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Abstract

Patients with autosomal dominant Segawa disease (dopa-responsive dystonia) show an excellent
and sustained response to small doses of levodopa. In contrast, the development of levodopa
limiting treatment dyskinesias is thought to support the diagnosis of other early onset dystonia/
parkinsonism syndromes. We describe an atypical phenotype, that of persistent treatment limiting
dyskinesias, in a family with prominent brachial dystonia and a novel GCHZ mutation. The
pedigree comprised two affected members, the proband aged 13 years and her mildly affected
mother aged 48 years. Phenylalanine loading test, cerebrospinal fluid for biogenic amines and
pterins, guanosine triphosphate cyclohydrolase | enzyme activity, and direct exonic sequencing of
GCH1were performed revealing a novel mutation (c.235_240delCTGAGC[p.L79_S80del]) in the
GCH!I1 gene. Despite continuous I-dopa therapy from age 7 years, the proband developed a severe
writer’s cramp at the age of 10 years, and persistent treatment limiting dyskinesias even with low
doses of levodopa leading to treatment challenges. We conclude that dyskinesias as limiting side
effects of levodopa should not preclude the diagnosis of dopa-responsive dystonia during
diagnostic levodopa trials and that the diagnosis of Segawa disease should still be considered if
there is partial improvement with levodopa, but dose limiting dyskinesias.
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Introduction

Patients with heterozygous GCHI mutations present partial guanosine triphosphate
cyclohydrolase | (EC 3.5.4.16) deficiency and develop the autosomal dominant Segawa
syndrome (dopa-responsive dystonia); DY TS5 dystonia (OMIM 128230) [1,2]. The disease
responds well to levodopa therapy, and when dyskinesias are present, are usually present
either at initiation of treatment [3,4] or at higher doses and do not lead to functional
impairment [5]. We report an atypical phenotype, that of persistent treatment limiting
dyskinesias, in a family with prominent brachial dystonia and a novel GCHI mutation.

Case reports

We examined two patients and two unaffected related subjects. The ethics committee of
University Hospital Reina Sofia approved the study. The neuropsychiatric features of the
index case and her mother were previously reported (Family B)[6], as was the phenylalanine
loading in the index case (case 14) [7], although at the time of those reports no mutation had
been identified. The index case was born to healthy parents and presented with congenital
torticollis that resolved completely by one year of age with physical therapy. Her early
psychomotor development was normal. She had gait difficulties since the beginning walking
at age 15 months, with slight postural instability on turn. From the age of 4 years, mild
laterocollis and postural scoliosis were evident. There was diurnal fluctuation including
hand tremor and cervical stiffness, which were observed only during the evenings, and
walking difficulties that improved after sleep. At the age of 7 years the child had prominent
dystonia which was worse on the left than the right and included mild laterocollis and
elevation of her right shoulder; diminished bilateral arm swing and right hand dystonic
posturing, mild toe-walking, left foot eversion and poor balance. The tendon reflexes were
normal and the plantar reflexes were flexor. Response to levodopa/carbidopa was initially
good with only mild bilateral diminished arm swing persisting. However, even doses of less
than 1 mg/kg per day of levodopa caused dyskinesias- which were characterized by choreic
movements of the upper limbs while walking, at rest and with the arms outstretched. The
child was then was maintained on 37.5 — 50 mg of I-dopa (1.1 — 1.6 mg/Kkg in the form of
carbidopa/levodopa 25/100) with doses divided qid to decrease dyskinesias.

Evaluation at age 7 years included a normal brain MRI. Phenylalanine loading test [8] was
abnormal (Table 1)[7]. Cerebrospinal fluid for biogenic amines and pterins was collected
five days after discontinuation of treatment with levodopa and was analysed by high-
performance liquid chromatography with electrochemical and fluorescence detection [9] and
showed diminished pterin concentrations of both neopterin and biopterin (Table 1) which
suggested autosomal dominant guanosine triphosphate cyclohydrolase I deficiency.
Homovanilic and 5-hydroxyindoleacetic acids were normal. Although initial genetic studies
by single-strand conformation polymorphism analysis and MLPA were negative, guanosine
triphosphate cyclohydrolase | enzyme activity, measured in cytokine-stimulated fibroblasts,
according to Bonafé et al. [10], showed a reduced activity of 0.39 pU/mg corresponding to
22 % enzyme activity of normal controls. Direct exonic sequencing of GCHI uncovered a
novel mutation (c.235_240delCTGAGC[p.L79_S80del]) in exon 1 that was not present in
100 unrelated control subjects. The mother, who had intermittent postural tremor in the right
arm, as well as right shoulder elevation and diminished right arm swing when walking, also
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harboured the mutation and had abnormal phenylalanine loading test (Table 1). The
asymptomatic father of the index case had a normal phenylalanine loading test, and the
asymptomatic brother did not have the GCHI mutation.

Despite persistent I-dopa therapy of 1.1 — 1.4 mg/kg, at the age of 10 years, the patient
developed a mild postural tremor of the hands and worsening of her previously mild right
arm dystonia, with severe writer’s cramp involving hand, forearm, proximal upper arm and
limb girdle musculature. An improvement of the task-specific dystonia was achieved by
increasing levodopa to 2 mg/kg; however, more than this dose again caused dyskinesias
characterized by choreic movements of both upper limbs distally along with the persistence
of the disabling writer’s cramp. Levodopa was reduced to 1.5 mg/kg and the dopamine
agonist pramipexole was added, which only partially improved the symptoms, and was
withdrawn after 3 months because of somnolence and irritability. At the age of 12 years, the
addition of botulinum toxin injections of wrist and finger flexors to the levodopa dosage of
1.8 mg/kg per day improved the velocity and quality of handwriting lasting four months,
when a second injection session was administered. Two months later, trihexiphenidyl was
initiated, two and a half years after writer’s cramp onset. The dose was increased slowly by
2 mg/2 weeks up to 10 mg/day together with levodopa 75 mg/day (1.6 mg/kg per day).
Although the velocity of handwriting and the dystonic spasms improved, the patient
experienced drowsiness and for that reason, trihexiphenidyl and levodopa were slowly
reduced, to 6 mg per day and to 37.5 mg per day (0.8 mg/kg per day) respectively. She did
not require botulinum toxin injection for eight months and she did not suffer from further
dyskinesias during this period.

Discussion

The development of a severe writer’s cramp as a levodopa-resistant symptom in the
presence of dyskinesias even with low doses of levodopa led to treatment challenges in our
index case. Classically, it has been reported that patients with dopa-responsive dystonia
show an excellent and sustained response to small doses of levodopa without any
relationship to the longevity of the clinical course and without unfavourable side effects
[3,4]. We have described a similar experience in 14 GCHI gene mutation manifesting-
carriers detected in our community due to a possible founder effect [11]. Partial or lack of
response to levodopa, as well as drug-induced dyskinesias have also been reported [12-16].
While levodopa-induced dyskinesias have been considered a symptom present at initial
treatment of I-dopa, or of overdosage, disappearing by reduction of the dosage and slow
titration to the optimal doses [4,11,14], lowering the dose in our patient caused re-
emergence of postural dystonia and aggravation of action dystonia.

The development of treatment limiting dyskinesias with levodopa has not been, to our
knowledge, previously described in dopa-responsive dystonia. The pathophysiologic basis
for the dyskinesias is unclear, as dyskinesias are usually attributed to abnormalities in the
striatal post-synaptic receptors [17], and most [18-20], but not all [21-23] functional
dopaminergic imaging studies suggest preservation of dopaminergic nerve terminals in
dopa-responsive dystonia. Although present in dopa-responsive dystonia, dyskinesias are
more prominent in parkin related dystonia [13], and are often suggested to distinguish dopa-
responsive dystonia from other early onset dystonia/parkinsonism syndromes. The
proband’s course supports that dyskinesias in response to empiric treatment with levodopa
may be consistent with diagnosis of dopa-responsive dystonia, and that further diagnostic
testing is warranted in these unusual cases.

It is of interest that not only was the writer’s cramp apparently refractory, brachial dystonia
was the primary feature in both the proband and her mother. In the proband, it is likely that
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the dystonia could have persisted because we were unable to obtain a sufficiently high dose
due to the limiting dyskinesias. Both familial brachial-predominant dystonia, as well as
levodopa resistant writer’s cramp have been previously reported [16], yet this is a new
mutation, suggesting that these are not effects attributed solely to the genotype in this
family. The phenotype in both cases was also notable for sternocleidomastoid hypertrophy
ipsilateral to the most prominent limb dystonia. The presence of early toe-walking in the
child is commonly seen in doparesponsive dystonia, and in this patient likely correlated with
bilateral leg dystonia even though the dystonia was more pronounced on one side.

Segawa disease has been separated into action and postural type dystonia, which reflect
symptoms relative to postulated maturation of the basal ganglia [4]. In this classification
schema, this family would most likely belong to the action dystonia type of Segawa disease:
the mother presented during adulthood with focal dystonia, and there was incomplete
response to I-dopa, albeit, as noted above, it is unclear how much the dystonia appeared non-
responsive, when we could not achieve an adequately high dose because of dyskinesias.

Pramipexole, a dopamine D3 receptor-preferring agonist, improves the efficacy of levodopa
therapy in the treatment of 6-pyruvoyl tetrahydropterin synthase deficiency, [24], and a
similar benefit might be expected in other forms of inherited tetrahydrobiopterin deficiency.
While our patient did not significantly improve with the addition of pramipexole to
levodopa, we cannot exclude that this was due solely to a lack of effect because side-effects
at lower doses of pramipexole were noted. Trihexyphenidyl, as expected [4], did improve
writer’s cramp, and did not induce dyskinesia, but this too, was limited by tolerability. The
addition of botulinum toxin injections to the treatment with levodopa resulted in improved
handwriting that was sustained for four to eight months.

The identified GCHI mutation was likely pathogenic, as amino acids L79 and S80 are
located at the end of the alpha-helix 2, forming part of the N-terminal antiparallel helix pair
alpha2/alpha3 that is responsible for dimer formation by a four-helix bundle generating the
active guanosine triphosphate cyclohydrolase | decamer from two pentamers [25]. Further,
using two independent Protein Structure Prediction Servers: APSSP2
(www.imtech.res.in/raghava/apssp2; [26]) and PSIPRED
(http://bioinf.cs.ucl.ac.uk/psipred/), two main structural changes: (1) reduction of alpha helix
2, and (2) shortening of the inter-helical space between alpha2 and alpha3 were associated
with the predicted protein sequence, and these would be predicted to decrease guanosine
triphosphate cyclohydrolase | enzyme activity. Interestingly, although guanosine
triphosphate cyclohydrolase | enzyme activity was proved to be low, cerebrospinal fluid
homovanilic and 5-hydroxyindoleacetic acids concentrations were normal after 5 days off
levodopa. Although there should not be a persistent levodopa effect at this time, we cannot
exclude that this is the case. However, it is not clear that this profile explains the propensity
to dyskinesias; a similar dissociation between cerebrospinal pterins and homovanilic acid
was noted in two symptomatic patients with dopa-responsive dystonia [12] who did not
show treatment limiting dyskinesias.

Thus, we both demonstrate a novel mutation that further expands the mutational spectrum of
GCH!1 gene associated with dopa-responsive dystonia, and report limiting side effects of
levodopa dyskinesias in a child despite being treated early in life. As up to 20% [27] of
dopa-responsive dystonia cases do not have mutations, this has implications for diagnostic
levodopa trials: the diagnosis of dopa-responsive dystonia should still be considered in cases
without an apparent mutation, as should additional testing including either phenylalanine
loading, measurement of guanosine triphosphate cyclohydrolase I activity in fibroblasts,
and/or cerebrospinal pterins, if there is partial improvement with levodopa, but dose limiting
dyskinesias.

Pediatr Neurol. Author manuscript; available in PMC 2013 June 01.


http://www.imtech.res.in/raghava/apssp2
http://bioinf.cs.ucl.ac.uk/psipred/

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Lépez-Laso et al.

Page 5

Acknowledgments

Th
de

e Centro de Investigacion Biomédica en Red de Enfermedades Raras (CIBERER) is an initiative of the Instituto
Salud Carlos I11 (ISCI11) del Ministerio de Ciencia e Innovacion (MICINN). Rafael Artuch has a “programa de

intensificacion de la actividad investigadora”. Rachel Saunders-Pullman is supported by NIH K02-NS073836.

References
1

10

11.

12.

13.

14.

15.

. Segawa M, Hosaka A, Miyagawa F, Nomura Y, Imai H. Hereditary progressive dystonia with

marked diurnal fluctuation. Adv Neurol. 1976; 14:215-233. [PubMed: 945938]

. Ichinose H, Ohye T, Takahashi E, Seki N, Hori T, Segawa M, Nomura Y, Endo K, Tanaka H, Tsuji

S, Fujita K, Nagatsu T. Hereditary progressive dystonia with marked diurnal fluctuation caused by
mutations in the GTP cyclohydrolase | gene. Nat Genet. 1994; 8:236-242. [PubMed: 7874165]

. Nygaard TG, Marsden CD, Fahn S. Dopa-responsive dystonia: long-term treatment response and

prognosis. Neurology. 1991; 41:174-181. [PubMed: 1899474]

. Segawa M, Nomura Y, Nishiyama N. Autosomal dominant guanosine triphosphate cyclohydrolase |

deficiency (Segawa disease). Ann Neurol. 2003; 54:532-S45. [PubMed: 12891652]

. Segawa, M.; Nomura, Y.; Yamashita, S.; Kase, M.; Nishiyama, N.; Yukishita, S.; Ohta, H.; Nagata,

K.; Hosaka, A. Long-term effects of I-dopa on hereditary progressive dystonia with marked diurnal
fluctuation. In: Berardelli, A.; Benecke, R.; Manfredi, M.; Marsden, CD., editors. Motor
disturbances Il. London: Academic Press; 1990. p. 305-318.

. Lopez-Laso E, Sanchez-Raya A, Moriana JA, Martinez-Gual E, Camino-Le6n R, Mateos-Gonzalez

ME, Pérez-Navero JL, Ochoa-Sepulveda JJ, Ormazabal A, Opladen T, Klein C, Lao-Villadéniga JI,
Beyer K, Artuch R. Neuropsychiatric symptoms and intelligence quotient in autosomal dominant
Segawa disease. J Neurol. 2011; 258:2155-2162. [PubMed: 21556877]

. Lopez-Laso E, Ormazabal A, Camino R, Gascén FJ, Ochoa JJ, Mateos ME, Mufioz MJ, Pérez-

Navero JL, Lao JI, Vilaseca MA, Artuch R. Oral phenylalanine loading test for the diagnosis of
dominant guanosine triphosphate cyclohydrolase 1 deficiency. Clin Biochem. 2006; 39:893-897.
[PubMed: 16624273]

. Hyland K, Fryburg JS, Wilson WG, Bebin EM, Arnold LA, Gunasekera RS, Jacobson RD, Rost-

Ruffner E, Trugman JM. Oral phenylalanine loading in dopa-responsive dystonia: a possible
diagnostic test. Neurology. 1997; 48:1290-1297. [PubMed: 9153460]

. Ormazabal A, Garcia-Cazorla A, Fernandez Y, Fernandez-Alvarez E, Campistol J, Artuch R. HPLC

with electrochemical and fluorescence detection procedures for the diagnosis of inborn errors of
biogenic amines and pterins. J Neurosci Methods. 2005; 142:153-158. [PubMed: 15652629]

. Bonafé L, Thony B, Leimbacher W, Kierat L, Blau N. Diagnosis of dopa-responsive dystonia and
other tetrahydrobiopterin disorders by the study of biopterin metabolism in fibroblasts. Clin Chem.
2001; 47:477-485. [PubMed: 11238300]

Lopez-Laso E, Ochoa-Sepulveda JJ, Ochoa-Amor JJ, Bescansa-Heredero E, Camino-Ledn R,
Gascon-Jiménez FJ, Mateos-Gonzalez ME, Pérez-Navero JL, Lao-Villadoniga JI, Ormazabal A,
Artuch R, Beyer K. Segawa syndrome due to mutation Q89X in the GCH1 gene: a possible
founder effect in Cérdoba (southern Spain). J Neurol. 2009; 256:1816-1824. [PubMed: 19533203]
Robinson R, McCarthy GT, Bandmann O, Dobbie M, Surtees R, Wood NW. GTP cyclohydrolase
deficiency; intrafamilial variation in clinical phenotype, including levodopa responsiveness. J
Neurol Neurosurg Psychiatry. 1999; 66:86—89. [PubMed: 9886460]

Tassin J, Durr A, Bonnet AM, Gil R, Vidailhet M, Lucking CB, Goas JY, Durif F, Abada M,
Echenne B, Motte J, Lagueny A, Lacomblez L, Jedynak P, Bartholome B, Agid Y, Brice A.
Levodopa-responsive dystonia. GTP cyclohydrolase I or parkin mutations? Brain. 2000;
123:1112-1121. [PubMed: 10825351]

Hwang WJ, Calne DB, Tsui JK, de la Fuente-Fernandez R. The long-term response to levodopa in
dopa-responsive dystonia. Parkinsonism Relat Disord. 2001; 8:1-5. [PubMed: 11472874]
Groétzsch H, Schnorf H, Morris MA, Moix I, Horvath J, Prilipko O, Burkhard PR. Phenotypic
heterogeneity of dopa-responsive dystonia in monozygotic twins. Neurology. 2004; 62:637—639.
[PubMed: 14981186]

Pediatr Neurol. Author manuscript; available in PMC 2013 June 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Lépez-Laso et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Page 6

Trender-Gerhard |, Sweeney MG, Schwingenschuh P, Mir P, Edwards MJ, Gerhard A, Polke JM,
Hanna MG, Davis MB, Wood NW, Bhatia KP. Autosomal-dominant GTPCH1-deficient DRD:
clinical characteristics and long-term outcome of 34 patients. J Neurol Neurosurg Psychiatry.
2009; 80:839-845. [PubMed: 19332422]

Olanow CW, Obeso JA, Stocchi F. Continuous dopamine receptor treatment of PD: scientific
rationale and clinical implications. Lancet Neurology. 2006; 5:677-687. [PubMed: 16857573]

Jeon BS, Jeong JM, Park SS, Kim JM, Chang YS, Song HC, Kim KM, Yoon KY, Lee MC, Lee
SB. Dopamine transporter density measured by [123I]beta-CIT single-photon emission computed
tomography is normal in dopa-responsive dystonia. Ann Neurol. 1998; 43:792-800. [PubMed:
9629849]

Naumann M, Pirker W, Reiners K, Lange K, Becker G, Briicke T. [1231]beta-CIT single-photon
emission tomography in DOPA-responsive dystonia. Mov Disord. 1997; 12:448-451. [PubMed:
9159746]

Trender-Gerhard I, Huang CC, Yen TC, Weng YH, Lu CS. Normal dopamine transporter binding
in dopa responsive dystonia. J Neurol. 2002; 249:1016-1020. [PubMed: 12195447]

Kikuchi A, Takeda A, Fujihara K, Kimpara T, Shiga Y, Tanji H, Nagai M, Ichinose H, Urano F,
Okamura N, Arai H, Itoyama Y. Arg(184)His mutant GTP cyclohydrolase I, causing recessive
hyperphenylalaninemia, is responsible for dopa-responsive dystonia with parkinsonism: a case
report. Mov Disord. 2004; 19:590-593. [PubMed: 15133828]

Hjermind LE, Johannsen LG, Blau N, Wevers RA, Lucking CB, Hertz JM, Friberg L, Regeur L,
Nielsen JE, Sgrensen SA. Dopa-responsive dystonia and early-onset Parkinson's disease in a
patient with GTP cyclohydrolase | deficiency? Mov Disord. 2006; 21:679-682. [PubMed:
16267845]

Eggers C, Volk AE, Kahraman D, Fink GR, Leube B, Schmidt M, Timmermann L. Are dopa-
responsive dystonia and Parkinson's disease related disorders? Parkinsonism Relat Disord. 2011
Oct 24. epub ahead of print.

Porta F, Mussa A, Concolino D, Spada M, Ponzone A. Dopamine agonists in 6-pyruvoyl
tetrahydropterin synthase deficiency. Neurology. 2009; 73:633-637. [PubMed: 19704083]
Thony B, Auerbach G, Blau N. Tetrahydrobiopterin biosynthesis, regeneration and functions.
Biochem J. 2000; 347:1-16. [PubMed: 10727395]

Raghava GP. APSSP2: A combination method for protein secondary structure prediction based on
neural network and example based learning. CASP5. 2002:A-132.

Hagenah J, Saunders-Pullman R, Hedrich K, Kabakci K, Habermann K, Wiegers K, Mohrmann K,
Lohnau T, Raymond D, Vieregge P, Nygaard T, Ozelius LJ, Bressman SB, Klein C. High
mutation rate in dopa-responsive dystonia: detection with comprehensive GCHI screening.
Neurology. 2005; 64:908-911. [PubMed: 15753436]

Pediatr Neurol. Author manuscript; available in PMC 2013 June 01.



Page 7

Lépez-Laso et al.

[TT] '1e 10 0se1-zado Aq 8ouaiayal ayl ul T Juaned se paqlIasag

*¥

"2dOPOA3| UIM USRS} JO UOITBNUUOISIP J3)Je SAep 8Al4 Pa108]|00 SeM 4SO
¥

| ase|04pAyo]9A2 areydsoydiy auisouend = HOd1 O ‘pIde dljIuBAOWIOY = WYAH ‘PIoe 2118283]0pUIAX0IPAY-G = WV IH-G ‘aUIS0IAl = JA] ‘auluepejAuayd = ayd ‘pinjs jeuidsolgalad = 45D

88T-90 STV-LTT €9=¢ (3Inpe) senjen "y
annebaN I 9¢C T8 Jayred
[18p0ss 6.1'd] 09V 91218pP0KZ G€20 8¢ z8 Ll SEINT
$]0.JU0D [eWLIOU JO ANANOR BWAZUS 0522 G'T-9'0 8260 V¥S9T 2G0T 656 965-85T 99528  (PIYyo) sanjen “yoy
[12p08s 6. 1'd] 29V 9.LDI8POYZ SEZD Bw/nr 6£°0 T #x 08 99 8 g 8T¢ elT ased Xapu|
(1
swe|qo.qy Uy uz ut (yowu)  (yowu)  gowu)  (7/0wu)
THOO ul uieldolg ullldoeN  VAH  VVIHG
Burouenbeg HOd 1D
sisoubelp Auanoe onel JA1Rud
N0 N awAzug 101 Buipeo| ayd @10 S0

NIH-PA Author Manuscript

RIU0ISAP G1 AQ Yl Ajiwe) ayl Jo SasAfeue Jejnaajow pue AliAnoe
| asejoipAyojaAa sreydsoydii auisouenh swAzua ‘synsal 191 Bulpeo] sulueejAuayd ‘sutield pue saulwe d1uabolq Jo sisA[eue pinj) jeuldsoigalad Jo S1nsay

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Pediatr Neurol. Author manuscript; available in PMC 2013 June 01.



