octogenarians
from Davignon et al18 are pooled (n = 418), 83% of all the
homozygote &isin;4/4 individuals were diagnosed with AD.
This ratio is similar to the 91 % ratio reported for the

familial

cases.

Analysis of the octogenarians revealed an increase in E43
phenotype in AD but not in E4/4, which might have been
expected. However, s4 homozygotes are at high risk of
atherosclerosis23 and may therefore have been selected

against by age.
ApoE can interact directly with &bgr;A4 amyloid to form a
stable adduct6,10 and it is also found in senile plaques and
neurofibrillary tangles.5,6 This co-localisation of apoE with
the major neuropathological features of AD plus the
enrichment of the E4 allele suggest some relationship to the
cause of AD. One possibility is that the age-related decline
in cell number and lipid content that happens normally in
the human brain is exacerbated by the presence of the e4
allele(s) in susceptible individuals. Furthermore, if apoE
disrupts lipase activity24 in the brain and alters the transport
of cholesterol and phospholipids in brain areas vulnerable
to ageing, a direct consequence would be aberrant and/or
defective reinnervation and poor synaptic plasticity. For
example, reports on cerebral cortex integrity in AD have
revealed a 45 % decrease in presynaptic terminal density in
the neocortex25 and significant synaptic losses in the frontal
and temporal cortices.26
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