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Indentfication of the culture days with human iPSC-derived cortical neurons functionally maturated
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Abstract: The functional network of human induced pluripotent stem cell (hiPSC)-derived neurons is a potentially
powerful in vitro model for evaluating disease mechanisms and drug responses. However, the culture time required for the
full functional maturation of individual neurons and networks is uncertain. We investigated the development of
spontaneous electrophysiological activity and pharmacological responses for over 1 year in culture using multi-electrode
arrays (MEAs). The complete maturation of spontaneous firing, evoked responses, and modulation of activity by
glutamatergic and GABAergic receptor antagonists/agonists required 20-30 weeks. At this stage, neural networks also
demonstrated epileptic form synchronized burst firing (SBF) in response to pro-convulsants and SBF suppression using
clinical anti-epilepsy drugs. Our results reveal the feasibility of long-term MEA measurements from hiPSC-derived
neuronal networks in vitro for mechanistic analyses and drug screening. However, developmental changes in
electrophysiological and pharmacological properties indicate the necessity for the international standardization of culture

and evaluation procedures.
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Fig.1 hiPSC-derived cortical neurons cultured on an MEA chip
(a) Overview of a MEA. (b) Phase contrast image of hiPSC
-derived neurons on a MEA chip at 294 DIV.
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Fig.2 Development of spontaneous firings during long-term

culture

(A)Changes in spontaneous firing pattern in the same long-term
culture at 7, 14, 29, and 34 weeks in vitro (WIV). (a) Typical
spontaneous firing patterns. (b) Rasters of the array-wide spike
detection rate (AWSDR, spikes/s). Bin size is 1 ms. (c)
Corresponding raster plots for all 64 electrodes over 5 min. (B)
Electrode grids colored-coded to indicate mean spontaneous
firing frequency from same culture at 2, 6, 14, 20, 26, and 34
WIV. Red indicates electrodes with higher firing frequencies.
Scale bar in Hz (maximum: 28 Hz). (C) Time course of the
average firing frequency per channel from 2 to 34 WIV. Firing
frequency (+ standard deviation) was calculated as the average
of all 64 electrodes from each of the three MEA dishes.
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Fig.3 Pharmacological properties of spontaneous firing activity
(A) Typical spontaneous firing at the same electrode in 33-36
WIV cultures before (top) and after the administration of the
indicated neurotransmitter receptor antagonist or agonists (10
UM bicuculline, 5 puM kainic acid, 50 uM AP-5, 50 pM CNQX).
(B) Raster plots of spontaneous firing for 1 min from all 64
electrodes before and after drug administration. (C) Total
number of spikes from all 64 electrodes before (100%, baseline)
and after drug administration at 10-15 and 33-36 WIV.
Comparisons between 10-15 (gray) and 33-36 WIV (black)
were obtained using the same cultures. Although absolute
numbers of spikes at 10-15 and 33-36 WIV were different, the
proportional changes did not differ between ages for bicuculline
and kainic acid. In contrast, the decrease in total spikes induced
by CNQX and NMDA administration differed by WIV, with
greater proportional effects of both agents at 33-36 WIV. (n =3
MEA dishes, *p < 0.05). (D) Changes in synchronized burst
firing (SBF) due to bicuculline administration at 10-15 and
33-36 WIV. (n = 3 MEA dishes, *p < 0.05). (a) Number of
SBFs over the 30 min before (blue) and after (red) bicuculline
administration at 10-15 and 33-36 WIV. (b) SFB duration and
(c) number of spikes per SBF at 10-15 and 33-36 WIV before
and after bicuculline administration, *p < 0.05).
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Fig.4 Induction of epileptiform activity and anticonvulsant

effects of anti-epilepsy drugs (AEDSs).
(A) Induction of epileptiform activity using pentylentetrazole
(PTZ) and the suppressive effect of phenytoin. PTZ was added
at increasing concentrations (1 uM, 10 uM, 100 uM, and 1 mM).
Phenytoin was then added (1 uM, 10 uM, 100 pM, and 1 mM).
(a) The raster plots at WIV (89 DIV). (b) Changes in firing rate
versus before (%) and number of SBFs (Yellow). (B) Effect of
sodium valproate (VPA) (1 uM, 10 pM, 100 pM, 1 mM, and 2
mM). (a) The raster plots at 15 WIV (99 DIV). (b) Changes in
firing rate and number of SBFs at 15 WIV. (c) The raster plots
at 46 WIV (317 DIV) t. (d) Changes in firing rate and number
of SBFs at 46 WIV.
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