Using global team science to identify genetic parkinson’s disease worldwide
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Question

Can global team science help to overcome difficulties posed by rare disease subtypes such as
genetic Parkinson’s disease?

Findings

A total of 8819 PD patients with mutations in PD genes were reported by 128 researchers
from 117 centers in 41 countries. The number of reported monogenic PD patients exceeds
the number of published cases by a factor of 2.8. Likewise, completeness of individual data is
markedly higher than published information. Willingness to collaborate is high (98%).

Meaning

Novel ways of team science including large numbers of researchers worldwide with shared
interests and similar areas of expertise are both necessary and successful when it comes to
addressing the challenges posed by rare diseases, an approach that can be readily extended
to similar clinical and research questions requiring a worldwide contribution of the scientific
community.



Abstract

Importance: Rare diseases challenge the international research community with small
sample sizes at individual sites calling for novel ways of worldwide team science.

Objective: To identify a worldwide cohort of patients and families with genetic Parkinson’s
disease (PD) as an example of a new, comprehensive approach to global collaboration,
adapted from team science approaches, and to thereby address the challenge that rare
diseases pose to clinicians, researchers and patients (and caregivers).

Design: In 2018, we conducted a worldwide, systematic online survey on the availability of
demographic, clinical, genetic, and additional data of patients with genetic PD due to SNCA,
LRRK2, VPS35, Parkin, PINK1, DJ1, and GBA mutations.

Setting: The study included researchers worldwide.

Participants: Researchers were identified extracting all corresponding authors of articles
represented in the “Movement Disorders Society Genetic mutation database” (MDSGene)
and through the “Genetic Epidemiology of Parkinson’s disease” (GEoPD) consortium and
invited to participate in the build-up of this worldwide cohort.

Main Outcome(s) and Measure(s): The main outcome was the number of patients with
genetic PD globally available. Other outcomes include the availability of demographic,
clinical, and genetic data, as well as biospecimens and the researchers’ interest in further
collaboration.

Results: In total, we identified 354 researchers at 117 international sites in 41 countries to
participate in our study, 162 (50%) of whom completed the survey. They reported a total of
8819 PD patients of >9 ethnicities with mutations in SNCA (n=274), LRRK2 (n=3231), VPS35
(n=39), Parkin (n=1733), PINK1 (n=286) or DJ1 (n=32), and risk alleles in GBA (n=3224).
Demographic data was reported to be available by most researchers (>93%), availability of
clinical data ranged from 59% (nonmotor signs) to 91% (age at onset); biospecimens were
available from 7% (cerebrospinal fluid) to 80% (DNA). 98% of the researchers indicated their
interest in further collaboration.

Conclusions and Relevance: The number of patients with genetic PD included almost triples
the number of cases reported in the literature, and data availability, by far exceeds currently
published clinical information, indicating that accessing patients and data for rare diseases
requires novel approaches and ways of communication. The overwhelmingly positive
response and willingness to collaborate impressively highlights the relevance and power of
team science.



Introduction

Rapidly advancing sequencing technologies offer new and cost-effective approaches to
identify genetic causes of rare diseases and increasingly define genetic subtypes of
common diseases. Parkinson’s disease (PD) is a common disease but can be genetically
stratified into subgroups of patients with rare genetic forms of PD due to mutations in
SNCA, LRRK2, VPS35, Parkin, PINK1, DJ1, and GBA, the latter as the strongest known
genetic risk factor. While studying small numbers of patients may suffice to elucidate the
pathophysiology of rare disease, establishing accurate genotype-phenotype relationships
and conducting significant clinical studies and trials requires large sample sizes and thus
pose a major challenge on investigating relatively rare diseases. Additional layers of
complexity are added as clinical and genetic data are often reported in an inconsistent and
incomplete fashion, sometimes due to reporting and naming habits rather than the
availability of this data to the reporting author. Clinical expression and penetrance of gene
mutations may vary considerably across different populations and ethnicities (1).
Illustrating the magnitude of the problem, up to 300 million patients are estimated to
suffer from a rare disease worldwide (2) including ~300,000 patients with genetic forms of
PD, representing 5% of an estimated 6 million patients with PD in 2018 (3). Clinical
information is reported in the international medical literature, published in English, but
only for a fraction of these cases and with a bias towards unusual cases, i.e. 1769 patients
with monogenic PD (Pubmed and Movement Disorder Society Genetic mutation database;
MDSGene, www.mdsgene.org). As gene-specific therapies are increasingly being
developed for PD with several frontrunners now in clinical trials(4)(5), identifying patients

and families in whom disease is driven by genetic factors is imperative.



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 (6). Likewise, there is a growing necessity for —
ideally global-scale - team science approaches of clinicians and researchers with similar
interests joining forces to tackle a global task. Employing novel ways of team science,
electronic databasing, and global communication, we performed a worldwide survey of
genetic PD with an emphasis on availability of demographic, clinical and biomarker data

and materials, to foster global collaboration.

Methods

Selection of participants

In order to identify possible participants for our survey, we compiled the names of
corresponding authors from articles included in the Movement Disorders Society Genetic

mutation database (MDSGene, see www.mdsgene.org). Six causes of monogenic PD were

included: SNCA, LRRK2, VPS35, Parkin, PINK1, and DJ1. When the project was conceived GBA
had yet to be included in the MDSGene database. Hence, we screened 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 members not
already identified as a corresponding author of publications represented in MDSGene.
During the survey phase of the project, additional contacts were included upon

recommendation of participants (see Figure S1).

Data collection


http://www.mdsgene.org/

We developed an online survey on demographic, clinical, genetic, and additional data (for
details, see Table S1) and invited the previously identified researchers to report availability
of information in their samples of genetic PD patients focusing on SNCA, LRRK2, VPS35,
Parkin, PINK1, DJ1, and GBA. To avoid multiple reporting of the same cases, we asked
participants to indicate sharing of samples and encouraged participants from the same
center to nominate one person to report all cases or to divide up the cases between
reporting researchers. Two rounds of email reminders were sent out after two weeks each
to enhance the response rate. The duration of the survey was 6 weeks. Participants received

no financial compensation for their contribution.

Results

A total of 8819 PD patients with mutations in PD genes were reported by 128 participants of
the survey from 117 centers in 41 countries (Figure 1). Samples from participating
researchers include diverse ethnicities: Caucasian (n=85 researchers), Asian (n=26),
Ashkenazi Jewish (n=17), African (n=10), Hispanic (n=9), Arab (n=5), Indian (n=5), North
African (n=5), Mennonites (n=3), and Others (n=11). Patients were reported to carry
mutations in SNCA (n=274), LRRK2 (n=3231), VPS35 (n=39), Parkin (n=1733), PINK1 (n=286),
DJ1 (n=32), or GBA risk alleles (n=3224). The response rate was 50% (n=162) and 79%
(n=128) of the respondents completed the survey (see Figure S1). Of these, 98% (n=125)
indicated their interest in further collaborations, and 45% (n=57) participants sent personal
emails expressing their interest to contribute further to this project and/or suggesting
additional collaborative projects (Figure 2). Demographic data was available for >93% of
participating researchers, while the availability of clinical data ranged from basic information
(91% for age at onset) to more specific items (59% for nonmotor signs, see Table S1).
Additional information on environment and lifestyle was less commonly noted but still

6



available for about a third of the cases (39% and 32%, respectively). Most researchers
reported to have DNA (80%), whereas other blood-derived biospecimens (RNA, Serum,
Plasma, whole blood) were reported to be available by <25% of the researchers. Samples
that are more difficult to obtain (cerebrospinal fluid, brain tissue, fibroblasts, induced

pluripotent stem cells) were even more rare (<11%).

Discussion

The number of reported monogenic PD cases in the present study exceeds published cases
by a factor of 2.8 (n=5845 versus n=2083 cases, both excluding GBA), indicating a large
number of patients with genetic PD is not reflected in the literature. This worldwide
“publication gap” further suggests that there is a large number of well-characterized
genetically defined patients readily available but not yet included in research projects or
clinical trials. Of particular note, our study suggested 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.

To our knowledge, the MDSGene database currently represents the only systematic,
comprehensive and fully curated collection of genetic and clinical information on genetic PD.
It is also based on a global effort currently including >70 movement disorder specialists and
geneticists working on data extraction from worldwide literature. However, the data gaps
are considerable. Especially information on nonmotor signs is scarce in the literature, even
for cognition, information is available only for about a third (660/2064) of the cases with
monogenic PD (www.mdsgene.org). In contrast, our present approach indicates availability
of nonmotor signs in general for about three quarters (6592/8787) of the reported cases.
Given the increasing difficulty to publish clinical-genetic case reports or series, along with
broad(er) access to diagnostic genetic testing, we predict this trend of, first, non-reporting of
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genetic PD patients and, second, of not publishing data at the individual patient level to
quickly grow.

Based on the enthusiastic responses and willingness to collaborate, we are confident that we
have successfully established an international collaboration that will enable (i) clinicogenetic
studies to address comprehensive genotype-related characterization, (ii) performing
modifier screens with regard to expressivity and penetrance of genetic PD, and (iii)
conducting well-informed, large-scale clinical trials for these rare subtypes of PD, each of
which is likely amenable to individualized, gene-specific treatment approaches. We further
conclude that novel team science including large numbers of researchers worldwide with
shared interests and similar areas of expertise are both necessary and successful when it
comes to addressing the challenges posed by rare diseases, an approach that can be readily
extended to similar clinical and research questions requiring a worldwide contribution of the

scientific community.
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Figure 1: Worldwide centers reporting genetic PD patients (incl. GBA as a risk variant)

Canada

2 centers
DJ1:2
GBA:34
LRRK2:328
Parkin: 65
PINK1:62
SNCA:65
VPS35:3

US.A.

21 centers
DJ1:1
GBA:1614
LRRK2:561
PINK1:8

SNCA-9 Colombia

1 center
No numbers
reported

Argentina
1 center
LRRK2:4

Tunisia

1 center
LRRK2:559
Parkin:10
PINK1:59

Brazil

5 centers
GBA:26
LRRK2:33
Parkin:29
PINK1:2
SNCA:1

Europe

(see Table 1 for details)

54 centers
DJ1:15
GBA:961
LRRK2:911
Parkin:487
PINK1:78
SNCA:156
VPS35:15

South Africa ——

Iran

1 center
GBA:6
LRRK2:2
Parkin:5
PINK1:3

Saudi Arabia
1 center
DJ1:1
Parkin:15

3 centers

GBA:13

LRRK2:15

Parkin:19

PINK1:4

SNCA:2
Turkey
4 centers
DJ1:3
GBA:2
LRRK2:2
Parkin:36
PINK1:2
SNCA:2

PINK1:4
Israel

2 centers
DJ1:1
GBA:240
LRRK2:180
Parkin:1
VPS35:1

Russia
1 center
DJ1:1
GBA:32
LRRK2:15
Parkin:40
PINK1:2 Korea
SNCA:2 3 centers
VPS35:1 Parkin:27
SNCA:6
Japan
6 centers
GBA:95
LRRK2:30
Parkin:443
PINK1:33  Taiwan
SNCA:29 2 centers
VPS35:8  pJ1:1
GBA:27
LRRK2:12
Parkin:30
——  PINK1:11
VPS35:2
. Malaysia
China 1 center
4 centers LRRK2:200
DJ1:7
GBA:130
LRRK2:360
Parkin:309
PINK1:15
VPS35:5
T Al
GBA20 LRRK2:19
Parkin:11
Thailand PINK1:3
1 center SNCA:2
GBA:24 VPS35:4
Parkin:14

10



Table 1: Number of centers and reported genetic PD patients in Europe.

centers | DJ1 | GBA | LRRK2 | Parkin | PINK1 | SNCA | VPS35
Austria 2 0 30 1 6 1 0 3
Belgium 3 0 12 43 1 0 1 0
Czech Republic 1 0 0 0 0 0 0 0
Denmark 2 0 0 0 2 0 0 0
Estonia 1 0 15 25 5 0 1 5
Faroer Islands 1 0 0 1 0 0 0 0
Finland 3 0 15 2 2 0 2 0
France 1 2| 124 189 145 19 27 5
Germany 4 1| 119 20 23 12 2 2
Greece 2 0 38 1 3 77 0
Hungary 1 0 3 1 0 0 0
Ireland 1 1 21 2 25 1 0 0
Italy 10 4 | 227 147 117 28 22 0
Netherlands 1 1 15 1 3 0 1 0
Norway 2 0 35 40 5 4 0 0
Poland 3 0 0 1 42 2 2 0
Portugal 2 1 0 0 4 1 0 0
Serbia 1 1 78 6 17 1 0 0
Spain 7 2 77 386 72 4 8 0
Sweden 2 2 37 14 2 0 6 0
United Kingdom 4 0| 115 31 13 5 7 0
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Figure 2: Response (for details, please see Figure S1).
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Supplement

Figure S1: Response analysis. *including publications on GBA.

Publications represented in MDSGene*
N=470

L 2

Corresponding authors,
no duplicates
N=265

—_—

Corresponding authors with
multiple publications (range 2-
19) N=71

Email delivered

N=198

——

Email not deliverable
N=67

Resent to

alternative email
address N=46

No alternative
email address
available N=21

Additional contacts

Email delivered

N=98 N=238
Response Response
N=32 N=130

y

y

Completed surveys
N=23

Completed surveys

N=105

Total completed surveys
N=128

After first email
N=46

After first reminder
N=38

After second reminder

N=21

Email not deliverable
N=6

No participation
N=10

Survey completed by
another group/consortium
member N=11

Could not complete survey
before deadline N=4

Retired
N=2

Change in field of
interest
N=3

No own cohort
N=5

13



Figure S2: The online survey.
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Table S1: Availability of information.

number of researchers
who reported available
information (percentage
of all participating
researchers)

Age 123 (96%)
Sex 123 (96%)
Ethnicity 119 (92%)
Pedigree 110 (86%)
Age at onset 117 (91%)
Unified Parkinson Disease Rating Scale (UPDRS) | 81 (63%)
Hoehn & Yahr Scale 88 (69%)
Dopaminergic medications 93 (73%)
Nonmotor signs 76 (59%)
Environmental exposures 50 (39%)
Life style variables 41 (32%)
Treatment response 88 (69%)
Omics data 21 (16%)
-Genomics 16 (12%)
-Transcriptomics 3 (0.02%)
-Proteomics 2 (0.02%)
-Metabolomics 2 (0.02%)
Imaging 47 (37%)
-MRI 41 (32%)
-SPECT/PET 24 (19%)
-TCS 8 (0.06%)
DNA 103 (80%)
RNA 25 (20%)
Serum 31 (24%)
Plasma 28 (22%)
Whole blood 27 (21%)
CSF 9 (0.07%)
Fibroblasts 13 (10%)
iPSCs 14 (11%)
Brain tissue 14 (11%)
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