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ARTICLEVIEW AND REVIEW

The genetics of the dystonias – a review based 
on the new classification of the dystonias
A genética das distonias – uma revisão baseada na nova classificação das distonias
Carlos Henrique F. Camargo1,2, Sarah Teixeira Camargos3 , Francisco Eduardo C. Cardoso3, Hélio Afonso G. Teive1

The definition of dystonia was recently revisited. Dystonia 
is a movement disorder characterized by sustained or inter-
mittent muscle contractions causing abnormal, often repeti-
tive, movements, postures, or both. Dystonic movements are 
typically patterned, twisting, and may be tremulous. Dystonia 
is often initiated or worsened by voluntary action and asso-
ciated with overflow muscle activation1. If defining dystonia 
is difficult and controversial, classifying the various forms of 
dystonias is a much more complex task, primarily because the 
term dystonia can mean not only a disease, but also a symp-
tom that can be part of many disorders with a wide range of 
causes. In an attempt to clarify the term dystonia, three “sur-
names” for dystonia were proposed: “symptom”, “movement” 
and “disorder”. A patient may complain of dystonia if, for ex-
ample, he has a twisted neck. The patient has a dystonia symp-
tom (dystoniaSx). On examination, the signs of dystonia may 
be confirmed. This patient then has a dystonia movement 

(dystoniaMov). Finally, dystonia as a disorder (dystoniaDx) re-
quires a clinicopathologic understanding of the etiology of the 
disease: genetic, late-onset, post-traumatic etc2. These new 
concepts culminated in the replacement of the 1998 dystonia 
classification1. In the new 2013 classification, the dystonias are 
subdivided in clinical features and etiology. Clinical character-
istics of dystonia necessaries for classification were age of on-
set, body distribution, temporal pattern, and other movement 
disorders/systemic diseases/neurological manifestation asso-
ciated. In terms of their etiology according to whether they are 
the result of pathological changes or structural damage, have 
acquired causes or are hereditary. If there is no clearly defined 
etiology, the dystonia can be classified as idiopathic familial or 
idiopathic sporadic1.

Recent years have seen significant progress being made 
in our understanding of the genetics of dystonias as new loci 
and genes have been identified. For generalized dystonias 
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Abstract
The definition and classification of the dystonias was recently revisited. In the new 2013 classification, the dystonias are subdivided in 
terms of their etiology according to whether they are the result of pathological changes or structural damage, have acquired causes or are 
inherited. As hereditary dystonias are clinically and genetically heterogeneous, we sought to classify them according to the new recently 
defined criteria. We observed that although the new classification is still the subject of much debate and controversy, it is easy to use in a 
logical and objective manner with the inherited dystonias. With the discovery of new genes, however, it remains to be seen whether the new 
classification will continue to be effective.

Keywords: dystonia, genetics, classification, movement disorders.

Resumo
O conceito e a classificação das distonias foram recentemente revisados. Na nova classificação de 2013, quanto à etiologia, as distonias 
podem ser subdividas em relação às alterações patológicas, aos danos estruturais, às causas adquiridas e à hereditariedade. Como as dis-
tonias hereditárias são clínica e geneticamente heterogêneas, buscamos classifica-las segundo os novos critérios estabelecidos recente-
mente. Observamos que apesar da nova classificação das distonias ainda ser objeto de discussões e controvérsias, ela pode usada com 
facilidade, de uma maneira lógica e objetiva, no contexto das distonias hereditárias. Com a descoberta de novos genes poderemos observar 
se essa classificação continuará sendo efetiva.
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the genetic mechanisms are better understood, while for 
focal dystonias the genes and genetic susceptibility to the 
disorder are not yet well identified. Hereditary dystonias 
(dystoniaDx) are clinically and genetically heterogeneous. 
The known genetic forms include all monogenic inheritance 

patterns (autosomal recessive, autosomal dominant and 
X-linked). Table shows the hereditary dystonias grouped ac-
cording to their similarities. They are divided according to 
their clinical features (axis I) and etiology (axis II) in line 
with the new 2013 classification.

Table. The hereditary dystonias*.

Clinical category Designation Clinical characteristics Locus Gene Inheritance pattern

Isolated dystonias

Persistent dystonias

Childhood- or adolescent-onset 
dystonias

DYT1 Early-onset primary 
generalized dystonia

9q TOR1-A or DYT1 AD

DYT2 Autosomal recessive 
idiopathic dystonia

- - AR

DYT6 Mixed dystonia 8p THAP1 or DYT6 AD

DYT13 Early-onset primary 
segmental craniocervical 

dystonia

1p - AD

DYT17 Idiopathic autosomal 
recessive primary dystonia

20pq - AR

Adult-onset dystonias DYT7 Adult-onset focal dystonia 18p - AD

DYT21 Late-onset autosomal 
dominant focal dystonia

2q - AD

DYT23 Adult-onset primary cervical 
dystonia

9q CIZ1 AD

DYT24 Autosomal dominant 
craniocervical dystonia

11p ANO3 AD

DYT25 Late-onset autosomal 
dominant primary focal 

dystonia

18p GNAL AD

Combined dystonias

Persistent dystonias

Dystonias with parkinsonism 

Without any evidence of 
degeneration

DYT5 Dopa-responsive dystonia or 
Segawa dystonia

14q/1p/2p GCH1, TH and SPR AD and AR

DYT12 Rapid-onset dystonia 
parkinsonism

19q ATP1A3 AD

DYT16 Adolescent-onset dystonia 
parkinsonism

2p PRKRA or DYT16 AR

With evidence of degeneration DYT3 X-linked dystonia-
parkinsonism or lubag

Xq TAF1 or DYT3 XR

Dystonias with myoclonus DYT11 Myoclonus-dystonia 7q - AD

DYT15 Myoclonus-dystonia 18p SGCE AD

Dystonias with chorea DYT4 Dystonia with whispering 
dysphonia

19p TUBB4 AD

Paroxysmal dystonias

Paroxysmal dyskinesias DYT8 Paroxysmal nonkinesigenic 
dyskinesia 1

2q MR-1 AD

DYT20 Paroxysmal nonkinesigenic 
dyskinesia 2

2q - AD

DYT10 Paroxysmal kinesigenic 
dyskinesia 1

16pq PRRT2 AD

DYT19 Paroxysmal kinesigenic 
dyskinesia 2

16q - AD

DYT18 Exercise-induced 
paroxysmal dyskinesia 

1p SLC2A1 or GLUT1 AD

*Based on Albanese et al.1 and Klein14. AD: Autosomal dominant; AR: Autosomal recessive; XR: X-linked recessive.
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CHILDHOOD-ONSET AND ADOLESCENT-ONSET 
ISOLATED DYSTONIAS

DYT1 dystonia
Using linkage analysis, Ozelius et al.3 mapped the locus 

responsible for DYT1 dystonia to the long arm of chromo-
some 9 (9q34) in a large family with early-onset general-
ized dystonia. The DYT1 (TOR1A) gene was then cloned, 
and a single 3 bp (GAG) deletion was identified on chromo-
some 9q34 in nearly all the affected members of the families 
studied. The TOR1A gene is made up of five exons, and the 
GAG deletion is at nucleotide position 946 in exon 5. An in-
frame deletion results in the loss of one of a pair of glutamic 
acid residues (Glu-Glu) in the C-terminal region of a protein 
known as torsin-A3.

With the greater access to genetic testing for dystonia pa-
tients since 1997, a wider variety of phenotypes have been as-
sociated with the mutation in TOR1A. The low phenotypic 
penetrance (around 30% to 40%) indicates that there may be 
important environmental and/or genetic factors that could 
affect phenotypic expression4.

Despite the phenotypic variability associated with this 
dystonia, two clinical findings are observed with reason-
able consistency: (1) the onset of symptoms before the age 
of twenty years and (2) the onset of symptoms in the limbs, 
mainly the legs. In most cases onset is at the end of child-
hood or the beginning of adolescence4. Clinical presenta-
tions indicative of focal or segmental dystonia, i.e., without 
spreading or generalized dystonia, should not be considered 
exclusion criteria for genetic testing. Based on this principle, 
clinical investigations into DYT1 are recommended for the 
following individuals: (a) patients with onset in one limb be-
fore the age of 30 years and (b) their symptomatic and non-
symptomatic relatives5.

DYT2 dystonia
The existence of DYT2, the autosomal recessive form of 

dystonia, is much debated. Few cases have been reported 
to date, and a locus associated with this dystonia has not 
yet been identified6,7,8. The first descriptions of cases attrib-
uted to DYT2 were in consanguineous families with various 
phenotypes similar to the typical DYT1 phenotype6,7. A few 
other reports, which did not include genetic evaluation and 
were only based on a recessive inheritance pattern or con-
sanguinity, do not help clarify whether DYT2 dystonia is in 
fact a new disease8.

DYT6 dystonia
DYT6 dystonia has an autosomal dominant inheritance 

pattern. Lifetime penetrance of this disorder is estimated to 
be approximately 60% with no sex differences identified9. The 
DYT6 gene (THAP1) consists of three exons and codes for 
the THAP1 protein10,11. THAP1 is a nuclear proapoptotic fac-
tor that potentiates tumor necrosis factor (TNF)-α-induced 

apoptosis and serum withdrawal-induced apoptosis10. 
Although many of the biological functions of THAP proteins 
apart from their involvement in apoptotic pathways remain 
unknown, various findings have confirmed that they play an 
important role in cell proliferation10,11.

Adolescent-onset generalized dystonia followed by the 
segmental form is the most common presentation in most 
large series of DYT6 patients12,13,14,15. Other studies, in con-
trast, have found a predominance of patients with focal dys-
tonia11,13. One important finding is that most patients with fo-
cal dystonia have late-onset cervical dystonia13. Since the first 
studies, it was observed that in patients with DYT6 dystonia, 
when the symptoms first appear in the limbs, they tend to 
predominate in the arms, unlike in DYT114,15.

DYT13 dystonia
DYT13 dystonia has autosomal dominant inheritance 

with a penetrance that has yet to be defined but is estimated 
at 58%16,17. In the only family studied, which was Italian, the 
age of onset of the symptoms varied between five and forty 
years (mean 15.6 ± 12.5 years) and was normally in the first 
or second decades of life. The dystonia in most cases was 
segmental with craniocervical and upper-limb involvement. 
It progressed slowly and became generalized in only 18.2% 
of the cases17. The phenotype of DYT13 is similar to that of 
DYT6 dystonia except for the lesser involvement of the lar-
ynx and legs in the former16.

DYT17 dystonia
Chouery et al.18 described a Lebanese family in which 

three sisters had the clinical presentation of dystonia with 
autosomal recessive inheritance. The initial manifestations 
were cervical dystonia between 14 and 19 years of age and 
evolved to segmental dystonia in two to three years in two 
patients and to generalized dystonia after nine years of the 
disease in the third patient. Genetic evaluation of this fam-
ily mapped the locus for this novel dystonia (DYT17) to 
chromosome 20p11.22-q13.12.

ADULT-ONSET ISOLATED DYSTONIAS

DYT7 dystonia
The gene locus responsible for DYT7 was original-

ly mapped to the short arm of chromosome 18 in a large 
German family. Seven members of the family had focal dys-
tonia inherited in an autosomal dominant manner with in-
complete penetrance, and six had late-onset cervical dysto-
nia. Minor facial involvement, upper-limb involvement and 
spasmodic dysphonia were observed in the same family. 
There was no generalization and the disease evolved over on 
average nine years (two to thirty years) in the seven patients 
with defined focal dystonia19.
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Genetic testing in families with a phenotype similar to 
that of DYT7 in which there were various cases of cervical 
dystonia that tended to remain focal or segmental failed to 
find a link with the DYT7 locus20. Analysis of candidate genes 
in 18p revealed no alteration in definitely affected patients 
of the same German family, in a new study 15 years before. 
There was no disease causing copy number variant in 18p. 
No potentially disease-causing mutations were detected in 
18p by exome sequencing21. These findings suggest that there 
are new loci for focal dystonias that have yet to be identified.

DYT21 dystonia
DYT21 was described in a large family of non-Jewish de-

scent from the north of Sweden with the features of dystonia 
with autosomal dominant inheritance. Penetrance was esti-
mated at around 75% but can reach 90%22,23. Blepharospasm, 
cervical dystonia and upper-limb dystonia were prevalent 
in the affected individuals, and spasmodic dysphonia was 
also sometimes present22,23. In the study by Norgren et al.23, 
sixteen patients with dystonia were examined; six had gen-
eralized dystonia, seven multifocal dystonia, two segmental 
dystonia and one focal dystonia. The locus for the type of dys-
tonia in this family was recently mapped to chromosome 2 
(2q14.3-21.3). Mutational analysis was carried out on twenty-
two genes in this region but failed to yield positive results23.

DYT23 dystonia
Uitti and Maraganore24 reported the first family with adult-

onset cervical dystonia in which monozygotic twins and vari-
ous family members were affected; the disease had an auto-
somal dominant inheritance pattern. Even though the family 
was followed up over a long period, progression from the fo-
cal form to generalized dystonia was not observed in any of 
the members. Recently, an exonic splicing enhancer muta-
tion [c.790A > G (p.S264G)] was identified in exon 7 of the 
CIZ1 gene. This mutation was found in the affected members 
of the family described by Uitti and Maraganore. The CIZ1 
gene codes for the DNA replication factor Cip1-interacting 
zinc finger protein 125.

DYT24 dystonia
Charlesworth et al.26  identified six mutations in the ANO3 

gene at locus 11p14.2 in affected members of one family with 
autosomal dominant dystonia. The ANO3 gene encodes a 
Ca2+-gated chloride channel that the authors showed to be 
highly expressed in the striatum.

The range of age at onset varies from early childhood to 
the forties. The cervical region is the most common site of 
onset, followed by laryngeal dystonia, and then the arms; 
whereas the legs are never affected. In most patients, dysto-
nia progress slowly over many years and spread to become 
segmental. Probably the most consistent feature in patients 
with DYT24 is the presence of tremor. Apart from tremor, 
some patients have superimposed myoclonic jerks27.

DYT25 dystonia
Fuchs et al.28  reported twenty-eight patients with dysto-

nia in eight families, including the family initially described 
by Bressman et al.29 in 1994. They confirmed that mutations 
in the GNAL gene were the cause of dystonia in these patients.

The family initially reported by Bressman et al.29 and the cas-
es reported to date suggest that this dystonia, which was des-
ignated DYT25, has a phenotype that is initially predominantly 
cervical with a tendency to present as craniocervical dystonia 
with spasmodic dysphonia with or without generalization28.

THE DYSTONIAS COMBINED WITH PARKINSONISM

DYT5 dystonia
Dopa-responsive dystonia (DRD) is a rare form of dys-

tonia, and most cases have an autosomal dominant in-
heritance pattern and are caused by mutations in the 
GCH1 gene30. Similar clinical presentations can be the result 
of a series of different mutations in this gene or even in an-
other gene responsible for DRD phenotypes, or, in the case of 
a dystonia that is inherited in an autosomal recessive man-
ner, the TH gene31. Some authors divide DRD into DRD-1 
(or DRD-a or DYT5-a) and DRD-2 (or DRD-b or DYT5-b) ac-
cording to the affected gene: the former relates to the GCH1 
gene and the latter to the TH gene.

The CGH1 gene encodes the enzyme GTP cyclohydro-
lase I (CGH1 or GTPCHI), and the TH gene encodes the en-
zyme tyrosine hydroxylase (TH). The GCH1 gene consists 
of six exons. In DRD patients, various mutations have been 
identified in all the exons and also in the introns. Penetrance 
is low (approximately 30%), but if atypical clinical presenta-
tions are taken into account, it can vary from 38% to 100%32,33. 
Penetrance is higher in females (87% to 100%) than in males 
(38% to 55%), and the disease is also more common in fe-
males34. Patients have defects in only one allele in this gene, 
i.e., they are all heterozygotes. Individuals who are homozy-
gous for mutations in the GCH1 gene do not have a clinical 
presentation of DRD34.

The typical DRD phenotype is characterized by dystonia 
concomitantly with or following parkinsonism with a wors-
ening of symptoms during the day in 77% of cases and a dra-
matic response to levodopa therapy. An initial response in a 
few days can be observed with small doses of levodopa. The 
presence of chorea and dyskinesias when the levodopa dose 
is increased in an attempt to obtain a response is indicative 
of cases that are refractory to therapy30,35,36. DRD patients 
rarely develop motor fluctuations and dyskinesias36.

Cases of TH deficiency are rare and several mutations 
have been identified in some of the fourteen exons in the 
TH gene. The phenotypes in patients who are homozygous 
for mutations in the TH gene and in those who are hetero-
zygous may or may not be similar. Homozygous cases can 
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present with more serious symptoms and signs, be less re-
sponsive to levodopa treatment and be more likely to de-
velop dyskinesias37.

Tetrahydrobiopterin (BH4) deficiencies are severe neu-
rological disorders characterized by hyperphenylalaninemia 
and by monoamine-neurotransmitter deficiency and caused 
by mutations in the genes encoding the enzymes responsible 
for BH4 biosynthesis and regeneration. The biosynthesis of 
BH4 starts from GTP via reactions catalyzed by the enzymes 
GTP cyclohydrolase I (GTPCH), 6-pyruvoyltetrahydropter-
in (PTP) synthase (PTPS), and sepiapterin reductase (SPR). 
Recently, autosomal recessive dystonia caused by mutations 
in SPR gene has been classified as DYT514.

DYT3 dystonia
X-linked recessive dystonia-parkinsonism syndrome 

(XDP, or lubag) is a movement disorder found in male 
Filipino adults from the island of Panay38. It is associated with 
sequence changes within the TAF1/DYT3 multiple transcript 
system. The DYT3 gene consists of at least 43 exons that are 
alternatively spliced. There are alternative transcripts of ex-
ons 1-38 that encode isoforms of the TATA-box binding pro-
tein-associated factor I (TAF-1) and five exons (d1-d5) down-
stream to exon 38 (multiple transcript system)39.

Despite the similarities between the pathophysiological 
mechanisms of autosomal dominant DRD and XDP, there 
are major differences between the diseases, notably the fact 
that XDP is inherited in an X-linked recessive manner and is 
a heredodegenerative disorder. Only 6% of XDP patients pres-
ent with parkinsonism first, while 94% present initially with 
focal dystonia. Dystonias of the limbs (47%) are the most 
common initial presentations, particularly dystonia of the 
lower limbs (33%). Cranial dystonia, such as blepharospasm, 
and oromandibular dystonia, such as opening and closing of 
the jaw, sticking out and retracting of the tongue and trem-
ors can constitute the initial clinical presentation in 27% of 
cases. There is a gradual tendency for the dystonia to spread 
to other parts of the body, resulting in segmental, multifo-
cal or generalized forms of the disease. After five years only 
2.2% of individuals still have only focal dystonia. Among pa-
tients who have had the disease for less than two years, 84.7% 
have already developed the generalized form. However, there 
is a tendency for the clinical presentation of dystonia to re-
vert as the disease evolves; this is more evident between the 
fifth and seventh years after onset of the symptoms. After ten 
years only around 8% of patients present with dystonia. The 
dystonia is gradually replaced by increasingly noticeable bra-
dykinesia until an overall presentation of rigidity is reached. 
However, only minimal resting rigidity is observed, and cog-
wheeling is rare38.

DYT12 dystonia
Rapid-onset dystonia-parkinsonism (RDP) is extremely rare. 

It has an autosomal dominant inheritance pattern and reduced 

penetrance. The gene responsible for the disease, DYT12/ATP1A3, 
has 23 exons and encodes the Na+/K+-ATPase α3 (ATP1A3), a 
catalytic subunit of the sodium pump40,41. Since the first muta-
tions descripted by de Carvalho Aguiar et al.41, several mutations 
across the gene have been associated with RPD. However, the 
exact correlation between ATP1A3 and the pathological mecha-
nism of RDP remains to be elucidated 40,41.

Onset of RDP typically occurs in adolescence or early 
adulthood, being rare over the age of forty. A striking char-
acteristic of the disease is the sudden onset of dystonia and 
parkinsonism, which can develop within minutes or days of 
onset and are frequently triggered by a psychological stress-
or. RDP ceases to progress within weeks, after which there is 
little or no improvement except in some patients who have 
a slight improvement in gait. Some patients have a “second” 
episode one to nine years after onset42.

This dystonia typically affects the limbs and face (dysar-
thria and dysphagia). The dystonia and parkinsonism have a 
clear rostrocaudal gradient: the bulbar symptoms are more 
severe than the symptoms in the upper limbs, which in turn 
are more severe than the symptoms in the lower limbs. The 
first manifestations of RDP are bulbar symptoms and dys-
tonia of the limbs accompanied by parkinsonian changes, 
sometimes preceded by vague symptoms. In rare cases iso-
lated parkinsonism can precede the RDP42. Some psychiatric 
disorders, such as depression, personality disorders, anxiety, 
panic disorder and social phobia, can be found in families 
with RDP40,42.

Some families with alternating hemiplegia of child-
hood (AHC) have an autosomal dominant inheritance of 
the disorder, and may be caused by ATP1A3 mutations. 
Although the number of patients with AHC or RDP with 
an identified ATP1A3 mutation is rapidly growing, defini-
tive phenotypic patterns have not been found for patients 
with and without mutations, and in patients with recur-
ring ATP1A3 mutations. However, there is an interesting 
difference in the location in the ATP1A3 protein sequence 
of mutations that cause RDP or AHC. RDP mutations seem 
to be spread across the protein, AHC mutations are locat-
ed almost exclusively in particular regions of the protein. 
The significance of the different mutation patterns in RDP 
and AHC is currently unknown, but suggests that, unlike 
in RDP, only specific protein disruptions result in AHC. 
Additionally, rarely the same aminoacid is mutated in RDP 
and AHC, but even in these cases the aminoacid substitu-
tion is disease-specific43.

DYT16 dystonia
Camargos et al.44 identified a dystonia with an autosomal 

recessive inheritance pattern in Brazilian families caused by 
a mutation in the PRKRA gene that encodes the interferon-
inducible double-stranded RNA-dependent protein kinase 
activator in the 2q31.3 locus, which was assigned the name 
DYT16 dystonia.
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The patients initially described by Camargos et al.44, 
who had the c.665C→T mutation, presented with an 
early-onset generalized disease. Onset was between the ages 
of two and eighteen years, and the condition manifested as a 
focal, predominantly limb dystonia that causes gait and writ-
ing problems and then becomes generalized44. In addition to 
the clinical features of dystonia, the patients described by 
Camargos et al.44 presented with a dystonic sardonic smile, 
dysarthria, dysphagia and psychiatric changes. Most of the 
patients had pyramidal signs (hyperreflexia and ankle clo-
nus). In all the cases the dystonia spread to the facial, cervi-
cal or laryngeal regions, unlike another early-onset dystonia, 
DYT1, which starts in the limbs.

Four (57.1%) of the patients described by Camargos et al.44 
presented with parkinsonism. All had bradykinesia, and pos-
tural tremor of the limbs and freezing of gait could be ob-
served in one patient. All the patients responded poorly or 
not at all to treatment with anticholinergics and levodopa.

COMBINED DYSTONIAS – MYOCLONIA AND CHOREA

DYT11 dystonia
Myoclonus-dystonia (MD), DYT11, is a rare movement 

disorder with an autosomal dominant inheritance pattern 
and variable penetrance that normally occurs in the first or 
second decades of life. It often improves with alcohol and is 
therefore sometimes known as alcohol-responsive dystonia. 
In most patients the myoclonus is the most prominent and 
incapacitating symptom45. Nygaard et al.46 localized a gene 
for MD, DYT11 (SGCE), to chromosome 7 (7q21-q23). SGCE 
has twelve exons and encodes the glycoprotein ε-sarcoglycan 
(SGCE). The typical phenotype consists of very short, abrupt 
myoclonic twitches that can present either in isolation or 
together with mild to moderate dystonia and are generally 
mainly in the upper part of the body47.

	 Dystonia is the first presentation in around 20% of 
patients48. The dystonia is normally mild or moderate, and 
cervical dystonia and writer’s cramp are the most common 
manifestations. There may also be occasional involvement of 
the lower limbs, which can also be the site of onset of the 
disease47,48. Cases of dystonia without myoclonus can some-
times be observed, but the dystonia rarely remains the only 
manifestation during the course of the disease49.

Psychiatric changes such as depression, anxiety disor-
ders, obsessive-compulsive disorder, personality disorders, 
drug addiction and attention deficit hyperactivity disorder 
have been reported in families with MD47.

DYT15 dystonia
A large family with twelve members presented with the 

MD phenotype, with predominantly axial myoclonia in the 
proximal upper limbs. Mean age of onset of symptoms was 
9.6 years, and five members had dystonia. The symptoms 

improved with alcohol, and in half of the patients with myo-
clonia the disease had a relatively benign course. Inheritance 
was autosomal dominant with reduced penetrance. The dis-
ease was transmitted by both the father and mother50.

The same family was studied a second time, when a new 
locus in a 17 cM region of chromosome 18p11 was identified 
as the cause of MD51. This family was clinically indistinguish-
able from families with mutations in the SGCE gene, suggest-
ing that the gene products interact in the same functional 
biological pathways. Although there are good candidates for 
the gene in the critical region identified in chromosome 18, 
no mutations, deletions or duplications have yet been identi-
fied that could account for the disease51.

DYT4 dystonia
DYT4 dystonia was described in an Australian family 

with whispering dysphonia with autosomal dominant inheri-
tance and complete penetrance52. A new Arg2Gly (c.4C > G) 
mutation in gene TUBB4 (tubulin β-4) was found in all the af-
fected patients studied but not in any other family member 
or healthy controls53,54.

Onset in the affected individuals occurred between 
13 and 37 years of age and before the age of 20 in most indi-
viduals. There was a significant variation in expression, with 
presentations ranging from whispering dysphonia, which the 
author considered a forme fruste of the disease, to complex 
phenotypes with choreic movements and psychiatric mani-
festations, which were initially diagnosed as Huntington dis-
ease or conversion disorder52. The affected members of this 
family had shared clinical characteristics of a thin face and 
body habitus. Immediately after the onset of spasmodic dys-
phonia, the cheeks became hollowed out, the lower part of 
the face tapered to the chin, the tongue became bradykinet-
ic and exhibited poor motor patterning and the mouth re-
mained open at rest55. Presentations that started with dys-
phonia evolved to focal dystonias, generalized dystonia or 
generalized dystonia combined with other movement disor-
ders, such as ataxia and, primarily, chorea. Neuropsychiatric 
changes varied from mood swings through anxiety and psy-
chosis to dementia. There was a report of mental retarda-
tion52. Parkinsonism was an unusual finding. As with my-
oclonus-dystonia (DYT11 and DYT15), alcohol can relieve 
symptoms, particularly at onset55.

Concurrently, an exon 4 mutation in TUBB4A (c.745 G > A; 
p.Asp249Asn) was found to cause leukoencephalopathy hypo-
myelination with atrophy of basal ganglia and cerebellum 
(H-ABC). The phenotypic spectrum of H-ABC includes dys-
tonia, delayed psychomotor development, spasticity, ataxia, 
dysarthria, short stature, and microcephaly. MRI in subjects 
with H-ABC shows cerebellar and striatal atrophy along with 
diffuse hypomyelination. Careful analysis of published DYT4 
and H-ABC phenotypes indicates the presence of significant 
phenotypic overlap. H-ABC exhibits an earlier onset and 
more severe phenotype than DYT4. Therefore, DYT4 may be 
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a “form fruste” of H-ABC. Although MRI is reportedly normal 
in DYT4, technical details of imaging and images have not 
been provided in publications related to the DYT4 pedigree. 
It is possible that more severely affected older individuals 
with the p.Arg2Gly variant do show evidence of hypomyelin-
ation and atrophy on MRI. Thus, DYT4 should not be classi-
fied as a primary dystonia54.

COMBINED PAROXYSMAL DYSTONIAS

Paroxysmal dyskinesias are rare and form a heterogeneous 
group that can be distinguished from other forms of dystonia 
by regular intermittent attacks of hyperkinetic movements 
without loss of consciousness56. Based on a widely accepted 
classification, paroxysmal dyskinesias have for many years 
been classified into four main groups: paroxysmal kinesigenic 
dyskinesias (PKDs), non-paroxysmal kinesigenic dyskinesias 
(NPKDs), paroxysmal exercise-induced dyskinesia (PED) and 
paroxysmal hypnogenic dyskinesia (PHD)56.

The PNKDs include DYT8 (PNKD-1) dystonia and 
DYT20 (PNKD-2) dystonia. PNKD-1 is extremely rare. The 
PNKD1/MR1 gene consists of 12 exons and encodes the MR-1 
protein57. PNKD-1 dystonia is characterized by attacks of 
resting dystonia, chorea, athetosis and ballism. Episodes can 
last from seconds to hours and can occur from a few times a 
year to several times a day. Symptoms can be brought on by 
alcohol or caffeine and to a lesser extent by nicotine, excite-
ment, fatigue, anger and emotional stress. Movements, physi-
cal effort or sleep do not trigger these dyskinesias. Age at on-
set varies widely, and the disease can manifest for the first 
time during childhood, adolescence or adulthood56,57.

To date, PNKD-2 has been described in a single, large 
Canadian family of European origin. In all the patients dysto-
nia was the only manifestation during an attack and always 
occurred in the limbs. Symptoms were not reported to be 
brought on by alcohol or caffeine56. Spacey et al.58 mapped 
a new locus for this family very close to the MR-1 gene. Two 
genes in the 2q31 region, the glutamate decarboxylase gene 
(GAD-1) and DLX1/DLX2 have been proposed as possibly re-
sponsible for PNKD-258.

The PKDs include DYT10 (PKD-1) dystonia and DYT19 
(PKD-2) dystonia. DYT10 dystonia, or PKD-1, is a relatively 
rare disease that can be familial with autosomal dominant in-
heritance or in some cases sporadic. Attacks normally start 
between six and sixteen years and are brought on by sudden, 
unexpected movements, hence the term kinesigenic. Men are 

more affected than women (ratio of men to women = 3.75:1)59. 
The locus responsible for PKD-1 has been mapped to the peri-
centromeric region of chromosome 16, 16p11.2-q12.159. The 
condition may present with different hyperkinesias (dystonia, 
chorea, athetosis or ballism) in 33% of cases, but dyston-
ic movements on their own are most commonly reported 
(57%). Unlike PNKD-1, caffeine rarely triggers attacks and al-
cohol never does. Episodes, which are usually unilateral, are 
short-lasting (seconds to minutes) and more frequent than 
those observed in PNKDs, occurring over 100 times a day59.

DYT19 dystonia, or PKD-2, was described in a single 
Indian family with autosomal dominant inheritance, slight-
ly reduced penetrance and a clinical presentation similar to 
that of PKD-1. The new gene was mapped to a region close to 
the DYT10 locus, 16q13-q22.1, and given the name EKD2, or 
DYT1959. The condition was more common among male pa-
tients (ratio of male to female = 1.8:1). Onset was during child-
hood between the ages of seven and thirteen years. Attacks 
were short-lasting (approximately two minutes), involving 
dystonic/choreic movements brought on by sudden move-
ments, and occurred between one and twenty times a day.

DYT18 dystonia, or PED, is a rare disease first described 
in a family that presented with dystonic attacks brought on 
by prolonged exercise56,60. PED has an autosomal dominant 
inheritance pattern and slightly reduced penetrance60. Two 
mutations were identified in the SLC2A1 gene in members 
of three families affected by PED. The SLC2A1 gene consists 
of 10 exons and encodes the glucose transporter protein-1 
(GLUT1), which facilitates passive diffusion of glucose across 
the cellular membrane60.

Clinical onset occurs during childhood and is character-
ized by attacks of dystonic, choreic and ballistic movements 
affecting primarily the upper and lower limbs. Dystonic 
movements are the most common. Attacks can last from a 
few minutes to around one hour and can affect only those 
limbs that are exercised. Symptoms may be accompanied 
by convulsive attacks, migraine, reduced cognitive function, 
mental retardation and aggressive, impulsive behavior60.

CONCLUSION

Although the recent revisited classification of dystonias is 
still the subject of much debate, it offers an easy-to-use meth-
od for classifying hereditary dystonias more logically and 
objectively. We look forward to the discovery of new genes, 
when the classification proposed here can be reviewed.
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