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Development of drug evaluation system in cultured human iPSC derived neuronal
network which evoked sleep-awake rhythm
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The cross-regional neurons in the brainstem, hypothalamus, and thalamus
regulate the central nervous system, including the cerebral cortex, in a sleep-wake cycle-dependent
manner. A characteristic brain wave, called slow wave, of about 1 Hz is observed during non-REM
sleep, and the sleep homeostasis hypothesis proposes that the synaptic connection of a neural
network is weakened during sleep. In the present study, we found that sleep-wake states can be
mimicked by cyclic neuromodulator administration and show that LTD-like phenomena can be induced by
1 Hz low-frequency stimulation (LFS) in in vitro human iPSC-derived neurons. These results could be
applied in studies on the mechanism of slow waves during sleep or in an in vitro drug efficacy
evaluation depending on sleep-wake state.

iPS

iPS LTD MEA



iPS iPS

Organoid in vitro
iPS
1Hz
in vitro iPS
1Hz LTD
3-1
iPS Dopaminergic neuron (iCell DopaNeurons, DNC-301-030-001 ;

Cellular Dynamics International) Glutamatergic neuron(iCell GlutaNeurons,

R1061 ; Cellular Dynamics International) 4well MEA Plate(MED-P5NF30 ; Alpha Med
Scientific Inc.) 24well Plate (MED-Q2430M, Alpha Med Scientific Inc.)

MEA MEDG64-Allegro( Alpha Med Scientific Inc.) MEDG64 Presto(Alpha Med
Scientific Inc.) Maestro Edge(Axion BioSystems)
37 CO25% Mobius software (Alpha Med Scientific)

MEA Symphony (Alpha Med Scientific) AXIS software(Axion BioSystems) MATLAB

3-2
DA neuron -
11 14 5-Hydroxytryptamine Hydrochloride (Serotonin, 321-42341,
Wako) Acetylcholine Chloride(Acetylcholine, 011-00592, Wako) Histamine(084-00643,
Wako) DL-Norepinephrine hydrochloride crystalline (Noradrenaline, A7256-1G,

sigma) Orexin A(Orexin, 159.03161, Wako) 0.1 nM 1000 nM
15
3-3 Serotonin
iPS - 6
DA neuron  serotonin 100 nM  serotonin
2 12 3 72
2 SBF
34
iPS
10 Gluta neuron
* 20 pA, + 1.2 V, duration 0.2 ms 1Hz (16
ch/well)
4-1
DA neuronal network -
5 (Serotonin Acetylcholine Histamine Noradrenaline Orexine)
SBF (n=4) SBF
Serotonin Figure 1A

Serotonin 100 nM SBF 243 £ 29.7% (p=0.001,



Figure 1B(a)) Acetylcholine 1000 nM 142 + 8.94% (p=0.0001,

Figure 1B(b)) Histamine 100 nM 118 + 3.71% (p=0.00218,
Figure 1B(c)) Noradrenaline 100 nM 134 + 6.22%
(p=0.001, Figure 1B(d)) Orexine 10 nM 183 + 16.9%(p=0.001,
Figure 1B(e)) iPS
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Figure 1.
(A) Serotonin 5 . Scale bars=30 sec
(B) 15 synchronized burst frings(SBFs) (n=4). Vehicle
100% (one way ANOVA Dunnett's test * p<0.05 ** p<0.01 vs. Vehicle).
(a) Serotonin. (b) Acetylcholine. (c) Histamine. (d) Noradrenaline. (e) Orexin.
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iPS
Figure 2A
100 nM  serotonin 2 12 3
72 2 SBF
SBF 1 1
100% serotonin (one way ANOVA Dunnett
Figure 3B, black : Medium, red : Medium + Serotonin ) 2
(Figure 2B(a), p > 0.05, n = 3) Serotonin 5
SBF (Figure 2B(b), p < 0.05,n=3)
SBF 24 serotonin

serotonin
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Figure 2. Serotonin
(A)
(B) (n=3)
(C) SBFs (n=3 one way ANOVA Dunnett's test * p<0.05 ** p<0.01 vs.
11-12 hour).Medium(black), Medium + serotonin(red). serotonin 1
(11-12 hour) 100%
4-3 Low frequency stimulation
1 Hz
3 (blue : Before) 90 1
4 (red : Stim1-4) 90 15 1Hz
75 4 3
(green : After) iPS
1Hz (Figure 3A(Db)) 1
Hz 4
SBF 15
15 15 Figure
3B(a) (n=18) 165-180 100%
15 15
stim 1 85.7 + 2.74%(195-210 min) 82.1 + 2.06%(285-300
min) 80.3 + 2.52%(375-390 min) 78.4 + 2.77%(465-480 min) (p<0.01
one way ANOVA Dunnett ) stim4 (After 690-705
min) (Before 165-180 min) (93.3 £+ 3.23% p=0.0756
t test) 15 SBF Figure 3B(b)
165-180 100% 15
15 SBF stim 1 845 +
5.05%(195-210 min) 81.6 + 4.86%(285-300 min) 80.1 + 4.81%(375-390 min) 78.5 +
3.47%(465-480 min) (p<0.05 one way ANOVA Dunnett ) stim
4 30 (After 480-495 min) (Before 165-180 min)
(101 £+ 4.37% p=0.899 ttest) Low frequency

stimulation (LFS) iPS
15 LFS
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Figure 3.
(A) 90 1Hz
(a) (b)
(B) (n=8) 15
(165-180 minutes) 100% (@) (b)
(one way ANOVA Dunnett's test * p<0.05 ** p<0.01 vs. 165-180 minutes).
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LFS 2
Z
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