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Drug discovery platform for mental disorders by industry-academia collaboration in non-competitive

phase based on pathogenic variants using clinical information and bioresource.
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Prior to this research project, Prof. Ozaki (the Principal Investigator) and other members of Nagoya University (Co-
Principal Investigators) had established the industry-academia consortium (Nagoya University Consortium for Psychiatric
disorders Research: NU-CoPR) that provides integrated non-clinical and clinical information to companies, promotes the
exchange of opinions between companies, and facilitates the back-casting approach based on the needs of companies at the
"Non-Competive Phase." This project aims to develop this industry-academia consortium with three pharmaceutical
companies (Company A, Company B, and Company C) and to accelerate the transition to the "Competitive Phase," which

directly links to drug discovery. An outline of this project's achievement is described below.

1. Establishment of iPS cells derived from patients with mental disorders.

(Nagoya University)

iPS cells were established from a total of eight patients. In addition, EEG data from four patients were provided to Company
A, blood samples from nine patients and nine healthy subjects were provided to Company B, and iPS cells from five
patients and three healthy controls were provided to Company C. Bulk-RNA sequencing analysis of neural progenitor cells
differentiated from the patient- and healthy control-derived iPS cells revealed that the differentially expressed genes
commonly in patients with risk genome variants were enriched in terms related to neurogenesis/development and cell

morphology/skeleton.

2. Drug screening using human neuronal cell kinetics and morphology.
(Nagoya University)
Drug screening using patient-derived iPSCs was conducted as a “Non-Competitive Phase”. The phenotype used as an index
of drug efficacy was neurite elongation (shortening of neurite outgrowth is commonly observed in neuronal cells derived
from patient iPS cells). Among 271 compounds provided by Company B, Nagoya University identified compound X which
had a positive effect on promoting neurite length. Then, Nagoya University conducted an additional screening using other
compounds with a similar structure and/or the same pharmacological action to compound X. As a result, the reproducibility
was not obtained in the case of using patient-derived iPSCs although could be observed when using healthy control-derived
iPSCs. In addition, Nagoya University succeeded in measuring system of electrical activity using excitatory neurons and
brain organoids.
(Company B)
i Company B sent the 271 compounds with annotations to Nagoya University. Based on the result of 1st screening,
Company B focused on compound X and then provided the other additional compounds related to compound X.
Using blood samples from nine patients and nine healthy subjects provided by Nagoya University, Company B isolated
neuronal cell-derived exosomes and compared their gene expression by bulk-RNA sequencing. Bioinformatics analysis
suggested that molecular pathways related to cell adhesion and the cytoskeleton were altered in the patient-derived
samples. (Company C)
Company C found that the size of patient iPSC-derived cortical organoids was different from that of the healthy control iPSC-
derived cortical organoids. This phenotype was ameliorated by rescuing the genomic variants and treating the small molecules.
In addition, Company C observed that neurite outgrowth in patient-derived neurons differed from the healthy control-derived

neurons. The positive control compound ameliorated this phenotype.

3. Generation and phenotypic Analysis of model mice for mental disorders.

(Nagoya University)



We performed whole-brain c-fos mapping using PCDH15-deficient mice in collaboration with Company A. The mice
showed completely different aspects at two-time points: during wakefulness and at rest. During the resting phase, when the
lights were on, the mice showed a marked decrease in activity and low body temperature. In contrast, during the active
phase, when the lights were off, the mice showed a marked high body temperature and a marked increase in activity. One
hypothesis is that the pathophysiology of this mouse model may be related to the Yakovlev circuit. In addition, c-fos
mapping of the 22q11.2 deletion was performed within this project. The results were discussed as possibly being related to
the Papez circuit, an important circuit for memory. We also generated new Cacnalc-A36V variant mouse model, and we
also generated conditional knockout mice with a 22q11.2 deletion.

(Company A)

Model mice of Rett syndrome were obtained from Nagoya University, and the phenotypic analysis was performed. As a
result, the decreased survival rate, weight loss, addictive behavior, decreased spontaneous locomotion, and cognitive
dysfunction was observed in this model. In addition, the EEG data of this mouse model were compared to that of patients
with mental disorders provided by Nagoya University. Company A found a Multiscale entropy (MSE) parameter that

commonly altered between patients with Rett syndrome and the model mice.

4. Management of industry-academia consortium and promotion of projects.

(Nagoya University)

Meetings .were held once a quarter, starting with a kick-off meeting to share the progress with the Nagoya University and
the three participating companies. The meetings promoted the exchange of opinions among the companies and the back-
casting approach, resulting in the acceleration of the transition to the “Competitive Phase” directly related to drug discovery

(five projects).



