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1. ZB{EICHESHERDZEL

K4 B AR D ZALBIEIC BT, IEIR - ) X
AFF LSBT 5. B b & MRS (B, NREM
e, REM EIRD T ¥y — FERLHE OIS %
LIZE WAHHBI RS B Z L, fEH #1285 meta-
analysis DFERPHRENTWS [6]. BARKIZIX, &
MZBWT, IR RRIEIREE R, BRIEIER [slow-
wave sleep (SWS), 0.75-45 Hz D5V ¥ ik = 45 & 5
5] oW TNRLBRA L, PR ERE RIS 5 =
ENRE SN TS [69]. —H . AIRE TIZH 05 R
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t%zoNn5 [12] (1) DMH25iE, LHOF L
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VLPO #i #% # . (sleep-active neurons) -~ fifi % #¢ &+
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Z2200% 77 NV—"THDH Y, POA K43 REM I
MRIRF ARG B MK T Ly IEREO A #E#1% (raphe
pallidus nucleus; RPa) ~#&4)3 % # 13 REM IR K 12
ARG RTINS 5 2 LA s vz [14]. E 512,
DMH 7% 5 3O F B (locus coeruleus; LC) ~®
BRHLBDOOLND Z L s, IEIRER MR (IR R
ANOIBEME) CHEGLTw 0TI LEZLR
%o 413, DMH ¥4 12 Prdm-containing factor 13
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[15]c BifEFE % 13, Prdml3 ZEB AR O B R o
f#IA 5 DMH @ Prdml3 % & te ¥ 7 F WAz &R 2SI
IROEZEDLHITHIEHT200ZHONILEH &L
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WEZERRIZES L LTnh,
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DMH &, #HIR T & = 4% @ corticotropin-releasing
hormone (CRH) A MM~ OHG 2B TR b
LAKRNVEY THDIANVFIATR Y HUE, TLT,
POA % 5 O % 2 AR T 2 A L TR
i3 % [3,16,17] (M2)o DMHO Z V% I Vg
PEBh AR (Glu fEBI M) 13, POA 205 ® GABA
VEBY MR DO FT ARG 3 5 LI L S . s K
AL T % 4H 5 W I AE BRE AR A% FEI8 (rostral medullary
raphe region; rMR) O % 4 L TREMFRE S 7
WAERETR L, BIORHRRIC B 2 80EE RIS 5
[3,17]c T OMFEIEIFETIE, BREGRE L HRIROMK T 720
Th L DA ML AIZE - TH DMH MMl A5
b BRI CEEADES 5 [17, 18], —H.
DMH A% S 7z~ A Tld. RO BEH R SR
(X 05CHET [13]) s b s, HIKIGE), avF2
A 70 YhUsy % U CHREIROBEHRIEASHE S 15 [12,
191, SIS D#EED 5 DMH IIZARIR, P55, 178,
MEHR 7 & % 9 2 BBEE O M FE L. Sh
5 HBEFERLHBUIIE U THAMOMN e EZ$52 LT
AW R E R A SR A 2 LAVRIBEE NS,

ERIZ, B2 L OWZE 7 )V — T A5, optogenetics (B
X 0¥ chemogenetics) % M\ 7-F:12 X - T DMH O4F
B A 2 S 5 & REMRIRAE LT A 2 &
ERELTWAS [20]c Zodi2iE, Glu fEEhY: sk

REMEEER
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DMH: dorsomedial hypothalamus, LC: locus coeruleus, LH: lateral hypothalamic area,
POA: preoptic area, RPa: raphe pallidus nucleus, SCN: suprachiasmatic nucleus, TMN:
tuberomammillary nucleus, VLPO: ventrolateral preoptic nucleus, GAL: galanin, His: histamine,
MCH: melanin-concentrating hormone, OX: orexin

FllE. FANESR.
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DMH: dorsomedial hypothalamus, POA: preoptic area, PVN: paraventricular nucleus, rMR:
rostral medullary raphe region, BAT: brown adipose tissue, Brs3: bombesin-like receptor 3,
GABA: gamma-aminobutyric acid, Glu: glutamate

L. ANZEBR.

fd. GABA TEShMEARMIIL, =) > Eghihh e %
rMR PR E E b [20]. F 729k, DMH
@ bombesin-like receptor 3 (Brs3) Bz ™ T vesicular
glutamate transporter 2 (Vglut2) % %6313 % kAl
(Brs3'Glu #li#& A ) 45, POA-DMH-rMR O filif& % v
M7 =2 &4 LKA I L T b 2 Lo sz
[21]. DMH oI AR B 1238 & L 2 AR
iR ZALOFIMIC G- L TWB0h, 2. Thidli—
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4. ERHEICSHITDEERREDZE

PRI RO O RIGHA~GHT 5 2 &k, AR
T5ECEETHS, b FTlREEZNIERE LTS L,
AMRFFHE 2 72 5 [22]0 WEgEfe. Al X Ol
JETIE R 2 5 Uy SREBAR & O Eu e 2 1R
95 [23]c ZOBEBAREOBTIE. BRI & 2% &
FBIRET AR oMmfEs EAsE52EThH
72H&3Nb, T2, MAAT F=vEBEMTsE. A
IRAT OB AME T 9% [24, 25], EBFIC, KT
BRI ML REAIEM T 5 & MERATHE S L, FIREC
AT M UDGUWEIND, —T7 BEROMEFRFIZIZZ O X
I e KRN ORIR GBI TIE R < [23], BREBAR
MBE)EELREH 2RO, EEZOLN TV,

AR & EBAREOMET CRAEEFRO LA &,
POAICX D Fi g5 [25 26]c MA T, RE7ZDD
HAFATE) (A X IVHEEEDL, BPNLTE L. L) &
RIBRMATEO—D2 L EZ 5N TEY, Z OMENLHEf
T8 72 POA K WIS NG [3]. KEH» 5 Dl
AT X 5T POA @ neuronal nitric oxide synthase
(NOS1) Btk Glu B ¥k # #5480 e (NOSL Glu # #¢ #l
) S feEns b, ZNi2Xh POA © GABA 1E
ARSI G L S 0, REMSME T T2 & & B,

NREM ERASFHE X 2 [27], #ilt. VLPODF 5 =
> A AR % optogenetics D FEIC X o THIELY
% E. NREM [EIR%Z 8 L, KiESK T35 2 & 254
a7z (28] —J. VLPO % &% 72 POA 4% o
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WY & EE ORRE IR L2z 2 A, RIS
e HIET L. SmEoRRIIE_RE X ) bAEI
i 222 2 LA s T 5 [34].
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sy & OBIEEAURIE SN T2, BRI
Uncoupling protein 2 (Ucp2) Z @B I/ bT VA
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TAMET 9 %A% AHE#E & ki LT BRASTO ¥ 7 AT
WARRAA BT, WIS, Sirtl /v 7T FRTA
TRARRDAE IR & S 7z [36]. Iz <,
Ei~ v 2O DMH $ 821912 SIRT1 Z 8RS8 5
&L REPEEICEAT S [36]. =B, BRASTO XY
AT, MEHEE DT HmE X ORREFGIAEICE
Ea3ns [6le SNHOREMS, FMrLERET 5720
I HALCERAER 2 M 20 TIE AR, S8R
BREZALIG L CRIBEAZE§ 5 2 L AEETH D 2
AR END . BIER. BRI ARIIBITT 2720
(B AR IR X, DMH ORI X b HE
ENTWE00, T2 ORI - Harotc
BDH DO T OWEMER BGEET 5 2 L ITREFIREE W,
B bR UF o B T PR Y 2 B R BR A 3 S (8
FEEM. A 22 VPR, RER) 25 &k
CF T AR ST B [37]0 BUAEE (20 ~ 314,
BMI=19 ~ 24 kg/m?) 2B T, MR AR EE R 1213 528
52 S NI IER Z BN T2 L. £ v 2 V&
WAL ART T 5 2 & TEfEAEAL L, BERIFED
FEREY A7 D EFHT B [38]0 F 7o, MEMERY 7 IR R R
<7 ADS, I ERIEHLEL < o F @ RR I AT ERAIE 0 45
b - BEGEAESE & . A READ S ORI REHII 2 HLY At 2
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HIRITRTERMINE & LT ENZZTHEEL TV B DHh, 12D
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W5 [42], fEo Ty BEMRRESEIC X 2 BRIMIN / Ak~
OEE, BEROERICE D ZOUSEIRE L RE S
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Pix, W4 o Single-Cell RNA sequencing f#HF 12 &
HOEPZEN2D0H D [44-48]c L LRSS, Fikt
Mg o B BFRERE O SAZ T 2 TIcid, T8
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The role of hypothalamic circuits in age-associated alterations of sleep and

thermoregulation
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Abstract

In mammals, aging significantly impacts on physiological homeostatic functions such
as sleep/wake regulation and thermoregulation. For instance, sleep is more fragmented
and sleep quality significantly declines with advanced age. Such age-associated alterations
of homeostatic ability are not only a consequence of aging, but might also be a cause of
aging itself. Recent studies have demonstrated that the DMH (dorsomedial hypothalamus)
plays important roles in mammalian aging as well as in the regulation of sleep and body
temperature. Thus, elucidating mechanisms by which neurons in the DMH control sleep

and body temperature will help us to uncover novel integrative mechanisms underlying

aging and longevity in mammals.

Keywords : Hypothalamus, dorsomedial hypothalamus, body temperature, sleep latency,

sleep homeostasis
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