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ABSTRACT

Introduction. Chromosomal aberrations are rare but important causes of various movement disorders. In cases of movement
disorders associated with dysmorphic features, multiorgan involvement and/or intellectual disability, the identification of cau-
sative chromosomal aberrations should be considered.

Aim of the study. The purpose of this article was to summarise clinical findings in six patients with dystonia and two with
parkinsonism and identified chromosomal aberrations in a single-centre prospective study.

Materials and methods. 15 adult patients with dystonia or parkinsonism were referred to array comparative genomic hybri-
disation (aCGH) testing from our Department of Neurology between 2014 and 2019. Additionally, one patient had a karyotype
examination. Detailed clinical, psychological and radiological diagnostics were performed in each case.

Results. Chromosomal aberrations were identified in six patients with dystonia and two with parkinsonism. Two patients were
identified with aberrations associated with de Grouchy syndrome. We also reported generalised dystonia in patients with
deletion in 3g26.31 and duplication in 3p26.3, as well as dystonia and hypoacusis in a patient with duplication in Xg26.3. One
patient was diagnosed with duplication in 21921.1. Early-onset parkinsonism was a manifestation of deletion in the 2q24.1 re-
gion. Late onset parkinsonism was also present in the patient with the most severe aberrations (duplication 1921.1g44; deletion
10p15.3p15.1; deletion 10g11.21).

Conclusions. Dystonia and parkinsonism are possible manifestations of chromosomal aberrations. Chromosomal aberrations
should be excluded in patients with early-onset movement disorders and concomitant dysmorphic features and/or intellectual
disability. It is important to include this cause of movement disorders in future classifications. aCGH can be a valuable diagnostic
tool in the evaluation of movement disorder aetiology.
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Introduction

Dystonia and parkinsonism are among the most commonly
diagnosed movement disorders. There is, however, no specific
mention of chromosomal aberrations as a cause of dystonia in the
IPDMS dystonia classifications [1, 2]. In parkinsonism, a genetic
background is usually observed in those patients with disease
onset before the age of 50 or with a positive family history [3, 4].

Structural aberrations are caused by a rearrangement of
the genetic material. They can be associated with a very broad
clinical spectrum, from asymptomatic or benign to lethal.
The study by Dale et al. suggested that up to 28% of children
with movement disorders of suspected genetic aetiology have
chromosomal abnormalities [5].

Chromosomal aberrations in selected movement disorder
patients are important to identify. They cause multiorgan
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involvement, and extended diagnostic measures need to be
undertaken in order to exclude cardiac and endocrine system
abnormalities. Assessment of chromosomal imbalances may be
performed using standard karyotyping or molecular diagnos-
tics with array comparative genomic hybridisation (aCGH).

aCGH is based on identifying differences in fluorescence
signal intensity between the patient and reference DNA sam-
ples hybridised to the array. Its main limitation is an inability
to detect balanced aberrations. It has a higher resolution of
~100 kbp vs. 5 Mbp for karyotype examination.

An American expert consensus statement from 2010 iden-
tified aCGH as a first-line diagnostic tool for the postnatal
testing of patients with autism-spectrum disorder, intellectual
disability, and multiple congenital anomalies [6]. aCGH is of-
ten performed in children with developmental delays, epilepsy
or multiorgan manifestations, but rarely in adult patients with
movement disorders. Some reports have suggested that it may
be of value, particularly when atypical features appear in pa-
tients with otherwise acknowledged syndromes. This includes
the paper by Lohmann et al. on the identification of causes of
dopa-responsive dystonia and eye and skeletal abnormalities in
alarge family, in which aCGH examination revealed deletion
on chromosome 6, including the CGHI gene [7]. Similarly,
a case of brain-lung-thyroid syndrome was described in a girl
with additional immunodeficiency. Negative PCR and Sanger
sequencing led to an aCGH examination, where the deletion
of 3.32 Mbp in the chromosome 14q13.2-q21.1 region was
detected, including genes NKX2-1 but also genes involved in
immunological response [8].

A few other studies have reported chromosomal aberration
as a potential cause of early-onset PD. An aCGH study in pa-
tients with early-onset levodopa-responsive parkinsonism and
intellectual disability revealed partial trisomy in 4q [9]. The
best-characterised chromosomal aberration associated with
PD is 22q11 deletion. The study by Mok et al. revealed eight
carriers from a total cohort of 9,387 PD patients confirmed
by aCGH examination [10]. In a recent publication, an aCGH
examination revealed cases with duplication of the SNCA gene
and heterozygous intragenic deletion of the GBA gene in 99 PD
subjects with a positive family history [11].

In our paper, we describe a cohort of adult patients with
neurodevelopmental disorders and concomitant dystonia or
parkinsonism and chromosomal aberrations.

Materials and methods

We prospectively identified and examined patients hos-
pitalised in the Department of Neurology between 2006 and
2019 in whom dystonia or parkinsonism caused by karyotype
abnormalities were suspected. Early onset of neurological
symptoms, the progressive nature of symptoms, neurodevel-
opmental delay or negative metabolic investigations led to
aCGH or karyotype examinations. Fifteen adult patients with
dystonia or parkinsonism were referred to cytogenetic testing

from our Department of Neurology between 2014 and 2019.
In 7/15 patients, aCHG testing indicated pathogenic aberra-
tions or variants of uncertain significance. We also included
in our study one patient with significant karyotype findings
from an examination performed in 2006. Each patient with
chromosomal aberration underwent comprehensive clinical,
psychological and radiological evaluations. The Polish version
of MDS-UPDRS was performed in parkinsonian patients [12].

aCGH was performed using a 60 K oligonucleotide
microarray (CytoSure, ISCA v3 Oxford Gene Technology,
Oxford, UK). The patient's DNA was hybridised against the
control DNA. Labelling and hybridisation were performed
following the manufacturer’s protocols. 500 ng of DNA was
labelled and purified on the column’s centrifugal filters. After
probe denaturation and prehybridisation with Cot-1 DNA,
hybridisation was performed at 65°C with rotation for 20 hrs.
After washing, the array was analysed with Agilent scanner
and Feature Extraction software (Agilent Technologies, Santa
Clara, CA, USA) and text file outputs from the quantisation
analysis were imported to CytoSure Interpret software (Oxford
Gene Technology) for copy number analysis.

This study was approved by the Ethics Committee of the
Medical University of Warsaw (KB/56/2018) and has been
performed in accordance with the ethical standards laid down
in the 1964 Declaration of Helsinki and its later amendments.
All participants signed an informed consent form for genetic
examination prior to their inclusion in the study.

Results

Patients with CNV and karyotype aberrations were ana-
lysed in detail. Family history of dystonia or parkinsonism was
negative in all cases. All the dystonia patients had been born
from uneventful pregnancies and 5/6 received 10-point Apgar
scores. In all patients, the onset of dystonia was in childhood.
The pattern of the progression of dystonia was highly variable
but in most (5/6) cases it led to generalised dystonia. The key
clinical features we identified in our cohort, apart from dysto-
nia, were dysmorphic features of the face, which were present
in five out of six patients (Patients 1-5), hearing impairment
in two (Patients 4 and 6), and epilepsy in one (Patient 2). The
pattern of dystonia involvement varied greatly among patients,
from focal foot dystonia to severe generalised dystonia affect-
ing speech and walking. Patients from the PD group had later
manifestation of movement disorder than did those in the
dystonia group, developing their first parkinsonian symptoms
when aged 37 (Patient 7) and 62 (Patient 8). Both had good
responses to levodopa treatment without motor fluctuations
and dyskinesia. The clinical characteristics of all patients are
set out in Table 1.

Detailed psychological assessment revealed intellectual
disability in most of the patients, regardless of the type of
movement disorder. Intellectual disability varied from mild
to severe.
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All patients underwent magnetic resonance imaging
(MRI) studies. Some patients underwent other genetic testing
prior to aCGH. In three cases, family members also underwent
aCGH. In other cases, the parents were lost to follow-up.
Outcomes of these examinations are summarised in Table 1.

Genetic imbalance previously associated with dystonia
was found in two patients (Patients 1 and 2). Patient 7 was
diagnosed with deletion involving GPD2 and NR4A2 genes,
previously discussed in the pathology of PD.

Genetic findings in Patients 3, 4, 5, 6 and 8 were vari-
ants of uncertain clinical significance. In Patient 3, aCGH
examination revealed duplication involving exons 2-28 of
the CHLI gene. In Patient 4, duplication in the long arm of
chromosome 21 did not include any protein-coding genes.
Patient 5 was diagnosed with a deletion involving part of
the NAALADL?2 gene. He was affected by severe dystonia
and intellectual disability. Duplication of exons 3-17 of the
INTS6L gene was identified in Patient 6, who was suffering
from dystonia, hearing impairment and intellectual disability.
Patient 8 had the most severe aberrations. All the findings
in karyotype and aCGH examinations are summarised in
Table 1.

The remaining patients with dystonia or parkinsonism
who underwent aCGH in our Department had normal results.

Discussion

Our study indicates that patients with movement disorders
and genetic imbalance are a very heterogeneous group in terms
of clinical manifestation.

We present eight patients with complex neurological
symptoms, including early-onset dystonia or parkinsonism.
Vast differential diagnosis was performed in each case. An-
other important feature present in the majority of patients
was intellectual disability of varying degree. In some cases,
chromosomal aberrations included genes previously associated
with dystonia or parkinsonism which may have effects similar
to monogenic disorders. The co-occurrence of the symptoms
of movement disorders, intellectual disability and dysmorphic
features, after exclusion of common genetic causes, led to
testing for chromosomal abnormalities.

Two patients in our cohort (Patients 1 and 2) were di-
agnosed with De Grouchy syndrome (deletion in the 18p or
18q region). 18p deletion (historically known as De Grouchy
syndrome type 1) is a recognised cause of dystonia as well as
other movement disorders, including tics, myoclonus and
ataxia. The incidence is estimated to be about 1:50,000 live-
born infants [13]. The syndrome is characterised by short
stature, developmental delay and dysmorphic features — all
of which were present in our patients. It is considered that
epilepsy appears more often in cases of the 18q syndrome than
the 18p syndrome, which is consistent with our observations.
Dystonia is much less frequent in the 18q syndrome, with only
anecdotal reports [14].

An absence of the GNAL gene may contribute to dystonia
in patients with the 18p deletion syndrome. However, the
frequency of dystonia in 18p deletion patients involving GNAL
has been estimated at only 3% [15].

The other patients in our group (Patients 3 and 4) were
diagnosed with chromosomal aberrations in which no linkage
to dystonia or parkinsonism has been made so far. The sig-
nificance of these findings is therefore uncertain but, in the
absence of other causes, possible. This is also supported by
the presence of the additional features of hearing impairment,
dysmorphic facial features and intellectual disability, strongly
suggesting the clinical importance of the detected aberrations.

Patient 3 was diagnosed with a microduplication of the
CHLI gene. This aberration has already been reported in the
literature in patients with neurodevelopmental delay, learn-
ing and language difficulties, and seizures. Mild dysmorphic
features and autism spectrum disorder were also described.
To the best of our knowledge, neither dystonia nor other
movement disorders have been described among patients
with CHLI duplication. Interestingly, Patient 3’s father was
an asymptomatic carrier of the mutation.

In one patient (Patient 4) pronounced myoclonus, hearing
deficits, dysmorphic facial features, intellectual disability and
psychiatric symptoms were also observed. Duplication in the
long arm of chromosome 21 did not encompass regions with
known genes, therefore this CNV is most likely benign. We
can however speculate, as several long non-coding RNA are
encoded in that region, that these could play a role in disease
mechanisms [16].

Patient 5 was diagnosed with partial deletion in the long
arm of chromosome 3, which included the NAALADL2 gene.
A breakpoint of de novo balanced translocation has been
mapped to that gene in a Cornelia de Lange (CdL) syndrome
patient. However, further sequencing and screening of the gene
did not reveal any pathogenic variants in a cohort of patients
with CdL syndrome [17]. Our patient had dysmorphic cranio-
facial features which were inconsistent with the CdL phenotype
(steeple skull, high-arched palate), intellectual disability, and
speech problems. There was no involvement of other organs.

Patient 6 (a female) had a duplication on chromosome X.
The duplicated region is not located in a pseudoautosomal
region, and therefore this raises a question as to whether
X chromosome inactivation could have an effect on clinical
expression. In some cases involving larger duplications on the
X chromosome, a non-random, skewed preferential inac-
tivation of the aberrant X chromosome has been observed.
However, several cases of smaller duplications have been
reported where the normal X chromosome was preferentially
inactivated, leading to severe phenotype [18]. The X chromo-
some inactivation process may lead to a mosaic distribution of
the active region, harbouring the duplication within the body,
organs and tissues. The X chromosome inactivation status of
the specific brain areas should be considered. A brain tissue
sample was not available for inactivation testing. Madrigal et al.
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described two patients with partial duplications involving the
long arm of the X chromosome and intellectual disability, short
stature, microcephaly and hypopituitarism among others [19].

The deletion identified in Patient 7 contains two pro-
tein-coding genes: NR4A2 and GPD2. GPD2 encoding mito-
chondrial glycerophosphate dehydrogenase has not been un-
ambiguously linked to any movement or neurodevelopmental
disorder. Deletions encompassing NR4A2 alone, or with GPD2,
have been found in a few patients with intellectual disability,
epilepsy, language impairment and/or dysmorphic features.
Recently, two patients have been reported with loss-of-func-
tion variants in NR4A2 and mild intellectual disability with
dystonia-parkinsonism in early adulthood [20]. On the mo-
lecular level, the haploinsufficiency caused by deletion in our
patient should result in a dosage effect similar to the frameshift
mutations in the two patients described recently [20]. This case
further strengthens the hypothesis that parkinsonism is a part
of the clinical picture associated with NR4A2 dysfunction.

Patient 8 had the most severe aberrations, including many
genes which could be responsible for parkinsonism. The
patient had a 104 Mbp duplication on chromosome 1 con-
taining more than 1,000 genes, a 34-gene containing deletion
encompassing 4.32 Mbp of 10p, and a 3.44 Mbp deletion on
10q containing 46 genes. The patient’s aberration on chro-
mosome 1 resulted in a duplication of the GBA gene region.
Heterozygous point mutations are a known parkinsonism risk
factor, and homozygotes present with the more severe Gau-
cher disease. Some clinical features such as severe depression
and dementia are consistent with typical GBA-PD patients.
However, full GBA gene deletions/duplications have not been
described in PD. Copy number variants in the GBA gene have
been identified in five parkinsonian patients, although none
of them had a full gene duplication [21].

Conclusions

Chromosomal aberrations may be an under-recognised
cause of movement disorders. When dystonia or parkinsonism
is the dominant clinical manifestation, karyotype examination
may not be considered early. In cases when other features
dominate, including neurodevelopmental problems, autism
spectrum disorder, epilepsy or dysmorphic features, aCGH
examination is prioritised. It is nevertheless important to keep
in mind that karyotype studies may serve as an important
first-line diagnostic tool in patients with early-onset movement
disorders. In selected cases, such patients may require an ex-
amination of the cardiac system, a hearing examination and
a gastrological assessment to exclude possible comorbidities
caused by chromosomal aberrations.

We have identified some rare aberrations that have not
been previously associated with parkinsonism or dystonia.
They represent variants of uncertain clinical significance with
possible association with the disorder. The lack of functional
studies and whole-exome sequencing in patients is a limitation

of our study. However, in all cases the general clinical picture
and neurological symptoms, as well as an absence of the var-
iant in some patient’s parents and gene content, suggest their
importance. In 4/8 patients, aberrations contained genes in
which mutations have been previously associated with dystonia
or parkinsonism. Further studies are needed in the remaining
cases to investigate whether they play a pathogenic role in the
disease process.

Chromosomal abnormalities should be mentioned along
with monogenic autosomal dominant and recessive causes
of common movement disorders. Chromosomal aberrations
may produce the same effect on gene expression and result in
clinical phenotypes of monogenic disorders. It is known that
small deletions and duplications (1 kbp to 10 Mbp) constitute
up to 15% of all mutations underlying human monogenic
diseases [22].

In this burgeoning era of precision medicine and vec-
tor-based therapies for the treatment of PD and dystonia, it is
increasingly important to identify disease backgrounds [23].

Therefore, we recommend the introduction of an aCGH
examination as an important and cost-effective diagnostic tool,
especially in cases of early-onset dystonia and selected cases
of parkinsonism with intellectual disability in adult patients.
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