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Abstract
Objectives—Clinical reports have specu-
lated on a more severe course of multiple
sclerosis in patients with the apolipopro-
tein E (apoE) å4 allele. As this could be
reflected by diVerences in the severity of
tissue damage MRI was used to obtain
further support for a disease modifying
eVect of the apoE genotype.
Methods—Brain MR scans of 83 patients
(mean age 35.5 (SD 9.5 years) who
participated in a cross sectional study on
the distribution of genotype patterns in
multiple sclerosis. The total lesion load on
proton density weighted (T2-LL) and T1
weighted scans (T1-LL) obtained with
conventional spin echo sequences at 1.5 T
was measured. A “black hole” ratio ((T1-
LL/T2-LL)×100) was also calculated. This
indicates the proportion of multiple scle-
rosis lesions with more severe tissue dam-
age and may reflect disease aggressiveness
or quality of repair.
Results—Patients with the apoE-å3/å4
genotype (n=19) showed a non-
significantly greater T2-LL (16.0 (SD 14.0)
cm3) than patients with the å2/å3 (n=11;
13.3 (9.5) cm3) or the å3/å3 genotype (n=49;
9.4 (SD 9.2) cm3). Both the T1-LL (2.6 (SD
3.3) v 1.6 (SD 2.4) and 1.2 (SD 3.0) cm3;
p=0.04) and the black hole ratio (14.3 SD
11.9) v 7.4 (SD 9.3) and 8.4 (SD 13.3)%;
p=0.02), however, were significantly
higher in å3/å4 patients. Similar diVer-
ences were seen when comparing patients
with at least one å4 allele with the remain-
der of the group.
Conclusions—These data support specu-
lations on a modulation of multiple sclero-
sis severity by the apoE genotype which
can be attributed to more extensive tissue
destruction or less eYcient repair in
carriers of the å4 allele.
(J Neurol Neurosurg Psychiatry 2000;69:25–28)
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Multiple sclerosis is the most frequent neuro-
logical autoimmune disorder and the leading
cause of serious neurological disability in early
adulthood. Prevalence rates of multiple sclero-
sis vary substantially throughout the world and
this has been attributed to environmental and
genetic factors.1–3 However, genetic factors may
not only influence a person’s susceptibility for
multiple sclerosis but can also be expected to
modulate the course of the disease.4 5 In this

context the apolipoprotein E genotype could
play some part.

Apolipoprotein E (apoE) is a polymorphic
plasma glycoprotein that transports cholesterol
and other lipids.6 The gene for apoE is located
on chromosome 19 and is highly polymorphic.
The three most common alleles are å2, å3, and
å4, which encode the three main isoforms of
apoE: E2, E3, and E4. In various cell lines
apoE3 has been shown to increase the growth
and branching of neurites, whereas apoE4 was
found to have the opposite eVect.7 At least
equally important in the context of multiple
sclerosis, there have been several reports
indicating that apoE is involved in lipid
redistribution after demyelination.8 Therefore,
an isoform specific diVerential eVect of apoE
may not only aVect the preservation of axons
but also the process of remyelination. Accord-
ingly, first reports based on clinical assessment
of severity of disease showed some trend
towards a more aggressive course of multiple
sclerosis in apoE å4 carriers.9 10 This prompted
us to use brain MRI for further study of this
hypothesis.

As known from treatment trials in multiple
sclerosis MRI can provide objective markers of
the burden of disease such as the total lesion
load which may be even more sensitive for
determining the extent of brain damage than
clinical measures.11 Furthermore, comparative
analysis of lesion load as shown on various
MRI sequences could serve to detect diVer-
ences in the severity of tissue destruction
between genotypes. Whereas multiple sclerosis
lesions appear almost uniformly hyperintense
on proton density and T2 weighted MRI only
those lesions with more severe tissue loss are
seen on T1 weighted scans.12 These lesions
have been termed “black holes” and the grade
of MRI lesion hypointensity was shown to cor-
respond well with the magnitude of axonal
damage, extracellular oedema, and the degree
of demyelination or remyelination.13 14

Methods
Over a period of 5 months we obtained blood
samples for apoE genotyping from all patients
admitted to our multiple sclerosis outpatient
clinic who met Poser’s criteria of laboratory
supported or clinically definite multiple
sclerosis.15 Eighty nine of these 149 patients
had undergone MRI at our institution. Six
patients had to be excluded because of incom-
plete data or limited quality of the examina-
tions. This left 83 patients (47 women, 36 men)
with a mean (SD) age of 35.7 (9.5) years
(range 17—60 years). Seventy six patients had
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a relapsing-remitting course of multiple sclero-
sis, five were in the secondary progressive phase
and two patients had primary progressive mul-
tiple sclerosis. After informed consent, all
patients were examined by one neurologist
(SS-F) who recorded the pertinent demo-
graphic data, duration, and course of the
disease,5 disease severity according to the
Kurtzke expanded disability status scale,16 and
the number of relapses. Relapses were defined
as new or worsening neurological signs or
symptoms with a duration of more than 24
hours. Retrospective data were confirmed by a
review of the patient’s charts.

All MRI examinations were performed on a
1.5 Tesla magnet (Philips Medical Systems,
Eindhoven, The Netherlands) with a standard
protocol using conventional spin echo se-
quences. This includes proton density and T2
weighted images (repetition time (TR))/echo
time (TE): 2500 ms/30 and 90 ms) and T1
weighted images (TR/TE 600 ms/15 ms) in the
axial plane. The T1 weighted sequence was
performed after injection of gadolinium-DTPA
in a dosage of 0.1mmol/kg bodyweight. The
slice thickness was 5 mm. The mean interval
between MRI and the clinical examination at
the time of blood sampling was 4.4 months.

Morphological analysis was performed on
the PD weighted and T1 weighted images.
Firstly, an experienced observer (FF) marked
all lesions on hard copies. To improve repro-
ducibility and concentrate on more marked tis-
sue changes we used a stringent definition for
black holes—that is, lesion hypointensity had
to be at least between that of grey matter and
CSF or lower. Areas of mild hypointensity were
not considered in the T1 analysis. Lesion
measurement was then performed by another
investigator (CE) using “DispImage”, an
image processing software provided by David
Plummer, University College, London, UK,
which has been described in detail
elsewhere.17 18 Using this technique, the in-
traobserver variability was 1.2% for measure-
ments of the total volume of hyperintensities—
that is, the T2 lesion load (T2-LL) and 4% for
the entire “black hole” volume or T1 lesion
load (T1-LL) in this study. This corresponds

well with the intra-observer agreement re-
ported by others.17 We also calculated a “black
hole” ratio (BHR; (T1-LL/T2-LL) x 100) to
indicate the proportion of more severe tissue
destruction among multiple sclerosis lesions.
All these analyses were performed without
knowledge of the patients’ clinical condition or
genotype.

ApoE genotyping was done according to the
method of Hixon and Vernier19 after extraction
of high molecular weight DNA from peripheral
blood.

STATISTICAL ANALYSIS

We used the statistical package for social
sciences (SPSS/PC+) for data analysis. Cat-
egorical variables among the diVerent apoE
genotypes were compared by ÷2 tests. We used
Levene’s test to confirm a normal distribution
of continuous variables. Comparisons of con-
tinuous variables between genotypes were con-
ducted by Student’s t test or with the
non-parametric Mann-Whitney U test in the
absence of a normal distribution.

Results
The apoE genotype frequencies were as
follows: å2/å2 in two (2.4%), å2/å3 in 11
(13.3%), å3/å3 in 49 (59%), å2/å4 in one
(1.2%), å3/å4 in 19 (22.9%), and å4/å4 in one
(1.2%). This distribution of genotypes is in
Hardy-Weinberg equilibrium. Consequently,
the frequencies for the å2, å3, and å4 allele
were 16, 128, and 22.

Demographic and clinical data for the total
cohort and the å2/å3, å3/å3, and å3/å4 subsets
at the time of blood sampling are shown in
table 1. Patients with the å3/å4 genotype
tended to be younger and had the highest mean
EDSS score and number of relapses despite the
shortest disease duration. A relapsing-
remitting course was less frequent at examina-
tion in the presence of an å3/å4 genotype.
However, none of these clinical diVerences
reached significance.

The clinical data at the time of MRI showed
a distribution of genotypes which was similar to
that seen at the time of blood sampling. Results
of the MRI analysis are shown in table 2.

Table 1 Demographic and clinical findings in apoE genotype subgroups

All (n=83) å2/å3 (n=11) å3/å3 (n=49) å3/å4 (n=19)

Age (y) 35.7 (9.5) [34] 38.7 (3.0) [39] 35.9 (8.6) [35] 34.0 (9.6) [34]
Women (%) 58 55 59 58
MS duration (months) 90.5 (80.1) [77] 103.0 (142.6) [77] 91.0 (71.3) [77] 88.8 (62.0) [82]
EDSS score 1.9 (1.6) [1.5] 2.0 (1.7) [2] 1.8 (1.4) [1.5] 2.4 (2.2) [1.5]
Relapses (number) 6.2 (4.6) [5.0] 4.8 (3.6) [4.0] 6.2 (3.9) [6.0] 7.3 (6.6) [5.5]
RR course (%) 90 100 96 79

Data are given as mean (SD) [median].
EDSS=Expanded disability status scale; RR=relapsing-remitting; MS=multiple sclerosis.

Table 2 MRI findings in apoE genotype subgroups

All (n=83) å2/å3 (n=11) å3/å3 (n=49) å3/å4 (n=19)

T2 lesion load (cm3) 11.6 (10.7) [8.7] 13.3 (9.5) [14.4] 9.4 (9.2) [5.6] 16.0 (14.0) [11.3]
T1 lesion load (cm3) 1.6 (3.0) [0.4] 1.6 (2.4) [0.6] 1.2 (3.0) [0.1] 2.6 (3.3) [1.1]*
“Black hole” ratio (%) 9.6 (12.5) [5.8] 7.4 (9.3) [6.2] 8.4 (13.3) [4.0] 14.3 (11.9) [12.4]*
Active scans (number) 18 3 13 1†

Data are given as mean (SD)[median].
*å3/å4 v å3/å3, p<0.02 (Mann-Whitney U test).
†å3/å4 v å3/å3, p<0.05 (÷2 test).
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Patients with the å3/å4 genotype had the great-
est T2-LL. DiVerences in the T1-LL were even
more pronounced and statistically significant
between the å3/å4 and the å3/å3 genotype sub-
groups (p=0.018). Moreover, the black hole
ratio was almost twice as high in patients with
the å3/å4 genotype than in the other genotypes.
Again this diVerence reached significance
between å3/å4 and å3/å3 subsets (p=0.014).
Interestingly, active scans as indicated by the
presence of contrast enhancing lesions were
noted less often in å3/å4 patients, however
(p=0.048). Comparison between carriers of at
least one å4 allele to the remainder of the study
population confirmed a trend towards a higher
T2-LL (15.1 (SD 13.7) v 10.4 (SD 9.2) cm3,
p=0.24) and a significantly greater T1-LL (2.4
(SD 3.2) v 1.3 (SD 2.8) cm3, p=0.044) and
black hole ratio (13.3 (SD 11.8) v 8.3 (SD
12.5)%, p=0.024) in å4 patients (figure A–C).

Discussion
Earlier studies on the apoE genotype in multi-
ple sclerosis have dealt primarily with allele
frequencies and found no significant diVer-
ences in the distribution of genotypes between
patients with multiple sclerosis and the normal
population.9 20 21 However, a more aggressive
course of multiple sclerosis in patients with the
apoE å4 allele has been suggested by diVerent
investigators.9 10 This was not confirmed in a
recent study on 361 patients with clinically
definite multiple sclerosis.22 Morphological
findings of the present study add to this
controversy.

Using MRI in a cross sectional study design
we found the highest lesion load in patients
with multiple sclerosis with the apoE å3/å4
genotype. This diVerence was more pro-
nounced for the T1-LL than the T2-LL and
was significant between the å3/å4 and the å3/å3
subgroups. In parallel there was also a
significant diVerence between these genotypes
for the relative proportion of “black holes”.
The black hole ratio of patients with the å3/å4
genotype was almost twice that of patients with
an å2/å3 or å3/å3 genotype. Similar and
significant diVerences were noted when com-
paring all patients with at least one å4 allele to
the remainder of the study population. His-
topathological studies have shown that black
holes represent multiple sclerosis lesions with
more severe tissue destruction.13 14 Further-
more, using MR spectroscopy a direct correla-
tion was found between the extent of hypoin-
tensity of multiple sclerosis lesions on T1
weighted images and the relative reduction in
N-acetylaspartate, which is considered a
marker for axonal density.23 Therefore, our
findings of a higher T1-LL and higher black
hole ratio can be viewed as indirect evidence
for a less favourable course of multiple sclero-
sis in patients carrying the å4 allele. Clinically
our patients with an apoE å3/å4 genotype also
tended to have more aggressive disease with
greater disability and a higher number of
relapses experienced in a shorter period of
time. These diVerences did not reach signifi-
cance but are in line with the recent finding of

a faster increase of disability in apoE å4 carri-
ers during 2 years of treatment with glatiramer
acetate.24

Whether a higher proportion of T1-LL in
apoE å4 patients is due to more aggressive dis-
ease with extensive demyelination or axonal
loss within acute plaques or a consequence of
less eYcient repair thereafter cannot yet be
determined. More active multiple sclerosis in
apoE å4 carriers could be another explanation
for our findings. This would be supported by
their overall larger T2-LL and a somewhat
higher number of relapses. However, a signifi-
cantly lower frequency of active scans in
patients with the apoE å3/å4 genotype argues
against this assumption although this finding
certainly suVers from the cross sectional design
of our study and the relatively few patients
examined. For these reasons and because the
proportion of patients with any treatment was
similar between genotype subgroups we also
did not attempt to consider the possible influ-
ence of diVerent treatments at the time of the
MRI examination.

These preliminary results provide morpho-
logical support for a negative eVect of the apoE
å4 allele on the course of multiple sclerosis.
They also illustrate the capability of MRI to
detect small diVerences between patient
groups which clinically would have gone unde-
tected. Although these data cannot serve to
explain the reasons for divergent findings in
previous clinical studies they indicate the need
for further investigation of the the role of the
apoE genotype in multiple sclerosis. Such
eVorts may also take advantage of the sensitiv-
ity and objective nature of MRI findings in the
future.
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