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Connectomics of Mechanisms that Regulate Sleep/wakefulness states

IR - R - ERRF-EFR-HIZ
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(FEEHEEED) Kanazawa University, Faculty of Medicine, Professor

K% A R

(FEXZEFERECD) Takeshi Sakurai
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LA Kz, ZDEL. FILALTL—DOREMFEAEZTTOH. EMZK/IILTRLF Y=
—OY DA LF LR B ARNERREDORICICED D LEMEBALI, AL F L UERED
BIREAFELLTOFERAMERL,

(ZE3X) :We found that orexin neurons receive inhibitory projections by glycinergic neurons. We
showed that orexin neurons co-express neurotensin, which acts as an autocrine regulatory factor
through Ntsr2. We also found that optogenetic stimulation of fibers arising from POA GABAergic
neurons resulted in rapid inhibition of orexin neurons, suggesting direct connectivity between POA
GABAergic neurons and orexin neurons. We showed that each orexin receptor subtype plays
differential roles in gating NREM and REM sleep through distinct neuronal pathways. Using the
DREADD system, we suggested that excitation of orexin neurons increased the amount of time
spent in wakefulness and decreased both NREM and REM sleep times. We found that NA neurons

in the LC showed a higher firing frequency in narcoleptic mice during both wakefulness and NREM
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sleep as compared with wildtype mice due to functional decrease of GABAergic input to these
neurons. We found that an OX1R-mediated pathway in the LC is involved in the physiological fear
learning process via regulation of noradrenergic neurons. DR serotonergic and LC noradrenergic
neurons play differential roles in orexin neuron-dependent regulation of sleep/wakefulness. In order
to understand the differential contribution of both receptors in regulating sleep/wakefulness states
we compared the pharmacological effects of a newly developed OX2R antagonist (2-SORA),
Compound 1 m (C1 m), with those of a dual orexin receptor antagonist (DORA), suvorexant in
mice and found that an orexin-mediated suppression of REM sleep via potential activation of
OX1Rs in the LC may possibly contribute to the differential effects on sleep/wakefulness exerted by
a DORA as compared to a 2-SORA.
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PHEFELTHEY . ALFoa—OVIZHRRT SN2 20 LTAH— b ) DEGHIEZ
2T TS Z & EB 5 HIT L f=(Furutani, et al. PL0oS One, 2013),

@Z2DALF L UZREDERLAILTOLHEEEREHHICHIIDIE/ T -
oY) AEEEHENBET SMRICH LTS HIZ L1z(Miedaet al. J. Neurosci, 2011),

OF LF¥ L UvEE- 21— DU EEBEELRFHFE (DREADD)ZE L5 W THEMICRI#ME -
FHHET D IR Y BEERRIF /=X NREM EEIRMNE X 5 2 & % R H L f=(Sasaki et al.
PLoS One 2011),
@FLFooZa—AVEILE I VBEEFETIHY. TILE I VBRICK DEVERE
FEALX DV UVICEIBHGMEEREEEFE > TSI EFHLMIZ LTz (Schone, etal. J.
Neurosci., 2012),

@QFNALTo—IZHEITHEBHENLGA LI ORIBIRETIE, ALFDUIMERTHEA
RO=1—0OVIZGABA ANDFELZEEL LI-REMELNSEC >THYREZEBMHLT
WA Z EFRH L= (Tsujino et al. PLoS One 2013) ,

@FBHD /LT FLFYr=a—OVICHRT 5 OX1 RERKL, BFHRBEORIICEE
HEREFELTWSZEHFRE LTz (Soyaetal. J. Neurosci. 2013) ,

Q@FB#%/ LT FLF)o=a—0r0 OX1 FERS L UREREZOELA F=2=a—0Y
[ZH1T5 OX2 LBARN TN TNEEOHHE LU L LEEOKFOHEMEASELTEY.
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FLALTO—IZEVTIEZEN T DOEEDORIEN, REOAEHILLE D2 TLXL—0%
WIZEbH-> TS EZERE L1 (Hagegawa et al. J. Clin. Inv.2013) ,
OXBAEREDERMARICELYHR OX2 ZRERBFENENEOERZERIRMIERELL
HL., MEBEIRZEDOEEREAIRZEL >TVEN., LLAERIZHT HEANKECELD
& EERH LTz (Etori, etal. Front. Neurosci.2014) .
@A LFSURICHERT AFREEIERTF FOFER
ALFIoZa—AVETYEARICLTEDOEREEMEHICEEZH-A AT EMR
AN HBERE L THARBRREZEAATLS RER),
Q)RR - REICEEZ 5 X 2 ELFOFEENRE
CamKIl RIE<T VR IF L LEEFRHEOEEAA DN, QRFP RIEY VR IEHADCRHICEE
BEOEBENR dt-, F1= Neuroligin-3R451C / v o 4 I RIZDWTIE, EEFERRK
EBOEREFIAONGEMN >z, SR IFITFLLHEGTFRETIVRITDVTHEMEZITL.
T—AR—XILEBET.
(4)F Dt
BEREHM Y XLORBICHBERICE TS Bmall OENLATHSIZLZRELL:
(Mieda, et al. J Neurosci., 2011),
REHE
LI URERER 204 ERICEREASNIERICA>TEY . COEYMOIEREFO
BMERLG EZBRT SRICHLAMBIIFEICERLGERZRBELTLSO. HE~ADIRK
BHREXREN, EAF, FLFDUORNMEBRELCHMR, BERETHLGLICHERT
% /. OXIR & OX2R DEEMEBINIBLEOMRATH S, ERIC. AL XD UBEREIR
LEHULERTTDHMSD Lo HALADT RNARERHLENTEY . HEEIZHALTE
fzo ARLFH Y FMIHRICERITTAHRTRESINDS Z LICHE STz, £, ARBEIET.
EEER R EEHIMH 2RS4 £ RO KINDHZ R - RMATH - Wz B L -ER S
ERELF—N=—FVTFTHIENHALMNILTE R, BELELIE. X FLAPHEERIH
FREZ5IZREI L. XBABEROHPABZEHET S LICK T, TEIE BEMHE -
AR BREMEMICESH L. EERNOKEBOEEICHLT 2N THS, KHETHEDL
NEHRE/ DNVFSEOHARODERIZKELERT 5, §RIE. REOHETHE LN
=/ 9N ET—EABLVEGRFREHM OB GED ) YV —REL LT, HEIEEEDS
BHORTHEDIFTELHBERTF FOMREZER T, KKIDBRALED LS ITHRD
FHRZEE=—2—L. BETHOMSRZEN L TEADEBEEEHEBEL TV H, HREED
BASLUVZDEEREOHFRZEL. THHEE S VEELFHEHEEO—MELTOR
EERH R T LOMBEBAZEET .
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EHH R EREEREOHEEELA L U 0KRE) F24E K EH

IRMFIRFEEARR2013FIA7TE EHE I—H A HRAEH 6fEKR—

)7

EREE. RBNEXR. EFiEE. BRI, =Z53EE, &#F R [

REMAKICEFTEHF LF L U D&KEN] Neuro2013, HER, EiRMER

=fE 20134 6H20H-23H

=REE, R|NESE. X, #H#HK HAR—XA—H— - RBRX

ERZEBERY FT—IZHBITHAPEE=—2—DO > D&E|] Neuro2013.

REB. ELR#MERSEE 201346H208-238

By E. $FGOF. ZH3EE. BARZE. MEHFE. BER. #HR
MBS DGABAEEI 1 —OVIZ&DdALFLvZa—AVD

Hl##1 Neuro2013. R#F. EMREEMEREE 201346 H20H-23H

EEMERE. BEIE. EFLGOF. ILGEW, FEHZE. BER. #HF

Klt0O = USHTIAZRBKRICK A LF S 0= 2 —0 U OHNH S

FERGEETBEHFICEODTEEZTHS] Neuro2013, RH. EIR

#ER<EE 201346 H208-23H

RANESE. RESR, #HK, =538 (FLX 2 08EE 2200

ELORBENLCEBERELZRIELAZTLXO—2MHIT 5]

Neuro2013. R#R, ER#MEFRZEE 201356H208-23H

B K [EE - REOHIEEELA LT O 0@mE ) F13EBARHRM

WEFRHBE

DURDIOL R=I 9 OHALITUR4 TBIRETUOFIADUYT ] N

27 4 O%/E20135F6 A28 H-30H

BH K TGABAEIM—1—0O EALFI U= a—0 DOHEEMNE

i

EBEEAREREFREHEMER VROV L9 GABA EBIE=

Aa—AvIZED

BERR - BEEIRET MHEFX vy XILAKRTIL FE 201346H270-28H

BHE R FREBEXTF FOBEEELEBEN AT FElL 586

BARRDBERBE & 2013F4A25H-27H

Takeshi Sakurai Connectomics of neuronal populations that regulate
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=REE, R|NIERE. X . ## K MER—XA—h—-1F
RXERBERY FT—VICE T HAVPEA =1 —O > OEE| ] F90E
BAREEFZFRARE 2T7—FR—/LfE FR 2013%3F27H-29H
B#SE, aFLOF. ZKER, BHER. #HF K RRAEF0E
GEEBZHGRHE/ O ULERZEMNS 5] FOEBAAREEER
& FTJ—h—)LinE RER 2013F3A27H-29H
THFLOF. BEIE. REXFH., ME 2. BHER. 8% Kt
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REAR/NIIESR, REE. 547> -0X, #H# H. =HKEE [F)L
ALTO—IVRICEVWT, ALFPo=a—AVIF2 DDOEKL IR
EFNLTRESHIEENDZ TLX L —Z2IHT 5] FORAREEER
R F7—/HR—)LiE R 20135F3A27H-29H
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—/R—ILfnlE BRI 201343A27H-29H

Takeshi Sakurai “Neural Circuit of Orexin Neurons” The 7" Asian Sleep
Society Congres, Symposium “Neuroendocrines on Sleep”, Taipei, Taiwan,
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Physiological Society Annual Meeting, SPS2012 Helsinki, Finland, August
24-26, 2012

Soya S, Miyakawa T, Hondo S, Mieda M, Sakurai T T Orexin receptor 1 in
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BHF BRIALIDUESE-1—OY LEESRESIHS X T L) BAE
RFREBIVAREHNEMES HEHE N\ T« E 201246H30
H

=REE. #F K BRIHIXLBIVEBORKEMEEEFIE~AD
BIGFHERTOBMalIERNUATHS FIEBAAREEZRKRE
DURVDLT 2012538298 ~31H RHENANERE. AT
BREE. EMNXERARF YR

Takeshi Sakurai "Neural circuit of orexin neurons” International Symposium
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EA fLARER. R FF. ILEEMF. BEEA. B HE. BH FAL.
HR ER. ## K OQRFP OERITEICHITHKE| ZE8IEIAKRLEE
FRRE YURIDILT 201243829H~31H RFEENRAXIER
B, MATHRESAREE. EMNKEREREFY /R
Bk YE. $F GoF. =& BiF, BN Za. #F K REEH
DECEBZENGEFEEIE/ D ULERZEMNSES $£34EBXK
HEMZEARE NPT 0E FOEBAREEFSKRKE PURD
VL7 201243A29H~31H REENMANERE. RMATREHREF
BB, EMRERERLT v /R
RAJIEE, NRERL. #HK. =ZKERE RERXEEE-ALEXPV
ZTa—OVOMEFES TR-I 1 —OVORER FoEBAALESZS
& VURDHLT 2012F3A29H~31H EREHENRAELESE.
ATRERFTE. BMRERERLT v /R
% LOoF. B RE. Wk FiA, /U MEE, BH#F K LT
VHEHBRRIETORICEITARERK/ LT FLT ) R ESHELE F
BEBAAEEERRR P URIILT 201263A29H~310 E%
BMAXERE. MATREHRFE., BMRERERLT v /X
EREE. BRI, XEXF. =8 E, 24 K FHZEOALEFD
1 LETE—ERMHREOHRICEELFRENER-T 201243A29
H~31H REELRANILRE. RATHRESAKREE. EMRKERAKRLT ¥
ISR
Takeshi Sakurai "Discovery and history of orexin" plenary Symposium at
WorldSleep2011, Kyoto, 16-20th Oct. 2011.
EA fLARER. R FF. BHF FB, ED HE. SR ER. #H# K
QRFP DEEBTEHICHITHKE E 3 4EBEAHERERSE 201145
9 A14B~17H /NI T4 3R HE. #FI
=HREE. #F K BRIEHIXLBIVEBORKEMEEEFIE~AD
BIGIEHZERTOBMALRERN/RLETHS F 3 4EAXRBERFERE
20115 9 A14B~178 /Y74 atEE HE, #F)
EANEX, Z&EE, NMEER, UREREL. B#HK ALFPr 1 %
BIR. 2 SBEQEHEIE/ VLA, LLERICH LEGSHRZRIF
¥ HEIARAAHBHERE 2011F9 A14H~17H /NP T4 3
WE R, Bl
Bk YR, oF GoF. =& EBiF, BN 2\, #HF K FLE
iR ERERAE GABA #EOHBIME SUHEEMER $£340
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AEXF, OAEE. ILBENTF., BIHE. &F K JYUP Ik
BFALF oM —0 0lH FSEIBALEEFEEARE £
1160 B AREIZESHE - EERNES 1#®IE201143828H-30H
ERRD, SiREE. =ZHEE, 4 K EESEFHGCALFO
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RANEE., =8REE, KEER, NRER., &% K ALFP 1
ZHK, 2ZBEROEEIEEIE, VLA, LLERIZHLEZDIDREZR
9 F16EIAAEEHIZERE - 2EZPMESR #E201143A28H
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