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Thanks to the KGRI Startup Grant, my collaborators and I were able to successfully
build our global network, perform a series of initial studies, and secure external
funding. Our main specific outputs from the 2019 financial year are summarized below

(full references |&, p.60-64 M)

1. Obtaining a 1,830 5 grant from the Japanese government (B} & [E 5 ft (7 A 52
A4 B .

2. Publishing a paper in the top music cognition journal, Music Perception, with 20
world experts from leading institutions (e.g., Harvard, Princeton, Max Planck
Institute) outlining goals and challenges for our project.

Giving 17 presentations at 5 international conferences:

4. Preparing 7 manuscripts that are currently either under review or about to be
submitted for review to leading journals including Nature, Behavioral & Brain
Sciences, Royal Society Open Science, and Proceedings of the International Society
for Music Information Retrieval.

5. Organizing a symposium with 20 invited world experts (including the presidents
of the International Council for Traditional Music and the Society for Music
Perception and Cognition) at the Max Planck-NYU Center for Language, Music,
and Emotion (CLaME).

Unfortunately, the symposium, which we planned to sponsor using a large portion of
the KGRI Startup funding, had to be postponed from March 15, 2020 to February 7,
2021 due to the COVID-19 pandemic. Thus, I hope to have the chance to receive an

extension to allow me to hold this postponed symposium and complete our goals.
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Last summer, CCRC, in collaboration with the Stevens Institute of Technology, hosted
a successful kick-off workshop at the latter institute in New Jersey. At this meeting,
the initial collaborative effort of both institutions on escalatory patterns in cyber
conflict was discussed, which is the A Silent Spring for cyber security project. It
initially started by CCRC and Stevens in the prior academic year, but which had found
a direction in the early months of the 2019 academic year. Research conducted during
this period illustrated the need for a better understanding of escalatory patterns in
cyber conflict and what causes or limits escalations. In the wake of the workshop,
CCRC team conducted further research and focused on decision-making processes in
times of crisis. Identifying a knowledge gap in research and a lack of data on such
processes in the cyber realm, CCRC team explored new methods to generate much-
needed data. In autumn of 2019, an initial survey, focusing on experts, was launched
to generate data, as well as to gain a better understanding of the utility of deploying
quantitative research methods to deal with the knowledge gap. The results, albeit
preliminary, proved to be successful, and a consensus was reached within the project
to develop further surveys, focusing on expert opinion in East-Asia. During this

process, additional research by CCRC team brought up the issue of public opinion and
decision making. Understanding the importance of such, and likewise, lack of data on
this subject, CCRC team spend the winter months of 2020 developing and optimizing
an additional set of surveys focused on understanding public perception. End March,
both surveys were finalized, and contact was made with Rakuten Insights to conduct

the surveys in the 2020 academic year.

CCRC also expanded the research focuses from cybersecurity to data management and
IoT gateway and critical infrastructures security. The data management project

gathered scholars across different disciplines to analyze the current data architecture



and technologies and illustrates the potentials and challenges that support effective
future welfare planning, and develop an architecture for trust between stakeholders
that fill up gaps between the exiting laws, conventions, and protocols on data usage.
Professor Jiro Kokuryo, together with five CCRC members, Professor David Farber,
Professor Hiroaki Miyata, Professor Jun Murai, Professor Takehiro Ohya, and
Professor Tatsuhiko Yamamoto, and CCRC Advisory Board member, Professor
Jonathan Cave, published a new working paper titled “Quest for Broadly Acceptable
Architecture for Data Governance -A Man-Machine Conviviality Approach-“ in
November 2019. The working paper illustrated a new approach to maintain the
balance between the use of data and the protection of human dignity. Four principles
are proposed to be considered in the design of an architecture that allows individuals
to entrust their data to the personal data agent. CCRC will continue to explore it this

area and invite distinguished scholars from overseas to join the projects.

The IoT gateway security research project remarked a milestone by implementing the
new energy model at the Lawson convenience store on SFC campus. The new

convenience is now a prototype of a virtual power plant, which all the energy source
and devices are connected to the network and allows access to form an in-store Energy
Management System that communicate with EMS at other Lawson store and enhance
the whole power generation, as well as trading or selling power on the electricity
market. The upcoming research focus will be looking into the gateway security issue

and develop a set of best practices with case examples from Japan, US and Malaysia.
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3. Great Thinker Series, Lecture Series

(1) Great Thinker Series
I 1~2 |, EHEEAICTERE L T2 E4 2 H#E (Great Thinker) Z sk L 0 HiE
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https://www.kgri.keio.ac.jp/great-thinker-series/index.html

https://www.kgri.keio.ac.jp/en/great-thinker-series/index.html

@ "Collaborative Pathways to Securing the Cyber Ecosystem"
Keynote Speech:
Dr. Gregory J. Rattray
(Senior Research Professor from the School of International and Public Affairs at

Columbia University)

Panel Discussion: "Globally accepted norms in the fractured cyberspace"
-Gregory J. Rattray

(Senior Research Professor, School of International and Public Affairs at Columbia
University)
-Toshinori Kajiura

(Chair of Working Group on Cyber-Security Enhancement, Committee on Cyber
Security at Keidanren, President at Japan Cybersecurity Innovation Committee and
Senior Researcher at Hitachi (ICT Policy))
-Jun Murai

(Co-Director of Cyber Civilization Research Center & Professor, Faculty of
Environment and Information Studies at Keio University)
-Rikako Watai

(Professor, Law School at Keio University)
-David J. Farber (Moderator)

(Co-Director of Cyber Civilization Research Center & Distinguished Professor at Keio

University)
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@ "Dynamic Capabilities, Innovation, and Strategic Management: Lessons for
Japanese Companies and the Nation State"
Speaker: David J. Teece
(Professor, Hass School of Business, University of California, Berkeley)
Moderator: Jiro Kokuryo
(Vice-President of Keio University , Professor, Faculty of Policy Management)
B BF: 202043 H 11 A (k) 13:00-14:30 (B4 12:30)
= Y0 ZHX v R JLfER—v
+ fi£ : KGRI Keio University Global Research Institute
E OB 2204 KGRI Great Thinker Series

,f%)ﬂ %gg : 44‘%%1 (Iﬁ] Hﬂ_]‘:ﬁgﬂ 3;) D ) Dynamic Capabilities, innova and Strategic Management:

lessons for Japanese companies and the nation state

Speaker: David J. Teece, Ph.D.

Professor, Hass School of Business, University of California,
Berkeley

Moderator: Jiro Kokuryo
Vice-Prasident of Keio University
Professor, Faculty of Palicy Management

Wednesday, March 11, 2020
13:00-14:30 (Open 12:30)
North Hall, Mita Campus, Keio University
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Language: English (Simultaneous interpretation to Japanese provided) [F0FiE5H0
Admission: Free, Pre-registration is not required.
‘Qrganizer: Keio University Global Research Institute (KGRI}

o
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@O "Building on Biomimetics: challenges for symbiotic medical devices that are

bioinspired and nanostructured"
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@ "The Future of Quantum Computing"
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"The Sorrow Future of Internet Security"
HiF 0 20194210 H 9 B (k) 12: 00~13 : 00
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"IP3 receptor/Ca2+ channel: from its discovery to a new paradigm in health and
disease"

HiF : 2019410 H 18 H (&) 16 : 00~18: 00
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<HEE>

Ca2* plays an essential role in cell function. It conveys signals to the most
important cell process but the detailed mechanism of signaling process is not
clearly understood. We have discovered a key regulator of Ca2* signaling, the IP3
receptor (IPsR) as a Paoo protein greatly decreased in the cerebellum of Purkinje
cell-degeneration mutant mice, and have subsequently cloned its ¢cDNA. We
identified it is endoplasmic reticulum (ER) channel that convert GPCR-IPs signals
to Ca2* signal at the ER to produce Ca2* oscillation. We found that IP3R is essential
for fertilization, dorso-ventral axis formation, neurite extension, cardiogenesis,
exocrine secretion and behavior. We found IP3R interacts ER chaperons to protect
from apoptosis caused by ER stress response. A newly discovered pseudo-IPs which
we named IRBIT that binds to IP3R and is involved in apoptosis regulation in

association with anti-apoptotic proteins. We recently crystalized a large cytosolic



domain (2217aa) of IPsR in the presence and absence of IPs and solved the gating
mechanism by biochemical and X-ray crystallographic analysis. We have identified
a “leaflet” structure essential for allosteric channel gating, surrounded by
functional molecules that may regulate IPsR activity to balance normal/abnormal

state. I will discuss about a new paradigm in health and disease.
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Toho University

Guest Professor (Global) of Keio University 4
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(® "Visual motion processing: cell types, circuits, and disease
HEF: 2019411 4 12 B (k) 18:00~19: 00
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<HEZE >

The brain is assembled from thousands of cell types, which are organized into

distinct neuronal circuits that perform neural computations in order to analyse the
sensory environment and drive behaviour. Inferring the direction and speed of
image motion is a fundamental component of visual computation, and essential for
visually guided behavior. Even at the front of the visual stream, in the retina, a
number of parallel circuits extract information about image motion. However, it is
not yet fully understood how visual motion is extracted by retinal circuits and
further processed in downstream brain areas for mediating visually guided
behaviors. Furthermore, it remains unclear how specific neuronal connections that
support motion detection emerge during development and how its miswiring may
lead to disease.
To address these questions my lab combines experimental approaches such as

mouse genetics, cell type transcriptomics, proteomics, two-photon imaging,



electrophysiology, trans-synaptic circuit labeling, behavioral analysis, and
computational modeling. In this talk I will present our recent findings related to
three topics: 1) how connectivity of retinal motion-sensitive circuits is altered in a
monogenic disease of eye movements, 2) how retinal circuits extract the speed and
direction of image motion, and 3) how cortical areas process retina-originated
motion signals. Our results highlight highly-specific neuronal connections and

genetic mechanisms underlying the visual motion processing in the mammalian

central nervous system.

20194118128 (2) 18:00-19:00
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\7 Group Leader / Associate Professor
DANDRITE, Nordic EMBL, Dept. of Biomedicine, Aarhus University
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"The Future of Internet Governance"
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The bulk physical properties of all crystalline, functional materials are ultimately
a product of how each constituent part interacts with its nearest neighbours. In
organic crystals this is typified by the interactions between molecules, generally
speaking, functional groups or areas consisting of extremes of electrostatic potential.
If one seeks to fine-tune any of these properties, control over how the molecules pack
is essential and due to the immense potential benefits, gaining greater control over
crystal growth is associated with improved propertiesl. When designing a material,
target properties are of course, specific to the application; in pharma, high water
solubility is valued for increased gastrointestinal uptake, with agro-chem the
opposite is true in order to prevent active ingredients emptying into the water-table
after a single shower of rain, in organic semi-conductors, resistivity must be low2
and in high-energy materials, density must be high3. As the crystal packing is
fundamental to all of these properties, fine control over crystal polymorphism is
critical when designing functional materials.

The search for new polymorphs remains a scientific challenge that is at the core of
crystal engineering. One of the most successful approaches in this field is to perform
small chemical modifications to a specific molecular skeleton in order to direct

different intermolecular interactions. Unfortunately, this strategy necessarily



modifies the molecular building blocks, influencing their chemical nature, which is
often undesirable. In contrast, physical approaches rely on the use of pressure,
bespoke solvents systems, external fields, etc. during crystal growth, which leaves
the chemical structure of molecules unaltered. While it is known that magnetic
forces can have an effect on solidification4, their use in controlling the crystalline
structure of molecular materials is far less explored. We describe how, by

crystallizing the polyaromatic hydrocarbon coronene in the presence of a magnetic
field5, it can be made to form as a previously unknown polymorph, how the
properties are altered and how this can be extended to other molecular organic

systems.
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Using polymorphism to tune properties in organic crystals

Dr. Jason Potticary
University of Brisiol, UK

The bulk physical properties of all crystalline, fanctional materials are ultimately a product of
how each constituent part interacts with its nearest neighbours. In organic crystals this is typified
by the interactions between molecules, generally speaking, fimctional groups or areas consisting
of extremes of electrostatic potential. If one seeks to fine-tane any of these properties, control
over how the molecules pack is essential and due {o the immense potential benckit, gaining
greater control over crystal growth is associated with improved properties’. When designing a
material, farget properties are of course, specific fo the application; in phama, high water
solubilify is valued for increased gastrointestinal uptake, with agro-chem the opposite is true in
order to prevent active ingredients emptying into, the water-table after a single shower of rain, in
orgapic semi-conductors, resistivity must be low” and in high-energy materials, density must be
high®. As the crystal packing is fundamental to all of these properties, fine control over crystal
polymorphism is crifical when designing functional materials.

The search for new polymorphs remains a scientific challenge fhat is atf fhe core of crystal
engineering. One of the most successful approaches in this field is to perform small chemical
modifications to a specific molecular skeleton in order to direct different intermolecular
interactions. Unfortanately, this strategy necessarily modifies the molecular building blocks,
influencing their chemical nature, which is oflen ndesirable. In contrast, physical approaches
rely on the use of pressure, bespoke solvents systems, external fields, etc. during crystal growth,
which leaves the chemical stchure of molecules unalfered. While it is known that magnetic
forces can have an effect on solidification”, their use in controlling the crystalline structure of
molecular matesials is far less explored. We describe how, by crystallizing the polyaromatic
hydrocasbon coronene in the presence of a magnetic field’, it can be made o form as a
previously uaknown polymorph, how the properties are altered and how this can be extended to
other molecular organic systems
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Gaseous detonations consist of shock waves sustained by the energy release due

to a chemical mechanism. The large pressures generated can thus be harmful to
goods and persons, but on the other hand, can provide a formidable opportunity to
generate thrust for propulsion applications.

The talk will focus on the conditions at which the detonations can propagate, and
more specifically, the structure of the flowfield of these reactive fronts when
subjected to losses, which can lead to its failure.

Two specific non-ideal configurations will be discussed: the propagation of



detonations in narrow channels and detonations bounded by an inert layer.
Moreover, we will examine the influence of the modeling of the chemical kinetics as
well as the equation of state. Then, we will examine to which extent the
hydrodynamic thickness can be used as a characteristic length scale in the analysis

of the detonation propagation process.
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UM E (Summary of Lecture ) :
Gaseous detonations consist of shock waves sustained by the energy release due to a
chemical mechanism. The large pressures generated can thus be harmful to goods and
persons, but on the other hand, can provide a formidable opportunity to generate thrust
for propulsion applications. The talk will focus on the conditions at which the
detonations can propagate, and more specifically, the structure of the flowfield of these
reactive fronts when subjected ta losses, which can lead to its failure. Two specific non-
ideal configurations will be discussed: the propagation of detonations in narrow
channels and detonations bounded by an inart layer. Moreover, we will examine the
influence of the modeling of the chemical kinetics as well as the equation of state. Then,
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Sleep apnoea is now regarded as a highly prevalent systemic, multimorbid, chronic
disease requiring a combination of long-term home-based treatments. Optimization
of personalized treatment strategies requires accurate patient phenotyping. Data to
describe the broad variety of phenotypes can come from electronic health records,
health insurance claims, socio-economic administrative databases, environmental
monitoring, social media, etc. Connected devices in and outside homes collect vast
amount of data amassed in databases.All this contributes to 'Big Data' that, if used
appropriately, has great potential for the benefit of health, well-being and
therapeutics. Sleep apnoea is particularly well placed with regards to Big Data
because the primary treatment is positive airway pressure (PAP). PAP devices, used
every night over long periods by millions of patients across the world, generate an
enormous amount of data. In this lecture we will discuss how different types of Big

Data have, and could be, used to improve our understanding of sleep-disordered



breathing, to identify undiagnosed sleep apnoea, to personalize treatment and to
adapt health policies and better allocate resources. We will discuss some of the
challenges of Big Data including the need for appropriate data management,

compilation and analysis techniques employing innovative statistical approaches
alongside machine learning/artificial intelligence; closer collaboration between data

scientists and physicians; and respect of the ethical and regulatory constraints of

collecting and using Big Data.
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Partl: Membrane protein interactions with lipids as viewed by molecular
simulations.
Interactions with lipids are important in the function of membrane proteins and
the organization of membranes. Molecular simulations allow us to explore structural,
energetic, and dynamic aspects of these interactions. Coarse-grained (CG)

simulations in mixed lipid bilayers allow identification of lipid interaction sites,



which may be probed further by estimation of free energy landscapes to explore lipid
specificity, and by atomistic simulations to refine models of the structure and
dynamics of lipid binding. This approach has been applied to a number of membrane
proteins, including transporters, ion channels and receptors. Simulations of lipid
interactions with Class A GPCRs has revealed binding sites for cholesterol and PIP2.
Interactions with PIP2 have been shown to be dependent on the activation state of
the receptor, suggesting a functional role for the lipid via allosteric modulation.
Interactions of lipids with other classes of GPCRs have been explored, including of
cholesterol and PIP2 with the Class F GPCR Smoothened. Our analysis of the
interactions of lipids with ion channels have also focussed on cholesterol and PIP2,
both of which are allosteric modulator of a number of ion channel families. PIP2
interactions have been characterised for Kir channels, and more recently for
members of the TRP channel family. Simulations of large membrane systems
containing multiple copies of Kir channels suggest that the lipid composition of the
bilayer can modulate channel-channel interactions within crowded membranes.

Part2: Water and Ions in Membrane Nanopores and Channels: Insights from
Molecular Simulations.

Molecular dynamics simulations can be used to explore the dynamic behaviour of
water within nanopores and biological channels in lipid bilayer membranes.
Simulation studies of the behaviour of water in idealised models of nanopores have
revealed aspects of the organization and dynamics of nano-confined water, including
wetting/de-wetting in narrow hydrophobic nanopores. Simulation studies of
nanopores reveal a complex relationship between pore size/geometry, the nature of
the pore lining, and rates of water transport. Wider nanopores with hydrophobic
linings favour water flow whereas narrower hydrophobic pores may show de-wetting.
Simulation studies of the behaviour of water in a range of biological nanopores will
be discussed, including B-barrel protein nanopores [1] and ion channels [2]. Water is
shown to play a key role in ion transport in biological channels, and in hydrophobic
gating of ion channels. An overall picture emerges whereby the behaviour of water
in a nanopore or channel may be predicted as a function of its hydrophobicity and
radius [3]. This informs our understanding of the functions of diverse of channel

structures and will aid the design of novel nanopores.
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@O Monai, H; Wang, XW; Yahagi, K; Lou, N; Mestre, H; Xu, QW; Abe, Y; Yasui, M;
Iwai, Y; Nedergaard, M; Hirase, H, “Adrenergic receptor antagonism induces
neuroprotection and facilitates recovery from acute ischemic stroke”, PNAS, 116
(22) 11010-11019 (2019), DOI:10.1073/pnas.1817347116
Abstract:

Spontaneous waves of cortical spreading depolarization (CSD) are induced in the
setting of acute focal ischemia. CSD is linked to a sharp increase of extracellular
K+ that induces a long-lasting suppression of neural activity. Furthermore, CSD
induces secondary irreversible damage in the ischemic brain, suggesting that K+
homeostasis might constitute a therapeutic strategy in ischemic stroke. Here we
report that adrenergic receptor (AdR) antagonism accelerates normalization of
extracellular K+, resulting in faster recovery of neural activity after
photothrombotic stroke. Remarkably, systemic adrenergic blockade before or after
stroke facilitated functional motor recovery and reduced infarct volume,

paralleling the preservation of the water channel aquaporin-4 in astrocytes. Our
observations suggest that AdR blockers promote cerebrospinal fluid exchange and
rapid extracellular K+ clearance, representing a potent potential intervention for

acute stroke.

@ Yoshida, K; Drew, MR; Mimura, M; Tanaka, KF, “Serotonin-mediated inhibition of
ventral hippocampus is required for sustained goal-directed behavior”, Nature
Neuroscience, 22, 770-777 (2019), DOI: 10.1038/s41593-019-0376-5
Abstract:

The ability to sustain goal-directed action is essential for success in many domains,
but little is known about the corresponding neural substrates. Using fiber
photometry to monitor population neural activity, we demonstrate that
engagement in sustained food- or punishment-motivated behavior is associated
with suppression of ventral but not dorsal hippocampal activity. Using optogenetic
stimulation, we demonstrate that this suppression is required for goal-directed
behavior, whereas optogenetic suppression of the ventral hippocampus (vHP)
enhances the ability to sustain goal-directed behavior. Suppression of vHP during
sustained goal-directed behavior was accompanied by increased activity in median
but not dorsal raphe, implicating serotonergic signaling through Htr3a as a
mechanism of vHP suppression during successful goal-directed behavior.

Sustainment of goal-directed action may require suppression of vHP because of the



structure's well-documented role in behavioral inhibition.

Whitehouse, H; Francois, P; Savage, PE; Currie, TE; Feeney, KC; Cioni, E; Purcell,
R; Ross, RM; Larson, J; Baines, J; ter Haar, B; Covey, A; Turchin, P, “Complex
societies precede moralizing gods throughout world history”, Nature, 568, 226—229
(2019), DOI: 10.1038/s41586-019-1043-4

Abstract:

The origins of religion and of complex societies represent evolutionary puzzles1-8.
The 'moralizing gods' hypothesis offers a solution to both puzzles by proposing that
belief in morally concerned supernatural agents culturally evolved to facilitate
cooperation among strangers in large-scale societies9-13. Although previous
research has suggested an association between the presence of moralizing gods and
social complexity3,6,7,9-18, the relationship between the two is disputed9-13,19-
24, and attempts to establish causality have been hampered by limitations in the
availability of detailed global longitudinal data. To overcome these limitations,
here we systematically coded records from 414 societies that span the past 10,000
years from 30 regions around the world, using 51 measures of social complexity
and 4 measures of supernatural enforcement of morality. Our analyses not only
confirm the association between moralizing gods and social complexity, but also
reveal that moralizing gods follow-rather than precede-large increases in social
complexity. Contrary to previous predictions9,12,16,18, powerful moralizing 'big
gods' and prosocial supernatural punishment tend to appear only after the
emergence of 'megasocieties' with populations of more than around one million
people. Moralizing gods are not a prerequisite for the evolution of social complexity,
but they may help to sustain and expand complex multi-ethnic empires after they
have become established. By contrast, rituals that facilitate the standardization of
religious traditions across large populations25,26 generally precede the
appearance of moralizing gods. This suggests that ritual practices were more
important than the particular content of religious belief to the initial rise of social

complexity.

Nozaki, T; Shimizu, S; Murakami, T; Oboe, R, “Impedance Field Expression of
Bilateral Control for Reducing Data Traffic in Haptic Transmission”, IEEE
Transactions on Industrial Electronics, 66, 2, 1142-1150 (2019),DOI:
10.1109/T1E.2018.2833026

Abstract:

It is expected that bilateral control will find broad applications such as mobile
robot exploration and operations in extreme environments. However, the
transmission of vivid haptic sensation requires a rapid data-transfer rate of haptic

data due to the short sampling period and high-frequency communication. The



objective of this paper is aimed at the traffic reduction of haptic data by exploiting
an impedance field equivalence of a standard bilateral control. The proposed
approach theoretically clarifies the equivalence of the standard bilateral control
and impedance control in terms of haptic transmission. Based on this equivalence,
the same performance of a standard bilateral control can be achieved by only
communicating the force information that determines the equilibrium position of
the impedance control. The validity of the proposed approach is confirmed through
both simulations and experiments. The obtained results show that the proposed
approach successfully reduced the amount of communicated haptic data without
any disadvantages compared with the standard acceleration-based bilateral

system. This paper shows novel interpretation that haptic transmission is realized
by controlling the equilibrium force, which contributes reducing data traffic in

haptic transmission and understanding motion generation.

Fujimori, K; Ishikawa, M; Otomo, A; Atsuta, N; Nakamura, R; Akiyama, T;
Hadano, S; Aoki, M; Saya, H; Sobue, G; Okano, H, “Modeling sporadic ALS in iPSC-
derived motor neurons identifies a potential therapeutic agent”, Nature Medicine,
24, 10, 1579-1589 (2018), DOI: 10.1038/s41591-018-0140-5

Abtract:

Amyotrophic lateral sclerosis (ALS) is a heterogeneous motor neuron disease for
which no effective treatment is available, despite decades of research into SOD1-
mutant familial ALS (FALS). The majority of ALS patients have no familial history,
making the modeling of sporadic ALS (SALS) essential to the development of ALS
therapeutics. However, as mutations underlying ALS pathogenesis have not yet
been identified, it remains difficult to establish useful models of SALS. Using
induced pluripotent stem cell GPSC) technology to generate stem and
differentiated cells retaining the patients' full genetic information, we have
established a large number of in vitro cellular models of SALS. These models
showed phenotypic differences in their pattern of neuronal degeneration, types of
abnormal protein aggregates, cell death mechanisms, and onset and progression
of these phenotypes in vitro among cases. We therefore developed a system for case
clustering capable of subdividing these heterogeneous SALS models by their in
vitro characteristics. We further evaluated multiple-phenotype rescue of these
subclassified SALS models using agents selected from non-SOD1 FALS models,
and identified ropinirole as a potential therapeutic candidate. Integration of the
datasets acquired in this study permitted the visualization of molecular

pathologies shared across a wide range of SALS models.

Tomobe, K., Yamamoto, E., Kojic, D., Sato, Y., Yasui, M., and Yasuoka, K., "Origin

of the blueshift of water molecules at interfaces of hydrophilic cyclic compounds",



Science Advances, 3, 1701400 (2017). (7 pages) DOI : 10.1126/sciadv.1701400
Abstract:

Water molecules at interfaces of materials exhibit enigmatic properties. A variety
of spectroscopic studies have observed a high-frequency motion in these water
molecules, represented by a blueshift, at both hydrophobic and hydrophilic
interfaces. However, the molecular mechanism behind this blueshift has remained
unclear. Using Raman spectroscopy and ab initio molecular dynamics simulations,
we reveal the molecular mechanism of the blueshift of water molecules around six
monosaccharide isomers. In the first hydration shell, we found weak hydrogen-
bonded water molecules that cannot have a stable tetrahedral water network. In
the water molecules, the vibrational state of the OH bond oriented toward the bulk
solvent strongly contributes to the observed blueshift. Our work suggests that the
blueshift in various solutions originates from the vibrational motions of these

observed water molecules.
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@ Junichiro Irie, Emi Inagaki, Masataka Fujita, Hideaki Nakaya, Masanori
Mitsuishi, Shintaro Yamaguchi, Kazuya Yamashita, Shuhei Shigaki, Takashi Ono,
Hideo Yukioka, Hideyuki Okano, Yo-ichi Nabeshima, Shin-ichiro Imai, Masato
Yasui, Kazuo Tsubota, Hiroshi Itoh "Effect of oral administration of nicotinamide
mononucleotide on clinical parameters and nicotinamide metabolite levels in
healthy Japanese men", Endocrine Journal, 2019 Nov 2, DOI : 10.1507/endocrj.
EJ19-0313
Abstract:

Recent studies have revealed that decline in cellular nicotinamide adenine
dinucleotide (NAD+) levels causes aging-related disorders and therapeutic
approaches increasing cellular NAD+ prevent these disorders in animal models.
The administration of nicotinamide mononucleotide (NMN) has been shown to
mitigate aging-related dysfunctions. However, the safety of NMN in humans have
remained unclear. We, therefore, conducted a clinical trial to investigate the safety
of single NMN administration in 10 healthy men. A single-arm non-randomized
intervention was conducted by single oral administration of 100, 250, and 500 mg
NMN. Clinical findings and parameters, and the pharmacokinetics of NMN
metabolites were investigated for 5 h after each intervention. Ophthalmic
examination and sleep quality assessment were also conducted before and after
the intervention. The single oral administrations of NMN did not cause any
significant clinical symptoms or changes in heart rate, blood pressure, oxygen
saturation, and body temperature. Laboratory analysis results did not show
significant changes, except for increases in serum bilirubin levels and decreases in

serum creatinine, chloride, and blood glucose levels within the normal ranges,



independent of the dose of NMN. Results of ophthalmic examination and sleep
quality score showed no differences before and after the intervention. Plasma
concentrations of N-methyl-2-pyridone-5-carboxamide and N-methyl-4-pyridone-
5-carboxamide were significantly increased dose-dependently by NMN

administration. The single oral administration of NMN was safe and effectively
metabolized in healthy men without causing any significant deleterious effects.
Thus, the oral administration of NMN was found to be feasible, implicating a

potential therapeutic strategy to mitigate aging-related disorders in humans.

Yamanaka, Ryu; Shindo, Yutaka; Hotta, Kohji; Suzuki, Koji; Oka, Kotaro, "GABA-
Induced Intracellular Mg2* Mobilization Integrates and Coordinates Cellular
Information Processing for the Maturation of Neural Networks", Current Biology,
2018, 28(24), R1403-R1405 DOI : 10.1016/j.cub.2018.10.044

Abstract:

Cells simultaneously utilize different intracellular signaling systems to process
environmental information [1-4]. The magnesium ion (Mg2*) is recognized as a
multitarget analog regulator that performs many roles, such as circadian
timekeeping, due to the following properties: (1) it influences wide-ranging
biological processes, (2) its concentration is tightly controlled within a narrow sub-
millimolar range, and (3) its intracellular dynamics are slow and long lasting [5-
11]; its regulatory manner is not all-or-none in contrast to the switch-like signal
transduction by the well-established second messenger Ca2+ [12]. Recent studies,
however, have reported another role for Mg2+ as a second messenger in immune
cells-i.e., a switching system for cellular states [13, 14]. These multifaceted
characteristics of Mg2+ raise the question of how Mg2* processes information and
how common its role is as a signaling molecule. We focused on the trophic effects
of y-aminobutyric acid (GABA) and its developmental transition, the molecular
basis of which also remains poorly understood despite its evolutionarily well-
conserved roles [15-19]. Here, we show that in neurons, GABAA receptor signaling,
whose action is excitatory, triggers Mg2+ release from mitochondria specifically at
early developmental stages, and that released Mg2* stimulates the CREB and
mTOR signaling pathways, thereby facilitating structural and functional
maturation of neural networks. We found that cytosolic Mg2+* fluctuations within
physiological ranges is enough to crucially regulate ERK, CREB, and mTOR
activities. Together, intracellular Mg2* physiologically integrates and coordinates
cellular information, and Mg2+ is a novel signal transducer for organizing neural

networks.

Itoh, Manabu; Mukae, Yosuke; Kitsuka, Takahiro; Arai, Kenichi; Nakamura,
Anna; Uchihashi, Kazuyoshi; Toda, Shuji; Matsubayashi, Kumika; Oyama, Jun-



ichi; Node, Koichi; Kami, Daisuke; Gojo, Satoshi; Morita, Shigeki; Nishida,
Takahiro; Nakayama, Koichi; Kobayashi, Eiji, "Development of an
immunodeficient pig model allowing long-term accommodation of artificial human
vascular tubes", Nature Communications, 2019, 10, 2244 DOI : 10.1038/s41467-
019-10107-1

Abstract:

Before they are used in the clinical setting, the effectiveness of artificially produced
human-derived tissue-engineered medical products should be verified in an
immunodeficient animal model, such as severe combined immunodeficient mice.
However, small animal models are not sufficient to evaluate large-sized products
for human use. Thus, an immunodeficient large animal model is necessary in order
to properly evaluate the clinical efficacy of human-derived tissue-engineered
products, such as artificial grafts. Here we report the development of an
immunodeficient pig model, the operational immunodeficient pig (OIDP), by
surgically removing the thymus and spleen, and creating a controlled
immunosuppressive protocol using a combination of drugs commonly used in the
clinical setting. We find that this model allows the long-term accommodation of
artificial human vascular grafts. The development of the OIDP is an essential step
towards a comprehensive and clinically relevant evaluation of human cell

regeneration strategies at the preclinical stage.

@ Jayakumar, Vasanthan; Sakakibara, Yasubumi, "Comprehensive evaluation of
non-hybrid genome assembly tools for third-generation PacBio long-read sequence
data", Briefings in Bioinformatics, 2019, 20(3), 866-876 DOI : 10.1093/bib/bbx147
Abstract:

Long reads obtained from third-generation sequencing platforms can help

overcome the long-standing challenge of the de novo assembly of sequences for the
genomic analysis of non-model eukaryotic organisms. Numerous long-read-aided
de novo assemblies have been published recently, which exhibited superior quality
of the assembled genomes in comparison with those achieved using earlier second-
generation sequencing technologies. Evaluating assemblies is important in guiding
the appropriate choice for specific research needs. In this study, we evaluated 10
long-read assemblers using a variety of metrics on Pacific Biosciences (PacBio)
data sets from different taxonomic categories with considerable differences in
genome size. The results allowed us to narrow down the list to a few assemblers
that can be effectively applied to eukaryotic assembly projects. Moreover, we
highlight how best to use limited genomic resources for effectively evaluating the

genome assemblies of non-model organisms.

(® Muraoka, Hirokazu; Hasegawa, Kazuhiro; Sakamaki, Yusuke; Minakuchi,



Hitoshi; Kawaguchi, Takahisa; Yasuda, Itaru; Kanda, Takeshi; Tokuyama,
Hirobumi; Wakino, Shu; Itoh, Hiroshi "Role of Nampt-Sirt6 Axis in Renal
Proximal Tubules in Extracellular Matrix Deposition in Diabetic Nephropathy",
Cell Reports, 2019, 27(1), 199-212.e5 DOI : 10.1016/j.celrep.2019.03.024
Abstract:

Nicotinamide adenine dinucleotide (NAD+) metabolism plays a critical role in
kidneys. We previously reported that decreased secretion of a NAD+ precursor,
nicotinamide mononucleotide (NMN), from proximal tubules (PTs) can trigger
diabetic albuminuria. In the present study, we investigated the role of NMN-
producing enzyme nicotinamide phosphoribosyltransferase (Nampt) in diabetic
nephropathy. The expression of Nampt in PTs was downregulated in streptozotocin
(STZ)-treated diabetic mice when they exhibited albuminuria. This albuminuria
was ameliorated in PT-specific Nampt-overexpressing transgenic (TG) mice. PT-
specific Nampt-conditional knockout (Nampt CKO) mice exhibited TBM thickening
and collagen deposition, which were associated with the upregulation of the
profibrogenic gene TIMP-1. Nampt CKO mice also exhibited the downregulation of
sirtuins, particularly in Sirt6. PT-specific Sirt6-knockout mice exhibited enhanced
fibrotic phenotype resembling that of Nampt CKO mice with increased Timpl
expression. In conclusion, the Nampt-Sirt6 axis in PTs serves as a key player in

fibrogenic extracellular matrix remodeling in diabetic nephropathy.

Endo, Katsuhiro; Yuhara, Daisuke; Tomobe, Katsufumi; Yasuoka, Kenji,
"Detection of molecular behavior that characterizes systems using a deep learning
approach", Nanoscale, 2019, 11, 10064-10071 DOI : 10.1039/C9NR00219G
Abstract:

Molecular dynamics (MD) simulation is a powerful computational method to
observe molecular behavior. Although the detection of molecular behavior that
characterizes systems is an important task in the study of MD, it is typically
difficult and depends on human expert knowledge. Therefore, we propose a novel
analysis scheme for MD data using deep neural networks. A key aspect of our
scheme is the estimation of statistical distances between different ensembles that
are probability distributions over the possible states of systems. This allows us to
build low-dimensional embeddings of ensembles to visualize differences between
systems in a compact metric space. Furthermore, the molecular behavior that
contributes to the differences between systems can also be detected using the
trained function of deep neural networks. The applicability of our scheme is
demonstrated using three types of MD data. Our scheme could be a powerful tool

to clarify the underlying physics in the molecular systems.
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Thanks to the KGRI Startup Grant, my collaborators and I were able to

successfully build our global network, perform a series of initial studies, and

secure external funding. Our main specific outputs from the 2019 financial year
are summarized below (full references below):

1) Obtaining a 1,830 /7H grant from the Japanese government (FHJF 2 [E Bt
[FIAFZENH LS B .

2) Publishing a paper in the top music cognition journal, Music Perception,
with 20 world experts from leading institutions (e.g., Harvard, Princeton,
Max Planck Institute) outlining goals and challenges for our project.

3) Giving 17 presentations at 5 international conferences:

4) Preparing 7 manuscripts that are currently either under review or about to
be submitted for review to leading journals including Nature, Behavioral &
Brain Sciences, Royal Society Open Science, and Proceedings of the
International Society for Music Information Retrieval.

5) Organizing a symposium with 20 invited world experts (including the
presidents of the International Council for Traditional Music and the Society
for Music Perception and Cognition) at the Max Planck-NYU Center for
Language, Music, and Emotion (CLaME).

Unfortunately, the symposium, which we planned to sponsor using a large

portion of the KGRI Startup funding, had to be postponed from March 15, 2020

to February 7, 2021 due to the COVID-19 pandemic. Thus, I hope to have the

chance to receive an extension to allow me to hold this postponed symposium

and complete our goals.

Full references:

Grants (1)

1) 2019-25: Fostering Joint International Research (B) Grant (Japan Society
for the Promotion of Science, ¥18,330,000 [US$180,000]). PI: Savage, P.E.;
Co-Is: Jacoby, N., Margulis, L., Fujii, S., Tokui, N., Kitayama, Y., Ajimi, J.
https://kaken.nii.ac.jp/ja/grant/ KAKENHI-PROJECT-19KK0064/

Publications (7):

1) Jacoby, N.*, Margulis, E.*, Clayton, M., Hannon, E., Honing, H., Iversen, J.,
Klein, T. R., London, J., Mehr, S., Pearson, L., Peretz, 1., Perlman, M., Polak,
R., Ravignani, A., Savage, P. E., Steingo, G., Stevens, C., Trainor, L., Trehub,
S., Veal, M., Wald-Fuhrmann, M. (2020). Cross-cultural work in music
cognition: Methodologies, pitfalls, and practices. Music Perception, 37A3),
185-195. https://doi.org/10.1525/mp.2020.37.3.185




2)

3)

4)

5)

6)

7)

Savage, P. E., Loui, P, Tarr, B., Schachner, A., Glowacki, L., Mithen, S. J., &
Fitch, W. T. (Under revision [for resubmission to Behavioral & Brain
Sciences]). Music as a coevolved system for social bonding.

Savage, P. E., Yamauchi, M., Hamaguchi, M., Tarr, B., Kitayama, Y., & Fujii,
S. (under review [at Royal Society Open Sciencel). Rhythm, synchrony, and
cooperation. PsyArXiv preprint: https://doi.org/10.31234/0sf.i0/46bd9

Sato, S., McBride, J. M., Tierney, A. T., Pfordresher, P. Q., Six, J., Fujii, S.,

& Savage, P. E. (under review [at Proceedings of the International Folk

Music Analysis Workshopl). Automatic acoustic analyses quantify variation
in pitch structure within and between human music, speech, and bird song.
Daikoku, H., Shenghao, D., Sanne, U. S., Wood, A. L. C., Grauer, V.,
Protskouva, P., Benetos, E., Fujii, S., & Savage, P. E. (to submit [to
Proceedings of the International Society for Music Information Retrievall).
Human vs. automated judgements of similarity in a global music sample.
Yuan, Y., Oishi, S., Cronin, C., Mullensiefen, D., Atkinson, Q., Fujii, S., &
Savage, P. E. (to submit [to Proceedings of the International Society for
Music Information Retrievall). Perceptual vs. automated judgments of
music copyright inringement.

Jacoby, N., Polak, R., Grahn, J., Cameron, D., Fujii, S., Savage, P. E., Lee,
K.-M., Jakubowski, K., Clayton, M., Margulis, E., Wong, P., Undurraga, E.,
Godoy, R., Huanca, T., Thalwitzer, T., Mungan, E., Kaya, E., Jure, L.,
Rocamora, M., Goldberg, D., Holzapfel, A., & McDermott, J. (to submit [to

Naturel). A global survey of rhythm representations.

Symposia organized (1):

“Building sustainable global collaborative research networks”. Symposium with

20 invited world experts. Max Planck - NYU Center for Language, Music and
Emotion, NYC, USA [postponed from March 15 2020 to Feb 7 2021 due to
COVID-19]. Co-organizers: Jaoby, N., Margulis, L., Savage, P.E.
https://twitter.com/PatrickESavage/status/1236277460951379969/photo/1

Conference presentations (17):

1)

2)

Samma, T., Savage, P. E., and Fujii, S. (2020). Replicability of sight-over-
sound effect in the judgement of brass ensemble competition in Japan.
Poster to be presented at the Neurosciences and Music conference, Aarhus,
Denmark.

Honda, K., Ikemoto, S., Savage, P. E., and Fujii, S. (2020). Single, double,
and triple tonguing speeds of professional and amateur trombone players.
Poster to be presented at the Neurosciences and Music conference, Aarhus,

Denmark.



3)

4)

5)

6)

7)

8)

9)

Kasashima-Shindo, Y., Tsuchimoto, S., Shindo, K., Imai, E., Kikuchi, Y.,
Matsugi, Y., Toyoda, A., Honda, S., Savage, P. E., Fujii, S. (2020). The neural
basis of consonance preferences in chronic stroke patients: A resting-state
fMRI study. Poster to be presented at the Neurosciences and Music
conference, Aarhus, Denmark.

Shenghao, D., Daikoku, H., Sanne, U. S., Kinoshita, M., Konno, R.,
Kitayama, Y., Fujii, S., Savage, P. E. (2019). Human and automated
judgements of similarity in a global music sample: A preliminary analysis.
Poster presented at the 2019 meeting of the International Society for Music
Information Retrieval Conference (ISMIR 2019), Delft, Netherlands.
Daikoku, H., Shenghao, D., Sanne, U. S., Kinoshita, M., Konno, R.,
Kitayama, Y., Fujii, S., Savage, P. E. (2019). Human vs. automated
judgements of similarity in a global music sample. Poster presented at the
Digital Music Research Network One-day Workshop 2019 (DMRN+14),
Queen Mary University of London, UK

2019 meeting of the International Society for Music Information Retrieval
Conference (ISMIR 2019), Delft, Netherlands.

Daikoku, H., Dixon, S., Pearce, M., Proutskova, P., Fujii, S., Kitayama, Y.,
Harrison, P, Ycart, A. Sato, S., Ho, M.-J., Benetos, E., Savage, P. E. (2019).
An empirical investigation of cross-cultural musical aesthetics. Talk
presented at the 2019 meeting of the International Council for Traditional
Music, Chulalongkorn University, Bangkok, Thailand.

Sato, S., Fujii, S., & Savage, P. E. (2019). Automatic comparison of global
children’s and adult songs supports a sensorimotor hypothesis of scale origin.
Poster presented at the 2019 meeting of the Society for Music Perception
and Cognition, New York University, New York, USA.

Ho, M.-J., Konno, R., Tomokane, J., McDermott, J., Tokui, N., Fujii, S., &
Savage, P. E. (2019). Aesthetic responses to microtonal intervals. Poster
presented at the 2019 meeting of the Society for Music Perception and
Cognition, New York University, New York, USA.

10) Yamauchi, M., Hamaguchi, M., Kato, A., Kitayama, Y., Fujii, S., & Savage,

P. E. (2019). Music and cooperation: Disentangling causal mechanisms.
Poster presented at the 2019 meeting of the Society for Music Perception
and Cognition, New York University, New York, USA.

11) Oishi, S., Konno, R., Cronin, C., Miillensiefen, D., Atkinson, Q., Fujii, S., &

Savage, P. E. (2019). Melodic similarity in music copyright law: An
experimental investigation. Poster presented at the 2019 meeting of the
Society for Music Perception and Cognition, New York University, New York,
USA.

12) Anzai, R., Konno, R., Honda, K., Savage, P. E., Lopes, P., & Fujii, S. (2019).



How electrical muscle stimulation assists in rapid drumming training.
Poster presented at the 2019 meeting of the Society for Music Perception
and Cognition, New York University, New York, USA.

13) Ishikawa, Y, Savage, P. E., Nakatani, M., & Fujii, S. (2019). Does cold
stimulation enhance musical frisson? Effect of cold stimulation on
perceptual rating of consonant and dissonant chords. Poster presented at
the 2019 meeting of the Society for Music Perception and Cognition, New
York University, New York, USA.

14) Konno, R., Schlaug, G., Savage, P. E., & Fujii, S. (2019). The reliability of
10S application of the Harvard Beat Assessment Test: Consistency between
different versions of iPad devices. Poster presented at the 2019 meeting of
the Society for Music Perception and Cognition, New York University, New
York, USA.

15) Honda, S., Tarumi, R., Noda, Y, Matsushita, K., Nomiyama, N., Ochi, R.,
Tsugawa, S., Savage, P. E., Nakajima, S., Mimura, M., & Fujii, S. (2019).
The beat processing abnormality in patients with treatment-resistant
schizophrenia. Poster presented at the 2019 meeting of the Society for Music
Perception and Cognition, New York University, New York, USA.

16) Matsushita, K., Tarumi, R., Noda, Y, Honda, S., Ochi, R., Nomiyama, N.,
Tsugawa, S., Savage, P. E., Nakajima, S., Mimura, M., & Fujii, S. (2019).
Cortical thickness and beat processing ability in patients with schizophrenia.
Poster presented at the 2019 meeting of the Society for Music Perception
and Cognition, New York University, New York, USA.

17) Honda, K., Savage, P. E., & Fujii, S. (2019). Single, double, and triple finger
tapping performance of professional hand percussionists. Poster presented
at the 2019 meeting of the Society for Music Perception and Cognition, New
York University, New York, USA.

18) Konno, R., Anzai, R., Honda, K., Savage, P. E., Lopes, P., & Fujii, S. (2019).
Evaluating effects of electrical muscle stimulation in time duration
reproduction. Poster presented at the 2019 meeting of the Society for Music
Perception and Cognition, New York University, New York, USA.

19) Jacoby, N., Polak, R., Grahn, J., Cameron, D., Fujii, S., Savage, P. E., Lee,
K.-M., Jakubowski, K., Clayton, M., Margulis, E., Wong, P., Undurraga, E.,
Godoy, R., Huanca, T., Thalwitzer, T., Mungan, E., Kaya, E., Jure, L.,
Rocamora, M., Goldberg, D., Holzapfel, A., & McDermott, J. (2019).
Universal constraints on rhythm revealed by large-scale cross-cultural
comparisons of rhythm priors. Poster presented at the 2019 meeting of the
Society for Music Perception and Cognition, New York University, New York,
USA.
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(1) Working Papers
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@ Quest for Broadly Acceptable Architecture for Data Governance -A Man-Machine
Conviviality Approach-
Jiro KOKURYO(®), Jonathan CAVE(Gi), David FARBER(), Hiroaki MIYATAG),
Jun MURAI(), Takehiro OHYAG), and Tatsuhiko YAMAMOTOG)
(i) Keio University, Cyber Civilization Research Center (CCRC)
(ii) Alan Turing Institute and University of Warwick (CCRC adviser)

Abstract:

In order to protect human dignity given the ever-growing power of computers and
data aggregation, we must adopt a new philosophy and architecture for the
governance of data. We step beyond the conventional assumption of human
monopoly of intelligence and envision integrated man-machine agents that will
emerge to safeguard personal data on a firm basis of trust. A new "cyber civilization"
is dawning, in which humans live with machines in conviviality, and we must
develop governance structures that address this reality. A few guiding principles for

the design of the architecture are proposed.

@ Popular Nationalism vs International Norm: The Case of the Rohingya
Nobuto Yamamoto (Professor, Department of Politics, Faculty of Law, Keio

University)

Abstract:

The cyberspace has provoked new questions concerning national identity. It has
created a new sphere where people experience and express nationalism in various
forms and degrees, but increasingly defensively and not in keeping with
international norms. The Rohingya issue that has unfolded in Myanmar
represents such case. The massive displacement of the Rohingya, a Muslim
minority group in Myanmar, has thus far evolved into an uncompromising
controversy between the government of Myanmar and the international
community. I argue that the key to understanding this controversy lies in the way

social media frames the issue.



It is through social media platforms such as Facebook that news and comments
expressing hostility toward the Rohingya — thus far unrecognized by the state —
gain broad viewership.

Frame analysis affords us a way of to understand how fake news or disinformation
works.

This paper focuses on the less attended frame, that is, how the increasingly
defensive nationalistic social media in Myanmar frames the Rohingya issue.
Using cases from Myanmar, my paper aims to sketch out how fake news feeds
popular antagonism against the Rohingya minority and the international media
reporting on them, how conflicting framing works, and how Burmese social media

shapes nationalism in the country.

(2) HhY
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@ Could Cytotoxic T-cells be a Key to Longevity? 2020.1.20

Scientists from the Keio University School of Medicine and RIKEN Center for
Integrative Medical Science (IMS) in Japan have used single-cell RNA analysis to
find that supercentenarians—people over the age of 110—have an excess of a type

of immune cell called cytotoxic CD4 T-cells.

The research team’s studies have found that these individuals were relatively
immune to illnesses such as infections and cancer during their lifetimes. To answer
why, they looked at circulating immune cells from a group of supercentenarians and

younger controls.

The results of this study were published on November 13, 2019, in the peer-reviewed

multidisciplinary scientific journal Proceedings of the National Academy of Sciences
(PNAS).
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@ The First Clinical Study Shows a Key NAD+ Intermediate NMN Safe for Human
Use 2020.2.25
A research team at Keio University has shown for the first time that nicotinamide
mononucleotide (NMN), a promising compound for anti-aging intervention, can be
safely administered to healthy humans. The Keio University research team was led
by Prof. Hiroshi Itoh of the Department of Internal Medicine (Endocrinology,
Metabolism, and Nephrology,), Prof. Kazuo Tsubota of the Department of
Ophthalmology, Prof. Masato Yasui of the Department of Pharmacology, and Prof.
Hideyuki Okano of the Department of Physiology, and the study was conducted in
collaboration with Prof. Shin-ichiro Imai of Washington University School of

Medicine in St. Louis.

Recent studies in animal models have shown that the administration of NMN
increases the amount of nicotinamide adenine dinucleotide (NAD+) in various
organs and improves age-associated functional decline and disease conditions.

However, the safety of NMN in humans have remained unclear.

Since 2016, the research team has conducted a clinical trial study to investigate the
safety of single administration of NMN in ten healthy men and has confirmed that
it can be safely administered and that it is effectively metabolized in the body. This

study is expected to inform future treatment of age-associated diseases.

The results of this research were published in Endocrine Journal on November 2,
2019.
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