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Abstract

Introduction. Monogenic forms account for a minority of Parkinson's disease cases but offer valuable
insights into disease mechanisms. PARK14 is an atypical autosomal recessive dystonia-parkinsonism
caused by mutations in the PLA2G6 gene. The disorder typically presents in early adulthood with a
wide range of symptoms such as dystonia, initial responsiveness to levodopa, cognitive impairment
and levodopa-induced dyskinesias. The phenotypic spectrum also includes signs like cerebral or
cerebellar atrophy or iron accumulation in the brain. Case Presentation. We present a case of adult-
onset dystonia-parkinsonism in a patient carrying a novel heterozygous PLA2G6 (NM_003560.4)
variant c.1805A>G (p.Tyr602Cys). The patient exhibited levodopa-responsive parkinsonism, severe
dyskinesias, dystonia, cerebellar atrophy and underwent subthalamic nucleus deep brain stimulation
surgery after 4 years of the initial symptoms. In contrast to typical PARK14 cases, cognitive function
remained preserved after 5 years of disease duration (MoCA 29/30). Conclusion. Although the
phenotype of the patient aligns with PARK14 diagnosis, a causal role for this heterozygous variant
cannot be established from the present data. PARK14 is classically an autosomal recessive disorder
and a single monoallelic variant is not sufficient to explain the phenotype — an undetected second
variant, an alternative genetic cause or a coincidental finding cannot be excluded. Moreover,
additional data is needed to understand whether monoallelic PLA2G6 variants could be a causative
factor for PARK14 and act dominantly, or if single gene variants only increase the risk of Parkinson’s
disease in combination with other genetic or environmental factors. This case is therefore presented
as a detailed clinical observation in a patient with a novel PLA2G6 variant rather than as confirmation

that the variant is responsible for the patient’s PARK14-like presentation.
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Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative movement disorder that causes motor
symptoms like tremor, rigidity and bradykinesia, and non-motor symptoms such as sleep disorders
and autonomic dysfunction. Although, the majority of cases are multifactorial and idiopathic, about
10-15% of PD cases are caused by genetic mutations [1,2]. Most genetically determined forms of PD
present as early-onset Parkinson’s disease (EOPD), with symptoms typically beginning from age 21 to
50. These cases represent around 3-7% of all Parkinson’s patients in Western populations. Several
gene variants cause EOPD that differ in prevalence, inheritance patterns or penetrance, with the

most common being PRKN, LRRK2, PINK1 and DJ-1 [3,4].

PARK14 is an autosomal recessive early-onset dystonia-parkinsonism caused by PLA2G6 variants
[3,4]. The PLA2G6 gene, located on chromosome 22q13.1, encodes calcium-independent group 6
phospholipase A2 (iPLA2[), an enzyme expressed in the mitochondria that contributes to lipid
metabolism by hydrolysing phospholipids at the sn-2 position and generates lysophospholipids and
free fatty acids. It is responsible for homeostasis of cell membranes, cellular signalling and
mitochondrial function. Variants of this gene result in mitochondrial dysfunction, oxidative stress
and, in PARK14 cases, accumulation of a-synuclein, leading to neurotoxicity and apoptosis of
neuronal cells [5]. PARK14 typically presents in adolescence or young adulthood, before age 30.
These patients show good initial levodopa response but quickly develop levodopa induced
dyskinesias, along with dystonia, marked cognitive decline and brain magnetic resonance imaging
(MRI) findings such as cerebellar atrophy or iron accumulation [3,6,7]. Diagnosing PARK14 is difficult
due to high genotypic and phenotypic variability of PLA2G6 variants. These diagnostic challenges,
combined with the lack of disease-modifying treatment, create a significant social and economic
burden for patients, especially since many become disabled during their most productive years (ages

30-40) [8,9].

Considering the importance of PARK14 symptom awareness, the diagnostic challenges and the need
for further research, especially in the genetic field, we present in this article a unique clinical case of
a young patient with a novel heterozygous variant heterozygous variant c.1805A>G (p.Tyr602Cys) in
the PLA2G6 gene. Whether this monoallelic variant contributes to the patient’s phenotype remains
unclear. We therefore report the case as a detailed clinical observation, not as proof of causality. The
CARE Checklist has been completed by the authors for this case report, attached as online

supplementary material.
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Case Report/Case Presentation

The patient is a 38-year-old Caucasian female born to non-consanguineous parents. From childhood

she has iron deficiency anaemia, however no other chronic diseases where present until 34 years old.

In autumn 2021 at age 34, she developed leg weakness, foot numbness and pulling sensation which
worsened after contracting COVID-19 in January 2022 — gait instability, left hand tremor, fatigue and
difficulties with concentration appeared. Neurological evaluation in May 2022 revealed impaired feet
sensation and cerebellar signs. After positive anti-SOX antibodies, Myasthenia syndrome was
suspected, and treatment of plasmapheresis was implemented. However, there was no effect on a
patient as her symptoms progressed furthermore — gait instability worsened, she experienced left
side symptoms worsening: bradykinesia, rigidity, resting tremor in the left hand, pulling sensation

and heaviness of the left leg.

One year after the onset of her symptoms, Single-Photon Emission Computed Tomography (SPECT)
imaging revealed pronounced neuronal loss characteristic of Parkinson's syndrome (shown in Fig. 1
a). The treatment with ropinirole and rasagiline (levodopa equivalent daily dose (LEDD) — 260-340
mg) showed good initial effect for 4 months after which all previously noted symptoms reoccurred
and worsened (Table 1. D. MDS-UPDRS part Il score 18 p.; LEDD — 340 mg). Starting in spring 2023 at
36 years old, as an additional treatment levodopa/carbidopa 100/25 mg/day was introduced with
good initial response — dystonia, leg numbness, hand tremor decreased and gait improved (Table 1.
E. MDS-UPDRS part Ill score 8 p.; LEDD — 440 mg). However, within months, the patient’s condition
worsened and required levodopa dose adjustment (Table 1. F. MDS-UPDRS part Il score 15 p.; LEDD
—620-720 mg). Slight and gradual increase of the dose led to ballistic dyskinesias in the legs at 300
mg/day and generalized dyskinesias at 600 mg/day. Notably, only 7 months passed before dose

escalation from 300 mg/day to 600 mg/day became necessary (Table 2).

By 2024-2025 the patient reached disabling motor fluctuations — even 50 mg of levodopa triggered
generalised dyskinesias lasting up to 2 hours, alternating with painful dystonia and rigidity during
“OFF"“ states (Table 2). Increase of medication showed no relief in symptoms and resulted in
additional side effects. Furthermore, anxiety and depression developed, which improved with
duloxetine. During this same period, follow-up brain MRI revealed early cerebellar atrophy and
susceptibility-weighted imaging (SWI) MRI showed absence of normal hyperintense substantia nigra
signal (shown in Fig. 1 b). Next-generation sequencing (NGS) was performed using the Illumina
Nextera Rapid Custom Capture Enrichment protocol and 150-bp paired-end sequencing on the
NovaSeq platform (Illumina, San Diego, California, USA). Genetic analysis was performed using a

custom-designed NGS panel for neurodegenerative disorders, including genes associated with
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Parkinson’s disease and other movement disorders. Sequencing reads were aligned to the human
reference genome (hg38). The mean target coverage was 100x, with more than 90% of target regions
adequately covered. Rare variants were filtered using a quality score threshold >20. Sequence
variants were classified according to the guidelines of the American College of Medical Genetics and
Genomics and the Association for Molecular Pathology (ACMG/AMP) [10]. Population allele
frequencies were obtained from the Genome Aggregation Database (gnomAD v4.1.1), and variants
with a minor allele frequency (MAF) of less than 0.01% were considered sufficiently rare to support
pathogenicity assessment under the PM2 criterion. An analysis of copy number variants (CNVs) was
also performed, but it did not reveal any clinically significant findings. NGS analysis identified a
heterozygous likely pathogenic PLA2G6 variant NM_003560.4:c.1805A>G (p.Tyr602Cys). Segregation
analysis of the identified variant was performed on both parents and revealed that the mutation was

inherited from an asymptomatic father, while the mother tested negative.

Due to inadequate response to pharmacological treatment (LEDD — 1200 mg), deep brain stimulation
(DBS) surgery was considered. An acute levodopa challenge demonstrated 76% improvement in
motor signs (Table 1. L. MDS-UPDRS part Il score: 37 points before and 9 points after levodopa
administration), which confirmed DBS candidacy. As there were no contraindications, bilateral
subthalamic nucleus (STN) DBS surgery was performed in August 2025. STN DBS was selected
following interdepartmental discussion based on literature evidence of its superior reduction of
dopaminergic medication, OFF time and main parkinsonian symptoms compared to GPi DBS [11,12].
Improvement of symptoms lasted one month — patient achieved reduction of dyskinesias,
bradykinesia and rigidity, minimal “OFF“ periods and levodopa reduction to 100-200 mg/day (Table
1. P. MDS-UPDRS part lll score 8 p.; LEDD —920-1020 mg). Over the following five months, peak-dose
ballistic dyskinesias recurred and levodopa dosage increased. Several stimulation adjustments and
medication corrections gave only short time of improvement (Table 2). At hospitalisation in February
2026, levodopa was discontinued, long-acting pramipexole was prescribed and STN-DBS amplitude
was increased to 1.7 mA (right STN (C+, 9-), left STN (C+, 0-), 130 Hz, 60 ps, 1.7 mA bilaterally).
Following treatment correction dyskinesias became minimal and disabling motor fluctuations with

limb rigidity decreased (Table 1. S. MDS-UPDRS part Ill score 7 p; LEDD — 1028 mg).

Discussion

To date, PARK14 is classically described as an autosomal recessive disorder, where affected
individuals carry homozygous or compound heterozygous variants in PLA2G6 [5]. Interestingly,

genetic test results of our patient showed only variant of PLA2G6 (c.1805A>G) that has not been
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reported in the literature or ClinVar database. This variant is classified as likely pathogenic (ACMG
criteria: PM1, PM2, PP3). Although many computational prediction tools indicate that this variant has
a deleterious effect on protein function, no functional studies have been conducted to confirm its
biological impact. Biallelic PLA2G6 variants are known to cause PARK14, however, the role of
monoallelic variants is still unclear. Several publications on case reports of heterozygous PLA2G6
mutations suggest a possibility of autosomal dominant inheritance [13,14], although the presence of
the same variant in the patient’s asymptomatic father makes this less likely. Age of onset in PARK14
varies widely and subclinical dopaminergic changes have been reported in asymptomatic carriers
[15]. Therefore, the father’s asymptomatic status does not exclude the possibility of age-dependent
onset or variable penetrance, which could only be assessed with neurological evaluation and
neuroimaging, which were not performed in this case. Another possibility is that the standard short-
read NGS could have missed a second pathogenic variant as this approach targets coding regions of
the genome and cannot identify noncoding variants or large structural rearrangements [16]. There
are reported cases of deep intronic PLA2G6 variants associated with PARK14 that were detected only
with genome or transcriptome sequencing — methods that analyse non-coding regions [17,18]. In
addition, in recent years it has been found that EOPD can be caused by large inversions in genes such
as PRKN. These variants were missed by short-read sequencing but were detected through long-read
sequencing approaches [16]. Large deletions in PLA2G6 have also been reported — one published
case described a PARK14 patient carrying a large exon deletion. The variant was detected by
Multiplex Ligation-dependent Probe Amplification (MLPA) rather than NGS, which is better suited for
detecting small mutations such as missense or nonsense variants [19]. An alternative interpretation is
that this heterozygous variant may act as a risk factor and increases susceptibility to Parkinson
disease in combination with other genetic or environmental factors [20]. A limitation of this case is
that, in our clinical setting, we were unable to perform additional genomic and transcriptomic
analyses, such as whole-genome sequencing (WGS) and RNA sequencing. Therefore, based on
currently available data, the identified heterozygous PLA2G6 variant c.1805A>G (p.Tyr602Cys) should

be considered a plausible but not proven causal variant of PARK14 in this patient.

This case is unique both genetically and clinically (Table 3). Generally, EOPD is associated with slower
disease progression, including cognitive decline [8]. However, in PARK14, cognitive dysfunction and
psychiatric manifestations are among the main features of the disease. Psychiatric symptoms may
include depression, aggressive behaviour, psychosis, paranoid thoughts and hallucinations, while
cognitive dysfunction may manifest as word retrieval difficulties, frontal executive dysfunction or
impairment of verbal and visual memory [7,21]. Magrinelli et al. reported that these symptoms

appear early in the disease course (in 76.1-87.1% of patients) and are among the most common
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initial symptoms of PARK14 (31.6% of patients) [21]. However, our patient scored 29/30 (not
adjusted for education) on the Montreal Cognitive Assessment (MoCA) test, conducted in January
2026 - 5 years of disease duration and after STN DBS surgery. This remained well above the standard
cutoff of 26, indicating preserved cognitive function (Table 3). Additionally, she has experienced only
mild anxiety and depression, which quickly improved with low-dose medication. Interestingly,
published case of monoallelic PLA2G6 variant showed cognitive decline only after 13 years of disease
onset, suggesting that cognitive impairment may manifest late in disease course [13]. However, it
remains debatable whether symptoms such as mild anxiety and depression are components of
PARK14 or rather non-specific features of EOPD related to the psychosocial burden of developing the

disease at a young age [8].

This dystonia-parkinsonism belongs to the PLA2G6-associated neurodegeneration (PLAN) spectrum
of disorders, which have characteristic brain MRI findings [3]. However, these signs are not
pathognomonic or mandatory for diagnosing PARK14. PLAN cases often show iron accumulation,
particularly in the globus pallidus, though it occurs in only around 25% of PARK14 cases. In contrast,
cerebral or cerebellar atrophy is more common, occurring in almost half of PARK14 patients (33.33%-
54.12%). Notably, brain atrophy may develop several years after disease onset, requiring follow-up
neuroimaging [6,7,19,21,22]. In our patient, cerebellar atrophy was detected on a follow-up brain
MRI 3 years after symptom onset, which was absent on the previous scan. However, no iron
accumulation was observed on either scan (Table 3). While these imaging signs are not specific to
PARK14, when present, PLAN disorders should be considered, especially PARK14 if the disease begins

in adulthood. Importantly, the absence of these findings does not exclude PARK14.

The patient’s quality of life is mostly affected by motor symptoms and medication-induced
complications. While PARK14 patients typically respond well to levodopa (97.3% of cases), levodopa-
induced dyskinesias and wearing-off develop notably quickly [3,7,21]. Typically, in sporadic PD,
wearing-off occurs 5-10 years after starting levodopa therapy, in contrast, PARK14 patients develop
this phenomenon much faster, usually after 1-2 years of initiating dopaminergic treatment [8,21-23].
In our patient levodopa-induced dyskinesias appeared within one year and wearing-off developed
after approximately 1.5 years. Interestingly, early levodopa-induced dyskinesias occur in 80.7% of
PARK14 patients and are considered a hallmark of the disease [21]. When optimized
pharmacotherapy is of limited effect, DBS is an alternative treatment option. Published reviews show
that PARK14 patients typically receive DBS within 5 years of symptom onset due to early and
refractory motor complications. DBS highly improves motor symptoms by reducing OFF time,

dystonia and levodopa-induced dyskinesias, as well as the amount of dopaminergic medication
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[21,24,25]. Our patient received STN-DBS after just 4 years of disease onset and showed notable
benefit after 6 months, however longer follow-up period is required to determine the impact of the

surgery.

In this case report we describe a patient with adult-onset dystonia-parkinsonism in whom a novel
heterozygous PLA2G6 variant was identified. The patient’s phenotype is characterised by a good
initial levodopa response and early motor complications requiring DBS. Should this variant ultimately
prove to contribute to the phenotype, the absence of psychiatric symptoms, cognitive decline and
iron accumulation on brain MRI would support a broader phenotypic spectrum of PLA2G6-associated
dystonia-parkinsonism. It is worth stressing that with the data currently available this association
remains unproven and should be interpreted with caution. Biallelic PLA2G6 variants are known to
cause PARK14, however, the role of monoallelic variants — whether causative, risk increasing or
sporadic — remains unclear and requires further studies of PARK14 genetics. In future patients with a
similar presentation or monoallelic PLA2G6 variants, extended genetic investigations such as WGS,
MLPA, long-read sequencing or functional studies may be beneficial in establishing a definitive

molecular diagnosis.

Limitations. This case has several limitations. First, in our clinical setting, we were unable to perform
additional genomic, transcriptomic analyses or functional testing of the patient, such as whole-
genome sequencing and RNA sequencing. Second, familial segregation analysis was restricted to
parental testing. Further clinical evaluation of the father and genetic testing of additional family
members were not feasible, which limits the interpretation of the variant's pathogenicity and
penetrance in this family. Third, dyskinesias were assessed clinically but not quantified using a
standardized instrument such as the Unified Dyskinesia Rating Scale (UdysRS) and retrospective
application of this scale was not feasible. Fourth, the post-DBS follow-up period remains relatively
short and longer follow-up is required to fully evaluate the long-term efficacy of STN DBS in this

patient.

920z Joquisldas £z Uo Jasn nijsliejues AISIoAIUN SNIUNIA Aq Jpd 6255000/ L0Y8SH/0L0BBAGE/UID/ES L L 0L/10p/Pd-ajoiie/ulo /W00 1oBIEY WOl PEPEOjUMOQ



Statements

Statement of Ethics

This study was approved by the Institutional Review Board of Vilnius University Hospital Santaros
Clinics - approval: No. SR-816. The adult patient provided written informed consent to participate in
this study. Written informed consent was obtained from the patient for publication of the details of

their medical case and any accompanying images.

Conflict of Interest Statement

The authors declare no conflicts of interest.

Funding Sources

This study was not supported by any sponsor or funder.

Author Contributions

Conceptualization: G.B., N.T., visualization: G.G., G.B., data curation and writing — original draft: G.G.,
investigation, validation and writing — review and editing: G.B., B.B., R.K.L., N.T., supervision: G.B.,

R.K.L., N.T.

Data Availability Statement

All data generated or analysed in the preparation of this case report are included within this article.

For additional information, contact the corresponding author.

920z Joquisldas £z Uo Jasn nijsliejues AISIoAIUN SNIUNIA Aq Jpd 6255000/ L0Y8SH/0L0BBAGE/UID/ES L L 0L/10p/Pd-ajoiie/ulo /W00 1oBIEY WOl PEPEOjUMOQ



References

1.

10.

11.

12.

13.

Dexter DT, Jenner P. Parkinson disease: from pathology to molecular disease mechanisms. Free
Radic Biol Med. 2013 Sep;62:132—-44. doi:10.1016/j.freeradbiomed.2013.01.018

Trevisan L, Gaudio A, Monfrini E, Avanzino L, Di Fonzo A, Mandich P. Genetics in Parkinson’s
disease, state-of-the-art and future perspectives. Br Med Bull. 2024 Mar 13;149(1):60-71.
doi:10.1093/bmb/Idad035

Riboldi GM, Frattini E, Monfrini E, Frucht SJ, Di Fonzo A. A Practical Approach to Early-Onset
Parkinsonism. J Park Dis. 2022 Jan 21;12(1):1-26. doi:10.3233/JPD-212815

Houlden H, Singleton AB. The genetics and neuropathology of Parkinson’s disease. Acta
Neuropathol (Berl). 2012 Sep;124(3):325-38. d0i:10.1007/s00401-012-1013-5

Chiu CC, Yeh TH, Lu CS, Huang YC, Cheng YC, Huang YZ, et al. PARK14 PLA2G6 mutants are
defective in preventing rotenone-induced mitochondrial dysfunction, ROS generation and
activation of mitochondrial apoptotic pathway. Oncotarget. 2017 Oct 3;8(45):79046—60.
doi:10.18632/oncotarget.20893

Paisan-Ruiz C, Bhatia KP, Li A, Hernandez D, Davis M, Wood NW, et al. Characterization of
PLA2G6 as a locus for dystonia-parkinsonism. Ann Neurol. 2009 Jan;65(1):19-23.
doi:10.1002/ana.21415

Yoshino H, Tomiyama H, Tachibana N, Ogaki K, Li Y, Funayama M, et al. Phenotypic spectrum of
patients with PLA2G6 mutation and PARK14 -linked parkinsonism. Neurology. 2010 Oct
12;75(15):1356-61. doi:10.1212/WNL.0b013e3181f73649

Rana AQ, Siddiqui I, Yousuf MS. Challenges in diagnosis of young onset Parkinson’s disease. J
Neurol Sci. 2012 Dec;323(1-2):113-6. d0i:10.1016/].jns.2012.08.029

Xue J, Ding DX, Xu GY, Wang PZ, Ge YL, Zhang JR, et al. A systematic analysis of genotype—
phenotype associations with PLA2G6. Parkinsonism Relat Disord. 2023 Jul;112:105477.
doi:10.1016/j.parkreldis.2023.105477

Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al. Standards and guidelines for the
interpretation of sequence variants: a joint consensus recommendation of the American College
of Medical Genetics and Genomics and the Association for Molecular Pathology. Genet Med.
2015 May;17(5):405—24. doi:10.1038/gim.2015.30

Mahlknecht P, Foltynie T, Limousin P, Poewe W. How Does Deep Brain Stimulation Change the
Course of Parkinson’s Disease? Mov Disord. 2022 Aug;37(8):1581-92. doi:10.1002/mds.29052

Lachenmayer ML, Miirset M, Antih N, Debove I, Muellner J, Bompart M, et al. Subthalamic and

pallidal deep brain stimulation for Parkinson’s disease—meta-analysis of outcomes. Npj Park Dis.

2021 Sep 6;7(1):77. d0i:10.1038/s41531-021-00223-5

Ferese R, Scala S, Biagioni F, Giardina E, Zampatti S, Modugno N, et al. Heterozygous PLA2G6
Mutation Leads to Iron Accumulation Within Basal Ganglia and Parkinson’s Disease. Front
Neurol. 2018 Jul 10;9:536. doi:10.3389/fneur.2018.00536

920z Joquisldas £z Uo Jasn nijsliejues AISIoAIUN SNIUNIA Aq Jpd 6255000/ L0Y8SH/0L0BBAGE/UID/ES L L 0L/10p/Pd-ajoiie/ulo /W00 1oBIEY WOl PEPEOjUMOQ



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Tan EK, Ho P, Tan L, Prakash KM, Zhao Y. PLA2G6 mutations and Parkinson’s disease. Ann Neurol.
2010 Jan;67(1):147-8. doi:10.1002/ana.21663

Bohlega SA, Al-Mubarak BR, Alyemni EA, Abouelhoda M, Monies D, Mustafa AE, et al. Clinical
heterogeneity of PLA2G6-related Parkinsonism: analysis of two Saudi families. BMC Res Notes.
2016 Dec;9(1):295. doi:10.1186/s13104-016-2102-7

Daida K, Yoshino H, Malik L, Baker B, Ishiguro M, Genner R, et al. The Utility of Long-Read
Sequencing in Diagnosing Early Onset Parkinson’s Disease. Ann Neurol. 2025 Apr;97(4):753—-65.
doi:10.1002/ana.27155

Cavestro C, Panteghini C, Reale C, Nasca A, Fenu S, Salsano E, et al. Novel deep intronic mutation
in PLA2G6 causing early-onset Parkinson’s disease with brain iron accumulation through pseudo-
exon activation. neurogenetics. 2021 Oct;22(4):347-51. doi:10.1007/s10048-021-00667-0

Borja N, Bivona S, Peart LS, Johnson B, Gonzalez J, Barbouth D, et al. Genome sequencing reveals
novel noncoding variants in PLA2G6 and LMNBI1 causing progressive neurologic disease. Mol
Genet Genomic Med. 2022 Apr;10(4):e1892. doi:10.1002/mgg3.1892

LuC, Lai S, Wu R, Weng Y, Huang C, Chen R, et al. PLA2G6 mutations in PARK14-linked young-
onset parkinsonism and sporadic Parkinson’s disease. Am J Med Genet B Neuropsychiatr Genet.
2012 Mar;159B(2):183-91. doi:10.1002/ajmg.b.32012

Deng X, Yuan L, Jankovic J, Deng H. The role of the PLA2G6 gene in neurodegenerative diseases.
Ageing Res Rev. 2023 Aug;89:101957. doi:10.1016/j.arr.2023.101957

Magrinelli F, Mehta S, Di Lazzaro G, Latorre A, Edwards MJ, Balint B, et al. Dissecting the
Phenotype and Genotype of PLA2G6 -Related Parkinsonism. Mov Disord. 2022 Jan;37(1):148-
61. doi:10.1002/mds.28807

Cheng Y, Zhang Y, Xiao Y, Wang S, Chen S, Zheng X, et al. Clinical and genetic characteristics of
PLA2G6 -related parkinsonism in Southwest China and a comprehensive literature review. ] Med
Genet. 2025 Aug;62(8):508-15. doi:10.1136/jmg-2024-110479

Kim H, Mason S, Foltynie T, Winder-Rhodes S, Barker RA, Williams-Gray CH. Motor Complications
in Parkinson’s Disease: 13-Year Follow-up of the CamPalGN Cohort. Mov Disord. 2020
Jan;35(1):185-90. doi:10.1002/mds.27882

Tsuboi T, Uematsu T, Ito Y, Ishizaki T, Maesawa S, Saito R, et al. Long-term efficacy of deep brain
stimulation in PLA2G6-related Parkinson’s disease: A case report with literature review. Clin Park
Relat Disord. 2025;13:100377. doi:10.1016/j.prdoa.2025.100377

Ravat P, Shinde S, Shinde SR, Bangar S, Nayak N, Agarwal PA. Juvenile PLA2G6 -Parkinsonism Due
to Indian ‘Asian’ p. R741Q Mutation, and Response to STN DBS. Mov Disord. 2022
Mar;37(3):657-8. d0i:10.1002/mds.28950

920z Joquisldas £z Uo Jasn nijsliejues AISIoAIUN SNIUNIA Aq Jpd 6255000/ L0Y8SH/0L0BBAGE/UID/ES L L 0L/10p/Pd-ajoiie/ulo /W00 1oBIEY WOl PEPEOjUMOQ



Figure Legends

Fig. 1. a — Axial projection of Single-Photon Emission Computed Tomography (SPECT) DaT-scan
shows reduced striatal dopamine transporter uptake bilaterally, with more severe involvement of
the left putamen (Z-score: right putamen -5.03, left putamen -5.24, right nucleus caudatus -4.31, left
nucleus caudatus -3.5). Performed on 26" of October 2022 (1 year after disease onset). b -
Susceptibility-weighted imaging (SWI) MRI shows absence of normal hyperintense signal in
substantia nigra, known as “swallow tail sign”. Follow-up MRI performed on 12" of February 2024 (3

years after symptom onset and 2 years after initial MRI).

920z Joquisldas £z Uo Jasn nijsliejues AISIoAIUN SNIUNIA Aq Jpd 6255000/ L0Y8SH/0L0BBAGE/UID/ES L L 0L/10p/Pd-ajoiie/ulo /W00 1oBIEY WOl PEPEOjUMOQ



Table 1: Movement Disorder Society-sponsored Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) part Ill scores and levodopa equivalent daily dose

(LEDD) during disease progression and treatment.

MDS-UPDRS part Il scores

LEDD scores

A October 2022

B November
2022

C December
2022

D March 2023

E  April 2023

F May 2023

G November
2023

H December
2023

I January 2024

18 points: Rigidity in the left hand — 1 p., right hand — 2 p.; finger
tapping of the left hand — 2 p., right hand — 1 p.; hand
movements of both hands — 1 p.; pronation-supination
movements of both hands — 1 p.; gait — 1 p.; body bradykinesia —
1 p.; postural tremor of both hands — 1 p.; rest tremor in the left
hand — 1 p.; constancy of rest tremor — 1 p.; Hoehn and Yahr
stage —2

8 points: Rigidity in both hands — 1 p.; finger tapping of both
hands — 1 p., pronation-supination movements of the left hand —
1 p.; body bradykinesia — 1 p.; Hoehn and Yahr stage — 2

15 points: Rigidity in the left hand — 1 p., right hand — 2 p.; finger
tapping of both hands — 1 p., hand movements of both hands —
1 p., pronation-supination movements of both hands — 1 p.; gait
—1 p., body bradykinesia — 1 p.; rest tremor in the left hand — 1
p., constancy of rest tremor — 1 p., Hoehn and Yahr stage — 2

260 mg: Ropinirole 8 mg and rasagiline 1 mg.

300 mg: Ropinirole 10 mg and rasagiline 1 mg

340 mg: Ropinirole 12 mg and rasagiline 1 mg

340 mg: Ropinirole 12 mg and rasagiline 1 mg

440 mg: Ropinirole 12 mg, rasagiline 1 mg, levodopa/carbidopa
100/25 mg

620-720 mg: Ropinirole 16 mg, rasagiline 1 mg,
levodopa/carbidopa 100/25 mg x 2-3

960 mg: Ropinirole 18 mg, rasagiline 1 mg, levodopa/carbidopa
100/25 mg x 4, amantadine 100 mg

1360 mg: Ropinirole 18 mg, rasagiline 1 mg, levodopa/carbidopa
100/25 mg x 6, amantadine 300 mg

1160 mg: Ropinirole 18 mg, rasagiline 1 mg,
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MDS-UPDRS part lll scores

LEDD scores

February
2024

March 2024
December
2024

December
2024

March 2025

June 2025

September
2025

October 2025

November

Levodopa challenge — 76% improvement in motor signs MDS-
UPDRS part lll score: 37 points before (speech — 1 p., facial
expression — 1 p., rigidity in the: neck — 2 p., left hand -1 p.,
right hand — 2 p.; left leg — 1 p., right leg — 2 p., finger tapping of
both hands - 2 p., hand movements of the left hand — 1 p., right
hand - 2 p., pronation-supination movements of both hands — 2
p.; toe tapping of the left leg — 1 p., right leg — 2 p., leg agility of
the left leg— 1 p., right leg — 2 p., arising from chair — 1 p., gait —
2 p., body bradykinesia — 2 p.; rest tremor in both hands -1 p.,
constancy of rest tremor — 2 p., Hoehn and Yahr stage — 2) and 9
points after levodopa administration

MDS-UPDRS part lll score 8 p.: speech — 1 p., facial expression —
1 p., finger tapping of both hands — 1 p., pronation-supination
movements of both hands — 1 p.; Hoehn and Yahr stage — 2

levodopa/benserazide 200/50 mg x 2, amantadine 300 mg

1260 mg: Ropinirole 18 mg, rasagiline 1 mg,
levodopa/benserazide 200/50 mg x 2, amantadine 400 mg

1000 mg: Ropinirole 20 mg, rasagiline 1 mg,
levodopa/benserazide 200/50 mg, amantadine 300 mg

1200 mg: Ropinirole 20 mg, rasagiline 1 mg,
levodopa/benserazide 200/50 mg x 1.5, amantadine 400 mg

1300-1400 mg: Ropinirole 20 mg, rasagiline 1 mg,
levodopa/benserazide 200/50 mg x 2-2.5, amantadine 400 mg

1220-1320 mg: Ropinirole 16 mg, rasagiline 1 mg,
levodopa/benserazide 200/50 mg x 2-2.5, amantadine 400 mg

920 mg: Ropinirole 16 mg, rasagiline 1 mg,
levodopa/benserazide 200/50 mg x 0.5, amantadine 400 mg

1100 mg: Ropinirole 20mg, rasagiline 1 mg,
levodopa/benserazide 200/50 mg x 1, amantadine 400 mg

1140 mg: Ropinirole 12 mg, rasagiline 1 mg,
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MDS-UPDRS part lll scores LEDD scores
2025 levodopa/benserazide 200/50 mg x2, amantadine 400 mg
S  February MDS-UPDRS part lll score 7 p.: speech — 1 p., finger tapping of 1028 mg: Ropinirole 12 mg, rasagiline 1 mg, amantadine 400
2026 both hands — 1 p., pronation-supination movements of both mg, pramipexole 2.88 mg

hands — 1 p.; Hoehn and Yahr stage — 2

MDS-UPDRS: Movement Disorder Society-sponsored Unified Parkinson’s Disease Rating Scale; LEDD: levodopa equivalent daily dose; p.: points; mg:
milligrams.
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Table 2: Chronological timeline of clinical and therapeutic events.

Date

Clinical/therapeutic event

Notes

Autumn 2021

May 2022

May-October
2022

October 2022

October 2022

October-
December
2022

March 2023
April 2023

May 2023

May 2023

November
2023

November-
December
2023

December
2023

January 2024

February 2024
February 2024

February 2024

First symptoms

Positive anti-SOX antibodies

Progression of neurological symptoms

SPECT DaT-scan

Treatment with ropinirole and
rasagiline initiated

Ropinirole and rasagiline doses
increased

Progression of neurological symptoms

Treatment with levodopa/carbidopa
initiated
Neurological condition improved

Progression of neurological symptoms
Ropinirole and levodopa doses
increased

Onset of dyskinesias

Additional treatment with amantadine

Increase of ropinirole, levodopa and
amantadine dosages

Onset of generalized dyskinesias

Levodopa/carbidopa changed to
levodopa/benserazide
Reduced levodopa dose

Increased amantadine dose

Follow-up brain MRl and SWI MRI

Genetic testing (NGS)

Leg weakness, foot numbness and
pulling sensation gait instability, left
hand tremor, fatigue and difficulties
with concentration

Myasthenia syndrome suspected
Treatment of plasmapheresis

Gait instability, left side symptoms:
bradykinesia, rigidity, resting tremor in
the left hand, pulling sensation and
heaviness of the left leg

Pronounced neuronal loss
characteristic of Parkinson's syndrome

LEDD — 260 mg

LEDD — 340 mg

MDS-UPDRS part lll score — 18 points

LEDD — 440 mg
MDS-UPDRS part Il score — 8 points

MDS-UPDRS part lll score — 15 points
LEDD - 620-720 mg

Ballistic dyskinesias in the legs at 300
mg/day of levodopa

LEDD — 960 mg

LEDD - 1360 mg

Levodopa dose — 600 mg/day

LEDD - 1160 mg

LEDD - 1260 mg

Early cerebellar atrophy and absence of
normal hyperintense substantia nigra
signal

Novel heterozygous likely pathogenic
PLA2G6 variant
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Date Clinical/therapeutic event Notes
NM_003560.4:c.1805A>G
(p.Tyr602Cys)
March 2024 Increased ropinirole dose LEDD — 1000 mg
Reduced levodopa (due to severe
dyskinesias) and amantadine doses
March 2024 Anxiety and depression Additional treatment with duloxetine
30 mg/day
April 2024 Onset of severe motor fluctuations
September Generalised dyskinesias induced by
2024 levodopa 50 mg
December Increased levodopa and ropinirole LEDD - 1200 mg
2024 doses
December Evaluation for DBS surgery candidacy Levodopa challenge — 76%
2024 improvement in motor signs
March 2025 Increased levodopa dose LEDD — 1300-1400 mg
June 2025 Reduced ropinirole dose LEDD — 1220-1320 mg
August 2025 STN DBS surgery Right STN (C+, 9-), left STN (C+, 0-), 130
Hz, 60 ps, 1.0 mA bilaterally
September Improvement of neurological MDS-UPDRS part lll score — 8 points
2025 symptoms LEDD —920 mg
Reduced levodopa dose
October 2025 Increased ropinirole and levodopa LEDD — 1100 mg
doses Right STN (C+, 9-), left STN (C+, 0-), 130
STN DBS stimulation adjustment — Hz, 60 ps, 1.1 mA bilaterally
amplitude increased to 1.1 mA
November Reduced ropinirole dose LEDD — 1140 mg
2025 Increased levodopa dose Right STN (C+, 9-), left STN (C+, 0-), 130
STN DBS stimulation adjustment — Hz, 60 ps, 1.3 mA bilaterally
amplitude increased to 1.3 mA
October 2025- Peak-dose ballistic dyskinesias recurred
february 2026
February 2026 Levodopa discontinued LEDD — 1028 mg
Treatment with long-acting Right STN (C+, 9-), left STN (C+, 0-), 130
pramipexole initiated Hz, 60 ps, 1.7 mA bilaterally)
STN DBS stimulation adjustment —
amplitude increased to 1.7 mA
February 2026 Improved neurological symptoms — MDS-UPDRS part lll score — 7 points

reduction of dyskinesias, motor
fluctuations and limb rigidity

LEDD: levodopa equivalent daily dose; MDS-UPDRS: Movement Disorder Society-sponsored Unified
Parkinson’s Disease Rating Scale; SPECT: single-photon emission computed tomography; DaT:
dopamine transporter; MRI: magnetic resonance imaging; SWI: susceptibility-weighted imaging;
NGS: next-generation sequencing; DBS: deep brain stimulation; STN: subthalamic nucleus; Hz: hertz;
us: microseconds; mA: milliamperes; mg: milligrams.

920z Joquisldas £z Uo Jasn nijsliejues AISIoAIUN SNIUNIA Aq Jpd 6255000/ L0Y8SH/0L0BBAGE/UID/ES L L 0L/10p/Pd-ajoiie/ulo /W00 1oBIEY WOl PEPEOjUMOQ



Table 3: Main clinical, neuroimaging and treatment-response features of the present case compared

with published PLA2G6-related parkinsonism series.

Magrinelli et al., 2022

Cheng et al., 2025 (n

Feature Present case (n = 86)2* - 118)2
- +
Age of onset 34 Median age — 23 Mean age - 24.53 +
8.84
Levodopa o
. Good initial 97.3% 91.59%
responsiveness
< 79 -<
Early levodopa-induced Yes (< 1 year of 80.7% (most cases 1
dvskinesias levodopa treatment year of levodopa 81.71%
¥ onset) treatment onset)
Cerebral atrophy Absent 47.9% 33.33%
Yes (follow-up brain
Cerebellar atrophy MRI 3 years after 39.5% 54.12%
symptom onset)
Iron accumulation Absent 25.6% 26.61%
Absent (MoCA 29/30
Cognitive impairment at 5 years of disease 76.1% 70.65%
duration)

MRI: magnetic resonance imaging; MoCA: Montreal Cognitive Assessmen; n: number of patients.
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Fig. 1
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