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The role of Calcium in Sleep Homeostasis
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HAIFIRGDFEAZIHS MCT B T2DITHFLEED / > L LEEIRIC DWW T O 75 )<
R—=2I I AF VF ¥ 2V« R TITDNT, /v U LR O#FREES O ETY v 7
&L U AMEREZHB O A7 L (SSS1E), REdZHE L LR WWHE D KO < v A/F#l
Fififi (Triple-CRISPR i) ZHW T, HIKEAN Ca2+ BIREICIERE ST 2 —HOA AV F v 2 )b »
R THMERFF R HIENCEE CH S T 2RI U, & SISHIfEN ca2+ WifiliEd % U gk
FICEH LU Camk2a/b KO X7 AW E AL HEIRIF I O FIfi A R C L ZASMC Lz, Th
& CaMKII o/ BAHERZFEE S 2 ) VIB{LERTH S T L 2 HEKT %, TOFRZITIC, HER
THEMICBW T, IO BE ORI 1)V > 7 LMKIZE 75D > L filE 72 3558 U IR %
EHL T 22 IEE T BICE o T, AT, B O IIEIRII OB 2R T 5 & &
EiC, b MBI 2R - BEEY X LHROBER Y AT LMCHE D EE (VAT LES) O
FENC AT 7zad ., FRCHEIRIERZ OFBUC AU 72D #HAIT DN T & ifam L7200,

In order to elucidate the mechanisms of sleep homeostasis, we focused on ion channels and
pumps that govern the neural activity patterns during non-REM sleep in mammals. Through math-
ematical modeling of neural activity during non-REM sleep and the use of a Mouse Sleep Pheno-
typing System (SSS method) and a unique knockout mouse production method (Triple-CRISPR
method) that does not require mating, we discovered a series of ion channels and pumps directly
involved in intracellular Ca2+ dynamics crucial for the control of sleep duration. Furthermore,
by examining the kinases controlled by intracellular Ca2+, we revealed that Camk2a/b knockout
mice exhibit significant reduction in sleep duration, implying that CaMKIlo/p serves as sleep
promoting kinases. Based on this discovery, we proposed a mechanism where the sustained excit-
ability of neurons induces calcium-dependent phosphorylation control, leading to the initiation
of sleepiness in the regulation of sleep homeostasis. In this lecture, we aim to discuss the current
state of sleep research using animals, as well as endeavors towards achieving a systems medicine
approach to sleep/wake cycle research in humans, particularly in realizing sleep checkup in near
future.
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Identification of regulatory mechanisms of vascular functions by Ca**
microdomains
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Ca’ F v XV RGN EHZ2/r U T MRD Ca' BT & Ca' A 7a R AL VzE
K9 BT & T, RRFRNGERSEZS [T, ALRMEFEHRCEN T, BE%Z
> 73278 (caveolin-1 & junctophilin-2) A%, HIFEE — i/ MUARIC Ca® ¥4 710 R AL V2
KU, Ca™" v 7 F IV ianzafid % b CIER ) 2 RS HIET 2 B2 5 i Uiz,
% 7z, caveolin-1 Z JE¥H & L7z Cavl.2 - CaMKK2 - CaMKI1 a7 FESHEM, Ca* ¥ 7 F L%
BIETIEANLHT S LT, MEVETY VY IORECES TS EERHLE, THIC,
mitofusin-2 WH/MafkE I b oy FYU 77z S, MilaiEmEzEtEd s &8R- U, M
XD, ¥ A0 R AL UNERRMERKE S MEY 7Y > JEKOM 5 CEREE R E]
TS T EAURBE Nz, AEERIK. BV TT Y BT 2 AN U THiTz 7%
MRZRMEL, Ca® A 70 RAA U TRENE UlzFilz &) T7 1 JIREHD
HRICHEEGTHLEZA LN,

Ca’" channels induce stimulus-specific physiological responses by forming Ca?* microdomains
with downstream Ca**-sensitive molecules via scaffold proteins. We found that in vascular smooth
muscle cells (VSMCs), scaffold proteins such as caveolin-1 and junctophilin-2 form a Ca** mi-
crodomain consisting of large conductance Ca**-activated K+ channels and ryanodine receptors
between the plasma membrane and the sarcoplasmic reticulum (SR). This Ca** microdomain
precisely controls vascular tone by effectively converting Ca** signals into hyperpolarization.
We also found that the Cavl.2-CaMKK2-CaMK1a molecular complex mediated by caveolin-1
is involved in the pathogenesis of vascular remodeling (medial hypertrophy) by converting Ca**
signals into gene transcription. Furthermore, we demonstrated that mitofusin-2 tethers mitochon-
dria to the SR, thereby regulating ATP production and VSMC proliferation. These results strongly
suggest that Ca?* microdomains play important roles in both normal vascular functions and vascu-
lar remodeling. Our research provides new knowledge for pharmacological research on vascular
remodeling and contributes to the development of novel drugs for vascular remodeling targeting
molecules composing Ca?* microdomains.
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On the role of serotonin neurons in control of preference, aversion,
and stress resiliency
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o b D URRE, I OB AR & LR R 2R i S B L TV B, FBRR

O T & H G (DRN) BXUIEFEERZ (MRN) ICRET S0 b= 2 aiiEh,
TEENHEPE EIE 2 F O B NIRRT EDMHL NI N T X, HAZINE
T, L OHS DN s U ROEEERZ TS5 e 2 /AL, 200 T8
JRICOWTHE 21T CE s e, TOWEEIMNITTEDH THLD DERIEHANG[ER TIN5
IERREET B 728, 1 b = U ESEINI Y A )L AR Y Z—FBFE UGB Y — )L & fH M
BRI ZE U T, DRN 1 b = VR OREMEL DT D DIERER & HRIEE DA FIER
FLlbdceZEM Uz, EHIC, DRNtE F = ViR o—@ oG b2 B1Ic bz 0
ORI T LT, B d D DERIERAME S NS T &5 5 TICZF DT O—iimzlH 5 i
L7z. 72, DRN & IIHHRMYIC MRN B k= AR AIEE) 2 6] 5 T L7 5 TICZ DO
DTHEFO—iHZIHS MM Uz, TN D DORERIE, BEHIEBICA ML ABGTHICB T 5t
O k= RO EENOZRRRKE 2B L TWV5,

Serotonergic neurons, originating in the raphe nuclei of the brainstem, innervate the entire central
nervous system. Among the raphe nuclei, serotonergic neurons localized in the dorsal raphe nucleus
(DRN) and median raphe nucleus (MRN) are deeply involved in higher brain functions, including
emotion regulation and decision-making. We have found that various antidepressants increase the
activity of serotonergic neurons and have investigated the molecular mechanism of this increase.
In addition, we have developed serotonergic neuron-selective viral vectors and combined them
with optogenetic tools to examine whether this increase in activity alone induces antidepressant-
like effects. We found that activation of DRN serotonergic neurons induces antidepressant-like
effects and positive emotions. Furthermore, we found that repeated transient activation of DRN
serotonin neurons over a period of five days can produce sustained antidepressant-like effects in
stressed animals and underlying mechanisms. Moreover, we revealed that the MRN serotonergic
neurons are responsible for negative emotions, and underlying neural and molecular mechanisms.
These results suggest the essential and multifaceted roles of serotonergic neurons in emotion
regulation and stress resiliency.
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Research on the mechanism underlying aggregation of prion-like
protein and its applied drug discovery
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o -Synuclein (o -Syn) *® Tau 72 ED TV A M2 SV EIE. KHIOBERTI AT +—IVT «
VI KBBERZIERT %, EHIC, TOREMIZIER % 2787 8 728l I B Uil .
MR IE T 5 & & THREMNEZFET HM, TORXANZ X LIIAKMRIATH 5, FAEIE. hfE
HIBEINIC I % RNA 77 = 2V PUESH (RNA G-quadruplex; GARNA) OEESEN T ) 4 &
INTHEBEEDRSG D, RENEFET SRR Uz, OB, BEEZD T
AFEMEDMRRAEMIRETERONE T LD 5, TGARNA ICK B TV A MR 2R 7 BEGER
R R AMICHSE U2 P AN AL TH BT EHRBENS, A TIE G4RNA IC K
% o -Syn EHEEMHEICEE T ZMZEECRZ OIS T %, 7. SRROMEEMICOWVWTE N
L7z,

Misfolded prion-like proteins including a-Synuclein (a-Syn) and Tau form an aggregate, these
aggregates continuously induce aggregation of normal prion-like proteins and propagate from cell
to cell, leading to neurodegeneration. However, these molecular mechanisms are still unknown.
We have demonstrated that RNA guanine quadruplex (RNA G-quadruplex; G4RNA) forming scaf-
folds for prion-like protein aggregation leads to progressive neurodegeneration. It is demonstrated
not only in hereditary but also in sporadic neurodegenerative diseases, suggesting that G4RNA
assembly-induced prion-like protein aggregation may be a common molecular mechanism in neu-
rodegeneration. In this session, I will focus on the recent research about the mechanism of a-Syn
aggregation by G4ARNA. Moreover, | would like to discuss the future direction of the research.



