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Brain Pathophysiology Al Research:
Integration of Data-driven and Theory-driven Approach
Manabu Honda, M.D., Ph.D.

Department of Information Medicine, National Institute of Neuroscience, NCNP

1. Research Objectives

The aim is to promote the understanding, diagnosis, treatment, and prevention of mental, neurological,

and muscular diseases as well as developmental disorders by integrating data science, Al technology,

and computational neuroscience. The specific objectives are as follows:

®  Establishing a framework and infrastructure for promoting brain pathology research using Al:
Develop infrastructure to leverage research resources accumulated at NCNP Hospital, NCNP
Biobank, and various research institutes.

® Developing Al-based clinical and basic big data analysis methods for brain pathologies (data-
driven research): Analyze high-dimensional big data such as genetic, molecular,
neurophysiological, clinical, and epidemiological data using data science techniques to extract
features reflecting characteristics at each level and develop cross-level analysis techniques and
theories.

® Modeling brain pathologies based on brain computation theory and statistical mathematics
(theory-driven research) and developing integrated data-driven and theory-driven approaches:
Implement brain computation theory using neural circuit models to propose hypotheses for brain
pathology understanding and optimal therapeutic interventions. Develop theories and techniques
for new disease concepts and personalized medical technologies by correlating proposed brain

computation theories with actual basic and clinical data.

2. Research Qutcomes

Organization and infrastructure building

(1) Established the Brain Pathology Al Center (BAIC) Preparation Office within NCNP, designed the
information infrastructure, and secured necessary equipment and personnel.

(2) Set up a 10G network line for high-speed connection between internal and external information
infrastructures of the center and improved security environments for external access.

(3) Employed a special appointment director, research assistants, and administrative assistants with
expertise in information infrastructure construction, conducted hearings on large-scale
information assets scattered across NCNP Hospital, the Biobank, and various research institutes,
and cataloged the information assets within the center.

(4) Concluded a data usage agreement with the UK's UK Biobank, establishing an international data

collaboration system.



(5) Supported the signing of a partnership agreement between NCNP and a company (NTT),
establishing an industry-academia-government collaboration system.

(6) Conducted bimonthly web seminars and an annual hands-on seminar and symposium (CPSY
Course Tokyo) to not only educate but also serve as a hub for connecting researchers within and

outside NCNP.

Data-Driven Research

(7) Conducted large-scale data analysis on methylation and whole RNA sequencing of low-grade
epilepsy-associated tumor specimens, obtaining results suggesting new subgroups and molecular
mechanisms related to the disease.

(8) Developed an application for muscle pathology differential diagnosis using muscle pathology
diagnostic algorithms and created a dataset classified by Mercuri scores for the degree of muscle
involvement in muscle diseases.

(9) Analyzed Parkinson's disease model mice using a highly sensitive histone modification analysis
system and flow cytometry-based nuclear fractionation technique, identifying transcription factor
changes associated with pathological changes.

(10) Analyzed large cohort data of brain structural images in schizophrenia, bipolar disorder,
depression, and autism spectrum disorder, suggesting the classification of four brain structure
biotypes based on subcortical structural feature patterns and cognitive and social function
performance.

(11) Conducted literature reviews, hearings, and information exchanges on the applicability of Al
technology in psychotherapy across various disciplines.

(12) Conducted clustering analysis of mental disorder registry data cleaned last year and examined the

association with outcome indicators such as QOL.

Theory-Driven Research and Integrated Approaches

(13) Examined the applicability of multimodal variational autoencoders, a type of deep neural network,
as cognitive function modeling. Additionally, developed a biosignal generation simulator using
ECoG data from macaques as a prototype digital brain model, successfully simulating real-time
brain state estimation, ECoG signal generation, and virtual drug administration.

(14) Conducted primary analysis of transcriptome data from surgical brain specimens of epilepsy
patients and registered the data in a database, developing a pipeline for estimating the activation
state of the mTOR signaling pathway.

(15) Developed data science methods applicable to image and genome data from a theoretical
perspective and conducted tutorial lectures on related technologies.

(16) Applied the proposed Cost of Cluster-Mean Based Prediction (CCMP) metric for subtype



classification prediction accuracy to the problem of predicting daily exercise habits based on
personality. The results suggested that conventional statistical subgroup classification might not

be optimal from a prediction perspective.



