
behaved in a sleep-like manner, and then lost her body
tone. She slept for several tens of seconds, but continued
to exhibit some automatic behaviors. She then woke up
suddenly. These attacks were frequently seen after taking
a meal. We concluded that these attacks were not epi-
lepsy, because her EEG findings showed no epileptic
discharge and the sleep attack disappeared after reducing
the dose of levodopa and pergolide.

The report of a polysomnographic study showed that the
REM latency was shorter in such patients than normal.2 A
report on MSLT documented its shorter latency. There have
been some reports of a narcolepsy-like phenotype in pa-
tients with Parkinson’s disease.3-5 Her video images resem-
bled narcolepsy clinically, although the sleep attack re-
solved after reducing her medication. Furthermore, no
HLA-typing suggestive of narcolepsy was found.

The role of dopaminergic medications in sleep attack is
not understood. Neither functional imaging of the dopamine
transporter nor dopamine denervation has demonstrated any
correlation between the dopamine system and sleepiness.1

A weak but significant correlation was, however, found
between the daily dose of levodopa, or a levodopa equiva-
lent, and sedation.1 The recently discovered neuropeptide
hypocretin is important in maintaining wakefulness and its
deficiency results in narcolepsy/cataplexy.6 Some studies
have found that the cerebrospinal fluid hypocretin-1 levels
were normal in PD patients with daytime sleepiness,7 but
hypocretin neurotransmission is affected in PD.8 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine-treated mice have increased
amounts of REM sleep.9 Hyperdopamine exposure induced
electrophysiological REM activity in the hippocampal area
of mice.10 Furthermore, a D2 dopamine receptor agonist
restored this REM activity.10 Taken together, these data
suggest that this sleep attack phenomenon could be a hy-
persensitivity or a hyperdose reaction to the D2 receptor.

In these patients with sleep attack, the ESS has been
reported to be normal.11,12 In addition, this patient did not
notice her sleep attack and sleepiness. Thus, information
from a patient’s family is very important for diagnosing a
sleep disturbance, particularly sleep attacks in PD patients.
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transmission or a sporadic occurrence due to the reduced
penetrance. A majority of LRRK2 kindreds demonstrate an
extremely variable age-at-onset in affected members of the
same family. The G2019S is the most common LRRK2
mutation, which accounts for 1–5% PD patients in North
America, and up to 40% of patients from an isolated Arab
population. We assessed the frequency of the G2019S mu-
tation in 83 Brazilian PD patients originally preselected for
having an early age-at-onset (<50 years) and/or a positive
family history. The mutation was detected in three pro-
bands (3.5%). Our clinical findings in these kindreds in-
clude the first description of the phenotype in identical
twins discordant for handedness (a general phenomenon
found in �25% monozygotic twins). However, both twins
developed right asymmetric PD. The clinical presentation
of twins was strikingly similar including an identical PD
onset at age 60. This observation may suggest that genetic
factors predominantly determine age-at-onset. © 2007
Movement Disorder Society

Key words: mutation; Parkinson’s disease; G2919S; LRRK;
Brazil.

Parkinson disease (PD) is the most common neurode-
generative movement disorder, affecting �3% of the
population over 65 years of age.1 Mutations in the novel
PD gene (Leucine-Rich Repeat Kinase 2; LRRK2) have
been described in both early- and late-onset idiopathic
forms of the disease.2,3 LRRK2-associated PD follows a
dominant pattern of transmission, however PD may
present in an apparently recessive or sporadic manner
due to the reduced penetrance of LRRK2 mutations.
LRRK2 is now recognized as the most common genetic
cause of PD. There are at least 20 pathogenic LRRK2
mutations, including the most frequent G2019S substi-
tution, which accounts for �5% of familial and �1%
sporadic PD patients in North American datasets.4 Re-
markably, the G2019S mutation is responsible for �20%
of Ashkenazi Jewish patients and up to 40% of PD
patients from one isolated Arab population.5,6 This mu-
tation directly implicates the kinase activity of LRRK2 in
the pathogenic function since the glycine residue
(G2019) is part of the D-Y-G motif of the kinase domain.

The prevalence of the G2019S mutation in Latin
American PD patients remains unknown. Here we de-
scribe the assessment of the G2019S in a Brazilian PD
dataset. Our clinical findings in three LRRK2 families
include the first description of the PD phenotype in
monozygotic twins.

METHODS

Informed consent for research purposes was obtained
from all individuals involved in the study approved by
the research ethics board. Standard neurological exami-
nation was performed on all patients recruited from the

Movement Disorders Unit, Neurology Service, Hospital
de Clı́nicas, Federal University of Paraná, Brazil. All
patients were of Brazilian origin and were diagnosed as
having PD based on published criteria.7 The sample
characteristics are summarized in Table 1. The dataset is
composed of 83 PD patients originally preselected for
having an early age-at-onset (�50 years) (n � 59, 71%)
and/or a positive family history (n � 39, 47%).

Genomic DNA was isolated from blood samples using
the QIAGEN DNA extraction kit. The presence of the
G2019S mutation was evaluated using a restriction di-
gest assay (SfcI) as described previously.8 To confirm the
monozygosity of the twins (no. 7368 and no. 7371) we
genotyped six autosomal microsatellite markers:
D2S2166, D2S319, D3S2748, D6S291, D12S1718, and
D14S1056 (PCR conditions are available upon request).

RESULTS

Genetic Analysis

A mutation screening of LRRK2 was performed on 83
independent PD patients of Brazilian origin. The het-
erozygous G2019S mutation was identified in three pro-
bands (no. 7008, no. 6714, and no. 7368) from the
families BR-1, BR-2, and BR-3, respectively (see Fig. 1).
Segregation analysis was possible only for the BR-3
family with four affected individuals available for study
that demonstrated complete segregation of the G2019S
with PD (Fig. 1c). The genotypes for the randomly
selected highly polymorphic markers were identical for
the patients no. 7368 and no. 7371 confirming the
monozygosity of these twins from the family BR-3:
D2S2166 (238/240 bp), D2S319 (126/128 bp), D3S2748
(105/105 bp), D6S291 (196/198 bp), D12S1718 (154/
154 bp), and D14S1056 (117/117 bp).

Clinical Features

A summary of the clinical characteristics of all af-
fected subjects with the G2019S mutation is shown in
Table 2. Features generally considered atypical for most

TABLE 1. General characteristics of the Brazilian dataset
with Parkinson’s disease (PD)

Sample characteristics PD probands (total n � 83)

Mean age-at-onset (range) � SD 46.5 � 12.7 (15–71 years)
Mean age of examination

(range) � SD 56.5 � 13.2 (19–86 years)
Number of cases with early

onset of PD (%) 59 (71%)
Number of cases with known

family history (%) 39 (47%)
Female (%) 30 (36%)

SD, standard deviation.
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cases of PD (pyramidal signs, oculomotor disturbances,
etc.) were absent. All subjects are of Brazilian origin.
The ancestry for all patients was traced as far back as 3
to 4 generations and was also Brazilian except for the
maternal great-grandmother of the proband from family
BR-1, who was originally from Portugal.

Family BR-1 presented with autosomal dominant in-
heritance of PD (Fig. 1a). The proband (no. 7008) has an
affected parent (not genotyped) who is currently 83-
years-old with a 13-year history of left asymmetric rest-
ing tremor and bradykinesia. This subject reported good
response to regular doses of levodopa (200 mg tid),
peak-dose dyskinesias after about 6 years, wearing off
phenomena after 9 years.

Family BR-2 presented with an apparently sporadic
form of PD (Fig. 1b). The proband’s (no. 6714) clinical
features are described in Table 2.

Family BR-3 has 6 out of 12 siblings affected with PD
(the mode of inheritance is inconclusive since the parents
died in their mid 50’s) (Fig. 1c). Mean age-at-onset for
the six subjects was 63-years-old, ranging between 60
and 76 years of age (Fig. 1c). All four living affected
subjects were formally assessed by one of the authors
and were carriers of the G2019S mutation.

The proband (no. 7371) and its identical twin (no.
7368) are now 63-years-old, and share a strikingly sim-
ilar clinical presentation of PD. Both twins developed
right asymmetric PD, despite the fact that they were
discordant for handedness: the patient no. 7371 is left-
handed and patient no. 7368 is right-handed (a general
phenomenon found in about one of every four monozy-
gotic twins9). Both twins started with asymmetric resting
tremor and rigidity concomitantly at the age of 60. On
examination, cognition was normal, mild unilateral par-
kinsonism with good postural instability, and no atypical
signs were detected. Both were initially treated with a
dopamine agonist. The proband was started on
pramipexole with good symptom control for about 1
year. At that point, pramipexole was stopped and L-dopa
started at low doses due to lower limb edema and poor
symptom control. At a recent follow-up cognition re-
mains intact, with bilateral parkinsonism but still clearly
right asymmetric. Pull test (UPDRS item no. 30) was
scored as 1. L-dopa (125 mg tid) was started with good
response and no motor or neuropsychiatric complica-
tions. The twin no. 7368 could not tolerate pramipexole
at doses higher than 0.25 mg tid due to GI side effects.
L-dopa was also added and this patient is now taking 125

FIG. 1. The pedigree structure of the BR-1 (a), BR-2 (b), and BR-3 (c) families with the heterozygous G2019S mutation. Affected individuals are
shown as filled symbols and the arrow points to the proband. The gender of the individuals has been masked to protect family confidentiality; Mut-
heterozygous G2019S mutation. The age at death of deceased individuals is noted in the upper right corner of the symbols.
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mg tid. The progression of symptoms and clinical pa-
rameters of the twins are very similar, including the now
bilateral disease with mild postural instability. Addition-
ally, patient no. 7368 has mild depression and anxiety,
well controlled with low dose amitriptyline.

Clinical features of the remaining genotyped affected
family members are described in Table 2. The two de-
ceased subjects had a formal diagnosis of PD during life.
The older sibling started with a left asymmetric resting
tremor and rigidity in its early 60’s, and died from a
myocardial infarction at age 82. Data on the second
deceased affected subject was available from medical
records only. Right asymmetric parkinsonism started by
the age of 62 with resting tremor, bradykinesia, rigidity,
and postural instability with repeated falls. A good initial
response to L-dopa was described but the patient even-
tually died from pulmonary complications after a right
hip fracture at age 71.

DISCUSSION

The current study is the first to analyze the frequency
of the G2019S mutation in a Latin-American country,
which demonstrated that this mutation is not a common
cause of PD in Brazilian patients with early-onset and/or
family history of PD. The G2019S was found in three
probands (3.5%), representing 1.7% of our sporadic ear-
ly-onset patients and 5.1% of familial patients. A similar

Portuguese study analyzing 124 late- and early-onset PD
patients found the G2019S mutation in 6% of cases.10

The mutation frequency in our dataset is comparable to
that reported in three other recent studies of PD patients
in North America (1.6%), Germany (1.3%), and Italy
(3%).11–13 These studies also showed that there are no
differences in the frequencies of the G2019S mutation in
probands with early-onset versus late-onset PD, therefore
age-at-onset may not be a distinguishing feature for this
specific genetic subtype of PD. In regard to familial PD,
our results are in the lower range of those found across
Europe, and are comparable to the frequencies found in
North America and North European countries.11,14–16

Since we evaluated only the most common known
mutation, a reliable estimate of the role of LRRK2 mu-
tations in the Brazilian PD population requires sequenc-
ing of the entire LRRK2 gene in all the patients. Ongoing
sequencing study may reveal specific LRRK2 mutation
responsible for PD in our patients, however, Brazilian
population is very heterogeneous as result of five centu-
ries of interethnic marriages between individuals of Eu-
ropean, African, and Amerindian origin. Analysis of
population-specific alleles indicates that almost one third
of those with European ancestry are Portuguese in origin.
The patients studied here were collected from the south
of Brazil where admixture studies showed that 82% of

TABLE 2. Clinical characteristics of patients with the G2019S LRRK2 mutation

Family ID BR-1 BR-2 BR-3 BR-3 BR-3 BR-3

Subject ID 7008 6714 7514 7517 7368 7371
Age at examination 51 50 79 75 63 63
Age of onset 49 39 76 60 60 60
Disease duration 2 11 3 15 3 3
Most affected side Right Right Right Left Right Right
Resting tremor � � � � � �
Rigidity � � � � � �
Bradykinesia � � � � � �
Postural instability � � � � � �
Asymmetry at onset � � � � � �
L-dopa response (mg/day) � (200) � (1,000) � (200) � (300) � (375) � (375)
Dopamine agonist–pramipexole mg/day 3 Not tried Not tried 0.25 0.75 �
Peak dose dyskinesia (years from onset) � � (5) � � (11) � �
Off-dystonia � � � � � �
Motor fluctuations (years from onset) � � (5) � � (12) � �
Surgery (pallidotomy) � � � � � �
Sleep benefit � � � � � �
Psychosis (years from onset) � � (6) � � � �
Dementia � � � � � �
Anxiety/depression � � � � � �
Orthostatic hypotension � � � � � �
Urinary urgensy � � � � � �
Urinary incontinence � � � � � �
REM sleep behaviour disorder � � � � � �
Restless legs syndrome � � � � � �
Hoehn and Yahr scale score 1.5 3 2 3 3 3
Atypical signs � � � � � �
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the population is of European, 7% African, and 11%
Amerindian ancestries.17

The clinical presentation of our cases with the G2019S
mutation was similar to that of idiopathic PD, which is in
keeping with the literature.18 Additionally, two of our
patients were notable for depression and anxiety and one
had restless legs syndrome. Two cases had a relatively
mild phenotype with slow disease progression (duration
�10 years) and only mild treatment-related complica-
tions. As in the patients presented here, the majority of
families with LRRK2 mutations demonstrate an ex-
tremely variable age-at-onset in affected members of the
same family.3 Notably, our study includes the first report
on monozygotic twins with the LRRK2 mutation. There
is only one report describing the finding that the identical
twin of a G2019S mutation carrier remains unaffected 24
years after the onset in his brother.10 However unpub-
lished follow-up data revealed that these siblings were in
fact dizygotic twins (e-mail communication with Dr.
John Hardy; 1/5/2007). Of importance, monozygosity of
the twins reported here was confirmed by the identical
genotypes of polymorphic markers. Evaluation of the
clinical presentation in these Brazilian twins revealed a
very similar phenotype including an identical onset at
age 60. Our finding may suggest that age-at-onset is
largely genetically determined, although it is impossible
to draw firm conclusions on the basis of one twin pair.
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