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Association of the APOE å4 allele with disease
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Abstract
Objectives—Allelic variants of the APOE
gene are known to influence the course of
many neurological diseases and there is
increasing evidence that apolipoprotein E
(APOE) is a pivotal component in rein-
nervation and dendritic remodelling after
neuronal injury. Previous studies did not
show significant diVerences in the APOE
allele frequencies in multiple sclerosis
compared with controls but did not exam-
ine for correlation with disease severity.
This study explores the relation of APOE
genotypes with the disease severity.
Methods—Ninety five patients with multi-
ple sclerosis were studied. Age of onset,
type, and activity of the disease were
recorded prospectively and genotyping
was performed according to standard
protocols.
Results—APOE allele frequencies of the
group as a whole, the relapsing group, or
the primary progressive group were not
significantly diVerent from those reported
from matched historical controls. The å4
allele was found to be more common in
patients with a more aggressive type of
multiple sclerosis (odds ratio=2.95,
p=0.03).
Conclusions—Although APOE does not
seem to be implicated in the early patho-
genesis of the disease, patients possessing
the å4 allele might have a reduced capacity
for neuronal remodelling after relapses.
(J Neurol Neurosurg Psychiatry 1999;67:203–205)
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Apolipoprotein E (APOE) is a protein that
plays an important part in cholesterol trans-
port, uptake, and redistribution.1 It is the prin-
cipal apolipoprotein expressed in the brain. It
has been suggested that ApOE has a funda-
mental role in both normal neuronal metabo-
lism and brain recovery after injury.2

The å4 allele is associated with an increased
risk and earlier age of onset of both familial and
sporadic Alzheimer’s disease.3 In motor neuron
disease the å4 allele is more common in the
more severe bulbar onset compared with limb
onset type.4 Patients with APOE å4 alleles who
have haemorrhagic strokes have a poorer

prognosis5 and after head injury, å4 patients
seem to be associated with poorer recovery
than non-å4 patients.6 However, the associ-
ation of APOE with a poorer prognosis in many
neurological diseases has not been supported
by all studies.7

In two studies, no APOE alleles have been
found to be associated with an increased risk of
developing multiple sclerosis8 9 although a large
cohort has not been studied. The aim of this
study was to examine whether there is an
association of APOE alleles with the severity of
the disease. Preliminary results of this work
have been presented previously.10

Methods
The study was prospective. Between autumn
1996 and autumn 1997, 95 consecutive
patients with clinically definite multiple
sclerosis11 were assessed by a single observer
(JP). The type of multiple sclerosis (relapsing
remitting, secondary progressive, primary pro-
gressive) and the duration of the disease since
the onset of the first symptoms were noted.
The number of relapses since onset was
recorded and historically classified as com-
pletely or partially resolved. All documentation
of relapses and recovery of function had been
completed before the APOE genotyping. All
patients were examined and the expanded dis-
ability status scale (EDSS) score12 was re-
corded when the patient was not in a relapse.

DNA was extracted from peripheral blood
by standard methods (Neucleon II kit, Scotlab,
Strathclyde, UK). Genomic DNA was ampli-
fied by polymerase chain reaction (PCR) and
the amplification products were digested with
HhaI and subjected to electrophoresis on poly-
acrylamide gels.13

The study was approved by the Central
Oxford research ethics committee.

STATISTICAL METHODS

The Pearson ÷2 test was used to compare
APOE allele frequency between groups. Logis-
tic regression was used to examine the relation
of APOE alleles with disease activity (defined
as the EDSS score divided by the disease dura-
tion since the onset of the first symptom). Tests
were two sided with significance set at the
p=0.05 level.
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Results
Ninety five patients (58 women and 37 men),
all white, who fulfilled the clinical criteria of
clinically definite multiple sclerosis were exam-
ined and genotyped at the APOE locus. Fifty
two had relapsing-remitting, 32 secondary
progressive, and 11 primary progressive types
of the disease. The mean age of onset was 29.8
years. Their duration of disease had a median
of 12 years and ranged from newly diagnosed
to 43 years. Their EDSS ranged from 0 to 9
with a median of 4.5.

The APOE allele frequency distribution in
our multiple sclerosis population was not
significantly diVerent from published controls
for patients with multiple sclerosis from the
south of Britain8 (÷2, p=0.37) or published
neurological controls9 (p=0.76) (fig 1) or from
the healthy European population.14 No signifi-
cant diVerence was found between the APOE

allele frequency distribution of the primary
progressive group of patients compared with
the relapsing-remitting and secondary progres-
sive group of patients (p=0.20).

To quantify the aggressiveness of the disease,
as other studies have done in the past, we
divided the duration of the illness by the degree
of disability to give a “severity score”. The
patients were then divided into two groups
using the median “severity score” as the
threshold and referred to as aggressive and
mild. Hence for the purpose of this study, 50%
of the patients were allocated into the “mild
group” if they had a long duration of symptoms
but had developed little disability and the
remaining 50% were allocated to the “aggres-
sive group”(fig 2A). As only four patients were
homozygous for the APOE å4 allele, all
patients with at least one å4 allele were treated
as one group. Seventy per cent of the å4
patients but only 44% of the non-å4 patients
had aggressive disease (see fig 2B; OR=2.95;
95% confidence interval (95% CI) 1.09–8.01,
p=0.03). Similarly, only 8.3% of å4 patients
and 19.7% non-å4 patients were classified as
benign multiple sclerosis having an EDSS <3
with a duration of the disease for at least 10
years (p=0.17).

Because the progression of disability as
measured by the EDSS is not linear throughout
the duration of the disease we examined the
duration of the disease in the two groups of
patients, å4 and non-å4, and we found that
mean duration was not significantly diVerent
(å4: 5385 days, non-å4: 5216 days, p=0.87).

In agreement with other studies,15 onset later
in life was associated with a more aggressive
disease (p=0.0003). None of the alleles was

Figure 1 The APOE allele frequency distribution at the
Oxford multiple sclerosis group is similar to previously
published multiple sclerosis groups and multiple sclerosis
controls.
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Figure 2 Scatter plot of activity index (duration of disease in days/EDSS). (A) The median value of the severity score for
all patients was calculated as shown by the horizontal line. (B) Patients were divided into å4 and non-å4 groups.
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significantly associated with the age of onset
(for å4, linear regression p=0.98). The sex of
the patients was not associated with the activity
of the disease (÷2, p=0.97). Controlling for age
of onset, sex, and the duration of the disease,
the å4 allele was still significantly associated
with the disease activity (odds ratio=3.3; 95%
CI 1.2–11.5, p=0.02).

In 36 patients we were able to obtain clinical
information on individual relapses from the
case notes including the extent of recovery.
ApoE å4 patients (n=10) had a higher percent-
age of partially recovered relapses (62%) as
opposed to the non-å4 patients (n=26) who
more commonly had completely rather than
partially (42%) resolved relapses. That diVer-
ence was not significant when individual
patients were compared (Mann-Whitney,
p>0.05).

Discussion
Our findings suggest that the APOE å4 allele is
associated with more rapid progression of dis-
ability in multiple sclerosis.

There is an increasing amount of evidence
implicating ApoE as an important molecule in
neuronal homeostasis.16 17 Both animal models
and pathological findings suggest that ApOE
has an important role in the recovery after
neuronal damage.

The association of APOE with Alzheimer’s
disease is now well established and postmor-
tem data in such patients show that neurons
from those with the APOE å4 allele show both
more severe degeneration but also significantly
less plastic dendritic changes.18 We carried out
a prospective study to examine the role of
APOE in multiple sclerosis.

In agreement with previous studies8 9 we did
not find the frequency of any APOE allele to be
higher in patients with multiple sclerosis com-
pared either with published neurological con-
trols or from large European epidemiological
studies. Although we did not examine normal
controls, other groups have found that the rela-
tive frequencies of the APOE alleles did not
show significant variation across diVerent cen-
tral European countries for healthy people.14 We
did not find any significant diVerence between
the primary progressive and the relapsing-
remitting/secondary progressive group although
the number of patients examined were small.

Perhaps the most important finding of our
study was that the å4 allele seems to be associ-
ated with a more aggressive course of the
disease. This is supported by a study using a
smaller group of patients.19 When our patients
were divided up further to include a benign
group, this trend persisted.

The mechanisms of recovery from relapses
in multiple sclerosis are not well understood.
Functional improvement could be attributed to
reduction of oedema, remyelination, and neu-
ronal plasticity, but conclusive studies dissect-

ing the relative importance of those mecha-
nisms are still lacking. As most of the
documented relapses in å4 patients had a poor
recovery, it could be speculated that neuronal
remodelling is not as eYcient as in e3 patients.

In conclusion, we confirmed the results of
other studies that the APOE genotype does not
seem to be a risk factor for developing multiple
sclerosis. However, it was seen to influence the
rate of progression of the disease. Large scale
studies are needed to confirm these findings
and to examine whether the frequency of the
APOE alleles is diVerent in patients with
primary progressive multiple sclerosis. Our
clinical evidence seems to be in agreement with
the proposed hypothesis that APOE has an
important part to play in the recovery of the
CNS after injury.
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with the laboratory work.

1 Davignon J, Gregg RE, Sing CF. Apolipoprotein E
polymorphism and atherosclerosis. Arteriosclerosis
1988;8:1–21.

2 Poirier J. Apolipoprotein E in animal models of CNS injury
and in Alzheimer’s disease. Trends Neurosci 1994;17:525–
30.

3 Saunders AM, Strittmatter WJ, Schmechel D, et al. Associ-
ation of apolipoprotein E allele epsilon 4 with late-onset
familial and sporadic Alzheimer’s disease [see comments].
Neurology 1993;43:1467–72.

4 al CA, Enayat ZE, Bakker MC, et al. Association of apolipo-
protein E epsilon 4 allele with bulbar-onset motor neuron
disease. Lancet 1996;347:159–60.

5 Alberts MJ, GraVagnino C, McClenny C, et al. ApoE geno-
type and survival from intracerebral haemorrhage [letter,
comments] Lancet 1995;346:575.

6 Roses AD, Saunders A. Head injury, amyloid beta and
Alzheimer’s disease [letter, comment] Nat Med 1995;1:
603–4.

7 Bachus R, Bader S, Gessner R, et al. Lack of association of
apolipoprotein E epsilon 4 allele with bulbar-onset motor
neuron disease [letter] Ann Neurol 1997;41:417.

8 Rubinsztein DC, Hanlon CS, Irving RM, et al. Apo E geno-
types in multiple sclerosis, Parkinson’s disease, schwanno-
mas and late-onset Alzheimer’s disease. Mol Cell Probes
1994;8:519–25.

9 Gervais A, Gaillard O, Plassart E, et al. Apolipoprotein E
polymorphism in multiple sclerosis. Ann Clin Biochem
1998;35:135–6.

10 Evangelou N, Palace J, Jackson M, et al. Association of
Apolipoprotein E e4 allele with disease activity in multiple
sclerosis. J Neurology 1998;245:356.

11 Poser CM, Paty DW, Scheinberg L, et al. New diagnostic
criteria for multiple sclerosis: guidelines for research proto-
cols. Ann Neurol 1983;13:227–31.

12 Kurtzke JF. Rating neurologic impairment in multiple
sclerosis: an expanded disability status scale (EDSS). Neu-
rology 1983;33:1444–52.

13 Hixson JE, Vernier DT. Restriction isotyping of human
apolipoprotein E by gene amplification and cleavage with
HhaI. J Lipid Res 1990;31:545–8.

14 Relkin NR, Kwon YJ, Tsai J, et al. The National Institute on
Aging/Alzheimer’s Association recommendations on the
application of apolipoprotein E genotyping to Alzheimer’s
disease. Ann N Y Acad Sci 1996;802:149–76.

15 Confavreux C, Aimard G, Devic M. Course and prognosis
of multiple sclerosis assessed by the computerized data
processing of 349 patients. Brain 1980;103:281–300.

16 Nathan BP, Chang KC, Bellosta S, et al. The inhibitory
eVect of apolipoprotein E4 on neurite outgrowth is associ-
ated with microtubule depolymerization. J Biol Chem
1995;270:19791–9.

17 Masliah E, Mallory M, Veinbergs I, et al. Alterations in
apolipoprotein E expression during aging and neurodegen-
eration. Prog Neurobiol 1996;50:493–503.

18 Arendt T, Schindler C, Bruckner MK, et al. Plastic neuronal
remodeling is impaired in patients with Alzheimer’s disease
carrying apolipoprotein å4 allele. J Neurosci 1997;17:516–
29.

19 Sylantiev C, Chapman J, Chilkevich O, et al. The APOE 4
allele and progression of disability in multiple sclerosis.
Neurology 1998;50:A150.

Association of APOE å4 allele with disease activity in multiple sclerosis 205

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.67.2.203 on 1 A

ugust 1999. D
ow

nloaded from
 

http://jnnp.bmj.com/

