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The term dopa-responsive dystonia (DRD) is used to describe a group of neurometabolic disorders, which are characterized

by dystonia, and are typically associated with diurnal fluctuations and respond to levodopa treatment. Autosomal domi-
nant DRD (DYT5a, MIM# 128230) is caused by a heterozygous mutation in the GTP cyclohydrolase 1 (GCHT) gene (MIM#
600225). GCHT encodes an enzyme, which is involved in the biosynthesis of tetrahydrobiopterin, an essential co-factor for

tyrosine hydroxylase. Herein, we report the case of a 16-year-old girl who was diagnosed with DYT5a. She exhibited ad-
ditional unusual clinical features, including intellectual disability, depression, multiple skeletal anomalies, and short stature,
which are not commonly observed in patients with DYT5a. The patient harbored a heterozygous missense variant, c.539A>C,

p.GIn180Pro, in the GCHT gene, which was identified by targeted gene panel analysis using next-generation sequencing.
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Introduction

The term dopa-responsive dystonia (DRD) is used to de-
scribe a group of rare, inherited neurometabolic disorders of
the dopamine synthesis pathway. These disorders were initially
recognized and as 'hereditary progressive basal ganglia disease’
by Segawa [1] in 1971. DRD is characterized by early-onset
lower limb dystonia that causes gait disturbance and diurnal
fluctuations, and responds to an excellent response to levodopa
treatment [2]. The precursor of the neurotransmitter dopamine
is synthesized from tyrosine by the enzyme tyrosine hydroxy-
lase, which uses tetrahydrobiopterin (BH4) as a cofactor. DRD is
caused by mutations in genes that encode the enzymes involved

in the biosynthesis of levodopa, and the features of DRD can
range from mild to severe [2,3]. Autosomal dominant DRD (DY-
T5a, MIM #128230) is caused by heterozygous mutations in the
GCHT1 gene (MIM #600225), which is located on chromosome
14¢13. Itis the most common cause of DRD [2,3]. Autosomal re-
cessive DRD (DYT5b, MIM #605407), caused by mutations in the
TH gene (MIM# 191290), and DRD due to sepiapterin reductase
deficiency (SRD, MIM #612716), caused by mutations in the SPR
gene (MIM# 182125), are less common. The GCH1 gene encodes
an enzyme known as GTP cyclohydrolase | (GTPCH1), which is
needed for BH4 synthesis. Thus, mutations in the GCH7 gene
disrupt the production of BH4, leading to a decrease in dopa-
mine levels [3].
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Herein, we report the case of a girl who harbored a heterozy-
gous missense variant, ¢.539A>C, p.GIn180Pro, in GCHT, which
was identified by targeted gene panel analysis using next-
generation sequencing (NGS). The patient exhibited additional
unusual clinical features of DYT5a, including mild intellectual
disability, depression, multiple skeletal anomalies, and short stat-
ure.

Case

The Institutional Review Board of Nowon Eulji Medical Center
(approval number: EMCS 2018-11-035) approved the use of hu-
man clinical materials and blood in this study. Written informed
consent for the publication of medical images and genetic test
results was obtained from the patient and her guardian.

A 16-year-old girl visited our clinic in November 2018 with
the chief complaint of gait unsteadiness since childhood. The
patient experienced diurnal fluctuations in gait unsteadiness
that progressively worsened over time. The family history was

not relevant for neurodevelopmental disorders. The pedigree
chart is presented in Fig. 1A. Her family reported that she exhib-
ited psychomotor developmental delays since early childhood.
She had mild intellectual disability with a Full Scale intelligence
quotient of 61, obtained with the Korean-Wechsler Intelligence
Scale for Children Ill, which was used at other psychiatric hospi-
tals when she was 13 years old. She was treated for depression
with antidepressant medication by a child psychologist. She un-
derwent physical therapy for moderate scoliosis with a 34-de-
gree curve and wore a brace. Physical examination revealed that
the patient was short in stature, with a height of 146.3 cm (~2.52
standard deviation, SD). She weighed 33.8 kg (-3.41 SD), and
had a head circumference of 50 cm (~0.633 SD). She presented
with generalized dystonia with diurnal fluctuation, mainly in
the limbs and back, which had started in the lower limbs and
spread upwards with age. She had poor handwriting skills. She
showed no evidence of dystonia of the eye, tongue, larynx, and
neck. Neurologic examination revealed ankle clonus and brisk
tendon reflexes in the lower limbs. She did not have any tremor

Fig. 1. (A) Family pedigree of our patient
with dopamine response dystonia. (B)
Spine X-ray shows moderate thoraco-
lumbar scoliosis. (C) X-rays of both hands
reveal mild shortening of the middle
phalanges, giving a radial curvature to
the 5th fingers. (D) Flexion deformities of
the distal interphalangeal joint on the 3rd
distal pharynx and mild hallux valgus are
observed.
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or rigidity. She had moderate thoracolumbar scoliosis, severe
clinodactyly of the fifth finger, mallet toe, flat feet, and mild
hallux valgus. Radiographic evaluations of the skeletal find-
ings are presented in Fig. 1B-D. The results of laboratory tests,
including pituitary function, were within the normal range. The
findings of brain magnetic resonance imaging were also normal.
Administration of levodopa and decarboxylase inhibitors led to
the complete regression of dystonia within days, and the patient
sustained a good response with a dose of 4 mg/kg/day without
any side effects. Moreover, the patient's symptoms of depression
improved.

Genomic DNA was extracted from the patient's peripheral
blood leukocytes and underwent targeted gene panel sequenc-
ing with an xGen Inherited Diseases Panel (Integrated DNA Tech-
nologies, Inc., Coralville, IA, USA), which is designed for targeted
enrichment of approximately 4,503 clinically relevant genes.
Massive parallel sequencing was performed with the NextSeq
platform (lllumina Inc., San Diego, CA, USA) at Green Cross Ge-
nome (Yongin, Korea). A heterozygous missense variant of GCH1
¢.539A>C, p.GIn180Pro, was identified on the basis of the refer-
ence sequence NM_000161.2. It was classified as a likely patho-
genic variant with PM1 (mutational hot spot without benign
variation), PM2 (absence from populations such as gnomeAD,
EXAC, 1000 g, and KRGDB), PP3 (muiltiple lines of computational
evidence, including SIFT, PolyPhen-2, MutationTaster, sup-
port a deleterious effect), PP4 (highly specific phenotype), and
PP5 (reputable source reported as pathogenic, including PMID
19491146) according to the Standards and Guidelines for the
Interpretation of Sequence Variants by the American College of
Medical Genetics and Genomics and the Association for Molec-
ular Pathology [4-6]. This variant was confirmed by Sanger se-
quencing, the results of which are presented in Fig. 2. There were
no pathological mutations in the genes known to be associated
with DRD, including the 7H and SPR genes. No other variants of
GCH'1 suggest compound heterozygosity. Copy number variant
analysis using exome sequencing read depth data did not reveal
any clinically significant copy number variations.

Discussion

The association of DRD with non-motor psychiatric symp-
toms such as anxiety, obsessive-compulsive disorder, sleep dis-
turbances, and depression has been reported in a few patients
with DYT5a [2,7]. Genetic mutations that alter the production of
neurotransmitters and receptors can potentially affect the func-
tion of basal ganglia circuits and lead to non-motor symptoms
[8]. BH4 is a cofactor for the conversion of phenylalanine to
tyrosine and the subsequent conversion of tyrosine to levodopa.
Levodopa serves as a substrate for the production of neu-
rotransmitters such as dopamine, norepinephrine, and epineph-
rine. BH4 is also a cofactor for the conversion of tryptophan to
serotonin [9]. These neurotransmitters have important functions
in cognitive and affective circuits. Depression was not reported
frequently among the other non-motor psychiatric symptoms
of DRD [5,10]. Only a few studies have reported depression as
a psychiatric manifestation in patients with DRD [11,12]. Van
Hove et al. [11] reported that some patients even presented with
psychiatric problems first, before the development of motor
symptoms. However, it could not be concluded that depression
was one of the primary symptoms of DRD. Previous reports are
scarce owing to the low prevalence of this condition. Depres-
sion could be secondary to progression of motor symptoms in
patients with DRD. Furthermore, earlier studies reported that
most patients respond well to levodopa substitution with medi-
cation that affects serotonergic neurotransmission [11,12]. Our
patient had been treated for depression for years. Her depressive
symptoms improved significantly, upon initiation of treatment
with levodopa. This improvement could also be secondary to the
improvement in gait, following levodopa treatment. Neverthe-
less, the increased risk of developing depression due to genetic
factors independent of GTP cyclohydrolase deficiency and iden-
tification of the direct effect of levodopa in patients with DRD
cannot completely be ruled out.

Cognition, as opposed to affective disorder symptoms, is usu-
ally preserved in patients with DYT5a, even during advanced
stages of the disease [3]. Rarer subtypes of DYT5b and SRD
typically present with greater severity, including global devel-
opmental delays and cognitive impairment [3]. To date, there
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Fig. 2. Sanger sequencing confirmed the
heterozygous GCH7 missense variant
(c.539A>C, p.GIn180Pro) in the patient (lI-1).
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have been several reports of patients with DYT5a, who exhibited
developmental delays and intellectual disabilities, but these
patients had compound heterozygotes of GCH1T [13,14]. It has
been suggested that GCHT activity is involved in cognitive func-
tion and behavior in humans [8,15]. Interestingly, our patient
exhibited mild intellectual disability. Thus, this study suggests
the possibility of a wide spectrum of influence of GCHT activity
on cognitive function in patients with DYT5a.

Qur patient presented with short stature without other known
genetic causes, based on the results of targeted gene panel
analysis. Several studies have reported that patients with early
childhood-onset DYT5a exhibit growth retardation [3]. However,
itis uncertain whether growth retardation in patients with early
childhood-onset DYT5a is the result of a genetic defect in GCH7
or the secondary effect of dystonia on skeletal development.
Our patient had several skeletal deformities, such as scoliosis,
clinodactyly, mallet toe, and hallux valgus. Scoliosis secondary
to dystonia is commonly reported in patients with DRD [16].
Furthermore, an earlier case report stated that pediatric patients
with scoliosis and DRD achieved rapid curve resolution after
levodopa treatment [9]. Although our patient's scoliosis did not
improve after levodopa treatment, we believe that it was prob-
ably a result of DYT5a. However, the possibility remains of the
existence of a link between dystonia and the other minor skel-
etal deformities that our patient exhibited.

While it is unclear whether early diagnosis and initiation of
levodopa treatment improves the prognosis and prevents the
progression of unusual clinical manifestations, including intel-
lectual disability and short stature, there is no doubt that early,
accurate diagnosis is important in patients with DRD. Diagnosis
of DRD can be made on clinical grounds. However, there is con-
siderable phenotypic variability, especially in infancy and early
childhood, and DRD is often misdiagnosed as cerebral palsy.
Therefore, it isimportant that all pediatric patients with suspi-
cion of dystonia should receive trial treatment with levodopa.

Sanger sequencing for single genes has been the gold stan-
dard test when there is a clear phenotype for a Mendelian
disorder. Moreover, Sanger sequencing is more cost-effective
than targeted gene panel sequencing using NGS for small-sized
genes or hot spots genes. In our study, we performed target
multi-gene panel sequencing as the first genetic test, because
our patient showed unusual phenotypes for DRD such as intel-
lectual disability, short stature, and multiple skeletal anomalies.
Thus, we assumed that DRD was concomitant with another
condition in the differential diagnosis. Single gene sequencing
for GCH1 is definitely the first genetic test in patients whose

symptoms typically improve dramatically with low-dose ad-
ministration of levodopa. We believe that targeted gene panel
analysis is a useful diagnostic tool in pediatric patients with ad-
ditional unusual clinical manifestations or those with an atypi-
cal phenotype that shows an incomplete response to levodopa.

In summary, we reported the case of a 16-year-old girl who
was diagnosed with DRD that was confirmed through genetic
sequencing. She presented with unusual clinical features in-
cluding mild intellectual disability, depression, multiple skeletal
anomalies, and short stature.
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