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rigidity, and dystonia, while norepinephrine deficiency
js associated with ptosis, miosis, profuse oropharyn-
geal secretions, and postural hypotension. Hyperpro-
lactinemia observed in TH deficiency (Hoffmaunn
et al,, 2003) implicates D, receptor upward regulation
and relates to hyperseusitivity 1o levodopa. The norepi-
nephrine newrons have important roles for develop-
ment and modulation of the memory system (Mason,
1875; Tamaka et al, 1987), behavior (Valzelli and
Garattini, 1972), and synaptogenesis of the cortex
{Brenner ¢t al,, 1983) in the developing brain, Norepi-
nephrine neurons are also involved in postural augmen-
tation. and locomotion (Mot et al, 1992), Clinically,
postural hypotonia and failure of locomotion may be
signs of norepinephrine deficiency.

DYT14

Grotzsch et al. (2002) reported a patient with DRD
who had linkage to chromosome 14q13, Chinical symp-
toms appeared at the age of 3 years with dystonia of
both legs, a peculiar tiptoe gait, severe postural insta-
bility, and frequent falls. Her walking worsened with
effort and toward the end of day. Although the surgi-
¢al elongation of both of the Achilles tendons showed
transient benefit, dystonia progressed fo involve the
upper limbs and impaired her writing, dressing, and
eating, She required a wheelchair by age 12, At age
73, she presented for the first time to 2 movement
disorders clinic. She had a resting tremor of the left
leg and severe rigid akinesia with dystonic postures
of all extremities with left-sided predominance. Levo«
dopa/benserazide 100 mg/25mg three times daily
showed dramatic effect, Although walking remained
impaired, she developed full use of her hands, and
was stable until she died of cardiopulmonary failure
at age 77,

The brain revealed marked decrease of melanized
neurons in both the SNe and the locus ceruleus without
neuronal loss. The SN was more affected in the lateral
than the medial part and the right side was more
affected than the left. There was no glial inffltration
or Lewy bodies. Although neurchistochemical studies
have not been performed, these findings are similar
to those of domirant GCH-1 deficiency.,

‘Wider et al. (2008) investigated the GCH-I gene in
seven patients and found suggestive linkage o the
DYTH4 locus. No mutation was found in GCH-I by
gene sequencing but dosage analysis identified a novel
heterozygous deletion of exon 3-6 of GCH-I gens.
This study excludes the previously reported DYTM
locus as a cause of disease and demonsirates that com-
prehensive sequencing and dosage analysis of known
genes are required,

JUVENILE PARKINSONISM,
PARKINSONISM-DYSTONIA COMPLEX

Autosomal-recessive early-onset
parkinsonism with diurnal flactuation
(PAREK?2)

Autosomal recessive early-onset parkinsonism with
dinmal fluctuation (AR-EPDF) (Yamamura et al, 1973,
1893) or autosomal-recessive JP (ARIP) (Matsumine
et al, 1997) was first reported by Yamamura et al,
(1973} and later shown to be a genetic disorder caused
by the PARKIN gene located on 6¢25.2-q27 (Matsumine
et al,, 1997, Kitada et al,, 1998).

Most cases have onset between 20 and 40 years, but
some may occur before 10 years (Yamamura et al,
1973, 1993). When the age at onset is young (before
10 yeass or early teens), it emerges as generalized pos-
tural dystonia with diumal fluctuation with sleep
benefit (Yamarmura et al, 1973, 1993; Kitada et al,
1998). Locomotion is preserved throughout the course
of illness, but, in contrast to AD GCH-L deficiency,
parkinsonian features develop with resting tremor in
the second decade or later (Yamamura et al, 1973,
1593} and the dose of levodopa needs to be increased;
this is soon followed by development of dopa-induced
dyskinesia.

CSF biopterin is markedly reduced but neopterin is
within normal range (Furukawa et al, 1993). Neuro-
pathology revealed marked decrease in pigmented
nuclel in the SNe with glial infilfration of the ventral
tier. The locus ceruleus is much less affected. Rare
Lewy body-positive cases were reported (Facrer et al,,
2007) but generally there are no Lewy bodies (Yamamura
et al, 1993; Yokochi, 1993). Histochemical examination
revealed decreased DA and TH in both the SNe and
the stefatum. In the striatum, the decrease of TH was
more marked in the putamen than the caudate; subre-
gionally it is more prominent W the dorsal area than
in the ventral area (Kondo et al, 19597). The pathophysi-
ology has not been delineated, but there is a JP that
shows movement-related fatigability (Sunohara et al,
1985, 1993),

The gene PARKIN might be a regulator of the
ubiquitin-proteasome system {Shimura &t 2L, 2000) and
oxidative stress appears to be a pathogenetic pathway
common fo PARK2-linked and sporadic PD (Mizuno
et al,, 2008),

1t is sometimes difficult to differentiate AR-EFDR
clinically from AD GCH-l deficiency (Tassin et al.,
2000). In these cases, evaluation of pteridine metabo-
Iites in the CSF and molecular biclogical studies are
necessary. Voluntary saccades are preserved in AR-JP
but affected in AD GCH-1 deficiency. Several dopa-
mine frausporter (DAT)-imaging studies show normal
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striatal DAT signal in DRD but severely reduced steia-
tal DAT uptake in JP. Conseguently, DAT SPECT can
be of diagnostic help in differentiating the two condi-
tions (Jeon et al, 1998; O’Sullivan et al,, 2001).

It is important to differentiate AR-EPDF from AD
GCH-1 deficiency, because patients with AR-EPDF
develop levodopa-induced dyskinesia.

SUMMARY

In this chapter DRDs caused by disorders of pteridine
and TH metabolism, DYTIl4, and PARK2 were
reviewed. Clinically, these disorders are characterized
by age dependency of their initial symptoms and clini-
cal course. All show dopa-responsive dystonic symp-
toms, and mast of them begin in childhood or sarly
teens. In PARK2, dystoniz is predominant if signs
begin in the early teens. In AD GCH-1 deficiency cases
with onset in adulthood, different types of dystonia or
parkinsonism occur that are not typical of childhood-
onset cases. The clinical course of AD GCH-1 defi-
clency is cheracterized by age of opset, but not by
the duration of the disease.

Symptoms in early childhood and their age depen-
dencies are probably based on the cansative enzymes
which modulate neurotransmitters involved in develop-
ment of nevronal structures in infaney and childhood.
Pteridine and TH. metabolism have important and par-
ticular roles modulating neurctransmiiters for develop-
ment of the neuronal system in the first and the second
decades of life.

The deficiency of TH becomes apparent clinically
with funectional maturation of the downstream struge
tures of these receptors. These processes explain the
age-dependent development of the specific type of
dystonia and movement disorder.

In disorders of pteridine metabolism, TH deficiency
causes faflure in morphogenesis of the DA neurons in
the SNc in the fetus and early infancy through the
striosome-SNe GABAergic pathways.

In disorders of pteridine and TH metabolism, the
deficiency may cause postural dystonia in childhood
through the Dydirect pathway and the descending
pathways of the basal ganglia. In PARKZ, postural
dystonia also appsars with the same processes, though
the onset is in late childhood o early teens, After
adolescence, particularly in adulthood, patients with
disorders of pteridine metabolistu develop focal or
segmental dystonia or parkinsonism through the
STN and the ascending pathways of the basal ganglia.
Patients with recessive TH deficiency and PARK2
develop patkinsonism or PD through the Do-indirect
pathways and ascending pathways of the basal
ganglia.

The postural dystonia observed in childhood in thege
disovders is 2 hypokinetic disorder. Parkinsonism or D
in TH deficiency and PARK?2 with onset after the teeng
are also hypokinetic disorders. Focal or segmental dys.
toniz does not ocour in recessive TH deficiency and
PARKZ,

In PARX?, dystonia appears later than in pteriding
and TH deficiencies. In disorders of pteridine metabs-
lism and TH deficiency, early hypofunction of the SHT
and the norepinephrine neurons causes failure in psy~
chomenfal development, These in turn induce motor
disturbances with postural hypotonia and failure i
locomotion.

The dysfunction of DA in the terminals of the N§
DA neurons does not cause morphological or degener-
ative changes and does not affect the higher cortical
function. Levodapa shows positive effects on these dis-
turbances of motor Tunction without any relation fo the
duration of the clinical course.

Among phenotypical variation observed in cases
with AD GCH-! deficiency, there are symptoms which
may be related to the co-occtarence of polymorphisms
of the PARKIN gene, For these variations, the nvolve-
ment of the loci of mutation or the other effects
of the gene may have some inflnence, because most of
the phenotypical variation depends on the loci of
mutation.
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