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A. Personal Statement

My research focuses on unraveling the molecular mechanisms underlying neurodegeneration in synucleinopathies, par-
ticularly Parkinson’s Disease (PD). These disorders are characterized by the misfolding and aggregation of proteins such
as a-synuclein (AS) in vulnerable brain regions, leading to progressive neuronal dysfunction. Given the high conservation
of protein homeostasis pathways across species, my work employs diverse model systems—from mammalian cell cul-
tures to murine models—to investigate the origins of pathological aggregation and its propagation.

A key emphasis of my research is understanding how amyloidogenic proteins like AS spread between neurons and iden-
tifying strategies to enhance their clearance. My lab utilizes in vivo and in vitro models of protein misfolding diseases to
dissect these mechanisms, with a particular focus on extracellular aggregate clearance. To this end, we are trying to
identify enzymatic activities in the extracellular space that can bind and degrade AS aggregates. It is possible that such
dysfunctional enzymes might contribute to the built up of toxic AS species in the Interstitial Fluid. We have developed
innovative in vivo approaches, including microdialysis, to monitor protein misfolding and aggregation dynamics in real
time within the living brain. We have pioneered techniques to isolate small extracellular vesicles (exosomes) from brain
tissue, enabling us to study their role in pathology dissemination.

The ultimate goal of our work is to translate these findings into novel therapeutic strategies for synucleinopathies and
related disorders. To bridge the gap between bench and bedside, | collaborate closely with clinicians, ensuring our dis-
coveries accelerate drug development and improve patient outcomes. By integrating basic science with translational
applications, | aim to contribute meaningfully to the fight against neurodegenerative diseases.
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2015-2022 Visiting Professor, University of Oxford, Medical School, Dept. Of Experimental Medicine, Radcliffe Dept.
of Medicine
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E. Contributions to Science
Our in vivo and in vitro studies demonstrate that soluble oligomeric and monomeric a-synuclein (AS) species are
released, in part, via externalized membrane vesicles exhibiting exosome-like characteristics. These findings sup-
port the hypothesis that toxic protein aggregates are packaged into extracellular vehicles (EVs) as a mechanism
of intercellular communication, enabling their transfer to neighboring cells. Consequently, factors regulating AS
extracellular levels and secretion represent potential therapeutic targets.
Using in vivo approaches, we identified the serine protease kallikrein-6 (KLK6) as a major AS-degrading enzyme.
Viral overexpression of KLK6 was non-toxic in vivo and, importantly, reduced phosphorylated $129 AS levels in
the striatum and substantia nigra pars compacta (SNpc) of Parkinson’s disease (PD) model mice highlighting its
therapeutic potential.
Our lab was the first to demonstrate that AS can be physiologically secreted via exosomes and confirmed the
presence of extracellular AS in rodent and human brain interstitial fluid using microdialysis. We are investigating
the role of exosomes in AS pathology transmission and neuronal homeostasis by analyzing exosomes from vari-
ous sources for their ability to seed AS aggregation and propagate neurodegeneration in vivo and in vitro. We
have also identified proteases on EVs that actively degrade extracellular AS, positioning them as promising thera-
peutic candidates. Similar to prion protein (PrP) aggregation, fibrillar AS assemblies template the aggregation of
endogenous AS, facilitating pathological spread in vivo. We have provided in vivo evidence that AS phosphoryla-
tion modulates its brain localization and species distribution, influencing its propagation. Ongoing work focuses
on characterizing the structural properties of pathological AS responsible for cell-to-cell transmission.
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Patents: Invention Disclosure: Vekrellis K OBl application number 200601000538, Greece. generation
of an inducible human neuroblastoma cell line expressing various forms of alpha-synuclein as a model
for Parkinson’s disease.

Biogen-ldec, USA (2159 356PC01 PCT Application) use of an anti-a-synuclein antibody to diagnose an
elevated level of a-synuclein in the brain.
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