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Parkinson’s disease (PD), the second most prevalent neurodegenerative disorder, was classically
attributed to alpha-synuclein aggregation and consequent loss of dopaminergic neurons in the
substantia nigra pars compacta. Recently, emerging evidence suggested a broader spectrum of

: contributing factors, including exosome-mediated intercellular communication, which can potentially

. serve as biomarkers and therapeutic targets. However, there is a remarkable lack of comprehensive
studies that connect the serum exosome microRNA (miRNA) transcriptome with demographic, clinical,
and neuroimaging data in PD patients. Here, we present serum exosome miRNA transcriptome data
generated from four cohort studies. Two of these studies include 96 PD patients and 80 age- and gender-
matched controls, with anonymised demographic, clinical, and neuroimaging data provided for PD

. patients. The other two studies involve 96 PD patients who were evaluated both before and after one

. year of treatment with rasagiline, a widely prescribed anti-parkinsonism drug. Together, the datasets

: provide a valuable source for understanding pathogenesis and discovering biomarkers and therapeutic

. targetsin PD.

Background & Summary
Parkinson’s disease (PD) is a neurodegenerative disorder characterised by bradykinesia, rest tremor and rigid-
. ity". According to the 2016 Global Burden of Disease study, PD is estimated to affect approximately 6.1 million
. people, rendering it the second most prevalent neurodegenerative disorder worldwide?*. With the ageing of the
. world population and the extension of life expectancy, the prevalence of PD is predicted to increase to 12-17
. million people by 2040, posing an imminent public health challenge*-. Traditionally, the aetiology of PD is
attributed to aberrant accumulation of misfolded alpha-synuclein species and subsequent loss of dopaminergic
* neurons in the substantia nigra pars compacta (Snpc)’. Nonetheless, recent research highlighted the contribu-
. tion of systemic factors to PD initiation and progression, such as exosome-mediated intercellular communica-
: tion®, dysbiosis of the gut microbiota'>'* and inflammation*'°.
Although neuropathological confirmation is considered to be the gold standard for PD diagnosis, due to the
: inaccessibility of the brain, neuroimaging measures are widely applied to assist in diagnosis and monitor disease
. progression'®. In the peripheral nervous system, as Lewy body disease (LBD) pathology is accompanied by den-
© ervation in the cardiac sympathetic nerves, Radioiodinated Metaiodobenzylguanidine (MIBG) has been pro-
© posed to robustly differentiate LBD from other diseases, as well as brain-first and body-first subtypes of PD%!718,
: As for the central nervous system, dopamine transporter imaging (DaTscan) has demonstrated efficacy in detect-
. ing presynaptic dopaminergic deficits and thereby facilitating the differential diagnosis of neurodegenerative
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Parkinsonian Syndrome and non-dopamine deficiency aetiologies of Parkinsonism'. Notwithstanding, the
association between neuroimaging measures and other biomarkers in PD remains largely unexplored.

Recently, serum exosome miRNAs have increasingly gained recognition as potential biomarkers
Exosomes, extracellular vesicles in the size range of ~30 to ~200 nm, are instrumental in intercellular com-
munication under both physiological and pathological conditions®. Exosomes contain diverse constituents
ranging from nucleic acids, lipids, proteins, and metabolites, with miRNAs emerging as indispensable cargo
molecules?. Discovered as a group of small non-coding RNA approximately 22 nucleotides in length, miRNAs
regulate gene expression by binding to target mRNAs and promoting their degradation and/or inhibiting trans-
lation?>?®. Abounding literature has highlighted the pivotal roles of circulating exosome miRNAs in orchestrat-
ing communication between cells, tissues, and organs?’-%*. Importantly, in neurodegenerative disease research,
several serum exosome miRNAs have been identified as promising biomarkers®***! and therapeutic targets'*>%,
Therefore, we propose exploring the association between serum exosome miRNA levels and demographic, clin-
ical and neuroimaging characteristics could expand the landscape of biomarkers and drug candidates for PD.

Currently, available anti-parkinsonism medications are primarily symptomatic therapies, temporarily
improving motor function and quality of life in PD patients®**. Nonetheless, early-start treatment with ras-
agiline, a monoamine oxidase B inhibitor, attenuated the decline of motor function and reduced the requirement
for additional anti-parkinsonism medication in PD patients, suggesting potential neuroprotective effects®*.
Consequently, we hypothesised that investigating alteration in serum exosome miRNA transcriptome induced by
rasagiline treatment could provide a unique opportunity to highlight the paramount pathogenetic factors in PD.

In this comprehensive study, we present our multi-year accumulation of serum exosome miRNA transcrip-
tome data from four independent cohorts of Japanese participantsi’-*%. Our dataset comprises two sections:
two cohort studies of serum exosome miRNA profiles from 96 PD patients and 80 age- and gender-matched
controls (PD/Control cohorts), and two cohort studies investigating changes in the serum exosome miRNA
transcriptome from 96 PD patients before and after one year of rasagiline treatment (rasagiline cohorts). (Fig. 1)
Anonymised demographic, clinical and neuro-imaging measures are also included for PD patients who par-
ticipated in the PD/Control cohorts. To the best of the authors’ knowledge, our collection represents the first
comprehensive dataset providing multi-layer information for understanding the association between demo-
graphical, clinical and neuro-imaging parameters and serum exosome miRNA transcriptome in PD patients.
We believe our dataset will contribute to open science and precision medicine by providing a valuable resource
for identifying potential biomarkers and promising therapeutic targets for PD.

Methods

Ethics statement. This study was approved by the Research Ethics Committee of the Faculty of Medicine,
Juntendo University (approval number M08-0477). The research protocol adhered to the Ethical Guidelines for
Medical and Health Research Involving Human Subjects and complied with the Declaration of Helsinki.

20-22

Participants. As in our previous clinical researches®*>#, participants with PD were recruited from patients

seeking anti-parkinsonian medication at the Department of Neurology, Juntendo University Hospital. The con-
trol groups were recruited through poster advertisements and included spouses of patients, outpatients seeking
hypertension or dyslipidaemia treatment, and voluntary hospital/laboratory staff.

Informed consent was obtained as outlined in our recent cohorts**-%. Potential participants received detailed
information from attending physicians regarding study goals, enrolment and withdrawal, sample collection and
management, data sharing, and personal information protection policies. Enrolled participants were fully aware
that their anonymised genomic data might be stored in public databases and accessed by third parties. All indi-
viduals included in this dataset provided written informed consent for sharing anonymised genomic data. Each
participant was assigned a unique identifier to maintain anonymity, preserving key demographic details (age,
sex) for analysis while excluding directly identifiable information (name, date of birth, medical record number).

PD patients were diagnosed by board-certified neurologists, in accordance with the Movement Disorder
Society Clinical Diagnostic Criteria for Parkinson’s disease'. For practical and ethical reasons, Hoehn and Yahr’s
(H&Y) stages and Unified Parkinson’s Disease Rating Scale motor section (UPDRS-III) scores were measured
during the “on” phase. The control group were free of any neurodegenerative disorders during the enrolment
periods. The demographic characteristics of the enrolled PD patients are summarised in Table 1.

Serum exosome miRNA extraction. Serum sample collection® and exosome miRNA extraction® were
conducted as previously described. Serum samples were collected from participants at the outpatient department
of Juntendo University Hospital. Upon collection, the serum samples were immediately stored at —80 °C until use.
For the extraction of serum exosome miRNA, the Total Exosome RNA and Protein Isolation Kit (Thermo Fisher
Scientific, Waltham, MA) was applied, following the manufacturer’s instructions.

Small RNA library preparation and sequencing. As described in our previous work®, staff at Thermo
Fisher Scientific constructed, aligned and mapped small RNA libraries. The small RNA libraries were prepared
with the Ion Total RNA-Seq Kit version 2 on the Ion PGM System (Thermo Fisher Scientific, Waltham, MA).
Quality control of the generated small RNA library was carried out using the Agilent High Sensitivity DNA kit
on the Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA). Generated sequencing data was then
aligned and mapped to miRBase® using the Bowtie2** package.

123|.metaiodobenzylguanidine scintigraphy. We slightly modified '*I-Metaiodobenzylguanidine
Scintigraphy (MIBG) procedures from our previous studies®***. Participants received an intravenous injection
of iodine-123 metaiodobenzylguanidine (MyoMIBG-I 123 injection, 111 MBq; FUJIFILM Toyama Chemical Co.,
Ltd., Tokyo, Japan). Scintigraphic images were acquired using E CAM 30 minutes (early) and 3 hours (delayed)
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Fig. 1 Comprehensive diagram illustrating the key stages of the study. The numbers of participants enrolled,
excluded, and ultimately included in the data analysis are indicated in the brackets.

2020 2021 2022 2023

Male Gender (male/all) 24/46 (52%) | 50/50 (100%) 27/46 (59%) | 23/50 (46%)
Age (Mean(Sd)) 66.39(7.94) 64.18(10.73) 65.40(8.68) 61.98(8.95)
H&Y stages (Mean(Sd)) 1.51(0.60) 1.52(0.57) 1.59(0.61) 1.60(0.61)
UPDRS-IIT (Mean(Sd)) 15.21(8.16) 18.23(11.37) 15.41(8.82) 15.84(8.46)

Table 1. Summary of demographic characteristics of PD patients whose samples were included for final

analysis. UPDRS-IIIL: Unified Parkinson’s Disease Rating Scale Part III: Motor Examination; H&Y stages: Hoehn
and Yahr stages.

after injection. Representative areas of the heart, thyroid, and mediastinum were semi-automatically positioned
and measured using smartMIBG software (FUJIFILM Toyama Chemical Co., Ltd.). H/M and T/M ratios were
calculated using the following formulas: H/M ratio = (mean count of the heart uptake)/(mean count of the medi-
astinum uptake), T/M ratio = (mean count of the thyroid uptake)/(mean count of the mediastinum uptake).
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Fig. 2 General overview of the workflow for technical validation.

Dopamine transporter single-photon emission computed tomography. Dopamine Transporter
Single-Photon Emission Computed Tomography (DAT-SPECT) imaging was conducted as in our previous
reports®®>’. Three hours after receiving 185 MBq of '*’I-FP-CIT injection, projection data were obtained in a
128 x 128 matrix on a Siemens Symbia T16 mounted with low- to medium-energy general-purpose collima-
tors (Siemens, Munich, Germany) for 28 minutes. Data were reconstructed using the ordered subset expectation
maximisation method (iteration 8 and subset 6) with Flash 3D software. Based on Bolt’s method, specific Binding
Ratio (SBR) values were semi-quantitatively calculated using DAT VIEW software (Nihon Medi-Physics, Tokyo,
Japan). SBR was calculated as the mean value of right and left SBRs.

Data Records
The miRNA sequencing data are deposited as Superseries in the Gene Expression Omnibus (GEO) repository
under the accession number GSE269781%.

The raw sequencing fatsq and generated miRNA count matrix xIxs files are organised according to the year
in which each cohort was conducted. miRNA transcriptomic data from PD patients and healthy individuals are
stored in Subseries GSE269775%! (2020 cohort) and GSE 269776* (2021 cohort), while data from PD patients
before and after rasagiline treatment were saved in GSE269777+ (2022 cohort) and GSE269779** (2023 cohort).

miRNA transcriptome data of participants deemed unsuitable for downstream analysis were retained for data
integrity. Detailed nomenclature, usage and data structure for the data repository are provided in Supplementary
Table 1.

Technical Validation

Quality control for biological samples was accomplished during participant enrolment and serum exosome
miRNA purification. The quality of the generated miRNA transcriptomic data was further examined with bio-
informatics analysis and cross-validation with findings from other groups (Fig. 2).

Participant enrolment and follow-up. The initial diagnosis of Parkinson’s disease was made by a team of
board-certified neurologists at Juntendo University Hospital, according to the Movement Disorder Society Clinical
Diagnostic Criteria for Parkinson’s disease!. PD Patients with concurrent cognitive impairment (Mini-Mental
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Fig. 3 Representative results of quality control results of serum exosome miRNA samples. (a) Gel-like image
and electropherograms for (b) RNA ladders and (c) typical samples using the Agilent Total RNA 6000 Pico Kit.

(d) Gel-like image and electropherograms for (e) miRNA ladders and (f) representative samples generated using
the Agilent Small RNA Kit.
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Fig.4 A principal component analysis (PCA) plot of serum exosome miRNA profiles of the 2020 cohort, with
red dots representing healthy controls and green dots representing PD patients.

State Examination (MMSE) score < =24) were excluded to avoid possible overlap between PD and dementia
with Lewy bodies (DLB) and Alzheimer’s disease (AD). All participants, including PD patients and control, had
no self-reported history of cancer, aspiration pneumonia, gastrointestinal diseases, or collagen vascular diseases.
During the period of sample collection, potential participants undergoing acute infectious disease or acute/
chronic liver or renal dysfunction, as indicated by conventional blood chemistry test results, were also excluded.

Quality control of serum exosome miRNA samples. The successful extraction of serum exosome
miRNAs was evaluated using the Nanodrop One Kit (Thermo Fisher Scientific, Waltham, MA). The amount of
total RNA and miRNA were further validated by utilising Agilent Total RNA 6000 Pico Kit and Agilent Small
RNA Kit on Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA). Representative electropherogram
results for the miRNA quality control are shown in Fig. 3. A summary of the quantitative results available from
the miRNA quality control is provided in Supplementary Table 2.

The robustness and efficiency of our protocol and quality control were validated in our previous studies®.
Using the 2020 cohort, we conducted concurrent research utilizing sebum RNA from the same patient and
control groups as the miRNA study. Machine learning algorithms efficiently distinguished RNA in skin surface
lipids (SSL-RNAs) profiles in PD patients from controls with an area under the curve of 0.806.

Bioinformatics validation. Principal component analysis (PCA) reduces high-dimensional data to its
approximation on a two-dimensional plane constructed with major components, while preserving covariance®.
The method provides an unbiased visualisation of the naturally occurring congregation of miRNA expression
proflies®. Using the pcaExplorer®! package, we showed the serum exosome miRNA profiles of PD patients and
healthy individuals in the 2020 cohort clustered into two groups, highlighting the global effect of PD on serum
exosome miRNA expression (Fig. 4).
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Fig.5 (a). Visualisation of representative diseases in which miRNAs upregulated in PD patients were
significantly enriched. The x-axis indicates the count of upregulated miRNAs, while the colour of

columns reflects the -log10-transformed p-values., transitioning from blue to red as the p-values decrease.
(b) Representative diagrams of significantly enriched categories as identified by GSEA on miRNAs ranked by
FC * -log10(padj) between PD and controls. Blue lines indicate the actual enrichment, whereas background
lines simulate random enrichments of permutation experiments. (¢) A Venn diagram showing the overlap

of significantly increased miRNAs in the 2020 cohort (green), the 2021 cohort (blue), and those decreased
following rasagiline treatment in the 2022 cohort (red).
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Fig. 6 (a,b) Dot plots showing the correlation between miR-550a-3p levels and MIBG heart/mediastinum
ratio in the 2020 cohort (Fig. 5a, spearman’s r = 0.4106, p=0.0218) and the 2021 cohort (Fig. 5b, spearman’s
r=0.3489, p=10.0466).

miEAA® was widely used to investigate the systemic change in serum exosome miRNA profiles®. Leveraging
miRNA gene set enrichment analysis® and gene overrepresentation analysis®, significant enrichment was
found in categories linked to brain disorders and inflammation (Fig. 5a, Supplementary Tables 3, 4). Of par-
ticular interest, these categories included “neurodegenerative diseases” (padj=10.001) and “inflammation”
(padj =0.007), aligning with the neurodegenerative and neuroinflammatory nature of PD. Also, the localisa-
tion of these upregulated miRNAs was significantly enriched in the term “exosome” (padj =2.44 x 10~°), further
supporting the robustness of our experiment protocols (Fig. 5b).

Alignment with other groups’ findings.  Using a novel study/study comparison database®” developed
by Makjaroen J. et al.®%, serum exosome miRNAs increased in PD patients in our 2020 cohort significantly over-
lapped (padj = 0.0004) with miRNAs increased in CD4 + T-cells in PD patients®, while downregulated miRNAs
overlapped (padj=3 x 10~!) with miRNAs downregulated in the brain of Alzheimer’s disease patients’. The
consistency suggested our serum exosome miRNA dataset reliably reflected systemic changes in miRNA profiles
in PD.

At the individual miRNA level, inspection of miRNAs significantly increased in PD patients within the 2020
and the 2021 cohorts, but decreased following rasagiline treatment in the 2022 cohort, identified ten candidate
miRNAs (Fig. 5¢). Among these, miR-22-5p* and miR-106b-5p”! have been previously reported to be increased
in PD. Additionally, miR-550a-3p levels were consistently positively associated with the heart/mediastinum ratio
in PD patients (2020: spearman’s r = 0.4106, p =0.0218; 2021: spearman’s r = 0. 3489, p=0. 0466, Fig. 6a,b). This
association aligned with its potential role in polyneuropathy in previous reports’>. The congruency between our
study and precedent research further consolidated the quality and credibility of the dataset.

Code availability

The code for differential miRNA expression is publicly available on GitHub (https://github.com/SSaikiLab/
SciData). The analysis was performed on R (version: 4.2.2). The details for open-source R-based and web-based
analysis were provided in Technical Validation.

Received: 30 July 2024; Accepted: 19 September 2024;
Published online: 15 October 2024

References
1. Postuma, R. B. et al. MDS clinical diagnostic criteria for Parkinson’s disease. Mov Disord 30, 1591-601 (2015).
2. GBD 2016 Parkinson’s Disease Collaborators. Global, regional, and national burden of Parkinson’s disease, 1990-2016: a systematic
analysis for the Global Burden of Disease Study 2016. Lancet Neurol 17, 939-953 (2018).
. Ben-Shlomo, Y. et al. The epidemiology of Parkinson’s disease. The Lancet 403, 283-292 (2024).
. The Lancet. What next in Parkinson’s disease? The Lancet 403, 219 (2024).
5. Pearson, C. et al. Care access and utilization among medicare beneficiaries living with Parkinson’s disease. npj Parkinsons Dis. 9
(2023).
6. Dorsey, E. R, Sherer, T., Okun, M. S. & Bloem, B. R. The Emerging Evidence of the Parkinson Pandemic. ] Parkinsons Dis 8, S3-S8
(2018).
7. Armstrong, M. J. & Okun, M. S. Diagnosis and Treatment of Parkinson Disease: A Review. JAMA 323, 548-560 (2020).
8. Miyamoto, K. et al. Systemic Metabolic Alteration Dependent on the Thyroid-Liver Axis in Early PD. Ann Neurol 93, 303-316
(2023).
9. Ishiguro, Y. et al. Extracellular vesicles contain filamentous alpha-synuclein and facilitate the propagation of Parkinson’s pathology.
Biochem Biophys Res Commun 703, 149620 (2024).
10. Guo, M. et al. Microglial exosomes facilitate a-synuclein transmission in Parkinson’s disease. Brain 143, 1476-1497 (2020).

o

SCIENTIFICDATA|  (2024) 11:1128 | https://doi.org/10.1038/s41597-024-03909-6 7


https://doi.org/10.1038/s41597-024-03909-6
https://github.com/SSaikiLab/SciData
https://github.com/SSaikiLab/SciData

www.nature.com/scientificdata/

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23

26.

27.
28.

29.
. He, S. et al. Several miRNAs derived from serum extracellular vesicles are potential biomarkers for early diagnosis and progression

31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
. Ishiguro, M. et al. Genetic and clinical study of PARK? in Japanese Parkinson’s disease. Heliyon 10, 35271 (2024).
49.
50.
51.
52.

53.
54.

55.
56.
57.

58.

Huang, Y. et al. Parkinson’s Disease Derived Exosomes Aggravate Neuropathology in SNCA*A53T Mice. Ann Neurol 92, 230-245
(2022).

Sampson, T. R. et al. Gut Microbiota Regulate Motor Deficits and Neuroinflammation in a Model of Parkinson’s Disease. Cell 167,
1469-1480.e12 (2016).

Romano, S. et al. Meta-analysis of the Parkinson’s disease gut microbiome suggests alterations linked to intestinal inflammation. npj
Parkinsons Dis. 7 (2021).

Morris, H. R, Spillantini, M. G., Sue, C. M. & Williams-Gray, C. H. The pathogenesis of Parkinson’s disease. The Lancet 403, 293-304
(2024).

Qin, X.-Y,, Zhang, S.-P, Cao, C., Loh, Y. P. & Cheng, Y. Aberrations in Peripheral Inflammatory Cytokine Levels in Parkinson
Disease: A Systematic Review and Meta-analysis. JAMA Neurol 73, 1316-1324 (2016).

Mitchell, T. et al. Emerging Neuroimaging Biomarkers Across Disease Stage in Parkinson Disease: A Review. JAMA Neurol 78,
1262-1272 (2021).

Lamotte, G. & Benarroch, E. E. What Is the Clinical Correlation of Cardiac Noradrenergic Denervation in Parkinson Disease?
Neurology 96, 748-753 (2021).

Matsubara, T. et al. Autopsy Validation of the Diagnostic Accuracy of '*I-Metaiodobenzylguanidine Myocardial Scintigraphy for
Lewy Body Disease. Neurology 98 (2022).

Bega, D. et al. Clinical utility of DaTscan in patients with suspected Parkinsonian syndrome: a systematic review and meta-analysis.
npj Parkinsons Dis. 7 (2021).

Miyazaki, K. et al. An exosome-based liquid biopsy signature for pre-operative identification of lymph node metastasis in patients
with pathological high-risk T1 colorectal cancer. Mol Cancer 22, 2 (2023).

Manier, S. et al. Prognostic role of circulating exosomal miRNAs in multiple myeloma. Blood 129, 2429-2436 (2017).

Nakamura, K. et al. An Exosome-based Transcriptomic Signature for Noninvasive, Early Detection of Patients With Pancreatic
Ductal Adenocarcinoma: A Multicenter Cohort Study. Gastroenterology 163, 1252-1266.e2 (2022).

. Pegtel, D. M. & Gould, S. J. Exosomes. Annu Rev Biochem 88, 487-514 (2019).
24.
25.

Kalluri, R. & LeBleu, V. S. The biology, function, and biomedical applications of exosomes. Science 367 (2020).

Zhang, J. et al. Exosome and exosomal microRNA: trafficking, sorting, and function. Genomics Proteomics Bioinformatics 13, 17-24
(2015).

Shang, R,, Lee, S., Senavirathne, G. & Lai, E. C. microRNAs in action: biogenesis, function and regulation. Nat Rev Genet 24,
816-833 (2023).

Zhang, Y. et al. Hypothalamic stem cells control ageing speed partly through exosomal miRNAs. Nature 548, 52-57 (2017).

Ying, W. et al. Adipose Tissue Macrophage-Derived Exosomal miRNAs Can Modulate In Vivo and In Vitro Insulin Sensitivity. Cell
171,372-384.e12 (2017).

Thomou, T. et al. Adipose-derived circulating miRNAs regulate gene expression in other tissues. Nature 542, 450-455 (2017).

of Parkinson’s disease. Transl Neurodegener 10 (2021).

Manna, I et al. Exosomal miRNA as peripheral biomarkers in Parkinson’s disease and progressive supranuclear palsy: A pilot study.
Parkinsonism Relat Disord 93, 77-84 (2021).

Chen, H.-X. et al. Exosomes derived from mesenchymal stem cells repair a Parkinson’s disease model by inducing autophagy. Cell
Death Dis 11, 288 (2020).

Esteves, M. et al. MicroRNA-124-3p-enriched small extracellular vesicles as a therapeutic approach for Parkinson’s disease. Mol Ther
30,3176-3192 (2022).

Fox, S. H. et al. International Parkinson and movement disorder society evidence-based medicine review: Update on treatments for
the motor symptoms of Parkinson’s disease. Mov Disord 33, 1248-1266 (2018).

Pringsheim, T. et al. Dopaminergic Therapy for Motor Symptoms in Early Parkinson Disease Practice Guideline Summary: A
Report of the AAN Guideline Subcommittee. Neurology 97, 942-957 (2021).

Olanow, C. W. et al. A double-blind, delayed-start trial of rasagiline in Parkinson’s disease. N Engl ] Med 361, 1268-78 (2009).
Rascol, O. et al. A double-blind, delayed-start trial of rasagiline in Parkinson’s disease (the ADAGIO study): prespecified and post-
hoc analyses of the need for additional therapies, changes in UPDRS scores, and non-motor outcomes. Lancet Neurol 10, 415-23
(2011).

Hattori, N. et al. Rasagiline monotherapy in early Parkinson’s disease: A phase 3, randomized study in Japan. Parkinsonism Relat
Disord 60, 146-152 (2019).

Hattori, N. et al. Long-term, open-label, phase 3 study of rasagiline in Japanese patients with early Parkinson’s disease. ] Neural
Transm 126, 299-308 (2019).

Zhiyang, Y., Shinji, S. & Nobutaka, H. GEO https://identifiers.org/geo/GSE269781 (2024).

Zhiyang, Y., Shinji, S. & Nobutaka, H. GEO https://identifiers.org/geo/GSE269775 (2024).

Zhiyang, Y., Shinji, S. & Nobutaka, H. GEO https://identifiers.org/geo/ GSE269776 (2024).

Zhiyang, Y., Shinji, S. & Nobutaka, H. GEO https://identifiers.org/geo/GSE269777 (2024).

Zhiyang, Y., Shinji, S. & Nobutaka, H. GEO https://identifiers.org/geo/GSE269779 (2024).

Saiki, S. et al. A metabolic profile of polyamines in parkinson disease: A promising biomarker. Ann Neurol 86, 251-263 (2019).
Takeshige-Amano, H. et al. Shared Metabolic Profile of Caffeine in Parkinsonian Disorders. Mov Disord 35, 1438-1447 (2020).
Fujimaki, M. et al. Serum caffeine and metabolites are reliable biomarkers of early Parkinson disease. Neurology 90 (2018).

Tezuka, T. et al. Pathophysiological evaluation of the LRRK2 G2385R risk variant for Parkinson’s disease. npj Parkinsons Dis. 8
(2022).

Tezuka, T. et al. Clinical characteristics and pathophysiological properties of newly discovered LRRK2 variants associated with
Parkinson’s disease. Neurobiology of Disease 199, 106571 (2024).

Tsunemi, T., Ishiguro, Y., Yoroisaka, A. & Hattori, N. Analysis of a-Synuclein in Exosomes. Methods in Molecular Biology 41-45
https://doi.org/10.1007/978-1-0716-1495-2_4 (Springer US, 2021).

Kozomara, A., Birgaoanu, M. & Griffiths-Jones, S. miRBase: from microRNA sequences to function. Nucleic Acids Res 47,
D155-D162 (2019).

Langmead, B. & Salzberg, S. L. Fast gapped-read alignment with Bowtie 2. Nat Methods 9, 357-359 (2012).

Mishima, T. et al. Meta-iodobenzylguanidine myocardial scintigraphy in Perry disease. Parkinsonism ¢ Related Disorders 83, 49-53
(2021).

Yoshino, H. et al. Genotype-phenotype correlation of Parkinson’s disease with PRKN variants. Neurobiology of Aging 114, 117-128
(2022).

Nakajima, A. et al. Dopamine transporter imaging predicts motor responsiveness to levodopa challenge in patients with Parkinson’s
disease: A pilot study of DATSCAN for subthalamic deep brain stimulation. J Neurol Sci 385, 134-139 (2018).

Nishikawa, N. et al. Idiopathic rapid eye movement sleep behavior disorder in Japan: An observational study. Parkinsonism Relat
Disord 103, 129-135 (2022).

Ukehara, Y. et al. Non-invasive diagnostic tool for Parkinson’s disease by sebum RNA profile with machine learning. Sci Rep 11
(2021).

SCIENTIFIC DATA|

(2024) 11:1128 | https://doi.org/10.1038/s41597-024-03909-6 8


https://doi.org/10.1038/s41597-024-03909-6
https://identifiers.org/geo/GSE269781
https://identifiers.org/geo/GSE269775
https://identifiers.org/geo/GSE269776
https://identifiers.org/geo/GSE269777
https://identifiers.org/geo/GSE269779
https://doi.org/10.1007/978-1-0716-1495-2_4

www.nature.com/scientificdata/

59. Greenacre, M. et al. Principal component analysis. Nat Rev Methods Primers 2 (2022).

60. Gewers, E. L. et al. Principal Component Analysis. ACM Comput. Surv. 54, 1-34 (2021).

61. Marini, F. & Binder, H. pcaExplorer: an R/Bioconductor package for interacting with RNA-seq principal components. BMC
Bioinformatics 20 (2019).

62. Kern, F. et al. miEAA 2.0: integrating multi-species microRNA enrichment analysis and workflow management systems. Nucleic
Acids Res 48, W521-W528 (2020).

63. Kern, F. et al. Deep sequencing of sncRNAs reveals hallmarks and regulatory modules of the transcriptome during Parkinson’s
disease progression. Nat Aging 1, 309-322 (2021).

64. Subramanian, A. et al. Gene set enrichment analysis: A knowledge-based approach for interpreting genome-wide expression
profiles. Proc. Natl. Acad. Sci. USA 102, 15545-15550 (2005).

65. Zhao, K. & Rhee, S. Y. Interpreting omics data with pathway enrichment analysis. Trends Genet 39, 308-319 (2023).

66. Wilson, D. M. 3rd et al. Hallmarks of neurodegenerative diseases. Cell 186, 693-714 (2023).

67. Hodge, K. & Saethang, T. WhatIsMyGene: Back to the Basics of Gene Enrichment https://doi.org/10.1101/2023.10.31.564902
(2023).

68. Makjaroen, J. et al. Comprehensive Proteomics Identification of IFN-X3-regulated Antiviral Proteins in HBV-transfected Cells. Mol
Cell Proteomics 17,2197-2215 (2018).

69. Diener, C. et al. Time-resolved RNA signatures of CD4+ T cells in Parkinson’s disease. Cell Death Discov 9, 18 (2023).

70. Otavio N, Adriane H. GEO. https://identifiers.org/geo/GSE157239 (2020).

71. Starhof, C. et al. The biomarker potential of cell-free microRNA from cerebrospinal fluid in Parkinsonian Syndromes. Mov Disord
34, 246-254 (2019).

72. Pellegrino, A. et al. Differential Expression of microRNAs in Serum of Patients with Chronic Painful Polyneuropathy and Healthy
Age-Matched Controls. Biomedicines 11, 764 (2023).

Acknowledgements

We thankfully acknowledge all study participants and staft for their cooperation and patience in this research. We
are grateful to Biorender.com for providing the tools to create flow charts in Fig. 1 and Fig. 3. We thank Mingjie
Chen (Shanghai NewCore Biotechnology Co., Ltd.) for providing data analysis and visualisation support. This
study is supported by JSPS (21H04820, 24H00068) and Grants-in-Aid from the Research Committee of CNS
Degenerative Disease, Research on Policy Planning and Evaluation for Rare and Intractable Diseases, Health,
Labour and Welfare Sciences Research Grants (202111056 A), the Ministry of Health, Labour and Welfare, Japan,
Japan Agency for Medical Research and Development (24wm0625503, 22dm0207070s0204 and 22dm0307101),
and Cabinet Office (Visionary Council on the Moonshot Research and Development Program under grant number
JPMJMS2024-9), endowed to Nobutaka Hattori. This study is also supported by JSPS Grants-in-Aid for Scientific
Research (18H02744, 18KT0027, 18KK0242, 22H02986, 23K24247, and 22K19512), endowed to Shinji Saiki.

Author contributions

Shinji Saiki and Nobutaka Hattori were responsible for the concept and design of the study. Zhiyang Yu was
responsible for data management, processing, and analysis and wrote the paper. Tetsushi Kataura aided in the
analyses and revision of the manuscript. Kenta Shiina, Tatou Iseki, Kei-Ichi Ishikawa, Noriko Nishikawa, Wataru
Sako, Genko Oyama and Taku Hatano facilitated the establishment of the study cohorts, managed participants
and collected blood samples. Yukiko Sasazawa, Ayami Suzuki, and Sanae Soma designed and performed serum
exosome miRNA extraction and purification procedures. All authors read and commented on drafts of the
manuscript and approved the final submitted manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains supplementary material available at https://doi.org/
10.1038/541597-024-03909-6.

Correspondence and requests for materials should be addressed to S.S. or N.H.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

@@@@ Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-

CHMT NoDerivatives 4.0 International License, which permits any non-commercial use, sharing, distribu-
tion and reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
and the source, provide a link to the Creative Commons licence, and indicate if you modified the licensed mate-
rial. You do not have permission under this licence to share adapted material derived from this article or parts of
it. The images or other third party material in this article are included in the article’s Creative Commons licence,
unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative
Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use,
you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2024

SCIENTIFICDATA|  (2024) 11:1128 | https://doi.org/10.1038/s41597-024-03909-6 9


https://doi.org/10.1038/s41597-024-03909-6
https://doi.org/10.1101/2023.10.31.564902
https://identifiers.org/geo/GSE157239
https://doi.org/10.1038/s41597-024-03909-6
https://doi.org/10.1038/s41597-024-03909-6
http://www.nature.com/reprints
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Comprehensive data for studying serum exosome microRNA transcriptome in Parkinson’s disease patients

	Background & Summary

	Methods

	Ethics statement. 
	Participants. 
	Serum exosome miRNA extraction. 
	Small RNA library preparation and sequencing. 
	123I‐metaiodobenzylguanidine scintigraphy. 
	Dopamine transporter single‐photon emission computed tomography. 

	Data Records

	Technical Validation

	Participant enrolment and follow-up. 
	Quality control of serum exosome miRNA samples. 
	Bioinformatics validation. 
	Alignment with other groups’ findings. 

	Acknowledgements

	Fig. 1 Comprehensive diagram illustrating the key stages of the study.
	Fig. 2 General overview of the workflow for technical validation.
	Fig. 3 Representative results of quality control results of serum exosome miRNA samples.
	Fig. 4 A principal component analysis (PCA) plot of serum exosome miRNA profiles of the 2020 cohort, with red dots representing healthy controls and green dots representing PD patients.
	Fig. 5 (a).
	Fig. 6 (a,b) Dot plots showing the correlation between miR-550a-3p levels and MIBG heart/mediastinum ratio in the 2020 cohort (Fig.
	Table 1 Summary of demographic characteristics of PD patients whose samples were included for final analysis.




