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Utilization of the iIPSC technology to generate NSCs
and neurons
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Derivation of neuroepithelial stem cells (NESCs)
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NESCs express early neural markers
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Autophagy sensors
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Modulation of pathways
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Activation of Phagophores

Inhibition of Lysosomal fusion
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Early neuronal phenotype: Neurite complexity

« 14d differentiation starting from NESCs
 Treatment with LRRK2 inhibitor* for 12 days.

« Comparison of an engineered line to a patient line.
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* Inhibitor from Ramsden et al. (2011) in ACS Chem Biol



Early neuronal phenotype: Neurite complexity
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Advanced 3D models

» More complex & 3D, closer to In

Vivo situation

» Stem cells exhibit an intrinsic
ability to assemble into complex

structures

» Mimic the natural environment
as closely as possible to improve

growth conditions



Human neuroepithelial stem cells (NESCs) for
starting 3D cultures

hNESC (Reinhardt et al., 2013):
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1) Phenotype of PD derived lines in 3D

Media
2) Rescue with dugs






Perkin EImer Opera HCS System



—> Clear 3D impact

6 weeks culture
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Inh2, Ramsden et al., 2011, 0.5um









Increasing complexity with organoid systems

« Spatial organisation of heterogeneous tissue-specific cells

« Cell-cell interactions, cell-ECM interactions

« Physiological functions generated by tissue-specific cells

« Stable system amenable to extended cultivation and manipulation
« Patient-specific

« Reproducible

Lancaster & Knoblich 2014
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Derivation of more ventralized organoids

Smits et al., submitted



Dopaminergic activity in ventralized organoids
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Other neurons




Synapse formation
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Grid of microelectrodes to capture electrophysiological data from multiple
cells simultaneously

Cellular network communication




Millifluidics technology for midbrain organoid generation
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Berger et al., in revision



Toxicology in midbrain organoids

-> selective loss of dopaminergic neurons
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Hemmer et al., unpulished






PD: Reduction in the amount of dopaminergic neurons

PD patient: LRRK2-G2019S



PD: Reduced complexity of dopaminergic neurons

PD patient: LRRK2-G2019S



Clustering by PD vs. Healthy

Smits et al., submitted



Summary

1) Differentiation of complex 3D neuronal networks in microfluidics plates.
« Strong PD specific phenotype — neuronal degeneration
« Rescue of phenotype with gene-correction or drug treatment

2) Generation & characterization of midbrain organoids.
« Neuronal differentiation
* Functionality: synapses, neuronal activity, Dopamine
« Astroglia differentiation
« Oligodendrocyte differentiation & myelination
« Neuromelanin production
» Disease relevant phenotypes
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Neuromelanin detection, Fontana Masson staining
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Device Microfabrication & Organoid cultivation
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Toxicology in midbrain organoids

-> selective loss of dopaminergic neurons
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Mitochondrial morphology
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Other features: Mitochondrial mass, ROS production, membrane potential (TMRM),
mitophagy






Early neuronal phenotype: Neurite complexity

« 14d differentiation starting from NESCs
 Treatment with LRRK2 inhibitor* for 12 days.

« Comparison of an engineered line to a patient line.
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Early neuronal phenotype: Neurite complexity
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Human neuroepithelial stem cells (NESCs) for
starting 3D cultures

hNESC (Reinhardt et al., 2013):
Hoechst SOX2 SOX1 Merge

Seeding as dissociated
cells

Cell inlet Media inlet Media outlet

Cells in matrigel

Phaseguide

1) Phenotype of PD derived lines in 3D

Media
2) Rescue with dugs






Tuj1-TH-GFAP

Neurons Parkinson (LRRK2-G2019S)

Dopaminergic Neurons

Astrocytes



Drugs

weeks |
0—0—0—0—0—0—0
1 2 K] 4 5 6 7
| Ji ]
Y I
. Maintenance Neuronal differentiation
PD Patient . R R
— : 'ﬁ‘*i . T
\ \ :j; ‘/ k3
M

Tujl Hoechst

-"ﬁ‘w‘._ v

N i *.vx.‘,._' ..,z_#‘

Inhibitor from Ramsden et al. (2011) in ACS Chem Biol




Perkin EImer Opera HCS System
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