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SHORT REPORTS

Cerebellar Involvement in DYT-THAP1 Dystonia
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Abstract

DYT-THAPI1 dystonia is known to present a variety of clinical symptoms. To the best of our knowledge, this is the first case with
DYT-THAP 1 dystonia and clinical signs of cerebellar involvement studied with transcranial magnetic stimulation in vivo. We
report a case of a 51-year-old male DYT-THAP1 mutation carrier with dystonia, who additionally developed ataxia 1.5 years ago.
To study cerebellar involvement in our patient, we used a TMS protocol called cerebellar inhibition (CBI). The lack of CBI in our
patient strongly suggests cerebellar involvement. According to our findings, cerebellar syndrome may be part of the phenotypical

spectrum of DYT-THAP1 mutations.
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Abbreviations

CBI Cerebellar inhibition

THAP1 Thanatos-associated protein 1
T™MS Transcranial magnetic stimulation
MEP Motor evoked potential

ISI Inter-stimulus interval
Background

THAP1 gene mutations are associated with highly variable
phenotypical spectrum of dystonic symptoms, consisting of
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focal and generalized dystonia forms [1, 2]. The large number
of mutations in THAP1 gene, described in the literature,
matches the topographical variety of dystonic symptoms and
age of onset. Nevertheless, information regarding further clin-
ical symptoms, associated with THAP1-gene mutations, be-
sides dystonia, is scarce. To the best of our knowledge, this is
the first case with DYT-THAP 1 dystonia and clinical signs of
cerebellar involvement studied with transcranial magnetic
stimulation in vivo.

Case Presentation

We report the case of a 51-year-old male THAP1 mutation
carrier with dystonia since childhood who developed addition-
ally cerebellar ataxia 1.5 years ago. The study was conducted
in accordance with the Declaration of Helsinki and written
informed consent for publication was obtained from the
patient.

The dystonic symptoms comprised a dystonic action trem-
or of both hands since childhood, worsening over the last 6
years, writer’s cramp, and cervical dystonia. Gait uncertainty,
dysarthria, and occasional dysphagia developed 1.5 years ago.
Fine motor skills, such as writing and cutting, became more
difficult to accomplish. DYT-THAP1 mutation (heterozygous
compound as variant of unknown significance in THAP1-
gene, intron 1 (c.71+9C>A)) was revealed by dystonia gene
panel analysis at age 50 during diagnostic work-up after man-
ifestation of cerebellar symptoms. Father, uncle, grandfather,
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and sister also reported hand tremor and the sister carried the
identical DYT-THAP1 mutation. His two daughters (20 and
23 years old) were without any symptoms and a genetic test
was yet not obtained. The patient reported no excessive alco-
hol consumption. Given the phenotype, combining dystonia
and cerebellar symptoms, SCA 14-mutation was genetically
excluded earlier. Further genetic investigation was not per-
formed due to lack of therapeutic consequences.

Neurological examination showed generalized dystonia in-
cluding cervical dystonia and upper limb dystonia with
writer’s cramp, mirror movements of both hands during writ-
ing, saccadic ocular pursuit, dysmetria of the upper and lower
limbs, and gait ataxia. Postural and action tremors with
marked intention tremor were present on both hands. The
patient scored 21 out of 120 points on the Burke-Fahn-
Marsden Dystonia Rating Scale (BFMDS) [3], 20 out of 76
points on the modified International Cooperative Ataxia
Rating Scale (mICARS) [4], and 10 out of 40 points on the
Scale for Assessment and Rating of Ataxia (SARA) [5].
SARA subscores were as follows: gait (1), stance (0), sitting
(0), speech disturbance (1), finger chase test (2), finger-nose
test (3), fast alternating hand movements (2), heel-shin slide
(1). Hereby, we interpreted the upper limb tremor as rather
intentional, than a dystonic one, because of the obvious over-
shoot on ballistic tracking.

Brain MRI and PET-CT were unremarkable with no evi-
dence of cerebellar abnormalities or atrophy. The dopamine
transporter scintigraphy showed no signs for degeneration of
dopaminergic neurons. Screenings for other symptomatic
causes of cerebellar ataxia (systemic autoimmune diseases,
paraneoplastic antibodies, and Wilson’s disease) were nega-
tive. CSF was normal. Biomarker screening tests in blood for
other ataxia forms, including alpha-feto protein and vitamin E,
were negative. Motor, somatosensory, and visually and audi-
tory evoked potentials were unremarkable. Action tremor and
gait ataxia responded slightly to dopaminergic medication
(300 mg L-dopa/p). Medications with metoprolol,
trihexyphenidyl, primidone, gabapentine, clozapine, and
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Fig. 1 a MEP size ratio of paired
stimulation/stimulation alone at 4—
8 ms ISI. Cerebellar inhibition is 2
known to occur at ISI between 5
and 7 ms in healthy subjects. In
contrast to the healthy controls, the
cerebellar inhibition was absent in
the DYT-THAPI patient. b
Average values of the MEP size
ratio of 57 ms ISI on controls vs.
DYT-THAPI. No inhibition was 0,5
found in the DYT-THAPI patient.

Error bars refer to SEM
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budipine showed no benefit or had led to intolerable adverse
effects in the past.

To study cerebellar involvement in our patient, we used a
transcranial magnetic stimulation (TMS) protocol called cere-
bellar inhibition (CBI) [6, 7]. Hereby, a conditioning cerebel-
lar TMS pulse precedes the test TMS pulse to the primary
motor cortex with an interstimulus interval (ISI) varying be-
tween 4 and 8 ms. For this purpose, a double cone coil was
used for cerebellar stimulation and a round coil for motor
cortex stimulation. Motor evoked potentials (MEPs) were re-
corded from the first dorsal interosseus muscle with the elec-
trodes placed in belly-tendon montage. The primary motor
cortex was stimulated with an intensity to evoke single pulse
MEP with amplitude of 1 mV, the cerebellum with intensity of
95% of the brain stem active motor threshold. In the current
case, CBI was completely abolished suggesting cerebellar in-
volvement. Figure 1 shows absent CBI in our patient and
normal CBI in 10 healthy controls (mean age 53.4 + 5.4
years).

Discussion and Conclusions

To the best of our knowledge, this is the first case with DYT-
THAP 1 dystonia and clinical signs of cerebellar involvement
studied with TMS in vivo. Despite extensive work-up, no
other cause for cerebellar ataxia was found. Cerebellar inhibi-
tion is known to occur at ISI between 5 and 7 ms in healthy
subjects. The lack of CBI in our patient strongly suggests
cerebellar involvement, most likely due to disturbed
cerebello-thalamo-cortical pathways. Imaging studies report-
ed in non-manifested DYT6 carriers reduced metabolism of
the cerebellum and upper brainstem extending into the thala-
mus, and reduced integrity of cerebello-thalamo-cortical fiber
tracts in both, clinically manifesting and non-manifesting
DYT1 and DYT6 mutation carriers [8]. Neuropathological
examination in patients with cervical dystonia carrying in part
the identical mutation, as in our patient, revealed a lower
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density of cerebellar Purkinje cells [9]. Furthermore, animal
studies already proved a link between DYT-THAP1 mutation
and cerebellar involvement in mice [10]. Based on this litera-
ture, the combination of dystonic and ataxic symptoms in the
current case could possibly be explained through his genetic
defect. However, although the likelihood seems rather low, we
cannot rule out for sure that the patient harbors an additional
genetic mutation responsible for the cerebellar phenotype.
Taken together, deficient CBI suggests cerebellar involve-
ment in our patient and supports the notion that cerebellar
affection may be part of the phenotypical spectrum of DYT-
THAP1 mutations. In this relation, further research is needed
to determine whether abnormal CBI can also be found in
THAP-1 mutation carriers without ataxic features. Should this
be the case, then cerebellar involvement in DYT-THAP1 mu-
tations might be independent from clinical phenotype.

Availability of Data and Materials The data sets used and/or analyzed
during the current study are available from the corresponding author on
reasonable request.

Compliance with Ethical Standards

Ethical Approval and Consent to Participate All of the diagnostic pro-
cedures, performed on the patient, were carried out as a part of the clinical
routine. No additional procedures on the patient were performed in rela-
tion to this study. Therefore, the need for ethical approval in this particular
case is considered as waived. Moreover, written consent to participate
was obtained from the patient.

Consent for Publication
obtained from the patient.

A written informed consent for publication was

Conflict of Interest SJG received honoraria and/or travel support in the
past from Abbott Medical, Actelion, Boston Scientific, Medtronic, UCB,
Rogue Research not related to the current study.

AS received consulting fees and/or speaker honoraria and travel sup-
port in the past from Abbott/SIM, Boston Scientific, Teva Neuroscience,
UCB, MEDA Pharma, Novartis, and Abbvie. He has received research
grants from the German Research Council, BMBF, the German Ministry
of Education and Health, and the Helmholtz Association.

PA received compensation in the past for serving on Scientific
Advisory Boards for Ipsen, Novartis, and Biogen; he received speaker
honoraria and travel support in the past from Novartis, Teva, Biogen,
Merz Pharmaceuticals, Ipsen, Allergan, Bayer HealthCare, Esai, UCB,
and Glaxo Smith Kline; he received research support from Novartis,
Biogen, Teva, Merz Pharmaceuticals, Ipsen, and Roche.

CJH received honoraria and/or travel support in the past from Abbott
Medical und UCB, not related to the current study.

PN, SSH, AA, JK, and MM have no competing interests to report.

References

1. Xiao J, Vemula SR, LeDoux MS. Recent advances in the genetics
of dystonia. Curr Neurol Neurosci Rep. 2014 [cited 2019 Mar
19];14(8):462. Available from: https://doi.org/10.1007/s11910-
014-0462-8

2. XiaoJ, Zhao Y, Bastian RW, Perlmutter JS, Racette BA, Tabbal SD,
et al. Novel THAPI sequence variants in primary dystonia.
Neurology. 2010;74(3):229-38.

3. Krystkowiak P, Montcel ST du, Vercueil L, Houeto J-L, Lagrange
C, Cornu P, et al. Reliability of the Burke-Fahn-Marsden scale in a
multicenter trial for dystonia. Mov Disord. 2007 [cited 2019
Apr 30];22(5):685-9. Available from: https://onlinelibrary.wiley.
com/doi/abs/10.1002/mds.21392.

4. Trouillas P, Takayanagi T, Hallett M, Currier RD, Subramony SH,
Wessel K, et al. International Cooperative Ataxia Rating Scale for
pharmacological assessment of the cerebellar syndrome. The
Ataxia Neuropharmacology Committee of the World Federation
of Neurology. J Neurol Sci. 1997;145(2):205-11.

5. Schmitz-Hiibsch T, Montcel ST du, Baliko L, Berciano J, Boesch S,
Depondt C, et al. Scale for the assessment and rating of ataxia
development of a new clinical scale. Neurology. 2006 [cited 2017
May 30];66(11):1717-20. Available from: http://www.neurology.
org/content/66/11/1717.

6. Ugawa Y, Day BL, Rothwell JC, Thompson PD, Merton PA,
Marsden CD. Modulation of motor cortical excitability by electrical
stimulation over the cerebellum in man. J Physiol. 1991 [cited 2019
May 2];441:57-72. Available from: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC1180185/.

7. Groiss SJ, Ugawa Y. Chapter 51 - Cerebellum. In: Lozano AM,
Hallett M, editors. Handbook of clinical neurology. Elsevier; 2013
[cited 2019 May 2]. p. 643-53. (Brain Stimulation; vol. 116).
Available from: http://www.sciencedirect.com/science/article/pii/
B9780444534972000516.

8. Carbon M, Eidelberg D. Abnormal structure-function relationships
in hereditary dystonia. Neuroscience. 2009 [cited 2019
May 2];164(1):220-9. Available from: http://www.sciencedirect.
comy/science/article/pii/S0306452208018630.

9. Prudente CN, Pardo CA, Xiao J, Hanfelt J, Hess EJ, LeDoux MS,
et al. Neuropathology of cervical dystonia. Exp Neurol. 2013 [cited
2019 May 2];241:95-104. Available from: http://www.
sciencedirect.com/science/article/pii/S0014488612004360.

10. Ruiz M, Perez-Garcia G, Ortiz-Virumbrales M, Méneret A, Morant
A, Kottwitz J, Fuchs T, Bonet J, Gonzalez-Alegre P, Hof PR,
Ozelius LJ, Ehrlich ME. Abnormalities of motor function, tran-
scription and cerebellar structure in mouse models of THAP1 dys-
tonia. Hum Mol Genet. 2015 [cited 2019 Mar 20];24(25):7159-70.
Available from: https://academic.oup.com/hmg/article/24/25/7159/
2384441.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

@ Springer GRO


https://doi.org/10.1007/s11910-014-0462-8
https://doi.org/10.1007/s11910-014-0462-8
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.21392
https://onlinelibrary.wiley.com/doi/abs/10.1002/mds.21392
http://www.neurology.org/content/66/11/1717
http://www.neurology.org/content/66/11/1717
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1180185/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1180185/
http://www.sciencedirect.com/science/article/pii/B9780444534972000516
http://www.sciencedirect.com/science/article/pii/B9780444534972000516
http://www.sciencedirect.com/science/article/pii/S0306452208018630
http://www.sciencedirect.com/science/article/pii/S0306452208018630
http://www.sciencedirect.com/science/article/pii/S0014488612004360
http://www.sciencedirect.com/science/article/pii/S0014488612004360
https://academic.oup.com/hmg/article/24/25/7159/2384441
https://academic.oup.com/hmg/article/24/25/7159/2384441

	Cerebellar Involvement in DYT-THAP1 Dystonia
	Abstract
	Background
	Case Presentation
	Discussion and Conclusions
	References


