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Pre-Congress Courses

PCO1

Talk 1: Continuous enteral levodopa and Parkinson’s
David Standaert*

University of Alabama at Birmingham, Birmingham, AL, United
States

Continuous enteral levodopa is a treatment used in advanced
Parkinson disease. It is currently approved in the US as well as
many countries in Europe and Asia. The technology consists of a
gel which contains a carbidopa/levodopa suspension, and a pump
system which delivers the gel to the intestines. The main indication
for the use of carbidopa/levodopa intestinal gel infusion is to treat
wearing off symptoms which develop with ordinary oral
carbidopal/levodopa tablets. We will review the technology,
summarize the clinical data supporting the use of this treatment,
discuss scenarios in which it is likely to be beneficial, and review the
complications and limitations of this approach.

PCO2

Talk 2: Apomorphine & Parkinson‘s

Cecilia Peralta*

CEMIC University Hospital, Autonomous City of Buenos Aires,
Buenos Aires, Argentina

Living day to day with Parkinson’s disease (PD) in the advanced
phase of the disease can be challenging due to motor fluctuations
and dyskinesias. Apomorphine, a short-acting D1- and D2-like
receptor agonist, has shown in several open label and placebo-
controlled clinical trials, to provide a rapid and effective relief of
unpredictable “off periods” by using intermittent apomorphine
injection. Newer formulations such as continuous apomorphine
infusion (CSAI) showed even higher reductions, nearly 50%, of the
daily “off” time.

The use of patch pumps of small size and weight have also been
applied to CSAI, requiring novel apomorphine formulations with
enhanced solubility.

The TOLEDO trial, the first-randomized, placebo-controlled, double-
blind, multi- center trial to assess apomorphine subcutaneous
infusion in patients with PD, demonstrated that apomorphine
significantly reduced “off’ time compared to placebo and allowed
additional reductions of oral antiparkinsonian medications.
Moreover, dyskinesia reduction appeared more pronounced in
patients using CSAI, since improvements in dyskinesia usually
correlate with the decrease of oral medication.

Open-label studies investigated the effects of apomorphine on non-
motor symptoms, as well as the Euroinf study, which showed
improvement in sleep, mood, gastro- intestinal and urinary domains,
that may occur as a consequence of “off’ time reduction.
Additionally, apomorphine therapy seems to be less associated with
impulse control disorders.

WPC 2023 Abstracts

The main administration route for apomorphine has been
subcutaneous. However, alternative apomorphine delivery
strategies include sublingual formulation, that is easily administered.
This novel formulation consists of a two-film strip that contains
apomorphine, has been shown to reliably revert “off’ periods in
clinical trials and a reduction of 32.4% in dyskinesias.

Regarding new formulations under investigations, pulmonary
delivery has the potential of very rapid entry into the systemic
circulation, that is an attractive strategy to achieve rapid effect to
“rescue” patients from “off” periods. An apomorphine powder
formulation for delivery via an inhaler device has been developed
and used, which proved well-tolerated, however, efficacy was
limited.

Oral apomorphine is considered infeasible because of the almost
complete first-pass hepatic metabolism of the molecule. The
administration of apomorphine and its prodrug (dipalmitoyl
apomorphine) via oral lipid-based formulations has recently been
reported in animal models of PD.

PCO3

Talk 1: Role of anti-synuclein therapies

Tiago Outeiro™

University Medical Center Gottingen, Géttingen, Deutschland
(DEU), Germany

The aggregation of alpha-synuclein (ASYN) in Lewy bodies and
Lewy neurites is the typical pathological hallmark of Parkinson’s
disease (PD) and other synucleinopathies. Furthermore, mutations
in the gene encoding for ASYN are associated with familial and
sporadic forms of PD, suggesting this protein plays a central role in
the disease. Therefore, there has been great interest in targeting
ASYN as a possible therapy for PD and other synucleinopathies.

In this presentation, | will present the reasoning for why ASYN might
be a valid target, and some of the most promising approaches used
to target ASYN. | will discuss the successes and failures, and what
we might expect from ongoings efforts.

PCO4

Talk 2: Role of LRRK2 inhibitors
Andrew West*
Duke University, Durham, NC, United States

Genetic studies have identified variants in the LRRK2 gene as
important contributors to the risk of developing Parkinson's disease
(PD). Biochemical and emergent biomarker studies have coalesced
around LRRK2 kinase hyperactivation in disease. As LRRK2-
targeting therapeutics make their way into efficacy trials to slow the
progression of PD, important questions that will be disucssed
include which PD patients might expect the most benefit from
LRRK?2 inhibition, what type of benefit might be expected, what the
underlying bioloigcal mechanisms might be, and whether long term
LRRK2 kinase inhibition is safe. Evidence from the last two-decades
of bench research that argues in favor of targeting LRRK2 kinase
activity in disease will be presented, as well as caveats and counter-
indications that should be considered. This talk will then summarize
findings from current PD models with respect to LRRK2 kinase
activity in disease, what major knowledge gaps remain, and how
observations in the clinic from the newest therapuetic trials might
retro-translate back to the bench to facilitate better preditive pre-
clinical research.
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PCO5

Talk 3: Role of anti-inflammatory drugs

Etienne Hirsch*

INSERM, CNRS, Sorbonne Université, Paris Brain Institute, Paris,
France

Parkinson disease is a progressive and debilitating disorder which
has so far eluded attempts to develop disease modifying treatment.
Both epidemiological and genetic studies support a role of
neuroinflammation in the pathophysiology of Parkinson disease.
Post mortem studies and experimental analyses suggest the
involvement of both innate as well as adaptive immunity in the
degenerative process. There is also some circumstantial evidence
for effects of immune therapies on the disease. Numerous
epidemiological studies have used retrospective approaches to
determine whether the use of anti-inflammatory drugs is associated
with reduced risk of developing PD. Most of these studies have
examined the commonly used non-steroidal anti-inflammatory drugs
(NSAID’s) but the results are still controversial. Furthermore, when
anti-inflammatory therapies should be introduced, which arm of the
inflammation should be targeted remains to be determine. Even
more importantly, whether neuroinflammation is a primary
mechanism in neurodegeneration or a secondary event triggered by
another event such a protein misfolding is still unknown. All these
unanswered questions will be discussed in the presentation.

PCO6

Talk 2: Imaging approaches to early diagnosis of PD

A. Jon Stoessl*

Pacific Parkinson’s Research Ctr., University of British Columbia,
Vancouver, BC, Canada

In the typical outpatient setting, the diagnosis of PD is clinical and
does not require neuroimaging, which is usually performed to rule
out other Parkinson ‘look-alike’ conditions. However, the diagnosis
can be challenging in early stages, and a purely clinical approach
requires careful follow-up, so a high-quality structural MRI may be
useful. Dopamine-based imaging with SPECT or PET can reliably
differentiate between neurodegenerative parkinsonism (i.e. loss of
dopamine) and health, as well as other conditions that could be
mistaken for PD (e.g. essential tremor) and other non-degenerative
causes of parkinsonism (e.g. medication-induced). However,
dopaminergic imaging does not reliably differentiate between PD
and other degenerative forms of parkinsonism such as multiple
system atrophy (MSA) or progressive supranuclear palsy (PSP) and
these are the usual sources of diagnostic difficulty. PET scans to
assess glucose metabolism may be useful for this purpose, as the
pattern of abnormality is relatively unique to each of these
conditions. Increasingly, however, with the exciting possibility of
treatments that might modify disease course, there is growing
interest in making a diagnosis as soon as possible, even during
prodromal stages (e.g. in people with a known pathogenic genetic
variant, or who have a condition such as REM sleep behavior
disorder, in which the risk of developing PD or a related
synucleinopathy is high). In this situation, the demonstration of
dopamine deficiency using imaging can provide relevant evidence of
neurodegeneration even in the absence of neurological symptoms
or findings on clinical examination. The utility of MRI is rapidly
becoming more recognized, as advanced imaging approaches allow
the quantitative measure of neuromelanin, iron or free water, all of
which may be useful for early disease detection as well as
monitoring disease progression. Additionally, the neurodegeneration
of PD may start outside the brain and cardiac imaging may
demonstrate a loss of sympathetic innervation. The role of these
imaging modalities in early detection, differentiation from other

clinically similar conditions and monitoring disease progression will
be reviewed.

PCO7

Talk 3: Update on synuclein-based biomarkers: Current status
and potential applications

Andrew Siderowf*

University of Pennsylvania Perelman School of Medicine,
Philadelphia, PA, United States

Aggregates of misfolded a-synuclein (a-syn) form the major
component of Lewy Bodies and are recognized as the key
pathology underlying Parkinson’s disease (PD) and Dementia with
Lewy Bodies (DLB). In recent years, amplification techniques,
traditionally used to identify prion proteins, and suitable for detecting
protein aggregates present at very low concentrations have been
adapted for a-syn seeds in samples from human subjects,
particularly cerebrospinal fluid (CSF). These assays have been
reported under the names real-time quaking-induced conversion
(RT-QuIC), protein misfolding cyclic amplification (PMCA), and most
recently, the consensus name, seed amplification assay (SAA). A
growing body of research has shown that a-syn SAA can identify
PD and DLB patients with high sensitivity and specificity relative to
age-matched healthy controls. Importantly, a-syn SAA results are
almost always positive in patients with typical Lewy pathology at
autopsy, but may be negative in patients with parkinsonian features,
but other pathologies. Additionally, positive a-syn SAA results have
been shown in patients with syndromes thought to represent
prodromal PD including individuals with REM sleep behavior
disorder (RBD) and idiopathic hyposmia as well as some non-
manifesting carriers of genetic variants associated with PD.
Because of these features, a-syn SAA is has supplanted
quantitative assessment of total a-syn or phosphor-a-syn in the CSF
and is rapidly becoming a crucial biomarker for PD research.
Current limitations of a-syn SAA include lack of data correlating
variability of quantitative a-syn SAA metrics including aggregation
kinetics with clinical features and data on longitudinal changes in o-
syn SAA results across the disease course. Nonetheless, the value
of a-syn SAA results to stratify clinical trial participants based on
underlying pathology is rapidly becoming evident to the expert
community. Similarly, the use of a-syn SAA for more accurate early
diagnosis is an emerging clinical indication, and prodromal
screening is a potential future clinical application. Future directions
include development of quantitative methods for a-syn SAA and
scalable adaptation of the assay to peripheral tissue such as skin
biopsy or blood.

PCO8

Talk 1: Advances in Surgical Therapy — DBS

Vanessa Milanese Holanda*

BP - A Beneficéncia Portuguesa de Sao Paulo, Sao Paulo, SP,
Brazil

Deep brain stimulation (DBS) is an established safe neurosurgical
symptomatic therapy for eligible patients with advanced disease in
whom medical treatment fails to provide adequate symptom control
and good quality of life, or in whom dopaminergic medications
induce severe side effects such as dyskinesias. DBS has a long-
lasting effect on appendicular symptoms, but with progression of
disease, nondopaminergic axial features become less responsive to
DBS. After three decades of DBS, this procedure remains the most
used and most efficient surgical treatment for some cardinal
symptoms of PD. Emerging brain technologies have significantly
transformed human life in recent decades and DBS innovations are
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already being implemented, such as MRI-compatible DBS
hardware; implantable pulse generators with rechargeable batteries
and extended life up to 25 years; neuropacemakers with sensing
technology allowing to record the depth electroencephalogram,
especially beta activity, and adapt the stimulation accordingly, so
called closed loop stimulation, with the potential to decrease side
effects and battery drain; directional DBS electrodes allowing the
electric current to be focused precisely on the region of interest,
again to decrease side effects such as dysarthria and improve
outcome; remote web-based follow-up programming and
troubleshooting of the stimulation to help patients who live far away
from the DBS centre; and new modes of stimulation based on
judicious use of more flexible electric parameters. Furthermore,
recent studies have shown that the survival of patients with DBS
can be regarded as long survival with relatively little disability.
Future studies are underway to evaluate the impact of technological
advances such as directional lead designs and potential closed-loop
stimulation paradigms.

PCO9

Talk 3: Clinical developments in dopamine cell transplantation
for PD

Agnete Kirkeby*

University of Copenhagen, Copenhagen, Denmark

Parkinson’s Disease involves the loss of dopamine neurons in the
Substantia Nigra, giving rise to the main dopamine-associated
motoric symptoms of the disease. Previous work has shown that
replacement of the lost dopamine neurons through transplantation
of new neurons from human fetal ventral midbrain can, when
successful, restore dopamine levels in the striatum and lead to
marked clinical improvement. Several groups around the world,
including our own, have now developed products of lab-grown stem
cell-based dopamine neurons as a transplantation therapy for PD.
The advantage of such products over fetal cell transplantation is the
possibility of scaling up manufacturing of these cells to treat cohorts
of patients and to also thoroughly quality control and standardize the
products prior to transplantation. Here, you will hear about the
preclinical data demonstrating safety and efficacy of such novel
stem cell-based dopamine products as well as their current status in
entering clinical trials around the world.

PCO10

Talk 2: Focused Ultrasound a window into early
neurorestorative therapy for Parkinson’s disease (PD)
Raul Martinez Fernandez*

Spain

Several symptomatic treatments are available and continue to
develop for Parkinson’s disease (PD,). However, a major unmet
need in PD research is to find disease modifying therapies.
MRI-guided focused ultrasound (MRIgFUS) has emerged as a
putative symptomatic for PD earlier and also later in evolution due to
its reduced invasiveness. The classic targets historically recognized
for functional neurosurgery are similarly used with FUS. The end
result, i.e. focal ablation, is very similar to the effect previously
achieved with radiofrequency-mediated lesions by surgery. The
globus pallidus pars interna (GPi) or its outflow projection to the
thalamus (pallido-thalamic tract=PTT) are essentially good for
treating levodopa-induced dyskinesias. The Vim of the thalamus is a
primary anti-tremor target but results in tremor predominant PD are
less reliable compared with essential tremor patients.

The subthalamic nucleus (STN) is the world favorite target for Deep
Brain Stimulation and is perfectly organized to influence basal
ganglia output and also substantia nigra pars compacta activity. We
have previously demonstrated that subthalamotomy is highly
efficacious and shows a good therapeutic profile in moderately
advanced PD patients. The minimal invasiveness of MRgFUS, and
the large clinical effect of subthalamotomy lead us to consider its
application in very early stages, not only for the clinical immediate
benefit in terms of motor status but also for the possibility of
impacting on disease progression. On the other hand, acting
primarily against disease mechanism is more desirable.

The blood-brain barrier (BBB) is a very efficient system that protects
the central nervous system from bloodstream circulating molecules
but also effectively restrict access to the brain to putative
therapeutic molecules,. Low-intensity FUS in combination with
intravenously injected microbubbles can temporarily open the BBB
at specific brain targets. Thus, temporarily opening the BBB could
allow delivery of drugs directly to the brain, paving the way for
pathology-targeted treatments, and possibly disease-modifying
therapies.

PCO11

Talk 1: Management of psychosis symptoms in Parkinson’s
disease

Daniel Weintraub*

University of Pennsylvania, Ardmore, United States

Psychosis in PD (PDP) can present with misperceptions or illusions,
hallucinations and delusions, and occurs with increasing frequency
as the disease progresses, particularly in those with cognitive
impairment. While PDP is uncommon in untreated PD patients,
prospective studies report a long-term cumulative prevalence of
approximately 60%. PDP is associated with both disease-related
pathological changes and PD medication use. The underlying
mechanisms of PDP may include hypersensitivity of
mesocorticolimbic  dopamine (D2/D3) receptors, serotonin-
dopaminergic imbalance, cholinergic deficits, limbic and pre-frontal
neurodegeneration, and connectivity changes involving attentional,
thalamic and visual pathways. The hypothesized underlying
neurobiological mechanisms of PDP have led to studies of atypical
antipsychotics with varying serotonin:dopamine receptor-blocking
properties and acetylcholinesterase inhibitors. Initial management of
PDP includes ruling out delirium, infection or other reasons for PDP,
and minimizing anticholinergic and other potentially contributing
medications (e.g., medications with anticholinergic properties,
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benzodiazepines, and other central nervous system-acting
medications). After that, consideration should be given to
decreasing the overall doses of PD medications starting with the
medication classes thought at highest risk of inducing psychosis. If a
significant decrease in PD medications cannot be undertaken (e.g.,
motor worsening) or is ineffective to reduce the PDP symptoms, an
antipsychotic (AP) may be required. Pimavanserin is efficacious for
PD but is available only in the US. Many clinicians initiate quetiapine
instead. Clozapine is typically reserved for treatment-refractory
patients and requires blood count monitoring. Whether APs increase
risk for mortality and morbidity in PD remains an open question.
Caregiver support and education at every step is critical, given the
burden psychosis can place on the family. Although psychotherapy
has yet to be studied as a primary intervention for PD-related
psychosis, clinical experience suggests that applications of cognitive
behavioral therapy (CBT) techniques, such as stimulus control,
caregiver skills training, family psychoeducation, and cognitive
reframing, may prove helpful. These CBT strategies may address
modifiable risk factors such as healthy sleep habits, circadian
rhythms, inaccurate beliefs about the meaning and cause of PD-
psychosis and the medications used to treat it, as well as provide
caregiver management approaches (e.g., helping the patient
reframe/reality test when insight is retained vs. engaging in de-
escalation techniques when insight is poor).

PCO12

Talk 2: Autonomic Symptoms: Dizziness, urinary urgency,
erectile dysfunction, and constipation

Patricio Millar Vernetti*

New York University Grossman School of Medicine, New York City,
New York, United States

People with Parkinson’s may be affected by non-motor symptoms,
many of which may be due to autonomic dysfunction. These
symptoms can be also caused or further aggravated by medications
used for Parkinson’s or other disorders. It's recognition and
management requires a holistic and multidisciplinary approach.

PCO13

Talk 3: Cognition, depression, and anxiety

Iracema Leroi*

School of Medicine and Global Brain Health Institute, Trinity College
Dublin, Dublin, Ireland

Neuropsychiatric symptoms commonly complicate Parkinson’s,
including cognitive impairment, depression and anxiety. Mild
cognitive impairment in Parkinson’s disease (PD-MCI) occurs in
approximately a quarter of people with Parkinson’s, with the most
common presentation being memory loss, closely followed by
impaired visuospatial function, and attention/executive ability. PD-
MCI is considered a harbinger of dementia in Parkinson’s (PDD),
with an annual conversion rate from PD-MCI to PDD of about 11%.
PDD is characterised by deterioration in several cognitive domains,
and significantly impacts quality of life, prognosis and care partner
outcomes.

Depression and anxiety may occur in up to 40% of people with
Parkinson’s at any one point in time and have been described as
the most distressing aspect of the condition. Apathy may be present
in up to 70%. Apathy and depression are both associated with
cognitive decline in Parkinson’s; apathy may be a behavioural
marker of the onset of PDD.

Cognitive impairment, anxiety, apathy and depression may
frequently overlap and are often under-recognised in clinical settings
and thus under-treated. Difficulties with diagnosis may be
compounded by a lack of guidance for health professionals. This
presentation will provide a background to these neuropsychiatric
syndromes in Parkinson’s and provide practical approaches to
assessment and management, with a person-centred and pragmatic
focus.

PCO14

Interprofessional Care and Parkinson’s - Welcome Remarks
and Introduction to the program

Suketu Khandhar*

Kaiser Permanente, Northern California, Sacramento, CA, United
States

It is well understood that those living with Parkinson’s disease do
better in a multidisciplinary care setting, whilst given the opportunity
for self-management and empowerment. However, reality reveals
this can be challenging in resource limited or underserved areas.
We hope to convince the audience that sustainable multidisciplinary
care is possible in all areas given passionate leadership, creativity,
technology and patient engagement. We will provide examples of
where such models have been successful in resource limited areas.
We will begin by giving a brief overview of the rationale behind
multidisciplinary and integrated care. This will be followed by 2
shared lectures outlining successful programs created in Mexico
and Cameroon. We plan to challenge the audience on rethinking
who the traditional members of the core care team could include.
Following a brief lunch break we will take the audience on case
study journey, reviewing medical management, rehabilitation
management as well as cognitive/behavioral management of both a
patient with young onset Parkinson’s disease versus a patient with
typical onset Parkinsons’ disease.

PCO15

Creating something out of nothing: A case from Cameroon
Esther Cubo*
Hospital Universitario Burgos, Burgos, Spain

Telemedicine is an effective strategy for recruiting and retaining
physicians in underserved areas. Distance learning can break their
professional isolation and reduce the stress related. In this regard,
in 2014, a tele-education PD program was conducted in Cameroon,
sponsored by the International Parkinson’s Disease and Movement
Disorder Society. Twenty lectures were given using synchronous
video conferences throughout a year, events that connected
movement disorder experts with 33 health professionals participants
(52.4% women), including 16 doctors and 17 allied health
professionals. Videoconferences were completed in 80% of the
cases (feasibility), and attendees’ participation ranged from 20% to
70% (adherence), with high satisfaction and improvement in medical
knowledge (effectiveness).

Overall, this program showed a statistically significant improvement
of the learning process, increased the awareness of movement
disorders and connected local neurologists and other health
professional with experts in the field of Movement Disorders.
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PCO16

Case presentation #1 — Medical management: YOPD vs typical
onset

Nabila Dahodwala*

United States

The presentation and trajectory of Parkinson’s disease varies
greatly from person to person necessitating individualized care. In
this program, we will use a case presentation to illustrate the
similarities and differences in the medical management of
Parkinson’s disease in people who are younger age vs. older age in
onset of Parkinson’s disease. We will focus on risk factors, timing of
medication, medication effects, influence of other medical diseases
and age effects, among other issues.

PCO17

How has medical & surgical treatment evolved for PD?
Vanessa Milanese Holanda*

BP - A Beneficéncia Portuguesa de Sao Paulo, Sao Paulo, SP,
Brazil

The hallmark of symptomatic treatment is levodopa, which is
converted to dopamine in the brain. Besides levodopa, there are
many other types of medications available for the treatment of PD-
related motor symptoms: anti- cholinergics, amantadine, MAOlIs,
COMTls, dopamine agonists and istradefylline. A formulation of
levodopa, approved by the US Food and Drug Administration (FDA)
in 2018, as a ‘rescue’ from off periods is inhalable levodopa powder
without carbidopa. Other formulations that have been found
effective in smoothing out motor fluctuations include continuous
intrajejunal infusion of levodopa-carbidopa intestinal gel. The
efficacy of continuous infusion formulation is comparable to
subthalamic nucleus (STN) deep brain stimulation (DBS) surgery
though only the latter treatment led to improvement in the duration
and disability of levodopa-related dyskinesias. In 2019, the FDA
approved istradefylline (Nourianz), an adenosine A2 receptor
antagonist, as adjunctive treatment for levodopa/carbidopa in
patients with PD experiencing off episodes. Despite optimal medical
therapy, many patients have a poor quality of life because of
fluctuating response, troublesome dyskinesia or levodopa-
unresponsive symptoms. Ablative surgical approaches such as
stereotactic destruction of physiologically defined overactive brain
nuclei have been largely replaced by DBS using implanted pulse
generators. Unilateral focused ultrasound lesioning of the STN or
thalamus (in tremor-dominant forms of PD) has been found to be
beneficial in some patients, particularly if the symptoms are
markedly asymmetric. Finally, spinal cord stimulation is increasingly
being explored in patients with PD who are most troubled by their
gait disorder. Surgical delivery of gene therapy is an emerging area
of experimental therapeutics. In phase 1 study, 15 patients with
moderately advanced PD underwent MRI-guided delivery of adeno-
associated viral vector serotype-2 encoding the complementary
DNA for the enzyme, aromatic L-amino acid decarboxylase (VY-
AADCO01) into the putamen. An increasing understanding of
etiopathogenesis of PD has led to hypotheses about potential
neuroprotective strategies that, when applied early or even in the
prodromal phase, may favourably alter the progression of the
disease. One of the most exciting developments of potential
neuroprotective or disease-modifying therapies is the use of [I-
synuclein monoclonal antibodies to minimise accumulation and
spread of aggregated, toxic, [J-synuclein. Other antisynuclein
strategies currently in development include active immunisation
against synuclein, antiaggregation drugs, certain Abelson (c-Abl)
kinase inhibitors, such as Nilotinib and KO706.

PCO18

What’s new in research?
Mark Cookson*
National Institute on Aging, Bethesda, Maryland, United States

Understanding what factors drive our risk of developing Parkinson’s
disease is a key motivator for much basic science. In this session,
we will focus on the ways in which people-centered research can be
used to drive insights into how Parkinson’s disease evolves and
progresses. A major focus of review will be on human genetics - but
as we will discuss this is a complex area of investigation because
the genetics of Parkinson’s is complex with multiple factors having
relatively stronger or relatively more modest effects on disease risk.
However, there are general principles that we can extract from the
complex genetics that have focussed on a small number of related
pathways, of which the most informative are those where we can
understand whether over- or under- activity is likely to be driving
disease as this has strong implications for how we might think about
new therapeutic approaches. We will extend this discussion to
consider new biomarkers, again coming from donated materials
from people with Parkinson’s, that are changing how we can monitor
disease risk and progression in relation to clinical evaluation.
Finally, we will emphasize that there are very large scale efforts to
broaden the basic science of Parkinson’s to be much more inclusive
of world wide populations, which has the potential to hugely clarify
disease mechanisms by showing which are shared between groups
of people.

PCO19

What new treatments are on the horizon?
Roger Barker*
University of Cambridge, Cambridge, England, United Kingdom

In this talk i will discuss t a number of new developments in the
treatment of Parkinson’s. This will include work coming out of the
lab highlighting possible pathways and approaches including the
role of alpha synuclein and why the trial to date may have failed
using antibody treatments against this target. | will also discuss the
area of drug repurposing and how this is evolving and this will
include a discussion on exenatide and the possibility of setting up a
platform for multi arm multi stage trials in Parkinson’s. | will also
cover the new trials that are now starting using cell and gene
tharapies as well as touch on non pharmacological approaches.

PCO20

Before we eat lunch: What about nutrition? Does it really
matter?

Silke Appel-Cresswell*

University of British Columbia, Vancouver, BC, Canada

We will review the current evidence for adhering to specific dietary
patterns when living with Parkinson’s. Mediterranean-type diets are
associated with lower risk of developing PD, higher age of onset,
slower progression and longer survival with PD. They are good
candidates to improve constipation and improve the gut microbiome.
In addition, Mediterranean diets have positive health benefits for a
whole range of other conditions including diabetes, heart disease,
cognitive function etc. Based on the MIND diet, one of the
Mediterranean diets, here are recommendations for a healthy diet:
Foods to increase: green, leafy vegetables, other vegetables, nuts,
berries, beans or legumes, whole grains, fish, poultry, olive oil (as
main oil and in place of butter or margarine).
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Foods to avoid or only consume in small quantities: fried food,
processed food, sweets, pastries, pop, sweetened beverages, red
meat, cheese, butter.

The ketogenic diet has so far only been studied in short-term
studies, more research will be needed to make a recommendation
for its use specifically in PD.

Overall, despite strong correlational evidence for benefit,
interventional dietary trials in Parkinson’s are lacking and are
urgently needed. Despite this research gap, a healthy diet paired
with other healthy lifestyle choices, e.g. exercise, is recommended
as the foundation for living well with Parkinson'’s.

We will review the relationship of dietary protein and levodopa
intake and why optimizing timing might benefit some PWP. For
issues with food preparation (e.g. due to tremor), chewing,
swallowing, nausea, weight loss, constipation, make sure to consult
with your team including occupational therapists, speech and
language pathologists, dietitians, nurses and physicians.

Enjoy your lunch!

PCO21

Behavior change: How can | make the changes “stick” in my
(___)routine?

Terry Ellis*

Boston University, Boston, MA, United States

There are many healthy behaviors that can improve the quality of
life of people with Parkinson disease. Greater physical activity,
regular engagement in exercise and nutritious diets are a few
examples of healthy lifestyle choices that improve well-being.
Though these healthy behaviors are often recommended by
healthcare professionals, they are difficult to adopt and integrate
into everyday life. Many people ask “how can | get started and
“stick” to my routine? In this presentation, strategies to successfully
facilitate behavior change will be discussed. These include
strategies to either initiate and/or maintain desired healthy
behaviors. Healthy behaviors can be initiated/maintained either
deliberately or automatically or by using a combination of both
approaches. Examples of cognitive-behavioral strategies will be
provided to improve self-efficacy or confidence in the ability to
succeed. In addition, habit formation will be discussed with
examples of how to successfully build and strengthen habits.
Suggestions that can be integrated into everyday life will be
provided.

PCO22

Tips & tricks for living with Parkinson’s that go beyond
medication

Darla Freeman*

Florida Center for Voice and Swallowing, Tampa, FL, United States

Parkinson’s disease is a long-term condition causing changes to
communication and cognition over time. These changes develop
slowly and vary from person to person and can lead to social
isolation. Adapting to this decline will help the person with
Parkinson’s to effectively communicate with others and live more
independently. By using apps and compensatory strategies these
disabilities can be minimized. Smartphones, apps, and online
resources are becoming popular ways to assist people with
Parkinson’s  with practice, maintenance, and supplements
communication and cognitive skills. Compensatory strategies have
been historically used as nontechnological tips to enhance
communication and cognition. This presentation will introduce
participants to applications, online resources, and compensatory

strategies used to enhance diminishing communication and
cognition.

PCO23

Tips & tricks for living with Parkinson’s that go beyond
medication

Iracema Leroi*

School of Medicine and Global Brain Health Institute, Trinity College
Dublin, Dublin, Ireland

Neuropsychiatric symptoms commonly complicate Parkinson’s,
including cognitive impairment, depression and anxiety. Mild
cognitive impairment in Parkinson’s disease (PD-MCI) occurs in
approximately a quarter of people with Parkinson’s, with the most
common presentation being memory loss, closely followed by
impaired visuospatial function, and attention/executive ability. PD-
MCI is considered a harbinger of PDD, with an annual conversion
rate from PD-MCI to PDD of about 11%. Dementia in PD (PDD) is
characterised by deterioration in several cognitive domains, and
significantly impacts quality of life, prognosis and care partner
outcomes. Depression and anxiety may occur in up to 40% of
people with Parkinson’s at any one point in time and have been
described as the most distressing aspect of the condition. Apathy
may be present in up to 70%. Apathy and depression are both
associated with cognitive decline in Parkinson’s; apathy may be a
behavioural marker of the onset of PDD.

Cognitive impairment, anxiety, apathy and depression may
frequently overlap and are often under-recognised in clinical settings
and thus under-treated. Difficulties with diagnosis may be
compounded by a lack of guidance for health professionals. This
presentation will provide some pragmatic and person-centred tips
and tricks to the recognition and non-drug management of certain
neuropsychiatric aspects of Parkinson’s.

PCO24

Utilizing Your Care Team: Tips for communicating with your
team

Adriana Gonzalez*

University of California San Diego, San Diego, Ca, United States

In this panel discussion we will be discussing how a person with
Parkinson’s disease can structure their care team in order to best
communicate their needs within their family and with their medical
providers. From a social work perspective will discuss the
importance of identifying the members of your care team and how
each person can play a role in maximizing your medical care further
enhancing your quality of life.

PCO25

Creativity and art: How does it impact the brain and Parkinson
Anjan Chatterjee*', Miriam Bram*?

" University of Pennsylvania, Philadelphia, Pennsylvania, United
States

2 World Parkinson Coalition, New York, NY, United States

Since the late 19th century, neurology has played a critical role in
advancing our understanding of large-scale human behavioral
systems that underpin perception, language, emotions and
attention. Can neurologic conditions do the same for aesthetics?
One striking observation is that brain damage can sometimes
paradoxically facilitate art. | will review observations on how
neurological disease changes and sometimes “improves” art
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production to contextualize similar observations in Parkinson’s
disease (PD). Given the effects of the disease on dopamine, and
dopamine’s role in our reward systems, one might expect people
with PD to receive less pleasure from art. | will shows that such a
general effect of PD on pleasure does not occur. PD can affect
judgments of beauty that are triggered by implied movement in art
but not when based on other features of art. These observations
speak to the resilience of patients’ creativity and aesthetic
appreciation in the face of changes to the brain.

PCO26

Getting the most out of the WPC 2023: Two perspectives
Christine Jeyachandran*
Alianza Iberoamericana de Parkinson, Hurstville, NSW, Australia

Abstract - Getting the most out of the World Parkinson Congress
with WPC Ambassadors Miriam Bram and Chirstine Jeyachandran
Introduction - Analogy of a dance

Program Overview

We will explain elements of the program and how you can
understand which sessions are best for you and this will help you in
your planning

Scientific levels

Types of talks/ events - Plenary vs Round tables etc

Exercise classes

Posters

Planning

We will share some tips to plan your day from our experiences.

- Allow time for breaks.i.e. exercise, hydration, snacks, ping pong,
rest

- Connect with others

- Seek out appropriate programming ie young onset programming

- It's ok to leave a session and take a break/ meet someone in the
lobby or find something else to do.

Plan B

Embrace the unexpected; be open-minded. You never know who
will inspire you.

Personal Goals

Interactive discussion

3 people you want to meet

3 experiences you want to have

3 questions you want answered

Conclusion

PCO28

Advocacy & activism in Parkinson’s disease: How we got here
and where we need to go

Sara Riggare*

Uppsala University, Uppsala, Sweden

This course will give an overview of the history of the field of patient
advocacy and activism by presenting some important examples,
both from PD and other conditions, such as HIV/AIDS and cancer.
Thereafter the participants will have the option to choose to attend
different sessions to hear directly from Parkinson’s advocates and
activists, modelling this behavior and sharing their lessons learned
and tips for how to get started on one’s own advocacy and activism
journey. Presentations will be based on a framework presented at
WPC2019 [1], that has been further developed [2]. The framework
includes the following types/competences/activities/roles:

Activist — works for changes in policy and practice related to their
health and healthcare needs

Mentor — shares their knowledge and experiences to teach others

Academic/Knowledge seeker - stays updated on the latest scientific
articles and evidence

Patient Researcher — uses scientific methods to investigate their
health issues and/or partners with established academic
researchers

Self-care Expert — does what they can to learn about their health
and wellbeing and works to improve it

Communicator — writes and/or speaks about their own health
experiences in conferences and meetings and/or articles, blogs and
social media

Hacker — addresses health issues through the use of technology
Tracker — self-monitors health issues

Healthcare Partner — creates and manages partnerships with
healthcare professionals

Innovator — creates or has ideas about new solutions based on their
health and healthcare needs

Entrepreneur — builds companies or organizations from their
experiences with health and healthcare needs

Healthcare Coordinator — manages and coordinates multiple
healthcare contacts for their health issues
REF:

[1] Duncan, T. S., & Raphael, K. (2019). Activism, awareness and
roles patients play. Abstracts of the 5th World Parkinson Congress
2019.

[2] Duncan, T. S., Engstrém, J., Riggare, S., Hagglund, M., & Koch,
S. (2022). Meeting the Burden of Self-management: Qualitative
Study Investigating the Empowering Behaviors of Patients and
Informal Caregivers. Journal of Participatory Medicine, 14(1).
https://doi.org/10.2196/39174.
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INDIVIDUAL - Exercise & wellness

Miriam Rafferty*

Shirley Ryan AbilityLab; Northwestern University, Chicago, lllinois,
United States

People with young onset Parkinson’s disease (YOPD) have unique
generational challenges and opportunities when it comes to
exercise and wellness. When YOPD is added to work and family
roles the nonmotor symptoms of PD can make it feel even harder to
balance it all. However, familiarity with technology can help support
one’s exercise and wellness goals.

This session will discuss the Parkinson’s Foundation exercise
recommendations, including: aerobic exercise; resistance training;
balance, agility, and multitasking (BAM); and stretching. Research
shows that exercise can improve motor and nonmotor symptoms of
PD. Additionally regular exercise participation is associated with
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slower declines in mobility and quality of life. However, the exercise
guidelines can be overwhelming. The support of an experienced
exercise professional or physical therapist can help an individual to
feel accountable and motivated to exercise. They can help you
uncover the best exercise routine for you, which will take into
consideration your interests, abilities, goals, preferences, and
access to resources (e.g., location of classes, cost, time).

Mobile health technology can help support your long-term exercise
participation and wellness goals. Evidence-based mobile health
applications can be used to support better exercise, sleep, nutrition,
and more. You can use technology to help keep vyourself
accountable to your exercise or wellness goals on your own,
through your social support network, or by connecting with your
medical team. We will discuss how the mobile health revolution can
impact your care now and in the future.

PCO30

IN RELATION - Parenting: How to talk to children
Soania Mathur*
UnshakeableMD, Ajax, ON, Canada

Parkinson’s disease not only affects the person diagnosed with this
iliness, but the entire family unit, including the most vulnerable, our
children. Regardless of age, a diagnosis of PD in a loved one,
manifested as changes in appearance and ability, may result in a
certain level of fear, particularly if not acknowledged or left
unexplained. That is why when the timing is right, it is important to
have a conversation about Parkinson’s disease.

Of course, every family is different. The age of your children and
their level of understanding will guide you in terms of when, how
much and what to disclose. There are however some general
guidelines to consider when having this conversation including
being honest in your disclosure, using words that are appropriate for
their education level, focusing on hope and above all, keeping the
lines of communication open.

This interactive discussion will work towards helping families learn
how to approach the conversation about PD in a loved one with a
focus on empowering children to gain some measure of control in a
somewhat uncontrollable situation.

PCO31

Psychiatric and cognitive medication side effects in
Parkinson’s disease

Daniel Weintraub™

University of Pennsylvania, Ardmore, United States

Initial treatment of clinically-significant depressive symptoms in PD
typically with an antidepressant. Caution is indicated in prescribing a
serotonergic antidepressant in patients also taking an MAO-B
inhibitor due to possible occurrence of serotonin syndrome,
although this syndrome appears uncommon. Additional
antidepressant safety concerns pertain to prolonged QTc interval
with some agents (e.g., citalopram), potential drug-drug interactions
involving cytochrome P450 isoenzymes, and the anticholinergic
properties of TCAs. For anxiety, sometimes it is necessary to use
as-needed or scheduled low-dose benzodiazepine for non-motor
fluctuations (NMFs) or generalized anxiety symptoms, although
careful monitoring for worsening cognition, sleepiness and
gait/balance is of utmost importance. Initial management of
psychosis in PD includes ruling out delirium, infection or other
reasons for PDP, and minimizing anticholinergic and other
potentially contributing medications (e.g., medications with
anticholinergic properties, benzodiazepines, and other central
nervous system-acting medications). After that, consideration

should be given to decreasing the overall doses of PD medications
starting with the medication classes thought at highest risk of
inducing psychosis. At times addition of an antipsychotic (AP) is
required. Whether APs increase risk for mortality and morbidity in
PD remains an open question. Impulse control disorders (ICDs) in
PD include compulsive gambling, buying, sexual behaviors, and
eating behaviors, and a related disorder is dopamine dysregulation
syndrome (DDS; compulsive PD medication use. Dopamine agonist
(DA) treatment is the strongest ICD predictor; additionally, higher-
dose levodopa, amantadine and selective MAO-B inhibitor have
also been associated with ICDs to a lesser extent. DDS is most
associated with higher levodopa doses. Management of cognitive
impairment in PD should begin with a careful review of medications,
both PD and non-PD, with a particular focus on limiting or
discontinuing medications with significant anticholinergic, sedating
or other central nervous system-acting properties (e.g.,
benzodiazepines and opioid(-like) pain medications). In particular,
medications with anticholinergic properties are sometimes used in
PD, but are associated with long-term cognitive decline and should
be avoided in older individuals with PD.

PCO32

Eat Well to Live Well with YOPD
Richelle Flanagan*
My Moves Matter, Dublin, Dublin, Ireland

As a Dietitian who lives with young-onset Parkinson’s (YOPD), | am
very aware of the irony! However, my 19 years of dietetic
experience led me to research the impact of diet and nutrition on
Parkinson’s and led me to discover that (1) diet can play a very
significant role in the management of YOPD and (2) people with
YOPD are not getting access to the nutrition advice they need to live
well with PD. Just like exercise, what you eat and drink can improve
your symptoms and may also slow progression. This will be a
practical workshop where you will learn the pros and cons of
different diets for YOPD; how diet affects medication and vice versa;
weight management, supplements, sports nutrition considerations,
sex and gender considerations, and when and how to see a
Dietitian.

PCO33

MEDICAL - Medical challenges specific to YOPD
Maria Jose Marti*
Hospital Clinic de Barcelona, barcelona, Catalonia, Spain

Young-onset Parkinson's disease (POPD) entails several
phonotypic differences at the group level with late-onset PD but also
unique circumstances that pose management challenges. Among
the latter, both the increase in genetic predisposition and pregnancy
are relevant. Younger the age of onset, the greater the risk of
genetic predisposition and monogenic forms of PD due to recessive
gene mutations such as Parkin or PINK1 present at an early age.
Although the identification of the gene mutation can help some way
in predicting evolution and response treatment, due to risk
predictions for family members and the patient offspring, genetic
counseling by experienced people will be mandatory. As for
pregnancy, in half of women with YOPD disease symptoms
deteriorate. Although data for pharmacological agents are limited,
levodopa seems to be the safest option during pregnancy.
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PCO34

INDIVIDUAL: Coping with PD
Sree Sripathy*
Women'’s Parkinson’s Project, San Jose, CA, United States

Coping with PD will be focused on each panellist's journey to PD
diagnosis along with how they cope with symptoms and side effects
in their daily lives. Special attention will be given to the differences
experienced based on gender and implications gender may have in
how people with PD are perceived.

PCO35

INDIVIDUAL: Coping with PD
Matt Eagles™
Havas Lynx Group, Manchester, Manchester, United Kingdom

Coping with PD will be focused on each panellist's journey to PD
diagnosis along with how they cope with symptoms and side effects
in their daily lives. Special attention will be given to the differences
experienced based on gender and implications gender may have in
how people with PD are perceived.

PCO36

IN RELATION - Planning for the future & disclosure of your
diagnosis

Susan Thomas™

Healthcare Consulting, TIVERTON, Devon, United Kingdom

Parkinson’'s can affect anyone and although many people
diagnosed with the condition are over the age of 50, those with an
earlier or younger onset Parkinson’s, (YOPD) will experience
differing issues that will create more life challenges than older
people with the condition may experience.

People with YOPD are diagnosed during the most productive years
of their lives and will live longer with the disease. This presentation
will outline the issues that younger people with Parkinson’s (PwP),
their partners and families will need to address. Concerns may arise
around how, when, what and who to tell about their diagnosis
alongside issues such as employment; finances, how to maintain
current lifestyle, relationships and how to handle managing a young
family. Anxiety, depression and cognitive disturbances can impact
coping mechanisms with these psychosocial problems and will
require as much attention as the motor and non-motor symptoms
commonly experienced in Parkinson’s. Psychosocial issues can
negatively impact the emotional stability of both the PwP and family,
interfering with relationships and family life.

Reliable information given in a timely way at diagnosis and
throughout the course of condition as well as support from the
specialist multidisciplinary team can benefit the YOPD person and
their families. This presentation will suggest a check list that YOPD
patients can consider to use as a resource when they are liaising
with their specialist Parkinson’s team.

References

Ravenek M, Rudman DL, Jenkins ME et al Understanding
uncertainty in young-onset Parkinson disease Chronic llin 2017
Dec;13(4):288-298. doi: 10.1177/1742395317694699. Epub 2017
Feb 20

Calne SM, Lidstone SC, Kumar A Psychosocial issues in young-
onset Parkinson’s disease: current research and challenges
Parkinsonism Relat Disord 2008;14(2):143-50. doi:
10.1016/j.parkreldis.2007.07.012. Epub 2007 Sep 21

Younger Parkinson’s Alliance Podcast ‘Being diagnosed with
Parkinson’s’ available at https://www.parkinsons.org.uk/information-
and-support/young-onset-parkinsons
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MEDICAL - Cognition & mental health

Greg Pontone*

Johns Hopkins University School of Medicine, Baltimore, MD,
United States

Cognitive function and mental health are major contributors to
quality of life in Parkinson’s disease (PD) and when impaired can
have a large impact on disability and independence. Although the
dopamine medications used to treat the motor symptoms of PD can
affect cognitive function and mental health these issues often
require a different approach to treatment. A range of medications,
behavior and lifestyle changes, and allied health care providers can
be important for managing these issues in order to maintain optimal
functioning and quality of life in PD.

Oral Sessions

01

Talk 1: Can the genetics of sporadic PD and DLB help in
disease subtyping? What could be the therapeutic
implications?

Sonja Scholz*

National Institutes of Health, Bethesda, MD, United States

Defining the biological substrates of the clinical heterogeneity in
neurological diseases is a topic of great interest. Parkinson’s
disease and dementia with Lewy bodies are clinically
heterogeneous conditions characterized by variable combinations of
motor and non-motor symptoms and complex genetic architectures.
The discovery of genes contributing to disease risk and progression
of these common neurodegenerative conditions has gained
momentum, providing crucial insights into the underlying biological
processes and opening new opportunities for the development of
precision medicines. Well-characterized, longitudinal cohorts have
proven to be particularly insightful for defining disease subtypes. In
this presentation, | will discuss current knowledge of the clinical
heterogeneity of Parkinson’s disease and dementia with Lewy
bodies and how genetic information can be leveraged for
understanding the biological underpinnings. | will highlight the
implications for translational applications, such as the development
of novel diagnostic and prognostic biomarkers as well as practical
aspects for clinical trial design.

02

Talk 2: Brain-first or body-first Parkinson’s disease
Per Borghammer*
Aarhus University Hospital, Aarhus N, Denmark

Parkinson’s disease (PD) is a heterogenous disorder. At the time of
diagnosis, patients can show highly variable patterns of symptoms
and objective neuronal dysfunction. Such subtypes of PD have
varying prognoses and progression rates of the disease. Some
patients develop autonomic and sleep symptoms years before
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diagnosis, whereas others do not have these symptoms, when their
motor symptoms begin.

The brain-first and body-first hypothesis of PD proposes that the
initial formation of PD-related pathology can arise in different parts
of the nervous system, and that the pathology then spreads from
this initial onset site in a prion-like manner.

An onset in the nervous system of the gut leads to a body-first
clinical type, in which autonomic and sleep problems appear years
before parkinsonism. In contrast, if the first pathology arises in the
olfactory bulb or amygdala, a brain-first type emerges. This type has
very few or no prodromal symptoms before parkinsonism emerges.
This lecture presents the underlying evidence for the brain- vs-
body-first hypothesis, including data from clinical patient studies,
postmortem studies of patient brain tissue, and animal models.
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Talk 3: Different a-synuclein strains in Parkinson’s disease
brains

Markus Zweckstetter*

DZNE, Géttingen, Lower Saxony, Germany

Parkinson’s disease (PD) and Multiple System Atrophy (MSA) are
clinically  distinctive diseases that feature a common
neuropathological hallmark of aggregated a-synuclein. Little is
known about how differences in a-synuclein aggregate structure
affect disease phenotype. To gain insight into this question, we
amplified a-synuclein aggregates from PD and MSA brain extracts
and analyzed the conformational properties using NMR
spectroscopy and cryo-electron microscopy. We found that there
was a greater structural heterogeneity among a-synuclein fibrils
amplified from the PD brain compared to those from the MSA brain,
possibly reflecting on the greater variability of disease phenotypes
evident in PD. In addition, we show that a-synuclein fibrils amplified
from MSA brain extracts are more active in oligodendroglia than a-
synuclein fibrils from PD brain. Our findings raise important
questions regarding the one disease-one strain hypothesis in the
study of a-synucleinopathies.

04

Talk 4: What do subtypes mean for people with Parkinson’s?
Jonny Acheson*

University Hospitals of Leicester NHS Trust, Leicester,
Leicestershire, United Kingdom

What we understand about Parkinson’s disease (PD) is not fixed; it
is in constant evolution and as a practicing doctor and a person with
PD, I find myself with a unique vantage point. | can appreciate that
what we understand about PD is related to the advances in scientific
and clinical knowledge however | also know that it is important to

embrace what we learn from persons with disease. We hope that
emerging evidence will translate into immediate greater clarity
however in practice, we know that as data emerges it is usually
accompanied by uncertainty and a peak of inflated expectations.
Research suggests that within the cohort of people diagnosed with
PD there have emerged many sub-types with differing symptom
profiles and disease courses. There remains at best, a murky
consensus on definitions for ‘PD subtypes,” and because subtypes
can change over a lifetime, outcomes are a moving target. It is not
surprising that those living with PD when faced with information on
subtype are left with many more questions than answers. | will
argue that we should positively embrace the uncertainty as an
opportunity for education, growth and change.

| will draw on the rich architectural history of Barcelona to highlight
important points and considerations about PD subtypes and | will
consider implications for the future for research, education and
management in the field. | will also examine the present implications
for subtyping as well as the opportunities and challenges. Finally, |
will advocate for a position that science and medicine when paired
with a heavy dose of a patient perspective will lead us to a
collaborative network which we can leverage to impact many more
lives. | am fortunate to see both sides of the mountain, and my wish
is that all patients reach the peak.
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Lecture 1: Historical Perspective of the Function and
Dysfunction of the Basal Ganglia: Why it matters today
José Obeso*

Spain

Starting with Wilson’s princeps description of bilateral striatal
necrosis causing the dystonia and parkinsonism characteristics of
hepatolenticular degeneration (Brain 1914), the basal ganglia(BG)
were considered fundamental for motor control. Indeed, Marsden
(Neurology, 1982) concluded in a seminal article that “on the basis
of the motor deficits observed in patients with Parkinson disease,
the basal ganglia normally are responsible for: The automatic
execution of learned motor plans”. This notion was based in the
consequences of striatal dopamine depletion observed in patients
with Parkinson’s disease(PD) early in evolution.

In parallel, the concept that the BG received and project from and to
several cortical areas through parallel circuits involved in the control
of movement, eye-movements, behavior and emotions was
developed (Alexander et al, Ann. Rev.Neurosci, 1986).
Simultaneously, the “direct” and “indirect” striato-pallidal projections
and the pathophysiological model of the BG were described(Penney
and Young, Mov Disord, 1986; DeLong, TINS, 1989) and the
influence of the subthalamic nucleus(STN) in the normal and
pathological states was recognized. This in turn led to the
revitalization of functional neurosurgery for PD. In the ensuing
years, the functional anatomy of the BG grew in complexity by
realizing the role of feedback and internal loops(Obeso et al, TINS
2000) in-between different nuclei, i.e. globus pallidus pars externa-
STN-globus pallidus pars interna; thalamo-striato-pallidal-thalamic
projection, etc, etc, and the description of the hyperdirect cortico-
STN projection(Nambu, Neurosci Res 2002).

The dopaminergic projections modulate neuronal trafficking
throughout the different circuits and has a prominent role in action
selection and reinforcement learning, the two basic physiological
process engaging the BG. The substantia nigra pars compacta
(SNpc) ventral tier innervates the striatum mostly whereas the
dorsal tier innervates extra-striatal nuclei. SNpc neurons (soma) and
profuse synaptic arborization exhibit a high metabolic rate and
stress, leading to metabolic compromise and increased risk of cell
death (Surmeier, 2011,2012).



WPC 2023 Abstracts 13

Altogether these characteristics and particularly the net engagement
in movement selection, action switching and, importantly, inhibition,
are likely intimately linked to neuronal vulnerability of the SNpc in
PD(Hernandez et al TINS, 2019). Furthermore, the focal motor
onset clinically, and limited degeneration of ventral tier neurons and
dopaminergic depletion in the posterior putamen asymmetrically,
implies specific functional mechanisms triggering pathology. Indeed,
we believe these are mainly driven by cortico-striatal activity and
related with the large development of motor repertoire of the upper
limb and cranial musculature in humans(Foffani and Obeso, 2018).

06

Lecture 2: Why we care about the Parkinson’s disease
prodrome: From curious observations to therapeutic
opportunities

Eduardo Tolosa*

University of Barcelona, Barcelona, Spain

A variety of symptoms have been identify that occur before onset of
classical motor symptoms in Parkinson disease (PD) in what we
now call the prodromal phase of PD. Prodromal PD (PPD)
symptoms include dysautonomia, pain and disturbances in smell,
sleep and mood. Enroliment of PPD subjects into clinical trials
aimed at delaying or preventing the progression to overt disease is
one of the main goals in PD research. Such trials have
disappointingly failed in the last two decades. They have been
conducted in subjects with early PD when classical features of
slowness combined with other features such as rigidity, tremor, and
postural instability are present. Since PPD reflects less extensive
disease than early manifest PD, PPD may be the optimal phase
when to study neuroprotection, before damage is extensive enough
to cause motor symptoms. Defining and recruiting a population of
prodromal subjects that will predictably develop motor PD in a short
time period (e.g., less than 4 years) will be essential for
implementing such prodromal trials.

PPD studies are in progress in subjects with a single strong risk
factor for developing PD (e.g., primary hyposmia, idiopathic RBD or
asymptomatic genetic PD subjects) while others examine
associations with PD in large population-based cohorts. Progress in
these studies will not only help in the development of
neuroprotective drugs but also in defining new risk factors and
etiological causes and in understanding PD pathogenesis.

Mysteries abound about the prodromes of PD, such as its clinical
heterogeneity, unclear progression, underlying neuropathology and
absence of definitive diagnostic and progression biomarkers.
Solving these issues will have enormous consequences to the PD
field and should lead to effective disease prevention.

o7

Talk 1: Pathogenic conformations of alpha-synuclein

Hilal Lashuel*

Ecole polytechnique fédérale de Lausanne (EPFL), Lausanne,
Switzerland

The accumulation of misfolded and aggregated forms of alpha-
synuclein in the form of different types of intracellular inclusions,
such as Lewy bodies (LBs) and Lewy neurites (LBs), is one the
main pathological hallmarks of Parkinson’s disease (PD) and
several other neurodegenerative diseases. In vitro aggregation
studies have shown that alpha-synuclein aggregation proceeds by
forming soluble oligomeric forms that convert into insoluble fibrils.
Mutations in alpha-synuclein or variation in the aggregation
conditions led to the population of oligomers and fibrils of distinct

morphological and structural properties. Recent Cryo-EM studies of
alpha-synuclein fibrils isolated from postmortem brains of patients
with PD, MSA, or DLB exhibit distinct biochemical and structural
features, which could provide the basis for the structural
classification of synucleinopathies.

In this talk, | will provide an overview of the conformational
landscape of alpha-synuclein and summarize recent studies from
our group where we determined and compared pathogenic
properties (toxicity, seeding activity, and spreading in the brain) of
various oligomeric and fibrillar forms of alpha-synuclein in primary
neurons, patient-derived iPSCs, and in rodent models of pathology
spreading in PD. Our work shows that while several forms of alpha-
synuclein contribute to its toxicity, only specific forms of the protein
are involved in seeding pathology formation or mediating cell-to-cell
propagation of pathology in the brain. In addition, | will present new
data demonstrating the critical role of post-translational
modifications in regulating the pathogenic properties of alpha-
synuclein aggregates and offer new opportunities to neutralize the
seeding activity of alpha-synuclein fibrils, irrespective of differences
in their structural properties. Finally, | will highlight novel
conformation- and aggregate-type-independent strategies for
preventing alpha-synuclein pathology formation and neutralizing the
pathogenic properties of alpha-synuclein aggregates.

(01

Talk 2: Alpha-synuclein strain biology
Anke Van der Perren*
UZ/ KU Leuven, Leuven, Belgium

Synucleinopathies, such as Parkinson’s disease (PD), multiple
system atrophy (MSA), and dementia with Lewy bodies (DLB), are
defined by the presence of a-synuclein (aSYN) aggregates
throughout the nervous system but diverge from one another with
regard to their clinical and pathological phenotype. The recent
generation of pure fibrillar aSYN polymorphs with noticeable
differences in structural and phenotypic traits has led to the
hypothesis that different aSYN strains may be in part responsible for
the heterogeneous nature of synucleinopathies. To further
characterize distinct aSYN strains in the human brain, and establish
a structure-pathology relationship, we pursued a detailed
comparison of aSYN assemblies derived from well-stratified patients
with distinct synucleinopathies. We exploited the capacity of aSYN
aggregates found in the brain of patients suffering from PD, MSA or
DLB to seed and template monomeric human aSYN in vitro via a
protein misfolding cyclic amplification assay. A careful comparison
of the properties of total brain homogenates and pure in vitro
amplified aSYN fibrillar assemblies upon inoculation in cells and in
the rat brain demonstrates that the intrinsic structure of aSYN fibrils
dictates synucleinopathies characteristics. We report that MSA
strains show several similarities with PD strains, but are significantly
more potent in inducing motor deficits, nigrostriatal
neurodegeneration, aSYN pathology, spreading, and inflammation,
reflecting the aggressive nature of this disease. In contrast, DLB
strains display no or only very modest neuropathological features
under our experimental conditions. Collectively, our data
demonstrate a specific signature for PD, MSA, and DLB-derived
strains that differs from previously described recombinant strains,
with MSA strains provoking the most aggressive phenotype and
more similarities with PD compared to DLB strains.
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Talk 3: The cellular environment in a-synuclein aggregation
Amanda L. Woerman*
University of Massachusetts Amherst, Amherst, MA, United States

The formation of misfolded pathological protein aggregates by
disease-specific proteins is a common feature of many
neurodegenerative diseases, and is believed to cause neuronal
dysfunction either directly or indirectly. Recent studies have strongly
implicated cell-to-cell transmission of misfolded proteins through
templated recruitment, or the prion mechanism, as a shared feature
for the onset and progression of neurodegenerative disorders. It is
also increasingly recognized that conformationally diverse strains of
each disease-associated protein determine the disorder a patient
develops, accounting for the observed clinical heterogeneity across
subsets of neurodegenerative diseases. Notably, alpha-synuclein
strains are known to cause neuropathological inclusions in specific
cell types in the brain, giving rise to the hypothesis that cellular
environment impacts strain formation. Using both cellular and
mouse models of synucleinopathy, we tested this hypothesis,
comparing replication fidelity between recombinant pre-formed fibrils
(PFFs) and multiple system atrophy (MSA) patient samples.
Intriguingly, we found that alpha-synuclein isolated from MSA
patient samples maintains strain properties after passaging through
multiple cell types, including multiple mouse models. By
comparison, we observed adaptation of PFFs, suggesting the
cellular environment has a stronger effect on strain selection and
replication. These findings indicate that while the cellular milieu has
an impact on synthetic alpha-synuclein prion strains, it may have
less of an effect on disease-causing strains.
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Talk 1: Contributions of pesticides to human PD
Beate Ritz*
UCLA, Los Angeles, CA, United States

Among environmental agents, pesticides have been most
consistently shown to increase the risk of Parkinson’s disease (PD).
Pesticides are toxins that are intentionally introduced into the
environment at a large scale with an intent to harm living organisms,
specifically many are designed to be neurotoxic. Pesticides are
important for intensive industrial scale agriculture and food
production as well as vector control (malaria). Thus, it is not
surprising that their use and the variety of products has grown
worldwide with more than 500 active substances approved for use.
This talk will first provide an overview of large studies of PD
conducted in California the home of one of only two state mandated
pesticide use reporting systems. For more than two decades, the
California studies collected extensive residential, occupational, and
lifestyle data as well as biological samples. This allowed us to gain
insights into the action of pesticides associated with PD and to
conduct investigations into multiple ‘omics’ layers to identify biologic
signatures of their toxic action. Our results not only show how PD
risk is affected by pesticide exposures but also how we can dissect
real world exposure effects through epigenetic (methylation) and
metabolomic approaches and also the gut microbiome. For
example, we showed that long-term ambient organophosphate
pesticide exposures interact with genetic susceptibility to increase
PD risk, how these pesticides affect DNA methylation in
acetylcholine receptor pathways, and how chronic low-level
exposure to multiple pesticides can act on mitochondrial energy
metabolism and function as recently documented in our
metabolomic analyses. These real-world examples will illustrate how
low-level but chronic human pesticide exposures contribute to PD
onset and progression
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Talk 2: Chemical toxicant contribution to human PD
Briana De Miranda*

University of Alabama at Birmingham, Birmingham, AL, United
States

Even the most liberal estimates place the heritability of Parkinson’s
disease (PD) at around 27%, and the most prevalent PD genetic
risk factors (e.g., LRRK2, GBA) show incomplete and variable
penetrance, suggesting that other factors play a key role in PD
development. Conversely, established evidence strongly implicates
environmental factors as triggers and/or facilitators of PD, however,
exogenous exposures are rarely considered in the progression,
treatment, or prevention of Parkinsonism. As some of the most
widespread environmental contaminants are associated with PD,
such as pesticides, solvents, heavy metals, and air pollution,
understanding neurodegenerative pathology caused by industrial
byproducts may provide a source for modifiable influence on PD
development.

To this end, the basis of this talk is to discuss how toxicant
exposures increase risk for Parkinsonism, the vast array of
environmental factors linked to PD risk, possible strategies to
combat exogenous sources of neurotoxicity, and how we can shape
policy to reduce risk of exposure. In addition, this talk will address
the selective vulnerability of dopaminergic neurons in the context of
environmental factors and provide evidence for how toxicants can
influence disease progression and phenotype, including Lewy
pathology and neuroinflammation implicated in motor and non-motor
symptoms of Parkinsonism. We will consider how environmental
justice may play a role in PD incidence throughout the world and
examine what changes need to occur that could ultimately prevent
PD for certain future populations.
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Talk 3: Parkinson’s, a man-made disease

Ray Dorsey*

University of Rochester - Center for Health + Technology,
Rochester, NY, United States

Parkinson’s is now the world’s fastest growing brain disease. Its
principal causes are likely certain pesticides, dry cleaning
chemicals, and air pollution. All of these are preventable. In this
discussion, we will explore why you have Parkinson’s. We will then
detail what we can all do to (1) slow the progression of the disease
for those who already have it and (2) create a world where
Parkinson’s is increasingly rare.
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Talk 1: Digital monitoring of mobility — Why, where and how?
Lynn Rochester*

Newcastle University, Newcastle Upon Tyne, Newcastle Upon Tyne,
United Kingdom

Mobility is a key aspect of independence and health. It has been
identified as a priority for people with Parkinson’s (PwP) and one
that they wish to preserve and protect. Changes in mobility include
discreet measures of gait (the way we walk) as well as the amount
and pattern of everyday activity. These changes are present very
early, even before diagnosis; continue to evolve over time despite
optimal care; and are linked to future falls risk and mobility disability.
Mobility measures can also provide important insights to help
identify and characterise Parkinson'’s, its progression and response
to treatment. The way we measure mobility currently however, has
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some recognised limitations. Existing approaches use more indirect
methods divorced from the context in which mobility takes place.
Tests typically explore the perception of changes in mobility through
questionnaires or test mobility capacity using brief walking tests. In
order to advance and prioritise treatments to target mobility loss we
need better tools to measure it in a manner that provides a direct
measure and reflects the PwP real-life experience. Digital Health
Technologies (DHT) such as wearable and mobile devices allow
mobility to be assessed directly and continuously as people go
about their everyday activities. This offers an alternative or
complimentary solution for personalised mobility assessment that
allows PwP to be better informed and able to manage their own
mobility issues as well providing more sensitive, precise and
relevant measures for use in clinical trials to advance development
of new therapies. This talk will focus on why mobility is important
from the patient, research and clinical perspective and how digital
health technology is transforming mobility assessment taking it from
the clinic to the home. It will focus on a leading international effort to
drive the necessary change led by the Mobilise-D consortium
(https://www.mobilise-d.eu/) outlining the steps undertaken and the
evidence to make this transformation change.
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Talk 2: Digital intervention
Esther Cubo*
Hospital Universitario Burgos, Burgos, Spain

Telemedicine is particularly capable of assessing patients with
Parkinson’s disease (PD) and other movement disorders because
much of the neurological exam findings are visual. Parts of
neurological  examinations can be  performed  during
teleconsultations, providing equivalent results to in-person
assessment and evaluation of candidacy for advanced PD
therapies. Further, over the last decade, telemedicine has been
expanded by the inclusion of Interdisciplinary healthcare systems,
including specialized speech therapists, occupational therapists,
physiotherapists, psychotherapists, nurses, and support groups for
PD. However, further research into the implementation of
multidisciplinary  telemedicine services in underserved PD
populations are needed in guiding decisions for patient-centered
care through developed international frameworks.
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Talk 3: Digital evidence

Jochen Klucken*

University of Luxembourg, Luxembourg Institute of Health, Centre
Hospitalier de Luxembourg, Belval, Luxembourg

Digital Medical Devices including smartphone apps, wearable
sensor-based monitoring solutions, Al-supported prediction tools are
increasingly developed by engineers, data-scientists, and clinicians,
jointly with Parkinson Patients. However, they usually provide better
data to serve as digital biomarkers but not necessarily improve the
health status of the patient or the healthcare service quality of the
professional. A new type of evidence for these digital medical
devices is currently being introduce in several European counties
that aim to proof their clinical value for patients, professionals or
both. This includes new diagnostic tools that benefit from wearable-
sensor based assessments in the home-environment (digital
monitoring devices), clinical-decision support concepts combing
patient-reported outcome/experience measures with standardized
clinical assessments, therapeutic devices focusing on gait&mobility
improvement tailored to the needs individual patients. The new
“evidence-based digital medicine” concept behind these regulatory

assessment procedures in the European countries will be
introduced in the presentation supporting reimbursement of
innovative digital solutions and providing access for patients.
Ultimately, this translates healthcare technology innovations to
patient care, provides a new framework for evidence-based, device-
aided healthcare, and connects public-private-research and
development for better health of Parkinson patients.
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Talk 1: Using iPSC to address non-neuronal cells in PD
Mark Cookson*
National Institute on Aging, Bethesda, Maryland, United States

Induced pluripotent stem cells (iPSC) represent an important model
for understanding the effects of human genetic variation in the
context of an intact endogenous genome. We have used a series of
cell lines from the Parkinson’s Progression Markers Initiative (PPMI)
to probe how non-coding genetic variation at the LRRK2 locus on
chromosome 12 affects microglial gene expression and function.
The outcome of these experiments showed that cells carrying risk
variants have higher LRRK2 expression and activity when IPSC are
differentiated into microglia. Importantly, we found that only LRRK2
was the only gene on chromosome 12 that was differentially
expressed by genotype. Furthermore, we were able to show that
there are microglial-specific regions of open chromatin that allow for
binding of microglia-expressed transcription factors, providing a
mechanistic basis for how gene expression as a quantitative trait
might manifest in a cell-type specific manner. Ongoing work include
developing extensions of this work across the genome and under
conditions of immune cell activation.
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Talk 2: Arrayed Dual CRISPRa and CRISPRo Screens for the
Identification of Neurodegenerative Targets

Adriano Aguzzi*

Institute of Neuropathology, Zurich, Switzerland

Genome-wide CRISPR phenotypic screens are clarifying many
fundamental biological phenomena. Arrayed CRISPR libraries
extend the screening territory to cell-nonautonomous, biochemical
and morphological phenotypes. We generated two human genome-
wide arrayed libraries termed T.spiezzo (gene ablation, 19,936
plasmids) and T.gonfio (gene activation and epigenetic silencing,
22,442 plasmids). Each plasmid encodes four non-overlapping
single-guide RNAs (sgRNAs), each driven by a unique promoter, as
well as lentiviral and transposable vector sequences. The sgRNAs
tolerate most DNA polymorphisms identified in 10,000 human
genomes. Deletion, activation and epigenetic silencing showed
efficacy of 75-99%; lentiviral titers were ~107/ml. As a proof of
concept, we performed an image-based high-content screens for
modifiers of a-Syn aggregation and propagation, which identified
several known and many novel downregulators and 15 upregulators
of synuclein phosphorylation. We will also present the results of an
arrayed genome-wide CRISPRa screen which allowed us to
enumerate all modifiers of glucocerebrosidase activity using a
substrate-turnover assay. In conclusion, arrayed CRISPR screens
possess a remarkable potential to discover molecules relevant to
neurodegenerative diseases, including pharmacologically actionable
targets which may not be identifiable by large-scale human
genetics.
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Talk 3: Using organoid culture systems to study Parkinson’s
disease

Shawn Je*

Duke-NUS Medical School, Singapore, Singapore

The ability to make functional neural cells and brain-like organoids
from human pluripotent stem cells (hPSCs) provides a unique
opportunity to study human brain development and neural disorders.
In this seminar, | will present recent findings from our laboratory -
the generation of human midbrain-like organoids from hPSCs (Cho
et al., Nature Communications, 2021; Jo et al., Cell Stem Cell, 2016;
Kwak et al., Stem Cells, 2020) and their utilities in modeling
Parkinson’s disease (Jo et al., Annals of Neurology, 2021).
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Talk 1: Drug repurposing for PD therapies
Lorraine Kalia*
Toronto Western Hospital, Toronto, ON, Canada

Drug development for chronic diseases such as Parkinson’s disease
remains an expensive and lengthy process. Currently, the estimated
cost of bringing a new drug to market is $1.3 billion and the average
timeframe is 13 to 15 years. Only 10% of compounds make it
through the drug development pipeline to receive approval by
regulatory authorities, such as Health Canada and the US Food and
Drug Administration. Furthermore, just 9% of those approved in the
last 10 years were for neurological disorders. Drug repurposing or
drug repositioning is a strategy in which existing drugs already
approved for use in humans are investigated for alternative clinical
indications. In my presentation, | will examine drug repurposing as
one approach to expedite the discovery and development of new
therapies for Parkinson’s disease. | will illustrate the concept of drug
repurposing by providing examples from other diseases and from
symptomatic treatments frequently used for Parkinson’s disease.
The focus of my presentation will be on the application of drug
repurposing to the discovery of disease modifying therapies. | will
review candidates that have been identified in preclinical studies
and summarize drugs that have advanced to clinical trials. The
potential of drug repurposing but also the challenges and limitations

will be discussed. My take home message is that multiple strategies
— drug repurposing being one of them — are necessary to ultimately
find disease modifying therapies for Parkinson’s disease.
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Talk 2: Development of PD drugs for genetic targets: A-
synuclein, GBA, LRRK2 and beyond

Jesse Cedarbaum™

Coeruleus Clinical Sciences LLC, Woodbridge, CT, United States

The year 2022 saw the readout of the first two clinical trials whose
scientific underpinnings were based on our current concept of
Parkinson’s disease pathophysiology and genetics: the anti-alpha-
synuclein antibodies Cinpanemab and Prasinezumab. Both trials
failed to meet their primary endpoint — slowing of progression of
disease severity as measured by the MDS-UPDRS, but the sponsor
of the Prasinezumab trial found some signals suggesting efficacy.
Another pharmaceutical company terminated its synuclein antibody
program. Can we explain these trial results? What do these studies
teach us for ongoing and upcoming clinical trials targeting synuclein
as well as glucocerebrosidase (GBA) and LRRK2, the two most
common genetic forms of PD, and other genetically linked forms of
the disease? This talk will attempt to tackle these and other key
questions while reviewing the landscape, progress and challenges
that must be overcome in leveraging genetically-based targets in
our quest to slow, halt or prevent PD progression.
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Talk 3: Emerging therapies targeting the immune system in PD
Caroline Williams-Gray*

University of Cambridge/Cambridge University Hospitals NHS Trust,
Cambridge, United Kingdom

There is now a wealth of evidence to support the theory that the
immune system contributes to the pathogenesis of Parkinson’s
disease (PD). Many genetic variants linked to PD risk play a role in
regulating immune responses. Epidemiological studies have
demonstrated that autoimmune and inflammatory diseases are
associated with increased susceptibility to PD, whilst use of
immunosuppressant drugs appears to reduce PD risk. Activation of
the brain’s innate immune cells (the microglia) is a well-reported
feature of both animal models and human PD, and the immune
profile in the blood is altered with a shift towards more activated
immune cells and an increase in inflammatory markers. Early
clinical trials targeting immune pathways focused on microglial
activation in the brain, without success. More recently targeting of
the peripheral immune system has been proposed, given the
emerging evidence of peripheral-central immune crosstalk:
monocytes and T cells traffic into the cerebrospinal fluid (CSF) and
brain in PD patients, and animal models provide evidence that these
peripheral immune cells are a critical mediator of neuroinflammation
and neurodegeneration. A phase 2 double-blind placebo-controlled
trial repurposing the immunosuppressant drug azathioprine is
currently underway, with the aim of providing proof of concept for
therapies targeting peripheral immune activation in PD. The trial will
evaluate whether azathioprine can slow the rate of clinical PD
progression over 12 months of treatment, and whether it can reduce
markers of immune activation in the CSF and neuroinflammation in
the brain. (ISRCTN14616801) Future trials may take a more
targeted approach to immune manipulation in PD. A small phase 1
placebo-controlled trial of sargramostim (granulocyte-macrophage
colony-stimulating factor), which boosts T-regulatory cells, has
provided preliminary data suggesting improvement in MDS-UPDRS
motor scores over 8 weeks of treatment, and open label use of low
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dose therapy for a year was well tolerated in a small number of
patients. (NCT01882010) This lends support for future strategies
aiming to reduce immune overactivation by altering the balance of
regulatory and inflammatory T-cells in PD. Other candidates are
under consideration to target innate immune activation, including
Toll-like receptor blockers and inflammasome inhibitors.
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Talk 1: Creativity, aesthetics, the brain and Parkinson’s disease
Anjan Chatterjee*

University of Pennsylvania, Philadelphia, Pennsylvania, United
States

Since the late 19th century, neurology has played a critical role in
advancing our understanding of large-scale human behavioral
systems that underpin perception, language, emotions and
attention. Can neurologic conditions do the same for aesthetics?
One striking observation is that brain damage can sometimes
paradoxically facilitate art. | will review observations on how
neurological disease changes and sometimes ‘“improves” art
production to contextualize similar observations in Parkinson’s
disease (PD). Given the effects of the disease on dopamine, and
dopamine’s role in our reward systems, one might expect people
with PD to receive less pleasure from art. | will shows that such a
general effect of PD on pleasure does not occur. PD can affect
judgments of beauty that are triggered by implied movement in art
but not when based on other features of art. These observations
speak to the resilience of patients’ creativity and aesthetic
appreciation in the face of changes to the brain.
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Talk 2: How art can impact wellness

Jonny Acheson*

University Hospitals of Leicester NHS Trust, Leicester,
Leicestershire, United Kingdom

It is well documented that people with Parkinson’s can develop or
rediscover a creative side after diagnosis and art plays a part in that.
The Cambridge Dictionary defines art as an activity through which
people express particular ideas. This talk will explain how using art
can impact wellness looking at both conventional and digital
methods.

From the initial concept of a piece of artwork to the planning and
actual construction of it, it is an immersive process. Styles will
develop over time acknowledging that they will need to be adapted
as symptoms change.

It will encourage those in the audience who have not tried art before
to have a go and challenge them to start to think about what
medium they could use as well as tapping in to this widely available
resource to bring wellness into their community.
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Talk 3: How writing can support wellness
Rebecca Gifford*
PD Avengers, Vancouver, BC, Canada

Writing can be a powerful tool in our Parkinson’s resilience and self-
care tool box. It offers opportunities to release emotions, take a
break and breathe, clarify our thoughts and learn from our
experiences. Plus, it can be a lot of fun. Rebecca will talk about
what writing has offered her during her care partner journey and
beyond, including as a tool for managing stress and maintaining a

meaningful relationship with herself. She’ll share tips for how to let
go of the common insecurities and expectations that inhibit would-
be writers and motivate you to free your inner storyteller.
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Talk 4: How dance can support wellness
Pamela Quinn*
PD Movement Lab, New York, NY, United States

I'm going to speak about how the experience of Parkinson’s as a
wearable disease you can’t hide makes one less concerned about
what others think, which in turn has a freeing effect on the creative
process. | will also talk about the the suspicion that surges of
dopamine can give one a creative boost and more focusing power
once one’s drugs kick in. Perhaps the most interesting aspect of my
talk will be the comparison of my pre-PD artistic experience with my
mid-stage PD experience of making art.

As to how dance can support wellness: Moving to music gives us a
much wider range of physical expression and fortitude. Music also
takes us away from disease and into another realm, depending on
the nature of the sound. It is transporting and can serve as a healthy
escape from PD. Also, working one’s body is essential to health, PD
or no PD, and to offset the social isolation that comes with the
disease, dance provides a social/communal antidote. Dance is joyful
and can lift us out of depression. It is an effective wonder drug:
inexpensive, safe and with no adverse side effects.
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Being a musician with Parkinsons: The high and low notes.
Tomas Gisby*
London, United Kingdom

A point of view from a younger person with Parkinson’s on the
benefits and challenges of performing and creating music.

| have two different yet emotionally-intertwined interests in this topic;
firstly playing instruments and music-making for personal
enjoyment, and secondly working professionally in the field.

I'm keen to share my experiences in how Parkinson’s has changed
my involvement and relationship with music and composing,
managing expectations, and keeping it fun, and discuss how it's
never been easier to give music-making a go.
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Table 1: Aerobic exercise and PD

Nienke de Vries*

Radboud University Medical Center (Radboudumc), Nijmegen,
Netherlands

Increasing evidence indicates that aerobic exercise is beneficial in
people with Parkinson’s disease (PD). Besides clinical effects on for
example gait and balance, a stabilizing effect on disease symptoms
has been found in a few clinical studies. Moreover, exercise is
among only a few available interventions for PD of which there is
human and laboratory evidence of a disease-modifying potential.
The mechanisms of action underlying these effects remain largely
unknown to date. However, despite an enormous amount of
research on exercise in PD, only a few small studies have focused
on it's disease modfying potential. It also remains unclear which
type and intensity of exercise is most effective. Finally, long-term
adherence to (aerobic) exercise is a huge challenge.
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In this roundtable session, a short overview of the current evidence
on aerobic exercise will be given, based on which a discussion on
all challenges related to aerobic exercise and PD will be held. Both
practical issues and scientifec challenges can be discussed.
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Table 2: La ciencia detras de las diferencias entre sexos
Ariadna Laguna*
Vall d’Hebron Research Institute, Barcelona, Spain

La incidencia y prevalencia de la EP es entre 1,5y 2 veces mayor
en hombres que en mujeres. Sin embargo, hay millones de mujeres
con EP en todo el mundo y no se comprenden bien las diferencias
entre hombres y mujeres en la progresion natural de la enfermedad
y en la contribuciéon de los factores protectores y nocivos. Ademas,
en general, las experiencias de las mujeres no siempre se tienen en
cuenta en la gestion clinica, los estudios de investigaciéon y los
ensayos clinicos.

En los ultimos afios se ha empezado a reconocer las diferencias
entre sexos en relacién a la manifestacién de los sintomas motores
y no-motores de la enfermedad. Pese a ello, los estudios dirigidos a
comprender las bases biolégicas de esas diferencias y a adaptar el
manejo de la enfermedad considerando las necesidades Unicas de
las mujeres siguen siendo escasos. Aunque varios hallazgos
indican que los estrégenos pueden desempefiar un papel en la EP
y explicar algunas diferencias sexuales, otros mecanismos como la
expresion génica, la neuroinflamacion, el estrés oxidativo y los
factores del estilo de vida podrian estar involucrados. Por otra
parte, todavia no se puede aseverar si todas esas diferencias son
exclusivamente una cuestion bioldgica, determinadas por el sexo, o
si también contribuyen aspectos socioculturales asociados al
género.

La identificacion precisa de las diferencias entre sexos es
importante para adaptar el tratamiento, predecir los resultados y
satisfacer otras necesidades individuales y sociales de las mujeres
con EP. Ademas, es necesario hacer llegar esta informacién a las
mujeres afectadas para mejorar su autoconocimiento y bienestar.
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Table 3: Parkinson’s and writing to maintain wellness

Kat Hill*

World Parkinson Coalition, Davis Phinney Foundation, Portland,
OR, United States

Writing can be a powerful tool for those navigating the challenge of
living with Parkinson’s disease. Words can be used to create a
framework to process the impact of a diagnosis and associated grief
and help communicate how we present ourselves to others. Writing
also builds neuroplasticity and the practice can help maintain
manual dexterity.

Taking time to reflect and write about our experiences can help us
create our personal narrative. There is power in making word
choices to describe how our diagnosis impacts us and how we want
to intentionally move into life after diagnosis.

In this round table session, participants will have the opportunity to
learn the value of self-expression and importance of word choice.
We will discuss ways to integrate writing into one’s daily routine and
how to frame a narrative to maximize wellness.

No writing experience is required, and all materials will be provided.
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Table 4: Subtyping in Parkinson’s: What are the therapeutic
implications?

Sonja Scholz*

National Institutes of Health, Bethesda, MD, United States

Parkinson’s disease is a clinically heterogeneous disease
presenting with motor and non-motor symptoms. The constellation
of symptoms can vary over the disease course and from patient to
patient, suggesting the existence of distinct subtypes. In this
presentation, | will discuss recent advances in stratifying
Parkinson’s disease patients and review current knowledge on
clinical, pathological, and genetic subtypes. | will emphasize
potential implications for developing precision medicines, such as
enhanced clinical trial design and molecular diagnostics. Expanding
knowledge on disease subtypes from the molecular level to the
protean clinical manifestations will be key for making disease
modification a reality in the field.
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Table 5: Independent patient research — Valuable contribution
or uncontrolled data?

Kevin McFarthing*

Independent, Oxford, United Kingdom

People with Parkinson’s (PwP) know themselves better than anyone
else. They have the potential to contribute to the understanding of
possibilities for improvement, either through self-monitoring and
subsequent change to daily protocols; or to find new ways to treat
Parkinson’s. PwP also experiment with supplements and other
potential therapies to try and find relief from the symptoms of
Parkinson’s. Can this experimentation be harnessed and analysed
for the benefit of other PWP?

Several attempts have been made to document and analyse these
“n=1" experiments. Sara Riggare [1] and John Turner [2] are good
examples of PwWP who share methodologies for self-monitoring.
Attempts have been made to evaluate new potential therapies in a
multiple n=1 fashion. One notable example is the establishment of
Clinicrowd to test the potential of mannitol in Parkinson’s [3]. The
Clinicrowd website enabled PwP to share their experience with
taking mannitol. Anecdotal feedback suggested improvements in
symptoms with many individuals, particularly with sense of smell.
However, the feedback response rate was low and potentially
selected for positive observations. A subsequent small controlled
trial failed to show any improvement.

Another preparation under consideration from a scientist/PwP is
broccoli sprouts containing sulforaphane, an antioxidant [4]. This
has been evaluated on a small-scale n=1 basis with claims of
potential improvements in non-motor symptoms.

Single observations can also lead to breakthroughs in research, for
example in the case of Joy Milne, “the woman who can smell
Parkinson’s”. This has resulted in a prototype assay that has the
potential to diagnose Parkinson’s in a matter of minutes [5].

Multiple n=1 studies can also be conducted in controlled conditions,
where several options are tested and analysed in the same
individual [6].

The following questions are proposed:

1.Are symptoms best self-assessed qualitatively or using validated
common methodology?

2.How can scientifically trained PwP bring potential new therapies to
the notice of professional scientists?

3.Can we combine self-monitoring of disease status and
progression with evaluation of new therapies to produce new
opportunities? Should we?
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Table 6: Understanding peripheral immune cells in the immune
response in Parkinson’s

Diana Matheoud*

Université de Montréal/CRCHUM, Montréal, Quebec, Canada

Parkinson’s disease (PD) is a neurodegenerative disease which is
accompanied by a strong inflammation, present both in the central
nervous system and the periphery. Moreover, genes PINK1 and
PRKN, which are causative of familial forms of PD, are implicated in
the inhibition of mitochondrial antigen presentation (MitAP), a
phenomenon which acts as a potential trigger for an autoimmune
response. This work’s aim was to investigate the contribution of
peripheral autoimmune and inflammatory processes in the etiology
of PD, with a particular focus on phenomena implicating the
mitochondria. Quantification of PINK1 and PRKN mRNA allowed us
to determine that both genes could be inhibited by the activation —
through LPS or EPEC exposition — of specific antigen-presenting
cells, the monocyte-derived dendritic cells (MDDC). The expression
of PRKN was also inhibited during the aging process in peripheral
blood mononuclear cells. Through the investigation of T
lymphocytes present in PD patients’ circulation, we identified a
population of T CD8+ IL-17+ (Tc17) cells which could be activated
by mitochondrial antigens. Furthermore, the MDDC were identified
as a major contributor to inflammation since PD patients’ cells
presented a specific expression profile characterized by an over-
production of pro-inflammatory cytokines. This response was age-
associated and corresponded with a pro-Th17 polarization of T
CD4+ lymphocytes, a subtype which has been linked with
autoimmune diseases. Taken together, our results support an
implication of autoimmune mechanisms in the development of PD.
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Table 7: Treatment for PD apathy and/or fatigue: Where should
we be looking?

Kathy Dujardin*

Lille University medical center, Lille, France

Apathy and fatigue are frequent non-motor symptoms of Parkinson’s
disease. Apathy is usually defined as reduced motivation compared
to the individual's previous level of functioning. The main
manifestations are reduced interest, lack of initiative and
participation in the main activities of daily life, lack of perseverance,
indifference and flattening of affect, reduced engagement in social
interaction. Profiles are variables since, according to individuals, the
cognitive, behavioral, emotional, or social aspects may
predominate. There is a frequent overlap between apathy and other
non-motor symptoms of Parkinson’s disease, namely fatigue.
Fatigue corresponds to an abnormal and excessive lack of energy
that is persistent and interferes with normal function. Despite both
syndromes are highly prevalent in Parkinson’s disease and are
considered by many patients and caregivers as the most debilitating
ones, treatment to fight them are sorely missing. Several

pharmacological and non-pharmacological treatments were shown
to efficiently improve Parkinson’s disease-related apathy. However,
the level of evidence is mostly low. Regarding the treatment of
fatigue in Parkinson’s disease, some interventions were shown to
improve fatigue. However, most of the time, fatigue was only a
secondary outcome. Currently, there is insufficient evidence to
support any pharmacological or non-pharmacological treatment.

To progress and find efficient treatments, we need a better
understanding of the mechanisms underlying apathy and fatigue in
Parkinson’s disease. The objective of this roundtable is share
current knowledge regarding these mechanisms and to determine
the avenues to be developed in response to patient needs.
Participants are invited to share their experience regarding
interventions that can improve apathy and fatigue in Parkinson’s
disease.
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Table 8: Does non-invasive brain stimulation work for PD?
Michael Simpson*

The Hong Kong Polytechnic University, Hong Kong, Kowloon, Hong
Kong

This round table will first consider what non-invasive brain
stimulation is expected to achieve in the treatment of Parkinson’s
disease. The merits and limitations of two primary forms of non-
invasive brain stimulation, transcranial magnetic and transcranial
electric stimulation, will then be discussed with a view to how these
approaches may be best integrated among therapeutic strategies
for people with Parkinson’s disease. The scope and scale of
therapeutic potential and how these techniques may look moving
forward will also be discussed.
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Table 9: The role of microglia in PD pathology

Zhenyu Yue*

Icahn School of Medicine at Mount Sinai, New York, New York,
United States

Autophagy clears protein aggregates, damaged cellular organelles,
and pathogens through the lysosome. Although autophagy is highly
conserved across all cell types, its activity in each cell is specifically
adapted to carry out distinct physiological functions. The role of
autophagy in neurons has been well-characterized, though in glial
cells its function remains largely unknown. Microglia are brain-
resident macrophages that survey the brain to remove injured
neurons, excessive synapses, protein aggregates, and infectious
agents. Current studies demonstrate that dysfunctional microglia
contribute to neurodegenerative diseases. In Alzheimer's disease
animal models, microglia play a critical role in regulating amyloid
plaque formation and neurotoxicity. However, how microglia are
involved in Parkinson’s disease (PD) remains poorly understood.
Propagation of aggregated a-synuclein via cell-to-cell transmission
and neuroinflammation have emerged as important mechanism
underlying neuropathologies in PD. Here we review converging
evidence that microglial autophagy maintains a-synuclein
homeostasis, regulates  neuroinflammation, and  confers
neuroprotection in PD experimental models.
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Table 10: Digital and/or wearable technology for monitoring of
motor and non-motor function in PD

Christopher Hess*

University of Florida Fixel Institute for Neurological Diseases,
Gainesville, FL, United States

WPC Roundtable sessions are unique sessions that allow delegates
to sit down with an expert to discuss a given topic or series of topics
in a very small, intimate group. Roundtable experts will give a shot
overview of the predetermined topic and will then take questions
from the participants. This roundtable will be focused on digital and
wearable technologies in Parkinson’s disease. We will discuss the
current state of integration of neurotechnologies and wearable
devices in Parkinson’s disease care and research, and how evolving
technologies will change the way that patient care is provided and
research is performed in the coming decade. Seats are filled on a
first-come, first served basis. Each Roundtable session can take up
to 11 participants. We strongly encourage those who are interested
to arrive early.
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Table 11: Reaching PD communities across Africa
Omotola Thomas*
Parkinson’s Africa, London, United Kingdom

Overarching goal: To engage in interactive discussions about how
African Parkinson’s communities can be reached, better supported,
more informed, equipped with knowledge, and empowered.
Learning Objectives:

To gain better insights into how African Parkinson’s communities
are set up and organised;

To better understand the needs of these communities and how to
best reach them;

Overview: The main emphasis of this round table will be sharing
best practises for building resilient and empowered African
communities. Participants can anticipate brainstorming and
addressing issues like the following: What was successful? What
failed to work? Do any nations on the continent, or those outside it,
have empowered communities that could serve as models for others
to follow.
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Table 12: Occupational therapists can help people with PD live
their best life

Lisa Warren*

University of Florida Health Norman Fixel Institute for Neurological
Diseases, Gainesville, Florida, United States

The current medical management of Parkinson’s is limited in its
ability to control symptoms. Occupational therapists are uniquely
positioned to bridge the gap between medication and function. OTs
provide, treatment, education and recommendations to promote the
health, well-being and activity participation of person’s living with
Parkinson’s. With a skill set focused on quality of life, OTs are able
to assess and address the motor and non-motor impact of
Parkinson’s on daily function. From initial diagnosis to end stage,
occupational therapists provide goal directed therapy and education
that meets the patient where they are in the disease process.
Working with persons with Parkinson’s and their care partners
throughout motor and non-motor progression, promotes
independence, safety, and an improved or stable quality of life. This
round table discussion will cover the use of the occupational

therapists’ skill set to evaluate and address motor and non-motor
symptoms that negatively impact success with activities of daily
living. Looking at the patient and family through the lens of an OT,
we often identify interfering aspects of Parkinson’s that may not be
well studied. Many have found strategies that work but lack the
research to promote it. At this round table we will discuss evaluation
tools, successful interventions and share little known strategies that
provide a big impact to the person living with Parkinson’s.
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Table 13: The role of the physical therapist in addressing non-
motor symptoms

Daniel Peterson*

Arizona State University, Phoenix, AZ, United States

Cognition is often impacted by PD, with particular deficits in sub-
populations of PD, such as those who exhibit freezing of gait.
Cognitive deficits could impact the effectiveness of physical therapy.
In this interactive roundtable, we will first discuss some current
research on cognitive deficits often observed in people with PD.
Then, we will discuss the ways that clinicians assess cognition in
their patients, as well as instances that this information should (and
perhaps should not) be used to guide physical rehabilitation.
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Table 14: Communicating well in person and virtually

Walter Maetzler*

Kiel University and University Hospital Schleswig-Holstein, Campus
Kiel, Kiel, Germany

The purpose of this table is to present and discuss new
communication options between people living with PD and the
clinical care team or with researchers investigating aspects of PD. In
an introductory presentation, new communication tools will be
presented that have all the aim to increase the involvement of
people living with PD in diagnostic, treatment and research
decisions. These include Shared Decision Making (SDM) and Public
and Patient Involvement and Engagement (PPIE). The aim of this
table is to discuss the effectiveness of these tools and to give
people who have little or no experience with them a basic
understanding of them.

041

Talk 1: Bringing the immune system to Parkinson’s disease
Malu Tansey*
University of Florida, Gainesville, FL, United States

Parkinson’s is a multi-factorial, heterogeneous, and complex
disease involving peripheral organs and the brain. Gene-by-
environment interactions combine with aging to create the perfect
storm for development of Parkinson’s and the immune system plays
a key role as the arbiter of this interplay. Clinical data and pre-
clinical models of PD reveal that innate and adaptive immune
dysfunction in both central and peripheral immune compartments;
and recent studies from our group reveal that immunological
stimulation of mouse or human peripheral blood mononuclear cells
ex vivo enables detection of immune/inflammatory traits in aging
cells and those with PD-relevant mutations. In addition, Gl problems
are common in PD and they frequently manifest decades before a
clinical diagnosis. This has led to the theory that PD pathology could
initiate in the intestine before advancing to the central nervous
system (CNS). Chronic gut inflammation in Crohn’s and ulcerative
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colitis has been associated epidemiologically with increased risk for
PD and the reported gut dysbiosis in pro-dromal PD could contribute
to an inflammatory gut microenvironment that could trigger alpha
synuclein accumulation and aggregation in enteroendocrine cells
that are in contact with enteric ganglia and the latter to the vagus.
We investigated the extent to which PD patients exhibit indications
of intestinal inflammation in stool and identified elevated levels of
specific soluble inflammatory mediators that were different between
PD subjects and spouses. Follow-up studies revealed that PD
subjects display low abundance of short-chain fatty acid-producing
bacteria (and higher levels in men correlated with later onset of
motor symptoms); in addition, low butyrate levels were associated
with epigenetic changes in immune genes and correlated with
depression symptoms. We have utilized various mouse models to
evaluate the impact of colonic inflammation on neuron health in the
brain. We discovered that the induction of damage and inflammation
in the intestine sensitizes the nigrostriatal system to damage from
known neurotoxins. Our findings demonstrate that use of
neuroimmunological approaches to identify immune dysfunction in
subjects at risk may enable the field to develop novel and more
effective therapeutic approaches for immunomodulation in the
peripheral blood and/or gut to delay, slow, or prevent PD
development or progression.

Inflammatory manifestations in Parkinson’s disease

Created with Biorender.com
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Talk 2: Peripheral immune cells in the immune response during
Parkinson’s disease: T-cells

Diana Matheoud*

Université de Montréal/lCRCHUM, Montréal, Quebec, Canada

Parkinson’s disease (PD) is a neurodegenerative disease which is
accompanied by a strong inflammation, present both in the central
nervous system and the periphery. Moreover, genes PINK1 and
PRKN, which are causative of familial forms of PD, are implicated in
the inhibition of mitochondrial antigen presentation (MitAP), a
phenomenon which acts as a potential trigger for an autoimmune
response. This work’'s aim was to investigate the contribution of
peripheral autoimmune and inflammatory processes in the etiology
of PD, with a particular focus on phenomena implicating the
mitochondria. Quantification of PINK1 and PRKN mRNA allowed us
to determine that both genes could be inhibited by the activation —
through LPS or EPEC exposition — of specific antigen-presenting
cells, the monocyte-derived dendritic cells (MDDC). The expression
of PRKN was also inhibited during the aging process in peripheral
blood mononuclear cells. Through the investigation of T
lymphocytes present in PD patients’ circulation, we identified a
population of T CD8+ IL-17+ (Tc17) cells which could be activated
by mitochondrial antigens. Furthermore, the MDDC were identified
as a major contributor to inflammation since PD patients’ cells
presented a specific expression profile characterized by an over-
production of pro-inflammatory cytokines. This response was age-

associated and corresponded with a pro-Th17 polarization of T
CD4+ lymphocytes, a subtype which has been linked with
autoimmune diseases. Taken together, our results support an
implication of autoimmune mechanisms in the development of PD.
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Talk 3: Monocytes — The other peripheral immune cell in PD
Caroline Williams-Gray*

University of Cambridge/Cambridge University Hospitals NHS Trust,
Cambridge, United Kingdom

There is abundant evidence that the immune system is involved in
the pathogenesis of Parkinson’s disease (PD). A prominent theory
which has gained much attention in recent years is that there is a
specific T-lymphocyte response to proteins generated early in the
course of the disease (such as aggregated alpha-synuclein and/or
mitochondrial antigens) which promotes inflammation and
neurotoxicity in the brain. However, activation of the non-specific
‘innate’ immune system also occurs in PD and represents a critical
first step in the immune activation pathway. Monocytes are key cells
of the innate immune system which are known to mediate the early
inflammatory response to pathogens and tissue damage, and trigger
subsequent activation of T-cells, leading in turn to B-cell activation.
The phenotype of these innate ‘early responder’ cells is altered in
people with PD, with an increased proportion of classical monocytes
which are highly phagocytic and inflammatory, and increased
expression of monocyte receptors involved in cell activation and
migration. These monocyte changes vary according to clinical
subtype, being most marked in those at higher risk of dementia,
suggesting that variability in the innate immune response may
contribute to the clinical heterogeneity of the disease. Changes in
monocyte subsets have been reported not only in established PD
but also prior to diagnosis in ‘at risk’ populations, providing support
for the theory that the innate immune response contributes to
disease onset. Studies of monocytes in vitro have shown that alpha-
synuclein is able to activate these cells, via binding to Toll-like
receptors on the cell surface, whilst bacterial toxins from the gut
may also be a driver of the innate immune response in PD. The
mechanisms by which monocyte activation in peripheral blood and
tissues influence neuroinflammation in the brain in PD remain
unclear but there is accumulating evidence of peripheral-central
crosstalk, including correlation with PET markers of brain
inflammation and neurodegeneration. Furthermore, animal models
provide evidence that entry of monocytes into the central nervous
system is critical for alpha-synuclein driven brain inflammation and
neurodegeneration. Thus, targeting monocyte activation and
migration may represent a useful therapeutic strategy for PD.
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Talk 1: Parkinson’s apathy: Why do we care?

Dawn Bowers™

University of Florida, Fixel Institute of Neurological Disorders,
Gainesville, Florida, United States

Apathy is a core neuropsychiatric signature of Parkinson disease
that is distinct from depression, affects between 30-70% of persons
with Parkinson disease in cross-sectional studies, and worsens with
disease progression. Rather than a mood disorder like depression
and anxiety, apathy is a disorder of motivation that affects one’s ‘get
up and go’ across behavioral, cognitive and emotion domains. Why
should we care? Apathy is linked to worsening cognition and has
significant health and social consequences ranging from reduced
functional independence, physical deconditioning, increased burden
on caregivers, and negative implications for treatment outcomes.
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This presentation will provide an update on what we know and what
we do not. We will discuss risk factors for developing apathy, best
tools for assessing apathy, how apathy co-occurs with other
neuropsychiatric disorders like impulse control disorders, and how
some treatments for depression can actually worsen apathy. We will
address several great challenges in this area - ranging from paucity
of empirically validated treatments for apathy to the absence of
formal diagnostic criteria within the DSM-V. This presentation will
highlight recent findings that certain behavioral approaches
involving emotion regulation can facilitate electrophysiologic
reactivity to standard emotion stimuli in persons with Parkinson
disease and implications for intervention approaches. A major
theme throughout this presentation will be conceptual and practical
considerations facing clinicians, researchers, and families with
Parkinson disease and why it matters.
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Talk 2: Parkinson'’s fatigue

Graham "Alec” Glass*

Peak Neurology and Sleep Medicine, LLC, Anchorage, AK, United
States

Fatigue and apathy can be extremely debilitating symptoms in
Parkinson’s Disease. These are present in up to 60% of patients
across the disease course and are sometimes present before
movement symptoms begin.

It is very important to distinguish these symptoms from hypersomnia
(excessive daytime sleepiness), depression and anxiety that are
often consistently present in PD.

Fatigue is generally defined as a lack of energy to initiate or
complete and actions. Patients cannot seem to summon either the
mental or physical energy to act but often aren't “sleepy” and
wouldn'’t fall asleep if given the opportunity.

Sleepiness or drowsiness is the extreme desire to fall asleep. This is
often relieved by a nap or sleep. Fatigue is typically not relieved by
sleep.

Apathy on the other hand is a lost of interest in activities even when
a patient does have the energy to participate in them.

Effective identification of Fatigue and Apathy often rely on the use of
rating scales such as the Fatigue Severity Scale (FSS), The
Parkinson’s Fatigue Scale (PFS) and the Apathy Scale (AS).

Other sleep disorders including the presence of hypersomnia,
Restless Legs Syndrome, Insomnia of Sleep Maintenance all must
be evaluated and treated concurrently to effectively improve fatigue
and/or apathy.

Depression and anxiety often travel with fatigue and apathy and
should be maximally treated via both pharmacologic and non
pharmacologic means to allow adequate therapy.

Ultimately, once other concomitant medical, sleep and
neuropsychiatric symptoms have been addressed a number of
therapies ranging from Cognitive Behavioral Therapy (CBT) to
stimulant medications can be used to improve fatigue and apathy
ultimately improving quality of life.
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Talk 3: Treatment for PD apathy and/or fatigue: Where should
we be looking?

Kathy Dujardin*

Lille University medical center, Lille, France

Apathy and fatigue are frequent non-motor symptoms of Parkinson’s
disease. Apathy is usually defined as reduced motivation compared
to the individual's previous level of functioning. The main
manifestations are reduced interest, lack of initiative and

participation in the main activities of daily life, lack of perseverance,
indifference and flattening of affect, reduced engagement in social
interaction. Profiles are variables since, according to individuals, the
cognitive, behavioral, emotional, or social aspects may
predominate. There is a frequent overlap between apathy and other
non-motor symptoms of Parkinson’s disease, namely fatigue.
Fatigue corresponds to an abnormal and excessive lack of energy
that is persistent and interferes with normal function. Despite both
syndromes are highly prevalent in Parkinson’s disease and are
considered by many patients and caregivers as the most debilitating
ones, treatment to fight them are sorely missing. Several
pharmacological and non-pharmacological treatments were shown
to efficiently improve Parkinson’s disease-related apathy. However,
the level of evidence is mostly low. Regarding the treatment of
fatigue in Parkinson’s disease, some interventions were shown to
improve fatigue. However, most of the time, fatigue was only a
secondary outcome. Currently, there is insufficient evidence to
support any pharmacological or non-pharmacological treatment.

To progress and find efficient treatments, we need a better
understanding of the mechanisms underlying apathy and fatigue in
Parkinson’s disease. Current knowledge regarding the regulation of
human motivated behavior, whilst incomplete, offers some avenues
for the development of treatments targeting apathy. However, given
the complexity of this regulation and the variability of clinical
manifestations, approaches combining pharmacological treatment
and other interventions have probably to be considered. Regarding
fatigue, despite several hypotheses have been evoked, we currently
lack insights into the mechanisms underlying this clinically
heterogeneous syndrome in Parkinson's disease. A better
knowledge of how the involved factors interact is thus an essential
condition for the proposal of appropriate interventions.
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Talk 1: Exercise and physical therapy: Two sides of the same
coin?

Terry Ellis*

Boston University, Boston, MA, United States

In this presentation, the role of exercise and physical therapy for
persons with Parkinson disease will be discussed. There is a
growing body of evidence revealing the benefits of exercise in
reducing the severity of motor symptoms, improving function and
enhancing quality of life in Parkinson disease. As a result, physical
therapy services and exercise are recommended as part of the
standard treatment of Parkinson disease. However, many may ask
“what is the difference between exercise and physical therapy?” Are
both needed? Why? Under what circumstances? In this session, the
distinction between exercise and physical therapy will be
highlighted. The role of physical therapists will be described as it
pertains to the treatment of persons with Parkinson disease. The
range of treatments prescribed and delivered by physical therapists,
including exercise, will be discussed. The presentation will
culminate in recommendations regarding the utilization and timing of
physical therapy services to optimize outcomes in Parkinson
disease.
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Talk 2: Non-invasive brain stimulation and physiotherapy in PD
Michael Simpson*

The Hong Kong Polytechnic University, Hong Kong, Kowloon, Hong
Kong

Major challenges persist in the treatment of Parkinson’s disease, not
least for gait and refractory deficits resistant to conventional
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pharmacotherapy. Physiotherapy is a tangible and often
indispensable therapeutic option that seeks to induce lasting
changes in physical capacity, to which the scale and scope of
remedial effect may benefit from adjunctive non-invasive brain
stimulation.  Targeting pathophysiological characteristics  of
Parkinson’s disease with transcranial magnetic and transcranial
direct current stimulation has seen increased recognition over the
past two decades, in part due to the potential for synergistic effects
when coupled with physical therapy. Interventions targeting motor
and frontal areas of the brain for gait and freezing of gait, or the
cerebellum for dyskinesia, have been met with varying success.
Crucially, to draw consistency from combined physiotherapy and
non-invasive brain stimulation, reliable biomarkers are needed to
inform stimulation protocols that optimise individualised therapeutic
strategies in clinical practice.

049

Talk 3: Action observation and motor imagery: From
neurophysiology to clinical practice

Laura Avanzino*

University of Genoa, Genoa, Italy

Motor imagery (Ml) is a dynamic state during which motor actions
are mentally simulated, without

actual movement. A large body of evidence suggests that imagined
and executed actions recruit overlapping brain regions (i.e.,
premotor cortex, anterior cingulate, inferior parietal lobule, and
cerebellum), although Ml is thought to reflect mainly the process of
movement preparation, with reduced involvement of end-stage
movement execution related processes.

It is widely accepted that also the observation of actions performed
by others activates in the brain the same neural structures used for
the actual execution of the same actions. The neurophysiological
basis of “action observation” (AO) is represented by the discovery of
mirror neurons in the monkey cerebral cortex that discharge during
both the execution of goal-directed actions and the observation of
other individuals performing similar actions. The definition of “mirror
neuron system” (MNS) comprises the cerebral areas containing
mirror neurons and evidence with the use of neurophysiological
techniques as transcranial magnetic stimulation and functional
imaging (fMRI) suggested that a MNS is also present in the human
brain. For example, during AO, the excitability of the motor cortex is
enhanced, and brain areas in the frontal and parietal lobes are
recruited, similarly to motor execution. The MNS is also involved in
“imitation” within a circuit involving the inferior parietal lobule, the
inferior frontal gyrus, and the premotor cortex.

Based on these neurophysiological premises, several studies have
shown that Ml and AO are effective ways to learn a new motor skill
or to enhance its performance in healthy individuals, in an
analogous manner to physical exercise. In rehabilitation, an
adequate number of studies have been published so far that
demonstrate positive effects of Ml and AO training in neurological
conditions with great attention in the last years to neurodegenerative
diseases as Parkinson’s disease (PD). In PD positive effects of AO
and MI have been shown mainly on walking ability and typical motor
signs of PD like freezing of gait.
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Talk 1: Mitochondria at the interface between
neurodegeneration and inflammation

Anne Griinewald*

Luxembourg Centre for Systems Biomedicine, University of
Luxembourg, Belvaux, Luxembourg

Parkinson’s disease (PD) is the fastest growing neurodegenerative
disorder, lacking neuroprotective treatment options. Mitochondria
have long been implicated in the pathogenesis of PD but the
dimension of this involvement has been underestimated. Recent
research efforts revealed that mitochondria act as information
processing systems (MIPS) that regulate a multitude of cellular
mechanisms well beyond energy metabolism. To explore the extent
of impaired mitochondrial signaling in PD, we investigated patient-
derived cellular models harboring mutations in the E3 ubiquitin
ligase Parkin. Together with PINK1, Parkin mediates the clearance
of dysfunctional mitochondria. In addition, the protein was
suggested to control mitochondrial biogenesis via the PARIS-PGC-
1a axis and to prevent mitochondrial membrane permeability by
ubiquitination of the apoptotic protein BAK. In our studies, we
focused on Parkin’s role in preventing neuronal mtDNA
dyshomeostasis, release, and glial activation at the endogenous
level. Moreover, we tested the hypothesis that Parkin deficiency is
also underlying PD pathogenesis in a subset of sporadic cases. Our
findings suggest that Parkin co-regulates mitophagy, mitochondrial
biogenesis, and mtDNA maintenance pathways, thereby protecting
midbrain neurons from neuroinflammation and degeneration. With
our work, we hope to pave the way for a new direction of PD
therapeutics research.

051

Talk 2: The emerging role of mitochondrial dynamics in
neuroinflammation

Kim Tieu*

Florida International University, Miami, Florida, United States

Mitochondrial dynamics involves fission, fusion and movement of
mitochondria. Dynamin related protein 1 (Dpr1) is a “master
regulator” of mitochondrial fission, although more recently it has also
been reported to play a role in autophagy. We previously reported
that Drp1 inhibition attenuated mitochondrial dysfunction, oxidative
stress, impaired autophagy flux, and release of exosomes that
contain neurotoxic a-synuclein. Given the important role of
neuroinfammation in Parkinson’s disease (PD), herein we
investigated the impact of Drp1 inhibition on neuroinflammation.
First, as a model of neuroinflammation, we injected Drp1+/- mice
and their wild-type (WT) littermates with lipopolysaccharides (LPS),
collecting the ventral midbrains (VMB) 6h later. Nanostring
neuroinflammation analysis showed that LPS altered levels of many
proinflammatory genes in WT mice; however, significant protection
was observed in Drp1+/- littermates. The most dramatic change was
lipocalin 2 (Lcn2) gene, whose gene product activates NLRP3
inflammasome. These results were validated through qPCR and
Meso Scale Discovery cytokine assay. Sholl analysis demonstrated
morphologically less microglial activation in Drp1+/- mice. To further
investigate the role of Drp1 in microglia, we injected LPS in mice
with inducible microglia-specific Drp1 deletion by crossing Drp1-
LoxP with Cx3Cr1-CreERT mice, then captured individual microglia
in the substantia nigra using laser microdissection, followed by
gPCR analysis. Results revealed that microglia with Drp1+/-
expressed less proinflammatory genes. Given that aging is a risk
factor for PD, we investigated and confirmed an upregulation of
LCN2 in 18-24 months old WT mice, but significantly less in Drp1+/-
littermates. Lastly, we also detected increased Lcn2 in transgenic a-
synuclein mice but attenuated in those crossed with Drp1+/- mice.
Analogous results were found in immunofluorescent imaging of
LCN2 in microglia within the midbrain of these mutant mice. Other
neuropathology is being assessed. Together, our data indicate that
a partial Drp1 knockout is sufficient to protect against
neuroinflammation in multiple animal models. Furthermore, LCN2 -
an under investigated protein in PD, may provide additional insights
into PD pathogenesis.
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052

Talk 3: Neuroprotective Functions of Microglia via Autophagy
Degradation in Parkinson’s Disease

Zhenyu Yue*

Icahn School of Medicine at Mount Sinai, New York, New York,
United States

Microglia maintain brain homeostasis by removing neuron-derived
components such as myelin and cell debris. The evidence linking
microglia to neurodegenerative diseases is growing, however, the
precise mechanisms remain to be clarified. Herein we report a
neuroprotective role for microglia in the clearance of neuron-
released a-synuclein. Neuronal a-synuclein activates microglia,
which in turn engulf o-synuclein into autophagosomes for
degradation via selective autophagy (termed synucleinphagy).
Synucleinphagy requires the presence of microglial Toll-like
receptor 4 (TLR4), which induces transcriptional upregulation of
p62/SQSTM1 through the NF-kB signaling pathway. Induction of
p62, an autophagy receptor, is necessary for the formation of a-
synuclein/ubiquitin-associated inclusions that are degraded by
autophagy. Disruption of microglial autophagy in mice expressing
human a-synuclein promotes the accumulation of misfolded a-
synuclein and causes midbrain dopaminergic neuron degeneration.
Furthermore, autophagy-deficiency ~ promotes  senescence-
associated microglia as evidenced by reduced proliferation,
increased Cdkn1a/p21Cip1, dystrophic morphologies, and
senescence-associated secretory phenotype (SASP). Our study
thus identifies synucleinphagy of microglia, which clear a-synuclein
via TLR4-NF-kB-p62 mediated selective autophagy and offers
neuroprotection. Our study also demonstrates the protective role of
microglial autophagy in preventing senescence.
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Talk 1: Digital and/or wearable technology for monitoring of
motor and non-motor function in PD

Christopher Hess™

University of Florida Fixel Institute for Neurological Diseases,
Gainesville, FL, United States

We are on the cusp of an age in which novel technologies will have
a dramatic impact on how we live. Advances in mobile broadband,
internet communication protocols, and wearable devices will
combine to create a future in which we are hyperconnected in real
time, with continuous data flowing back and forth from devices in
our homes and carried on our bodies. This lecture will focus on the
current state of integration of neurotechnologies and wearable
devices in Parkinson’s disease care and research, and how evolving

technologies will change the way that patient care is provided and
research is performed in the coming decade.

054

Talk 2: Should we be moving toward remote approaches to
clinical trials?

Ray Dorsey*

University of Rochester - Center for Health + Technology,
Rochester, NY, United States

The COVID-19 pandemic highlighted fundamental shortcomings in
our conduct of clinical research and clinical trials. Our traditional
assessments of Parkinson’s disease currently require in-person
assessments in artificial environments (clinics) and ignore the
99.9% of the time (as noted by Dr. Sara Riggare) people with
Parkinson’s are outside the clinic. In addition, we routinely ask
individuals with impaired driving ability, reduced mobility, and
burden caregivers to come to research sites to participate in
research. In this discussion, we will highlight how smartwatches,
smartphones, and invisible sensors can objectively measure key
features of Parkinson’s disease in the real world. We will also
explore how we can bring clinical trials to participants including a
possible future phase 3 clinical trial that will require no office visits.

055

Talk 1: Palliative care begins at diagnosis

Benzi Kluger*

University of Rochester Medical Center - Neurology, Rochester, NY,
United States

Palliative care (PC) is an approach to supporting patients and
families affected by a serious illness that focuses on reducing
suffering and improving quality of life. PC addresses the total pain of
serious illness by acknowledging the whole person affected by
iliness, including physical symptoms, challenging emotions, spiritual
wellbeing and practical matters such as planning for the future.
Although many associate PC with cancer and end-of-life care, this
approach is highly relevant to any serious illness, including
Parkinson’s, and evidence suggests that the earlier people are
aware of it, the greater the benefits. In this talk we will review PC as
it applies to PD and discuss ways that it can smooth your illness
journey from diagnosis onwards.

056

Talk 2: The palliative care team
Ed Richfield*
North Bristol NHS Trust, Bristol, United Kingdom

The third talk in this session will be interlinked with the previous
talks, particularly building on the powerful experiences of Larry and
Rebecca Gifford, to explore how palliative approaches to care and
the palliative care team, can contribute to improved, person
centered care for people living with Parkinson’s. Alongside the other
speakers, Dr Ed Richfield will discuss the role of the palliative care
physician, exploring shared decision making including where the
person with Parkinson’s and their caregiver may have divergent
needs. We will discuss approaches to information sharing,
accounting for the varied needs and experiences of people living
with Parkinson’s and explore the role of the multi-professional team
in both delivering holistic care and targeting specific unmet needs.
Finally, we consider how palliative approaches, including advance
care planning (ACP), can help ensure the locus of control remains
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with the person with Parkinson’s and their loved ones, as they re-
write their future together.

057

Talk 3: Rewriting your future
Rebecca Gifford*
PD Avengers, Vancouver, BC, Canada

The Parkinson’s journey can be long, and the lessons begin early.
In this session, Larry and Rebecca Gifford will discuss their main
considerations as they work together to face Larry’s Parkinson’s
mindfully and establish good practices early on. These include:
curating and managing their care and support team, making
wellness in all its forms high priority in daily life, and cultivating good
communications practices in and outside of their partnership even
as PD offers continuous challenges. The couple will discuss how
they’'ve empowered themselves to engage in their Parkinson’s
journey, find the possibilities and purpose within, and share their
story as part of their own healing.

058

Table 1: e-Health and PT
Serene Paul*
The University of Sydney, NSW, Australia

This roundtable will discuss eHealth delivery of physiotherapy,
drawing on the latest research conducted with people with
Parkinson’s disease and from other areas of rehabilitation where
eHealth has been more widely established. The discussion will
include evidence of benefits and disadvantages to eHealth delivery
of physiotherapy for people with Parkinson’s disease, as well as
pragmatic considerations for delivery and access to eHealth-
delivered physiotherapy, from both the patient and clinician
perspectives.

059

Table 2: Engaging women in clinical research
Richelle Flanagan™
My Moves Matter, Dublin, Dublin, Ireland

Women with PD are underrepresented in research relative to the
fact that 40% of people living with Parkinson’s Disease (PD) are
women and in some Eastern countries there prevalence is higher in
women than men. Yet we do not know why. Women report
differences in symptom presentation and report impacts of their
hormones on their symptoms and yet there is little evidence as to
why. Gender differences have been highlighted in terms of access
to care and different preference for high technological reatments
such as DBS. Research must also represent women with PD of
different ethnicities who have even less access that white women.
All research in PD should consider the sex and gender needs and
implications in order to provide better outcomes for all. High-quality,
prospective, longitudinal studies looking at gender differences may
ialso dentify reliable gender-sensitive biomarkers and social
markers that could translate into a personalised approach for the
diagnosis and management of women with PD. It is thought that
barriers to women taking part in research includes the longer time to
diagnosis and the lower access to neurologist care for women with
PD may result in reduced referral to research studies.

Research into patient recruitment indicates that women prefer online
engagement versus face-to-face visits. This may be due to women
being time poor through working and/or being the main caregivers in

their families, hence lacking the time to attend face-to-face visits.
But little has been done to really elucidate why women are under
represented. This roundtable aim to identify the barriers to women
taking part in research and ways to mitigate them.

060

Table 3: The many faces of PD — Prodromal and clinical
subtypes

Per Borghammer*

Aarhus University Hospital, Aarhus N, Denmark

Parkinson’s disease (PD) is a heterogenous disorder. At the time of
diagnosis, patients can show highly variable patterns of symptoms
and objective neuronal dysfunction. Such subtypes of PD have
varying prognoses and progression rates of the disease.

Some patients develop autonomic and sleep symptoms years
before diagnosis, whereas others do not have these symptoms,
when the motor symptoms appear. Some patients show fast
disease-progression and increased risk of developing dementia,
whereas others progress much more slowly.

The underlying causes of this heterogeneity are not fully
understood, but it seems probable that genetic and environmental
factors can contribute. It remains an important research aim to
improve our fundamental understanding of disease heterogeneity.
Novel disease mechanisms may be uncovered, which could be
specific to certain subtypes of PD. Such insights may provide a
necessary foundation for the personalized treatments of the future
and will allow clinical trials of disease-modifying treatments to be
carried out in more homogenous subgroups of patients.

061

Table 4: Enabling people with PD to exercise
Natalie Allen*
The University of Sydney, Camperdown, NSW, Australia

It is well established that exercise has many benefits for people with
Parkinson’s disease. Exercise is like medicine; it needs to be taken
frequently and reviewed regularly. This round table will discuss
ways in which people with Parkinson’s disease can be enabled to
start and continue an exercise program over the course of their
disease. We will discuss the importance of accessing a suitably
qualified health professional (e.g., physiotherapist or exercise
physiologist) with expertise in exercise prescription for people with
Parkinson’s disease. Other topics for discussion will include how to
develop skills in exercise self-management, including getting
motivated, setting goals, problem solving, monitoring, seeking
support and knowing when to get help. Sustainable models of
healthcare (e.g., the secondary prevention approach or ‘dental’
model) for exercise therapy and a hybrid approach (i.e., combining
in-person sessions at a clinic with home-based telehealth sessions
and independent exercise) will also be discussed.

062

Table 6: How People With Parkinson’s Can Participate As
Consumer Advisors in PD Research Programs

Richard Gordon*

Queensland University of Technology (QUT), Brisbane,
Queensland, Australia

This Roundtable will discuss how People with Parkinson’s (PwPs)
can actively participate as consumers and advisors for research
programs, and contribute their lived experience on projects which
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aim to understand and treat PD. While most PwPs enrol as study
participants in clinical trials or provide samples for research studies,
there are many other ways in which people living with PD can
collaborate with researchers and be more closely involved in
research programs. For example, by contributing to and providing
input on study designs, research directions and research funding
priorities. Some examples of how PwPs are currently collaborating
with research teams will be discussed in this session. For
Parkinson’s researchers, this session will also discuss the benefits
of actively involving people living with PD at every stage of their
research programs and how this can be achieved in academic
settings. This roundtable session will be interactive, with
opportunities for researchers and PwPs to share their experiences
and ask questions.

063

Table 7: The role of LRRK2 in gut inflammation/inflammatory
bowel disease and PD

Veerle Baekelandt*

KU Leuven, Leuven, Belgium, Belgium

Parkinson’s disease (PD) is currently considered a multisystemic
disorder rather than a pure brain disease. Evidence suggests that
the disease can initiate in peripheral tissues and spread from the gut
to the brain. Notwithstanding, the role of the gut-brain axis in that
process is still unclear. In addition, the involvement of the peripheral
immune system to PD pathophysiology remains elusive. Mutations
in the leucine rich-repeat kinase 2 (LRRK2) gene have been widely
linked with familial and sporadic PD cases. However, the actual role
of LRRK2 in PD pathophysiology is far from understood. Recent
studies suggest that Leucine-rich repeat kinase 2 (LRRK2) is
involved in regulating both peripheral and cerebral inflammation,
and may influence a-synuclein pathology at multiple levels, such as
aggregation and propagation. LRRK2 has also been associated with
inflammatory diseases such as inflammatory bowel disease (IBD).
Large-scale population studies revealed that IBD patients have
significantly elevated risk to also develop PD. On the other hand,
PD patients frequently demonstrate intestinal inflammation and
microbial dysbiosis.

We will review the evidence for the role of LRRK2 and the
peripheral immune system in gut inflammation and gut-to-brain
dissemination of a-synuclein pathology. We will discuss models and
methods to test this experimentally and how this may lead to new
therapeutic avenues.

064

Table 8: Pesticides and Parkinson’s
Beate Ritz*
UCLA, Los Angeles, CA, United States

Among environmental agents, pesticides have been most
consistently shown to increase the risk of Parkinson’s disease (PD).
Pesticides are toxins that are intentionally introduced into the
environment at a large scale with an intent to harm living organisms,
specifically many are designed to be neurotoxic. Pesticides are
important for intensive industrial scale agriculture and food
production as well as vector control (malaria). Thus, it is not
surprising that their use and the variety of products has grown
worldwide with more than 500 active substances approved for use.
This talk will first provide an overview of large studies of PD
conducted in California the home of one of only two state mandated
pesticide use reporting systems. For more than two decades, the
California studies collected extensive residential, occupational, and
lifestyle data as well as biological samples. This allowed us to gain

insights into the action of pesticides associated with PD and to
conduct investigations into multiple ‘omics’ layers to identify biologic
signatures of their toxic action. Our results not only show how PD
risk is affected by pesticide exposures but also how we can dissect
real world exposure effects through epigenetic (methylation) and
metabolomic approaches and also the gut microbiome. For
example, we showed that long-term ambient organophosphate
pesticide exposures interact with genetic susceptibility to increase
PD risk, how these pesticides affect DNA methylation in
acetylcholine receptor pathways, and how chronic low-level
exposure to multiple pesticides can act on mitochondrial energy
metabolism and function as recently documented in our
metabolomic analyses. These real-world examples will illustrate how
low-level but chronic human pesticide exposures contribute to PD
onset and progression.

065

Table 9: Drug-repurposing: What are we really learning?
Lorraine Kalia*
Toronto Western Hospital, Toronto, ON, Canada

Drug repurposing or drug repositioning is a strategy to expedite drug
development for Parkinson’s disease by investigating drugs already
approved for human use for treatment of other diseases. At this
roundtable, we will discuss the current state of drug repurposing for
Parkinson’s disease and what we are learning from preclinical and
clinical studies. | will begin the group discussion by describing how
drug repurposing is being applied to find disease modifying
therapies including an illustrative example from my lab. Most of our
conversation about drug repurposing for Parkinson’s disease will be
guided by questions and comments from the participants.

066

Table 11: Clinical trials: What is the evidence for the benefit of
exercise in PD?

Erwin van Wegen*

Amsterdam University Medical Center, Amsterdam, Netherlands

Objectives for congress round table discussion on the effects of
exercise in Parkinson’s disease:

Discuss the different types of exercise that are most effective for
people with Parkinson’s disease, including aerobic exercise,
resistance training, and balance and flexibility exercises.

Discuss the underlying mechanisms by which exercise may improve
symptoms of Parkinson’'s disease, including neuroplasticity,
neuroprotection, and inflammation.

Discuss the importance of individualized exercise programs that are
tailored to the specific needs and abilities of people with Parkinson’s
disease.

Discuss the challenges and barriers to exercise for people with
Parkinson’s disease, and explore strategies for overcoming these
barriers, such as group exercise classes, home-based exercise
programs, and telehealth

Discuss the benefits of exercise for people with Parkinson’s
disease, including improvements in motor symptoms, balance,
mood, and quality of life.

Explore the role of healthcare professionals, including
physiotherapists, occupational  therapists, and exercise
physiologists, in promoting exercise for people with Parkinson’s
disease.

Discuss the latest research on exercise and Parkinson’s disease,
including ongoing clinical trials and future directions for research in
this field.
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067

Table 10: Digital monitoring: Challenges we face and how to
make it work for PD

Lynn Rochester*

Newcastle University, Newcastle Upon Tyne, Newcastle Upon Tyne,
United Kingdom

This roundtable will build on the previous session (The Digital
Horizon from a Patient Perspective: Promise and Pitfalls) and link
directly to the talk on Digital Monitoring of Mobility: why, where and
how. It will share the learning from the largest, leading consortia
effort (Mobilise-D) that is developing real-world digital tools to
measure mobility continuously and accurately in the real-world with
the aim of adoption in clinical care and research. The challenges to
implement real-world mobility monitoring with wearable and mobile
devices will be discussed from the perspective of multiple
stakeholders including the person with Parkinson’s, the clinician, the
research community and regulatory authorities that approve digital
monitoring solutions. Issues relating to demonstration of the
meaningfulness of digital mobility outcomes (DMOs) derived from
mobile devices; how to develop robust measures that are accurate
and provide important clinical information and the barriers to their
adoption in research and clinical care will be covered. What the
future of mobility monitoring may look like will also be discussed.
Throughout this is intended to be an exchange of information and
views with the perspectives of the audience attending the
roundtable being a key component to a lively discussion.

068

Table 12: Creativity, the brain and Parkinson’s disease
Anjan Chatterjee*

University of Pennsylvania, Philadelphia, Pennsylvania, United
States

This session will be a round table discussion among the speakers
and a Q&A session with the audience.

069

Table 13: Constipation in Parkinson’s and how to address it
Louise Ebenezer*
United Kingdom

What is constipation. Why people with Parkinson’s experience
constipation. Normal defecation. Gut dysmotility and SIBO.

How to manage constipation in Parkinson’s from both non-
pharmacological and pharmacological perspective. Lifestyle habits
to improve constipation, including the four ‘F's’ in maintaining gut
health.

070

Table 14: Better communication: Let us get started
Angela Christine Roberts*
Western University, London, ON, Canada

It has been said that conversations are central to family life.
Communication challenges and family system shifts in the face of
cognitive changes can negatively impact quality of life for persons
with Parkinson disease, their care partners, and families. In this
interactive discussion, Dr. Roberts will overview the nature of
communication changes in Parkinson disease and provide practical
strategies for improving family conversations and meaningful

connections with others. Special emphasis will be placed on how
better communication can support care goals, maintain
independence, reduce caregiving burdens, and promote quality of
life.

071

Talk 2: Why should we track Parkinson’s disease?
Bas Bloem*
Radboud University Medical Center, Nijmegen, Italia, Netherlands

There are challenges in the real-time assessment of motor and non-
motor features in persons with Parkinson’s disease (PD). PD is the
prototype of a highly variable disease, with symptoms that fluctuate
both within and across different days. This is caused in part by
fluctuations in response to dopaminergic medication, which occur
almost invariably after several years of disease. But factors such as
stress or fatigue also contribute to these fluctuations. Yet, clinical
decision making remains largely based on infrequent in-person
visits, which offer at best a “snapshot” of what is otherwise a
complex pattern of motor improvement and worsening over the
course of a day at home, with limited time to discuss the many
health issues that occur in PD. Moreover, the hospital-based
neurological examination is often not representative of the patient’s
actual functioning in daily life: it depends on the examination at the
time of the visit and timing of the visit relative to medication intake.
Moreover, tremor is typically worse during in-clinic examinations
secondary to anxiety of the visit, while freezing is usually much less
prominent. Clinical ratings can be subjective and lead to
considerable inter-rater variability. Diaries offer a possible
alternative, but these are susceptible to recall bias and diary fatigue,
particularly in persons with cognitive decline or depression. Remote
monitoring using digital solutions may well provide an answer to
some of these challenges. This field has seen significant progress in
the past decades. Some solutions allow for remote monitoring of PD
severity, using smartwatches or other body-worn sensors,
smartphones or digitally equipped smart homes. Theoretical
advantages include the ability to measure individuals in a more
naturalistic environment (including their own homes), to document
changes quantitatively and objectively, and to offer high-frequency
(even continuous) assessments, thereby offering a much more
granular evaluation.

072

Talk 1: How can imaging track PD?
Thilo van Eimeren*
University of Cologne, Cologne, Germany

How can imaging track Parkinson’s disease? The answer to this
important question greatly depends on what exactly we would like to
track. Experiencing first signs or symptoms of Parkinson’s disease,
my first question would be: is it really Parkinson’s disease or could it
be something else, e.g., something more benign or something more
devastating. In technical terms, this would call for a ‘diagnostic
biomarker’, an objective measure of the presence of a condition.
Imaging the integrity of the dopamine system goes a long way as a
diagnostic biomarker for Parkinson’s disease. In this domain,
molecular imaging using PET or SPECT is at the forefront, but MRI-
based measures may catch up soon. Imaging can also distinguish
Parkinson’s disease from more aggressive, atypical forms of
neurodegeneration by looking at patterns of metabolic and/or
structural decline, or even directly detecting a different underlying
pathology. However, | would have many other questions concerning
my personal journey with Parkinson’s disease. Will | be able to work
and financially support my family until | retire? Will | have dementia?
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When will | have to stop playing tennis? These are all questions for
so-called ‘prognostic biomarkers’. Imaging has great potential in
anticipating clinical turning points associated with these questions.
Finally, a doctor may propose a treatment to me, but concede that
this treatment works nicely in some people, while others mostly
have severe side effects. | would like to know in advance if | will end
up in the former group or the latter. A biomarker, which can tell you
this is called a ‘predictive biomarker’. It predicts the response to
treatment. Some imaging tools show this capability, for example
predicting if deep brain stimulation will be beneficial at the individual
level. Taken together, imaging tools have an established role in
tracking Parkinson’s disease. However, we do not yet seize the full
potential of imaging to benefit people living with Parkinson’s
disease. Most developments are still stuck in academia and we will
have to work harder to bring them into routine clinical practice.

073

Talk 3: How can we track PD using blood and tissue-based
biomarkers?

David Standaert*

University of Alabama at Birmingham, Birmingham, AL, United
States

There is increasing recognition that Parkinson disease involves
much more than just the brain. It is a whole-body condition that
affects the blood and tissues across the body. This opens the door
to the development of PD biomarkers based on analysis of blood
and tissues of different kinds. This talk will explore the current
understanding of the role of blood and tissue biomarkers in
establishing a diagnosis of PD, tracking disease activity, and
monitoring the effect of potential therapies.

074

Talk 4: Self-tracking: To track or not to track?
Sara Riggare*
Uppsala University, Uppsala, Sweden

For centuries, healthcare and clinical research have developed their
“tracking toolbox” thereby aspiring to improve patients’ health and
wellbeing. Today, clinicians and scientists track Parkinson’s disease
(PD) e.g. using advanced imaging techniques, analyzing blood or
tissue samples, or testing a patient using the Unified Parkinson’s
Disease Rating Scale. These procedures can be helpful by
supporting (or not) a diagnosis of PD, which can assist clinicians
and patients in decisions on treatment and lifestyle choices.
Tracking can also be used to quantify the progression of PD for
example when evaluating interventions in clinical trials, in order to
help future generations of patients.

However, for a person already diagnosed with PD interested in
optimizing their own wellbeing, current clinical tracking practices are
not especially useful, mainly because advanced clinical tools are
expensive to use and unavailable to patients. Also, the focus of
conventional clinical research is often ‘Is this treatment likely to work
for an average patient?’ It does not tell us what will actually work for
an individual patient. It does not answer the question “What works
for me?”

Self-tracking is a process of deliberately collecting and structuring
observations about one’s own life and it can be used by patients to
collect data for conventional clinical group research. However, self-
tracking can also be used to collect your own data and observations
to answer your own questions. This process is known as ‘personal
science’ and it can be described by the following steps:

A. Agency: Shift of perspective from passive to active

B. Begin asking questions

C. Collecting observations and data using for example digital
technology or pen and paper

D. Discovering

The personal science process is iterative, focused on learning and
problem solving, and can be used with or without the support of
healthcare professionals. Studies have shown that personal science
can help persons with PD to identify patterns in their condition and
thereby better understand how different factors may impact their
symptoms, as well as improve their quality of life. With more focus
on personal science, living with PD can be made easier.

REF: Riggare, S. (2022). Personal science in Parkinson’s disease:
a patient-led research study [Radboud University].
https://repository.ubn.ru.nl/handle/2066/246940
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075

Talk 1: Changes in lipid profiles in patients with Parkinson’s
disease

Nicolas Dzamko*

The University of Sydney, Camperdown, NSW, Australia

Genetic studies of patients with Parkinson’s have suggested that
genes involved in lipid regulating pathways may contribute to the
risk of getting Parkinson’s disease (PD). Lipids are important for
many aspects of human biology including membrane function and
cell signalling. The best-known lipid regulating PD risk gene is
glucocerebrosidase, encoded by the GBA1 gene, which converts
glucosylceramide to glucose and ceramide. Glucocerebrosidase is a
lysosomal enzyme, important for proper lysosomal function and the
degradation of unwanted proteins such alpha-synuclein. Another
major PD risk gene, also implicated in lysosomal function is leucine-
rich repeat kinase 2 (LRRK2). Some studies have suggested that
LRRK2 can regulate the function of lysosomal glucocerebrosidase,
however, whether LRRK2 risk mutations also result in changes in
lipid homeostasis is unclear. To determine the extent that lipid
pathways may be dysregulated in PD we conducted untargeted
lipidomics using serum from two cohorts with a combined sample
size of n=536. The cohorts consisted of Parkinson’s patients with
and without the pathogenic LRRK2 G2019S mutation, as well as
sporadic Parkinson’s patients and matched controls. The lipidomics
approach identified approximately 1000 lipid species per person and
substantial differences in serum lipid profiles were identified
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between controls, Parkinson’s patients and LRRK2 mutation
carriers. Major dysregulated pathways included sphingolipid and
glycerophospholipid metabolism, and lipid species from these
classes contributed to the significant discrimination between groups.
Importantly, most lipid species that differed between control and PD
patients were in closely linked metabolic pathways regulated by
known PD risk genes. This study supports the concept that altered
lipid metabolism may contribute to PD and that further study of lipid
pathways is warranted.

076

Talk 2: Mechanisms of glycolipid-induced a-synuclein
aggregation

Joseph Mazzulli*

Northwestern University Feinberg School of Medicine, Chicago, IL,
United States

Parkinson’s disease (PD) is characterized by the accumulation of
insoluble protein aggregates comprised mainly of fibrillar a-
synuclein that accumulate in neurons and disrupt cellular function.
The mechanisms that govern the conversion of a-synuclein into a
pathogenic conformation are currently unknown. Genetic studies of
Parkinson’s disease have identified variants in proteins involved in
cellular clearance pathways, including the autophagic-lysosomal
system, suggesting that dysfunctional protein clearance may play a
role in promoting a-syn aggregation. Lysosomal GBA1 that encodes
beta-glucocerebrosidase (GCase) represents the strongest genetic
risk factor for PD and dementia with Lewy bodies. Here, we present
recent data on the mechanisms of a-synuclein aggregation that
occur in the context of GCase dysfunction. Our data indicates that
glycosphingolipid substrates directly interact with physiological a-
synuclein conformers and trigger their conversion into pathogenic
oligomers and fibrils. The mechanistic relationship between
glycosphingolipid substrates, a-synuclein, and neurotoxicity will be
discussed, as well as translational methods focused on reversing a-
synuclein through promoting its clearance through lysosomes.

077

Talk 3: Molecular mechanisms linking GCase to a-synuclein
and therapeutic strategies targeting the GBA1 pathway
Pablo Sardi*

Sanofi, Cambridge, MA, United States

Clinical, genetic and experimental evidence underlies the relevance
of lysosomal dysfunction in Parkinson’s disease (PD). Mutations in
the lysosomal glucocerebrosidase gene (GBA1) accelerate PD
progression. Multiple therapeutic approaches to modulate the
glucocerebrosidase pathway are under active investigation. We will
discuss these approaches and the evidence suggesting that they
may also benefit a larger sporadic patient population carrying wild-
type GBA1 alleles.
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Talk 1: Detection and classification of synuclein strains by a
seed amplification assay (SAA)

Claudio Soto*

University of Texas Health Science Center at Houston, Houston,
Texas, United States

Parkinson’s disease (PD) and related synucleinopathies are caused
by the misfolding, aggregation and accumulation of alpha-synuclein
(aSyn) deposits in the brain. One of the greatest obstacles for PD

therapeutic development is the lack of early diagnosis to identify
patients before substantial brain damage. Currently, there is no
definitive, sensitive and predictive laboratory test to identify
individuals before they show clinical symptoms. Compelling
evidence suggests that misfolding and oligomerization of aSyn
begins years or decades before the appearance of disease
symptoms. Misfolded aSyn aggregates adopt alternative
conformations in different synucleinopathies and become capable of
spreading the abnormal structures in a prion-like manner through
anatomically connected brain regions.

Recently, we developed a seed amplification assay (SAA), also
termed PMCA or RT-QuIC, for sensitive detection of aSyn
aggregates in  patients affected by PD and related
synucleinopathies, including dementia with Lewy bodies (DLB),
multiple system atrophy (MSA) as well as a subset of Alzheimer's
disease cases. This assay is based on the ability of aSyn
aggregates to seed the polymerization of native aSyn employing
cycles of incubation and fragmentation. To date we have screened
blindly >2000 CSF samples from patients and controls from various
cohorts, including PPMI and BioFIND. The results show consistently
sensitivities and specificities >90% to discriminate patients from
controls and have been reproduced by multiple groups
independently. Furthermore, the assay can detect the marker in
early prodromal cases of the disease, before any detectable brain
abnormalities. Finally, aSyn-SAA can be used to discriminate
distinct synucleinopathies, particularly PD and MSA. Differentiation
is based on analyzing the aggregation Kinetics, biochemical,
biophysical and structural features of the aggregates produced in
the assay. These findings indicate that aSyn aggregates present in
distinct synucleinopathies corresponds to different conformational
strains. Importantly, the atomic resolution structure of the
aggregates amplified from MSA CSF by cryo-electron microscopy is
very similar as that previously reported for the aggregates purified
from MSA brain.

In conclusion, aSyn-SAA can have multiple applications for basic
and translational research, including patient diagnosis, clinical trial
engagement, monitoring drug efficacy, discriminating different
synucleinopathies in living patients, screening of compounds for
therapy, and production of aSyn aggregates for biochemical,
biological and structural studies.
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Talk 2: Assaying misfolded synuclein in tissue biopsies for the
diagnosis of PD

Brit Mollenhauer*

University Medical Center Géttingen and Paracelsus-Elena-Klinik,
Kassel, Germany, Kassel, Hesse, Germany

There is still a lack of neuroprotective strategies in a-synuclein
(aSyn) associated neurodegenerative disorders [such as
Parkinson’s disease (PD) and Multiple System Atrophy (MSA)] due
to various reasons. One of the reason is that the diagnosis is still
made too late and that there is no biomarker to objectively reflect
the progression of the disease that is needed for clinical trials with
neuroprotective strategies as outcome measure.

Over the past years, efforts to develop progression biomarker
focused on imaging strategies and biological fluids, that mostly
focused on cerebrospinal fluid (CSF) in the past. Most biomarker
immunoassays have so far not shown robust and clinically
meaningful results. The newly developed aSyn Seed Amplification
Assays (SAA) in CSF show high sensitivities and specificities for PD
across various independent laboratories. In PPMI CSF samples
form 1,139 participants were included and showed a sensitivity and
specificity in PD and Healthy Controls (HC) of 88% and 96%. In
MSA the seed dynamic can differentiate PD from MSA in some
assays. Longitudinally there does not seem to be a change over
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time in dilution experiments making it currently impossible to utilize
this biomarker as progression biomarker. In prodromal individuals
with isolated REM sleep behaviour disorder (iRBD), the signal can
be detected up to 9 years before conversion to disease in the De
Novo PD (DeNoPa) cohort.

In the Systemic Synuclein Sampling Study (S4) aiming to
characterize aSyn in multiple biofluids and tissues within the same
PD subjects (n=59) in comparison to HC (n=21). SAA was
performed in CSF and with formalin-fixed and paraffin embedded
submandibular gland biopsies (SMG); the sensitivity and specificity
for SAA in CSF was 93% and 91% and for SMG 73% and 79%.
Therefore a-synuclein SAA in its current form in CSF can be used
for stratification in clinical trials in a-synuclein aggregation disorders
and also in its prodrome iRBD. Emerging evidence also shows that
a-synuclein SAA may even be applied in peripheral tissue and
fluids, like skin, olfactory mucosa and also saliva. Identifying
subjects at risk for upcoming neuropreventive strategies need
peripheral biomarker. SAA will therefore be helpful in the future, but
progression biomarker are still lacking.
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Talk 3: Are we ready for detecting a-synuclein prone to
aggregation in patients?

Jon B. Toledo*

HMH, Houston, TX, United States

Seed amplification assays (SAAs) accurately detect misfolded a-
synuclein deposition, which is the defining lesion of Parkinson’s
disease, dementia with Lewy bodies, and multiple system atrophy,
group together as a-synucleinopathies. At their onset accuracy of
clinical diagnosis is lower than in later disease stages. In clinical
practice, SAAs can offer a more accurate early diagnosis and
prognosis. As clinical trials seek enroliment of participants in early
disease stages, biomarkers that detect the defining lesion of each
neurodegenerative condition can ensure the recruitment of the
targeted participants. There is another setting where SAAs could be
included, although its indication needs to be determined. Like other
neurodegenerative diseases, a-synucleinopathies develop for
several years before the onset of motor signs and nonmotor
symptoms. Also common to these diseases is the lack of confirmed
disease-modifying therapies, with only symptomatic treatments as
an option. The emergence of SAAs potentially detecting misfolded
a-synuclein in asymptomatic disease stages poses a dilemma in the
absence of disease-modifying therapies and secondary prevention
strategies. In addition, the probability of a positive result will vary
based on age, prodromal signs and symptoms, and genetics leading
to differences in the expected number of positive tests. This
presentation will review the indications, benefits, and risks of SAAs
testing in these different groups.
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Talk 1: Building resilience and capacity to live well with
Parkinson’s

Shanthipriya Siva*

Saarfoundation, Chennai, Tamilnadu, India

Adversity brings out an important character in u resilience

Ways to Meet Adversity with Resiliency

1. Give it Time. Even the most resilient people need time to adjust to
the new reality when a major life event occurs. ...don’t be harsh on
yourself

2. Change the Way You Look at Things. ...

3. Seek positivity in Negative

4. Be Grateful for the Experience. ...

5. Be active and engaged

6. incremental thinking-set realistic goals and work towards it

7. Don’t Make Self-care kOptional. ...

8. Don’'t Take Yourself Too Seriously.

Resilience is the process and outcome of successfully adapting to
difficult or challenging life experiences, especially through mental,
emotional, and behavioral flexibility and adjustment to external and
internal demands.
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Talk 2: Pre-habilitation: Preventing complications

Ryan Duncan*

Washington University in St. Louis - School of Medicine - Program
in Physical Therapy, St. Louis, Missouri, United States

The progressive nature of Parkinson disease (PD) increases the
chances of experiencing complications associated with the disease.
Common PD-related complications include motor and non-motor
problems. Motor complications include gait difficulty, balance
problems, falls, and fall-related injuries. Non-motor complications
include cognitive impairment, depression, and pain. Rehabilitation
and exercise are often effective in managing complications.
However, too often there is a reactive approach to managing
complications in PD. This is a problem because waiting to
participate in rehabilitation and exercise until after complications are
present poses significant difficulties for patients, caregivers, and
rehabilitation providers. In this presentation, we will discuss the role
of rehabilitation and exercise in managing and, ideally, preventing
these complications. We will emphasize the need for a pro-active
approach, or pre-habilitation, aimed at implementing effective
rehabilitation and exercise strategies designed to delay or prevent
the onset of these complications in people with PD.
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Talk 3: Optimising care provided in hospital for people with
Parkinson’s

Richard Genever*

Chesterfield Royal Hospital NHS Foundation Trust, Chesterfield,
United Kingdom

People living with Parkinson’s may become hospitalized. Usually the
admission is for another reason, but may have impact on how they
live with the condition.

In this session | will describe 5 scenarios and an approach to
support people living with Parkinson’s in each of them.

1) Reduced mobility in someone known to be living with Parkinson’s
2) Suspected Parkinson’s in a hospital patient.

3) Confusion or psychosis in a hospitalized person with Parkinson’s

4) Supporting a person with Parkinson’s when a Nothing by Mouth
decision has been made.

5) People with Parkinson’s undergoing surgery.
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Talk 1: The multiple facets of locus coeruleus involvement in
neurodegeneration

Cristina Miguelez*

University of the Basque Country, Leioa, Bizkaia, Spain

Loss of neurons in the substantia nigra pars compacta has been
historically considered the main hallmark of Parkinson’s disease
(PD), leading to lack of dopamine, dysfunction through the basal
ganglia circuitry and the appearance of the cardinal motor features.
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The onset of PD may, however, begin several years before the
motor manifestation when highly prevalent non-motor alterations
appear, including hyposmia, depression, anxiety, pain, sleep
disorders or cognitive impairment. At present, PD is considered a
multisystemic disease with diverse motor and non-motor
symptomatology that severely affects other nuclei and
neurotransmission systems prior to the degeneration of nigral
neurons. The locus coeruleus (LC) harbours neuromelanin
containing noradrenergic neurons and is among the brain stem
areas first affected and displaying Lewy bodies in the brain. This tiny
nucleus has been considered a homogeneous structure for the last
50 years, but recent methodological advances have allowed us to
discover that the LC is composed of different neuron clusters with
very distinct functions. Some LC cells are able to co-release
dopamine and noradrenaline, as happens in the prefrontal cortex or
the hippocampus. In PD, LC dysfunction is associated with the
aforementioned prodromal non-motor symptoms, and monitoring LC
dysfunction could therefore provide valuable information about early
degeneration. In addition, detection of noradrenergic deterioration
will contribute in predicting the progression of the disease, as the LC
exerts a key influence on the homeostasis of dopaminergic
networks. In preclinical studies, damaging the LC in parkinsonian
animals leads to more pronounced loss of dopaminergic neurons
and motor deficits, while conversely, boosting noradrenergic
synthesis ameliorates dopaminergic degeneration. Although the
exact mechanism is still unknown, experimental and clinical studies
have suggested that the central noradrenergic system exerts
inhibitory control on neuroinflammation, activating anti-inflammatory
and neuroprotective cellular pathways. In this talk | will discuss the
importance of the LC in the early detection and progression of PD,
and introduce some of our related scientific findings.
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Talk 3: Role of the pedunculopontine nucleus in the
pathophysiology of PD

Juan Mena-Segovia*

Rutgers University, Newark, New Jersey, United States

The pedunculopontine nucleus (PPN) is a midbrain structure
involved in distinct aspects of motor initiation and motor execution.
The PPN provides a dense innervation to dopamine neurons of the
substantia nigra composed by a heterogeneous mix of afferents
including cholinergic, glutamatergic and GABAergic axonal fibers.
Experimental manipulation of each of these circuits produces
different responses in dopamine neurons and different effects on
motor behavior, highlighting the complexity of PPN function for
gating movement. The PPN has been traditionally considered as an
interface between the basal ganglia and lower motor circuits, with
multiple bidirectional connections involving all of the basal ganglia
nuclei, the thalamus and the spinal cord, among others. Early
histopathological evidence of degeneration of PPN cholinergic
neurons in PD supported its role in the pathophysiology of the
disease. Recent advances in the characterization of the anatomical
and functional properties of PPN neurons have revealed selective
motor and cognitive functions for PPN neurons that are associated
to their molecular and/or connectivity profiles. In my talk, | will
summarize the most recent evidence of the multifarious motor
functions encoded by PPN neurons. Furthermore, | will show
evidence that PPN neurons modulate cognitive functions that
precede action initiation. Finally, | will discuss how the aberrant
activity of each PPN subgroup in PD or its animal models will have
different behavioral consequences and how understanding this
heterogeneity could lead to identifying distinct clinical manifestations
associated with PPN dysfunction.
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Talk 3: Targeting the vaso-intestinal peptidergic system to
decrease anxiety in Parkinson’s disease

Frangois Georges*

University of Bordeaux-CNRS-UMR-5293, Bordeaux, France

The degeneration of dopamine neurons of the substantia nigra pars
compacta is well known in motor symptoms of Parkinson’s disease
(PD). However, other dopaminergic populations degenerate and
give rise to non-motor symptoms such as anxiety which has a high
prevalence in PD patients and strongly affect quality of life. One of
these structures, the dorsal raphe nucleus (DRN), has been
identified as a potential structure involved in anxiety and depression
in PD. Indeed, the dopaminergic neurons of the DRN degenerate in
PD and a part of them co-releases the vaso-intestinal peptide (VIP)
onto two anxiety hubs of the brain: the oval nucleus of the bed
nucleus of the stria terminalis (ovBNST) and the central nucleus of
the amygdala (CeA). In this study, using innovative neurotechniques
we anatomically and functionally characterize this sub-population of
DRN dopaminergic neurons co-experessing VIP in physiological
condition. Besides the absence of studies on the role of VIP in the
ovBNST and CeA, the degeneration of this pathway could be a
potential cause of the high prevalence of anxiety in PD.
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Talk 1: Preclinical vs prodromal PD — How can we define them?
Lana Chahine*
University of Pittsburgh, Pittsburgh, PA, United States

The pathology leading to Parkinson’s disease (PD) begins years
before the disease is diagnosed.

In early stages, the underlying pathological changes may be
detectable with disease-specific biomarkers, but remain clinically
silent—that is, without any detectable signs or symptoms. This is the
preclinical phase of PD. As the underlying pathology progresses,
symptoms and signs emerge. This is the prodromal phase of PD; in
this phase, symptoms and signs are present but are mild or do not
otherwise encompass the full syndrome that currently constitutes
diagnostic criteria for PD. Some symptoms of the PD prodrome,
such as changes in olfaction, mood, or autonomic function, are
common but nonspecific, also occurring in individuals who will not
go on to develop PD. Other prodromal features, such as REM sleep
behavior disorder, have high specificity but are less common.

In this session, the preclinical and prodromal stages of PD will be
defined. Biomarker evidence of the preclinical phase will be
discussed, including dopaminergic imaging and measures of
pathologic alpha-synuclein. The distinction between the preclinical
phase of PD and the phase during which an individual is at-risk but
remains free of evidence of disease will be explained. Challenges
related to defining clinical onset will be discussed. The prodromal
PD syndrome will be reviewed, and multimodal assessment to
maximize specificity in identifying prodromal PD will be introduced.
The potential of sensitive biomarkers and quantitative measures of
motor and non-motor function to define and redefine the stages will
be highlighted.
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Talk 2: Screening for PD risk — Are we ready for population-
based approaches?

Alistair Noyce*

Queen Mary University of London, London, United Kingdom

There are differing strategies to identify individuals at risk of or in the
earliest phases of Parkinson’s disease, who may benefit most from
disease-modifying clinical trials. Strategies include identifying
individuals that carry a single disease-causing gene mutation, a
combination of genetic risk factors, individuals with a single strong
clinical risk factor (such as REM sleep behaviour disorder or
idiopathic anosmia), or individuals identified through algorithms such
as the MDS criteria for prodromal Parkinson’s and the PREDICT-PD
algorithm.

In this second talk of the session, | will briefly recapitulate concepts
from the first talk. | will move on to discuss screening as a concept
in preventive medicine and reflect on the requirements that
screening programs must meet. | will cover the different potential
options for screening, with an emphasis on population-based
approaches. | will reflect on how far algorithms can take us in terms
of stratification and what additional proximity markers and/or
biomarkers maybe needed. | will consider some of the ethical
arguments for and against screening, as well as the implications of
risk disclosure to individuals.
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Talk 3: Disease-modification trials in prodromal PD — Hopes
and barriers

Michele Hu*

Oxford University, Nuffield Department of Clinical Neurosciences,
Oxford, Oxfordshire, United Kingdom

The numbers of people living with Parkinson’s globally are projected
to double from 2015 to 2040, and we are already seeing effects of
this worldwide expansion for which we are ill prepared. So far, a
total of nineteen phase 3 intervention trials focusing on patients with
manifest Parkinson’s and motoric symptoms, have all failed to
demonstrate significant changes in disease progression. In the
search for a cure and effective disease modification, focus is now
shifting to studying Parkinson’s at its earlier stages. My talk focuses
on the challenges and opportunities of future trials in isolated RBD
(iRBD), a prodromal form of Parkinson’s and related alpha-synuclein
disorders. Individuals with sleep-study diagnosed iRBD provide the
opportunity to intervene at an earlier disease phase, when higher
densities of salvageable brain neurons remain without the
confounding effects of symptomatic therapies (ie levodopa) that are
frequently seen in manifest Parkinson’s. Planned delivery of the first
ever placebo-controlled trial of iRBD participants recruited across
Australia and the UK will be discussed. My vision is to help
researchers improve iRBD participant access to clinical trials,
providing outcome measures that are sensitive to change, cost
effective and quick to administer in clinic and at home. The delivery
of effective disease modifying therapies for iRBD will also provide
key mechanistic insights into how best to slow down trajectories for
other forms of prodromal Parkinson’s and manifest Parkinson’s
disease.
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Talk 1: Swallowing and Parkinson’s
Yael Manor*
Tel Aviv Sourasky Medical Center, Tel Aviv, Israel, Israel

Swallowing disorders (dysphagia) is a common complication (up to
100%) in patients with Parkinson’s disease and it is documented in
all phases of swallowing. The severity of dysphagia is not
necessarily related to the overall severity of the disease.
Parkinsonian patients are “silent aspirators” with decreased cough
reflexes, reduced clinical signs and lack of awareness. Aspiration is
seen in more than half of the PD patients and aspiration pneumonia
is one of the major causes of death. Early detection of the
swallowing dysfunction will allow early intervention and aid to
maintain patients’ quality of life (QOL).

There are three procedures for evaluation of patients with
swallowing disorders: (1) the bed side evaluation that is performed
by the speech language pathologist (SLP) at the clinic or at the
patient’'s room. (2) The videofluoroscopy swallowing study (VFSS)
and (3) the Fiberoptic Endoscopic Evaluation of Swallowing (FEES).
The VFSS and the FEES are instrumental evaluations and are
considered to be the gold standard procedures in swallowing
evaluation. The goal of the swallowing evaluation is to examine the
oral and pharyngeal phases of swallowing and to assess not only
whether the patient is aspirating, but also the reason for aspiration,
so appropriate treatment can be initiated.

Once the specific problem has been defined, the swallowing
therapist, can design an appropriate intervention program to
manage the swallowing disturbances. Several treatments options for
dysphagia are currently available specifically targeting swallowing
function. The main goals are to reduce morbidity and mortality
associated with pulmonary infections and malnutrition and to
maintain a satisfactory QOL. Swallowing therapy, generally
delivered by SLPs, with a multidisciplinary team including a
dietician, ENT, gastroenterologist, psychologist and neurologist
aims to improve the safety and efficiency of swallowing by means of
compensatory and rehabilitative strategies. Neurostimulation
techniques have been proposed for dysphagia treatment in adjunct
to conventional swallowing therapy. Patients’ cooperation, ability to
follow directions and understanding of the importance of the therapy
techniques are crucial skills for successful intervention.
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Talk 2: Best options for nutrition in Parkinson’s

Silke Appel-Cresswell*

University of British Columbia, Vancouver, BC, Canada

In talk 2 “Best options for nutrition in Parkinson’s” we will review the
current evidence for adhering to specific dietary patterns when living
with Parkinson’s. Mediterranean-type diets are associated with
lower risk of developing PD, higher age of onset, slower progression
and longer survival with PD. They are good candidates to improve
constipation and improve the gut microbiome. In addition,
Mediterranean diets have positive health benefits for a whole range
of other conditions including diabetes, heart disease, cognitive
function etc. Based on the MIND diet, one of the Mediterranean
diets, here are recommendations for a healthy diet:

Foods to increase: Green, leafy vegetables, Other vegetables, Nuts,
Berries, Beans or legumes, Whole grains, Fish, Poultry, Olive oil (as
main oil and in place of butter or margarine), Drink sufficient fluids!
Foods to avoid or only consume in small quantities: Fried food,
Processed food, Sweets, pastries, Pop, sweetened beverages, Red
meat, Cheese, butter.
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The ketogenic diet has so far only been studied in short-term
studies, more research will be needed to make a recommendation
for its use specifically in PD.

Overall, despite strong correlational evidence for benefit,
interventional dietary trials in Parkinson’s are lacking and are
urgently needed. Despite this research gap, a healthy diet paired
with other healthy lifestyle choices, e.g. exercise, is recommended
as the foundation for living well with Parkinson’s.
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Talk 3: Constipation in Parkinson’s and how to address it
Louise Ebenezer*
United Kingdom

What is constipation. Why people with Parkinson’s experience
constipation. Normal defecation. Gut dysmotility and SIBO.

How to manage constipation in Parkinson’s from both non-
pharmacological and pharmacological perspective. Lifestyle habits
to improve constipation, including the four ‘F’s’ in maintaining gut
health.
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Table 1: Tips for building a Parkinson’s movement
Larry Gifford*
PD Avengers, Vancouver, Canada

In 2020, | found myself suddenly in a position to radically change
the focus of my life’s purpose. Being the leader of a Parkinson’s
movement was never on my bucket list. Just three years from
diagnosis, | had cultivated a small network of like-minded individuals
who were frustrated by the inaction in solving PD, the closed and
often duplicated research projects, competition instead of
collaboration between organizations and woeful lack of action as it
pertains to ending Parkinson’s. The path of a movement is never a
straight line, there are twists and turns along the road to success. In
this roundtable, I'll answer your questions and share the highs lows
of our first years, the frustrations, pain points, successes and what |
would do if | were starting PD Avengers today.
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Table 3: What are the most promising cell transplantation
approaches for PD?

Jun Takahashi*

Center for iPS Cell Research and Application, Kyoto University,
Kyoto, Japan

Human induced pluripotent stem cells (iPSCs) can provide a
promising source of midbrain dopaminergic (DA) neurons for cell
replacement therapy for Parkinson’s disease (PD). Towards the
clinical application of iPSCs, we have developed a method for 1)
scalable DA neuron induction on human laminin fragments and 2)
sorting DA progenitor cells using a floor plate marker, CORIN. The
grafted CORIN+ cells survived well and functioned as midbrain DA
neurons in the 6-OHDA-lesioned rats and showed a minimal risk of
tumor formation. In addition, we performed a preclinical study using
primate PD models. Regarding efficacy, human iPSC-derived DA
progenitor cells survived and functioned as midbrain DA neurons in
MPTP-treated monkeys. Regarding safety, cells sorted by CORIN
did not form any tumors in the brains for at least two years.
Moreover, we found that MRI and PET imaging was useful in
monitoring the survival, expansion, and function of the grafted cells
as well as the immune response by the host brain. Based on these

results, we started a clinical trial to treat PD patients at Kyoto
University Hospital in Kyoto, Japan, in 2018. The trial evaluates the
safety and efficacy of transplanting human iPS cell-derived DA
progenitors into PD patients’ putamen. Using a stereotaxic surgical
technique, we implant approximately 5 or 10 million cells into the
bilateral putamen of the patients. The target is seven patients, and
we will observe each of them for two years. The trial is now ongoing
without any severe adverse events.

095

Table 4: Dopamine dorsal raphe dysfunction causes anxiety
and depression in a progressive mouse model of Parkinson’s
disease

Rosario Villalba*

Instituto Cajal, Consejo Superior de Investigaciones Cientificas,
CSIC, Madrid, Spain

Parkinson’s disease (PD) is the most prevalent motor
neurodegenerative disease, affecting up to 7 million of people in the
world. Reflecting the progressive character of the disease, PD
symptoms appear in a longitudinal temporal pattern along the
neuropathological burden. Preceding motor impairment, most of PD
patients suffers anxiety/depression, the most common and disabling
emotional comorbidities. Although the anatomical and molecular
bases are not well stablished, some studies point that the dorsal
raphe nucleus is affected at early parkinsonian stages, overlapping
with the appearance of the emotional symptoms. Besides the
serotonergic, the dorsal raphe nucleus is composed by different
neuronal populations, among others, the dopaminergic neurons.
This population, due to its connectivity with limbic structures and the
regulation of the serotonergic tone, encodes emotional valence such
as arousal, social interaction and pain regulation, all of them
processes that, strikingly, are disrupted in a high percentage of
parkinsonian patients at prodromal stages.

To determine the implication of the dorsal raphe dopamine neurons
in anxiety and depression comorbidity in PD, we have used a
progressive mouse model of PD that specifically accumulates
human alpha-synuclein in TH-positive neurons. We studied the
appearance of emotional sings in combination with histological,
electrophysiological, functional and molecular approaches to link
dysfunctional dopaminergic neurons in the DRN with the onset of
anxiety and depression.

Our results demonstrate that the onset of emotional signs overlaps
with dopaminergic dysfunction in the dorsal raphe nucleus, that
impairs dopaminergic signalling over their target areas and reduce
serotonergic activity. These results causally link, for the first time,
dorsal raphe dopamine dysfunction with parkinsonian anxiety and
depression. Funded by Spanish Ministries of Science and
Innovation (PID2019-111693RB-100) and UE (H2020-SC1-BHC-
2018-2020, grant agreement n° 848002) and by NextGeneration
EU/PRTR (MICIN/CSIC/PTI+ NeuroAging).

096

Table 5: The importance of early detection, evaluation, and
treatment of speech and voice disorders for the newly
diagnosed

Darla Freeman*

Florida Center for Voice and Swallowing, Tampa, FL, United States

Research indicates 89 percent of persons with Parkinson’s will have
a communication disorder over the course of the disease.
Challenges with speech and voice may include difficulty with vocal
projection and imprecise articulation. Activities such as talking on
the phone, being understood during conversation, and conversing at
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work can be impacted by a decline in communication and lead to
social isolation. These symptoms may not manifest during the initial
stages of the disease nonetheless understanding these changes is
beneficial for early detection and maintaining quality of life
throughout the continuum of the disease. As part of the medical
care team Speech-Language Pathologists (SLP) provide
evaluations to obtain baseline data and treat communication
disorders across all stages of the disorder. Through the lens of an
SLP, this round table discussion is aimed at describing early signs
and symptoms of communication disorders to assist in making
informed decisions regarding the identification, evaluation, and
treatment of communication challenges during the early stages of
the disease.
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Table 6: Environmental risk factors and Parkinson’s
Briana De Miranda*

University of Alabama at Birmingham, Birmingham, AL, United
States

This roundtable discussion will be centered on toxicant exposures
that influence risk for Parkinson’s disease, such as pesticides,
heavy metals, chlorinated solvents, air pollution, and particulate
matter. We will discuss how the environment influences all disease
and contributes to all forms of Parkinson’s, including those attributed
to genetics. Additionally, we will address how exposure might shape
the phenotype of neurologic disease (e.g., motor and cognitive
symptoms) and if there are realistic expectations to limit exposure or
offset environmental damage to biological systems, and if we can
accurately model this in the research lab. Discussions on risk
factors from occupational sources are welcome, including military
service, industrial, and agricultural work.
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Table 7: Can PD Drugs be designed for specific genetic targets:
How close are we?

Jesse Cedarbaum™

Coeruleus Clinical Sciences LLC, Woodbridge, CT, United States

Aside from the “Big Three” - Synuclein, LRRK2 and
Glucocerebrosidase (GBA), many genes have been associated with
PD risk and progression. Experimental therapeutics targeting each
of these genes are in clinical trials, and more are on the way. Is
targeting the protein products of PD associated genes a promising
therapeutic avenue? Or should we be targeting other factors —
proteins or processes that modify the effect of specific genes, or
even immunological mechanisms that help the body fend off and
repair the damage caused by the true underlying cause of PD?
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Table 8: All this talk about data: How do we ensure it is secure?
Jochen Klucken*

University of Luxembourg, Luxembourg Institute of Health, Centre
Hospitalier de Luxembourg, Belval, Luxembourg

Whenever we hear about digitalization of healthcare or technical
innovations including sensor-derived data, or artificial intelligence
supporting the patient and the clinical decision of the healthcare
professionals we get scared about potential data misuse. Even
though, we use a lot of data-driven applications such as online-
shops, chat messengers, social media platform, email-software, etc.
every day without worrying too much about data security, in

healthcare this is discussed as a hot and controversial topic. One
reason for this could be, that we are not having experiences with the
benefit of data usage - therefore, we will discuss in the round-table
discussion the different aspects of data availability for research and
care, as well as the benefit that can be generated by data usage. In
fact, data security and protection against misuse will be less of the
problem in the future, that the actual consented usage of data and
its transparency. Ethical discussion and consideration is needed to
define how to make data safe, useful, and maintain privacy and
patient-awareness.
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Table 11: Freezing of gait in Parkinson’s: What do we really
know?

Elisa Pelosin*

University of Genova, Genova, Italy

Freezing is defined as “brief, episodic absence or marked reduction
of forward progression of the feet despite the intention to walk’
(Giladi and Nieuwboer 2008; Nutt et al. 2011).

With disease progression, the prevalence and the severity of FoG
symptoms increase leading to a progressive loss of the
independence of the daily life activities thus affecting patients’
quality of life. In addition to this, FOG is one of the most common
causes of falls in PD, contributing to high fall rates ranging from
35% to 90%. (Perez-Lloret, 2014; Latt, 2009; Allen, 2013).

To date, freezing pathophysiology is unclear because of its
phenomenological complexity involving motor, cognitive, and
emotional aspects of behavior (Togo,2023)

FOG is surprisingly difficult to assess in daily clinical practice.
However, this is explained by several factors. First, it is an episodic
phenomenon (Snijders, 2008), its observation may require the use
of triggering tricks (Hereman, 2013). Second, freezing episodes are
dramatically reduced when patients shift from an automatic control
of gait to a more goal-directed one (Hallett, 2008; Redgrave, 2015).
Third, patients are typically in the “on” dopaminergic state when they
visit the clinician, while FOG is more common (and severe) in the
“off” state. These difficulties in assessing FOG are problematic
given that optimal management depends on valid and reliable
assessment (Nonnekes, 2015).

Recent systematic reviews (Cosentino, 2020; Gilat 2021) showed
promising findings on the potential benefits of some physiotherapy
interventions, such as action observation, treadmill combined with
cueing, behavioral strategies, and prolonged homebased exercise
trainings. However, to design treatments that fit the best for PD
patients who are troubled by regular freezing, FOG-specific or FOG-
related exercises should be the first-line interventions to be applied.
Gaps remain to be filled to further optimize the multidisciplinary
management needed for this common and disabling symptom in
PD.

0101

Table 12: DBS and Parkinson’s
Genko Oyama*
Juntendo University Faculty of Medicine, Tokyo, Japan

Deep brain stimulation (DBS) is a powerful treatment option for
PwPs struggling to maintain their fluctuating motor symptoms. The
technology for DBS has been advanced. Particularly, directional
lead and sensing and adaptive technologies much improved the fine
tune of DBS settings, which may result in an improvement in the
quality of life of PwPs. However, there are pros and cons, and not
all people are eligible for this treatment. In this round table
discussion, we will discuss these points.
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Table 13: The role of genetics in the pathophysiology of PD
John Hardy*
University College London, London, United Kingdom

The major pathology of Parkinson’s disease is the Lewy body.
Electron microscopical examination of Lewy bodies reveals them to
be membrane bound inclusions, probably derived from lysosomes.
Inside these structures are packed membranes and mitochondria.
Synuclein is a highly expressed membrane associated protein which
coats membranes consistent then, with the histological staining of
Lewy bodies with synuclein. These data are consistent with the
genetic analysis of both simply genetic Parkinson’s disease and the
sporadic disease. These analyses have identified synuclein and
lysosomal genes as well as genes involved in the elimination of
damaged mitochondria (mitophagy) as causative for the disorder. In
my talk | will discuss these pathways and discuss how failures in
lysosomal pathways could lead to synuclein deposition and how and
why failures in mitophagy could lead to selective dopaminergic
neuronal loss. Genetic analysis is, therefore, pointing to age related
failures to protein degradative pathways as the underlying cause of
Parkinson’s disease. These findings suggest that treating the
disease may be achievable either by decreasing the demands on
these pathways (such as by reducing synuclein expression or
reducing mitochondrial damage) or by potentiating lysosome
clearance pathways.

0103

Table 14: Steps to build a more patient-centered approach to
care

Neil Archibald*

South Tees Hospitals NHS Foundation Trust, Middlesbrough,
United Kingdom

Patient-centered care is often quoted as the aim of medical services
but seems less clear how this is achieved or the benefits that this
brings. In this session, we take a look at different models of care in
Parkinson’s and how they might be developed to improve patient
and carer engagement and outcomes. | will be drawing from my
experience as an NHS Parkinson’s consultant and the son of a
Parkinson’s patient. | am not a clinical academic so expect this
session to be based on the ups and downs of working in a busy
Parkinson’s service in the UK. We will discuss where the service
started, how it has developed over the last 10 years and where it
might be headed in the next 10.
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Talk 1: VPS35 and LRRK2

Dario Alessi*

MRC Protein Phosphorylation and Ubiquitylation Unit, Dundee,
United Kingdom

Autosomal dominant mutations that activate the Leucine Rich
Repeat Protein Kinase-2 (LRRK2), are associated with familial
Parkinson’s disease. Recent work indicates that hyperactivation of
LRRK2 results in lysosomal stress and dysfunction which is
potentially linked to Parkinson’s. LRRK2 encodes a multidomain
protein and phosphorylates a group of Rab GTPases including
Rab8A and Rab10 at a conserved Ser/Thr residue located at the
centre of the effector binding switch Il motif. LRRK2 phosphorylated
Rab8A and Rab10 then interact with a group of scaffolding proteins
containing an RH2 domain including RILPL1 (RILP-like protein 1). |
will provide an update of where we are with understanding how
LRRK?2 is activated by binding to various Rab proteins and by the
D620N mutation in the VPS35 retromer component. | will describe
recent work that provides new molecular insight into how the LRRK2
phosphorylated Rab proteins recruit and interact with a new set of
effectors on the lysosome and how this might be regulated by
lysosomal dysfunction/stress. If time permits | will also describe
work that we have done to characterize the specificity of the PPM1H
phosphatase that specifically dephosphorylates Rab proteins.
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Talk 2: LRRK2 and SNCA

Laura Volpicelli-Daley*

University of Alabama at Birmingham, Birmingham, AL, United
States

Both a-synuclein and leucine rich repeat kinase 2 (LRRK2) play
major roles in Parkinson’s disease (PD). Dominantly inherited
mutations in SNCA and LRRK2 and cause Parkinson’s disease.
Genome wide association studies consistently show that
polymorphisms in both genes increase PD risk. Lewy pathology
composed of fibrillar a-synuclein is a characteristic of PD. Increased
kinase activity of mutant LRRK2 is the mostly likely cause of PD
susceptibility. Several studies show that neuronal expression of
mutant LRRK2, particularly the most common G2019S-LRRK2,
increases a-synuclein aggregation. However, a-synuclein is not a
direct substrate for LRRK2. What are the potential mechanisms by
which LRRK2 facilitates a-synuclein inclusion formation? Mutant
LRRK2 inhibits chaperone mediated autophagy of a-synuclein
leading to higher expression levels, thus facilitating aggregation. In
addition, LRRK2 kinase activity plays a role in presynaptic targeting
of a-synuclein. Neuronal expression of G2019S-LRRK2 reduces the
membrane association of a-synuclein, and cytosolic a-synuclein
more readily forms abnormal aggregates. G2019S-LRRK2 also
causes dissociation of normal a-synuclein multimers into monomeric
a-synuclein that more readily aggregates. LRRK2 phosphorylates
Rab GTPases such as Rab3a and Rab10 which are found at the
presynaptic  terminal.  Abnormal LRRK2 kinase induced
hyperphosphorylation of Rab3, and Rab10 could alter effectors
involved in presynaptic a-synuclein function. Finally, the effect of
mutant LRRK2 on activity of excitatory neuron activity could
influence the spread of Lewy pathology throughout the brain.

It is important to note that 65% of individuals with G2019S-LRRK2
show Lewy pathology, whereas only 35% of individuals with other
LRRK2 mutations do. Recent evidence suggests that the presence
of Lewy pathology may increase the risk of cognitive decline and
psychiatric symptoms in the context of mutant LRRK2. Indeed, it is
possible that Lewy pathology causes cognitive symptoms rather
than causing loss of dopamine neurons associated motor
symptoms. Regardless, these findings highlight the existence of PD
subtypes and the need for personalized therapeutic strategies to
target the underlying disease mechanisms.

0106

Talk 3: LRRK2 and GBA
Matthew LaVoie*
University of Florida, Gainesville, FL, United States

Autosomal recessive mutations in the GBA1 gene encoding
glucocerebrosidase cause the Iysosomal storage disorder
Gaucher’'s disease. Heterozygous carriers of most GBA1 mutations
have dramatically increased Parkinson’s disease (PD) risk, but the
mechanisms and cells affected remain unknown. Emerging data
suggest both cell autonomous and non-cell autonomous
mechanisms in the etiology of PD, and glucocerebrosidase
expression is relatively enriched in astrocytes. However, the impact
of its mutation in these cells has not yet been addressed. Therefore,
we have evaluated the impact of GBA1 mutation on both neuron
and astrocyte function, as well as a consideration of how LRRK2
biology intersects with GBA1-dependent pathology. Our results add
to the growing evidence for trafficking defects playing an important
role in the etiology of PD and how independent pathologic pathways
may intersect.

0107

Talk 1 :The role of genetics in the pathophysiology of PD
John Hardy*
University College London, London, United Kingdom

The major pathology of Parkinson’s disease is the Lewy body.
Electron microscopical examination of Lewy bodies reveals them to
be membrane bound inclusions, probably derived from lysosomes.
Inside these structures are packed membranes and mitochondria.
Synuclein is a highly expressed membrane associated protein which
coats membranes consistent then, with the histological staining of
Lewy bodies with synuclein. These data are consistent with the
genetic analysis of both simply genetic Parkinson’s disease and the
sporadic disease. These analyses have identified synuclein and
lysosomal genes as well as genes involved in the elimination of
damaged mitochondria (mitophagy) as causative for the disorder. In
my talk | will discuss these pathways and discuss how failures in
lysosomal pathways could lead to synuclein deposition and how and
why failures in mitophagy could lead to selective dopaminergic
neuronal loss. Genetic analysis is, therefore, pointing to age related
failures to protein degradative pathways as the underlying cause of
Parkinson’s disease. These findings suggest that treating the
disease may be achievable either by decreasing the demands on
these pathways (such as by reducing synuclein expression or
reducing mitochondrial damage) or by potentiating lysosome
clearance pathways.

0108

Talk 2: Genetic testing in PD — What is currently possible?
What is useful? Where are the challenges, and what is the future?
Christine Klein*

University of Luebeck, Lubeck, Germany

A monogenic cause or strong genetic factor predisposing to
Parkinson’s disease (PD) can be detected in ~15% of all patients
and can unequivocally establish a diagnosis of (genetic) PD.
Confirmed forms of monogenic PD resembling idiopathic PD
clinically include four dominantly (SNCA-PD, LRRK2-PD, VPS35-
PD, and CHCHD2-PD) and three recessively inherited forms
(PRKN-PD, PINK1-PD, DJ1-PD). Detailed genotype and phenotype
information on these conditions is available at
https://www.mdsgene.org. Pathogenic variants in GBA are the



WPC 2023 Abstracts 37

strongest known genetic risk factor for PD and are sometimes
viewed as acting in a dominant fashion with highly reduced
penetrance. Genetic testing is currently the only possible means to
identify unaffected carriers of pathogenic variants in PD genes who
are at (high) risk of developing PD in the future.

There are no established international guidelines for clinical
diagnostic  testing for PD; however, most available
recommendations agree that a genetic test may be considered in
patients with early-onset PD, a positive family history, or individuals
with a specific ethnic background where specific pathogenic variants
are common due to a founder effect (for example, the p.G2019S
variant in LRRK2 in patients of Ashkenazi Jewish or North African
Berber descent).

Availability and type of genetic testing vary widely internationally
and range from full coverage through the health care system to no
reimbursement at all. Likewise, there is a broad spectrum of
different means of genetic testing including hot-spot or singe-gene
sequencing, gene panels, exomes, and genomes, with panel
sequencing currently being the most widespread approach in clinical
diagnostics. Of further note, clinically relevant genetic testing results
can be obtained in a research context (where they are sometimes
limited to the custom content of arrays otherwise designed for
genome-wide association studies) or within the framework of direct-
to-consumer genetic testing. Challenges arise from variable
technical quality - especially when it comes to calling pathogenic
variants in GBA -, the occurrence of variants of unknown
significance, the overall scarcity of genetic counseling opportunities,
and economic constraints. A future perspective may be gene-
targeted treatments for specific forms of monogenic PD, the first
clinical trials for which are currently underway requiring the
identification and stratification of suitable study participants.

0109

Talk 3: How does genetic information impact clinical trial
designs?

Roy Alcalay*

Tel Aviv Sourasky Medical Center, TEL AVIV, Israel

The field of Parkinson’s disease (PD) genetics has tremendously
advanced since the first discovery of PD-causing mutations in the
synuclein (SNCA) gene in 1997. Over the course of the following
decade multiple additional genes linked to PD were discovered.
Mutations in these genes are very rare and are present in several
families with a strong family history of PD or in people with very
early onset of PD. In 2004, the link between mutations in the genes
GBA and LRRK2 and PD was discovered. Mutations in these genes
are much more common and combined are present in about 10% of
all people with PD. This discovery opens a window of opportunity for
novel treatments for PD. The underlying hypothesis is that
intervention on the biological pathway of these genes may help slow
down or even prevent PD in carriers of these mutations.
Additionally, such interventions may possibly slow down or prevent
PD even in people with PD without mutations in whom these
biological pathways are altered.

Multiple researchers in academia and pharmaceutical companies
develop interventions targeting the biological pathways GBA or
LRRK2. Most proposed interventions aim to increase the activity of
the protein encoded by GBA, called glucocerebrosidase or reduce
the activity of the of the protein encoded by LRRK2. The most
advanced study of an international phase-2 was concluded in 2022,
but failed to show a positive effect.

The recruitment to precision medicine clinical trials in PD is
challenging. By clinical trial design, participants must know their
genetic status prior to receiving an intervention. Therefore, such
interventions can be tested only with a team effort, including those
with PD who receive their genetic results and enroll into precision

medicine studies. To achieve this goal, there is an international
effort to make genetic data accessible for people with PD and their
clinicians, including the PD GENEration study (primarily in North
America and the Dominican Republic) and the ROPAD study
(primarily in Europe and Israel).

The overall goal of these clinical trials is to tailor PD treatment in
different individuals based on their own genetics aiming to reverse
the pathological process that led to PD.

0110

Talk 1: Advances in research, science and treatment:
autonomic dysfunction

Patricio Millar Vernetti*

New York University Grossman School of Medicine, New York City,
New York, United States

Advances in research related to autonomic dysfunction in
Parkinson’s can lead to a better understanding of symptoms that
may present throughout the life of a person with Parkinson’s, how
can they affect their life, and provide insight into how to better
manage them and prevent complications.

o111

Talk 2: Depression and apathy

Iracema Leroi*

School of Medicine and Global Brain Health Institute, Trinity College
Dublin, Dublin, Ireland

In Parkinson’s, mental health symptoms such as apathy and
depression are common and may impact significantly on quality of
life, motor function and prognosis in people living with Parkinson’s.
People with Parkinson’s often report depression as the most
distressing aspect of their condition. At any given time, up to 40% of
people with Parkinson’s will have significant symptoms of
depression and/or anxiety. Apathy may be present in up to 70%.
Apathy and depression are both associated with cognitive decline in
Parkinson’s; apathy may be a behavioural marker of the onset of
dementia in Parkinson’s. Moreover, the impact of apathy and
depression in Parkinson’s can negatively impact care partner
outcomes.

Apathy and depression may frequently overlap and are also often
under-recognised in clinical settings and thus under-treated.
Difficulties with diagnosis may be compounded by a lack of
guidance for health professionals. This presentation will provide a
background to these neuropsychiatric syndromes in Parkinson’s and
provide practical approaches to assessment and management, with
a person-centred and pragmatic focus.

0112

Talk 3: Fatigue and sleep

Graham “Alec” Glass*

Peak Neurology and Sleep Medicine, LLC, Anchorage, AK, United
States

Fatigue and unrefreshing sleep are common and debilitating
symptoms in Parkinson’s Disease. These are present in up to 60%
of patients across the disease course and are sometimes present
before movement symptoms begin.

Fatigue is generally defined as a lack of energy to initiate or
complete and actions. Patients cannot seem to summon either the
mental or physical energy to act but often aren’t “sleepy” and
wouldn't fall asleep if given the opportunity.
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Sleepiness or drowsiness is the extreme desire to fall asleep. This is
often relieved by a nap or sleep. Fatigue is typically not relieved by
sleep.

Although insomnia of sleep initiation is present in PD, sleep
maintenance is the most common type of insomnia seen in PD
patients and is the most frequent overall sleep compliant. The
fragmentation of sleep associated, can result in worsened motor
and cognitive function.

Effective identification of fatigue and other sleep disorders in PD
relies on clinical history as well as on the use of rating scales such
as the Fatigue Severity Scale (FSS), The Parkinson’s Fatigue Scale
(PFS), Parkinson’s Disease Sleep Scale (PDSS) and Epworth
Sleepiness Scale (ESS).

Depression and anxiety often travel with fatigue and poor quality
sleep and should be maximally treated via both pharmacologic and
non pharmacologic means to allow adequate therapy of sleep
disorders.

Ultimately, once other concomitant medical and neuropsychiatric
symptoms have been addressed a number of therapies ranging
from Cognitive Behavioral Therapy (CBT) to pharmacologic
therapies can be used to improve fatigue and insomnia in PD
ultimately improving quality of life.

0113

Debate side 1 - Lewy bodies; much more than alpha-synuclein
aggregates

Wilma Van de Berg*

AmsterdamUMC, Vrije University Amsterdam, Amsterdam,
Netherlands

Parkinson’s disease (PD) is neuropathologically characterized by
Lewy bodies and Lewy neurites in the predilected regions in the
brain and dopaminergic cell loss. The misfolded protein alpha-
synuclein (aSyn), is considered to be one of the main components
of Lewy bodies. Noteworthy, the aSyn pathology in brain tissue
exhibit diverse morphological, structural and molecular compositions
across brain regions and patients. Unfortunately, there is currently
no experimental model that can mimic the Lewy body formation and
maturation in the human brain. So high-resolution imaging and
biochemical studies of postmortem human brain tissue samples of
well-characterized donors are important to unravel the cellular
mechanisms driving the onset and progression of the disease.

It is still a matter of debate if aggregated aSyn is the cause of PD, or
if this is merely a common downstream neuropathological
phenomena. Recent microscopy studies showed that the majority of
neuronal aSyn aggregates in the postmortem human brain are
composed of accumulated vesicles, cytoskeletal proteins and
cellular organelles and membrane fragments. Based on these
results, one could argue that impaired vesicle trafficking and lipid
metabolism are the main drivers of the disease. In brain tissues and
biofluids of PD patients, changes in spingolipids, phospholipids and
cholesterol have been reported. On a subcellular level, these
changes may lead to impairment of autophagy pathways, including
chaperone-mediated autophagy, the main aSyn degradation
pathway. Importantly, genetic and postmortem studies have
provided a wealth of evidence for disturbed mitochondrial function,
autophagy, neuroinflammation and malfunction of the adaptive
immune response, which could all act upstream of aSyn
aggregation. As such, the Lewy body formation might be the result
of a highly-ordered cellular program to encapsulate damaged
proteins and lipids.

0114

Debate side 2 — Lewy bodies: A major driver of
neurodegeneration

Hilal Lashuel*

Ecole polytechnique fédérale de Lausanne (EPFL), Lausanne,
Switzerland

It has been more than 100 years since Lewy bodies (LBs) were first
discovered in the brain of Parkinson’s disease patients and more
than 20 years since alpha-synuclein (o-syn) aggregates were
identified as one of the main components of LBs. However, several
fundamental questions regarding how LBs are formed, their
composition, and whether they protect against or cause
neurodegeneration in Parkinson’s disease (PD) and other
synucleinopathies remain unanswered. Recent application of
advanced electron microscopy, mass spectrometry and imaging
technologies in combination with access to novel antibodies has
enabled major advances towards deconstructing the complexity of
LBs and alpha-synuclein pathology in the brain and reverse
engineering LB formation in neurons and rodent models. These
studies show that the process of LB formation involves a complex
interplay between a-syn fibrillization, posttranslational modifications,
and interactions between a-syn aggregates and proteins, lipids, and
membranous organelles. Furthermore, they provide strong evidence
linking the process of LB formation, rather than merely a-syn fibril
formation, as one of the major drivers of neurodegeneration through
disruption of cellular functions and proteostasis, and inducing
mitochondria damage and deficits, and synaptic dysfunctions.
Relying on recent insights into the 1) clinical heterogeneity of PD; 2)
the biochemical and ultrastructural properties of LBs in the brain; 3)
the heterogeneity of alpha-synuclein pathology and co-occurrence
of other co-pathologies in PD and aging brains, | will present
working models and hypotheses that could explain the relationship,
or lack of,  between alpha-synuclein pathology, and
neurodegeneration in sporadic and some genetic forms of PD.

| will then present evidence that 1) supports important roles for the
processes of alpha-synuclein misfolding, aggregation, and LB
formation in the development and progression of sporadic and some
genetic forms of PD; 2) shows how these processes could
contribute to neuronal dysfunction and degeneration through a
combination of both loss and gain of toxic mechanisms; and 3)
demonstrate that targeting the native state of alpha-synuclein and/or
alpha-synuclein pathology formation and spreading represents a
viable strategy for developing disease-modifying therapies to treat
PD. | will close by emphasizing the need for combination therapies
that account for the pathological and clinical heterogeneity of PD
and other synucleinopathies.

0115

Talk 1: What are the most promising cell transplantation
approaches for PD?

Jun Takahashi*

Center for iPS Cell Research and Application, Kyoto University,
Kyoto, Japan

Human induced pluripotent stem cells (iPSCs) can provide a
promising source of midbrain dopaminergic (DA) neurons for cell
replacement therapy for Parkinson’s disease (PD). Towards the
clinical application of iPSCs, we have developed a method for 1)
scalable DA neuron induction on human laminin fragments and 2)
sorting DA progenitor cells using a floor plate marker, CORIN. The
grafted CORIN+ cells survived well and functioned as midbrain DA
neurons in the 6-OHDA-lesioned rats and showed a minimal risk of
tumor formation. In addition, we performed a preclinical study using
primate PD models. Regarding efficacy, human iPSC-derived DA
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progenitor cells survived and functioned as midbrain DA neurons in
MPTP-treated monkeys. Regarding safety, cells sorted by CORIN
did not form any tumors in the brains for at least two years.
Moreover, we found that MRI and PET imaging was useful in
monitoring the survival, expansion, and function of the grafted cells
as well as the immune response by the host brain. Based on these
results, we started a clinical trial to treat PD patients at Kyoto
University Hospital in Kyoto, Japan, in 2018. The trial evaluates the
safety and efficacy of transplanting human iPS cell-derived DA
progenitors into PD patients’ putamen. Using a stereotaxic surgical
technique, we implant approximately 5 or 10 million cells into the
bilateral putamen of the patients. The target is seven patients, and
we will observe each of them for two years. The trial is now ongoing
without any severe adverse events.

0116

Talk 2: What are the gene therapy and growth factor
approaches for PD?

Krystof Bankiewicz*

AskBio, Columbus, OH, United States

At present there is a significant unmet need for clinically available
treatments for Parkinson’s disease (PD) patients to stably restore
balance to dopaminergic network function in a long-term fashion.
Growth factors hold considerable promise for disease modification
in neurodegenerative disorders such as PD.

Although multiple clinical trials with growth factors have now been
performed in PD patients the results have been mixed. It has been
rationalized that improving administration with MRI-monitored
convection enhanced delivery (CED) might overcome the limitation
of insufficient putaminal coverage to achieve clinical improvements
in motor function.

Two growth factors, glial cell line derived neurotrophic factor
(GDNF) and neurturin (NRTN), have garnered significant attention
in the novel in vivo gene therapy field. However, only AAV2 GDNF
(AB-1005) is currently active in gene therapy trials for PD. A Phase
1b study utilizing MRI-guided bilateral putaminal CED delivery of
AAV2 GDNF has just completed enroliment (NCT04167540).

In this Phase 1b study AAV2 GDNF has so far demonstrated an
encouraging safety profile where the neurosurgical procedure was
well tolerated, and all 11 participants have completed 9 or more
months of clinical follow-up. Putaminal coverage was >60%. No
serious adverse events (SAEs) were associated with AAV2 GDNF.
Reported adverse events (AEs) primarily occurred peri-operatively
or were related to underlying PD.

Participants in the Mild Cohort (<5 years since clinical diagnosis of
PD and MDS-UPDRS IIl OFF score <32; n=6) demonstrated stable
MDS-UPDRS Part Il and Part Ill OFF and ON scores at 6 and 12
months from baseline.

Participants in the Moderate Cohort (=4 years since clinical
diagnosis of PD and MDS-UPDRS I|ll OFF score 33-60; n=4)
demonstrated improvements on MDS-UPDRS Part Il (5.0 + 3.5 pt)
and Part Ill OFF (—18.8 + 5.4 pt) at 12 months.

Although the placebo effect limits interpretation of small open-label
studies such as this, these preliminary findings suggest potential
stabilization in the Mild Cohort and possible early improvements in
the Moderate Cohort. Further longitudinal evaluation and a
controlled study is planned to confirm these initial findings.

0117

Talk 1: Exercise for life

Miriam Rafferty*

Shirley Ryan AbilityLab; Northwestern University, Chicago, lllinois,
United States

Best care for people with Parkinson’s disease (PD) includes
encouragement of exercise. The question is no longer whether to
exercise. The question is which exercise? Other challenges include
how to stay motivated to exercise as the disease changes. While
neurologists can encourage and provide exercise education,
individuals with PD must perform that exercise on their own and/or
with the help of community exercise professionals, physical
therapists, and a social support network. The purpose of this
session is to provide insight into considerations for prescribing
exercise to maintain motivation and adherence over time.
Parkinson’s specific exercise guidelines have been developed by
the Parkinson’s Foundation in collaboration with the American
College of Sports Medicine. Exercise is also recommended as a
part of physical therapy guidelines from around the world. The
Parkinson’s Foundation guidelines include 150 minutes per week of
moderate-vigorous intensity aerobic exercise; 2-3 days per week of
strengthening; 2-3 days per week of balance, agility and multi-
tasking exercises; and 2-3 days per week of stretching. The
American  Physical Therapy Association makes strong
recommendations for including aerobic, strengthening, and balance
training into physical therapy care due to a high level of evidence,
with flexibility included as a part of warm-up and cool-down
activities. European and Canadian physical therapy guidelines
recommend that neurologists consider referring people with PD to
physical therapy early after their diagnosis for individually tailored
exercise prescription.

In their entirety, these exercise guidelines can be overwhelming.
Applying the guidelines in a comprehensive, but manageable,
weekly program can take the skill of an experienced exercise
professional or physical therapist. The support of a professional can
also help an individual to feel accountable and motivated to
exercise. They can also help you adapt your routine as your disease
changes. Finding the best exercise plan for you should take into
account your interests, abilities, goals, preferences, and access to
resources (e.g., location of classes, cost). At the end of this
presentation, you should feel more confident moving forward with
your best exercise plan, with the understanding that you probably
don’t have a full-time job to exercise!

0118

Talk 2: Enabling people with PD to exercise
Natalie Allen*
The University of Sydney, Camperdown, NSW, Australia

It is well established that exercise has many benefits for people with
Parkinson’s disease (PD). Current evidence-based guidelines, such
as the Parkinson’s Foundation’s Parkinson’'s  Exercise
Recommendations and the American Physical Therapy
Association’s Physical Therapy Guidelines guide exercise
prescription. However, translating exercise guidelines into effective,
feasible, modifiable and sustainable programs that meet the person
with PD’s needs can be challenging. This presentation will focus on
methods of enabling people with PD to start exercising and continue
exercising over the course of the disease. Prescribed exercise
needs to meet the individuals’ goals; account for symptoms and
preferences; and adapt to changing needs over time. Health
professionals with training in exercise prescription for people with
PD (e.g., physiotherapists and exercise physiologists) are trained to
prescribe and monitor effective exercise programs. They are also
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trained to enable the development of skills in exercise self-
management, including knowledge about the benefits of exercise,
goal setting, problem solving, monitoring (e.g., using a step counter)
and accessing social support and exercise opportunities in the local
community. Learning skills in how to manage an exercise program
can help people with PD to increase their motivation and exercise
self-efficacy, monitor their progress and 40ecognize when to seek
professional help. Long-term exercise prescription  with
modifications as needed over time can be achieved sustainably
through implementing a secondary prevention model of care, where
the person with PD is referred to an appropriate exercise
professional as soon as possible after diagnosis. They can attend
exercise check-up sessions every 6 to 12 months, with short bursts
of more intensive exercise therapy as required. In between, the
person with PD continues with their exercise program in the
community. Adopting a hybrid approach is one way to implement
this secondary prevention model. A hybrid approach combines in-
person sessions at a clinic with home-based telehealth sessions
and independent exercise. Exercise that is prescribed, monitored
and progressed using this approach is effective, feasible,
acceptable and sustainable. It is never too early or too late to start
exercising but maintaining exercise habits in the long term is the key
to optimal mobility and well-being.

0119

Talk 3: Exercise delivery in an online world
Josefa Domingos*
Radbound University, Lisbon, Portugal

Emerging care models for Parkinson’s disease (PD) are using
technology to deliver hybrid approaches to care, where in-person
and online sessions can complement each other. The use of
technology is an obvious solution to facilitate access to care and
reduce the burden of transportation, costs, and demands on care
partners. Yet, we still need to overcome several barriers, including
limited evidence, insurance models, and technology asymmetries,
before it reaches true efficacy, safety, and implementation.
Particularly in delivering exercise online, there are concerns
regarding safely integrating exercises commonly used during in-
person settings. Is it possible to monitor safety appropriately when
viewing participants in little boxes?

Safe, evidence-based practices must be a priority for care in all
settings, including online. Without robust evidence, professionals
may favor unnecessary procedures and foster unrealistic
expectations in people with PD, particularly those with less
favorable profiles, placing individuals at risk of falls, injury, or
frustration.

But what shall we do while we wait for the evidence?

The Covid pandemic pushed us to experiment with disruptive care
models, and now we must be prepared to refine them. We know that
online programs led by professionals with PD-specific expertise can
better foster safety, just as they do for in-person programs. These
professionals can better select which exercises to apply to
individuals at risk and adapt to their changing needs. We also know
that adherence and ongoing motivation are major challenges. While
we must be careful about safety, we also want to be careful not to
underestimate the person’s capacity and compromise benefits,
motivation, and adherence.

In this session, we will share examples of achieving these two
objectives.

Ultimately, exercises that challenge balance might be more
appropriately applied in person for better results and fewer risks.
While exercises with strong aerobic components that require less
supervision, such as dance and boxing, already have preliminary
evidence supporting safety in online formats. Yet, several questions
should fuel future research: Are we aiming to replace in-person

sessions or complement them? Should we focus on creating new
exercises that build upon technology instead of reproducing in-
person activities? And how can online exercise replicate social
connections and interactions better?
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Table 2: Women and Parkinson’s disease: Unmet needs
Soania Mathur*
UnshakeableMD, Ajax, ON, Canada

Parkinson’s disease is often thought to primarily affect a specific
demographic, that is, older white men. This stereotype is reflected in
the long-standing illustration of the stooped elderly man that
dominates medical media. But this disease knows no gender
boundaries and as PD is the fastest-growing and second-largest
neurological condition worldwide, it is vital that we have a clear
approach towards all those affected including women.

The medical literature and anecdotal reports from the community
reveal a lack of insightful, comprehensive information about how
Parkinson’s affects women and optimal management of this disease
in this population. We know that symptoms, both motor and
nonmotor can be different. Women have more tremor, more
levodopa-induced dyskinesias, restless leg syndrome and
experience an increase in certain nonmotor symptoms such as
mood and sleep disturbances, anxiety and depression, fatigue,
apathy and pain. We also know of the variability in the clinical
symptoms and effectiveness of medication throughout a woman'’s
menstrual cycle as well as lifetime hormonal status. Women also
face different psychosocial issues; the most important being poorer
quality of life at diagnosis, negative self-image, fear of not being
heard and less social support.

How best do we manage the unique presentation and variability of
this disease in women?

How do we approach optimizing quality of life for women living with
PD in all stages of their life? How can we increase participation of
women in clinical trials so that we can learn the necessary
information to address these issues?

Join the discussion to address unmet needs and how to optimize
quality of life for women living with the challenge of Parkinson’s
disease.
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Table 3: Swallowing and Parkinson’s
Yael Manor*
Tel Aviv Sourasky Medical Center, Tel Aviv, Israel, Israel

Dysphagia affects the most cardinal aspect of human functions, the
ability to eat and drink. The discomfort, nutritional problems,
malnutrition and dehydration, weight loss, difficulties in handling oral
medication and the high incidence of aspiration pneumonia as a
cause of death attest to the clinical importance of this problem. It is
well recognized that dysphagia is associated with reduction in the
quality of life (QOL) of patients with Parkinson’s disease (PD). Early
assessment of swallowing disturbances and adequate treatment of
dysphagia in patients with PD might not only prevent aspiration but
may also increase the level of safety while eating and decrease the
fear of choking.
At the round table we will discuss some of the common signs and
symptoms of swallowing disturbances in PD, such as:

« Difficulty to control food or saliva in the mouth

« Difficulty to initiate the swallowing reflex

« Coughing before, during or after a swallow

« Frequent coughing towards the end or immediately after a meal

« Chocking before, during or after a swallow
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* Recurrent pneumonia

» Weight loss when no other reason can be defined

» Gurgly voice quality — wet voice quality after swallowing

* Increase in saliva in the pharynx after a swallow, toward the end

of the meal or after a meal

* Food gets stuck in the throat
Another point that will be discussed is when and how to get early
swallowing screening and/or evaluation so early intervention can be
initiated. Finally, the swallowing intervention program approaches
will be described. It will be clarified that the most important aspect of
management is the accurate diagnosis of the neuromotor or
anatomic problem affecting swallowing. Once the specific problem
has been defined, the swallowing therapist can design an
appropriate intervention programme to manage the swallowing
disturbance both in terms of nutrition and of rehabilitation of
swallowing patterns. The importance of the patients’ understanding
of their pathological swallowing pattern will be stressed.
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Table 4: Mobility challenges in PD: Causes and connections
Kaylena Ehgoetz Martens*
University of Waterloo, Waterloo, ON, Canada

Several mobility problems are associated with Parkinson’s disease
(PD) that include gait and balance impairments. Freezing of gait
(FOG) is a severe gait disturbance that is commonly experienced by
people living with Parkinson’s disease, and has a significant impact
on falls, independence and quality of life. Freezing of gait can be
defined as a sudden inability to move the feet forward despite the
intention to walk. It is complex, yet debilitating, and remains difficult
to treat due in large part to its heterogeneous nature. Freezing of
gait can vary in presentation ranging from severe shuffling to
trembling to complete akinesia. It can also vary in responsiveness to
medication, as well as there are a variety of contextual triggers
which provoke FOG. The highly variable nature of this phenomenon
makes it challenging to study in both clinical and research settings,
and as a result, our understanding of its mechanistic causes remain
incomplete. While culminating evidence suggests that freezing is
multi-faceted and influenced by a variety of impairments across
cognitive, motor and affective domains, further research is needed
to characterize and understand the heterogeneity related to FOG in
order to develop novel and effective therapeutic interventions.
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Table 5: (Spanish) Mitos y barreras en torno a la participacion
en la investigacion / Myths and barriers around participating in
research

Ignacio Mata*

Cleveland Clinic/Case Western Reserve University, Cleveland, OH,
United States

Los seres humanos llevamos miles de afios utilizando metodologias
cientificas (investigacion) para comprender mejor la naturaleza, las
enfermedades, etc. En esta mesa redonda presentaremos lo que es
un estudio de investigacion y cémo los cientificos los utilizan para
responder a preguntas especificas y comprender mejor la
enfermedad de Parkinson. También explicaremos la diferencia
entre los que comparan los efectos de una determinada
intervenciéon (intervencionistas), como los ensayos clinicos, y los
que se limitan a observar y recoger datos en un grupo de individuos
(observacionales). A continuacién, discutiremos algunas de las
barreras que tienen los cientificos para reclutar participantes en
diferentes estudios de investigacion, y desmentiremos algunos

mitos y conceptos erréneos que tienen muchos individuos y que
pueden impedir su participacién en la investigacién.

También ofreceremos ejemplos y formas de identificar estudios de
investigacion de confianza.

El objetivo de este debate es proporcionar todos los conocimientos
y las herramientas para sentirse cémodo al participar en una
investigacion.
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Table 6: Familial PD: Tips for treating a family vs a single
patient

Leonidas Stefanis*

NKUA and BRFAA, Athens, Attiki, Greece

Familial PD in practical terms refers mostly to PD cases presenting
across multiple generations, in families with autosomal dominant
inheritance. Relatively benign forms exist, such as in the context of
LRRK2 mutations; penetrance is modest, and the overall family
burden, although significant, is not devastating, given that the age of
onset is quite similar to idiopathic PD, many times beyond
retirement age, and the course rather slow. Contrast this with cases
with autosomal dominant PD due to mutations in the SNCA gene
encoding for alpha-synuclein. Although there is variability in disease
manifestation between carriers of different SNCA mutations, carriers
of the most commonly identified p.A53T SNCA mutation and their
families face an uphill battle. The disease invariably hits every
generation, and afflicted subjects usually become incapacitated at a
productive age, as the mean age of onset is 45 years of age and the
disease course, regarding both motor and non-motor aspects, often
quite rapid. It is clear that the family environment is critical in the
management of the single patient, who has often witnessed the
harrowing aspects of the disease in close relatives, usually his or
her parents. The treating neurologist and his team have to take into
account the family history and the repercussions it may have on the
expectations of the single patient and his or her family. It is essential
that an atmosphere of hope and support is offered, as it has to be
conveyed that a) there is a host of medical and non-medical
interventions that are now available that may not have been
available to the patient's parents, b) the disease course even
amongst patients with the same SNCA mutation, is variable, and c)
there is hope for new disease-modifying treatments, especially since
aberrant alpha-synuclein, the undeniable cause of the disease in
such families, is the target of intense therapeutic development.
Similar encouragement needs to be conveyed to the whole family,
including caregivers, together with the urge to participate in non-
interventional and interventional clinical studies, which are sorely
needed in this group of subjects with rare genetic synucleinopathies.
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Table 7: Parkinson’s Apathy: Why do we care?

Dawn Bowers™

University of Florida, Fixel Institute of Neurological Disorders,
Gainesville, Florida, United States

Evidence over the past two decades points to apathy being a core
neuropsychiatric signature of Parkinson disease. This roundtable
will provide an update on what we know and what we do not know
about apathy, including best practices for improving apathy in
persons with PD. We know that apathy is distinct from depression,
affects between 30-70% of persons with PD, can occur early and
progressively worsen with disease progression. Rather than a mood
disorder, apathy is a disorder of motivation that affects one’s get up
and go in terms of behavior, thinking, and emotions. Why should we
care? Apathy can have potent health and interpersonal
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consequences, ranging from physical deconditioning, increased
burden on caregivers, and negative effects on treatment outcomes.
We will discuss risk factors for developing apathy, and how some
treatments for depression can worsen apathy. This will be highly
interactive roundtable where participants share their tips and their
best advice. As part of the roundtable, we will highlight a behavioral
intervention for improving apathy, including the Parkinson Active
Living Program (PAL, Butterfield) that we use at the University of
Florida.
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Table 8: Action observation and motor imagery: From
neurophysiology to clinical practice

Laura Avanzino*

University of Genoa, Genoa, ltaly

Motor imagery (Ml) is a dynamic state during which motor actions
are mentally simulated, without

actual movement. A large body of evidence suggests that imagined
and executed actions recruit overlapping brain regions (i.e.,
premotor cortex, anterior cingulate, inferior parietal lobule, and
cerebellum), although MI is thought to reflect mainly the process of
movement preparation, with reduced involvement of end-stage
movement execution related processes.

It is widely accepted that also the observation of actions performed
by others activates in the brain the same neural structures used for
the actual execution of the same actions. The neurophysiological
basis of “action observation” (AO) is represented by the discovery of
mirror neurons in the monkey cerebral cortex that discharge during
both the execution of goal-directed actions and the observation of
other individuals performing similar actions. The definition of “mirror
neuron system” (MNS) comprises the cerebral areas containing
mirror neurons and evidence with the use of neurophysiological
techniques as Transcranial magnetic stimulation and functional
imaging (fMRI) suggested that a MNS is also present in the human
brain. For example, during AO, the excitability of the motor cortex is
enhanced, and brain areas in the frontal and parietal lobes are
recruited, similarly to motor execution. The MNS is also involved in
“imitation” within a circuit involving the inferior parietal lobule, the
inferior frontal gyrus, and the premotor cortex.

Based on these neurophysiological premises, several studies have
shown that MI and AO are effective ways to learn a new motor skill
or to enhance its performance in healthy individuals, in an
analogous manner to physical exercise. In rehabilitation, an
adequate number of studies have been published so far that
demonstrate positive effects of Ml and AO training in neurological
conditions with great attention in the last years to neurodegenerative
diseases as Parkinson’s disease (PD). In PD positive effects of AO
and MI have been shown mainly on walking ability and typical motor
signs of PD like freezing of gait.
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Table 9: Every person with PD needs a palliative care team
Ed Richfield*
North Bristol NHS Trust, Bristol, United Kingdom

This round table discussion offers the opportunity to explore the role
of the palliative care team and palliative approaches to care and the
way in which they may positively influence the lived experience of
people living with Parkinson’s. Using practical examples, we will
explore how palliative care approaches may be applicable from the
time of diagnosis and throughout the course of the condition, what
this means for the way in which palliative care can be accessed and
how things could change to improve accessibility. Palliative care

services incorporate a range of professionals with complementary
skill sets, we will discuss how these can be utilized to provide both
holistic approaches to care and focused expert help for specific
unmet needs. People with Parkinson’s, their caregivers and family
may have different needs at any given time, we seek to explore how
a service can recognize and respond to this effectively. Finally, we
will discuss the way in which health setting influences the nature of
palliative care services for people with Parkinson’s and how an
understanding of this can help us improve access, in order to
address unmet care needs.
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Table 10: Biological brain changes observed following exercise
in Parkinson’s: What do they tell us?

Mark Hirsch*

Carolinas Rehabilitation, Charlotte, NC, United States

The aim of this round-table is to dialogue about possible barriers
and future opportunities to develop and implement a patient-centric
inclusive research agenda on biological brain changes observed
with exercise in Parkinson disease. We must accelerate our work
efforts together to move the field forward in what we refer to as
“radical collaboration”. World-wide there is a growing interest in the
neurosciences and in the science of exercise and neuroplasticity in
Parkinson disease. For years, it was believed that exercise was a
waste of time or that intense exercise was to be avoided as it was
thought to worsen Parkinson disease by, for example, increasing
the amount of underlying muscle tone. Traditionally, individuals
living with Parkinson’s disease are engaged by the biomedical
community in research to advance knowledge as “subjects” or
“objects” of research and rarely as “equal partners”, “colleagues” or
"collaborators”. Recently, participatory approaches to research and
clinical care such as patient-centric care, personalized medicine,
participatory medicine, participatory healthcare, patient-scientists,
and shared decision-making processes have slowly begun to
emerge in the field of Parkinson disease. However, differences in
the goals and perceived value of biomedical research on exercise,
perceived hierarchical inequities in the medical doctor/patient
research system, and terminology used by the biomedical
community to disenfranchise people living with Parkinson disease
and their care-partners (a.k.a. “the stakeholders”) may influence the
progress of a participatory process. Participatory research and
clinical care is a lot more complex than ever imagined. In addition,
we need to bring these insights to those who will use the results,
including the incorporation of new results on exercise and
neuroplasticity into the training of clinicians.
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Table 11: Assaying misfolded synuclein in fluid and tissue
biopsies for the diagnosis of PD

Brit Mollenhauer*

University Medical Center Géttingen and Paracelsus-Elena-Klinik,
Kassel, Germany, Kassel, Hesse, Germany

There is still a lack of neuroprotective strategies in a-synuclein
(aSyn) associated neurodegenerative disorders [such as
Parkinson’s disease (PD) and Multiple System Atrophy (MSA)] due
to various reasons. One of the reason is that the diagnosis is still
made too late and that there is no biomarker to objectively reflect
the progression of the disease that is needed for clinical trials with
neuroprotective strategies as outcome measure.

Over the past years, efforts to develop progression biomarker
focused on imaging strategies and biological fluids, that mostly
focused on cerebrospinal fluid (CSF) in the past. Most biomarker
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immunoassays have so far not shown robust and clinically
meaningful results. The newly developed aSyn Seed Amplification
Assays (SAA) in CSF show high sensitivities and specificities for PD
across various independent laboratories. In PPMI CSF samples
form 1,139 participants were included and showed a sensitivity and
specificity in PD and Healthy Controls (HC) of 88% and 96%. In
MSA the seed dynamic can differentiate PD from MSA in some
assays. Longitudinally there does not seem to be a change over
time in dilution experiments making it currently impossible to utilize
this biomarker as progression biomarker. In prodromal individuals
with isolated REM sleep behaviour disorder (iRBD), the signal can
be detected up to 9 years before conversion to disease in the De
Novo PD (DeNoPa) cohort.

In the Systemic Synuclein Sampling Study (S4) aiming to
characterize aSyn in multiple biofluids and tissues within the same
PD subjects (n=59) in comparison to HC (n=21). SAA was
performed in CSF and with formalin-fixed and paraffin embedded
submandibular gland biopsies (SMG); the sensitivity and specificity
for SAA in CSF was 93% and 91% and for SMG 73% and 79%.
Therefore a-synuclein SAA in its current form in CSF can be used
for stratification in clinical trials in a-synuclein aggregation disorders
and also in its prodrome iRBD. Emerging evidence also shows that
a-synuclein SAA may even be applied in peripheral tissue and
fluids, like skin, olfactory mucosa and also saliva. Identifying
subjects at risk for upcoming neuropreventive strategies need
peripheral biomarker. SAA will therefore be helpful in the future, but
progression biomarker are still lacking.
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Table 12: Pre-habilitation: Preventing complications

Ryan Duncan*

Washington University in St. Louis - School of Medicine - Program
in Physical Therapy, St. Louis, Missouri, United States

The progressive nature of Parkinson disease (PD) increases the
chances of experiencing complications associated with the disease.
Common PD-related complications include motor and non-motor
problems. Motor complications include gait difficulty, balance
problems, falls, and fall-related injuries. Non-motor complications
include cognitive impairment, depression, and pain. Rehabilitation
and exercise are often effective in managing complications.
However, too often there is a reactive approach to managing
complications in PD. This is a problem because waiting to
participate in rehabilitation and exercise until after complications are
present poses significant difficulties for patients, caregivers, and
rehabilitation providers. In this presentation, we will discuss the role
of rehabilitation and exercise in managing and, ideally, preventing
these complications. We will emphasize the need for a pro-active
approach, or pre-habilitation, aimed at implementing effective
rehabilitation and exercise strategies designed to delay or prevent
the onset of these complications in people with PD.
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Table 13: Optimizing care provided in hospital for people with
Parkinson’s

Richard Genever*

Chesterfield Royal Hospital NHS Foundation Trust, Chesterfield,
United Kingdom

This round table discussion supports the earlier presentation on
‘Optimizing care provided in hospital for people with Parkinson’s’.
The aim is to expand on the themes identified in the earlier session
and to discuss ways to identify potential hazards before they
happen and to put supportive measures in place.

There will be the opportunity to discuss approaches to clinical
scenarios.
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Table 14: What are the major advances in basic research in
PD?

Tiago Outeiro*

University Medical Center Gottingen, Géttingen, Deutschland
(DEU), Germany

Parkinson’s disease (PD) was described more than 200 years ago.
The most effective therapies for PD have been developed around
60 years ago and, unfortunately, we have only witnessed
incremental improvements in the treatment of PD. Although our
knowledge of the molecular mechanisms involved in PD has
evolved significantly in the past 30 years, it is widely accepted we
face gaps and challenges in the detailed understanding of the
molecular etiology of PD. In this session, | will discuss the major
advances in the PD field and how they promise to open novel
possibilities for therapeutic intervention.
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Talk 1: Prevalence of co-pathologies in Parkinson’s disease
Lauren Walker*
Newcastle University, Newcastle upon Tyne, United Kingdom

The hallmark protein aggregation deposited in the brain of people
with Parkinson’s disease is alpha-synuclein, however pathology
associated with other neurodegenerative diseases can also be
found in the brain which can affect the prognosis and trajectory of
the disease course. Microscopic examination of the brain enables
us to examine the prevalence of additional protein deposits. The
most common co-pathologies are those seen in people with
Alzheimer’s disease (AD) (i.e. hyperphosphorylated tau and amyloid
B (AB)), however other common co-pathologies include white matter
lesions, TDP-43 inclusions, and argyrophilic grains. | will discuss the
prevalence of common pathologies across the Parkinson’s disease
spectrum, the vulnerability of particular brain regions, and how this
may affect the clinical progression.
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Talk 2: The role of alpha-synuclein and co-pathology on
cognitive and non-motor symptoms

Georgina Aldridge*

University of lowa, lowa City, lowa, United States

Aggregated alpha-synuclein is found in Lewy Body Dementias
(LBD), Parkinson’s disease (PD), and around half of patients with
Alzheimer's dementia (AD). Similarly, aggregation of proteins
associated with AD (beta-amyloid, tau) and frontotemporal dementia
(TDP-43), are often also found in patients with Lewy Body
Dementias. Intriguingly, mixed pathology is more common than
“pure” pathology, making it essential to understand how different
protein aggregates contribute to symptoms and progression.

There is strong evidence supporting an association between alpha-
synuclein, dopaminergic cell loss, and motor symptoms. By
contrast, the role of alpha-synuclein and other protein-aggregate co-
pathologies in non-motor symptoms remains unclear. Non-motor
symptoms range from loss of smell to dream enactment to light-
headedness with standing. Of the numerous symptoms described in
LBD, arguably some of the least well understood include
neuropsychiatric symptoms such as depression, hallucinations,
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psychosis, anxiety and cognitive fluctuations (spontaneous changes
in arousal and attention).

Our group uses deep-phenotyping of autopsy cases to generate
hypotheses for how co-pathologies in specific brain regions
contribute to complex non-motor symptoms. Pathological deep-
phenotyping includes evaluation of beta-amyloid, alpha-synuclein,
TDP-43 and tau aggregates at multiple target brain regions,
including the brainstem. For example, despite lacking amyloid
pathology, we have found co-morbid alpha-synuclein, phospho-tau
and TDP-43 pathology, including in the locus coeruleus of a patient
that had severe cognitive fluctuations and hallucinations. Our
preliminary studies also show frequent tau co-pathology (with alpha-
synuclein) in the dorsal raphe of LBD patients. When possible,
pathology is then combined with detailed information on non-motor
symptoms such as anxiety, depression and psychosis.

Finally, our team uses viral overexpression and fibril-spread models
in mouse to evaluate the effects of isolated pathology in potential
target regions. For example, the presence of alpha-synuclein
outside of the brainstem is a defining feature of LBD, but the effect
of isolated alpha-synuclein in cortical cells is not well understood.
We have found that locally overexpressed alpha-synuclein in
prefrontal cortex causes increased survival of dendritic spines.
Using a similar strategy, our team is currently investigating the effect
of local overexpression and aggregation of alpha-synuclein and tau
in brainstem regions such as dorsal raphe and locus coeruleus.
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Talk 3: Contributions of co-pathologies in activating the
immune response in PD

Ashley Harms*

University of Alabama at Birmingham, Department of Neurology,
Birmingham, AL, United States

Co-pathologies are a core feature of Parkinson Disease (PD). Along
with Lewy body formation due to a-synuclein (a-syn) inclusions, R-
amyloid (AB) and tau aggregates are also implicated in the
pathological progression of PD. AR plagues and phosphorylated-tau
fibers are present in the brain of over 50% of PD cases. Studies
have also shown that these three pathologies synergistically interact
and may promote the aggregation of each other. Innate and
adaptive immune responses in the brain, marked by infiltration of
peripheral immune cells, gliosis, and the increase in pro-
inflammatory cytokines in the brain, are prominent in PD and have
also been associated with AR and tau pathology. However, animal
models of these single pathologies do not fully recapitulate the
immune response that is seen to be such an important component
of human disease. To test the hypothesis that AB, tau and a-syn co-
pathologies converge to drive pathology and neuroinflammation, a
key component of PD, we developed a novel co-pathology model in
mice and non human primates. This model incorporates a-syn, AB,
and Tau in interconnected brain regions more accurately modeling
human disease. With this clinically relevant model of PD, we aim to
further explore and understand mechanisms of how these co-
pathologies enhance  pathology, neuroinflammation, and
neurodegeneration in PD.

0136

Talk 4: Co-pathologies and Parkinson’s: What it all means to
those living with PD?

Soania Mathur*

UnshakeableMD, Ajax, ON, Canada

While certain proteinopathies or pathologic processes are
associated with specific neurodegenerative diseases, and form

disease-specific aggregates, different pathologies can coexist in
various neurologic diagnoses. Much research is being done to
determine the effect of co-pathologies, and understand what
cascade of events and interactions may result in the manifestations
of disease resulting perhaps in differing phenotypes. But what does
this research mean to patients? How does understanding the impact
of co-pathologies potentially change our understanding of
Parkinson’s  disease? Will this research change clinical
management of this disease? What should the patient community
know? This talk will discuss the relevance of this science in lives oof
patients with PD.
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Talk 1: Body-first and brain-first PD animal models mimic
human PD subtypes

Nathalie Van Den Berge*

Aarhus University, Aarhus N, Danmark, Denmark

In Parkinson’s disease (PD), a-synuclein (a-syn) pathology can
propagate along the brain-body axis affecting multiple organs.
Patients display highly heterogeneous early disease phases, limiting
accurate and early diagnosis. Increasing data suggests disease
heterogeneity can be explained by variable disease initiation sites
(body or brain) or by variable morphology of the dominant a-syn
strain. Importantly, the cellular environment is known to impact
strain characteristics. We hypothesize, for the first time, that both (1)
disease initiation site and (2) a-syn strain morphology are
interdependent determinants of the clinical and histopathological
profile of PD subtypes.

Here, we aim to model body- or brain-first PD by injecting
aggregated a-syn in the gut or amygdala of 14-month old wild-type
rats, respectively. Characterization of both models is performed
using immunostainings against a-syn pathology, [18F]PE2l (DaT)
PET scans, ex vivo [123I]MIBG (cardiac) and [18F]FEOBYV (enteric)
tracer readouts and symptom scoring. Second, we aim to explore
subtype-specific a-syn pathology in brain and several peripheral
tissues. Characterization of a-syn strain differences is performed
using several conformation-specific luminescent conjugated
oligothiophenes (LCO).

Our body-first model mimics human body-first PD with symmetric a-
syn pathology in the brain, ultimately leading to bilateral
dopaminergic neurodegeneration (Fig. 1). Additionally, we observe
cardiac and enteric denervation, and a-syn pathology in peripheral
tissues. Our brain-first model appears to mimic brain-first human
PD, with predominant unilateral pathology that evolves into
predominant unilateral neurodegeneration. In the brain-first rodents,
we did not observe cardiac denervation, similar to human brain-first
PD. Our preliminary LCO-data indicate that (1) a-syn strains are
region- and organ-specific, (2) a-syn strains are associated to
disease initiation site, (3) the mix of observed a-syn strains is more
variable in the brain-first compared to the body-first subtype.

Our two complementary animal models are the first direct attempt to
recapitulate human PD subtypes, with a comprehensive approach
including several PD features (old age, peripheral pathology etc.).
This study provides compelling mechanistic insight into why PD is
an asymmetric disorder in some patients, and symmetric in others.
And early stratification, based on imaging biomarkers and detection
of subtype-specific pathology in tissue biopsies, has potential
applications in clinical trials and personalized treatment.
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Figure 1. Imaging-based phenotyping of brain-first and body-first PD rodent model. Lett: ['*F]PE2I (DaT) PET scans were
performed at 8-9 months in brain-first rodents. and at 5.5-6.5 menths in qut-first rodents, as well as control rats. Brain-first rodents
show predominantly unilateral decrease, whereas body-first show bilateral, symmetric decrease compared to controls. Right: @x
vivo tracer experiment with ['Z3JMIBG shows 34% cardiac denervation in body-first rodents but no reduction in brain-first redents.
Ex vivo tracer expenment with ['*FIFEOBV shows 35% and 42% enteric denervation in brain-first and body-first redents,
respectively [preliminary data)
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Talk 2: Bidirectionality: Gut-to-brain and brain-to-gut
propagation of synucleinopathy

Ayse Ulusoy™

German Center for Neurodegenerative Diseases, Bonn, NRW,
Germany

The vagus nerve serves as a crucial pathway for communication
between the brain and body. Its neuronal activity controls the
function of various peripheral tissues and organs. Dysfunction or
damage to the vagus nerve can result in a range of symptoms and
conditions, including digestive problems, a common non-motor
symptom of Parkinson’s disease. In Parkinson’s disease, alpha-
synuclein accumulates not only in the brain but also in the gut.
Interestingly, the pathology also is present in the vagus nerve. This
suggests that the nerve may be involved in the development of
Parkinson’s disease by transferring alpha-synuclein pathology from
the gut to the brain or vice versa. To investigate the role of the
vagus nerve in transferring alpha-synuclein, we developed animal
models of alpha-synuclein spreading using viral vectors to enhance
alpha-synuclein expression in the vagal nuclei or the midbrain. Our
studies have shown that alpha-synuclein can spread through the
vagus nerve in a stereotypical pattern, reaching more frontal brain
regions. Experiments also showed that this spreading involves
transfer of alpha-synuclein from one neuron to another.
Interestingly, this interneuronal spread of alpha-synuclein was bi-
directional. We demonstrated that the vagus nerve, not only is
involved in the caudo-rostral spreading, but also can take up alpha-
synuclein from more frontal brain regions (i.e., midbrain) and
transfer the protein to the stomach wall through preganglionic vagal
projections. Given that the vagal nuclei are exposed to the external
environment, they may be more susceptible to oxidative stress and
accumulation of ROS. To test this hypothesis, we treated mice with
paraquat, a ROS-generating agent, and observed that increased
oxidative stress led to the formation of oxidatively modified forms of
alpha-synuclein and enhanced spreading of the protein to more
frontal brain regions. In addition, we used chemogenetic tools to
increase neuronal activity in the vagal nuclei and found that this also
led to increased oxidative stress, formation of oxidatively modified
forms of alpha-synuclein, and enhanced spreading. Overall, our
data suggest that the vagus nerve is a critical pathway for alpha-
synuclein pathology spread and that increased oxidative stress,
oxidatively modified forms of alpha-synuclein, and neuronal activity
play significant roles in promoting the pathology and its spreading.

0139

Talk 3: The potential contributions of the gut microbiota to
alpha-synuclein pathology in the gut and brain

Timothy Sampson™

Emory University, School of Medicine, Atlanta, GA, United States

Persons with Parkinson’s disease (PD) display significantly altered
gut microbiome composition. Changes in the gut microbiome have
been shown to alter pathological outcomes in PD mouse models,
however, the mechanisms and specific bacterial taxa involved
remain poorly understood. As the gut microbiome is intimately
associated with metabolic and immunologic processes, we are
working to understand whether PD-associated bacteria are capable
of modifying accumulation of alpha-synuclein in the intestinal tract.
Here, we have used gnotobiotic, humanized-synuclein mice,
associated with distinct microbes, to dissect single organism
contributions to intestinal pathology. Measurement of both synuclein
accumulation and inflammatory responses allows us to identify
organisms with the capacity to alter disease processes. We highlight
the ability of individual microbial taxa to uniquely shape PD-relevant
pathology and neuroinflammatory states. By pinpointing the specific
effects of PD-associated microbes on intestinal and neuro-
inflammation and synuclein accumulation, we hope to identify
bacteria that may contribute to disease severity, progression, or
etiology.

0140

Talk 1: Biological brain changes observed following exercise in
Parkinson’s: What do they tell us?

Mark Hirsch*

Carolinas Rehabilitation, Charlotte, NC, United States

While it is now widely accepted that encouraging adoption of a
healthy lifestyle (including promotion of physiotherapy, exercise and
community-based physical activity) is a key nonpharmacologic
treatment strategy to improve quality of life for individuals at all
stages of Parkinson disease, the evidence of exercise-induced
neuroplasticity in human PD is still in its early infancy. In this
presentation | will discuss a emerging published evidence (last 10-
15 years) on possible exercise-induced cortiocostriatal
neuroplasticity in human Parkinson disease. Exercise-induced
mechanisms in human PD CNS to be discussed will include
treadmill-training-induced increase in maximal excitability of the
corticomotor system (Fisher, 2008), increase in dopamine D2
receptor density within the dorsal striatum (Fisher, 2013),
improvement in bilateral posterior putamen binding after ultra-
marathon (Daviet, 2014), balance-training-induced changes in gray
matter volume in basal ganglia circuitry (Sehm, 2014), exercise-
induced increase in dopamine release in caudate and ventral striatal
activation (Sacheli 2019), striatal dopamine transporter availability
after physical activity or virtual rehabilitation (Shih, 2019; Toldo
2021), changes in connectivity (including connectivity of the
putamen with the sensorymotor cortex) with higher-intensity bicycle
exercise (van der Kolk, 2019; Segura, 2020; Johansson, 2022), and
exercise-induced increase in brain-derived neurotrophic factor
(Frazzitta, 2014; Zoladz, 2014; Marusiak, 2015; Angelucci, 2016;
Sajatovic, 2017; Azevedo, 2022). Although the evidence of
exercise-induced neuroplasticity in human PD is still scarce, this
evidence will be presented in a participatory manner that is hoped to
advance discoveries through hypothesis-driven collaborative
research, in which people with Parkinson’s disease are engaged in
research as “partners” or "collaborators”, rather than as “subjects” or
“objects” of the research — a system we refer to as radical
collaborative “participatory health care”. It is hoped the presentation
will generate conversations, new hypotheses and research
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questions (with significant input to the intellectual content from the
audience) to further elucidate the meaning of biological brain
changes observed following exercise in Parkinson disease.

0141

Talk 2: Clinical trials: What is the evidence for the benefit of
exercise in PD?

Erwin van Wegen*

Amsterdam University Medical Center, Amsterdam, Netherlands

By now, exercise is considered effective in improving motor
symptoms in Parkinson’s disease (PD). Whether therapeutic
exercise is able to delay or stop disease progression or definitively
improve non-motor consequences of PD is still a matter of debate.
In this presentation we highlight some key studies and give an
overview of evidence based information yielded from randomized
controlled trials regarding benefits exercise and PD symptoms. We
will review the methodology used in the RCTs, the results of the
trials, and the implications of the findings. Specifically, we will
explore how exercise has been shown to improve motor and non-
motor function and quality of life in Parkinson patients. The lecture
will conclude with a discussion of the implications of the findings for
the development of best practices for treating Parkinson disease,
transitioning to the third lecture in this series.

0142

Talk 3: How can we design better exercise trials in PD?
Daniel Corcos*
Northwestern University, River Forest, lllinois, United States

It is axiomatic that exercise is medicine. This presentation will focus
12 issues and questions that should help the design of future
exercise trials. First, it is crucial to involve people with PD in the
front end of the design of some types of research studies —
participatory action research in which people with PD are true
partners. Second, we need to rethink control groups and consider
testing findings directly against clinically important differences.
Third, we need to distinguish studies that are designed to take
advantage of neuroplasticity and potentially target disease
modification from those which are designed for symptom reduction.
We need to develop agreed upon paradigms for disease
modification studies. Fourth, we need to understand the acute
effects of exercise as well and the chronic effects of exercise and
how best to take medication in the context of exercise. Fifth, we
need to determine the minimal exercise prescription that delivers
positive results. Sixth, what are the mechanisms exercise affects
and does this inform the optimal time spent in exercising. Seventh,
how can we increase the sustainability and durability of exercise
interventions? Will people do what exercise trials suggest once the
support and external motivation for taking part in the study are
removed? What strategies can be developed to improve adherence
to the exercise prescription? Trials of the future should explicitly test
for sustainability and have long term follow-up time periods. Eighth,
what are the best outcomes to assess and what are the best
exercise interventions for different outcomes? Ninth, what is the
best exercise progression to help people as the disease
progresses? Tenth, can we generalize results from one exercise
modality to another? Eleventh, what is the impact of chronotropic
insufficiency on exercise capacity? Ten percent or more of people
with PD cannot achieve age predicted maximal heart rate. Does this
affect how their signs and symptoms respond to exercise? Twelfth,
how can we increase the diversity of people recruited to exercise
studies in PD?

0143

Talk 1: Aging well with Parkinson
Alison Yarnall*
Newcastle University, Newcastle upon Tyne, United Kingdom

Age is the biggest risk factor for developing Parkinson’s disease,
and age also influences progression. People who develop
Parkinson’s later in life may experience different symptoms from
those with a younger onset. The prevalence of Parkinson’s disease
and thus the associated non-motor symptoms will increase in future
years due to secular trends in the age-structure of populations, both
UK and worldwide. Rising age in the general population often
equates to an increase in co-morbidities and associated
polypharmacy. Other important age-associated conditions include
sarcopenia, the progressive loss of muscle mass and strength, and
osteoporosis, where reduction in bone mineral density and bone
mass may be seen.

This talk will therefore cover some conditions and overlap in
conditions that may occur in older adults with Parkinson’s.
Differences between young onset Parkinson’s and how ageing-
associated diseases that can affect mobility and movement will be
reported. How to age well in Parkinson’s including multidisciplinary,
personalised care will be covered. A clinical perspective on
identification, management and treatment of specific age-associated
features will be highlighted.

0144

Talk 2: Cognitive impairment and dementia

Greg Pontone*

Johns Hopkins University School of Medicine, Baltimore, MD,
United States

Parkinson’s disease (PD) often progresses to include cognitive
impairment. The cognitive impairment associated with PD can range
from mild (e.g., limited to one or two types of cognitive function
without much impact on day to day function) to severe (e.g., global
impairment with an inability to function independently). This talk will
review how to identify cognitive changes associated with PD
compared to other disease processes and normal aging. Brain
changes associated with cognitive impairment in PD will be
described to facilitate an understanding of the goals and limitations
of currently available treatments. Finally, we will explain the best-
evidence lifestyle choices and strategies to limit the impact of
cognitive changes on daily function and quality of life in people living
with PD.

0145

Talk 1: Mitochondrial abnormalities underlying PD — What’s on
the horizon?

Edward A. Fon*

Montreal Neurological Institute, McGill University, Montreal,
Quebec, Canada

Parkinson’s disease (PD) is a common, devastating
neurodegenerative disorder that affects over 8 million people
worldwide and the numbers will only grow as the population ages.
PD involves the death of dopamine neurons in the midbrain as well
as other cells in the brain, which leads to devastating motor, non-
motor and functional impairment. Although treatment is available, its
effectiveness diminishes over the long term. Both environmental
and genetic studies strongly implicate mitochondrial dysfunction in
PD. My laboratory has a longstanding interest in understanding the
role of mitochondria in PD and in understanding how PINK1 and
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Parkin, two recessive PD genes, function in a common pathway
regulating mitochondrial quality-control. Despite the many advances
in our understanding of Parkin and PINK1 function, much work
remains in order to decipher their precise role in mitochondrial
biology and disease. In this workshop talk, we will discuss how
PINK1/Parkin regulate mitochondrial autophagy (mitophagy) and
how other PD genes affect mitochondria. We will also discuss the
structural basis of parkin/PINK1 activation by mitochondrial damage
and how Parkin variants found in the population and in patients with
PD can help rationalize the function of Parkin in mitochondrial
quality control and better guide the design of future therapies.

0146

Talk 2: Lysosomal abnormalities underlying PD — From bench
to bedside

Roy Alcalay*

Tel Aviv Sourasky Medical Center, TEL AVIV, Israel

The underlying mechanism of Parkinson’s disease (PD) is still
unknown. Much of our knowledge of potential causes of PD is
derived from neuropathological studies (autopsies) and from genetic
data. In most PD autopsies, there are aggregates of the protein
alpha synuclein (a-syn) in Lewy bodies. Indeed, genetic studies also
point to a-syn as an important contributor to PD pathogenesis, given
that mutations in the gene SNCA that encodes a-syn are associated
with PD.

A-syn is degraded in the lysosome, the recycling bin of the cells. In
2004, the link between a lysosomal enzyme glucocerebrosidase
(GBA1) and PD was discovered. In fact, variants in GBA1 are
amongst the most common genetic risk factors of PD, and
homozygous mutations in the gene cause a lysosomal storage
disorder, Gaucher disease. Ever since the link between GBA1 and
PD was discovered, research on the role of the lysosome in PD has
gained traction. Mutations in additional lysosomal storage disorder
genes have since been associated with PD (e.g. ASAH1, GALC,
SMPD1). In addition, the link between PD and the LRRK2 gene,
which is a common cause of dominantly inherited PD may be
explained by its role in the lysosome or the endolysosomal pathway.
Therefore, the lysosome has become a drug target for novel
intervention to slow down or prevent PD. The underlying hypothesis
of targeting the lysosome is that the degradation of a-syn is
impaired in PD because of lysosomal dysfunction and that
improving the capability of the lysosome to recycle a-syn would slow
down the pathological process of a-syn aggregation. There are
multiple potential drug targets in the lysosome. Intuitive drug targets
in the lysosome are enzymes that have been genetically linked to
PD, specifically GBA and LRRK2. Other potential drug targets
include lysosomal channels, such as the TRP channel subfamily
(TRPML1), which its activation may help enhance a-syn
degradation. In summary, genetic data point to the lysosome and
the endolysosomal pathway as key players in the pathogenesis of
PD. We are hopeful that this insight will lead to novel interventions
that may slow down or prevent PD.

0147

Talk 3: Mitochondria-lysosome contact site dynamics in
disease

Yvette Wong*

Northwestern University Feinberg School of Medicine, Chicago, IL,
United States

Mitochondria and lysosomes are key organelles for regulating
neuronal function and homeostasis, and have both been genetically
and functionally implicated in the pathogenesis of Parkinson’s

disease. We have found that these two organelles directly interact
with one another at inter-organelle membrane contact sites known
as mitochondria-lysosome contacts, allowing for their bidirectional
crosstalk. These contact sites allow for mitochondrial regulation of
lysosomal network dynamics, and conversely for lysosomal
regulation of mitochondrial dynamics networks including
mitochondrial fission events and inter-mitochondrial untethering
events. Using advanced high spatial and temporal resolution live
microscopy, we have further shown that mitochondria-lysosome
contact dynamics and function are further misregulated in multiple
neurodegenerative diseases, including genetic models of
Parkinson’s disease, which contribute to downstream defects in
mitochondrial and lysosomal networks. Together, these studies
highlight a major role for mitochondria-lysosome contact sites in
contributing to the etiology of neurological disorders including
Parkinson’s disease.

0148

Talk 1: Infection and risk of Parkinson’s disease
Elena Kozina*
Thomas Jefferson University, Philadelphia, PA, United States

A growing body of evidence from both clinical and preclinical studies
suggests that Parkinson’s disease (PD) arises from a multifactorial
etiology that includes exposures to pesticides, herbicides, and
infectious agents that interact with an wunderlying genetic
predisposition. Given that these environmental agents first enter the
body (versus brain), it is critical to examine the role of peripheral
immune signaling as a contributor to the development of PD. In
relation to viral infections, neurotropic viruses (H5N1, West Nile and
WEEYV) have the ability to infect cells in the CNS regions affected in
PD. However, most viral infections do not appear to have this ability
including H1N1, RSV and SARS-CoV-2. In addition to viruses,
bacterial infections have also been shown to act as peripheral
triggers of neuron loss in the susceptible individuals. Recent
preclinical studies from our lab showed that the pandemic 2009
H1N1 and 2019 SARS-CoV-2 (alpha variant) viruses induce a
significant and persistent DA cell loss and neuroinflammatory
response in the SN of mice carrying the G2019S LRRK2 mutation
with no phenotype observed in the infected wt controls. We have
also demonstrated that the peripheral immune dysfunction, induced
by viral and bacterial infections, in LRRK2-mediated PD may have
been the initiating site of signals, and thus the cause, of the CNS
related pathologies. Using chimeric mouse models, we found that
the replacement of peripheral T- and B-cells carrying LRRK2
mutations with wt cells diminished LPS-mediated neuroinflammation
which resulted in the absence of the DA neuron loss in the, still,
genetically mutant brain. Conversely, the presence of LRRK2
mutations in lymphocytes alone (all cells in the brain are wt) is
sufficient to induce LPS-mediated neuronal loss. Remarkably, we
observed that LPS-induced DA cell loss was not associated with the
recruitment of peripheral immune cells into the brain’s parenchyma
suggesting that circulating factors from the dysregulated immune
cells were responsible for the immune activation and neuron loss in
the brain. Overall, our studies indicate that the PD-associated DA
neuron death can be regulated by underlying immune signaling
solely arising from the activated peripheral immune system, which
may provide new targets for therapeutic intervention.
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0149

Talk 2: Infections and associated medical complications on
neuropsychological function in Parkinson’s disease
Catherine Price*

University of Florida, Gainesville, FL, United States

This session will review cognitive and brain-behavioral profiles of
Parkinson’s disease (PD), and how viral infections (e.g., SARS-
CoV-2) with and without associated complications may alter the
trajectory of PD cognitive function over time. We will begin by
summarizing the known neuropsychological domains of change with
Parkinson’s disease, and then present biological system pathways
of change with common viral diseases as well as SARS-CoV-2. This
will lead to a discussion on the role of viral-induced inflammation on
brain-behavior systems and associated cognitive systems. The
session will additionally summarize complications of viral infections
that can also alter the neuropsychology of PD (including sepsis,
medical interventions requiring anesthesia, and delirium). At the end
of the talk, audience members will be able to: 1) explain how
systemic infections can exacerbate cognitive and behavioral
problems in Parkinson’s disease; 2) elaborate on the impact of
community-wide infections on PD; and 3) lise additional
complications of viral infections and how they may alter the
neuropsychological trajectory of PD.

0150

Talk 3: COVID-19 and Parkinson’s disease
Alfonso Fasano*
Toronto Western Hospital - UHN, Toronto, Ontario, Canada

The rapidity with which coronavirus disease 2019 (COVID-19) has
swept across the globe has favored the proliferation of studies
which lack scientific rigor and the literature on Parkinson’s disease
(PD) has not been immune. As a result, studies focusing on the
relationship between severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), COVID-19 and PD have provided
conflicting results.

This lecture will answer 6 questions based on the available
evidence: 1) Are PD patients at higher risk for contracting COVID-19
and are there specific contributing factors to that risk? 2) How does
COVID-19 affect PD symptoms? 3) How does COVID-19 present in
PD patients? 4) What are the outcomes in PD patients who contract
COVID-19? 5) What is the impact of COVID-19 on PD care? 6)
Does COVID-19 increase the risk of developing PD?

It does not appear that PD is a specific risk factor for COVID-19. On
the other hand, there is increasing evidence for the many direct and
indirect negative effects of this pandemic on the motor and non-
motor symptoms of PD. Although many PD patients present with
typical COVID-19 symptoms, some present atypically with isolated
worsening of parkinsonian symptoms, requiring increased anti-PD
therapy and having worse outcomes. Mortality data on PD patients
with COVID-19 has been quite inconclusive (ranging from 5.2% to
100%) but newer data are now available. Single cases of acute
hypokinetic-rigid syndrome have been described but no other
convincing data has been reported. The critical analysis of these
cases seems to suggest that in some cases a true parkinsonism
wasn’t present (e.g. in case of encephalitis with reversible akinetic
mutism), in other cases parkinsonism wasn'’t typical (e.g. it lacked
levodopa-responsiveness) and resulted from vascular lesions. The
majority of these ‘new-onset’ PD cases were subclinical PD with a
faster progression after the infection.

In conclusion, while there’s no convincing reason to be overly
worried, a coordinated effort is required to assimilate data and
answer these questions in larger PD cohorts.

0151

Talk 1: Better communication: Let us get started
Angela Christine Roberts*
Western University, London, ON, Canada

It has been said that conversations are central to family life.
Communication challenges and family system shifts in the face of
cognitive changes can negatively impact quality of life for persons
with Parkinson disease, their care partners, and families. Dr.
Roberts will overview the nature of communication changes in
Parkinson disease and their impact on family systems and care.
Special emphasis will be placed on how better communication can
support care goals, maintain independence, reduce caregiving
burdens, and promote quality of life.

0152

Talk 2: A patient-centered approach to care

Neil Archibald*

South Tees Hospitals NHS Foundation Trust, Middlesbrough,
United Kingdom

Patient-centered care is often quoted as the aim of medical services
but seems less clear how this is achieved or the benefits that this
brings. In this session, we take a look at different models of care in
Parkinson’s and how they might be developed to improve patient
and carer engagement and outcomes. | will be drawing from my
experience as an NHS Parkinson’s consultant and the son of a
Parkinson’s patient. | am not a clinical academic so expect this
session to be based on the ups and downs of working in a busy
Parkinson’s service in the UK. We will discuss where the service
started, how it has developed over the last 10 years and where it
might be headed in the next 10.
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0153

Talk 3: Communicating within the scientific and research
systems

Walter Maetzler*

Kiel University and University Hospital Schleswig-Holstein, Campus
Kiel, Kiel, Germany

Many people living with PD are interested in improving the
understanding and treatment options for the disease by participating
in research projects. The successes of this commitment, together
with scientists and people working in therapy development, can be
seen in the large number of excellent publications on the
understanding of PD and in the therapy options for the disease that
have advanced in recent decades. They are remarkable. This talk
will deal with essential aspects that seem to me to be necessary for
further successful scientific development in PD: It will inform about
the designs of studies for a better understanding of PD and clinical
trials that are common today, and touch on new developments on
the scientific horizon. Then the latest developments in Patient and
Public Involvement and Engagement (PPIE) in scientific projects will
be presented. This is a relatively new concept based on the belief
that involvement of patients in any scientific project from the outset
delivers benefits in the design and conduction of relevant research.
Tools for effective implementation of PPIE will be demonstrated with
the help of practical examples.

0154

Table 1: Freezing, falling and postural decline: What can be
done?

Anat Mirelman*

Israel

The purpose of the roundtable is to discuss issues that heavily
impact patient’s daily living and quality of life namely freezing of gait,
falls and postural instability. The prevalence rates of freezing of gait
(FOG) in Parkinson’s disease (PD) vary widely, ranging from 14.0 to
55.1%, while postural instability and falls are even more common
among patients with moderate to advance PD. Prospective studies
show that between 45% and 68% of people with PD will fall each
year, with a large proportion (50-86%) falling recurrently,
representing a significant cause of disability and loss of
independence. Information on the causes of these phenomena’s will
be provided while the discussion will focus on available treatments
and effective strategies for prevention. The roundtable will be
interactive, welcoming input from participants.

0155

Table 3: The role of breathing exercises in managing
Parkinson’s

Michelle Troche*

Teachers College, Columbia University, New York, NY, United
States

Swallowing and cough are life sustaining functions which are
overlaid on the respiratory system and that often become impaired
with Parkinson’s disease. There is research to support several
approaches to rehabilitating/improving swallowing and cough
function in people with PD. Most of these, involve ‘exercising’ our
breathing muscles or modifying the way we breathe to improve the
effectiveness and safety of swallowing and cough. Some examples
include: respiratory-swallow training, expiratory muscle strength
training, and cough skill training. We will briefly discus the research

to support these treatment approaches and will discuss how they
can be integrated into daily practice to improve health and quality of
life.

0156

Table 4: Subcutaneous L-dopa infusion vs other device-aided
therapies — Who shall have what?

Per Odin*

Lund University, Lund, Skane, Sweden

Advanced Parkinson therapy has so far included subcutaneous
treatment with apomorphine with portable pumps, intestinal infusion
of Levodopa-carbidopa gel and Deep Brain stimulation. The
individual choice between these therapies has been based on
indications and contraindications for the therapies, effects of the
therapies against motor and non-motor symptoms, side effects and
complications, as well as preferences of the patient and the
caregiver. During 2023 a further option will reach the market in
many countries - subcutaneous infusion of L-dopa with portable
pumps. Results from the clinical studies performed have recently
been published and demonstrate effects, side effects and
complications of this therapeutic option, thus also its advantages
and disadvantages relative the other forms of advanced therapy.
During this round table session we will shortly summarize the results
of clinical studies with subcutaneous L-dopa infusion and discuss
how this treatment shall be positioned in the advanced treatment
selection process.

0157

Table 5: Alpha-synuclein strain competition
Amanda Woerman*
University of Massachusetts Amherst, Amehrst, MA, United States

In a subset of patients with Lewy body disease, the presence of glial
inclusions as a co-pathology is largely ignored. However, in some of
these patients, this represents the presence of both Lewy body
disease and multiple system atrophy, a related but distinct
neurodegenerative disease. My lab is interested in understanding
how the presence of two pathogenic alpha-synuclein strains, or
diseases, in the same patient modify or alter the clinical
presentation of disease. We are also interested in understanding
what this means for patients when successful therapeutics are
identified. To address these questions, we are currently
investigating the role of alpha-synuclein strain competition in an
animal model of synucleinopathy.

0158

Table 6: Speak your truth
Miet De Letter®
Ghent University, Ghent, Belgium

This round table highlights 9 truths and/or misconceptions related to
communication in Parkinson's disease. Using a series of
statements, the session interactively seeks evidence-based
answers to questions about speech and language changes and
effects of medical and speech therapies on speech and language in
individuals with Parkinson’s disease. After this session the
participant will have acquired knowledge about 1.the diversity in
speech profiles in Parkinson's disease and parkinsonism
syndromes, 2. the interaction between speech perception and
production in persons with Parkinson’s disease, 3. the effects of
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Parkinson’s disease on auditory function, 4. the impact of deep
brain stimulation and levodopa on speech and language, 5. the
diversity in speech therapy strategies 6. how therapy effects can be
transferred to daily communicative situations 7. the difference in the
pragmatic language use of parkinson’s disease patients in their daily
communication with professional caregivers versus family, 8. the
interaction of cognition, motor skills and communication in
Parkinson’s disease and 9. the added value of interprofessional
collaboration in speech therapy rehabilitation.

This round table will stress the importance of speech therapy within
an interprofessional context. This lecture fits perfectly with the
lecture ‘Speak your truth’ or the session ‘take a deep breath’ in
which the importance of breathing training for communication and
consequently for quality of life will be discussed.

0159

Table 7: Prodromal Parkinson’s: Ready for clinical trials?
Lana Chahine*
University of Pittsburgh, Pittsburgh, PA, United States

Because the biological changes leading to Parkinson’s disease (PD)
begins years before the disease is diagnosed, it is a prime
candidate for early detection and intervention. The PD prodrome—
the period of time when there is underlying pathology that has not
yet fully manifested—is marked by several symptoms, signs, and
biomarker changes. With increasingly precise methods with which to
identify individuals who are at risk for developing PD comes the
opportunity to conduct clinical trials to test interventions to prevent
or delay progression in this group. In this roundtable session, key
questions related to preparing for clinical trials in prodromal
populations will be discussed: Who? What? How? and When? Who
will constitute the samples in the first clinical trials; what profile of
prodromal features and biomarkers will define the inclusion criteria?
What interventions should be tested? How, with what outcome
measures, will we measure the effect of the intervention? When will
the data and infrastructure be ready for the first trials to prevent or
delay progression in individuals at-risk for PD?

0160

Table 8: Screening for PD risk — Are we ready for population-
based approaches?

Alistair Noyce*

Queen Mary University of London, London, United Kingdom

There are differing strategies to identify individuals at risk of or in the
earliest phases of Parkinson’s disease, who may benefit most from
disease-modifying clinical trials. Strategies include identifying
individuals that carry a single disease-causing gene mutation, a
combination of genetic risk factors, individuals with a single strong
clinical risk factor (such as REM sleep behaviour disorder or
idiopathic anosmia), or individuals identified through algorithms such
as the MDS criteria for prodromal Parkinson’s and the PREDICT-PD
algorithm.

In this second talk of the session, | will briefly recapitulate concepts
from the first talk. | will move on to discuss screening as a concept
in preventive medicine and reflect on the requirements that
screening programs must meet. | will cover the different potential
options for screening, with an emphasis on population-based
approaches. | will reflect on how far algorithms can take us in terms
of stratification and what additional proximity markers and/or
biomarkers maybe needed. | will consider some of the ethical
arguments for and against screening, as well as the implications of
risk disclosure to individuals.

0161

Table 9: LRRK2 and Parkinson’s
Matthew LaVoie*
University of Florida, Gainesville, FL, United States

Contemporary questions in the LRRK2 field surround what are the
similarities and differences in the biochemical features of the various
pathogenic mutations? In what cell types mutant LRRK2 fosters
disease? Do changes in WT LRRK2 kinase activity have a role in
sporadic disease? Certainly there are other topics welcomed. We
hope to foster a lively discussion!

0162

Table 10: The state of genetics in Parkinson’s
Andrew Singleton*
NIH, Bethesda, MD, United States

There has been considerable progress in our understanding of the
genetic basis of Parkinson’s disease. This roundtable will center on
discussing why genetics is critical for understanding and treating
disease, how far we have come, and where the field is going. The
participants will take part in a discussion that will include these
topics in addition to issues such as penetrance, complex genetic
risk, the importance of diversity in genetic investigation, and the
now- and next- generation methods that are being applied.

0163

Table 11: Genetic testing in PD — What is currently possible?
Christine Klein*
University of Luebeck, Lubeck, Germany

A monogenic cause or strong genetic factor predisposing to
Parkinson’s disease (PD) can be detected in ~15% of all patients
and can unequivocally establish a diagnosis of (genetic) PD.
Confirmed forms of monogenic PD resembling idiopathic PD
clinically include four dominantly (SNCA-PD, LRRK2-PD, VPS35-
PD, and CHCHD2-PD) and three recessively inherited forms
(PRKN-PD, PINK1-PD, DJ1-PD). Detailed genotype and phenotype
information on these conditions is available at
https://www.mdsgene.org. Pathogenic variants in GBA are the
strongest known genetic risk factor for PD and are sometimes
viewed as acting in a dominant fashion with highly reduced
penetrance. Genetic testing is currently the only possible means to
identify unaffected carriers of pathogenic variants in PD genes who
are at (high) risk of developing PD in the future.

There are no established international guidelines for clinical
diagnostic  testing for PD; however, most available
recommendations agree that a genetic test may be considered in
patients with early-onset PD, a positive family history, or individuals
with a specific ethnic background where specific pathogenic variants
are common due to a founder effect (for example, the p.G2019S
variant in LRRK2 in patients of Ashkenazi Jewish or North African
Berber descent).

Availability and type of genetic testing vary widely internationally
and range from full coverage through the health care system to no
reimbursement at all. Likewise, there is a broad spectrum of
different means of genetic testing including hot-spot or singe-gene
sequencing, gene panels, exomes, and genomes, with panel
sequencing currently being the most widespread approach in clinical
diagnostics. Of further note, clinically relevant genetic testing results
can be obtained in a research context (where they are sometimes
limited to the custom content of arrays otherwise designed for
genome-wide association studies) or within the framework of direct-
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to-consumer genetic testing. Challenges arise from variable
technical quality - especially when it comes to calling pathogenic
variants in GBA -, the occurrence of variants of unknown
significance, the overall scarcity of genetic counseling opportunities,
and economic constraints. A future perspective may be gene-
targeted treatments for specific forms of monogenic PD, the first
clinical trials for which are currently underway requiring the
identification and stratification of suitable study participants.

0164

Table 12: Dysautonomia: What is it and how is it related to
Parkinson’s?

Patricio Millar Vernetti*

New York University Grossman School of Medicine, New York City,
New York, United States

The autonomic nervous system (ANS) is a part of the nervous
system that automatically manages functions we cannot control
voluntarily such as sweating, digestion, blood pressure, and
micturition. Different functions of the ANS may be affected at
different times during the course of Parkinson’s, from pre-motor to
more advanced stages.
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Table 13: Depression, apathy & PD: What do we know and what
can we do about these symptoms?

Iracema Leroi*

School of Medicine and Global Brain Health Institute, Trinity College
Dublin, Dublin, Ireland

In Parkinson’s, mental health symptoms such as apathy and
depression are common and may impact significantly on quality of
life, motor function and prognosis in people living with Parkinson’s.
People with Parkinson’s often report depression as the most
distressing aspect of their condition. At any given time, up to 40% of
people with Parkinson’s will have significant symptoms of
depression and/or anxiety. Apathy may be present in up to 70%.
Apathy and depression are both associated with cognitive decline in
Parkinson’s; apathy may be a behavioural marker of the onset of
dementia in Parkinson’s. Moreover, the impact of apathy and
depression in Parkinson’s can negatively impact care partner
outcomes.

Apathy and depression may frequently overlap and are also often
under-recognised in clinical settings and thus under-treated.
Difficulties with diagnosis may be compounded by a lack of
guidance for health professionals. This presentation will provide a
background to these neuropsychiatric syndromes in Parkinson’s and
provide practical approaches to assessment and management, with
a person-centred and pragmatic focus.
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Table 14: Synaptic function of alpha-synuclein

Dragomir Milovanovic*

Laboratory of Molecular Neuroscience, German Center for
Neurodegenerative Diseases (DZNE), Berlin, Berlin, Germany

Synucleinopathies encompass a family of neurodegenerative
diseases, among which the most notable is Parkinson’s Disease.
The hallmark of these disorders is the misfolding and aggregation of
alpha-synuclein, one of the central proteins for the regulation of
neurotransmission. Neuronal communication depends on the tightly
regulated spatial and temporal release of the messenger molecules

known as neurotransmitters. Neurotransmitters are packed into
synaptic vesicles (SVs). Functionally, alpha-synuclein is a
presynaptic protein responsible for the SV cycle and
neurotransmitter release. In pathology, alpha-synuclein forms
insoluble fibrils that can mature into intracellular inclusions able to
capture numerous cytosolic proteins and intracellular organelles. At
this roundtable, we will discuss several emerging roles of alpha-
synuclein function at synaptic boutons, such as its ability to
modulate the condensates of SVs. Namely, hundreds of SVs form
biomolecular condensates through the interaction with synapsins,
the highly abundant family of synaptic phosphoproteins and alpha-
synuclein. In our discussion, | will focus on the importance of the
local protein concentration, protein binding to membrane, and
protein-protein interactions of alpha-synuclein, and how the failure
of these roles leads to the onset of cellular pathology present in
Parkinson’s Disease.
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Talk 1: Synaptic function of alpha-synuclein

Dragomir Milovanovic*

Laboratory of Molecular Neuroscience, German Center for
Neurodegenerative Diseases (DZNE), Berlin, Berlin, Germany

Synucleinopathies encompass a family of neurodegenerative
diseases, among which the most notable is Parkinson’s Disease.
The hallmark of these disorders is the misfolding and aggregation of
alpha-synuclein, one of the central proteins for the regulation of
neurotransmission. Neuronal communication depends on the tightly
regulated spatial and temporal release of the messenger molecules
known as neurotransmitters. Neurotransmitters are packed into
synaptic vesicles (SVs). Functionally, alpha-synuclein is a
presynaptic protein responsible for the SV cycle and
neurotransmitter release. In pathology, alpha-synuclein forms
insoluble fibrils that can mature into intracellular inclusions able to
capture numerous cytosolic proteins and intracellular organelles.
Several emerging roles of alpha-synuclein functions at synaptic
boutons will be discussed, such as its ability to modulate the
condensates of SVs. Namely, hundreds of SVs form biomolecular
condensates through the interaction with synapsins, the highly
abundant family of synaptic phosphoproteins and alpha-synuclein.
In the seminar, we will focus on the importance of the local protein
concentration, protein binding to membrane, and protein-protein
interactions of alpha-synuclein, and how the failure of these roles
leads to the onset of cellular pathology present in Parkinson’s
Disease.
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Talk 2: The role of a-synuclein in the nucleus
Vivek Unni*
United States

Although pathologic aggregation of the protein a-synuclein (a-syn) is
tightly associated with Parkinson’s Disease (PD), Multiple System
Atrophy and Dementia with Lewy Bodies, we still do not have a
clear understanding of what role this protein plays in disease
pathogenesis. Multiple different biochemical and cellular pathways
can be regulated by a-syn and have been implicated in
neurodegeneration, but the most well-established normal function
for a-syn is in the regulation of neurotransmitter release from
vesicles in the presynaptic nerve terminal. In addition to this
synaptic localization and function, it was noticed from its discovery
that a-syn is also present in the cell nucleus (the name synuclein
being a contraction of “synapse” and “nucleus”). Although its
synaptic function has been extensively studied, much less is known
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about possible functions within the nucleus. Even whether its
localization there is real or not has been a matter of controversy at
times. Recent work from multiple labs has now documented its
presence within the nucleus using a variety of approaches, strongly
suggesting a real nuclear localization and function in this cellular
subcompartment. Multiple normal and abnormal functions for a-syn
within the cell nucleus are being studied, including direct DNA
binding, induction of DNA strand breaks, regulation of histones,
helicases, transcription, mMRNA processing and stability, and DNA
repair. In addition, a-syn has recently been added to the list of
nuclear proteins that can undergo liquid-liquid phase separation
(LLPS) under certain circumstances. LLPS is thought to be
important for creating specific microdomains within a cell to limit
biochemical reactions to specific points in time and space without
the need of biological membranes and is potentially critical for many
nuclear and non-nuclear processes. Dysregulation of LLPS is also
hypothesized to play roles in protein aggregation associated with
many neurodegenerative diseases. | will present an overview of this
emerging field of nuclear a-syn biology and propose how it could
contribute to neurodegeneration in PD and related disorders.
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Talk 3: The role of the synuclein in the mitochondria
Gabriele Kaminski*
University of Cambridge, Cambridge, United Kingdom

The relationship between a-synuclein and Parkinson’s disease (PD)
has been extensively studied, particularly regarding its potential
impact on mitochondrial function. While the link between PD and
mitochondrial dysfunction is well-established, the specific role of a-
synuclein in this process is still not fully understood. Research has
suggested that a-synuclein may play a role in regulating neuronal
mitochondrial dynamics, including processes such as fusion-fission,
transport, and clearance. However, it is currently unclear if a-
synuclein is a primary cause or a result of mitochondrial dysfunction.
In my talk, | will provide an overview of the structural, biophysical,
and biochemical properties of a-synuclein and how they may
influence relevant mitochondrial processes. Additionally, | will
discuss the current state of research on the topic, highlighting areas
that need further investigation.
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Talk 1: Evolution of phenotypic PD subtypes during the
premotor and motor stage

Connie Marras*

University Health Network, University of Toronto, Toronto, ON,
Canada

This presentation will describe the heterogeneity of PD from the
clinical/ symptom perspective in the premotor and motor stages, and
the evolution of symptoms along the course of the disease. The
evidence for PD subtypes explaining this heterogeneity will be
examined. Previously described PD subtyping systems will be
described and contrasted. Four uses of subtyping will be explored,
including predicting evolution of symptoms and outcomes,
understanding pathophysiology, clinical trial design and guiding
treatment decisions. For each of these the state of the field will be
examined and the steps described to move the field forward toward
precision medicine in PD will be proposed.
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Talk 2: Evolution of genetic PD subtypes during the premotor
and motor stage

Susanne Schneider*

Germany

Various genetic subtypes of PD have been delineated. Recognizing
their characteristics may be crucial for the development of precision
medicine. Indeed, the genetic forms vary with regards to their mode
of inheritance, penetrance, the clinical presentation (including the
mean age at onset, key symptoms and the clinical course, i.e.
disease progression) and treatment response. Similarly, differences
in PD pathology (e.g. a-synuclein burden) and imaging patterns
have been recognized. Further complicating, even for the same
gene different variants may be associated with heterogeneous
presentations. To provide an overview, the evolution of genetic PD
subtypes during the premotor and motor stage will be reviewed in
this talk.
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Talk 3: Tailored treatment and prevention of different PD
subtypes

Alberto Espay*

University of Cincinnati, Cincinnati, Ohio, United States

The living cognitive dissonance in the field of Parkinson’s disease is
that while we recognize that no two patients are alike, we also
accept that a common biomarker in most of those affected must be
sufficiently relevant as a “target of therapy” to slow disease
progression in everyone. This clinicopathologic model of
Parkinson’s disease has been convergent: Lewy pathology (and any
secondary metabolic, inflammatory, apoptotic, or proteolytic
dysfunction such aggregated proteins are reported to engender) is
presumed to drive both symptoms and neuronal loss in all patients
affected. In other fields of medicine, Precision Medicine has
required shifting from Ilumping to splitting. Disease-modifying
treatments have succeeded first in a very small subset of patients,
whose molecular/biological abnormalities were corrected with
targeted molecular/biological interventions. In laying the foundation
for a Precision Medicine future in the approach to Parkinson’s, the
matching between the biological type of patient and the mechanism
of the putative neuroprotective intervention cannot be considered
equivalent to any other trial-improvement strategy. A “perfect trial”
(e.g., better designs, more sensitive endpoints, earlier patient
populations) cannot overcome a fundamental mismatch between
the main molecular mechanism of the intervention tested (e.g.,
specific mitochondrial enhancement) and the main molecular
pathophysiology of the population targeted (e.g., specific
mitochondrial dysfunction). Only after treatments are demonstrated
to be effective in the disease state can they be used to prevent such
types of disease in those with the same molecular/biological risk. To
this end, future biomarker development programs should aim toward
identifying biomarkers of divergence, that is, present in some but
absent in most —to distinguish one subtype of Parkinson’s disease
or prodrome with specific therapeutic relevance from all others,
regardless of the clinical manifestations. From such a clinically
agnostic study of aging, patients with well-defined molecular
subtypes may be enrolled into N-of-1 or adaptive clinical trials. This
is an expensive and labor-intensive but transformational effort that
will require a cultural change and substantial investment and
synergy from foundations, industry, and governments.
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Talk 1: Mobility challenges in PD: Causes and connections
Kaylena Ehgoetz Martens*
University of Waterloo, Waterloo, ON, Canada

Several mobility problems are associated with Parkinson’s disease
(PD) that include gait and balance impairments. Freezing of gait
(FOQG) is a severe gait disturbance that is commonly experienced by
people living with Parkinson’s disease, and has a significant impact
on falls, independence and quality of life. Freezing of gait can be
defined as a sudden inability to move the feet forward despite the
intention to walk. It is complex, yet debilitating, and remains difficult
to treat due in large part to its heterogeneous nature. Freezing of
gait can vary in presentation ranging from severe shuffling to
trembling to complete akinesia. It can also vary in responsiveness to
medication, as well as there are a variety of contextual triggers
which provoke FOG. The highly variable nature of this phenomenon
makes it challenging to study in both clinical and research settings,
and as a result, our understanding of its mechanistic causes remain
incomplete. While culminating evidence suggests that freezing is
multi-faceted and influenced by a variety of impairments across
cognitive, motor and affective domains, further research is needed
to characterize and understand the heterogeneity related to FOG in
order to develop novel and effective therapeutic interventions.
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Talk 2: Freezing: Assessment, early detection and
rehabilitation options

Nicholas D’Cruz*

KU Leuven, Leuven, Belgium

Freezing of gait (FOG) is a complex and disabling mobility
impairment in Parkinson’s disease (PD). Due to its paroxysmal
nature, FOG contributes to about 60% of falls in people with PD.
Besides its direct impact on mobility, FOG also impacts non-
mobility-related aspects of quality of life. Interventions that aim to
reduce FOG severity or delay its onset are therefore of critical
importance.

Part of the complexity of FOG is that its onset signifies a milestone
where multiple brain systems become involved in the disease
expression. As such, restoring mobility after this point becomes
more challenging, with several studies showing that motor
(re)learning potential is lower in freezers as compared to non-
freezers. Therefore, to improve the impact of therapy on FOG, early
detection of risk and delivery of intervention is required. In this
presentation, we will look at the known clinical and imaging risk
factors for developing FOG, and discuss their utility for screening
FOG risk.

Another aspect of complexity is that the presence of FOG is difficult
to assess, and this impacts the ability to correctly detect its onset.
For example, in an ongoing multicenter study, almost 30% of the
participants who were self-described non-freezers showed FOG
during a sensitive FOG-provoking task. Challenges in assessing the
severity of FOG also impact the ability to accurately measure
treatment effects. To address this, much recent work aims to
improve the objective measurement of FOG in the lab and at home,
both under supervision, and using unsupervised methods. We will
discuss these advances and their usability in research as well as in
clinical scenarios.

Finally, we will briefly cover the latest rehabilitation strategies for
FOG, and present the best evidence-based therapeutic framework
to tackle FOG at different stages of the disease.
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Talk 3: Treatments for gross mobility challenges: Medication,
technology and rehabilitation

Alfonso Fasano*

Toronto Western Hospital - UHN, Toronto, Ontario, Canada

Axial motor signs—including gait impairment, postural instability and
postural abnormalities—are common and debilitating symptoms in
people with Parkinson disease (PD). Falls in particular are a major
determinant of poor quality of life, immobilization, and reduced life
expectancy. Dopamine replacement therapy provides variable
effects but in advanced stages the effect is, at best, partial.
Likewise, deep brain stimulation (DBS) of the subthalamic nucleus
or globus pallidus internus is an established treatment for
‘appendicular’ motor signs (limb tremor, bradykinesia and rigidity).
However, the effects of DBS on axial signs are much more variable.
We will discuss the effect of L-dopa and non-dopaminergic drugs as
well as the successes and failures of DBS in managing axial motor
signs. We will also address the possible merits of new DBS targets
— including the pedunculopontine nucleus area and substantia
nigra pars reticulata — to specifically alleviate axial symptoms as
well as new neuromodulation techniques such as spinal cord
stimulation.

Regular exercise and rehabilitation remain the most important — and
safest — strategies to alleviate these problems. However, the
identification of individual factors and how to implement these
treatments from a practical standpoint needs a reappraisal, also
depending on the specific healthcare systems. Two novel aspects
will be discussed in this regard: compensatory strategies and split-
belt treadmill training (SBTM). As for the former, compensation may
inspire strategy that best matches the needs and preferences of the
subjects suffering from axial problems. As for the latter, several
studies have shown that the irregularity of inter-limb coordination
and defective amplitude generation leading to sequence effect might
be coupled and result from the same maladaptive motor behavior,
eventually resulting in freezing of gait. Thus, SBTM can be an
effective tool to improve parkinsonian gait, especially if combined
with other treatments.
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Talk 1: Global approaches to functional characterization of
GWAS data and causal variation: From association to function
Danielle Posthuma*

Netherlands

Genome-wide association studies (GWAS) have successfully
identified many novel loci for neuropsychiatric traits. At the same
time the results of GWAS showed that these traits are highly
polygenic, mostly influenced by large numbers of weakly associated
variants. Interpreting such polygenic results is challenging. Recent
large-scale initiatives, provide fine-scaled atlases of functional
genetic elements at cellular level. This novel information can be
used to interpret results from GWAS studies and facilitate biological
understanding of complex traits. In this session, | will discuss our
work on GWAS for Alzheimer disease and how we can use external
bioinformatic resources to interpret our findings. | will discuss
previous and ongoing work as part of the Psychiatric Genomics
Consortium - Alzheimer’s working group.
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Talk 2: Promoter-enhancer interactome and the risk for
PD/disease

Gerhard (Gerry) Coetzee*

Van Andel Institute, Grand Rapids, MI, United States

More than 90% of GWAS signals for Parkinson’s Disease (PD)
reside in non-coding DNA, mostly in enhancers. Traditionally risk
loci were annotated by the nearest gene on linear DNA, although
such genes are sometimes not the target gene imposing risk.
Genome-wide maps of risk enhancers are available for many cell
types and can be used to better understand risk. They are for
example, PMID33106633 (Montine lab), PMID: 33828297 (Lander
lab), PMID: 34774128 & PMID: 35840754 (Ren lab). Mechanistic
insight is lacking, however, as to exactly how the one allele imposes
risk vs. the other protection. Therefore, detailed biochemical
analyses are needed, which for example may include differential
transcription factor involvement. A poster-child example where this
is lacking is at rs356182. It has a meta p-value for PD risk = 3.9x10-
154, a meta odds ratio = 1.32, and with the G-risk allelic frequency
in Caucasians = 37%. This risk SNP resides in an enhancer some
89kb telomeric of the transcription start site of SNCA, the gene that
encodes alpha-synuclein(a-syn). Thus, SNCA has for a long time
been assumed to be the target gene of this risk enhancer mainly
since mutations of SNCA lead to familial PD and since a-syn is
present in Lewy body inclusions. However, this is not the whole
story. My lab has accumulated evidence, using genomic editing
approaches, that this assumption is incomplete and that the risk
enhancer in fact impinge on the expression of hundreds of genes
across the genome that are associated with biological mechanisms
not typically ascribed to a-syn. Additionally, we describe a functional
role for SNCA as a regulator of cell cycle in developing neurons.
These results serve as a prime example of the necessity and
application of functional analyses of risk-SNPs, beyond simply
assigning variants exclusively to the nearest gene.
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Talk 3: Building genomic predictive models through machine
learning (ML) algorithms

Mike Nalls*

United States

This talk covers applications of supervised and unsupervised
learning as applied to Parkinson’s Disease to attempt to better
facilitate precision medicine. This will include early detection and
sub typing as well as interesting unexpected dividends from these
analyses like potential biomarkers with he overall goal being to treat
the right patients at the right time.
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Talk 1: Deep brain stimulation for Parkinson’s — Personalized
targeting

Vanessa Milanese Holanda*

BP - A Beneficéncia Portuguesa de Sao Paulo, Sao Paulo, SP,
Brazil

Developments in deep brain stimulation (DBS) continue to rapidly
emerge. Proper selection of surgical candidates is considered
critical not only for successful DBS, but also to prevent
complications by adequately planning surgical procedures. DBS
interdisciplinary team approach provided important information on
risk for hospitalization and improvement in quality of life following
DBS surgery. Unilateral globus pallidus internus (GPi) or

subthalamic nucleus (STN) DBS, rather than bilateral DBS, could be
a modifiable risk factor for preventing cognitive decline associated
with DBS therapy for PD. Studies of DBS targeting the posterior
subthalamic area have shown an excellent effect on both
Parkinsonian and essential tremor. The nucleus basalis of Meynert
(NBM) is the main source of cholinergic innervation of the cortex
and undergoes atrophy in patients with PD dementia. Low-
frequency DBS to stimulate that nucleus may be beneficial to slow
down the cognitive decline. Future studies should prospectively
contrast unilateral and bilateral DBS with best medical therapy to
develop more personalized therapies to optimize motor and non-
motor function in patients with PD and could also study the brain
networks involved in verbal fluency decline associated with DBS.
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Talk 2: Stereotactic lesioning for Parkinson’s disease: New
uses, new approaches

Binit Shah*

University of Virginia, Charlottesville, Virginia, United States

MRI-guided focused ultrasound is a novel modality that has been
approved for thermoablative treatment in Parkinson disease and
essential tremor. There is also growing potential for
neuromodulation and selective blood-brain barrier disruption with
low intensity focused ultrasound. This talk with present the basis for
thermoablative treatments for movement disorders as well as
current safety, efficacy, and durability data. Additionally, future
applications of low-intensity focused ultrasound in movement
disorders therapeutics will be discussed.
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Talk 3: Emerging neuromodulatory and neurotechnology-based
approaches for PD

Jill Ostrem*

University of California San Francisco, San Francisco, CA, United
States

Deep brain stimulation (DBS) therapy is a well-established
treatment of PD motor fluctuations, bradykinesia, rigidity, tremor,
and dyskinesia and allows for reduction in medications. The DBS
system includes a brain lead(s) with multiple electrodes, an
extension wire(s) tunneled under the skin, and a neurostimulator(s)
placed in the subclavicular region. The DBS leads are implanted
into the subthalamic nucleus (STN) or globus pallidus interna (GPi)
nuclei using stereotactic neurosurgical techniques and
intraoperative physiological confirmation or real-time interventional
magnetic resonance imaging. Clinicians adjust stimulation
parameters (amplitude, pulse width, rate), choosing the most
appropriate DBS electrode(s) maximizing therapeutic benefits and
minimizing adverse effects. DBS implantation is generally safe, with
serious surgical complications being relatively uncommon.

Recently, major DBS technology advances have occurred. We now
have smaller rechargeable and MRI compatible neurostimulators.
Targeting specific nuclei/tracts has become more precise with high-
resolution imaging/tractography/functional MRI and structural
connectomes. DBS can now deliver directional current and shape
electrical activity to parts of the target nuclei/tracts, improving
targeting and preventing unwanted side effects. Some modern
systems allow volume of tissue activation visualization tools that lay
over patient specific MRI anatomy. DBS systems now offer a
broader range of stimulation parameters, and some offer remote
programming using a physician tablet over the internet. Wearable
data is being introduced to the workflow to optimize programming.
One commercial system can deliver stimulation, record, and store



WPC 2023 Abstracts 55

data (local field potentials) from the electrode. Oscillatory activity in
target nuclei in specific frequency bands has been found to correlate
with severity of bradykinesia and rigidity (beta band power). These
and other discovers are leading to adaptive or closed loop DBS
approaches where DBS stimulation varies depending on relevant
brain “control” signals.

Despite the growing interest in DBS, there are barriers to
widespread adoption. Patient fear of brain surgery, reluctance of
clinicians to refer patients, shortage of personnel trained in DBS
programming, and limited access to expert centers likely all
contribute. Future PD DBS will likely see an even more personalized
approach, targeting milder patients, exploring possible disease
modification strategies, and hopefully reaching more patients in the
world who can benefit from this powerful therapy.
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Talk 1: Harnessing your breath to improve swallowing and
cough function

Michelle Troche*

Teachers College, Columbia University, New York, NY, United
States

Swallowing and cough are life sustaining functions which are
overlaid on the respiratory system and that often become impaired
with Parkinson’s disease. There is research to support several
approaches to rehabilitating/improving swallowing and cough
function in people with PD. Most of these, involve ‘exercising’ our
breathing muscles or modifying the way we breathe to improve the
effectiveness and safety of swallowing and cough. Some examples
include: respiratory-swallow training, expiratory muscle strength
training, and cough skill training. In this presentation we will briefly
discus the research to support these treatment approaches and will
discuss how they can be integrated into daily practice to improve
health and quality of life.
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Talk 2: Speak your truth
Miet De Letter*
Ghent University, Ghent, Belgium

This talk focusses on the importance of early recognition of
communication disabilities in people with Parkinson’s Disease
aiming to prevent communicative difficulties in the early stages of
Parkinson’s Disease and improve quality of speech in the advanced
stages. Evidence based practice of speech therapy approaches will
be highlighted and discussed with a focus on transfer to everyday
speech conversations.

Since daily communication is considered as a continuum of motor
speech processing, language, paraverbal, nonverbal and
metalinguistic behavior, it is important to spend enough time and
energy to their common basis, more specifically a stable body
posture and an adequate speech breathing. While body posture and
speech breathing have an influence on voice, articulation, prosodic
characteristics and intelligibility, cognitive functions have an
influence on pragmatic language use. In this context, | will
demonstrate how communication in persons with Parkinson’s
Disease can be hampered by pragmatic difficulties in terms of turn-
taking organization and action formation. Since pragmatic
disabilities seem to reduce fluency and increase dependence on the
conversation partner, awareness of pragmatic aspects during
speech therapy is strongly recommended.

In conclusion, speech breathing and pragmatic functions will be
stressed as important determinants of daily quality of

communication and as important functions to focus on in prevention
and rehabilitation of communication disorders.
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Table 1: Cognitive impairment and dementia

Greg Pontone*

Johns Hopkins University School of Medicine, Baltimore, MD,
United States

Open forum discussion of how cognitive impairment impacts daily
functioning in Parkinson’s. The types of cognitive impairment--which
cognitive domains are most often involved--and the risk for
progression to dementia will be reviewed. Clinical screening and
methods for assessing cognition in Parkinson’s will be introduced
with a focus on scales most appropriate for clinical settings.
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Table 2: Disease modification trials in prodromal PD — Hopes
and barriers

Michele Hu*

Oxford University, Nuffield Department of Clinical Neurosciences,
Oxford, Oxfordshire, United Kingdom

The numbers of people living with Parkinson’s globally are projected
to double from 2015 to 2040, and we are already seeing effects of
this worldwide expansion for which we are ill prepared. So far, a
total of nineteen phase 3 intervention trials focusing on patients with
manifest Parkinson’s and motoric symptoms, have all failed to
demonstrate significant changes in disease progression. In the
search for a cure and effective disease modification, focus is now
shifting to studying Parkinson’s at its earlier stages. My talk focuses
on isolated RBD (iRBD), a prodromal form of Parkinson’s and
related alpha-synuclein disorders. Individuals with sleep-study
diagnosed iRBD provide the opportunity to intervene at an earlier
disease phase, when higher densities of salvageable brain neurons
remain without the confounding effects of symptomatic therapies (ie
levodopa) that are frequently seen in manifest Parkinson’s. Planned
delivery of the first ever placebo-controlled trial of iRBD participants
recruited across Australia and the UK will be discussed. My vision is
to help researchers improve iRBD participant access to clinical
trials, providing outcome measures that are sensitive to change,
cost effective and quick to administer in clinic and at home. The
delivery of effective disease modifying therapies for iRBD will also
provide key mechanistic insights into how best to slow down
trajectories for other forms of prodromal Parkinson’s and manifest
Parkinson’s disease.
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Table 4: What are the gene therapy and growth factor
approaches for PD?

Krystof Bankiewicz*

AskBio, Columbus, OH, United States

At present there is a significant unmet need for clinically available
treatments for Parkinson’s disease (PD) patients to stably restore
balance to dopaminergic network function in a long-term fashion.
Growth factors hold considerable promise for disease modification
in neurodegenerative disorders such as PD.

Although multiple clinical trials with growth factors have now been
performed in PD patients the results have been mixed. It has been
rationalized that improving administration with MRI-monitored
convection enhanced delivery (CED) might overcome the limitation
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of insufficient putaminal coverage to achieve clinical improvements
in motor function.

Two growth factors, glial cell line derived neurotrophic factor
(GDNF) and neurturin (NRTN), have garnered significant attention
in the novel in vivo gene therapy field. However, only AAV2 GDNF
(AB-1005) is currently active in gene therapy trials for PD. A Phase
1b study utilizing MRI-guided bilateral putaminal CED delivery of
AAV2 GDNF has just completed enroliment (NCT04167540).

In this Phase 1b study AAV2 GDNF has so far demonstrated an
encouraging safety profile where the neurosurgical procedure was
well tolerated, and all 11 participants have completed 9 or more
months of clinical follow-up. Putaminal coverage was >60%. No
serious adverse events (SAEs) were associated with AAV2 GDNF.
Reported adverse events (AEs) primarily occurred peri-operatively
or were related to underlying PD.

Participants in the Mild Cohort (<5 years since clinical diagnosis of
PD and MDS-UPDRS IIl OFF score <32; n=6) demonstrated stable
MDS-UPDRS Part Il and Part Ill OFF and ON scores at 6 and 12
months from baseline.

Participants in the Moderate Cohort (=4 years since clinical
diagnosis of PD and MDS-UPDRS I|ll OFF score 33-60; n=4)
demonstrated improvements on MDS-UPDRS Part Il (5.0 + 3.5 pt)
and Part Ill OFF (—18.8 + 5.4 pt) at 12 months.

Although the placebo effect limits interpretation of small open-label
studies such as this, these preliminary findings suggest potential
stabilization in the Mild Cohort and possible early improvements in
the Moderate Cohort. Further longitudinal evaluation and a
controlled study is planned to confirm these initial findings.
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Table 5: Exercise for life

Miriam Rafferty*

Shirley Ryan AbilityLab; Northwestern University, Chicago, lllinois,
United States

Best care for people with Parkinson’s disease (PD) includes
encouragement of exercise participation. The question is no longer
whether to exercise. The question is which exercises to do?
Exercise participation should include some aerobic, strengthening,
balance, and stretching activities. However, the dose of these
exercise activities can vary from person-to-person based on their
experience, abilities, needs, and preferences. We can also discuss
the ever-present concern of how to stay motivated to exercise as
the disease changes. This roundtable will provide insight into
considerations for prescribing exercise to maintain motivation and
adherence. Discussion may include ways that people with
Parkinson’s, their support systems, and healthcare providers can
participate in, support, or prescribe, guideline-concordant exercise
routines.
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Table 6: Myths and barriers around participating in research
Ignacio Mata*

Cleveland Clinic/Case Western Reserve University, Cleveland, OH,
United States

Humans have been using scientific methodologies (research) to
better understand nature, diseases, etc for thousands of years. In
this roundtable we will introduce what a research study is and how
scientist use them to answer specific questions and better
understand Parkinson’s Disease. We will also explain the difference
between those that compare the effects of a certain intervention
(interventional), like clinical trials, and those that just observe and

collect data in a group of individuals (observational). We will then
discuss some of the barriers that scientist have to recruit
participants in different research studies, and we will debunk some
myths and misconceptions that many individuals have which may
prevent their participation in research.

We will also provide examples and ways to identify trusted research
studies.

The goal of this discussion is to provide all the knowledge and tools
to feel comfortable about participating in research.
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Table 7: Discussing the need and impact of diversity in
scientific research

Dayne Beccano-Kelly*

UK Dementia Research Institute / Cardiff University, Cardiff, United
Kingdom

The topic of diversity in the workplace, as an area of research and in
society as a whole is not a new one, despite its current hot-button
status. However, despite increased attention on the subject, the
value of a diverse workplace in STEM fields is not universally
56ecognized. In many countries diversity in the scientific workforce
is low. The impact of this within academia is multifaceted: implicit
biases are reinforced; imbalances are perpetuated. Moreover,
effects spill over into impacts on the research being conducted, and
scientific rigour suffers. With less representation, there is a reduced
drive to investigate aspects of Parkinson’s that affect diverse groups
differently.

From what work has been performed, differences in presentation,
onset and progression of Parkinson’s appears different in different
groups. Despite the importance of this information, a stigma is also
associated with research into differences between our differences.
Here we would like to discuss these points, the benefit in addressing
them, and the impact on all aspects of the Parkinson’s community.
We will talk about the initiatives in place and the foundations being
put in place. We believe an open discussion about diversity is what
is needed to achieve the best possible research, care and
knowledge required to beat Parkinson’s and improve science.
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Table 8: Prevalence of co-pathologies in Parkinson’s disease
Lauren Walker*
Newcastle University, Newcastle upon Tyne, United Kingdom

The hallmark protein aggregation deposited in the brain of people
with Parkinson’s disease is alpha-synuclein, however pathology
associated with other neurodegenerative diseases can also be
found in the brain which can affect the prognosis and trajectory of
the disease course. Microscopic examination of the brain enables
us to examine the prevalence of additional protein deposits. The
most common co-pathologies are those seen in people with
Alzheimer’s disease (AD) (i.e. hyperphosphorylated tau and amyloid
B (AB)), however other common co-pathologies include white matter
lesions, TDP-43 inclusions, and argyrophilic grains. | will discuss the
prevalence of common pathologies across the Parkinson’s disease
spectrum, the vulnerability of particular brain regions, and how this
may affect the clinical progression.



WPC 2023 Abstracts 57

0191

Table 9: Consequences of co-pathologies on the clinical
presentation and progression of Parkinson’s disease
Georgina Aldridge*

University of lowa, lowa City, lowa, United States

This will be a table discussion on the consequences of co-
pathologies on the clinical presentation and progression of
Parkinson’s disease. Protein co-pathologies include amyloid and
tau, usually found in Alzheimer's disease, as well as TDP-43,
usually found in frontotemporal dementia. Co-pathologies have
often been ignored and even excluded from studies, hindering our
understanding. At this table we can discuss the current knowledge
regarding how we can use case studies and animal models to
understand the roll of these common co-morbid pathologies, and
future questions you feel need to be addressed.
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Table 10: The mechanism of protein aggregation: What it all
means for Parkinson’s

Celine Galvagnion*

University of Copenhagen, Copenhagen, Denmark

In this round table, we will discuss the relevance of the mechanistic
studies of the formation of alpha-synuclein amyloid structures / co-
structures, including the recently discovered phenomenon of liquid-
liquid phase separation and the high degree of polymorphism of
alpha-synuclein fibrils, to understand the molecular determinants
responsible for the early events of alpha synuclein aggregation and
neuronal toxicity and the formation of Lewy Bodies.

Parkinson’s Disease is characterized by the presence of protein-
lipid inclusions called Lewy Bodies, whose main constituent is
alpha-synuclein This protein is intrinsically disordered and has been
found to self-assemble and co-assemble with lipid molecules into a
range of structures including different types of oligomers, nano-
discs, proto-fibrils and mature fibrils of different morphology and
structure, that differ in their toxicity to neurons. The mechanistic
events leading to the formation of these structures and the
polymorphism of alpha-synuclein fibrils highly depend on the
solution conditions (e.g. pH, presence of salts, lipids, crowding
agents ...). Indeed, alpha-synuclein can undergo, in the presence of
crowding agents, liquid-liquid phase separation, a process by which
monomeric proteins are sequestered in a small droplet potentially
leading to the initiation of amyloid fibril formation. The physiological
relevance of such a phenomenon could also be discussed.
Moreover, we will discuss the connection of the different polymorphs
of alpha-synuclein fibrils formed in vitro, with those derived from
patients’ postmortem brain samples. The recently resolved
structures of alpha-synuclein fibrils extracted from patients suggest
that fibrillar polymorphism is not only observed in vitro, but could be
a disease-defining feature which may provide a rationale for the
high heterogeneity of Parkinson’'s Disease phenotypes, and
between different synucleinopathies.
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Table 11: How can we design better exercise trials in PD?
Daniel Corcos*
Northwestern University, River Forest, lllinois, United States

The round table will focus on 12 issues and questions | presented in
my talk plus any other exercise and participatory topics participants
would like to discuss. The twelve topics of my presentation are as
follows. First, it is crucial to involve people with PD in the front end

of the design of some types of research studies — participatory
action research in which people with PD are true partners. Second,
we need to rethink control groups and consider testing findings
directly against clinically important differences. Third, we need to
distinguish studies that are designed to take advantage of
neuroplasticity and potentially target disease modification from
those which are designed for symptom reduction. We need to
develop agreed upon paradigms for disease modification studies.
Fourth, we need to understand the acute effects of exercise as well
and the chronic effects of exercise and how best to take medication
in the context of exercise. Fifth, we need to determine the minimal
exercise prescription that delivers positive results. Sixth, what are
the mechanisms exercise affects and does this inform the optimal
time spent in exercising. Seventh, how can we increase the
sustainability and durability of exercise interventions? Will people do
what exercise trials suggest once the support and external
motivation for taking part in the study are removed? What strategies
can be developed to improve adherence to the exercise
prescription? Trials of the future should explicitly test for
sustainability and have long term follow-up time periods. Eighth,
what are the best outcomes to assess and what are the best
exercise interventions for different outcomes? Ninth, what is the
best exercise progression to help people as the disease
progresses? Tenth, can we generalize results from one exercise
modality to another? Eleventh, what is the impact of chronotropic
insufficiency on exercise capacity? Ten percent or more of people
with PD cannot achieve age predicted maximal heart rate. Does this
affect how their signs and symptoms respond to exercise? Twelfth,
how can we increase the diversity of people recruited to exercise
studies in PD?
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Table 12: Mitochondrial abnormalities underlying PD — From
bench to bedside

Edward A. Fon*

Montreal Neurological Institute, McGill University, Montreal,
Quebec, Canada

Parkinson’s disease (PD) is a common, devastating
neurodegenerative disorder that affects over 8 million people
worldwide and the numbers will only grow as the population ages.
PD involves the death of dopamine neurons in the midbrain as well
as other cells in the brain, which leads to devastating motor, non-
motor and functional impairment. Although treatment is available, its
effectiveness diminishes over the long term. Both environmental
and genetic studies strongly implicate mitochondrial dysfunction in
PD. My laboratory has a longstanding interest in understanding the
role of mitochondria in PD and in understanding how PINK1 and
Parkin, two recessive PD genes, function in a common pathway
regulating mitochondrial quality-control. Despite the many advances
in our understanding of Parkin and PINK1 function, much work
remains in order to decipher their precise role in mitochondrial
biology and disease. In this roundtable session, we will discuss
how PINK1/Parkin regulate mitochondrial autophagy (mitophagy)
and how other PD genes affect mitochondria. We will also discuss
the structural basis of parkin/PINK1 activation by mitochondrial
damage and how Parkin variants found in the population and in
patients with PD can help rationalize the function of Parkin in
mitochondrial quality control and better guide the design of future
therapies.
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Table 13: Infectious agents as a trigger for Parkinson’s
Elena Kozina™*
Thomas Jefferson University, Philadelphia, PA, United States

A growing body of evidence from both clinical and preclinical studies
suggests that Parkinson’s disease (PD) arises from a multifactorial
etiology that includes exposures to pesticides, herbicides, and
infectious agents that interact with an underlying genetic
predisposition. Given that these environmental agents first enter the
body (versus brain), it is critical to examine the role of peripheral
immune signaling as a contributor to the development of PD. In
relation to viral infections, neurotropic viruses (H5SN1, West Nile and
WEEV) have the ability to infect cells in the CNS regions affected in
PD. However, most viral infections do not appear to have this ability
including H1N1, RSV and SARS-CoV-2. In addition to viruses,
bacterial infections have also been shown to act as peripheral
triggers of neuron loss in the susceptible individuals. Recent
preclinical studies from our lab showed that the pandemic 2009
H1N1 and 2019 SARS-CoV-2 (alpha variant) viruses induce a
significant and persistent DA cell loss and neuroinflammatory
response in the SN of mice carrying the G2019S PD-associated
LRRK2 mutation with no phenotype observed in the infected wt
controls. We have also demonstrated that the peripheral immune
dysfunction, induced by viral and bacterial infections, in LRRK2-
mediated PD may have been the initiating site of signals, and thus
the cause, of the CNS related pathologies. Using chimeric mouse
models, we found that the replacement of peripheral T- and B-cells
carrying LRRK2 mutations with wt cells significantly diminished
LPS-mediated neuroinflammation which resulted in the absence of
the DA neuron loss in the, still, genetically mutant brain. Conversely,
the presence of LRRK2 mutations in lymphocytes alone (all cells in
the brain are wt) is sufficient to induce LPS-mediated neuronal loss.
Remarkably, we observed that LPS-induced DA cell loss was not
associated with the recruitment of peripheral immune cells into the
brain’s parenchyma suggesting that circulating factors from the
dysregulated immune cells were responsible for the immune
activation and neuron loss in the brain. Overall, our studies indicate
that the PD-associated DA neuron death can be regulated by
underlying immune signaling solely arising from the activated
peripheral immune system, which may provide new targets for
therapeutic intervention.
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Table 14: (Espaiol) Apatia y fatiga en enfermedad de Parkinson
Mayela Rodriguez-Violante*

Instituto Nacional de Neurologia y Neurocirugia, Ciudad de Mexico,
Mexico City, Mexico

Characterizing the clinical phenotype of the entire hon-motor profile
of Parkinson’s Disease (PD) is challenging. Non-motor symptoms
have been widely acknowledged to hold a vital part in the clinical
spectrum of PD (Rota, 2022).

Apathy is a prevalent, multidimensional neuropsychiatric condition in
PD. Prevalence of fatigue is as high as 50% in PD, and PD patients
(PwP) attending the 2013 World Parkinson Congress voted fatigue
as the leading symptom in need of further research (Eglit, 2020;
Siciliano, 2018; Kluger, 2016).

Apathy and fatigue are two key non-motor symptoms of PD. Their
identification is mainly hindered by the lack of a consensus on these
subjective symptoms. Although often underrecognized, they
significantly contribute to PwPs and their caregivers’ Quality of life
(QolL) (Lazcano-Ocampo, 2020).

Several non-motor symptoms appear to be associated with fatigue
(Siciliano, 2018). Additionally, anxiety, depression, excessive

daytime sleepiness, apathy, and impairment in activities of daily
living related to motor symptoms were independently associated
with worse health-related QoL (Kuhiman, 2019). PwP with more
severe motor symptoms, cognitive impairment, depression, anxiety,
RBD, excessive daytime sleep, fatigue, low education level, long
disease course, poor QoL, and lower DA dosage are more prone to
apathy (Luo, 2022).

Pharmacological and nonpharmacological strategies targeting
apathy and fatigue may improve QoL in PwP (Siciliano, 2018).
Further research and understanding are needed for discovering
biomarkers of certain NMS, including apathy and fatigue. More work
is needed to gather a robust evidence base for guiding the
treatment of these troubling NMS, which exert a significant impact
on QoL for PwP and their caregivers (LeWitt, 2020).

Moreover, there have been numerous reports of newly emerging or
acutely deteriorating non-motor symptoms in PwP who had been
infected by the Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2), while some of these symptoms, like fatigue, pain,
depression, anxiety, and cognitive impairment, have also been
identified as part of the long-COVID syndrome due to their
persistent nature (Rota, 2022). Taking this into consideration,
research on non-motor symptoms is necessary to develop an
integrated care approach for PwP and their caregivers.

Poster Presentations
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epidemiology, and toxicants

P01.01

SARS-CoV-2 and the brain: implications for Parkinson’s
disease

Eduardo A. Albornoz*', Julio Aguado?, Alberto Amarilla®, Daniel
Watterson®, Ernst J. Wolvetang?, Trent M. Woodruff!

' School of Biomedical Sciences, Faculty of Medicine, University of
Queensland, Brisbane, QLD, Australia

2 Australian Institute for Biotechnology and Nanotechnology,
University of Queensland, Brisbane, QLD, Australia

% School of Chemistry and Molecular Biosciences, University of
Queensland, Brisbane, QLD, Australia

Although coronavirus disease-2019 (COVID-19) is primarily a
respiratory disease, there is increasing recognition that SARS-CoV-
2 infection is associated with brain complications, including severe
neurological manifestations and long-term post-infection effects
(Long COVID). These complications may include a potential direct
or secondary impact on neurodegenerative diseases such as
Parkinson’s Disease (PD). We recently reported that SARS-CoV-2
infection and its spike protein can promote NRLP3 inflammasome
activation in human microglia, activating the same inflammatory
response in the brain that is exhibited in PD. We identified that
SARS-CoV-2 spike glycoprotein played an important role not only in
activating the NLRP3 inflammasome but also in priming the pathway
allowing for heightened activation by alpha-synuclein. Strikingly,
SARS-CoV-2 and spike protein-mediated microglial inflammasome
activation was significantly enhanced in the presence of alpha-
synuclein fibrils and was entirely ablated by NLRP3-inhibition. To
further explore links between COVID-19 and PD, in this study, we
tested the impact of SARS-CoV-2 in altering dopaminergic neuron
survival in vivo. We demonstrate that acute SARS-CoV-2 infection



WPC 2023 Abstracts 59

in mice, leads to a loss of midbrain neurons, as measured by a
significant reduction in tyrosine hydroxylase immunolabeling. We
next utilized human-derived brain organoids (BOs) to explore the
effects of SARS-CoV-2 infection on human brain tissue. As the
presence of senescent cells is known to contribute to organismal
aging and neurodegeneration, we hypothesized that part of the
neurotoxic environment following COVID-19 could be reinforced by
SARS-CoV-2-induced cellular senescence in the brain. To test this,
we infected human BOs with multiple SARS-CoV-2 variants and
screened for the presence of cellular senescence markers (p16,
p21), DNA double-strand break accumulation, the abundance of
cells exhibiting senescence-associated beta-galactosidase activity
and used transcriptomics to evaluate the senescence-associated
secretory phenotype (SASP). We detected significantly heightened
levels of these parameters in SARS-CoV-2-infected organoid
regions, compared to uninfected organoids, with pharmacological
intervention using senolytics remarkably attenuating these aging
phenotypes. Thus, we show for the first time that SARS-CoV-2 can
trigger cellular senescence and dopaminergic degeneration in the
brain, supporting the concept that viral-mediated chronic
inflammation could contribute to PD, and highlighting an avenue for
novel therapeutic approaches.

P01.02

PROPARK study: Is there an association between
PROfessional occupation and PARKinson’s disease?

Elena Natera Villalba', Victoria Ros Castello’, Arantxa Séanchez
Séanchez’, Ana Gémez Lopez', Paula Pérez Torre', Carlos Estévez
Fraga? Isabel Pareés Moreno’, Juan Carlos Martinez Castrillo’,
Araceli Alonso-Canovas*?®

" Hospital Universitario Ramon y Cajal, Madrid, Spain

2 Neurodegenerative Disorders Unit. University College London-
Queen Square Institute of Neurology, London, United Kingdom
3 Neurology Department. Hospital Universitario Ramon y Cajal,
Madrid, Spain

Background: A potential association between Parkinson’s disease
(PD) and occupation has been previously explored, yielding
conflicting results. Professional environmental exposures or a
negative work life impact might influence the dopaminergic
degeneration leading to PD. On the other hand, a study found that
professions involving creative skills were significantly less
represented in PD, suggesting a prodromal, preclinical
dopaminergic  denervation could influence creativity and
subsequently professional choices.

Methods: Case-control study in a Movement Disorders Unit and
General Neurology Clinic. Cases were persons with a clinical
diagnosis of PD (PwP). Controls were persons with neurological
diseases, excluding atypical parkinsonisms, essential tremor, and
dementia, to avoid clinical overlap. Professional categories were
registered according to the RIASEC model (R-ealistic: agriculture,
livestock, basic works; I-nvestigative: science and Health; A-rtistic:
culture, art; S-ocial: teaching, journalism; E-nterprising: bussiness,
salesmen; C-onventional: administration and finance).

Results: A total of 400 patients (232 PwP, 168 controls) were
included. PwP were significantly older (71.6+9.6 vs. 65.3+12.2
years, p<0.001) and more frequently male (58.2% vs. 41.8%,
p<0.001). Dystonia (42), hemifacial spasm (29), stroke/TIA (19) and
migraine (17) were the most frequent diagnoses among controls.
The most prevalent groups of professions among PwP were R-
ealistic (39.7% vs. 27.9%), and I-nvestigative (24.1% vs. 17.3%),
with a higher frequency vs. controls (p=0.0003).

We observed an increased frequency of R-ealistic professions in
PwP (40% vs. 28%, p:0.015475), while creative professions (A-
rtistic) (1% vs. 7%, p: .001551) and E-nterprising professions (10%
vs. 19% p:0.013294) were significantly more common among

controls (Figure 1). These differences remained significant after
multivariate logistic regression (OR 0.52, 95% CI 0.31-0.86,
p=0.0062) There was a trend towards more frequent S-ocial
professions among controls (14% vs 10%) and more frequent I-
nvestigative professions among PwP (24% vs 17%).

Conclusions: In line with the previous study, PwP reported a
distinct professional profile, with a higher frequency of R-ealistic,
and less frequent A-rtistic and E-nterprising professions. Our study
suggests that higher levels of routine and less creative professions
might be more appealing for subjects who subsequently develop PD
and influence their professional choices. Work-related
environmental exposures, along with other work life related
changes, cannot be ruled out and might also influence this
association.
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Pathogenic or likely pathogenic GRN variants are present in

~0.2% of patients with Parkinsonism

Christian Ganoza*', Ruslan Al-Ali', Ana Westenberger?, Tatjana

Usnich? Jérg Rennecke’, Volha Skrahina’, llona Csoti®, Christine
Klein? Arndt Rolfs’, Peter Bauer', Christian Beetz’

' Centogene GmbH, Rostock, Germany

2 Lubeck University, Lubeck, Germany

% Gertrudis Klinik Biskirchen, Biskirchen, Germany

A clinical diagnosis of Parkinson’s disease (PD) relies on the
presence of parkinsonism. Parkinsonism, however, may also be one
of the early manifestations of frontotemporal dementia (FTD).
Heterozygous mutations in the GRN gene are the second most
frequent cause of monogenic FTD. The present study aimed at
determining the frequency of GRN-FTD among patients that are
clinically diagnosed with PD.

The Rostock parkinson’s disease study (ROPAD) genetically
analyses patients with a clinical diagnosis of PD, applying a
dedicated multi-gene panel. GRN is one of the ‘ROPAD research
genes’, i.e., genes that are not covered by the standard ROPAD
genetic diagnostic report. We mined ROPAD genetic data for
variants in GRN and classified all observed variants according to the
recommendations of the American College Of Medical Genetics
(ACMG criteria). Numerous features were compared between
patients with pathogenic or likely pathogenic GRN variants, and
patients from the rest of the ROPAD cohort.

Among ~12k ROPAD participants, we identified N=24 individuals
(~0.2% of all), who were heterozygous for any of a total of N=15
distinct pathogenic or likely pathogenic variant in GRN. Most of the
many available clinical and sociodemographic data were similar in
GRN-positives vs. GRN-negatives from the ROPAD cohort. GRN-
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positives, however, had significantly higher scores for the UPDRS-
relevant parameters ‘facial expression’, ‘freezing of gait’ and ‘finger
tapping’.

A significant fraction of patients with a clinical diagnosis of PD does
actually suffer from GRN-FTD. Pertinent candidate patients may be
flagged by certain clinical parameters.

P01.04

Cytochromes P450 are new potential players in Parkinson’s
disease

Rita Bernhardt*', Philip Hartz', Tobias Fehlmann? Gudrun
Wagenpfeil®, Marcus Unger*

" Institut fur Biochemie, Fachbereich Biologie, Universitét des
Saarlandes, Naturwissenschaftlich-Technische Fakultat, Campus
B2.2, D-66123 Saarbricken, Germany

2 Institut fur Klinische Bioinformatik, Universitat des Saarlandes,
Campus E2.1, D-66123 Saarbriicken, Germany

3 Institut fur Medizinische Biometrie, Epidemiologie und
Medizinische Informatik, Universitat des Saarlandes, Kirrberger
Strasse, D-66421 Homburg, Germany

4 Klinik fur Neurologie, SHG Kliniken Sonnenberg, 66119
Saarbricken, Germany

Cytochromes P450 (P450s) are involved in different reactions in the
human body and SNPs (single nucleotide polymorphisms) in
CYP2D6 and CYP2E1 have been associated with the susceptibility
of Parkinson’s disease (PD). Our aim was to evaluate the role of all
57 human P450s and their redox partners for the etiology and
pathophysiology of PD and to identify this way novel potential
players for PD. The PPMI (Parkinson’s Progression Markers
Initiative) database was used to extract the gene sequences for
these proteins to analyze the association of SNPs with the
occurrence of PD. Using statistical analyses, we identified SNPs
which were significantly over-represented in patients with a genetic
predisposition for PD (GPD patients) or in idiopathic PD (IPD
patients) compared to HC (healthy controls). Three main groups of
P450s have been found to display a significant over-representation
(OR>5) of SNPs in PD: xenobiotic-metabolizing P450s, P450s
participating in the metabolism of eicosanoids and P450s catalyzing
the degradation of cholesterol supporting the role of toxic
compounds, inflammation as well as cholesterol metabolism in the
pathogenesis of PD. Also, the redox partners of P450 show SNPs
with OR>5 in PD patients. Taken together, we show that SNPs in 26
out of 57 P450s are at least 5-fold over-represented in PD patients
suggesting these P450s as new potential players in the
pathogenesis of PD. For the first time exceptionally high OR values
(up to 12.9 in selected P450s) were found. This points to an
important function of P450s in the pathogenesis of PD and will lead
to a deeper insight into the origin and development of PD. It can be
applied to identify new biomarkers and it will pave the way to
develop novel strategies for a causative treatment of this disease.
The work was supported by a research grant from the “Dr. Rolf M.
Schwiete Stiftung” Mannheim/Germany. The work was made
possible by accession to the PPMI database.
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Indentification of suspected familial monogenic cases of
Parkinson’s disease in the Australian Parkinson’s genetics
study

Svetlana Bivol*", Nicholas G. Martin? Kishore R. Kumar®, Miguel E.
Renteria?

" QIMR Berghofer Medical Research Institute, Molendinar, QLD,
Australia

2 QIMR Berghofer Medical Research Institute, Brisbane, QLD,
Australia
3 Concord Repatriation Hospital, Sydney, NSW, Australia

Background: While the exact causes of PD are still not fully
understood, a growing body of evidence suggests that genetics
plays a significant role in its development, with both monogenic and
polygenic forms existing. Monogenic forms, accounting for around
5-10% of PD cases, are characterised by distinct clinical features
and may require a different approach to treatment and management
compared to idiopathic PD.

Objective: The Australian Parkinson’s Genetics Study (APGS) is a
nationwide effort to unravel the genetic underpinnings of PD, and
our goal is to identify and characterise suspected monogenic cases
of PD. To this end, we are screening the APGS database for
participants with an early age of onset and/or a familial history of
PD, and will recontact them to determine their eligibility for whole-
genome sequencing and receive a genetic diagnosis and genetic
counselling.

Preliminary Results: As of December 2022, our database includes
6,302 participants, out of which 879 (13.9%) reported symptoms
onset before the age of 50, 1593 (25.3%) had a familial history of
PD and 265 (4.2%) had both an early age at onset and a familial
history. These participants are on average 58 years old, 56% are
males and 91% are of European ancestry.

Next Steps: At the congress, we will present descriptive statistics of
sociodemographic, clinical, lifestyle and environmental variables for
the group of suspected monogenic PD cases and will reach out to
them to gauge their interest in undergoing the genetic counselling
process and receiving their results.

P01.06

Larger intracranial and subcortical brain volumes influence a
higher Parkinson’s disease risk

Zuriel Ceja*', Santiago Diaz-Torres? Luis M. Garcia-Marin?, Miguel
E. Renteria®

" QIMR Berghofer Medical Research Institute, uruapan, Michoacan,
Mexico

2 QIMR Berghofer Medical Research Institute, Brisbane,
Queensland, Australia

Parkinson’s disease (PD) is a late-onset and genetically complex
neurodegenerative disorder. While previous studies have identified
genetic variants and group differences in brain morphometry
associated with PD, a better understanding of the genetic and
molecular pathways underpinning these associations is necessary
to elucidate the etiology of PD and pinpoint potential therapeutic and
intervention targets. In the present study, we sought to identify
potential causal genetic effects between PD and neuroimaging
phenotypes. We observed a positive significant genetic correlation
between PD and intracranial volume and the volumes of the
brainstem, pallidum, putamen, ventral diencephalon, nucleus
accumbens, caudate nucleus, brainstem, and thalamus at a whole-
genome level. In addition, Mendelian randomisation investigations
suggest that a larger volume of the putamen, ventral diencephalon,
pallidum, caudate, and brainstem could influence the development
of PD independently of the potential causal genetic effects of
intracranial volume. Overall, our findings suggest that genetic
variants influencing larger intracranial and subcortical brain
volumes, possibly during earlier stages of life, influence the risk of
developing PD later in life.
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Contribution of whole exome sequencing in Parkinson’s
disease: A review of WES in 929 patients by Guillaume Cogan,
France

Guillaume Cogan*, Alexis Brice, Thomas Courtin

Paris Brain Institute, Paris, France

Parkinson’s disease (PD) is the second most frequent
neurodegenerative disorder after Alzheimer's disease, affecting
more than 1% among people older than 60 years old. Although the
etiology is mostly unknown, an early onset, a familial form and an
atypical presentation might evoke a monogenic etiology. To date,
more than a dozen causative genes have been identified and
validated but many additional genetic diseases can present with
parkinsonism and various additional clinical features. We performed
whole exome sequencing (WES) in 929 patients with early-onset
and/or a positive family history who had previously been excluded
from known PD genes. 736 were isolated cases and 193 familial
cases from 68 families. Among these 68 families, 43 were
compatible with autosomal dominant, 22 with autosomal recessive
transmission and inheritance mode was unknown for 4 patients.
Male/Female sex ratio was 1.48 and average age at onset 39,6
years old (range 3 to 87 years). Using this approach, we identified 9
patients with likely pathogenic or pathogenic variants (1%),
according to the American College of Medical Genetics (ACMG)
criteria (class 4 and 5 variants) in ADCY5, ATP7B, DNAJC12,
MAPT, PPP2R5D, PNPLAG, POLG and SPR. All these results were
confirmed by either clinical, biological and/or radiological data (i.e.
the patient with MAPT variant had typical frontotemporal dementia,
whereas the patient with biallelic ATP7B variants presented the
classical cerebral MRI alterations of Wilson’s disease). These
results allow to provide a new diagnostic to these patients,
sometimes with a possible treatment (i.e. ADCY5-related patients
are improved by caffein uptake and Wilson’s disease treated by a
copper chelator or an inhibitor of its absorption). In addition, 44
patients (5%) carried variants of unknown significance (VUS) in
other genes possibly associated with parkinsonism. Finally,
although slightly increasing the diagnostic performance, many
patients remain without a genetic diagnosis after WES despite a
strong enrichment of potentially genetic cases in our series. Further
studies with whole genome sequencing including long-read
sequencing are needed to further decipher the genetic architecture
of Parkinson’s disease.

P01.08

Population fraction of Parkinson’s disease attributed to
avoidable risk factors: A case-control study in the Deep South
United States

Gwendolyn Cohen, David Standaert, Haydeh Payami*

The University of Alabama at Birmingham, Birmingham, Alabama,
United States

Background: Parkinson’s disease is the fastest growing neurologic
disease globally. The pandemic-like spreading is a looming
catastrophe unless a prevention is found. PD is multifactorial. The
genetic components may be difficult to escape, but environmental
risk factors are not. The main risk factors for PD are family history of
PD (combination of shared environment and genotype at 90
susceptibility  loci), head trauma, and exposure to
pesticides/herbicides including agent orange. We addressed three
voids in knowledge. Are these risk factors independent? Are they all
operative in any given population or do one or few risk factors
predominate in a population-specific manner? What is the
population attributable fraction for each risk factor (PAF: fraction of
PD that would be eliminated if the risk factor is removed)?

Methods: We enrolled 808 PD cases and 415 neurologically
healthy controls at the University of Alabama at Birmingham in the
Deep South of United States. We collected multidimensional data
via medical records and self-reported history, tested to determine
which risk factors associate with PD in this population, assessed
their interdependence, and calculated PAF.

Results: All risk factors are at play in this population, and their
effects are independent. In the order of odds ratio (OR): exposure to
agent orange (OR=7.7, P=6E-4), repeated blows to head in contact
sports (OR=4.3, P=2E-6), pesticides/herbicides exposure (OR=2.8,
P=2E-9), family history of PD (OR=2.8, P=1E-11), and concussion
or head injury requiring medical care (OR=2.1, P=5E-5). The PAF
estimates in order of impact were pesticides/herbicides exposure
21% [14.6-27.2], family history 21% [15.4-26.7], repeated blows to
head 10% [5.1-15.4], head injury requiring medical care or
concussion 10% [4.9-15.9], and agent orange 4% [-0.7-8.8].
Considering the modifiable risk factors together, PAF was 28%
[21.2-34.6] for repeated blows to head and pesticide/herbicide
exposure, and 38% [30.8-45.6] for head injury, repeated blows,
pesticides/herbicides and agent orange.

Conclusion: 1/3 of PD cases in the Deep South are attributed to
exposure to herbicides/pesticides and participating in violent contact
sports.

Population fraction of PD attributed to
head injury (primarily repeated blows to head in sports) and
pestcide/herbicide exposure in Deep South USA

N’
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Retinal ganglion cell integrity measurements as biomarkers of
Parkinson’s disease risk in young adults
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Optical coherence tomography (OCT) is a non-invasive eye imaging
technique that measures the thickness of retinal layers, including
the retinal nerve fiber layer (RNFL) and the ganglion cell-inner
plexiform layer (GCIPL), which are measures of the integrity of the
retinal ganglion cells. Previous studies have shown that individuals
with Parkinson’s disease (PD) have reduced RNFL and GCIPL
thicknesses as measured by OCT. Our study aimed to investigate
whether genetic predisposition to PD is associated with these OCT
measures in a population-based sample.

Western Australian young adults (aged 20 at baseline and 28 at
follow-up) underwent OCT imaging (n~600). Their RNFL, GCIPL
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and overall retinal thicknesses were recorded, as well as their
longitudinal changes between ages 20 and 28 years old.
Participants were genome-wide genotyped using the lllumina
platform and imputed using the TOPMed reference panel, their
genotypes were used to estimate individual polygenic risk scores
(PRS) for Parkinson’s disease based on genome-wide summary
data from the largest PD genome-wide association study available
to date. A linear regression model was used to assess whether PD
PRS was associated with changes in thickness at a younger age.
Each eye was considered as an independent measurement and
measures were adjusted for axial length.

Significant associations (P<0.05) were observed between PD PRS
and OCT measures. A higher PRS was associated with a thinner
Peripapillary RNFL in young adults and an overall thinner retina at
20 years and 28 years. The PRS of PD was also associated with
longitudinal changes in retinal thickness from age 20 to 28 years
old.

Our results suggest that retinal morphometric measurements of the
retinal ganglion cells and their longitudinal change in young adults
are influenced by genetic susceptibility to PD. Thus, their utility as
potential PD risk biomarkers warrants further exploration. Further
research is needed to understand the underlying mechanisms
behind the relationship between PD and measures of the retinal
ganglion cell integrity.

P01.11

Dry cleaning chemicals and a possible cluster of Parkinson’s
disease

Maryam Zafar', Meghan Pawlik’, Samantha Lettenberger’,
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Objective: To examine the health outcomes of a cohort potentially
exposed to dry cleaning chemicals.

Background: Trichloroethylene (TCE) is a ubiquitous chemical that
has been used to decaffeinate coffee, degrease engines, and dry
clean clothes. Chemicals like TCE can pollute groundwater and
evaporate, entering buildings. TCE, a known carcinogen, is
associated with a 500% increased risk of Parkinson’s disease (PD),
but few studies have examined potentially exposed cohorts.
Methods: We examined a cohort of attorneys who worked adjacent
to a dry-cleaning site contaminated with TCE and other chemicals.
We evaluated the cohort by surveys, clinical assessments, or both,
and invited an additional group of attorneys without known exposure
to TCE to complete clinical assessments, including the investigator-
administered Gelb diagnostic criteria and the MDS-UPDRS. We
reviewed medical records of deceased or incapacitated attorneys.
Results: Of 82 potentially exposed attorneys, we evaluated 75
(91.4%) by either surveys (Phase |, n=65), clinical assessments
(Phase IlI, n=46) or medical records reviews (Phase Il, n=12), or

both. Across both phases, 15 were deceased (mean age at death
74.5 (9.7) years, 1 female) and 60 were living (mean age 73.0 (15.5)
years, 8 female). 75 presumably unexposed, control attorneys
(mean age 64.9 (10.3) years, 26 female) also participated.

Of the potentially exposed participants, 4 (5.3%) had PD and 1
(1.3%) had multiple systems atrophy. Among the potentially
exposed who completed clinical assessments, 9 (19.6%) had
“possible” PD per the Gelb criteria. Fourteen (18.7%) of the
potentially exposed had a TCE-related cancer (liver, kidney, non-
Hodgkin’s lymphoma, prostate, multiple myeloma). Of the 75 control
attorneys, 1 (1.3%) had PD, 14 (18.6%) had possible PD, and 4
(5.3%) had a TCE-related cancer.

MDS-UPDRS motor scores of participants who completed a clinical
evaluation were 9.5 (8.1) for the potentially exposed and 7.7 (7.6)
for control examinations administered in-person, and 4.9 (6.3) and
3.2 (3.2) for remote examinations of the potentially exposed and
controls, respectively.

Conclusion: The high prevalence of PD and cancers in this cohort
is concerning. More detailed evaluations, now and in the future, are
necessary to help characterize the role of TCE in the rise of PD
globally.

P01.12

Do Parkinson’s susceptibility risk factors also influence age of
onset?

Amali S. Fernando*, Santiago Diaz-Torres, Nicholas G. Matrtin,
Miguel E. Renteria

QIMR Berghofer Medical Research Institute, Brisbane, QLD,
Australia

Background: Parkinson’s disease (PD) is a complex
neurodegenerative disorder with a multifactorial etiology, including
both genetic and environmental factors. Some established risk
factors, such as family history, smoking, coffee consumption,
exposure to pesticides, and head trauma, have been identified as
contributing to an individual's susceptibility to PD. However, the
association between these risk factors and the age of onset of PD
symptoms remains poorly understood.

Methods: We used data from the Australian Parkinson’s Genetics
Study pilot, comprising 1308 PD cases with available information on
risk factors and age of onset of symptoms. We employed a linear
model to examine the association between potential risk factors and
age of onset of PD. Additionally, we used linear mixed-effects
models to analyze the interaction between these risk factors and an
individual’s family history of PD. To account for multiple testing, we
applied a Bonferroni correction (0.05/number of risk factors) in our
analysis.

Results: We observed significant statistical associations between
age of onset and several risk factors, including BMI, soda
consumption, high caffeinated tea intake, high alcohol and smoking
habits, exposure to pesticides and herbicides, incidents of head
trauma, incidents of brain infection, and family history. We also
found that having relatives diagnosed with PD increases the risk of
an earlier onset of the disease. Notably, the effects on the age of
onset did not change when adjusted for the interaction between PD
family history.

Conclusion: Our study suggests that some of the known PD
susceptibility risk factors are also associated with PD age of onset
differences among individuals. These findings could help inform the
development of more accurate early screening methods and
personalized interventions for people at risk of developing PD.
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Shared molecular pathways underlie the relationship between
Parkinson’s disease and chronic pain

Luis Garcia Marin*, Freddy Chafota, Miguel Renteria

QIMR Berghofer Medical Research Institute, Herston, QLD,
Australia

Parkinson’s disease (PD) is characterized by both motor and non-
motor symptoms. Chronic pain, which is defined as pain lasting for
more than three months, is a common non-motor symptom of PD.
Between 40-80% of people with PD experience chronic pain,
particularly musculoskeletal pain, but also neuropathic, dystonic,
and central pain. Despite their high comorbidity, the relationship
between PD and chronic pain has not been interrogated on a
genetic level. Therefore, the molecular mechanisms that underlie
this association remain widely unknown. To shed light on this issue,
we leveraged genome-wide association studies (GWAS) summary
data to identify genomic segments that are involved in the
development of both PD and chronic pain. We used the GWAS-
pairwise and MAGMA methods to explore the biological pathways
and genes in the identified genomic segments of interest. Gene
enrichment analysis of these segments revealed links to the NF-kB
pathway, which is involved in the regulation of inflammatory
mediators during inflammation and is expressed in microglia,
neurons, and astrocytes. We also observed overlap in pathways
related to the regulation and trafficking of synaptic vesicle proteins,
which play a key role in synaptic transmission, as well as
pantothenic acid regulation and the pathway in which acetyl
coenzyme A is converted to butyric acid. This supports the
hypothesis that physiological levels of short-chain fatty acids in the
intestine may help suppress inflammation. In addition, we found
significant overlap in pathways related to mitochondrial metabolism
and platelet activation. Overall, our study provides evidence of
shared molecular pathways involved in the development of both PD
and chronic pain. These findings may lead to the identification of
novel targets for the development of interventions to manage pain-
related symptoms or slow disease progression in PD.

P01.15

Towards a molecular definition of human midbrain
dopaminergic neuron subtypes at the single cell level
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Current cell-based strategies for disease modeling, drug
development and cell replacement therapy for Parkinson’s disease
(PD) rely on the generation and use of authentic human midbrain
dopaminergic (mDA) neurons from either pluripotent stem cells or
through direct reprogramming of somatic cells. However, our
definition of adult or embryonic mDA neuron subtypes and our
knowledge of the molecular mechanisms leading to their generation
are very limited, hampering further progress in this field.

In a previous study, we examined the development of the human
midbrain by single-cell RNA-sequencing (scRNA-seq) and defined
the presence of multiple lineages and cell types, including 3
subtypes of mDA neurons (La Manno et al., 2016). More recently,
Kamath et al (2022) examined the adult human substantia nigra by
scRNA-seq in postmortem samples and identified 10 different
subtypes of mDA neurons, including a primate-specific subtype and
a subtype predominantly affected in PD.

In this study, we performed a detailed analysis of MDA neurons in
vivo, in both embryonic and adult tissues, at single-cell resolution.
Our results unravel a greater diversity of prenatal mDA neurons,
and a higher complexity of adult mDA neuron subtypes than
previously reported. By understanding the heterogeneity of mDA
neurons in development and adult stages, as well as the
developmental cascades leading to their generation, a more precise
roadmap for the generation specific mDA neuron subtypes relevant
for PD modeling or cell replacement therapy is now available. In
addition, our results provide essential standards to allow
researchers assessing the purity and quality of mDA neuron cell
preparations for medical or biomedical applications.

P01.16

Parkinson’s disease is associated with large-scale microbial
dysbiosis which may promote disease progression
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Davide Martino?, Laura Sycuro?, Silke Appel-Cresswell’, B. Brett
Finlay’
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Background: Parkinson’s disease (PD) is reproducibly associated
with changes to the gut microbiome, including reduced short-chain
fatty acid-producing bacteria and altered carbohydrate metabolism.
We previously used 16S sequencing to show that certain disease-
associated taxa correlate with the abundance of toxic proteolytic
metabolites, though the significance of microbial changes with
respect to disease etiology remains unclear. In the current study, we
utilize metagenomic sequencing to characterize taxonomic and
functional changes to the PD microbiome and to explore their
relation to metabolites and disease progression.

Methods: 300 participants (197 PD, 103 controls) attended <5
yearly study visits in order to track the progression of motor and
nonmotor symptoms, including depression and fatigue. Stool
(n=300) and blood serum (n=125) were collected at baseline and
processed for metagenomics and metabolomics, respectively.
Results: PD-derived stool samples had reduced microbial
connectivity and nine differentially-abundant species compared to
controls. Hexuronate degradation-related pathways were depleted,
which was driven by Faecalibacterium prausnitzii, and other
pathways correlated strongly with proteolytic metabolites. Other
functional changes suggest gut environment alterations which may
drive certain dysbioses and impede gut barrier function. Blautia
obeum and Blautia wexlerae trended with faster and slower disease
progression, respectively.

Conclusion: The Parkinsonian microbiome is significantly altered at
the community and species level, with potential implications for
disease progression. Dysbiosis of the gut environment as seen in
PD may influence the abundance and phenotype of resident
bacteria, potentially impacting the efficacy and safety of probiotic
therapeutics.
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B-adrenoreceptor drugs and incidence of Parkinson’s disease
in women from the French E3N cohort study
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Given the increasing prevalence of Parkinson’s disease (PD), there
is an urgent need to identify therapies to slow its progression and
delay, or even prevent, its onset. Repurposing available drugs
indicated for other diseases represents a promising strategy. Some
previous studies suggested that f2-adrenoreceptor agonists (32AA)
mainly indicated for asthma were associated with reduced PD
incidence, but the evidence is so far conflicting.

The aim of our project was to examine the association between
B2AA use and PD incidence in a large cohort of French women
followed over 15y. We also examined B-adrenoceptor blockers (-
blockers, primarily indicated for cardiovascular diseases). We used
data from the E3N cohort study of French women followed since
1990. Our analyses are based on women (mean age=63y) alive and
free of PD on 01/01/2004 (when drug claims databases became
available) and followed until 31/12/2018. Incident PD patients were
ascertained using multiple sources and validated by experts. We
compared PD incidence in women who initiated either B2AA or B-
blockers (>1 prescription, ever users) during the follow-up and in
other women (never users). Given the prodromal PD phase, drug
exposure was assessed up to 5y prior to PD diagnosis to reduce the
risk of reverse causation. Analyses were adjusted for numerous
confounders, in particular drugs indications to reduce the risk of
indication bias.

For B2AA, 579 of 81,890 women developed PD and 15,169 started
using B2AA. Compared to never users, PD incidence was
significantly reduced by ~35% in ever users in analyses with a 5y-
lag. Regarding B-blockers, 552 PD cases and 13,081 ever users
were identified among 75,896 women. In analyses without a lag, PD
incidence was increased by ~35% in ever users of B-blockers
compared to never users but this association was no longer
significant in analyses with a 5y-lag.

Our findings are in agreement with the hypothesis that B2AA may
have a beneficial role in PD that needs to be confirmed in clinical
trials. Alternatively, the association between B-blockers and PD is
likely due to reverse causation because B-blockers may be used to
treat tremor in the years before PD diagnosis.
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Update on PD GUT metagenome
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Background: Some PD cases may start in the gut and spread to
the brain. In a recent study of gut metagenome, we reported a newly
enrolled large dataset with 490 persons with PD (PwP) and 234
neurologically healthy controls (NHC), analyzed using deep shotgun
sequencing (ref.1). We found widespread dysbiosis causing
imbalances in carbohydrates and SCFA metabolism, synthesis and
degradation of neuroactive molecules, overproduction of
neurotoxicants, depletion of neuroprotective molecules, and
overabundance of opportunistic pathogens. Here, we present
another independent dataset with equally large sample size (526
PwP, 316 NHC) and high-resolution deep shotgun sequences. First,
we replicate the findings of dataset 1 in dataset 2, then embark on
analysis of two datasets combined.

Methods: Study was conducted using standard methods from start
to end by a single team of investigators (NGRC). Subjects were
enrolled at four sites in the U.S. during 2014-2020. DNA was
extracted from stool and deep-sequenced (50M reads/sample).
Sequences were processed using bioBakery and analyzed using
MaAsLin2, ANCOM-BC, and SparCC (see ref.1 for details as
methods are kept consistent).

Results: Based on dataset 1, we reported 84 species as being
elevated or depleted in PD (ref.1). In dataset 2, 80% of PD-
associated species replicated with statistical significance, 6%
trended, 14% did not replicate. Network of polymicrobial clusters,
including SCFA  producers, probiotic Lactobacillus and
Bifidobacterium species, and opportunistic pathogens were
replicated. Intra-genus heterogeneity was replicated. Imbalances in
microbial pathways and genes that result in overabundance of LPS,
LPP and TMA, and depletion of SCFA, dopamine, glutamate, and
nicotinamide were also replicated. Increase in E. coli, its
immunogens and curli were not replicated. We have only begun the
combined analysis. It is readily clear that doubling the N reduces the
noise considerably, streamlines and brings more clarity to the
structure and correlation of polymicrobial networks. The added
information content, going from N~700 in ref.1 to N~1500 subjects
in pooled data, is substantial.

Conclusion: We will present results of two unprecedentedly large
and high-resolution datasets side-by-side, which will demonstrate
extent and the drivers of dysbiosis, reproducibility, and information
content of gut metagenome for PD research, treatment, and
prevention.

Ref.

[1] Nat Commun. 2022 Nov15. PMID:36376318.
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Genome wide association studies using SNP1 reveals new
associated genes with Parkinson Disease in a Latino Cohort
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Objective: Our objective was using SNP1, a tool that performs a
Genome Wide Association Study (GWAS) including Local Ancestry
(LA) information, in Parkinson Disease (PD) using data from Latin
American Research consortium on the Genetics of PD. LA is the
inference of genetic ancestry of a particular chromosomal region of
an individual.

Background: GWAS have identified several loci in associated with
PD, but these studies were performed, for the most part, in
European and Asian populations, leading to a limited understanding
of the genetic component in other populations. We recently
performed the first PD GWAS [1] in Latin American cohort, but the
methods employed did not use LA, which could lead to a loss of
statistical power due to the genetic heterogeneity.

Methods: We performed genetic quality control (QC), inferred the
relatedness between the individuals and those at greater than
second degree were removed. We inferred the LA in the remaining
samples using RFMix and African, European and Native-American
samples from 1000 Genomes as reference [2]. We also imputed the
QC data using TOPMed imputation server and variants with quality
score (r?) < 0.8 were removed. We performed the GWAS analysis
using the SNP1 implemented on admix-kit [3] (Figure 1).

Results: We identified four risk loci: The rs73841264 is inside
ROBO2 gene, that encodes a protein that perform axon guidance
functions to regulate brain wiring broadly throughout the nervous
system, which includes midbrain dopamine neurons, and it is also
involved in other functions on the neurons [4]. The rs78820950 is
near the NRROS gene and it was observed in Loesch et al. 2021
with suggestive p-value. The rs28647362 is inside the SNCA gene.
The rs951706337 is near the FAM155A gene.

Conclusion: The inclusion of LA boosted the results from our
previous GWAS and allowed us find three new genes associated
with PD (ROBO2, NRROS and FAM155A) and reinforced
association with the SNCA gene. These results highlights the
importance to properly deal with these evolutionary forces when
dealing with admixed populations such as Latin Americans.

[1] PMID: 34227697

[2] PMID: 36055201

[3] PMID: 34824480

[4] PMID: 28394253
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Differences in cytochrome P450s genes between genetically
predisposed Parkinson’s disease individuals with and without
disease signs
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While the majority of Parkinson’s disease cases are of idiopathic
origin, about 5-10% are familial and linked to mutations in genes like
LRRK2, SNCA, PRKN and others. Interestingly, not all genetically
predisposed individuals develop the disease and the question arises
as to where the difference lies. Cytochromes P450 (CYPs) are
involved in the biotransformation of toxic compounds and in many
physiological processes. In previous research, by using the PPMI
(Parkinson’s Progression Markers Initiative) database and statistical
analysis, we were able to show that single nucleotide
polymorphisms (SNPs) in human CYPs and their three redox
partners (cytochrome P450 reductase (POR), adrenodoxin
reductase (AdR) and adrenodoxin (Adx)) are associated with the
expression of PD in idiopathic and genetically predisposed patients.
We demonstrated that SNPs in 26 out of the 57 human CYPs and in
2 out of their 3 redox partners are related to PD with odd ratios (OR)
values >5. In the present research, using the same approach, we
evaluated the differences in the SNPs of the 57 CYPs, POR, AdR
and Adx between individuals, who are genetically predisposed and
develop PD (GPD patients) and those, who are genetically
predisposed, but do not develop the disease (GUN patients). We
found that 50 out of 57 CYPs and 2 redox partners out of 3 have
SNPs being different between GUN and GPD patients with 11 CYPs
having SNPs with OR ratios above 5. Interestingly, CYPs involved in
drug and xenobiotic metabolism are not found among the latter,
suggesting that the conversion of toxic compounds does not play a
very significant role in differentiating between GPD and GUN
patients, although it does when comparing GPD patients and
healthy controls. In contrast, SNPs in CYPs involved in fatty acid,
eicosanoid, sterol and vitamin metabolism show OR values >5,
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pointing to a more prominent role of intrinsic physiological
processes in the expression of the disease.

This work was supported by a research grant from the “Dr. Rolf M.
Schwiete Stiftung” Mannheim/Germany. The work was made
possible by accession to the PPMI database.
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High-throughput proteomics in the study of Parkinson’s
disease progression
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Background: Parkinson’'s disease (PD) presents with a
constellation of motor and non-motor symptoms, but disease
severity and progression are heterogeneous. The factors that
contribute to disease heterogeneity are still incompletely
understood. High-throughput proteomic studies have the potential to
identify proteins relevant for disease progression.

Objectives: We aimed to identify a proteomic signature associated
with progression to dementia in PD.

Methods: Using an aptamer-based assay (SomaScan® assay,
v4.0), we measured the baseline levels of more than 4,000 serum
proteins in PD cases from the UK-based longitudinal Tracking
Parkinson’s cohort. After standard quality control steps, 3,381
aptamers and 748 samples were available for analysis. We
performed linear regression to explore if genetic variants of interest
(such as in APOE and GBA) were associated with differential serum
protein expression. Gene enrichment analysis was carried out using
Metascape. We also performed survival analysis using a Cox
proportional hazard model adjusted for sex, age and disease
duration at baseline. The endpoints were defined as dementia or all-
cause mortality, and false discovery rate (FDR)-corrected P-values
<0.05 were considered significant.

Results: 748 PD patients with a mean age at onset of 67.3 +- 8.8
were analysed. Mean disease duration to study baseline was 1.3 +-
0.9 years. Nine percent of the PD cases developed dementia and
5.9% died during follow-up. Nineteen proteins were differentially
expressed in carriers of the APOE e4 allele compared to non-
carriers, with enrichment of proteins involved in the regulation of
intracellular transport, lipid 66ennsylvania and endocytosis. The
survival analysis using dementia as the endpoint identified five
proteins upregulated in PD dementia, including UNC13A. Using
mortality as the endpoint, the survival analysis identified several
proteins differentially expressed, including an enrichment in proteins
associated with the regulation of insulin-like growth factor transport
and uptake.

Discussion: Preliminary results have identified UNC13A as being
associated with progression to dementia in PD. This protein plays a
role in neurotransmitter release at excitatory synapses and has
been identified as a risk factor for both ALS and fronto-temporal
dementia, suggesting common mechanisms between
neurodegenerative disorders.

P01.25

Parkinson Disease in women: How does sex affect motor and
non-motor symptoms?

Francisca Ruiz Gonzalez*', Silvia Enriquez Calzada? Daniela
Samaniego Toro? Helena Xicoy? Sara Belmonte®, Miquel Vila®*,
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Biology, Autonomous University of Barcelona, Barcelona, Spain +
Catalan Institution for Research and Advanced Studies (ICREA),
Barcelona, Spain
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Research Network, Chevy Chase, MD, USA + Institut de
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Background and Objective: Parkinson’s disease (PD) is a
neurodegenerative disorder causing a variety of motor and non-
motor symptoms, 66ennsylva 1,4 times more frequently in men.
Differences between men and women in the natural progression of
the disease and in the contribution of protective and deleterious
factors are not well understood. Overall, women experiences are not
always considered in clinical management, research studies and
clinical trials. We aimed to collect women health experiences in
order to assess the impact of female sex in PD symptoms.
Methods: We designed an online questionnaire considering the four
phases of women’s reproductive and 66ennsylvani periods to
explore the association between female sex and PD severity of
motor and non-motor symptoms.

Results: A total of 290 surveys were included. The mean age at
diagnosis was 49,5 years old (+11.5; range 18-75). At the time of
answering the survey, 64 (22%) women were in the reproductive
phase of their lifes, 50 (17,2%) in the perimenopause, 42 (14,5%) in
the menopause, and 134 (46,2%) in the post menopause. The
presence of digestive, swallowing and urinary problems correlated
with the phase of life. Around half of the participants (n=144)
reported fluctuations of symptoms, mainly motor, irrespective of
their life phase. A 69% (44) of women diagnosed during
reproductive age reported observing changes in their symptoms and
response to medication during their menstrual cycle, particularly
during the week of menstruation. On the other hand, 63% (31) of the
menopause participants reported no changes in syntomatology, and
77% (10) of those receiving hormonal replacement therapy reported
no symptom improvements.

Conclusions: The results obtained in this descriptive study broaden
our knowledge of sex differences in PD and highlight the importance
of understanding changes in symptoms during the menstrual and
menopause cycles, contributing to build new lines of investigation to
improve patients life quality.



WPC 2023 Abstracts 67

P01.26

Persistent microgliosis and neurodegenerative processes in a
SARS-CoV-2-model

Cara Schreiber*!, Christopher Kéufer?, Anna-Sophia Hartke?, Ivo
Wiesweg? Stephanie Stanelle-Bertram®, Sebastian Beck®, Nancy
Mounogou Kouassi®, Berfin Schaumburg®, Giilsah Gabriel®,
Franziska Richter
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Neuroscience, Hannover, Germany

2 Department of Pharmacology, Toxicology and Pharmacy,
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(1) Introduction: COVID-19 leads to neurological symptoms in up
to 76% of the patients. Persisting symptoms far beyond recovery
are common in many patients and point towards a progression of
neurological impairment. Neuroinflammation post viral infection is a
potential risk factor for the development of neurodegenerative
diseases such as Parkinson’s Disease (PD) and Alzheimer's
Disease (AD).

(2) Aims: We examined the impact of COVID-19 on
neuroinflammatory and neurodegenerative processes in hamster
brains during and post SARS-CoV-2 infection. Hamsters showed
mild to moderate symptoms, representing the clinical symptoms of
most human patients. Our aim was to investigate whether a SARS-
CoV-2 infection could lead to processes associated with
neurodegenerative diseases such as PD or AD. First results were
recently published (Kaufer et al. 2022). Here we present further
follow up analysis.

(3) Methods: 8 to 10 weeks old hamsters were intranasally infected
with 10"5 PFU SARS-CoV-2 solved in PBS (mock-infected: only
PBS) under BSL-3 conditions. The animals were euthanized 3, 6, 14
and 21 days post infection. Afterwards, brain sections were
analyzed via immunohistochemistry.

(4) Results: Although, we found no viral proteins in the brain
parenchyma, there was persisting microgliosis after viral clearance.
This finding is of special interest due to the fact, that viral infections
and progressive neuroinflammation are risk factors for PD and AD.
Histological evaluation indicated alterations of the neuronal
homeostasis, which are associated with neurodegenerative
diseases.

(5) Conclusions: The results indicate that a SARS-CoV-2 infection
is a potential risk factor for neurodegenerative diseases such as AD
and PD.

P01.27

What causes Parkinson’s Disease?
Jennifer Thornton*
Shy Family, Lincoln, CA, United States

Parkinson’s disease and Lewy body Disease can now be diagnosed
by a simple skin biopsy that is 95% to 99% accurate. For years, our
family has found that the cause of our loved ones skin issues were
the cause of his diagnosis. Through research, meeting with dozens
of doctors and personal experience we have found that a mite
caused his skin issues. Mites cause spinal injury, reduced gut
motility, lack of smell, and sleep issues. Little is studied about
acariasis in the human body where mites have been reported to
attack the urinary, otic, pulmonary, intestinal, oral (anaphylaxis), and
vaginal systems. Mites also cause bullous arthropod bite reactions
sometimes identified as senile hemangiomas on people who are
sensitive individuals with hypersensitivity immune reaction to insect
saliva. Symptoms show up twenty years prior to diagnosis. Most
cases of Parkinson are not hereditary. Brain cells start dying off due

to abnormal alpha-synuclein causing the clumping in Nerve cells
resulting in the symptoms of Parkinson’s Disease. A team of
researchers at the University of Texas at Arlington have found hard
evidence of horizontal DNA transfer, which is the swapping of
genetic material between non-mating species — between some
parasites and their vertebrate hosts. We believe that a research
study could prove our theory that alpha-synuclein is turning
abnormal after a bite from a mite.

P01.28

The DRD4 gene polymorphism is associated with the severity
of impulse control disorder using dopamine agonists in
Parkinson’s disease

Viviana Torres Ballesteros*', Mario Ezquerra?, Jesica Perez?,
Ruben Fernandez-Santiagoz, Manel Fernandez?, Francesc
Valldeoriola’
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Background: Using dopamine agonists (DA) has been recognized
as the major risk factor for impulse control disorder (ICD). However,
not all patients using DA develop ICD, or it appears in a broad
spectrum of severity which can suggest an environmental or genetic
predisposition.

Several neurotransmitter genes have been linked to ICD
susceptibility, and in the dopaminergic system the DRD4 gene is a
studied candidate, characterized by a variable number of tandem
repeats (VNTR) varying from 2 to 11 repeats. Individuals carrying at
least one allele of 7-repeat or more (7R+) demonstrate an increased
risk for compulsive and addictive behaviors, neuropsychiatric
diseases, personality traits as novelty-seeking, financial risk, and
binge eating or gambling after dopaminergic stimulation.

We aimed to evaluate the association between the DRD4 VNTR
and the appearance of ICD in PD patients using DA.

Methods: We studied 241 PD patients using DA. 145 men (63.9%)
and 87 women (36.1%). We defined development of an ICD as a
positive score on the Questionnaire for Impulsive-Compulsive
Disorders in Parkinson’s Disease. We considered a severe ICD
consequence as the occurrence of family or work dysfunctions,
hypersexuality that affects the couple and their environment,
prostitution, weight gain greater than 5 kg, and financial insolvency.
DNA was extracted from peripheral blood. The DRD4 48-bp VNTR
was characterized by a PCR amplification procedure.

Results: ICD was reported in 104 patients (43.15%), 29 women
(12.03%), and 75 men (31.12%). The most frequent type of ICD was
hypersexuality (17.01%). DRD4 7R+ was reported in 29 (12.03%)
patients with ICD. Kaplan-Meier analysis showed sex and age of PD
onset was related with ICD appearance (figure). Cox analysis
adjusting for age at PD onset, sex, and LEDD revealed no effect of
DRD4 polymorphism (P=0149) on ICD appearance but was
significant in relation with severe consequences of ICD. HR 1.875.
Longrank test P: <0.018.

Conclusion: PD patients using DA and carrying DRD4 7R+ present
severe ICD consequences. Our results support the genetic
susceptibility of ICD and may allow to consider a clinical — genetic
therapeutic approach, avoiding the use of dopamine agonists in
subpopulations at genetic risk of ICD.



68 WPC 2023 Abstracts

A) X B)

o] D)

ORDA 7. DRD4 7.

P01.29

Nuclear functions of alpha-synuclein in DNA double-strand
break repair

Moriah Arnold’, Dorthe Payne-Larsen? Pamela Cassidy’, Stephan
Witt, Vivek Unni*’

' Oregon Health & Science University, Portland, Oregon, United
States

2 Danish Cancer Society Research Center, Copenhagen, Denmark
3 Louisiana State University Health Shreveport, Shreveport,
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Pathologic aggregation of the protein a-synuclein (a-syn) is tightly
associated with several neurodegenerative diseases for which there
are no disease-modifying therapies, including Parkinson’s Disease
(PD), Multiple System Atrophy and Dementia with Lewy Bodies.
Although different biochemical and cellular pathways related to a-
syn biology have been implicated in neurodegeneration, we still lack
a clear understanding of how abnormalities associated with this
protein cause neuronal dysfunction and cell death in PD and related
diseases. Recently published studies from our lab have
unexpectedly suggested a role for a-syn within the cell nucleus in
DNA binding and repair. We have documented a functional role for
a-syn in the repair of nuclear DNA double-strand breaks (DSBs) via
the non-homologous end-joining (NHEJ) pathway and that this
function might be compromised in Lewy Body-containing neurons.
Our more recent data suggest a-syn could be important specifically
in the nucleolar subcompartment of the nucleus for DSB repair.
Using the human SK-Mel28 cell line, our data suggest that a-syn
and the marker of DSB repair, yH2AX, are both preferentially
enriched within the nucleolus and the colocalization between these
two proteins is significantly greater in the nucleolus compared to the
nucleoplasm. Knocking out a-syn significantly increases yH2AX
levels within the nucleolus, and these levels are attenuated when a-
syn is transgenically reintroduced into the knockout background.
Within  the nucleolus, aSyn significantly colocalizes with
nucleophosmin and treacle, two proteins important for DSB repair of
ribosomal DNA (rDNA). Inducing rDNA DSBs using the
endonuclease I-Ppol significantly increases nucleolar yH2AX, a-syn
and a-syn’s colocalization with other proteins important for DSB
repair. Lastly, knocking out a-syn significantly increases yH2AX
levels after I-Ppol induction. These results suggest that a-syn may
play an underappreciated role in the nucleolus, allowing cells to
more faithfully repair DSBs within rDNA, thereby supporting cell
survival in the presence of genotoxic stress.

P01.30

Non-motor symptoms of Parkinson’s disease in Mexico: Case
series

Xavier Vilchis* Jose Eduardo Solérzano Quiroz, Jose Antonio
Fernandez, Alejandro Medardo Gonzalez

Hospital Juarez de Mexico, Mexico City, State Mexico, Mexico

Abstract: Parkinson’s disease (PD) is a chronic, progressive,
disabling disorder characterized by the death of dopaminergic
neurons in the substantia nigra pars compacta with alpha synuclein
deposits with extrapyramidal (motor) signs that are necessary for
diagnosis, however, there are inconspicuous non-motor symptoms
(NMS) that are a key component of the disease and quality of life
(Politis M et al Movement Disorders. 2010 14;25(11):1646-51).
Objective: To describe the MNS of patients with PD treated at the
Hospital Juarez de México.

Methods: Retrospective, descriptive, cross-sectional study. Thirty-
four patients who met inclusion, exclusion or elimination criteria in
the period 2021-2022 were studied, using a 22-question
questionnaire in search of MNS variables. Data were analyzed with
IBM SPSS 25 for measures of central tendency for quantitative and
qualitative variables.

Results: The demographic analysis showed a predominance of
male gender (71%) with mean age 68 years (£10.7). The clinical
study showed that the time of evolution was 6 years (+4.1), the
scale to assess functionality was the Hoehn-Yahr scale where most
patients (44%) were independent of the family (Il) and only 3% had
severe disability (V). NMS were present in the whole sample, since
60% had at least 10 symptoms, which in order of frequency were
nocturia(55%), constipation(52%), unexplained pain(52%), sexual
dysfunction(53%), insomnia(47%), depression(44%), anxiety (41%),
vivid dreams(32%), salivation(32%), REM sleep disorders(29%),
restless legs(26%), falls(23%), urinary urgency(20%),
diaphoresis(17%), hallucinations(14%), apathy(11%), unexplained
weight loss(11%), diaugesia/dyssomias (8%), dysphagia(8%) and
fecal incontinence(5%).

Conclusions: Intentional search for NMS in PD is essential for care
as only the minority do not present them and implies a continuous
deterioration of quality of life that needs a multidisciplinary
approach.
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Genetic findings of the Rostock International Parkinson’s
Disease (ROPAD) Study
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The Rostock Parkinson’s Disease (ROPAD) study is the largest and
most comprehensive genetic screening study of monogenic
Parkinson’s disease (PD) to date. The study aimed to investigate
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the frequency and spectrum of PD genetic causes in 51 genes that
have an established or possible relevance to PD in a multiethnic
cohort of 12,580 PD patients. The participants were not preselected
for specific age at onset (AAO), family history, or inheritance
pattern. The molecular diagnostic yield was 15%, with 1,871
patients receiving a genetic diagnosis of PD primarily based on
GBA1 risk variants (10.4%), or pathogenic/likely pathogenic variants
in LRRK2 (2.7%) or PRKN (0.9%). The remaining patients received
a genetic PD diagnosis due to SNCA (0.2%), GCH1 (0.2%), and
PINK1 (0.1%) variants or variants in one of 10 other genes (0.1%).
Furthermore, dual genetic diagnoses (patients with variants in two
PD-related genes) were made in ~0.3% of ROPAD participants. The
1,871 genetically diagnosed patients had a male-to-female ratio of
~1.4, median AAO of 55 years (36.7% had an AAO of <50 years),
and positive family history in ~36% of cases. Compared to the
cohort of patients who did not receive a genetic PD diagnosis, the
male-to-female ratio and AAO were significantly lower and positive
family history was significantly more frequent in the genetically
diagnosed participants. Interestingly, 3.4% of patients carried a
single heterozygous pathogenic/likely pathogenic variant in
autosomal-recessive (AR) PD-related genes. Their median AAO
was significantly lower than in patients who had no relevant variants
in PD genes and significantly higher than in patients who received a
genetic diagnosis of PD, supporting a distinct contribution of
monoallelic variants in AR PD-related genes to PD heritability.
About 0.6% of the ROPAD study participants had positive genetic
testing findings in genes related to dystonia/dyskinesia or dementia.
In addition to providing the most comprehensive and relevant insight
into the frequency and spectrum of PD genetic causes to date, the
ROPAD study, for the first time, allows for data-based, differential
genetic counseling in different constellations of AAO and family
history, leading pre- and post-test counseling to the next level of
specificity and informing patient prioritization and stratification for
clinical trials.

P01.32

Elevated trimethylamine (TMA) from the gut microbiota drives
synuclein pathology and immune activation in Parkinson’s
disease
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Gastrointestinal (Gl) dysfunction and increased Gl permeability is a
common feature of early-stage Parkinson’s disease (PD). A growing
body of evidence suggests that increased gut permeability and
inflammatory seen in PD patients could be the consequence of gut
microbiome dysbiosis. However, mechanisms and pathways that
substantiate a causal relationship between the gut and the brain in
PD onset and progression, are yet to be defined. Trimethylamine
(TMA), a brain-permeable metabolite of bacterial-origin bears a
positive association with the rate of PD progression. TMA is rapidly
oxidized to Trimethylamine N-oxide (TMAO), which has been shown
to disrupt the blood-brain barrier and systemic inflammation. In this
study, we measured and compared levels of TMAO and its
metabolites in both circulation (blood) and clearance (urine) in a
cohort of healthy (n=44) and PD (n=46) individuals. We also
performed the high-resolution shotgun metagenomics studies to
assess Gl-tract microbiome composition and functional pathway
activation during PD. Our result indicated a significant elevation of
pro-inflammatory TMAO levels in PD patients in both blood and
urine. Surprisingly, we also uncovered elevated levels of neurotoxic
Formaldehyde (FA), a downstream catabolite of TMA, in PD

patients compared to healthy controls. Our high-resolution functional
metagenomics studies demonstrate for the first time that TMA-
generating bacteria, as well as bacterial enzymatic pathways
responsible for its generation to be increased in PD patients. This
included elevated Clostridium species Our mechanistic studies also
revealed that circulating TMAO can accelerate synuclein
aggregation and immune activation in microglia and PBMCs. We
also uncovered a trend towards loss of beneficial bacteria which
produce anti-inflammatory metabolites, such as butyrate, in PD
patients. Taken together, our results provide novel mechanistic
insights into how gut dysbiosis and altered microbial metabolism
can drive disease progression in PD. If confirmed, these results
would provide the therapeutic rationale for targeting microbial
dysbiosis and Gl dysfunction for disease modification in PD.

BASIC SCIENCE: Cell death,
neuroprotection and trophic factors
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Apoptosis-related markers from peripheral blood mononuclear
cells as potential biomarkers of Parkinson’s disease
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Aim: The purpose of this study is to elucidate the involvement of
apoptosis-related markers from peripheral blood mononuclear cells
(PBMC) in the onset and development of Parkinson’s disease (PD)
and to decide on their suitability as biomarkers of the disease
progression.

Background: PD is accompanied by the apoptosis process of both
neuronal cells in specific regions of the brain and peripheral blood
cells. Moreover, it has been speculated that markers of activated
apoptosis of lymphocytes from PD patients could be associated with
the severity and the duration of the disease and are significantly
associated with the loss of dopaminergic 69ennsyl. PBMC from PD
patients could possess typical neuropathological signs, might
directly participate in pathological cascade leading to PD symptoms.
Subjects & Methods: 30 H-Y scale 2 PD patients (7/23 F/M ratio,
mean age 64,7 £ 10,2), 30 H-Y scale % patients with idiopathic PD
(10/20 F/M ratio, mean age 63,9 + 11,2) from the Center for
Diagnostic and Therapy of Extrapyramidal Diseases at UHM and 59
gender and age matched control probands (17/42 F/M ratio, mean
age 64,3 £ 10,5) were enrolled in our study. Isolated viable PBMC
from peripheral venous blood were used to analyse the expression
profile of 35 apoptosis-related proteins using proteome profiler
Human Apoptosis Array Kit (R&D). Subsequently, the most eminent
apoptosis-related markers were quantified by western blot analysis
with specific antibodies.

Results: Cell lysates isolated from PBMC of PD patients and
matched controls were investigated for the presence and relative
level of specific apoptosis-related proteins. Based on the results of
the proteome analysis, we decided to quantify nine of the most
prominent apoptosis-related markers by utilizing Western blot
analysis and to compare the expression profiles between groups.
Among others, the initiator Caspase-8 and Caspase-9 and
executioner Caspase-3 and Caspase-7 in both their total and active
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forms. Results of quantification of these potentially clinically relevant
will be presented at the conference. PBMC apoptosis-related
proteins may serve as clinically relevant markers carrying predictive
value in respect to the progression and severity of PD.
Acknowledgement: This study was supported by grant APVV-19-
0222 to MK.
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The repositioning of pomalidomide as a novel disease-
modifying drug: Evidence from the alpha synuclein based
rodent model of Parkinson’s disease
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The drug repositioning is currently a valuable strategy in the quest
for disease modifying drugs in Parkinson’s disease, due to the high
cost and low success rate of new drug development. Based on the
recognized dysregulation of the immune response in PD, which is
characterized by chronic CNS infiltration of peripheral immunocytes
and neuroinflammation bringing about neuronal damage, we tested
the disease-modifying properties of the immunomodulatory imide
drug (ImiD) pomalidomide. We used a translational rat model of PD
based on the intranigral bilateral infusion of toxic oligomers of
human a-synuclein (H-aSynOs), which largely reproduces cardinal
neuropathological and symptomatic features of the first stage of
disease progression including motor and non motor symptoms,
dopaminergic degeneration, alpha-synuclein aggregates and
neuroinflammation in critical brain areas. Pomalidomide was
chronically administered for two-months (20 mg/kg; i.p. three
times/week) and symptomatic as well as neuropathological
parameters were measured thereafter.

The intranigral infusion of H-aSynOs induced an impairment in
motor performance that was fully rescued by pomalidomide, as
assessed via a battery of motor tests modelling different aspects of
the disease, including the beam traversal test, the gait test and the
vermicelli test. Moreover, H-aSynOs-infused rats displayed a 40—
45% cell loss within the substantia nigra (SN), as measured by
stereological counting of TH+ and Nissl-stained neurons, that was
largely abolished by pomalidomide. The inflammatory response to
H-aSynOs infusion and the pomalidomide treatment was evaluated
both in CNS and peripherally. A reactive microgliosis was present in
the SN three months after H-aSynOs infusion, with cells displaying
a pro-inflammatory profile and TNF-a overproduction. Importantly,
the pomalidomide treatment profoundly affected the phenotype of
reactive microglia, which displayed an anti-inflammatory profile, with
decreased TNF-a production and an increase of the anti-
inflammatory cytokine IL-10. Moreover, the H-aSynOs infusion
induced a dysregulation of serum cytokine content, with elevated
levels inflammatory cytokines and chemokines, that was largely
restored by pomalidomide.

We provide comprehensive evidence that pomalidomide mitigates
PD symptoms via neuroprotective activity in a neuropathological

model of PD, and support the clinical testing of this drug for
repositioning as a novel disease-modifying strategy in PD.
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Identification of new neuroprotective molecules
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Objectives: One of the major therapeutic challenges in Parkinson’s
disease is to slow down or stop dopaminergic neurons
degeneration. To this end, we identified neuroprotective molecules
acting as survival cue through a particular class of receptors, called
dependence receptor. Indeed, these receptors are promising target
since they induce cell survival in the presence of their corresponding
ligand/survival molecule whereas they trigger cell death in their
absence. Given that such dependence receptors are expressed by
dopaminergic neurons, we tested the survival effect, and larger, the
neuroprotective role of different ligands. We also search for
mimetics of these neuroprotective molecules for therapeutic aims.
Methods: The protective effect of the molecules was assessed in
vitro and in vivo. Primary cell cultures and differentiated iPS cells
into dopaminergic neurons has been used upon rotenone or 6-
hydroxydopamine (6OHDA) stress. As in vivo model, we used 6-
OHDA injured rat which mimics the progressive neurodegeneration
that occurs during Parkinson’s disease.

Results: We identified a promising neuroprotective molecule able to
rescue specifically dopaminergic neurons from rotenone and 6-
OHDA-induced cell death and to improve the 6-OHDA injured rat
phenotype. More importantly, we are currently developing a mimetic
of this molecule which could lead to clinical applications.
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Male sex bias in Parkinson’s disease is linked to an accelerated
age-dependent neuromelanin accumulation
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Background: Men have a higher incidence and prevalence of
Parkinson’s disease (PD), earlier disease onset, more severe motor
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symptoms, and more frequent cognitive decline compared to
women. However, most PD studies do not consider the influence of
seX, thus the molecular mechanisms underlying sex differences in
PD remain largely unknown. Estrogens modulate dopaminergic
pathways and improve PD symptoms in both men and women.
Estrogens are also able to modulate melanin production in the skin
and we have reported that age-dependent intracellular
neuromelanin (NM) accumulation above a pathogenic threshold
triggers PD pathology in rats overexpressing melanin-producing
enzyme tyrosinase (TYR).

Objectives: We assessed whether differences in nigral NM
production/accumulation could underlie the differential effect of sex
on PD.

Methods: First, using postmortem human brain tissue, we
compared intracellular NM levels in the substantia nigra (SN) of both
controls and PD patients, separating men from women. We then
assessed the effect of sex on NM-linked pathology in AAV-TYR-
injected rats, either male or female, nigrally injected with AAV-TYR.
Results: We found that intracellular NM levels within nigral
dopaminergic neurons of healthy human controls are significantly
higher in men than in women, with men reaching earlier the
pathogenic threshold of NM accumulation even in the absence of
PD.

We also observed that AAV-TYR-injected male rats exhibit an
earlier and greater accumulation of NM compared to female
animals, reaching earlier the pathogenic threshold of intracellular
NM accumulation.

Remarkably, ovariectomized (OVX) female rats injected with AAV-
TYR accumulated NM more rapidly than non-OVX females and
reached pathological NM levels similar to their male counterparts.
Conclusions: Our results suggest that an increased/accelerated
accumulation of NM in men across life may underlie their higher risk
to develop PD, compared to women.

P02.05

SARS-CoV-2 induces dopaminergic neuron loss in midbrain
organoids

Javier Jarazo*', Eveline Santos da Silva? Enrico Glaab® Danielle
Perez Bercoff?, Jens Schwamborn’

" OrganoTherapeutics, Esch-sur-Alzette, Luxembourg

2 HIV Clinical and Translational Research Group, Luxembourg
Institute of Health, Esch-sur-Alzette, Luxembourg

3 Biomedical Data Science, Luxembourg Centre for Systems
Biomedicine, University of Luxembourg, Esch-sur-Alzette,
Luxembourg

Objectives: COVID-19 presents numerous symptoms mostly
associated with the respiratory tract. However, recent evidence
showed that the SARS-CoV-2 virus affects the nervous system. We
evaluated the effect of the infection in midbrain organoids to
determine if cells and pathways related to the onset of Parkinson’s
disease (PD) are affected.

Methods: The effect of the virus after short- and long-term cultures
(4 days, and 1 month) post-infection was analyzed. Features
measured included the degree of dopaminergic differentiation (TH),
neurite fragmentation, and the level of activated astrocytes (GFAP
and S100beta). Bulk RNAseq was performed to determine the
effects of the infection on gene expression.

Results: After infection with SARS-CoV-2, the levels of
dopaminergic neurons were significantly reduced in both short and
long-term culture. Moreover, neurite fragmentation of TH positive
neurons in infected organoids significantly increased respective to
controls in long-term cultures. Within the same infected organoid
TH/SARS-CoV-2 double positive neurons presented an altered
morphology and high degree of neurite fragmentation compared to
uninfected TH positive neurons. Activation of astrocytes was

significantly reduced after infection in the short-term culture. While
the levels of S100beta recovered over time, they still remained
lower in infected organoids. In both short- and long-term culture,
SARS-CoV-2 colocalized more with certain types of cells showing a
marked preference for GFAP positive and TH positive cells when
normalized to their respective abundance in the organoid. Gene
expression analysis revealed a disruption in gene pathways related
to vesicle transport, endosomal and autophagy pathways following
infection with SARS-CoV-2.

Conclusions: Infection of midbrain organoids with Sars-Cov-2
induced a clear neurodegenerative process of TH positive neurons,
while affecting main pathways known to be affected in PD patients.
Reference: This work will be presented as well in the ADPD 2023
Alzheimer’s & Parkinson’s Diseases Conference, 28/3-1/4/2023.

P02.06

The neuroprotective effect of NLX-112 in MPTP-treated mice is
mediated through upregulation of astrocytic GDNF

William H. Powell', Lucy E. Annett!, Ronan Y. Depoortére?, Adrian
Newman-Tancredi*3, Mahmoud M. Iravani’

" University of Hertfordshire, Hatfield, United Kingdom

2 Neurolixis, Castres, Tarn, France

3 Neurolixis, Castres, France

Introduction: Preventing dopaminergic (DA) neuronal death is key
to halting the progression of Parkinson’s Disease (PD). There is
evidence for serotonin 5-HT1A agonists having neuroprotective
effects on DA 71ennsyl, and NLX-112 is a potent and selective 5-
HT1A agonist currently undergoing clinical development for L-
DOPA-induced dyskinesia in PD. Therefore, we examined the
neuroprotective potential of NLX-112 in a MPTP mouse model of
PD.

Method: C57BL mice (n=8-10/group) were treated i.p. once daily for
15 days as follows: Group 1 (G1): 1 ml/kg saline; G2: 1 mg/kg NLX-
112; G3: 5 days saline followed by 5 days MPTP (total 120 mg/kg)
and 5 days saline subsequently; G4: 15 days of NLX-112 plus
MPTP on days 5-10. Two weeks following last treatments, striatal
and substantia nigra (SN) sections were prepared to detect changes
in DA neurons & DA nerve terminals, astrocytes, and inflammation-
associated microglia by immunohistochemical detection of tyrosine-
hydroxylase (TH), glial fibrillary associated protein (GFAP) and
ionized calcium-binding adapter molecule 1 (lba1), respectively.
Glial-derived neurotrophic factor (GDNF) was also assessed in
nigral and striatal sections because it was previously shown to be
upregulated in astrocytes following an inflammatory insult.

Results: In G3, MPTP caused a loss of TH+ve DA neurons in the
SN (-29%) and of TH+ve fibre density in the striatum (-55%)
compared to G1 and G2. In G4 NLX-112 attenuated the MPTP-
induced DA neuron and nerve terminal loss (-5% and -28%
respectively). In the striatum, MPTP (G3) massively increased
GFAP-immunoreactivity (ir), and this was reduced by NLX-112 (G4).
In G1,G2 and G3, some astrocytes co-expressed GDNF and there
were no differences between the 3 groups. However, in G4, striatal
GFAP-GDNF colocalization was increased by 333% in the striatum
and by 173% in the SN. In the SN, MPTP increased lbal+ve
microglia by 117% (G3) compared to G1 and G2. In G4, MPTP-
induced increase in nigral microglia was completely abolished by
NLX-112.

Conclusion: Overall, the present study shows that NLX-112
exhibits neuroprotective properties in MPTP-treated mice. In this
model, NLX-112’s protective effects are likely mediated through
reversal of MPTP-induced inflammation as shown by inhibition of
microgliosis and by upregulation of the neurotrophic factor, GDNF,
in astrocytes.
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Fig. 1. NLX-112 counters MPTP-induced
dopaminergic cell death in striatum.

G1: Saline, G2: NLX-112 alone, G3: MPTP, G4: MPTP+NLX-112. Stereotaxic
co-ordinates are from Franklin and Paxinos' mouse brain atlas. Histogram
shows optical density of TH immunoreactivity in striatal sections. Bars are
mean £ s.e.m., n=12. Stats are One-Way ANOVA followed by Fishers LSD.
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Function and neuroprotective potential of Ficn knockout in
Parkinson’s disease

Julia Obergasteiger*’, Owen Fergusen’, Cyril Bolduc’, Anthony
Bilodeau’, Thomas Durcan?, Flavie Lavoie-Cardinal’, Emmanouil
Metzakopian®, Martin Levesque’

' Cervo Brain Research Center, Universite Laval, Quebec, QC,
Canada

2 McGill University, Montreal, QC, Canada

3 UK Dementia Research Institute at University of Cambridge,
Cambridge, United Kingdom

Parkinson’s disease (PD) is the second most common
neurodegenerative disorder, characterized by various motor and
non-motor symptoms in patients. One of the main hallmarks of the
disease is the loss of dopaminergic (DA) neurons in the substantia
nigra pars compacta (SNc). No cure is available for PD and current
treatments only alleviate the symptoms of the disease. Therefore,
there is an unmet need to provide new therapeutic targets. We
performed a CRISPR-based, genome-wide screen to identify new
target genes rescuing the degeneration of DA neurons. We
identified several new targets and one of them is the Ficn gene. Flcn
is implicated in the mTOR pathway, able to regulate autophagy and
interacts with several Rab GTPases involved in endocytic trafficking.
Furthermore, Flch was shown to regulate mitochondrial biogenesis.
Importantly, when DA neurons are exposed to oxidative stress, Flcn
knockout (KO) increases their viability in vitro. To understand the
physiological role of Flen in DA neurons and validate its
neuroprotective effect, we knocked out Flcn in mouse dopamine
neurons of the SNc. To model PD, we used AAV-mediated
expression of human alpha-synuclein (aSyn) in the SNc. After 16
weeks we performed locomotor assessment and histological
analysis of the brain. Flen KO in SNc dopamine neurons
ameliorates the motor deficits induced by aSyn overexpression and
it rescues the loss of dopaminergic neurons in the midbrain and
their terminals in the striatum. Most importantly, Flcn KO also
reduces the levels of phosphorylated aSyn in the SNc. In parallel,
we use iPSC-derived DA neurons as a model of human PD in vitro,
specifically iPSCs derived from a patient with the triplication of the
SNCA gene (3xSNCA), coding for aSyn, and its isogenic control.
3xSNCA neurons display mitochondrial deficits that are rescued
with Flen KO. Specifically, Flcn KO reduces reactive oxygen species
and it is also modulating the autophagy-lysosome pathway,
specifically the number of lysosomes. In this study, we used an
unbiased screening method to identify a new neuroprotective target
for PD. Following target validation, we will identify drugs capable of

modulating Flcn expression and test their efficacy to modify disease
onset and/or progression.

P02.08

Therapeutic role of MicroRNA 34a in Parkinson’s disease via
inhibiting expression of colony-stimulating factor 1 and
subsequent anti-neuroinflammation and neuroprotection
Ming Yew, Ping Heng Tan*

Department of Anesthesiology, Chi Mei Medical Center, Tainan,
Taiwan

In terms of neurodegenerative diseases, Parkinson’s disease (PD)
is one of the most widespread. Currently, however, treatments are
only available to alleviate symptoms. A new therapeutic target is
urgently needed. In recent years, novel molecule of colony
stimulating factor 1 (CSF1) (macrophage colony stimulating factor,
MCSF) in microglia were found to play important role in the
activation of microglia and induction of neuroinflammation. CSF1
receptor (CSF1R) are target genes of microRNA 34a (mir 34a). PD
neuroinflammation is supposedly inhibited by mir 34a through
inhibition of CSF1R expression. Mir 34a was found to be effective in
improving neuronal damage in our study. This treatment can
significantly suppress the upregulation of proinflammatory cytokines
associated with interferon-gamma stimulation, including inducible
nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), and
nuclear factor kappa-light-chain-enhancer of activated B cells (NF-
B). M2-type microglial markers, such as arginase-1 and Ym-1, were
increased in BV2 murine microglial cells by the treatment. SH-SY5Y
cells treated with Mir 34a also showed a significant increase in
brain-derived neurotrophic factor (BDNF) and 72ennsylv-cAMP
response element-binding protein (p-CREB). As well, we evaluated
the effects of mir 34a on zebrafish PD models. By decreasing
endoplasmic reticulum (ER) stress biomarkers, mir 34a was
effective in reversing 6-OHDA-induced locomotor deficits and
improving tyrosine hydroxylase (TH). Results suggest that mir 34a
might have an antineuroinflammation and antiapoptotic effect on
PD.

P02.09

SERCA as a preclinical disease modifying drug target against
a-synuclein aggregate dependent dysfunctions

Zagorka Vitic*', Lasse Reimer?, Nelson Ferreira?, Claus E. Olesen?,
William Dalby Brown* Jakob Ulstrup®, Gergo Kovacs? Marina
Lopez Incera?, Lara Perucho?, Cristine Betzer?, Sara A. Ferreira?,
Nanna Mgller Jensen?, Hjalte Gram?, Marina Romero-Ramos?, Poul
Henning Jensen?

" Aarhus University, Aarhus, Denmark

2 Department of Biomedicine, Aarhus University, 8000 Aarhus C,
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3 Department of Biomedicine, Aarhus University, 8000 Aarhus C,
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The aggregation of the a-synuclein in inclusions called Lewy bodies
and neurites is a pathological signature of Parkinson’s disease (PD).
Another pathogenetic characteristic of the disease is an imbalance
of Ca2+ homeostasis. In healthy neurons, resting Ca2+ levels are to
a large degree regulated by the SERCA pump, which transports
Ca2+ from the cytosol to the endoplasmic reticulum (ER). Using
different cell models, we have shown that a-synuclein binds to and
activates the SERCA pump, and described a clear connection
between early-stage a-synuclein aggregates and reduced cytosolic
Ca2+ levels. This early phenomenon is followed by drastically
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increased cytosolic Ca2+ levels, that eventually leads to neuronal
cell death. Treatment with the specific SERCA inhibitor,
cyclopiazonic acid (CPA), normalizes the initial reduction of
cytosolic Ca2+, protects the cells against a-synuclein-aggregate
stress and improves viability both in in vitro and a Caenorhabditis
elegans model.

To validate SERCA as a preclinical drug target, we administered
CPA in drinking water in two mouse PD models. A first model based
on intramuscular injection of preformed fibrillar (PFF) a-synuclein in
the h-A53T-a-syn transgenic M83 line, which induces CNS
pathology and rapid onset of the motor impairment phenotype. CPA
treatment in this model delayed the age-of-onset of motor symptoms
(clasping behavior and rotarod performance) and prolonged survival
compared to non-treated animals. Immunohistochemistry showed a
reduction in Phospho-Ser129 and aggregated a-synuclein species
and reduced MHCII expression in the brain. Currently, we are
analyzing the impact of CPA treatment on a second PD model in
which we stereotaxically inject PFF a-synuclein in the striatum of
wild-type mice.

In conclusion, our results demonstrate that pharmacological SERCA
inhibition protects against the inter-neuronal spreading of templated
a-syn pathology, signifying that involved downstream processes
may be important therapeutic targets for treatment of a-
synucleinopathies

BASIC SCIENCE: Protein misfolding and
handling

P03.01

Copper supplementation rescues impaired motor phenotype in
a novel mouse model of SOD1 proteinopathy

Amr Abdeen*', Benjamin Rowlands’, Connor Karozis', Veronica
Cottam’, Joel Siciliano?, Fabian Kreilaus', Richard Harwood?, Julia
Forkgen', Sarah Rosolen’, Sara Nikseresht®, Benjamin G. Trist!, Kai
Kysenius®, Michael Gotsbacher?, David Bishop®, Rachel Codd”,
Peter J. Crouch® Kay L. Double’
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2 Sydney Microscopy and Microanalysis, The University of Sydney,
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3 Department of Biochemistry and Pharmacology, Faculty of
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5 Hyphenated Mass Spectrometry Laboratory, Faculty of Science,
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Misfolding and abnormal deposition of the cuproenzyme superoxide
dismutase 1 (SOD1) is a pathological feature of the Parkinson’s
disease substantia nigra pars compacta (SNc) where its
accumulation is associated with decreased regional copper levels.
We posited that SOD1 proteinopathy contributes to dopamine
neuron loss, and thus developed a novel murine model
(hSOD1WT/Ctr1+/-) which combines high levels of wildtype human
SOD1 and brain copper deficiency to test this hypothesis.
Immunofluorescent dual-labelling of misfolded SOD1 and tyrosine
hydroxylase (TH) demonstrated a marked increase in aggregated
SOD1 protein in TH+-dopamine neurons within the SNc
hSOD1WT/Ctr1+/- mice compared with control mice. Three-
dimensional reconstruction of these images demonstrates that the

preponderance of SOD1 aggregates is outside TH+-neuron cell
bodies, suggesting the accumulation of SOD1 in neuronal
processes and glia, or their release into the extracellular space.
Quantitative stereology revealed that the density of TH+-dopamine
neurons in the SNc was significantly reduced in hSOD1WT/Ctr1+/-
mice compared with all mouse strains (p < 0.05). These data
support our hypothesis that wildtype SOD1 is prone to misfolding in
a cellular environment of copper deficiency and that resultant SOD1
proteinopathy is associated with SNc dopamine neuron death in an
age-related manner. Behavioural assessment of our mouse model
at 5-months demonstrated impaired grip strength (p < 0.001) and
balance beam performance (p < 0.001). Copper supplementation
using the blood-brain barrier permeable copper delivery agent
CuATSM (15 mg/kg daily for 3 months) resulted in a 3.4-fold
increase in  midbrain copper levels in five-month-old
hSOD1WT/Ctr1+/- mice. CUATSM treatment did not modify grip
strength in hSOD1WT/Ctr1+/- mice but dramatically improved
balance beam performance (reduced number of paw slips, p <
0.001; reduced latency, p < 0.05). Our findings have implications for
Parkinson’s disease and ALS where aggregated wild-type SOD1 is
a pathological feature, and support ongoing clinical trials of
CUuATSM treatment in Parkinson’s disease and ALS patients
(ClinicalTrials.gov Identifier: NCT03204929; NCT02870634).

P03.02

Lysosomal function and its role in oligodendrocytes in
Synucleinopathies

Denise Balta*, Ida Pirkl?, Kristina Battis? Philipp Armold® Jiirgen
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Parkinson’s disease (PD) and Multiple System Atrophy (MSA)
belong to a subgroup of neurodegenerative disorders, also termed
Synucleinopathies. The characteristic hallmark of these progressive
diseases is intracellular inclusions rich in alpha-Synuclein (a-Syn)
within neurons and glial cells. Mechanisms of a-Syn clearance are
of great interest within many investigations. Lysosomes have been
shown to play a major role in a-Syn degradation, especially the
proteases cathepsin B, D, and L. Their dysfunction triggers a-Syn
accumulation in neurons. However, their contribution to a-Syn
pathology in glial cells is still elusive. Therefore, we aim to
characterize lysosomal enzyme function in 1) an immortalized
oligodendroglia cell line (CG4) with and without stable a-Syn
overexpression, and 2) oligodendrocytes derived from human
induced pluripotent stem cells (hiPSCs). We have examined the
function of aforementioned cathepsins on protein and mRNA
expression levels and investigated their cellular distribution by
immunofluorescence stainings in GC4 cells. Furthermore, lysosomal
enzyme activity of the immortalized oligodendroglial cells were
determined and compared. As a next step, we aim to investigate
lysosomal enzyme function, processing, and influence of
pathological a-Syn on the lysosomal system in hiPSCs.

Our data indicate a general upregulation of the RNA expression
level for cathepsin B, D, and L in a differentiated control and a-Syn
overexpressing CG4 cell model. Interestingly, the a-Syn
overexpressing line shows the highest enzyme activity of cathepsin
D and B compared to the control after differentiation. This finding
also correlates to the mature and active forms of aforementioned
cathepsins observed by immunodetection. It seems that a-Syn
overexpression, at least in this cell model, leads to the upregulation
of the specific cathepsins, which are involved in its degradation. A
possible explanation for this could be an adaptive mechanism of the
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overexpressing cells, to cope with the persistently high expressed a-
Syn levels.

Taken together, our data contributes to improved knowledge about
the lysosomal function in oligodendrocytes in health and under
pathological conditions, and might contribute to future therapeutic
approaches in neurodegenerative diseases.

P03.03

Proteomic analysis of Parkinson’s patient midbrain neurons
reveals a sub-proteome of metastable proteins that are
susceptible to aggregation

Nandkishore Belur*, Joseph Mazzulli

Northwestern University, Chicago, lllinois, United States

One of the hallmark features of neurodegenerative disease
pathology is the accumulation of specific aggregation-prone
proteins. Alpha-synuclein (a-syn) protein aggregates have been well
documented as major component of neuropathology in Dementia
with Lewy bodies (DLB) and Parkinson’s disease (PD) brains. In
addition, genetic analyses have implicated the autophagic-
lysosomal pathway (ALP) to be dysregulated, which may promote
the accumulation of a-syn and other metastable, aggregation-prone
proteins in DLB and PD. The accumulation of a-syn alone is also
sufficient to induce lysosomal dysfunction, by inhibiting lysosomal
biogenesis or cargo delivery into lysosomal compartments. Because
cellular clearance is affected in a general way in PD, we
hypothesized that multiple proteins beyond a-syn might aggregate in
patient neurons. Furthermore, the global changes that occur in
proteome solubility in PD are not well defined. To this end, we
analyzed lysosomal function, a-synuclein accumulation, and neurite
degeneration in human induced pluripotent stem cell (iPSc)- derived
mid-brain neurons from a PD patient harboring A53T mutation and
its isogenic control. We performed a comprehensive unbiased
quantitative proteomic study to characterize the composition of
insoluble proteome in these cultures. Our data indicates that a
specific subset of proteins undergo a solubility shift that is partly
dictated by basic physiochemical properties of amino acid residues
and structural features. Our studies indicate that multiple proteins
beyond a-syn aggregate in PD patient cultures, and future functional
studies on these metastable proteins may help to shed light on the
pathophysiology of DLB/PD. This study may also help identify novel
therapeutic targets to help restore proteostasis imbalance caused
by a-syn-induced solubility changes in the proteome.

P03.04

Assessment of phosphorylated a-synuclein deposits in the
skin and Gl tract in prodromal Parkinson’s disease
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Alpha-synuclein (a-syn) forms Lewy bodies and Lewy neurites in the
Parkinson’s disease (PD) brain, but patients often also display
abnormally phosphorylated a-syn deposits (p-syn) in skin and
gastrointestinal (Gl) mucosa. In this study, we have analyzed the
presence of p-syn in skin and Gl biopsies from subjects with

prodromal PD. For comparison, we included patients with already
diagnosed PD and healthy control individuals.

We included 31 subjects (10 PD, 16 prodromal PD and 5 healthy
controls). Proximal (neck) and distal (lower leg) skin sites, as well as
gastric/duodenal and colonic/sigmoideal mucosa, were targeted with
several biopsies from each region. Tissues were processed to
generate ten um sections that were analyzed with
immunofluorescence against p-syn.

Nine of the ten PD cases were found to be p-syn positive in at least
one skin biopsy (eight in lower leg, three in neck and two at both
locations). Also nine out of ten patients were positive in at least one
Gl biopsy (seven gastric/duodenal, seven colonic/sigmoideal and
five at both locations). Eight of the ten cases were positive in both at
least one skin and Gl site, whereas only one was positive at all the
investigated sites. For the prodromal PD subjects, six were p-syn
positive in at least one skin biopsy (five in lower leg, four in neck
and three at both locations). Moreover, two prodromal subjects
displayed presence of p-syn in gastric/duodenal samples, whereas
none of them were detected as positive in colon/sigmoideum. Two
of the prodromal subjects were positive in both at least one skin and
Gl site. None of the controls showed any p-syn reactivity in neither
the skin nor the Gl tract.

Our data suggest that deposition of p-syn in peripheral tissues may
occur already at a prodromal stage in some PD patients. In such
individuals, especially distal skin sites may be affected. Thus, our
findings lend support to the hypothesis that in a subset of PD
patients the disease can originate in the peripheral nervous system.

P03.05

Discovery of new E3 ligases for alpha-synuclein clearance

Nur Kocaturk®, Zhiyuan Li, lan Ganley, Gopal P. Sapkota

University of Dundee, MRC Protein Phosphorylation & Ubiquitylation
Unit, Dundee, United Kingdom

Parkinson’s disease (PD) is one of the most common motor-related
neurodegenerative diseases and thus far they are untreatable.
Genetic alterations in SNCA gene have been shown to be linked to
PD and accumulation of aberrant fibrillary forms of alpha-synuclein
constituting major part of Lewy bodies that are key hallmark of PD.
Accumulation of fibrillary forms of alpha-synuclein is suggested to
be contributed to neuronal cell death. Therefore, removal of
pathogenic forms of alpha-synuclein offers a therapeutic potential.
Cells have two major systems for removal of proteins: autophagy
and  ubiquitin-proteasome  system. Both systems utilize
polyubiquitylation as a degradation signal, which are conjugated to
the target proteins by the E3 ubiquitin ligases and removed by
deubiquitylating enzymes (DUBs) reversibly. In this study, we
performed a siRNA-based high-throughput screen to identify E3s
and DUBs that regulate alpha-synuclein turnover. The detection of
alpha-synuclein in cell extracts was done by a sensitive ELISA
assay. From the screen, several E3s previously unlinked to PD
pathogenesis or alpha-synuclein turnover were found to significantly
alter the abundance of endogenous alpha-synuclein levels in cells.
We discovered that one of our key hits directly modifies alpha-
synuclein with ubiquitin on several lysine residues. Knockdown and
knockout tests further validated key regulatory role of the E3 on
alpha-synuclein stability. We are now also validating whether other
E3 ligases also target alpha-synuclein in a similar manner.
Uncovering the roles of these will potentially allow opportunities for
a better understanding of the PD pathogenesis and new therapeutic
developments against PD.

Acknowledgement: This work is supported by the Michael J. Fox
Foundation (118895).



WPC 2023 Abstracts 75

P03.06

Super-resolution microscopy informs on the molecular
architecture of alpha-synuclein inclusions in model systems
and in the human brain
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Lewy bodies (LBs) and Lewy neurites are pathological hallmarks of
Parkinson’s disease and other progressive neurodegenerative
disorders known as Lewy body diseases (LBD). These
proteinaceous depositions are immunopositive for alpha-synuclein
(aSyn) and several other proteins, as neurofilament components.
The structural organization and composition of aSyn inclusions is
still unclear and needs to be addressed in greater detail, as this may
open novel avenues for our understanding the disease-relevant
pathological events.

In this study, we investigated the molecular architecture of aSyn,
both in cell models and in human brain tissue, using state-of-art
super resolution X10 Expansion microscopy (ExM). This approach
physically expands specimens embedded into a swellable gel,
preserving their biological information. Then, the specimen can be
analyzed using standard epifluorescence microscopes, thereby
obtaining nanoscale information.

The combination of different cell models, and human brain tissue
enabled us to distinguish different types aSyn assemblies (e.g. ring
shape or tubular structures), and a conserved pattern of aSyn
inclusions surrounded/encaged by intermediate filament proteins.
Overall, X10 ExM enabled us to gain insight into the architecture
and biology of aSyn inclusions, and constitutes a powerful tool in the
quest to understanding underlying disease mechanisms in
synucleinopathies.

P03.07

Lysosomal lipid alterations caused by glucocerebrosidase
deficiency promote lysosomal dysfunction, chaperone
mediated- autophagy deficiency, and alpha-synuclein
pathology

Marta Martinez-Vicente', Eddie Pradas-Gracia*', Alba Navarro-
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Objective: The first genetic risk factor for developing PD is the
presence of mutations in the GBA gene that encodes the lysosomal
enzyme glucocerebrosidase (Gcase). An inverse relationship
between the loss of Gcase activity and the accumulation of alpha-
synuclein has been demonstrated in different PD models and

samples from PD patients carrying GBA mutations. The objective of
this study was to generate and characterize a new in vitro neuronal
model of Parkinson’s diseases associated to GBA that allowed us to
investigate the link between the loss of Gcase and alpha-synuclein
pathology.

Methods: We have generated a set of differentiated and stable
human dopaminergic cell lines that express the two most prevalent
GBA mutations, i.e. N370S and L444P, as well as GBA knock out
as an in vitro disease modeling system. We performed a deep
analysis of the consequences triggered by the presence of mutant
GBA and the loss of the Gcase activity in the ER, mitochondria but
especially focusing in the lysosomal compartment.

Results: A variety of events triggered by the initial loss of Gcase
activity lead to intralysosomal accumulation of sphingolipids and
cholesterol, lysosomal dysfunction, and impairment of chaperone-
mediated autophagy (CMA), along with other events previously
described in PD-GBA models. These pathogenic mechanisms
contribute, directly and indirectly, to an increase in the accumulation
and aggregation of alpha-synuclein.

Conclusions: We describe a new molecular mechanism to
understand how the initial loss of Gcase activity can lead to general
lysosomal dysfunction and to alterations in lysosomal lipid
composition that impair CMA activity and promote abnormal
accumulation of alpha-synuclein.
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Aged periventricular microglia contribute to CSF-borne
aggregated aSyn spreading
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Laura Blasco-Chamarro’, Pau Carrillo-Barbera’, Ulises Gomez-
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Microglia represent a specialized population of macrophage-like
cells in the central nervous system (CNS) considered immune
sentinels, constantly scanning and surveying the environment
through their ramified processes. Microglial phagocytosis is
important for the clearance of pathogens and abnormal proteins
from the CNS and provides the first host defence. However, aging
has a detrimental impact on microglial morphology (reduced
ramification and fragmented processes) and function. Compelling
evidence suggests that these age-related changes might have an
impact in the progression of neurodegenerative disorders.
Parkinson’s disease (PD), one of the most age-associated
neurodegenerative disorders, is characterized by the misfolding and
aggregation of alpha-synuclein (aSyn) in intraneuronal inclusions.
Interestingly, increasing evidence supports the idea that misfolded
forms of aSyn can be released from neurons and propagate from
cell to cell, and throughout the brain, inducing the abnormal
misfolding of native forms of the aSyn protein in healthy neurons,
suggesting a prion-like pathological progression.

Here we show that mouse periventricular microglia survey the
cerebrospinal fluid (CSF) and are highly efficient in the clearance of
toxic aggregated forms of aSyn delivered into the lateral ventricle
CSF. With age, functional impairment in this capacity results in the
abnormal aggregation of endogenous aSyn in both microglia and
neurons. Our data suggest that periventricular microglia avoid the
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spreading of aggregated aSyn from the CSF in young animals
whereas dysfunctional aged contribute to progression of the
pathology.

P03.10

Impaired autophagic-lysosomal fusion in Parkinson’s patient
midbrain neurons occurs through ykt6 and is rescued by
farnesyltransferase inhibition

Caleb Pitcaim*', Naomi Murata’, Annie Zalon’, Iva Stojkovska?,
Joseph Mazzulli'
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2 German Center for Neurodegenerative Disease (DZNE), Munich,
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Macroautophagy is a catabolic process that coordinates with
lysosomes to degrade aggregation-prone proteins and damaged
organelles. Loss of macroautophagy preferentially affects neuron
viability and is associated with age-related neurodegeneration. We
previously found that a-synuclein (a-syn) inhibits lysosomal function
by blocking yki6, a farnesyl-regulated SNARE protein that is
essential for hydrolase trafficking in midbrain neurons. Using
Parkinson’s disease (PD) patient iPSC-derived midbrain cultures,
we find that chronic, endogenous accumulation of a-syn directly
inhibits autophagosome-lysosome fusion by impairing ykt6-SNAP-
29 complexes. In wild-type cultures, ykt6 depletion caused a near-
complete block of autophagic flux, highlighting its critical role for
autophagy in human iPSC-derived neurons. In PD, macroautophagy
impairment was associated with increased farnesyltransferase
(Ftase) activity, and Ftase inhibitors restored macroautophagic flux
through promoting active forms of ykt6 in human cultures and mice.
Our findings indicate that ykt6 mediates cellular clearance by
coordinating autophagic-lysosomal fusion and hydrolase trafficking,
and that macroautophagy impairment in PD can be rescued by
Ftase inhibitors.

P03.11

SUMO system changes in PD and SUMOylation inhibitor
promotion of autophagy subtypes as a novel therapy
Matthew K. Boag', Shamini Vijayakumaran', Jacob Clark?, Angus
Roberts’, Ruth E. Carmichael?, Kevin A. Wilkinson?, Stephen
Wood®, George D. Mellick®, Jeremy M. Henley?, Dean L. Pountney*'
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Evidence is mounting for links between Parkinson’s disease (PD)
and the Small Ubiquitin-like Modifier (SUMO) system. SUMO is a
ubiquitin homologue that, like ubiquitin, is conjugated to and
deconjugated from substrate proteins by a system of enzymes
thereby modifying the structure and function of the SUMO-
conjugated proteins in a wide range of cellular systems. The
coordinated action of E1 (activating; SAE1/SAE2), E2 (conjugating;
Ubc9) and the E3 (ligating; e.g. PIAS3) enzymes attaches SUMO
via its C-terminal glycine to specific substrate lysine residues.
SUMOylation is a reversible process achieved via the actions of a
family of SUMO-specific deSUMOylation enzymes known as
SENPs, the main regulators of this pathway. SUMO conjugates
have been found in pathological protein inclusion bodies in PD and
other neurodegenerative diseases. SUMO pathway components
were investigated in cell cultures derived from olfactory epithelium

biopsies from PD patients (n=8) and age-matched controls (n=8).
Western analysis and immunofluorescence showed changes in
several SUMO-1 conjugates in PD compared to normal controls.
Western analysis also revealed that total levels of the
deSUMOylase isoenzyme, SENP3, which has been linked to the
induction of mitophagy upon iron chelation, were significantly
increased in PD compared to normal controls. SENP3 expression
was also increased in PD compared to normal human brain tissue
from substantia nigra (n=17) and striatum (n=21) and in a
neuroblastoma cell model. There were no significant differences in
the76xpressionn of other SUMO pathway enzymes (Ubc9 and
SAE2). In previous studies, inhibiting SUMOylation in primary rat
neurons and SH-SY5Y cells was found to induce autophagy-
dependent clearance of alpha-synuclein aggregates (aggrephagy).
Iron is also enriched in PD brain tissue in both glial cells and
neurons and in the current study, immunofluorescence and Western
analysis revealed that inhibiting SUMOylation in an SH-SY5Y model
also resulted in clearance of accumulated ferritin, the major cellular
iron storage protein, due to ferritinophagy. The autophagy gene
master regulator, TFEB, which is inhibited by SUMOylation,
interacts with both autophagy subtypes. The SUMO system, which
may be altered in PD, could therefore provide novel targets for the
therapeutic activation of autophagy pathway subtypes mediating the
removal of both pathological protein aggregates and iron.

P03.12

Combination of fluorescence lifetime and anisotropy imaging
microscopy to measure intracellular microenvironment as early
diagnosis of neurodegenerative diseases

Soheila Sabouri*', Hamid Soleimaninejad? Yuning Hong'
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Proteostasis imbalance is the hallmark of neurodegenerations,
however, there is still no efficient, direct method to monitor unfolded
and aggregated protein states as a result of proteostasis imbalance
in live cells [1]. This research aims to measure and quantify cellular
proteostasis efficiency and local microenvironment alterations by
applying our fluorescence-based strategy and methodology. In the
first project, we have synthesized a peptide-conjugated thiol-
reactive probe to detect free-cysteine exposed unfolded proteins to
achieve this goal. This fluorescent dye strongly emits when it reacts
with unfolded proteins while it weakly fluoresces with folded proteins
and small molecule biothiols, such as GSH (glutathione) [2]. We
further applied our fluorogenic probe to measure proteostasis
impairments in cells under stress conditions. By using flow
cytometry, confocal, and fluorescence lifetime imaging microscopy,
we can visualize and quantify intracellular protein unfolding and
aggregation with the assist of the probe. In the second project, we
designed and synthesized a mitochondrial targeting fluorescent
probe for measuring the microenvironment in mitochondria under
different conditions. This probe exhibited high fluorescence
emission and longer lifetime in viscous media. In vitro experiments
confirmed that this probe is only sensitive to viscosity, but not to
H202, pH, ion strength and polarity. We validated our probe in
inflammation, autophagy, and mitophagy model cells induced by
drugs in both cancerous and non-cancerous cells. By using flow
cytometry, confocal microscopy and advanced microscopic
techniques like fluorescence lifetime and anisotropy imaging
microscopy, we obtained detailed information to map mitochondria
viscosity in cells under stress conditions [3]. Overall, our probes and
methodology may open a new window to a detailed understanding
of proteostasis and mitochondria functions in neurodegenerations
and other diseases.
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Directed evolution of the human molecular chaperone DNAJB1
towards the alpha-synuclein protein
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Parkinson’s disease is a neurodegenerative disease in which the
aggregation of the alpha-synuclein (a-syn) protein is involved.
Molecular chaperones are a class of proteins that helps other
proteins to fold without being a part of their final structure. One of
them, DNAJB1 has been previously identified as a potential
modulator of a-syn aggregation (Gao et al, 2015; Wentink et al,
2020). In this work, we used a bacterial tool that allowed to quickly
select variants of the DNAJB1 chaperones that are supposed to
interact better with the a-syn protein. Thanks to this in vivo assay,
we were able to identified single point mutations in the DNAJB1
chaperone. Next, we performed in-vitro assays to fully characterize
our DNAJB1 variants and asses their capacity to modulate the
aggregation, and their cooperation with their partners. Our results
show that no variants lost their general functions, and all of them
have a bit improved their reactions towards the monomeric form of
a-syn. This study could be used to create therapeutic agents that
would be mimicking the comportment of our variants.
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Interplay of a-synuclein aggregation and mitochondrial
function in PD
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Parkinson’s disease (PD) is the fastest growing neurodegenerative
disorder. In PD, the demise of dopaminergic neurons in the
substantia nigra pars compacta coincides with a widespread
accumulation of a-synuclein (a-syn) in so-called Lewy bodies.

Although many mechanisms are proposed to trigger PD,
mitochondrial dysfunction has emerged as key pathological feature
of PD. Analyses in human postmortem brain tissue and (iPSC-
derived) cellular models provided strong evidence for the disruption
of mitochondrial dynamics, bioenergetic deficits, increased ROS,
and an accumulation of somatic mutations in the mitochondrial
genome. Furthermore, it has been demonstrated that a-syn is able
to induce mitochondrial dysfunction.

In light of these findings, the objective of the current study was to
evaluate the impact of a-syn on mitochondrial homeostasis in iPSC-
derived midbrain neurons.

We differentiated iPSCs from healthy controls, sporadic and a-syn-
mutant (A53T and SNCA triplication) PD patients into neurons to
evaluate how the accumulation of a-syn drives mitochondrial
dysfunction. We performed (single-cell) RNA-sequencing, high-
content imaging and digital PCR analyses at three different time
points of differentiation to assess a-syn accumulation and to perform
deep-mitochondrial and neuronal phenotyping.

RNA sequencing analysis revealed differences in the neuronal
expression profile between controls and PD patients at the different
time points 14, 30 and 45 days. We could observe higher a-syn
expression in all the PD lines compared with the controls and that
this difference increases over time. In addition, the longitudinal
analysis highlighted altered neuronal development as well as
synaptic function.

Our data indicate that a-syn accumulation occur in iPSCs midbrain
neurons triggering neuronal dysfunction. As a next step, we will
analyze how a-syn exerts its toxicity and address the functional
relationship between a-syn and mitochondria. This is essential to
develop novel targeted PD therapeutics.

P03.16

Uncovering secretory mechanisms underlying the spreading of
alpha-synuclein
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Emerging evidence indicates that unconventional protein secretion
(UPS), a process poorly characterized, is critical for the
dissemination of alpha-synuclein (alpha-SNC), a toxic aggregate-
prone protein that cause Parkinson’s disease. Hence to uncover
mechanisms underlying this process is of fundamental importance.
Toward this objective, we developed new assays to monitor
specifically and accurately aSNC secretion. We then used these
assays for targeted approaches allowing us to identified secretory
lysosomes and factors associated to lysosomal storage disorders as
essential for alpha-SNC UPS. Their characterization will be pursued
and we will investigate how lysosomes acquired secretory
properties.

We will also use an adaptation of our platform for pooled CRISPR
screen to highlight factors at every step of alpha-SNC transport. The
use of iPSC-derived neurons and lines expressing distinct alpha-
SNC variants should allow us to reveal key players for the UPS of
toxic aggregate-prone variants.

Finally, we will validate identified mechanisms in drosophila and
zebrafish models that have proven their usefulness and
complementarity in studying misfolded protein spreading and
modelling most relevant features of neurodegenerative diseases.

At the crossroad of critical challenges, our project will make
important advances into basic mechanisms that will then be
exploited for biomedical applications.
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BASIC SCIENCE: Mitochondria, oxidative
stress, and pathogens
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Characterizing immune alterations in a rat model of
Parkinson’s disease through single-cell RNA sequencing
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Immune changes in the brain and periphery in Parkinson’s disease
(PD) patients have been documented, but how the central and
peripheral immune systems impact disease progression is yet
unknown. Alpha-synuclein (a-syn) pathological aggregates are the
main component of Lewy bodies, the pathological hallmark of PD.
Misfolded a-syn can act as a pro-inflammagen and initiate an
inflammatory response on both peripheral and central myeloid cells,
ultimately inducing both innate and adaptive immune responses.
However, our current comprehension of the different immune cell
types involved in the disease progression remains elusive. We aim
to identify and describe new immune subtypes involved in the a-
syn-induced inflammation in the brain and periphery using state-of-
the-art techniques such as Single-cel RNA sequencing
(scRNAseq). To do so, we have injected murine a-syn pre-formed
fibrils (PFF), monomeric a-syn or PBS into the striatum of male and
female rats and performed scRNAseq on total brain cells 2- and 6-
months post-injection. In parallel, blood and spleens were collected
for evaluation of peripheral immune alterations. Bioinformatic
analysis and validation are currently ongoing. Preliminary data show
that the a-syn PFF-injected animals had an expansion of the
responsive microglia, together with a macrophage and T-cell
response. The immune events were sex-specific. In addition, the
injection of monomeric a-syn resulted in long-lasting immune
changes that differed from the PFF a-syn but also from the PBS
control group. Immunohistochemical analysis has revealed
enhanced phosphorylated a-syn pathology in PFF-injected animals
after 2 months, resulting in significant dopaminergic
neurodegeneration after 6 months. With the ongoing analysis, we
expect to uncover disease-related immune changes in the brain
critical for disease progression that might also explain the sex
dimorphism seen in PD.
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Monocyte mitochondrial function in Parkinson’s disease
Fatima Afaar*
The University of Sydney, Sydney, New South Wales, Australia

Parkinson’s Disease (PD) is the most common neurodegenerative
movement disorder and one of the world’s fastest-growing
neurological disease. Within Australia alone 37 new cases of PD are
diagnosed daily. The clinical course for many patients with PD is
long and slow, often occurring over decades. There are currently no
treatments that can slow or stop PD, resulting in a progressively
incapacitating disorder that culminates in considerable disability. A
lack of simple blood-based biomarkers to diagnose and track the
progression of PD is a main contributor to the current lack of
treatments. Mitochondrial dysfunction and increased oxidative

stress have presented as having significant roles in the progression
of PD. The objective of this study was to establish a flow cytometry
assay to assess mitochondrial and reactive oxygen species (ROS)
levels in Healthy Controls and PD Patients monocytes using flow
cytometry, to determine if these measures may comprise PD
biomarkers. A second objective was to determine if putative small
molecule PD therapies targeting genetic PD targets (LRRK2 and
GBA) could ameliorate mitochondrial dysfunction in PD patient
monocytes. The study constituted a total of 50 subjects; 25 healthy
controls and 25 PD patients that were age and sex matched. No
difference in mitochondrial or ROS levels was seen between control
and PD patient monocytes, and thus the effectiveness of PD drugs
to ameliorate mitochondrial dysfunction could not be concluded.
However, a positive correlation was present between PD patients
ROS levels and the MDS-UPDRS-III scale, which is an assessment
of motor symptoms severity in PD. These results suggest that
monocyte superoxide levels may comprise a biomarker for PD
progression.
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Alpha-synuclein alters the neuronal lipidome and regulates
phosphatidylserine synthesis at the Mitochondria-Associated
ER Membranes (MAM) in patient-derived neurons modeling
Parkinson’s disease
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Significant challenges facing Parkinson’s disease (PD) today
include identifying at-risk individuals in the prodromal stage of
disease, and the lack of useful biomarkers indicating disease
progression and treatment efficacy. Excess of the neuronal protein
alpha-synuclein (aSyn) is associated with PD, yet aSyn itself has
proven to be an unreliable biomarker, moreover the functional role
of physiological aSyn remains incompletely understood. Analysis of
serum from PD patients including familial PD cases harboring
p.A53T mutations in the aSyn-encoding gene SNCA has identified
several lipid species as predictors of PD phenotypes. To elucidate
the origin of those changes we processed iPS-derived midbrain
dopaminergic neurons (MDANSs) expressing the same pathogenic
p.A53T aSyn mutation by lipidomic profiling using ultra-performance
liquid chromatography/tandem mass spectrometry (UPLC-MS/MS).
To determine if all pathogenic aSyn variants shared a common lipid
disease signature we further processed patient-derived, iPS-derived
mDANSs carrying the pathogenic p.A30P aSyn mutation and a SNCA
gene-locus duplication, validating 11 congruent lipid biomarkers.

Since many of the proteins required for lipid metabolism, including
aSyn are found at the mitochondria-associated ER membranes
(MAM), we hypothesized that altered endogenous levels of
physiological or pathogenic aSyn would modify this transient,
biochemically active, lipid raft-like domain. We report that non-
physiological aSyn alters ER-Mitochondrial communication and a
functional role of physiological aSyn is to drive the de novo
synthesis of phosphatidylserine (PtdSer) — a tightly regulated
phospholipid exclusively synthesized at the MAM. We find that
pathological neurons have a greater abundance of PtdSer and have
altered levels of fatty acid saturation within the same lipid class. To
provide further mechanistic understanding we performed subcellular
fractionation experiments to enrich for the MAM, finding that
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physiological aSyn dosage regulates PtdSer synthesis by feedback-
control regulation of PtdSer synthase 2 (PSS2).

Our results reveal aSyn-driven changes in MAM activity alter the
neuronal lipidome. The consequences of an altered lipidome,
including too much PtdSer, is not well understood. Yet, as PtdSer is
the key “eat-me” signaling factor for immune cells to perform non-
cell autonomous cell death. This suggests a potential interplay
between aSyn driven lipid alterations and neuroinflammation that
may, in-part underlie PD pathogenicity.
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Impact of chronic stress in Parkinson’s disease pathogenesis:
Role of microglial glucocorticoid receptors in the regulation of
innate immunity-associated supramolecular organizing centres
(SMOCs)
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Chronic stress (CS), a phenomenon encountered in daily living, has
emerged as a potential environmental factor involved in the
emergence and progression of PD. While CS is known to be a major
risk factor of depression, the latter is also recognised as a clinical
risk factor of PD. Environmental stress induces complex and
adaptive biological responses supported by the physiological stress
system i.e., the Hypothalamic-Pituitary Adrenal (HPA) axis. Stress-
induced blood release of glucocorticoids (GCs) by the HPA axis
activates glucocorticoid receptors (GRs) which among other aspects
play a central role in immune and neuronal functions. However,
chronic stress (CS) over protracted period can result in a
deregulation of the HPA axis and disrupted GR functions eventually
compromising the immune system. Our main objective is to highlight
the role of chronic stress in the development and progression of PD,
and to document the underlying cellular and molecular mechanisms.
In microglial cells, the brain tissue macrophages, Supramolecular
Organizing Centres (SMOCs), considered as innate immune
signaling organelles, can generate a wide range of effector
responses involved in inflammatory processes evoked by
pathological aggregated proteins such as PD-associated alpha-
synuclein (aSyn). Therefore, we hypothesized that chronic stress-
induced GR impairment in microglial cells could exacerbate harmful
inflammatory reactions through an overactivation of SMOC-
dependant pathways. Our data indicate that 1/ chronic unpredictable
mild stress (CUMS), a model of daily living stress resulting in
anxiety- and depressive-like behaviour in mice, leads to decreased
microglial GR expression associated with increased microglial
activation and loss of dopaminergic neurons in a synucleinopathic
mouse model of PD. 2/ Microglial-specific GR deletion by gene
targeting results in aggravated neuropathology in PD-like mice. 3/
Microglial GR negatively modulates the myddosome pathway, a
Toll-like Receptor (TLR)-dependent SMOC engaged in inflammatory
response evoked by aggregated aSyn. 4/ Microglial GR-dependent
control of myddosome function may involve transcriptional
regulation of negative feedback factors of this SMOC. Overall, our
data provide mechanistic insights into stress-related changes in
brain immune cells and call for caution in using GR-based drugs for
therapeutic intervention which may prove inefficient in patients with
compromised GR function.
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Stratifying people with sporadic Parkinson’s disease by
pathological mechanism in patient-derived fibroblasts
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Objectives: To stratify a new cohort of Sporadic Parkinson’s
disease (sPD) patients into small, homogeneous subgroups defined
by specific mitochondrial and lysosomal dysfunction.

Background: sPD is widely recognised as a heterogeneous
disorder, both clinically and mechanistically. Several dysfunctional
mechanisms have been identified, including mitochondrial and
lysosomal dysfunction. However, clinical trials select participants
without considering mechanism heterogeneity and continually fail to
reach efficacy outcomes.

Methodology: We investigated mitochondrial and lysosomal
dysfunction, two key mechanisms of sPD and promising targets for
therapeutics. Imaging and biochemical assays assessed
mitochondrial and lysosomal health parameters in fibroblasts from a
new cohort consisting of 35 sPD patients and 24 healthy individuals.
The sPD population was then stratified by assessing patterns of
dysfunction across these parameters. Validation of these subgroups
is currently being undertaken in the patient fibroblasts and induced
Dopaminergic Neurons.

Statistical Analysis Approach: The results for each parameter
were transformed to z-scores in proportion to the entire control
population. Composite z-scores across triplicate repeats were
calculated, using the sum of the Pearson correlation coefficients
between all components, and was repeated for both media
conditions to provide a single z-score for each parameter per cell
line. Population differences were then interrogated using the T-test
and F-test of equality of variance.

Results: We confirmed that the sPD population was significantly
heterogeneous in 88% of mitochondrial and lysosomal parameters.
Stratification of this cohort by distinct patterns of dysfunction
identified four wunique subgroups, defined by mitochondrial
dysfunction, lysosomal dysfunction or both. The top 3 patients in
each subgroup were selected for validation and mechanism studies,
which discovered a significant reduction in maximal respiration in
the pure mitochondrial dysfunction subgroup.

Conclusion: This study suggests that it is possible to stratify
cohorts of sPD patients providing a possible model for clinical trial
recruitment in order to aid the effectiveness, and therefore approval,
of new therapeutics and support an approach to personalised
treatment plans.
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Parkin deficiency impairs mtDNA dynamics and propagates
inflammation

Sandro Lino Cardoso Pereira*', Kobi Wasner', Semra Smajic’,
Jenny Ghelfi', Sylvie Delcambre’, Cesar A. Prada-Medina? Evelyn
Knappe®, Giuseppe Arena’, Patrycja Mulica’, Gideon Agyeah’,
Aleksandar Rakovic®, Ibrahim Boussaad', Katja Badanjak’, Jochen
Ohnmacht!, Jean-Jacques Gérardy*, Masashi Takanashi®, Joanne
Trinh®, Michel Mittelbronn’, Nobutaka Hattori®, Christine Klein®, Paul
Antony’, Philip Seibler®, Malte Spielmann?, Anne Griinewald’

" Luxembourg Centre for Systems Biomedicine, University of
Luxembourg, Esch-sur-Alzette, Luxembourg

2 Max Plank Institute for Molecular Genetics, Berlin, Germany

3 Institute of Neurogenetics, University of Lubeck, Lubeck, Germany
4 National Center of Pathology, Laboratoire National de Santé,
Dudelange, Luxembourg

5 Department of Neurology, Juntendo University, Tokyo, Japan

Parkin is an E3 ubiquitin ligase which when mutated may cause
autosomal recessive Parkinson’s disease (PD). Along with PINK1,
Parkin is notably known to act in the clearance of dysfunctional
mitochondria, a process called mitophagy. Nevertheless,
accumulating evidence attribute diverse regulatory functions to
Parkin beyond mitophagy. These, include roles in processes such
as mitochondrial biogenesis and mitochondrial membrane
permeability, which might drive mitochondrial DNA (mtDNA) release
and thereby elicit neuroinflammation. However, direct investigation
of such mechanisms in patient-derived neurons and their implication
to PD is inexistent.

In this study, we sought to explore Parkin’s role in averting neuronal
mtDNA dyshomeostasis, its release and in the activation of
downstream inflammatory processes.

Induced pluripotent stem cells (iPSC) of PRKN mutation carriers
and healthy controls were used to generate midbrain neurons. A
deep analysis of mitochondrial genome maintenance and
biogenesis was performed by applying live-cell imaging and
proteomic, mtDNA integrity, and gene expression analyses. We
further studied immune response activation in postmortem brains
using single-nuclei RNA sequencing and by evaluating interleukin
expression in heuron-microglia co-cultures.

Mitochondrial biogenesis was impaired in PRKN-mutant neurons
causing mtDNA dyshomeostasis. These deficits were linked to
decreased NAD+/NADH ratios which resulted in the dysregulation of
SIRT1, a major controller of mitochondrial biogenesis and
clearance. Furthermore, Parkin-deficient cells significantly increased
mtDNA release into the cytosol. This phenotype was reproduced by
cobalt-elicited chemical hypoxia in WT neurons, which also lowered
NAD+/NADH ratios and replicated all the other reported effects
caused by Parkin deficiency. MtDNA dyshomeostasis was also
observed in the postmortem midbrain from a PRKN -mutation
carrier, which presented a higher proportion of microglia
overexpressing proinflammatory cytokines. Concordantly, increased
IL-6 expression was observed in neuron-microglia co-cultures
generated from Parkin-deficient iPSCs when exposed to
mtDNA/LPS.

Our findings highlight the regulatory role of Parkin in mitochondrial
biogenesis and mtDNA maintenance pathways, thereby exerting
protective roles against neuroinflammation and degeneration.
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Gut-brain axis: Could ureases from gut bacteria play a role in
the development of neurodegenerative diseases?
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Although some genetic causes of Parkinson’s Disease (PD) are
recognized, most of the cases are sporadic with unknown
pathogenesis. Intestinal dysbiosis seems to play a role in
neurodegenerative pathologies. PD patients have an altered gut
microbiota, with prevalence of Enterobacteriaceae, among which is
Proteus mirabilis. It has been reported that mice treated orally with
P. mirabilis developed motor deficits, loss of dopaminergic neurons
in the substantia nigra, had increased levels of pro-inflammatory
markers and deposits of a-synuclein in the colon and the brain,
pointing to a role of this bacterium in PD pathogenesis.

As many human bacterial pathogens, P. mirabilis is a great
producer of urease, an enzyme that catalyzes the hydrolysis of urea
producing carbon dioxide and ammonia. Besides the toxicity of the
released ammonia, ureases from different sources also cause
biological effects that are independent of the enzyme’s activity. Here
we investigated a possible role of P. mirabilis urease (PMU) and its
B subunit (PmUrep) in the development of PD. For in vivo studies,
the purified proteins were given to mice ip (20 mg/kg) daily during 1
week and 8 and 16 days after the last injection, behavioral tests
were performed. Brain homogenates were subjected to
immunochemical assays. Analyzes of TNF-a and IL-13 expression
were performed in cultured cells (SH-SY5Y, HEK 293, BV-2, Caco-
2). Cellular permeability assay with Dextran-FITC was carried out in
HEK 293 monolayers. In vitro fluorescence studies were made to
follow the kinetics of a-synuclein fibrillation. Our results indicated
that PMU induced an increase in pro-inflammatory cytokines in
cultured cells and altered permeability in HEK293 monolayers.
Animals treated ip with PmUref showed anxiety-like symptoms
while mice treated with PMU had depressive-like behavior. No
motor deficits were observed. Brain homogenates of treated animals
had a decreased content of a-synuclein, and increased levels of
caspase-9 and of tyrosine hydroxylase, indicating with a reduction in
dopaminergic neurons. In vitro, a-synuclein interacted with PMU,
but not PmUreB, with alterations in the fibrillation kinetics. We
concluded that, under the conditions tested, PMU has pro-
inflammatory effects in cultured cells and given ip to mice, PMU
induces neuroinflammation and behavioral changes that are
relevant to PD pathogenesis.
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Investigating the role of alpha-synuclein in neuronal innate
immunity and its role in the interferon response pathway
Andrew Chai*', Tilo Kunath', Matthieu Vermeren', Brendan
Monogue?, David Beckham?

" University of Edinburgh, Edinburgh, Midlothian, United Kingdom
2 UC Denver, Denver, United States

Alpha synuclein (aSyn), and the oligomeric and fibrillar
conformations it adopts, is a major pathological molecular driver of
dementia with Lewy bodies (DLB), Parkinson’s disease (PD), and
other synucleinopathies. However, aSyn’s physiological role is not
fully undefined, leading to a poor understanding of how its normal
function is related to its pathophysiological disease mechanisms.
Recent evidence suggests aSyn has innate immune roles in
protecting neurons from neurotrophic viruses, with mouse in vivo
models showing increased susceptibility and morbidity to viral
infection when aSyn is knocked-out. However, no functional studies
in human disease models have investigated the innate immune role
of aSyn in the CNS.

We investigated aSyn transcription, protein expression, and protein
localisation, in human pluripotent stem cell (hPSC)-derived cortical
neurons and neuroblastoma SH-SY5Y cells stimulated with viral
mimics of infection and innate immune activators, such as Poly (I:C)
and Type-| interferons.

We showed that Type-I interferon (IFN) stimulation in hPSC-derived
cortical neurons showed significantly modulated extracellular aSyn
secretion into conditioned media. We also showed that Type-I IFN
stimulation in cortical neurons increased nuclear localisation of
aSyn in a subset of neurons, which may elude to a dynamic change
in subcellular localisation of aSyn when under acute interferon
treatment.

Changes in aSyn protein levels and subcellular localisation due to
innate immune stimulation may provide mechanistic understanding
into aSyn’s unique role in CNS innate immunity. Furthermore,
changes in aSyn structure, conformation, and localisation due to
innate immune stimulation may reveal links between infection and
aSyn-mediated neurodegenerative diseases such as DLB and PD.
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Phosphoproteome profile variability in peripheral blood
mononuclear cells of Parkinson’s disease patients: A pilot
study

Michal Cibulka*', Maria Brodrianova?, Milan Grofik®, Andrea IZarik
Vere$pejova®, Natalia Huriarova®, Egon Kuréa®, Martin Kolisek?

" Jessenius Faculty of Medicine in Martin, Comenius University
Bratislava, Martin, Slovakia

2 Biomedical Centre Martin, Jessenius Faculty of Medicine in Martin,
Comenius University Bratislava, Martin, Slovakia

3 Clinic of Neurology, Jessenius Faculty of Medicine and University
Hospital in Martin, Comenius University Bratislava, Martin, Slovakia
4 Department of Medical Biochemistry, Jessenius Faculty of
Medicine in Martin, Comenius University Bratislava, Martin, Slovakia

Aim of the study: The primary goal of the presented study was to
elucidate possible alterations of the activated kinases’ profile in
peripheral blood mononuclear cells (PBMC) of Parkinson’s disease
patients.

Background: Parkinson’s disease (PD) is one of the most frequent
neurodegenerative disorders, with the highest prevalence during
senescence. Numerous pathological mechanisms, including
oxidative stress, chronic deficiency of nutrients, perturbations of
mitochondrial homeostasis or altered mechanisms of proteasome,
are linked to the onset and progression of PD. However, the exact
interplay between molecular pathological mechanisms remains
elusive. Cellular signalome constitute intricate regulatory network
responsible for temporal and spatial harmonization of molecular
processes, thus cellular integrity and homeostasis. There is a limited
amount of information regarding signalome dysregulation during the
PD progression.

Materials and methods: 30 H-Y scale 1/2, 30 H-Y scale 3/4 PD
patients and 60 sex- and age- matched controls were enrolled for
the study. Molecular hallmarks of neurodegenerative pathologies
have been shown to project into molecular physiology of PBMCs.
PBMCs were isolated from peripheral venous blood by
centrifugation of blood stacked on Histopaque-1077®. Isolated cells
were subsequently lysed and panel of 43 phosphorylated kinases
was analysed with Proteome Profiler Human Phospho-Kinase Array
Kit (R&D), representing a robust targeted proteomic analysis.
Results: We identified kinases Src (phosphorylated on Tyrosine
419) and Yes (phosphorylated on Tyrosine 426) as candidate
kinases, putatively dysregulated in PBMC of our cohort of PD
patients. As these kinases are thus potentially clinically relevant, we
quantify signals of Src and Yes kinases by Western blot. These
results will be presented on WPC 2023. Src kinase belongs to a
family of kinases that regulate signal transduction by diverse cell
surface receptors and is involved in such fundamental cellular
processes as cell growth, differentiation, migration and survival. Yes
kinase is a proto-oncogene non-receptor tyrosine kinase, belonging
to a Src kinase family. It is involved in cell growth and survival, cell-
cell adhesion and cytoskeleton remodelling. The Src kinase family
has been shown to be involved in neurodegeneration and is
speculated to be a potential therapeutic target.

Funding: This study was supported by grant APVV-19-0222 to MK.
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Reduction of age-dependent neuromelanin accumulation by
cerium oxide as a potential therapy for Parkinson’s disease
Joana Margalida Cladera Sastre*!, Thais Cuadros', Marta
Gonzalez-Sepulveda’, Lena Montafia?, Victor Puntes®, Miquel Vila*
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2 Design and Pharmacokinetics of Nanoparticles Group, Vall Hebron
Research Institute (VHIR), Barcelona, Spain
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Research Institute (VHIR). Catalan Institution for Research and
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and Technology (BIST). Networking Research Centre for
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Barcelona, Spain

4 Neurodegenerative Diseases Research Group, Vall d’Hebron
Research Institute (VHIR)-Center for Networked Biomedical
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Network, Chevy Chase. Institut de Neurociéncies (INc-UAB),
Autonomous University of Barcelona. Department of Biochemistry
and Molecular Biology, Autonomous University of Barcelona.
Catalan Institution for Research and Advanced Studies (ICREA).,
Barcelona, Spain

In Parkinson’s disease (PD) there is a preferential degeneration of
neurons that contain the pigment neuromelanin, especially
dopamine (DA)-producing neurons of the substantia nigra pars
compacta and norepinephrine (NE)-producing neurons of the locus
coeruleus. Neuromelanin is an oxidative byproduct of DA and NE
metabolism that progressively accumulates with age. It is formed, at
least partially, by oxidation of excess cytosolic tyrosine, L-DOPA or
DA into [o-]quinones, which derives into eumelanin or pheomelanin
melanic components via the formation of aminochrome or 5-S-
cysteinyl-dopamine/dopa precursors, respectively. In contrast to
humans, neuromelanin does not appear spontaneously in most
animal species, including rodents, and PD is an exclusively human
condition. Using humanized neuromelanin-producing rodents, we
recently found that neuromelanin can trigger PD pathology when
accumulated above a specific pathogenic threshold.

Here we assessed whether neuromelanin production can be
therapeutically reduced by decreasing catechol oxidation. This study
was performed in vitro using SH-SY5Y human neuroblastoma cells
genetically modified to produce neuromelanin by inducible
expression of melanin-producing enzyme tyrosinase (i.e. TR5TY6
cells). Differentiated TR5TY6 cells were treated with different
doses/regimens of various antioxidant compounds, including cerium
oxide (CeO2) nanoparticles, cysteamine, N-acetylcysteamine (NAC)
and edaravone, and then processed for the quantification of
neuromelanin production and cell viability. From all these
treatments, cerium oxide was able to significantly reduce
intracellular neuromelanin levels and to prevent neuromelanin-linked
cell death. We are now assessing the potential therapeutic effects of
cerium oxide in vivo using our recently developed humanized
neuromelanin-producing parkinsonian rats.

Our results suggest that age-dependent neuromelanin production
can be therapeutically modulated by targeting catechol oxidation,
thereby opening a new potential therapeutic path for PD and, in a
broader sense, brain aging.

P04.11

Consequences of neuronal abnormal fat storage in human
cellular and Drosophila Parkinson’s disease models

Nathalie Davoust*', Victor Girard', Florence Jollivet!, Marie-Heléne
Canron? Marion Celle’, Jean-Noél Arsac®, Thierry Baron®, Benjamin
Dehay? Ronald Kiihnlein*, Bertrand Mollereau’

' Laboratory of Biology and Modeling of the Cell (LBMC), ENS de
Lyon, Lyon, France

2 Neurodegenerative Disease Institute, University of Bordeaux,
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3 Anses, University of Lyon, Lyon, France

4 Institute of Molecular Biosciences, University of Graz, Graz,
Austria

Parkinson’s disease (PD) is a neurodegenerative disease
characterized by the neurotoxic aggregation of the alpha-synuclein
(aSyn) protein. Genetic association studies reveal risk factors for
PD linked to lipid metabolism, and abnormal fat storage in lipid
droplets (LDs) has been reported in cellular models of the disease.
However, the function of such accumulation in neurons or glial cells
remains unknown. To understand the relationship between aSyn
pathological conversion and the accumulation of LDs, we used the
powerful genetic Drosophila (fruit fly) model of PD and human
neuronal cell lines. We found that LD-coating proteins and aSyn co-
localize at the surface of LDs in neuronal cells and Drosophila
photoreceptor neurons. We then observed using a biochemical
approach that the process of aSyn aggregation was enhanced in
the presence of LDs. We thus propose that the association of aSyn
with LDs could contribute to aSyn aggregation. We are currently
investigating the mechanisms regulating LD turnover and the
progression of the pathology in PD cellular and Drosophila models
and in post-mortem brain section of PD patients.

P04.12

Peripheral and central inmune changes in early PD: Baseline
analysis of the AZA-PD trial cohort

Julia Greenland*’, Jonathan Holbrook? Caroline Williams-Gray?

' Department of Clinical Neuroscience, University of Cambridge,
Cambridge, Cambridgeshire, United Kingdom

2 University of Cambridge, Cambridge, United Kingdom

Given the substantial evidence implicating the immune system in
both the development and progression of Parkinson’s disease (PD),
we are conducting a clinical trial repurposing azathioprine, an
immunosuppressant drug, with the aim of slowing down the
progression of the disease and establishing proof of concept for
immunosuppression as a disease modifying strategy in PD. AZA-PD
is a randomised placebo-controlled, double-blind phase Il trial in
patients with early PD, within three years of diagnosis and with no



WPC 2023 Abstracts 83

immune or inflammatory comorbidities. Participants are taking
azathioprine/placebo for one year, with clinical assessments every 6
months and a primary outcome of the change in gait/axial subscore
of the MDS-UPDRS in the OFF state after 12 months of treatment, a
measure which has been shown to be the most sensitive
component of the MDS-UPDRS Il to disease progression. In
addition, we are collecting mechanistic outcome measures
evaluating activation of the immune system before and after
treatment, using [11C]JPK11195 PET neuroimaging, cytokine
analysis and immunophenotyping of immune cells in the blood and
cerebrospinal fluid (CSF).

The trial opened in April 2021 and recruitment was completed in
July 2022, with 67 participants randomised to treatment, meeting
our target sample size. The last trial visit is scheduled for February
2024.

Blood immunophenotyping data from the AZA-PD baseline visit
(pre-treatment) is being compared to data from 30 age-matched
controls with no immune/inflammatory comorbidities who have
undergone immunophenotyping using the same panel of markers.
We are characterising key populations of cells including subsets of
CD4+ and CD8+T lymphocytes, B lymphocytes, monocytes and
natural killer cells using flow cytometry. In addition, we have
collected CSF from a subset of35 trial participants and 9 controls
and performed a complimentary immunophenotyping panel,
enabling us to assess infiltration of peripheral immune cells into the
CSF.

Analysis of this baseline immunophenotyping data is ongoing and
will be presented in full at the WPC. Preliminary results indicate an
activated immune profile in the PD group. In particular, the data
show a significantly lower proportion of T regulatory cells in PD,
which have a vital role in maintaining immune tolerance and limiting
chronic inflammation.

P04.13

The ubiquitin E3 ligase Parkin regulates CaV1.3 channel
functional expression with a prospective role in Parkinson’s
disease pathogenesis

Lizbeth Grimaldo*', Alejandro Sandoval?, Paz Duran’, Liliana
Gomez-Flores-Ramos**, Ricardo Félix®

' The National Institute of Public Health of Mexico (INSP),
Cuernavaca, Morelos, Mexico
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3 Department of Molecular Pathobiology, College of Dentistry, New
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4 Conacyt, Population Health Research Center, National Institute of
Public Health., Cuernavaca, Morelos, Mexico

5 Department of Cell Biology, Centre for Research and Advanced
Studies of the National Polytechnic Institute (Cinvestav-IPN),
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L-type calcium channels, comprised of four isoforms (CaV1.1-1.4),
are one of the most important and studied types of calcium
channels. The CaV1.3 isoform is mainly located in postsynaptic
regions of adult substantia nigra dopaminergic neurons, contributing
to their pacemaker activity. Extensive epidemiological studies
demonstrated a neurological association between CaV1.3
dysregulated expression or activity and Parkinson’s disease (PD)
since dysregulated calcium homeostasis is an important PD
stressor. Interestingly, increased levels of CaV1.3 in the post-
mortem brains of early-stage PD patients have been observed.
Also, a recent report showed that increased levels of short and long
CaV1.3 isoforms were sustained despite neuron loss in an MPTP
mouse model. Moreover, ubiquitination and proteasome
degradation have been associated as critical mechanisms that
control trafficking, localization, and abundance of voltage-gated

calcium channels. Previously, we showed that Parkin, an E3 ligase
enzyme of the ubiquitin-proteasome system (UPS), interacts with
neuronal CaV2.2 channels promoting their ubiquitin-mediated
degradation. Genome-wide association studies have identified
pathogenic genetic variants of PRKN, increasing the risk of
developing familial and sporadic PD. Most of the Parkin mutations
are large rearrangements that disrupt its ligase activity. In a recent
study, isogenic PRKN null iPSC-derived DA neurons exhibited
elevated apoptosis process, abnormal neurite morphology, high
rotenone susceptibility, elevated levels of T-type calcium channels,
and altered calcium homeostasis. This study aimed to gain insight
into how Parkin regulates the CaV1.3 channel expression levels by
the UPS system. Immunoprecipitation assays showed the
interaction between Parkin and the CaV1.3 channels expressed in
HEK-293 cells and neural tissues. Parkin overexpression reduced
surface and total CaV1.3 levels and decreased current density.
Consistent with this, patch-clamp recordings in the presence of an
inhibitor of the UPS, MG132, prevented the effects of Parkin. Also,
Parkin overexpression reduced the half-life of the pore-forming
CaV1.3a1 protein. Finally, electrophysiological recordings in a
PRKN knockout HEK-293 cell line generated by CRISPR/Cas9
indicated an increased current density. Our results suggest that in
physiological conditions, Parkin promotes the proteasomal
degradation of CaV1.3 and that alterations in this mechanism might
be relevant to PD’s pathophysiology.
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Bruton’s Tyrosine Kinase (BTK) is a druggable therapeutic
target for neuroprotection in Parkinson’s disease

Nanthini Jayabalan*, Natalia Birch', Natalie Groves’, Katerina
Hanton’, Sara Jose', Robert Adam? John O’Sullivan?, Nellwyn
Hagan®, Dimitry Offengeim®, Richard Gordon’

" University of Queensland, Herston, QLD, Australia

2 Department of Neurology, Royal Brisbane and Women's Hospital,
Brisbane, Queensland, Australia

3 Precision Neurology and Neuroinflammation Cluster, Sanofi
Genzyme, Cambridge, Massachusetts, United States

Parkinson’s disease (PD) is a progressive, neurodegenerative
disorder of aging that is characterised by accumulation of a-
synuclein aggregates, persistent neuroinflammation and loss of
dopaminergic neuron. The etiology of PD is mostly unknown, but it
likely involves both environmental and genetic factors.
Neuroinflammation can be observed early in the disease process
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and is still strongly evident in post-mortem analyses of PD patient
brains. Persistent immune activation has thus been closely linked to
disease progression based on accumulating evidence from clinical
studies and experimental models. Inhibition of the NLRP3
inflammasome has recently been shown to prevent a-synuclein
pathology and dopaminergic neurodegeneration. The aim of the
study was to examine if Bruton's Tyrosine Kinase (BTK), a key
driver of the NLRP3 inflammasome activation, is activated in
experimental PD and determine if the inhibition of this kinase leads
to improved PD outcomes. Herein, we demonstrate that BTK is
highly upregulated in the nigrostriatal system of human PD patients.
We demonstrate that BTK is activated by pathological synuclein and
triggers NLRP3 inflammasome activation in microglia. BTK is also
activated in the nigrostriatal system of experimental PD models at
the same timepoints as NLRP3 activation. Interestingly, we have
also shown that pharmacological inhibition of BTK ameliorates
markers of neurotoxic astrocytes in PD experimental models.
Additionally, daily oral dosing with BTK inhibitors effectively reduces
NLRP3 inflammasome activation markers and neuropathology in
pre-clinical models of PD and improves dopaminergic neuron
survival. Together, our results identify BTK as novel therapeutic
target for neuroprotection in PD for disease modification.

P04.15

B-Glucocerebrosidase-1 (GBA1) signalling in immune cells
inhibits inflammasome activation in Parkinson’s disease
Nanthini Jayabalan*', Madison Young', Katerina Hanton', Kerry
Roper!, Sara Jose', Robert Adam? John O’sullivan? Peter
Lansbury®, Richard Gordon’

" University of Queensland, Herston, QLD, Australia

2 Department of Neurology, Royal Brisbane and Women'’s Hospital,
Brisbane, Queensland, Australia

3 Bial Biotech, Cambridge, MA, United States

disease modification. However, the specific positive and negative
regulators of immune activation which are dysregulated in PD
remain poorly defined. Glucocerebrosidase 1 (GBA1), the gene
encoding the lysosomal enzyme glucoslyceramidase (GCase), has
been identified as the most important genetic risk factor contributing
to the development of PD. Our current understanding of the
functional role of GCase in PD has been informed primarily through
studies in neurons. In this study, we aimed to investigate the
relationship between inflammasome activation and GCase
dysfunction in immune cells in PD. In this study, we uncovered that
microglia expressed high levels of GBA mRNA and protein
compared to astrocytes or dopaminergic neuronal cells. Therefore,
we hypothesised that lysosomal GCase could be a potential
regulator of inflammasome activation triggered by lysosomal rupture
or mitochondrial dysfunction. We uncovered that NLRP3
inflammasome activation with a-synuclein induced a marked loss of
GCase protein expression and enzymatic activity in primary
microglial cells. Additionally, the progressive loss of GCase activity
and expression correlated with inflammasome activation and IL1B8
release in microglia exposed to synuclein aggregates. Using the
small molecule GCase activator LTI-291 (BIA 28-6156), we found
that pharmacological activation of GCase could effectively suppress
inflammasome  activation markers triggered by synuclein
aggregates. Most importantly, once-daily oral dosing with LTI-291
prevented neuroinflammation and neuropathology linked to PD in
the nigrostriatal system. Together, our studies identify GBA
activation as a novel therapeutic target for neuroprotection in PD,
providing a new therapeutic paradigm by which to target chronic
NLRP3 activation in PD and ameliorate chronic immune activation
and neuropathology in PD.

P04.16

The influence of vagus-mediated immune modulation in the
progression of Parkinson’s disease and its hypothesized
subtypes

Ida Klaestrup*', Sara K. Nissen? Louise E. Warming? Sara A.
Ferreira®, Johanne Lauritsen?, Hjalte Gram? Poul H. Jensen?,
Nathalie Van Den Berge®, Marina Romero-Ramos?

' Aarhus University, Biomedicine, Aarhus, Denmark
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In Parkinson’s Disease (PD) intraneuronal aggregated alpha-
synuclein  (ASYN), induces neuronal dysfunction and death,
affecting predominantly substantia nigra, but also other neurons in
the central and peripheral nervous system (CNS & PNS). In parallel
to neurodegeneration, central and peripheral immune changes
occur in PD, an inflammatory process where ASYN plays a central
role that will influence neuronal health. Borghammer’s team recently
proposed two PD subtypes based on the initiation site of ASYN
pathology: 1) a body-first subtype that starts in the gut and enters
the brainstem bilaterally via the vagus nerve (VN); these patients
show a faster PD progression than 2) the brain-first subtype of
milder progression. Brain-first PD is proposed to spread unilaterally
from the forebrain toward the lower brainstem and finally the
periphery. In both subtypes, the VN is affected albeit at different
time points. The VN exerts an anti-inflammatory modulation
(inflammatory reflex), that might be disrupted by ASYN pathology
promoting inflammation and contributing to the faster progression in
the body-first subtype. To investigate this, we have mimicked
aspects of the body-first PD subtype in a rat by injecting preformed
fibrils (PFF) of mouse ASYN into the gut. We are analyzing data
generated from peripheral and brain immune cells using flow
cytometry and immunohistochemistry, plasma cytokine levels, and
ASYN pathology in PNS and CNS. Our preliminary data suggest an
increase of MHCII+ cells in the brain of the PFF-ASYN injected
animals vs. the PBS control after 14 weeks, suggesting an early
immune response in CNS.

P04.17

Microvascular changes and blood-brain barrier alterations in a
progressive mouse model of synucleinopathy

Kristina Lau*, Lisa Porschen, Franziska Richter, Birthe Gericke
University of Veterinary Medicine Hannover, Department of
Pharmacology, Toxicology and Pharmacy, Hannover, Germany

Dysfunction of blood-brain barrier (BBB) is suggested to play a
critical role in the pathological mechanisms and progression of
Parkinson’s disease (PD). PD-related pathology such as alpha-
synuclein (aSyn) accumulation and inflammatory processes
potentially affect the integrity of the BBB early in disease
progression, which in turn may alter the crosstalk of the central and
peripheral immune response. Importantly, BBB dysfunction could
also affect drug response in PD. Therefore, there is urgent need to
resolve the underlying molecular mechanisms of BBB dysfunction in
PD.

Here we analyzed microvascular changes on a cellular and
molecular level during disease progression in a mouse model with
overexpression of human aSyn (Thy1-aSyn, line 61, Chesselet,
Richter et al. 2012 Neurotherapeutics). This model replicates
characteristic motor and non-motor symptoms of PD, aSyn
pathology and dopamine loss. Male Thy1-aSyn and wild-type age-
matched controls were used at two different ages reflecting different
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stages of disease progression. Brain capillaries from cortex and
striatum were isolated and protein extracts subjected to Western
blotting for analysis of BBB function-associated proteins.

We observed altered levels of transporter proteins and endothelial
cell adhesion molecules in Thy1-aSyn mice, indicative of endothelial
activation due to inflammatory processes. Furthermore, high
expression levels of metalloproteinases and brain region specific
changes in tight junction proteins were found in brain capillaries of
Thy1-aSyn mice compared to wild-type. Importantly, several of
these changes were specific to brain region and progression stage.
Interestingly, confocal laser scanning microscopy revealed
accumulation of human aSyn in brain capillaries isolated from Thy1-
aSyn mice. To further characterize the integrity of the BBB, brain
sections were immunohistochemically stained for lectin (for vessels)
and aquaporin-4 (AQP4, for astrocyte end feet) expression.
Quantification showed a brain-region specific decreased vessel and
AQP4 density in Thy1-aSyn mice in the absence of overt leakage
from blood to brain parenchyma.

Our data reveals intricate alterations in key proteins of BBB function
together with histological evidence for altered structure of the brain
vasculature. Further studies are required to understand how these
alterations contribute to PD pathogenesis and progression, and to
reveal novel therapeutic targets.

P04.18

An 80% improvement in UPDRS was followed by no
progression in the last seven years in one Parkinson’s patient.
Here are the five lifestyle changes made, and how they might
work

Patrick Bradshaw!, William M Curtis*?, Jeffrey Bohnen?®, William
Seeds*
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Mitochondrial quality control (MCQ), proteostasis, lipostasis,
neurotransmitter synthesis, and antioxidant protection are all
deficient in Parkinson’'s disease neurons. Together these
deficiencies likely lie upstream of alpha-synuclein accumulation,
neuroinflammation, and neuronal cell death. Therefore, these
deficiencies are high value targets for treatment to delay onset and
treat symptoms. Cells can potentially remedy these deficiencies
when an individual initiates a regimen of intermittent fasting,
exercise, and dietary modifications. These lifestyle choices can be
performed at times of the day to entrain circadian rhythms and
enhance metabolism. Key steps of the metabolic enhancement
likely include 1) feed forward upregulation of NAD production
through interactions of SIRT1 and BMAL1, 2) enhanced NADPH
synthesis by the cytoplasmic isocitrate dehydrogenase pathway,
which could restore monoamine neurotransmitter synthesis and
power antioxidant defense, 3) restoration of [ATP)/[ADP] in neurons
and neural epigenetic modification by the increased levels (R)-3-
hydroxybutyrate, 4) upregulated plasmalogen synthesis in
peroxisomes, 5) increased synthesis of cardiolipin and enhanced
mitochondrial biogenesis, and 6) Interactions of superoxide, NO,
H202, DJ-1, NADPH, and other actors to enhance the selective
mitophagy of defective organelles through a process that we named
the superoxide sentinel hypothesis of MCQ. We present the clinical
case of a subject who was diagnosed with PD 20 years ago and
who has followed the lifestyle and dietary changes for over seven
years with the result that the UPDRS initially improved by 80% and

has not changed significantly in seven years. We propose methods
for evaluating the efficacy of disease modification that uses forecast
modeling and machine learning techniques adapted from
techniques used by a leading global financial institution, which
resulted in a two-hundred-fold improvement in the accuracy of their
forecasts. The circadian-based therapy described here has the
potential to be a game changer for PD patients that could make
moderate lifestyle changes.

P04.19

Immunoproteasome PSMBS8 subunit increased in in
Parkinson’s disease
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Background: Immunoproteasome, a part of ubiquitin—proteasome
system, is involved in protein degradation and immune response.
However, the relationship between immunoproteasome and
Parkinson’s disease (PD) was not evaluated clearly. We
hypothesized that the shift of immunoproteasome attributes to PD
due to its role in immune system and protein homeostasis.
Objective: To determine whether immunoproteasome in peripheral
blood mononuclear cells is expressed differently between patients
with PD and healthy controls (HCs) and to test its value as a
biomarker of PD.

Methods: Blood samples were collected from 19 HCs and 40
patients with PD of comparable ages. Peripheral blood mononuclear
cells were isolated and used to measure the mRNA levels of three
catalytic subunits of immunoproteasome, namely, PSMB8, PSMB9,
and PSMB10. Then, protein levels of immunoproteasome were
confirmed by Western blot. Besides, the expression of
immunoproteasome subunits in central nervous systems was
indicated through postmortem slides.

Results: PSMB8 mRNA in PD group significantly increased
compared to HCs. The ratio of PSMB10 and PSMB8 (PSMB10/8)
best reflected difference between the PD and HCs(p = 0.002). It can
discriminate all PD, mild PD and drug-naive PD from HCs. We
found correlation between the PSMB10/8 ratio with the UPDRS total
and Part Ill score. In addition, the immunoproteasome upregulated
in protein level in PBMCs of patients with Parkinson’s disease.
Besides, postmortem study showed that immunoproteasome
PSMBS8 level expressed abundantly in PD brain compared to HCs.
Conclusion: The expression of PSMB8 increased in PD, and the
PSMB10/8 ratio can differentiate Parkinson’s disease from HCs.

P04.20

Immune signaling through the gut-brain axis in a Drosophila
model of PD

Alfonso Martin-Pefia*, Joshua Lopez-Sccarim, Beatriz Gomes, Malu
Gamez Tansey

University of Florida, Gainesville, FL, United States

The triggering factors of disease progression and the mechanisms
of molecular spreading have remained elusive for most
neurodegenerative disorders (ND). In many cases, the lack of
understanding of the earliest pathophysiological process at the
molecular level constitutes the main barrier to development of
effective therapies that can prevent, halt or slow this process to
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modify disease course. We posit that brain-body communication
from the gastrointestinal (Gl) tract to the central nervous system via
vagus nerve neurotransmission has a pivotal role in transducing
signals from the gut microenvironment (GME) to the brain. In fact,
peripheral symptoms, particularly in the gastrointestinal system, can
arise decades before the onset of the classic motor symptoms in
ND. We have developed an integrated system to investigate the
function of humoral pathways and analyze physiological alterations
before and after symptoms onset. We have found that expression of
human alpha-synuclein (hSNCA) in the epithelial cells of the fly
gastrointestinal tract trigger sleep disturbances (a PD hallmark) and
motor deficits. Interestingly, sleep deprivation in animal models
induces accumulation of reactive oxygen species (ROS) dominantly
within the gut epithelia. All these gastrointestinal insults trigger the
production and release of proinflammatory cytokines. In this regard,
abdominal injection of rhTNF in flies leads to increased day-time
sleep, as well as expression of anti-microbial peptides. These
features offer an ideal model to investigate the interaction between
sleep, hSNCA, ROS and proinflammatory molecules, and how
neuroinflammatory signals from these peripheral processes trigger
impairments in brain function.

To test whether corrupted and pathogenic proteins expressed in the
gut will spread to the brain, we employed the Gal4/UAS system in
Drosophila and expressed WT hSNCA in gut epithelium cells. We
then monitored behavior in aging flies expressing hSNCA and
analyzed their locomotor activity along with several sleep
parameters. Simultaneously, we investigated the neuroinflammatory
response through the three main immune pathways in Drosophila
(TNF/Toll/IMD).

We observed that flies selectively expressing hSNCA in enterocytes
exhibited significant impairment in their daily activity pattern that
specifically affected their behavior during the diurnal phase but not
during the nocturnal period. Interestingly, these flies also showed
increased daytime sleepiness without changes to their nocturnal
sleep patterns.

P04.21

The intranigral infusion of alpha synuclein oligomers induces a
coghnitive decline underpinned by altered neuronal firing and
neuroinflammation in cognition-related areas

Maria Francesca Palmas™®', Michela Etzi', Claudia Sagheddu’,
Maria Francesca Manchinu?, Michele Santoni’, Chiara Camoglio’,
Giuliana Fusco®, Alfonso De Simone*, Paola Fadda’, Marco Pistis’,
Nicola Simola’, Ezio Carboni', Augusta Pisanu®, Anna Rosa Carta’
" University of Cagliari - Department of Biomedical Sciences,
Monserrato, Italy

2 Istituto Di Ricerca Genetica e Biomedica Del Consiglio Nazionale
Delle Ricerche, Monserrato, Italy

3 University of Cambridge - Centre for Misfolding Diseases,
Department of Chemistry, Cambridge, United Kingdom

4 University of Naples “Federico II” - Department of Pharmacy,
Naples, Italy

5 National Research Council - Institute of Neuroscience, Cagliari,
Italy

Cognitive dysfunction is a main non-motor symptom of Parkinson’s
disease (PD), whose pathological correlate remains elusive, mainly
for the lack of a valid preclinical neuropathological model. Clinical
studies have reported the presence of inflammatory markers in the
brain of parkinsonian patients with cognitive decline, pointing at
neuroinflammation as a contributing pathological factor.

We investigated this issue in the translational rat model of PD based
on the intranigral bilateral infusion of pre-formed human alpha
synuclein oligomers (H-aSynOs) within the substantia nigra pars

compacta  (SNpc), which largely reproduces cardinal
neuropathological and symptomatic features of the first stage of
disease progression. H-aSynOs-infused rats displayed a mild
cognitive decline in the two-trial recognition task in a Y maze and
the novel object recognition (NOR) test performed three months
after oligomer infusion. This cognitive impairment was associated
with an altered inflammatory response in the anterior cingulate
cortex (ACC) and in discrete subfields of the dorsal hippocampus.
Indeed, we found increased number of microglial cells expressing
large amount of the proinflammatory cytokine TNF-a as compared
to vehicle-infused rats, supporting a role of neuroinflammation in this
symptomatic aspect. Moreover, the ACC of H-aSynOs infused rats
displayed an altered electrophysiological activity in vivo, and a
decreased expression of the neuron-specific immediate early gene
(IEG) Npas4 (Neuronal PAS domain protein 4) and the AMPA
receptor subunit GluR1. Diffused deposits of phospho-alpha
synuclein (p-aSyn) and Lewy neurite-like aggregates were found in
the SNpc, striatum and subthalamic nucleus, suggesting the
spreading of toxic protein within anatomically interconnected areas.
All together, we present a neuropathological rat model of PD that
recapitulates cognitive symptoms of PD, which adds to the classical
motor aspects previously described. H-aSynOs infusion induces a
neuroinflammatory environment in distant cognitive relevant regions,
and an altered neuronal activity that may account for the cognitive
deficits.

P04.22

Elucidating the link between mitochondrial stress responses
and cellular senescence using human induced pluripotent stem
cell-derived neurons and glia

Maria Jose Perez Jimenez*', Mariella Bosch?, Stefanie Kalb?,
Hariam Raji?, Michela Deleidi?

" DZNE, Tubingen, Baden-Wurttemberg, Germany

2 German Center for Neurodegenerative Diseases (DZNE),
Tubingen, Germany

Protein aggregation and mitochondrial dysfunction are hallmarks of
aging and neurodegenerative diseases, and strategies aimed at
these pathological pathways may aid in the prevention of neuronal
loss. The mitochondrial unfolded response (UPRmt) is a conserved
mechanism that promotes mitochondrial protein quality control and
organelle function under stress conditions by upregulating a variety
of chaperones and proteases. However, research in C.elegans
suggests that UPRmt may be detrimental for dopaminergic neurons
and it exacerbates alpha-synuclein pathology. However, the actual
role of UPRmt in Parkinson’s disease and other neurodegenerative
disorders remains unclear. The lack of relevant model systems has
hampered the investigation of the mechanisms underlying human
UPRmt and its differential role in glial and neuronal cells in health
and disease.

To overcome this limitation and to investigate the cell-type-specific
role of mitochondrial stress responses in brain health and disease,
we developed human induced pluripotent stem cell (iPSC)-derived
models of UPRmt. Combining imaging, functional, and RNA-
sequencing investigations in iPSC-derived neurons, astrocytes, and
microglia, we found that pharmacological activation of UPRmt leads
to the upregulation of genes linked to cytosolic protein quality
control, mitochondrial metabolism, and neurodegenerative disease
pathways. Additionally, our results show an early and prominent
activation of UPRmt in iPSC-derived astrocytes and microglia
compared to iPSC-derived neurons. Interestingly, our findings
suggest that UPRmt activation in glial cells induces a dysregulation
of the inflammatory response and a senescence-like phenotype that
could contribute to neurodegeneration. We are currently employing
single cell-RNA sequencing in human iPSC-derived tricultures to
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dissect the molecular mechanisms underlying such cell-type-specific
mitochondrial stress responses and the impact of cell-cell
interactions on senescence and immune pathways.

P04.23

The CaV3.2 T-type calcium channel is a novel target
dysregulating miro1-dpendent mitophagy and driving
Parkinson’s disease pathology

Sean Pintchovski*, Chung-Han Hsieh, Atossa Shaltouki, Eric
Beattie, Ashley Gonzalez, Bill Shrader

AcureX Therapeutics, San Carlos, California, United States

Mitophagy defects represent a major underlying pathology driving
neurodegenerative conditions like Parkinson’s disease (PD). The
mitochondrial protein Miro1 has recently emerged as a key
gatekeeper regulating the initiation of mitophagy, whereby Miro1
must be released from mitochondria for mitophagy to proceed.
Critically, a failure to remove Miro1 has been found in sporadic PD
(sPD) human brain tissues, in brain tissue of the well-established
AAV-A53T mouse model of PD, and in PD subject iPSC-derived
dopaminergic neurons carrying either the A53T SNCA, G2019S
LRRK2, or N370S GBA genetic risk factors. These findings
demonstrate that Miro1 retention and impaired mitophagy are key
hallmarks and drivers of PD pathology.

AcureX utilized a combination of pharmacological, genetic, and
physiological approaches to elucidate that the CaV3.2 isoform of the
T-type voltage-gated calcium channel is a novel target that uniquely
prevents the release of Miro1 from mitochondria, thereby inhibiting
mitophagy and causing neuronal cell death. The critical role of
CaV3.2 in PD pathology is further supported by (1) genetic
association of a CaV3.2 mutation with PD risk, (2) CaV3.2 gain-of-
function activity that increases mitochondrial calcium levels, and (3)
selective upregulation of CaV3.2 (compared to the two other T-type
channel isoforms, CaV3.1 and CaV3.3) in PD subject iPSCs and
iPSC-derived dopaminergic neurons.

Based on AcureX’s foundational discoveries linking CaV3.2 to Miro1
retention and neuronal degeneration in PD, we are developing first-
in-class CaV3.2 selective inhibitors as novel disease-modifying
therapies for the treatment of PD. These selective CaV3.2 inhibitors
will be optimized to rescue Miro1-dependent mitophagy and
neuronal viability to help significantly slow or potentially halt the
progression of PD and substantially improve the quality of patients’
lives.
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High levels of cell-Free mitochondrial DNA deletions in
cerebrospinal fluid from patients with idiopathic, but not
LRRK2, Parkinson’s disease

Margalida Puigros*', Anna Calderon’, Alexandra Pérez-Soriano?,
Cristina de Dios', Manel Fernandez®, Anna Colell’, Maria-José
Mart?, Eduard Tolosa?, Ramon Trullas’

" Neurobiology Unit-1IBB-CSIC / IDIBAPS / CIBERNED, Barcelona,
Catalunya, Spain

2 Neurology Service, Parkinson’s disease and Movement Disorders
Unit, Institut Clinic de Neurociéncies, Hospital Clinic de Barcelona,
University of Barcelona / IDIBAPS / CIBERNED, Barcelona,
Catalunya, Spain

3 Neurology Service, Parkinson’s disease and Movement Disorders
Unit, Institut Clinic de Neurociéncies, Hospital Clinic de Barcelona,
University of Barcelona / IDIBAPS, Barcelona, Catalunya, Spain

The etiology of the majority of cases of Parkinson’s disease (PD) is
still unknown and classified as idiopathic (iPD). Pathogenic
mutations in single nuclear genes, such as LRRK2, cause genetic
forms of PD in a fraction of total disease cases. Remarkably,
mitochondrial dysfunction underlies both idiopathic and genetic
forms of PD.

The mitochondrial DNA genome (mtDNA) is a key regulator of
mitochondrial function. Deletions of the human mtDNA genome
accumulate during normal aging. The most frequent mtDNA
deletion, known as “‘common deletion”, causes mitochondrial
dysfunction when the number of mtDNA copies with this deletion
exceeds a certain threshold. Several studies have reported
increased levels of mtDNA deletions in PD. Nonetheless, whether
the accumulation of mtDNA deletions is somatic or depends on cell
type remains unresolved.

The content of circulating cell-free mtDNA (cf-mtDNA) in the
cerebrospinal fluid (CSF) distinguishes idiopathic from LRRK2-
related PD, suggesting that a different type of mitochondrial
dysfunction underlies neurodegeneration in these two forms of the
disease. We examined the presence of deletions in cf-mtDNA by
simultaneously quantifying different regions of the mtDNA molecule
with a novel multiplex digital PCR assay, which allows absolute
quantification of mtDNA molecules containing deletions.

Using this method, we found that cf-mtDNA in CSF from patients
with iPD exhibits a high proportion of deletions compared with
LRRK2 mutation carriers with or without PD. Furthermore, we found
that the CSF content of cf-mtDNA differentiates idiopathic from
LRRK2 PD, confirming previous data. These results provide further
support to the hypothesis that the mechanisms causing mtDNA
dysfunction differ between idiopathic and genetic PD.

Supported by The Michael J. Fox Foundation grant MJFF-001111,
by MCIN/AEl/  10.13039/501100011033, grants: PID2020-
115091RB-100, MDM-2017-072, and PRE2018-083297, and
CIBERNED grant PI2020/09-4.

P04.25

Blocking the angiotensin type-1 receptor reduces NLRP3
inflammasome upregulation in the substantia nigra of aging
and PD animal models

Aloia Quijano Ocampo*, Carmen Diaz Ruiz, Andrea Lépez Lépez,
Begofia Villar Cheda, Ana Mufioz Patifio, Ana Isabel Rodriguez
Pérez, José Luis Labandeira Garcia

Universidade de Santiago de Compostela-CiMUS, Santiago de
Compostela, A Corufia, Spain

The pro-oxidative and pro-inflammatory axis of the tissue renin-
angiotensin system (RAS) has been shown to be involved in



88 WPC 2023 Abstracts

changes observed in aging and age-related diseases, such as
Parkinson’s disease (PD).

In this work, we studied the effect of NLRP3 inflammasome
activation in aging and early stages of dopaminergic degeneration in
PD models. Furthermore, we studied whether the brain RAS,
through the pro-oxidative and pro-inflammatory axis angiotensin Il
(Angll)/Angll receptor type 1 (AT1R), mediates inflammasome
activation.

Substantia nigra (SN) of aged rodents and 6-hydroxydopamine (6-
OHDA) PD models showed increased mRNA expression of
inflammasome-related components (NLRP3, pro-IL1B and pro-IL18)
and increase in protein levels of the cytokines IL1B and IL18, which
were inhibited by the AT1R antagonist candesartan.

The role of the Angll/AT1R axis in inflammasome activation was
confirmed in the SN of rats injected intraventricularly with Angll, and
in primary mesencephalic cultures treated with 6-OHDA, which was
also blocked by candesartan.

Moreover, observations in the SN of young and aged AT1R and
AT2R knockout mice confirmed the involvement of AT1R in nigral
inflammasome activation.

Altogether, we have shown a major role of the Angll/AT1 axis on
NLRP3 inflammasome upregulation induced by aging and
dopaminergic degeneration in substantia nigra (SN), possibly
related to a decrease in dopamine levels.

NEURO
DEGENERATION

P04.26

Non-cell autonomous effects of neuromelanin on Parkinson’s
disease pathogenesis

Gerard Roch*, Maria Sellés, Joan Compte, Marta Gonzalez-
Sepulveda, David Ramos-Vicente, Thais Cuadros, Joana M
Cladera-Sastre, Annabelle Parent, Ariadna Laguna, Jordi Bové,
Miquel Vila

Institut de Recerca Vall d’'Hebron, Barcelona, Spain

Objectives: Activation of both innate and adaptive immune
responses occurs in Parkinson’s disease (PD) postmortem brains.
PD-linked inflammatory changes are highly localized within
neuromelanin (NM)-containing areas, in which extracellular NM
released from dying neurons is surrounded by or in contact with
activated microglia and cytotoxic T lymphocytes. However, whether
NM-linked immune response contributes to the neurodegenerative
process remains unknown, partly because in contrast to humans
NM is absent in common experimental animals such as rodents.
Here we will characterize the relationship between NM-linked
immune response and PD-like pathology using novel NM-producing

PD rodent models based on the constitutive or viral vector-mediated
overexpression of melanin-producing enzyme tyrosinase (TYR).
Methods: We first characterized histologically the NM-linked
immune response, both innate and adaptive, in human postmortem
PD brains and in NM-producing TYR-overexpressing animals, the
latter at different time-points post-TYR expression. To determine the
potential contribution of NM-linked immune response to PD-like
pathology, we next injected AAV-TYR into the substantia nigra of
genetically-modified MHC-II KO mice, which lack the capacity of
MHCIIl-mediated antigen presentation, or T-cell deficient athymic
nude rats.

Results: In both human PD brains and NM-producing rodents, Al-
based quantifications of the inflammatory/immune response
confirmed increases in  microglial/macrophage  activation
(Iba1/CD68), astrocytic response (GFAP) and T-cell infiltration
(mostly CD8) in close association with extracellular NM debris
released from dying neurons. In TYR-expressing rodents, both
innate and adaptive immune responses occurred at very early
stages of the neurodegenerative process, even preceding overt
neurodegeneration in this model. We are now assessing whether
modulation of the immune response in NM-producing MHC-II KO
mice and athymic nude rats influence NM-linked Lewy pathology
and/or nigrostriatal degeneration in these animals.

Conclusions: Activation of innate and adaptive immune responses
by extracellular NM occurs at very early stages of the
neurodegenerative process and may thus contribute to PD
pathology and progression.

P04.27

Viscosity sensitive AIE probes: Solid fluorescent tools for
mapping mitochondria viscosity in proteostasis disordered in
neurodegenerative cells

Soheila Sabouri*', Hamid Soleimani Nejad? Tze Cin Owyong®,
Yuning Hong'

' La Trobe University, Melbourne, VIC, Australia

2 intelligent imaging innovation (3i), Melbourne, VIC, Australia

3 University of Melbourne, Melbourne, VIC, Australia

Mitochondrial viscosity sensing is one of the most efficient ways to
reflect cellular health conditions. Mitochondria micro-viscosity
changes is closely correlated with abnormal intracellular
bioprocesses and severe diseases. Viscosity sensitive mitochondria
targeting probe may provide a valuable opportunity to measure
mitochondrial micro-viscosity changes within the living cell, which is
beneficial for studying and understanding subcellular processes
precisely. In this work, we developed the Aggregation-Induced
Emission (AIE), mitochondria targeting fluorescence probe which
could be used to monitor mitochondria micro-environment changes.
First, we validated the viscosity response in vitro, we applied our
designed probe to measure the change of mitochondria viscosity in
cells experiencing autophagy, mitophagy, and inflammation. Modern
microscopic techniques, such as fluorescence lifetime imaging
microscopy and fluorescence anisotropy imaging microscopy
visualized mitochondrial viscosity alterations to better understand
mitochondria stress response mechanisms and gain more precise
information from mitochondrial micro-viscosity. Finally, we also
mapped mitochondria micro-environment changes in proteostasis-
disordered cells. Our obtained results showed substantial efficacy in
intracellular viscosity mapping and is hopefully applied for clinical
applications such as neurodegenerative disease diagnosis and
therapy control.
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Acetylation of intestinal proteins: A potential mediator of
systemic inflammation in Parkinson’s disease

Verena Schmitt*", Ippei Miyagawa? Birthe Gericke®, Martin
Regensburger’, Franz Marxreiter’, Franziska Richter’, Mario M.
Zaiss?, Jiirgen Winkler', Wei Xiang’
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Erlangen, Germany
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3 University of Veterinary Medicine, Department of Pharmacology,
Toxicology and Pharmacy, Hannover, Germany

Sporadic Parkinson’s disease (sPD) is linked to prodromal
gastrointestinal (Gl) symptoms, accompanied by immune alterations
in the both brain and gut, including autoimmune features. Notably,
autoantibodies against protein acetylation (PA) have been
associated with autoimmune diseases like rheumatoid arthritis.
Although the triggers for PA are still uncovered, involvement of GI
processes is assumed.

Objectives: We hypothesize that intestinal PA leads to the
formation of anti-acetylated protein antibodies (AAPAs), which may
be associated with sPD. Thus, we explored PA in the gut and AAPA
in the serum of patients with sPD.

Methods: Using immunodot blot, we determined PA levels in fecal
samples from 20 sPD and 19 healthy individuals as well as in
intestinal contents obtained from transgenic PD mice and non-
transgenic controls. Moreover, we determined serum AAPA levels in
12 PD and 14 healthy individuals using an enzyme-linked
immunosorbent assay. To understand the potential transport
mechanism of acetylated proteins along the gut-brain axis, we
assessed PA in isolated extracellular vesicles (EVs) from human
feces via Western blot.

Results: We detected increased PA levels in small intestine-derived
intestinal contents in PD mice compared to controls. Interestingly,
PA levels decreased in intestinal contents collected from the
caecum, colon, or feces of PD mice. Consistently, fecal PA levels in
PD patients were significantly lower than those in healthy controls.
Furthermore, acetylated proteins were enriched in EVs isolated from
human fecal samples. Serum analysis revealed that up to 58% PD
patients show a high AAPA level.

Conclusion: We demonstrate the presence of PA in the Gl content
of PD mice and in the feces of patients. In our animal cohort, the
small intestine appears to be the primary intestinal region, where PA
occurs. Moreover, AAPA production in a considerable part of PD
patients implies the involvement of the PA-to-AAPA cascade in
systemic inflammation associated with a fraction of PD cases.
Identification of intestinal PA in EVs suggests the involvement of
EVs in transport of acetylated proteins from the gut for triggering
AAPA production. Our results provide the basis for further analysis
of PA in larger cohorts of sPD patients.

P04.29

PINK1-PD neurons display altered tyrosine hydroxylase
phosphorylation

Karan Sharma*', Katharina Zittlau? Boris Macek?, Julia Fitzgerald?
" Hertie Institute for Clinical Brain Research, Department of
Neurodegeneration, University of Tubingen, Tubingen, Germany

2 University of Tubingen, Tubingen, Germany

Loss of mitochondrial quality and death of dopaminergic neurons in
the substantia nigra are key hallmarks of PINK1-Parkinson’s
Disease (PD). PINK1 is a Ser/Thr kinase that is highly regulated at
the mitochondria and is known to phosphorylate several outer
mitochondrial membrane proteins thereby mediating PINK1-Parkin

mitophagy after mitochondrial depolarization and/or mitochondrial
stress. We performed a phospho-proteomic screen with crude
mitochondria enriched from PINK1 wildtype (WT) and knockout
(KO) human iPSC-derived dopaminergic neurons and found an
enzyme - Tyrosine Hydroxylase (TH) to be less phosphorylated at
Ser19 in the absence of PINK1. TH is a crucial enzyme known to be
involved in the rate-limiting step of dopamine biosynthesis. To
validate our findings, we used immunofluorescence imaging and
immunoblotting to visualize localization and quantify phosphorylated
TH Ser19 respectively and confirmed that TH is less phosphorylated
in PINK1 KO and PINK1 Q126P neurons compared to their WT
isogenic controls. The PINK1 Q126P mutation was found in several
PD patients and has been shown to affect the stability of PINK1. We
also observed a higher nuclear localization of phosphorylated TH
Ser19 in PINK1 KO and Q126P mutation neurons. However, the
overall protein level of total TH is not significantly affected. We
postulate that PINK1 could be directly or indirectly involved in the
phosphorylation of TH at Ser19. This reduction of TH Ser19
phosphorylation is known to affect TH activity and may lead to a
decreased production of dopamine and other catecholamines. Here,
we identify a novel observation in PINK1-PD neurons that could be
relevant for the early events in disease etiology.

P04.30

Systemic inflammation activates coagulation and immune cell
infiltration pathways in brains with propagating a-synuclein
fibril aggregates

Anne-Line S. Laursen*', Mikkel V. Olesen’, Jonas Folke', Tomasz
Brudek’, Florence Sotty? Kate L. Lambertsen®, Karina Fog?, Louise
T. Dalgaard®, Susana Aznar’
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Aim: Pathological brain aggregates of a-synuclein (a-syn)
characterizes a group of diseases defined as synucleinopathies.
Recent studies implicate inflammation as one of the central
pathogenic mechanisms but how it is linked to a-syn pathology is
still unknown. In the present study, we aimed to address this by
inducing a mild, systemic inflammation in a pre-formed fibril (PFF)-
induced mouse model of a-syn pathology.

Methods: Three weeks after intra-striatal injections of human a-syn
PFFs, mice were subjected for 3 weeks to repeated intraperitoneal
injections of low concentrations (1 mg/ml) of lipopolysaccharide
(LPS), a component of gram-negative bacteria.

Results: Histological analysis confirmed brain propagation of a-syn
aggregation in PFF-injected mice independent of LPS-injections. No
motor dysfunction was observed at this stage as measured in the
pole test. Spleen immune cell profiling and multiplex cytokine
analysis confirmed LPS-induced changes in populations of T- and
B-cells, monocytes, and neutrophils, and increased brain TNF-a, IL-
B, IL-10 and KC/GRO levels. LC-MS/MS analysis in the forebrain
area and subsequent downstream ReactomeGSA pathway analysis
revealed that PFF-injections induced alterations in mitochondrial
metabolism and synaptic signaling, and Western Blotting
additionally showed elevated B-fibrinogen levels in the forebrain.
Systemic inflammation induced by LPS resulted in an
overrepresentation of pathway related to fibrin clotting, integrin
signaling and B cell receptor signaling in the PFF-injected mice.
Conclusions: In conclusion, energy homeostasis, synaptic
signaling and BBB permeability seems to be altered at early stages
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of a-syn pathology, and interestingly, a systemic inflammatory insult
shifts the brain proteome without apparently affecting a-syn
pathology load.

P04.31

Investigating the mechanisms by which progranulin deficits
contribute to Parkinson’s disease pathology

Oihane Uriarte Huarte*, Jake S. Boles, Rebecca L. Wallings, Noelle
K. Neighbarger, Cassandra L. Cole, Malu Gamez Tansey
University of Florida College of Medicine, Gainesville, Florida,
United States

Parkinson’s disease (PD) is a complex multifactorial disease with no
cure available. Even though PD has been studied for more than 200
years, its etiology remains unknown; thus, discovering new
mechanisms that prevent neuronal loss is of great interest to the
field. Even though alpha-synuclein aggregation has been
considered the primary pathological mechanism responsible for
neuronal death, the hypothesis that other mechanisms such as
inflammation or lysosomal dysfunctions also contribute to neuronal
loss is gaining attention. In this context, progranulin (PGRN), a
secreted glycoprotein whose reduced expression is linked to several
neurodegenerative diseases such as FTD or AD, has been recently
linked with PD, where low PGRN levels in the plasma of PD patients
correlate with PD progression and severity. PGRN is expressed in
neurons, brain-resident microglia, and peripheral immune cells.
Although its specific function is still unclear, it has been linked with
lysosomal functions and immune system regulation. Hence, we
hypothesize that PGRN deficits contribute to PD pathology by
exacerbating the inflammatory response in the periphery and the
brain and contributing to alpha-synuclein aggregation due to a
disruption in the lysosomal pathway. To test our hypothesis, we will
combine in vitro and in vivo mouse models and complement our
findings with single-cell approaches to identify specific
neurodegenerative mechanisms at the cell-specific level. Our data
indicate that myeloid PGRN-deficient immune cells react differently
to several immunological challenges, including IFN-y, LPS, or alpha-
synuclein. Compared with WT, PGRN KO pMACs express less Tnf
in response to IFN-y but express more Tnf in the presence of
human PFFs. PGRN KO pMACs display altered GBA index, MHCII,
and MV109, which might be responsible for the observed
differences in the immunological response of PGRN-deficient
myeloid cells. We expect this study will shed light on the
understanding of novel mechanisms contributing to PD-associated
pathology and will pave the way to develop new neuroprotective
therapeutic strategies.

P04.32

Mitochondrial DNA copy number inferred from whole genome
sequencing data is lower in individuals with Parkinson’s
disease

Longfei Wang*, Liam Fearnly, Haloom Rafehi, Jiru Han3, Melanie
Bahlo

The Walter and Eliza Hall Institute of Medical Research (WEHI),
Parkville, VIC, Australia

Mitochondrial dysfunction is known to be associated with
Parkinson’s disease (PD). Mitochondrial DNA copy number
(mtDNA-CN) is an easily measurable and accessible proxy for
mitochondrial function. mtDNA-CN estimated from whole-genome
sequencing (WGS) data has been determined to be more accurate
when compared to traditional qPCR techniques and estimates
derived from microarray data (Longchamps et al. 2020). However,
the accuracy of the existing methods is affected by GC nucleotide

bias. With the rapid increase in availability of WGS data, more
accurate and efficient methods are required. We have developed a
new mtDNA-CN estimator with GC bias adjustment and strict
sequencing quality controls, which can be applied to large-scale
WGS data. We applied the proposed method to the Parkinson’s
Progression Markers Initiative (PPMI) dataset, which includes 1,809
individuals with WGS data from whole blood samples. We
performed association tests between the mtDNA-CN and PD
diagnosis, known mutations, motor and non-motor symptoms using
linear regression models adjusted with age and sex. We found that
blood-derived mtDNA-CN is lower in individuals with PD (p-value <
2e-16, effect size = -0.189), which has been previously
demonstrated using the gPCR method (Pyle et al. 2016). We also
found lower mtDNA-CN in people with prodromal non-motor PD (p-
value = 1.25e-08, effect size = -0.349). The association tests with
PD symptoms show that mtDNA-CN is significantly associated with
motor experiences assessed by MSD-UPDRS Il (p-value = 6.48e-
14, effect size = -0.009) and MSD-UPDRS Il (p-value = 6.88e-14,
effect size = -0.005) and non-motor symptoms, including cognitive
impairment score from the Montreal Cognitive Assessment (MoCA,
p-value= 2.15e-06, effect size = 0.012), REM sleep behaviour
disorder assessment using the Stiasny Kolster score (p-value =
0.00016, effect size = -0.012), the Epworth Sleepiness Scale (p-
value = 7.16e-08, effect size = -0.014), and the University of
Pennsylvania Smell Identification Test (UPSIT) score (p-value < 2e-
16, effect size = 0.011). Our findings suggest that mtDNA-CN
derived from blood may be a potential biomarker for PD.

P04.33

Uncovering the interaction between gut microbial factors and
GBA1 mutations in the pathogenesis of Parkinson’s disease
Christin Weissleder*, Insa Hirschberg, Michela Deleidi

German Center for Neurodegenerative Diseases (DZNE) and
Center of Neurology, Hertie Institute for Clinical Brain Research,
University of Tubingen, 72076, Tubingen, Germany, Tubingen,
Baden-Wurttemberg, Germany

In vitro, in vivo, and clinical data indicate that microbial alterations
are associated with inflammation and a-synuclein aggregation in the
gut that could ultimately be propagated to the brain via the enteric
nervous system. To date, the exact role of microbial factors in the
initiation of Parkinson’s disease (PD) remains controversial.
Interestingly, a few studies show that short-chain fatty acids
(SCFAs) exacerbate gut inflammation in mouse colitis models. In
this study, we aim at dissecting the role of microbial factors and
potential interaction with glucocerebrosidase (GBA1)- related
genetic risk to impact inflammation and promote a-synuclein
pathology. To this end, we employed induced pluripotent stem cell-
derived macrophages and microglia from unaffected controls and
GBA PD cases (L444P, E326K) to characterise the effects of
different microbial factors (LPS, SCFAs: acetate, propionate,
butyrate). Our data show that butyrate, but not acetate or
propionate, enhances the secretion of cytokines and chemokines in
both control microglia (TNFa, IL1B, IL6) and macrophages (CCL4,
CXCL1, CXCL8). Whole-cell lysate proteomic analysis of butyrate-
treated control macrophages and microglia uncovered significant
changes in pathways associated with interferon type | response and
lipid storage. Secretion of inflammatory cytokines and chemokines
in response to LPS was reduced in microglia (TNFa, IL6, IL1R, IL4,
IL23) and macrophages (TNFa, IL6, CCL3, CCL5, CCL20, CXCL1)
with both GBA1 mutations compared to isogenic controls.
Macrophages and microglia also displayed a significantly lower
phagocytic capacity compared to isogenic controls, indicating a less
active phenotype of immune cells with GBA1 mutations. These
results suggest that butyrate as well as GBA1 mutations alter key
functions of peripheral and brain-resident immune cells. Given the
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known link between glucocerebrosidase and a-synuclein, ongoing
work is addressing the interaction between genetic vulnerability and
SCFAs on neuro-immune interactions and PD pathology using
intestinal and midbrain organoids.

P04.34

Validation of clinical stage NLRP3 inflammasome inhibitor
RRx-001 for disease modification in Parkinson’s disease
Madeleine Yule*', Natalia Birch', Katerina Hanton, Nanthini
Jayabalan', Rob Adams? John O’Sullivan? Brian Oronsky®, Tony
Reid®, Richard Gordon’

UQ, Brisbane, QLD, Australia

2 Royal Brisbane Hospital, Brisbane, QLD, Australia
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The global Incidence of Parkinson’s disease is increasing,
highlighting the urgent need to develop effective treatment options
which could halt disease progression. Unresolving inflammation is
an important pathological feature of Parkinson’s disease which is
linked to progression of the disease. Converging lines of evidence
from multiple studies and research groups has shown that the
NLRP3 inflammasome activation is the primary driver of the
progressive dopaminergic neuron loss which occurs in people with
Parkinson’s disease. RRx-001 is a phase 3 chemoprotective small
molecule drug which is a covalent NLRP3 inhibitor that is brain
permeable. This study aims to investigate the effectiveness of RRx-
001 therapy to reduce neuroinflammation and neuropathology
induced by NLRP3 inflammasome activation in models of
Parkinson’s disease. We confirmed a significant reduction in
inflammasome activation and inflammatory markers in murine and
human immune cells relevant to Parkinson’s disease. Further, RRx-
001 prevented mitochondrial dysfunction and fragmentation in
dopaminergic neurons treated with neurotoxicant. Using an in vivo
model of Parkinson’s, we found that daily administration of RRx-001
reduced neuroinflammation and rescued the neuropathology in the
nigrostriatal system. We also found that RRx-001 increased
protective NRF2 gene expression in the brain with once daily
dosing. Together, our data demonstrates that RRx-001 can mitigate
NLRP3 inflammasome activation in immune cells and the brain, and
is neuroprotective. Our results indicate that RRx-001 is a novel,
disease-modifying therapeutic for neuroprotection in Parkinson’s
disease.

P04.35

Understanding the mechanisms of a-syn spreading and
degradation: Role of tunneling nanotubes and lysosomes
Chiara Zurzolo*

Institut Pasteur, Paris, France

The accumulation of a-synuclein aggregates in specific brain
regions is a hallmark of synucleinopathies including Parkinson’s
disease. a-Synuclein aggregates propagate in a “prion-like” manner
and can be transferred inside lysosomes to recipient cells through
tunneling nanotubes (TNTs), which are actin-based, thin cellular
protrusions connecting remote cells. However, how lysosomes
contribute in the spreading of a-synuclein aggregates is unknown.
By using super-resolution and electron microscopy, we find that o-
synuclein fibrils affect the morphology of lysosomes and impair their
function in neuronal cells. In addition, we demonstrate that a-
synuclein fibrils induce peripheral redistribution of lysosomes, likely
mediated by TFEB, increasing the efficiency of a-synuclein fibrils’
transfer to neighboring cells. We also show that lysosomal
membrane permeabilization allows the seeding of soluble a-
synuclein in cells that have taken up a-synuclein fibrils from the

culture medium and, more importantly, in healthy cells in co-culture
following lysosome-mediated transfer of the fibrils. Moreover, we
demonstrate that seeding occurs mainly at lysosomes in both donor
and acceptor cells after uptake of a-synuclein fibrils from the
medium and following their transfer. Finally, by using a heterotypic
co-culture system, we determine the origin and nature of the
lysosomes transferred between cells and we show that donor cells
bearing a-synuclein fibrils transfer damaged lysosomes to acceptor
cells, while also receiving healthy lysosomes from them. These
findings thus contribute to the elucidation of the mechanism by
which a-synuclein fibrils spread through TNTs, while also revealing
the crucial role of lysosomes. We propose that lysosomes damaged
by a-synuclein fibrils become a hub for seeding new aggregates and
function as a Trojan horse facilitating the propagation of misfolding
and the dissemination of aggregates through TNTs.

We are currently addressing both the role of different glial cells,
namely astrocytes and neuroglia, and of the inflammatory processes
in the spreading and degradation of a-Synuclein in primary cells.

BASIC SCIENCE: Pathology

P05.01

Novel antibodies against oligomeric alpha synuclein

Johanne Aarup Lauritsen*', Janni Nielsen? Sanne Simone
Kaalund®, Susana Aznar®, Daniel Otzen? Marina Romero-Ramos’
' Danish Research Institute of Translational Neuroscience
(DANDRITE), Nordic EMBL Partnership for Molecular Medicine, &
Department of Biomedicine, Aarhus University, Aarhus, Denmark
2 Department of Molecular Biology and Genetics & Interdisciplinary
Nanoscience Center (iNano), Aarhus University, Denmark, Aarhus,
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3 Center for Neuroscience and Stereology, Bispebjerg and
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Aggregation of alpha-synuclein (a-syn) is common in
synucleinopathies, including Parkinson’s disease (PD), multiple
system atrophy (MSA), and dementia with Lewy bodies (DLB).
However, the cell type affected, and the neuronal death observed
differ across these diseases. It is proposed that different a-syn
strains may contribute to such disparities. The current tools to study
a-syn pathology show overlapping pathology among the diseases,
limiting a “correct” diagnosis. In addition, current antibodies (Abs) do
not recognize the so-called oligomeric forms of a-syn, thus hindering
the study of pre-LB pathology. We aim to identify novel a-syn-
specific Abs, that enable better recognition and distinction of
progressive a-syn pathology across brain regions and diseases. 29
monoclonal Abs were obtained after immunization of mice with
different oligomers of human a-syn and tested with ELISA for affinity
towards monomeric and oligomeric a-syn. Those with the highest
selective affinity for oligomeric a-syn were selected for histology.
Immunohistochemistry (IHC) was performed on rodent PD models
overexpressing human a-syn. Commercial Abs were used for
comparison and co-stainings, and based on their degree of co-
localization five Abs were selected for further analysis. These were
used for IHC in post-mortem brain tissue from patients with different
synucleinopathies, for the detection of a-syn pathology. In parallel,
pre-absorption with monomeric a-syn prior to IHC on rodent brains
was used to better determine the preferential affinity of a-syn
species. Our preliminary data show that all Abs can recognize
human and rodent a-syn albeit to a different extent. Co-
immunofluorescence showed that the Abs detected pathology seen
by the commercial Abs, but also additional ones not observed with
those. Pre-absorption with monomeric a-syn resulted in changes in
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the quantity of a-syn pathology, either an increase or decrease
depending on the Abs’ monomeric/oligomeric affinity. Furthermore,
the Abs were able to find pathology in post-mortem human brain
tissue from both PD, DLB, and MSA patients.

P05.03

Activating beta-glucocerebrosidase by exploiting its
transporter LIMP-2

Jan Philipp Dobert*", Simon Bub? Rebecca Méchtel’, Alice
Drobny?® Dovile Januliene*, Ame Méller*, Philipp Arnold®, Friederike
Zunke®

" University Hospital Erlangen, Department of Molecular Neurology,
Erlangen, Germany
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Mutations in the GBA1 gene are the cause of the lysosomal storage
disorder Gaucher disease and are among the highest genetic risk
factors for the development of the neurodegenerative disorder
Parkinson disease (PD). GBA1 encodes the lysosomal enzyme
beta-glucocerebrosidase (GCase), which orchestrates degradation
of glucosylceramide (GluCer) in the lysosome. Recent studies have
shown that GluCer accelerates alpha-synuclein aggregation and
that loss of GCase activity along with lysosomal dysfunction is a
hallmark in the PD brain. In turn, restoring GCase activity has been
shown to alleviate alpha-synuclein aggregation and pathology in cell
and mouse models, manifesting modulation of GCase as a
promising novel treatment approach for PD. Ongoing research and
clinical trials are aiming to identify GCase activating compounds for
clinical application.

In this study, we investigated the interaction of the lysosomal
membrane protein and GCase transporter LIMP-2 with wild type (wt)
GCase and the most prominent disease-associated disease
variants: p.E326K, p.N370S and p.L444P. Our data reveals that
LIMP-2 not only mediates transport of GCase to the lysosome, but
functions as an allosteric activator of the enzyme. Overexpression of
LIMP-2 boosted lysosomal transport of GCase and rescued activity
of the E326K variant in HEK293T cells. Further, in vitro activity of
purified GCase wt and E326K was increased in presence of a
recombinant LIMP-2 ectodomain.

Through biochemical studies and preliminary structural analyses,
we then identified a single helix in the LIMP-2 ectodomain that
proved to be sufficient for binding and activation of GCase in vitro.
Based on this helix, we designed a custom lysosome-targeted
peptide that was able to restore lysosomal GCase activity in primary
human fibroblasts of PD patients harboring GBA E326K mutations.
These findings expose the LIMP-2 protein as well as its GCase
interaction site as potential therapeutic targets to rescue GCase
activity in PD.

B-glucocerebrosidase
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Quantification of neurons in the rodent dorsal motor nucleus of
the vagus using unbiased stereology

Eugenia Harbachova*, Pietro La Vitola, Angela Rollar, Helia
Aboutalebi, Ayse Ulusoy, Donato A. Di Monte

DZNE, Bonn, Germany

Neurons in the dorsal motor nucleus of the vagus nerve (DMV)
project long axons that innervate a variety of peripheral
tissues/organs (e.g., heart, lung, digestive tract) and, by doing so,
regulate their functions. In Parkinson’s disease, DMV neurons are
affected by neurodegenerative processes and represent early
targets of alpha-synuclein pathology. An increasing number of in
vivo studies is focusing on the pathophysiology of DMV neurons
and, as part of these investigations, a precise and reproducible
assessment of the integrity of DMV tissue and counting of DMV
neurons is critical. This assessment faces significant challenges,
however, particularly when carried out using image analysis
techniques. For example, the DMV is very compact and small in
size.  Furthermore, during  pathophysiological  processes,
assessment of DMV neurons using their phenotypic markers (e.g.,
choline acetyltransferase, ChAT) may be significantly impaired by
downregulation of these markers. Finally, the entire DMV as well as
its neurons may undergo volume reductions that would affect
outlining of the nucleus, neuronal detection and counting. The
purpose of this study was to develop and validate an unbiased
stereological counting approach using the optical fractionator
method for the quantification of DMV neurons in mice and rats.
Initial analyses were performed in a set of 10 mice and 9 rats. 35-
um thick coronal sections of the brainstem were sampled. Every fifth
section was stained with cresyl violet, DMV was delineated based
on anatomical/morphological criteria and analyzed using the
Stereoinvestigator software. Stereological counts of Nissl-positive
DMV neurons revealed a total of 3375 + 49 and 3894,72 + 86 cells
per side in mice and rats, respectively. A separate set of analyses
was carried out in DMV sections that were stained with anti-ChAT.
Data showed that the number of ChAT-positive DMV neurons was
approximately 5% lower than the total count of Nissl-stained cells.
Finally, in validation experiments, we were able to detect time- and
dose-dependent losses of DMV neurons induced by alpha-synuclein
overexpression. Data demonstrated feasibility, accuracy and
reproducibility of DMV stereological counting that allowed us to
detect even a 5% decrease in neuronal number.
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Blood markers predictive of molecular changes in the brain
and clinical outcome in Parkinson’s disease

Krithi Irmady*', Caryn Hale', Rizwana Qadri’, Sitsandziwe
Simelane’, John Fak’, Thomas Carroll', Serge Przedborski?, Robert
Darnell®

" Rockefeller University, NEW YORK, New York, United States
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3 Rockefeller University/Howard Hughes Medical Institute, New
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The molecular basis of clinical heterogeneity in Parkinson’s disease
remains poorly understood. Moreover, the ability to use blood
markers that reflect changes in the brain to predict the
heterogeneous outcomes of PD including disease progression and
development of cognitive and motor complications, would be of
enormous clinical value. We undertook deep RNA sequencing from
the caudate and putamen of postmortem PD (n=35) and control
(n=40) striatum, and compared molecular profiles with clinical
features and samples obtained from antemortem peripheral blood
from an independent cohort. Cognitive and motor complications of
PD were associated with molecular changes in the caudate and
putamen respectively. Later and earlier-onset PD were molecularly
distinct, and disease duration was associated with distinct changes
in caudate and putamen. Remarkably, molecular signatures in the
brain associated with PD and its heterogeneous clinical features
were also evident in antemortem peripheral blood and correlated
with disease severity. In summary, these results identify molecular
mechanisms that underlie clinical features of PD and their detection
in PD patients’ blood offers potential prognostic value.

P05.07

Heterozygous GBA N370S mutation does not uniformly reduce
GCase activity or cause lysosomal dysfunction in iPSC-derived
neurons

Adahir Labrador-Garrido*, Katherine Moruzi, Siying Zhong, Shikara
Keshiya, Glenda Halliday, Nicolas Dzamko

University of Sydney, Sydney, NSW, Australia

GBA1 encodes the lysosomal enzyme glucocerebrosidase (GCase),
a key part of the lysosomal/autophagy system that is associated
with the clearance of alpha-Synuclein (aSyn) in Parkinson’s disease
(PD) neurons. Heterozygous mutations in GBA1 are a significant
risk factor for PD. More than 300 pathogenic variants have been
identified, with the most common mutation being the N370S point
mutation. The majority of GBA1 mutations are hypothesized to
cause a loss of GCase activity, which in turn would lead to
impairments in the lysosomal/autophagy system and accumulation
of aSyn. However, studies investigating the relationship between
GCase and aSyn pathology are largely inferential and results can
vary based on specific GBA1 mutations. In this project we have
determined the relationship between aSyn, GCase and
lysosomal/autophagy using induced pluripotent stem cell (iPSC)
derived neurons with the common pathogenic GBA1 N370S
mutation. Cell lines from controls and GBA N370S mutation carriers
(n=4 per group) were successfully differentiated into mature
neurons and GCase activity, aSyn pathology and markers of
lysosomal/autophagy measured at baseline and following treatment
with aSyn pre-formed fibrils. The GBA1 N370S mutation did not
uniformly reduce GCase activity in neurons compared to controls,
and the mutation had no significant effect on aSyn accumulation or
lysosomal/autophagy in 3 out of 4 lines tested either at baseline or
when pathology was initiated with aSyn fibrils. Only one cell line
showed significant differences in GCase activity, aSyn pathology
and Lysosomal/autophagy and demonstrated a mild response after

treatment with GCase modulating drug treatment. We conclude that
the GBA1 N370S mutation is a very mild mutation and does not
uniformly impact GCase activity in differentiated neurons. These
results may be important when thinking about stratification of
patients for clinical trials of drugs aimed at enhancing GCase
activity.

P05.08

Ultrasensitive determination of Ecto-GPR37 in plasma as a
potential biomarker for Parkinson’s disease

Marc Lopez Cano*', Josep Argerich?, Per Svenningsson?,
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Parkinson’s disease (PD) is the second most common type of
neurodegenerative disorder, with hallmarks of Lewy body formation,
neuronal death, and synaptic loss in the substantia nigra. Although
potential diagnostic and prognostic biomarkers have been widely
evaluated (i.e., a-synuclein species), no conclusive data have been
obtained. Consequently, there is an urge to describe specific and
reliable biomarkers of PD.

GPR37, also known as parkin associated endothelin-like (Pael)
receptor, is an orphan G protein-coupled receptor (GPCR) that has
been implicated in important physiological mechanisms and in the
neuropathology of PD. Interestingly, GPR37 undergoes constitutive
metalloprotease (MP)-mediated cleavage and shedding of the
ectodomain [1]. Therefore, the N-terminal GPR37 ectodomain (i.e.,
ecto-GPR37) is constitutively released by cells into the extracellular
environment. It has been hypothesized that the shedding of ecto-
GPR37 may be altered in PD as receptor expression and MP levels
increase. Consequently, ecto-GPR37 levels in patients with PD
have been determined in cerebrospinal fluid (CSF) [2], an
accessible source of brain-derived proteins and metabolites,
reflecting molecular changes that occur in the central nervous
system.

However, CSF obtention may be uncomfortable for patients and
carries certain medical risks, as it is obtained by epidural puncture.
In that sense, blood-based (i.e., plasma) neurodegeneration
biomarkers of neurodegeneration have obvious advantages over
CSF biomarkers. The collection of blood is inexpensive, less
invasive, and a more feasible measure for use in the general
population, especially if serial collection is needed. To this end,
based on QuanterixTM single molecule array technology (SiMoA®),
we engineered and optimized an ultrasensitive digital enzyme-linked
immunosorbent assay (ELISA) to quantify ecto-GPR37 in plasma
from both neurological controls and subjects with PD.

This project was founded by The Michael J. Fox Foundation (MJFF-
001051)
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Neuropathological alterations in subjects initially diagnosed by
polysomnography with isolated REM sleep behavior disorder
Gerard Maya*, Alex Iranzo, Carles Gaig, Joan Santamaria, Monica
Serradelll, Laura Molina-Porcel, Ellen Gelpi, Iban Aldecoa

Hospital Clinic de Barcelona, Barcelona, Spain, Spain

Background: REM sleep behavior disorder is a parasomnia caused
by the dysfunction of the subcoeruleus nuclei and the n.
magnocellularis and related circuits. More than 90% of isolated
REM behavior disorder (IRBD) patients at 15 years of diagnosis are
at risk of developing Parkinson’s disease (PD, 45%), dementia with
Lewy bodies (DLB, 45%) or multiple system atrophy (MSA, 10%).
Neuropathological studies of firstly diagnosed IRBD are scarce.
Methods: Eighteen patients with IRBD diagnosed by
polysomnography were followed up until death and participated in
the Brain Donation Program (2005-2020). Standard
neuropathological evaluation and semiquantitative assessment of
pathological alpha-synuclein (AS) deposits and the degree of gliosis
and neuronal loss in specific brain areas, including those related to
REM sleep behavior disorder, were performed.

Results: 94% of participants were male, with a mean age (+/- SD)
of 71 + 6 years at IRBD diagnostic PSG and of 80 + 6 years at
death. Clinical antemortem diagnosis was DLB (n=10), PD (n=5)
and IRBD (n=3). All patients had an underlying synucleinopathy, 17
of the Lewy body type (LBD) and one patient had a MSA. All had
frequent brainstem alpha-synuclein pathology and 94% had
moderate neuronal loss in the locus coeruleus/subcoeruleus
complex. A caudo-rostral gradient of alpha-synuclein pathology from
midbrain over limbic and neocortical areas was observed in IRBD
patients that progressed to PD or DLB. All patients had some
degree of co-pathology: 12 Alzheimer's disease neuropathological
change (ADNC), of which 6 had intermediate/high severity (all in
neocortical AS stages), 11 age-related tau astrogliopathy, 4
argyrophilic grain disease, 3 progressive supranuclear palsy and 3
limbic predominant age-related TDP-43 encephalopathy.
Conclusions: IRBD results from an underlying synucleinopathy
with prominent brainstem involvement that may progress to DLB,
PD or MSA. The gradient of pathology and neuroanatomical
distribution is more in line with a “body-first” progression hypothesis
of LBD. Among age-related co-pathologies, ADNC is particularly
frequent in the neocortical LBD stages and likely modulates the
clinical phenotype, especially dementia.

P05.10

Post-mortem quantification of cortical glia cells in patients with
Parkinson’s Disease

Mikkel Vestergaard Olesen*

Center for Neuroscience and Stereology, Bispebjerg University
Hospital, Copenhagen, Denmark

Background: Parkinson’'s disease (PD) is a debilitating
neurodegenerative disorder, characterized by motor and non-motor
symptoms, and increasing evidence suggest that several neocortical
areas are involved in both disease characteristics. Previous studies
have yielded insights into the pathological processes of the cerebral
cortex with data showing microglia activation and altered
concentrations of proinflammatory cytokines in frontal and temporal
areas, among other changes. This suggests that cortical
neuroinflammation may play a critical role in the progression of PD.
The impact of PD on the number of neocortical cells, including brain
immune cells, is sparsely studied and no previous studies have
examined for potential quantitative changes in the glial cell
population. Therefore, the present study aimed to quantify the total

number of neocortical neurons- and glial cell sub-types in PD
patients compared to control subjects.

Materials and Methods: We used the stereological method, the
optical disector, to estimate the total number of neocortical neurons,
oligodendrocytes, astrocytes and microglia in frontal-, temporal-,
parietal and occipital cortices in postmortem brain tissue from 10 PD
patients and 12 age- and gender-matched control subjects.

Results: In the entire neocortex and its associated subdivisions,
there were no significant differences in any cell numbers between
PD patients and control subjects, except a significant decrease of
35% in the total number of oligodendrocytes in the frontal cortex of
patients with PD.

Conclusion: The results of the present study demonstrate no
changes in the number of microglia and astrocytes which argues
against severe neuroinflammation in the cortex. Our finding of
similar neuron numbers in PD- and control brains agree with
previous stereological data and suggests that PD primarily affects
subcortical neurons. Finally, the loss of oligodendrocytes in frontal
cortex might be associated to impairment of white matter tracts and
future studies are warranted to clarify the functional relevance of
oligodendrocyte loss in PD.

P05.11

Post-mortem analysis of Parkinson’s disease brains after long-
term deep brain stimulation of the subthalamic nucleus
Jonathan Munro’, Francis Desmeules’, Sylvine Cottin’, Angela
Noecker?, Marie-Eve Tremblay’, Peter V. Gould', Stephan Saikali’,
Mélanie Langlois’, Cameron C. Mcintyre?, Michel Prud’homme’, Léo
Cantin’, Martin Parent*’
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Deep brain stimulation (DBS) of the subthalamic nucleus (STN) is
an effective surgical treatment for Parkinson’s disease (PD),
alleviating motor symptoms and restoring patients’ quality of life.
Research into the long-term effects of DBS on the human brain is
lacking. This study aims to investigate the neuroanatomical and
neurochemical alterations induced by chronic stimulations of the
STN, and to correlate these changes with clinical outcomes and
estimated electrical current delivered in the brain parenchyma.
Brains of PD patients who had received more than 9 years of DBS
treatment in the STN were used. For each brain, 3D graphical
representations of the basal ganglia and DBS electrodes were
produced to determine the electrical current propagation throughout
the tissue using patient-specific DBS computational modelling
(StimVision2). Immunofluorescence and confocal microscopy were
used to determine the immunoreactivity of various proteins.
Quantification and morphological analyses of different cell types and
blood vessels were performed. Along the electrode path, a 300-500
um-width GFAP positive fibrillary gliosis was observed, with
elevated expression of the growth factor GDNF. Near active
contacts, astrocytes showed higher number of varicose processes
that were in close apposition to GLUT1+ blood vessels. The number
of Ibal+ microglia as well as the CD68 phagocytic marker was
reduced and there were increased levels of VEGF and Claudin5 on
GLUT1+ blood vessels, suggesting angiogenesis and increased
blood brain barrier integrity. A detailed morphological analysis of
microglia indicates that they were more active in the stimulated area
of the STN. Overall, our post-mortem analysis indicates significant
changes induced by long-term DBS of the STN involving glial cells
and blood-brain barrier.
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Single molecule array assay for phosphorylated alpha-
synuclein detection in cerebrospinal fluid

Camilla Pedersen*, Guido Alves, Jodi Maple-Grgdem, Johannes
Lange

Stavanger University Hospital; University of Stavanger, Stavanger,
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Background: Currently, the diagnosis of Parkinson’s disease (PD)
is a challenge given the range and severity of symptoms that
patients may experience. Thus, there is a great need for biomarkers
that can help in the diagnosis of PD. The majority of a-syn in Lewy
bodies of PD patients is phosphorylated at serine 129 (pS129-a-
syn). Further, pS129-a-syn is associated with a-syn toxicity and
altered function in PD. Therefore, pS129-a-syn is a potential
biomarker for PD. To assess pS129-a-syn, ultrasensitive methods
are needed. The aim of this project is to develop and validate a
single molecule array (SIMOA) assay to detect pS129-a-syn in
cerebrospinal fluid (CSF).

Methods: Our in-house SIMOA assay uses commercially available
antibodies. Different combinations of pS129-a-syn and a-syn
antibody pairs were screened for sensitivity, specificity and dynamic
range on the Mesoscale Discovery platform, and promising
combinations were further tested on the SIMOA platform. Reagent
preparation, initial testing of antibody pairs on the SIMOA, and
optimization were carried out according to the manufacturer's
protocols and recommendations.

Results: The new SIMOA assay is able to reliably quantify pS129-
a-syn in CSF samples, using small volumes of sample. Validation
included parallelism, dilution linearity, spike recovery, and precision.
Conclusion: SIMOA assays offer superior performance in terms of
sensitivity, reproducibility, and elimination of matrix effects. Our in-
house SIMOA assay for pS129-a-syn is well-suited for pS129-a-syn
analysis in CSF samples.

P05.14

Reciprocal effects of alpha-synuclein aggregation and
lysosomal homeostasis in synucleinopathy models
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Background: Lysosomal dysfunction has been implicated in a
number of neurodegenerative diseases such as Parkinson’s disease
(PD). Various molecular, clinical and genetic studies emphasize a
central role of lysosomal pathways and proteins contributing to the
pathogenesis of PD. Within PD pathology the synaptic protein
alpha-synuclein (aSyn) converts from a soluble monomer to
insoluble amyloid fibrils. The aim of our study is to unravel the effect
of aSyn aggregates on lysosomal turnover, particularly focusing on
lysosomal homeostasis and cathepsins. Since these enzymes have
been shown to be directly involved in the lysosomal degradation of
aSyn, impairment of their enzymatic capacity has extensive
consequences.

Methodology: In our study, we applied state-of-the-art technology
of patient-derived induced pluripotent stem cells (iPSCs) and mouse
brain samples to examine the effect of intracellular, pathological
aSyn conformers on cell homeostasis and lysosomal function on
dopaminergic neurons by biochemical analyses.

Results: In patient-derived dopaminergic neurons and mouse
models with aSyn aggregation, we show that lysosomal trafficking of
cathepsins is impaired, resulting in reduced proteolytic activity of
cathepsins in the lysosome. Additionally, we rescued cathepsin
function by utilizing a farnesyltransferase inhibitor (FTI), which
boosts hydrolase transport via the activation of the SNARE-protein
ykt6.

Conclusions: Our findings demonstrate a strong interplay between
aSyn aggregation pathways and function of lysosomal cathepsins. It
appears that aSyn directly interferes with enzymatic activity of
cathepsins which might lead to a vicious cycle of impaired alpha-
synuclein degradation. Moreover, our data highlights lysosomal
proteases as therapeutic target for PD.
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BASIC SCIENCE: Animal and cellular
models of Parkinson’s disease and
Parkinsonisms

P06.03

The assessment of VILIP-1 in crosstalk with FAM19A3 as an
early biological biomarker in LPS-induced inflammatory model
of Parkinson’s disease in rats

Mai M. Anwar*!, Mohamed H. Fathi?

' Department of Biochemistry, National Organization for Drug
Control and Research (NODCAR)/Egyptian Drug Authority (EDA).,
Cairo, Egypt

2 Department of Nucleic Acid & Protein structure, Center of
Genomics, Proteomics and Bioinformatics, Agricultural Genetic
Engineering Research Institute (AGERI)., Cairo, Egypt

Background: There is an urgent growing need to identify novel
blood-based and cerebrospinal fluid (CSF) biomarkers that can
detect Parkinson’s disease (PD) pathology during its early stages.
Visinin-like protein 1 (VILIP-1) is a type of neuronal calcium-sensor
protein that is suggested to be increased in the blood, CSF, and
brain in accordance with PD progression. FAM19A3 is a member of
cluster TAFA genes found to be highly expressed as a drawback of
neurodegeneration. Multiple risk factors may contribute to the
progression of Parkinson’s disease (PD) including
neuroinflammation and immune dysfunction. It is suggested that
exaggerated VILIP-1 and FAM19A3 release in the cerebrospinal
fluid (CSF) and brain tissue may promote dopaminergic neuron
damage by inducing neuroinflammation leading to PD. These
biomarkers in addition to being detected in the blood can also reflect
the degree of brain damage acting as an early biological and
therapeutic index for PD. Aim: The current study aims to investigate
whether the estimation of serum, CSF, and brain VILIP-1 and
FAM19A3 levels may be considered an efficient and reliable
biomarker for PD. Methods: A single dose of lipopolysaccharides
(LPS) was injected into the right substantia nigra pars compacta
(SNpc). The experimental design included male rats divided into a
control normal group, a short-term LPS-induced PD group (30
days), and a long-term LPS-induced PD group (60 days). Rotarod
behavior test was conducted to assess brain lesions severity and
motor  dysfunction.  VILIP-1, FAM19A3, a-Syncline, and
inflammatory factors were detected in the serum, CSF, and brain
tissue to demonstrate PD pathological damage. Results: Increased
expression of VILIP-1 and FAM19A3 were observed in the serum
and CSF in correlation with PD progression in the brain tissue
associated with elevated levels of inflammatory cytokines.
Conclusion: The present study supports the efficiency of using
VILIP-1 and FAM19A3 as an indicator for the degree of
dopaminergic neuron damage acting as an early biomarker for PD.

P06.06

Establishment of a 3D iPSC-based neurovascular model to
investigate Parkinson’s disease pathophysiology

Valentina Baruffi*', Veronica Testa’, Meritxell Pons Espinal’, Livia
Piatti?, Frangois Korbmacher?, lvonne Richaud®, Alicia Garrido?,
Eduardo Tolosa*, Angel Raya®, Maria Bernabéu Aznar?, Antonella
Consiglio®

" Department of Pathology and Experimental Therapeutics, Bellvitge
University Hospital-IDIBELL / Institute of Biomedicine (IBUB) of the
University of Barcelona (UB)., Barcelona, Spain

2 European Molecular Biology Laboratory (EMBL) Barcelona,
Barcelona, Spain., Barcelona, Spain

3 Regenerative Medicine Program, Bellvitge Biomedical Research
Institute (IDIBELL), and Program for Clinical Translation of
Regenerative Medicine in Catalonia (P-CMRC), Hospital Duran i
Reynals, Hospitalet de Llobregat, 08908 Barcelona, Spain / Centre
for Networked Biomedical Research on Bioengineering,
Biomaterials and Nanomedicine (CIBER-BBN), Madrid, Spain.,
Barcelona, Spain

4 Department of Neurology, Hospital Clinic de Barcelona, Institut
d’'Investigacions Biomédiques August Pi i Sunyer (IDIBAPS),
University of Barcelona (UB), 08036 Barcelona, Spain., Barcelona,
Spain

5 Regenerative Medicine Program, Bellvitge Biomedical Research
Institute (IDIBELL), and Program for Clinical Translation of
Regenerative Medicine in Catalonia (P-CMRC), Hospital Duran i
Reynals, Hospitalet de Llobregat, 08908 Barcelona, Spain. / Centre
for Networked Biomedical Research on Bioengineering,
Biomaterials and Nanomedicine (CIBER-BBN), Madrid, Spain. /
Institucié Catalana de Recerca i Estudis Avancgats (ICREA),
Barcelona, Spain., Barcelona, Spain

5 Department of Pathology and Experimental Therapeutics, Bellvitge
University Hospital-IDIBELL, 08908 Hospitalet de Llobregat, Spain;
Institute of Biomedicine (IBUB) of the University of Barcelona (UB),
Barcelona, Spain. / Department of Molecular and Translational
Medicine, University of Brescia, Brescia BS, Italy., Barcelona, Spain

Parkinson’s disease (PD) is characterized by a progressive loss of
dopaminergic neurons in the substantia nigra of the brain, as well as
persistent inflammation not only in the brain but also in the
periphery. Abnormal accumulation and aggregation of alpha-
synuclein in the form of Lewy bodies and Lewy neurites represent
another neuropathologic hallmark of PD. In order to investigate the
role of the adaptive immune system in disease pathogenesis here,
we use PD patient-specific iPSCs to build a new microfluidic 3D
neurovascular (NVU) model to recapitulate both the brain and blood
compartments separated by a layer of endothelial cells (ECs). With
this model, we will evaluate whether astrocyte secretion of alpha-
synuclein and other cytokines promotes blood-brain barrier (BBB)
dysfunction and neuronal degeneration. Preliminary data
demonstrated the ability of dopaminergic neurons to develop a
healthy neural network when embedded within collagen in a 3D
microenvironment. Moreover, after establishing the 3D brain NVU
model containing iPSC-derived control astrocytes, we found that
they establish contact with ECs through their end-feet. Ongoing
experiments are performed to evaluate changes in vessel
permeability and the impact of the interactions between PD
astrocytes and PD ECs on dopamine neurons. By perfusing
lymphocytes through the microvessels, we are now in the process to
quantify transmigration to the brain-like compartment and test their
role in neurodegeneration. So far, we have been able to observe
that PD T lymphocytes induce cell death when co-cultured with
dopaminergic neurons derived from PD patients, but not when
cultured with those derived from the respective isogenic control.
Future experiments will determine i) whether astrocytes-related
inflammation may cause BBB dysfunction increasing T lymphocytes
infiltration and amplifying the development of neuroinflammation in
PD; and ii) if the innate immune system (microglia) might prevent or
exacerbate the effect of the adaptive immune system on neuronal
degeneration.

Thus, this project will establish a novel 3D neurovascular model to
improve our understanding on PD and guide the development of
future therapies.
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P06.07

NMR-based metabolomic analysis of gut-brain interactions in
Parkinson’s disease modeled in Drosophila

Maryléne Bertrand', Xiaojing Yue?, Céline Landon’, Serge Birman*?
" Molecular Aspects of Life Team, Biomolecular NMR Group, Centre
for Molecular Biophysics, CNRS, Orléans, France

2 Genes Circuits Rhythms and Neuropathology, Brain Plasticity Unit,
CNRS, ESPCI Paris, PSL University, Paris, France

The gut-brain axis is a major pathway that appears to be involved in
the initiation and propagation of neuronal abnormalities. Our work
focuses on two proteins, a-synuclein and LRRK2, which are known
to play a central role in the disease and which are present and
altered in the brain and gut of Parkinson’s patients. Using
Drosophila models, we are analysing by NMR spectroscopy the
metabolic changes induced by the expression of pathogenic human
mutant forms of these proteins in the brain and intestine, at an early
and advanced stage (10 and 30 days of adult life, respectively), in
order to highlight the reciprocal influences of these two organs
during the course of the disease. This research could thus provide a
better understanding of the interactions between the microbiota, the
gut and the brain in Parkinson’s disease, including the relationship
between gut inflammation and neuronal death. It could also identify
early biomarker metabolites that would be common to pathologies
induced by mutated a-synuclein and LRRK2, potentially allowing the
disease to be detected at an early stage. The initial results and
current progress of our study will be presented.

P06.08

Exacerbation of alpha-synuclein pathology by B-lymphocyte
depletion.

Tomasz Brudek*

Bispebjerg-Frederiksberg Hospital, Copenhagen NV, Please Select,
Denmark

Multiple System Atrophy (MSA) is characterized by aggregation and
deposition of misfolded alpha-synuclein (aSyn) causing a disruption
of brain cell networks followed by failure of cellular defenses. These
pathological aggregates act as self-antigens, and our findings point
towards a failure in the immune clearance mechanisms in MSA.
Naturally occurring autoantibodies (NAbs) are crucial for
phagocytosis and inhibition of pathological protein aggregation. We
have accumulated data showing a decline in the binding of NAbs to
aSyn in MSA, suggesting that aSyn aggregates may not be fully
recognized and cleared by the immune system.

Our main hypothesis is that aSyn aggregation is normally inhibited
by anti-aSyn NAbs in a process called immune clearance. Thus,
based on our results obtained from MSA patients, we hypothesize
that B cell depleted transgenic MSA mice are more prone to aSyn-
aggregation and show increased aSyn brain pathology in
comparison to their non-depleted wild-type (WT) littermates. Thus,
the aim was to test this hypothesis by inducing a B lymphocyte
depletion by employing monocyte-mediated antibody-dependent
cellular cytotoxicity and therefore immune decline in a preclinical
aSyn transgene model of MSA.

Eight weeks old MSA mice (a transgenic model expressing full
aSyn140 (GenBank: BC108275.1) under the murine myelin basic
protein promoter in C57BL/6N mice) and their WT littermates were
treated every 3 weeks for 6 months with sterile and endotoxin-free
anti-CD20 (MB20-11, 300 pg/mouse) or isotype-matched control
mAbs injected i.v. through lateral tail veins. Eventually, the mice
were euthanized, spleens, brains, and blood sera were saved for
further analyses.

Using Flow Cytometry, we successfully validated the depletion of
the B lymphocytes by anti-CD20 antibodies. Behavioral tests, pole
and gait topography, showed no significant differences between the
anti-CD20 and the isotype treatments in both WT and MSA mice.

By Western Blotting, we evaluated the levels of murine and human
aSyn as well as phosphorylated aSyn (p-aSyn). We found
significantly increased levels of murine aSyn in WT mice treated
with CD20 antibodies vs. isotype treatment. There were no
differences in the levels of human aSyn and p-aSyn.

Our results validate our hypothesis that humoral immune responses
are important factors in aSyn clarence mechanisms.

P06.09

G2019S LRRK2 exacerbates inflammation and
neurodegeneration in models of PD and colitis

Diego Cabezudo*, George Tsafaras, Eva Van Acker, Chris Van den
Haute, Veerle Baekelandt

KU Leuven — Research Group for Neurobiology and Gene Therapy,
Leuven, Belgium

Mutations in the Leucine-rich repeat kinase 2 (LRRK2) are the most
common genetic cause of PD. The exact role of LRRK2 in PD
pathogenesis remains unclear, but a great body of evidence links
this protein with the immune system. Using knock-in mice carrying
the most common LRRK2 mutation (G2019S), we modelled PD by
inducing the overexpression of a-synuclein in the substantia nigra
using recombinant adeno-associated vectors (rAAV). The presence
of the LRRK2 mutation increased the degeneration of the
dopaminergic neurons leading to a more severe phenotype. A-
synuclein  overexpression induced a higher level of
neuroinflammation in the G2019S mice as well as lysosomal
dysfunction in the substantia nigra. Additionally, we studied the
effect of G2019S-LRRK2 in a model of gut inflammation using
dextran sodium sulphate (DSS). Mutant LRRK2 increased the gut
inflammation after DSS administration, leading to a more severe
phenotype in the knock-in mice. Bone marrow transplantation of WT
cells into G2019S mice fully rescued from the exacerbated response
to DSS, proving the key role of LRRK2 in the immune response.
Furthermore, pharmacological inhibition of LRRK2 reduced the
colitis phenotype and inflammation. Finally, we combined
experimental colitis with rAAV a-synuclein overexpression in the
substantia nigra and found that gut inflammation aggravated the
PD-related motor deficits and neurodegeneration in G2019S mice.
Taken together, our results link LRRK2 with the immune response in
the brain and in the gut and provide evidence that peripheral
inflammation can impact the brain’'s homeostasis and contribute to
neurodegeneration in PD.
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Glycated alpha-synuclein modulates the novel receptor for
advanced glycation endproducts signaling pathway: A detailed
molecular mechanism and it exacerbates on early onset of
Parkinson’s disease-like phenotypes

Sayan Chatterjee*’, Harsh Thakkar?, Amit Khairnar®, Ravi Shah*
" National Institute of Pharmaceutical Education and Research-
Ahmedabad (NIPER-A), An Institute of National Importance, Dept.
of Pharmaceuticals, Ministry of Chemicals and Fertilizer, Govt. of
India, Uttarpara, West Bengal, India

2 National Institute of Pharmaceutical Education and Research-
Ahmedabad (NIPER-A), An Institute of National Importance, Dept.
of Pharmaceuticals, Ministry of Chemicals and Fertilizer, Govt. of
India, Ahmedabad, Gujarat, India

3 International Clinical Research Centre, St. Anne’s University
Hospital, Brno, Brno, Czech Republic

4 National Institute of Pharmaceutical Education and Research-
Ahmedabad (NIPER-A), An Institute of National Importance, Dept.
of Pharmaceuticals, Ministry of Chemicals and Fertilizer, Govt. of
India, Gandhinagar, Gujarat, India

Background: Intracytoplasmic inclusion of Lewy bodies, primarily
containing alpha-synuclein (a-Syn), is a pathological hallmark for
Parkinson’s disease (PD). While the glycation with methylglyoxal
(MGO) results in a-Syn misfolded and aggregation has been
studied, the effects of glycated a-Syn and how it affects the a-Syn
aggregation at the early onset of PD have not been investigated.
Aim: To elucidate, the molecular mechanism underlying glycated o-
Syn mediated dopaminergic neurodegeneration (DAergic) in the
substantia nigra (SN) via the RAGE/Calcineurin/NFAT/Fas-Ligand
signaling pathway.

Methodology/Principle finding: Through rDNA technology, we first
purified and characterized recombinant human a-Syn (rh a-Syn).
We established that glycation (an unavoidable age-associated post-
translational modification) with d-ribose and characterized it by LC-
MS/MS, transmission electron microscopy (TEM), MALDI TOF-MS
and atomic force microscopy (AFM) analysis. Furthermore, post-
translational toxicity of a-Syn was investigated in wild-type ICR mice
by intranigral injection of a single dosage of glycated a-Syn (2ug/ul).
Behavioral assessments were done every week. To check glycated
a-Syn induced neurodegeneration, age-dependent sensitivity of
DAergic neurons, and contribution in RAGE/Calcineurin/NFAT/Fas-
Ligand signaling cascade, immunohistochemical analysis were
performed at different time points (28, and 56-day post-surgery).
Results: After rh a-Syn was successfully purified, we found the
mass increment (2kDa) of glycated a-Syn by using MALDI TOF-MS.
This was supported by the use of TEM and AFM to find alterations
in the internal structure of this protein. At 56-days post-surgery,
immunofluorescence labeling revealed an upregulation of RAGE
resulting in significant (p<0.001) loss of TH+ neurons in SNc. Iba1
and GFAP expression were elevated in order to activate the
inflammatory cascade caused by RAGE. Additionally, we found that
glycated a-Syn increased malondialdehyde (MDA) levels resulting in
ROS production, which may have contributed to the upregulation of
Calcineurin/NFAT/Fas-Ligand. Overall, our findings showed that
glycated a-Syn induced apoptosis and age-dependent sensitivity of
DAergic neurons to degeneration by activating caspase 8 and 3.
Conclusions: We uncovered that d-ribose-derived glycation played
a significant role in the exacerbation or anticipation of early onset of
PD-like symptoms, indicating that anti-glycation or anti-diabetic
agents may be effective in treating Parkinson’s disease.
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A high-content analysis pipeline for quantifying the autophagy-
lysosomal pathway in IPSC-derived cortical neurons carrying
Parkinson’s disease associated mutations

Jessica Chedid*?, Adahir-Labrador Garrido?, Gautam Wali', Dad
Abubonsarah? Lachlan Thomson? Carolyn Sue’, Deniz Kirik®, Clare
Parish? Glenda Halliday’, Nicolas Dzamko’

' University of Sydney, Sydney, NSW, Australia

2 The Florey Institute, Melbourne, VIC, Australia

3 Lund University, Lund, Switzerland

Parkinson’s disease (PD) associated mutations in the genes
LRRK2, PRKN and SNCA can manifest different variants of PD both
clinically and pathologically. However, several studies also point to a
common role of these mutations in the regulation and subsequent
dysfunction of the autophagy-lysosomal pathway (ALP). The effect
of mutations in these genes on the ALP has rarely been directly
compared. We developed a high-content analysis pipeline using
image cytometry to assess ALP in cortical neurons differentiated
from induced pluripotent stem cells (iPSCs) from controls and from
PD patients carrying mutations in LRRK2, PRKN and SNCA (n=3
per group). MAP2 positive cortical neurons expressing markers of
different cortical layers (TBR1, CTIP2 or BRN2) were successfully
differentiated from iPSCs. Live imaging and fixing/staining were
performed to measure multiple readouts of ALP (P62, LC3,
lysotracker, Mitotracker and DQ-red BSA). Imaging and analysis
were performed using the Opera Phenix System and Harmony
software respectively and an automated analysis pipeline was
developed to measure ALP readouts in at least 1500 cells per
condition across the 12 cell lines. Data to date indicate dysfunctional
lysosomal degradation in the LRRK2 mutated cell lines as
measured by an increase in the number, size and intensity of DQ
red-BSA (lysosomal substrate) accompanied by an increase in
phospho-a-synuclein expression, an expression that appears to be
localised to the neurites of the cells rather than the cell bodies.
Ongoing validation of this work may offer a new robust, unbiased,
time-effective, and highly customizable method to decipher the
enigmatic role of the ALP in genetic and sporadic forms of PD.
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Delineating neurodegenerative interactions of VPS35 and
LRRK2 in rodent models of Parkinson’s disease

Xi Chen*, Lindsey Cunningham, Nathan Levine, An Phu Tran
Nguyen, Darren Moore

Van Andel Institute, Grand Rapids, Michigan, United States

Mutations in the VPS35 gene encoding a core component of the
retromer complex have emerged as a cause of late-onset,
autosomal dominant Parkinson’s disease (PD). At present, the
mechanism(s) by which familial VPS35 mutations precipitate
neurodegeneration in PD are poorly understood and the extent to
which mutant VPS35 interacts with other PD-linked gene products in
rodent models is uncertain. VPS35 and the retromer have so far
been functionally connected to the PD-linked proteins, a-synuclein,
parkin, and LRRK2. Mutations in the LRRK2 gene are the most
common cause of autosomal dominant PD and have been shown to
increase LRRK2 kinase activity. Emerging evidence suggests that
VPS35 mutations may operate upstream or in parallel to LRRK2
where they either directly or indirectly induce kinase activation that
potentially mediates neurodegeneration. However, the
consequences of increased LRRK2 kinase activity in D620N VPS35
rodent models have not been formally evaluated. We previously
developed a PD animal model based upon the AAV-mediated
overexpression of human D620N VPS35 in the nigrostriatal pathway
of adult rats that induces dopaminergic neurodegeneration and
axonal damage. Our ongoing studies seek to evaluate the impact of
VPS35 overexpression on LRRK2 kinase activity in the brains of
commonly utilized rat genetic backgrounds. Furthermore, we are
utilizing LRRK2-deficient models to define the contribution of LRRK2
to mechanisms associated with mutant VPS35-induced
neurotoxicity. To explore the pathological significance of LRRK2
kinase activation, we assessed the impact of LRRK2 deletion in
mice on the pronounced dopaminergic neuronal loss induced by the
AAV-mediated D620N VPS35 overexpression. Surprisingly, we find
that LRRK2 deletion fails to provide neuroprotection against mutant
VPS35, and potentially worsens neurodegeneration, suggesting that
LRRK2 does not operate downstream to mediate the pathogenic
effects of mutant VPS35. Oppositely, we find no evidence that
human G2019S LRRK2 increases vulnerability to D620N VPS35
overexpression, and instead we find this genetic combination to be
significantly protective. It is ambiguous how G2019S LRRK2
mediates this protective effect, but these data suggest a regulatory
mechanism between VPS35 and LRRK2 potentially at the level of
modulating lysosomal stress. Collectively, our studies will establish
whether LRRK2 kinase activity serves a useful therapeutic target in
VPS35-linked PD.

P06.13

Selective manipulation of parvalbumin-expressing neurons in
the substantia nigra pars reticulata restores motor behaviors in
experimental parkinsonism

Lorena Delgado Zabalza*', Nicolas Mallet', Maurice Garret?,
Christelle  Glangetas!, Cristina Miguelez Palomo®, Jéréme
Baufreton'’

" Univ. Bordeaux, CNRS, IMN, UMR 5293, F-33000 Bordeaux,
France, Bordeaux, France

2 Univ. Bordeaux, CNRS, INCIA, UMR 5287, F-33000 Bordeaux,
France, Bordeaux, France

3 University of the Basque Country (UPV/EHU). 48940 Leioa, Spain,
Leioa, Spain

The substantia nigra pars reticulata (SNr) is the main output
structure of the murine basal ganglia (BG), a subcortical network
controlling the execution of motor programs but also cognitive and
associative learning functions. The activity of this network is
primarily impacted following the loss of midbrain dopaminergic
neurons in Parkinson’s disease (PD). Recent molecular and
anatomical studies have revealed a cellular heterogeneity in the SNr
associated with distinct behavioural functions. However, cell-type
specific contributions to PD-related motor dysfunctions have not
been elucidated yet. In this study, we investigated the functional
properties of parvalbumin-expressing SNr neurons (SNr-PV+). We
demonstrated that SNr-PV+ neurons have a dorso-lateral
distribution in the SNr and possess specific electrophysiological
properties compared to SNr neurons not expressing the PV. In a
mouse model of PD, we found that only SNr-PV+ neurons intrinsic
excitability is reduced ex vivo due to a downregulation of NALCN
background channels. Nevertheless, SNr-PV+ neurons display a
bursty pattern activity in anaesthetized Parkinsonian mice in vivo
which is driven by pathological glutamatergic inputs. Indeed,
pharmacological blockade of these glumatergic inputs was able to
reduce this bursting activity and increase their time in pause. These
results suggest that the hypoexcitability of SN-PV+ neurons shown
ex vivo in parkinsonian states renders these neurons more sensitive
to glutamatergic inputs. Finally, we demonstrated that chemogenetic
inhibition of SNr-PV+ neurons is sufficient to alleviate motor
impairments in Parkinsonian mice. Overall, our findings establish a
cell-type specific dysfunction in the Parkinsonian state in the main
output nucleus of the BG and provide a new cellular therapeutic
target to alleviate motor symptoms in PD.

P06.14

Characterizing patterns of neural activity in midbrain organoids
as a model for studying Parkinson’s disease

Ghislaine Deyab*', Nguyen-Vi Mohamed? Rhalena Thomas', Jiarui
Ao’, Xue Er Ding’, Julien Sirois’, Carol X-Q Chen', Lenore Beitel’,
Thomas Durcan’, Edward Fon'

' McGill University, Montreal, QC, Canada

2 MEDTEQ+, Montreal, Canada

Human derived midbrain organoids (hMOs) are a promising tool that
can be used to study Parkinson’s disease (PD) on a patient specific
level by capturing the genetic background of patients. Yet, much is
unknown about how accurately hMOs recapitulate the human brain
in health and disease. In this study, we aim to determine whether
hMOs can capture changes in neural activity associated with PD.
We have generated hMOs using induced pluripotent stem cells
derived from PD patients and their CRISPR corrected controls and
recorded their network activity using a Micro-Electrode Array (MEA).
Using custom Python scripts, we then compared these patterns of
activity between mutant and control (CTL) hMOs. In organoids
derived from patients carrying a synuclein triplication mutation, we
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see a decrease in overall activity across the organoid compared to
their isogenic CTLs. However, mutant hMOs showed an increase in
the strength of single neuron and population wide bursts. This
suggests that the organization of neural activity is shifted towards
strong bursting activity, which is complementary to neural activity
described in mouse models of PD and may reflect compensatory
mechanisms as a response to cell death. To test if this change in
activity was due to a decrease in dopamine transmission, we treated
hMOs with exogenous L-Dopa and recorded their activity before and
after treatment. Here, we saw a decrease in the number of bursts
and population bursts in mutant hMOs but not CTLs. This suggests
that observed changes in mutant hMOs may be due to decreased
dopamine transmission. In contrast hMOs harboring A53T mutations
show little to no activity compared to their isogenic CTLs. A live-
dead assay was performed on dissociated organoids through
Fluorescence-Activated Cell Sorting (FACS) to determine the ratio
of live to dead cells. At 50 days old the number of live cells was
similar in A53T and CTL hMOs. However, starting at 100 days old,
the number of live cells in A53T hMOs dramatically decreased
(~17% live cells) compared to CTLs (~80% live cells). If shown to be
reproducible, this study will help validate the reliability of using
organoids as a model to study PD in a patient specific manner.

P06.15

Point of care microfluidic testing of platelets and coagulation
using whole blood under hemodynamic conditions

Scott Diamond*

University of Pennsylvania, Philadelphia, PA, United States

Background: Patients with Parkinson’s Disease (PD), either during
clinical care or clinical trial participation, often have their blood
subjected to analysis. Compared to spinal fluid, whole blood is far
easier to obtain. With respect to PD, platelets are a rich source of (-
synuclein, parkin, amyloid-[], dopamine, glutamate, and serotonin
and have been implicated in neuroinflammatory processes.
Additionally, rapid blood testing may assist in bleeding risk,
thrombosis, or cardiovascular risk assessment.

Method: Microfluidics are devices that allow the control of microliter
streams of biologics, cells, and reagents under controlled conditions
of flow, thus stream-lining analytical protocol. Such devices have
found use in recreating stem cell differentiation pathways, blood
brain barrier, and vasculature structures. For blood analysis, an 8-
channel device was designed as an injection-molded single-use
disposable chip to expose whole blood flow for 8 controlled clotting
events on a micropatterned surface of fibrillar collagen and lipidated
tissue factor (TF). Such devices have proven useful to study platelet
thromboxane, prostacyclin, P2Y1, P2Y12, P2X1, GPVI, PAR-1,
PAR-4, nitric oxide signaling, phosphatidylserine exposure as well
as thrombin and fibrin generation.

Results: For whole blood clotting at venous wall shear rate of 200
s-1, the intrachip CV for platelet and fibrin deposition was 10% and
the interdonor CV was 30% for platelet and 22% for fibrin deposition
(across 10 healthy donors). The devices can also be used to
provide a quantitative signal of direct oral anticoagulants (DOACs).
Using fibrin generation in whole blood clots revealed 1C50’s of 120
nM for rivaroxaban and apixaban, and 60 nM for dabigatran. The
ease of use and versatility of the 8-channel device offers the
opportunity for the PD research community to explore platelet and
coagulation biology in large patient cohorts, ex vivo pharmacological
testing, and high dimensional platelet phenotyping.
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Non-invasive monitoring of midbrain dopaminergic progenitor
cell differentiation

Nicola Drummond*', Daniel Tikhomirov?, David McNay?, Yixi Chen?,
Maurice Canham?, Mio Iwasaki®, Mariah Lelos*, Asuka Morizane®,
Tilo Kunath?

' The University of Edinburgh, Edinburgh, United Kingdom

2 Centre for Regenerative Medicine, The University of Edinburgh,
Edinburgh, United Kingdom

3 Centre for iPS Cell Research and Application, Kyoto University,
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4 Cardiff University, Cardiff, United Kingdom

® Kobe City Medical Center, Kobe, Japan

Midbrain dopaminergic (mDA) neuron loss causes the motor
symptoms associated with Parkinson’s. These mDA progenitor cells
can be differentiated from pluripotent stem cells (PSCs). However,
the protocol for production of mDA progenitors is very sensitive to
slight perturbations and requires fine adjustments for different cell
lines. Methods to non-invasively monitor the production of these
progenitors will be beneficial, but currently do not exist. For cell
replacement therapy this will reduce batch failure rates and thereby
reduce the production cost as well as improve the reliability of the
cell product. For disease modelling this will allow consistent
production of robust and reliable mDA neurons.

One method to non-invasively monitor mDA differentiation is to
analyse the conditioned medium. PSCs and mDA cells have unique
secretomes that dynamically change during the differentiation
process. Candidate-secreted biomarkers in the literature, in-house
transcriptomic data, and unbiased proteomic analysis of conditioned
medium were used to identify a library of putative mDA biomarkers.
The levels of each protein in conditioned medium was measured by
ELISA over a time-course. This has allowed us to identify a number
of novel secreted biomarkers that positively and negatively correlate
with efficient differentiation of mDA progenitor cells. We have
multiplexed a number of the biomarkers on the Luminex system and
we can detect a number of these markers simultaneously in the
same sample. Several of the novel secreted biomarkers, including
Trefoil Factor 3, can predict the efficiency of mDA progenitor cell
production as early as seven days into the differentiation process.
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We have identified a number of novel biomarkers of mDA neurons
that are predictive of cultures that are on the correct trajectory to
produce highly enriched cultures of mDA progenitors.

P06.18

DNAJC12 deficiency in Parkisonism

Jesse Fox*

University of British Columbia, Vancouver, British Columbia,
Canada

Biallelic mutations in DNAJC12 were recently discovered as a cause
of early/juvenile-onset parkinsonism. The DNAJC family proteins
function as molecular co-chaperones with highly conserved J-
domains which aid in the folding of nascent proteins, refolding
misfolded or aggregate-prone proteins, targeting cytotoxic proteins
for degradation, or mediating translocation across intracellular
membranes. Importantly, there are five known DNAJC proteins
expressed in the human brain which have been implicated in PD
(DNAJC5, DNAJCB, DNAJC12, DNAJC13, & DNAJC26). More
specifically, studies have determined a role of these co-chaperones
in regulating cellular quality control, preventing cytotoxic protein
aggregation and maintaining homeostatic dopamine neuronal
function.

In this research, we characterize a novel DNAJC12 knock-out
mouse line and use in vitro models to elucidate DNAJC12 function
in neurons. DNAJC12 has been implicated in dopamine
homeostasis which is central to the etiology of PD. We confirm a
positive interaction between DNAJC12 and tyrosine hydroxylase
(TH), the rate-limiting enzyme in dopamine synthesis, and use our
model systems to further characterize DNAJC12’s role in regulating
TH activity and dopamine production. We further assess
mitochondrial bioenergetics and explore overlapping phenotypic
spectrums of DNAJC12-deficiency with GCH1-deficiency, the rate-
limiting enzyme in tetrahydrobiopterin (BH4) synthesis which is a co-
factor for aromatic amino acid hydroxylates, including TH.

P06.19

DNAJC13 p.N855S in Parkinson’s disease

Jesse Fox*

University of British Columbia, Vancouver, British Columbia,
Canada

Parkinson’s disease (PD) is a common neurodegenerative disorder
for which genetic studies have discovered multiple causative genetic
mutations to highlight convergent cellular pathways. In 2014
DNAJC13 p.N855S was linked to autosomal dominant late-onset
PD in Canadian Mennonite families. In 2016 that assignment was
challenged by the publication of TMEM230 p.R141L in the largest
pedigree. Here we provide an analysis of the functional
consequences in vivo of DNAJC13 p.N855S mutation in a knock-in
mouse model.

Disease segregation shows comparable evidence for TMEM230
and DNAJC13 linkage, depending on the affected phenotypes
specified. DNAJC13p.N855S has a greater lifetime penetrance, the
protein is highly conserved within and across species, and
substitutions at this position are rare. In primary cultures, DKI
neurons show excessive endosomal tubulation consistent with loss-
of-function studies. Heterozygous DNAJC13 p.N855S Kl (DKI) mice
exhibit behavioral phenotypes (including open field locomotion, grip
strength and balance/coordination) at different ages compared to
WT littermates, as well as differences in expression of synaptic
vesicular proteins and membrane transporters (a-synuclein,
VAMP2, VGIuT1 and DAT) by immunofluorescence confocal
imaging and/or protein biochemistry. To further test our model, we

inject in the striatum unilaterally with pre-formed alpha-synuclein
fibrils or control in heterozygous DKI mice and WT littermates to
assess neurodegeneration of dopamine neurons in the Substantia
nigra, animal behaviour and locomotion, neurotransmitter levels ex
vivo and presence of pathology.

P06.20

Utilising preclinical murine models to investigate sleep and
circadian system dysfunction in Parkinson’s disease
Nicholas Garner*', Pu Reum Kim', Marco Weiergraeber? Richard
Gordon®, Katerina Hanton®, Henrik Oster*, Oliver Rawashdeh’

' School of Biomedical Sciences, Faculty of Medicine, University of
Queensland, Brisbane, Australia

2 Experimental Neuropsychopharmacology, Federal Institute for
Drugs and Medical Devices, Kurt-Georg-Kiesinger-Allee, Bonn,
Germany

3 UQ Centre for Clinical Research, Faculty of Medicine, The
University of Queensland, Brisbane, Australia

4 Institute of Neurobiology, Marie-Curie-StraRe, Lubeck, Germany

Sleep dysfunction and circadian disturbances are among the
earliest non-motor features of Parkinson’s disease, preceding motor
manifestations by up to 15 years. Parkinson’s is characterized by a
degeneration of dopaminergic neurons of the nigrostriatal and
mesolimbic systems and the occurrence of Lewy bodies containing
pathological alpha-synuclein (a-syn). So far, the contribution of each
pathological presentation to the non-motor symptoms experienced
remains unclear. We aimed to help elucidate this by modelling and
assessing the contribution of each pathology at a prodromal stage
to alterations in sleep and circadian functions. To test how
dopaminergic neurodegeneration confined to the nigrostriatal
pathway, or fibril-related alterations in neuronal processes may alter
circadian rhythms of physiology and behavior, we utilized well-
established preclinical models of each hallmark of the disease. Mice
were unilaterally injected with either the neurotoxin 6-
hydroxydopamine (OHDA) to cause targeted dopaminergic
neurodegeneration or with preformed fibrils of human a-syn (PFF).
Next, video-EEG through wireless radiotelemetry was performed
under numerous experimental paradigms designed to observe and
challenge sleep and circadian function. We assessed the regulation
of sleep timing, the rate of adaptation to changes in geophysical
time, and the circadian free-running period of activity cycles under
constant darkness. We also investigated sleep propensity using the
maintenance of wakefulness test and sleep homeostasis by
assessing sleep rebound and recovery after sleep deprivation. We
found that each pathological hallmark of Parkinson’s uniquely
contributes to sleep and circadian function alterations. In addition,
we have characterized a baseline for these PD mouse models,
which are a promising tool in investigating treatments that may
elevate symptoms of sleep and circadian disruption for future
studies. With the results of our study, we aim to provide the broader
community with a greater understanding of the contributions of each
pathology of sleep dysfunction and circadian disturbances.

P06.21

Impact of a-Synuclein inclusions on glutamatergic synapses in
the amygdala in a PFF mouse model of PD

Nolwazi Gewensa*, Dreson L Russell, Khaliah Long, Charlotte F
Brzozowski, Laura Volpicelli-Daley

University of Alabama at Birmingham, Birmingham, Alabama,
United States

Objective: Parkinson’s disease is a neurodegenerative disorder
characterized by a-synuclein inclusions termed Lewy Pathology.
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Lewy pathology in the amygdala of PD patients is robust and at
least 80% of PD sufferers experience non-motor symptoms such as
apathy, hallucinations, anxiety, and depression potentially caused
by a-synuclein inclusions causing dysfunction in the amygdala.
However, the mechanisms by which inclusions could cause defects
within the amygdala have not been well-studied. Synucleinopathy
has been demonstrated to reduce dendritic spine density in mouse
primary hippocampal neurons, and in mouse models of
synucleinopathy. Microglial activation and synapse pruning have
recently been shown to play a role in synapse degeneration in
neurodegenerative disease. We hypothesise that a-synuclein
inclusions induce microglial activation resulting in degeneration of
synapses of affected neurons in the amygdala.

Methods: 3-or 4-month-old mice are injected intrastriatally with
fibrils to induce inclusion formation in the basolateral amygdala
(BLA) or monomer or PBS negative controls. Thereafter, brains are
harvested 6 and 12 post injection. Structured Illlumination
Microscopy (SIM) is used to resolve synapses and 3D surfaces of
synaptic puncta are rendered using Imaris software to measure the
volume of synaptic compartments. Additionally, changes to the
activation state of microglia and changes in the engulfment of
synaptic material by activated microglia in response to inclusions
are measured.

Results: We showed significant reduction in the density of
vGLUT1+ puncta in the lateral amygdala of mice 6 weeks after PFF
injection compared to controls. Additionally, we showed a significant
increase in density of IBA1+ microglia and a significant reduction in
projections per IBA1+ microglia indicating microgliosis in PFF
injected mice. Rendered 3D surfaces of IBA1+ microglia and
vGlut1+ puncta showed a significant increase in presynaptic
material engulfed by microglia and an increase in trafficking of
engulfed material into microglial lysosomes in PFF injected mice.
Conclusion: Our preliminary data show potential loss of synapses
in the amygdala of mice with pre-formed fibril (PFF)-induced a-
synuclein inclusions compared to control mice. Additionally, we
observe robust microgliosis at early time points following initiation of
a-synuclein formation. Thus, we conclude an association between
activated microglia and changes in vGLUT1+ puncta in the
amygdala as a feature of a-synuclein pathophysiology.

P06.22

Modeling PRKN/PARK2-associated Parkinson’s disease
Christopher J. Griffey*!, Alf H. Lystad?, Anne Simonsen? Robert E.
Burke', Ai Yamamoto'

" Department of Neurology, Columbia University, New York, NY,
United States

2 Department of Molecular Medicine, University of Oslo, Oslo,
Norway

Parkinson’s disease (PD) is characterized by the selective
degeneration of midbrain dopaminergic neurons. Genetic studies
have revealed causative and risk loci associated with a proportion of
PD cases, such as PRKN/PARK2, encoding parkin and when
mutated causes a rare familial form of autosomal recessive PD.
Cell-based studies have linked parkin to mitochondrial turnover by
autophagy, or mitophagy, but to date, manipulating this gene in
rodents has not robustly recapitulated core features of PD. This has
called into question how reliably we can model genetic forms of PD
to what degree we can capture cell type-specific vulnerabilities in
PD and other neurodegenerative diseases in nonhuman mammalian
systems.

Here, we find that global, inducible deletion of Prkn/Park2 (parkin
iKO) in the adult mouse leads to age-dependent motor impairments
that are responsive to levodopa treatment. We report that these
behavioral defects are associated with pathological changes in
nigrostriatal dopaminergic neurons and striatal gliosis. We also
show metabolomic alterations in the parkin iKO brain that precede
degenerative changes, and present a new, in vivo mitophagy
reporter system to investigate the relationship of parkin’s described
role in mitochondrial homeostasis to the observed phenotypes.
These results provide critical insight into parkin’s contribution to
mitophagy and dopaminergic neuron stability in the mammalian
brain.

P06.23

Involvement of serotonergic descending pathways on pain in a
mouse model of parkinsonism

Zoé Grivet*', Franck Aby? Rabia Bouali-Benazzouz', Frédéric
Naudet', Aude Verboven', Abdelhamid Benazzouz"', Pascal
Fossat*?

" Université de Bordeaux, Institut des Maladies Neurodégénératives
- CNRS UMR5293, Bordeaux, France

2 Université de Bordeaux, Institut des Maladies Neurodégénératives
- CNRS UMR5293 & SATT AST, Bordeaux, France

3 Université de Bordeaux, Institut des Maladies Neurodégénératives
- CNRS UMR5293. #equal contribution, Bordeaux, France

Parkinson disease (PD) is characterized by the degeneration of a
certain category of neurons: the dopaminergic neurons. The loss
induces the apparition of the well-known motor symptoms but also
to non-motor symptoms. The main non-motor symptom is chronic
pain, which affects highly the quality of life of 60 to 80% of the
patients. However, the mechanisms leading to this symptom are not
defined yet as we do not clearly know how the disease affect the
circuit of pain.

The spinal cord corresponds to a key area in the pain circuits as it is
the first relay of the nociceptive information. It receives the
nociceptive signal from the periphery of the body and then sends it
to the higher cerebral area where the pain will be created. This
corresponds to the ascending pathway and it is highly modulated by
the descending pathways. These pathways are projecting from the
brain to the spinal cord. Their role is to modulate the ascending
information in order to limit the pain sensation.

Our hypothesis is that in Parkinson disease the descending pathway
and more particularly the serotonergic one is losing its analgesic
role, which would explain the hypersensitivity observed in patients.
To test this, we are using a mouse model of Parkinsonism and
genetic tools, which artificially help us to modulate the activity of the
descending pathway. This allows us to define the role of the
descending pathway and how it can be affected by the depletion of
the dopaminergic neurons.

Until know, we showed that the loss of dopamine neurons makes
the 5-HT descending pathway switching from an analgesic role to a
proalgesic one as we could see that in pathological conditions, the
activation of the pathway does not induce anymore a decrease of
pain but an increase of it.

Now raise the question of the mechanisms leading to this switch in
order to develop potential therapeutic targets to treat the chronic
pain in parkinsonian patients.
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P06.25

Fluorescence lifetime imaging and immunohistochemical
analysis of neuropathological changes related to Parkinson’s
disease in murine duodenal tissues

Jana Harsanyiova*', Alzbeta Kralova Trancikova? Martin Kolisek’
' Comenius University in Bratislava, Jessenius Faculty of Medicine
in Martin, Biomedical Centre Martin, Martin, Slovakia

2 Comenius University in Bratislava, Jessenius Faculty of Medicine
in Martin, Biomedical Centre Martin; Slovak Academy of Sciences,
Institute of Neuroimmunology, Martin, Slovakia

Parkinson’s disease (PD) is a progressive neurodegenerative
disease where the incidence increases significantly with age. The
disease is characterized by the degeneration of dopaminergic
neurons and the formation of Lewy bodies and Lewy neurites in the
central nervous system (CNS). The PD onset is thought to be
localized to peripheral organs (e.g., gastrointestinal tissues or the
olfactory bulb) several years before CNS pathology. Therefore,
identifying the neuropathological changes associated with PD
before the involvement of the CNS could become a promising tool
for the early diagnosis of the disease. In our study, we focused on
the early detection of the pathologically aggregated proteins
associated with PD in different layers of mouse gastrointestinal
tissues by using two advanced microscopic methods.

Pathology associated with PD in a murine model was induced by
oral administration of neurotoxin rotenone, and duodenal tissues
were collected after 0, 4, 6, 8, 10, and 12 weeks of rotenone
application. Whole-mount tissues were stained with Thioflavin S
(ThS) or specific antibodies and analyzed using a combination of
two innovative methods: fluorescence lifetime imaging analysis
(FLIM) and confocal/multiphoton microscopy to detect pathological
aggregates of synuclein in mucosal, submucosal, and muscle
layers.

Using FLIM analysis, we detected a gradual increase of ThS
fluorescence in duodenal samples after 4 weeks of rotenone
administration, depending on the length of the rotenone application.
After 8 weeks of rotenone treatment, immunohistochemical staining
of whole-mount tissues revealed the presence of pathological
synuclein-positive aggregates.

Our experiments revealed the suitability of the used innovative
microscopic methods for complex whole-mount samples. Based on
our results, FLIM technique appears to be adequately sensitive to
detect early and gradual changes related to pathological synuclein
aggregation in a mouse model of the Parkinson’s disease.
Acknowledgement: This work was supported by the Slovak
Research and Development Agency APVV-20-0331 and VEGA
1/0371/21.

P06.26

Focused ultrasound as a novel therapeutic for depression in
Parkinson’s disease

Rachael Herlihy*, Francisco Alicandri, Hudy Berger, Huda Rehman,
Yifan Kao, Kainat Akhtar, Emily Mahoney-Rafferty, Angela Tawfik,
Rachel Skumurski, Damian Shin

Albany Medical College, Albany, New York, United States

While motor disturbances are the most common symptoms of
Parkinson’s disease (PD), depression appears in 40% of people
with PD as a non-motor symptom that increases functional disability,
exacerbates motor dysfunction, and reduces quality of life. Among
these patients, only 50% respond to antidepressants and alternative
therapeutics are needed. Vagus nerve stimulation (VNS) improves
treatment-resistant depression in the general population, but this
antidepressant effect has not been demonstrated in the PD
population. To fill this gap, we apply focused ultrasound (FUS) to a

peripheral ganglion, which mimics VNS but is targeted downstream
of the vagus nerve non-invasively, and assess changes in
depressive-like behavior in an animal model of PD. We hypothesize
that FUS to a peripheral ganglion improves depressive-like behavior
in PD rats. If validated, our study is significant in revealing that FUS
neuromodulation, akin to non-invasive VNS, is efficacious for
depression in PD. Here, male Sprague Dawley rats are made
parkinsonian (‘PD’) from craniotomy surgery and unilateral injection
of 6-hydroxydopamine (6-OHDA) into the medial forebrain bundle.
Forepaw akinesia is evaluated with the limb-use asymmetry test,
and depressive-like behavior is assessed with the sucrose
preference test (SPT) and forced swim test (FST). After, brain slices
are immuno-stained with tyrosine hydroxylase (TH) to visualize and
quantify dopaminergic cell and axon degeneration in the substantia
nigra pars compacta and striatum, respectively. We found that PD
rats not only exhibited forelimb akinesia and >90% loss of TH
immunostaining ipsilateral to the lesioned side, but also
demonstrated depressive-like behavior, which was improved by
FUS in the SPT. Data regarding PD rats and efficacy with FUS in
the FST remains to be seen. In conclusion, non-invasive FUS to a
peripheral ganglion improved depressive-like behavior in PD rats.
Further research will shed light on the plausible clinical utility of FUS
as a novel therapeutic for depression in PD patients.

P06.27

Reduction in alpha-synuclein levels after antisense
oligonucleotides treatment in patient derived midbrain
organoids

Javier Jarazo*', Isabel Rosety’, Mario Richter?, Jan Stoehr’,
Michael Schulz?, Peter Reinhardt?, Jens Schwamborn’

' OrganoTherapeutics, Esch-sur-Alzette, Luxembourg

2 AbbVie Deutschland GmbH & Co KG, Ludwigshafen am Rhein,
Germany

3 AbbVie Cambridge Research Center, Cambridge, United States

Objectives: Accumulation of aggregated alpha-synuclein is one of
the hallmarks in the pathogenesis of most Parkinson’s disease (PD)
cases, thus it is an interesting target for new therapeutics. In this
study we determined if antisense oligonucleotides (ASOs) can
reduce the levels of alpha-synuclein, as well as their impact in
differentiation efficiency in midbrain organoids.

Methods: Midbrain organoids derived from control and patient
carrying a triplication in the alpha-synuclein gene were used for
assessing the effect of Gapmer ASOs directed against alpha-
synuclein. A series of regimens and concentrations were used: a
12-, 25- or 50-day treatment until the organoids reached a
differentiation of 50 days; and the concentrations selected were
0.01nM, 0.033nM, and 0.1nM, with an untreated condition as
control.

Results: No major toxicity was detected after treatment with the
ASOs, since the proportion of pyknotic nuclei was lower than 5%
across regimens and concentrations. Treatment with ASOs
produced a significant reduction in the levels of total and
phosphorylated alpha-synuclein in a regimen and dose dependent
manner. The S129 phosphorylated form of alpha-synuclein was also
reduced in a similar way as alpha-synuclein but to a lesser extent.
Reduction in the levels of alpha-synuclein was detected in both
lines, and with immunofluorescence and western blot analysis. The
shortest regimen produced a significant increase of dopaminergic
neurons in the patient specific midbrain organoids, but only a
tendency to be increased was observed with the other treatment
conditions.

Conclusions: The clear reduction in the levels of alpha-synuclein
after treatment with ASOs in the context of a patient model that
recapitulates all the key features of PD in vitro, indicates that ASOs
are an interesting treatment candidate to further develop.



104 WPC 2023 Abstracts

Reference: This work will be presented as well in the ADPD 2023
Alzheimer’'s & Parkinson’s Diseases Conference, 28/3-1/4/2023.

P06.28

Cell autonomous role of leucine-rich repeat kinase in
dopaminergic neuron survival

Jongkyun Kang*, Guodong Huang, Long Ma, Youren Tong, Phoenix
Chen, Jie Shen

Harvard Medical School/Brigham and Women'’s Hospital, Boston,
MA, United States

Mutations in LRRK2 are the most common genetic cause of
Parkinson’s disease (PD). Previous studies showed that germline
deletions of LRRK2 and its homologue LRRK1 results in age-
dependent loss of dopaminergic neurons in the substantia nigra
pars compacta (SNpc), but the earlier mortality and lower body
weight of LRRK double knockout (DKO) mice raised the possibility
that the observed dopaminergic neurodegeneration may be cell
extrinsic. In this study, we investigate whether LRRK is required for
dopaminergic neuron survival in a cell autonomous manner through
the generation of dopaminergic neuron-specific LRRK conditional
DKO (cDKO) mice. We found that LRRK cDKO mice of both sexes
exhibit normal body weight and mortality but nevertheless develop
significant decreases of dopaminergic neurons at the ages of 20
and 24 months. In contrast to the reduction of dopaminergic
neurons in LRRK DKO mice at 15 months of age, the number of
dopaminergic neurons in LRRK cDKO mice at this age is
unaffected. Furthermore, DA neurodegeneration is accompanied
with increases of apoptosis and elevated microgliosis in the SNpc of
LRRK cDKO mice. Surprisingly, quantitative electron microscopy
analysis showed similar number and area of electron-dense
vacuoles in SNpc neurons of LRRK cDKO and control mice at 25
months of age, compared to age-dependent, dramatic increases of
electron-dense vacuoles in surviving SNpc neurons of LRRK DKO
mice. These results demonstrate an essential, cell autonomous role
of LRRK in dopaminergic neuron survival and suggest a cell non-
autonomous contribution of LRRK to the integrity of dopaminergic
neurons.

P06.29

Experimental colitis accelerates intragastric rotenone-induced
alpha-synuclein pathology and its progression from the gut to
the brain

Nishant Sharma', Monika Sharma? Disha Thakkar®, Hemant
Kumar®, Sona Smetanova®, Lucie Buresova®, Petr Andrla®, Amit
Khairnar*®
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& Department of Pharmacology and Toxicology, National Institute of
Pharmaceutical Education and Research, Ahmedabad (NIPER-A),
Fakultni Nemocnice U Sv Anny, International Clinical Research
Center, Brno, Czech Republic, Brno, South Moravia, Czech
Republic

Background: The involvement of GI inflammation and local
exposure to neurotoxins in the gut provides the most detailed
explanation of Parkinson’s disease (PD) etiopathogenesis via
aberrant accumulation and spreading of alpha-synuclein (a-syn)
aggregates from the gut to the brain.

Objectives: This study sought to determine whether people with
colitis have increased vulnerability in the presence or absence of
environmental toxins to developing PD pathology.

Methods: To induce colitis, 10 months old C57BL/6 mice were pre-
exposed to 3 cycles of 7 days of 1% (w/v) DSS administration in
drinking water. After colitis induction, animals received a low dose of
intragastric rotenone for the next 8 weeks, followed by testing for
Parkinsonian behavior and Gl phenotypes of inflammation. At the
end of the 17th week, colon, brain stem, and midbrain tissue were
isolated and analyzed for a-syn, inflammatory markers, and
dopaminergic neuronal loss. Fecal microbial composition was
assessed by 16S rRNA sequencing analysis.

Results: We found that rotenone alone exposure for 8 weeks did
not affect colitis severity and colonic tight junction (TJ) protein
expression (ZO-1, Occludin, and Claudin-1). On the contrary, we
found that chronic rotenone administration in the presence of pre-
existing colitis increased proinflammatory mediators, altered gut
microbiota composition, and reduced TJ’s protein expression. This
damage was also accompanied by impairment of Gl functions, and
poor behavioral performances suggested to result in aberrant
rotenone-induced a-syn pathology in the colon. Results showed that
a-syn pathology specific to the mice administered with rotenone
post-colitis produced signs of dopaminergic dysfunction along the
nigrostriatal path, including the dorsal motor nucleus of the vagus
and locus coeruleus.

Conclusions: These findings indicate that long-term rotenone
exposure in conjunction with early inflammatory intestinal milieu
exacerbates the progression of a-syn pathology and aggravates
neurodegeneration in the intragastric mouse PD model.

Keywords: Parkinson’s disease; Gut inflammation; Inflammatory
bowel disease; Alpha-synuclein progression; Gut-brain axis.
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P06.30

Human a-synuclein-holding familial Parkinson’s disease-linked
Ala-53 to Thr mutation causes sleep and circadian dysfunction
in transgenic mice

Pureum Kim*', Nicholas Garner', Henrik Oster?, Oliver Rawashdeh’
" The University of Queensland, Brisbane, QLD, Australia

2 University of Lubeck, Libeck, Germany

Sleep dysfunction and circadian disturbances are among the
earliest non-motor features of PD, preceding motor manifestations
by many years. PD is characterised by the occurrence of Lewy
bodies containing phosphorylated alpha-synuclein (a-synP). By
modelling the accumulation of pathological a-synP, a hallmark of the
disease, we aimed to investigate the impact of pathological human
Ser129-phosphorylated a-synuclein (a-synP) accumulation in the
brain of mice on sleep homeostasis and circadian function.

We used the preclinical M83 transgenic mouse model, which
expresses the A53T mutated form of human a-syn protein, which
can cause PD in humans. EEG/EMG radiotelemetry data and video
surveillance were acquired under different experimental conditions
and at different stages of disease progression. To test whether the
accumulation of pathological a-synP in the brain modifies the
biological clock and/or downstream clock-regulated physiology and
behavior, we assessed the response of the circadian system to
entrainment signals and its role in the organism’s adaptation to
changes in environmental timing. To assess sleep quality and sleep
homeostasis, we used polysomnography, the gold standard for
measuring sleep, by assessing electroencephalography (EEG),
electromyography, body temperature and video recordings under
different experimental conditions.

We found that the accumulation of pathological a-synP alters the
sleep/wake profile, brain activity, sleep quality and significantly
impacts centrally regulated circadian rhythms. Furthermore, M83
mice progressively develop changes in their responsiveness to
environmental resetting cues (e.g., light) necessary to maintain the
alignment of the sleep/wake cycle to geophysical time and to adapt
to environmental changes, such as temporal shifts in day/night
cycles.

Our findings suggest that the circadian clock and clock-regulated
pathways controlling overt rhythms of behavior and physiology,
including sleep, are progressively altered by pathological brain a-
synP with age. The M83 transgenic model is a valuable tool to
investigate the pathogenesis of human a-synucleinopathy during the
prodromal stages of PD and for screening and developing disease-
modifying therapies.

P06.32

Sub-acute MPTP treatment increases a-synuclein levels and its
aggregation in mice

Lucia Lage Pita*, Ana Isabel Rodriguez Pérez, José Luis
Labandeira Garcia, Antonio Dominguez Meijide

University of Santiago de Compostela-CIMUS, Santiago de
Compostela, A Corufia, Spain

The main hallmarks of Parkinson’s disease (PD) are a defined
staged neuroinflammatory progression and the presence of protein
aggregates termed Lewy bodies. One of the characteristics of these
aggregates, is the presence of misfolded forms of a-synuclein.
There has been some controversy regarding the MPTP
parkinsonian mouse model as a model for a-synuclein aggregation
as it has been reported that acute and chronic MPTP mice do not
manifest a-synuclein aggregates;, more recently, several groups
have observed the presence of a-synuclein aggregates in MPTP-
treated mice. In the present work, we have studied the formation of
a-synuclein aggregates in neurons, astrocytes, and microglial cells

in a 5-day sub-acute MPTP parkinsonian mouse model comparing
with control mice to help clarify this controversy. We used staining
with Thioflavin S (ThS), a fluorescent dye that binds to fibrillar
amyloid structures, combined with immunocytochemistry for a-
synuclein, TH, GFAP and IBA-1 and we observed, using confocal
microscopy, that MPTP-treated mice manifest the presence of a-
synuclein, which increased with aggregation stimulation. Besides,
we used this model to assess changes in these aggregates by
fluorescent microscopy analysis in these groups quantifying the
area for each antibody-ir and for ThS binding by measuring the area
of the particle. We observed that, in both substantia nigra (SN) and
striatum, there is a significant increase in the expression of a-
synuclein and in ThS staining after sub-acute treatment with MPTP
in comparison with the controls and the same results were observed
when we individually analyzed the aforementioned cell types. In
addition, we observed decrease in the number of neurons and an
increase in the number of microglial cells in both areas. These
results confirm that, under our experimental conditions, treatment
with MPTP leads to the formation of aggregates in mouse brain that
is combined with a significant increase in a-synuclein expression.
Thus, the present results suggest that sub-acute MPTP treatment
increases the number of a-synuclein aggregates in mouse brain.
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Anatomo-radiological correlations in a Parkinson’s disease
animal model

Chirine Katrib*', Hector Hladky', Régis Bordet', David Devos’,

Charlotte Laloux*?, Nacim Betrouni’

" UMR-S1172, Lille Neuroscience and Cognition, Lille, France

2 UMR-S1172, LiINCog, Lille Neuroscience and cognition, Lille,
France

Advanced methods in neuroimaging analysis are providing new
insights into the mechanisms underlying Parkinson’s Disease (PD).
They have shown predictive abilities in detecting early changes in
the brain, and correlating them with different disease related
symptoms. By using preclinical models of the disease, this work
aims to decipher the tissular signatures of these imaging changes
by establishing correlation with histological findings.

Rats receive a double bilateral intranigral injection of the AAV alpha-
synuclein, then undergo several behavioral tests to evaluate motor
and cognitive functions over a 4-month period. Three MRI
acquisitions are held at 2-10- and 18-weeks post-injection,
including a whole-brain T2w and T2*w. Histological studies are led
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to evaluate dopaminergic degeneration, iron accumulation and
alpha synuclein deposits in the brain.

This PD model shows a moderate and progressive dopaminergic
neurodegeneration, with 30% loss of TH+ neurons in the
nigrostriatal pathway at 4-months post-injection. It also exhibits
diffuse synucleinopathy in the brain. Behavioral tests reveal deficits
in sensori-motricity, attention and visuo-spatial learning. Whole-
brain VBM analysis show hypointense signals between MRI
sessions 2 and 3, in the nigrostriatal pathway, the hippocampus, the
fimbria, as well as the limbic, insular, and prefrontal cortex. Indeed,
these regions are directly related to the motor and executive
functions impaired.

Spatial and functional correlations between imaging analysis and
behavioral & histological profiles of established PD animal models,
has the potential to explain the changes observed in imaging on a
cellular and molecular level, and to help better understand the
physiopathology of the disease. These imaging markers correlated
to tissue markers, could be studied in a clinical context as a tool for
early diagnosis and/or a means of monitoring the evolution of the
pathology or the effectiveness of therapeutic strategies.
Acknowledgements: We thank France Parkinson’s association for
funding the project and Lille University and Inserm for PhD student
funding. We thank all members of the Lille In vivo imaging and
function platform (UMS2014 US41 Lille Biology and Health
platforms), the Biolmaging Center Lille (BICelL), Lille Animal
Facilities, and the Degenerative and vascular cognitive disorders
Team, UMR1172 LiINCog Center, for their work and support.

Figure: 3D representations of voxel base morphometry signal changes (A) and alpha-
synuclein spreading (B) in the brain of AAV-mediated alpha-synuclein overexpression
rat model, 18 weeks after surgery

P06.34

Characterization of retinal structure and function in the tau
knockout mouse model of Parkinson’s disease

Pei Ying Lee*", Yolanda Tan’, Vickie Wong', Da Zhao', Katie Tran’,
David Finkelstein?, Bang Bui', Christine Nguyen’

" The University of Melbourne, Parkville, VIC, Australia

2 Florey Institute of Neuroscience and Mental Health, Parkville, VIC,
Australia

Aim: Recent evidence suggests that visual disturbances precede
motor symptoms in Parkinson’s disease (PD). The eye being an
outpouching of the brain, provides an easily accessible window
through which PD neural changes can be probed. Characterizing
retinal changes in PD could be used as biomarkers to support
diagnosis and to monitor PD during clinical trials. Tau is reduced in
human idiopathic PD, this tau knockout mouse model has
behavioural, neurodegenerative and biochemical similarities with the
human condition. This study aims to characterize retinal structure
and function using the tau knockout mouse model at stages
equivalent to prodromal and late PD.

Methods: Retinal structure and function were assessed using
optical coherence tomography (OCT) and electroretinography
(ERG), respectively. The OCT provides thickness measures of
retinal layers. The ERG provides an index of the health of the major
cell classes in the retina. Two ages were examined: (1) 7-8 months
old (prodromal; wild-type n = 10, tau knockout n = 11); and (2) 17-18
months old (late; wild-type n = 12, tau knockout n = 12). A two-way
ANOVA, with a post hoc Sidak's multiple comparison, was
conducted to compare the effects of age and genotype.

Results: Tau knockout mice showed significant differences in all
retinal layer thicknesses compared to age-matched wild-type mice.
Notably, there was a significant interaction effect in outer nuclear
layer thickness (p = 0.02), where 8-month-old tau knockout mice
showed the greatest thinning (49.9 £ 1.4 ym vs. wild-type 60.9 + 1.6
um, p < 0.01). There was also significant reduction in interneuron
function in tau knockout mice compared to wild-type mice (bipolar
cell function, p = 0.01; amacrine cell function p < 0.01).
Conclusions: The tau knockout mouse model of PD manifested
retinal structural and functional deficits as early as 8 months of age.
These measures may serve as biomarkers for understanding tau-
related changes in the eye of people living with PD.

P06.35

Modulation of the gut microbiota modifies Parkinson’s disease-
like pathology in transgenic neuromelanin-producing mice
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Sepulveda’, Marc Velilla?, Gisela Besa®, Annabelle Parent’, Josep
A. Villena*, Miquel Vila® Ariadna Laguna®
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2 (1)Vall d’Hebron Research Institute (VHIR), Barcelona, Spain; (3)
CIBERDEM, CIBER on Diabetes and Associated Metabolic
Diseases, Instituto de Salud Carlos Ill, Madrid, Spain, Barcelona,
Spain

3 (1) Vall d’Hebron Research Institute (VHIR), Barcelona, Spain,
Barcelona, Spain

4 (1)Vall d’Hebron Research Institute (VHIR), Barcelona, Spain; (3)
CIBERDEM, CIBER on Diabetes and Associated Metabolic
Diseases, Instituto de Salud Carlos Ill, Madrid, Spain; (4)Universitat
Autdnoma de Barcelona, Barcelona, Spain, Barcelona, Spain

5 (1)Vall d’'Hebron Research Institute (VHIR), Barcelona, Spain; (2)
Center for Networked Biomedical Research on Neurodegenerative
Diseases (CIBERNED), Madrid, Spain; (4)Universitat Autobnoma de
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8 (1)Vall d’Hebron Research Institute (VHIR), Barcelona, Spain; (2)
Center for Networked Biomedical Research on Neurodegenerative
Diseases (CIBERNED), Madrid, Spain; (4)Universitat Autonoma de
Barcelona, Barcelona, Spain;, Barcelona, Spain

Accumulating evidence indicate that alterations in the
gastrointestinal (GI) function and the gut microbiota represent a risk
factor for Parkinson’s disease (PD). Changes in the gut-brain axis
can affect both the enteric and central nervous systems, which
might have implications in understanding disease pathophysiology
and for the development of disease modifying therapeutic
strategies.

To clarify how the gut-brain axis is involved in disease pathogenesis
and/or in modulating the manifestation of PD symptoms, we used a
new transgenic neuromelanin-producing mouse model (tgNM) that
mimics the age-dependent accumulation and brain-wide distribution
of neuromelanin occurring in humans.

These animals exhibit gastrointestinal dysfunction (i.e. altered fecal
output, gut permeability) in the prodromal phase before the
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appearance of dopaminergic dysfunction. These functional
alterations correlated with an altered composition of the fecal
microbiome and metabolome, as well as increased fecal and
intestinal inflammation markers. Next, we assessed if modulation of
the gut microbiota could affect the manifestation of both motor and
non-motor symptoms in tgNM mice. First, we fed the animals with a
high fat diet (HFD) and evaluated the worsening of the peripheral
and brain pathology observed in tgNM mice. Second, we performed
fecal microbiota transplants (FMT) from young wild-type mice and
assessed their potential neuroprotective and beneficial effects.

Our results indicate that modelling human brain pigmentation in
mice is sufficient to induce prodromal gastrointestinal dysfunction
and that the newly generated neuromelanin-producing mouse model
represents a valuable tool to test disease-modifying strategies for
PD based on the modulation of the gut-brain axis.

Figure 1: Schematic diagram summarizing the appearance of
pathological features and the manifestation of motor and non-motor
alterations in tgNM mice as a new model of prodromal Parkinson’s
disease.
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IPSC-derived human midbrain-striatal assembloid for
Parkinson’s disease modeling

Beatriz Elena Lucumi Villegas*', Julia Obergasteiger’, Valerie
Clavet-Fournier?, Flavie Lavoie Cardinal’, Samer Hussein®, Martin
Lévesque'

" CERVO Brain Research Center, Department of psychiatry and
neurosciences, Université Laval, QUEBEC, QUEBEC, Canada

2 CERVO Brain Research Center, QUEBEC, QUEBEC, Canada

3 Centre de recherche du CHU de Québec, Department of
molecular biology, medical biochemistry and pathology, Université
Laval, QUEBEC, QUEBEC, Canada

Parkinson’s disease (PD) is a neurodegenerative disease
characterized by the accumulation of misfolded alpha-synuclein
(aSyn) and death of dopaminergic neurons forming the nigrostriatal
pathway. Despite intensive research, the exact pathophysiological
mechanisms of PD are still unknown, in part due to the lack of a
disease model that can accurately reproduce biological processes
at the cellular and organotypic level. Existing models either lack a
human background or fail to reproduce complex neuronal
connectivity. Assembloids, which are 3D structures generated from
human stem cells are composed of region-specific organoids that
can mimic complex neuronal connections. This project aims to
develop an in vitro model of PD consisting of a midbrain-striatal
assembloid that recapitulates the circuitry and connections of the
nigrostriatal pathway as well as key features of the synucleinopathy.
To this end, midbrain dopaminergic (MO) and striatal GABAergic

organoids (SO) were developed using human induced pluripotent
stem cells carrying PD-related mutations or their isogenic controls.
Identity of MO and SO was confirmed by midbrain dopamine (TH,
LMX1A, FOXA2) and striatal GABA-neuron markers (DARPP32,
GADG67, BCL11B). Fluorescently labeled organoids were fused at
DIV 50 to visualize the development of projections to the opposite
organoid. The “nigrostriatal” connectivity assessment was also
performed in 3D, combining assembloid clearing (iDisco) and a
light-sheet imaging system. Our results revealed a time-dependent
increase in axonal arborization from the midbrain to the striatal side.
High-resolution STED microscopy was employed to analyze
synaptic connections (Bassoon, PSD95), showing that a proportion
of dopaminergic axons form synaptic contacts with striatal neurons,
while some dopaminergic axonal boutons appear to lack
postsynaptic counterparts. In agreement with previous studies
indicating that a large proportion of dopaminergic boutons use
volume transmission. We are now functionally assessing the
assembloids by using an opsin-mediated stimulation in the MO and
by imaging a dopamine sensor in the SO. We also evaluate the
impact of PD mutations on nigrostriatal connectivity and temporal
development of synucleinopathies, where the pathology is modeled
using preformed aSyn fibrils. Summarizing, we have created a
human neuronal model to study the mechanisms of
neurodegeneration involved in PD, which can be used to develop
and test new treatments for PD.

P06.37

Characterization of a seeding-based model of REM-sleep
behavioral disorder in mice

Hansoo Yoo', Russell Luke?, Brittany Dugan? Jimmy Fraigne?,
Jonah Lourie®, Jefferson Steltz®, Yuling Liang®, Lauren Torres®, John
Peever?, Kelvin Luk*®

" Yonsei University, Seoul, South Korea

2 University of Toronto, Toronto, Canada
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REM sleep behavior disorder (RBD) is established as a highly
predictive symptom of future alpha-synucleinopathy, including
Parkinson’s disease (PD). Although the disease mechanisms of
RBD remain speculative, a long-standing but largely untested
hypothesis is that RBD is caused by aSyn-mediated degeneration of
subcoeruleal (SLD) neurons that regulate REM sleep atonia. This
complex could also serve as a portal for the early spread of Lewy
pathology to higher brain regions. Development of a robust animal
model that incorporates synucleinopathy and recapitulates RBD
would offer a unique opportunity to study a prodromal phase of PD.
We demonstrate here that injection of aSyn preformed fibrils (PFF)
into the SLD seeds aSyn aggregation that subsequently propagates
through its connectome and induces an RBD-like phenotype. We
also determine the molecular identity of SLD neurons susceptible to
aSyn pathology in both mouse and human and characterize unique
gene expression changes in this region following the onset of
synucleinopathy.

P06.38

Using patient-derived hiPSC microglia to characterize LRRK2
signaling in Parkinson’s disease

Emma MacDougall*, Eric Deneault, Sophie Luo, Edward Fon
McGill University, Montreal, Quebec, Canada

Autosomal dominant mutations in the gene encoding dual function
GTPase and serine/threonine kinase, leucine rich repeat kinase 2
(LRRK2), are the most common genetic cause of Parkinson’s
disease (PD). All LRRK2 pathogenic mutations, including the most
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common G2019S mutation increase kinase activity in vivo. Although
the exact function of LRRK2 is unknown; there is evidence that it
plays a role in immune function, including high expression in
immune cells such as microglia. Additionally, LRRK2 is known to
phosphorylate a subset of Ras analogue in brain (Rab) small
GTPases. However, the role of LRRK2 signaling in microglia and
how it may contribute to PD pathogenesis remains elusive. This
work aims to investigate LRRK2 signalling in microglial cells by
using RNA sequencing to evaluate transcriptomic changes
associated with loss of or hyperactivation of LRRK2 kinase. A
collection of human induced pluripotent stem cell (hiPSC) lines,
including a LRRK2 G2019S patient line, an isogenic control with
correction of the G2019S mutation in the patient background, a
wildtype (WT) control line, and a LRRK2 knockout (KO) line have
been generated and differentiated into hiPSC-derived microglia-like
cells (iIMGLs). The identity of the iIMGLs has been validated by
assessment of microglial markers by flow cytometry, IF, and qPCR.
Expression of LRRK2 and phosphorylation of its canonical Rab
targets has been confiirmed in iIMGLs by western blotting.
Stimulation of iIMGLs with inflammatory agents has been shown to
increase LRRK2 expression levels, and thus phosphorylation of
LRRK2-target Rabs. Of the inflammatory stimuli tested, treatment of
iMGs with interferon-gamma was found to elicit the greatest
increase  in LRRK2 expression and downstream Rab
phosphorylation. Whole transcriptome RNA sequencing analysis
was performed on unstimulated and interferon-gamma treated
iIMGLs. Analysis of differentially expressed genes (DEGs) is
ongoing. ldentifying DEGs between LRRK2 KO, WT and G2019S
iMGLs will shed light on cellular pathways affected by LRRK2
activity in microglial cells, and the involvement of LRRK2 in
determining the state of microglia along the continuum from resting
to reactive. Ultimately this work will lead to a better understanding of
the pathogenesis underlying, and the role of inflammation and
microglia in, LRRK2-associated and sporadic PD.

P06.39

Heterozygosity of the GBA1 L444P mutation impairs
hippocampal-dependent memory tasks, synapse biology, and
lysosomal function

Casey Mahoney-Crane*, Sumedha Bobba, Eli Berry, Laura
Volpicelli-Daley

The University of Alabama at Birmingham, Birmingham, Alabama,
United States

The most common genetic risk factor of Parkinson’s disease is
heterozygous mutations in the GBA1 gene which encodes for the
lysosomal enzyme, glucocerebrosidase (GCase). Mutant GCase is
associated with an accumulation of a-synuclein (a-syn) termed
Lewy pathology, which pathologically characterizes PD. Clinically,
heterozygosity of the GBA1 L444P mutation (GBA1+/L444P) leads
to a 5.6-fold increased risk of cognitive impairments, including
dementia. Another lysosomal enzyme, Cathepsin B (CatB), aids in
a-syn cleavage and may play a role in a-syn pathology
development. In this study, we used GBA1+/L444P knock-in mice of
both sexes and their wildtype litermates (GBA1+/+) as controls, to
determine the effects of this severe GBA1 mutation on lysosomal
function and synapse biology. By three-months of age, hippocampal
expression of the presynaptic excitatory marker, vGLUT1, is
reduced by~36%, while the inhibitory counterpart, VvGAT, is
increased by ~31% compared to GBA1+/+ mice. This may
contribute to spatial memory deficits observed by 9-months of age
through the Y maze and Barnes maze behavioral tasks. These mice
additionally exhibit hippocampal lysosomal dysfunction as early as
three-months through the reduction of GCase activity and CatB
protein expression. Collectively, lysosomal dysfunction and
alterations in synapse biology may contribute to the increased

spatial memory deficits observed in mice expression the
GBA1L444P mutation. Elucidating the molecular mechanism behind
cognitive impairs will likely aid in the development of novel therapies
that can slow the progression of Parkinson’s disease and other a-
synucleinopathies.

P06.40

Crosstalk between alpha-synuclein and neuromelanin
exacerbates Parkinson’s disease pathology in melanized
tyrosinase-expressing rodents

Alba Nicolau-Vera* Thais Cuadros, Joana M Cladera-Sastre, Jordi
Romero-Giménez, Annabelle Parent, Ariadna Laguna, Miquel Vila
Vall d’'Hebron Research Institute (VHIR)-Center for Networked
Biomedical Research on Neurodegenerative Diseases
(CIBERNED), Barcelona, Spain

Parkinson’s disease (PD) is characterized by a preferential loss of
neurons containing the pigment neuromelanin (NM), especially
dopaminergic neurons of the substantia nigra (SN), and the
presence in affected neurons of alpha-synuclein (aSyn)-containing
insoluble cytoplasmic aggregates termed Lewy bodies (LB). While
aSyn aggregation is considered a central pathogenic event in PD,
the mechanisms and significance of LB formation remain unknown.
It has been reported that aSyn redistributes to the lipid component
of NM at early PD stages and is entrapped within NM granules
extracted from PD, but not control, brains. The increased
concentration of neuronal aSyn and NM pigment in SN neurons
may predispose these neurons to LB formation and cell death.
However, it has not yet been possible to experimentally assess in
vivo a potential pathological interaction between aSyn and NM
because, in contrast to humans, NM is absent in common
experimental animals such as rodents.

We have recently developed the first rodent model of human-like
NM production based on the viral vector-mediated nigral expression
of melanin-producing enzyme tyrosinase (AAV-TYR). This has
revealed that NM can trigger PD pathology when accumulated
above a specific pathogenic threshold. Here we aim to assess the
potential interaction between aSyn and NM by combining aSyn
overexpression with TYR-induced NM production in rodents.
AAV-mediated nigral expression of human aSyn in melanized TYRr-
expressing rats resulted in an increase of intracellular NM levels, a
more sustained LB-like inclusion formation, an exacerbated
presence of aSyn oligomeric species and an enhanced nigrostriatal
degeneration and neuronophagia.

Overall, our results indicate that increased levels of aSyn, as it
occurs in PD patients, may accelerate age-dependent NM
accumulation and enhance NM-linked PD pathology. Elucidating a
potential crosstalk between aSyn and NM might thus be crucial for
understanding PD etiopathogenesis and for the development of
novel disease-modifying therapeutic strategies.
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Healthy human iPSC-derived astrocytes rescue the
degenerative phenotype of p.A53T-aSyn iPSC-derived neurons
generated from Parkinson’s disease patients

Olympia Apokotou’, Christina Paschou? Anastasios Kollias?, Era
Taoufik?, Rebecca Matsas?, Florentia Papastefanaki*®
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Astrocytes, the most abundant cells in human brain play critical
roles in maintaining neuronal health while they may also exert
neuroprotective or neurotoxic effects upon disease. However, their
involvement in Parkinson’s disease (PD) pathogenesis remains
largely unexplored, especially when compared with the intensive
research on neuron-intrinsic dysfunction. PD is characterized by
progressive loss of midbrain dopaminergic neurons whilst the
histopathological disease hallmark is the presence of intracellular
protein inclusions termed Lewy bodies. Only 5-10% of cases have
been linked with mutations in specific genes, such as the SNCA
gene encoding for a-synuclein (aSyn). The best-characterized
mutation is pA53T-aSyn (G209A in SNCA), causing a familial form
of PD with early onset and severe phenotype. While the disease
mechanisms remain unresolved, cell reprogramming provides a
unique human setting for the identification and interpretation of PD
phenotypes. We have previously established an induced pluripotent
stem cell (iPSC)-based neuronal model of PD from patients
harboring the p.A53T-aSyn mutation, which exhibits disease-
associated phenotypes, including intraneuronal protein aggregates,
axonal pathology, and reduced synaptic connectivity. To investigate
the contribution of astrocytes in PD, here we generated ventral
midbrain-patterned astrocytes from p.A53T-aSyn patient iPSCs and
healthy controls. p.A53T-aSyn astrocytes displayed phospho-
Ser129-aSyn deposits and intense cytoplasmic vacuolization. In a
co-culture setup of p.A53T-aSyn or control neurons on either
p.A53T-aSyn or control astrocytes at all possible combinations, we
examined their reciprocal interplay. We observed compromised
neuronal viability of both control and p.A53T-aSyn neurons when
co-cultured with p.A53T-aSyn astrocytes. Moreover, the
degenerative phenotype of mutant neurons was exacerbated in co-
culture with mutant astrocytes, presenting prominent intraneuronal

accumulation of protein aggregates and other typical PD
histopathological hallmarks including Lewy body-like formations,
Lewy neurites, and retraction bulbs. Interestingly, these phenotypes
were reversed when p.A53T-aSyn neurons were cultured on control
astrocytes. Our data support a critical role of mutant astrocytes in
the neurodegeneration process and a remarkable ability of healthy
astrocytes in rescuing neurodegeneration of mutant neurons.
Funding: Supported by the Hellenic Foundation for Research and
Innovation (H.F.R.l.) under the *“1st Call for H.F.R.I. Research
Projects to support Faculty members and Researchers and the
procurement of high-cost research equipment” (Project 1019-
DiseasePhenoTarget).
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A novel autoimmune alpha-synuclein-induced model of
Parkinson’s disease

Rebekah Parkinson*', Jessica Petitt', Alexandre Rcom-H’cheo-
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There is increasing evidence that Parkinson’s disease (PD) is an
autoimmune disorder. Studies have found elevated blood immune
cell counts in patients and revealed that alpha-synuclein could act
as an antigenic epitope, driving both innate and adaptive immunity.
However, the mechanistic role of the immune system in contributing
to PD pathogenesis remains a question that researchers have been
unable to address due to limitations with current animal models. To
resolve this, we established the first immune-induced mouse model
of PD whereby alpha-synuclein-induced immune activation triggers
dopaminergic cell loss and motor deficits.

This model consists of a single peripheral injection of alpha-
synuclein protein in adjuvants in wildtype mice, which triggers
immunity, identified by raised blood cell counts, such as monocytes,
lymphocytes, and neutrophils. These mice display significant
behavioural and neurological alterations compared to control
conditions (i.e., non-injected mice, sham, and mice lacking adaptive
immunity, Rag1tm1Mom). To more specifically discern the trigger of
these symptoms, we injected an alpha-synuclein peptide (a-syn61-
75EQVTNVGGAVVTGVT) known to elicit an antigenic response to
CD4+ T cells in Parkinson’s patients. These mice also developed
deficits in locomotion and gait kinematics. This was supported with
neurological changes in the substantia nigra, including significant
decrease of dopaminergic cell density, greater colocalization of
MJFR-14-6-4-2+ alpha-synuclein aggregates and increase in pro-
inflammatory cells, such as microglia and astrocytes. Further
changes were observed within the nigro-striatal pathway, including
decreased dopamine within the striatum, and increased alpha-
synuclein aggregation in the locus coeruleus. On-going
investigations involve characterising the pathophysiological cellular
and molecular deficits in dopaminergic and striatal neurons.

Overall, this study uncovers a causal link between immune cells and
alpha-synuclein in driving PD pathogenesis. As the first murine
immunological model of PD, it provides the basis for exploring
preventive and therapeutic interventions such as immunotherapies
and inflammasome inhibitor drugs.
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Modelling human brain-wide pigmentation induces Parkinson-
like pathology and transcriptomic alterations in vivo
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Parkinson’s disease (PD) is characterized by a preferential
degeneration of neuromelanin(NM)-containing neurons, especially
neurons from substantia nigra pars compacta (SNpc) and locus
coeruleus (LC). NM pigmentation in the human brain is also present,
at varying degrees, in most catecholaminergic neuronal groups. We
have previously shown that intracellular NM levels in SNpc may set
a threshold for the initiation of PD in a rodent model based on the
unilateral viral-vector mediated nigral overexpression of melanin-
producing enzyme tyrosinase. Here, we generated a new transgenic
NM-producing mouse model (tgNM) based on the tyrosine
hydroxylase (TH)-specific overexpression of human tyrosinase,
mimicking the bilateral distribution of pigmentation within the whole
human brain (i.e. cathecholaminergic groups A1-A14). In parallel to
NM intracellular buildup, tgNM mice exhibit major early/prodromal
PD features, including degeneration of LC preceding SNpc
dysfunction, motor and non-motor behavioral alterations, synuclein-
positive inclusions and neuroinflammation. = Genome-wide
transcriptomic analysis of NM-containing regions, including SNpc,
ventral tegmental area and LC, revealed alterations in PD-related
biological pathways that correlate with previously published human
PD postmortem studies. Interestingly, GPNMB gene, which has

been recently identified as a genetic risk factor for PD, was found
upregulated in all pigmented areas. We are now modulating
GPNMB levels in the context of NM-accumulating PD models to
understand its role in NM-induced PD pathology. Overall, our results
show that modelling brain-wide human NM accumulation in mice
leads to age-dependent noradrenergic neurodegeneration,
dopaminergic dysfunction, motor and non-motor deficits, and PD-
associated neuropathological features and molecular alterations.
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Interneuronal transfer and brain spreading of synaptic
proteins: specific effects of synuclein proteins

Rita Pinto-Costa*, Michael Klinkenberg, Michael Helwig, Angela
Rollar, Raffaella Rusconi, Donato A Di Monte, Ayse Ulusoy
DZNE, Bonn, North Rhine-Westphalia, Germany

Neuron-to-neuron transfer of pathogenic alpha-synuclein species is
a mechanism of likely relevance to Parkinson’s disease
development.  Experimentally, interneuronal  alpha-synuclein
spreading from the low brainstem toward higher brain regions can
be achieved by targeted overexpression of alpha-synuclein in the
dorsal medulla oblongata (dMO); this overexpression is triggered by
an injection of adeno-associated viral vectors (AAVs) delivering
human alpha-synuclein DNA into the mouse vagus nerve. The
purpose of this study was to investigate the specificity of
overexpression-induced alpha-synuclein spreading; in particular,
experiments were designed to determine whether other synaptic
proteins, when overexpressed in the dMO, were also capable of
advancing caudo-rostrally, reaching pontine, midbrain and forebrain
areas. Three proteins were tested, and experiments/analyses were
carried out in mice that received a vagal injection of AAVs encoding
for VAMP2, SNAP25 or beta-synuclein. Data showed no evidence
of interneuronal protein transfer in animals injected with VAMP2- or
SNAP25-AAVs. In contrast, overexpression of beta-synuclein was
followed by its detection within dystrophic axons in brain regions
rostral to the dMO. Another important difference found in mice
treated with VAMP2- and SNAP25- vs. beta-synuclein-AAVs was
that only overexpression of beta-synuclein was associated with
significant protein aggregation in the dMO. Taken together, these
findings indicate that protein overexpression and synaptic
localization are not necessarily linked to interneuronal protein
transfer and brain spreading. Data support the notion that unique
structural/functional properties of alpha- and beta-synuclein underlie
their interneuronal mobility and that this mobility could be mediated,
at least in part, by the propensity of alpha- and beta-synuclein to
form intraneuronal aggregates.
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Immunosuppressive tocilizumab prevents astrocyte-induced
neurotoxicity in hiPSC-LRRK2 PD by targeting receptor IL-6
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Bellvitge Biomedical Research Institute (IDIBELL) / Department of
Molecular and Translational Medicine, University of Brescia,
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Parkinson’s disease (PD) is a multiorgan disorder, characterized by
chronic inflammation, both in the brain and in the periphery, in
addition to neuronal degeneration. We have previously shown that
iPSC-technology can be used to recapitulate PD-relevant disease-
associated phenotypes and provided direct evidence that a-
synuclein transferred from astrocytes exerts non-cell-autonomous
neuronal dysfunction on dopaminergic neurons in Parkinson’s
disease (PD). Here, applying our hiPSC-based model, we describe,
for the first time, that PD astrocytes present a unique pro-
inflammatory cytokine profile and transcriptional inflammatory
related pathways, with increased IL-6 secretion that directly and
negatively impacted on neuronal survival. Mechanistically, we show
that neuronal cell death is mediated by IL-6 signaling via IL-6
receptor expressed in human PD neurons, leading to downstream

activation of STAT3. Importantly, astrocyte-induced cell death in PD
disease midbrain neurons could be prevented by blocking IL6R-
mediated signaling using the FDA-approved antibody, tocilizumab.
Moreover, postmortem tissue brain analysis of early-stage PD
patients revealed increased numbers of dopamine neurons over-
expressing IL-6R and of reactive astrocytes over-expressing IL-6,
compared to healthy brains.

Thus, our findings provide new insights into the potential role of
astrocyte-mediated inflammatory signaling in PD neuropathology
and highlight potential way for new therapies based on IL-6
immunomodulation for preventing PD pathogenesis.

P06.47

Nuclear a-Synuclein detection and a-Synuclein-histones
interactions

Angela Rollar*?, Shirley S. L. Lee? Ayse Ulusoy? Donato A. Di
Monte?
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Pathological accumulation of alpha-synuclein (aSyn)-containing
inclusions is a hallmark of Parkinson’s disease (PD). aSyn is a
synaptic protein and, under normal conditions, is predominantly
detected in brain specimens from humans and experimental animals
in the form of immunoreactive punctae corresponding to synaptic
boutons. Evidence from both humans and animal models also
indicates that accumulation of aSyn outside neuronal terminals can
occur as a consequence of pathological processes and, under these
circumstances, specific protein immunoreactivity may be present
with neuronal perikarya as well as within neuronal nuclei. Here, our
aim was to develop and validate a novel technique to detect nuclear
aSyn localization and to study aSyn-histone interactions. For this
study, experiments and analyses were carried out in the substantia
nigra pars compacta of rats in which aSyn overexpression was
triggered by a unilateral intraparenchymal injection of adeno-
associated viral vectors (AAVs) delivering human aSyn DNA.
Neither cytosolic nor nuclear aSyn was detected in non-injected
control animals. Quite in contrast, cytosolic aSyn accumulation in
the substantia nigra ipsilateral to the AAV injection was associated
with intranuclear protein localization. The latter was specifically
detected using a proximity ligation assay (PLA). For this assay,
samples were incubated first with a pair of primary antibodies and
then with secondary antibodies conjugated with PLA oligonucleotide
probes; the two primary antibodies were anti-human aSyn and anti-
histone H3. A parallel set of analyses were aimed at assessing the
possibility that post-translationally modified forms of aSyn were also
present within nuclei of the overexpressing neurons. Samples
processed for PLA were incubated, for example, with anti-histone
H3 and with an antibody recognizing aggregated but not monomeric
aSyn. Results of these analyses revealed clear PLA signals,
supporting the notion that, once it enters nuclei, aSyn undergoes
self-assembly processes. As indicated by earlier in vitro studies,
intranuclear protein aggregation could be promoted by aSyn-histone
interactions. In summary, our results underscore the importance of
investigations into mechanisms and consequences of nuclear aSyn
transfer; future studies will be facilitated by the availability of
sensitive and accurate detection methodologies, such as the one
described in this study.
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Exploring the role of the lysosomal lipid flippase ATP10B in the
nigrostriatal dopaminergic pathway of rats

Maria Sanchiz-Calvo*, Eduard Bentea', Christopher Cawthorne?,
Mirte De Ceuninck’, Teresa Torre-Muruzabal’, Chris Van den
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Objectives: ATP10B is a lysosomal P-type transport ATPase
recently associated with early-onset Parkinson’'s disease.
Compound heterozygous mutations of ATP10B were found in a
Belgian cohort of patients with early-onset Parkinson’s disease and
dementia with Lewy bodies, which decrease the ATPase activity of
the protein. Interestingly, decreased ATP10B mRNA levels have
been observed in the substantia nigra of patients with sporadic
Parkinson’s disease as well. We demonstrated that ATP10B is a
transmembrane lysosomal flippase responsible for the translocation
of glucosylceramide and phosphatidylcholine from the inner to the
outer lysosomal membrane in cellular systems, although its role in
vivo remains poorly understood (Marin, S. et al. Acta Neuropath,
2020). In the current study, we aimed to explore the role of ATP10B
in vivo by downregulating its expression in neurons of the substantia
nigra of rats.

Methods: AAV2/7 vectors encoding 2 different shRNAs (miR5 and
miR7) targeting distinct regions of rat ATP10B under a neuronal
promoter were unilaterally injected in the substantia nigra pars
compacta of adult female Wistar rats. A vector with a scrambled
sequence was used as control. Longitudinal behavioral evaluation
was performed during 12 months using tests for spontaneous
locomotion (open-field), motor coordination and balance (rotarod),
catalepsy (bar test), and motor asymmetry (cylinder, elevated body
swing). In addition, we assessed longitudinal in vivo striatal
dopamine transporter binding using 18F-FE-PE2] PET imaging.
Results: ATP10B downregulation in nigral neurons led to a time-
dependent decrease in striatal dopamine transporter binding in vivo.
Behavioral phenotyping revealed significant motor deficits indicative
of decreased unilateral dopaminergic neurotransmission, including
decreased spontaneous locomotion and rearing, impaired motor
coordination and balance, catalepsy, and motor asymmetry. Similar
findings were observed for the two shRNAs. Preliminary data from a
pilot experiment revealed increased expression of pathologically
Ser129-phosphorylated-a-synuclein together with decreased striatal
dopaminergic innervation.

Conclusion: Our findings highlight an important role of ATP10B in
the nigrostriatal dopaminergic pathway, and show parkinsonian
deficits in rats with decreased nigral expression of ATP10B.
Ongoing histological and biochemical characterization including
changes in a-synuclein, lipid metabolism and the lysosomal system
will provide a better understanding of the model.
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Ketamine as a modulator of endoplasmic reticulum stress in a
cross-sex mouse model of Parkinson’s disease with

depressive phenotype
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Introduction: Anxiety and depression are the most prevalent non-
motor neuropsychiatric disorders in Parkinson’s disease (PD)
patients (40-50%), with higher incidence in women than in men.
Neuropathological studies have demonstrated the presence of Lewy
bodies, a-synuclein (a-Syn) positive staining, in raphe serotonin (5-
HT) neurons in early stages of PD, accompanied in some cases by
neuronal loss, and morphological changes of 5-HT fibers, linked to
neuropsychiatric symptoms. We hypothesize that a-Syn
accumulation in 5-HT system induces endoplasmic reticulum (ER)
stress, leading to neuroplasticity changes in brain circuits controlling
emotional functions.

Methods: Administration of recombinant AAV vector serotype 5
(AAV5) or AAV1/2 to overexpress wild-type or A53T mutated h-a-
Syn in raphe 5-HT neurons of male or female mice. Four- and eight-
weeks post-AAV infusion, behavioural phenotype was examined. H-
a-Syn and BIP proteins were detected by immunohistochemistry
and proximity ligation assay (PLA). Unfolded protein response
(UPR) pathway markers (BIP, GRP94, p-elF2a, and p-eEF2) and
BDNF were assessed by Western-blot. Single doses of ketamine or
citalopram (10 mg/kg, i.p.) were administered and behaviour and
UPR markers were assessed. Statistical analysis was performed by
t-test or one-way ANOVA.

Results: We detected by PLA h-a-Syn and BIP protein interactions
in raphe 5-HT neurons of AAV5 female and male mice. AAV5 male
mice showed depressive-like phenotype in tail suspension and
forced swim tests, and reduced raphe BDNF levels. In parallel,
significant increases in BIP, GRP94, p-elF2a and p-eEF2 proteins
were detected in raphe nuclei, suggesting activation of PERK
pathway. These results were replicated after mutant h-a-Syn
overexpression in raphe 5-HT neurons. Opposite to males, AAV5
female mice showed anxiety-like phenotype in dark-light box test
and anhedonia in sucrose preference test, with no differences in tail
suspension and forced swim tests. Furthermore, no PERK pathway
activation was observed in AAV5 females, at least 4 weeks later.
Ketamine or citalopram reversed depressive-like phenotype,
suggesting AAV-a-Syn mouse model in 5-HT neurons is appropriate
to assess depressive disorder in PD.

Conclusions: Overall, h-a-Syn overexpression in 5-HT neurons
affects in a sex-dependent manner PERK proteostasis, inducing
different depressive/anxious behavioural profiles. Modulation of ER
stress and PERK pathway by ketamine offers a potential therapeutic
strategy for neuropsychiatric symptoms in PD.
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Unveiling the impact of glial autophagic dysfunction in the
initiation and progression of Parkinson’s disease
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Parkinson’s disease (PD), is the second most common
neurodegenerative disorder worldwide. Characterized by distinct
motor and cognitive impairments, PD severely debilitates patients’s
lives. Unfortunately, by the time symptoms are detected, more than
50% of neurons have already been lost, highlighting the lack and
urgent need of reliable preclinical/prodromal biomarkers of the
disease. For this purpose, researchers have focused their efforts for
decades on finding detectable mechanisms altered in neurons, but
the study on non-neuronal (glial) cells has received relativelyy little
attention. Using a combination of molecular, cellular, and imaging
approaches, within this project, we aim to test the hypothesis that
impaired mechanistic regulation, and specifically lysosomal protein
degradation, in glial cells underlies miscommunication between
brain cells. More specifically, we hypothesize that these alterations
lead to the modification of proteins released in extracellular vesicles
(EVs), which in turn impair neuronal functionality and survival. In
order to efficiently translate our data to the clinic, we used a model
of human iPSC-derived astrocytes or microglia, and asses the level
of diverse autophagic pathways in PD compared to healthy
individuals (WT). Interestingly, at an early stage of differentiation,
PD microglial cells already display lower autophagic activity than
WT. This phenotype appears to be associated with a decrease in
lysosomal biogenesis. We are now in the process of characterizing
specific EV features associated with this phenotype that may differ
in PD-derived glial cells. Attractively, EVs can be detected in
patients biofluids such as cerebrospinal fluid (CSF) and protein
content measured. Thus, by characterizing EVs composition in PD-
derived glial cells, we hope to generate a map of possible PD
biomarkers and reveal the factors involved in the onset of the
disease, opening new avenues for the prevention of PD.

P06.54

Investigating the role of astrocytes and microglia in driving
neurodegeneration in Parkinson’s disease using an hiPSC-
based in vitro model
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Parkinson’s disease (PD) is a common, chronic, incurable
neurodegenerative disease associated with a selective loss of
dopamine-producing neurons in the midbrain, responsible for
controlling body movements, together with the presence of
misfolded a-synuclein deposits within neurons. Although the
majority of PD cases are of unknown cause, approximately 5% have
been shown to have a genetic basis, including mutations in the
LRRK2 gene, which are found in the largest number of familial PD
patients. Associated with neurodegeneration, several
neuroinflammatory signs have been also described in PD. Here, we
hypothesized that alterations in LRRK2 gene may contribute to
innate immune dysregulations that may possibly play a role on
neurodegeneration in PD. Using a combination of induced
pluripotent stem cell (hiPSC)-based disease modeling and
CRISPR/Cas9-mediated genome edition, here we successfully
developed a novel hiPSC-derived triple culture, in which LRRK2 PD-
derived astrocytes and microglia (hMG), or their respective isogenic
controls, were co-cultured with healthy dopaminergic neurons
(DAN). The results suggest that, by our late timepoint, LRRK2 PD-
derived astrocytes are the main driver of DAn death. However, the
suffering of DAn can be exacerbated by the concomitant presence
of LRRK2 PD-derived hMG, suggesting the existence of a crosstalk
between these two cell types. By exploiting the scRNAseq
technique, we hope to reveal the dysregulated pathways in the
transcriptome of each of the cell types under all conditions and
timepoints, to identify the early mechanisms by which these two glial
cell types contribute to neurodegeneration. Thus, these studies may
have a significant impact on unravelling novel LRRK2-related
pathways involved in the non-cell autonomous mechanisms of PD,
possibly helping to find new early markers of pathology and new
targets for treatments.
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Ca2+-calmodulin—calcineurin signaling modulates a-synuclein
transmission

Jun Ueda*®, Norihito Uemura, Tomoyuki Ishimoto, Tomoyuki
Taguchi, Masanori Sawamura, Etsuro Nakanishi, Masashi Ikuno,
Shuichi Matsuzawa, Hodaka Yamakado, Ryosuke Takahashi
Kyoto University Graduate School of Medicine, Kyoto, Japan

Objective: Parkinson’s disease is one of the most common
neurodegenerative diseases. The presence of Lewy bodies, which
are composed of misfolded and fibrillized a-synuclein, is a
pathological feature of Parkinson’s disease. There is growing
evidence that the interneuronal propagation of misfolded a-
synuclein underlies the progression of Parkinson’s disease.
Previous research has shown that the neuronal uptake of fibrillized
a-synuclein is  activity-dependent; however, the detailed
mechanisms underlying activity-dependent a-synuclein transmission
in Parkinson’s disease remain unclear. The objective of this study is
to examine whether a-synuclein transmission is affected by Ca2+-
calmodulin—calcineurin signaling in cultured cells and mouse models
of Parkinson’s disease. Methods: Mouse primary hippocampal
neurons were used to examine the effects of the modulation of
Ca2+-calmodulin—calcineurin signaling on the neuronal uptake of a-
synuclein preformed fibrils. The effects of modulating Ca2+-—
calmodulin—calcineurin signaling on the development of a-synuclein
pathology were examined using a mouse model injected with a-
synuclein preformed fibrils. Results: Modulation of Ca2+-
calmodulin—calcineurin signaling by inhibiting voltage-gated Ca2+
channels, calmodulin, and calcineurin blocked the neuronal uptake
of a-synuclein preformed fibrils via macropinocytosis. The inhibition
of L-type, N-type, and T-type voltage-gated Ca2+ channels reduced
the neuronal uptake of a-synuclein preformed fibrils, whereas the
inhibition of P/Q-type and R-type voltage-gated Ca2+ channels did
not. We summarized the drugs used in our experiments and their
mechanisms of action in Figure 1. In wild-type mice inoculated with
a-synuclein preformed fibrils, we found that inhibiting calcineurin
ameliorated the development of a-synuclein pathology.
Conclusion: Our data suggest that Ca2+—calmodulin—calcineurin
signaling modulates a-synuclein transmission and has a potential as
a therapeutic target for Parkinson’s disease.
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Age-related elevations in type-l interferon signalling control
brain-gut transmission in the a-synuclein pre-formed fibril
model of Parkinson’s disease

Harrison Waters*, Shuyan Chen, Peter Crack, Juliet Taylor

The University of Melbourne, Parkville, Victoria, Australia

Emerging evidence suggests that a-synuclein, a major component
of Lewy bodies, may be responsible for spreading pathological
processes in Parkinson’s disease (PD). Furthermore, it is
hypothesised that a-synuclein may be able to spread from the brain
to the enteric nervous system (ENS), to cause subsequent GlI
dysfunction. This study therefore investigated the contribution of the
type-l IFNs to the progression of pathology from the brain to the gut
in the alpha-synuclein (aSyn) pre-formed fibril (PFF) mouse model
of PD. aSyn PFFs (8(1g) were stereotaxically injected into the right
dorsal striatum of wildtype (C57/BL6) and IFNAR1-/- mice at 8-12
weeks (young) or 46-50 weeks (aged) of age (n=5-8). The
neuroinflammatory response in the brain, gut, and plasma was
determined by gPCR, western blot analysis, ELISA, and
immunohistochemistry at 6-months, post injection. Changes in gait
were assessed by DigiGait analysis. The results depict an aSyn-
induced pro-inflammatory response that was exacerbated at 6-
months, with aged wildtype mice displaying an elevated type-l IFN
response (IRF7 and STING expression), and increased IL-1B and
TNF-a expression. This response was attenuated in age-matched
IFNAR1-/- mice and was supported by improvements in gait (stride
length and stance/swing) compared to alpha-synuclein injected
wildtype mice. An elevated peripheral immune response was also
identified with increased TNF-a plasma levels detected by ELISA in
aSyn-injected aged wildtype mice. An analysis of gut tissue
confirmed a transmission of pathology with mRNA levels of TNF-q,
IL-18, IRF3, IRF7, and STING all significantly upregulated in the
duodenum of aSyn-injected aged wildtype mice. Furthermore,
western blot analysis confirmed an increase in p-aSyn levels in the
duodenum of aSyn-injected aged wildtype mice (but not IFNAR1-/-
mice) compared to sham mice. Significantly, these gut responses
were attenuated in young mice that had received intra-striatal
injections of aSyn PFFs. Our findings confirm a key role for the
type-l IFNs in regulating the age-related neuroinflammatory
response influencing aSyn pathology in both the brain and gut. They
further support a role for the gut-brain axis in driving the pathology
in PD and implicate the type-l IFNs as a putative therapeutic target
to slow this progression.
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TLR2 mediated a-synuclein pathology development and the
contribution of astrocytes in a midbrain model of Parkinson’s
disease
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Parkinson’s disease (PD) is characterised by the pathological
deposition of aggregated a-synuclein (a-syn) in neurons and glial
cells in the CNS, as well as the loss of dopaminergic (DA) neurons
of the substantia nigra of the midbrain. The abnormal accumulation
of a-syn is thought to contribute to DA neuronal death and thus
underlie the development of clinical symptoms. In addition, innate
immune pathogen receptor toll-like receptor 2 (TLR2) is increased in
the PD brain and its activation contributes to a-syn pathology
propagation in neurons through autophagy inhibition. Recent
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evidence suggests astrocytic involvement in PD pathogenesis, but
the role of astrocytes remains unclear. Here, induced pluripotent
stem cells from idiopathic PD patients were differentiated into a
midbrain model involving neurons, including DA neurons and
astrocytes, enabling investigation into DA neuronal health and the
contribution of astrocytes and neighbouring neurons. In this model,
the activation of TLR2 inhibited the autophagy lysosomal pathway,
and potentiated a-syn pathology seeded by pre-formed fibrils in
neurons and astrocytes. This resulted in a significant, selective
decrease in DA neurons. Astrocytes also showed impaired
autophagy and reduced ability to clear accumulated a-syn. Impaired
autophagy in astrocytes was associated with an increase in
SerpinG1, an A1 neurotoxic protein, indicating a shift to a reactive
astrocyte phenotype. Taken together, these results suggest the
dysfunction of astrocytes could reduce their ability to provide
supportive functions to DA neurons in the PD brain and contribute to
DA neuronal loss.
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Modelling of axonal degeneration in Parkinson’s disease using
hiPSC-derived midbrain dopaminergic neurons carrying SNCA
gene duplication
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Parkinson’s disease (PD) is the most common neurodegenerative
movement disorder, clinically characterized by motor symptoms.
The motor dysfunction is primarily attributed to the loss of midbrain
dopaminergic neurons (mDAns). Extensive studies have provided
evidence supporting the pathological relevance of abnormal
aggregation of a-synuclein (aSyn) in mDAn degeneration. The
causal connection of aSyn to PD is also substantiated by genetic
findings that point mutations and multiplications of the aSyn gene
(SNCA) are linked to monogenic PD. There is mounting evidence
that axonal degeneration precedes the loss of the respective
neurons. Due to a correlation between aSyn level and its
aggregation propensity, we hypothesize that increased aSyn levels
promote its aggregation, thereby compromising axonal integrity.
Hence, we investigated mDAns derived from human-induced
pluripotent stem cells (hiPSCs) generated from PD patients carrying
a SNCA duplication (SNCADupl). To elucidate specific effects of
aSyn dose response, we compared SNCADupl mDAns with those
differentiated from hiPSC lines of healthy donors and from an
isogenic hiPSC line with corrected SNCA dosage (SNCACorr). The
SNCACorr line was generated using CRISPR/Cas9 gene editing in
a hiPSC SNCADupl line. By comparing with control and SNCACorr
mDAns, we confirmed an elevated aSyn expression in SNCADupl
mDAns, accompanied by enhanced aSyn aggregation. Moreover,
SNCADupl mDAns exhibited remarkably changes in neuritogenesis,
characterized by increased primary neurites, however, with reduced
neurite outgrowth. Using an aSyn antibody, which preferentially
binds to distinct aggregated aSyn species, we observed an
accumulation of aggregated aSyn along the neurites of SNCADupl
mDAns. To explore furthermore the mechanism underlying the
neuritic alterations observed in SNCADupl mDAns, we studied the
interplay between aggregated aSyn and microtubule organization.

We detected a preferential interaction of aggregated aSyn with B-
tubulin isoforms, like B-tubulin-Ill. Coincidently, biochemical cell
fractionation revealed an increase of insoluble Btubulin-lll, co-
distributed with aggregated aSyn. Collectively, our data from the
study on SNCADupl mDAns suggest an interference of aSyn
aggregation with the microtubule network contributing to neurite
dysfunction and ultimately leading to neuronal loss. Our study
further demonstrates the suitability of hiPSC-derived SNCADupl
mDAnRs in modelling axonal degeneration and dysfunction for future
studies.

P06.61

A novel mouse model to investigate the formation of
oligodendroglial a-synuclein aggregates in multiple system
atrophy (MSA)

Hodaka Yamakado*', Tomoyuki Ishimoto’, Miki Oono’, Takashi
Ayaki', Katsuya Nishida?, Itaru Funakawa?® Seiji Kaji', Takakuni
Maki', Shu-ichi Matsuzawa', Ryosuke Takahashi’

' Kyoto University, Kyoto, Kyoto, Japan

2 Hyogo-Chuo National Hospital, Sanda, Japan

The common pathological hallmark of Parkinson’s disease (PD),
dementia with Lewy bodies (DLB) and multiple system atrophy
(MSA) is the presence of alpha synuclein (asyn) aggregates. In
MSA these aggregates are observed mainly in oligodendrocytes
(OLG) and called glial cytoplasmic inclusions (GCls), but how asyn
preferentially accumulates in OLGs has remained a mystery. We
previously reported that in mice inoculated with asyn preformed
fibrils (PFFs), asyn accumulated in OLGs long after the asyn
aggregate formation in neurons, suggestive of their neuronal origin.
However, a detailed spatial and temporal analysis of asyn
aggregate formation in OLGs was technically difficult due to the
background neuronal aggregates. The aim of this study was to
create a mouse model that enables the sensitive and specific
detection of asyn aggregates in OLGs and the analysis of their
preferential accumulation in OLGs. We generated transgenic mice
that express human asyn-green fluorescent protein (GFP) fusion
proteins in OLGs under the control of the 2’, 3'-cyclic nucleotide 3'-
phosphodiesterase (CNP) promoter (CNP-SNCAGFP Tg mice).
When inoculated with asyn PFFs, these mice exhibited distinct
GFP-positive aggregates in the processes of OLGs as early as 1
month post-inoculation, and their number and size increased
overtime in a centripetal manner, suggesting that asyn aggregates
may be initially formed in the processes of OLGs in MSA.
Furthermore, when these mice were inoculated with brain
homogenate (BH), more aggregates were produced with MSA BH
than those with DLB BH, and the difference was greater in OLGs
than in neurons. In conclusion, CNP-SNCAGFP Tg mice are useful
for monitoring the development of asyn aggregates in OLGs and
investigating the formation of GCls in MSA.
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Impact of a-synuclein pathology on corticostriatal synapses in
Parkinson’s disease

Charlotte Brzozowski*', Harshita Challa’, Douglas Nabert?, Preston
Wagner?, Nolwazi Gewensa’', Laura Volpicelli-Daley’, Mark Moehle?
' Department of Neurology, Center for Neurodegeneration and
Experimental Therapeutics, University of Alabama at Birmingham,
Birmingham, AL, United States

2 Department of Pharmacology and Therapeutics and Center for
Translational Research in Neurodegeneration, University of Florida,
Gainesville, FL, United States

Objective: Proteinaceous inclusions composed of a-synuclein are
pathological hallmarks of Parkinson’s disease (PD). a-Synuclein
pathology is abundant in the pre-supplementary motor area
(preSMA) in humans - homologous to the secondary motor cortex
(M2) in mice - which is also the only known cortical area to show
overt neuron loss in PD. M2 projections to the striatum play a role in
executive function, one of the most common cognitive domains
affected in PD. Templated formation of a-synuclein inclusions has
recently been shown to disrupt cortical projections and impair
corticostriatal plasticity. Here, we endeavor to understand how M2-
striatal connections are impaired by the corruption of presynaptic a-
synuclein into pathological aggregates, which may contribute to PD-
related executive dysfunction.

Methods: We performed whole-cell patch clamp recordings from
spiny projection neurons (SPNs) in C57BI6/J mice 6 weeks after
striatal a-synuclein pre-formed fibrils (PFFs) inoculations. Another
group of mice was injected with PFFs into the M2. Using
optogenetic approaches, we co-expressed the infrared-shifted
channelrhodopsin Chrimson-R in the M2 to record light-elicited M2-
projection specific evoked glutamate release onto SPNs. Lastly, we
utilized Expansion Microscopy (ExM) to assess for abnormalities in
synaptic morphology and synapse loss of corticostriatal synapses in
the presence of a-synuclein pathology.

Results: We show impaired evoked corticostriatal glutamate
release onto SPNs in striatal PFF injected animals compared to
controls. Additionally, we found changes to the intrinsic properties
and excitability of SPNs. M2 projection-specific pathology
experiments show reduced evoked glutamate release onto SPNs
and a significant increase in paired-pulse ratio, suggesting
presynaptic  dysfunction of M2 projections. Using ExM
superresolution imaging, we show a decrease of corticostriatal
glutamatergic synapses in mice with a-synuclein inclusions and a
paradoxical enlargement of inclusion-positive glutamatergic
terminals in the dorsomedial striatum.

Conclusion: Our combined efforts in physiology and high resolution
imaging point to a critical dysfunction of corticostriatal synapses in
neurons harboring a-synuclein inclusions. The findings from M2-
specific injections suggest this region may be more susceptible to a-
synuclein pathology-mediated changes than other cortical regions.
Our data is unraveling how aggregated a-synuclein disturbs
corticostriatal synaptic function and future studies will assess how
this contributes to the symptoms of PD.

aggregated a-
synuclein

P07.02

Cortical compensatory mechanisms for adaptive split-belt
walking in people with Parkinson’s disease

Femke Hulzinga™', Paulo Pelicioni?, Nicholas D’Cruz’, Veerle de
Rond', Pieter Ginis', Moran Gilat", Alice Nieuwboer’
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Background and aim: Adapting gait while navigating the
environment is challenging for people with Parkinson’s disease
(PwPD), leading to poor mobility and falls. The neural mechanisms
underlying gait adaptation in PwPD are still unclear. Previous
research using functional near-infrared spectroscopy (fNIRS) to
investigate cortical activity during gait focused on the prefrontal
cortex and did not address gait adaptation. A split-belt (SB) treadmill
allows studying gait adaptation as it induces gait asymmetry by
imposing a different speed on each leg separately. Therefore, this
study investigated cortical activity associated with SB-walking
compared to tied-belt (TB) walking in four cortical areas using fNIRS
in PWPD and older adults (OA).

Methods: Forty-two PwPD and 42 OA performed seven trials of TB-
walking and SB-walking, where one leg was reduced 50% in speed.
Cortical activity was captured with fNIRS as oxygenated (HbO) and
deoxygenated hemoglobin in the prefrontal cortex (PFC),
supplementary motor area (SMA), premotor cortex (PMC) and
posterior parietal cortex (PPC). Gait adaptation outcomes were
mean step length asymmetry and variability. Preliminary analysis
also included correlation analyses between HbO concentrations
during SB-adaptation and cognition, balance and PD-related clinical
outcomes.

Results: PwPD showed higher PMC (HbO p=0.006) and PPC (HbO
p=0.002) activity compared to OA regardless of condition. No
condition or group effect was present for PFC, and SMA activity.
There were no group differences in step length asymmetry and
variability during SB-walking. Correlation analysis showed that
higher PMC and PPC activation were associated with poor set-
shifting (Trail-Making-Test part B, r=0.317, p=0.041) and balance
performance (MiniBEST, r=0.333, p=0.031) in OA but not in PwPD.
No significant correlations were observed between these outcomes
or other PD-specific ones and PMC or PPC activity.
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Conclusions: This preliminary analysis showed that PwPD
increased PMC and PPC activity unrelated to gait adaptation.
Interestingly, this increased cortical activity was not driven by
performance differences compared to controls, implying pathology-
specific compensation. OA showed associations between increased
cortical activity and impaired set-shifting and balance, pointing to
compensatory cortical reserve not present in PwPD. Future analysis
needs to unpick how cortical activity changes impact on the
adaptive changes within each group over time.

P07.03

Overexpression of human a-synuclein in serotonin neurons
drives brain functional disconnection in a PD-like mouse model
with depressive phenotype
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Bortolozzi*"

1 Institute of Biomedical Research of Barcelona (IIBB), Spanish
National Research Council (CSIC); August Pi i Sunyer Biomedical
Research Institute (IDIBAPS); Mental Health Networking Biomedical
Research Centre (CIBERSAM), ISCIII, Barcelona, Spain

2 Institute of Biomedical Research of Barcelona (IIBB), Spanish
National Research Council (CSIC); August Pi i Sunyer Biomedical
Research Institute (IDIBAPS), Barcelona, Spain

3 Institute of Biomedical Research of Barcelona (lIBB), Spanish
National Research Council (CSIC), Barcelona, Spain

4 Magnetic Resonance Imaging Core Facility, August Pi i Sunyer
Biomedical Research Institute (IDIBAPS), Barcelona, Spain,
Barcelona, Spain

Introduction: Anxiety and depression are the most prevalent
neuropsychiatric disorders in Parkinson’s disease (PD) and
significantly contribute to a loss of quality of life. While deficits in the
dopaminergic system are implicated in both motor and non-motor
manifestations, neuropathological and neurochemical alterations in
the serotonergic (5-HT) system, which regulates mood and
emotional states, occur during the premotor phase of PD and
contribute to a wide range of non-motor symptoms. Additionally,
aggregates of a-synuclein (a-Syn) were identified in raphe nuclei in
the early stages of the disease. However, the relationship between
a-Syn pathology and structural and functional changes occurring in
the brain is not well understood. Our aim was to study whether
synaptic plasticity and functional connectivity are affected by a-Syn
accumulation in the efferent brain regions from 5-HT raphe nuclei in
the early stages of a depression/PD-like mouse model.

Methods: A new mouse model of a-synucleinopathy in the 5-HT
system based on AAV5-induced overexpression of wild-type
human-a-synuclein (h-a-Syn) in 5-HT neurons of raphe nuclei was
used. Male mice were assessed 4 and 8 weeks later. Cytoskeletal
motor components (MAP2), synaptic vesicle associated proteins
(SV2A), and synaptophysin were examined by confocal microscopy.
Brain functional connectivity was analyzed using the resting state
(rsfMRI) by BOLD and ICA signals. Cellular activity was measured
by Egr-1 mRNA expression in several interconnected brain areas.
Results: AAV5-induced accumulation of human a-Syn in the 5-HT
neurons of raphe nuclei leads to progressive presynaptic pathology
in interconnected brain regions, characterized by downregulation of
MAP-2 protein in different 5-HT-innervated cortices (e.g. prelimbic,
infralimbic, cingulate and motor cortices), caudate-putamen, and
different subfields of hippocampus as well as an upregulation of
SV2A and synaptophysin proteins in cingulate and motor cortices,
and caudate-putamen.

In parallel, abnormalities in neuronal activity were found in cortical
and subcortical brain areas, assessed by Egr-1 mRNA expression.
Specific regional differences in resting-state functional activity
changes occur in caudate-putamen and hippocampus eight weeks
post-injection, prior to neurodegeneration.

Conclusions: This study provides preliminary evidence for altered
synaptic and fMRI markers linked to a-Syn pathology in emotional
brain circuits and has translational importance for identifying PD
patients at risk for depression.

P07.04

Advancing adaptive subthalamic deep brain stimulation for gait
disturbances and freezing of gait in Parkinson’s disease
Marie-Laure Welter’, Brian Lau? Ludovic Saint-Bauzel, Carine
Karachi?, Mathieu Yeche', Sinan Haliyo®, Alexandre Guerre®, He
Shenghong?, Huiling Tan**

' Paris Brain Institute, Paris, France
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In Parkinson’s disease (PD), gait disorders with the freezing of gait
(FoG) phenomenon, gradually worsen with time, affecting more than
half of all patients. Associated with an increased risk of falls, injuries
and mortality, it poses a major burden to patients and their families.
FoG and falls are poorly improved by dopaminergic drug treatments
or deep brain stimulation (DBS) of the subthalamic nucleus (STN).
Up to now, the treatment of FoG is still difficult because of a
complex physiopathology, with an interaction between motor and
cognitive-emotional functions that remains poorly understood.
Another problem is that walking disorders are treated as
permanently and identical during a day, with continuous treatments
that are poorly adapted to their episodic character, and dependent
on the environment in which the subject walks. An increased
synchronization of STN neuronal activity in the beta band (8-35 Hz)
has been identified as linked to the severity of akinesia, and used
successfully to trigger the so-called “closed loop” DBS to treat it. In
this proposal, we aim to better understand the neural basis of FoG
in PD to predict the occurrence of these transient FoG episodes. In
particular, we will investigate how cortical and subcortical neural
oscillations will lead to abnormal muscle activities associated with
FoG. For this purpose, we will record cortical and STN neuronal
activity in PD patients while walking in various conditions of gait by
using virtual reality tools and developing gait models. In addition, we
also hypothesize that an adaptative STN DBS based on the STN
activity or gait cycle phases could relief or prevent FoG. Therefore,
we will evaluate the effectiveness of a novel biomimetic pattern of
STN DBS in promoting resistance to FoG and explore other
stimulation patterns to disrupt pathological brain oscillations and
muscle activities leading to FoG. This research program will pave
the way for early detection of episodic gait disturbances that could
be used to control switching between DBS stimulation patterns that
are most appropriate for minimizing risk of falling.
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The mGIuR5-A2AR-D2R heteromeric complex: Considerations
for Parkinson’s disease treatment
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The adenosine A2A receptor (A2AR), dopamine D2 receptor (D2R)
and metabotropic glutamate receptor type 5 (mGIuR5) form
mGIuR5-A2AR-D2R heteroreceptor complexes in living cells and in
rat striatal neurons. We showed that the A2AR protomer plays a key
role within this heteroreceptor complex [1], thus providing key
allosteric receptor-receptor interactions that allows fine-tuning
modulation of the D2R function. Our in cellulo experiments
demonstrated that co-expression of A2AR promoted mGIuR5-D2R
heteromer formation, and mGIuR5 agonist-mediated inhibition of
D2R-Gi/o protein activation. Interestingly, when the mGIuR5-A2AR-
D2R heteroreceptor complexes were evaluated in vivo, we showed
that the expression of the A2AR in the mouse dorsal striatum was
necessary for the D2R and mGIuR5 to form complexes visualized
by proximity ligation assay. Subsequently, the effects of the mGIuRS5
negative allosteric modulator raseglurant (1 mg/kg) was studied on
locomotor activity in mice. A significant increase in locomotor activity
was observed in wild-type mice after raseglurant treatment, as
previously described. Importantly, this enhancement of locomotion
was not observed in A2AR or D2R knockout mice. In fact, failure to
see enhancement in raseglurant-mediated locomotion in the
absence of A2AR may reflect the importance of this receptor in the
functionality of the mGIUR5-A2AR-D2R heteroreceptor. Finally,
while raseglurant reduced haloperidol-induced catalepsy in wild-type
mice, in A2AR-/- mice its action was dramatically reduced,
supporting a functional role for mGIuR5 and A2AR in enhancing
D2R blockade that results in catalepsy. In conclusion, in the wild-
type mouse, mGIuRS activity enhances inhibition of D2R signaling
through a positive allosteric modulation of A2AR function, thus
resulting in weak dopaminergic signalling. However, in the A2AR-/-
mouse, mGIluR5-mediated positive allosteric modulation of A2AR
disappears and D2R is released from both mGIuR5- and A2AR-
mediated transinhibition, thus resulting in increased dopaminergic
signalling.

This project was founded by the Ministerio de Ciencia, Innovacién y
Universidades-Agencia Estatal de Investigacion- FEDER-EU (Grant
PID2020-118511RB-100)

References

[11 W. Romero-Fernandez, J.J. Taura, R.AJ. Crans, M. Lopez-
Cano, R. Fores-Pons, M. Narvaez, J. Carlsson, F. Ciruela, K. Fuxe,
D.O. Borroto-Escuela, The mGlu5 Receptor Protomer-Mediated
Dopamine D2 Receptor Trans-Inhibition Is Dependent on the
Adenosine A2A Receptor Protomer: Implications for Parkinson’s
Disease, Mol Neurobiol. 59 (2022) 5955-5969.
https://doi.org/10.1007/S12035-022-02946-9.

P08.03

Spatio-temporal dynamic of DA in the execution of goal-
directed movements in rats
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The ability to produce movements adapted to our environment is
crucial in our daily lives. Years of research to understand this
function, which is crucial to our survival, have placed dopamine (DA)
as key in motor selection and execution processes. Indeed, beyond
its role in the reward circuit, this neuromodulator is known to be
central in motor control. This capital function is well-illustrated in
Parkinson’s disease (PD), where the death of dopaminergic neurons
induces severe motor symptoms, such as difficulties in initiating
movements (akinesia), and their slowness (bradykinesia).
Importantly, the neurophysiological mechanisms underlying motor
execution are not fully elucidated. Thus, this study aimed at
determining the temporal contribution of DA in these processes.
First, we developed a “reach-and-grasp” motor task, in which rats
perform a goal-directed skilled movement to press a lever in order to
obtain an expected outcome (40 uL of sucrose 5%). Then, we
studied the effect of a lack of DA on dexterous movement execution.
We mimicked neuronal death observed in PD via the injection of 6-
OHDA in the STR. This aimed at characterizing the temporal and
spatial dynamic of motor symptoms development. Our results
demonstrate the necessity of DA in short time scale (in range of
minutes) in the DLS and question the necessity of fast-scale DA
dynamics to control online motor execution. In contrast, DA
transmission at a slower time scale seems to be important for the
reinforcement and the maintenance of the striatal neuronal activity
that is necessary for optimal motor execution. Importantly,
correlated to the extent of the lesion, we observed in the following
days of the chronic depletion a functional recovery during which
motor deficits were alleviated. Thus, our results illustrate the
resilience capacity of the DLS to the lack of DA. We are currently
investigating compensatory mechanisms via calcium imaging in D1-
cre and A2A-cre rats. This characterization could bring innovative
ideas to develop new therapeutic strategies for PD.

P08.04

Physiological functions of aldehyde dehydrogenase 1A1-positive
midbrain dopaminergic neuron
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Both motor and non-motor functions are affected in Parkinson’s
Disease (PD), which is associated with loss of midbrain
dopaminergic neurons, particularly the aldehyde dehydrogenase
1A1-positive (ALDH1A1+) dopaminergic neuron subtype. The
current study sought to characterize the physiological functions of
ALDH1A1+ dopaminergic neuron subtype in a mouse model of PD
with various behavioral tests. To understand the function of
ALDH1A1+ dopaminergic neuron subtype in the midbrain, we
selectively ablated the ALDH1A1+ dopaminergic neurons in
substantia nigra compacta (SNc) and ventral tegmental area (VTA)
respectively in the Aldh1a1-P2A-CreERT2 knock-in mouse line. In
contrast to our previous findings that ALDH1A1+ SNc subpopulation
is critical for rotarod motor skill acquisition and high-speed voluntary
locomotion, VTA ALDH1A1+-ablation did not significantly alter
parameters of voluntary movements and motor-skill learning
acquisition. These indicate that only the SNc, but not the VTA,
ALDH1A1+ dopaminergic neuron subtype regulates skill learning
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acquisition and the vigor of the movements. Besides motor
functions, genetic ablation of ALDH1A1+ SNc, but not VTA,
dopaminergic neuron subtype shows significant working memory
deficit using Y-maze spontaneous alternation test. On the other
hand, in a classic fear conditioning task, ablation of VTA ALDH1A1+
dopaminergic neurons displayed significantly elevated retention for
fear memory, but SNc ALDH1A1+ ablation did not significantly alter
responses in the task. In addition, to further tested their involvement
in instrumental conditioning, we used a nose-poke based food pellet
retrieval operant task. We observed that while VTA-ALDH1A1+-
ablation group did not lag in learning, they showed significantly
reduced motivation for obtaining food reward when the task required
high-effort actions. Both SNc and VTA ALDH1A1+ subtypes do not
display obvious alteration of anxiety-like responses in the open field,
elevated plus maze and light dark box test. Our comprehensive
findings compare and characterize physiological functions of major
dopaminergic neuron subtypes in the midbrain, revealing their
distinctive roles in motor and non-motor functions.

P08.05

PD antibodies without side effects: Dr. Mehmet Oz, probably
the most famous medical doctor of our time, has said, “The
next big frontier in medicine is energy medicine.”

Jeffrey Harsh*
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Alpha-Synclein has been implicated in the path physiology of
Parkinson’s disease (PD) and Lewy body dementia (DLB).
Mutations A30P and A3T are associated with PD while mutation
E46K has been linked to DLB. These mutated a-synucleins form
fibrils more rapidly than the wild-type protein in aqueous solution1.
A-Synucleins are the major components of Lewy bodies and Lewy
neurites in both diseases2. | have combined the antibody
frequencies of both a-synucleins and Lewy bodies. Together, these
limited tests have revealed that Anti-LRRK2, (Alpha-Syclein
antibody) when combined with the oligomers antibodies, became
much more effective then by themselves. We create true steller
frequencies then generating anti-alpha-Synuclein antibody’s void of
actual pathogens!

However our method of doing so differs from the rest of the pack.
We are using a German made Tesla Technology, and create a
frequency of the anti-body so the immune system can have a target.
Unlike Vaccines, we never use any of the actual molecules of lab
anti- body’s proteins; genes relating to Parkinson are given to
humans or animals. That equals no side effects.

Our approach is a breakthrough. We will use because you do not
have to stay in the hospital for two hours getting your antibody.

Just take a deep breath of the nasal fine spray pump two or three
times a day!

PD causes and effects are multifaceted. But our efficacy in testing
and historical research has led us to believe one of the major
causes of PD is mercury poisoning. We believe mercury causes the
alpha synuclein to misfold causing toxic clumps. (You know the rest
of the story). Also 24dD and 245T Hubersides, attack the autonomic
novice system of humans to scramble info or generate autonomic
dysregulation. It does the same to plants. Their roots burst and the
plant dies. Jeffrey Harsh has a Doctoral Degree in Naturopathic
Medicine from a University in the British West Indies. He is an
accepted member of Mensa. (ID number 1124319)
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70 years of historical brain life cell therapy for PD, and thank
God it is not created from aborted human fetus!
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70 years of historical brain life cell therapy for PD, and thank God it
is not created from Aborted human fetus! By Jeffrey J. Harsh PHD
When | was on the board of directors of the National Health
Federation, the President was a great elegant lady nhamed Maureen
Solomon. She started a clinic in Tijuana, Mexico, that imported
different live cells from Germany Six months later | saw and felt the
results of a younger body and | have been using them ever since.
As the cells in the different organs in our body age, they divide and
die by autolysis. Each time this atrophy happens, the new
replacement cells lose information and that equals ageing.
Reprogramming the DNA with young unadulterated cells, causally
reverses aging. By using cells from neonatal unborn animals. Not
from aborted human baby cells!

Available for the past 70 years in Europe, porcine Embryonic
Organo Supplementation (EOS) is now available in the form of
embryonic cellular preparations, making it possible, and affordable,
to receive the incredible benefits of EOS without traveling to
expensive European Clinics.

Cell Life USA’s EOS uses similar principals as those used in cell
therapy, however, instead of extracting whole intact cells, EOS
starts with the selection of specific organ tissue from an organic
porcine embryo and through proprietary technology, it is processed
into a bio-available form of a nutritional supplement.

Many years of experience have demonstrated that porcine are the
best donor animals for humans because they are vital, hardy
animals and immunologically, their bodies are the closest match to
the human body. they only fit into the receptor sites of the target
organ and begin to support the function of that specific target organ.
Cell Life USA's EOS preparations are derived from specific
embryonic organ cell tissues and are ideally suited to support anti-
aging and health maintenance. They are for oral use only and can
often perform little miracles in supporting body structure and body
function.

For years now | have been using Live Cell therapy. Many believe |
look 15 to 20 years younger then i am; and the same with my
daughter.
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Functional assessment of dopaminergic neurons derived from
human lineage-restricted undifferentiated stem cells in a rat
Parkinsonian model
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Current differentiation methods can generate mesencephalic
dopamine (mesDA) neurons from human pluripotent stem cells
(hPSCs) after long-term in vitro culturing. However, when mesDA
progenitors are transplanted in vivo, dopamine neurons are a small
component of the surviving graft [1,2,3]. To address this limitation,
we knocked out four genes in hPSCs (Gbx2, Cdx1/2/4) that are
critical for the specification of non-dopaminergic lineages, to create
a new type of stem cell which we named lineage-restricted
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undifferentiated stem cells, or more specifically, 4X cells [4]. We
tested these cells in a rat Parkinsonian model after incubation under
hindbrain differentiation conditions.

Nude rats were given a 6-OHDA-induced medial forebrain bundle
lesion and four weeks later 250,000 cells (H9 or 4X) differentiated to
16 DIV were transplanted into the striata. A third group of rats were
lesioned but did not undergo transplantation (6-OHDA group). The
amphetamine-induced rotational test and cylinder test were used to
assess behaviour throughout the study, where the rats were
sacrificed 19 weeks post-transplant for histological analyses.

Before transplantation, all groups exhibited similar behavioural
impairment in the rotation and cylinder tests, confirming there was a
significant loss of dopamine in the striatum. However, by 8 weeks
post-transplantation, rats that received 4X cells showed a complete
correction of amphetamine-induced ipsilateral rotation, whereas H9
rats only showed recovery at 18 weeks, and not to the same extent.
Spontaneous motor behaviour in the cylinder test was also
improved in 4X rats by 18 weeks post-transplantation, as they used
their contralateral paw significantly more than prior to
transplantation. Contrastingly, H9 rats almost never used their
contralateral forelimb throughout the entire study.

Postmortem quantification of graft-derived TH-positive cells showed
that there were significantly more TH-positive cells per graft in 4X-
transplanted rats than in H9-transplanted rats. Furthermore, the
estimated TH-positive graft volume was over 5 times larger in the
4X rats than the H9 rats.

Overall, our 4X cells are a promising new therapy for Parkinson’s
disease, as they produced a robust population of mesDA neurons
and rapid behavioural recovery in vivo.

[1] Kim et al., 2021.

[2] Nolbrant et al., 2017.

[3] Piao et al., 2021.

[4] Maimaitili et al., 2021.
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P08.09

Calcium-sensor linkage of N-methyl-D-aspartate receptors to
the MAP kinase pathway is blockade by a-synuclein in cortical
and hippocampal neurons and microglia

Gemma Navarro Brugal*, Irene Reyes, Jaume Lillo, lu Raich, Rafael
Rivas-Santisteban, Joan Biel Rebassa, Rafael Franco

University of Barcelona, Barcelona, Spain

N-methyl-D-aspartate receptors (NMDAR) respond to glutamate to
allow the influx of calcium ions. Upon interaction of the ion with
calcium-binding proteins, these undergo conformational changes
that are important for both neurotransmission and neural cell
function and fate. However, our knowledge about the connection

between NMDAR function and signaling via calcium-binding-
proteins is still scarce. Using a heterologous expression system, we
demonstrate that NMDAR may interact with the EF-hand calcium
binding proteins calmodulin, calneuron-1 and NCS1 but not with
caldendrin. Calmodulin in microglia, and calmodulin and NCS1 in
neurons, are necessary for NMDA-induced MAP kinase pathway
activation. In fact, NMDAR were present in primary cultures of
cortical and hippocampal neurons and microglia. Remarkably,
signaling to the MAP kinase pathway was blunted by a-synuclein
aggregates that are involved in the progression of Parkinson
disease. Calcium sensors were not protective suggesting that these
proteins do not mediate a negative feedback regulation but
potentiate NMDAR-mediated signaling events. The results show
that calcium sensors are important for NMDAR function both in
neurons and microglia and that the expression of receptor-calcium
sensor complexes, specially those involving NCS1 are altered in
neural cells from Parkinson disease.

P08.10

Adora1 mutation linked to early-onset Parkinson’s disease
alters adenosine A1-A2A receptor heteromers formation and
function

Laura lIsabel Sarasola®!, Claudia Llinas del Torrent?, Victor
Fernandez-Duefias’, Sergi Ferré®, Leonardo Pardo? Francisco
Ciruela’

' University of Barcelona, L'Hospitalet de Llobregat, Spain

2 Universitat Autonoma de barcelona, Bellaterra, Spain

% National Institute of Health, Baltimore, MD, United States

Adenosine is an endogenous autacoid purine nucleoside involved in
several physiological functions. In the brain, it modulates
neurotransmission through inhibitory adenosine A1 receptors
(A1Rs) and stimulatory A2A receptors (A2ARs). These G protein-
coupled ARs are involved in motor function and related to
neurodegenerative diseases such as Parkinson’s disease (PD). In
line with this, a recent study associated a new autosomal recessive
mutation (G279S) within the A1R gene to the development of early
onset PD. Here, we aimed at investigating the impact of this
mutation on receptors’ structure and function. Our results revealed
that the G279S A1R mutation does not alter receptor's ligand
binding, constitutive activity or coupling to transducer proteins (i.e.,
Gai and Gaq) in transfected cells. However, G279S mutation
reduced A1R-A2AR heteromer formation and abolished the
heteromer-dependent ligand-independent modulation that A1R
exerts over the constitutive and agonist-induced activation of the
A2AR. Interestingly, computational studies supported that the
G279S A1R mutation could have a negative effect on the
heterodimer interface stability. Overall, our results indicate that
G279S mutation does not modify A1R canonical signalling, whereas
it reduces the ability of A1R to act as a negative allosteric modulator
of A2AR function.
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P09.01

Therapeutic targeting of synaptic vesicle glycoprotein 2C
(SV2C) in Parkinson’s disease

Meghan Bucher*, Joshua Bradner, Gary Miller

Columbia University Irving Medical Center, New York, New York,
United States

Dopamine mishandling has been a recognized feature of
Parkinson’s disease (PD) since the 1960s when decreased
dopamine was observed in post-mortem brain tissue from PD
patients and it was discovered that L-DOPA supplementation
rescued motor deficits. L-DOPA is the first-line therapeutic for
managing motor symptoms in PD patients; however, its use results
in adverse side effects and its efficacy decreases over time.
Furthermore, while dopamine mishandling was originally thought of
as a pathologic hallmark of PD, later studies showed a pathogenic
role due to cytosolic dopamine participating in neurotoxic reactions.
To maintain neuronal health and proper dopamine transmission, the
cytosolic pool of dopamine is regulated through vesicular
sequestration by vesicular monoamine transporter 2 (VMAT2) and
our work has demonstrated it is retained in the vesicle by synaptic
vesicle glycoprotein 2C (SV2C). Mutations in the coding region of

SLC18A2, the gene for VMAT2, are rare but severe, resulting in
infantile parkinsonism. In addition, gain of function mutations in the
promoter region of SLC18A2 have been associated with decreased
risk of PD, suggesting that enhanced activity confers protection.
Recently, a SNP in SV2C associated with PD was identified and
replicated by GWAS, substantiating previous work that identified
SV2C as a modifier of: 1) nicotine’s protective effect against
developing PD, 2) GBA-associated PD, and 3) differential
responses of PD patients to the therapeutic L-DOPA. Taken
together, these data indicate that the vesicular handling of
dopamine is a viable therapeutic target for PD and may provide the
dual benefit of: 1) improving motor symptoms by regulating vesicular
dopamine dynamics, either alone or by improving L-DOPA efficacy,
and 2) conferring neuroprotection by minimizing the neurotoxic
cytosolic pool of dopamine. Thus, we hypothesize that
therapeutically targeting SV2C may modify disease progression and
improve efficacy of symptomatic interventions. There is precedent
for therapeutically targeting SV2 proteins demonstrated by the
efficacy of the SV2A modulator Levetiracetam for epilepsy. Here, we
present initial results from an in vitro plate-reader based assay
utilizing a fluorescent dopamine analogue (FFN206) used to screen
a range of VMAT2- and SV2C-modifying compounds including
Tetrabenazine, Reserpine, Chloroquine, Bupropion, Levetiracetam,
and Padsevonil.

Hypothesis: Increased SV2C activity will enhance the therapeutic
profile of L-DOPA to alleviate motor symptoms in PD patients.

Dopamine neuron
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P09.02

Golexanolone, a GABAA receptor-modulating steroid
antagonist, improves fatigue, anxiety, depression, and some
cognitive and motor alterations in a rat model of Parkinson’s
disease

Paula Izquierdo-Altarejos*", Yaiza M Arenas? Mar Martinez-
Garcia?, Gergana Mincheva? Magnus Doverskog®, Thomas P
Blackburn®, Lars Ohman®, Marta Llansola? Vicente Felipo?

" Principe Felipe Research Centre (CIPF), Valencia, Spain

2 Centro de Investigacion Principe Felipe, Valencia, Spain

3 Umecrine Cognition AB, Solna, Sweden

Parkinson’s disease (PD) affects more than 6 million people
worldwide, and will affect more in coming decades. There are no
drugs available for PD that alter progression of disease. Current
symptomatic treatments provide limited relief and have side effects.
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Enhanced GABAergic neurotransmission contributes to PD
pathogenesis and to some motor and non-motor symptoms. In
animal models, GABA levels are increased in substantia nigra pars
compacta, leading to reduced expression of tyrosine hydroxylase
(TH) in neurons which contributes to the behavioural deficits. TH
expression may be restored by blocking GABAA receptors,
supporting that enhanced GABAA receptors activation mediates
reduced TH expression and some behavioural deficits. Patients and
animal models with PD may also show cognitive impairment,
fatigue, anxiety, and depression.

We hypothesized that golexanolone, a well-tolerated GABAA
receptor-modulating steroid antagonist in clinical development, that
reduces GABAA receptors activation and neuroinflammation, may
improve some motor and non-motor deficits in a rat model of PD.
We used the unilateral 6-OHDA rat model. Rats positive in the
apomorphine-induced rotation test were included, together with
sham-operated controls. Golexanolone treatment (50 mg/Kg, daily,
intragastric) started four weeks after surgery.

Rats with PD showed increased fatigue in the treadmill test and
anxiety in the open field test. Golexanolone reversed the increase in
fatigue and in anxiety.

In the sucrose preference test, rats with PD showed anhedonia, a
symptom of depression, which was also reversed by golexanolone.
Motor coordination was impaired in 6-OHDA-treated rats in the
motorater and rotarod tests. Golexanolone reversed the impairment
in motor coordination in the motorater, but not in the rotarod test.
Alterations in locomotor gait were analysed in the CatWalk. 6-
OHDA-treated rats showed increased initial dual stance and
reduced swing. These alterations were reversed by golexanolone.
6-OHDA-treated rats show impaired short-term memory in the Y
maze, which was improved by golexanolone.

These results show that golexanolone treatment may be useful to
improve a variety of the symptoms that severely affect the patients
quality of life: anxiety and depression, fatigue, some aspects of
motor coordination and of locomotor gait, and some aspects of
cognitive function. These beneficial effects would be due to
reduction of GABAergic neurotransmission and neuroinflammation.

P09.03

Validating a novel therapeutic approach co-targeting immune
activation and dopaminergic neuron loss in Parkinson’s
disease

Aishwarya Johnson*', Sara Jose?, Hariharan Saminathan®, Richard
Gordon*

" QUT, Queensland, Australia

2UQ, Brisbane, Australia

3 UAEU, Al Ain, United Arab Emirates

4 QUT, Brisbane, Australia

Parkinson’s disease (PD) is a progressive neurodegenerative
disorder characterized by selective loss of dopaminergic neurons in
the ventral mid-brain. This degeneration of dopaminergic neurons
triggers irreversible and debilitating motor and non-motor deficits.
Currently, only symptom management is available for PD, with no
means to slow or stop disease progression. Therefore, there is an
urgent unmet need to develop new and more effective treatments
for disease modification. As PD is a complex disease with multiple
mechanisms driving disease pathogenesis, we hypothesized that
targeting multiple mechanisms such as inflammation, mitochondrial
dysfunction and oxidative stress could be more effective compared
to current approaches which target a single pathological pathway. In
this study, we identified a novel therapeutic approach to modulate
the Fyn Kinase pathway that is expressed in immune cells that drive
inflammation and in dopaminergic neurons which degenerate in
Parkinson’s disease. We uncovered for the first time that one of the
tyrosine phosphatases - PTEN (Phosphatase and Tensin homolog

deleted on chromosome 10) a lipid and protein tyrosine
phosphatase functions as a switch to activate Fyn and drive chronic
inflammation in PD and dopaminergic death through mitochondrial
dysfunction. This study further validates PTEN as a very early stress
sensor in response to oxidative stress and neurodegenerative
toxicants in models of PD. Pharmacological inhibition of PTEN
functions as an effective “off-switch” for the pathological Fyn kinase
pathway and reduces both inflammation in activated microglia, as
well as neuronal loss in neurotoxicant-induced death of
dopaminergic neurons. Our results suggest that PTEN could be a
disease-modifying pharmacological target that could be targeted to
block multiple pathological mechanisms in PD including
inflammation, neuronal death and mitochondrial dysfunction. Future
studies will evaluate if this approach can also target synuclein
pathology in preclinical models of PD.

P09.05

Identification of new RXR-Nr4a (Nur) nuclear receptor complex
selective compounds for Parkinson’s disease

David Cotnoir-White', Catherine Levesque’, Maxime Tremblay’,
Anne Marinier’, Sylvie Mader', Daniel Levesque*?

' University of Montreal, Montreal, Canada

2 University of Montreal, Faculty of pharmacy, Montreal, Quebec,
Canada

Retinoid X receptors (RXRs) play a role as master regulators due to
their capacity to form heterodimers with several other nuclear
receptors, contributing to important aspects of biology and to an
array of pathological conditions. For instance, it has been shown
that RXR-Nr4a (including Nurr1 and Nur77) signaling is deregulated
during Parkinson’s disease and its treatment. While RXR drugs,
also called “rexinoids” have been developed to modulate activity of
RXR-containing dimers, their lack of selectivity strongly limits their
use for specific therapeutic approaches. We describe here a new
high throughput screening (HTS) approach to identify novel
rexinoids selective for RXR-Nurr1/Nur77 heterodimers, which
represent interesting targets for Parkinson’s disease. The initial
screens were conducted by measuring coactivator recruitment to
the RXR-Nurr1/Nur77 dimers in Protein Complementation -
Bioluminescence Resonance Energy Transfer assays (PCA-BRET).
This approach identified new chemical entities with rexinoid activity.
Selectivity of compounds against undesirable off-targets was tested
in robust assays. This was achieved by developing new gene
reporter assays, in which the DNA binding domain of the RXR
partner (retinoic acid receptor, vitamin D receptor, thyroid hormone
receptor) was mutated to recognize a glucocorticoid response motif
(DBDmut). Structure-activity relationship (SAR) analysis led to
improvements in potency for the primary target and increased
selectivity against undesired off-targets. To confirm the validity of
our approach, we ran an additional screen against the RXR-
Nurr1(DBDmut) heterodimer using the newly developed a
glucocorticoid/retinoid (2GRE-"2DR5)x3 hybrid reporter assay.
Interestingly, this approach identified the same hits that were
selected from the PCA-BRET assay to undergo SAR. Preliminary
data support good pharmacokinetic parameters of optimized hits
(PK and BBB passage). These results indicate that the platform we
developed can be used to identify new heterodimer selective
rexinoids. This work was supported by IRICoR, a Canadian center
of excellence in commercialization and research specialized in drug
discovery and the Weston Brain Institute of Canada.
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Epigenetic deregulation in striatal neurons during impulse
control disorders related to dopamine agonists in Parkinson’s
disease: towards the identification of therapeutic target
Louise-Laure Mariani*', Jean-Antoine Girault?, Denis Herve? Olga
Corti®, Jean-Christophe Corvol®

' Paris Brain Institute Sorbonne University, Paris, France

2 Inserm, Paris, France

3 Paris Brain Institute, Paris, France

Impulse Control Disorders (ICDs) are frequent and severe
behavioral complications of Parkinson’s Disease (PD). Their
cumulative incidence is 46% at 5 years, and can increase in certain
genetic forms of PD. The main ICDs are pathological gambling,
binge eating, compulsive shopping and hypersexuality. Despite the
possible negative consequences, the behaviors are repeated
without control, defining those behaviors as impulsive and
compulsive, which impact negatively life and social-occupational
functioning of PD patients and their caregivers. Pathophysiology of
ICD is still imperfectly understood.

In cells, there are stable « epigenetic » marks modifiying the way
DNA is used and genes are expressed, without modifying their
sequence. In the brain of PD patients, these epigenetics marks are
modified during the treatments of PD. All the PD patients treated by
dopaminergic medications do not develop ICDs but it is not known
which epigenetic and gene expression modifications are linked to
the occurrence of ICD in patients.

Some validated rodent models generate strong and frequent ICDs.
They allow to study in an integrated approach these behaviors et
their underlying biological abnormalities and molecular mecanisms.
Our study, through an innovative approach combining animal
models and Next-generation sequencing, explores the epigenetic
and gene expression (transcription and methylation), in specific
brain regions, in specific subpopulation of neurons, to identify new
pathophysiological and therapeutic targets.

P09.07

A model to test novel therapeutic interventions for Parkinson’s
disease: The Thy1-aSyn (“line 61”) mice

Franziska Richter Assencio*, Christopher Kaeufer, Birthe Gericke,
Malte Feja

University of Veterinary Medicine Hannover and Center of Systems
Neuroscience, Hannover, Germany

Development of disease-modifying interventions for Parkinson’s
disease (PD) is hampered by a lack of translation from pre-clinical to
clinical trials. One strategy for improvement is to increase predictive
validity of pre-clinical studies by using extensively characterized
animal models with a comprehensive set of validated
pharmacodynamic readouts. Mice over-expressing full-length,
human, wild-type alpha-synuclein under the Thy-1 promoter (Thy1-
aSyn line 61) reproduce key features of sporadic PD, such as
progressive loss of striatal dopamine, alpha-synuclein pathology,
deficits in motor and non-motor functions and elevation of
inflammatory markers (Chesselet, Richter et al. 2012
Neurotherapeutics; Chesselet & Richter 2011 Lancet Neurology).
Extensive work with this model by multiple laboratories over the past
decade increased knowledge on pathomechanisms of alpha-
synuclein pathology and down-stream pathways. Interestingly, while
postnatal transgene expression is widespread in central and
peripheral neurons, the extent and progression of downstream
pathology differs between brain regions, thereby replicating the
characteristic selective vulnerability of neurodegenerative diseases.
In depth characterization of these readouts in conjunction with
behavioral deficits has led to more informative endpoints for pre-

clinical trials. Each intervention tested in Thy1-aSyn line 61
enhances knowledge on how molecular targets, pathology and
functional behavioral readouts are interconnected, thereby further
optimizing the platform. Here we present latest discoveries on
effects of drugs or exercise using Thy1-aSyn line 61 including
discussion on potential predictive validity.

P09.08

Uncovering the interaction between the cannabinoid CB1
receptor and the angiotensin AT2 receptor. Overexpression of
AT2-CB1 receptor heteromers in the striatum of 6-
hydroxydopamine hemilesioned rats.

Rafael Rivas-Santisteban*', Jaume Lillo?, lu Raich? Ana Mufioz’,
Alejandro Lillo?, Ana I. Rodriguez-Pérez®, José L. Labandeira-
Garcia®>, Gemma Navarro?, Rafael Franco?

' Universitat de Barcelona, Barcelona, Spain

2 UB, Barcelona, Spain

3 USC, Santiago de Compostela, Spain

The potential of cannabinoid and angiotensin receptors as targets in
the therapy of Parkinson’s disease (PD) is of great interest. The
endocannabinoids, which are neuromodulators that act through the
CB1 and CB2 cannabinoid receptors, and the renin angiotensin-
system, which is relevant for regulation of the correct functioning of
several brain circuits, have been identified as potential targets.
Resonance energy transfer assays in a heterologous system
showed that the CB1 receptor (CB1R) can directly interact with the
angiotensin AT2 receptor (AT2R). Coactivation of the two receptors
results in increased Gi-signaling. The AT2-CB1 receptor heteromer
imprint consists of a blockade of AT2R-mediated signaling by
rimonabant, a CB1R antagonist. The expression of the heteromer
has also been found in primary striatal neurons, as confirmed by in
situ proximity ligation assays. In addition, increased expression of
the AT2-CB1 receptor heteromeric complexes was detected in the
striatum of a rodent PD model consisting of rats hemilesioned using
6-hydroxydopamine. Expression of the heteromer was upregulated
in the striatum of lesioned animals and, also, of lesioned animals
that upon levodopa treatment became dyskinetic. However, there
was no upregulation in the striatum of lesioned rats that did not
become dyskinetic upon chronic levodopa treatment. These results
suggest that therapeutic developments focused on the CB1R should
consider that this receptor can interact with the AT2R, which in the
CNS is involved in mechanisms related to addictive behaviors and
to neurodegenerative and neuroinflammatory diseases. Therefore,
the AT2-CB1 receptor heteromer could be a promising new target to
combat Parkinson’s disease.

P09.09

Clemizole hydrochloride reduces alpha-synuclein toxicity in
Parkinson’s disease models: A behavioural and mechanistic
study

Bhupesh Vaidya*, Pankaj Gupta, Joydev K. Laha, Ipsita Roy,
Shyam Sunder Sharma

National Institiute of Pharmaceutical Education and Research
(NIPER), SAS Nagar, Mohali, Punjab, India

Transient receptor potential canonical 5 (TRPC5) channels are one
of the members of the Transient receptor potential family which are
activated in response to elevated oxidative stress. These channels
are widely expressed in the brain areas such as the striatum and
midbrain. We have previously shown that the upregulation of these
channels in these brain areas plays a major role in the
pathophysiology of neurodegenerative disorders such as
Parkinson’s disease. In the present study, we investigated the
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effects of alpha-synuclein toxicity on TRPC5 channels expression
with emphasis on mitochondrial dysfunctions, oxidative stress and
apoptosis. Alpha-synuclein pre-formed fibrils were bilaterally infused
into the striatum of Sprague-Dawley rats as well as administered to
the SH-SY5Y cells. Then the effect of clemizole hydrochloride
treatment, a potent TRPC5 channel inhibitor on behavioural,
molecular and biochemical parameters were evaluated both in vitro
as well as in vivo. Exogenous treatment with alpha synuclein pre-
formed fibrils increased TRPCS levels, along with reduced tyrosine-
hydroxylase expression in the striatum and midbrain. Moreover, it
produced mitochondrial dysfunctions, which were confirmed using
expression studies for Peroxisome proliferator-activated receptor-
gamma  coactivator-1 alpha and transcription factor-A,
mitochondrial. In the SH-SY5Y cells treated with alpha-synuclein
preformed fibrils we did not observe any changes in overall cell
viability but mitochondrial health of the cells was compromised. We
also observed elevated ROS levels using H2DCFDA and mitosox
dyes. However, co-treatment with clemizole reversed these changes
and accorded overall protection from alpha-synuclein toxicity.
Finally, we also demonstrated the ability of clemizole hydrochloride
to reduce TRPC5 expression and restore tyrosine hydroxylase
expression following alpha synuclein treatment. Taken together, our
results provide novel insights into potential of clemizole
hydrochloride and other TRPC5 modulators to protect from alpha
synuclein toxicity in neurodegerative disorders such as Parkinson’s
disease.

BASIC SCIENCE: Electrophysiology and
functional imaging, optogenetics

P10.02

Alpha-synuclein-induced nigrostriatal degeneration and
pramipexole treatment lead to compulsive behaviours and
abnormal frontostriatal plasticity

Mélina Decourt*, Eric Balado, Maureen Francheteau, Anais
Balbous-Gauthier, Pierre-Olivier Fernagut, Marianne Benoit-Marand
Laboratoire de Neurosciences Expérimentales et Cliniques,
Université de Poitiers, INSERM U1084, Poitiers, France

Objective: Clinical studies have demonstrated that pramipexole
(PPX) treatment of Parkinson’s disease (PD) induces non-motor
side effects (impulse control disorders, ICD) affecting up to 30% of
patients. The pathophysiology of ICD is still poorly known, but it was
shown that the orbitofrontal cortex (OFC) and the striatum are key
structures. In this context, we have investigated the effects of PPX
in a PD rat model during a signal attenuation task and on
frontostriatal plasticity.

Methods: Nigrostriatal degeneration was induced by viral-mediated
overexpression of human mutated alpha-synuclein in the substantia
nigra of rats and PPX treatment was realized during 20 days. Post-
training signal attenuation task was performed to assess
compulsivity behaviour, before and after surgery, and during PPX
treatment. Frontostriatal plasticity was assessed using anesthetized
in vivo electrophysiology recordings after high frequency stimulation
(HFS). The post-mortem analysis (proteins and RNA detections) are
in progress.

Results: The results of signal attenuation task combined with
previous studies suggest that the pattern of dopaminergic
degeneration is crucial to induce compulsive behaviour. Moreover,
electrophysiological recordings demonstrated that whereas HFS of
the OFC induced a long-term potentiation of striatal responses to
further OFC stimulations, nigrostriatal lesion, PPX treatment and the

combination of both led to a long-term depression of striatal
responses following HFS stimulation of OFC.

These experimental data complete the knowledge of ICD
physiopathology suggesting a crucial involvement of dopaminergic
denervation pattern and of PPX treatment to develop compulsive
behaviours. Moreover, we highlight a dysfunction of frontostriatal
pathways induced by nigrostriatal degeneration and PPX treatment.

P10.03

Parkinsonian beta oscillations in the cortico-basal ganglia
network during movement: Beyond the frequency range
Marc Deffains*

Institute of Neurodegenerative Diseases — CNRS UMR 5293,
Bordeaux, France

In Parkinson’s disease, the slowness of movement (bradykinesia)
and paucity or absence of movement (akinesia) are accompanied
by abnormal synchronous oscillations of activity within a neuronal
network including subcortical structures (the basal ganglia), the
thalamus and the cerebral cortex. These abnormal oscillations
reflect rhythmic electrical activity in different populations of neurons
in the network and may interfere with the normal functioning of the
network, especially during the execution of a movement. However,
the anti/hypokinetic role of these neuronal oscillations is only
partially  consistent with the available data. Moreover,
characterization of oscillations goes beyond their frequency and
other oscillation features, such as wave pattern and
coherence/phase relationship between the different nodes of the
neuronal network, may be specifically linked to hypo-kinetic motor
disturbances observed in parkinsonian patients. In this project, we
propose to study the importance of the synchronization of oscillatory
neuronal activities between the different nodes of the network —
rather than their frequency — in the emergence/materialization of
these motor symptoms. To do so, we will simultaneously record
neural activity in the different nodes of the network during
movement in monkeys before and after induction of parkinsonism.
Ultimately, our results will allow us to propose new biomarkers and
new therapeutic targets which will then be tested in the parkinsonian
monkeys to develop innovative therapeutic strategies aiming at
restoring normal movement.

P10.04

LRRK2 G2019S mutation causes hyperexcitability of iPSC-
derived cortical neurons

Shiva Nag Kompella*, Dayne Becanno-Kelly

DRI, Cardiff University, Cardiff, United Kingdom

The underlying molecular changes that precede late-stage neuronal
loss in Parkinson’s are yet to be unravelled. With growing evidence
of the importance of neuronal dysfunction preceding degeneration,
we focus on understanding the temporality of PD. Previous studies
have shown increased glutaminergic activity in LRRK2 G2019S
knock-in  mouse cortical neurons. We analysed the
electrophysiological properties of LRRK2 G2019S mutant iPSC-
derived cortical neurons and isogenic control lines longitudinally
using the whole-cell patch clamp technique to further assess these
changes.

Our preliminary data demonstrate a measurable increase in the
excitability of LRRK2 G2019S mutant neurons versus isogenic wild-
type controls. LRRK2 G2019S neurons exhibited an increase in
both frequency and amplitude of spontaneous excitatory post-
synaptic currents (SEPSCs) at 68-69 days in vitro (DIV). Intriguingly
this difference was transient and lost upon further maturation (101 —
103 DIV). In addition to sEPSCs, spontaneous action potential
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(sAP) firing was observed in 62% of G2019S cortical neurons (n =
5/8) while no sAPs’ were seen in control neurons (n=6). This
increased spontaneous activity of G2019S neurons was also
confirmed using FLIPR assay wherein oscillating calcium transients
were observed compared to controls. Our interrogation led us to the
hypothesis that these changes could be linked to the greater
percentage of cells expressing sodium currents in G2019S neurons
(n = 4/6) compared to its isogenic controls (n = %). Interestingly,
G2019S neurons also exhibited lower resting membrane potential
(RMP). Neurons expressing sodium currents generated stable trains
of action potentials upon induction in both wild-type and G2019S at
68-69 DIV. However, upon maturation to 101 — 103 DIV, G2019S
mutation exhibited a decreased spike amplitude induced by
125epolarizing pulse. Whilst preliminary, our data indicate an early
hyperexcitable phenotype of LRRK2 G2019S mutant iPSC-derived
cortical neurons perhaps related to a change in maturation rate.

P10.05

Globus pallidus contribution to motor behaviour in normal and
Parkinson’s disease states: Optogenetic studies in murine
models

Abdel-Mouttalib Ouagazzal*', Sonia Di Bisceglie Caballero?, Aurelia
Ces®, Martine Liberg?, Frederic Ambroggi®, Marianne Amalric®

" Cognitive Neuroscience Laboratory (UMR7291), Marseille, France
2 AMU, LNC (UMR7291), Marseille, France

3 CNRS, LNC (UMR7291), Marseille, France

The degeneration of nigrostriatal dopaminergic neurons in
Parkinson’s disease (PD) triggers a range of functional
compensatory changes in basal ganglia (BG) circuits that lead to
development of motor symptoms. Excessive inhibition of globus
pallidus externa (Gpe) by striatal GABAergic neurons is considered
a central mechanism contributing to the expression of motor
symptoms because of its widespread projections to all BG nuclei
and to the thalamus and the cortex. While electrophysiological
investigations in animal models of PD provide support for this view,
behavioral studies assessing beneficial effects of global Gpe
stimulations in the context of dopamine (DA) depletion are scarce
and the reported results are controversial. Here, we used an
optogenetic approach and the standard unilateral 6-
hydroxydopamine (6-OHDA) nigrostriatal dopamine (DA) lesion
model of PD to assess beneficial effects of Gpe stimulation on
motor deficits in mice. The behavioral effects of optogenetic
inhibition of Gpe were also studied in normal mice under the same
testing conditions to verify whether reduced Gpe activity reproduces
the typical motor deficits of DA lesion. To modulate GPe activity, the
excitatory opsin, ChR2(H134R), and the inhibitory opsin, iC++, were
expressed in Gpe neurons under the control of the human synapsin-
1 promoter using an adeno-associated virus vector. Global unilateral
Gpe activation restores a range of motor deficits (ipsilateral circling
behavior, forelimb use akinesia, locomotor hypoactivity and
bradykinesia) in hemi-parkinsonian mice at optical stimulation
parameters ineffective in  non-lesioned controls. Unilateral
photoinhibition of Gpe in normal mice did not impair locomotor
behavior indicating that merely reducing Gpe activity is not sufficient
to mimick motor deficits induced by a DA lesion. Bilateral Gpe
photoinhibition had no effect on spontaneous locomotor activity but
reduced exploration directed towards salient spatial cues
(iluminated nose-poke modules), suggesting that recruitment of
Gpe may vary depending on the motor behavior involved.
Collectively, these findings shed a new light on the functional role of
Gpe and suggest that complex structural and functional
compensatory remodeling of Gpe efferent neurons may contribute
to motor deficits of PD.

P10.06

Analysis of Parkinson’s neuronal disease using microelectrode
recording and simulation data with subthalamic-nucleus deep
brain stimulation

Venkateshwarla Rama Raju*’, Lavanya Neerati?

" CMR College of Engineering & Technology, jawaharlal Nehru
Tehnological University, Hyderabad, Telangana, India

2 Osmania University, Hyderabad, Telangana, India

To label the system performance using computational simulation
and statistical models which can assist to detect the ideal
parameters of deep brain stimulation (DBS) for Parkinson's
diseased conditions (patients), to apply relating the functional-
analysis to test the expected-mechanisms for computing the ripples
(oscillations) during nuclei interaction, and finally to subjugate
oscillations through high frequency stimulations with DBS.
Parkinson disease (PD) is a complex neurodegenerative disorder,
categorized with hallmark motoric-feature manifestations, i.e., signs
and symptoms. It is connected by pathological, oscillatory-neuronal-
activity within parallelly connected basal-ganglion (BG) motor
circuitry. DBS is successively applied to somatically deflective or
refractile (refractive) PD. But choice of stimulus parameters is
depending on skilled evaluation of Parkinson's, ensuing in a long-
lasting prolonged fine-tuning passé or retro also a sub optimum
well-chosen (high-quality) superior parameter. Hence, the study
reconnoiters third and fourth-order control theory-based systems
models of oscillatory activity in BG.

Describing functional analysis are applied to test plausible and
probable mechanisms for generating oscillations while networking
nucleus followed by exploring the clampdown, i.e., suppressing
ripples thru high-frequency-stimulations (HfS). The hypothetical
consequences (outcomes) to suppress ripples activity gained by
applying fourth order, also previous models, are enhanced to fit
prognostically acquired local-field-potentials (LFPs) data attained
(Fig 1) as PD patients thru implanted pulse generators (IPGs)
microelectrode recording (MER) via STN-DBS. Close agreement
between power of ripples computed for an array of stimulus-
amplitudes is detected RMS:0-69-0.99 (Fig's 2-4, and Tables 1,2).
Findings of our proposed study shows that the behavioral
performance of the system plus suppression of pathological-
neuronal ripples through the DBS are significantly labeled by
macroscopic-models presented. Plus, a third-order model is good
enough to prototype the quantifiable model data clinically with no
extra intricacy.

Improving the system behavioral performance by applying
computational-simulation and statistical-modelling can assist in the
similarity of best induced stimuli parameters for Parkinson
constraints in incontrovertible-settings. Our prototype can be
deciphered to clinical tool to help in setting DBS parameters, could
be plausibly adjusted to signify distinct patient’s pathological-state
by means of a biomarker (LFP) of Parkinson’s.
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Figure 1. Filed potentials data
stimuli at a current of 1.5volts plus 60ys pulse-width. Spectral-density was estimated with Welch's technique, is built on complete field potentials
with MER recording for the given stimulus—settings.
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Figure 2. Amp| ions) which are normalized-values in 4"-order network series model (condensed) of neuronal-synchrony as a
function of strength (amplitude)-of-applied stimuli, stated in a cerain arbitrary or random-unit (a.u./or r.u.). 4 dissimilar stimulus-pulse-widths are
open. hy is selected 1o be 0.1 for all case:
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Figure 3. Amplitud iples (oscillations) which are normalized-values in 4"-order netwoskseries model (condensed) of neuronal-synchrony as a
function of frequency-of-applied stimuli, siated in a ceriain arbitrary or random-unit (a.u./or r.u.). 4dissimilar stimulus-pulse-widths are open. h1 is
selected to be 0.1 for all cases and in every case {¥).
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Figure 4, The [Hieg-band (of LFPs — nommalized) influencefipower) as @ function of applied stimulus-amplitude strength for hypothesical-models of
synchronous neuronal-activity, improved to suit 4PD subject’s datasets investigated through experimentally. The data is exposed () laterally
through theoretic-fi nodel-prototype adjusted f pecific Pa (PD-pati i arength is bigger. Stimulus-frequency
s setat 130Hz, plus pul se-width of 90 ccuted. The RMS (R2) value computed
for every-fit is incomorated. reuronal-activity. (b) networkseries model (abridged) of

synchronal/synchronic or (:
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Impact of alpha-synuclein overexpression on
electrophysiological properties of the locus coeruleus neurons
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Bordeaux, France, Bordeaux, France
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Parkinson’s disease (PD) is a neurodegenerative process
characterized by the presence of Lewy bodies, affection of many
neurotransmitter systems and manifestation of motor and nonmotor
symptoms. Notably, half of PD patients are diagnosed with
dementia within ten years of being diagnosed with PD, though
cognitive decline can appear before or years after clinical PD
diagnosis. Interestingly, the locus coeruleus (LC) that contains the
highest density of noradrenergic neurons in the brain, is among the
brain stem areas first displaying Lewy bodies in the disease, and is
associated with cognitive decline, among other non-motor
symptoms. Despite its small size, it projects to almost all brain areas
and exerts a key influence on the homeostasis of dopaminergic
networks. Recent evidence indicates that the noradrenergic neurons
of the LC display notable diversity, including distinct clusters that
project to the hippocampus, which is a key nucleus in cognitive
processing. Our aim is to study if overexpressing alpha-synuclein
triggers LC neuron dysfunction. To do so, we used an animal model

of prodromic PD by overexpressing alpha-synuclein in the LC using
viral-vectors. We performed additional stereotaxic injection of
retrobeads in the CA1 layer of the hippocampus and two weeks
after we studied the intrinsic properties of those LC neurons that
project to CA1 using patch clamp recordings. Already in the control
group we observed that this cluster of neurons shows different
maximal firing rate and properties of the action potential compared
to other LC neurons. Alpha-synuclein overexpression also had an
impact in those characteristics. Due to the importance of LC
degeneration in early stages of PD, monitoring LC dysfunction could
provide valuable information about early phases and cognitive
decline in PD patients

Funding: Grant PID2 021-1264340B-100 funded by MCIN/AEI/
10.13039/501100011033 and ERDF A way of making Europe. It has
also been funded by the Basque Government (IT1706-22 and
PUE21- 03) and the University of the Basque Country, UPV/EHU
(GIU19/ 092 and COLAB20/07). This research was conducted in the
scope of the Transborder Joint Laboratory (LTC) “non-motor
Comorbidities in Parkinson’s Disease (CoMorPD)". JR holds a PhD
grant from the University of the Basque Country.
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A spectrotemporal analysis of local field potentials in the
subthalamic nucleus during language processing

Patrick Santens*', Emma Depuydt?, Elissa-Marie Cocquyt?, Arnout
Bruggeman?, Dirk Van Roost!, Pieter Van Mierlo?, Miet De Letter?
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Introduction: Subthalamic nucleus (STN) activity occurs in the
early stages after presentation of auditory stimuli. It is unclear if this
activity is modality-specific and related to linguistic features or rather
aspecific.

Aim: To investigate and compare responses to linguistic and non-
linguistic auditory stimuli within the STN and the cortex.

Method: Local field potentials (LFP) in the STN were investigated
during a pre-attentive and attentive auditory oddball paradigm with
linguistic and non-linguistic stimuli in 24 patients with Parkinson’s
disease who had electrodes implanted for deep brain stimulation.
The analysis included averaging of LFP and spectrotemporal
analysis. Similar data were obtained with scalp EEG and using the
same oddball experiments in a cohort of 71 healthy controls.
Results: The attentive, but not pre-attentive, detection of relevant
auditory stimuli resulted in patterned responses in the LFP of the
STN. Spectrotemporal alterations in LFP, including an increase of
delta and theta power and a decrease of alpha and beta power,
were remarkably similar for linguistic and non-linguistic stimuli,
coinciding with similar alterations in the EEG of healthy controls.
Discussion: These results suggests that STN activity in auditory
perception is not modality-specific, but rather related to domain-
general detection of relevant stimuli. Furthermore, the temporal
coincidence of similar spectrotemporal alterations in the STN and
cortical activity contributes to a hypothesis of cortico-STN
connectivity involved in gating and domain-general monitoring of
ongoing stimuli. These findings may potentially lead to a
modification of the present model of basal ganglia function.
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Exercise-based rescue strategies in early-stage of PD: From
preclinical to clinical studies
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In Parkinson’s Disease (PD) patients at the early stages, intensive
physical activity improves motor function, reducing the need for drug
escalation. Physical training has been shown to reduce the
expression of a-syn and delay the formation of Lewy bodies in
animal models of PD.

Based on our previous studies, we propose that a-syn impairs
corticostriatal plasticity and motor learning through a synaptic
mechanism that can be preserved by enhancing BDNF-TrkB as an
adaptive response to non-pharmacological interventions. Using a
toxic model with intracerebral administration of human a-syn-pre-
formed fibrils (PFF), we tested the hypothesis that intensive
exercise prevents striatal synaptic alterations caused by a-syn
overexpression and spreading through the nigrostriatal system and
exerts beneficial effects via a BDNF-dependent modulation of
corticostriatal plasticity.

Our data show that corticostriatal long-term-potentiation (LTP), a
form of plasticity lost in parkinsonian conditions, is restored in
animals exposed to an intensive physical training program. This
effect is associated with a reduced spreading of a-syn in the
substantia nigra pars compacta, indicating slower
neurodegeneration in the active animals. In line with our hypothesis,
the TrkB receptor’s blockade disrupted the exercise-induced LTP in
the PFF active group, suggesting that an enhanced BDNF-TrkB
pathway activity may underlie the rescue of synaptic plasticity. This
exercise-induced BDNF plasticity depends on the activation of
NMDA receptors bearing GIuN2B subunits. These exercise-induced
changes in neuronal functions resulted in beneficial effects on motor
control and visuospatial cognition, compared with a-syn-PFF-
injected parkinsonian animals of the sedentary group. These
findings demonstrate that intensive physical exercise exerts
beneficial effects by rescuing early synaptic alterations induced by
a-syn.

These preclinical findings are supported by promising results
obtained on PD patients. We examined whether an intensive
rehabilitation treatment reduces motor disability in the early stages
of PD and increases BDNF serum levels. PD patients subjected to
45 minutes three times a week of intensive physical activity showed
a significant increase in BDNF serum levels and improved motor
performances, reporting a beneficial effect of intensive treadmill
exercise.

Taken together, these results demonstrate that intensive exercise
has great efficacy as a non-pharmacological neurorehabilitation
treatment for PD through BDNF-dependent mechanisms.
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Novel noninvasive gene therapy for Parkinson’s disease using
viral encoded single-chain antibody treatment
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Evidence in various animal and cell models suggest that
pathological alpha-synuclein (aSyn) can be transmitted from cell-to-
cell in a prion-like manner. Blocking either the aggregation process
or the transmission of the pathological protein across the brain could
therefore be effective therapeutic strategies. We generated small
antibodies in the form of secreted single-chain variable fragments
(scFv) and intracellular antigen-binding fragments (Fab) that bind to
aSyn. We also generated a control antibody that targets GFP. We
validated the specificity of our antibodies with dot blots and
immunoprecipitation and identified one scFv specific for
phosphorylated aSyn, and one recognizing both normal and
phosphorylated aSyn. We also verified the efficiency of our
intracellular Fabs to bind and degrade aSyn in vitro using HEK cells
co-transfected with aSyn and by measuring the aSyn protein level.
Our Fabs significantly reduced aSyn protein level compared to the
control antibody. We then encoded the single-chain antibodies in an
adeno-associated viral vector (AAV) of a serotype that can cross the
blood-brain barrier when injected intravenously (IV). After IV
injection, we verified the expression of the antibodies in the brain
with immunohistochemistry for the Myc tag expressed by the
antibodies. To model aSyn pathology spreading, we injected human
pre-formed fibrils (PFF) of aSyn in the dorsal striatum of transgenic
mice overexpressing human A53T-aSyn (M83) and 7 days later we
injected IV the AAV encoding the aSyn scFvs or control scFv.
Control groups were also injected with PBS instead of PFF. We
closely monitored the motor impairments arising after the injections
with a scoring system. Results show a strong protective function of
the scFvs against motor impairments and aSyn brain pathology. In
conclusion, we developed scFvs and Fabs targeting phospho- or
total aSyn and proved that they engage their target. Our scFvs also
show a great potential in reducing aSyn pathology in vivo in an
aggressive Parkinson’s disease mouse model.
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“Silver Snow Flake”: Una iniciativa de prevencion de caidas de
Parkinson, “Silver Snowflake” Parkinson’s Fall Prevention
Initiative
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The “Silver Snowflake Initiative” was created to educate globally
Every Patient and Every Provider, about new research and
intervention available to prevent falls in patients with Parkinson’s
Disease (PD).

This initiative presents evidence-based fall prevention. As an
ongoing initiative to close the gap and to educate healthcare-
provided, patients and their families about why patients with
Parkinson’s Disease are prone to falls and provide some
interventions currently available to prevent falls in patients with
Parkinson’s Disease. The mission of this initiative is to globally
educate patients and families about causative factors of falls in
Parkinson’s patients and existing modalities that can be utilized to
minimize the risk of falling. Creators of the initiative strive to make
the education material free and available in other languages to raise
global awareness, this year we are translating all of the materials to
Spanish.

Provided education includes free webinars. The materials provided
present anatomy and Parkinson’s disease symptoms that cause
patients to lose balance and make them at risk of falling. Here we
also introduce evidence-based research on complementary
therapies such as Tai Chi, Yoga, Boxing, and dance that help
prevent PD patient’s falls. Education also highlights the importance
of the home safety tip to prevent falls in patients with PD.
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Potential of exercise to modify the progression of prodromal
Parkinson’s disease
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Aims: Subtle motor and non-motor dysfunctions indicative of
beginning Parkinson’s disease (PD) progression are evident before
clinical disease diagnosis, requiring a disease-modifying treatment
to start during early prodromal stage. Persons of risk would be
willing to determine their risk of developing PD and change their
lifestyle in case of a concrete beneficial approach. Growing
evidence indicates the potential of exercise in reducing components
of PD-related pathology. We hypothesized that early intervention by
exercise has a disease-modifying effect during prodromal phase in
our PD mouse model and can be applied as a non-pharmacological
preventive strategy for early-stage PD.

Methods: We examined exercise in transgenic mice that
overexpress human wild-type alpha-synuclein (Thy1-aSyn mice)
and replicate PD hallmarks by developing robust fine motor deficits
at two months of age. Male wild-type and Thy1-aSyn mice were
assigned to three groups receiving different intensity levels of
exercise on a treadmill. Motor performance was assessed in the
challenging beam and vertical pole test, activity was tested in the
open field, and fecal and brain samples were taken for analysis of
microbiota and PD-related pathology.

Results: Transgenic mice showed motor impairment on challenging
beam and vertical pole, reflecting the expected progression of aSyn
pathology at this age. Improved vertical pole performance under
exercise in wildtypes suggests symptomatic effects, while slightly
improved beam performance of transgenics might indicate a
disease-modifying potential of exercise. Levels of phosphorylated
alpha-synuclein at serine 129, a key feature of PD, were increased
in the substantia nigra pars compacta in untrained, but not in
trained, Thy1-aSyn mice, indicating a neuroprotective potential of
exercise. Genotypes did not differ in locomotor open field activity,
but untrained Thy1-aSyn mice exhibited an anxiety-like phenotype,
reflecting one of the most frequent non-motor symptoms in PD
patients. Intriguingly, intensive training reduced anxiety-like behavior
in transgenic mice to wild-type level.

Conclusions: These results suggest that exercise is able to
alleviate early sensorimotor and even non-motor deficits in Thy1-
aSyn mice and demonstrate its potential as an early PD-modifying
treatment. Increased fecal microbiota diversity in intensively
exercised mice support a potent