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Abstract

The genetic cause of late-onset focal and segmental dystonia remains unknown in most
individuals. Recently, mutations in Thanatos-associated protein domain containing, apoptosis
associated protein 1 (THAP1) have been described in DY T6 dystonia and associated with some
cases of familial and sporadic late-onset dystonia in Caucasians. We are not aware of any previous
descriptions of familial dystonia in African Americans or reports of THAP1 mutations in African
Americans. Herein, we characterize an African-American (AA) kindred with late-onset primary
dystonia, clinically and genetically. The clinical phenotype included cervical, laryngeal and hand-
forearm dystonia. Symptoms were severe and disabling for several family members, whereas
others only displayed mild signs. There were no accompanying motor or cognitive signs. In this
kindred, age of onset ranged from 45 to 50 years and onset was frequently sudden, with symptoms
developing within weeks or months. DYT1 was excluded as the cause of dystonia in this kindred.
The entire genomic region of THAPL1, including non-coding regions, was sequenced. We
identified 13 sequence variants in THAP1, although none co-segregated with dystonia. A novel
THAP1 variant (c.-237-3G>T/A) was found in 3/84 AA dystonia patient alleles and 3/212 AA
control alleles, but not in 5,870 Caucasian alleles. In summary, although previously unreported,
familial primary dystonia does occur in African Americans. Genetic analysis of the entire genomic
region of THAP1 revealed a novel variant that was specific for African Americans. Therefore,
genetic testing for dystonia and future studies of candidate genes must take genetic background
into consideration.
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INTRODUCTION

Dystonia is a clinical diagnosis based on the presence of sustained involuntary muscle
contractions causing twisting, repetitive movements, or abnormal postures. Focal dystonia
affects a single body region and may manifest as blepharospasm, masticatory and/or lingual
dystonia, spasmodic dysphonia, cervical dystonia, and hand-forearm dystonia (e.g., writer’s
cramp). Dystonia may spread to contiguous anatomical segments. Primary focal dystonia is
typically late-onset (>26 years) and sporadic [1]. However, approximately 10% of subjects
report a positive family history of dystonia [2]. Familial late-onset dystonia may be
associated with sequence variants in the Thanatos-associated protein domain containing,
apoptosis associated protein 1 (THAP1, DYT6) [2, 3]. Clinical expression is variable and
penetrance reduced. In many families with THAP1 mutations identified to date, at least one
member had early onset dystonia [2, 3]. Familial dystonia with exclusively late-onset has
been associated with the DYT7 locus [4]. DYT13 dystonia may have a late onset, but the
majority of cases described had early onset [5]. The genes implicated in DYT7 and DYT13
remain unknown. Additional families without the DYT designation have also been described
[6]. The overwhelming majority of studies on dystonia have been conducted with Caucasian
subjects. Scarce data suggest that dystonia may be less prevalent in populations of African
descent than in Caucasians [7].

We describe an African-American (AA) family in which six members were affected by
dystonia with late onset (mean, 47 years). Two additional individuals with milder clinical
signs were classified as probably affected. To our knowledge, this is the first report of an
AA family with hereditary dystonia.

METHODS

Affected and unaffected family members were examined by A.P. or Z.K.W. at up to three
time points. Blood samples were obtained and DNA was extracted from peripheral blood
leucocytes as previously described [2, 8]. In addition to freely structured notes, relevant
information about the participants’ history, symptoms, and signs was collected on structured
questionnaires. The physical examination included tasks intended to visualize possible
subclinical signs of dystonia, such as examining the head in various positions, varying
phonatory tasks to enhance abductor or adductor dysphonias, and writing. Family members
who were considered affected or possibly affected were videotaped. Written informed
consent was obtained from all participants. Additionally, written authorization (consent-to-
disclose) has been obtained from the family members on the video clip (Video Supplement),
who had been given the opportunity to view the video and the manuscript. This study was
approved by the institutional review board of Mayo Clinic.

Sequence variants in Exon 5 of TOR1A (DYT1) were excluded with high resolution melting
as described by Xiao et al.[8]. Four samples (2 affected subjects, 2 unaffected subjects) from
this family were used to comprehensively analyze the entire genomic region of THAP1
(8,757bp, which includes the promoter region, 5’untranslated region [UTR], Exons 1-3,
Introns 1-2, and the 3° UTR). This was done by performing two long-range polymerase
chain reactions (PCR) with products of 4,920bp and 5,092bp, respectively, followed by
Sanger sequencing. Long-range PCR was carried out using the SequalPrep™ Long PCR Kit
from Invitrogen (Carlsbad, CA). Q-Solution from Qiagen (Valencia, CA) was added to the
PCR reactions for improved specificity. Touch-down PCR was performed as follows: first,
samples were denatured at 95°C for 5 minutes; then, they were subjected to 35 cycles at
94°C for 30 s, 62°C for 30 s and 72°C for 5 min; followed by a 0.2°C decrease of the
annealing temperature each cycle, and ending with a 10 min extension at 72°C. PCR
products were then examined on a 1% agarose gel. Specific bands of the appropriate size
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were cut from the gel and the DNA fragments were purified with QIAquick Gel Extraction
Kit (QIAGEN). Purified DNA fragments were then sequenced using multiple primer pairs
spaced approximately 600bp apart (esupp Table 1) with an Applied Biosystems 3130XL
Genetic Analyzer. The sequencing data were reviewed independently by two scientists (J.X.
and M.S.L.).

A variant located 5’ to Exon 1 of THAP1 (c.-237-3G>T) was detected in the proband which
prompted screening of all available family members along with an additional 41 AA
dystonia cases, 106 AA controls, 1569 Caucasian dystonia cases, and 1366 Caucasian
unaffected and unrelated controls. To screen for this variant, high resolution melting of Exon
1 and its contiguous 5’ region was performed as previously described (2) using primers E1F
and E1R (esupp Table 1). All variants were confirmed with Sanger sequencing in the
forward and reverse directions. Fisher’s exact test was used for statistical analyses.

Eight family members were examined and blood samples were obtained from these
individuals (Figure 1). Three of the examined family members were definitely affected and
two were probably affected. Several family members independently reported signs of
dystonia in three deceased family members. These signs were substantiated on family
photographs of two members (I11:3 and 111:4), both showing marked cervical dystonia.

Patient descriptions

With the exception of one subject who possibly began to manifest cervical dystonia in his
twenties, affected family members remained unaffected until they developed symptoms at
age 45 to 63 years of age. Then, signs of dystonia became manifest within weeks to months,
leading to marked impairment, and, in the proband’s case, to an inability to continue
working in his profession. Symptoms were varied and different forms of focal, segmental or
generalized dystonia were found in the affected family members. The clinical data are
summarized in Table 2. Representative videos of three affected family members can be
viewed in the Video Supplement.

The proband (111:5) is an AA man whose head started to turn towards the right side at the
age of 45 years. He also developed a head tremor. There were no precipitating events, and,
in particular, no trauma. Significant worsening of his symptoms occurred within weeks,
causing severe neck pain. Touching his cheek with his hand helped to ameliorate the
involuntary movements. Similarly, warmth (from a heating pad), and lying down improved
the situation. On examination, almost constant head turning towards the right side and an
irregular “no-no” phasic head tremor were noted. There was palpable hypertrophy of the left
sternocleidomastoid muscle. While walking, his head was turning almost 90 degrees towards
the right side, which made his gait slow and cautious.

Detailed neurological examination revealed no other abnormalities; specifically, there were
no eye movement abnormalities, ataxia or Parkinsonism. The dystonia was functionally
debilitating and he was unable to continue in his occupation as a firefighter. Blood
ceruloplasmin was slightly elevated, arguing against Wilson’s disease. Electromyographic
(EMG) mapping of dystonia revealed either intermittent or constant phasic and tonic activity
in the neck musculature, consistent with cervical dystonia. Magnetic resonance imaging
(MRI) of the brain and MRI angiography of the cervical and intracranial blood vessels was
normal. A trial of levodopa, titrated to a maximum dose of 750mg/d, was discontinued after
2 weeks due to lack of efficacy.
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The patient received polypharmacotherapy with clonazepam, trihexyphenidyl, tizanidine and
gabapentin, which improved the patient’s dystonia minimally, but caused unwanted side
effects. The patient received several sets of injections of botulinum toxin type A (180 — 250
units) into the cervical paraspinal and sternocleidomastoid muscles and into the right
splenius capitis and upper trapezius muscles. Responses were variable and incomplete, but
did allow the patient to move his head to neutral position and hold it there, which had been
impossible before the injections (Video Supplement).

The proband’s mother (11:2) developed head shakes, speech problems, and facial
“twitches” at 50 years of age. She had never received any treatment for this problem. On
examination, she had oral-facial dystonia with blepharospasm. She also had mild torticollis
and marked spasmodic dysphonia of the adductor type which made her speech almost
unintelligible at times (Video Supplement).

The proband’s sister (111:3) noted a strained voice at the age of 50 years, which slowly
progressed in intensity. She complained about one-sided shoulder tension, and, on
examination, had dysphonia (abductor type), perioral dyskinesias, and slight torticollis.

The patient reported she was able to speak with normal voice immediately after waking up
in the morning, but then her voice quality deteriorating during the remainder of the day
(Video Supplement).

The proband’s brother (111:4), maternal uncle (11:3) and maternal grandmother (1:2) are
deceased but had very similar signs and symptoms according to family history.

Two individuals (11:3 and 111:1) had mild signs of focal or segmental dystonia on
examination and were considered probably affected. 11:3 had difficulty writing, using
unusually high muscle force to hold and guide the pen, indicative of focal hand-forearm
dystonia (writer’s cramp), and had a strained voice suggestive of spasmodic dysphonia. I11:
1 was unable to rotate her head quickly from one side to another and had slight head tremor
and torticollis. During ambulation, her left foot tended to rotate outward in comparison with
her right foot.

Genetic studies

A novel variant located 5’ to Exon 1 of THAP1, (c.-237-3G>T), was initially detected in the
proband and his affected mother, which prompted screening of an AA case-control series.
The ¢.-237-3G>T variant was found in one unrelated control. At the same location, a
c.-237-3G>A variant was present in one subject with laryngeal dysphonia (adductor
subtype) and two unrelated controls. Taken together, in the AA cohort, a c.-237-3G>T or
€.-237-3G>A substitution was present in 3/84 (3.6%) alleles from dystonia patients and
3/212 (1.4%) alleles from unaffected controls (p=0.36). None of these variants was detected
in 3,138 alleles from Caucasian patients or 2,732 alleles from Caucasian controls.
Subsequently, as more samples from the family described here became available, the
THAPL1 (c.-237-3G>T) variant was found in 3/4 additional unaffected family members but
not in the proband’s affected sister. More detailed analysis with comprehensive sequencing
of the entire THAP1 genomic region revealed thirteen sequence variants in four members in
this family (esupp Table 3). Five of these variants had already been reported in the NCBI
SNP database (http://www.ncbi.nlm.nih.gov/snp). Although eight variants were novel, none
co-segregated with dystonia.
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DISCUSSION

To our knowledge, this is the first description of an AA family with late-onset primary
dystonia. Within this kindred, clinical manifestations ranged from very mild to severely
disabling. The distribution of affected individuals within the pedigree suggests autosomal
dominant inheritance, but no causal variants were identified in THAP1 (DYT6) or Exon 5 of
TOR1A (DYT1). Our study sheds light on dystonia in non-Caucasians, which so far has been
markedly underreported and understudied. The previous concentration of dystonia research
on Caucasians populations may have compromised our search for new disease genes and
associated molecular pathological mechanisms.

Very little is known about dystonia in non-Caucasians. In Oslo, Norway, dystonia
prevalence was based on how many individuals of European or of non-European descent
had sought medical care for their condition. This value was almost 10-fold lower for
subjects of Asian or African descent than for those of European descent [7]. Dystonia in
AAs, who comprise 12.9 percent (36.2 million people) of the total population of the USA
[9], has been assessed in a few previous publications. For example, AA individuals with
sporadic or familial AA dystonia patients have been described in case reports [10, 11].
These reported cases had severe early-onset generalized dystonia. A medical record survey
was used to investigate the incidence of torticollis in a Northern California population that
included 8% AAs [12]. Ethnicity was known for 57 individuals with a torticollis diagnosis in
their medical records. None of these cases was AA. Direct comparison of AA, Ashkenazi
and non-Jewish Caucasian dystonia patients seen in a movement disorder clinic was
performed in one study. Compared to the other two groups, AA dystonia patients tended to
have an intermediate age at onset, more common cranial and laryngeal onset, and less
frequent leg onset. However, only 29 AA patients were studied and the differences did not
reach statistical significance [13]. All of these studies were based on data from individuals
who had contact with health services. However, as long as dystonia symptoms are not
debilitating, many sufferers may not consult a health service provider, as was the case in
several members of the family we describe herein. Thus, these studies could not resolve the
question of whether there is a true difference in the age of onset, presentation or incidence of
dystonia among the ethnic groups studied, or whether the findings were a consequence of
ethnic differences in health-care utilization patterns, referral bias and ascertainment bias. At
this time, we are not aware of a truly population-based (e.g. door-to-door) study directly
comparing these dystonia variables among the different ethnic groups living in the USA.

With the exception of one family with American-Indian ancestry [14] and a clinical
description of an AA family with definitive dystonia in one member and possible formes
frustes in two others [15], all published individuals with familial late-onset primary dystonia
are of Caucasian origin. Although DYT1 dystonia is most commonly associated with early-
onset dystonia in a leg, late-onset primary dystonia can also be caused by the same GAG
deletion in Exon 5 of TOR1A [8, 14]. Other loci have been associated with familial late-
onset dystonia (DYT7 and DYT13). DYT7 is a predominantly focal dystonia with an age of
onset from 28 to 70 years, whose locus has been mapped to chromosome 18p [4]. One
family with initially focal dystonia and ages at onset of 5 to 40 years was designated as
DYT13 [16], and, at follow-up, dystonia had spread to other body parts [5]. Additional
published families with familial early-onset primary dystonia have been reviewed [6].
Recently, Fuchs et al. identified mutations in THAP1 as the cause of DYT6 dystonia [3]. In
this report, affected subjects had age at onset ranging from 5 to 38 years, and carriers had
focal, segmental, multifocal or generalized dystonia phenotypes. The original mutations
described were a point substitution and an insertion/deletion [3]. In the interim, over 40
sequencing variants have been reported when screening dystonia patients [2, 17-21], but
similarly, all but one [21] was Caucasian. Orofacial involvement and spasmodic dysphonia
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are frequently observed in patients with THAP1 mutations, and myoclonic jerks have been
described as another DYT6 feature [2, 17-22].

In this study, after excluding variants in Exon 5 of TOR1A, we employed long-range PCR to
facilitate sequencing the entire genomic region of THAP1 and detected 13 sequence variants
that did not co-segregate with the dystonia (esupp Table 3). One novel THAP1 variant
(c.-237-3G>T/A) was found in the AA population but not in Caucasians, despite extensive
screening. Although the rs71521601 variant has been considered as a possible dystonia risk
allele in Caucasians [21], we only detected it in 1/4 alleles of dystonia patients in this study,
thus its association with dystonia in other populations requires additional investigation. The
€.-237_236GA>TT sequence variant was reported as a dystonia risk allele [18] in one report
but not replicated in an independent study [23]; it was not found in our 4 subjects.

The clinical phenotype described in this family appears to differ from the known phenotypes
discussed above. First of all, the dystonia manifest in our AA kindred may be more severe,
on average, than the dystonias associated with DYT6, DYT7 and DYT13, as several family
members were significantly impaired by their symptoms. The proband, 111:5, was disabled
such that he discontinued working, and, 1:2 and 11:1, of whom we only saw photographs,
were also severely affected. The voice of 11:2, and, sometimes also of 11:3, was significantly
impaired. Second, in contrast to the limb onset typical of DYT1, symptoms in this family
were concentrated in the craniocervical region. Although DYT6 is a diagnostic
consideration, mutations in THAP1 were largely excluded by Sanger sequencing. Moreover,
unlike DYT?7 dystonia, none of our affected patients showed evidence of a hand tremor.
Thirdly, the mean age of onset in our AA kindred was much latter than that described for
DYT13 and most DYT6 families.

Further studies of this and other AA families with dystonia may lead to the discovery of new
disease-associated genes and to increased awareness of dystonia in the AA population in the
United States. It appears prudent to include individuals of various ethnic backgrounds in the
search for new genes associated with dystonia and other movement disorders, bearing in
mind that our concept of race may be based largely on superficial traits such as skin color,
which only poorly define genetically distinct populations [24]. Our data also highlight that
future studies of candidate genes and genetic risk factors in dystonia must take genetic
background into consideration.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Family Pedigree

Standard symbols are used. Round symbols indicate females, squares males, diagonal lines
indicate the individual is deceased. Solid black symbols denote definitive dystonia; symbols
with black points denote probable dystonia. The arrowhead indicates the proband.
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