
【Grant-in-Aid for Scientific Research on Innovative Areas (Research in a proposed research area)】 
Interdisciplinary Area 

 
Title of Project：Preventive medicine through inflammation cellular 

sociology 
 
 
Kouji Matsushima  
(The University of Tokyo, Graduate School of Medicine, Professor) 

 
Research Project Number：17H06391  Researcher Number：50222427 

【Purpose of the Research Project】 
Faced with an aging society, a paradigm shift 
from reactive to preventive health care is 
urgently required. In this project, by 
characterizing the non-hematopoietic tissue cells 
and infiltrating immune cells in inflamed tissues 
at a single-cell level––individual components that 
together make up a “cellular society of 
inflammation”––we will investigate the origin, 
pre-disease condition, progression and 
irreversible changes of inflammatory disease. 
Based on comprehensive single-cell transcriptome 
and informatics approaches, we will integrate 
research from the fields of inflammation, 
pathology and clinical science in order to model 
the course of disease––the transition of the 
cellular society of inflammation. We will also 
clarify the mechanisms underlying this transition, 
with focus on factors that regulate cell function 
such as metabolism, senescence, mutation and 
the microenvironment, as well as inflammatory 
mediators that make up inter-cellular networks. 
These studies will enable us to generate 
mechanistic models that simulate the 
development and progression of chronic 
inflammatory disease. By exploring the cellular 
society of inflammation, this novel approach to 
preventive medicine will establish the internal 
and external environmental factors that predict 
disease risk and identify early diagnostic markers 
and novel molecular targets.   
 

【Content of the Research Project】 
A01 Establishment of the cellular society of 
inflammation for chronic inflammatory disease: 
We will collect single-cell transcriptome data 
together with spatio-temporal information in a 
range of disease models with different 
pathogeneses and affecting different organs, thus 
defining the origin, pre-disease condition, 
progression and irreversible changes (e.g. 
fibrosis) of each disease. 
A02 Regulation of the cellular society of 
inflammation by environmental factors and 
establishment of molecular targets for preventive 
therapies: We will investigate the links between 
physiological factors such as environmental stress, 
genetic factors, shear stress, hypoxic stress and 
aging, chronic inflammation, and lifestyle-related 
diseases, thereby exposing novel molecular 

targets. 
A03 Socio-cellular informatics: We will develop 
new methods for analyzing and integrating data 
from a range of sources including comprehensive 
single-cell transcriptome data, and construct 
models that simulate chronic inflammatory 
disease.  
 

【Expected Research Achievements and 
  Scientific Significance】 

This project will establish a model of the cellular 
society of inflammation that reveals the 
mechanisms underlying disease transition. Using 
quantitative molecular and cellular information, 
this project will identify turning points in the 
progression of disease and support the 
development of innovative preventive medicines 
that are designed to precisely control those 
turning points. The simulation models of the 
cellular society of inflammation generated by this 
project for various chronic inflammatory diseases 
will provide numerical information regarding 
environmental risk factors and enable scientific 
risk management. By providing a bird’s-eye view 
of the process of disease progression and by 
providing a public platform for models of the 
cellular society of inflammation, we expect that 
this project will predict drug actions, thus 
promoting the repositioning of existing drugs and 
facilitating the discovery of drugs with completely 
new mechanisms of action. 
 

【Key Words】 
Cellular sociology of inflammation: A novel 
approach to life science and preventive medicine 
that interprets inflamed tissues (cellular 
societies) at the single-cell level.  
 

【Term of Project】  FY2017–2021 
 

【Budget Allocation】1,195,200 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】
http://inflammationcellularsociology.org 
koujim@m.u-tokyo.ac.jp 
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【Grant-in-Aid for Scientific Research on Innovative Areas (Research in a proposed research area)】 
Interdisciplinary Area 

 
Title of Project： Giant reservoirs of heat/water/material : 
 Global environmental changes driven by the 

Southern Ocean and the Antarctic Ice Sheet 
 

Kenji Kawamura  
(National Institute of Polar Research, Division for Research and  
Education, Associate Professor) 

Research Project Number：17H06316  Researcher Number：90431478         
【Purpose of the Research Project】 

In recent years, mass loss of the Antarctic ice 
sheet, the largest freshwater reservoir of the 
Earth, has been reported, and consequent future 
sea level rise is a growing concern. The Southern 
Ocean is a heat reservoir that drives the ocean 
general circulation with bottom water formation, 
and is also the largest CO2 reservoir. The 
meltwater from the ice sheet alters the ocean 
circulation and CO2 uptake, leading to further 
enhancement of the ice melt. Thus, the Antarctic 
ice sheet and the Southern Ocean together act as 
a system to potentially cause major changes in 
the global environment. In our project, we 
endeavor to understand and predict this complex 
system through collaborative efforts by a team of 
scientists from various disciplines with the aim of 
establishing a new "Antarctic environmental 
system science”. 
 

【Content of the Research Project】 
In the Antarctic, the continent is covered and 
surrounded by strongly interacting components 
－ atmosphere, cryosphere, ocean, and biosphere. 
We strive to comprehend them as one system 
through understanding various processes by 
observation and modeling, and through 
describing the states and mechanisms of 
interactions. For the future projection of global 
change originating in Antarctica, we conduct 
coordinated observations of ocean, ice sheet, solid 
earth and ecosystem, with the focus in the East 
Antarctica. Ice cores, marine sediments and rocks 
samples will reveal the past state and variations 
of the ice sheet and ocean on centennial to 
hundred-thousand-year timescales. Numerical 
models will integrate the components including 

the atmosphere, ice sheet, sea ice, ocean and solid 
earth, incorporating observational and analytical 
findings, and elucidate the role of the Southern 
Ocean and Antarctic ice sheet on global change 
(see Figure). 

In situ observations (ice, geomorphology, 
crust, ocean, sea ice, biology) will be conducted 
mainly in the East Antarctica where the Japanese 
expeditions have a long history and logistic 
advantages. Ice cores, marine sediments and rock 
samples will reveal variabilities on centennial to 
million-year timescales. Simulation and  
satellite observations will cover the entire 
Antarctica and will connect our findings to global 
changes. 
 

【Expected Research Achievements and 
  Scientific Significance】 

- Enabling observations of interactive boundary 
between the ice and ocean. 
- Realizing unified analyses of the past ice sheet 
and ocean variations under precise age control. 
- Improving credibility of models by incorporating 
the new data on the Antarctic past and present.  

These, together with various in-situ and 
satellite observations, will reveal how the ice 
sheet, ocean and climate interact. Sea level rise 
due to Antarctic ice sheet changes will be 
projected using the improved numerical models.  

This project will also have societal impact, 
through clarifying the conditions and mechanism 
of the "Tipping Point", the critical point for 
irreversible and drastic change of the Antarctic. 
We also develop international collaborative 
framework for monitoring the East Antarctic, 
apply new observational techniques, and nurture 
researchers with broad and interdisciplinary 
perspectives. 
 

【Key Words】 
Antarctic ice sheet: Ice covering the Antarctic 
continent. The volume of ice is equivalent to 60 m 
of sea level. 
Southern Ocean: Ocean around the Antarctica, 
producing Antarctic Bottom Water, the densest 
seawater. 

 
【Term of Project】 FY2017-2021 
 
【Budget Allocation】1,156,200 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://grantarctic.jp 

Figure: The Antarctic environmental system 
and our research groups. 
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【Grant-in-Aid for Scientific Research on Innovative Areas (Research in a proposed research area)】 
Interdisciplinary Area 

 
Title of Project： Studies of Language Evolution for Co-creative  
 Human Communication 
 

Kazuo Okanoya  
(The University of Tokyo, Graduate School of Arts and Sciences,  
Professor) 

 

Research Project Number：17H06378  Researcher Number：30211121        
【Purpose of the Research Project】 

The purpose of this research project is twofold: 
Firstly, we aim to construct a scenario of language 
evolution which is consistent with linguistics, 
biology, and human evolutionary and 
developmental studies, the adequacy of which is 
to be evaluated by constructive methods including 
mathematical models. Secondly, on the basis of 
the scenario we make proposals for our future 
communication. Through these endeavors, our 
ultimate goal is to form a new area of human 
science which studies language evolution for 
co-creative communication. We call it 
Evolinguistics.   
  Language is an epoch-making technology which 
allowed humans to integrate individual 
knowledge into civilizations. Currently we are 
about to create new forms of communication 
based on language and information technology. 
 We believe that by understanding the origins 
and evolution of language we can attain a deeper 
understanding of our human nature and design 
our future communication better. We will provide 
solutions to today’s many problems, including 
international conflicts brought about by 
globalization, welfare gaps caused by unequal 
information accessibility and disorders to rapidly 
changing communication styles.  
 

【Content of the Research Project】 
Language is based on hierarchical structure for 
internal thought, which is then linearized for 
communication. This forces the speaker/hearer to 
share their intention. How did such co-creative 
communication start and evolve? We set 
hierarchy and intention sharing as the two main 
common grounds for our entire research project, 
and investigate them by closely interconnecting 
five research groups. 
  Of these, A01 combines latest outcomes of 
theoretical linguistics and provides a working 
hypothesis on the evolution of linguistic 
communication for the whole project. It is then 
scrutinized and revised experimentally by B01 
(biology), B02 (anthropology and archaeology) and 
B03 (developmental psychology) on different time 
scales of phylogeny, human evolution and 
ontogeny, respectively. C01 will further test the 
hypothesis by constructive methods including 
psychological and robot experiments. In the end 
we will arrive at a new adequate scenario of the 
origins and evolution of human language and 
communication. 
  By putting together the three research layers 

(A, B, C), we elucidate processes of language 
evolution and delineate the future of co-creative 
communication in a rapidly informationalized 
society. All these will contribute to the formation 
and establishment of Evolinguistics (Fig. 1).    

 
Fig.1 Research organization 

 
【Expected Research Achievements and 
  Scientific Significance】 

Our project is especially significant in that it 
solves a variety of problems our society now faces 
by introducing a new form of communication 
which is superior to current empathy-based 
communication and secures our happy survival. It 
is expected that we will make practical 
contributions to many fields, including 
educational issues like multilingualism for 
globalization, medical and welfare issues like 
technology development, and innovative issues 
like co-creative AI which overcomes the 
limitations of current statistics-based AI. 
 

【Key Words】 
Hierarchy: Human language is hierarchically 
structured, instead of being linearly ordered, 
which gives rise to its remarkable creativity.  
Intention sharing: Because hierarchy cannot be 
directly conveyed, understanding and sharing the 
intentions of the speaker/hearer is essential in 
meaningful communication.  
 

【Term of Project】 FY2017-2021 
 
【Budget Allocation】 1,078,400 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 

http://evolinguistics.net  
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【Grant-in-Aid for Scientific Research on Innovative Areas (Research in a proposed research area)】 
Interdisciplinary Area 

 
Title of Project： Integrated analysis and regulation of cellular  
 diversity 

 

Naoya Fujita 
(Japanese Foundation for Cancer Research,  
The Cancer Chemotherapy Center, Center Director) 
 

Research Project Number：17H06324  Researcher Number：20280951 
【Purpose of the Research Project】 

 A human body is estimated to be composed of 3.7 
x 1013 cells. The cell population is not homogenous 
but is composed of diversity-rich heterogeneous 
cells differentiated from tissue stem cells. Such 
cellular diversity is important for the construction 
and maintenance of robust organs and tissues 
enduring environmental changes. So, it is 
speculated the collapse of the cellular diversity 
causes the onset and development of various 
diseases including cancer. 
 Since the inter-cellular interactions among 
diversity-rich cells are very complicated, the 
integrated analysis of the interaction has not 
been done so far. Recent developments of the 
technologies and analyzers decrease the cost to 
acquire omics data at the single cell levels and 
make it possible to analyze numerous amounts of 
data as big data. Taking this opportunity, we need 
to make 3D cell atlas and to create mathematical 
model to analyze the inter-cellular interactions 
within the organs and tissues. 
 In this research project, we will clarify the basic 
principles of cellular diversity that are essential 
for the construction and maintenance of robust 
organs and tissues and their dysfunction in 
human disease through interdisciplinary 
collaborations among researchers who specialize 
in biology, mathematics, engineering, informatics 
and genomics. We will also develop novel 
mathematical models of cellular diversity and to 
identify therapeutic targets for treating diseases. 
 

【Content of the Research Project】 
 Our research project consists of three research 
units: A01 “Analysis of basic principles of cellular 
diversity”, A02 “Mathematical analysis and 
modeling of cellular diversity” and A03 
“Confirmation of mathematical model of cellular 
diversity”. In the A01 unit, we will perform 
molecular analysis of stem cells, cell 
differentiation and adaptation to environmental 
changes that are associated with construction and 
maintenance of robust organs and tissues. In the 
A02 unit, we will build mathematical models of 
cellular diversity using actual measurement data 
and will identify the key molecules and pathways 
by mathematical simulation. In the A03 unit, we 
will evaluate the accuracy of the key molecules 
and pathways identified in A02 unit by making 
genetically modified animals and insects.  
 Through interdisciplinary collaborations of the 
members in this research project, we are 
expecting to put forward the cycle of biological 

studies, mathematical modeling and confirmation 
studies using animal or organoid models, to 
elucidate the novel key molecules and pathways 
involved in the onset and progression of disease. 

 
【Expected Research Achievements and 
  Scientific Significance】 

 Performing this interdisciplinary research 
project would enable us to achieve the 
comprehensive understanding of the fundamental 
principle of robust organ construction through 
cellular diversity. In addition, integrations of the 
research outcomes will lead to the identification 
of clues that are associated with disease onset, to 
the discovery of key therapeutic targets and to the 
innovation of therapeutic drug development and 
medical technologies. 
 

【Key Words】 
Omics: A research field focusing on the integrated 
analysis of biological molecules and metabolites. 
 

【Term of Project】 FY2017-2021 
 
【Budget Allocation】 1,189,600 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 

http://cDiversity.umin.jp/   
cDiversity@jfcr.or.jp 
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【Grant-in-Aid for Scientific Research on Innovative Areas (Research in a proposed research area)】 
Interdisciplinary Area 

 
Title of Project： Brain information dynamics underlying 

multi-area interconnectivity and parallel 
processing 

 
Haruhiko Bito  
(The University of Tokyo, Graduate School of Medicine, Professor) 

 
Research Project Number：17H06308  Researcher Number：00291964        

【Purpose of the Research Project】 
The brain acquires information of the external 
world as multimodal sensory inputs and performs 
an enormous amount of information processing 
within and across areas, while compressing and 
storing it by appropriately transferring it between 
layers through parallel mechanisms. A central 
issue of today's neurobiology is to elucidate and 
reproduce the substance of this "brain 
information dynamics" using state-of-the-art 
techniques of measurement and manipulation 
and to decipher behavioral principles that rely on 
circuit-based mechanisms of memory, prediction, 
and decision-making. The aim of this Consortium 
Research Project is to establish a novel 
multidisciplinary research field, “brain 
information dynamics”, which encompasses a 
wide range of challenges from high-definition 
cytoarchitecture reconstruction to mapping of 
circuit models that define information transfer 
and storage in the brain, high-resolution 
measurement and manipulation of multi-areal 
network dynamics, and verification of 
computational models and theories leading to 
closed-loop control of recursive networks.  
 

【Content of the Research Project】 
We will investigate brain information dynamics 
that underlie information transfer through 
multi-area interconnectivity. We will create 
analytical pipelines to measure information 
dynamics from high-precision, high-quality 
large-volume image datasets. We will share the 
data, making them accessible to all members of 
this Consortium.  
Research Aim A01 Brain information decoding: 
We will decipher basic circuit features related to 
higher brain function: basic cell type, connection 
motif, I/O conversion, and synaptic plasticity. 
Research Aim A02 Brain information recording: 
By performing functional cellular and circuit 
recordings through imaging and electrophysiology 
across a large number of cells, we will identify 
how information is expressed, transferred and 
converted in a variety of cell ensembles that 
communicate between multiple areas. 
Research item A03 Brain information network 
construction: By analyzing the fMRI signal from 
the human brain, we aim to tease apart how the 
brain higher-order functions emerge from 
communication between different cortical areas. 
We will also develop brain-inspired computing 
algorithms for neural-circuit type hardware. 
 

【Expected Research Achievements and 
 Scientific Significance】 

In recent years, artificial intelligence (AI) 
technology based on deep learning, a neural 
network-based information processing algorithm, 
has made a dramatic progress. However, the 
current AI principles are limited: they cannot 
properly model recursion within a network, and 
they are not able to compute based on incomplete 
contextual information and deduce intensions of 
others. Understanding basic properties of brain 
information dynamics will pave the way to 
decipher information transfer and processing 
principles that the brain use to memorize, make a 
decision and take actions. Brain-inspired 
information processing algorithms will facilitate 
development of a new engineering neural network 
algorithm, which we expect can then be applied to 
the "next generation" AI or interactive agents. 
  For social higher animals such as humans, it is 
easy to achieve their goals by estimating the 
intention of others and predicting their behavior. 
If a helper AI that imitates part of higher brain 
functions become possible, "augmented reality", 
"augmented motion ", and "augmented cognition" 
might be within reach. Furthermore, if brain 
information dynamics is elucidated at the circuit 
level in this research project, we anticipate to 
gain insights on autism’s core symptoms, which is 
regarded as a disorder of information transfer 
and information dynamics across multiple brain 
areas.  
 

【Key Words】 
Brain information dynamics: 
Dynamic form of transformation, integration, and 
storage of information over multiple brain areas. 
Parallel processing: 
Processing in which each module performs 
parallel computation. Parallel processing in the 
brain may guide new AI computational algorithm.  
 

【Term of Project】 FY2017-2021 
 
【Budget Allocation】1,235,600 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 

http://brainfodynamics.umin.jp/ 
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【Grant-in-Aid for Scientific Research on Innovative Areas (Research in a proposed research area)】 
Interdisciplinary Area 

 
Title of Project： Creation of novel light energy conversion system 

through elucidation of the molecular mechanism 
of photosynthesis and its artificial design in terms 
of time and space 

Jian-Ren Shen  
(Okayama University, Research Institute for Interdisciplinary  
Science, Professor) 

Research Project Number：17H06433  Researcher Number：60261161        
【Purpose of the Research Project】 

  The energy required for almost all life activities 
on the earth depends on the light energy from the 
sun, which is converted into biologically useful 
chemical energy by the process of photosynthesis. 
Photosynthesis also produces molecular oxygen 
that is indispensable for aerobic lives on the earth. 
The aims of the present project are to elucidate 
the principles of natural photosynthesis at the 
molecular and atomic levels and, with the aid of 
these principles, to develop various artificial 
photosynthetic systems for the production of 
hydrogen fuels and organic molecules from water 
and CO2 using visible light. These researches will 
be conducted in a strongly interdisciplinary 
approach involving various fields such as biology, 
biochemistry, biophysics, molecular biology, 
various fields of chemistry including inorganic, 
organic, synthetic, coordination, theoretical 
chemistry, advanced photonics, engineering, etc. 
The results of these studies will significantly 
contribute to the acquisition of clean, renewable 
energy from the sun, which will be important for 
mitigating the problems of energy-shortage and 
global warming, two important issues that our 
society is facing, or will face in the near future. 
 

【Content of the Research Project】 
  Researches in this project include three groups: 
(A) Elucidation of the principles in natural 
photosynthesis; (B) Studies on the common 
mechanisms of natural and artificial 
photosynthesis by means of advanced 
photo-physical measurements and theoretical 
analyses; (C) Development of various artificial 
photosynthetic systems that may use visible light 
from the sun to synthesize hydrogen fuels and/or 
useful organic compounds from water and/or CO2. 
Each group will include 2-3 pre-designed teams 
focusing on some specific topics as illustrated in 
Fig. 1. There will also be budgets devoted to 
studies selected from individual researchers on 
each of the related topics.  
 

 

【Expected Research Achievements and 
  Scientific Significance】 

  Elucidation of the principles of natural 
photosynthesis is not only important for the 
photosynthesis research, but may also provide 
important clues for the development of artificial 
photosynthetic systems, which may enable us to 
synthesize hydrogen fuels and useful organic 
compounds from water and CO2 using visible 
light from the sun.  
 

【Key Words】 
Natural photosynthesis: The process that 
produces sugars and molecular oxygen from 
water and CO2 using light-energy from the sun, 
which is performed by various photosynthetic 
organisms.  
Artificial photosynthesis: Processes that utilizes 
light to split water and/or reduce CO2 to produce 
hydrogen and organic compounds artificially. 
 

【Term of Project】 FY2017-2021 
 

【Budget Allocation】 1,146,100 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 

http://photoenergy-conv.net 
secretariat@photoenergy-conv.net 

Fig. 1. Organization of the project. 
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