
Myoclonus and
Angiokeratomas in Adult

Galactosialidosis

Galactosialidosis is an autosomal recessive lysosomal
storage disorder characterized by a combined deficiency of b-
galactosidase and a-neuraminidase, due to a defect of another
lysosomal protein, cathepsin A. The latter, forms a complex
with b-galactosidase and neuraminidase, and protects them
against excessive proteolytic degradation. Three clinical phe-
notypes had been described: a severe early infantile form; a
milder late infantile type with minor mental deterioration;
and a juvenile/adult form, mainly found in Japan, which is
characterized by slowly progressive neurological symptoms,
skeletal and eye abnormalities, dysmorphism, angiokerato-
mas, and long survival.1 Herein, we report a case of galacto-
sialidosis of the juvenile-adult form in a Peruvian girl with
angiokeratoma corporis diffusum (ACD) and myoclonus.
A 24-year-old woman presented a 5-year history of invol-

untary movements. At age 19, she developed a progressive
myoclonic disorder that started in the lower limbs and
caused frequent falls. The myoclonus subsequently spreads
to other body regions. Five years into the disease, she was
almost wheelchair bound, and other activities such as eating
and speaking were considerably affected. There were, how-
ever, no seizures or cognitive decline.
She was the third child of nonconsanguineous Peruvian

parents and had two older sisters, one of which had skin
lesions but no abnormal movements. There was no family
history of neurological disorders. Further information about
ancestor’s origins couldn’t be obtained, although some orien-
tal features seemed to be present in distant relatives. The
patient’s developmental milestones were normal and she had
a history of anemia and irregular menstrual cycles.
Physical examination revealed densely peppered red mac-

ules ranging from 1 to 3 mm on palms (Fig. 1), elbows,
knees, oral mucosa, lips, and on thighs and loins in a bath-
ing suit distribution. She had distal transverse reddish bands
on her nails and few naevi on her soles. She was short (146
cm) and had course facial features and hypertrichosis. Neu-
rological examination showed mild intellectual dysfunction
(IQ, 68), mild sensorineural hearing impairment, and

decreased visual acuity. Deep tendon reflexes were brisk.
Tone and muscle strength were slightly reduced. She had
multifocal, stimulus sensitive myoclonus triggered by action.
She had a wide-based-bouncing gait and needed help to
walk because of negative myoclonus.

The laboratory tests were all normal except for a mild
microcytic anemia. Cerebrospinal fluid examination (includ-
ing lactate levels) and copper metabolism were normal. She
had subclinical hypothyroidism but no elevated antithyroid
antibodies. Serum gluten antibodies were within normal
range. Ophthalmologic examination revealed myopia, mild
optic atrophy, reduced visual acuity but no macular cherry-
red spots. The electroencephalogram was normal. Needle
electromyography showed myopathic changes with normal
nerve conduction velocities. Muscle biopsy was nonspecific.
Median nerve somatosensory evoked potentials were enlarged
(P25-N33(left/right) ¼ 16/20 lV), but C reflexes were absent.
No visceromegaly was found on abdominal ultrasound. Brain
MRI revealed no abnormalities except vermian atrophy. Basal
ganglia spectroscopy was normal. Histopathological examina-
tion of skin lesions showed telangiectasias and angiokerato-
mas. Angiokeratomas are vascular lesions that can be found
isolated in normal individuals, but when they are wide
spread, the term ACD is used. ACD constitutes the dermato-
logical hallmark of several inherited lysosomal disorders.2 In
a Giemsa-stained peripheral blood smear, small cytoplasmic
vacuoles were observed in the lymphocytes, suggesting a stor-
age disorder. Electron microscopic examination revealed
numerous cytoplasmic vacuoles with electron-lucid granular
deposits in the endothelial cells of blood vessels, in pericytes
(Fig. 2) and fibroblasts. The same characteristic vacuoles were
found in the naevus melanocytes. Assays of enzymatic activ-
ities in leukocytes showed a marked decrease in b-

FIG. 1. Telangiectasias on palms.
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galactosidase (3.1 umol/l/h; normal range: more than 15).
Biochemical analysis showed elevated urinary sialyloligosac-
charides characteristic for galactosialidosis.1

This case was diagnosed as a juvenile/adult form of galac-
tosialidosis based on biochemical and enzymatic tests. This
patient presented with typical features, but so far, she had
no epilepsy or macular cherry-red spots also described
in this disease.1,3–5 She was treated with levetiracetam
2,000 mg/day with improvement of myoclonus. Specific ther-
apy in humans is not available at present.1

In galactosialidosis, sialyloligosaccharides accumulates in
lysosomes of different tissues and are excreted in body fluids.
Previous neuropathological studies have demonstrated neu-
ronal swelling and the accumulation of heterogeneous inclu-
sions and cytoplasmic vacuoles in anterior horn cells, spinal
ganglia, sympathetic ganglia, myenteric plexus, hippocam-
pus, and Meynert nucleus. Endothelin-1, a substrate of ca-
thepsin A, was more recently identified as one of the storage
materials in the cerebellum, hippocampus, and spinal cord.6

To date, most of the patients with juvenile galactosialidosis
were Japanese1,3–5 and we think this is the first case reported
from Latin America. Conceivably, this young woman has the
same genetic mutation as the Japanese subjects perhaps
explained by ancient or more recent migration waves arriving
in Peru. Alternatively, this patient has a different molecular
defect from that seen in the Japanese variant.

Legends to the Video
Segment 1. Action and stimulus sensitive myoclonus is dem-

onstrated. Negative myoclonus interfering with gait improves
after treatment. Course facial features can be observed.
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Domestic Violence and Mistreatment
in Patients with Parkinsonism: Case

Reports, Mechanisms, and Discussion

Domestic violence and other forms of adult mistreatment
are a prevalent problem for society. The abuse of older adults
has a prevalence of 2–10%.1 This includes psychological
abuse, material exploitation, sexual abuse and neglect, as well
as physical harm. Patients with Parkinson’s disease (PD) and
related disorders are at high risk of abuse. Physical disability,
neuropsychiatric complications, and the progressive nature of
the disease as they age make them especially vulnerable. There
is virtually no commentary in the literature about mistreat-
ment in this patient group. Here, we report two cases of abuse
and domestic violence in patients with parkinsonism. The pat-
terns of abuse, risk factors, and outcomes are explored.

The first case was a 74-year-old woman referred to clinic
with right upper limb tremor. She also described problems
with low mood, anxiety, and urinary continence. She had clin-
ical features indicating idiopathic PD. The letter from the re-
ferring practitioner stated that ‘‘her tremor gets worse when
her husband shouts at her.’’ This prompted an enquiry from
the clinic doctor about the patient’s relationship with her hus-
band. She then described a history of physical violence and

FIG. 2. Electron-microscopic examination showing numerous cyto-
plasmic vacuoles with electron lucid granular deposits in the endothe-
lial cells and pericytes (arrows).
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verbal abuse of several years duration. More recently, he had
become increasingly aggressive about her movement, describ-
ing her as ‘‘slow and lazy.’’ The clinic staff offered her options
to support her and manage the situation. She declined this and
had the mental capacity to do so. The patient was commenced
on a dopamine agonist and continues to be monitored with
respect to both her PD and her domestic circumstances.
The second case was a 73-year-old woman with a vascular

akinetic-rigid syndrome. She had gait ignition difficulties and
freezing with levodopa responsiveness. She attended clinic
for follow-up. In response to an introductory open question
about her recent progress, she immediately raised concerns
about her relationship with her husband. A long history of
physical and emotional abuse was described. Police involve-
ment 6 months previously had concluded with the patient
deciding to allow her husband to return home. Since then he
continued blame and humiliate her, citing her physical prob-
lems as the cause of his anger. She said he made her feel
worthless and felt she was living in an atmosphere of fear.
Declining immediate safe placement, she accepted referral to
the local Safeguarding Adults team. An investigation was
launched and management of her problems is ongoing.
These two cases illustrate ways in which patients with PD

and associated conditions are at risk of domestic violence and
other forms of abuse. Their physical disability creates both
vulnerability and an excuse for the perpetrator of abuse.
Patients with cognitive impairment, psychosis, or dementia
are also of concern. They may not have the cognitive abilities
or resources to identify and manage abuse. If they have chal-
lenging behavior, this may fuel retaliation by a second party.
Caregivers may choose to withhold dopaminergic medication
to prevent physical aggression or wandering in such patients.2

This form of restraint has not only ethical and moral issues
but may also be physically harmful to the patient.3

The majority of these patients are elderly. There is a good
evidence base highlighting the ways in which older adults
are at risk of abuse. Shared living (and therefore increased
contact) increases the risk.4 Social isolation seems to increase
the risk of financial abuse (material exploitation).5 Studies
examining the risk factors of victims and abusers consis-
tently indicate that caregiver burden and level of disability
are not specifically associated.1 However, these studies tend
to be in general populations, with only some looking at sub-
populations (e.g., dementia), with no published work investi-
gating PD alone. There is also significant morbidity and
mortality in abused subjects6 and individuals subject to
abuse are more likely to become institutionalized.
Physicians, nurses, and other healthcare workers caring

for patients with PD need to be vigilant for incidents of
abuse. It is an important governance issue and a marker of
quality of care for the local service. This should be sup-
ported by appropriate education and training. Local frame-
works and processes should be available to support the
rapid assessment and management of cases. Intervention by
professionals will support patients and contribute positively
to their physical and psychological well-being.
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Interoceptive Sensory Trick for
Runner’s Dystonia

Task-specific dystonia (TSD), which is characterized by
involuntary and sustained muscle contractions of one or
more body parts that result in abnormal movements or pos-
tures, occurs only during the performance of specific tasks.1

This disorder has been associated with writers, musicians,
and athletes, including runners.1–4 Mental imagery and sen-
sory tricks have been reported to be effective in ameliorating
TSD.1

We report the first case of a patient with TSD that
involved the neck and trunk during running in which the use
of an interoceptive sensory trick with mental imagery led to
the amelioration of the patient’s symptoms.

A 59-year-old right-handed man was admitted to our
department to be evaluated for an abnormal posture that
occurred during running. When the patient was 15 years
old, he began a training regimen that included running
around a track in a counterclockwise direction. Between the
ages of 15 and 52 years, the patient performed �10 hours of
training per week. In addition, once per month, the patient
regularly participated in a competitive race. At age 53, the
patient quit his job and he increased his training to �25
hours per week. In the following year, he noted an abnormal
posture while running that was characterized by a slight lean
to his left side. He observed that his trunk and neck tilted to
his left side only when he was running. One year before
being admitted to our department, the aforementioned
abnormal posture was observed even when the patient was
walking forwards. The patient’s symptoms were evident
when he was running and walking forwards or sideways,
but he showed no symptoms when he walked backwards,
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sat, or when laying down. The results of a subsequent neu-
rological examination were normal, except for muscle
spasms observed in his left pectoralis major muscle. The
patient had no previous medical history of psychiatric dis-
ease or family history of dystonia. The results of the labora-
tory analyses, including the measurements of serum
ceruloplasmin and copper levels, were normal. There were
no Kayser-Fleischer rings noted in the patient’s eyes. The
brain and whole spine magnetic resonance images failed to
reveal any significant abnormalities. In addition, the electro-
encephalography and cerebral blood flow scintigraphy
results were normal.

The symptoms disappeared when the patient held his

hands over his head while walking forward. Moreover, it

was found that when he ran around the track in a counter-

clockwise direction, his neck and trunk became tilted to his

left side (see video, Segment 1); however, when he ran

around the track in a clockwise direction, the orientation of

his neck and trunk improved. We subsequently asked the

patient to run forward and simultaneously imagine himself

running in a clockwise direction, which improved his symp-

toms (see video, Segment 2). The patient was ultimately

diagnosed with TSD related to running.

Although rare, a few athletes have previously been

reported to develop task-specific focal dystonias of the legs;

however, no previous cases have reported the segmental dys-

tonia reported in this study, particularly during running (see

Table 1).3,4 Similar to the cases reported by Wu et al.,4 the

first observation of dystonic posture in the patient in the

present study occurred while the patient was running. In

both reports, this posture was consistently observed during

running and was also eventually observed while the patients

were walking. Similar to the two cases of TSD described by

Lo et al.,5 an interoceptive sensory trick in conjunction with

a mental imagery component, in which the patient imagined

the normal execution of the target task, was effective in

ameliorating our patient’s symptoms.
Several cases of paroxysmal exercise-induced dystonia

(PED) that involved the legs,6 and one case that involved the
trunk and an arm,7 that occurred during running have been
described; however, PED is unlikely in our case due to the
dystonic posture immediately resolving upon cessation of
running. In addition, our case had a more task-specific na-
ture and responded to sensory and motor tricks. As a limita-
tion, we cannot completely exclude the possibility of
psychogenic movement disorders; however, no evidence of

psychiatric disease was found during the examination or in
the previous history.

In the present case, the repetitive tilted posture of the neck
and trunk to the patient’s left side over a 39-year period of
running in a counterclockwise direction during training
might have played a role in the development of segmental
dystonia through a change in cortical plasticity.1

Legends to the Video
Segment 1. The patient’s neck and trunk leaned to his left

side when he ran forwards or ran around a track in a coun-
terclockwise direction.

Segment 2. When we asked the patient to use an intero-
ceptive sensory trick, the patient ran in a normal manner
when he ran forwards and simultaneously imagined himself
running in a clockwise direction around the track.
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Table 1. Summary of the clinical profiles of patients with Runner’s Dystonia

Reference Case

Patient

age (yr)

Onset

age (yr)

Gender/

handedness

Prior

injury

Family

history

Initial

involvement

Cumulative years of

training before onset

Increase in training

the year before onset

Wu and Jankovic 4 1 40 37 F/L þ � Left foot NA NA
2 49 40 F/R þ � Left knee NA NA
3 58 46 F/NA � � Left foot NA NA
4 30 20 M/NA � � Left knee NA NA
5 46 44 M/NA � � Right foot NA NA

Leveille and Clement 3 6 57 55 F/NA NA þ Left foot NA NA
7 40 30 M/NA NA � Right leg NA NA

Present case 8 59 54 M/R � � Neck and trunk 39 Yes

M, male; F, female; R, right handedness; L, left handedness; NA, not available.
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Leptin, Adiponectin, and Resistin
Secretion and Diurnal Rhythmicity are

Unaltered in Parkinson’s Disease

Parkinson’s disease (PD) is frequently complicated by
unintended weight loss, which often precedes clinical diagno-
sis and is predominantly due to fat loss.1 As adipose tissue
and release of endocrine factors, so called ‘‘adipokines,’’ by
fat cells take center stage in the regulation of feeding and
body weight,2 alterations in fat metabolism may partly con-
tribute to weight loss in PD patients. However, single base-
line measurements of leptin, the most important adipokine,
have yielded conflicting results, showing either unchanged or
decreased levels in PD patients.3–5 Moreover, there are no
reports available on leptin secretory dynamics or diurnal
variation, and the levels of the two other major adipokines,
that is, adiponectin and resistin, have not been assessed so
far in PD patients. Given that both leptin and adiponectin
have been demonstrated to protect neuronal cells against
toxicity induced by 6-hydroxydopamine, 1-methyl-4-phenyl-
pyridinium ion (MPPþ) or acetaldehyde, substances used to
elicit a PD-like syndrome in animals,6 it is of crucial impor-
tance to settle the issue of whether adipokine secretion is
altered in PD patients as this might not only account for
weight loss but might also have therapeutic consequences.6

We therefore measured 24-hour serum concentrations of
the three major adipokines leptin (every 20 min), adiponec-
tin and resistin (every hour) in eight de novo, medication-
free PD patients and eight age-, sex-, and fat mass-matched
controls (Supporting Information Table 1). The diagnosis
of PD was made by a neurologist specialized in movement
disorders (R.A.C.R.) according to the UK PD Society Brain
Bank criteria. Blood sampling started at 16:30 hours. Three
standardized meals were served at 09:00, 13:00, and 19:00
hours. Subjects remained sedentary except for bathroom
visits. No daytime naps were allowed. Lights were switched
off at 23:00 hours and, the next morning, subjects were
awakened at 07:30 hours. Bioelectrical impedance analysis
was used to assess fat mass, lean body mass, and fat per-
centage at 08:00 hours. Serum leptin, adiponectin, and
resistin were measured by radioimmunoassay (Linco
Research, St. Charles, MO). The coefficients of variation
ranged from 3.0 to 5.1% for leptin, 6.3 to 8.1% for adipo-
nectin, and 3.2 to 5.4% for resistin. The detection limits of
the assays were 0.5 lg/L for leptin, 1.0 mg/L for adiponec-
tin, and 0.15 lg/L for resistin. Auto-deconvolution and

FIG. 1. Mean plasma leptin concentrations in PD patients and matched
control subjects. Sampling started at 16:30 hours and was continued at
20-min intervals for 24 hour. Error bars indicate 61 standard error.
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cosinor regression were applied to quantify secretion char-
acteristics of leptin and diurnal variations in leptin, adipo-
nectin, and resistin levels as described previously.7 Results
are expressed as mean 6 standard deviation (SD). Unpaired
t-tests and Spearman’s correlation coefficients were calcu-
lated to assess intergroup differences and correlations,
respectively. All tests were two-tailed and significance level
was set at P < 0.05.

Mean 24-hour leptin concentrations did not differ signifi-
cantly between PD patients and controls (12.4 6 12.2 vs.
15.1 6 11.5 lg/L, P ¼ 0.65; Fig. 1). Basal, pulsatile, and
total leptin secretion rates were also not significantly differ-
ent between the two groups (all P � 0.20); (Supporting In-
formation Table 2). Similarly, mean 24-hour levels of
adiponectin (11.4 6 6.2 vs. 12.7 6 4.0 mg/L, P ¼ 0.62) and
resistin (8.5 6 2.2 vs. 10.4 6 4.6 lg/L, P ¼ 0.30) did not
differ between patients and controls (Supporting Information
Fig. 1). Results remained similar when stratified for gender
or when expressed per kilogram body fat (data not shown).
The acrophases, amplitudes and mesors of leptin, adiponec-
tin and resistin concentration series were also not signifi-
cantly different between PD and control subjects (all P �
0.12). Leptin production increased with higher fat mass in
both PD patients (r ¼ þ0.98, P < 0.001) and controls (r ¼
þ0.83, P ¼ 0.010). However, neither in patients nor in con-
trols were mean 24-hour adiponectin and resistin levels asso-
ciated with fat mass (all P � 0.32). Mean leptin,
adiponectin, and resistin levels were not associated with ei-
ther disease duration or the degree of motor or functional
impairment as assessed by the Unified Parkinson’s Disease
Rating Scale (all P � 0.10).

This exploratory study provides the first detailed descrip-
tion of leptin secretory dynamics and its diurnal variation,
as well as the first description of adiponectin and resistin lev-
els in PD patients. We found no significant differences in the
levels or diurnal rhythmicity of leptin, adiponectin, or resis-
tin in de novo PD patients. Our findings therefore suggest
that alterations in adipokine secretion are unlikely to
account for either weight loss or neurodegeneration in PD.
Nevertheless, further studies including PD patients who suf-
fer from weight loss are needed to confirm our findings.
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Mutation and Copy Number Analysis
in Paroxysmal Kinesigenic

Dyskinesia Families

Paroxysmal kinesigenic dyskinesia (PKD [MIM128200]) is a
heritable paroxysmal movement disorder characterized by
recurrent and brief attacks of involuntary movements.1,2 Its
family histories show an autosomal dominant inheritance
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pattern. Our previous linkage and haplotype analyses
defined the disease locus on 16p11.2-q12.1,2 Similarly, other
linkage studies of PKD assigned the locus to an overlapping
region encompassing the centromere of chromosome 16.3–5

In our previous study, we performed mutation analysis in
seven families on 157 genes between D16S3131 and
D16S416 (all the genes within this region); however, we
failed to identify the causative gene.1 Based on many linkage
studies, we decided to extend the candidate region until
more telomeric locus to D16S503 containing 72 RefSeq
genes. Because genomic rearrangement could also result in
PKD, we also performed copy number analysis for the entire
candidate PKD locus.

Here, we describe the results of mutation analysis in 14
PKD families for the 72 genes between D16S416 and
D16S503, and the results of copy number analysis in eight
PKD families and two sporadic cases.

We collected 14 Japanese families, PKD-1–PKD-14, each
of which includes multiple individuals affected by PKD, and
two sporadic cases, PKD-S1 and PKD-S2. Among all these
families, 64 patients were diagnosed with PKD. Our previ-
ous study showed that all affected members in each family
have a disease related haplotype on chromosome 161,2

except for PKD-1 and PKD-2, which were not analyzed for
haplotype because the family members is small.

Direct sequencing of the 72 genes in the segment between
D16S416 and D16S503 revealed two substitutions which
were not observed among 288 normal controls and not
deposited in dbSNP (http://www.ncbi.nlm.nih.gov/SNP/)
(Table 1). A substitution, g.25190C>T (p.R282C) inGPR114
found in the family PKD-12, was considered as rare variant
because it was not co-segregated with PKD. The remaining
one was g.35905C>T in exon 4 of NLRC5 (NM_032206)
resulting in p.T153T, segregated with PKD in family PKD-3.
Even though this mutation in NLRC5 is ‘‘silent,’’ it might be a
pathogenic because of splicing disturbance.6 However, a nu-
cleotide g.35905C in NLRC5 is not so highly conserved in
other species, and g.35905C>T would not affect splicing by
prediction of NNSPLICE (http://www.fruitfly.org/seq_tools/
splice.html) and GENSCAN (http://genes.mit.edu/GEN
SCAN.html; data not shown).

Copy number analysis using HumanExon510S-Duo Bead-

Chip (Illumina, San Diego, CA) showed a deletion in

16p11.2 (Fig. 1A), but this has already been reported in the

Database of Genomic Variants (DGV) (http://projects.

tcag.ca/variation/). In our previous study, two nonsynony-

mous substitutions, p.P242T in SCNN1G and p.K1063R in

ITGAL, which were segregated with PKD in one family,

were still possible pathogenic mutation for PKD.1 Structural

variants including microdeletions/microduplications within

three genes, ITGAL, SCNN1G, and NLRC5, were scanned

using array comparative genomic hybridization (aCGH: Agi-

lent Technologies, Santa Clara, CA). Two small deletions

not registered in DGV were found within ITGAL among

several patients (Fig. 1B). However, real-time quantitative

PCR revealed genomic alterations in only one PKD patient

in the ITGAL region1 and region2 (Fig. 1C). No alteration

was found in SCNN1G and NLRC5. Results of copy num-

ber analyses showed no causative copy number changes.
Together with our previous study,1 we have now analyzed

almost all the exons and exon-intron boundaries between
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Table 1. Novel SNPs identified in this study

Gene name Nucleotide change Location AA change Family Notes

SLC12A3 g.14369C>T Exon 11 A464A PKD-13 Synonymous substitution
Observed among 96 controls

NUDT21 g.21841T>C 30UTR PKD-11, PKD-14 Observed among 96 controls
PLLP g.4C>T 50UTR PKD-13 Observed among 96 controls
KATNB1 g.8648G>A Exon 3 S58N PKD-3, PKD-10, PKD-11, PKD-13, PKD-14 Nonsynonymous substitution

Observed among 96 controls
g.15561G>A IVS5þ6 PKD-14 Near the splice site

Observed among 96 controls
g.16858C>T IVS8þ4 PKD-1, PKD-10, PKD-14 Near the splice site

Observed among 96 controls
g.18427C>T Exon 12 D409D PKD-1, PKD-13 Synonymous substitution

Observed among 96 controls
g.19491C>T Exon 14 P472P PKD-S2 Synonymous substitution

Observed among 96 controls
SNORA46a g.122G>A PKD-8 Observed among 96 controls

g.128G>A PKD-4 Observed among 96 controls
NLRC5 g.35905C>T Exon 4 T153T PKD-3 Synonymous substitution

Not observed among 288 controls
g.36018C>T Exon 4 P191L PKD-11, PKD-12 Nonsynonymous substitution

Observed among 96 controls
SLC38A7 g.4673A>G Exon 3 T10C PKD-13 Nonsynonymous substitution

Observed among 96 controls
g.13614G>A Exon 10 Q378Q PKD-3 Synonymous substitution

Observed among 96 controls
GPR114 g.25190C>T Exon 9 R282C PKD-12 Nonsynonymous substitution

Not observed among 288 controls

aSNORA46 is a noncoding RNA.IVS, intervening sequence; AA, amino acid.

FIG. 1. Copy number analysis in patients with PKD. A: Eight patients (PKD-1, PKD-3, PKD-4, PKD-10, PKD-11, PKD-12, PKD-S1, and PKD-S2) are
screened for copy number change using HumanExon510S-Duo BeadChip. Representative microarray data for chromosome 16. The region sur-
rounded with a rectangle indicates the deleted region in affected individuals. Three horizontal lines indicate the inferred copy number. The deletion
is registered in DGV. B: Eight patients (PKD-1, PKD-2, PKD-3, PKD-5, PKD-10, PKD-11, PKD-12, and PKD-13) were screened for copy number
change using aCGH. Two microdeleted regions within ITGAL detected by array CGH are indicated by gray shaded areas (ITGAL, intron 11, Region
1) and light red shaded areas (ITGAL, intron 11, Region 2). Array CGH in PKD-11, PKD-12, and PKD-13 showed a ~100 bp loss of copy number in
Region 1, and in PKD-1, PKD-2, PKD-10, PKD-11, and PKD-12 showed a ~100 bp loss of copy number in Region 2. C: The left and right bar
graphs represent the results of quantitative PCR in ITGAL Region 1 and Region 2, respectively. No copy number changes were detected in Region
1, and the deletion in Region 2 was detected only in PKD-1, among eight patients with PKD.



D16S3131 and D16S503, but failed to identify the causative
gene for PKD. Why have we failed? It is possible that PKD
is caused by a recurrent structural aberration beyond the
detection level of our experimental approaches. Because the
90th percentile largest gap on the HumanExon510S-Duo
BeadChip is 14 kb, it is highly unlikely that our analysis
could detect <15 kb structural variants accurately.
The peri-centromeric region (16p11.2–12.1) represents the

largest zone of interchromosomal duplications and is com-
posed of �54 intrachromosomal duplications.7 It is difficult
to find pathogenic copy number changes and base changes
in such a complex region. Even though our sequence analysis
was comprehensive, some genes could be incomplete. For
example, gene conversion in multiple copy number genes
would be overlooked in our screening strategy. Furthermore,
it is possible that the recurrent or founder intronic mutation
cause PKD. den Hollander et al.8 showed that a recurrent
intronic mutation affected the splicing of CEP290 gene,
which resulted in Leber congenital amaurosis. The limitation
of our strategy is that most of intronic regions in candidate
locus could not be analyzed. We could not have an evidence
of founder mutation in Japanese; it is still possible that a
founder mutation in an intron is shared in patients.
We conclude that the causative mutation for PKD has not

yet been identified. New technologies may be required to
identify the PKD mutation in this complex genomic region.
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Imaging Evidence of Nigral Damage in
Dystonia Secondary to Disulfiram

Intoxication

There are a few reports on patients who developed dysto-
nia or parkinsonism after disulfiram (DSF) intoxication.
Such patients had lesions in the pallidostriatal nucleus on
brain magnetic resonance imaging (MRI) studies.1 However,
the integrity of the nigrostriatal dopaminergic neurons has
not been studied.

We describe a 25-year-old man who developed generalized
dystonia following DSF intoxication. [18F]-FP-CIT brain
positron emission tomography (PET) studies showed reduced
uptake in the bilateral posterior putamen.

A 25-year-old man presented with generalized dystonia
following DSF intoxication. At the age of 15, he committed
suicide by taking a 15 g of DSF. When he was transported
to the emergency room, he was drowsy but had no focal
neurological deficits. One month later, he developed action-
induced dystonia in both feet. He also developed sudden
onset of transient generalized dystonia. The attacks occurred
about 10 times a day and lasted up to 5 min. On neurologi-
cal examinations, he could understand simple questions and
his speech and hand writing were unintelligible. He showed
initiation delay in the vertical and horizontal saccadic eye
movements. When he stretched out his arms, there was no
dystonia. His finger tapping was very slow, but there was no
fatigue or akinetic block. Once he made fists, he could
hardly release them. While tapping his feet, there was dysto-
nia in the toes. His foot tapping was slow bilaterally, and
the amplitude was small. There was no motor weakness or
sensory deficit. He needed help to stand and walk due to
severe dystonic plantar flexion of the feet. There was a mild
spasticity in the legs, but no rigidity in the arms and legs.
The knee and ankle jerks increased mildly, but plantar
reflexes were flexor bilaterally and there was no ankle clo-
nus. Occasionally, he developed sudden onset of transient
generalized dystonia, consisting of retrocollis, upward devia-
tion of the eyes, grasp of the hands, and flexion and
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extension of the extremities (Video). During the attacks, he
could not speak and made only teeth grinding noises. Sur-
face electromyography studies showed prolonged co-contrac-
tion between agonist and antagonist muscles.
Electroencephalography studies during the attack were unre-
markable. Results of routine laboratory examinations were
all normal. Brain MRI studies showed lesions in the bilateral
pallidum (Fig. 1A) and left midbrain (Fig. 1B). [18F]-Deoxy-
glucose (FDG) brain PET studies showed reduced metabo-
lism in the bilateral striatum (Fig. 1C). [18F]-FP-CIT brain
PET studies showed reduced uptake in the bilateral posterior
putamen (Fig. 1D). Medical treatment (levodpa 1000 mg
and trihexiphenidyl 7.5 mg per day) was ineffective. Botox
injection was not effective for the foot dystonia.
DSF intoxication causes damage to the pallidostriatal

system.1 The present case also had lesions in the bilateral
pallidum and left midbrain on brain MRI studies and
reduced metabolism in the bilateral striatum on FDG PET
studies.
In monkeys, DSF induces necrosis in the globus pallidus

and substantia nigra pars reticulata but no damage in the
substantia nigra pars compacta.2 However, DSF and its
metabolites (CS2, N-diethyldithiocarbamate) inhibit dopa-
mine beta-hydroxylase and consequently increase synaptic
dopamine concentration in the striatum. They inhibit super-
oxide dismutase and reduce glutathione level. Therefore,
DSF intoxication may cause severe oxidative stress to the
nigral dopaminergic neurons.3 The patient showed reduced
posterior putaminal FP-CIT uptake similar to the pattern

observed in Parkinson’s disease and MPTP-induced parkin-
sonian monkeys.

In a review about the movement disorders following basal
ganglia lesions, the lentiform nucleus was the most frequent
site of the lesion responsible for dystonia.4 Our case also
had lesions in the bilateral lentiform nuclei. He had addi-
tional lesion in the nigrostriatal dopaminergic neurons. Iso-
lated nigral lesion may also present with dystonia.5

Patients with dystonia following a focal brain lesion fre-
quently develop mobile dystoinc spasm.4 This case presented
with action-induced dystonic spasm and sudden onset of
transient dystonia consisted of retrocollis and tonic upward
deviation of eyes. Such peculiar phenomenology has been
reported in patients with putaminal hemorrhage.6

Despite the loss of nigrostriatal dopaminergic terminals,
the patient developed no pakinsonian motor deficits. As pal-
lidotomy ameliorates parkinsonian motor deficits, disordered
nigrostriatal output in the patient might be blocked by the
pallidal lesion before it is delivered to the thalamus.7 Sub-
clinical damage to the nigrostriatal neurons might be
another possible explanation for the absence of parkinsonian
motor deficits.

Legend to the Video
A 25-year-old man shows good amplitude but very slow

finger tapping. Once he clenches his fists, he can hardly
release them. Foot tapping is slow, and the amplitude is
small. He shows dystonia in the toe while tapping foot. On
standing, he develops severe plantar flexion of both ankles.
Occasionally, he develops severe generalized dystonia involv-
ing the craniofacial areas, neck, and four limbs.
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FIG. 1. T2-weighted brain magnetic resonance imaging studies show
high signal intensity lesions in the bilateral globus pallidus (A) and in
the left midbrain (B). An [18F]-deoxy glucose brain PET study shows
reduced glucose metabolism in the bilateral striatum (C). An [18F]-FP-
CIT brain PET study shows markedly reduced uptake in the bilateral
posterior putamen (D).
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Cervical Dystonia Associated
with Facioscapulohumeral
Dystrophy: Expanding the

Clinical Spectrum?

Dtystonia is a movement disorder characterized by invol-
untary sustained muscle contraction, resulting in abnormal
postures of affected body parts. It is broadly divided in pri-
mary and secondary forms. In primary forms, dystonia is
the only clinical sign, whereas in secondary forms, a number
of other features, such as ataxia, peripheral neuropathy, or
parkinsonism may be present.1 However, excluding mito-
chondrial diseases, dystonia is rarely associated with myopathy.
Facioscapulohumeral dystrophy (FSHD) is a common

muscular dystrophy. It typically presents with weakness of
the facial muscles and the stabilizers of the scapula. FSHD
is inherited in an autosomal dominant manner and more
than 95% of patients carry a deletion of the 3.3 kb tandem
repeat D4Z4 on chromosome 4q35. After identification of
the genetic defect, a wider clinical spectrum including sensori-
neuronal hearing loss, epilepsy, and mental retardation has
been recognized, suggesting involvement of central nervous
system (CNS).2 However, to our knowledge associated
extrapyramidal features have not been described to date.
This 49-year-old woman developed difficulties with lifting

up her arms and progressive wasting of shoulder muscles at
the age of 30 years. Her mother and two sisters were already
diagnosed with FSHD, and genetic diagnosis was subsequently
made in her case. Few years later, she developed head shaking.
Interestingly, she felt that touching the right cheek helped the
head tremor, suggesting a ‘‘sensory trick.’’ On examination at
the age of 46 years, she had torticollis to the left with head tilt
to the right and the elevation of the right shoulder. There was
a side to side head tremor and difficulties turning the head to
the left, along with typical clinical features of FSHD, including
the forward slopping of both shoulders (see Supporting Infor-
mation Video 1). The diagnosis of cervical dystonia was made.
She was investigated to exclude known causes of dystonia and
DYT1 mutation, Wilson disease and neuroacanthocytosis were
ruled out. Cervical and brain MRI were unremarkable. Since
then, she has been regularly treated with botulinum toxin type
A injections (DysportV

R

, Ipsen, UK) in dosages of 150 units
into the right splenius, 100 units into the right trapezius, and
75 units into the right sternocleidomastoid, with significant
improvement of the dystonia and no worsening of muscular
weakness. Until now, neither her mother nor sisters have devel-
oped features of dystonia.

We herein report a patient displaying an unusual combi-

nation of cervical dystonia and FSHD. Although one may

argue that an imbalance of muscle power in the neck,

related to the asymmetrical process of muscular atrophy,

could be the reason for abnormal head and neck posture in

our patient, we consider that the presence of a ‘‘sensory

trick,’’ and evident overactivity of the affected muscles sug-

gest that there was indeed a dystonic component.

So far, several studies have addressed a possible CNS

involvement in FSHD. A study using transcranial magnetic

stimulation showed that patients with FSHD may have abnor-

mal intracortical excitability,3 and a voxel-based morphometry

study reported gray matter loss, mainly in frontal lobes.4 These

findings support CNS involvement in FSHD and create a

rational basis for speculating on the development of dystonia

in FSHD. Pathophysiology of dystonia is not completely under-

stood, but abnormal sensorimotor plasticity is considered to be

a key phatophysiological feature.5 Even though the concur-

rence of FSHD and cervical dystonia may well be coincidental,

it can be hypothesized that reduced afferent input from weak

and atrophied muscles favor aberrant sensorimotor plasticity in

susceptible FSHD patients, eventually resulting in dystonia.

This hypothesis deserves further electrophysiological explora-

tion on a larger sample of patients with FSHD.

Our patient responded well to the botulinum toxin injec-

tions in standard dose for cervical dystonia, without worsen-

ing of weakness related to FSHD. This demonstrates that

even in the presence of muscle disease, botulinum toxin injec-

tions may be used with caution to safely treat dystonia.
This case report aims to draw attention on the combina-

tion of dystonia and FSHD. If further similar cases are
reported, that may support the extrapyramidal involvement
in the expanded spectrum of FSHD.

Legend to the Video
Patient exhibits torticollis to the left with head tilt to the

right and elevation of the right shoulder. There is a side to
side head tremor and difficulties turning the head to the left.
These are the features of cervical dystonia. She is unable to
turn up the corners of her mouth on smiling, her shoulders
tend to slope forward with straight clavicles, and there is bilat-
eral scapular winging. All these are typical findings in FSHD.
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Rasagiline-Induced Serotonin
Syndrome

Serotonin syndrome is a dangerous drug-induced condi-
tion resulting from an excess of synaptic serotonin and is
associated with drugs such as dopamine agonists, tricyclic
antidepressants, and selective serotonin reuptake inhibitors.1

It is usually treated supportively, but complications can
include rhabdomyolysis, renal failure, disseminated intravas-
cular coagulation, and ultimately death.2

Rasagiline is an irreversible inhibitor of the enzyme mono-
amine oxidase B (MAO-B) used to treat Parkinson’s disease
at 1 dose of 1 mg per day. Its pharmacological effect is
mediated by an increase in dopamine in the interneuronal
synaptic gap.3 Thus, theoretically, rasagiline can cause sero-
tonin syndrome, but so far there have been no such instances
reported, and literature searches (Pubmed and Cochrane
Library) have shown no case reports of rasagiline inducing
serotonin syndrome. However, our case suggests that rasagi-
line can do so.
A 76-year-old woman with a 10-year history of Parkin-

son’s disease was started on rasagiline 1 mg/day in clinic, as
symptom control was poor on Stalevo100 (carbidopa 25
mg/levodopa 100 mg/entacapone 200 mg) 1 tablet 5 times a
day. Her mobility improved on this combination. Four
months later she was admitted for a total knee arthroplasty
and then transferred to a rehabilitation hospital, where she
was mistakenly prescribed rasagiline 1 mg 4 times a day for
4 days until she developed confusion, agitation, and an epi-
sode of loss of consciousness. The rasagiline was stopped,
and she was transferred to the acute hospital as an
emergency.
On admission, she had extreme agitation, pyrexia of

37.7�C, labile blood pressure (between 186/96 and 93/63
mm Hg), and a pulse rate of 100. Neurological examina-
tion showed rigidity and a bilateral tremor not typical of
her Parkinson’s tremor. Cardiovascular, respiratory, and
abdominal examinations were otherwise normal. She was
not on any antidepressants, and there was no evidence of
her having had cheese on her hospital diet card. Blood tests
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showed a white cell count of 11.5 � 109/L, C reactive pro-
tein of 14 mg/L, slightly raised urea of 13.2 mmol/L, and
creatinine kinase of 195 U/L. Calcium, liver function tests,
and glucose were normal. Chest x-ray and urine culture
showed no signs of infection. A CT of the head showed
age-related atrophy.

Management was supportive, and she took nearly 4 weeks
to improve. After discharge, her agitation and paranoia took
weeks to resolve, whereas her confusion remained for some
months.

The diagnostic criteria most often used to establish sero-
tonin syndrome are those developed by Sternbach.4 At least
3 of the following must be present: mental status changes,
agitation, myoclonus, hyperreflexia, diaphoresis, shivering,
tremor, diarrhea, incoordination, and fever. In addition,
other possible causes must be excluded, with no recent addi-
tion or increase of neuroleptic usage. Competing differential
diagnoses include neuroleptic malignant syndrome and ma-
lignant hyperpyrexia.3 Neuroleptic malignant syndrome is
precipitated by drugs with dopamine antagonist properties
rather than agonist properties. Malignant hyperpyrexia, in
contrast, is an inherited condition precipitated by drugs
given during general anesthesia.

Our patient had agitation, loss of consciousness, labile
blood pressure, tachycardia, fever, and tremor not typical
of Parkinson’s after a 4-day accidental overdose of rasa-
galine 4 mg per day. Investigations excluded gastrointesti-
nal bleeding, myocardial infarction, and endocrine and
renal abnormalities. Hence, application of the diagnostic
criteria makes it plausible that she developed serotonin
syndrome.

Rasagiline dosing of 1 mg per day has been established as
an effective and well-tolerated dosing schedule in Parkin-
son’s,5 with trials of up to 20 mg/day in healthy volunteers
and up to 4 mg/day in patients without significant adverse
effects, with once-daily dosing.6 However there have never
been clinical trials using more than once-a-day dosing with
concurrent use of levodopa. Theoretical studies have con-
firmed that concurrent use could increase the risk of dopa-
mine excess; therefore, recommended doses for adjunctive
therapy have been lower than for monotherapy.7 With
appropriately prescribed dosing, serotonin syndrome has not
been reported. Rasagiline is known to have a mean steady-
state half-life of 3 hours, but in overdose its pharmacological
effect is potentiated due to irreversible inhibition of MAO-B.
In addition, rasagiline in high dose loses its selectivity for
MAO-B, thus increasing serotonin availability.

This combination of irreversible inhibition and loss of
selectivity of MAO-B may have precipitated serotonin
syndrome in our case. Thus, we would advise careful dos-
ing of rasagiline in adjunctive therapy for Parkinson’s
disease.
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