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® Development of the quantitative parameters and in vitro pharmacological test methods for
cognitive disorders and abnormal neuronal activities.

Risk of cognitive disorders: We established in vitro pharmacological test methods (DIBES

methods) to quantify the risks of cognitive disorders by using drebrin as a marker of functional

synapses.

Risk of abnormal neuronal activities: By use of MEA and Al, we established the in vitro system

that accurately detect the effects of drugs on neuronal activity. We could accurately predict

seizure risks of the seizure-inducing drugs by machine learning of LFP graphic patterns obtained

from hippocampal slices.

@ Selection of hiPSC-neuron lines suitable for the in vitro pharmacological test methods and

development of the protocols that enhance functional maturation on hiPSC-neurons
Selection of hiPSC-neuron lines suitable for the in vitro pharmacological test methods: We
investigated whether commercially-available hiPSC-neurons adopt the mechanisms necessary
for the pharmacological tests. We found that mACM enhanced the inductions of spontaneous
activities and synchronous bursts, and also confirmed the establishment of neural circuitry
pharmacologically. When we treated these cells with gabazine, picrotoxin, and 4-AP, the
frequency of synchronous bursts was increased in a concentration-dependent manner, which
means that these hiPSC-neurons can be applied for the seizure risk prediction. We also
established the immunocytochemical protocols optimal for MEA samples. Co-localization of
synapsinl and PSD95 was clearly detected in these samples, indicating that mACM enhances
synaptogenesis. mACM also converted the drebrin isoform to the mature type. Furthermore,
we found the hiPSC-neuron line that attain synaptic maturation in a shorter period than before.
Development of the protocols that enhance functional maturation on hiPSC-neurons: We have
made a candidate list for the factors that enhance the neural circuit formation based on the IPA
analysis, NGS analysis, and the analysis of the releasing factors of hiPSC-neurons cultured with
mACM. We also found the markers that can be used for the judgement of the maturation stage
of the samples. Astrocyte-releasing factor X significantly increased the neurite extension of
hiPSC-neurons. Astrocyte-releasing factor GPC6 increased the membrane localization of
NMDA receptors and made hiPSC-neurons responsive to excitotoxicity. When hiPSC-neurons
were cultivated on hippocampal slices, hiPSC-neurons on the CA1 pyramidal layer obtained the
morphological phenotype similar to CAl pyramidal neurons and spinogenesis.

® Protocol adjustment of in vitro pharmacological test methods for cognitive disorders and
abnormal neuronal activities.
Because the feasibility of in vitro pharmacological test methods for abnormal neuronal activities
is increased, we attempted to generalize the protocols based on the data of test compounds
(positive control: picrotoxin, 4-AP; negative control: triazolam; high risk drug: theophilin; low
risk drug: aspirin). We also developed the data analysis application software to generalize MEA
data analysis protocols. To quantify seizure risks, we have to quantify the synchronous
activities recorded by 64 electrodes. We have shown that the summation of the number of
spikes recorded by 64 electrodes is useful to monitor the sustained synchronization. We could
detect the concentration-dependent changes of these parameters by the test compounds
described above.

@ Inter-facility validation of the protocol of in vitro pharmacological test methods for
abnormal neuronal activities.
In cooperation with CSAHi and the supporting companies, we performed inter-facility validation
of the protocol of in vitro pharmacological test methods for abnormal neuronal activities. mACM
1s not suitable for the validation study owing to the large variance, we employed
commercially-available hiPSC derived astrocytes and adjusted the protocols. Mixed culture of
hiPSC-neurons and hiPSC-astrocytes enabled all facilities to induce the spontaneous neuronal
activities and synchronous bursts among 64 channels. The enhancement of the synchronous
bursts by the positive test compounds were also confirmed in all facilities.
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