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Brain Pathophysiology Al Research:

Integration of Data-driven and Theory-driven Approach
Manabu Honda, M.D., Ph.D.
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1. Research Obijectives
Our project studies on psychiatry, neurology,

myopathy, and developmental disorders for

comprehensive outcomes including finding
brain pathophysiology, diagnoses, treatments,
and preventions. Especially, we focus on the
computational approaches: data science, Al
methods, and brain computation. Our project
also involves infrastructure building for the
abovementioned objectives.

Our project consists of following three
subjects:

I.  Building organization and infrastructure for
researches on  computational  brain
pathophysiology.

Il. Developing data-driven and Al-driven
methods for clinical and fundamental brain
pathophysiology.

brain

Il. Integrating pathophysiological

modeling and data-driven approaches.

2. Research Outcomes

I.  Organization and infrastructure building

a) We built the preparation office for Brain
pathophysiology Al research center (BAIC)
in NCNP designed the infrastructure. We
also acquire human resources for BAIC.

b) We located the preparation office for BAIC
in NCNP and build the network and security

d)
€)

i)

9)

h)

environment.

We conducted preliminary surveys for
seeking a project section chief of the
preparation office for BAIC. Finally, we
hired Tachimori Hisateru, Ph.D., from April
2023.

We signed a contract with UK Biobank.

We hosted the Seminar Series on
Computational Theory and Data Science in
Brain Pathophysiology. We held 6 seminars

in FY 2022.

Developing data-driven and Al-driven
methods

We successfully clustered total RNA
sequencing of specimens, including low-
grade epileptogenic tumors, to express
specimen characteristics.

We proceeded the development of a muscle
pathology identification application using a
muscle pathology diagnostic algorithm, and
created a dataset classifying the degree of
disability of affected muscles according to
the Mercuri score.

We have launched development of a highly
sensitive histone modification analysis
system and a cell nucleus preparative
technique using flow cytometry.

By Combining eye movement and cognitive

function data, we create a model that can



)

k)

m)

n)

0)

discriminate  normal  subjects  and
schizophrenia accurately.

We surveyed and interviewed about the
potential application of Al-driven methods
in psychotherapy.

We got the review and approval of the
research plan for the psychiatric disease
registry analysis and began data cleaning
and analysis.
Integrating brain pathophysiological
modeling and data-driven approaches
We developed a feature representation
learning method wusing a multimodal
variational autoencoder and a model of
decision-making behavior and perceptual-
cognitive processes using reinforcement
learning and predictive  information
processing models. Furthermore, as an
attempt to integrate these methods, we
examined the interaction  between
parameters in the predictive information
processing model using resting-state fMRI
data.

By applying Variational Autoencoder, we
succeeded in reproducing cellular gene
expression with high accuracy and started
analyzing single-cell RNA sequencing data
from human epilepsy patients

We showed that spatio-temporal modeling
using data science methods with nonlinear
random effects and beta-negative binomial
distribution can relaxes the issues of
existing models.

We proposed Cost of Cluster-Mean based
Prediction (CCMP), a measure of the

accuracy of prediction of a given subtype
classification, and its effectiveness is
simulation and

demonstrated through

application to open data.



