2022 2023

iPS

Construction of an iPS cell-derived mesocortical circuit in vitro
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In this study, we developed a method to construct a model of the
mesocortical circuit in vitro by culturing iPSC-derived cerebral and midbrain organoids inside a
custom-made microdevice. Differentiated cerebral and midbrain organoids were placed into two
chambers of the device. Axons grow and extend into a channel, eventually forming a bundle connecting
the two organoids. Successful differentiation of the organocids was confirmed with immunostaining.
Using multi-electrode arrays (MEAs), we recorded and compared the activity of the cerebral and
midbrain organoids and observed that although the two organoids have a comparable number of spikes,
they exhibit different activity patterns. Upon connection, we observed the propagation of activity
from one organoid to another, indicating that a functional connection has been established in our
circuit. Interestingly, we further found that the propagating activity was mostly initiated by
cerebral organoids and received by midbrain organoids.

Organoid Neuron Dopamine Midbrain Schizophrenia Cerebral Reward learning



mesocortical pathway
2
PFC

in vitro

in vitro

@

@

®

*

86
FOXA2

¢ 1B)
100

iPS

TH

mesolimbic pathway

VTA
(NAcc) 2
induced Pluripotent Stem
in vitro
in vitro
MEA
iPS -
iPS
S

FGF8 SAG CHIR99021

FOXG1

10



PDMS
2-3
2
1c
8
180
LFP
2
2C
3
iPS

MEA

(A) iPS cell (B)
CHIR, SAG,

‘ FGF8

% Organoid

Cerebral

Midbrain

&

Cerebral Midbrain
Micro- l l
device
(@)

Figure 1: Generation of the mesocortical circuit
(A) Schematic to generate the mesocortical circuit in vitro. (B) Immunostaining of
cerebral and midbrain organoids. (C) Cerebral (left) and midbrain (right) organoids are
placed into a microdevice. Axons extend into the channel to connect the two organ-
oids, forming the circuit.
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Figure 2: Comparing the activity of cerebral and midbrain organoids
(A) Representative activity of cerebral and midbrain organoids (B) Spike
frequency, burst frequency and number of LFPs in cerebral and
midbrain organoids. *p < 0.05 (C) Synchronized activity was observed
upon connection, with propagating bursts initiated mostly by cerebral
organoids (arrowheads) at 6 weeks post-plating.
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