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ABSTRACT: Background: Dystonia and Parkinson’s
disease (PD) exhibit clinical and genetic overlap, but the
relevance of dystonia gene variants in PD remains unclear.
Objective: The aim was to assess the frequency of
dystonia-linked pathogenic variants in PD.
Methods: We screened sequencing data from 15,684
individuals (8272 PD, 3200 atypical parkinsonism, and
4212 unaffected) from the Global Parkinson’s Genetics
Program (GP2) and Accelerating Medicines Partnership-
Parkinson’s Disease (AMP-PD) for variants in genes
linked to isolated dystonia, dystonia-parkinsonism, and
myoclonus-dystonia.
Results: Pathogenic variants were identified only in PD
patients. Forty-five PD individuals (0.54%) carried

\_

~

26 distinct (likely) pathogenic variants in nine dystonia-
linked genes, most frequently in GCH1, followed by
VPS16.

Conclusion: Though rare, pathogenic variants in dystonia-
linked genes are present in clinically and pathologically
diagnosed PD. Our results reinforce GCH1 as a PD-
relevant gene with clinical implications, whereas variants
identified in other genes are rare and of uncertain relation
to the PD phenotype. © 2025 The Author(s). Movement
Disorders published by Wiley Periodicals LLC on behalf of
International Parkinson and Movement Disorder Society.

Key Words: dystonia; monogenic; Parkinson’s disease;
GCHT1; VPS16

Dystonia is a clinically heterogeneous disorder. Its eti-
ology includes nervous system pathologies, acquired
causes, and genetic factors." To date, variants in over
400 genes have been linked to different forms of dysto-
nia, though the majority are associated with more com-
plex and broader neurological presentations.”” The
term “dystonia” is used not only to refer to a disease
entity itself but also to describe a symptom as part of
another neurological disorder. For example, dystonic
symptoms are frequently reported in individuals with
Parkinson’s disease (PD), either related to dopaminergic
treatment and motor fluctuations or as an initial disease
manifestation, especially in early-onset PD.*” Dystonic
symptoms are also commonly encountered in atypical
parkinsonism, though the dystonic features typically
differ from those in PD. Interestingly, previous screen-
ing studies of PD patients identified carriers of patho-
genic variants in genes primarily linked to dystonia,
most frequently GCH1.'%!!

Moreover, several neurogenetic conditions include
features of both dystonia and parkinsonism, either indi-
vidually or combined, that is, where dystonia and par-
kinsonism are equally prominent. Based on this
phenotypic and genetic overlap between dystonia and
parkinsonism, this study aimed to assess the frequency
of pathogenic variants in dystonia genes in individuals
with PD and atypical parkinsonism by leveraging large-
scale sequencing data from the Global Parkinson’s
Genetics Program (GP2, https:/gp2.org/)'*'? and the
Accelerating Medicines Partnership-Parkinson’s Disease
(AMP-PD, https://www.amp-pd.org/).

Patients and Methods

Figure 1 shows our workflow. We analyzed short-
read sequencing data from 15,684 individuals of 11
genetically determined ancestries from GP2’s Data

Release 8 (DOI 10.5281/zenodo.13755496) and
AMP-PD’s Release 4, including 8272 PD patients, 3200
individuals with atypical parkinsonism and other
neurological/neurodegenerative phenotypes, and 4212
unaffected individuals (see Supplementary Material).
The cohort characteristics are summarized in Table S1.

We investigated variants in genes linked to dystonia
following the recommendations of the MDS Task Force
on the Nomenclature of Genetic Movement Disorders
(2): (1) isolated dystonia: ANO3, AOPEP, EIF2AK2,
GNAL, HPCA, KMT2B, PRKRA, THAP1, TORIA,
and VPS16; (2) dystonia-parkinsonism: ATP1A3, CP,
DNAJC12, GCHI1, GLB1, PLA2G6, PTS, QDPR,
SLC6A3, SLC30A10, SLC39A14, SPR, TAFI1, and
TH; and (3) myoclonus-dystonia: SGCE, KCTD17,
and KCNN2. We filtered for rare (gnomAD minor
allele frequency <1%) variants classified as pathogenic/
likely pathogenic according to ClinVar (https://www.
ncbi.nlm.nih.gov/clinvar/) and the American College of
Medical Genetics and Genomics (ACMG) criteria'® (see
Supplementary Material Fig. S1). For KMT2B, epis-
ignatures were determined to support pathogenicity
evaluation (see Supplementary Material Table S4). For
recessive genes, we screened for pathogenic/likely path-
ogenic homozygous variants or two pathogenic/likely
pathogenic heterozygous variants; carriers of one path-
ogenic/likely pathogenic and one variant of uncertain
significance were not considered as potentially com-
pound heterozygous.

Data and Code Availability

Data used in the preparation of this article were
obtained from the GP2 (https://gp2.org). Specifically,
we used tier 2 data from GP2 release 8 (DOI 10.5281/
2en0do.13755496). Tier 1 data can be accessed by
completing a form on the AMP-PD website (https:/
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FIG. 1. Study design and workflow. We screened short-read whole-genome sequencing (WGS) data from the Global Parkinson’s Genetics Program
(GP2, Release 8 [R8]) and the Accelerating Medicines Partnership-Parkinson’s Disease (AMP-PD, Release 4 [R4]) for known variants in genes linked to
different forms of dystonia. We included genes linked to isolated as well as combined dystonia phenotypes, the latter including dystonia-parkinsonism
and myoclonus-dystonia. Only rare variants predicted to be pathogenic or likely pathogenic were included in further analyses. For identified carriers,
we evaluated genotype—phenotype correlations, investigated segregation, and assessed ancestry distributions, where possible. This figure was created

using BioRender. [Color figure can be viewed at wileyonlinelibrary.com]

amp-pd.org/register-for-amp-pd). Tier 2 data access
requires approval and a Data Use Agreement signed by
the institution. AMP-PD data can be accessed through
the AMP-PD website (https://amp-pd.org). Qualified
researchers are encouraged to apply for direct access to
the data through AMP-PD.

All codes generated for this article, and the identifiers
for all software programs and packages used, are avail-
able on GitHub (https:/github.com/GP2code/dystonia-
genes-inPD) and were given a persistent identifier via
Zenodo (DOI 10.5281/zenodo.15676002).

Results

We identified 45 individuals from 6 ancestries carry-
ing 26 distinct pathogenic/likely pathogenic variants in
9 dystonia-linked genes. The identified pathogenic/likely
pathogenic variants and their pathogenicity evaluation
are summarized in Table 1. All 45 individuals were
diagnosed with PD (n = 45/8272, 0.54%), whereas
no carriers were diagnosed with atypical parkinson-
ism or other neurological/neurodegenerative diseases
(n=0/3200, 0%) or among unaffected individuals

(n=0/4212, 0%). The majority (n = 43) were car-
riers of heterozygous variants in genes linked to dom-
inantly inherited dystonia genes (ATP1A3, GCHI,
SGCE, KMT2B, THAP1, TOR1A, and VPS16),
whereas only one carrier of a homozygous PLA2G6
variant and one of compound-heterozygous PTS vari-
ants (Fig. S3) were identified.

Overall, variants in GCH1 were the most frequent
(n =21/45, 46.7%), followed by VPS16 (n = 12/45,
26.7%). Particularly, there was one ancestry-specific
recurrent variant in both these genes: GCHI1
p.Lys224Arg, carried by 10 European-ancestry individ-
uals, including 2 siblings, and VPS16 p.Asn52Lys, car-
ried by 8 East Asian individuals. According to
gnomAD, both variants are more frequent in these
respective ancestral groups compared to other ances-
tries; however, the frequency in PD patients in our
study was higher compared to ancestry-matched con-
trols (Table S2). With respect to additional variants in
PD-linked genes, 8 of the 45 individuals carried GBA1
or LRRK2 risk variants, and 5 carried single heterozy-
gous pathogenic variants in PRKN, a recessively
inherited PD gene (Table 2), but none harbored a
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r DYSTONIA GENE VARIANTS IN PD

disease-explaining variant in an established PD-linked
gene (including LRRK2, SNCA, VPS35, RAB32,
PINK1, PRKN, and PARK7/DJ-1).

Table 2 presents the demographic and clinical charac-
teristics of identified variant carriers. The majority with
available data on treatment exhibited a good response
to levodopa (n=25/26, missing for n=19). The
median age at PD motor symptom onset (age at onset
[AAO]) or PD diagnosis (AAD) across all carriers was
47 years (interquartile range: 38-59 years), ranging
from 27 to 83 years. Fourteen carriers exhibited vari-
able signs of dystonia (information unavailable for
n = 19), which was believed to be attributed to motor
fluctuations due to dopaminergic medications (off dys-
tonia) in a subset. Whereas 17 (42.5%, unknown for
n = 5) carriers had a positive family history of PD, only
2 individuals had family members with dystonia
(unknown for n = 19).

Interestingly, 1 late-onset PD patient (AAO 72 years)
without dystonia, carrying the pathogenic TORIA
p.Glu303del variant, had a mother with PD, but also
1 daughter and 2 grandchildren with dystonia
(Fig. S2A). Unfortunately, no additional family mem-
bers were available for genetic testing.

We also identified a pathogenic THAP1 variant (p.-
Lys73Thr) in an individual and her mother (Fig. S2B),
both diagnosed with PD and slight foot off dystonia.
Interestingly, the mother’s first motor symptom (AAO
67 years) were foot cramps, whereas her daughter
exhibited no additional signs of possible dystonia and
had a younger AAO of 38 years.

In addition to these 45 individuals, we identified
10 carriers of single heterozygous pathogenic variants
in recessively inherited dystonia genes, including
AOPEP (n=35), SPR (n=4), and HPCA (n=1)
(Table S3). We did not detect any pathogenic/likely
pathogenic variants in ANO3, EIF2AK2, GNAL,
PRKRA, CP, DNAJC12, GLB1, QDPR, SLC6A3,
SLC30A10, SLC39A14, TAF1, TH, KCTD17, and
KCNN_2. However, 613 individuals carried rare vari-
ants of uncertain significance across all investigated
genes (580 with PD, 8 with atypical parkinsonism, and
25 unaffected).

Discussion

Pathogenic variants in dystonia-linked genes were
found in less than 1% of PD patients. Despite being
rare, they were enriched in PD patients compared to
controls and individuals with atypical parkinsonism,
where no such variants were identified.

Not surprisingly and in line with previous
studies,'®!'! variants in GCH1 were relatively frequent.
GCHI1 is known to cause dystonia and parkinsonism,
independently or combined. According to a systematic

N

review, 86% of heterozygous GCH1 carriers present
with dystonia to a variable extent, either isolated or
combined dystonia-parkinsonism, whereas 11% have
only parkinsonism." Several case series reported PD
patients harboring pathogenic GCH1 with abnormal
DaTscan imaging, indicating nigrostriatal dopaminergic
deficits consistent with neurodegenerative parkinson-
ism.'"-'%17 Another study suggested GCH1 variants may
lead to parkinsonism by unmasking subclinical nigral
pathology, not by causing nigral neurodegeneration.'®
Additionally, according to the most recent PD genome-
wide association studies (GWAS), common variants were
identified as the likely risk factor in the GCH1 locus.'”*°
Particularly, we identified one recurrent GCH1 variant
(p.Lys224Arg) present only in European-ancestry indi-
viduals. Although this variant has a conflicting ClinVar
interpretation, it was found only in PD patients and
absent from controls in our study, and it was signifi-
cantly more frequent in European-ancestry PD patients
from our study compared to ancestry-matched controls
obtained from gnomAD (Table S2). Further, it was pre-
sent in 2 PD patients from the same family (sisters), fur-
ther supporting its pathogenic role. In addition to
GCH1, variants in genes linked to dystonia-parkinson-
ism (ie, ATP1A3, PLA2G6, and PTS) collectively
accounted for more than half of the identified carriers
overall (24/45, 53%).

Interestingly, 47% (n = 21/45) of all identified car-
riers harbored variants in isolated dystonia genes,
where parkinsonism is unexpected.”"** Among those
genes was VPS16, with the second-largest number of
pathogenic variants (n = 9) observed in this study. We
identified one recurrent VPS16 variant, exclusively pre-
sent in East Asian individuals. Although it was
predicted to be pathogenic on ClinVar and reported as
disease-causing in Chinese dystonia patients in the
homozygous state,”” the overall pathogenicity evalua-
tion remains partially conflicting because this variant is
relatively frequent in East Asians controls. In our study,
the frequency in East Asian PD patients was higher
compared to ancestry-matched controls obtained from
gnomAD, though this trend was not statistically signifi-
cant (Table S2). Overall, whether these findings in iso-
lated dystonia genes indicate a causal relationship and
contribute to the parkinsonian phenotype (variable clin-
ical expressivity) remains elusive. Although, interest-
ingly, pure parkinsonism has recently been suggested as
a potential phenotype expansion for THAP1-related
disorders,”* another, probably more likely, explanation
might be that these are incidental findings reflecting
reduced penetrance (for dystonia), a phenomenon well
known in several monogenic forms of dystonia, espe-
cially in DYT-THAP1 (penetrance ~50%) and DYT-
TOR1A (penetrance ~30%).

Finally, we identified 1 carrier of a pathogenic variant
in the myoclonus-dystonia gene SGCE. Particularly,
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due to maternal imprinting, SGCE variants exhibit sig-
nificantly reduced penetrance when inherited mater-
nally, and the phenotype develops only if the variant is
inherited paternally. Unfortunately, no additional fam-
ily members were available for genetic testing, and we
were unable to further investigate the inheritance
pattern.

It is important to note that variant interpretation in
the context of clinically and genetically heterogeneous
movement disorders, particularly those with reduced or
age-dependent penetrance and variable expressivity,
can be considerably more complex than for fully pene-
trant, single-gene syndromes. However, in dystonia, the
same variant may lead to a wide spectrum of clinical
presentations—or no manifestation at all—making it
difficult to assess pathogenicity based on genotype
alone applying the ACMG criteria. This complexity
underscores the need for cautious interpretation, espe-
cially when evaluating variants in genes not classically
associated with the observed phenotype or when segre-
gation and functional data are lacking. Another impor-
tant complicating factor is the possibility of
overlapping or interacting genetic contributions, further
challenging interpretation. Among the 45 individuals
carrying dystonia-linked variants, 12 also harbored
either PD-associated risk variants or single heterozy-
gous variants in recessive PD-linked genes. Particularly,
the latter does not exclude the possibility of an
undetected second pathogenic allele. Separately, the
concept of a potential combined effect from variants in
different genes (“dual carriers”) is intriguing and has
been hypothesized for PD in various contexts, though it
has not been systematically investigated in large
cohorts. Although we currently interpret these observa-
tions as incidental, future studies in expanded datasets
will be important to formally assess these possibilities.

This study has some limitations. The availability of
clinical data for samples obtained from AMP-PD was
very limited; detailed data on dystonia were not avail-
able, thereby not allowing us to perform meaningful
genotype—phenotype analyses. Further, family members
of identified variant carriers were unavailable for
genetic testing within this study, precluding us from
performing segregation analyses, which would be help-
ful in assessing pathogenicity, especially in case of genes
with reduced penetrance.

In conclusion, pathogenic variants in dystonia-linked
genes were present, albeit rare, among PD patients and
absent in individuals with atypical parkinsonism
and controls. Although misdiagnosis cannot be
excluded, available clinical and pathological data sup-
port a neurodegenerative disease in most cases. The
enrichment in PD patients compared to controls
suggests that dystonia gene variants may predispose
to PD and that there may be potential biological over-
lap and shared pathways between dystonia and

PD. Importantly, our results, alongside previous evi-
dence from screening studies and GWAS, reinforce
GCH1 as a PD-relevant gene holding clinical implica-
tions. Similarly, other genes associated with dystonia-
parkinsonism may have clinical relevance for PD
patients, whereas variants in isolated or myoclonus-
dystonia genes more likely represent incidental findings,
potentially due to reduced penetrance. Collectively, our
results highlight the need for careful interpretation and
counseling in clinical genetics regarding a possible role
of pathogenic dystonia gene variants in PD patients. @
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