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Summary.  The prevalence of the apolipoprotein E-4 al- 
lele (ApoE-4) was significantly higher in a referral popu- 
lation of 40 patients with clinically diagnosed Alzhei- 
reef 's  disease than in a sample of  non-demented elderly 
controls (P < 0.01). The highest plasma cholesterol levels 
were found in demented patients homozygotic for Apo 
E-4, but no significant increases of  glucose, triglycerides 
and thyroxine or of  leuko-araiosis and brain infarcts were 
verified in this preliminary study. 

Key words: Alzheimer 's  disease - Apolipoprotein E-4 - 
Cholesterol - Leuko-araiosis cerebral infarct 

Introduction 

Recent evidence suggests that the allele type 4 of  
apolipoprotein E (ApoE-4) encoded on the long arm of 
chromosome 19 represents an important risk marker for 
the development of  Alzheimer 's  disease (AD) [1, 10]. Of  
the normal population, 25% are carriers of this allele [11] 
which is associated with increased plasma cholesterol lev- 
els [31 and atherosclerosis [4]. 

This preliminary report examines the following hy- 
potheses: 

1. Patients satisfying N1NCDS-ADRDA criteria for 'prob- 
able '  or 'possible '  AD have a higher frequency of the 
ApoE-4 allele than non-demented elderly controls [2]. 

2. Patients hetero- or homozygotic for ApoE-4 have 
higher plasma cholesterol levels and 

3. they have more severe cerebrovascular changes (leuko- 
araiosis, infarcts) than patients without this allele. 
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Samples and methods 

Patients and non-demented controls were recruited during an on- 
going longitudinal study on AD. The mean age of the control sam- 
ple (19 men, 18 women) was 66.1 years (SD 7.2 years). Twenty- 
four demented patients satisfied NINCDS-ADRDA criteria for 
'probable' and 16 for 'possible' AD [9]. Nineteen patients had a 
presenile onset of illness. Patients and controls underwent exten- 
sive clinical testing including cranial computed tomography (CT) 
and quantitative EEG [5]. The CT scans were rated blindly for the 
severity of leuko-araiosis and brain infarcts according to standard- 
ised criteria (Hentschel et al., in preparation). 

ApoE-4 genotyping was carried out with a technique modified 
after Hixon et al. [8] and Wenham et al. [13] using 4% Metaphor 
(FMC) agarose gels to resolve the restriction fragments generated 
by polymerase chain reaction [2]. 

Results 

Of 40 patients with AD, 17 were heterozygotic and 6 were 
homozygotic for ApoE-4 compared to only 7 and 1 of  37 
non-demented controls (7( 2 = 10.8 [df = 2] P < 0.01). 
There were no significant differences regarding the distri- 
bution of male versus female, 'probable '  versus 'possible '  
AD, and presenile versus senile onset of  illness between 
the groups of demented patients with different ApoE 
genotypes (Table 1). 

The cholesterol level was increased in patients ho- 
mozygotic for ApoE-4 (Table I). The plasma triglyceride, 
glucose, thyroxine and thyrotropin concentrations were 
nearly identical in the different groups. 

No association was found between the ApoE-4 geno- 
type and the intensity and extension of leuko-araiosis or 
the number and severity of brain infarcts in our patient 
group, but relevant vascular changes were observed in 
only 6 patients. 
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Table 1. Clinical features and the ApoE-4 
genotype ApoE-4 genotype Heterozygotic Homozygotic 

Male:female 7:10 7:10 3:3 Z 2 = 0.2 [2] n.s. 
Probable/ 11/6 9/8 4/2 )~2 = 0.6 [2] n.s. 

possible AD 

Presenile/ 9/8 6/11 4/2 % 2 = 2.1 [2] n.s. 
senile onset 

Age (mean + SD; years) 70.6 _+ 8.8 73.1 _+ 9.7 66.7 _+ 6.9 F = 1.2 [2,37] 
n . s .  

Plasma cholesterol 223.3 _+ 43.4 222.8 _+ 37.5 274.0 + 41.0 F = 2.2 [2,31] 
(mean + SD; mg/l) P < 0.10" 

n.s. = not significant, * one-tailed test (hypothesis 2) 

Discussion 

We conf i rmed  a s igni f icant ly  increased  preva lence  of  the 
A p o E - 4  al le le  in pat ients  with A D  (hypothes is  1) [2] and 
found mi ld ly  increased  p l a sma  choles terol  levels  in pa-  
t ients h o m o z y g o t i c  for  A p o E - 4  (hypothes is  2). We  were  
not  able  to obta in  any ev idence  for  an associa t ion  be tween 
the A p o E - 4  dosis  and the sever i ty  o f  vascular  bra in  
changes  (hypothes is  3). 

It is p resent ly  unclear  whether  A p o E - 4  has to be con- 
s idered as a mere  r isk marker  due to a genet ic  l inkage  dis-  
equ i l ib r ium on c h r o m o s o m e  19 or as a b io log ica l  factor  
invo lved  in the pa thogenes i s  o f  p laques ,  neurof ibr i l la ry  
tangles  - and poss ib ly  ce rebrovascu la r  changes  in A D  [1, 
11, 12]. A D  is an i l lness  present ing  with a large var ie ty  o f  
c l inical  and  neuropa tho log ica l  features,  even wi thin  the 
boundar ies  of  the N I N C D S - A D R D A  cri ter ia  [7]. How-  
ever, these strict c l in ica l  exc lus ion  cri ter ia  may  have  led 
to the e l imina t ion  o f  demented  pat ients  with ' m i x e d '  
pa tho logy  and accompany ing  medica l  i l lness  f rom our 
s tudy [6]. Thus,  these nar row cr i ter ia  represent  a l imi t ing 
factor  for  our  eva lua t ion  o f  hypothes is  3. I t  m a y  not  be of  
advan tage  to exc lude  pat ients  wi th  m i x e d  degenera t ive  
and vascu la r  changes  f rom future c l in ical  dement i a  stud- 
ies, as both forms o f  d isease  m a y  share impor tan t  patho-  
genet ic  mechan isms .  

Prospec t ive  studies on larger  pat ient  samples  are 
needed  to inves t iga te  the re la t ionship  be tween  A P t - E ,  
l ip id  me t abo l i sm  and cerebrovascu la r  d isease  in dement ia .  
A r isk  marker  as potent  and preva len t  in the genera l  pop-  
ulat ion as A p o E - 4  wil l  represent  an impor tant  tool  in fu- 
ture research;  it  wi l l  p robab ly  inf luence  d iagnos t ic  cons id-  
erations;  it  may  perhaps  open new prophylac t i c  and thera- 
peut ic  strategies,  and it wi l l  pose  ser ious e thical  and pol i t -  
ical  problems.  
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