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Polymorphisms in the Apolipoprotein E Region 
and Severity of Multiple Sclerosis 

 
 

Abstract 
Background: The apolipoprotein E (APOE) polymorphism is 
known to affect various neurologic disorders with different 
effects on the immune system and CNS repair. However, pre-
vious studies on possible modulation of the clinical course of 
multiple sclerosis (MS) by APOE polymorphism have been 
inconsistent.  

 
Objective: To clarify the issue for MS patients' management 
and future research. 

 
Methods: The present cross-sectional study investigated 81 
patients with clinically proven MS and related their clinical 
and demographic findings to the allelic polymorphism of the 
APOE gene. The genotype distribution of patients with MS 
was compared with a comparison group of 93 asymptomatic 
elderly volunteers. 

 
Results: Significant differences were found in the distribution 
of ε4 allele between patients with MS and the comparison 
group (9.3% vs. 0.5%; p<0.001). An analysis of disease pro-
gression in 81 patients with MS indicated that APOE ε4 carri-
ers are more likely to be affected with severe disease.  

 
Conclusion: The results obtained suggested that APOE geno-
type affected susceptibility to MS and indicated an association 
of the APOE ε4 allele with a more severe course of the dis-
ease.  
Iran J Med Sci 2004; 29(2):67-71. 
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Introduction  

 
he clinical course of multiple sclerosis (MS) is variable. 
Available data on the natural history of the disease 
suggest that approximately 50% of patients will have 

progressive MS within 10 years of their initial attacks and re-
quire some form of walking aid within 15 years after the onset 
of the disease. By contrast, 20% to 40% of patients experience 
a benign course of MS with minor disability after 10 years of 
diagnosis.1 

This diversity may be, in part, due to different pathogenic 
mechanisms involved in the evolution of this disease. More 
recently, however, interest has also focused on genetic factors 
that may influence the prognosis of MS.2 Apolipoprotein E 
(APOE) polymorphism has been a candidate for such investi-
gations, is involved in lipid transport, and is shown to influence 

T 

V. Hadavi1, D.D. Farhud2, M.H. Sanati2, 
S.M. Nabavi3,  M. Seyedian4,  
M. Hushmand2, M. Younesian5  
 

 
 
 
 
 

 
 
 
 
 
 
 
1Dept. of Human Genetics & Anthropol-
ogy, School of Public Health & Institute of 
Public Health Research, Tehran Univer-
sity of Medical Sciences,  
2National Research Center for Genetic 
Engineering and Biotechnology, 
3Shahed Medical University, Department 
of Neurology,   
4Tehran University of Medical Sciences, 
Roozbeh Hospital, 
5Dept. of Environmental Health Engineer-
ing , School of Public Health & Institute of 
Public Health Research,  
Tehran University of Medical Sciences, 
Tehran, Iran. 
 
Correspondence: Valeh Hadavi, MSPH, 
Dept. of Human Genetics & Anthropol-
ogy, School of Public Health & Institute of 
Public Health Research, 
Tehran University of Medical Sciences, 
Tehran, Iran. 
Tel: 98 21 8363955 
Fax: 98 21 8083575 
E-mail: hvaleh2000@yahoo.com 

Original Article 

mailto:hvaleh2000@yahoo.com


Apolipoprotein E region and multiple sclerosis 

 68 

Apolipoprotein E (APOE) polymorphism has 
been a candidate for such investigations, is 
involved in lipid transport, and is shown to in-
fluence growth and repair of neurons.3,4 The 
APOE gene is located on chromosome 19 and 
is polymorphic with ε2, ε3 and ε4 being the most 
common alleles. The ε4 allele has turned out to 
be a major risk factor for the early onset of 
Alzheimer’s disease. Adverse recovery after 
head trauma or other injuries to the brain have 
also been linked to the ε4 allele.5-7  Because 
MS is characterized by repeated damage to 
the central nervous system (CNS) followed by 
attempts to repair, it is speculated that the 
APOE genotype could also affect the progno-
sis of the disease. Initially, support for these 
speculations came from the results of relatively 
small cross-sectional studies on MS that usu-
ally involved fewer than 100 patients and found 
a severe outcome in those with ε4 allele.8-10 
Two subsequent investigations on larger num-
ber of patients yielded conflicting results. One 
study found no relationship between any of the 
APOE alleles or genotypes with disease pro-
gression, whereas in another study, a signifi-
cantly faster progression of MS was observed 
in patients homozygous for the APOE ε4 al-
lele.11,12   

In view of this discrepancy and the poten-
tial implications of an association between the 
APOE genotype and MS course, the present 
investigation was performed to clarify the issue 
for patients' management and future research.  

 
Patients and Methods 

 
Through collaboration between foregoing insti-
tutions and six hospitals in Tehran, 81 patients 
with clinically proven MS, who volunteered for 
a cross-sectional study, were identified accord-
ing to Poser’s criteria.13 The clinical data col-
lected were age at the onset of disease, dura-
tion of illness, disease severity according to 
the Expanded Disability Status Scale (EDSS), 
progression index and the number of relapses 
and medications. 

In brief, “age at onset” was defined as the 
age when the first episode of neurological dys-
function suggestive of demyelinating disease 
was presented, and was obtained via patients 

recall and verified through reviewing of medical 
records. Disabilities were assessed on admis-
sion by use of the EDSS14 and were recorded 
in three categories; <3, 3 to <7, and ≥7.  Re-
lapses were defined as new or deteriorating 
neurologic signs or symptoms with duration of 
>24 hrs proceeded by a relatively stable or 
improving neurologic state for at least 30 days. 
Interval treatment was further subdivided into 
interferon therapy (n=32; 39.5%), no interval 
treatment (n=33; 40.7%) and other interval 
treatments such as IVIG, methotrexate, cyclo-
phosphamide, dexamethasone and azathio-
prine (n=16; 19.8%).  The course of MS was 
described as those with relapse and remission 
(n=41; 50.6%), secondary progressive (n=34; 
41.9%) and primary progressive (n=6; 7.5%). 
All clinical data were obtained while blinded to 
the patients' genotype.  

Ten (12.3%) patients had one or more af-
fected family members and the remaining 
(n=71, 87.7%), were sporadic cases. All ethni-
cally matched healthy people in comparison 
group (n=93) were asked about their age, eth-
nicity and their MS. The age for comparison 
group was selected as ≥50 yrs to minimize the 
probability of contracting MS in the future. 
Their mean age was 64.5±9.7 yrs. The pa-
tients included 20 men and 61 women. 

 
APOE genotyping  
APOE genotyping was done according to the 
standard procedures of extraction of high mo-
lecular weight DNA from peripheral whole 
blood, semi-nested PCR amplification, and 
Hin6I restriction enzyme digestion. 

 
Disease severity  
MS progression was defined by progression 
index (PI). It was calculated as a measure of 
accumulated disability over time for all patients 
as follows: PI=EDSS/disease duration in years. 
Analyses were also conducted to examine the 
relationship of APOE ε4 carrier status with 
clinical variables.  

 
Statistical analysis  
After a comparison between distribution of 
APOE genotypes in patients with MS and con-
trols, one-way ANOVA was used to find the 
overall differences in demographic and clinical 
variables between patients at p<0.05. 

 

Table 1: Demographic and clinical characteristics 
of  the patients with MS. 
Characteristic Mean±SD (range) 
Age at onset 23.9±8.5 (6-52) 
Disease duration 7.5±5.8 (0.08-25) 
Recurrences 4.7±4.9 (0-20) 
EDSS 4.8±2.9 (0-9.5) 
Progression Index 1.4±4.1 (0-36) 
Annual relapse rate 1.1±1.9 (0-12) 

 

Table 2: Distribution of EDSS in MS group. 

EDSS No. of patients (%) 
<3 29 (35.8) 
3 to<7 27 (33.3) 
≥7 25 (30.9) 
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Results  
 

Eighty-one patients, all white, who fulfilled the 
criteria for clinically proven MS were examined 
and genotyped for APOE locus. As shown in 
Fig. 1, in patient group, ε4 allele was signifi-
cantly (p<0.001) more prevalent than in com-
parison group (9.3% vs. 0.5%). A summary of 
clinical variables among the patients with MS 
is shown in Table 1& 2. After classifying EDSS 
into three groups (<3, 3 to <7 and ≥7), signifi-
cant differences were found between ε4 posi-
tive and negative patients (Table 3) which indi-
cated a significant association between ε4 al-
lele and the disease severity; the highest dis-
ease duration was observed in those homozy-
gous for ε4 allele (p=0.082). No significant dif-
ferences were found with regard to the pa-
tient’s mean age at the time of examination, 
age at onset of MS, and the distribution of 
gender. In addition, no significant difference 
was found between the APOE allele frequency 
distribution of the primary progressive group of 
patients as compared with those having re-
lapse and remission and the secondary pro-
gressive group.  

Three categories of disease severity in-
cluded mild, moderate and severe. The severe 
form was characterized by EDSS≥7 ten years 
or less after disease onset. Mild MS with 
EDSS<3 that continued for more than 10 years 
after onset and the third group of patients were 
considered to have a moderate disease. The 
severe MS group included one patient with 

relapse and remission, 22 with secondary pro-
gressive and two with primary progressive MS. 
The mild MS group comprised 22 patients with 
relapse and remission and three with secon-
dary progressive MS. The moderate MS group 
concluded 17 patients with relapse and remis-
sion and nine with secondary progressive MS.  

 
Discussion  

 
Our finding suggests that the APOE ε4 allele is 
associated with a more severe disability in MS 
patients. There is an increasing amount of evi-
dence implicating APOE as an important 
molecule in neuronal homeostasis.15,16 Both 
animal models and pathological findings sug-
gest that APOE plays an important role in the 
recovery after neuronal damage.17,18 The as-
sociation of APOE with Alzheimer’s disease is 
now well established and postmortem data in 
such patients show that neurons from those 
with the APOE ε4 allele show a more severe 
degeneration but also significantly less plastic 
dendritic changes.19  

Our results support the previously sug-
gested hypothesis that APOE may be involved 
in modulation of clinical expression. Specifi-
cally, we observed significant associations be-
tween APOE ε4 and a more severe form of MS 
(p=0.019).  

Several studies have reported an associa-
tion of the APOE ε4 allele and a more severe 
disease, as assessed by older age at onset, by 
disease activity/progression index20-23 or by 
faster rate of disease progression.24 Fewer 
studies have reported APOE effects on MS 
susceptibility, although one case-control study 
reported a higher risk of developing MS for 
APOE ε4/ε4 homozygotes.25 However, the re-
sults of this study provide strong support for 
MS susceptibility by the ε4 allele of the APOE 
gene. Limited studies have examined the as-
sociation of the APOE ε2 allele with MS pheno-
types. One study26 suggested that re-
myelination might be impaired in individuals 
with the APOE ε2 allele, since the APOE ε2 
isoform was shown to have reduced affinity for 
receptors in glial cells. Another study27 re-
ported some evidence of a protective effect of 
the APOE ε2 allele and showed that the time 
required to reach the secondary progressive 
state for patients, whose initial disease was of 
relapse and remission type, was significantly 

 

Fig 1: Distribution of APOE allele frequencies in 
MS patients and comparison groups. 
 

Table 3: Distribution of ε4 allele in EDSS groups 

EDSS group 
ε4 Allele n 

<3 3 to<7 ≥7 
Negative 148 25(36.8) 26(38.2) 17(25.0) 
Positive 14 4(30.8) 1(7.7) 8(61.5) 
Total 162 29(35.8) 27(33.3) 25(30.9) 
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longer for those with APOE ε2/ε3 genotypes 
than for patients with ε3/ε3 and ε3/ε4 APOE 
genotypes. In our data, the presence of the ε2 
allele seemed to exert a protective role against 
the onset of the progressive form of the dis-
ease.  

In conclusion, the APOE genotype seems 
to be a risk factor for developing MS. Large 
scale studies are needed to confirm these find-
ings and to examine whether the frequency of 
the APOE alleles is different in patients with 
primary progressive MS. Our clinical evidence 
seemed 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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