UCSF

UC San Francisco Previously Published Works

Title

Clinical and Dopamine Transporter Imaging Characteristics of Leucine Rich Repeat Kinase 2
(LRRK2) and Glucosylceramidase Beta (GBA) Parkinson's Disease Participants in the
Parkinson's Progression Markers Initiative: A Cross-Sectional Study.

Permalink
https://escholarship.org/uc/item/1b91j4nk

Journal
Movement disorders : official journal of the Movement Disorder Society, 35(5)

ISSN
0885-3185

Authors

Simuni, Tanya
Brumm, Michael C
Uribe, Liz

Publication Date
2020-05-01

DOI
10.1002/mds.27989

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/1b91j4nk
https://escholarship.org/uc/item/1b91j4nk#author
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Mov Disord. Author manuscript; available in PMC 2021 May 01.

-, HHS Public Access
«

Published in final edited form as:
Mov Disord. 2020 May ; 35(5): 833-844. doi:10.1002/mds.27989.

Clinical and Dopamine Transporter Imaging Characteristics of
Leucine- Rich Repeat Kinase 2 (LRRK?2) and
Glucosylceramidase Beta (GBA) Parkinson’s Disease
Participants in the Parkinson’s Progression Markers Initiative: A
Cross-Sectional Study

Tanya Simuni, MDY, Michael C. Brumm, MS?, Liz Uribe, MS3, Chelsea Caspell-Garcia, MS*#,
Christopher S. Coffey, PhD®, Andrew Siderowf, MD®, Roy Alcalay, MD, MS’, John Q.
Trojanowski, MD, PhD8, Leslie M. Shaw, PhD?, John Seibyl, MD19, Andrew Singleton,
PhD11, Arthur W. Toga, PhD12, Doug Galasko, MD13, Tatiana Foroud, PhD14, Kelly
Nudelman, PhD4, Duygu Tosun-Turgut, PhD1°, Kathleen Poston, MD, MS26, Daniel
Weintraub, MD17, Brit Mollenhauer, MD18, Caroline M. Tanner, MD, PhD19, Karl Kieburtz,
MD, MPHZ20, Lana M. Chahine, MD?1, Alyssa Reimer, BA22, Samantha Hutten, PhD23, Susan
Bressman, MD?4, Kenneth Marek, MD2° Parkinson’s Progression Markers Initiative
Investigators

1Department of Neurology, Northwestern University Feinberg School of Medicine, Chicago,
lllinois, USA

2Department of Biostatistics, College of Public Health, University of lowa, lowa City, lowa, USA
SDepartment of Biostatistics, College of Public Health, University of lowa, lowa City, lowa, USA
“Department of Biostatistics, College of Public Health, University of lowa, lowa City, lowa, USA
SDepartment of Biostatistics, College of Public Health, University of lowa, lowa City, lowa, USA

6Departments of Neurology Perelman School of Medicine, University of Pennsylvania,
Philadelphia, Pennsylvania, USA

"Correspondenceto: Dr. Tanya Simuni, Department of Neurology, Northwestern University Feinberg School of Medicine, 710 North
Lake Shore Drive, 1126, Chicago, IL 60611; tsimuni@nmff.org.

Author Roles

(1) Research project: A. Conception, B. Organization, C. Execution; (2) Statistical Analysis: A. Design, B. Execution, C. Review and
Critique; (3) Manuscript: A. Writing of the first draft, B. Review and Critique. Tanya Simuni, MD 1A B,C 2A,C, 3A Michael C.
Brumm, MS 1A, 2A,B,C, 3B Liz Uribe, MS 1A, 2A,B,C, 3B Chelsea Caspell-Garcia, MS 1A, 2A,B,C, 3B Christopher S. Coffey, PhD
1A, 2A,B,C, 3B Andrew Siderowf, MD 1A,B,C, 3B Roy Alcalay, MD, MS 1C, 3B John Q. Trojanowski, MD, PhD 1A,B, 3B Leslie
M. Shaw, PhD 1A,B,C, 3B John Seibyl, MD 1A,B,C, 3B Andrew Singleton 1A,B,C, 3B Arthur W. Toga, PhD 1A,B,C, 3B Doug
Galasko, MD 1A,B, C, 3B Tatiana Foroud, PhD 1A,B,C, 3B Kelly Nudelman, PhD 1A,B,C, 3B Duygu Tosun-Turgut, PhD 1A,B,C,
3B Kathleen Poston, MD, MS 1A,B,C, 3B Daniel Weintraub, MD 1A,B,C, 3B Brit Mollenhauer, MD 1A,B,C, 3B Caroline M. Tanner,
MD, PhD 1A,B,C, 3B Karl Kieburtz, MD, MPH 1A,B,C, 3B Lana M. Chahine, MD 1A,B,C, 3B Alyssa Reimer 1A,B,C, 3B
Samantha Hutten, PhD 1A,B,C, 3B Susan Bressman, MD 1A,B,C, 3B Kenneth Marek, MD 1A,B,C, 3B.

Members of the Parkinson’s Progression Markers Initiative Investigation are listed in the Appendix.

Relevant conflicts of interests/financial disclosures:
Nothing to report.

Supporting Data
Additional Supporting Information may be found in the online version of this article at the publisher’s web-site.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Simuni et al. Page 2

"Department of Neurology, The Taub Institite for Research on Alzheimer’s Disease and the Aging
Brain, Columbia University, New York, New York, USA

8Departments of Pathology and Laboratory Medicine Perelman School of Medicine, University of
Pennsylvania, Philadelphia, Pennsylvania, USA

°Departments of Pathology and Laboratory Medicine Perelman School of Medicine, University of
Pennsylvania, Philadelphia, Pennsylvania, USA

10nstitute for Neurodegenerative Disorders, New Haven, Connecticut, USA
1L aboratory of Neurogenetics, National Institute on Aging, NIH, Bethesda, Maryland, USA

12| aboratory of Neuroimaging (LONI), University of Southern California, Los Angeles, California,
USA

3Department of Neurology, University of California, San Diego, California, USA
14Department of Medical and Molecular Genetics, Indiana University, Indianapolis, Indiana, USA

15Department of Neurology, University of California San Francisco, San Francisco, California,
USA

18Department of Neurology and Neurological Sciences, Stanford University, Stanford, California,
USA

1"Departments of Psychiatry and Neurology Perelman School of Medicine, University of
Pennsylvania, Philadelphia, Pennsylvania, USA

18Department of Neurology, University Medical Center Goettingen, Goettingen, Germany and
Paracelsus-Elena-Klinik, Kassel, Germany

19Department of Neurology, University of California San Francisco, San Francisco, California,
USA

20Department of Neurology, University of Rochester Medical Center, Rochester, New York, USA
21Department of Neurology, University of Pittsburgh, Pittsburgh, Pennsylvania, USA

22The Michael J. Fox Foundation for Parkinson’s Research, New York, New York, USA

23The Michael J. Fox Foundation for Parkinson’s Research, New York, New York, USA

24lcahn School of Medicine, Mount Sinai, New York, New York, USA

25|nstitute for Neurodegenerative Disorders, New Haven, Connecticut, USA

Abstract

Background: There are limited data on the phenotypic and dopamine transporter (DAT) imaging
characterization of the Parkinson’s disease (PD) patients with leucine rich kinase 2 (LRRK2) and
glucosylceramidase beta (GBA) mutations.

Objective: The objective of this study was to examine baseline clinical and DAT imaging
characteristics in GBA and LRRK2 mutation carriers with early PD compared with sporadic PD.
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Methods: The Parkinson’s Progression Markers Initiative is an ongoing observational
longitudinal study that enrolled participants with sporadic PD, LRRKZ2and GBA PD carriers from
33 sites worldwide. All participants are assessed annually with a battery of motor and nonmotor
scales, 123-1 loflupane DAT imaging, and biologic variables.

Results: We assessed 158 LRRKZ2 (89% G2019S), 80 GBA (89 %N370S), and 361 sporadic PD
participants with the mean (standard deviation) disease duration of 2.9 (1.9), 3.1 (2.0), and 2.6
(0.6) years, respectively. When compared with sporadic PD, the GBA PD patients had no
difference in any motor, cognitive, or autonomic features. The LRRKZ2PD patients had less motor
disability and lower rapid eye movement behavior disorder questionnaire scores, but no
meaningful difference in cognitive or autonomic features. Both genetic cohorts had a higher score
on the impulse control disorders scale when compared with sporadic PD, but no difference in other
psychiatric features. Both genetic PD cohorts had less loss of dopamine transporter on DAT
imaging when compared with sporadic PD.

Conclusions: We confirm previous reports of milder phenotype associated with LRRK2-PD. A
previously reported more aggressive phenotype in GBA-PD is not evident early in the disease in
N370s carriers. This observation identifies a window for potential disease-modifying
interventions. Longitudinal data will be essential to define the slope of progression for both
genetic cohorts.

Trial Registration: ClinicalTrials.gov(NCT01141023).

Keywords
genetics; Parkinson’s disease

Mutations in the leucine rich kinase 2 (LRRK2) and heterozygous mutations in
glucosylceramidase beta (GBA) are the 2 most common genetic risk factors for PD,
responsible for up to 10% of Parkinson’s disease (PD) cases globally and up to 30% to 40%
in certain ethnic subgroups and cases with familial disease.l2 There is a rapidly growing
number of novel therapeutics targeting specifically underlying biology associated with GBA
and LRRKZ mutations, with some of these already being tested in early phase clinical trials.
3 There is also accumulating evidence regarding difference in clinical manifestations and
rate of progression of GBA and LRRKZPD. Current data points to a higher burden of
nonmotor manifestations specifically cognitive dysfunction, rapid eye movement sleep
behavior disorder (RBD), hyposmia, and more rapid disease progression associated with
GBA PD.*13 On the contrary, LRRKZ2PD is reported to be associated with less risk of
cognitive dysfunction, RBD, hyposmia, and slower rate of motor progression.12:14-19 There
are some reports of higher prevalence of psychiatric symptoms associated with LRRKZPD,
although the data are not consistent.29-21 Although there is a growing body of literature
examining motor, nonmotor, and imaging characteristics of LRRK2and GBA PD carriers,
there are still limited data from large, controlled, prospective longitudinal cohort studies
comparing early-stage GBA and LRRKZ2PD to sporadic PD (sPD) specifically focusing on
nonmotor manifestations as well as allowing comparisons between GBA and LRRK2PD
cohorts.1213 The Parkinson’s Progression Markers Initiative (PPMI) is an ongoing
observational, international, multicenter cohort study aimed at identifying blood-based,
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genetic, spinal fluid and imaging biomarkers of PD progression with longitudinal follow-up
in a large cohort. PPMI enrolled patients with early untreated (de novo) PD (n = 423) as well
as similar age and gender healthy controls (n = 196) between June 2010 and April 2013. The
study was expanded in 2013 to include genetic cohorts with PD associated with a.-synuclein
gene, LRRK2, or GBA mutations. Once enrolled, all participants undergo the same scope of
annual assessments thus providing a unique opportunity to compare different cohorts using
the same scope of activities.

The aim of this analysis was to systematically evaluate the baseline motor and nonmotor
clinical and dopamine transporter (DAT) 123-1 ioflupane single photon emission computed
tomography imaging (SPECT) characteristics of GBA and LRRK2PD patients compared
with sPD participants enrolled in PPMI and to assess the differences between the 2 PD
genetic cohorts. We hypothesized that GBA PD will have more severe and LRRK2PD
milder PD motor and nonmotor manifestations when compared with sPD.

Methods

Study Design

Data used in the preparation of this manuscript were obtained from the PPMI database
(www.ppmi-info.org/data). The aims and methodology of the study have been published
elsewhere.22:23 The study protocol and manuals are available at www.ppmi-info.org/study-
design.

Participants

The data used for this article include the analysis of the baseline dataset for LRRK2and
GBA PD patients enrolled between January 2014 and May 2019 from 33 participating sites
worldwide. PD LRRKZ2and GBA mutation carriers cohort enrolled male or female
participants aged 18 or older with the diagnosis of PD based on established diagnostic
criteria,?* a disease duration less than 7 years at screening, Hoehn and Yahr stage less than
4, and LRRKZ or GBA mutation confirmed by the genetic core. Participants were excluded
if they had conditions that precluded safe performance of lumbar puncture. The sPD cohort
recruited at baseline newly diagnosed, untreated PD patients who were aged 30 or older and
had a disease duration less than 2 years at baseline and Hoehn and Yahr stage <2.2% The sPD
cohort recruitment was completed between June 2010 and April 2013. Of note, genetic PD
participants were not required to be PD medication naive at recruitment and were allowed to
have longer disease duration, both criteria driven by the lower prevalence of genetic PD and
the feasibility of recruitment. Considering the difference in the inclusion criteria for genetic
versus sPD cohorts and the corresponding difference in baseline disease duration, we used
data from the year 2 visit for the sPD cohort. The recruitment of the genetic PD cohort was
done via participating sites (existing databases) and via a centralized recruitment initiative,
described previously, specifically targeting PD patients of Ashkenazi Jewish (AJ) descent.2
The study was approved by the institutional review board at each site, and the participants
provided written informed consent. Data were downloaded July 1, 2019.
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Genetic Testing

Genetic testing for the LRRK2and GBA genes was performed either at the site or through a
central recruitment initiative via a Clinical Laboratory Improvement Amendments (CLIA) or
other certified testing laboratory. The participants enrolled in the GBA or LRRK2PD cohort
were notified of their genetic testing results and received genetic counseling by phone or in
person by certified genetic counselors or qualified site personnel. The LRRKZ2 genetic
testing included G2019S and R1441G/C, N1437H mutations (in a subset of participants).
GBA genetic testing included N370S in all, and L483P, L444P, IVS2 + 1, and 84GG
mutations (in a subset of participants). Dual mutation carriers for both LRRK2and GBA
were excluded from this analysis (N = 3).

This initial genetic testing was not performed in the sPD participants; however, other types
of genetic research data were obtained from all PPMI participants, allowing for the
identification and exclusion of these mutations in the sPD participants. Genome-wide single
nucleotide polymorphisms data, whole-exome sequencing, and whole-genome sequencing
data were downloaded from Laboratory of Neuroimaging (LONI) (https://ida.loni.usc.edu/);
more information about all genetic project methods is available at LONI. The genetic status
of 98.4% of the sPD participants was determined using more than one genetic platform.
Selected mutations were extracted from all genetic data and compared within participants to
create a final consensus list of participants with mutations in GBA or LRRKZ. A total of 17
participants recruited into the sSPD cohort were identified to have one of the aforementioned
GBA or LRRK2mutations and were excluded from the analysis.

Study Outcomes

All participants enrolled into PPMI undergo the PPMI standard test battery of assessments
described in detail previously.”8 Clinical battery includes the Movement Disorders Society
Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) that is assessed in the
medications onand off states once the participants start dopaminergic therapy; for the
purpose of this analysis, we included MDS-UPDRS part 111 off scores. Other assessments
include the Montreal Cognitive Assessment (MoCA) for the evaluation of global cognitive
abilities, a standardized cognitive assessment battery that includes test of 5 cognitive
domains, the 15-item Geriatric Depression Scale, the Scale for Outcomes for PD-
autonomic function, the State and Trait Anxiety Scale, the modified Schwab and England
Activities of Daily Living Scale, the Questionnaire for Impulsive-Compulsive Disorders in
Parkinson’s Disease (QUIP), the Epworth Sleepiness Scale, the Rapid Eye Movement Sleep
Behavior Disorder Screening Questionnaire (RBDSQ), and the University of Pennsylvania
Smell Identification Test. Other measures include basic demographic variables, utilization of
dopaminergic therapy as measured by levodopa equivalence dose (LED),2 and utilization of
psychotropic medications presented categorically (yes/no). All participants are expected to
undergo DAT SPECT to assess DAT binding analyzed according to the PPMI imaging
technical operations manual (http://ppmi-info.org/).8 All participants have quantitative
analysis using previously described methods to determine the minimum putamen specific
binding ratio (SBR).23 The PPMI also collects an array of cerebrospinal fluid biomarkers,
but these measures are currently available only for a small subset of participants in the
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genetic cohort (as they are processed in batches) and as such were not included in this
report.

Statistical Methods

Results

Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC).

Chi-squared and #tests (and Wilcoxon rank-sum tests where appropriate) were conducted to
compare baseline demographics across groups at a significance level of 0.05. Linear and
logistic regression models were used to compare motor, cognitive, psychiatric, and DAT
imaging characteristics across groups; all such models included gender and disease duration
as covariates. To account for multiple comparisons reported here, we applied a family-wise
error rate to each set of analyses. Specifically, a Bonferroni correction, computed as 0.05/
number of hypotheses tested per table, was applied to Tables 2-5, resulting in adjusted
significance levels of 0.05/51 = 0.001 for Table 2, 0.05/30 = 0.0017 for Tables 3 and 4, and
0.05/12 = 0.0042 for Table 5. In addition, to ensure that the study conclusions were not
being influenced by participants with outlying disease duration values, sensitivity analyses
were conducted on a reduced sample that restricted sPD disease duration to 2 to 4 years and
0 to 6 years for GBA and LRRKZPD.

GBA PD Versus sPD

A total of 80 GBA PD patients and 361 sPD participants were included in the analysis.
Baseline demographics, PD family history, and type of genetic mutation (for the GBA PD
cohort) are presented in Table 1. When compared with the sPD participants, GBA PD
patients were more likely to be women. There was no difference in age, education, ethnicity,
race, age of onset, or the percent of first-degree relatives with PD between the 2 cohorts. A
majority (89%) of the GBA PD patients carried N370S, consistent with the AJ targeted
recruitment strategy. Key PD clinical characteristics of the cohorts are summarized in Table
2. There was no difference in the MDS-UPDRS total scores or part I, 11, I11, or IV subscores.
There was no difference in University of Pennsylvania Smell Identification Test (hyposmia)
and autonomic function as measured by Scale for Outcomes for PD—Autonomic Function
Scale. Assessment of the cognitive characteristics of the participants revealed no difference
in the MoCA score (Table 2) or detailed neurocognitive battery between the groups (Table
3). Comparison of psychiatric and sleep domains revealed higher QUIP (impulse control
disorder) scores, but no difference in other psychiatric domains and no difference in RBDSQ
scores between the groups (Tables 2 and 4). There was no difference in utilization of the
psychotropic medications between the groups (Table 4). Analysis of DAT imaging results
revealed higher (better) SBRs in the contralateral caudate and putamen in the GBA PD
patients when compared with the sPD patients (Table 5).

LRRK2 PD Versus sPD

A total of 158 LRRK2PD patients and 361 sPD patients were included in the analysis.
Baseline demographics, PD family history, and type of genetic mutation (for the LRRK2PD
cohort) are presented in Table 1. There was no difference in age, education, age of onset, or
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disease duration between the LRRKZPD patients and the sPD patients. The LRRKZ cohort
had more than 50% female participants compared with male predominance in the sPD
cohort. There were more Hispanics and there was also a higher percentage of first-degree
relatives with PD in the LRRKZ cohort. A majority (89%) of the LRRK2PD patients carried
the G2019S mutation, consistent with the AJ targeted recruitment strategy. Key PD clinical
characteristics of the cohorts are summarized in Table 2. The LRRK2PD patients had lower
MDS-UPDRS part Il off motor scores. There was no difference in the part IV score or in
LED. There was a trend to higher proportion of nontremor dominant PD phenotype. The
evaluation of sleep domains indicated lower RBDSQ scores in the LRRK2PD group.
Assessment of the cognitive characteristics of the participants revealed no difference in the
MoCA score (Table 2), but subtle differences in the detailed neurocognitive battery (Benton
Judgement of Line Orientation and Hopkins Verbal Learning Test discrimination recognition
scores) between the groups (Table 3). A comparison of psychiatric domains revealed higher
QUIP (impulse control disorder), but no difference in other psychiatric domains (Table 4).
There was no difference in the utilization of the psychotropic medications between the
groups (Table 4). Similar to the GBA PD patients, an analysis of the DAT imaging results
revealed higher (better) SBRs in the contralateral caudate and putamen in the LRRK2PD
patients when compared with the sPD patients (Table 5).

GBA Versus LRRK2 PD

There was no difference in age, gender, education, age of onset, or disease duration between
the GBA and LRRKZ2PD patients. The LRRKZ cohort had more Hispanics, and there was
also a higher percentage of first-degree relatives with PD when compared with the GBA
cohort (Table 1). The LRRKZPD patients had higher (better) University of Pennsylvania
Smell Identification Test (hyposmia) scores. A comparison of sleep domains revealed higher
RBDSQ scores among the GBA PD patients. There was no difference in the MoCA scores
or in the detailed neurocognitive battery between the groups (Tables 2 and 3). A comparison
of LED, psychiatric, and psychotropic medications indicated no differences between the
groups (Tables 2 and 4). There was no difference in DAT imaging results between the groups
(Table 5).

Sensitivity Analysis

In addition, to ensure that the study conclusions were not being influenced by participants
with outlying disease duration values, sensitivity analyses were conducted on a reduced
sample that restricted sPD disease duration to 2 to 4 years and 0 to 6 years for the GBA and
LRRKZ2PD patients. That analysis supported all the major conclusions aside from the
difference in contralateral caudate SBR between LRRK2and sPD lost significance (P=
0.0065), although the mean values remained unchanged (Supporting Information Tables S1—
5).

Discussion

Here we report the motor and nonmotor phenotype of a large cohort of LRRKZ2and GBA
mutation carriers with a relatively short disease duration when compared with sPD.
Although our data largely confirm the previously published descriptions of the phenotypic
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characteristics of LRRKZPD, it also provides several novel observations regarding GBA PD
and generates several hypotheses that require additional longitudinal follow-up. Although
previous reports demonstrate faster motor and cognitive progression with GBA mutations,
and slower progression with LRRK2 mutations, the timeline of the dissociation of the
phenotypes from sPD is not well defined, and these data are crucial for clinical trial design.
We demonstrate that in the first 3 years, motor and cognitive symptoms are similar in GBA
PD (N370S) and sPD, highlighting the effect of disease duration on the GBA phenotype. In
contrast, however, LRRK?Z carriers already start to demonstrate milder motor progression.

GBA PD is reported to be associated with faster rates of motor and cognitive progression as
well as a higher prevalence of nonmotor symptoms including cognitive dysfunction, RBD,
hyposmia, and autonomic dysfunction when compared with sPD.#12.13.27-31 Ajthough these
characteristics are more pronounced in “severe” GBA mutations (L444P), they are reported
in “mild” mutations inclusive of N370S.27:32 Our analysis did not reveal significant
differences between GBA and sPDs in any of these domains. Our results do not contradict
the previously published data as most reports indicate a difference in the rate of progression
and not baseline findings.2” Our current analysis is restricted to cross-sectional data and
includes mostly N370S mild GBA PD participants relatively early in the disease course.
Longitudinal follow-up will reveal the difference in the slopes of progression between the 2
groups. However, a lack of significant nonmotor symptom burden at the early stage of the
disease opens a window of opportunity for the disease-modifying interventions.
Traditionally, disease-modifying interventions are tested in a PD de novo population for the
rationale of a lack of confounding effect of dopaminergic therapy and a hope that
intervention at the earlier stage of the PD degenerative process will have better chance of
success. However, the recruitment of genetic PD de novo cohorts will be challenging, and
our data provide additional justification to include early symptomatically treated GBA PD
participants into disease-modifying interventional studies. Consideration may be given to
using time to onset of cognitive impairment and other nonmotor milestones as the primary
outcomes, especially considering more rapid progression of these symptoms in GBA PD
including the mild N370S form.2” The strengths of our data include a deep phenotypic
characterization that will allow in-depth future longitudinal analysis that will enable such
studies. There also is tremendous interest to test disease-modifying interventions in the
premotor phases of PD. GBA premotor cohorts have been reported to have a higher rate of
RBD and cognitive impairment.6:33 Interestingly, we did not identify a higher prevalence of
RBD in our GBA PD cohort. Again, longitudinal analysis will be essential to track the
timeline of the progression of these features. It should be noted that our cohort largely
includes participants with the N370S GBA mutation, known to be associated with a milder
PD phenotype, and should be interpreted as such.

Contrary to the GBA PD, LRRKZ2PD specifically G2019S mutation carriers are reported to
have less motor and nonmotor disabilities, less hyposmia, RBD, and a slower rate of PD
progression when compared with sPD.34-36 Our data are largely consistent with the previous
reports from other studies including L RRKZ2 consortium analysis.3*-36 Consistent with the
previous reports, our largely G2019S LRRKZ2PD cohort had less motor disability and lower
RBDSQ scores when compared with the sPD cohort. We identified a trend to a higher
percentage of nontremor dominant phenotype in our cohort as was previously reported.3*
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Although there was no meaningful difference in cognitive performance between the LRRK2
and sPD cohorts, we did not identify better cognitive performance in the LRRK2PD
patients as was previously reported.3® The latter could be attributed to an earlier stage of PD
in both cohorts and a lack of significant cognitive impairment in sPD. Indeed, differentiators
of our cohort compared with the previously published datasets are younger age at
recruitment and shorter disease durations. The latter will be important for the longitudinal
analysis as currently available data included participants with the mean disease duration at
recruitment of 8.2 (6.0) years and modeled the slope of progression in the early phase.® Our
cohort, although not de novo at recruitment, has a mean disease duration 2.9 (1.9) years at
baseline, which will allow collecting actual progression data and validating previously
reported results.

Interestingly, both genetic cohorts had higher scores on impulse control disorders scale when
compared with the sPD cohort, with no difference in total LED and specifically dopamine
agonists therapy. These findings have not been previously reported in LRRK or GBA, but
have been reported in parkin PD.37 The underlying biology remains to be determined.
Although significant, the QUIP scores were low, and longitudinal data will be essential to
determine whether this is a true differential feature of both genetic cohorts. There was no
difference in the other psychiatric domains in either cohort.

Consistent with the previous reports, the LRRK2and GBA PD cohorts had a higher
percentage of female participants when compared with the male gender predominance seen
in the sPD cohorts.38:39 The biology of male gender predominance in PD has not been well
established, but the lack of such might point to the genetic effect being upstream of the
gender.

One interesting and novel observation in this study is the relatively higher (better) SBR DAT
binding in both genetic cohorts when compared with the sPD cohort. The difference was
restricted to the side contralateral to the body side more affected by the PD symptoms. The
biology of this observation is to be elucidated but raises a hypothesis of slower rate of
decline in DAT in genetic PD compared with sPD. Alternatively, this finding could be a
result of disruption of dopamine release prior to loss of dopaminergic terminals. Reduced
synaptic dopamine might lead to reduced occupancy of the dopamine transporter, thereby
contributing to a false estimation of DAT binding. Abnormal dopamine release has been
demonstrated in GBA models.*C Other groups have reported no difference in DAT or
positron emission tomography binding between the sPD and LRRK2 cohorts, although the
sample size was small.#1-43 A more pronounced DAT deficit has been reported in GBA PD,
but that was driven by severe (L444P) mutation and not observed in N370s participants.2’
Interestingly, we have demonstrated increased SBR DAT binding in all striatal regions in
GBA but not L RRK2 nonmanifest mutation carriers compared with healthy controls.*4
Longitudinal follow-up of both at-risk and PD-manifest genetic cohorts will be essential to
further elucidate the progression of DAT deficit in these cohorts.

Another strength of the data is parallel ascertainment of GBA and LRRKZPD cohorts with
the same scope of activities. The baseline comparison reflects known phenotypic
characteristics of each cohort as summarized previously, but the data provide a foundation

Mov Disord. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Simuni et al. Page 10

for future longitudinal analysis to compare the slope and scope of progression of the
participants followed in the same study.

Limitations

We recognize that this analysis has several limitations. First, LRRK2and GBA PD genetic
testing was restricted to a panel of limited gene variants most commonly present in the AJ
population. Both LRRKZ (predominantly G2019S) and GBA (predominantly N370S)
represent selected mutations of both genes increasing our power to understand the effect of
those mutations but limiting conclusions on LRKKZ2 or GBA mutations in general. Both of
these mutations are known to be associated with a milder phenotype. Although we had a
small proportion (less than 10%) of carriers of more severe mutations in both cohorts
(L444P GBA and R1441G LRRK?2), the number was too small to run a comparative
analysis. Larger cohorts with broader ascertainment of pathogenic mutations in both genes
will be necessary to analyze the effect of specific mutation on phenotypic manifestations and
rate of progression.

A higher percentage of LRRK2and GBA PD patients did not have DAT SPECT results
(17% and 25%, respectively) versus 8% in the sPD patients, which could impact the analysis
and conclusions. Because of the challenges in the recruitment of genetic PDs, they were
allowed to participate in the study even if they declined DAT SPECT. Despite some missing
data, to our knowledge this is still the largest reported PD genetic cohort with DAT imaging.
The PPMI study places significant emphasis on retention and data completeness, and all
attempts will be made to obtain longitudinal DAT imaging data.

This analysis does not include spinal fluid or blood-based biomarkers data as these were not
available at the time of this article and will be reported in future publications.

Genetic PD cohorts were recruited with disease duration up to 7 years. Although there was
no difference in the mean disease duration between the cohorts, the range was wider in the
genetic PD cohort, which could have impacted the analysis. However, our sensitivity
analysis on a subset of participants with a shorter disease duration supported our major
conclusions.

Finally, we recognize that we report baseline characteristics and that longitudinal follow-up
is crucial to confirming these observations and comparing slope and scope of progression in
genetic versus sPD cohorts. The PPMI study is committed to the comprehensive longitudinal
follow-up of these participants and reporting these data as they become available.

In conclusion, we report baseline clinical and DAT imaging characteristics of GBA and
LRRKZ2PD cohorts. Early in the course of the disease, the GBA cohort was largely
phenotypically indistinguishable from the sPD cohort, whereas the LRRKZ2PD cohort had
less motor and nonmotor disability. Interestingly, both genetic cohorts demonstrated less
DAT transporter loss when compared with the sPD cohort, suggesting that there might be a
difference in the slope of progression of dopaminergic terminal loss. Longitudinal data on
the evolution of the clinical, DAT imaging, and biological characteristics of both genetic
cohorts will be essential to define the slope of progression.
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APPENDIX
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PhD,® Karen Crawford®; biorepository—Tatiana Foroud, PhD,13 Paola Casalin,8 Giulia
Malferrari,18 Mali Gani Weisz,1° Avi Orr-Urtreger, MD, PhD9; pioanalytics core—John
Trojanowski, MD, PhD,2 Leslie Shaw, PhD?; genetics core—Andrew Singleton, PhD7;
genetics coordination core—Tatiana Foroud, PhD13; pathology core—Tatiana Foroud, PhD,
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