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Introduction

ARALYSIS AGITANS HAS existed in the world since ancient times, Its first clear
desctiption is found in the old Indian medical system Ayarveda described from
4500 to 1000 BC ander the name Kampavata.! Herbal preparations like mucuna

ptutiens, commonly known as velvet bean or cowitch and containing levodopa, were

used in the treatment of KKampavata® At present this entity is labeled Parkinson’s dis-
ease (PD) which has been described by James Parkinson in his monograph “Shaking
Palsy” in 18173 He defined PD as “Tnwoluntary tremutons niotion, with lessened muscular power,
in parls, not in action and even when supporied; with propensity to bend the frunk forward, and to pass
Jrom a walking to a ranning pace; the senses and intellects being mninjured” Nowadays PD is
known as a common neurodegenerative disorder charactetized by the clinical combi-
nation of tremor, bradykinesia, rigidity and postural disturbances. Additional features in
PD are dementia, dysautonomia, dystonic cramps, postural abnormalities and asymme-
try of signs at onset,

Neuropathologically, PDD is charactetized by a selective degencration of the dopa-
minergic neurons in the pars compacta of the substantia nigra, resulting in dopamine
deficiency in striatal projection areas of these neurons, The presence of neuronal inclu-
sions, known as Lewy bodies, in the surviving dopaminergic neurons are generally con-
sidered as the pathologic hallmark of PD, albeit not totally specific.?

1n the elderly, PD is a major disabling disorder putting a high claim on health care
budgets. The prevalence of PD varies from 0.6% for those aged 65-69 years to 4.3%
for those aged 85 years and over.5 The overall prevalence is 1.6% for individuals aged
65 vears or older.® Since the number of eldetly individuals of the population is increas-
ing and individuals tend to live longer, we may expect an increase in the prevalence of
PD, which could have major social and financial implications in our current health care
system. The etiology of PD is still largely unknown and treatment is symptomatic with
only temporary results, However, currently it is generally accepted that PD is a geneti-
cally complex disease in which genetic factor(s), environmental factot(s) or a combina-
tion of both may determine the tisk of PD. For many decades several investigators re-
ported clustering of PD in families.t7 Studies on familial aggregation in PD with an
autosomal dominant inheritance pattern have clearly indicated that genetic factors play
a significant role in PD.# Familial linkage studies and candidate gene studies have been
cartied out to investigate the role of genetic factors and the pattern of inheritance in
PD but the results are controversial.7 The most convincing evidence that PD can be
inherited as a single gene defect comes from families with PD with an autosomal domi-
nant inheritance pattern *!! or with an autosomal recessive inheritance pattern.213 At
least two other loci have been found in relation with PID.1415 These observations pro-

wvide important evidence that PDuis.a-geneteally. heterogencous.disorder..
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Chapter 1

The objective of the work presented in this thesis was to study genetic susceptibility
to PD. We did this in rwo different studies, the Rotterdam Study, which is a prospective
population based cohott study on frequency, etiology, and prognosis of chronic dis-
eases, and a large BEuropean collaborative sib pair study on PD. We used different
methods,

Firstly, as presented in chapter 2, we analyzed whether there was familial aggrega-
tion of PD. We did this by assesing the risk of PD in the Rotterdam Study as a function
of a positive family history of PD or dementia,

Sccondly, we used genetic association studies, presented in chapter 3, to study can-
didate genes in PD. In chapter 3.1 and 3.2 we repott the association between candidate
genes, N-acetyltransferase-2 (NAT-2) Cytochrome P450 (CYP2D6) and PD, within the
Rotterdam Study. The risk of PD with or without dementia as a function of the APOE
genotype in the Rotterdam Study is presented in chapter 3.3.

Finally, linkage studies and genetic association studies in affected sib paits, wete
used to study genetic susceptibility to PD (chapter 4). In chapter 4.1 we present the
study design and linkage results on chromosmes 2p and 4 in Parkinson’s Discase in a
large study of Buropean affected sib pairs. Within the framework of this European
study we also evaluated the importance of the reported mutations in the UCH-L1 gene
(chapter 4.2) and the mutations in the Parkin gene (chapter 4.3).

In chapter 5 the findings presented in this thesis are discussed in general together
with issues relating to study design. Some mechanisms that may potentially underlic PD
are considered and finally, we discuss clinical, social and scientfic impact of our and

other genetic studies in PD.
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FAMILY HISTORY AND THE RISK OF
PARKINSON’S DISEASE IN A PROSPECTIVE
POPULATION-BASED STUDY

Abstract

Previous studies on familial aggregation of Parkinson’s disease (PD} were mostly hospi-
tal-based case-control studies or pertained fo younger individuals. We prospectively de-
termined the risk of PD according to family history of PD in a population-based cohort of
634171 elderly. After 5.3 year follow-up we identified 57 PD-patienits. Persons with at
least one first degree relative with PD had a 1.5-time higher risk, and persons with at
least two first degree relatives had a five-time higher risk of PD, Qur study suggests that
hereditary factors contribute to the occurrence of PD in the elderly.

INTRODUCTION

Several studies reported familial aggregation of Parkinson’s disease (PD). However,
most were case-control studies,'¢ mostly based on selected hospital populations in
which the information had been collected retrospectively,™ or pertained to younger
subjects.>* Recently a large twin study on PD suggested that genetic factors are only
important when the onsct of disease is at or before age 50 years.” Because of these con-
siderations, it remains a question to what extent a positive family history of PD in-
creases the risk of PD among elderty, unselected people from a general population. We
prospectively assessed the risk of PD as a function of family history of PD or dementia

in the Rotterdam Study.

METHODS

The study was part of the Rotterdam Study, an ongoing prospective population-based

“cohort study on frequency, etiology and prognosis of chtonic diseases in the elderly.$



Chapter 2

Bascline examinations were in 1990-1993; follow-up examinations took place in 1993-
1994 and 1997-1999. In addition, the cohort is continuously being monitored for major
outcomes of interest through computer linkages with genetal pracdtioners’ medical rec-
ords and pharmacies automated medical record systems. Until the end of December

1999, the proportion lost to follow up was less than 1 percent.

Case ascertainment and diagnosis of PD

'The cohort examined at baseline for symptoms of parkinsonism exists of 6969 partici-
pants and has been described extensively elsewhere.? Screening and diagnostic proce-
dutes were the same throughout the entire study. Briefly, all participants were inter-
viewed about previous diagnosis of PD or anti-parkinsonian drug use and screened for
symptoms of parkinsonism by study physicians at the research center. All participants
who either used anti-patkinsonian drugs, repotted that they had PD or had at least one
possible cardinal sign of parkinsonism (resting tremor, bradykinesia, rigidity, and pos-
rural disturbances) at the screening examination, got a structural diagnostic wotk-up by
a neurologist? PD was diagnosed if at least two out of four cardinal signs and no other
apparent causc of parkinsonism were present. For individuals who could not be re-ex-
amined in person for parkinsonism at follow-up, we obtained information through our

surveillance system and checked their medical records.

Study population

The stady population at risk for incident PD consisted of all persons who had a neu-
rologic screening examination at base-line, were free of patkinsonism and dementia at
that rime and of whom base-line data on family history were available (n=6,341).

Data coliection on family history

Data on family history for various diseases including PD and dementia among firse de-
grec relatives were obtained as part of the base-line data collection in the Rotterdam
Study., All participants were asked to indicate for cach family member whether that
family member was affected by a specific discase, Formal pedigrees were constructed
using data on year of birth and if applicable year of death of their parents, siblings, and

children.
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Family history and the risk of Parkinsen’s disease

Data analysis

The follow up period ended either at the second screening examination, at age at onsct
of PD, parkinsonism or dementia, or at death. We used Cox proportional hazard mod-
els to estimate age and gender adjusted relative risks (RRs) with the corresponding 95%
confidence intervals (95%CI) for a positive family history of PD. In addition, we cal-
culated the risk of PD according to 2 positive family history for dementia,

RESULTS

The characteristics of the stady population at risk for PD ate listed in Table 1. In our
study population 64.8 % wete ever smokers. After a total follow up time of 33,887 per-
sonyears with a mean follow-up duration of 5.3 year we had identified 57 cases with
PD. The personyeats of follow-up, incidence rates and adjusted RRs are listed in Table
2. Persons with at least one refative with PD had a 1.5-time higher risk of PD whereas
petsons with at least two relatives had a five-time higher risk of PD, albeit not signifi-
cant at the level of 5%. Adjusting for ever smoking status did not alter the point-esti-
mates. The risk of PD was similfar for persons with or without a positive family history

of dementia.

Table *
Baseline characteristics of the study population at risk of incident Parkinson’s disease
{PD).

Number of persons'_:.t nsk of_PD _

Mean age in years (+ SD*
Number of wamen (%} S . i TSI

Number of persons wnh at Ieast one reiatlve wnth PD (%) p
Number of persons wath at !east two relatwes w:th PD (%) S 2400 {0.4%) 5
'_'|th at Ieast one. relatwe wath demenha (%)'__ 1497 (23.6%)

Number of pe{sons 3

* SD standard dewauon
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Table 2

The incidence of Parkinson’s disease {PD} in persons with a family history of PD, and in
those without such history with corresponding adjusted relative risk {RR} with 95 %
confidence interval {95%CH of PD,

Persons at  Incident  Parson- - Incidence

Baseline family history risk of PD* PD cases* years rata®* ¥ RR (90/.96”

Persons without a
relative with PD

Persons with at least
one relative with PD 313 4 1,706 2.3 1.5. (0541)

6,028 53 32,181 1.7 1.0 (ref}

Persons with at least

two relatives with PD 24 1 110 9.0 5.1 (0.7-37_.1)

*Numbers of individuals; ** Incidence rate in cases per 1,000 personyears; RRs
adjusted for age and sex.

DiIscuUssioN

This is the first prospective population based study that investigated the risk of PD
amonyg elderly subjects according to history of PD in first degree relatives, We found
that individuals with first degree relatives with PD in particular with at least two at-
fected first degree relatives had a higher tisk to develop PD than persons without such
a family history, This supgests that genctic factors do play a role in sporadic late-onset
PD.

Our results did not reach statistical significance at the conventional 5% level, which
asks for a candous interpretation of our findings. There are a number of reasons why
we may have failed to find a statistically significant effect. First, the power in our study
was limited. Although the present prospective population-based study is the largest in
its kind, the number of incident cases was still relatively small. Furthermore, only a
small proportion of all partdicipants reported a positive Family history of PD among first
degree relatives, Sccond, we had to rely on self-reported family history of participants.
Due to the size and the age distribution of this cohort, it was not feasible to vetify the
family history of cach patticipant. This probably may have inttoduced some misclassifi-
cation of disease status of family members. Since all participants were tree of PD or
dementia at bascline and weve, like the interviewers, not aware of their future disease
status, this exposure misclassificadon was probably similar in those who developed PD

and those who did not. Yet, it will have attenuated any existing effect, Third, since we

only assessed family history at baseline and did not update the disease status of relatives
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Family history and the risk of Parkinson’s disease
Y

of our cohort members during follow-up, we will have misclassified the relatives who
developed PD after our inidal inquiry. Assuming that theye is indeed familial aggrega-
tion of PD, this will have resulted in a more severe underesdmation of the proportion
with a positive family history of PD among those who actually developed PD, and
hence in an underestimation of the relative risk. These considerations suggest that, if
anything, we underestimated the relation between family history and the risk of demen-
tia in this eldetly population,

Our results seem at odds with a recenty published twin study that suggested that
heredity is not a major etiologic component in PD beginning after age 50 years.” How-
evet, that study was cross-sectional and an average of almost 10 veats clapsed before
the second twin was diagnosed with PD.” Mote concordant pairs may be identified if
the twins are followed over time. Moreover, with increasing age at onset in the first
affected twin, the probability increases that the sccond twin will not survive long
enough to develop PD. The study of heredity of PD in twins with late-onset PD is dif-
ficuit, and negative results should be interpreted cautiously. Evidence that genetic fac-
tors may play a role in familial PD with an onset after age 50 years came from a recent
report on Parkin mutations in Europe.

In conclusion, our findings suggest that genetic factors contribute to the occurrence

of sporadic PD in the eldetly.
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N-ACETYLTRANSFERASE-2
POLYMORPHISM IN PARKINSON’S DISEASFE

THE ROTTERDAM STUDY

Abstract

The N-acetyltransferase-2 (NAT-2) gene has been associated with Parkinson’'s disease
{PD). The genotype associated with slow acetylation has been reported to be increased
in PD patients. Three mutant alleles M1, M2, and M3 of the NAT-2 gene were investi-
gated in 80 patients with idiopathic PD and 161 age matched randomly selected controls
from a prospective population-based cohort study. The allelic frequencies and genotype
distributions in cases were very similar to those found in controls. In controfs the fre-
quency of the wild type allele increased significantly with age suggesting that the mutant
alleles are associated with an increased risk of mortality. These findings suggest that
NAT-2 polymorphism is not a major genetic determinant of idiopathic Parkinson’s dis-
ease, but may be a detarminant of mortality in the general population.

INTRODUCTION

Parkinson’s disease (P1) is a common neurodegenerative disorder among elderly peo-
ple.l2 The etiology of PD still remains largely unknown but most likely results from
interactdon between genetic and environmental factors.>® Several functionally relevant
polymorphisms in xenobiotic metabolisin have been studied in refation to patients with
PD, but with no consistent results.%” Explanations for these inconsistencies include
different methodologies, different diagnostic criteria, poor selection of control groups
and small sample sizes. Recently, an associadon of slow acetylators for the NAT-2 gene
with PID was reported.® The NAT-2 gene, which maps to chromosome 8p22919, is as-
sociated with speed of acetylation of certain drugs and xenobiotics.”!! Slow acetylators
arc homozygous for any of the mutant alleles and may be more susceptible to low-fevel
environmental exposute to neurotoxins.® The finding of an increased frequency of
...subjects homozygous for.the NAT:-2 gene mutations is compatible with the view that

17



Chapter 3.1

PD patients may be less capable to handle certain endogenous or exogenous toxins,!2
However, the findings on the NAT-2 gene were not confirmed.!? The aim of this study
was to investigate the possible association of the NAT-2 gene polymorphism in idio-
pathic PD.

METHODS

The study formed part of the Rotterdam Study, a prospective population-based cohort
study on the frequency, etology, and prognosis of chronic diseases, The cohort exists
of 7,983 independently living or institutionalised inhabitants from a subusb of Rottet-
dam, the Netherlands, who are aged 55 years or older. The Rotterdam Seudy started in

June 1990 and has been described extensively elsewhere.* Informed consent was ob-

tained from each participant and the study was approved by the Medical Ethics Com-
mittee of Erasmus University Rotterdam. Participants were screened at baseline (1990-
1993) and at follow-up (1993-1994) for symproms of parkinsonism by study physicians.
All screenpositives had a diagnostic investigation by a neurologist. PD was diagnosed in
persons with at least two out of four cardinal signs (resting tremor, bradykinesia, rigid-
ity, and postural disturbances) and no other apparent cause of parkinsonism.2 In the
Rotterdam Study 97 prevalent and 35 incident PD patients were identified untl 1994,
Blood samples for DNA extraction and genotyping were available for 80 patients (68
prevalent PD patients and 12 incident PD patients, mean age 77.3 (8.3), range 57.5-
99.2, 27 males and 53 females). For cach case we randomly sclected two age matched (&
5 years) controls {mean age 76.8 (8.3), range 57.9-98.8, 63 males and 98 females) from
the same study population who did not have PD and of whom baseline data regarding
smoking history as well as blood samples were available. A polymerase chain reaction
(PCR) was conducted using specific PCR primers for the NAT-2 gene.!® The amplifi-
cation products wete digested using restriction enzymes, separated on an agarose gel
and visualised with ultra violet light. We investigated the genotype of the NAT-2 gene
using restriction enzymes Kpul, Tagl and BawHI for mapping the threc mutant alleles
M1, M2, M3 and the wild type allele of the NAT-2 gene.® Genotyping was performed
on coded samples without knowledge of the clinical diagnosis of the subjects. The mu-
tations M1, M2, and M3 account for most of the slow acetylators in Caucasian pa-
ticnts. !¢ Slow acetylators were defined as carrying any two of the mutant alleles M1, M2,
and M3. Allele frequencies were determined by counting alleles and calculating sample

proportions. Allele frequencies and genotype frequencies were compared using Chi-

square statistics..
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Tabile 1
Age stratified and overall frequencies of acetylator genotypes in PD patients and centrols from the Rotterdam Study.

5564 o 65 740 S BIB L overall

:_cpnt_r_ol. ‘case - 1{' “control case . control . case - control .- case _
=18 (27 (n=46)  (n= __22_) =101 (n=B1) " (n=161)  (n=80)

WTNVT 0 o o 11 :"d' 1’4 ;" 0.04 f.-o.os’.: "'0;06’ 0.07
nnx/:wx 071 ’g: 014* : 059 Z__-.o 59 S -047' 057 053 054 -

WT W|Id type, Mye=any mutant allete’ M‘[ M2 arM3 *mgmflcant lower proportnon of slow acetyiator genotvpe as. compared 10
cases (OR=0.067;95%C1 0.06-0.75; Fisher Exaét 2-sided P=0.024). =~ . :



Chapter 3.1

RESULTS

Genotype distributions were in Hardy-Weinberg equilibrium, Frequencies of mutations
in cases and controls and stratified on age are listed in the table. Overall, the mutation
frequencies were very similatly distributed among cases and controls.

The proportion of slow acetylators in the youngest age category, 55-64 years, was sig-
nificantly lower in patents compared to controls. An interesting observation was that
the frequency of the wild type allele in controls increased significantly with age
(Pu:mj<0.00 l)

DiscussioN

Our results do not confitm the association between the slow acetylator genotype for
the NAT-2 gene and PD as was found previously.® Sample size ealculations with a 5%
significance level showed that we had a power of 90% in our study to detect differences
in genotype frequencies at an odds ratio level of 2.5 for slow acetylators as was found in
the study of Bandmann et al.* This latter study was based on pathologically proven PD,
whereas we used clinical diagnosde criteria to assess PD. One might consider that we
misclassificd some patients in our study and that this has biased our estimates, It is
highly unlikely however that the resulting bias, if any, would be big enough to explain
the discrepant findings. Moreover, the overall frequencies of slow acetylators in cases
and controls found in our stady are similar to that found in other studies.!3V7

There are several other possible explanations for the discrepancy between our
findings and those of Bandmann et al® Tirstly, they reported a significant association
between the NAT-2 gene polymorphism and familial PD, but not with sporadic PD.
However, the frequency of the slow acetylator genotype in sporadic PD in their initial
analysis was significantly higher as compared to controls {odds ratio=2.45; p=0.003)
and after cotrection for multiple comparison the point estimate of the association re-
mained the same but only became bordesline significant (odds ratio=2.45; p=0.06).
Secondly, the association between the NAT-2 gene and PD may not be due to a causal
relationship but rather to the NAT-2 gene being in linkage disequilibrium with a neigh-
bouring gene that is involved in the edology of PD. This explanaton is in line with the
tinding of a lower proportion of slow acetylators in the early-onset group in the present
study whereas Bandmann et al® found a higher proportion of slow acetylators in PD
paticnis as compared to controls. Thirdly, their controls came from a heterogeneous

~population-submitted to-the THEParkinson’s-Disease- Brain -Banlk-and-the-brain-bank at-..
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the institute of Psychiatry, London, UK and were not matched for ethnic background.
This could explain the relatively low frequency of slow acetylators found in their con-
trol population as compared to our study and other studies! 7, and may have intro-
duced some bias, Foutthly, we found that the frequency of the wild type allele in con-
trols increased significantly with age suggesting that the mutant allcles arc associated
with an increased risk of mortality, possibly because of the increased risk of cancer for
mutation carriers.!8 This suggests that bias may be introduced if cases and controls arc
not matched for age which was the case in the serics of Bandmann et al% where the
mean age of the control population (77.1 yeats) was almost nine years higher than the
mean age from patients sclected from the familial cases (68.4 years). A final explanation
could be that slow acetylators are not only more susceptible to neutrotoxing which are
inactivated by an acetylation reaction?®, but are simultaneously less susceptible to poten-
tial neurotoxins which are activated by acetylation. This dual activation-detoxification
of the NAT-2 gene polymorphism makes the interpretaton of any association debat-

able.”?
The findings of this populaton-based study suggest that NAT-2 gene polymor-
phism is not 2 major genetic determinant of idiopathic PID, but may be a determinant

of mortality in the genetal population,
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CYP2D6 POLYMORPHISM
IN PARKINSON’S DISEASE

THE ROTTERDAM STUDY

Abstract

The CYP2D6 polymorphism has been studied extensively in association with Parkinson’s
Disease (PD}), with no consistent results. Several explanations, like differences in study
design or bias in the selection of the control population have been offered for these in-
consistent resufts. We designed a case-control study nested within a prospective popula-
tion based cohort study in which cases and controls were sampled from the same source
population. To assess the significance of the CYP2DG6 gene in PD, we investigated two
mutant allefes, CYP2D6*3 and CYP2DE*4, associated with poor metabolism and the
wild type allele in 80 patients with PD and 156 matched controls, frequency matched on
age and gender. No differences between cases and controls were found for the poor me-
tabolizer genotype. However, we found that in contrast to earlier reports, the CYP2D6%*4
mutant allele frequency was lower in cases as compared to controls, albeit not statisti-
cally significant. Our result supports the hypothesis that the CYP2DE gene is not a major
gene responsible for PD.

INTRODUCTION

Parkinson’s disease (PD) is a common disabling disorder among elderly characterized
by a propressive neuronal degeneration in the nigrostriatal system.! Clinieally, PD is
characterized by the presence of resting tremor, bradykinesia, rigidity and postural dis-
tarbances. Several environmental and genetic factors have been suggested to play a role
in the etiology of PD. Of all candidate genes studied thusfar, the CYP2ID6 gene has
been studied most extensively. Tt has been suggested that poot metabolizers of debriso-
quine have an increased risk of PD.2? After the initial report of Smith and colleagues in
19923, several studies regarding the association between PD and the CYP2D6 gene
have been published with no consistent result. A meta-analysis of the association be-
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tisk of PD in poor metabolizers,* Exclusion of the only statistically significant study?
increased the P-value of the meta-analysis however to 0.5, Despite all effort put in
studying the association of the CYP2D6 gene with PD, the hypothesis that poor me-
tabolizers are at greater risk of PD could neither be supported not refuted.s Different
diagnostic criteria across studics, different seudy designs, small sample sizes and in par-
ticalar poor control selection may have played a role in these inconsistent results.

To avoid several epidemiological pitfalls in studying the CYP2D6 gene in PD, we
designed a case-control study nested within a population based cohort study in which
cases and controls were sampled from the same source populadon, to investigate the
significance of the CYP2D6 gene in PD,

METHODS

This study was nested within the Rotterdam Study, a prospective population-based co-
hort study on the frequency, etology, and prognosis of neurologic, cardiovascular, lo-
comotor and ophthalmelogic diseases. The Rotterdam Study started in June 1990 and
has been described extensively elsewhere. The cohort examined for symptoms of PD)
exists of 6,969 independently living or institutionalized inhabitants from a suburb of
Rotterdam, the Nethetlands, who atc aged 55 years or older. Informed consent was
obtained from each participant and the study was approved by the Medical Ethics
Commirtee of Erasmus Medical Center Rotterdam. Participants were screened at base-
line (1990-1993) and at follow-up (1993-1994) for symptoms of parkinsonism by study
physicians, All screenpositives got a diagnostic work-up by a neurologist. PI) was diag-
nosed in persons with at Ieast two out of four cardinal signs (resting tremor, bradykine-
sia, rigidity, and postural disturbances) and no other apparent cause of parkinsonism.”
In the Rotterdam Study 97 prevalent and 35 incident PID patients were identified until
1994, Blood samples for DNA extraction and genotyping were available for 80 patients
(68 prevalent PD patients and 12 incident PID patients, mean age 77.3 (8.3), range 57.6-
99.2, 29 males and 51 females) and 156 randomly selected controls, frequency matched
on age (in 5 years age categories, mean age 76.6 (8.3), range 57.9-98.8) and gender from
the same study population who did not have PD nor parkinsonism and of whom base-
line data regarding smoking history as well as blood samples were available.

We investigated the CYP2D6 functional wild type allele (CYPZD6wt) and two de-
tective mutant alleles classified as CYP2D6%3 and CYP2D6%4% in association with PD.
These two mutant alleles compromise 1pp10\1m'1tel) 90% of the poor metabolizers

similatly 1o a previously re-

.among Caucasians. in. Europe.? Genof
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ported study® on coded samples without knowledge of the clinical diagnosis of the par-
ticipants, For the evaluation of the genotype distribution, the CYP2ID6 alleles were clas-
sified according to functional activity as wild type (wt) and mutant (mut). Individual
genotypes were characterized as cither homozygous for the wild type (wt/wt), hetero-
zygous {mut/wt) or homozygous mutant (mut/mut). Allele frequencies were detet-
mined by counting alleles and calculating sample proportions. Allele frequencies and
genotype distributions were compared using Chi-square statistics, Logistic regression
analysis methods were used to calculate odds ratios (ORs) with 95% confidence inter-
vals (95%Cl) for the association between the heterozygous and homozygous mutant
genotypes and PD as compared to controls. The homozygous wt genotype was used as

the reference category, In the analysis we adjusted for age, sex and ever smoking,

RESULTS

Genotype distributions in controls were in Hardy-Weinberg equilibsium, The disttibu-
tion of the CYP2D)6 genotypes and alleles in cases and controls are listed in Table 1.
No significant differences were found for the allele frequencies between cases and
controls. However we obsecrved that the frequency of the CYP2DG6*4 allele was unex-
pectedly lower (OR = 0.72; 95%(CI 0.45-1.19) in cases as compated to controls, albeit

Table 1
Distribution of CYP2D6 genotypes and alfeles in Parkinson's disease {PD] and controls.
s _ Controls S PD -cases..
genotvpes S n frequency n .' frequency
wwt g0 . "'_-."0 58 7. "..:j 071
WH/E3. A _'.'-0.3_1 s '.-0._1_9_. .
BRI L 110007 00 0B 0080
WHF4 T 7 0,04 L S0 0
EZ/HA 0 0 3 004
Total . i 1561 Sh B0 R S
WL 286 0,788 0 1290 0,806
Weel s T
Total '_312__.:.-'____'__'.1 .00 .80 1 oo '

wt = wafd type ai!ele *3= CYPZDG 3 (basepalf deteuon) 4 = CYP206 4 (G A transmon) o
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Table 2
Genotype distributions of the CYP2D6 gene in PD cases and controls and the
association between CYP2D6 genotypes and PD as compared to controls.

Conlrois Cases o OR (95%0” ad;usted for:
B . frequency_ -frequ_ency i : S ' R S
Génﬁiype L (n: 1'5.6) .(n .~—-'.8'_0)'. it .:__.a.ig_e &sex - :..._Ia_g.t_a_:_._SFS & smoklng |
wiwt 088 071 ref L et
wi/mut 035_' o190 043(022083} 037 (018076)
mut/mut 007_- .-.0.1_0.': 11810, 44 3, 35)_; i 1.28 (0 47-3.43)

/2—699 p-003 dfg G T DS

n ~=-number of study partmlpants, ref =. reference categow .

wt = wild type; mut = mutant alleles CYP2D6*3 = basepair deletion;
CYP2D6"4 = G-A transition

not statistically significant. No significant differences between cases and controls were
found for the CYP2D6*3 allele (Fishet’s exact test two tailed, p=1.0). The distribution
of the pooled heterozygous or homozygous mutant genotypes and corresponding ORs
with 95%CI for the association between the heterozygous or homozygous mutant
genotypes in PD as compared to controls are presented in Table 2, Among PD) patients
there were 57.6 petcent cver smokers and among controls 50.8 percent,

Overall, we observed significant differences in the genotype distribution between
cases and controls (¥2=6.99; p=0.03; df=2). This occurred merely due to a lower fre-
quency of the heterozygous genotype in cases as compared to controls, The frequency
of the heterozygous genotype was significantly lower (p=0.01) among patients with PD
as compared to controls whereas the homozygous mutant genotype was slightly in-

creased in the cases, however not significandy.

Di1sCUSSION

Within this population based cohott study we found a significantly lower frequency of
the heterozygous genotype among patients with PID as compated to controls from the
same source population. We did not observe 2 significant difference in the frequency of
the homozygous mutant genotype between cases and controls. The frequency of the
CYPZD()*4 allele was lower fmmng patients with PD as cnmpared to the control

ﬂnd also in contrast to a Lecentiy pubhshed mctﬂ—analysm on thc CYP2D6 genot) pe and
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PD.* The CYP2D6*4 association with PD in our study was not consistent with a ge-
netic causal mechanism because the decrease in frequency was found for the heterozy-
gotes but not for the homozygotes.

The strength of the present study is the use of a population based cohort with sys-
tematic data collection and classification of PD. All participants were examined in pet-
son and diagnosis of PD was made by neurologists. Controls wete, in conttast to most
other studies of the CYP2D6 gene in PD, randomly selected from the same source
population where the cases came from and frequency matched on age and gender. This
minimizes the probability of bias due to poor control selection. A limitation is the
namber of cases which is relatively small and hence yields little power.

How should we interpret our findings and the discrepancies across studies? Fitstly,
since so many studies between PD and the CYP2D6 gene have been published without
consistent results and our resules also do not provide evidence for an association be-
tween the CYP2DG6 gene and PD, it is most likely that this gene does not affect the sus-
ceptibility to PD. A second explanation for the inconsistent results could be that PD is
a genetically heterogeneous disorder. In a genetic complex trait like PD it could be pos-
sible that more than one genetic factor may determine the risk of PD, This complicates
the reproducibility of a candidate gene associaton study, like the CYP2D6 gene in PD,
in different populations with different genctic background and ethnic origin, Thirdly,
difficulties reproducing candidate gene studies may result from interacdon with envi-
ronmental factors. Smoking, for example, has been inversely associated with PID and
poot metabolizers may smoke less.!? This, in part, could explain the conflicting findings
due to confounding by smoking, since most studies* did not adjust for smoking in their
analysis, However, adjusting for smoking in our analysis did not alter our results, Other
factors that might interact with the CYP2D6 gene in causing PD include exogenous
neurotoxins like MPTP! or pesticides'? or endogenous isoquinolines.!? Hitherto, there
is no clear evidence that these interactions may cause PD, Finally, the CYP2ID6 gene
may be in linkage disequilibrium with another susceptibility locus in the same region.
Up to present there is one teport that tested the hypothesis of linkage disequilibrium
and provided evidence that the CYP2D6 gene may be in linkage disequilibrium with
another, yet unidentificd locus responsible for susceptibility to PD." Our results do not
support the hypothesis of linkage disequilibrium since we would expect a lower pro-
portion of both the heterozygous genotype and homozygous mutant genotype in cases
as compared to controfs which was not the case,

Although we cannot fully exclude that the CYP2D6 gene may have an cffect in a
subgroup of PD patients through interaction with exogenous or endogenous toxins, we
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APOE AND THE RISK OF
PARKINSON’S DISEASE WITH OR WITHOUT
DEMENTIA IN A POPULATION-BASED STUDY

Abstract

The objective of this study was to investigate the association between apolipoprotein-E
genotype {APOE] and Parkinson's disease (PD} with or without dementia. The study
formed part of the Rotterdam Study, a prospective population based cohort study on the
frequency, etiology, and prognosis of chronic diseases. The cohort examined for PD
exists of 6969 independently living or institutionalized inhabitants from a suburb of
Rotterdam, the Netherlands, who are aged 55 years or older. All participants were
screened at baseline (7990-1983}) and at follow-up (1983-1994) for sympitoms of
parkinsonism by study physicians and screenpositives got a diagnostic work-up by a neu-
rologist. APOE genotyping was available for 107 PD patients (26 with and 871 without
dementia) and 4805 non-parkinsonian controls. The presence of at least one e2-allele
significantly increased the risk of PD (OR=1.7; 36%CI:1.0-2.8). When we looked sepa-
rately for demented and non-demented PD patients as compared to non-parkinsonian
controls, APOE appeared not associated with PD without dementia, but both the e2-allele
and the g4-allele increased the risk of PO with dementia (OR=5.6; 85%CI:2.0-15.2 and
OR=3.6; 95%CI:1.3-9.9 respectively). The risk of dementia for s4-allele carriers was not
significantly different for persens with or without PD, However, the g2-allele strongly
increased the risk of dementia in patients with PD (interaction p <0.007).

We conclude that in the elderly the APOE g2-allele increases the risk of PD and in
particular the risk of PD with dementia.

INTRODUCTION

It has been suggested that Parkinson’s disease (PD) and Alzheimer’s disease (AD) share
clinical and neuropathologic features.!3 It is known that PD patients frequently develop
dementia, and AD patients frequently develop patkinsonism, Both are age-refated dis-

orders characterized by intraneuronal inclusion bodies.*

disease (1.BID).%" Reports on APOE genotype and PD are not consistent. Some studies
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reported an association between the apolipoprotein g4-allele and PD or PD with de-
mentia whereas others did not$* In the majority of these studies little attention has
been paid to the g2-allele and PD. However, in most of these studies, but not all,!? the
g2-allele frequency was higher in PD patients b 113 or in PD patients with dementia, 1%
albeit not statistically significant. Recently a significant association of the &2-allele with
sporadic PD has been reported, however no subdivision was made between demented
and non-demented PD patients. ' We studied differences in the APOE genotype distri-
bution among PD patients with and without dementia as compared to non-parkinso-

nian controls from the Rotterdam Study.

METHODS

Study population

The study formed part of the Rotterdam Study, a prospective population based cohort
study on frequency, ctiology and prognosis of neurologic, cardiovascular, locomaotor
and ophthalmologic diseases as has been described previously.!” Briefly, all inhabitants
of a suburb of Rotterdam, aged 55 years and over, including those living in the homes
for the elderly, were invited to participate. A total of 7983 (response rate 78 percent)
individuals agreed o participate and of these, 6969 (68%) individuals participated in the
screening of parkinsonism at baseline (1990-1993) as described extensively elsewhere.!®
Informed consent was obtained from each participant and the study was approved by
the Medical Ethics Committee of the Erasmus Medical Center Rotterdam, The Neth-

erlands.

Case ascertainment and diagnosis of PD

Al 6969 participants were interviewed about previous diagnosis of PD) or anti-patkin-
sonian drug use and screened for symptoms of parkinsonism by study physicians at the
research center. All individuals who cither used anti-parkinsonian drugs, reported that
they had PD or had at least one possible cardinal sign of parkinsonism (resting tremor,
bradykinesia, rigidity, and postural distutbances) at the screening examination, got a
structural diagnostic work-up by a neurologist. PD was diagnosed in persons with at
least two out of four cardinal signs and no other apparent cause of parkinsonism.'® At
baseline of the 129 individuals with parkinsonism 98 had PD. The causes of parkin-

sonish-wete:. parkinsonism- associated..with- dementia. (9);. drug. induced..parkinsonism
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(3); parkinsonism related to vascular disease (1); mult system atrophy (2); progressive
supranuclear palsy (1) and other parkinsonism (15) which included parkinsonism and
dementia with no clear time relationship between dementia and parkinsonism or more
than one possible cause as well as those subjects in whom all causes of PD could be
cxcluded but who had not shown any progression over mote than 15 years in the
course of disease and who did not respond to antiparkinsonian drugs.®® At follow-up
(1993-1994), 6840 participants, screened for symptoms of patkinsonism at baseline,
were at fisk to develop parkinsonism, Participants who were demented at baseline, were
considered at risk for patkinsonism but not for PD. Follow-up information was avail-
able on 6778 (99%) individuals either through completely re-examinaton at the re-
seatch center or through our surveillance system that contnuously monitors the total
cohort for interval cases of parkinsonism. Through this sutveillance system that con-
sists of computer linkages with general practitioners and pharmacies automated medical
record systems, we were notified of incident cases of parkinsonisim, including PD, and
had access to their medical records. A total of 5,310 participants were completely re-
cxamined similatly to the two-phase design used at baseline. Of those who could not be
re-examined, 449 had died, 558 refused screening examinadons and in 461 the screen-
ing examination was incomplete. In the follow-up petiod, 62 individuals with parkin-
sonism were identified of whom 35 had PD, three of whom with dementia. The other
causes of parkinsonism were very similar to those at baseline: parkinsonism with de-
mentia (8 of whom 6 were already demented at baseline); drug induced parkinsonism
(1); muld system atrophy (2) progressive supra nuclear palsy (1) and other parkinsonism
(15) which included parkinsonism and dementia with no clear time relationship be-
tween dementia and parkinsonism (7), subjects with more than one possible cause, and
subjects in whom all other causes of parkinsonism could be excluded but who did not
respond to anti-parkinsonian drugs (8). Neuroimaging was only performed in subjects
in which the cause of parkinsonism was not obvious from physical examination alone
(n=20, 35%).

In total 133 individuals were identified with PD of whom 107 patients had the
APOE genotype. Of these 107 patients 26 were diagnosed as PD with dementia and 81
as PD without dementia. From the 26 PD patients with dementia, in nine individuals
the diagnosis was obtained from peneral practitioners in which eight were confirmed by
a neurologist not affiliated to our institute. From the 81 PD patients without dementia,
in 12 individuals the diagnosis was obtained from the general practitioner in which 10
were confirmed by a neurologist. All other PD patients were seen in person and the
diagnosis was made by the neurologists affiliated to our department. In total six of the
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61 PD patients with APOE genotyping who were not demented at bascline developed

dementia at follow up.

Diagnosis of dementia

A three-phase design was used, both at baseline and at follow-up, to diagnose dementia
according to the American Psychiatric Association’s criteria (DSM-III-R)! and has
been described clsewhere. 22! Briefly, all partcipants were screened with a copnitive
test; those who scteened positive underwent further neuropsychological testing and
those suspected for dementia were examined in detail and, if possible, had a Magnetic
Resonance Imaging brain scan made, Of subjects who could not be examined in per-
son, diagnosis was obtained from the general practitioner and medical records through
our surveillance system. For the diagnosis PD with dementia, the onset of PD had to

clearly precede the onset of dementia,

Apolipoprotein E genotyping

APOE genotyping was petformed on coded IDNA-samples of the total cohort as de-
sctibed previously,2 without knowledge of the clinical diagnosis. In summary, polymer-
ase chain reaction was conducted and the amplification products were digested with
Hphal, separated on an agarose gel, stained with ethidium bromide and visualized with
UV-light. The results were analyzed by three independent experts. The APOE geno-

typing was repeated in case of discrepancies.

Data analysis

We used multivariate logistic regression analysis o calculate the odds ratios (OR) with
95% confidence intervals (95%CE) to assess whether the presence of at least one g4-
allele (APOE*4) or at least one g2-allele (APOE*2) was associated with PD, with or
without dementia as compared to non parkinsonian controls from the Rotterdam
Study. Tn this logistic model PD was the dependent variable whereas APOE genotype
(with dummy indicating APOE#4, APOE*2 and APOE3E3) was the independent vari-
able. The most frequent genotype APOE3E3 was used as the reference. Additionally
we used multivariate logistic regression analysis to examine the tisk of dementia in PD
patients as compared to non-parkinsonian controls, stratified by APOE genotype. In
this model dementia was the dependent vatiable whereas PD, APOE genotype and the
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To test whethet our results were not merely due to misclassification of AD as PD with
dementia, we conducted similat analyses for patients with dementia with parkinsonism
from the same study population. The diagnosis dementia with parkinsonism was made
for patients with at least two cardinal signs, with no other apparent cause of patkinson-
ism except dementia taking into account that the onset of dementia had to cleatly pre-
cede the onset of parkinsonism or both were diagnosed at the same time. Moreover, to
rule out the possibility of survivosship bias as an alternative explanation for our results,
we used COX proportional hazard models to firstly determine prospectively if the
presence of an g2-allele or an g4-allele increased the risk of PD and secondly to detet-
mine the risk of the development of dementia during longitudinal follow-up in PD pa-
tients who were not demented at baseline. In the first analysis PD was the dependent
variable and the APOE genotype the independent variable, whereas in the sccond
analysis dementia was the dependent variable and APOE genotype the independent
variable. In all analyses we adjusted for age at examination at baseline and gender and
we excluded subjects with the APOE2E4 genotype since this genotype may obscure
differences between APOE*2 and APOE*4,

RESULTS

The characteristics of the study population and the APOE genotype disttibutions are
summarized in Table 1, After exclusion of participants with the APOE2E4 genotype
(three patients with PID and 132 non-parkinsonian participants), APOE genotype for
the analyses was available for 104 PD patients ( 22 prevalent and three incident PD
with dementia and 55 prevalent and 24 incident PD without dementia} and 4673 non-
parkinsonian controls. All genotype distributions were in Hardy-Weinberg equilibrium.
The crude and adjusted ORs with 95%CI for the associations between the APOE
genotype with PD), with and without dementia are listed in Table 2. Persons with at
least one €2-allele had significantly more often P (OR=1.7; 95%CE: 1.0-2.8). We
found no association between the g4-allele and PD (OR=1.0; 95%ClL: 0.6-1.6). For
non-demented PD patients as compared to non-parkinsonian subjects, no association
was found for cither the g2-allele (OR=1.2; 95%CI: 0.7-2.2) or the gd-allele (OR=0.7;
95%CL: 0.4-1.2). However, both the e2-allele (OR=5.6; 95%CI: 2,2-15.2) and the e4-
altele (OR 3.6; 95%CL 1.3-9.9) strongly increased the risk of PD with dementia. To
assess whether these findings could be explained by misclassification of AD as D with
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Fable 1

The characteristics and the distribution of the APQOE genotype and alleles of the study population.
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Table 2

The association between the APOE genoctype and Parkinson’s disease {PD) with and without dementia and

dementia with parkinsonism.
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ism. We found a strong association for the gd-allele (OR=4.1; 95%CI: 1.7-9.7) as ex-
pected, but no association for the £2-allele (OR=1.7; (.5-5.6) with dementia with par-
kinsonism (Table 2), When we restricted ourselves to incident cases of PD, we found
results that were similar to those found for the eatire group of PD (adjusted OR for at
least one g2-allele: OR=2.0; 95%CT: (1.8-5.2, for at least one gd-allele; OR=1.5; 95%CL
0.6-3.6). When we looked prospectively at the risk of dementia in PD patients not de-
mented at baseline, we found that the presence of at least one &2-allele strongly in-
creased the tisk of dementia (OR=13.5; 95%C1L: 1.3-136.2); for presence of at least one
g4-allele we found no such reladon (OR=1,5; 95%C1:0.6-3.7).

The ORs with 95%CI for the association between PD and dementia stratified on
the APOE genotype are listed in Table 3. Overall, patients with PD had an almost threc
times higher risk of dementia as compared to non-parkinsonian participants. This ap-
peared cntirely due to the increased risk of dementia among PD patients with either an
APOE*4 or APOE*?, genotype. The strength of the association between PI and de-
mentia in the APOE*2 stratum as compared to the APOE*4 stratum or the APOE3E3
stratum, suggested multiplicative interacdon between PD and the APOE*2 genotype.
Adding a multiplicative interacdon term of PID and the APOE genotype to the multi-
variate model, revealed a strong interaction between the APOE*2 genotype and PD
(p<0.007).

Finally, we verified the well-established association of the g4-allele with dementia in
the control populatdon (n=4763). As expected, the presence of at least one £d-allele
significantly increased the tisk of dementa (OR=2.2; 95%ClL: 1.7-2.9), whereas the €2-
allete was not associated with dementia (OR (.8; 95%C1: 0.5-1.2),

Table 3
The risk of dementia in Parkinson’s disease patients stratified by the APOE genotype.
APOE qenotvpe . Overall -~ "APOE3E3 .~ APOE*4 - APOE*2
genotPE  n=4777) = 1n=2841) (n=1250 ~  (n=686)
Non-parkinsonlan 4 oo 1oyen  1oweh  10Geh
controls RN .
PD cases - ’
crude S6.214.1-9.3) 2.2(1.0-4.8)  7.31(3.1-17.2) 14.6 {5.8-36.5)
adjusted - S2.8(1.8-4.8) 0.91(0.3-2.1) 2.5610.8-6.8 - 7.7(2.2-27.3}
- (=104) (=58 (=23 (=23

*Values are odds ratios adjusted for age and gender with 95% confidence intervals in parentheses.
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DISCUSSION

In this study among the eldetly we found that cartiers of the apolipoprotein &2-allele
had a significantly increased risk of PD, in pardcular of PD with dementia, and that
presence of at least one g2-zllele multiplied the risk to develop dementia in PD patients.
The apolipoprotein gd-allele was not associated with PD overall, bug, as expected, the
£4 allele increased the risk of dementia in PD patents in a very similar way as ir in-
creases the risk of dementia in the general population. No associations were found for
the APOFE genotype with PD without dementia,

One should consider whether our findings could result from bias, in particular mis-
classification, selection ot survival bias, We consider misclassification of AD or LBD
patients as P patients with dementia unlikely, as we carefully restricted the diagnosis
PD to those in whom the onset of parkinsonian signs had cleatly preceded the cogni-
tive changes in absence of other clinical features, Moreover, if misclassification would
have occurred, it might, in part, account for the associations we found for the gd-allele
but not for the g2-allele. Selection bias is a potential threat in association studies. In
contrast to other studies,®” our control population was both derived from the same
source population as the PD patents and based on a general, not necessarily healthy,
elderly population, including institutionalized persons. This minimized the possibility of
selection bias in our study. Finally, since the g2-allele has been reported to be a genetic
factor for longevity,2* one should consider that our findings might be a result of selec-
tdve survival. In order to rule out bias due to selecdve survivorship we looked at the risk
of dementia prospectively in non-demented PD patients and found that presence of the
g2-allele did increase the risk of the development of dementia in non-demented PD
patients, Although the confidence interval of the point estimate was wide, mainly duc
to the small sample size, these results confirm the overall findings. Moreover, we stud-
ied survival of cartiers of the €2-allele in the Rotterdam Study, but found no association
between APOF#2 and survival (uapublished data). Hitherto, only one study reported
an association between the g2-allele and PD), however without distinguishing between
PD patients with or without dementia.!'é Nevertheless, when we reviewed the studies
that investigated APOFE genotype in relation to PD, we found that in most of them the
frequency of the g2-allele in PD patients,® -13 or in PD patients with dementia'!® was
actually increased, albeit not statistically significant. These other observatdons corrabo-

rate our view that the association that we found for the §2-allele with PD with dementia

therefore our findings may not generalize to younger patents with PD,
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It is as yet unclear what might be the underlying pathologic mechanism. Whereas
the ed-allele occuts at an increased frequency in AD2 and P-amyloid plaques and
neuro-fibrillary tangles (NFT’s) are increased in the brains of individuals with the &4-
allele as compared to those who lack the e-4 allele,?326 the g2-allele does not increase
the risk of AD. If anything, it has been suggested to play a protective role in AD and
senile plaque formation 7 Interestingly however, recently a high frequency of the £2-
allele in a subset of NFT-predominant senile dementia has been reported.?s The authors
hypothesized that this type of dementia was distinet from AD.? Moreover, the g2-allele
has been associated with Argyrophilic Grain Discase,” and an association of the &2-

allele with cerebral amyloid angiopathy has been reported.®

The strong association of APOE*2 with PD with dementia and not with PD with-
out dementia or dementia with parkinsonism and the observation that the g2-allele
strongly increases the risk of dementia in non-demented PD patients suggests that PD
with and without dementia have, at least partly, a different pathogenesis. Trurther re-
search to elucidate a possible specific role of the €2-allele in neurodegencration is re-

quired.
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STUDY DESIGN FOR A GENOME- " P

WIDE SCREEN FOR SUSCEPTIBILITY GENES
IN PARKINSON’S DISEASE IN EUROPE
AND LINKAGE RESULTS ON CHROMOSOME
2P AND 4

Abstract

In the last few years evidence increased that genetic factors influence the occurrence of
Parkinson's disease (PD}]. We established a European Consortium on Genetic Susceptibif-
ity in PD {GSPD) with the objective to study other, not yet identified, susceptibility genes
in affected sib paifrs with PD. We present here the overall design of the study and restlts
from genetic analyses on three chromosomal regions that are of interest in PD (2p, 4p,
4q).

The GSPD-study started in 1995 with the recruitment of families with at feast two
affected siblings with PD and was conducted in five Furopean countries. The diagnosis
PD was made if proven pathologically or if three out of the four cardinal signs fbradyki-
nesfa, rigidity, resting tremor, asymmetry of signs at onset), at least a 30 % improve-
ment with levodopa and no exclusion criterfa were present. All the affected family mem-
bers were personally examined, videotaped and blood samples were taken using a stan-
dardised protocol. In addition blood was colfected from parents and unaffected siblings.
Up to the end of 1999 a total of 194 affected sib pairs from 176 families was identified.
For the current analyses regarding chromosome 2p, 4q and 4p we genotyped 125 highly
informative families with PD using 12 DNA-markers.

We observed a nominal p-value lower than 0.05 for the pairwise lod score on
D28571394, suggesting the presence of a susceptibility region. Country-specific lod scores
suggested possible linkage to the PARK3 Jocus for German sib pairs,

We have successfully established a European Consortium and recruited a large num-
ber of affected sib pairs with PD for a genome wide search for susceptibility genes in
PD. Our initial analyses did not reveal significant susceptibility regions on Chr 2p, 4p and
4q.

INTRODUCTION

Parkinson’s disease (PD) is a common neurodegenerative disorder among the elderfy.'?

-.In.Europe the overall age-standardised prevalence for-PD in-subjects-55 years-or older
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is 1.6 per 100, with an increasing frequency up to 4.3% in those aged 85 years and
over.? Despite intensive efforts, the cause of PD remains still laggely unknown and
treatment is symptomatic with only temporary results. However, there is increasing evi-
dence that genetic factors play an imporeant role in the etiology of PD.

For many decades scveral investigators repotted family clusteting of PD.3* Familial
linkage studies and candidate gene studies have been carried out to investigate the role
of genetic factors and the pattern of inhetitance in PD, but the results are controver-
sial>* The first evidence that PD can be inherited as a single gene defect came when a
mutation in the o-synuclein gene was identified that caused PD in the Contursi kin-
dred, a large family with PD with an autosomal dominant inheritance pattern.’ Since
then, another mutation in O-synuclein,® a mutation in UCH-L17 and two loci (2p13¥
and 4p14-16.3% have been found in relation to autosomal dominanty inherited PD.
Purthermore, a wide vaticty of mutations in the Parkin gene responsible for autosomal
recessive juvenile parkinsonism (AR-JP) have been reported.!®!t The PD genes re-
ported so far provide convincing evidence that PID is a genetically heterogeneous disot-
der, yet they account for only a minority of familial cases of PD.121> It is likely that sev-
eral other yet not identified genes are responsible for genetic susceptibility to PD. We
therefore started a Huropean collaboradve study on affected siblings to further investi-
gate genetic factors in PD. The affected sib pair (ASP) method does not need an as-
sumption about the mode of inheritance and is therefore an appropriate strategy for
mapping genes of a complex disease trait such as P The European Consortium
on Genetic Susceptibility to Parkinson’s Disease (GSPD), consisting of five clinical
pattners and four lab partners, was established in 1995 and aimed to recruit ASPs and
large families with PD for a genome-wide search for susceptibility genes in PD.

The first analysis was conducted on chromosomal regions that were of potential
interest, because of eatlier findings related to PD with loci on 4q21-q23 (g-synuclein
gene),® 4pld (UCH-L1 gene),” 4p14-16.3 (suscepdbility locus)? and 2p13 (susceptibility
locus).? We report here the overall design of the GSPD study as well as the results of

the first genctic analyses on chromosome 2p, 4p and 4q.

METHODS

Families

The GSPD-study, which js still ongoing, started in 1995 with the recruitment of fami-
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United Kingdom. Different established links and communication networks were used
to identify families with at least two affected sibs with PD. In France, a network of
senior clinicians from 15 neurological departiments of university hospitals was estab-
lished to identify families with PD. In Germany families wete ascertained through uni-
versity departments of Neutology and the German PD lay organisation. Tn Italy families
were identified through a case control study of PID in Naples, studies of familial PD in
Rome, and a collaborative network of neurologists interested in PD from the Italian
Neurological Society, the Italian League against PD and two patents organisations. In
the Netherlands all neurologists were requested to notify affected families to the study
centre in Rotterdam. In the UK all neurologists were requested to notify families with
PD to the centre in Tondon, Moreover, the PD society (a lay organisation), the PD re-
search group (a network of clinicians interested in PD rescarch) and the British Neu-

rological Surveillance Unit were asked to identify families.

Ascertainment and diagnostic procedures.

In all countries the affected family members were visited either at home or in a hospital
for an interview, blood sampling and a clinical examination. This was done by a clini-
cian with experience in the diagnosis of PD, using a standard protocol. All padents
wete videotaped according to a standard procedure. Any doubtful case was discussed
with other reviewers experienced in the diagnosis of PD and a consensus agreed as to
inclade or exclude the patients concerned. Patients and their affected relatives were
included in the study if PID was proven pathologically or if they met the following rig-
orous diagnostic criteria for clinically definite PD: (1) at least three out of four cardinal
signs (bradykinesia, rigidity, resting tremor, asymimetry of signs at onset), and (2) at least
a 30 % improvement with levodopa therapy, and (3) no exclusion ctiteria, Exclusion
criteria were: supranuclear palsy, pyramidal syndrome, cercbellar signs, dyspraxia, severe
enly loss of postural reflexes, prominent eatly urinary symptoms, significant postural
hypotension, a mini mental state examination (MMSE) scote of fess then 24/30 within
two years of onset, neuroleptic drug ingestion in the six months prior (o onset, en-
cephalitis or possible toxic exposure in the six months ptior to onset. If the age of on-
see was younger then 40 years, Wilson’s disease and other metabolic causes of parkin-
sonism had to be excluded too. From each participant, 30-ml venous blood was sam-
pled for DNA extraction. In order to determine allele segregation in the families, we
collected blood from parents and unaffected siblings, if available. If both parents were
alive, we did not collect blood samples from unaffected siblings. A sib was defined as
_unaffected if he or she did not show clinical.charactetistics compatible-with-PD .- Tf-one-
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parent was alive, we collected blood samples from this parent and two unaffected sib-
lings, If parents were not alive anymore, we collected blood from up to four unaffected
siblings if available. All participants gave their informed consent according to the Dec-
laration of Helsinki for examination, videotaping, bloodsampling and genotyping, Each
partner obtained cthical approval for this project from his or her institutional ethical

comimittee,

Datamanagement

Three databases were designed for accurate storage and transfer of data for appropriate
data analyses. Al clinical information is stored in a standard database format, central-
ised in Paris (AD), that will allow the study of phenotype/genotype correlations, All
core information on DNA-samples and family trees is stored in the central database in
London (NW). Results of the genotyping are stored in the genotype database in Paris
(M), This database is used to perform the linkage analyses and to control inter-lab

consistency.

Genotyping

Four partners from Patis (AB), Munich (T'G), Rotterdam (BA) and London (NW) are
patticipating in the laboratory work. At each lab centre and the Italian clinical centre,
DNA was extracted {from venous blood samples using standard techniques and sead to
the repository in London. We analysed three regions on chromosome 2p, 4p and 4q in
125 highly informative families with ASPs using the markers D28441, 252109,
D2813%4, D482397, D45391, D4S1609, D4S230, D4S405, D4S3350, D45i647,
D451578 and D452380 from the Géncthon map for the genotyping. In all families
DNA of parents or unaffected siblings was available to determine allele segregation,
Techniques for semi-automated DNA amplification using the polymerase chain reac-
tion and fluorescent oligonucleotides primers to analyse fragment sizes on an auto-

mated sequencer (ABT) were used for the genotyping, 122

Data-analysis

Matker allele frequencies were set to their maximum likelihood values estimated in the
data with the computer program VITESSE?! Pairwise and multipoint model free link-
age 'imlch% wete conducted with the SIBPAIR22 and the \'I_LBGH‘”»24 ptogmms re-

Qpphcs to the wholc slbsinp of qffccted s1blmgs Thc p'nnwse statistic is eqquient to
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the LOD score calculated under the assumption of a simple recessive disease model.®
To test for linkage, the likelihoods over all families are maximised as a function of the
rate of marker alleles IBDD (y) among affected siblings, and the likelihood ratio test sta-
tistic is calculated against the null hypothesis of no linkage (y=0.5). The statistic follows
a chi-square distribution with one degree of freedom (df} and can thus be expressed as
a LOD score.

RESULTS

Up to the end of 1999, 246 familics were recruited with familial PD. In total 43 families
were excluded because one or both of the affected sibs did not (yet) fulfif our stringent
critetia, mainly did not receive T-DOPA treatment. Another 27 familics were excluded
because they had mutations in the Parkin gene (unpublished data). A total of 176 ASP
families fit the criteria for inclusion in the penome-wide screen. The description of
families and country of origin are presented in Table 1. We have 167 families with two
affected siblings (167 ASP) and 9 families with three affected siblings (27 ASPs), hence
a total of 194 ASPs out of 361 patients with PD. The clinical characteristics of all pa-
tients included in the GSPD study thusfar arve listed in Table 2.

At present only two point T.OD scores were available. Multipoint LOD scores were

not available due to uncertainties on marker location and order,

Table 1

Characteristics and origin of the sib palr families.

2™ E R 8 0
T e ] oa=F 3.8
G2 g R e R e
- = : e e RREiN e N
L E%. EES . BS B

Origin 0B NI SN Y 2% 8lm

Germany 1 1 22

France. .. 2 61

Netherlands 2

“Tetal T e (i K 176"
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Table 2
Clinical characteristics of the 366 patients with definite Parkinson’s disease in 198 sib
pairs

Number of Affected sib pairs. .l 9
Number of patients = = R R i 381
Women : Men - ' R 1761188
Mean age at onset in years (range} T C. T B7.9+11.2 (24-84)
Mean disease duration in years {range} = . S L 9.8+£8.7 {0-34)
Clinical signs - _ R
-atonset . . Micrography (%} - L 4B
il -.'_'___Bradykmema (%} T RIS s .73
. Tremor (%) . I L TR
._ USRI '_'_'Asymmetnc mgns (%) 0 T8
- at éxaminéti_on -'Br_adyks__nema (9B) T T e e
‘Resttremor {%) oo D 8
2 Urinary urgency (%) 30
I Urinary mconnnence (%} s g RS
. "UPDRSoff ST T -_48+25 (n 73)
- UPDRS on R LR L 29217 0= 282)
~“Hoehn and Yahr S 2 Bk 4
e UMIMSE e SRR .'25+9
—'_(')n'tn_"e_atnieht_' ' 'Improvement wnth !evodopa {%) R IR 1= F | ) 30- 100)
Coonn e Mean daily dose of levodopa PR R "_560+350
-+ “Duration of levodopa {reatment in months (vears) ' (}+86 {7)
"-_'_-Dysklnes:as (%) - oo ERCHE .-'46 L

UPDRS Unmed Parkmson s Disease Hatmg Scaie on, under treatment; off wnthouk treatment
MMSE, Mini Mental State Examination :

Table 3
Overall pairwise LOD scores.

Chr 2p : ~-Chr. 4p "-'{ CLichr 4q

f- marker }.::' LOD score marker.'_' LOD score marker' 10D seore'

D2saal o._os_ e '.-'_:9452397 ) 06_"'__.._' .'j'.D4$1_6.47_:__.--_{--'.-:.__ ol
'D252109 013 D4S3%1 . 0.0~ D4SI578 . 0.006 -
D251394 161 . DASIG09 - 0.14 . DAS2IBO . 0
o D4s405 '.‘o 04_
'D4S3350 - 0,012
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The genotyping of the regions 2p, 4p and 4q in 125 families revealed one marker
on Chr 2p, D251394, with a pairwise lod score, LOD=1.61 (nominal p-value=0.003).
For the other markers overall LOD scores were <0.14 (Table 3). When the data were
analysed for specific countties, the pairwise linkage analysis showed p-values smaller
than 5% for marker D48405 in German families (LOD=1.22; p=0.01), marker
D2513%4 in German families (LOD=0.71; p=0.04) and British families (LOD=0.91;
p=0.02) and marker D451647 in Italian families (LOD=0.67; p=0.04). Howevcet, when
these country specific results were adjusted for multiple comparisons (initial p-valucs
adjusted by multiplying the p-values with the number of comparisons (n=6; one overall
and five country specific compatisons)), no marker retained p-values smaller than 5%,

DiscussioN

Thusfar, the European Consortiam on GSPD has identified 194 strictly diagnosed
ASPs without known PD mutations. The initial screen on a highly informative subset
of 125 families with ASPs regarding chromosomal regions 2p, 4p, and 4q resulted in
one marker, with a p-value smaller than 5 %, providing weak evidence for linkage with
Parkinson’s disease. Although three markers produced initial p-valaes <0.05 in country
specific analyses, the findings did not reach significance at the level 5% after correction
for multiple comparisons.

The strengths of this ASP study include the systematic data collection with stan-
dardised documentation and videotaping of the affected individuals, the strict diagnos-
tic criteria that wete used and the international ongoing collaboration through which we
have collected and will continue to collect a large number of familics with PD. An issue
is whether we could have misclassified disease. Although a definite diagnosis of PD is
based on neuropathological findings, we consider it unlikely that our results are biased
because of misclassification of PD. We used very strict criteria to define our cases, with
response to L-DOPA included as a major criterion and a review of any doubtful case
by other experts.

The ASP method is a very approptiate approach to map genes in a complex disease
trait as PD because it does not need an assumption about the mode of inheritance, A
drawback, however, is that the power is usually low, in particular for susceptibility loci
with a low relative risk or low frequency of the risk allele. Because the mode of inheri-
tance of PD is uaknown we cannot exactly estimate the statistical power of our study.26
Hence, abscnce of linkage in our data may not be interpreted as excluding linkage. At
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present we focussed on recessive models, but shortly we will extend the analyses with-
out an assumption about the mode of inheritance.

Although the country-specific results did not reach significance at the level of 5%
after correction for multiple comparison, we did some observations that metit further
discussion, Fitst, the D45405 marker, which is closely localised to the UCH-LI gene,
showed some weak evidence for linkage in German families. The mutation in the
UCH-L1 gene that causes PD was originally detected in a German family.” However,
we did not find that specific mutation or any other mutadons in the coding regions of
UCHL-1 in our familics.!1> Next, the D451647 marker, closely localised to the o-synu-
clein (PARK1), showed some evidence for finkage in lealian families, The first mutadon

in the a-synuclein was also described in Italian families from the Contursi kindred.

However, mutations in the exons of the ¢-synuclein in these families were not
found.'213 Still, the 1D451647 marker remains interesting, since a polymorphism in the
promoter region of the a-synuclein gene (NACP-Rep 1), as well of the closely linked
markers D481647 and D451628marker have been associated with PD.27 Moreover,
linkage disequilibrium between NACP-Repl and the D4S1647 marker was identified in
PD cases, which might include the presence of a susceptibility gene.?’

The only marker for which we found increased lod score in the overall analysis,
D281394, is localised near to the PARK3 locus.® In their initial description of this lo-
cus, Gasser et al. did not find a significant maximum two-peint T.OD score for
D281394, yer the marker was part of the haplotype segregating with two of their fami-
lies.® The fact that we found an initial nominal p-value of 0.04 in German families and
that the initial locus was also detected in German families strengthens the role of the
PARK3 locus as a susceptibility factor for PD.

We have successfully established a BEuropean Consortium and recruited a large
number of affected sib pairs with PD for a genome wide search for susceptibility genes
in PD. Our initial analyses did not reveal significant susceptibility regions on Chr 2p, 4p
and 4q.
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THE [1.LE93MET MUTATION IN THE
UBUQUITIN CARBOXY-TERMINAL-
HYDROXYLASE-I.1 GENE IS NOT OBSERVED
IN HEUROPEAN CASES WITH FAMILIAL
PARKINSON'’S DISEASE,

Abstract

Recently an Hle83Met mutation in the ubiguitin-carboxy-terminal-hydrolase-L 1 gene (UCH-
L1) has been described in a German family with Parkinson’s Disease (PD). The authors
showed that this mutation is responsible for an impaired proteolytic activity of the UCH-
LT protein and may lead to an abnormal aggregation of proteins in the brain, In order to
determine the importance of this or any other mutation in the coding region of the UCH-
L1 gene in PD, we performed mutation analysis on Caucasian families with at least two
affected sibs. We did not detect any mutations in the UCH-LT gene, however, we cannot
exclude mutations in the regulatory or intronic regions of the UCH-LT gene since these
regions were not sequenced.

We conclude that the UCH-LT gene is not a major gene responsible for familial PD.

INTRODUCTION

Parkinson’s disease (PD) is one of the most common neurodegenerative disorders, The
prevalence of PD in Europe in subjects aged 55 years and older is 1.6%.12 PD is char-
acterized by a progressive neuronal degeneration, which mainly affects the dopaminer-
gic neurons in the nigrostriatal system but also other regions of the brain® The pres-
ence of intraneuronal inclusions, known as Lewy bodies in the pars compacta of the
substantia nigra, is genetally considered as the pathologic hallmark of PD, albeit not
totally specific.’ The major clinical signs of the disease include resting tremor, bradyki-
nesia, tigidity and postural distarbances with a good response to treatment with levo-
dopa. The cause(s) of PD are still largely unknown. In the vast majority, PD occurs in a
sporadic form. However, in the last few years there is increasing evidence that some

forms of familial PD are genctically determined.+* At present, it is generally accepted

""""""" that PD-is~a-genetically heterogeneous disorder Tr-isknown that-matations in-the o
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synuclein gene are responsible for a small minority of autosomal dominant inherited
PD78, whereas mutations in Parkin are responsible for some cases of autosomal reces-
sive inherited parkinsonism.*69, Recently, a missense mutation in the ubiquitin-carboxy-
terminal-hydrolase-L1 (UCH-L1) gene encoding for the UCH-L.1 protein has been re-
potted in relation to PD." The authors showed that this lle93Met mutation is respon-
sible for an, in vitro, partial loss of the catalytic thiol protease activity of the UCH-L1
protein, which may lead to aberrations in the proteolytic pathway and aggregaton of
proteins.!® This missense mutarion was found in two affected sibs of a German family
in which two other members also werc affected with PD. It was suggested that the dis-
ease appearcd to be autosomal dominant with incomplete penetrance.!® The gene for
human UCH-LI has been mapped to chromosome 4p14.1t Howevet, a large family
with levodopa-responsive Lewy body parkinsonism, in which a chromosome 4pld
haplotype scgregates with disease, has also been described. UCH-L1 was excluded as a
candidate gene by both gene sequencing, for coding regions, and as a heterozygous
coding vatient (S18Y} in two affected individuals demonstrated exptession of the gene
from both chromosomes.® We present here the results of mutation analysis on the
complete coding region of the UCH-LI gene in families with PD, that werc recruited as
part of the study of the European Consortium on Genetic Susceptibility in Parkinson’s
disease.'? All these families were previously tested for allele sharing on chromosome 4p

{unpublished data).

METHODS

In this study, we only included European Caucasian families with PD. In all familics, at
least two affected sibs in cach family were present. PD was diagnosed using the rigor-
ous criteria of idiopathic PD according to a similar study design as has been described
by Maraganore and co-workers,!3 All patients gave their informed consent according to
the Declaration of Helsinki. As part of the ongoing total genome screen in families with
PD, up to present, 96 affected families with PD were tested for allele sharing on chro-
mosome 4p. The markers used to test for allele sharing on chromosome 4p are
DA48230, D451609, D4S391, D452397, and D48405, spanning 12.4cM telomeric to
centromeric on the Genethon Map. Since the family described by Leroy and col-
leagues!® showed an apparent autosomal dominant (AD) inheritance pattern, only those
families, that showed an inheritance pattern compatible with AD) transmission, were
eligible for mutation analysis for the UCH-L1 gene, Mutation analysis was performed
on. the .complete. coding.region.of the JCH:L1.gene in one randomly. selected . sibling
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Table 1
Characteristics and origin of the individuals sequenced for the UCH-L1 gene.

Che T T " mean duration
‘number of - Individuals mean age of onset :

.(__)rigi__n.:"_' _';': g T e of illness.
French - 4 4 57 o (9 3; i 12 8 (14.5__)
German . 1 B 18
Italian : A 4 __ﬁ-56_.5__(7.3)_3 . 75458)
Dutch . 2 2 61027 10564
Tahle 2

Primer sequences and PCR product size of the UCH-L1 gene.

exon. primer : __fq_rwa;_d__(_s_ 3 ) AT reverse .{3..51 : .. slze lbp)

142 Ex1 +2 -"CTC_CCC_C_TGC_AcAGqcc_iT_cA'.__ _GTCCCTGCCAGCAGCCGGAA_.--_._; 383

3 Eca '_'-__'CTCCfCCCAGGcTQGGGT T CTCAAGCTGGGGAGCGGE © . 1307
4. "Ex4 . . TGCACTCTCATICTGAGATG :._'_':GATGGGTGGCCTCTAAACCC_-'_' 228
5+6 " Ex 5+6 * 'AGGTTGCTCAGCATGTTCAG ' CAGTAGAAACACAGATGGC =~ 364

75000 BT ':CTTAGTGGGCTTAGAATAGG_'_-":_AAGTGCCCTCATGAGAATAC a7

8 LExB i __"_ATCTAGGCTAGGTAAGCACG . TGCTGGCTATACTGGAAGAG - 271"
ExQ ‘GGAGCCTTTCCCTATGTGAC . ACCACATCCAAGGTCTTAAC 465 ..

from those families in which two affected siblings shared a haplotype for all 5 markers.
The characteristics and country of origin of the individuals tested for mutations in the
UCH-LI gene are listed in Table 1. DNA was extracted from blood using standard
technicues. All exons of the UCH-I.1 gene, including flanking intronic sequences, were
amplified from genomic DNA using specific primets. The sequences of the primers are
shown in Table 2. The PCR reactions and product sequencing were done similatly to

the study of Lincoln and co-workers.!*

RESULTS

In total, 29 out of the 96 families showed an inheritance pattern compatible with auto-
somal dominant transmission. Of these 29 families, DNA of 11 affected siblings was

scquenced for mutations in the UCH-1,1 gene because they shared a haplotype for all
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mean duration of dlness of 10.9 years £ 9.4 years. All individuals were analyzed for
mutatdons in any coding region of the UCH-I.1 gene. Tirst, we scarched for the
He93Met alteration at nucleotide position 277 as described previously,! We did not
observe this mutation in the UCH-L1 gene in the 11 affected siblings that were sc-
quenced. To further detect mutations in the UCH-LI gene we systematically performed
sequence analysis of exons 1 to 9. Subsequently we identified the C54A variant in exon
3 in one Dutch sibling and one Italian sibling, This creates a novel Rsal restriction site
and is responsible for a serine to tyrosine substitution at codon 18 (§18Y) (Table 2).
The allele frequency we found for this polymorphism was somewhat lower as com-
pared to other studies.3 This could easily be a chance finding since our sample size
was relatively small. Alternatively the difference could be explained by the difference in

genetic background with different allele frequencics.

Di1scuUssioN

The lack of the He93Met mutation or any other mutations in the coding region of the
UCH-L1 gene in our study population suggests that 2 mutation in the UCH-L1 gene is
not a major cause of familial PD in Europe. However, we cannot exclude mutations in
the regulatory or intronic regions, as these regions were not sequenced. Since the
prevalence of the Tle93Met mutation is cutrently unknown and no mutations were
found in 500 control individuals of different ethnic background!’, it could be hypothe-
sized that the mutation found in the German family may be unique in this family, This
explanation is suppotted by the fact that yet no other mutations in the UCH-LI1 gene
were found in the present study, which included German families. Although our results
and very recently another report™ do not support the involvement of the UCH-L1 gene
in the pathogenesis of PD, the malfuncdoning of the ubiquitin-dependent proteolytic
system is known to be involved in the formation of intrancuronal inclusion bodies, 517
Like a-synuclein, UCH-LI is a constituent of Lewy bodies. It is thought to play a role
in the cleavage of polymetic ubiquitin into monomers and may as well hydrolyze C-
terminal esters and amides of ubiquitn.'® Tewy bodies are strongly ubiquitinated and
immunoreactive with neuro-specific ubiquitin carboxy terminal hydrolase and some

subunits of the 265 proteasome. The reports of mutations in the ¢-synuclein gene’#

and the observation that ¢-synuclein is a major component of Lewy bodies® has accel-
erated research in Lewy body formation and deposition, Alpha-synuclein antibodies
have enabled novel, occult pathology to be described in both neurites in idiopathic PD

atid “glia"in niultiple system atrophy (MSA) 19,207 Rieceitly, a
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tially desctibed in Japan and associated with an autosomal recessive juvenile parkinson-
ism (AR-JP), has been mapped to chromosome 6q25.2-¢27.% Mutations in this gene,
named Parkin, have now also been reported in European and Algerian families.*? The
similarity of the Parkin protein® to the ubiquitin protein family suggests that the ubig-
uitin-dependent proteolytic system may play an important role in the pathogenesis of
PD, but the lack of Lewy bodies in AR-JP suggests that not only Lewy body formatdon
but also other factors involved in neurodegeneration like oxidative stress and specific
neurotoxins may be involved in the pathogenesis of PD. At present, it is generally ac-
cepted that a genetic contribution in the etiology to PD is of major impottance and
therefore research should be focussed on other yet unidentified susceptibility genes in
PD.

We conclude that the UCH-LI gene is not a major gene responsible for familial
PD.

REFERENCES

I. de Rijk MC, Breteler MMB, Graveland GA, et al. Prevalence of Parkinson’s disease in the
clderly: the Rotterdam Study. Neurology 1995;45:2143-2146.

2. de Rijk MC, Tzoutio C, Breteler MMB, et al. Prevalence of parkinsonism and Parkinson’s
disease in Europe: the EUROPARKINSCON Collaborative Study. Eurapean Community
Concerted Action on the Epidemiology of Parkinson’s disease. | Neurol Neurosurg Psy-
chiatry 1997;62:10-15.

3. Hughes AJ, Daniel SE, Kilford L, Lees A}, Accuracy of clinical diagnosis of idiopathic
Parkinson’s diseasc: a clinice-pathological study of 100 cases. | Neurol Neurosurg Psychia-
ery 1992;55:181-184.

4. Abbas N, Liicking CB, Ricard S, et al. A wide varicty of mutadons in the parkin gene are
responsible for autosomal recessive parkinsonism in Europe. Hum Mol Genet 1999;8:567-
574.

5. Farrer V], Gwinn-Hardy K, Muenter M, et al. A chromosome 4p haplotype segregating
with Parkinson’s disease and postural tremor. Hum.Mol.Genet 1999;8:81-85.

6. Kitada T, Asakawa S, Hattori N et al. Mutations in the parkin gene cause autosomal reces-
sive juvenile parkinsonism, Nature 199;392:605-608.

7. Kruger R, Kuhn W, Muller T, et al. Ala30Pro mutation in the gene encoding alpha-synu-
clein in Parkinson’s disease, Nat Genet 1998;18:106-108.

8. Polymeropoulos MH, Lavedan C, Leroy E, ct al. Mutadon in the alpha-synuclein gene iden-
tified in families with Parkinson’s disease, Science 1997,276:2045-2047,

9. Tassin |, Dirr A, de Broucker T, et al. Chromosome 6-linked autosomal recessive early-
onset Parkinsonisny: Hinkage in Buropean and Algesian families, extension of the clinical
spectrum, and evidence of a small homozygous deletion in one family. Am ] Hum Genet
1998;63:88-94,

10. Leroy E, Boyer R, Auburger G, et al, The ubiquitin pathway in Parkinson’s disease. Natare
1998:395:451-452, b o




Chapter 4.2

11,

14,

15.

16.

ba

Edwards YH, Fox MF, Povey S, Hinks 1.J, Thompson R], and Day IN. The pene for ha-
man neurone specific ubiquitin C-teyminal hydrolase (UCHLL, PGP9.5) maps to chromo-
some 4pl4. Ann Hum Genet 1991;55:273-278.

Vaughan JR, Durer A, Tassin |, et al. The alpha-synuclein Ala53Thr mutation is not a com-
mon cause of familial Parkinson’s disease: a study of 230 European cases. European Con-
sortium on Genetic Susceptibility in Parkinson’s Discase. Ann Neurol, 44 {1998) 270-273.
Maraganote DM, Harding AE and Marsden CD. A clinical and genctic study of familial
Parkinson’s discase. Mov Disord 1991;6:205-211.

Lincoln §, Vaughan JR, Wood NW, et al. Low frequency of pathogenic mutadons in the
ubiquitin carboxy teyminal hydrolase gene in familial Parkinson’s disease, NeuroRepost
1999;10(2):427-429,

Lowe ], McDermott H, Landon M, Mayer R} and Wilkinson KD, Ubiquitin carboxyl-termi-
naf hydrolase (PGP 9.5) is sclectively present in ubiquitinated inclusion bodies characteristic
of human neurodegenerative diseases. J Pathol 1990;161:153-160.

Manetto V, Abdul-Katrim FW, Perry G, Tabaton M, Autilio-Gambettd L and Gambetti P,
Selective presence of ubiquitin in ingracellular inclusions, Am J Pathol 1989;134:505-513.

. Mori H, Konde }, and lhara Y. Ubiquitin is 2 component of paired helical filaments in Als-

heimer’s disease. Science 1987;235:1641-1644,

. Latsen CN, Krantz BA and Wilkinson KD. Substrate specificity of deubiquitinating en-

zymes; ubiquitin C-terminal hydrolases. Biochemistry 1998,37:3358-3368.
Spillantini MG, Schmidt ML, Lee VM, Trojanowski J(, Jakes R and Goedert M. Alpha-
synuclein in Lewy bodies, Nature 1997;388:839-840.

. Dickson DW, Farrer MJ, Mehta ND, et al. Aatibodies to non-amyloid component of

plaques (NACP) specifically label Lewy bodies and Lewy neurites, but not other inclusions
in neurodegeneratve diseases. ] Neuropatho Exp Neurol 1998;57:516.



A WIDE VARIETY OF MUTATIONS
IN 'THE PARKIN GENE IS RESPONSIBLE FOR
AUTOSOMAL RECESSIVE PARKINSONISM IN
FEUROPE

Abstract

Autosomal recessive juvenile parkinsonism (AR-JP, PARK2, OMIM 602544}, one of the
monogenic forms of Parkinson’s Disease (P[), was initially described in Japan. It is char-
actetized by early onset (before age 40), marked response to levodopa treatment, and
levodopa Induced dyskinesias. The gene responsible for AR-JP was recently identified
and designated parkin. We have analyzed the 12 coding exons of the parkin gene in 35
mostly European families with early onset autosomal recessive parkinsonism. In one fam-
ily, a homozygous deletion of exon 4 could be demonstrated. By direct sequencing of the
exons in the index patients of the remaining 34 families, eight previously undescribed
point mutations fhomozygous or heterozygous) were detected in eight families that in-
cluded 20 patients. The mutations segregated with the disease in the families and were
not detected on 110 to 166 control chromoesomes. Four mulations caused truncation of
the parkin protein. Three were frameshifts (202-203delAG, 255delA, 3271-322insGT} and
one a nonsense mutation (Trpd53Stopl. The other four were missense mutations
{LysT61Asn, Arg266Cys, Arg276Trp, Thrd415Asn] that probably affect amino acids that
are important for the function of the parkin protein, since they resuit in the same pheno-
type as truncating mutations or homozygous exon deletions. Mean age at onset was
38+ 72 years, but onset up to age 58 was observed. Mutations in the parkin gene are
therefore not invariably associated with early onset parkinsonism. In many patients, the
phenotype is indistinguishable from that of idiopathic PD. This study has shown that a
wide variety of different mutations in the parkin gene is a8 common cause of autosomal
recessive parkinsonism in Europe, and that different types of point mutations seem to be
more frequently responsible for the disease phenotype than are deletions.

INTRODUCTION

Parkinson’s Discase (PD) is a frequent neurodegenerative disorder with a prevalence
close to 2% after age 65." The major signs of the disease are tremot, rigidity and brady-




Chapter 4.3

caused by a massive loss of dopaminergic neurons in the pats compacta of the substan-
tia nigra, The etiology of the disease is still unknown, but the existence of genctic sus-
ceptibility factors is strongly suspected.? Several familial forms of PD wich autosomal
domipant fransmission have been reported. Mutations in the o-synuclein gene on
chromosome 4q21-q23 were described in several PD families with eatly onset and rapid
disease progression.>* However, ¢-synuclein is a minor locus, found only in a subset of
familics with dominant transmission.>” A second susceptbility locus was localized on
chromosome 2p13 in German families with autosomal dominant PID.# A parkinsonian
syndrome with autosotnal recessive transmission (AR-1P, PARK2, OMIM 602544) was
first described in Japan.21® AR-JP patients show the typical signs of PD, but they are
associated with: 1) catly onset, typically before the age of 40; ii) dystonia at onset; if)
diurnal Auctuations; iv) slow disease progression; v} early and severe levodopa induced
dyskinesias, In a few cases, neuropathological examination has shown a massive loss of
dopaminergic neurons in the pars compacta of the substantia nigra, but the absence of
Lewy bodies, the histopathological hallmark of PD.%1112 Recently, the AR-JP locus,
designated PARKZ, was mapped to chtomosome 6¢25.2-27 in consanguineous Japan-
esc familics.)> Subsequently, linkage analyses, our ownl! and others’, have demon-
strated the existence of non-Japanese PARKZ families in Burope, the United States and
the Middle East. Homozygous deletions of one or more microsatellite markers in 3 AR-
JP families greatly reduced the initial 17 cM candidate interval "1 Very recently, Kitada
et al. identified a novel gene, designated parkin, in which homozygous deletions of ci-
ther exon 4 or 3-7 were detected in four Japanesc families with AR-JP.U7 The parkin
gene has an estimated genomic size of 500 kb and consists of 12 coding exons with an
open reading frame of 1395 bp. The corresponding protein, parkin, composed of 465
amino acids, shows moderate homology to ubiquitin at the amino terminus and con-
tains a RING-finger motf at the carboxy terminus,'? Subsequently, homozygous dele-
tions of exon 3 were found in two Buropean families and of exon 8-9 in one Algerian
family.!s To date, rwo point mutations in the patkin gene have been reported in two
Turkish AR-JP familics.!”

In order to determine the frequency and the diversity of mutations in the parkin
gene as a cause for the AR-JP phenotype in Europe, we amplified the 12 coding exons
of the parkin gene in 35 families with autosomal recessive carly onset parkinsonism and

sequenced the exons in the patients that did not show homozygous ¢xon dele tions.
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RESULTS

A new family with an exon 4 deletion

A homozygous deledion of exon 4 was detected in all 3 patients of an Italian family (IT-
005), previously shown to be homozygous for four markers at the disease locus
{figare 1),

Point mutations in the parkin gene

In the index patients from the 34 familics that did not show homozygous exon dele-
tions, sequence analysis of all coding exons, including the exon intron boundaries, re-
vealed 11 sequence variations in exons and 3 in introns (table [). Eight of the exonic
variations cosegregated with the disorder in the familics (figures 2) and were not de-
tected in 110 to 166 control chromosomes (table 1). They are therefore most probably
causative mutations (figure 3),

Four mutations resulted in truncated proteins: 202-203delAG in exon 2 of families
IT-020 and UK-086, 255delA in exon 2 of family FR-096, 321-322insGT in exon 3 of
family FR-119, and 1459G>A (Trp453Stop) in exon 12 of family IT-006. These muta-
tions were homozygous in patients, except for the 202-203delAG mutation in families
IT-020 and UK-086.

Four missense mutations wete observed: In family IT-020, a heterozygous 584A=T
transversion (Lys161Asn) in exen 4 was detected in addidon to the 202-203detAG
mutation described above. Segregation analysis showed that the two mutations were
located on different alleles, and that all patients were compound heterozygotes (figure
2). Two other heterozygous, non-conservative amino acid changes were observed in
exon 7 of patients from families DE-012 and IT-015: 867C>T (Arg256Cys) and
924C>T (Arg275T1p), respectively. Finally, a homozygous 1345C>A wansversion in
exon 11 of all patients from family TT-014 resulted in a conservative (Thrd415Asn)
amino acid change.

In three of the families with heterozygous mutations (UK-086, DE-012,I1T-015), no
complementary heterozygous mutation could be detected by sequencing,

Polymorphisms

Three of the 11 exonic sequence variations were detected in control chromosomes, and

one non conscrvative amino acid change. A 601G>A transidon (Ser167Asn) was het-
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Table 1

Variants of the parkin gene

et shings oo T ot g st opace fagmentengih 0TS, ey o
] . : " mutation detection inbp the variant
: A [ stop codon - - : : . : cases
exonic _ R )
Ex2 202-203delAG - GIn34/Stop37 frameshitt . PAGE - - WT: 308 B5 0%
i S . o c : :-V: 306
Ex2 258delld Asn52/Stop87 - framieshift “Fok1l | ; CWT: 278+ 30 83 0%
l. S S . creation of site V: 222457430
Ex3 327.322insGT | Tig74/Stop87 frameshift ASO 83 0%
Ex4 BB4A>T " Lys167Asn .. Tnissense TASO SR 83 0%
Exd BOIG>A | -Ser1B87Asn | .rnissense CAMWN | CWT: 164+97 83 1%
: . o R SRR “'loss of site . V: 261

Ex7 E87C>T " Arg256Cys 1 0 missense ASC . . 83 0%
Ex7 924C>T Arg275Trp _ missense CSauldAl o WT: 142597 83 0%

S E B S lossof siteé | - V: 239

Ex10° 1238G>C 0 0 T Val380Leu ‘missense - - - ASO g ; 45 16%
Ex11 1281G>A 1 Asp394Asn . missense Tag | WT: 227+ 84 20 7%

B R ST co “loss of site .- - TV 303 ..
Ex11 ... .. 7245C>A - S THrEIBAsn . rhissénse - ASO o _ Lo 83 0%
Ex12 . 71459654 . Trp453Stop 1 ‘nonsense SNV WT 142417 +35+61 ‘83 0%
: L S e L lossofsite iU V159435461 : '
intronic S : B ST :
htron2 WS2+25T>C SBsN T WT 308 bp 45 19%
S - ey . creation ofsite” 0 V: 264 +44 bp - ' '
Atron3 o IV83-20C>T LMl COUWT 201480 - 45 10%
. L S TR T dossofsitet . CUVI 281 :

ntron7 - IVS7-3BASG CMaglle o WT: 206 36 . 27%

SRR IR FERREEE R S S SR E S tEY | éreation of site . - V159447
The nucicotide numbers are given actording to the ¢DNA sequence published in the: DNA Data Bank of Japan {DDBJ; accession number:
ABO09873);. PAGE = polyacrylamide gel eléctrophoresis; ASQ = allele specific oligonlcledtide; causative mutations are given in bold-faced italics.
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Figure 1

IT“OOS Homozygous exon 4 deletion in the
patients of the [talian family IT-005.

Bands {(PCR products of the indi-
cated exons) correspond to the
Q IZI numbered individuals. Btack squares
(men) and circles {women) repre-
i sent affected individuals. Age at
58y|41y 38yé) J) I onset {in years) is given above the
. O patient’s symbol. Slashed symbols
indicate deceased individuals.

11 12 13 61 62 63 Ex = exon, i = inner, o = outer.

erozygous in only one of the two affected members of family FR-730 and on 1% of
the control chromosomes (2/166). 1n addition, it was found in all sibs, including an
unaffected, of family IT-020, in which the diseasc is already explained by the compound
heterozygosity of two causative mutations (see above). A 1239G>C transversion
(Val380Leu) in exon 10 was either heterozygous or homozygous in 11 families (IT-014,
IT-020, F1-058, FR-017, FR029, I'R-038, FR-096, FR-431,UK-006, UK-086, DE-022).
It did not segregate with the discase and was found on 16% of control chromosomes,
A 1281G>A transition (causing the non conservative Asp394Asn change) in exon 11
was heterozygous in the index patient of family UK-046 and heterozygous ot homozy-
gous on 7% of control chromosomes,

Variants in introns 2, 3 and 7 (IVS2+25T>C, IVS3-20C>T, IVST-35A>G), were
located at distance from the splice sites. These polymorphisms were detected on con-
trol chromosomes at a frequency of 19%, 10% and 27%, respectively (table [). Finally,
a homozygous 768C>T transition (Pro223Ser) was found in all individuals scquenced,

suggesting that 768C was an ertor in the initial cDONA sequence.!?
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Figure 2 {left)

Families with point mutations in the parkin gene. Complete cosegregation of the muta-
tion with the disease is shown. Black squares [men) and circles (women} represent af-
fected individuals with age at onset (in years} indicated above the patient’s symbol.
Slashed symbols indicate deceased individuals. The numbers of unaffected sibs not
analyzed are given in diamonds. For each mutation the genotype of the family member is
indicated {+/+ = homozygous wild type, +/- = heterozygous for the mutation, -/-
homozygous for the mutation}. Under each genotype, the detection data are shown.
PAGE: elactrophoregrams with allele sizes in bp. ASQO: autoradiograms of mutated and
wild type allele. Restriction assay: PCR products after digestion with the appropriate
restriction enzyme, Fragment fengths in bp are indicated. Mut = mutated; nd = age at
onset not determined, as patient is unaware of her clinical signs.

Functional domains of the parkin protein

According to the PROSITE program, the conservative amino acid change Thrd15Asn
is located within the consensus sequence for putative phosphorylaton sites of cAMP-
and ¢cGMP-dependent protein kinases (IKIKTT) and protein kinase C (TTK). The trun-
cating nonsense mutation Trp453Stop is located within a putative N-myristoylation site

(GCEWNR).
Truncating mutations
255delA
202-203delAG || 321-322insGT Trpa53Stop
o 4
\ M.,
5’ UTR = | 3" UTR
EEm—— S 3 4 51 8 7 &} o 10 2 [
Ubiguitin ﬂ ﬂ ﬂRlNG N
ATG (Starty TAG (Stop)
Lys161Asn  Arg256Cys Thrd15Asn
Arg275Trp
Missense mutations
Figure 3

Point mutations in the parkin gene. The coding sequence of the gene with its 12 exons is
represented as a bar. Exons are numbered 1 to 12. The sight causative point mutations
are positioned according to their effect on the protein {truncating versus missense}. The
ubiquitin-like domain and the RING finger motif are hatched. For the mutations Thr415Asn

SE—— ared Tfp4538tﬁp thie p‘utative‘"‘phosphuryia‘tin‘n Sit'e'S""(P)'an'd the 'N"-myrist'ovfation'"'Si‘ie {ML .....................................
respectively, are indicated. UTR = untranslated region.

Gb



Table 2

¢Iinical characteristics of 31 patients from 12 Parkin families according to the type of mutation

‘Deletion .70 _Truhc'a'til_-n'g s ::- Lo Missense ©iTotal :
'ammes {patients) RICEIE S A Cozaen
Mean sge st onset (range] 33.9 ¢16 3758 382 *80(2753) 425+ 8.5 (30- 56) e 121 (7-58)
Jlean disease duration (range) 14.8 & 65 (3-26) 183 9.4 '(4'-:29')' : 16.3 £ 8.9(0.5:31) 15,8 : 8. 0 (0.5-31)
Hoehn and Yah score SR 34 %11 2209 0 28208 o Zgw 0
Bradykmema s CMAr g L eT%
igidity 10T e BERANE - :__'-_97%':-
Tremor 81 - 7 - e8%
Dystonia at anset N B ST SO/ 30%
Good response to Ievodopa (de novo: cases) L 10/10 m 9/9 2/9(2) L00%
-Jysklnesaa B0 R A R 8/9 o 71% _ .-
fluctuations o _ _5/1'0'- = e o ND 50%
ank reflexes lower fimbs *. - Clant e L3 33%
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Genotype/phenotype correlations

Point mutations were present in cight families, that included 20 patients (table 2). The
patients of family I'T-020 with a truncating mutation on one allele and a missense mu-
tation on the other allele were classified in the missense mutation group, assuming that
missense mueations may be less deleterious if they result in only partial loss of function
of the parkin protein, thereby determining the severity of the illness. Accordingly, the
patients of the families for whom only one heterozygous mutation could be detected
were included among the truncating (UK-086) or missense mutations (DE-012, IT-
015).

The 11 patients with homozygous exon deletions of the parkin gene (3 previously
published families'® and family 1T-005), the 11 patients with missense mutations (4
families) and the 9 patients with truncating mutations (4 families), showed an overall
phenotype of catly onset parkinsonism (table 2). Mean age at onsct was 38112, ranging
from 7 to 58. Parkinsonian rigidity (97%) and bradykinesia (97%) were almost always
present, whereas tremor was observed in only 68%, These features were associated with
dystonia at onset in 30% and with brisk reflexes in the lower limbs without a Babinski
sign in 33%. After a mean disease duration of 16+8 years, dyskinesias and fluctuations
wete present in 71% and 50%, respectively. The etfect of the mutations on age at onset,
severity or frequency of signs did not differ significantly among the paticnts carrying
different types of mutations,

DiIsCcuUssION

The initial report of Kitada et al. describing homozygous deletions of exon 4 or 3-7 in 4
Japanese familics!?, our own observation of homozygous deletions of cxon 3 or 8-9 in
two Buropean and one Algerian family!®, and the newly identified exon 4 deletion in an
Italian family show that a variety of deletions in the parkin gene can cause autosomal
recessive parkinsonism, with age ar onsct as late as 58, as observed in the Italian family
FT-005 (figure 1). However, is was suspected that other types of mutations (e.g. point
mutations) might be a more common cause of the disease.!® The only point mutatons
teported to date were two homozygous single base pair substitutions in two consan-
guineous Turkish Familics, which resulted in a Tht240Arg missense mutation in exon 6
and an Ala311Stop nonsense mutation in exon 8. Untl now, however, it could not be

determined whether point mutations in the parkin gene account for a significant pro-
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Taken together, our 3 families with previously reported exon deletions™ and the 9
families with mutations detected in the present study demonstrate that mutations in the
parkin genc are the cause of the disease in approximately 30% of the families with auto-
somal recessive parkinsonism analyzed (12/38), including 11/35 from Europe, Point
mutations were detected in 2/3 of our families (8 of 12 familics) and thus seem to be
more frequent than homozygous exon deletions (4 of 12 families).

The fact that a second mutation could not be detected in families DE-012, FT-015
and UI-086 (which were heterozygous for only one mutation) suggests the presence of
a complementary mutation that could not be detected by the techniques used in this
study. This second mutation might be located in regions of the genc that were not se-
quenced (e.g. the promotor region) or might be present as a heterozygous exon deletion
that can not be analyzed by simple PCR amplification. However, in order to estimate
the frequency of compound heterozygotes resulting from the combination of a point
mutation and an exon deletion or of two different exon deletions, we compared the
frequencies of the homozygous exon deletions (n=4) and the homozygous point muta-
tions (n=4) in 8 families with known or suspected consanguinity. The frequency for the
two types of homozygous mutations was 50% each in this sample. The frequency of
compound heterozygotes for each of the two combinations {delction + point mutation
ot deletion + deletion) could therefore reach up to 25%. However, the small sample
size precludes accurate estimation of these frequencies.

Only one of the point mutations, the 202-203delAG frameshift, was found in two
families of different origins (Italy and UK), suggesting that the mutation occurred inde-
pendently. Although the patients from these families shared two frequent alleles for the
PARK2-markers D6S411 (allele 2 = 59%) and D6S51550 (allele 2 = 68%), the alleles for
two other tightly linked markers, IDD6S305 and DG6S1579, wete different (data not
shown), indicating that a recent common founder effect is unlikely.

All the point mutations are novel and show that a wide variety of different muta-
tions in the parkin gene can account for the disease. The pathogenic role of the point
mutations was shown by: i) cosegregatdon of the mutations with the disorder in the
families and i) their absence in a large munber of coateol chromosomes (110 to 166
depending on the mutation), All the point mutatons identified are likely to have major
functional consequences. The four truncating mutatons (202-203delAG, 255delA, 321-
322insGT and Trp453Stop), which were detected in homozygous state in 3 of 5 fami-
lies, cleatly cause a loss of function of the parkin protein, compatible with the recessive
mode of inheritance. Three of the missense mutations result in non conservative amino
acid changes (Lys161Asn, Arg256Cys and Arg275Trp). In family IT-020, the 202-

+203delAG frameshife mutation-on one allele; which already-results-in aloss-of function;
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is associated with an appatently deleterious Lys161Asn missense mutation on the other
allele. The conservative Thr415Asn amino acid change, that involves neutral amino
acids with different polar side chains, homozygous in all five patients of family I'T-014,
is located within two consensus sequences of different protein kinases (cAMP- and
cGMP-dependent protein kinases and protein kinase C), and might alter post-transla-
tional modifications, In addition, codon 415 is located very close to the first cysteine of
the RING-finger motif (codon 418) and could affect its structure.

The mutations, which had different effects on the parkin protein, were distributed
over 6 exons, excluding a mutational hot spot. It is interesting to note that, in contrast
to the reported Gln311Stop mutation'?, the truncating point mutations identified in this
study cotrespond to the N- and C-terminal regions of the parkin protein (ubiquitin-like
and RING-finger motif, respectively), whereas the missensc mutations affect the more
central regions of the protein, as does the Thr240Arg mutation.!” The previously de-
scribed ubiquitin-like and RING-finger domains were not affected by the missense
mutations. The carboxy terminal region appears to be extremely impottant since a ho-
mozygous Trpd53Stop nonsense mutation, which only removes the last 12 carboxy
terminal residues, causes the disease, perhaps by altering a N-mytistoylation site be-
tween codons 450-455, that prevents a necessary post-transladonal modificadon of the
protein. The absence of significant clinical differences in this study among the patients
with different types of mutations supgests that the modified amino acids arc all of
functional importance and that their replacement, like the truncating mutadons, causes
loss of function, The location of the mutations may therefore point to unknown func-
tional domains.

The phenotype of the families with point mutations in the parkiz gene and those
with exon deletions covered a clinical spectrum that was broader than in the Japanese
families originally described!”!?, and is often very close to that of idiopathic PD (table
2). Mean age at onset, 38, was that of early onset PD. In 13 paticnts, however, onsct
occurred after age 40, Dystonia or brisk reflexes were less frequent than previously re-
ported. ™Y Overall, the phenotypes of patdents classified according to the effect of the
mutations on the parkin protein were similar, although the earlier ages at onset, 7 to 18
years, were observed in the Algerian family with deletion of exons 8 and 9.2 Similarly
early onset was also observed in the Japanese family with deletion of exon 3-7 (17) as
well as in the patient with the GIn311Stop mutation!?, raising the question of the func-
tional consequences of exon deletions and truncating events in specific regions of the
parkin protcin, especially as onset within our patients group with trancating mutations

was later (between 27 and 53 years).
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Finally, three exonic variants (Set167Asn, Val380Leu and Asp394Asn) were classi-
fied as polymorphisms, since they were detected at different frequencies (between 1 and
16 %) on control chromosomes. In some families, they did not segregate with the dis-
easc. Furthermore, they were found in a family in which the discase was explained by
other mutations (the polymorphism Serl67Asn in family IT-020) or were homozygous
in healthy controls (Val380Lcu and Asp394Asn). They are thercfore insufficient to
cause the disease by themselves. They might, however, alter the function of the parkin
protein and contribute to the pathogenesis of idiopathic Parkinson’s Disease. Associa-
tion studies will help to clarify this question.

In conclusion, this study shows that point mutations in the parkin genc are a com-
mon cause of autosomal recessive parkinsonism in Europe and seem to be more fre-
quent than the exon deletions so far described. Fusthermore, the mutations in the par
£in gene are associated with a wide range of ages at onset as well as of clinical signs and
can result in familial parkinsonism clinically indistinguishable from idiopathic Parkin-
son’s Disease. The mutations detected are diverse in their effects on the parkin protein
as well as in their localization within the gene. The diversity of the mutations and the
absence of a mutational hot spot will complicate molecular diagnosis, but the evident
importance of the amino acids affected will help to analyze the function, still unknown,

of the parkin protein.

MATERIALS AND METHODS

Patients and statistical analysis

Thirty-eight families were selected according to the following criteria: 1) presence of
parkinsonism with good response to levodopa (2 30% improvement) in at least 2 sib-
lings, and absence of excluding critetia such as extensor plantar reflexes, ophthalmople-
gia, eatly (after 2 years of disease evolution) dementia or autonomic failure; i) onset =
45 years in at least one of the siblings; iii) inheritance compatible with autosomal reces-
sive transmission (several patients in a single generation with or without known con-
sanguinity), The families originated from France (n=12), Italy (n=10), Germany (n=7),
Great Britain (n=4), Algeria (n=1), Morocco {n=1), The Netherlands (n=1}, Portugal
(n=1), Vietnam (n=1). Four families from Algeria, France, Italy and Portugal were ex-
cluded from sequence analysis because they were found to carry homozygous deletions
of cither exons 3 or 8-9 (18) or cxon 4 (family I'T-005).
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The patients and unaffected relatives were examined by us in one of the movement
disorder clinics of the European Consortium on Genetic Susceptibility in Parkinson's
Disease (GSPD) ot the French Parkinson’s Disease Genetics Study Group, according
to a standardized protocol using the same inclusion and exclusion criteria. All patients
were videotaped and the clinical data were centralized. The Kruskal-Wallis test was used
for comparisons of means, and the %2 test for comparison of frequencies (Yates cor-
rected). Blood samples were taken with informed consent from the patients and their

first degree relatives,

PCR amplification and sequence analysis

The 12 coding exons of the parkin gene trom 35 index patients were amplified from
genomic DNA by PCR as described by Kitada et al.7 1n family 1T-005, an additional
pair of exonic primers was used for exon 3 (Ex3iFor (53>AATTGTGACCTGGATCA-
GC-3) and Ex3iRev (5-CTGGACTTCCAGCTGGTGGTGAG-3)). For exons 4 and
7 only the intronic primer pairs were used. The same primers were used for the sequen-
cing of the PCR products of the 12 exons on both strands using the “Big Dyc Termina-
tor Cycle Sequencing Ready Reaction” DNA Sequencing Kit (ABI PRISM), according
to the manufacturer’s recommendations, on an ABI 377 automated sequencer with the
“Sequence Analysis 3.0” (ABI PRISM) sofeware.

Each time a nucleotide variant was identified in an index case, its cosegregation
with the disease was established in the patient’s family, and its frequency was deter-
mined in 36 to 90 controls (with or without other neurological diseases). Three differ-
ent techniques were used to detect mutations in the PCR products corresponding to the
different exons: i) allele specific oligonucleotides (ASO) to detect the wild type and the
variant sequence; ii) digestion with the appropriate restriction endonuclease, iif) poly-
acrylamide gel electrophoresis {table 1). Nucleotide positions were detetmined accord-
ing to the cDNA sequence published in the DNA Data Bank of Japan (DDBJ; acces-
sion number: ABO09973).

ASO

Ten microliter of the PCR product were blotted onto Hybond N* nylon membrancs
(Amersham) after denaturaton at 95°C for 5 min and fixed in a microwave oven at
G00W for 2 min. For exon 3, the primers Ex3iFor and Ex3iRev were used. The oligo-
nucleotides (table 3), labeled with dCTP3 using the Terminal Transferase Kit
(Boehringer Mannheim), were hybridized to the membrane at 44°C overnight in a

buffer conslstlngot 5X SSPE, 5X De dts and 0,1% SDS. The membranes wete
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Table 3
Oligonucleoctides used for the ASO technique
location hucleolide change - oligonucleotide sequence
Ex3 ' 321-322insGT WT: 5"-TGCAGAGACC--GTGGAGAAAA-3
Sl Mo B-GCAGAGACCGTGTGGAGAAA-3
Ex4 .. B84A>T WT: 8-GCCGGGAAAACTCAGGGTA-3' -
e S RN . V:5-GCCGGGAAATCTCAGGGTA-3
Ex7 . 867C>T - WT: 6"-TGCAACTCCCGCCACGTGA-3'
' o © V: B"-TGCAACTCCTGCCACGTGA-3" =
Ex10 1239G>C WT: 5-TGCAGTGCCGTATTTGAAG-3’
: S V: b’- TGCAGTGCCCTATTTGAAG-3'
Ex11 = - 1346C>A - WT: 5-AGAAAACCACCAAGCCCTG-3'

V: 5'-AGAAAACCAACAAGCCCTG-3'

The nueteotide change in the oligonucleotidas is _repres'enteci in bold and und__ettine_ci; WT = wild
type, V = variant )

washed twice for 30 min in 2X 8§SC at 59°C and exposed to MP film (Amersham) for

3-6 hours.

Restriction assay

Fifteen pt of PCR product were digested with restriction enzymes according to the
manufacturer’s recommendations. The expected tragment lengths are given in table 1.

Polyacrylamide gel electrophoresis

A 5-fluorescent (Hex) forward primer (Kitada et al.i") was used to amplify exon 2, The
presence of the 202-203detAG variant, resulting in a shorter PCR product (306 versus
308 bp), was established by fragment size measurement using an ABI 377 automated
sequencer with the “Genescan 2.0.2 and “Genotyper 1.1.17 software (ABL PRISM).

Determination of additional functional domains in the parkin protein

The internet web site PROSITE (http://expasy.hcuge.ch/cgi-bin/scanprosite) was

used to determine additional functional domains of the parkin protein.
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General discussion

¢ N THIS THESIS several studies concerning the genetic susceptibility to Parldnson’s
disease (PD) are described. We studied possible genetic causes of PD in two differ-

ent settings, a population-based cohort study and an affected sib pair study, using
different approaches, including aggregation, association, and linkage sib pair analysis. In
this chapter, after bricfly summarizing our main findings, we will discuss some of the
general and specific methodological issues that pertained to these studies and we will
discuss the definition of the outcome used in our studies. Furthermore, we will discuss
how the identification of genetic factors for PD may further our understanding in the
etiology of this disease. Finally, we will discuss possibilities of future epidemiological

research regarding the etiology of PD.

BACKGROUND

Up to present several hypothescs have been postulated in the ctiology of PD, however
the causes of PD stll largely remain unknown. Over the last two centuties prevailing
thinking about the ctiology of PD alternated continuously between genetic and envi-
ronmental hypotheses. More than a century ago, Gowers! observed that 15% of pa-
tients with PD did have a positve family history, and thus emphasized the importance
of inheritance in the etiology of PD. In the eatly 20 century a possible infectious etiol-
ogy, became more popular, In the last decades several investigators reported familial
agpregation of P2+ The hypothesis of environmental factors in PD was favored in
the eatly ninetcen eighties® and the genetic hypothesis regained strong attention in the
ninetecn nineties. The identifications of genetic defects in families with PD with 2n
autosomal dominant inhetitance pattern®* or with an autosomal recessive inheritance

pattern®® and the repotts of two other loci in families with PD112 stressed the impor-

Table 1
Chromosomal location of genes and loci related to Parkinson’s Disease (PD} or subtypes
of PD with the specific mode of inheritance.

_. .'ﬁ?'C_thlﬁoscmal S

Gene - Firstreport T

a synucieln "'-‘Polymeropoulos et al 1997 4q21q23 L

Parkm 3_--: ._Ketada et a! 199? P '6q25 2 q27 _-_'.'.-.Autosomai recessw.'_';-'
U(,_‘HfL1_. R :Leroy et al 1998 . "."'_'.'.;-4p14 . Autosomal. domlna___
:'Uhkh:.o'w_r'j___:-'__:".'--'.Gasser otal. 1998 '.:;:.__2p13 SR EaE -"':Autosomai dominant. -
Unknown Farrer et al. 1999 S dpia 6. 3 .- Autosomal dominant -
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tance of genetic factors in the etiology of PD or subtypes of PD. The chromosomal
location of these genes and loci together with the mode of inheritance are listed in Ta-
ble 1. These obscrvations provide convincing evidence that PD is genctically hetcroge-
neous. Although genes like o-synuclein,”® UCH-L1% and Parkin®!® can cause PD, they
account for a small minority of patients with PD. The aim of the wotk presented in this
thesis was to obtain mote insight in the role of known and other yet unidentified ge-

netic factors in the ocourrence of PD.

MAIN FINDINGS

Familial aggregation study

We prospectively studied the risk of PD among participants from the Rotterdam Study
with a family history of PD and compared it to those without such a history (chapter 2).
We found that individuals with a positive family history of PD, in particular with at
least two participants with PD, did have an increased risk of PID, suggesting that genetic
factors may play a role in the cause of PD in the elderly,

Genetic association studies

We investigated the role of three candidate genes in PD within the Rotterdam Study
(chapter 3). The first two candidate genes, N-acctyltransferase-2 (NAT-2) and cyto-
chrome P-450 debrisoquine hydroxylase (CYP2DG6), thought to be involved in the me-
tabolism of neurotoxins, have been associated with P13 In our study, both genes
were not associated with PD suggesting that these genes are not likely to play an im-
portant role in the ctology of PD in the Rotterdam Study. Morcover, we studied the
role of the APOLE gene in PD and found that in the eldetly the APOL e2-aflele in-

creases the risk of PD and in patticular the risk of PD with dementia.

The sib pair study

The design of the BEuropean sib pair study with first results from genetic analyses as
well as the evaluation of the significance of mutations in two genes, UCH-L1 and Par-
kin, in these sib pair families are presented in chapter 4. Up to the end of 1999 a total
of 246 families with at least two affected siblings were identified and all information has
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a p-value<0.05 suggesting the presence of a susceptibility region. Mutations in the
UCH-L1 gene in families with PD with an inheritance pattern compatible with autoso-
mal dominant transmission were not found. Different mutations in the Parkin gene,
responsible for an autosomal recessive juvenite parkinsonism (AR-JP) initially described
in Japan,” are 2 common cause for carly onset autosomal recessive parkinsonism in
Europe. However, the phenotype of this subtype of PD in our study was indistinguish-
able from that of idiopathic PID.

METHODOLOGICAL CONSIDERATIONS

in this section we will discuss specific methodological issues that pertained to the three
different approaches of studying genctic susceptibility to PD presented in this thesis,

Familial aggregation study

A familial aggregation study is generally the first step to provide evidence for inheri-
tance of a disease. In familial aggregation studies the frequency of the same disease in
relatives of a group of cases with the disease of intetest are compared to the frequency
of the diseasc in relatives of an appropriate control population. However, family mem-
bers sharing eavironmental risk factors may explain familial aggregation. Therefore
studies on familial aggregation should be interpreted cautiously. Although several stud-
ies have reported familial aggregation of PD, no prospective population based studies
on familial aggregation of PD in the cldetly have been published. These considerations
were motive to study familial aggregation of PD in the Rotterdam Study.

Selection bias due to selective lost to follow-up is a major threat in prospective
population based studies. Since lost to follow-up was less than one percent in the Rot-
terdam Study, it is unlikely that this type of bias has occurred. One might consider that
if family history were related to early mottality, sclection bias might have been intro-
duced because the individual did not live long enough to develop PD. We did not find
an association between family history and survival suggesting that selective mortality
did not bias our results.

Information bias, due to misclassification of discase status of family membets, is
another threat in our aggregation study. A problem in a positive family history is that
individuals also refer to other diseascs like essential tremor og senile tremor and other
patkinsonian disorders. On the other hand, eldetly people are more likely to loose track

_of their relatives, Due to the large number of indi

family histoty for each relative and therefore had to rely on self-repotted family history.
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Since this misclassification was most likely to be non-differential it will have attenuated
the risk of PD.

Confounding may have occutred since several environmental tisk factors that could
mimic familial aggregation have been postulated to play a role in PD. However, apast
from smoking no consistent results have been published,!s Smoking has been reported
to protect against PI.!5 It could be hypothesized that individuals from families with a
positive history for PD may smoke less thus increasing their risk of PD. We did not
find evidence for smoking being a confounder in familial aggregation of PD in our

study.

Genetic association studies

Genetic association methods are conceptually straightforward methods to study geneti-
cally determined disease entities. In these kind of studies the frequencies of different
genotypes and alleles of the candidate gene are compared between individuals with and
without the outcome of interest, In teality, there is quite a number of difficulties.
Firstly, an approptiate candidate gene has to be found. This may be a gene/protein
playing a possible role in the pathogenesis of disease, ot a gene that is associated with
other disorders that share clinical and/or pathological features. However, usually there
is hardly any solid ground to base the sclectdon of candidate genes on. Secondly, the
power is often very low. If the etiology of the diseasc is multifactorial, a ttue association
might not be observed, Morcover, if there is a low increase in the risk, ot the frequency
of the risk allele is low, we may lack statistical power. In the Rotterdam Study we stud-
ied the role of two candidate genes (CYP2D6 and NAT-2) in 80 patents with PD, The
lowest odds ratdo (OR) at =005 and B=0.80 thar could be detected would be an
OR>2, depending on allele frequency and number of controls. This would mean that
we may have missed a true association if the increased risk of PD for the these genetic
risk factors is lower than 2. Biological plausibility and initial reports showing an in-
creased risk of PD with ORs>2 for both CYP2D6 and NAT-21 were motive to study
these genes in PD in the Rotterdam Study. Consistent associations between APOE and
other neurodegenerative diseases like Alzheimer’s disease!s were motive to perform a
candidate gene association study between APOE and PD.

Selection bias is likely to occur in candidate gene association studies that are per-
formed in a cross sectional case-control design, like in the studies of chapter 3. Since
controls wete chosen from the same source population from which the cases were de-
rived and individuals from the cohort were examined in person, it is not likely that sc-

fection-bias-may-have-oceurred-due-to-an-ill-defined sampling. frame.of. controls.. How-
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ever, selection bias may have occurred due to the inclusion of prevalent and incident
cases in our siudies, Based on the assumption that the genetic determinants are not as-
sociated with duration of disease, this mixing should not lead to bias, However, if the
genetic polymorphisms are associated with co-morbidity, which may alter disease dura-
fion due to sclective sutvival or change in clinical course, this may lead to bias. The
prevalent cases in the mixture may represent a subset of cases that have survived long
enough to be enrolled in the study. This group may be different with respect to tisk
factors, and clinical course, We may partly, solve this problem by using left truncaton
methods if age at onset can be determined exactly, However, this is difficult with an
insidious disease like PID. A large case-control study on incident cases, nested within a
prospective cohort study design is probably the most accurate method to avoid this and
other forms of bias in genetic association studies. In contrast to the NAT-2 and
CYP2D6 genes, the APOE gene was studied also in incident cases. The results did con-
firm the overall findings suggesting that the association between APOE and PD is true.

Potential confounders in genetic association studies besides age and gender are ra-
cial and ethnic background. We did not adjust for racial and ethnic background in the
Rotterdam Study. Most participants are Dutch Caucasian individuals living in this area
for a very long time. However, if unmeasured potential confoundets introduce differ-

ences in allele frequencics this may lead to spurious results.

The sib pair study

It is generally accepted that PD is a genetically complex disease trait in which the mode
of inhetitance is often not clear, The major advantage of the affected sib pair approach
is that the definition of the mode of inhetitance is not required. The major disadvantage
of this method is the large number of families requited. Another disadvantage we may
have is that it is likely that parents and even sibs are not alive anymore duc to the late
onset of PD, which may make it impossible to assess parental haplotypes and handle
the number of alleles identical by descent. The major problem to overcome in ASP
studies is genetic heterogeneity. The proportion of ASPs that may be explained due to
the same gene is determining the power of the ASP study. Strategies to increase homo-
geneity by studying a founder population may increase chances of success,

Successful applications of mapping genes for complex disease traitst??? in sib pairs
as well as the availability of more sophisticated statistical methods motivated the estab-
lishment of a consortiun to recruit affected sib pairs for a genome wide scecen for sus-

ceptibility genes in sib pairs with PD. With the large set of sib pairs we also have the
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opportunity to test the significance of published genetic defects responsible for PD or
subtypes of PD.

DEFINITION OF OUTCOME

The generally accepted diagnostic criteria of PD in epidemiological studies!®?* were
used within the Rotterdam Study and have been presented in the introduction of this
thesis, The diagnostic criteria in the sib pair study were even more rigorous, including
neuropathological diagnosis of PD. However, even neuropathological diagnosis may
bear some misclassification?' In our studies diagnosis of PD was made before the
genotyping. This minimizes the probability of introducing misclassification which, if
any, would be non-differential. To minimize misclassification in the Rotterdam Study it
would be necessaty to use more rigorous criteria. However, this would reduce the
power of several association studies due to the decrease in the number of definite
cases.?” To minimize misclassification one might consider a follow-up strategy of the
affected Individuals in which diagnosis of PD may be rejected if initially unidentified
causes may explain the parkinsonism. This will protect us against false positive diagno-
sis, preventing false negative results, but will lower the power of the study. Another
advantage is that we will have the opportunity to monitor unaffected family members at
risk of PD.

Our probability of success would be even higher with the inclusion of multiplex
families, because we reduce the probability to include nongenctic phenocapies. How-
ever, such families are relatively rare and again we would reduce the power of the study.

Definition of the outcome is a difficult problem to overcome since heterogeneity is
likely to found in a complex discase entity like PD. Whether all genes tesponsible for
PD or parkinsonism represent a specttum of one clinicopathologic eatity or that they
each reflect a different disease entity is not clear and thus subject of debate. From
genotype-phenotype correlation studies we know that there are clinical differences be-
tween the responsible gene and corresponding disease status. However, in many pa-
tents, the phenotype is often indistinguishable [tom that of idiopathic PD.22

GENETIC DEFECTS AND PATHOGENETIC MECHANISMS

The identification of genetic defects responsible for disease may be important in under-
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PD has beent unknown for 2 long time, The discovery of a mutation in the ¢-synuclein
in the Contursi kindred in 19978 has stimulated rescarch in the pathogenetic mecha-
nisms of PD. The availability of ¢-synuclein antibodies has enabled novel, occult pa-
thology to be described in both neurites in idiopathic PD and other parkinsonian disor-
ders,24* The presence of Lewy bodies in association with nearonal loss and depigmen-
tation of the substantia nigra is considered the neuropathologic hallmark in PD, albeit
not totally specific, Lewy bodies are also found in other neurodegenerative diseases like
Lewy body dementia,® and Alzheimer’s disease.?® The c-synuclein protein appeared a
majot component of Lewy bodies,?® which accelerated rescarch in Lewy body forma-
tion and deposidon. We know that the pathogenic ¢-synuclein gene mutations arc re-
sponsible for a minority of familial PID.?7 Moreover, we know that the wild type c-sy-
ntuclein is a major component of Lewy bodics in sporadic PI .22 This suggests that the
aggregation of the normal o-synuclein protein could be triggered by other mechanisms.
For example, damage to the protein®! or abnormal catabolism* may lead to an ab-
normal aggregation. Synuclein abnormalities ate also found in other interesting parkin-
sonian disorders like multiple system atrophy (MSA)?* and amyotrophic lateral sclerosis
(ALS). Moreover, it has been shown that axon pathology in PD and Lewy Body de-
mentia hippocampus contains ¢, -, and y-synuclein.®* This provides even more evi-
dence that synuclein pathology is playing a role in PD and other ncurodegenerative dis-
eases.

Another mutation, responsible for familial PD, was found in the UCH-LI gene.
Like the a-synuclein gene product, the UCH-LI protcin is a constituent of Lewy bod-
ies,® UCH-LI is thought to play a role in the cleavage of polymeric ubiquitin into
monomers and may as well hydrolyze C-terminal esters and amides of ubiquitin.*® The
malfunctioning of the ubiquitin-dependent proteolytic system is known to be involved
in the formation of intrancuronal inclusion bodies.’*7 Recently it has been shown that
the a-synuclein protein is degraded by the ubiquitin-proteasome proteolyic pathway.’?
This suggests thar malfunctioning of this systeim may be involved in the etiology of PD,

Finally, the similatity of the Parkin protein” to the ubiquitin protein family strength-
ens the hypothesis that the ubiquitin-dependent proteolytic system may play a role in
the pathogenesis of PD. However, the lack of Lewy bodies in AR-JP suggests that
other factors in neurodegeneration like oxidative stress™ and specific neurotoxins®® ¥

may be involved in the pathogenesis of PD.
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RECOMMENDATION FOR FUTURE ETIOLOGICAL RESEARCH

The genes or loci described so far in PD are responsible for only a minority of PD
cases. We have to consider that the cause of PD is likely to be multifactorial, in which
two of mote genes together with envitonmental effects may lead to the phenotype(s) of
PD during life. If thete is some hiologic plausibility for interaction, it might be worth-
while studying these kind of interactions. Since these possibilities are so diverse, any
genetic association study, prone to interaction with other genetic or environmental
factors, is subject of debate and results should be interpreted cautiously, To disentangle
these interactions we first have to identify the genetic risk factors since these factors are
usually stable during life. Once genetic risk factors are idendfied the study of interaction
will become mote feasible. Different methods can be used to identify other genetic risk
factors in PD.

Majot genes are more likely to be found in large families or in genetic isolates.
Large families are rare and a major gene responsible for PD in that family may be spe-
cific and not generalizible to other families. However, we may obtain more insight in
the pathogenetic mechanisms of PD.

The advantage of mapping genes in genetic isolates is that a limited number of
genes with a limited number of mutations may be responsible for PD or subtypes of
PD. This reduces the complexity of genetic heterogeneity and the probability of finding
a gene responsible for P will be higher,

Recently a twin study showed that heritability plays a role in carly onset PD*, We
therefore may increase our chances to find a gene, if we focus on carly onset PD. How-
ever, the findings presented in this thesis suggest that genetic factors also play a role in
the eldetly.

As discussed previously the affected sib pair method is a good approach to identify
susceptibility genes in PD. Since this method has been successful in other complex
traits,'"*? it will be worthwhile to collect as much as possible affected sib pairs, Up to
present five European countries have participated in the collection of affected sib pairs.
It is warranted to expand this project both on national and international level, With the
increasing number of IDNA-markers and rapid improvements in molecular genotyping,
the ‘fishing expedition’, ofien used by epidemiologists in classical case-control studies
will aid the identification of susceptibility genes in PD.

The role of the candidate gene association study in identifying genetic risk factors
of a heterogeneous disease like PD is subject of debate. The study design is often sus-

ceptible to several forms of bias. This does not imply that these kind of studies are not
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and the sample size is large enough it can be extremely worthwhile performing these
studies. It is important that cases and controls are sampled from the same source
population in which there is no population admixture. The results should be repro-
duced in other independent datasets with similar study design.

Morecover in genetically complex diseases entitics candidate gene association studies
can play an important role in the fine mapping of regions once susceptibility regions
have been found in linkage studies. Once novel genetic defects have been identified,

it will be important to assess its relevance in a general populadon. Existing datasets,
on population level, like the Rotterdam Study, will be extremely worthwhile to test the
signiticance of these identified genetic defects in PD.

Not only the identification of novel genes, but also the search for other
genes/proteins that might be associated with the genes already known as PD-genes may
be of interest and could be analyzed in the affected sib pait study or the Rotterdam
Study. An excellent example is the structural similarity of the apolipoprotein-E to the
o-synuclein and the increased susceptibility to sporadic PD by  cettain combined o-
synuclein/apolipoprotein-E genotype.! The availability of the sequence of the entire
human genome (HUGO) by the year 2002 will be of majot help in the search of candi-
date genes and genes with homology to the yet identified PD genes. Finally we may
perform genotype-phenotype cotrelation studies. With the identification of other genes
we may classify PD or subtypes of PD.

Current thinking is that the etiology of PD is multifactorial and that several suscep-
tibility genes and envitonmental factors may be involved. The genes and loci described
so far in PD are responsible for a minority of PD patients, 1t is likely that other genetic
risk factors for PID may be discovered shortly, A challenge will then be to find out
whether such genes act in isolation ot in interaction with other genes or environmental
risk factors in bringing out the disease. Studies on the function of the genes that have
been identified will help in understanding the pathophysiology of PD but may also help
direct future etiologic research. The better we understand the causes of PD, the closer

we may get to the ultimate aim of prevention of this commeon disabling disorder.
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SUMMARY

ARKINSON’S DISEASE (PD) is a common neurodegencrative disorder among the
eldetly, and a major health problem due to its disabling character, Clinicaily, PD

is characterized by testing tremor, bradykinesia, rigidity and postural distur-
bances. The cause of PD is still largely unknown and treatment is symptomatic with
only temporaty results, Studies on families with PD have cleatly indicated that genctic
factors may play a role in PD. Since 1997, mutations in three genes, o-synuclein, UCH-
I.1, and Parkin have been identificd as causes of PD. Moreover two loci (2pl3 and
4p14-16.3) have been found that are associated with PD. These obsetvatons provide
convincing evidence that PD is a genetically heterogeneous disorder.

'The objective of the work presented in this thesis was to study genetic susceptibility
to PD. We did this in two different studies, the Rotterdam Study, which is a prospective
population-based cohort study on frequency, etiology and prognosis of chronic diseases
among 7983 individuals aged 55 yeats and ovet, in Ommoord a suburb of Rotterdam,
and in a large Buropean collaborative sib pair study on PD. We used different methods
to study the significance of genetic factors in PD. Firstly, as presented in chapter 2, we
analyzed whether there was familial aggregation of PD in the Rotterdam Study. Sec-
ondly, we performed genetic association studies to study candidate genes in PD (chap-
tet 3). Finally, linkage studies and genetic association studies in affected sib pairs were
used to study genetic susceptibility to PD (chapter 4). All studies were approved by the
Medical Ethical Committee of the Erasmus Medical Center Rotterdam and all partici-
pants gave their informed consent according to the Declaration of Helsinki.

In chapter 2.1, we describe the association between family history of PD and the
tisk of PD in the eldetly population of the Rotterdam Study. To date, no prospective
population bascd studies on familial aggregation of PD have been published. We found
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that individuals with a first degree reladve with PD had a 50% increased risk to develop
PD as compared to those without such a family history. For subjects with at least two
tirst degree relatives with PD che risk was more than fivefold increased, These observa-
tions suggest that genetic factors may play a role in the occutrence of PD in the elderly,

Next, we studied the association between three candidate genes and PD within the
Rotterdam Study (chapter 3). The first two candidate genes, N-acetyltransferase-2
(NAT-2) and eytochrome P-450 debrisoquine hydroxylase (CYP2DO) are thought to be
involved in the metabolism of neurotoxins and have been associated with PD. The
third candidate gene, apolipoptotein-E (APOE}, is as far as known, not involved in the
metabolism of neurotoxins but has been associated with other neurodegenerative dis-
cases including Alzheimer’s discase and Lewy body discase.

In chapter 3.1 we evaluated the role of the NAT-2 gene in PD. The genotype re-
sponsible for slow acetylation was previously repotted to be increased in PI patients,
Slow acetylators are homozygous for any of the mutant alleles and may be more sus-
ceptible to low-level environmental exposuare to neurotoxins, The finding of an in-
creascd frequency of subjects homozygous for the NAT-2 gene mutations would have
been compatible with the view that PD paticats may be less capable to handle certain
endogenous or exogenous toxins, We investigated three mutane alieles, M1, M2 and M3
and the wild type allele of the NAT-2 gene in 80 patients with idiopathic PD and 161
age matched randomly selected control subjects from the Rotterdam Study. The allelic
frequencies and genotype distributions were very similar in cases and controls. Interest-
ingly, in controls the frequency of the wild type allele increased significantly with age
suggesting that the mutant alleles may be associated with an increased risk of mostality
(Preaa<0.001). We concluded that the NAT-2 gene is not a major genetic determinant
of PD, but may be a determinant of mortality in the general population.

In chapter 3.2 the association between the CYP2D6 gene and PD is described.
The CYP2D6 gene is known to be involved in the metabolism of the neurotoxin
MPTP, which has been shown to induce parkinsonism in humans. The initial reports
on the CYP2D6 gene and PD described that poor metabolizers homozygous for any
mutant aflele had an increased risk of PD, Later studies, in other populations, have tried
to confirm the initial findings but with conflicting results. Several explanations, like dif-
ferences in study design or bias in the selection of the control population have been of-
fered for this, The Rotterdam Study provided the possibility to assess the significance
of the CYP2IDX6 gene in PD in a case-control study in which cases and controls were
sampled from the same source populadon. We investigated two mutant alleles,
CYP2D6*3 and CYP2D6*%4, both associated with poor metabolism, and the wild type
~altele-in- 80 patientswith-PD-and-156- control-subjects;-frequency-matched- en-age-and--
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gender, No differences between cases and controls wete found for the poor me-
tabolizer genotype. Out results suggest that the CYP2D6 gene is not a major determi-
nant of PD.

In chapter 3.3 we report the association between the APOE genotype and PD.
The apolipoprotein g4-allele is associated with Alzheimer’s disease and Lewy Body dis-
easc. Reports on APOE genotype and P1) are not consistent. We therefore studied the
tisk of PD with or without dementia as a function of APOE genotype. APOE geno-
typing was available for 107 PD patients (26 with and 81 without dementia) and 4805
non-parkinsonian controls. Individuals with at least one g2-allele were alimost twice as
likely to have PD as compared to individuals with the most {requent genotype
APOE3E3. When we looked separately for demented and non-demented PD patients
as compared to non-parkinsonian controls, APOE genotype appeared not associated

with PD without dementia, but carriers of the g4d-allele and the £2-allele had a four to
five times increased risk of PD with dementia, For carriers of an e4-allele the risk of
dementia was similatly increased in non-PD and PD subjects, however, for carriers of
an g2-allele the increased risk of dementia was confined to PE patients. When we pro-
spectively studied the risk of dementia in non-demented PD patients we found that €2~
allele catriers had a more than 10 times higher risk of dementia as compared to £3€3

subjects, These findings suggest that in the clderly the APOE g2-allele increases the risk
of PD and in particular the risk of PD with dementia.

Chapter 4 is devoted to the analysis of susceptibility genes in European affected
sib pairs with PD, We established a European Consortium on Genetic Susceptibility to
PD (GSPD)} with the objective to study known and other, not yet idendfied, suscepti-
bility genes in affected sib pairs with PD. In this chapter the design of the European sib
pair study is presented as well as the cvaluation of the significance of known mutations
in two genes, UCH-L1 and Parkin, in these sib pairs.

In chapter 4.1 we present the sib pair study design and the results from genetic
analyses on threc interesting chromosomal regions in PD. The GSPD-study statted in
1995 with the recruitment of families with PD and was conducted in five Buropean
countries. Different established links and comnunication networks were used to iden-
tify families with at least two affected sibs with PD using rigorous diagnostic criteria,
All the affected family members were personally examined, videotaped and blood sam-
ples were taken using a standardized protocol. In order to determine allele segregation
in the familics, we collected blood from parents and unaffected siblings if available. Up
to the end of 1999 a total of 246 families with at least two affected siblings from five

countries.were-identified-and-all-information-had-been-stored-in-centralized-databases:
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We performed genotyping in 125 highly informative families with affected sib pairs on
three interesting regions for PD on chromosome 2p and 4p and 4q using 12 DNA-
matkers, For one marker D251394, we obsetved a nominal p-value of 0.05 or lower
suggesting the presence of a susceptibility region,

In chapter 4.2 we present our assessment of mutations in the UCH-I.1 gene in the
sib pair study. A German group had reported a mutation in the UCH-L1 gene, respon-
sible for PID with an inhetitance pattern compatible with autosomal dominant transmis-
sion in a German sibling pair. The muration in this gene is responsible for an impaired
proteolytic activity of the UCH-L1 protein and may lead to an abnormal aggregation of
proteins in the brain, In order to determine the importance of this or any other muta-
tion in the coding region of the UCH-LI gene in PD, we petformed mutation analysis
on the complete coding region of the UCH-T.1 gene among 96 Caucasian affected sib
pair familics, We did not detect any mutations in the UCH-LI gene, however, we could
not exclude murations in the regulatory or intronic repions of the UCH-T.1 gene since
these regions were not sequenced. We concluded that mutations in the UCH-L1 gene
are a rare cause of familial PD,

In chapter 4.3 we studied the Parkin gene, which was initially described in Japan
where it was found to be responsible for autosomal recessive juvenile parkinsonism
(AR-JP). Several mutations in this gene have been described since. We have analyzed
the 12 coding exons of the Parkin gene in 35 familics, mostly Butopean, with early on-
set autosomal recessive parkinsonism, This study has shown that a wide range of differ-
ent mutations in the Parkin gene are a common cause for carly onset autosomal reces-
sive parkinsonism in Burope, and that peine mutations of various types are morte fre-
quently responsible for the disease phenotype than deletions are. Mean age at onset was
38412 years, but onset up to age 58 was observed, showing that mutations in the Par-
kin gene were not invariably associated with early onset parkinsonism defined as an
onset of younger than 45 years, In many patients, the phenotype was indistinguishable
from that of idiopatbic PD.

In chapter 5.1 the findings presented in this thesis were placed in a broader per-
spective, as were issues relating to study design. We discussed some mechanisms that
may potentially underly PD and reflected on the clinical and scientific impact of our
and other genetic studies in PD,

Current thinking is that the etiology of PD is multifactorial and that several suscep-
tibility genes and environmental factors may be involved. The genes and loci described
so far in PD arc responsible for a minotity of PD patients. It is likely that other genetic
risk factors for PD may be discovered shortly. A challenge will then be to find out

whicther such genes actinrisolation-orin-inieractionwith-other genes-ot-environmental ...,
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risk factors in bringing out the disease. Studies on the function of the genes that have
been identified will help in understanding the pathophysiology of PD but may also help
direct future ctiologic research. The better we understand the causes of PD, the closer
we may get to the ultimate aim of prevention of this common disabling disorder.
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Ii ZIEKTE VAN Patkinson is een frequent voorkomende neurodegeneraticve
aandoening onder ouderen en vormt door haar invaliderende karakter cen be-

langrijk gezondheidsprobleem. Klinisch wordt de ziekte van Parkinson geken-

merkt door rusttremor, bradykinesie, rigiditeit en gestoorde houdingsreflexen, De oor-
zaak van de ziekte van Parkinson is nog steeds grotendeels onbekend en de behandeling
is symptomatisch met alleen tijdelijk resultaat,

Studies in familics met de ziekie van Parkinson hebben aangetoond dat genetische
factoren mogelijk een rol spelen bij de ziekte van Parkinson. Vanaf 1997 zijn in drie ge-
nen, o-synuclein, UCH-I.1 en Parkin, mutaties geidentificeerd die de zickte van Parkin-
son veroorzaken. Daarnaast zijn twee loci (2pl3 en 4pl4-16.3) gevonden die geasso-
cieerd zijn met de ziekte van Parkinson. Deze bevindingen leveren overtuigend bewijs
dat de ziekte van Parkinson ecen genetisch heterogene aandoening is.

De doelstelling van het werk beschreven in dit procfschrift was het bestuderen van
de genetische gevoeligheid bij de ziekte van Packinson, We hebben dit gedaan in twee
verschillende studies, het Erasmus Rotterdam Gezondheid en Quderen (ERGO)
onderzoek — in het Engels “the Rotterdam Study” — ecn prospectief bevolkings-
onderzock naar frequentie, corzaak en prognose van chronische aandoeningen onder
7983 inwoners van 55 jaar en ouder in de wijk Ommoord in Rotterdam, en in een groot
samenwerkend Buropees sibparen-onderzoek (paren van broers en/of zusters met de
zickte van Parkinson). We hebben verschillende methoden gebruikt om de significantie
van genetische factoren bij de ziekte van Parkinson te bestuderen. Ten cerste — zoals
beschreven in hoofidstuk 2 —~ hebben we onderzocht of er familieaggregatie bestond bij
de zickte van Parkinson binnen de ERGO-studie. Ten tweede deden we genetisch

_.associaticonderzoek om. kandidaat-genen-bij- de--ziekte-van-Parkinson-te-bestuderen
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(hoofdstuk 3). Ten slotte hebben we gebruik gemaakt van linkage studies en genctisch
associaticonderzoek om genetische gevoeligheid bij de zickte van Parkinson te bestude-
ren in aangedane sibparen. Alle studies werden goedgekeurd door de Medisch Ethische
Commissic van de Erastus Universiteit en alle declnemers hebben toestemming,
gebascerd op het verdrag van Helsinki, verleend voor het verrichten van het onderzoek,

In hoofdstuk 2.1 beschrijven we het verband tussen familiegeschiedenis van de
ziekte van Parkinson en de kans op de ziekte van Parkinson bij ouderen in het ERGO-
onderzoek, Tot op heden is er geen prospecdef bevolkingsonderzoek over familieaggre-
gatie bij de ziekte van Parkinson gepubliceerd. We vonden dat petsonen met ten minste
een cerstegraads familielid met de zickte van Parkinson 50% meer kans hadden op het
krijgen van de ziekte van Parkinson dan personen zonder familieleden met deze aan-
doening, Bij personen met ten minste twee cerstegraads familicleden met de ziekte van
Parkinson was dit risico meer dan vijf keer verhoogd. Deze bevindingen geven aan dat
erfelijke factoren mogelijk een rol spelen bij het ontstaan van de ziekte van Parkinson,

Vervolgens bestudeerden we de associatie tussen drie kandidaat-genen en de ziekte
van Parkinson binnen de ERGO-studie (hoofdstuk 3). De eerste twee kandidaat-
genen, N-acetyltransferase-2 (NAT-2) en het cytochroom P450 debrisoquine hydroxy-
lase (CYP2D6), zijn mogelijk betrokken bij het metzbolisme van neurotoxines en wer-
den geassocieerd met de ziekte van Patkinson. Het derde kandidaat-gen, apolipopro-
teine-F {APOE), is voor zover bekend niet betrokken bij het metabolisme van neuro-
toxinen, maar werd geassocieerd met andere neurodegeneratieve aandoeningen, inclu-
sief de ziekte van Alzheimer.

In hoofdstuk 3.1 evalueerden we de rol van het NAT-2 gen bij de ziekte van
Parkinson. Het genotype verantwoosdelijk voor langzame acetylering werd in het ver-
leden in ecn verhoogde frequentie gevonden bij patiénten met de ziekte van Parkinson.
Langzame acetyleerders zijn homozygoot voor gemuteerde allelen en kunnen cen ver-
hoogde gevoeligheid vertonen voor expositie aan bepaalde neutrotoxines. De bevinding
van een verhoogde frequentie van het genotype homozygoot voor het gemuteerde allel
zou verenighaar zijn met de hypothese dat mensen met de ziekte van Parkinson slechter
in staat zijn bepaalde exogene en endogene neurotoxines te verwerken. We hebben ge-
keken naar drie gemuteerde allelen M1, M2 en M3 en het notmale, meest voorkomende
allel van het NAT-2-gen in 80 patiénten met de ziekte van Parkinson en 161 asclecte
controlepersonen uit het ERGO-onderzoek met dezelfde leeftijd. De verdeling van de
allelen en genotype in patiénten was vergelijkbaar met die van de controlepersonen,
Een interessante bevinding was dat de frequentie van het normale allel toenam met de
leeftijd (Ptrend<0.001) waardoot cen associatie tussen gemuteerde allelen en verhoogd
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rijke determinant is bij de zickte van Parkinson, maar mogelijk een determinant zou
kunnen zijn van sterfte in de algemene populatie,

In hoofdstuk 3.2 wordt het verband tussen het CYP2D6-gen en de zickte van
Parkinson beschreven, Van het CYP2D6-gen is bekend dat dit gen betrokken is bij het
metabolisme van het neurotoxine MPTP, waarvan is aangetoond dat het parkinsonisine
veroorzaakt. De initi€le studie naar het CYP2D6-gen bij de ziekte van Parkinson be-
schreef dat slechte metaboliseerders, homozygoot voor gemuteerde allelen, een ver-
hoogd risico hadden op de ziekte van Parkinson, In latere studies in andere populaties
is geprobeerd de resultaten te reproduceren, echter zonder consistente resultaten. Hiet-
voor wordt een aantal verklatingen, zoals verschillen in studieopzet en vertekening van
de associatie doot selectie van de controlepersonen, gepostuleerd. De ERGO-studie
verschafte de mogelijkheid deze associatie te bestuderen in een patiént/controle-onder-
zoek waarin de patiénten en controlepersonen werden geselecteerd vit dezelfde onder-
zoekspopulatie. We hebben gekeken naar twee gemuteerde allelen en het normale,
meest vootkomende allel, in 80 patiénten met de ziekte van Parkinson en 156 aselecte
controlepersonen uit het ERGO-onderzock met dezclfde leeftijdsverdeling als bij de
patiénten. By werden geen verschillen tussen patiénten ¢n controlepersonen gevonden
voor het genotype verantwoordelijk voor slechte metabolisering, Onze resultaten sug-
gereren dat het CYP2D6-gen geen belangrijke determinant is bij de ziekte van Parkin-
son,

In hoofdstuk 3.3 rapporteren we de associatie tussen APOE genotype en de ziekte
van Parkinson. Het apolipoproteine g4-aliel is geassocicerd met de ziekte van Alzhei-
mer en de Lewy body ziekte. Studies over het APOE gen bij de ziekte van Parkinson
zijn niet consistent, Daarom bestudeerden wij de kans op de ziekte van Parkinson, met
of zonder dementie, als functie van het APOE genotype. APOE gentypering was be-
schikbaar voor 107 patiénten met de ziekte van Patkinson (26 met en 81 zonder de-
mentic) en 4805 controlepersonen zonder parkinsonisme. Petsonten met ten minste een
g2-allel hadden een bijna twee keer verhoogd tisico op het krijgen van de ziekte van
Parkinson vergeleken met personen met het meest frequente genotype APOE3LE3.
Indien we apart keken naar demente en niet demente pati€énten met de ziekte van
Parkinson vonden we geen associatie met de ziekte van Parkinson zonder dementie,

maar dragers van zowel het £2-allel als het g4-allel hadden een vier- tot vijfvoudig ver-

hoogd risico op de ziekte van Patkinson met dementie. Voor dragers van het gd-allel
was de kans op dementie niet significant verschillend voor personen met of zonder de

ziekte van Parkinson, maar voor dragers van het £2-alle]l was het risico van dementie

naar de kans op dementic bij nict demente patiénten met de ziekte van Parkinson, von-
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den we dat dragers van het £2-allel cen meer dan tienvoudig verhoogd risico hadden op
dementie vergeleken met het APOE3E3-genotype. Deze bevindingen suggereren dat
het APOE-g2-allel bij ouderen het risico voor de zickte van Parkinson, in het bijzonder
de ziekte van Parkinson met dementie, verhoogt.

Hoofdstuk 4 is gewijd aan de analyse van gevoeligheidsgenen in Europese sibparen
met de ziekte van Parkinson. Wij richtten ecn Europees consortium aangaande de gene-
tische susceptibiliteit voor de ziekte van Parkinson {(GSPD) op, met als doelstelling be-
kende en onbekende, nog niet geidentificeerde, gevoeligheidsgenen te bestuderen in
aangedane sibparen, In dit hoofdstuk worden het ontwerp van deze studie alsmede de
cvaluatic van de significantie van bekende murtaties in twee genen, UCH-1.1 en Partkin,
in aangedane sibpaten gepresenteerd.

In hoofdstuk 4.1 beschrijven we de opzet van de sibparenstudie en presenteren we
resultaten van drie interessanre chromosomale loci bij de ziekte van Parkinson, De
GSPD-studie startte in 1995 met de werving van families met de ziekte van Parkinson,
uitgevoerd in vijf Europese landen. Verschillende links en communicatienctwerken
werden gebruikt om tamilies met ten minste twee aangedane broers en of zusters met
de ziekte van Parkinson te identificeren met gebruikmaking van zeer strikte diagnosti-
sche criteria. Alle aangedane familieleden werden persoonlijk onderzocht, gefilmd en bjj
alle deelnemers wetd bloed afgenomen volgens een gestandaardiseerd protocol. Om de
allel segregatie vast te stellen werd, indien beschikbaar, bloed afgenomen bij ouders en
niet aangedane broers en of zusters. Tot eind 1999 hebben we in totaal 246 families met
ten minste twee aangedane broers en of zusters geidentificeerd en alle gegevens zijn
opgeslagen in centrale databestanden. In 125 zeer infottnatieve families tnet ten minste
twee aangedane broers en/of zusters hebben we gezocht naar predisponerende gebie-
den met behulp van 12 markets op chromosoom 2p en 4p and 4q, gebruikmakend van
twopoeint en multipoint aangedane sibparen analyses, Voor één matker, D251394, von-
den we een nominale p-waarde kleiner dan 0.05 waardoor de asnwezigheid van een
genetisch suspect gebied wordt gesuggereerd.

In hoofstuk 4.2 beschrijven we het onderzoek naar mutaties in het UCH-L1-gen in
de sibparen. Een Duitse groep rapporteerde in een Duitse familie een mutatie in het
UCH-L1-gen, verantwoordelijk voor de ziekte van Parkinson met cen ovetretvingspa-
troon compatibel met autosomaal dominante transmissic. De mutatie in dit gen is
verantwooidelijk voor een verminderde proteolytische activiteit van het UCH-L1-eiwit,
mogelijk leidend tot een abnormale aggregatie van ciwitten in de hersenen. Om de
significantde van deze en/of andere mutaties in coderende gebieden van dit gen te
bestudexen ‘hebben we mutmcqnfilyqes u1tgevo<:1d bij 96 Kququlschc mbpmenfqmlhcs.

100



Samenvatting

niet coderende gebieden niet konden uitsluiten, daar deze gebieden niet werden geana-
lyseerd. We concluderen dat het UCH-L1-gen een zeldzame oorzaak is voor de familiai-
re ziekte van Parkinson.

In hoofdstuk 4.3 presenteren we het Parkin gen, voor het eerst beschreven in
Japan, waar het verantwoordelijk bleek te zijn voor autosomaal recessief juveniel pat-
kinsonisme (AR-JP). We hebben de 12 coderende gebieden op dit Parkin gen onder-
zocht in 35 familics, de meeste van Europese otigine, met een op vioege leeftijd
beginnend parkinsonisme. Deze studie lnat zien dat cen brede vatiate aan mutaties in
het Parkin gen een algemene oorzaak is van autosomaal recessief parkinsonisme in
Europa en dat puntmutaties vaker verantwoordelijk blijken voor het fenotype van de
zickte dan deleties. De gemiddelde leeftijd waarop de zickte begon was 38+12 jaar, maar
een beginleeftijd van 58 jaar werd ook waatgenomen. De ziekte lijkt hierdoor dus niet
bepetkt tot een vrocge aanzet Bovendien bleek bij veel patiénten de ziekte niet te
onderscheiden van de idiopatische ziekte van Parkinson,

1n hoofdstuk 5.1 worden de resultaten, beschreven in dit proefschrift, geplaatst in
een breder perspectief, evenals opmerkingen aangaande studieopzet. We bespreken
sommige mechanismen die mogelifk ondetliggend zijn aan de zickte van Paskinson,
gereflecteerd aan klinische en wetenschappelijke impact van onze en andere studies aan-
gaande de ziekte van Parkinson,

Het is algemeen aanvaard dat de oorzaak van de zickte van Parkinson multi-
factorieel is, waarbi] verschillende gevocligheidsgenen en omgevingsfactoren mogelijk
betrokken zijn. De tot dusver beschreven genen en loci zijn verantwoordelijk voor
slechts cen kleine groep van patiénten met de ziekte van Parkinson. Het is waarschijn-
lijk dat andere genctische risicofactoren binnenkort zullen worden ontdekt. Een
uitdaging zal dan zijn om te onderzocken of deze genen alleen of in interactie met
andere genen en/of omgevingsfactoren leiden tot de ziekte, Studies naar de functic van
deze geidentificeerde genen zullen bijdragen aan het begtijpen van de pathofysiologie
van de zickte van Parkinson, maar ook tockomstig etiologisch onderzock initiéren. Hoe
beter we de oorzaak van de ziekte van Parkinson begtijpen, des te dichter we zulflen

komen bij het ultieme doel, de preventie van deze invaliderende aandoening.
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