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Pathological hallmarks in Parkinson’s 
disease (PD) includes loss of dopaminergic 
neurons due to mitochondrial impairments 
and alpha-synuclein (a-syn) aggregation. 
It is currently admitted that alpha-synuclein 
oligomers (a-synO) are one of the key toxic 
factors triggering the TH expressing cell 
death and contribute to the progression of 
symptoms in Parkinson’s disease. Multiple 
lines of evidence suggest that microglial 
cells are involved in the pathophysiology of 
this disease. The uptake of released alpha-
synuclein by microglia has been evidenced 
in Parkinson’s disease and interpreted as a 
defensive mechanism at early disease stage. 
On the other hand, activated microglia cause 
neuroinflammation and neuronal cells death 
in the later stages of the disease.
Here, we studied the acute (up to 72 h after 
application) and the late toxicity (up to 7 days 
after a-syn application) of a-synO on TH-
expressing neurons and the role of microglial 
cells in these processes of neuronal death.

Acute neurotoxicity of a-syn on 
dopaminergic neurons cultured 
with microglia leads to massive 
inflammation (TNFa release)

• A-syn (with AND without oligomers) activates microglial cells into a pro-inflammatory state (M1) associated with a release of cytokines 
(TNFα, IL1β…) and induced acute death of dopaminergic neurons.
• A-syn (oligomers/protofibrils AND without microglia) induces a stress mitochondrial, activates protein clearance response and 
leads to dopaminergic neuron death.
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Figure 1: α-synuclein (48 h) induced a loss of 
dopaminergic neurons in presence of microglial 
cells.
(A) Loss of dopaminergic neurons after application 
of α-syn (250 nM; 48 h). (B-C) Strong activation 
observed with the OX-41 area (µm²) increase after 
application of α-syn. * p<0,05 vs. control.
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Chronic neurotoxicity of a-syn on dopaminergic 
neurons cultured without microglia

Chronic neurotoxicity of a-syn on dopaminergic a-syn (in absence of 
microglia) triggers mitochondrial stress and apoptosis

a-syn (in absence of microglia) induces protein 
clearance pathway activation

Primary culture: Rat mesencephalic neurons (E15 or E14) were 
cultured as described by Callizot et al., 2019 (E15, no microglial 
cells) or Zhang et al., 2005 (E14; enrichment in microglial cells) with 
modifications. Cells were seeded at 40 000 cells/well in pre-coated 
96-well plates maintained at 37 °C. On day 6, mesencephalic neurons 
were injured with α-syn preparation (Neuro-Sys’ internal procedure) 
(250 nM; 24 h). The preparation was precisely dosed in oligomers/
fibrils fractions by automatized WB (see picture).
Pharmacological treatments: ROS were detected with DHE (on 
live cells). Cultures were fixed by a solution of 4 % PFA. Cells were 
incubated with an antibody anti-Tyrosine Hydroxylase (TH), anti-OX-41, 
anti-CytC, anti-AIF, anti-Lamp2 or anti-LC3B. Primary antibodies were 
revealed with Alexa Fluor 488 and Alexa Fluor 596. Data analysis was 
automatically performed with MetaXpress (Molecular Devices, USA).
Statistics: Results are given as percentage of control (mean +/- SEM, 
100% = control). Statistical analyses were done with GraphPad Prism. 
*p<0.05 (one-way ANOVA followed by PLSD test).


