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Abstract
Objectives—to investigate the hypothesis
that GTP cyclohydrolase I (GCH1) muta-
tions are responsible for the phenotype of
highly anticholinergic responsive dystonia
in patients with apparent primary torsion
dystonia.
Methods—from 107 British patients with
clinically diagnosed primary torsion dys-
tonia, seven patients were identified with
an excellent response to anticholinergic
drugs. All six exons of the GCH1 gene
were sequenced in these patients to iden-
tify mutations.
Results—three novel GCH1 mutations
were identified in two patients. One
patient was a compound heterozygote
with asymptomatic carrier parents.
The clinical phenotype of patients with
and without GCH1 mutations was similar.
Conclusions—these findings show that a
proportion of patients with apparent pri-
mary torsion dystonia and a good re-
sponse to anticholinergic drugs have
GCH1 mutations and therefore have a
variant of dopa responsive dystonia. The
diYculty in distinguishing clinically be-
tween patients with and without mutations
underscores the importance of consider-
ing the diagnosis of a levodopa responsive
dystonia in all such patients.

(J Neurol Neurosurg Psychiatry 1997;63:304–308)
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Anticholinergic drug therapy is widely recog-
nised to be of benefit in some patients with pri-
mary torsion dystonia. Benzhexol hydrochlo-
ride (Artane) taken at high dosage (up to 120
mg daily) has been shown to result in
significant improvement of symptoms in some
patients with dystonia but the response is vari-
able and often poorly sustained.1 However,
there have been reports of dramatic and
sustained improvement in patients with torsion
dystonia treated with anticholinergic drugs at
low dosage.2–6

In 1952 Corner reported two siblings with
severe generalised dystonia both of whom had
shown a remarkable response to benzhexol
therapy at a dose of 7 to 8 mg daily.2 Dystonia
in a paternal uncle indicating autosomal domi-
nant inheritance with reduced penetrance, and
the clinical description, including prominent
diurnal variation in symptoms, suggest that
these patients may have had dopa responsive

dystonia. Subsequently Nygaard et al provided
an update on one of the siblings, whose
response to low dose benzhexol had been
maintained for 30 years, and described another
patient with a similar response. Both had been
switched to levodopa with good results sup-
porting the belief that these patients had dopa
responsive dystonia.6 Several other cases of
generalised dystonia with a pronounced re-
sponse to low dose anticholinergic therapy
have been described and have led to sugges-
tions that dopa responsive dystonia underlies
many such cases.
Segawa et al7 8 provided the first detailed

clinical description of dopa responsive dystonia
and described the distinctive clinical pheno-
type and the dramatic therapeutic response to
low doses of levodopa. Patients typically
present in childhood with dystonia involving
the lower limb which progresses to become
generalised unless treated. Diurnal variation of
symptoms with improvement of dystonia after
sleep is a characteristic feature of dopa respon-
sive dystonia. It is now recognised that the dopa
responsive dystonia phenotype may encompass
atypical presentations including parkinsonism,
spastic paraplegia, and a presentation mimick-
ing athetoid cerebral palsy.9 10 Most cases are
inherited as an autosomal dominant trait with
reduced penetrance and females outnumber
males by about four to one. Linkage between
the dopa responsive dystonia locus and mark-
ers on chromosome 14q led to the identifica-
tion of mutations within the GTP cyclohydro-
lase I (GCH1) gene in several cases of typical
dopa responsive dystonia.11 12 GCH1 catalyses
the initial and rate limiting step of tetrahydro-
biopterin synthesis. Tetrahydrobiopterin is an
essential cofactor for tyrosine hydroxylase, the
rate limiting enzyme in the dopamine synthesis
pathway.
To investigate the possibility that GCH1

mutations are responsible for the phenotype of
anticholinergic responsive dystonia, we identi-
fied seven index patients previously diagnosed
as having primary torsion dystonia but re-
sponding well to benzhexol. Here we describe
the results of mutation analysis of the GCH1
gene in these patients.

Patients and methods
PATIENTS

From a survey of 107 British patients13 with
generalised,multifocal, and segmental dystonia
fulfilling the agreed criteria for primary torsion
dystonia14 we identified 84 patients whose
response to treatment with anticholinergic
drugs was known. Of these, seven patients were
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studied, all of whom had obtained an excellent
response to benzhexol at doses ranging from
15-120 mg daily such that dystonia was
completely or virtually abolished. Two patients
(4 and 5) had received a trial of levodopa treat-
ment with no improvement in symptoms but
were included in the study because it was not
known if the dose given was suYcient to
exclude a clinical response.

DNA SEQUENCING

DNA was extracted from peripheral blood
lymphocytes using standard techniques. All six
exons of the GCH1 gene were amplified sepa-
rately using the polymerase chain reaction
(PCR). PCR primers and conditions were as
described previously.10

Purified products from the PCR reactions
were sequenced using an automatic DNA
sequencer (Applied Biosystems 373A). For
exon 1, sequencing was performed with
fluorescently labelled dye terminators using a
T7 sequencing kit (Applied Biosystems). A Taq
dye deoxy terminator cycle sequencing kit
(Applied Biosystems) was used for sequencing
of exons 2-6. Sequencing primers were as
described previously.10 Both sense and anti-
sense strands were sequenced for each sample.
The Sequence Editor version 1.0.3 programme
(Applied Biosystems) was used for detection of
sequence variations from controls and the
published sequence.

RESTRICTION SITE ANALYSIS

The presence of mutations was verified by
identification of gain or loss of restriction
enzyme recognition sites created by point
mutations. Restriction site analysis was then
used to screen 210 ethnically matched control
chromosomes for the presence of these muta-
tions. Exons were amplified by PCR and the
product digested with enzyme according to
manufacturer’s instructions. Digestion prod-

ucts were separated by electrophoresis on a
3.2% agarose gel containing ethidium bro-
mide.

Results
MOLECULAR GENETIC ANALYSIS

Three heterozygote mutations of the GCH1
gene were identified in two patients (table 1).
All mutations resulted in changes in highly
conserved regions of the gene.
In patient 2, a transversion in exon 6 resulted

in a premature stop codon at position 224. A
transition causing a proline to leucine amino
acid change at codon 23 in exon 1 was also
identified in this patient. These mutations
create new Alu-I and Taq-I cleavage sites
respectively. Restriction site analysis disclosed
the codon 23 mutation to be present in one of
210 control chromosomes screened (in a
male).The other mutation was not found in
controls. The parental genotypes for patient 2
were determined by restriction site analysis,
showing the Lys224Stop mutation to be
present in the mother and the Pro23Leu
variant in the father (figure). Both parents were
asymptomatic and normal on examination (in
the afternoon) by two neurologists.
A missense mutation in patient 7 resulted in

an aspartic acid to asparagine amino acid
change at residue 115 caused by a substitution
in the last nucleotide of exon 1. The mutation
would also be predicted to alter the splice site
sequence at the exon 1-intron 1 boundary. This
mutation abolishes a Dde-I restriction site and
was not found in any controls. This patient was
a sporadic case with no family history of dysto-
nia. However, the patient’s father and brother
also had the mutation but manifested no
features of the disease (figure). An unaVected
sister did not have the mutation.
No sequence variants were identified in the

remaining five patients.

CLINICAL PHENOTYPE

Table 2 summarises the clinical characteristics
of the patients studied. Dystonia started in the
lower limb in all seven patients. The average
age at onset was 8.7 years (range 5 to 20 years).
Dystonia progressed to become generalised

in five patients and was segmental and multifo-
cal in one patient each. The clinical features in
both patients with GCH1 mutations were

Table 1 Summary of GCH1 mutations identified

Patient Exon Codon change
Protein
alteration

Restriction site
created/abolished

Control chromosome
mutations

2 6 AAA→TAA Lys224Stop Alu-I+ 0/210
2 1 CCC→CTC Pro23Leu Taq-I+ 1/210
7 1 GAT→AAT Asp115Asn* Dde-I− 0/210

(+/− indicates creation or abolition of restriction site respectively).
* Disrupts −1 position of exon 1-intron 1 splice donor site.

Family trees of patients 2 and 7 showing GCH 1 genotypes. Index patients indicated by arrows.Wt= wild type allele.

PATIENT 2 PATIENT 7

Pro23Leu/wt Lys224Stop/wt Asp115Asn/wt wt/wt

wt/wt Pro23Leu/Lys224Stop Asp115Asn/wt wt/wt Asp115Asn/wt
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broadly similar to the group as a whole, with
onset of dystonia in the lower limb in
childhood, progressing to more generalised
dystonia before treatment with benzhexol. The
mean daily dose of benzhexol required to abol-
ish symptoms was lower in patients harbouring
GCH1 mutations (15 mg and 20 mg), when
compared with patients without mutations
(range 30-120 mg, mean 67 mg).
Patient 2 began to toe walk at the age of five.

Within three years dystonia had spread to
involve all limbs, the trunk, and the muscles of
the neck. Dystonia was slightly less severe in
the mornings. By the age of eight when
treatment with benzhexol was started, she was
still able to walk but required the use of a
wheelchair for long distances. Within one week
of starting treatment with benzhexol, dystonia
was virtually abolished. At a dose of 20 mg
daily there was no evidence of dystonia on
clinical examination.
Patient 7 developed in-turning of the right

foot at the age of seven. Over the subsequent
two years she developed dystonia aVecting both
legs, the trunk, and the left hand and arm.
There was no diurnal variation in symptoms.
The response to benzhexol was apparent
within four days and continued to develop over
six weeks with almost complete abolition of
dystonia, maintained at a dose of 15 mg daily.
The patient has subsequently been switched
from benzhexol to levodopa (Sinemet-plus
three daily). On this regime she is asympto-
matic with no dystonia on clinical examination.
Interestingly, both patients with GCH1

mutations were apparently sporadic cases, by
contrast with four of the remaining five index
patients, in whom the family history was com-
patible with autosomal dominant inheritance.
The mother of patient 5 and the mother,
brother, and daughter of patient 6 had primary
torsion dystonia. In two patients (1 and 3),
family members were asymptomatic but on
examination were classified as aVected on the
basis of writer’s cramp, dystonic posturing of
the outstretched hands, and pronounced pos-
tural tremor. No patients had Ashkenazi Jewish
ancestry.

Discussion
Primary torsion dystonia is an autosomal
dominant disorder with reduced (30-40%)
penetrance and variable expression.13 Genetic
linkage analysis has identified one locus, DYT
1, on the distal long arm of chromosome 9 in
one large non-Jewish and several Jewish
families.15 16 However, a significant proportion
of non-Jewish families with primary torsion

dystonia are not linked to the DYT 1 locus,
indicating the existence of other genetic loci for
primary torsion dystonia.17

We identified three novel mutations in the
GCH1 gene in two out of seven patients diag-
nosed with primary torsion dystonia, all of
whom showed an excellent response to anti-
cholinergic drug therapy. These findings indi-
cate that these two patients have a variant of
dopa responsive dystonia.
The mutations in patient 2 are of particular

interest. This patient is a compound heterozy-
gote with Lys224Stop inherited from her
mother and Pro23Leu inherited from her
father. The non-sense mutation found in exon
6 creating a stop codon would be predicted to
result in premature truncation of the GCH1
protein with loss of the C terminal 10% of the
protein. It is interesting to note that a missense
mutation causing a conservative amino acid
change (a change to a biochemically similar
amino acid) has been identified in the same
codon in another British family with an
unusual presentation of dopa responsive dysto-
nia resembling athetoid cerebral palsy.10 The
Pro23Leu mutation in the paternal GCH1
allele was found in one of 210 control chromo-
somes examined. There are two possible expla-
nations for this finding: either Pro23Leu could
represent a rare variant in the population, or
alternatively, the mutation in combination with
a second mutation in the maternal allele may
be suYcient to reduce GCH1 activity below a
critical threshold whereas neither alone is suY-
cient to cause disease in either of the carrier
parents. Pro23Leu results in a non-
conservative amino acid change in a highly
conserved region of the gene which suggests
that it is a pathogenic rather than neutral
mutation. All GCH1 mutations so far identi-
fied have been private mutations, so our finding
of two apparently unrelated persons (patient 2
and one control) with the same mutation is
unusual but may reflect the fact that many pre-
vious studies have not screened controls for the
presence of mutations. Furthermore, the con-
trol subject in whom the mutation was found
was male and he may therefore be a non-
manifesting carrier of dopa responsive dystonia
similar to the father of patient 2 who is the
transmitting carrier of the mutation Very
reduced penetrance is the rule rather than the
exception in this condition and Ichinose et al
have shown that asymptomatic male gene car-
riers have higher enzyme activities than af-
fected females with the same mutation.12

Homozygote missense mutations of GCH1
result in undetectable enzyme activity and

Table 2 Summary of patient clinical features and mutations identifed

Patient
Distribution of
dystonia Sex

Age at
onset (y) Age (y)

Site of
onset

Family
history

Benzhexol
daily dose

Diurnal
variation

Mutation
identified

1 Generalised F 8 25 Foot Yes 90 mg No None
2 Generalised F 5 20 Foot No 20 mg Yes Pro23Leu,

Lys224Stop
3 Generalised M 5 25 Leg Yes 35 mg No None
4 Multifocal M 7 26 Leg No 120 mg No None
5 Segmental M 9 19 Foot Yes 30 mg No None
6 Generalised F 20 38 Leg Yes 60 mg No None
7 Generalised F 7 20 Foot No 15 mg No Asp115Asn

306 Jarman, Bandmann,Marsden,Wood

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.63.3.304 on 1 S

eptem
ber 1997. D

ow
nloaded from

 

http://jnnp.bmj.com/


patients typically present in infancy with
hyperphenylalaninaemia, severely retarded de-
velopment, abnormal muscle tone, and
convulsions.18

The parents of patient 2 are both asympto-
matic gene carriers with no manifestations of
dopa responsive dystonia. This is the first
report of compound heterozygote mutations of
GCH1 in a patient with dystonia, and therefore
raises the possibility that dystonia due to
GCH1 deficiency may be inherited as an auto-
somal recessive trait in a minority of cases. The
patient continues to maintain an excellent
response to benzhexol with complete abolition
of dystonia, and has not switched to levodopa
at her own request.
Two male relatives of patient 7 (Asp115Asn)

are non-manifesting carriers. Interestingly, this
mutation may disrupt a splice donor site as well
as changing the amino acid at residue 23.G->A
mutations at the −1 position of the exon-intron
boundary have been shown to disrupt RNA
transcription in some other diseases.19–22 Splice
site mutations within introns have been previ-
ously described in dopa responsive dystonia
and RNA studies are underway in this
patient.23 24 Recently levodopa was substituted
for benzhexol in this patient with a good
response.
Five of our patients had no identifiable

mutation within the coding region of the
GCH1 gene. This does not exclude the
possibility that these patients have a variant of
dopa responsive dystonia as up to half of the
cases of clinically definite dopa responsive dys-
tonia have no identified GCH1 mutation.25

Mutations outside the coding region of GCH1
or in a regulatory gene, or gene coding for
another enzyme of the tetrahydrobiopterin
synthesis pathway could explain such cases.
The absence of diurnal variation of symptoms
and the higher dose of benzhexol required to
produce a response in patients without identi-
fied mutations support the supposition that
these patients do not have dopa responsive
dystonia but rather a variant of primary torsion
dystonia. It has been suggested that patients
with primary torsion dystonia respond more
slowly to anticholinergic drugs than patients
with dopa responsive dystonia as well as show-
ing a generally poorer response and needing
higher doses.6 The diYculty in distinguishing
between primary torsion dystonia and dopa
responsive dystonia on the basis of clinical fea-
tures alone makes a therapeutic trial of
levodopa mandatory.
Not all patients with clinically definite dopa

responsive dystonia respond to anticholinergic
drugs.5 Nygaard et al found that 17 patients
with dopa responsive dystonia had previously
tried an anticholinergic drug with varying
degrees of success.6 Overall, most patients with
dopa responsive dystonia derived some benefit
from anticholinergic drugs, but in most,
levodopa therapy was judged superior in terms
of both eYcacy and adverse eVects. Anticholin-
ergic therapy is therefore not a substitute for
levodopa in dopa responsive dystonia.
In summary, we have identified three novel

GCH1 mutations in two patients with anti-

cholinergic responsive dystonia, suggesting
that a variant of dopa responsive dystonia
underlies dystonia in a minority of patients
with apparent primary torsion dystonia. Our
findings highlight the diYculty of distinguish-
ing clinically between primary torsion dystonia
and dopa responsive dystonia. A therapeutic
trial of levodopa is therefore essential in all
cases of dystonia with onset in childhood or
early adult life even in the absence of any diur-
nal fluctuation of symptoms or family history.
A favourable response to anticholinergic drugs
in patients with what seems to be primary tor-
sion dystonia should alert clinicians to the
possibility that such patients have a levodopa
responsive dystonia.
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HISTORICAL NOTES

Binswanger’s “encephalitis subcorticalis chronica progressiva”

Otto Binswanger (1852-1929), Professor of Psychiatry
in Jena, in 1894 described eight patients with a progres-
sive dementia punctuated by apoplectiform focal attacks
whose brains showed diVuse or patchy but selective
white matter atrophy, most marked in the temporo-
occipital regions with ventricular dilatation. He called it
“encephalitis subcorticalis chronica progressiva”. His origi-
nal description is often misquoted but Förstl’s transla-
tion now makes Binswanger’s work accessible1:

CLINICAL CRITERIA (p 1184)
“The disease begins at the onset of senility (early in the fifties)
or in advanced old age (early in the sixties);
“slow impairment of intellectual capabilities manifesting
primarily by the progressive impairment and ultimate loss of
the association between cortical sensory and motor areas;
“most frequently observed are aphasic disturbances (as in the
present case), hemiamblyopia or hemianopia, hemiparesis
with loss of the sense of pressure, position or touch; these cir-
cumscribed deficits are of a stable character during the fully
developed disease and they are combined with the slow and
relentless deterioration of intellectual performances; ( . . .un-
til) the patients resemble decerebrate laboratory animals.”

NEUROPATHOLOGICAL CRITERIA (p 1137)
“We find a pronounced atrophy of the hemispheric white
matter, either restricted to one or more gyri in one brain area
or of several hemispheric regions aVected with variable sever-
ity;
“these changes are most clearly found in the area of the
occipital and temporal lobes, so that temporal and occipital
horns are widened into bag-like cavities, while the anterior
portion of the lateral ventricle shows relatively little enlarge-
ment and the frontal white matter is almost unaVected by the
disease process. . . .The cortex does not show any remarkable
macroscopic change apart from a slight narrowing. Invariably,
these cases show severe atheroma of the cerebral arteries.
. . .it is very likely that the subcortical loss of fibres is caused
by a deficiency of the blood supply resulting from arterioscle-
rosis.”
Binswanger did not describe the microscopic pathol-

ogy, but Alzheimer did give a more detailed account of

the histology, and named the condition “Binswanger’s
disease.” Alzheimer reported:

“One can show in the white matter, the presence of more or
less numerous foci which produce wide areas of secondary
degeneration... Usually the foci are also to be found in the
internal capsule, the lenticular nucleus, the thalamus, and
particularly in the pons in the region of the pyramidal tract...
caused by a particularly severe arteriosclerosis of the long ves-
sels deep in the white matter with intense atrophy of the white
matter.”2

The distinction from senile dementia, general paraly-
sis of the insane, and mixed Alzheimer’s disease with
multi-infarct disease remained confused, both clinically
and pathologically.3 Nissl also characterised the vascular
pathology of Binswanger’s disease and much later Ben-
nett et al4 attempted to standardise the antemortem
diagnosis. Necessary features were: dementia, bilateral
radiological abnormalities (CT or MRI), and two of the
following: vascular risk factors; focal cerebrovascular
disease; “subcortical” cerebral dysfunction.

J M S PEARCE
304 Beverley Road,
Anlaby, East Yorks
HU10 7BG,UK
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