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Abstract—The frequency of parkin mutations was evaluated in 30 families of highly diverse geographic origin with
early-onset autosomal recessive parkinsonism. Twelve different mutations, six of which were new, were found in 10
families from Europe and Brazil. Patients with parkin mutations had significantly longer disease duration than patients
without the mutation but with similar severity of disease, suggesting a slower disease course. Two patients with parkin
mutations had atypical clinical presentation at onset, with predominant tremor when standing.
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Parkin, a gene initially identified in Japanese fami-
lies with autosomal recessive juvenile parkinsonism,
accounts for 50% of familial and 15% of European
isolated cases with onset before the age of 45 years.1,2

This disease, often indistinguishable from idiopathic
PD, is characterized by selective neuronal death in
the substantia nigra pars compacta. Except for one
case with a specific mutation,3 patients with the par-
kin gene do not have Lewy bodies, the pathologic
hallmark of idiopathic PD.4 Parkin is an E3
ubiquitin-protein ligase that targets specific sub-
strates for degradation through the ubiquitin-
proteasome pathway.5 One of its substrates is a
glycosylated form of 	-synuclein, establishing a link
between parkin and idiopathic PD,6 although the
role of this minor form of 	-synuclein has not been
clarified. The clinical presentation of patients with
the parkin gene is highly variable, with ages at onset
ranging from 7 to 72 years.2,7 Parkin mutations in-
clude many different point mutations and exon rear-
rangements affecting all 12 of the coding exons.1,2,7 In
this study, we screened 30 new families with early-

onset autosomal recessive (EO-AR) parkinsonism for
mutations in the parkin gene using semiquantitative
PCR combined with sequencing of the entire coding
region and the corresponding exon-intron boundaries.

Methods. The families were selected according to the following
criteria: parkinsonian symptoms that were reduced by at least
30% with levodopa treatment; a mode of inheritance compatible
with AR transmission; and onset before the age of 45 years in at
least one affected family member. The families came from France
(n � 11), Brazil (n � 4), Portugal (n � 4), Italy (n � 4), the
Netherlands (n � 2), North Africa (n � 2), Spain (n � 2), and
Turkey (n � 1); four families were known to be consanguineous.
In addition, an index patient (FPD 029 004) with a single exon
rearrangement detected in a previous screen of families with
EO-AR parkinsonism2 was included in the sequence analysis.
Clinical information and peripheral blood were collected with a
standard protocol for each patient and DNA was extracted from
leukocytes according to standard procedures.

All index cases were screened for exon rearrangements in the
parkin gene with a semiquantitative multiplex PCR2 in which
exon 1 can now be analyzed by coamplification with exon 3.8

In the patients in whom the dosage technique detected only
one or no mutations, the entire coding sequence, including the
intron-exon boundaries, was analyzed by sequencing as previously
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Universität München (Dr. Lucking), Klinikum GroBhadern, Munich, Germany; Departamento de Neurologia (Dr. Teive), Hospital de Clinicas, Curitiba,
Brazil; Dipartimento di Scienze Neurologiche (Drs. Ambrosio and De Michele), Università Federico II, Naples, Italy; Laboratorio Genetika (Dr. Raskin),
Curitiba Parana, Brazil; Laboratory of Neurogenetics (M. Farrer and S. Lincoln), Department of Neuroscience, Jacksonville, Florida; Department of
Neurology (Drs. Hattori and Mizuno), Juntendo University School of Medicine, Tokyo, Japan; Serviço de Neurologia (Dr. Guimaraes), Hospital de Egas
Moniz, Lisboa, Portugal; UMC St. Radboud (Dr. Horstink), the Netherlands; Biotechnology Department (W. Dos Santos Bele and J.-F. Deleuze), Aventis
Pharma, Vitry sur Seine, France; Service de Neurologie (Dr. Brousolle), Hospices Civils de Lyon; and Service de Neurologie (Dr. Destee), CHRU de Lille,
Lille, France.
Supported by Assistance Publique-Hôpitaux de Paris, the Association France-Parkinson, the European Community Biomed 2 (BMHCT960664), the NIH (1
R01 NS41723–01A1), the Princess Beatrix Fund, and Aventis-Pharma; and grants on PD from the Italian Ministry of Health and MIUR (G.D.M.).
Received September 20, 2002. Accepted in final form December 24, 2002.
Address correspondence and reprint requests to Dr. Alexis Brice, INSERM U289, Hôpital de la Salpêtrière, 47, Boulevard de L’Hôpital, 75013 Paris, France;
e-mail: brice@ccr.jussieu.fr

1378 Copyright © 2003 by AAN Enterprises, Inc.



described.2 New point mutations were verified by digestion with
restriction enzymes or sequencing as shown in table 1.

One of the point mutations involved a potential splice site
(IVS7–1G3C) that was confirmed by reverse transcription PCR
(RT-PCR). Total RNA was isolated from lymphoblastoid cell lines
and cDNA was prepared using Thermoscript RT-PCR system (In-
vitrogen, Glasgow, Scotland). A first-round PCR was performed
with the forward and reverse primers Ex2iFor (5'-AAGGAGGT
GGTTGCTAAGCGAC-3') and Ex10iRev (5'-CTCCCCTTCATGG
TACGCTTC-3). A second-round PCR was performed with primers
Ex4iFor (5'-CAGGTAGATCAATCTACAACAGC-3') and Ex9iRevNes
(5'-CCATACTGCTGGTACCGGTTG-3'). The PCR products were
sequenced directly using the second-round PCR primers and Big
Dye Terminator Cycle Sequencing Ready Reaction DNA Sequenc-
ing Kit (Applied Biosystems, Weiterstadt, Germany).

Results. Mutations in the parkin gene were detected in 10 of the
30 families with EO-AR parkinsonism and in one previously exam-
ined patient with a heterozygous mutation (table 2). Four of the
point mutations, including one already reported,9 and two of the exon
rearrangements were observed for the first time. None of the new
point mutations were found on more than 100 European control
chromosomes (see table 1). A heterozygous Pro437Leu variant was
also found in a nonconsanguineous family (FPD 256 001) carrying a
homozygous Arg275Trp mutation known to be causative. The bio-
logic significance of the Pro437Leu variant remains therefore to be
determined, although it was already reported in a patient with the
parkin gene.7 The c.102A�T mutation is predicted to produce no
full-length parkin. The use of the next in-frame ATG codon at posi-

tion 80 would result in a parkin protein lacking the ubiquitin-like
domain. The putative IVS7–1G3C splicing mutation was further
analyzed by RT-PCR in patient FPD 227 007 (figure). A 483-bp major
PCR product was detected that lacked exon 8, resulting in a frame-
shift producing a protein truncated at codon 325. An alternative
400-bp transcript that lacked exons 5 and 8 was also detected. Be-
cause the exons 4 through 7 were deleted on the other allele, the
corresponding transcript could not be amplified with primers used.

Age at onset tended to be earlier in patients with the parkin
gene (29 � 12 years) than in those without (38 � 14 years) al-
though the difference was not significant. The overall clinical fea-
tures were similar in both groups but some variations were
observed: patients with the parkin gene had more micrography
(9/24 vs 0/11) and tremor (10/11 vs 13/23) at onset (both p � 0.05).
Although patients with the parkin gene were examined signifi-
cantly later in the course of their disease (17 � 11 vs 9 � 8 years
after onset), the mean daily dose of levodopa was similar (495 �
390 vs 520 � 330 mg). Two patients had atypical presentations.
Patient FPD 235 007, examined at age 53 years, had resting
tremor in both legs at age 27 years that increased markedly when
standing. Tremor was not present while the patient was walking
and did not respond to levodopa. Twelve years later he developed
dopa-responsive parkinsonism. In the second patient, IT 048 099,
disease began at age 47 years with tremor in the right leg, then in
the left leg 1 year later. Tremor was sometimes present at rest but
was mostly observed when standing. The diagnosis of orthostatic
tremor was considered, but the frequency of the tremor (5–6 c/s)
was lower than usual for this condition (12–16 c/s). At age 52
years, the patient developed dopa-responsive parkinsonism.

Table 1 Analysis of four variants in the parkin gene

Mutation Location Primers*
Restriction

enzyme Wild type, bp Mutated, bp
Control chromosomes

examined, n

c.102A�T Ex 1 Ex1ForMut/Ex1Rev Bal 1 53 and 41 94 102

IVS7-1G-�C† Intr 7 Ex7For/Ex7Rev Pvu 11 124 and 82 206 188

Pro437Leu Ex 12 Ex12For/Ex12Rev Pst 1 255 158 and 97 144

Trp445Stop‡ Ex 12 154

* Primer sequences in reference 2, except for Ex1ForMut (5
 CCGCCACCTACCCAGTGGCC 3
).
† Reported in reference 9. Verified here by restriction digestion.
‡ Verified by sequence analysis.

Table 2 Parkin mutations detected in families with EO-AR parkinsonism

Patient Age at onset, y Origin Dosage exons 1–12 Sequence exons 1–12

FPD 214 003 25 France ex6 het del c.1385insA het

FPD 227 007* 43 France ex4-7 het del IVS7-1G->C

FPD 235 013 16 Portugal ex3-6 het del c.255delA het

FPD 256 001 37 The Netherlands Normal Arg275Trp hom/Pro437Leu het

FPD 264 005 45 Brazil ex3-4 het del c.255delA het

FPD 267 016 11 Brazil ex4 hom del ND

FPD 271 004 16 Brazil ex6 het del Normal

FPD 276 001† 31 France ex3-5 hom del ND

IT 048 099‡ 47 Italy ex3-4 hom del ND

FPD 306 005 34 France Normal Trp445Stop hom

FPD 029 004¶ 29 France ex4 het del c.102A>T

Bolding indicates new mutations.

* Sequenced in reference 9.
† Consanguineous family.
‡ Age at onset of his affected brother �45.
¶ Patient with a previously described heterozygous exon rearrangement.2

het � heterozygous; hom � homozygous; del � deletion; ND � not determined.
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Discussion. Parkin mutations were found in 10 of
30 families with AR parkinsonism with onset before
age 45 years, confirming their importance in this
form of parkinsonism. Parkin mutations were de-
tected not only in European patients, but also, and
for the first time, in three Brazilian index cases.
Several new exon rearrangements and point muta-
tions were detected, increasing the list of known mu-
tations in the parkin gene. Two mutations are of
particular interest. The first, a c.102A�T mutation,
should result in the complete absence of parkin. It
was found in combination with a heterozygous dele-
tion of exon 4 that should produce a highly truncated
protein. Surprisingly, these mutations were not asso-
ciated with a particularly severe phenotype or juve-
nile onset in index patient FPD 029 004. The second
is an IVS7–1G3C splicing mutation in patient FPD
227 0079 that causes deletion of exon 8. This was

confirmed by RT-PCR on lymphoblast mRNA, which
also evidenced a splice variant in which exon 5 was
lost as well. Transcripts lacking exon 5 were previ-
ously reported in brain.10

Although the sample was small, there was a ten-
dency for earlier onset and slower disease progres-
sion in patients with the parkin gene compared with
those without. In addition, the mean daily doses of
levodopa were similar in both groups of patients de-
spite the fact that the parkin-positive patients had
been treated almost twice as long. This might be
explained by slower degeneration of the dopaminer-
gic nigrostriatal pathway, a better response to levo-
dopa due to increased presynaptic availability of
levodopa, or to hypersensitivity of postsynaptic dopa-
minergic receptors in patients with the parkin gene
compared with others. Although all patients had par-
kinsonism, two had atypical tremor in the lower
limbs at onset that was particularly prominent when
standing. However, they did not complain of un-
steadiness, and tremor frequency, recorded in one
patient, was lower than in orthostatic tremor.

The spectrum of causative mutations in the par-
kin gene is very wide but no single signs distinguish
parkin from other types of EO-AR parkinsonism, and
molecular analysis is necessary to identify atypical
parkin cases.

Appendix
Members of the French Parkinson’s Disease Genetics Study Group are as
follows: Y. Agid, A-M. Bonnet, M. Borg, A. Brice, E. Broussolle, P. Damier,
A. Destée, A. Dürr, F. Durif, J. Feingold, G. Fénelon, E. Lohmann, M.
Martinez, C. Penet, P. Pollak, O. Rascol, F. Tison, C. Tranchant, M. Vérin,
F. Viallet, M. Vidailhet, and J-M. Warter.

Members of the European Consortium on Genetic Susceptibility in Par-
kinson’s Disease are as follows: N.W. Wood and J.R. Vaughan (United
Kingdom); A. Brice, A. Dürr, M. Martinez, and Y. Agid (France); T. Gasser-
and B. Müller-Myhsok (Germany); M. Breteler, S. Harhangi, and B. Oostra
(The Netherlands); V. Bonifati, N. Vanacore, G. De Michele, E. Fabrizio, A.
Filla, and G. Meco (Italy).

Acknowledgment
The authors thank Sylvain Ricard, Morwena Latouche, Béatrice
Debarges, and Lydia Guennec for technical assistance and Dr.
Merle Ruberg for critical reading of the manuscript.

References
1. Kitada T, Asakawa S, Hattori N, et al. Mutations in the parkin gene

cause autosomal recessive juvenile parkinsonism. Nature 1998;392:
605–608.

2. Lücking CB, Durr A, Bonifati V, et al. Association between early-onset
Parkinson’s disease and mutations in the parkin gene. French Parkin-
son’s Disease Genetics Study Group. N Engl J Med 2000;342:1560–
1567.

3. Farrer M, Chan P, Chen R, et al. Lewy bodies and parkinsonism in
families with parkin mutations. Ann Neurol 2001;50:293–300.

4. Mori H, Kondo T, Yokochi M, et al. Pathologic and biochemical studies
of juvenile parkinsonism linked to chromosome 6q. Neurology 1998;51:
890–892.

5. Shimura H, Hattori N, Kubo S, et al. Familial Parkinson disease gene
product, parkin, is a ubiquitin-protein ligase. Nat Genet 2000;25:302–
305.

6. Shimura H, Schlossmacher MG, Hattori N, et al. Ubiquitination of a
new form of alpha-synuclein by parkin from human brain: implications
for Parkinson’s disease. Science 2001;293:263–269.

7. Nichols WC, Pankratz N, Uniacke SK, et al. Linkage stratification and
mutation analysis at the parkin locus identifies mutation positive Par-
kinson’s disease families. J Med Genet 2002;39:489–492.

Figure. Functional study of the IVS7–1G3C splicing
mutation. Parkin mRNA extracted from lymphoblasts of a
control subject (C) and patient FPD 227 007 with the
IVS7–1G3C mutation and an exon 4 through 7 deletion
was amplified with primers in exons 4 and 9. Reverse
transcriptase PCR products: 545 bp, normal; 483 bp, exon
8 deleted; 400 bp, exon 5 and exon 8 deleted. Deletions
were confirmed by sequencing.

1380 NEUROLOGY 60 April (2 of 2) 2003



8. Lücking CB, Brice A. Semiquantitative PCR for the detection of exon
rearrangements in the parkin gene. In: Potter N. Methods in Molecular
Medicine—Neurogenetics: Methods and Protocols. Totowa, NJ: Hu-
mana Press, 2003 (in press).

9. West A, Periquet M, Lincoln S, et al. Complex relationship between

Parkin mutations and Parkinson disease. Am J Med Genet 2002;114:
584–591.

10. Sunada Y, Saito F, Matsumura K, Shimizu T. Differential expression of
the parkin gene in the human brain and peripheral leukocytes. Neuro-
sci Lett 1998;254:180–182.

Benign adult familial myoclonic epilepsy
Genetic heterogeneity and allelism with ADCME
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Abstract—Benign adult familial myoclonic epilepsy (BAFME) has been mapped to chromosome 8q24; however, genetic
heterogeneity has been recently suggested. The authors report a clinical and electrophysiologic study of two Italian
BAFME families showing linkage to chromosome 2p11.1-q12.2. Their report supports the evidence of non-Japanese
families with BAFME and suggests a possible allelism with the recently described autosomal dominant cortical myoclonus
and epilepsy syndrome.
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Benign adult familial myoclonic epilepsy (BAFME) is
an autosomal dominant syndrome characterized by
adult-onset cortical tremor and generalized seizures,
and is mapped on chromosome 8q24.1-3 Recently, the
same phenotype has been reported in families out-
side Japan without evidence of linkage on chromo-
some 8.4 A similar condition, autosomal dominant
cortical myoclonus and epilepsy (ADCME), showed
linkage to chromosome 2p11.1-q12.2.5 We report two
Italian BAFME families showing linkage to chromo-
some 2 and suggest allelism with ADCME.

Patients and methods. We investigated two unrelated families
(Family A and B) originating from the Naples province in Italy.

Electrophysiologic study. Nine patients from Family A and
five from Family B underwent EEG or videopolygraphic study,
somatosensory evoked potentials (SEPs), and C-reflex. Off-line
jerk-locked averaging analysis (JLA) was performed in six pa-
tients from Family A and in three from Family B. From Patient
A-II:2, only one EEG recording was available. SEPs were judged
as “giant” when the components N20-P25 and P25-N33 were �8.6
�V and 8.4 �V, respectively.6

Genotyping and linkage analysis. Fourteen microsatellite
markers were used to investigate BAFME and ADCME loci on
chromosomes 8q24 (D8S556, D8S1830, D8S555, D8S281,
D8S1694, D8S514, D8S1804) and 2p11.1-q12.2 (D2S2161,
D2S388, D2S2216, D2S2175, D2S113, D2S2264, D2S1897) as de-
scribed.2,3,5 According to the juvenile–adult onset of the disease,
asymptomatic subjects aged �40 years were not included in the
linkage study. Multipoint linkage analysis was performed using
Allegro 1.0 software assuming an AD allele with high penetrance
and frequency of 0.001 and equifrequent marker alleles.

Results. Pedigrees of the families (figure 1) did not have consan-
guineous marriages. Eleven members (10 living, 10 investigated)

of Family A and 10 (7 living, 5 investigated) of Family B had hand
tremors, and seizures occurred in 5 patients from each family. All
patients referred to our centers (n � 15) had normal psychomotor
development, no signs of cognitive impairment, and negative neu-
rologic examination. Clinical and neurophysiologic data are sum-
marized in table 1.

Cortical tremor. Cortical tremor was the onset symptom in all
affected patients, appearing at age 15 to 40 years (mean, 25.1 years)
in Family A and at age 11 to 25 years (mean, 18 years) in Family B.
A decrease in the age at onset was observed through generations,
probably the result of early recognition of symptoms in younger fam-
ily members. Tremor was neither significantly progressive nor re-
duced by �-blockers but was responsive to valproate (VPA) and
clonazepam (CZP). All patients also had distal arrhythmic myoclonic
jerks at upper limbs, which were enhanced by posture.

Seizures. Of the patients referred to our centers, four (40%)
from Family A and three (60%) from Family B experienced sei-
zures. These were rare (one to five episodes) but present in �85%
of members aged �25 years (seven of eight), with onset ranging
from 30 to 50 years (mean, 42.5 years). In Family A, seizures were
sleep related, whereas they occurred randomly in Family B. Pro-
voking factors, such as sleep deprivation, emotional stress, and
photic stimulation, were often reported.

Neuroradiologic examination. Brain MRIs were normal for
the five members from Family A and for the four from Family B
who were investigated.

Antiepileptic drug history. Nine patients were prescribed an-
tiepileptic treatment. Three were treated with VPA and two with
phenobarbital (PB); four were taking a bitherapy (VPA � CNZ,
VPA � PB, or carbamazepine � PB). No further seizures occurred
during therapy.

Electrophysiologic findings. EEG background activity was
normal for 6 patients and slightly slowed, in the slower alpha
band, for 10 patients. Interictal generalized paroxysmal activity
(spike and wave complexes, in short sequences) were seen in these
10 patients. A photoparoxysmal response, diffuse or mostly occip-
ital (type 3 or 1–2 of Waltz7), was seen in eight of the aforemen-
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