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Organoids news
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Organoids history
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In vitro models

Yin et al., Cell Stem Cell, 2016
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Organoid application
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Heydari et al., Bio-Design and Manufacturing, 2021



Parkinson’s disease
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Pang et al., Translational neurodegeneration, 2019

Dauer and Przedborski, Neuron, 2003

W. R. Gowers: A manual of diseases of the 
nervous system (1886)

Bras et al., Cell, 2015



Multiple hit hypothesis

7



PD: Previous models
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Cerebral organoids
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Lancaster et al., Nature, 2013

• Mostly cortical development
• High batch to batch variability 
• Low abundance of mDANs (0-5%)

Microcephaly,
autism,…

ZIKV 
infection

Human brain 
evolution

Not suitable to model PD

Wurst  and Bally-Cuif, Nat Rev Neurosc, 2001

Sidhaye and Knoblich, Cell Death & Differentiation, 2021



Midbrain organoid
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Organoid generation
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KI67, SOX2
TH, FOXA2, LMX1, (EN1, AADC, NURR1)

GFAP, S100b



Midbrain organoids
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Midbrain identity

MERGED FOXA2 LMX1A TH

TUBB3 TH DNA

S100b GFAP DNAS100b GFAP

Astrocytes Oligodendrocytes

Self organization

Monzel et al., Stem Cells Reports, 2017
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Midbrain organoids

Dopamine production and release

Dopa TH DNA Dopa TH MAP2

Synapses formation

Neuromelanin formation

Monzel et al., Stem Cells Reports, 2017

Electrophysiological activity



Disease recapitulation
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PD key characteristics:

Loss of dopaminergic 
neurons



Disease recapitulation
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PD key characteristics:

a-synuclein aggregates

Healthy individual

alpha-Synuclein p129

DNA

alpha-Synuclein p129

DNA

3xSNCA

Loss of dopaminergic 
neurons



Disease recapitulation
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PD key characteristics:
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Validation data
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Kano et al., npj Parkinson's Disease, 2020

Collaboration with Prof. Nobutaka Hattori, Juntendo



Validation data
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Kano et al., npj Parkinson's Disease, 2020

Collaboration with Prof. Nobutaka Hattori, Juntendo



Use cases
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Disease phenotyping Drug testing



Drug development
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25 days of treatment with 
two drugs rescued the 
dopaminergic neuron loss 
in organoids derived from a 
PD patient

PDControl PD+Drug2PD+Drug1
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Boussad et al., Science Translational Medicine, 2020



Use cases
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SARS-CoV-2 infection

Jarazo et al., biorxiv, 2023



Use cases

22

SARS-CoV-2 infection

Jarazo et al., biorxiv, 2023



Use cases
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Collaboration with: 

Clinical trial for treatment of PD patients with Fasudil.

OrganoTherapeutics will generate brain organoids from 25 patients & treat with Fasudil.

Correlation of clinical data with brain organoid data. 

Decision support for treatment options.
Entry into true personalized medicine for PD.



Use cases
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Model improvement
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Han et al., Nature Methods, 2022

Arnold and Betsholtz., Vascular Cell,  2013



Microglia incorporation
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Co-culture approach
iPSCs NESCs

Seeding in low-attachment plate Cell aggregation Organoid formation

Macrophage precursor derivation

Co-culture and 3D microglia differentiation



Microglia incorporation
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Amor et al., Acta Neuropathologica, 2022



Microglia incorporation
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Synapse functionality

Multi-electrode array (MEA)

Sabate-Soler et al., Glia, 2022



Vasculature incorporation
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Paguera et al., Curr. Op. Neurobiology, 2021

Development:
• Endothelial cell precursors from the somites (angioblasts) 

establish the peri-neural vascular plexus (PNVP).
• Cells form the PNVP follow proangiogenic molecular 

queues, mainly VEGF-A.
• Endothelial cells will form close contacts via tight and 

adherens junctions, forming the BBB.



Vasculature incorporation
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Vasculature incorporation
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Morphological complexity
IBA1 CD31



Assembloids
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Pasca, Science, 2019



Midbrain-Striatum assembloid
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Barmpa et al., biorxiv, 2023



Midbrain-Striatum assembloid
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Barmpa et al., biorxiv, 2023

Retrograde monosynaptic tracing



Midbrain-Striatum assembloid
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Barmpa et al., biorxiv, 2023



Aging
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Pang et al., Translational neurodegeneration, 2019

Molecular changes in DA neurons

Bobela et al., Biomolecules, 2015

Barmpa et al., biorxiv, 2023



Aging
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Barmpa et al., biorxiv, 2023



Summary

• Development of organoid model for most organs and several 
diseases

• Midbrain specific organoids can be used for Parkinson’s disease 
phenotyping and drug development

• Increasing the complexity of the organoids improves the 
recapitulation of normal physiology
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Thank you for your attention
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