
Editorial

The molecular genetics of the dystonias

Since the introduction of the term dystonia by Oppenheim
in 1911 to describe altering muscle tone and postural
deformities seen in patients,1 there has been considerable
controversy surrounding its aetiology, classification, and
genetics. Dystonia can describe a symptom, a syndrome, or
a clinical sign that is part of a more severe neurological dis-
order. Dystonia is now defined as a syndrome of sustained
involuntary muscle contractions, often causing twisting
and repetitive movements or abnormal posture.2

The dystonias are a relatively common group of
neurological disorders with conservative estimates of 30
000 aVected people in the United Kingdom.3 Dystonia has
been divided into primary, in which there is no identifiable
underlying cause, or secondary to other neurological con-
ditions, which include structural lesions of the basal
ganglia, exposure to drugs and toxins, and cerebral palsy. It
was from the study of secondary dystonia that it became
clear that disruption of basal ganglia motor circuits
produces dystonia.2 4 5 Primary dystonia is distinguished by
the lack of other neurological involvement and absence of
distinct neuropathology. Central dopaminergic pathways
have been implicated in the production of dystonic move-
ments from the study of tardive dystonia6 (secondary to D2
receptor blockade) and dopa responsive dystonia (see
later).
In recent years, advances in molecular genetic tech-

niques have led to exciting discoveries which have
expanded our knowledge of the pathogenesis of dystonia
and led to a revision of its classification (table).7 This
classification incorporates the advances in our understand-
ing of the genetics and aetiology of dystonia, and also the
increasing number of distinguishable clinical phenotypes.
To date, eight genes causing dystonia have been mapped
and three of these have been cloned. The following sections
review these recent discoveries.

Primary torsion dystonia
Primary torsion dystonia (also known as idiopathic torsion
dystonia) is the commonest form of dystonia with an esti-
mated prevalence of 329 per million of which focal dysto-
nia accounted for 294 per million.8 It consists of dystonic
movements and postures (with or without tremor) with no
other neurological features or identifiable cause.9 The
range of severity is wide, including severe generalised dys-
tonia (formerly known as dystonia musculorum deform-
ans), segmental and multifocal dystonia, and focal dystonia
(including torticollis, blepharospasm, and writer’s cramp).
Dystonia can develop at almost any age and this often
determines its severity. Onset in childhood, particularly in
a limb, is strongly predictive of subsequent
generalisation,2 9 and this form of dystonia is reported to be
more prevalent in the Ashkenazi Jewish population.10 By
contrast, dystonia arising in cranial or axial muscles tends
to develop in adult life and remain focal or segmental in
distribution.11

Genetic studies in both Jewish and non-Jewish popula-
tions have shown that early onset severe primary dystonia
is caused by an autosomal dominant gene(s) with reduced
penetrance (30%-40%) and variable expression.12–14 In
1989, Ozelius et al reported linkage between a dystonia
locus (DYT1) and a polymorphism on chromosome 9q34

in a large non-Jewish French Canadian family with gener-
alised dystonia.15 Linkage to this region was also found in
Ashkenazi Jewish and other European non-Jewish
kindreds.16 17 In non-Jewish kindreds, genetic heterogeneity
was detected, indicating that defects in more than one gene
can cause familial generalised dystonia.17–21 An interesting
feature was that dystonia in chromosome 9q34 linked
families invariably began in a limb before subsequent gen-
eralisation, whereas, in most non-linked kindreds, the dys-
tonia often had onset in the craniocervical region.
The finding of strong allelic association in Ashkenazi

Jewish patients suggested a founder mutation causing the
dystonia in this particular population and localised DYT1
to a 1cM region.22 The haplotype identified was specifically
associated with limb onset generalised dystonia.23 It was
estimated that this founder mutation arose about 350 years
ago in the historic Jewish Pale of settlement in Lithuania
and Byelorussia.24

Recently the DYT1 gene has been cloned and analysed
for mutations.25 The fascinating finding was of a 3 bp dele-
tion in the coding sequence found in all aVected and obli-
gate carriers with chromosome 9 linked primary dystonia,
regardless of ethnic background and surrounding haplo-
type. The mutation specifically causes early limb onset
generalised dystonia. Assuming this mutation arose
independently in diVerent ethnic groups, the finding
suggests that only one variation in the encoded protein can
give rise to early onset dystonia. The deletion results in the
loss of one of a pair of glutamic acid residues near the car-
boxy terminus of a novel protein named torsinA. TorsinA
contains an ATP binding domain and a putative
N-terminal leader sequence. It has homology to three
mammalian genes and a nematode gene on database
searches, and distant similarity to the family of heat shock
proteins and Clp proteases. However, its function and
putative role in the nervous system remains uncertain.
The genetic studies of primary dystonia have enabled

more accurate genetic counselling for families. For a famil-
ial case of generalised, segmental, or multifocal primary
dystonia in the United Kingdom, the risk to first degree
relatives is estimated at 21%. If the index case is isolated,
the risks are 14% to children and 8% to siblings.13 The
identification of a single mutation will facilitate both
predictive and prenatal genetic testing with appropriate
counselling. However, the low penetrance and variable
expression of the DYT1 gene means that such tests should
be performed with caution, as the phenotype cannot be
accurately predicted.
For focal and segmental primary dystonia, the role of

DYT1 and other genes is less clear. Focal primary is the
most common form of dystonia, has onset in adult life, and
often appears to be sporadic.11 There is, however, evidence
that genetic components play a part in focal dystonia with
families showing autosomal dominant inheritance.26–28 In
addition, a genetic study of index cases with focal dystonia
found aVected relatives in 25% of patients.29 Linkage stud-
ies have excluded the DYT1 gene as a cause for focal dys-
tonia in two families with cervical dystonia30 and, in
another study, no persons with craniocervical dystonia or
writer’s cramp were found to have the DYT1 GAG
deletion.25
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Linkage to chromosome 18p has been found in a large
German kindred with adult onset cervical dystonia and
spasmodic dysphonia.31 A follow up study of apparently
sporadic cases of focal dystonia in northern Germany
showed linkage disequilibrium for a common haplotype of
markers over a 6cM region around this locus, suggesting
that a dominant founder mutation of low penetrance may
be an important cause of focal dystonia in this population.32

Whether this finding is applicable to other European
populations is uncertain, but, if replicated, it would suggest
that genetic factors play a larger part in the causation of
primary focal dystonia than previously thought.
A further dystonia locus has been identified on chromo-

some 8 in two German American Mennonite families.33

AVected people had a mixed phenotype with craniocervical
and limb dystonia and a varied age of onset. It is possible
that this locus may be unique to this genetically distinct
population.

Dystonia plus syndromes
DOPA RESPONSIVE DYSTONIA

Dopa responsive dystonia (DRD) accounts for around 5%
of all childhood onset dystonia.34 It typically presents with
dystonia of the lower limbs aVecting gait, or occasionally as
a focal dystonia. Patients may also develop concurrent
parkinsonism.35 Symptoms and signs may worsen later in
the day or after exertion. The clinical importance of recog-
nising this condition lies in the fact that there is a dramatic
and sustained response to low doses of levodopa, indicating
a deficit in the dopamine pathway.36

DRD shows autosomal dominant inheritance with
reduced penetrance and sex related expression with female
predominance. The gene was mapped to chromosome
14,37 and more recently, Ichinose et al identified point
mutations in the gene for GTP cyclohydrolase 1.38 This is
the rate limiting enzyme involved in the formation of
tetrahydrobiopterin, a cofactor of dopamine biosynthesis.
Subsequently, mutations have been found in the gene in
European patients with DRD39 and molecular diagnosis is
possible by sequence analysis. However, as each family
seems to have distinct mutation, this is not routinely avail-
able. The importance of the dopamine pathway in DRD
was confirmed by Knappskog et al who identified a reces-
sively inherited mutation in the gene for tyrosine hydrolase
in two brothers.40

RAPID ONSET DYSTONIA-PARKINSONISM
Two unrelated families have been described with this unu-
sual condition,41 42 both of which show autosomal domi-
nant inheritance. The clinical picture is of sudden onset
dysarthria, dysphagia, severe dystonic spasms, bradyki-
nesia, and postural instability developing over hours, with
little response to levodopa. Some patients had stable limb
dystonia for several years preceding the onset of dystonia-
parkinsonism. Cranial imaging is normal. Involvement of
the dopaminergic system has been implicated by low CSF

homovanillic acid concentrations. To date, no linkage for
the gene(s) involved has been found.

MYOCLONIC DYSTONIA

Myoclonic dystonia is a rare variant characterised by dys-
tonia and myoclonus with onset in adolescence or early
adult life, aVecting predominantly the arms and axial mus-
cles. It is extremely sensitive to alcohol. The families
described exhibit autosomal dominant inheritance with
reduced penetrance and variable expression.43 44 Linkage
analysis with chromosome 9q markers has excluded the
DYT1 region in a Swedish family.45

Secondary dystonia
The term secondary dystonia implies an identifiable cause
such as neuroleptic exposure, physical insult to the brain
(stroke, tumour), and cerebral palsy. Bressman et al exam-
ined the possible role of genetic susceptibility in the devel-
opment of secondary dystonia.46 They analysed chromo-
some 9q34 haplotypes in 40 Ashkenazi Jewish patients with
secondary dystonia; the majority due to neuroleptic expo-
sure or perinatal asphyxia. Nine patients were considered
phenocopies of dystonia caused by DYT1. No evidence
that the DYT1 founder mutation contributed to secondary
dystonia was found. It was emphasised that accurate diag-
nostic criteria which included questioning about dopamine
antagonists and perinatal asphyxia should discriminate
primary dystonia due to the DYT1 founder mutation. This
is an important factor when considering genetic counsel-
ling.

Heredodegenerative diseases
These represent a group of neurodegenerative diseases that
can present as a dystonias plus syndrome. By definition,
there is an underlying genetic defect, many of which have
been identified. The group includes X linked dystonia-
parkinsonism (or “lubag”) described in natives of the
island of Panay in the Philippines. Onset is in early adult
life with focal dystonia, followed by development of
parkinsonism unresponsive to levodopa. The gene, which
has high penetrance, has been mapped to Xq12–13.1 and
the presence of a common haplotype in over 85% of
aVected people indicates the presence of a founder
mutation.47

Dystonia can also develop in other hereditary neurode-
generative conditions, including Wilson’s, Huntington’s,
and Hallevorden-Spatz diseases with mutations in a copper
transporting ATPase, Huntington’s and proteolipoprotein
genes respectively. In addition, dystonia can occur in mito-
chondrial diseases, as part of Leigh’s syndrome or in
association with Leber’s hereditary optic atrophy.48 The
progressive nature of the condition and presence of
additional neurological features help to distinguish these
disorders from primary dystonia.

Paroxysmal dystonias
The paroxysmal dystonias are an unusual group of hyper-
kinetic movement disorders in which dystonia can occur
with chorea and ballism in episodic attacks.49 Between
attacks, the person is normal. Paroxysmal kinisigenic
choreathetosis is characterised by frequent brief attacks,
precipitated by movement or startle, and responds to anti-
convulsants. It is often sporadic, but families with
autosomal dominant inheritance have been described. Par-
oxysmal dystonic choreathetosis (PDC) is distinguished by
longer (minutes to hours), less frequent attacks which may
be precipitated by caVeine or alcohol.50

Both these conditions may be caused by mutations in
channel genes, as some other paroxysmal neurological dis-
orders have such defects.Mutations in sodium and calcium

Classification of dystonia

Primary dystonia Phenotype of dystonia alone (+/− tremor)
Dystonia-plus syndromes Phenotype of dystonia plus additional

neurological features (for example, plus
parkinsonism (dopa responsive dystonia
and rapid onset dystonia-parkinsonism))
Plus myoclonus (myoclonic dystonia)

Secondary dystonias Result from environmental factors (for
example, stroke, drugs, toxins, and
perinatal asphyxia)

Heredodegenerative diseases Present as dystonia-plus syndromes with
underlying neurodegeneration

Paroxysmal dystonia Paroxysmal kinisigenic dystonia
Paroxysmal dystonic choreoathetosis
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channel genes have been identified in these “channelopa-
thies”, including the periodic paralyses (hypokalaemic and
hyperkalaemic), episodic ataxia, and familial hemiplegic
migraine.51–53

Families with PDC show autosomal dominant inherit-
ance, and in three large kindred, linkage to chromosome
2q35–37 has been shown.54–56 A possible candidate gene in
this region is a chloride bicarbonate anion exchanger.56 A
second locus for a more complicated form of PDC, in
which there is associated spastic paraplegia, has been
mapped to chromosome 1p in a single kindred.57 Some
potassium channel genes also map to this region and may
represent candidates for this unusual episodic movement
disorder.

Conclusions
The recent improvement in positional cloning techniques
has led to the identification of loci for various forms of dys-
tonia and the cloning of three. These advances have helped
to clarify the nosology of the dystonias and also to improve
genetic counselling and testing. More importantly, the
study of these genes and their products will help to unravel
the pathogenesis of these complex movement disorders. In
particular, understanding the function of the novel class of
ATP binding protein encoded by DYT1 will provide a fas-
cinating insight into the role of neuronal mechanisms
involving basal ganglia cortical circuits which produce nor-
mal and dystonic movements.

T T WARNER
Royal Free Hospital School of Medicine and Institute of Neurology,
London

P JARMAN
Institute of Neurology, London

Correspondence to: Dr T T Warner,Royal Free Hospital, Rowland Hill Street,
London NW3 2PF.

1 Oppenheim H. Uber eine eigenartige krampfkrankheit des kindlichen und
jugendlichen Alters (dysbasia lordotica progressiva, dystonia musculorum
deformans).Neurologie Centralblatt 1911;30:1090–107.

2 Fahn S, Marsden CD, Calne DB. Classification and investigation of dysto-
nia. In: Fahn S, Marsden CD, eds. Neurology 7: movement disorders 2.
London: Butterworths, 1987:332–55.

3 Quinn NP, Marsden CD. The dystonias. BMJ 1990;300:139–44.
4 Calne DB, Lang AE. Secondary dystonia. In: Fahn S, Marsden CD, eds.

Advances in neurology: dystonia 2. 50th ed. New York: Raven Press, 1988:9–
30.

5 Bhatia KP,Marsden CD. The behavioural and motor consequences of focal
lesions of the basal ganglia in man. Brain 1994;117:859–76.

6 Burke RE, Fahn S, Jankovic J, et al. Tardive dystonia: late-onset and persist-
ent dystonia caused by antipsychotic drugs.Neurology 1982;32:1335–246

7 Fahn S, Bressman S, Marsden CD. Classification and pathophysiology of
dystonia.Mov Disord 1997;12:A3.

8 Nutt JG, Muenter MD, Aronson A, et al. Epidemiology of focal and gener-
alised dystonia in Rochester, Minnesota.Mov Disord 1988;3:188–94.

9 Marsden CD, Harrison MJG. Idiopathic torsion dystonia (dystonia muscu-
lorum deformans): a review of forty two patients. Brain 1974;97:793–810.

10 Zilber N, Korczyn AD, Kahana E, et al. Inheritance of idiopathic torsion
dystonia among Jews. J Med Genet 1984;21:13–20.

11 Marsden CD. The problem of adult-onset idiopathic torsion dystonia and
other isolated dyskinesias in adult life (including blepharospasm, oroman-
dibular dystonia, dystonic writer’s cramp, and torticollis, or axial dystonia).
Adv Neurol 1976;14:259–76.

12 Bressman SB, de Leon D, Brin MF, et al. Idiopathic dystonia among
Ashkenazi Jews: evidence for autosomal dominant inheritance. Ann Neurol
1989;26:612–20.

13 Fletcher NA, Harding AE, Marsden CD. A genetic study of idiopathic tor-
sion dystonia in the United Kingdom. Brain 1990;113:379–95.

14 Risch NJ, Bressman SB, de Leon D, et al. Segregation analysis of idiopathic
torsion dystonia in Ashkenazi Jews suggests autosomal dominant
inheritance. Am J Hum Genet 1990;46:533–8.

15 Ozelius L, Kramer PL,Moskowitz C, et al. Human gene for torsion dystonia
located on chromosome 9q32–34.Neuron 1989;2:1427–34.

16 Kramer PL, de Leon D, Ozelius L, et al. Dystonia gene in Ashkenazi Jewish
population is located on chromosome 9q32–34. Ann Neurol 1990;27:114–
20.

17 Warner TT, Fletcher NA, Davis MB, et al. Linkage analysis in British and
French families with idiopathic torsion dystonia. Brain 1993;116:739–44.

18 Ahmad F, Davis MB, Waddy HM, et al. Evidence for locus heterogeneity in
autosomal dominant torsion dystonia. Genomics 1993;15:9–12.

19 Bressman SB, Heiman GA, Nygaard TG, et al. A study of idiopathic torsion
dystonia in a non-Jewish family: evidence for genetic heterogeneity.Neurol-
ogy 1994;44:283–7.

20 Holmgren G, Ozelius L, Forsgren L, et al. Adult onset idiopathic torsion
dystonia is excluded from the DYT1 region (9q34) in a Swedish family. J
Neurol Neurosurg Psychiatry 1995;59:178–81.

21 Bentivoglio AR, Del Grosso, N, Albanese A, et al. Non-DYT1 dystonia in a
large Italian family. J Neurol Neurosurg Psychiatry 1997;62:357–60.

22 Ozelius LJ, Kramer PL, de Leon D, et al. Strong allelic association between
the torsion dystonia gene (DYT 1) and loci on chromosome 9q34 in
Ashkenazi Jews. Am J Hum Genet 1992a;50:619–28.

23 Bressman SB, DeLeon D, Kramer PL. Dystonia in Ashkenazi Jews—clinical
characterisation of a founder mutation. Ann Neurol 1995;37:140.

24 Risch N, de Leon D, Ozelius L, et al. Genetic analysis of idiopathic torsion
dystonia in Ashkenazi Jews and their recent descent from a small founder
population.Nat Genet 1995;9:152–9.

25 Ozelius L, Hewett JW, Page CE, et al. The early onset torsion dystonia gene
(DYT1) encodes an ATP-binding protein.Nat Genet 1997;17:40–8.

26 Gilbert GJ. Familial spasmodic torticollis.Neurology 1977;27:11–13.
27 Uitti RJ,Maraganore DM. Adult onset familial cervical dystonia: report of a

family including monozygotic twins.Mov Disord 1993;8:489–94.
28 Micheli S, Fernandez-Pardal M, Quesada P, et al. Variable onset of adult

inherited focal dystonia: a problem for genetic studies.Mov Disord 1994;9:
64–8.

29 Waddy HM, Fletcher NA, Harding AE, et al. A genetic study of idiopathic
focal dystonias. Ann Neurol 1991;29:320–4.

30 Bressman SB, Warner TT, Almasy L, et al. Exclusion of the DYT1 locus in
familial torticollis. Ann Neurol 1996;40:681–684.

31 Leube B, Rudnicki D, Ratzlall T, et al. Idiopathic torsion dystonia - assign-
ment of a gene to chromosome 18p in a German family with adult onset,
autosomal dominant inheritance and purely focal distribution. Hum Mol
Genet 1996;5:1673–7.

32 Leube B,Hendgen T,Kessler KR, et al. Sporadic focal dystonia in northwest
Germany: molecular basis on chromosome 18p. Ann Neurol 1997;42:111–
14.

33 Almasy L, Bressman SB, Raymond D, et al. Idiopathic torsion dystonia
linked to chromosome 8 in two Mennonite families. Ann Neurol
1997;42:670–3.

34 Nygaard TG, Snow BJ, Fahn S, et al. Dopa-responsive dystonia: clinical
characteristics and definition. In: Segawa M, ed. Hereditary progressive dys-
tonia with marked diurnal fluctuation. Carnforth, UK: Parthenon, 1993:21–
35.

35 Nygaard TG, Takahashi H, Heiman GA, et al. Long term treatment
response and fluorodopa positron emission tomographic scanning of
Parkinsonism in a family with dopa-responsive dystonia. Ann Neurol 1992;
32:603–8.

36 Harwood G, Hierons R, Fletcher NA, et al. Lessons from a remarkable fam-
ily with dopa-responsive dystonia. J Neurol Neurosurg Psychiatry 1994;57:
460–3.

37 Nygaard TG, Wilhelmsen KC, Risch NJ, et al. Linkage mapping of
dopa-responsive dystonia (DRD) to chromosome 14q. Nat Genet
1993;5:386–91.

38 Ichinose H, Ohye T, Takahashi E, et al. Hereditary progressive dystonia with
marked diurnal fluctuation caused by mutations in the GTP cyclohydrolase
1 gene.Nat Genet 1994;8:236–42.

39 Bondmann O, Nygaard TG, Surtees R, et al. Dopa-responsive dystonia in
British patients: new mutations of the GTP-cyclohydrolase I gene and evi-
dence for genetic heterogeneity.Hum Mol Genet 1996;5:403–6.

40 Knappskog PM, Flatmark T, Mallet J, et al. Recessively inherited L-DOPA
responsive dystonia caused by a point mutation (Q381K) in the tyrosine
hydroxylase gene.Hum Mol Genet 1995;4:1209–12.

41 Dobyns WB, Ozelius JL, Kramer PL, et al. Rapid onset dystonia-
parkinsonism.Neurology 1993;43:2596–602.

42 Brashear A, DeLeon D, Bressman SB, et al. Rapid onset dystonia-
parkinsonism in a second family.Neurology 1997;48:1066–9.

43 Kyllerman M, Forsgren L, Sanner G, et al. Alcohol responsive myoclonic
dystonia in a large family: dominant inheritance and phenotypic variation.
Mov Disord 1990;5:270–9.

44 Quinn NP, Rothwell JC, Thompson PD, et al. Hereditary mycolonic dysto-
nia, hereditary torsion dystonia and hereditary essential myoclonus: an area
of confusion. Adv Neurol 1988;50:391–401.

45 Wahlstrom J, Ozelius L, Kramer P, et al. The gene for familial dystonia with
myoclonic jerks responsive to alcohol is not located on the distal end of 9q.
Clin Genet 1994;45:88–92.

46 Bressman SB, De Leon D, Raymond D, et al. Secondary dystonia and the
DYT1 gene.Neurology 1997;48:1572–7.

47 Muller U, Haberhausen G,Wagner T, et al. DXS106 and DXS559 flank the
X-linked dystonia-parkinsonism locus (DYT3). Genomics 1994;23:114–7.

48 DeVries DD, Went LN, Bruyn GW, et al. Genetic and biochemical impair-
ment of mitochondrial complex-I activity in a family with Leber hereditary
optic neuropathy and hereditary spastic dystonia. Am J Hum Genet
1996;58:703–11.

49 Fahn S. The paroxysmal dyskinesias. In: Marsden CD, Fahn S, eds.Move-
ment disorders 3. Oxford: Butterworth-Heinemann, 1994:310–45.

50 Lance JW. Familial paroxysmal dystonic choreoathetosis and its diVerentia-
tion from related syndromes. Ann Neurol 1977;2:285–93.

51 Ptacek LJ. Channelopathies: ion channel disorders of muscle as a paradigm
for paroxysmal disorders of the nervous system. Neuromusc Disord 1997;7:
250–5.

52 Hudson AJ, Ebers GC, Bulman DE. The skeletal muscle sodium and chlo-
ride channel diseases. Brain 1995;118:547–63.

53 Greenberg DA. Calcium channels in neurological disease.Ann Neurol 1997;
42:275–82.

54 Fouad GT, Servidei S, Durcan S, et al. A gene for familial paroxysmal dys-
kinesia (FPDI) maps to chromosome 2q. Am J Hum Genet 1996;59:135–
90.

55 Fink JK, Rainier S, Wilkowski J, et al. Paroxysmal dystonic choreathetosis:
tight linkage to chromosome 2q. Am J Hum Genet 1996;59:140–5.

56 Jarman PR, Davis MB, Hodgson SV, et al. Paroxysmal dystonic
choreathetosis: genetic linkage in a British family.Brain 1997;120:2125–30.

57 Auburger G, RatzlaV T, Lunkes A, et al. A gene for autosomal dominant
paroxysmal choreathetosis/spasticity (CSE) maps to the vicinty of a potas-
sium channel gene cluster on chromosome 1p, probably with 2cM between
D1S443 and D1S197.Genomics 1996;31:90–4.

Molecular genetics of the dystonias 429

 on A
pril 5, 2021 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.64.4.427 on 1 A

pril 1998. D
ow

nloaded from
 

http://jnnp.bmj.com/

