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Modeling neurodegenerative diseases using stem cells

Prof. Dr. Beate Winner, IZKF - Junior Research Group 3

The overall goal of research in our laboratory is to model neurodegenerative diseases using stem cells and 
derivatives. Specifically, we investigate neurodegeneration and regeneration in synucleinopathies inclu-
ding Parkinson’s disease (PD). Protein aggregation of mis-folded proteins is associated with several synuc-
leinopathies. We are interested in studying the mechanism and functional consequences of oligomerization 
for neurite degeneration, axonal transport, and cellular membranes.

Deposits and aggregates of a-synuclein within neu-
rites are a patholgical hallmark of multiple neurode-
generative diseases including dementia with Lewy 
bodies (DLB) and Parkinson’s disease (PD). Pharma-
cological treatment cannot halt the progressive neu-
ronal degeneration. While the destructive character 
of a-synuclein aggregation is evident and includes 
synaptic dysfunction and associated neurodegenera-
tion, the underlying mechanisms and the cascade of 
events leading to a-synuclein-mediated toxicity and 
the relevance to human disease are still unclear. Fur-

N3 - Progress Report
01.10.2010 - 30.09.2016

thermore, although a-synuclein oligomers are one 
of the toxic species of a-synuclein, their interaction 
with neuronal physiology is still not fully understood. 
Our recent data describe a structure-functional in-
teraction of different a-synuclein species with the 
microtubule-based axonal transport machinery in a 
cell-free system and its consequences on human do-
paminergic neurons.

a-synuclein oligomers impair neuronal microtubule-
kinesin interplay

We used recombinant a-synuclein proteins (wild 
type, single point mutants, and the fragment 30-
110) to obtain different aggregate species in vitro. 
We evaluated the direct effect of these species on 
microtubule-based cytoskeleton in a cell-free system 
and in a human dopaminergic neuronal cell line. Our 
data show that wild type a-synuclein (WTS) mono-
mers and aggregates bind to proteins required for 
microtubule-based anterograde axonal transport, 
such as kinesin, tubulin, microtubules, microtubule 
associated protein 2 (MAP2), and Tau. Interestingly, 
WTS aggregates composed of oligomers and short 
fibrils (WTS seeds) impaired microtubule polymeri-
zation in vitro promoted by axon-specific Tau prote-
in in a dose-dependent manner. On the other side,  
a-synuclein oligomers decreased kinesin-microtubu-
le motility in a model system of kinesin-driven trans-
port in vitro. In a human dopaminergic neuronal cell 
line, the neurite network morphology was severely 
disrupted by mild overexpression of a-synuclein 
oligomers and less potently by a-synuclein seeds. 
Neurite morphology disruption in these cells corre-
lated with a significant reduction of microtubule sta-
bility and impaired amounts of kinesin and kinesin-

Interaction of a-synuclein aggregates with microtubule-kinesin 
system in vitro. (A) a-synuclein aggregates. (B) Tau-dependent 
microtubule assembly is inhibited by a-synuclein seeds. (C) a-sy-
nuclein oligomers inhibit kinesin-dependent microtubule gliding.
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dependent cargo 
in neurites. Thus, 
our study describes 
complex interac-
tions of a-synuclein 
species with pro-
teins involved in 
axonal transport 
and microtubule 
network. We pro-
pose a sequence of 
pathologic events in 
neurites induced by 
a-synuclein aggre-
gation that involve 
impairment of mi-
crotubule-kinesin 
functionality micro-
tubule network dis-
ruption by toxic so-
luble a-synuclein aggregates - oligomers and seeds. 
These alterations act together with other pathologic 
effects of a-synuclein oligomers, such as membrane 
thinning and leakage, and together represent criti-
cal early mechanisms of synucleinopathies. These 
results provide new intriguing insights into the pa-
thomechanisms of very early stages of synucleino-
pathies. (Prots et al., JBC 2013)
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a-synuclein oligomers (E57K) and seeds (WTS) cause disruption of microtubule-kinesin cytoskeleton in neu-
ronal cell line. (A) Staining and (B) quantification of neuritic network, acetylated tubulin and kinesin amount.


