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Abstract

Brain tissue of 50 patients with morphological con®rmed Parkinson's disease (PD), blood samples from 149 patients
with clinical parkinsonism and from 96 healthy control subjects were collected. Apolipoprotein-E (apo E) and cyto-
chrome P450 2D6 (CYP2D6) genotyping were performed by PCR followed by restriction fragment analysis. A signi®cantly
higher allele frequency of CYP2D6*4 was found in patients with PD (35%) but not with parkinsonism (14.1%) compared to
control subjects (19.8%). The combined alleles frequency of CYP2D6*3 1 apoE4 was signi®cantly higher not only in the
PD group (33.3%) but also in patients with parkinsonism (22.3%) compared to control subjects (1.6%). These results
suggest that there is a substantial overlap not only in the clinical manifestation but also in the genetic risk factors
between Parkinson's and Alzheimer's diseases. q 1999 Elsevier Science Ireland Ltd. All rights reserved.
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Alzheimer's (AD) and Parkinson's diseases (PD) are both

chronic neurodegenerative diseases characterized by a

progressive decline in cognitive functions. Although AD

and PD occur sporadically, both genetic and environmental

factors acting either alone or in combination are believed to

contribute to the initiation of these neurodegenerative disor-

ders [5,8]. The interplay between genetically determined

susceptibility traits and exposure to endogenous and

exogenous neurotoxins stimulated the efforts to ®nd genetic

and environmental risk factors for these diseases [2]. Apoli-

poprotein-E (apoE), is a major apolipoprotein in the central

nervous system, plays a key role in cholesterol transport and

metabolism, is polymorphic and encoded by three alleles

[11]. The presence of E4 alleles is a major risk for the

development of AD, although the exact mechanism by

which the presence of E4 alleles promotes this disease is

not clear. The presence of E4 alleles is not causative but

rather in¯uence the age of onset of AD without effecting the

progression of dementia [9].

However, genetic susceptibility which is associated with

altered expression of enzymes regulating the metabolism of

endogenous and exogenous neurotoxins is implicated in the

pathomechanism of PD [10]. One of the most important

factors in determining susceptibility to a xenobiotic agent

is the metabolism. The absence of a metabolic pathway or a

de®cit in its function confers susceptibility to endogenous

and exogenous toxins [3]. There is a vast number of enzyme

systems including e.g. monoamine oxidase, superoxide

dismutase, glutathione transferase, etc. which are involved

in the metabolism of xenobiotics, but most attention has

been focused on cytochrome P450 (CYP450) enzymes as

susceptibility factors in PD [3,10]. Genetic polymorphism

studies of CYP450 2D6 isoenzymes have shown that muta-

tion of this enzyme is associated with a roughly doubled risk

to acquire PD [3,10].

The diagnosis of both PD and AD is made on the basis of

clinical criteria but the gold standard remains the neuro-

pathological examination [8]. The de®nitive diagnosis can

only be made after post-mortem examination, because a

substantial part of the patients (24±40%) with clinical diag-

nosis `Parkinsonism' do not have PD [6,8]. The low accu-

racy of the clinical diagnosis is due to the fact that there is a

substantial overlap between the clinical symptoms of these

two diseases. Dementia is an important feature of PD on one

hand, and parkinsonian signs are common in AD on the
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other hand. Almost 50% of PD patients have dementia in

life, but half of these patients in postmortem investigation

do have coexisting AD [8]. The question is whether this

overlap is due to clinical misdiagnosis and diagnostic

pitfalls or due to the same genetic susceptibility. In order

to address this question we studied the presence of a genetic

risico factor typical for AD, apoE in PD patients. The effect

of the clinical misdiagnosis was studied by comparing the

combined allele frequencies of CYP2D6*3, CYP2D6*4 and

apoE-subtypes in patients with neuropathologically

con®rmed PD (PD), in patients with only clinical diagnosis

of PD (parkinsonism) and in healthy control subjects.

Brain tissue speciments were obtained from 50 PD

patients, and blood samples were collected from 149

patients with parkinsonism and from 96 healthy blood

bank donors (control group). The procedures followed are

in accordance with the policies of the institutional ethical

review board of the Hospital Group (ECOM) according to

the Declaration of Helsinki 1957, as revised in 1983. The

neuropathological diagnostic criteria for PD were the

presence of Lewy bodies and Lewy neurites. The quantita-

tive analysis of Lewy bodies, neuritic plaques and neuro®-

brillary tangles were performed as described previously

[13]. Eighteen morphologicaly con®rmed PD patients had

coexisting AD (36%), and 35 of the PD patients (70%) were

demented (mini mental sate examination, MMSE,

score , 21). The clinical diagnosis of parkinsonism was

made when minimal two of the following symtoms were

present: tremor, rigidity, bradykinesia, postural disturbances

[8].

DNA from formalin ®xed paraf®n-embedded brain mate-

rial and from blood samples was isolated according to our

previously published method [1]. Apolipoprotein-E genotyp-

ing was performed by PCR (for brain tissue followed by

semi-nested PCR). Afterwards the subtypes E2, E3 and E4

were determined with restriction fragment analysis [7]. The

CYP2D6 genotyping was also performed by PCR, primer

sequences CYP2D6*3, forward 5 0- GAT GAG CTG CTA

ACT GAG CCC -3 0, reverse 5 0- CCG AGA GCA TAC

TCG GGA C -3'. Primer sequences CYP2D6*4, forward

5'- GCC TTC GCC AAC CAC TCC G -3 0, reverse 5 0-
AAA TCC TGC TCT TCC GAG GC -3 0 (brain tissue under-

went reampli®cation with the same primers), digestion and

gel electrophoresis [4,12]. Statistical analysis was performed

by using the x 2-test at P , 0:05.

In accordance with the literature [3,10] we found a signif-

icantly higher mutant allele frequency of CYP2D6*4 in PD

patients resulting a signi®cantly higher odds ratio of 2.2

(P , 0:05) (Table 1). In addition, the mutant CYP2D6*4

allelle was associated with a rapid progression of PD: the

group of PD patients who died within 10 years after the

onset of the disease had a signi®cantly higher allele

frequency than the group with a disease duration of more

than 10 years (Fig. 1). However these frequencies were

found only in the PD group and not in the patient group

M.A.M. Bon et al. / Neuroscience Letters 266 (1999) 149±151150

Table 1
The allele frequency and combined frequency of CYP2D6 mutations and apoE subtypes in three different groups of subjectsa

PD (n � 50) Parkinsonism (n � 149) Control (n � 96)

% P , 0.05 OR % P , 0.05 OR %

2D6*4 35 , 2.2 14.1 . 0.6 19.8
2D6*3 6 . 2.0 3.7 . 1.3 3.0
APO±E2 12 . 1.9 10.1 . 1.5 6.8
APO±E3 69 , 0.5 73.1 . 0.7 79.7
APO±E4 19 . 1.6 16.7 . 1.4 12.5

Combined allele frequence
*4 1 E2 14.1 , 2.4 7.0 . 1.1 6.0
*4 1 E3 68.7 , 0.6 75.0 . 0.8 78.8
*4 1 E4 17.2 . 1.1 18.0 . 1.2 15.1
*3 1 E2 0 0 6.7
*3 1 E3 66.7 , 0.2 77.7 , 0.3 91.7
*3 1 E4 33.3 , 23 22.3 , 13 1.6

a Parkinson's disease (PD) versus control, parkinsonism versus control; OR, odds ratio.

Fig. 1. Allele frequencies CYP2D6*3 (hatched box) and
CYP2D6*4 (black box) according to the age of patients with
morphological con®rmed Parkinson's disease.



with parkinsonism, suggesting a signi®cant amount of

misdiagnosis in this group. The mutant allele frequency of

CYP2D6*3 in PD patients (6%) was increased compared to

the parkinsonism patients (3.7%) and to the control subjects

(3%) (odds ratio of 2.0, Table 1).

The most striking result of our study appeared when

CYP2D6*3 was combined with apoE4. We observed this

combined allele frequency CYP2D6*3 and E4 in the PD

group in 33.3%, in the parkinsonism group 22.3%, and in

the control group in 1.6% (Table 1). The odds ratios were

highly signi®cant for both groups: 23.0 and 13.0 for the PD

and for the parkinsonism groups, respectively, compared

with the control group. In addition, the combined allele

frequency of CYP2D6*4 plus apoE2 proved to be also

signi®cantly higher in the PD group (14.1%) compared to

the control group (6.0%) resulting a signi®cantly higher

odds ratio for PD (2.4, P , 0:05).

There is increasing evidence that PD may have more than

one cause. The results of our study are suggesting at least

two genetic risks: CYP2D6 and apoE polymorphism, and

show that the association of these two factors can increase

signi®cantly PD risk. In accordance with recent literature

we found only a modest increases in PD risk associated with

the mutant allele CYP2D6*4. However, we demonstrated

that CYP2D6*4 is associated with a rapid progression of PD

resulting a signi®cantly lower survival in the mutant group.

In the same group we found a higher frequency of apoE2

allele but not apoE4 allele, suggesting that the lower survi-

val is not due to natural selection. Based on recent literature

one could expect a higher survival and a lower AD rate in

the presence of apoE2 allele [11]. There is increasing

evidence that the apoE2 allele is associated with longevity

and protects against AD. Supporting this view, we were

unable to demonstrate the same effect in the group of

parkinsonism patients, suggesting a higher rate of clinical

misdiagnosis in this group.

However, an overlap in the genetic susceptibility of PD

and AD has been demonstrated when we found a highly

signi®cant increase in odds ratios for PD in the presence

of CYP2D6*3 and apoE4 alleles. Our data suggest that

the high prevalence of AD among PD patients and vice

versa not only due to clinical misdiagnosis but might geneti-

cally predisposed. Apolipoprotein-E4 appears to play a

central role in the development of several neurodegenera-

tive processes, but according to the general view plays no

role in the pathogenesis of PD. We and others [1,11] did not

®nd increased apoE4 frequency in PD. According to our

knowledge, this is the ®rst study to demonstrate a signi®-

cantly increased combined alleles frequency of apoE4 and

CYP2D6 in patients with PD. Based on this observation we

can speculate that there is a signi®cant overlap not only in

the clinical symptoms but also in the genetical susceptibility

between PD and AD.
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