INVITED EDITORIAL

Using Global Team Science to Identify
Genetic Parkinson’s Disease Worldwide
alks on rare diseases in the ﬁeld of neurology often start
with a statement like this: “About 80% of all rare diseases have a neurologic manifestation and about 80% of
those are genetic in origin.” Although these numbers probably represent more of an estimate than well-documented evidence, rapidly advancing and cost-effective sequencing
technologies have led to the quickly growing identiﬁcation
of patients with hereditary neurological diseases. Although
the importance of genetics for diagnosis and genetic counseling is undisputed, the recent development of ﬁrst genetargeted therapies entering clinical trial1,2 is adding an
important new layer to the (re-)consideration of genetic testing in neurology. However, establishing accurate genotype–
phenotype and genotype–treatment relationships requires
large sample sizes. Systematic reviews can serve as instruments to combine information from several small samples,
but unfortunately, this is often complicated by inconsistent
and incomplete reporting of clinical and genetic data across
studies. Thus, large multicenter approaches are necessary to
systematically and uniformly characterize patients with
genetic neurologic conditions and to eventually establish sizable clinical trial-ready cohorts.
Using genetic Parkinson disease (PD) as an example
and illustrating the magnitude of the issue, up to ~300,000
patients worldwide are estimated to have hereditary forms of
PD, representing 5% of an estimated total of 6 million
patients with PD in 2018.3 Monogenic forms of PD can be
caused by mutations in SNCA, LRRK2, VPS35, Parkin,
PINK1, and DJ1.4 These genes have been unequivocally
linked to PD according to the criteria established by the
International Parkinson and Movement Disorder Society
Task Force on Genetic Nomenclature in Movement Disorders.5 In addition, GBA variants represent the strongest
known genetic risk factor for PD, with an age-dependent
penetrance of ~30% at the age of 80 years.6 However, individual clinical information for patients with genetic PD is
only reported for a fraction of cases (n = 1,769; Movement
Disorder Society Genetic mutation database [MDSGene];
www.mdsgene.org) in the international medical literature,
and publications are often biased toward unusual presentations of gene mutations. Both clinical expression and
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penetrance of gene mutations may vary considerably across
different populations and ethnicities,7,8 further challenging
pooling of data and their interpretation. Finally, given the
growing availability of diagnostic genetic testing and the
increasing difﬁculty of publishing case reports of mutation
carriers in peer-reviewed journals, we expect the proportion
of published versus unpublished cases to rapidly shift toward
the latter.
As a result, neurologists commonly lack reliable reference data to be able to offer tailored counseling and
treatment to patients with genetic PD and other hereditary neurological diseases.
Since the 1990s, there has been a growing interest
and investment in large-scale, team-based research initiatives
to address complex and multifaceted problems that require
collaboration across different disciplines.9 Likewise, there is
an increasing necessity for ideally global-scale team science
approaches of clinicians and researchers with similar interests joining forces to promote advanced research and to
improve patient care. Employing novel methods of team
science, electronic databases, and global communication,
we performed a worldwide survey of genetic PD with an
emphasis on the availability of demographic, clinical, omics,
and imaging data as well as of biomaterials, to both foster
and exploit global collaboration. To identify possible
participants for our survey, we compiled the names of corresponding authors from articles included in the MDSGene
database covering the following PD genes: SNCA, LRRK2,
VPS35, Parkin, PINK1, and DJ1.7,8 For GBA, we screened
the literature according to MDSGene criteria to identify
corresponding authors of eligible articles (articles published in
English with clinical information available). In addition, the
Genetic Epidemiology of Parkinson’s Disease consortium
(https://geopd.lcsb.uni.lu) contributed names of members not
already identiﬁed as a corresponding authors of publications
represented in MDSGene. Additional contacts were included
upon recommendation of participants. We next developed an
online survey and invited the previously identiﬁed researchers
to report availability of information on their genetic PD
patients. To avoid multiple reporting of the same cases, we
asked participants to indicate sharing of samples and
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encouraged participants from the same center to nominate
one person to report all cases or to divide up the cases
between reporting researchers. The survey was open for contributions for 5 weeks from March until May 2018. Two
rounds of email reminders were sent out after 2 weeks each
to enhance the response rate. Participants received no ﬁnancial compensation for their contribution.
A total of 103 researchers from different centers in
43 countries reported 8,453 PD patients with mutations in
PD genes (Fig 1; for more details see Supplementary
Table 2). The overall response rate to our invitation was
45%, and 79% of the respondents completed the survey. Of
these, 98% indicated their interest in further collaboration,
and 45% sent personal emails expressing their interest in
contributing further to this project and/or suggesting additional collaborative projects (Fig 2). Reﬂecting the worldwide
distribution of participating centers, the reported patient
samples were diverse, including Arab, Asian, Ashkenazi
Jewish, Caucasian, Hispanic, Indian, Mennonite, and North
African backgrounds. Almost equal numbers of patients
(n = ~3,000) were reported to carry mutations in LRRK2 or
a GBA risk allele, followed by pathogenic variants in Parkin
(n = ~1,500), SNCA and PINK1 (n = ~250 each), and DJ1
and VPS35 (n = ~30 each). The total number of reported
monogenic PD cases in the present study exceeds published

cases by a factor of 2.6 (n = 5,299 vs n = 2,064 cases [www.
mdsgene.org], both excluding GBA), indicating that the
majority of patients with genetic PD are not reﬂected in the
published literature. Regarding data quality and completeness, information on PD nonmotor signs is particularly
scarce in the literature. Even for cognition, published information is available only for about one-third of the cases with
monogenic PD (www.mdsgene.org).7,8 In contrast, our present approach indicates the availability of nonmotor signs in
general for two-thirds of the reported cases (Table).
To ﬁll these knowledge gaps, a new collaborative mindset
is indispensable. Our worldwide collaborative effort revealed
an unprecedented level of data completeness, a paramount
prerequisite when aiming to perform meaningful genotype–
phenotype correlations and when selecting patients for clinical
studies and trials.7,8 Team science of clinicians and researchers
in the ﬁeld of rare neurological diseases will facilitate sharing of
expertise, promote new research opportunities, offer a network
to foster new training opportunities for young researchers, and
advance development of individualized therapies. As a future
perspective, collecting very large cohorts of monogenic PD
may result in powerful enough datasets to perform meaningful
natural history studies of individual monogenic forms as well as
modiﬁer studies. These can be modeled after studies performed
in well-characterized longitudinal cohorts unselected for genetic

FIGURE 1: Worldwide centers reporting patients with monogenic Parkinson disease (PD) and PD patients with variants in GBA.
Please ﬁnd a detailed list of the participating members of the MJFF Global Genetic Parkinson’s Disease Study Group in
Supplementary Table 1.
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FIGURE 2: Response analysis. Publications on GBA were screened according to the MDSGene protocols.

cause.10 In a similar vein, our approach may be expanded to
mutation-negative early onset PD patients with a positive family history to uncover rare novel mutations.
Based on the enthusiastic responses to our survey
and the eager willingness to collaborate, we are conﬁdent
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that we have successfully established a team science
approach that will speciﬁcally enable (1) successfully
increasing sample sizes of patients with rare neurological
diseases, (2) leveraging neurology expertise globally, and
(3) fostering team science among neurologists worldwide.
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TABLE. Availability of Information

Characteristic

Centers Reporting
Available Information,
n (% of total participating
centers [n = 103])
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Age

102 (99%)

Sex

102 (99%)

Ethnicity

101 (98%)

Pedigree

94 (91%)

Age at onset

97 (94%)

UPDRS

68 (66%)

Hoehn & Yahr Scale

75 (73%)

Dopaminergic
medications

79 (77%)

Nonmotor signs

68 (66%)

Environmental
exposures

48 (47%)

Lifestyle variables

36 (35%)

Potential Conﬂicts of Interest

Treatment response

76 (74%)

Nothing to report.

Omics data

17 (17%)

Genomics

Author Contributions
E.-J.V. and C.K. were responsible for the conception and
design of the study; E.-J.V., C.K., and M.K. conducted
the analysis and interpretation of the data; E.-J.V. and
C.K. drafted the manuscript; all authors and the members
of the MJFF Global Genetic Parkinson’s Disease Study
Group contributed to the acquisition of data and to the
revision of the manuscript.
This editorial was written on behalf of the MJFF
Global Genetic Parkinson’s Disease Study Group. A full
list of all contributing authors can be viewed in Supplementary Table 1.

14 (14%)

Transcriptomics

2 (2%)

Proteomics

1 (1%)

Metabolomics

1 (1%)

Eva-Juliane Vollstedt, MD
Institute of Neurogenetics, University of Lübeck, Lübeck, Germany

Imaging

38 (37%)

MRI

33 (32%)

SPECT/PET

19 (18%)

TCS

88 (85%)

RNA

22 (21%)

Serum

28 (27%)

Plasma

26 (25%)

Whole blood

23 (22%)
8 (8%)

Fibroblasts

12 (12%)

iPSCs

11 (11%)

Brain tissue

11 (11%)

The participating centers were asked to report availability of an item
if the relating data were available for at least a subset of the reported
Parkinson disease patients registered at their center.
iPSC = induced pluripotent stem cell; MRI = magnetic resonance imaging; PET = positron emission tomography; SPECT = single photon emission computed tomography; TCS = transcranial sonography; UPDRS =
Uniﬁed Parkinson Disease Rating Scale.
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Institute of Neurogenetics and Department of Psychiatry, University of
Lübeck, Lübeck, Germany

Christine Klein, MD
Institute of Neurogenetics, University of Lübeck, Lübeck, Germany

7 (7%)

DNA

Cerebrospinal ﬂuid

Meike Kasten, MD

MJFF Global Genetic Parkinson’s Disease Study
Group
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