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dyt6 dystonia: mutation screeninG, 
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abstract

Mutations in THAP1, a gene encoding a nuclear pro-apoptotic protein, have been associated with 
DYT6 dystonia. First reports on the phenotype of DYT6 dystonia show an early onset dystonia 
with predominant cranio-cervical and laryngeal involvement. Here we assessed the frequency 
and phenotype of THAP1 mutation carriers in a large Dutch cohort of adult-onset (≥26 years) 
dystonia (n=388) and early-onset dystonia (n=67) patients. We describe the phenotype of DYT6 
dystonia patients and their response on GPi DBS. Overall, 3 non-synonymous heterozygous muta-
tions were detected in the early-onset group (4.5%). Two DYT6 families were identified, showing 
a heterozygous phenotype. All patients had segmental or generalized dystonia, often associated 
with profound oromandibular and laryngeal involvement. No non-synonymous mutations were 
found in patients with adult-onset focal dystonia. Rare synonymous variants were identified in 
conserved regions of THAP1, two in the adult-onset cervical dystonia group and one in the control 
group. Four DYT6 dystonia patients were treated with GPi DBS with moderate to good response 
on motor function but marginal benefit on speech.
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introduction

The dystonias are a group of movement disorders characterized by involuntary twist-
ing, repetitive movements and abnormal postures. The clinical presentation and 
genetic background of the dystonias is heterogeneous. A group of rare, familial, mostly 
early-onset dystonia syndromes can be classified based on clinical presentation and 
designated to a DYT number.1;2 At present about 20 monogenetic dystonia syndromes, 
including seven ‘pure’ dystonia syndromes (DYT1, 2, 4, 6, 7, 13 and 17) were character-
ized.3 Of these pure dystonia syndromes, the genes TOR1A (causing DYT1)4 and, more 
recently, THAP1 (DYT6)5 have been identified. Last year, several mutations in the 
THAP1 gene have been reported.5-11 The frequency of DYT6 in groups of early-onset 
and familial pure dystonia patients range from 1%7;11 to 25%10. The same studies show 
that the DYT6 phenotype includes a segmental or generalized dystonia with cranio-
cervical and laryngeal involvement6;10;11. The effect of deep brain stimulation (DBS), 
the most effective treatment in severe generalized dystonia syndromes12, has only 
been reported in one patient so far, showing a moderate but sustained response.11

Adult onset focal dystonia is the most frequent form of dystonia (prevalence 1 in 
2.500)13 and has a complex genetic background with familial clustering, often lacking 
a mendelian pattern. In analogue with other genetic complex diseases, both common 
and rare (functional) variants localized in causal genes contribute to the development 
of ‘sporadic’ diseases.14;15 The role of genetic variants in THAP1 in focal dystonias is 
largely unknown. In one study, a double nucleotide substitution (-236_235GA>TT), 
predicted to change the first 2 nucleotides of the THAP1 mRNA sequence, occurred 
more frequently in dystonia patients than in controls.11 Xiao et al. recently screened 
a group of 1079 focal/segmental dystonia patients with variable age at onset and 
identified 4 missense mutations, one synonymous change and 2 intronic variants of 
unknown significance.9

Here, we screened the coding region of THAP1 in a large cohort of primary dystonia 
patients. We describe the phenotype of DYT6 patients, illustrated with video regis-
tration, and the effect of pallidal deep brain stimulation.

methods

Patients
The study was approved by the local ethics committee of the Academic Medical 
Center Amsterdam and other participating centers. All patients were previously 
examined by a movement disorder specialist and diagnosed with pure dystonia based 
on the accepted criteria.16 After giving informed consent, all patients were included in 
a clinical database. Secondary causes were excluded by patient history and additional 
neuroimaging when indicated. All patients with segmental or generalized dystonia 
and those with an early disease onset were negative for the GAG deletion in the DYT1 
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gene. All patients with jerks were tested for mutations in the DTY11 (SGCE) gene. A 
total of 455 probands were screened. For genetic screening, 2 groups of patients were 
formed. In the early onset group (<26 years) 67 patients with idiopathic torsion dys-
tonia were included. Among these early onset patients, 22 cases had a segmental or 
generalized form of dystonia. The second group of 388 patients included 333 patients 
with adult-onset (≥26 years) cervical dystonia with (n=41) or without (n=292) spread 
to adjacent body parts and 55 patients with adult-onset writer’s cramp (Table 1). Writ-
er’s cramp patients were classified in simple writer’s cramp (n=22) and complex or dys-
tonic (n=33) writer’s cramp.17;18 A group of 185 healthy controls from the Dutch Blood 
Bank were tested. All patients and controls were Caucasians of Dutch ancestry.

Table 1. characteristics of patients included in THAP1 mutation screening.  
All patients have a primary pure dystonia. *see Supplement table 1.  
**p.Leu71Leu and p.Thr165Thr.

Early Onset (age at onset <26) (n=67)  mutation carriers  
(n=3, non-synonymous)*

Female (%) 37 (55.2) 1/3
Family history (%) 39 (58.2) 2/3
Mean age at examination (SD, range) 43.9 (14.4; 16-78)  
Mean age at onset (SD, range) 16.5 (5,5; 4-25)  
Mean disease duration (SD) 27.4 (13.9)  
Spread  
– focal 45 0/3
– segmental/generalized* 22 3/3
Late Onset (age at onset ≥26) (n=388)  mutations carriers  

(n=2, synonymous)**
Cervical Dystonia (n=333) 333 (86%) 2/2
Writer’s cramp (n=55) 55 (14%) 0/2
Female (%) 246 (63%) 1/2
Family history (%) 57 (15%) 0/2
Mean age at examination (SD, range) 56.5 (11.5; 28-84)  
Mean age at onset (SD, range) 45.2 (11.0; 26-77)  
Mean disease duration (SD) 11.3 (9.2)  
Spread  
– focal 314 1/2
– segmental/complex 74 1/2

For pre- and post DBS assessment, the patients were scored on the Toronto Western 
Spasmodic Torticollis Rating Scale (TWSTRS)19 and the Burke–Fahn–Marsden dys-
tonia rating scale (BFMRS)20. Standardized video registration was performed.

After mutation screening, family members of identified mutation carriers (probands) 
were examined and screened for THAP1 mutations.
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Genotyping
DNA was isolated from EDTA blood using standard procedures (Gentra Technology). 
Standard PCR amplification was done (primer design on request). All patients were 
screened for mutations in THAP1 by sequencing (ABI big dye v3.1 chemistry, ABI 
3730 capillary system, Applied Biosystems, Foster City, CA). The three coding exons 
were fully sequenced, including the entire 5’ untranslated region (UTR) and 500 bp of 
the 3’ UTR. To exclude possible mutations at splice sites, at least 50 base pairs of the 
upstream and downstream intronic sequences that flank each exon were sequenced. 
Sequences were analyzed using CodonCode software (Dedham, MA, USA). Predic-
tion programs PolyPhen, Align-GVGD and SIFT were used to examine possible effects 
of identified mutations and polymorphisms. (RefSeq NM_018105.2) For splice site 
prediction analysis SSF, MaxEnt, NNSPLICE and Gene Splicer were employed.

Deep brain stimulation
The procedure for DBS was a one-stage bilateral stereotactic approach with frame-
based three-dimensional MRI reconstructions for targeting and path planning. The 
Leksell stereotactic frame and Leksell Surgiplan software (Elekta Instruments AB, 
Stockholm, Sweden) were used for targeting. The standard GPi coordinates were 
21 mm lateral, 2 mm anterior, and 5 mm below the midcommissural point. Whenever 
necessary, adjustments were made according to visual anatomy on the planning MRI. 
Intra-operative clinical testing was performed along selected trajectories at several 
sites. The definitive electrode for chronic stimulation was implanted based on the 
observed benefit on motor symptoms and induced side-effects. Quadripolar elec-
trodes model 3387 (Medtronic Neurological Division, Minneapolis, MN) with four 
platinum–iridium cylindrical surfaces (1.3 mm diameter and 1.5 mm length) and with 
an inter-contact separation of 1.5 mm were used. When the clinical condition would 
allow it, surgery was performed under local anaesthesia. When general anaesthesia 
was needed, partial awakening was induced in order to perform microrecordings and 
test stimulation. All electrodes were connected to bilateral implantable pulse genera-
tors (Soletra 7426 Medtronic Neurological Division, Minneapolis, MN) under gen-
eral anaesthesia. The position of the DBS electrode has been checked post-operatively 
by image co-registration of post-operative CT with pre-operative MRI on Leksell 
Surgiplan software.

results

Mutation screening
Three heterozygous non-synonymous mutations were found in the early onset group 
(4.5%), all in probands with generalized dystonia. (Table 1) Among the cases with an 
early onset segmental/generalized dystonia (n=22) 13.6% of the patients have a THAP1 
mutation. (Table 2) 
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Table 2. early onset age [<26yo) segmental and generalized dystonia patients 
(n=22) with characteristics, age and site at onset and spread of 
symptoms. All patients were screened for DYT1 mutations, patients 
with jerks were also tested for SGCE mutations (screened for point 
mutations and gene dosage). AAE=age at examination, N=neck, UE=upper 
extremities, T=trunk, LE=lower extremities, L=larynx, UF=upper face, 
OM=oromandibular, S=segmental, G=generalized

Sex Family Mutation Onset Examination
history THAP1 Age Site AAE N UE T LE L UF OM spread Jerks

female yes Asn136Lys 9 LE 53 x x x x x x x G no
male no Tyr59Ile 6 UE 28 x x x x x x x G no
male yes del69Asn 7 LE 17 x x x x G no
female yes - 12 UE 51 x x x x x x S yes
female no - 6 N 57 x x x x S no
female yes - 18 UE 52 x x x x x x G no
female yes - 17 N 39 x x x x S no
female no - 11 N 29 x x x S no
male yes - 7 LE 61 x x x x G no
female yes - 12 UE 51 x x x S yes
male yes - 14 LE 37 x x x x G no
male yes - 23 N 61 x x x x G yes
male no - 4 N 16 x x x S no
female yes - 10 UE 45 x x x x G yes
female yes - 25 LE 56 x x x x G no
male yes - 25 N 60 x x S no
male yes - 17 N 47 x x S no
female yes - 13 UE 17 x x S no
male yes - 16 UE 53 x x S no
female no - 20 UE 40 x x S no
male yes - 20 UE 34 x x S yes
female yes - 20 UE 46 x x S no

Mutations included a 3bp deletion c.207_209del (p.Asn69del, in-frame mutation), one 
missense mutation c.176C>T (p.Thr59Ile) in the THAP DNA binding domain, and one 
missense mutation 408C>G (p.Asn136Lys) in exon 3, changing a highly conserved 
amino acid sequence.

In the adult-onset dystonia patients two synonymous mutations were found: 
c.213A>G (p.Leu71Leu) in the DNA binding THAP-domain and c.495C>T 
(p.Thr165Thr) in a coiled coil domain, both not seen in 185 Dutch controls. However, 
we also encountered a synonymous change (c.489C>G [p.Leu163Leu], coiled coil 
domain) in one control subject, not seen in the patient group. This subject was not 
available for examination. In our cohort (n=455; early-onset and adult-onset dystonia) 
we found the -236_235GA>TT double substitution11 in 10 heterozygous carriers (GA/
TT, 2.5%) and two homozygous carriers (TT/TT, 0.4%). In the control group (n=185) the 
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frequencies were 2.2% and 0%, respectively. The variant c.71+9C>A in intron 19 was 
found in 3 late onset dystonia patients (0.6%) and one control subject (0.5%).

Phenotype
Early-onset DYT6 dystonia
Three probands with early onset DYT6 dystonia were identified. In family L 
(p.Asn69del) (Figure 1 A), 2 additional affected members were present. In family J 
(p.Asn136Lys) (Figure 1 B), a sister of the proband was affected. A maternal aunt was 
reported as affected with segmental dystonia of the neck, face and arm, however she 
was deceased and was not examined. The mother of the proband was reported to be 
not affected. Patient R (p.Thr59Ile) (Figure 1 C) did not have any family members 
with dystonia. All six DYT6 dystonia patients have a segmental or generalized dys-
tonia affecting the neck. In five of them, the oromandibular region was also affected, 
associated with laryngeal dystonia in three patients.

Figure 1. Pedigrees of families of the three early onset dyt6 patients. (A) Family L 
with Asn69del, (B) family J with Asn136Lys mutation and (C) family R with 
Thr59Ile mutation in THAP1. *= genetically-confirmed mutational status.

Taken all affected patients together, the age of onset was between 7 and 13 years and 
site of onset was variable, also between family members, starting in lower extremities 
(n=2), upper extremities (n=3) and neck and larynx in 1 patient.(Table 3) Patients do 
not have obvious behavioural or cognitive deficits.
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Table 3. clinical picture of missense and synonymous dyt6 mutation carriers. 
Synonymous variant carriers are in italic typesetting. AAE=age at 
examination, N=neck, UE=upper extremities, T=trunk, LE=lower 
extremities, L=larynx, UF=upper face, OM=oromandibular.

ID Sex Mutation Onset Examination
  THAP1 Age Site AAE N UE T LE L UF OM spread Jerks
family L, IIII:9 male p.del69Asn 7 LE 19 x x x x    generalized no
family L, III:5 male p.del69Asn 10 N, UE 47 x x x x   x generalized no
family L, II:2 male p.del69Asn 13 UE 77 x x     x segmental no
family J, II:10 female p.Asn136Lys 9 LE 53 x x x x x x x generalized no
family J, II:8 female p.Asn136Lys 12 L, N 48 x x   x  x segmental no
patient R male p.Tyr59Ile 6 UE 28 x x x x x x x generalized no
patient W male p.Leu71Leu 54 N 75 x x x     segmental no
patient Y female p.Thr165Thr 50 N 55 x       focal no

Adult-onset DYT6 dystonia
In the late onset group (n=388), two cases with cervical dystonia were found to 
harbor a silent mutation in a conserved coding region of THAP1 (0.5%). One case 
(patient Y, p.Thr165Thr) showed a classical cervical dystonia phenotype with age 
at onset of 50 years. Her TWSTRS-severity score was 11/35. The other case (patient 
W, p.Leu71Leu) is a 75-year-old man with a segmental dystonia with cervical, shoul-
der and trunk involvement, with age at onset 54 years. He suffered from laterocollis, 
antecollis and rotation of the chin to the left (TWSTRS-severity 20/35, TWSTRS-
disability 17/20, TWSTRS-pain 2.5/20). Magnetic resonance (MR) imaging showed 
multiple small vascular lesions in the left lateral thalamus, right putamen and caudal 
in the right globus pallidus and right posterior nucleus caudatus. Family history was 
negative for movement disorders in both cases.

Deep Brain Stimulation
Four patients with an early onset DYT6 dystonia (J II:10, L IV:9, L III:5, patient R) 
were treated with bilateral GPi stimulation. At the time of surgery mean age was 
29.8 years (range 9-48 years) and disease duration was 21.8 years (range 2-39 years). At 
last evaluation, 5 to 10 years after surgery, stimulation settings where on average 3 V 
(range 2-3,7 V), 135 ms (range 90-180 ms) and 144 Hz (range 130-185 Hz). The energy 
delivered per electrode was on average 101 µA (range 28-208 µA). The 6 months post-
operative scores showed an average of 33% motor improvement on BFMDRS, but lit-
tle or no improvement on speech. Response of patient R and patient L, IV:9 was poor 
(Table 3). For both patients, the position of the electrodes was checked and judged 
correct. One patient with adult onset cervical dystonia (patient W) carrying a synon-
ymous change in the DYT6-gene also received GPi DBS (Table 4). At the time of sur-
gery he was 70 years old with disease duration of 16 years. This patient had a satisfying 
improvement of his symptoms, with mild residual laterocollis.
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Table 4. dyt6 dystonia patients and their response on GPi dbs. Patient W (in 
italic type setting) has an adult onset dystonia and a silent mutation in the 
THAP-domain of the THAP1 gene. The other patients have an early onset 
generalized dystonia. Scores on motor section of *Burke-Fahn-Marsden 
Dystonia Rating Scale and ** Toronto Western Spasmodic Torticollis Rating 
Scale. Benefit of DBS is defined as (pre-operation – post-operation score)/ 
pre-operative score.

ID Main complaint 
at surgery

Age at 
surgery

Motor score 
before surgery

Motor score 
after surgery

Ben-
efit

Pattern of 
improvement

fam J, 
II:10

Severe axial 
dystonia, severe 
dysarthria

48 79*  50* 37% Improvement of axial 
and limb dystonia. No 
improvement of speech.

Fam. L, 
IV:9

Severe axial 
dystonia

9 24* 18* 25% Mild improvement of 
axial and limb dystonia.

Fam. L, 
III:5

Severe neck 
and trunk 
dystonia, severe 
dysarthria

39 40* 18* 55% Good improvement 
limb and axial dystonia, 
no improvement of 
dysarthria.

patient R Severe cervical 
dystonia, severe 
dysarthria

23 31* 26* 16% Mild improvement of 
cervical and limb dysto-
nia, no improvement of 
dysarthria

patient W Severe cervical 
dystonia

70  20** 16** 20% Good improvement of 
cervical dystonia

discussion

We screened a group of 67 early onset dystonia patients (age at onset <26 years) and 
found 3 new heterozygous THAP1 mutations (mutation frequency early onset dysto-
nia: 4.5%). Mutation carriers all had a generalized or segmental dystonia, associated 
with cervical and prominent speech involvement. Symptoms presented at a young 
age (under 13 years) with variable site at onset (Table 2). Oromandibular dystonia is 
suggestive for secondary dystonia syndromes16, however based on our data and recent 
publications5;6;10;11, it also appears to be a clinical clue for DYT6 dystonia. In the adult-
onset group (n=388) two synonymous mutations were found.

THAP1 protein domains
THAP1 (OMIM 609520) is a sequence-specific DNA-binding factor, involved in the 
regulation of cell proliferation.21 The first 81 residues of the THAP1 protein form the 
THAP DNA-binding domain. The transport of the THAP1 protein into the nucleus is 
dependent on a short nuclear localization sequence (NLS, residues 146-162).22 In liter-
ature, most mutations causing early-onset DYT6 were found in the THAP domain.5-11 
The few described mutations outside the THAP or NLS domain are mostly truncating 
mutations, or cause a relatively mild phenotype with late age at onset (Table 4).
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Table 4. overview of known coding THAP1 mutations with their location in 
the protein. New mutations found in this screening are shown in bold, 
synonymous mutations in italic typesetting. The synonymous change 
c.489C>G was found in a control subject. AA=amino acid, nt=nucleotide, 
G=generalized, S=segmental, F=focal, AaO=age at onset

Predicted functinal 
domain
 

Mutation (AA)
 

Mutation (nt) 
(RefSeq 
NM_018105.2)

Phenotype Ref.
 family 

history
G S F AaO

DNA binding, THAP p.Gln3X c.7C>T negative x early 6
DNA binding, THAP p.Ser6Phe c.17C>T positive x early 6
DNA binding, THAP p.Tyr8Cys c.23A>G positive x early 6
DNA binding, THAP p.Gly9Ser c.25G>T positive x x early 9
DNA binding, THAP p.Asn12Lys c.36C>A positive x x x early, adult 10
DNA binding, THAP p.Asp17Gly c.50A>G negative x adult 9
DNA binding, THAP p.Pro19Pro c.57C>T negative x unknown 9
DNA binding, THAP p.Ser21Thr c.61T>A positive x x x early, adult 10
DNA binding, THAP p.Pro26Arg c.77C>G positive x early 6
DNA binding, THAP p.Arg29Gln c.86G>A negative x x early, adult 8
DNA binding, THAP p.Arg29Pro c.86G>C positive x x x early, adult 10
DNA binding, THAP p.Arg29X c.85C>T positive x x x early, adult 10
DNA binding, THAP p.Ala39Thr c.115G>A positive x x x early, adult 10
DNA binding, THAP p.Phe45fs73X c.134_135insGGGTT positive x x x early, adult 5
DNA binding, THAP p.Phe45fs73X c.134_135insGGGTT positive x x x early, adult 10
DNA binding, THAP p.Tyr50X c.150T>G negative x early 6
DNA binding, THAP p.Phe58fs72X c.174delT negative x early 6
DNA binding, THAP p.Tyr59Ile c. 176C>T negative x 6  
DNA binding, THAP p.del69Asn c. 207_209del postive x x 7, 10, 13  
DNA binding, THAP p.Leu71Leu c.213A>G negative x 54  
DNA binding, THAP p.Thr79fs119X c.236delC positive x early 6
DNA binding, THAP p.Phe81Leu c.241T>C positive x early 5
DNA binding, THAP p.Lys89Arg c.266A>G positive x x x early, adult 10
coiled-coil domain p.Val131fs133X c.388_389delTC negative x x early 11
coiled-coil domain p.Phe132Ser c.395T>C negative x unknown 9
coiled-coil domain p.Asn136Ser c.407A>G negative x adult 6
coiled-coil domain p.Asn136Lys c.408C>G positive x x 9, 12  
coiled-coil domain p.Ile149Thr c.446C>T positive x x adult 9
nuclear localisation 
signal p.Gln154fs180X c.460delC positive x x x early, adult 10

nuclear localisation 
signal p.159fs180X c.474delA negative x early 11

coiled-coil domain p.Leu163Leu c.489C>G control  
coiled-coil domain p.Thr165Thr c.495C>T negative x 50  
coiled-coil domain p.Ala166Thr c.496G>A negative x unknown 9
coiled-coil domain p.Arg169Gln c.506G>A positive x early 6
coiled-coil domain p.Cys170Arg c.508T>C negative x early 7
coiled-coil domain p.Gln187Lys c.559C>A positive   x adult 9
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We report a missense mutation affecting a conserved amino acid outside named pro-
tein regions (p.Asn136Lys) causing the early-onset DYT6 phenotype in family J. The 
function of the domains besides the THAP and NLS domain still needs to be eluci-
dated, but involvement in protein-protein interaction and recruitment of THAP1 to 
the promyelocytic leukemia nuclear bodies has been suggested.23 The high frequency 
of early-onset DYT6 causing mutations in the THAP domain, together with the rare 
synonymous variants in the coiled coil domain in one control (p.Leu163Leu) and one 
focal dystonia patient (p.Thr165Thr), might indicate a less pathogenic role of muta-
tions affecting the coiled coil region.

Genetic variants in THAP1 in the adult onset dystonia group
Two synonymous mutations in THAP1 (codon change TTA to TTG for p.Leu71Leu, 
codon change ACC to ACT for amino acid p.Thr165Thr) were found in the adult-
onset dystonia cohort (0.5%). Synonymous changes can have a significant effect on 
the function of proteins24-26, affecting splicing, stability, and structure of messenger 
RNA as well as protein folding. Patient Y had a synonymous change in the coiled coil 
domain and presented with mild cervical dystonia. In patient W, the silent mutation 
is located in the THAP domain (residue 71). He presented with a severe adult-onset 
segmental cervical dystonia. MRI showed small ischemic lesions in the basal ganglia, 
a common finding at his age. It is tempting to consider this as a manifestation of a ‘sec-
ond hit’ mechanism in dystonia: a small-impact change in the THAP1 protein in com-
bination with the ischemic brain lesions causing dystonia. Other indications for the 
second hit pathogenesis theory in dystonia are the low penetrance and intra-familial 
phenotypic variation in known monogenetic dystonia families and environmental 
triggers in rapid-onset dystonia parkinsonism (DYT12).27 In adult-onset dystonia, it 
is suggested that environmental factors, like neck and head trauma without obvious 
abnormalities on imaging, could irreversibly trigger dystonia, overcoming the nor-
mal adaptive mechanism of neuronal circuits. However, the role of silent mutations 
in THAP in the context of the “second hit” hypothesis remains mainly speculative, 
especially considering that also in the control subjects one synonymous genetic vari-
ant (0.5%) was found in a conserved part of the coiled-coil domain22 (codon change 
CTC to CTG, p.Leu163Leu). Further investigations are required towards the effect of 
identified synonymous changes on THAP1 protein functionality.

Djarmati et al. previously found the -236_235GA>TT double substitution to be 
overrepresented in their dystonia cohort (cases GA/TT: 6% and controls GA/TT 2%; 
p=0.0054).11 In our cohort of cervical dystonia patients, genotype frequencies (2.5% 
GA/TT; 0.4% TT/TT) were comparable to frequencies in our control subjects (2.2% GA/
TT; 0% TT/TT) and German controls11, therefore we could not find evidence for involve-
ment of this variant in developing dystonia in our patient cohort. Houlden et al. also 
did not find difference in frequency. 6 Xiao et al. reported two non-protein coding 
sequence variants, one in the 5’UTR (c.-42C>T) and one in intron1 (c.71+9C>A)9, the 
latter variant being found in a control subject as well. We also detected this variant at 
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a low frequency in our study population (3/455). These variants are not predicted to 
affect splicing, and their effect on the expression of THAP1 and role in DYT6 dystonia 
is unclear.

Effect of DBS in DYT6
Four DYT6 dystonia patients with early-onset segmental or generalized dystonia 
received GPi DBS. All patients were severely disabled in their daily activities despite 
anti-dystonic oral treatment or Botulinum toxin injections. In all patients GPi DBS 
gave motor improvement, ranging from 16% to 55%, as measured by dystonia rating 
scales (Table 3).

Overall, GPi DBS improved dystonic symptoms of limbs, neck and trunk with con-
sequent improvement of disability. The laryngeal and oromandibular dystonia were 
less affected by DBS. Stimulation of the GPi is the treatment of choice for medica-
tion refractory primary generalized dystonia, showing a 58% improvement in mean 
BFMDRS-motor score three years after surgery.28 So far, only one other DYT6 patient 
receiving DBS has been reported, showing moderate improvement.11 Earlier stud-
ies on DBS in dystonia29 suggested that patients affected by DYT1 dystonia respond 
particularly well on surgery, but more recent and larger series showed no difference 
between the genetically-determined and non determined cases.28 Our results are 
in line with data on other dystonia patients, with or without genetic background, in 
which GPi DBS is known to produce only a suboptimal benefit on dystonic dysarthria 
and swallowing, even in those patients with satisfying dystonia improvement in 
other departments.12

conclusion

The phenotype of DYT6 dystonia includes early-onset dystonia, in particular those 
with generalized pure dystonia with laryngeal or oromandibular involvement. 
Patients showing this phenotype should be tested for mutations in THAP1. We did not 
find any non-synonymous mutations in 388 adult-onset dystonia patients and thus 
we suggest that isolated focal dystonia is not typical of the DYT6 dystonia phenotype. 
Testing for DYT6 should however be considered in patients with adult-onset dystonia 
and a family history of generalized or segmental dystonia.10 The role of silent muta-
tions in THAP1 needs further investigation. In patients with DYT6 dystonia GPi DBS 
improves limb, trunk and neck symptoms, with less disability, while laryngeal and 
oromandibular dystonia are less improved. Since dystonic dysarthria appears to be a 
source of disability in most patients with DYT6 mutation, the possible lack of speech 
improvement should be thoroughly discussed with the patients before surgery.
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Supplementary video
Videos can be viewed online at http://www.movementdisorders.org/publications/journal.php
Video 1: Phenotype of three DYT6 patients.
Segment1: patient IV:9, Family L. This segment shows the 9 year old boy with a severe dystonic 
kyphosis and scoliosis. The extremities and face are relatively spared compared to the neck and 
trunk. While drawing a spiral, mild writer’s cramp is present. Segment 2: Patient II:10. Family J. This 
patient has dystonia at rest in neck, trunk, arm, face worsening with action. Speech is impaired by 
oromandibular dystonia and spasmodic dysphonia. While walking there is dystonia of the legs, 
trunk and neck and an endorotation of the left arm. With writing mirror movements of the left hand 
are present. Segment 3: Patient II:8 Family J. At rest she shows cervical dystonia and restless, dys-
tonic movements of the hands. When speaking, she has an oromandibular dystonia with overflow 
to the neck muscles. Writer’s cramp is apparent. At moment of video patient is treated with laryn-
geal botulinum toxin injections.
Video 2: Improved motor function with GPi DBS
In this DYT6 dystonia patient (patient III:5, Family L) good improvement in motor function is seen 
with stimulation.
Segment1: This segment shows the patient (age 39 years) before GPi DBS. There is a severe dys-
tonia of the neck and trunk, and a mobile dystonia of the hands. Oromandibular dystonia, with dys-
tonic tongue involvement, is apparent when patient is asked to open mouth and move the tongue 
from side to side. Speech is severely impaired and difficult to understand. Segment2: The same 
patient eight months after surgery (DBS ON). Dystonia of the neck and trunk is still present but 
less severe compared to segment 1 (before surgery). The mobile dystonia in the hands improved. 
Opening the mouth, sticking out the tongue and moving left-right improved but whistling is still 
not possible. Speech is improved. Segment 3: Eight years after surgery (DBS ON), a lateral shift of 
the neck is still present at rest. Slight dystonia in the upper extremities is present. While reading, 
the oromandibular dystonia is present. Speech is impaired and difficult to understand.
Video 3: Marginal response on GPi DBS
In Patient R mild motor improvement is seen with stimulation. Segment 1: At the moment of 
the video DBS had been switched OFF for 7 days, four years after implantation. In this 27-year-
old patient, a severe cervical dystonia with prominent retrocollis is seen at rest. While speaking 
(counting 1 to 10), oromandibular dystonia, dysphonia and blepharospasm is observed. Action 
dystonia of both arms is noted, more prominent in the left arm. Jerky involuntary movements are 
present in upper extremities. He uses a sensory trick at the back of his head.
Segment 2: DBS ON, six years after implantation. While reading, there is an oromandibular dysto-
nia and dysphonia. In upright posture a latero-retrocollis is present with dystonia of the left arm. 
Gait is disturbed by dystonia of trunk, neck and legs. While writing with the (dominant) left hand 
patient shows mirror movements with the right hand.
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