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I Our MS project achieves... @IHS

R&D Goal 1 y ,
Technologies to

manipulate sleep need ,

set-point \

R&D Goal 2
Technologies to prevent ‘
diseases caused by ' Economic effect of
sleep debt v . :
R =0 trillion yen / year @8 iong and healthy lives freeditp
_ ‘ sleep;problems
R&D Goal 3 i

Disease risk prediction and
prevention based on sleep

R&D Goal 4

Nationwide expansion of /

sleep medicine network

R&D Goal 5 /

Synthetic hibernation |
technology

Reduce rhé;ftality and morbidity;
inlemergencies and,disasters

> Interplanetar.'-flights an
exploitation into|spg<-:e
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| Summary of project progress over the past year @HLD

R&D Goal 1
Freedom from sleep through healthy short sleep

R&D Goal 2
A society that does not fall ill due to sleep debt

R&D Goal 3
Tailor-made preventive medicine based on sleep trends

R&D Goal 4

A society that provides access to sleep medicine anywhere,

even in times of disaster

R&D Goal 5

Artificial hibernation technology can dramatically reduce
mortality and aftereffects in emergencies and disasters

I A A

Exploring intra-neuronal signaling
pathways regulating non-REM and
REM sleep

Clarification of REM sleep
gating mechanism

Development of EEG measurement
device InSomnograf

Mobile Sleep Lab: Development
of a demonstration vehicle

Development and Application of
Induction of Hibernation-like Behavior
Application
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I Sleep and Hibernation: Most challenging mysteries in neuroscience @IIIS

(4 Awake —
Active period :

Sleep: hypomobile behavior S|
occurring along the rotation of eep
the earth (day and night)

Hibernation: hypomobile state
triggered by the seasonal cues
from the revolution of the earth

183 species in 7 orders hibernate,

Sleep duration varies by species out of the 4,070 mammalian species

Average Average . . .
Species Sleepi%g Species Sleepi%g Order Family Number Typical species
Time Time
Tiger 15.8 Sheep 3.8 Primate Cheirogaleidae 3 Fat-tailed dwarf
Cat 12.1 Elephant 3.3 Carnivores |  Bear family 4 Asiatic black bear, Polar bear
Chimpanzee | 9.7 Horse 2.9 (female only)
Human 8.0 Giraffe 1.9 Rodents | Squirrel family | 58 Thirteen-lined squirrel
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| Sleep & Hibernation: Phylogeny @IHS

“Phylogenetic signal” in daily Hibernationor / torpor species
sleep time in terrestrial mammals in the mammalian phylogeny

b w

Fruitbat  Little brown bat

Fat-tailed lemur

Ground squirrel

s 7.1‘ /
Rodentia \
i1 S — , | AN
S = | — == ‘\ Dormice

[ NREM sleep T
Torpor type
REM sleep B L Hibernation
Daily torpor
Starvation torpor
Estivation

McNamara, Barton, Nunn (ed.) “Evolution of Sleep” Melvin, Andrews, Trends Endocrinol Metab 20:490-498 (2009)
Cambridge University Press (2010)

Total daily sleep duration (hrs)
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I Neural signal transduction regulating NREM and REM sleep @IIID

INTERNATIONAL INSTITUTE FOR INTEGRATIVE
SLEEP MEDICINE
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Progress has been made in elucidating the SIK3 pathway for
NREM sleep regulation through gene-modified mice and viral
Mutant SIK3 in neurons after infancy increased sleep need vectors.

(EEG delta power during NREM sleep)

] ) Honda et al. PNAS 2018, Wang et al. Nature 2018,
Iwasaki et al. J Neurosci 2021 Kim et al. Nature, in revision, Liu et al. Nature, in revision
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He &N _ARMTg LDT/PPT BT

Brain region-specific induction of gain- and loss-
of-function of ion channel NALCN revealed the
presence of REM sleep control sites (red circle)
outside the brainstem

Cerebral cortex Ag\
A hatamus
=)

Striatum

DPGI
O— Inhibitory

Dreamless — Funato et al. Nature 2016
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| Neural mechanisms for slow-wave generation @HIS

Sleep analysis in mice (EEG measurement) Yo Oishi

4 2 0 -2 -4 -6 -8(mm)
Bregma

Normal

H1 system-
suppression

NREM REM Wake

EEG M “\ Yl \ N } el onf il w'bhlvﬁw Al st | 100 pv

EMG — Slow-wave ———— mew |50 uv Mechanism of EEG shift to
cee © 5 5 slow waves is unclear
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REM sleep gating mechanism in mice @IIIS

~Discovery of a new role for dopamine in amygdala~

WT

Dopamine signal

O pr o)
@

WT

Emi Hasegawa
Hasegawa, et al. Science 2022

Nucleus accumbens (NAc)
Basolateral amygdala (BLA)

Dopaminergic neurons
In the ventral tegmental area (VTA-DA)

000

Orexin (-)

Cataplexy

lllustration: Sara Kobayashi
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I Understanding neuronal diseases with focus on REM sleep

INTERNATIONAL INSTITUTE FOR INTEGRATIVE
SLEEP MEDICINE

Yu Hayashi23 (Univ. of Tokyo, 2WPI-IIIS, Univ. of Tsukuba, 3Kyoto Univ. )

REM sleep is abundant in neonates

o and decreases with age

100 T

50
REM sleep

0 e = = =
13 6 2351014 19 33 50 70 (age)
DM M YYYYY YAy Wy vy
'S » m“ | PN £.9 ~
¥ & ¥ v Y27~ Roffwarg et al.,
[N 4z - . . Science, 1966

¢ REM sleep might be involved in
maturation or aging

€ Improving REM sleep might allow
improving diseases

Imaging blood flow in the brain during
REM sleep

Wake

NREM sleep REM sleep

2-photon
Microscope ' . )
EEG (7 Cortical capillary
(Fluorescence-labeled plasma)

@ Red blood cell

Upsurge of cortical capillary flow during REM sleep!

Tsai et al.,
Cell Reports, 2021

Discussion
* REM sleep might be crucial for adequate material
exchange in the enlarged mammalian cerebral cortex

* One reason people with less REM sleep are at higher risk

for dementia might be reduced efficiency of substance
exchange
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duration and induces sleep

Sleepiness builds up during wake
(homeostatic regulation)

Homeaostatic
process

Circadian
process

Wake

l Wake mén:!

Modified from Daan et al., Am
J Physiol., 1984

It is unclear where and how
sleepiness accumulates

€ Understanding the homeostatic
regulation of sleep leads to
developing treatments for sleep
disorders

10

Discovery of the neuron that measures wake

INTERNATIONAL INSTITUTE FOR INTEGRATIVE
SLEEP MEDICINE

Search for neurons whose activity
reflects duration of prior wake

During wake During sleep

ALA activity gradually increases
(intracellular Ca? levels increase)
= "sleepiness" builds up

ALA activity decreases
(intracellular Ca* levels decrease)
= "sleepiness” disappears

L U

<)
&/ l* N EL\
Enhanced ALA activity causes
the transition from wake to sleep

7 ALA™

F 1 \

N
|

/ALA\ ‘/ ALA\ /ALA\

ALA measures wake time and
Induces transition to sleep

Miyazaki et al.,
iScience, 2022

Discussion -

This ALA function requires a gene called
ceh-17, which is conserved in mammals.
The gene may be a clue to unraveling the
mechanism of homeostatic control in
mammals.
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| Development of Orexin Receptor Agonists IHS

Narcolepsy Tsuyoshi Saito
» Patients feel excessive daytime sleepiness (EDS), cataplexy, .

vivid dream-like images, hallucinations, as well as sleep
paralysis.

» Because dysfunction of orexin/OX,R system causes
narcolepsy, OX,R agonists have been expected to be a
chemotherapeutic agent of narcolepsy.

Catzlilplexy

[Purpose of this work]

Development of potent orexin receptor agonists ‘-‘,
based on YNT-185 active conformation
OMe
Hl\%

©National Geographic

NMez
OMe
HN"Y0 OMe Me
OMe ~
o oMe E> o ‘ H E> o O ! N7 0
O N NH MeN s N Me Me,N s”
Me,N s” O, 0Oz
O,

YNT-185 YNT-3757 YNT-3638
ECgo =28 nM ECyo = .66 nm ECy = 0.58 nM
Steric constrain of YNT-185’s active conformation successfully enhanced
OX,R agonist activity by 50-fold compared to YNT-185.
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I Development of EEG measurement device

InSomnograf

INTERNATIONAL INSTITUTE FOR INTEGRATIVE
SLEEP MEDICINE

Tetsuro Hiei

Achieved 86.9% agreement rate with PSG, a level comparable to
existing medical device product

Prototype

PSG
Fa-M1

C4-M1
02-M1
LEOG-M2

REOG-M2 o/

EMG

Device
Fp1-(M1+M2) ==
Fp2-(M1+M2) .

Fpi-Fp2

12

InSomnograf K1

Raw EEG data

InSomnograf K2

;. N3

I
i

Spindle ~Slow wave

Hypnographic
comparisison

PSG

Sleep stage
_5%§x§

4 6 8
Time [h]
Device

o
N

Sleep stage
_5 GZxns

o
N

4 6 8
Time [h]

Match rate with PSG

100+

80
60
40 Mean+SD 86.9+3.8 %

Median ~ 87.2 %
204  Min-Max 77.4-92.7 %

Accuracy [%]

0 T
Device

International Institute for Integrative Sleep Medicine



I A new method to induce hibernation-like state (QIH) @IIIS
with high sensitivity and time resolution

Arisa Hirano

Control of QIH by novel optogenetic tool

Conventional method to induce QIH With high-sensitivity and high-time resolution
Modified hOPN4
AAV-DIO-GFP Hypothalamic regions HW-scale light A7 Transcranial
Exon 1 Exon 2 T B - o6 a
oo XL I( - P o *.
‘ Horizontal |
y o -
Qrfo’re mouse Q neuron
o Saine e ovore Similarity to Hibernation
35 avemames sl b A st M A s A S et .
o [ N r e | WA Hibernation
2 LHA (n = 5) § 1 -__.
6 3 2
4 \MWW%MMWWWNW"W’WW AN e LAV A s § ‘ %
01“’” © . - - S . - ) » : = Anesthesia
< QIHom ‘ oL
e Body temperature
Mice take long time to recover from hypothermic state, ’ . - . .
which is distinct from natural hibernation Sustainability for 24 hours High Temporal Resolution
ON OFF
. 2 Wt LR Y ' Y
Takahashi, et al., Nature, 2020. g Al w v %m
] I N v’ S
% \g’,"“’;’ "“‘b{mj‘ = ) @ . ON 1
m_24 0 ) 24 48 . . . .
Time () Takahashi, Hirano et al., in revision.
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I Main crew still expands to accelerate world-class @IHS
research o

Molecular Genetics of Sleep Regulation Sleep & Molecular Genetics Hibernation, Circadian Rhythms Motivation & Sleep
Brain Plasticity & Neuroscience Emotional Memory & Sleep

—
[/
L)

e

Fear, Sex & Sleep

Neuronal Circuitry of Sleep/Wake REM Sleep,
Sleep Homeostasis Evolutions
of Sleep

Human
Physiology

;
s
N
o
Tk
{
\ o 7

Kutsumura/Saito Lab

Sports, Sleep & Metabolism Sleep Physiology Drug Design
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| Collaborators in Japan and around the world @HLD

Cliford B. Saper
Masayuki Matsumoto Professor,
Professor, Beth Israel Deaconess Medical Center
Laboratory of Cognitive Harvard University

..
*ﬁ"‘! and Behavioral
AW Neuroscience,

Hibernation Faculty of Medicine,

University of Tsukuba

~ 3§ —

Vladyslav Vyazovskiy

Associate Professor, S I e e p

Oxford University

Genshiro Sunagawa

Special Postdoctoral Researcher, ﬂ Qinghua Liu

Laboratory for Retinal Regeneration, _'.?_2 :{I‘V$St|9?r0ft_t o of

RIKEN &3 ational Institute o
w Biological science Beijing

Morimitsu Kurino ﬁ Haruka Ozakl
d o Associate Professor,
Professor - -
Keio University g* Fa(_:ulty .of Medicine,
_ M  University of Tsukuba
Mathematics/Al Hiroyasu Ando
Toshiyuki Amagasa Professor,
Professor, kb Center of Mathematical Sciences
Center for Computational s for Open Innovation, WPI-AIMR,

Science, University of Tsukuba — - L Tohoku University
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