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injected and the cannula flushed with 1 ml saline. The cannula
was then removed and control scans carried out (Fig. 1D).

Discussion

The patient reported here presented with severe anterocollis and
mild torticollis to the right . Oral medication had not been suc-
cessful, and even high-dose BT injections, the treatment of choice
in CD, into both sternocleidomastoid muscles had not shown
sufficient improvement. Clinical examination revealed the in-
volvement of other head flexors, the hitherto untreated preverte-
bral muscles, which was the reason for the therapeutic failure. Due
to their difficult anatomical position, we decided in favor of a
CT-controlled injection technique. BT injection into the right
longus colli muscle in combination with injections into both ster-
nocleidomastoid muscles, which were carried out in the traditional
way, led to marked improvement of the patient’s symptoms.

We conclude that treatment of anterocollis as a particular
type of cervical dystonia may be difficult. Simple BT injections
into both sternocleidomastoid muscles may be limited by dys-
phagia. Furthermore, additional involvement of the deep head
flexors such as the longus colli or longus capitis muscle could
also explain the therapeutic failure. To control correct position-
ing of the needle during the injection into these muscles, either
electromyography (EMG) or CT is required; both techniques
necessitate the patient’s cooperation. EMG monitoring is less
time-consuming, but EMG itself probably does not guarantee
placement into the correct muscle (only that the needle tip is in
a muscle). Furthermore, it may be complicated by injuries to
the adjacent vertebral vessels. This risk can be reduced by
ultrasound guidance. Alternatively, the risk of injuring sur-
rounding structures when injecting the deep prevertebral mus-
cles may be minimized by CT assistance, which gives an exact
picture of the anatomical structures. Potential drawbacks, how-
ever, are X-ray exposure and allergic contrast agent reactions
associated with CT monitoring.

In conclusion, treatment of anterocollis has to be decided on
an individual basis. In case of insufficient improvement or
limiting side effects after chemodenervation of both sternoclei-
domastoid muscles, controlled injections of the prevertebral
muscles as described above should be considered.
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Abstract: We describe a 54-year-old man with dominant adult-
onset dopa-responsive dystonia (DRD) with parkinsonism caused
by an Arg184His mutation in guanosine 5'-triphosphate cyclohy-
drolase I (GCH-I). This is the first mutation in the GCH-I gene that
has been proven to be responsible for both recessive and dominant
phenotypes. © 2003 Movement Disorder Society
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Dopa-responsive dystonia (DRD) is a childhood or adolescent
onset hereditary dystonia that responds well to levodopa (L-
dopa) with few complications, such as L-dopa-induced dyski-
nesia. Most patients of DRD, inherited as an autosomal dom-
inant trait with reduced penetrance (~30%), have been shown
to be associated with mutations in the guanosine 5’-triphos-
phate cyclohydrolase I (GCH-I) gene.! Because the gene prod-
ucts are related to tyrosine hydroxylation, impaired dopamine
production seems to be responsible for DRD. Although dopa-
mine is depleted in nigral cells, the nigral dopaminergic cells
are spared and dopaminergic transmission is potentially intact
in DRD.2 Homozygous mutations of GCH-I, however, have
been associated with hyperphenylalaninemia, characterized by
neonatal onset, severe multiple neurological dysfunctions pos-
sibly due to catecholamine and serotonin deficiency. Because
no cases with DRD have been reported among the pedigrees of
hyperphenylalaninemia and no reported mutations in the
GCH-I gene are shared by the two phenotypes, it has been
suggested that there may be possible qualitative differences in
the mutant gene products between the two phenotypes.

We report on a patient with adult-onset dystonia with a
missense GCH-I mutation, which was reported previously to be
responsible for the GCH-I deficiency with hyperphenylalanine-
mia.3 This patient showed reduced '®F-fluorodopa ('®F-dopa)
uptake in the striatum, which suggested impaired dopaminergic
transmission in a nigrostriatal pathway.

Case Report

A 54-year-old Japanese man first noticed postural and fine
tremor in the left hand and motor difficulty due to dystonia with
mild bradykinesia at the age of 39 years. He gradually devel-
oped dystonic posture, which spread from the right to the left
side within several years. From his middle 40s, he had expe-
rienced difficulty in walking due mainly to dystonia. His past
medical history and family history revealed no other neurolog-
ical disease. He had dystonic posture in all four limbs with right
side dominance, in addition to moderate lead pipe rigidity,
akinesia, and postural instability (see Video). After L-dopa
decarboxylase inhibitor (DCI) administration these symptoms
improved markedly , except for mild rigidity in his four ex-
tremities (see Video). The motor score of the Unified Parkin-
son’s Disease Rating Score (UPDRS) was 44 without treatment
and 6 with L-dopa/DCI. At first, a single-dose of L-dopa/DCI
was effective for 5 to 6 hours, but after 11 years of treatment,
this dose lasted for only a couple of hours. The dose of

FIG. 1. PET finding. '8F-fluorodopa uptake
was decreased in both the caudate nucleus and
putamen in the patient (A) compared to age-
matched, normal control subjects (B).

L-dopa/DCI necessary to allow usual daily activities increased
gradually from 100 to 600 mg/day. His main symptom since
onset had been dystonia, before the introduction of L-dopa
supplementations. Concomitant parkinsonian symptoms such
as bradykinesia were present, but to only a mild degree. The
dystonia consistently has shown a good response to L-dopa for
over 15 years, and during the on status, he has been quite free
from the symptoms. In the early stage of the disease, he did not
show the on-off phenomenon or drug-induced dyskinesia, but
later suffered from both unremarkable complications. Neuro-
psychological testing showed a total IQ of 75, which was
composed of a performance IQ of 64 and a verbal IQ of 88
without impaired memory functions. Although the examination
was undertaken during on status, the patient could not keep a
good condition during the examination because of motor and
non-motor fluctuations. He showed neither sensory distur-
bances nor cerebellar signs, deep tendon reflexes in the four
extremities were brisk, and no pathological reflexes were
observed.

Routine blood examinations, ceruloplasmin and copper in
serum, copper in urine, and plasma phenylalanine were normal.
The levels of total biopterin (4.1 pmol/ml) and neopterin (2.8
pmol/ml) in the cerebrospinal fluid (CSF) were extraordinary
low compared with those in normal control CSF (biopterin,
26.4 = 8.5 pmol/ml; neopterin, 22.1 = 7.0 pmol/ml).# The
GCH- I activity (10.0 pmol/hr/mg protein) in phytohemagglu-
tinin (PHA)-stimulated mononuclear cells! was also much
lower than that in normal controls (39.0 £ 9.2 pmol/hr/mg
protein). Brain magnetic resonance imaging (MRI) was normal
and 'I-IMP SPECT showed hyperperfusion in the bilateral
basal ganglia. Before the positron emission tomography (PET)
study (Fig. 1A), dopaminergic treatment was suspended for 18
hours.5 The influx rate constant (Ki) of '®F-dopa into selected
regions® was reduced in the caudate nucleus (0.0075) and in the
putamen (0.0045) compared with 8 age-matched normal con-
trols (caudate nucleus, 0.0129 = 0.0029; putamen, 0.0114 *=
0.0021) (Fig. 1B). Genomic DNA was extracted from periph-
eral blood leukocytes. All six exons, including the splicing
junction and promoter region, were amplified using polymerase
chain reaction (PCR) and sequenced directly with an automated
DNA sequencer.!:® We found a single base change (G-to-A
transition) in exon 5 causing an amino acid substitution of
Argl184His (Fig. 2A). Because surveys of all coding sequences
identified no other mutations or polymorphisms, the mutation
was not compound heterozygous. This mutation created a new
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Bspl cleavage site in the mutant allele (Fig. 2C). The patient
was heterozygous for the mutation and this genotype was
shared by an asymptomatic sibling (Fig. 2B). Gene analyses of
100 normal control subjects and 100 idiopathic Parkinson’s
disease (PD) patients failed to demonstrate this mutation and
there were no mutations in the coding region of the parkin
gene.” The study procedures were approved by the institutional
ethical committee.

Discussion

The clinical symptoms of this patient can be summarized as
DRD with parkinsonism. Some of his symptoms are not typical
of childhood- or adolescent-onset DRD and there may be a
possibility of a chance association between the observed phe-
notype and the mutation in GCH-I. His main symptom, how-
ever, has been dystonia since onset of the disease. Concomitant
parkinsonian symptoms such as bradykinesia were present, but
to only a mild degree. After several years from the onset, motor
fluctuations were observed, but their severities were much
milder than were those in the authentic PD. His dystonia has
shown a consistently good response to L-dopa for over 15 years,
and, during the on status, he has been quite free from the
symptoms. Moreover, laboratory data demonstrated low (below
20% of normal values) levels of biopterin and neopterin in the
CSF and low GCH-I activity in peripheral lymphocytes. Given
these features, we diagnosed his condition as DRD.!-8° Inter-
estingly, the GCH-I mutation identified in this patient had been
reported previously to cause hyperphenylalaninemia, another
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FIG. 2. A: Analysis of the GCH-I gene. Se-

quence analysis showed a single base change

(G-to-A transition) in exon 5 causing an amino
bp acid substitution of Argl84—His. B: Pedigree
of a DRD family with mutation in the GCH-I
gene. The affected propositus is represented by
a solid symbol, and unaffected family members
by open symbols. C: Bspl restriction site anal-
ysis of genomic DNA. The mutation creates a
new Bspl cleavage site, and the Bspl digestion
of the PCR product generates 115- and 142-base
pair bands in the mutant allele.

- 142
115

recessive form of this gene phenotype. Null GCH-I activity is
thought to be lethal, and in fact, little enzymatic activity was
detected for protein products derived from mutated GCH-I
genes, such as the Argl84His mutation that causes recessive
hyperphenylalaninemia. In dominant DRD, decreased GCH-I
activity is usually less than 20% of normal values despite the
presence of a normal allele. In co-transfection experiments, the
pathomechanisms derived from the mutated GCH-I proteins
between these two phenotypes were different. Recently, several
reports have suggested dominant-negative effects of mutated
gene products corresponding to the DRD.!%!! The peculiar
pattern detected by gel filtration chromatography,!? however,
suggests that this Argl84His mutated protein has a unique
conformation and may not be able to interact easily with the
normal GCH-I protein. Therefore, the dominant negative mech-
anisms are not likely to play a role in development of the DRD
phenotype in this patient. Combined with the low (<30%)
penetrance and the female predominance in dominant DRD,
this case suggests that not only defects in the GCH-I gene but
also other factors may contribute to the development of this
phenotype.

The PET study revealed that '®F-fluorodopa uptake was
decreased significantly in both the caudate nucleus and the
putamen, although PET studies in childhood or adolescent
onset DRD usually demonstrated normal uptake of '*F-fluoro-
dopa in the brain.'3 The Ki ratio of the caudate to the putamen
in this patient was 1.66, similar to the values for adult-onset
dystonia-parkinsonism (DY S-P) reported by Turjanski and col-
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leagues.'3 Although their patients were not analyzed geneti-
cally, the clinical features of their DYS-P patients are similar to
those of this patient. The development of parkinsonian features
in adulthood-onset DRD may be related to age-dependent dif-
ferences in the function of the basal ganglia-thalamocortical
motor loop.'# Alternatively, the chronic decrease in the GCH-I
activity may result in not only dopamine depletion in nigral
cells, but also in impaired synaptic functions in the nigrostriatal
pathways. Levels of tyrosine hydroxylase have been reported to
be reduced in the striatum, with the loss more pronounced in
the putamen than in the caudate.!>-1¢ It has also been suggested
that dopamine transporters are decreased in the putamen, and
these data might reflect a putative regression of nerve terminals
derived from nigral dopaminergic neurons, especially in the
putamen.'>-1¢ In fact, some DRD patients with the GCH-I
mutation showed parkinsonism with motor fluctuations, which
seemed to be caused by the nigrostriatal denervation in DRD.!”
It is suggested that a synaptic dysfunction in the striatum may
play a role in the development of the parkinsonian features in
adult-onset DRD.!>-!8 Further analyses in genetically proven
DRD will be informative not only for elucidating the patho-
mechanisms of DRD, but also for promoting our understanding
of physiological roles of GCH-I in dopaminergic neurons dur-
ing development and aging.

Legends to the Video

Segment 1. The patient without L-dopa/DCI supplementa-
tion showed bradykinesia and dystonic posture in the four
extremities with right-side dominance, such as equinovarus of
the right leg. He had difficulty in walking because of dystonic
postures.

Segment 2. The patient L-dopa/DCI did not show bradyki-
nesia or dystonic posture.
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Abstract: We report on a young woman from the United
Kingdom with L-dopa-responsive parkinsonism with a trinu-
cleotide repeat expansion in her spinocerebellar ataxia 2

A videotape accompanies this article.

This article contains supplementary video clips, available online at
http://www.interscience.wiley.com/jpages/0885-3185/suppmat
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