
Integrated understanding of multi-sensing networks 

and elucidation of their control mechanisms leading 

to the innovation of medical technologies

MultiSensing

This Objective aims to develop an integrated understanding of multi-sensory 

systems, including sensory systems and peripheral nerve networks, and to 

develop methods to visualize and control these systems. Specifically, this 

Objective aims to achieve the following:

(1) Understand peripheral neural circuit mechanisms and clarify disease 

pathology to help overcome disease

(2) Develop methods to visualize and control peripheral nerve activity and new 

treatment methods

(3) Clarify and apply the mechanisms involved when sensory systems receive, 

process, and act on signals

(4) Develop technology platforms for methods to visualize and control sensory 

systems

Integrated understanding of human multi-sensing networks 

and elucidation of their control mechanisms
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Started in 2021 Started in 2021

Started in 2021 Started in 2021

Started in 2021 Started in 2021

Integrated understanding of functional 
asymmetry of the autonomic nervous 
system and development of electrical 
nerve stimulation to treat cross-organ 
disorders

KANAI Takanori
Professor, School of Medicine, 

Keio University

The organism is a collection of organs that control cognition, 
nutrient absorption, circulation, immunity, and metabolism. To 
unite these independent biological processes, organ-organ 
interactions are essential for the organism to function. This project 
focuses on the functional asymmetries of the autonomic nervous 
system and aim to clarify how the interaction between the gut and 
the brain impacts on higher brain functions. Furthermore, we plan 
to develop super-selective vagus nerve stimulation techniques 
as new treatment strategies for visceral and central nervous 
system diseases such as inflammatory bowel disease and multiple 
sclerosis.

Development of neuroscience 
based intelligent neuromodulation 
system for complex regional pain 
syndrome (CRPS)

HIRATA Hitoshi
Professor, Innovative Research Center for 

Preventive Medical Engineering, Nagoya University

The objectives are to investigate the pathological mechanism underlying 
the multi-sensing network failure in patients with complex regional pain 
syndrome (CRPS) using advanced neuroscience technologies, and to 
develop an innovative neuromodulation technology to restore normal 
conditions within the nervous system by deploying a specially developed 
multi-channel nerve stimulator, original artificial intelligence and unique 
sensor technologies. This will be undertaken by 3 groups, each having 
responsibility for a core project yet in close interdependent collaboration 
with the others. The goal is to develop a multi-faceted innovative neuro-
modulation system that addresses the multiple nervous systems involved in 
the pathological mechanism of CRPS.pathological mechanism of CRPS.

Elucidation of roles and functions of 
neural network underlying intractable 
hematologic disorders in aged 
bone marrow and building of new 
technology platforms for nervous 
system-targeting clinical applications

KATAYAMA Yoshio
Junior Associate Professor, Hematology, 

Kobe University Hospital

The healthy service life of bone marrow is approximately 50 years, 
and along with the age, the incidence of particular intractable 
hematologic disorders, each of which displays unique alteration 
of bone metabolism, rapidly increases. The aim of this research 
is to elucidate the alteration in the network of nervous—skeletal—
hematopoietic systems, develop neural activity based-biomarkers 
for disease status and prognosis, and identify new pharmacological 
targets for development of therapeutic drugs for aged marrow-
based hematologic malignancies as new technology platforms for 
nervous system-targeting clinical applications.

Age-related hearing loss: analysis 
of the pathological mechanisms 
and development of a technological 
basis for next-generation 
therapeutic interventions

HIBINO Hiroshi
Professor, 

Graduate School of Medicine, Osaka University

Age-related hearing loss lowers quality of life and increases risk 
for dementia and depression. This disease stems primarily from 
damage of the cochlea in the inner ear, and the pathological 
processes remain largely uncertain. In this project, we will analyze 
the cochleae of animal models by multiple approaches including 
a cutting-edge imaging technology and clarify the mechanisms 
underlying age-related hearing loss. Using such observations, 
we will provide technical basis for preventive and therapeutic 
medicine and prototypes of a next-generation cochlear implant. 
The outcomes may contribute to extension of healthy life.

Theoretical basis for human 

clinical application of sensory 

medicine

KOBAYAKAWA Ko
Associate Professor, 

Kansai Medical University

Organisms have protective abilities to survive crisis situations. 
However, medical technology to artificially induce these abilities 
has not yet been developed. We found that thiazoline-related 
innate fear odors bind to TRPA1 in sensory nerves and activate 
the crisis response center in the brainstem-midbrain, thereby 
increasing survival rates in lethal environments and pathological 
models. In this research, we aim to elucidate the principles by 
which TRPA1 distinguishes agonists to induce distinct responses 
and the principles by which the brain center integratively induces 
protective effects, in order to achieve early practical application of 
sensory medicine.

Establishment of therapeutic strategies 
for neurodevelopmental disorders 
through an integrated understanding 
of brain-sensing networks focusing on 
retinal circuit function

FURUKAWA Takahisa
Professor, Institute for Protein Research,

Osaka University

Neurodevelopmental disorders (NDs) including autism spectrum 
disorder (ASD) and attention deficit hyperactivity disorder (ADHD) 
have become one of the important social issues worldwide. 
Recently sensory abnormalities (atypical sensory features) in NDs 
have gathered an increasing attention, because NDs, especially 
ASD, are often accompanied with atypical sensory features. In the 
present R&D proposal, we aim to elucidate multi-sensing-brain 
relationship by analyzing the effect of a specific retinal pathway 
defect on sensory and brain functions. Furthermore, we aim to 
develop a novel visual stimulation-mediated therapeutic device to 
ameliorate symptoms of NDs including ASD. 
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Started in 2021 Started in 2021

Started in 2021 Started in 2021

Started in 2021 Started in 2021

The generation of human 

taste organoids and their 

characterizations as taste sensors

Regulation of temperature 
acclimation by integration and 
modulation of multi thermosensory 
information

From vision to hippocampal 

cognitive map: underlying circuit 

mechanisms

Establishment of a novel pain 
evaluation system using nerve 
organoids derived from human iPS 
cells

IWATSUKI Ken KUHARA Atsushi

KITANISHI Takuma SHIBATA Shinsuke

Professor, 
Tokyo University of Agriculture

Professor, 
Konan University

Lecturer, Graduate School of Medicine,
Osaka City University

Professor, Graduate School of Medical and 
Dental Sciences ,Niigata University

Although we have been analyzing taste cells using the mouse 
or monkey taste stem cell culture system, it became clear that 
humans have different taste preference from other animals. 
Therefore, in this study, we expect to generate human taste 
organoids so that we will be able to analyze taste cell function that 
is peculiar to humans. In the future, we hope to contribute to the 
new drug development and regenerative medicines using human 
taste organoids.

Since temperature is one of the environmental information that 
is directly linked to animal’s lives, malfunction of thermo-sensing 
and its information processing causes various diseases. In this 
study, we aim to elucidate how multi-thermosensory information 
received at multiple locations in the body or in a single cell are 
integrate or discriminate to regulate temperature acclimation 
in the body. We also aim to elucidate how sensory information 
other than temperature affects the temperature signaling on 
neural circuit. These studies will be conducted using nematode C. 
elegans, a model animal that allows for high-throughput analysis.

When we visit a new place, we look around to get a sense of 
where we are. As we know from these experiences, vision is the 
key to support spatial cognition. However, how visual information 
is transmitted and converted into spatial representations in the 
hippocampus and its associated areas remains unclear. This 
study will uncover the neural circuit mechanism that converts 
visual information to hippocampal spatial representations by using 
large-scale neural recordings and novel optogenetic techniques.

Among various biological sensing systems, abnormal pain 
sensation produced a largest number of patients and induced 
the lowest QOL (quality of life). Many studies were conducted 
to analyze the mechanism of pain development, but most of the 
studies analyzed based on subjective evaluation criteria. In this 
project for the multi-sensing network program, we will develop 
objective and quantitative pain-sensing devices by combining 
the advanced imaging technology with using various kinds of 
microscopes, the precise skills for the molecular biological 
analysis, and the sophist icated technologies of machine 
engineering specialists for developing special culture devices.

Development of somatosensory 
prosthesis with reference to 
somatosensory processing in the 
brain

Response mechanism of skin 

sensing system to mechanical 

stress

UMEDA Tatsuya KOBAYASHI Tetsuro
Associate Professor,

Graduate School of Medicine, Kyoto University
Deputy Team Leader, 

RIKEN IMS

Brain-machine interface (BMI), which directly connects brain 
and machine, has the potential to improve the quality of life for 
patients suffering from brain or spinal cord injuries, because 
they can operate a prosthesis or machine based on brain 
activity. However, the poor performance in the somatosensory 
prosthesis is a problem in the practical use of BMIs. This study 
will develop a somatosensory prosthesis that can elicit shape 
perception by activating the primary somatosensory cortex with 
electrical stimulation with a pattern that is designed based on the 
somatosensory processing in the brain during active exploration 
of the hand.

The skin is a barrier organ organized by an epithelial-immune 
network, and disruption of the crosstalk leads to the development 
of various diseases. This project will reveal a skin sensing 
system constructed by the interaction between epithelial sensors 
that receive mechanical stress and immune cells that act as 
responders. We aim to understand the pathogenesis of atopic 
dermatitis, which is aggravated by persistent mechanical stimuli 
such as scratching behavior, and to develop novel therapeutic 
strategies.
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Study of whole-body humidity 

sensing mechanisms via skin 

humidity receptor

CHIKUMA Mariko
Associate Professor, 

School of Medicine, Keio University

The ability to detect and sense variation in humidity is important 
for terrestrial animals to protect the body from the environment. 
However, the cellular and molecular basis for hygrosensation and 
the genes involved in detecting humidity remain unknown. The 
aim of this study is to investigate how the skin senses variations in 
humidity consequently controlling the whole-body. We will identify 
the "humidity sensor" expressed in the skin and examine the 
mechanism controlling the sensing, response, and transmission of 
humidity stress in the skin and the whole body. The findings may 
establish the underlying mechanism of skin-mediated whole-body 
sensing networks of humidity stress.

Developing somatosensory 

system on a chip toward novel 

pain control method

Shimba Kenta
Assistant Professor,

School of Engineering, The University of Tokyo

Developing a novel treatment for neuropathic pain requires 
comprehensive understanding of dynamics in the relevant neural 
networks. In this study, somatosensory networks including 
pain processing circuits will be reconstructed on a chip using 
microfabrication technology. With precise optogenetic stimulation 
and extracellular recording of the network, we aim to elucidate the 
neural basis for pain transmission and amplification in pathological 
conditions. Furthermore, we will explore the possibility of novel 
pain control methods using the integration of multisensory 
information.

Elucidation of homeostatic 
mechanism and its failure mechanism 
by new sensing and integration 
mechanism of cardiovascular stress

FUJIU Katsuhito
Associate Professor,

The University of Tokyo

The heart and blood vessels are subject to various stresses. 
These stresses are integrated into the brain and multiple organs 
via peripheral nerves and humoral factors. In addition, the system 
keeps circulatory control homeostatic. In this study, I will treat 
various cells that make up the brain and nervous system and 
investigate how the brain and nervous system sense and control 
cardiovascular stress. Furthermore, we will elucidate when the 
disease develops beyond being able to overcome the burden.

Deciphering the mechanism of 
impairment in homeostatic energy 
metabolism regulated by brain 
and finding the way to improve it

TODA Chitoku
Assistant Professor, Department of Veterinary 

Medicine, Hokkaido University

The brain monitors the amount of nutritional energy in the body and 
environmental food availability by multi-sensing systems. Animals 
change feeding behavior and energy utilization according to these 
internal and external situations. Obesity attenuates the function 
of multi-sensing systems and thus leads to diabetes. Our project 
is to clarify how our brain integrates a wide variety of inputs from 
both inside and outside of the body. We also try to understand the 
mechanism by which obesity impairs the multi-sensing systems. 
Our project will develop a way to improve the impaired sensing 
systems.


