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Abstract
Human midbrain organoid models rep-

resent a new tool to study the underlaying
etiology of Parkinson’s disease in physio-
logical conditions. 

Introduction
Parkinson’s Disease (PD) is the second

most prevalent neurodegenerative disorder
in the aging population. It is characterized
by the progressive loss of dopaminergic
neurons in the substantia nigra of the
patients. The cause of the disease is
unknown and consequently, no disease-
modifying drug is currently available. The
difficulty in translating basic research into
the clinic is partly due to the excessive
reliance on animal models, which do not
faithfully recapitulate the human pathology.
The field of human brain organoids has
recently gained increasing attention for the
ability to harness the key capability of stem
cells to self-organize into organ-like struc-
tures. This represents an unparallel opportu-
nity to study neurodegenerative mecha-
nisms in human models. We aimed at opti-
mizing a brain organoid model recapitulat-
ing key features of the midbrain region of
the human brain. Therefore, we used stem
cells from patients carrying the PD-associ-
ated familial mutation LRRK2-G2019S to
evaluate whether dopaminergic neuron
impairment could be identified. 

Materials and Methods
We generated Midbrain Organoids

(MOs) from Induced Pluripotent Stem Cells
(iPSCs) derived from two PD patients car-

rying the LRRK2-G2019S mutation and
from two healthy individuals, both with
their isogenic controls.1 The organoids were
cultured for 35 and 70 days before being
analyzed via immunofluorescence.
Experiments were performed with three
independently generated organoid cultures
from three different cell lines (n= 9).
Unpaired t test with Welch’s correction or
nonparametric Kolmogorov-Smirnov test
was performed to evaluate statistical signif-
icance.  Single cell RNA sequencing
(scRNA-seq) was also performed in MOs
generated from a healthy individual as well
as its isogenic control where the LRRK2-
G2019S mutation was inserted.2

Results
MOs showed abundant expression of

dopaminergic neurons, which produced and
secreted the neurotransmitter dopamine.
Accumulation of neuromelanin was also
observed. Besides dopaminergic neurons,
GABAergic, glutamatergic, and serotonin-
ergic neurons together with astrocytes were
identified, confirming that the MO is a com-
plex system, where the cellular diversity of
the substantia nigra is well represented.
When MOs carrying the LRRK2-G2019S
mutation were generated, we observed a
statistically significant decrease of
dopaminergic neurons after 35 days of cul-
tivation compared to controls. High-content
image analysis allowed the identification of
neuronal subtypes based on the pattern of
different expression markers. The number
of astrocytes was also impaired, suggesting
a deleterious effect of the LRRK2 mutation
on both neurons and astrocytes. Further
efforts will be necessary to advance the
model by further integrating microglia and
vasculature.  

Discussion and Conclusions
These results show that MOs are suit-

able to study PD as they model the tissue
complexity of the human substantia nigra.
Our implemented protocol1,3 gives rise to
reproducible MOs, which can be used for
phenotyping and pharmacological screen-
ings. The use of MOs, carrying mutations
linked to familial PD, constitutes a valuable
resource to study the functionality of both
dopaminergic neurons and astrocytes and
their contribution to the disease progres-
sion. MOs harboring the LRRK2-G2019S
mutations show dopaminergic impairment
that can be captured via high content image
analysis and scRNA-seq. Our platform

allows the identification of tractable PD cel-
lular phenotypes which can be targeted with
drug candidates.
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