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Development of a novel method based on neural network analysis to improve techniques in drug discovery for

neurological and psychiatric disorders

In a diverse society, it is an urgent challenge to clarify the pathology of neuropsychiatric disorders presenting with higher
brain dysfunction and to develop a drug discovery strategy. Therefore, it is of great significance to establish an evaluation
system that will play a key role in drug discovery strategies. The aim of this study was to establish an evaluation system to
improve drug discovery technology for neuropsychiatric disorders by developing a comprehensive, automated system to

visualize the neuronal circuitry and correlating this with animal behavior.

@ The establishment of an evaluation system for improving drug discovery technology using a comprehensive analysis of

neuronal circuitry.

1. Development of a drug discovery evaluation system utilizing alterations in neuronal circuit activity as a biomarker.

2. Creation of an evaluation system to improve drug discovery technology by investigating changes in neuronal circuit
activity, including inhibitory neurons.

3. Construction of a causal relationship between neuronal circuit activity and animal behavior.

4. Establishment of an evaluation system to improve drug discovery technology based on alterations in functional
connectivity between two regions.

By employing a two-photon holographic microscope with precise stimulation accuracy at the single-cell level and spatial
resolution (XY: 1.2 um, XZ: 3.6 um), we obtained data on the neuronal circuitry and conducted a comprehensive analysis to
extract the features of spontaneous activity. The aim was to assess the therapeutic efficacy of drug targets and establish a
biomarker. Through the introduction of calcium-sensitive fluorescent protein and light-responsive protein into neurons in
the primary somatosensory cortex using adeno-associated virus, we visualized and manipulated neuronal activity. We
compared and validated (1) the synchronization of activity between two cells during spontaneous activity of 50-100
neurons, (2) the synchronization of activity between two cells during holographic optical stimulation of a single neuron, and
(3) the synchronization of activity between two cells during simultaneous holographic stimulation of two neurons. The
results demonstrated similar synchronization of activity between the two cells during spontaneous activity and simultaneous
holographic stimulation of two functionally connected neurons. This suggests the potential for predicting functional
connections between neurons based on the spontaneous activity of the neurons. Furthermore, simultaneous holographic
stimulation of two types of neuronal cells revealed that inhibitory neurons suppressed the activity of excitatory neurons by
approximately 30%, providing data that can be used to predict neuronal cell types. By applying the constructed evaluation
system to a mouse model of inflammatory pain, we successfully extracted the characteristics of neuronal circuit activity
during pain formation. This included activity synchronization between neurons during spontaneous activity and increased
functional connectivity. These findings have been published as a research result (Okada T, Kato D et al., 2021).
Additionally, using the acquired data, we constructed a neural network capable of identifying the crucial cells responsible
for pain behavior. By manipulating the extracted neuronal activity with a holographic microscope, we were able to induce

pain behavior, thus verifying the causal relationship between neuronal activity and animal behavior.

Moreover, we investigated the effects of cholinesterase inhibitors on the functional responses of neurons in the posterior

cingulate cortex, a region involved in higher brain functions, using a mouse model of Alzheimer's disease. The results



suggested that neurons near amyloid plaques exhibited heightened functional response intensity to holographic stimulation,
and this enhancement could be attenuated by cholinesterase inhibitors. This allowed for the comprehensive analysis of the
constructed neural circuit infrastructure to assess the therapeutic effects of existing drugs. Additionally, by simultaneously
observing the activity of neuronal populations in other brain regions with functional connections using fiber photometry
during the manipulation of neuronal activity in a specific brain region, we established an experimental system for evaluating

functional connections between the two regions.

5. Improvement and development of a system enabling the evaluation of neuronal activity in a three-dimensional level
6. Development of an automatic holographic stimulation system

The limitation of conventional two-photon microscopy imaging (2-30 Hz) lies in its low temporal resolution. Moreover,
due to the layered structure of the cortex, there is a need for a method that can evaluate neuronal activity with high temporal
resolution and three-dimensional spatial information in order to accurately observe neuronal dynamics. By introducing
calcium-sensitive fluorescent protein into neurons using adeno-associated virus, we obtained two-dimensional positional
information of the neurons through two-photon holographic microscopy. Subsequently, we captured images with high
temporal resolution (100-1000 Hz) using an imaging sensor while applying holographic light stimulation to several groups
of neurons within the acquired images, after creating two-dimensional multi-spots using this microscope. Additionally, we
performed similar holographic stimulation on neurons in different planes at a distance of 150 um. As a result, we
established an evaluation system for neuronal activity with high temporal resolution (100-1000 Hz) and three-dimensional
spatial information. Furthermore, we successfully developed a program for the automated and comprehensive

implementation of these holographic stimulation.

In the future, we would like to use this established evaluation system to further elucidate the therapeutic effects of drugs

and their mechanisms in mouse models of neurological and psychiatric disorders.



