174 HAEYFZHREHESZSE 3245 45 (2021) /Japanese Journal of Biological Psychiatry Vol.32, No.4, 2021

LYYIZADOKEIZEDS

4. BIAUXLD7O/ 24T ERPEEZICHLLPDHD

AMLALYYIIR

TR, NE B

P8R BEH Y X203, TERAEMBERED AL 6, SARIEN, X5 MIREIZ 5T 5 L0
DNBEIEANEMBIRTH D, ZHRLEERBIPH) TLORFELEE L THWAZ RSN TED,
BEH ) 22 %9 U 2z R 4 B4 2 Z 0%, GRS ORBBIZK VI TE 528520605,
ﬁi,7U/ﬁ4f<8%%ﬁﬁ>kvoraa®ﬁﬂw LOREARB X TR, Whls 47
TIEIOHRY ZA2DIE T EDZ ML 2P 2RSSR RE SN T D, 2070, FEEED
WA T T —F 0 bR ED S TIREE ML &5 T 3RAICTEHIEZ > T D, KT,
BEHY Z A2 INZKAREER 2 L 2SR B OO THST 5 & & 812, $E 6 OREIRM

%ﬁ%ﬁ?%ﬂ%ﬁ?ﬁivﬁx CEBEEAFL ALY Y T ZIZOWTHEAT L0,
BAEYZNREHEZSEE 32 (4) 1 174-178, 2021

Key words : chronotype, circadian rhythm, mood disorders, stress, resilience, lithium

EU®IC

ok OWMRPERESE, o DWMEREZ E) 131t
SHMMICEREELS RITTHERTH S, ZThET
IRRE X 7 = 2 4 DR BRAESE & 135 7 2 Bl
HOBFIZIANT TE K DR ITDbI TS, &
REUTAMZL AL L, RTEEREILE 2 B e
MTHhb, M5 ORELEDRME, 1 HOHRTE
452 ENMENTED, JNERPELS kS
FEWAUL, YHTAICHEESTLIL WA, Th
EADIEEY) ZLBKEL EES>TNWENETH
. LrLahs, [oEEOZD LS Hi#EITE
HLZEMRIZZADO—HTHY, ZEETICHENTL
T X727 LARHE X 51 = X L D43 15 R R0 vkt
BIBEDE NG E G X I L TWE—KEEEZ
5hb,

1 HEMOZHOZ L #HY) 400, 20

) XL HER FEOIFE LA EDEIHBAET S ERN A
RIRHERTH 5, BEH Y X 20%, BEIR - BE fiE,
RIS, HRILE Vo E OFEARN 25 A PRVE B o 34
#LTHED, BREMNERRLHZMAETR) XLL0X
LASEHY) ZAIZEARE T B Z 8 L2
IE) I2kD, ZheOAMEENS X £ X F A AH
EHIERITZEDHENTNWS, ZOWHY X4
X, ZORMRe 24 IV ICliAELH D, ZTOH
JEHRIAEORE A 20 2 24 TS, —i%IICI
g Rl b h b v a ) 24 FIThfEEh, 7
OREDENCK D, EEOEDRTINELSZ
EBHOENITEDDDH B, KOrFEE, FRONRM:
FEBEICHE T AMH ) X208z D0 TEHE
NEMMINTE TS, EFEOMTELD, w4
TOr TS EEICESME 2 & DR E £
ENTW5,

ARTIE, BHY) X200 0 44 TOEN%EY]

The association between chronotypes and stress resilience ; the underlying potential mechanisms between these two phenomena

1) KBRRZERFFOEE/NIEEZ AR & O 2 2 A0 00 THBREMNIZ 1« 2 — (T 565-0871  KBRIFWKH T LIH . 2-2)
Atsuko Hayata-Takano : Molecular Research Center for Children’s Mental Development, United Graduate School of Child
Development, Osaka University, Kanazawa University, Hamamatsu University School of Medicine, Chiba University and University of
Fukui. 2-2 Yamadaoka, Suita, Osaka 565-0871, Japan
2) KBKRZERZFZREHE BR8P %2 (T 565-0871 K BRF WK H i 111 HH Fr. 1-6) Atsuko Hayata-Takano : Laboratory of
Molecular Neuropharmacology, Graduate School of Pharmaceutical Sciences, Osaka University. 1-6 Yamadaoka, Suita, Osaka 565
0871, Japan

3) MRS RZEBE R AT ARE Y (T 650-0017 S L wh = 1l i JL X A W] 7-5-1) Toru Takumi : Department of Physiology
and Cell Biology, Kobe University School of Medicine, Kobe University. 7-5-1 Kusunoki-cho, Chuo-ku, Kobe 650-0017, Japan

[*f[ %7 E-mail : a-hayata@phs.osaka-u.ac.jp]



AASMFRBEEZ S 324 42 (2021) /Japanese Journal of Biological Psychiatry Vol.32, No.4, 2021 175

DN, K[oPEEEORME, v 22T NMIZBTS
ANV RARELEDOP»PDD R EEHITL TN,

1. 70/ 84T ERPEE -
AL RXEDRE

ra ) x4 7R, KREMPIZWAITEHL 5T IS
BT % SRR EEAME (W s 4 ) &
P IZ UGBy 23 & 2 AL B R A (R4 4 ),
PRERNC A E NS, SR AVE RIS S 2 v~V
a2 A4 BB (HARERIE, MOZATBEA
RO - PREEIIZE X v & — OWEIR - B EEpEE
fFZEEBIc K DER X T B) & & TANR - HEE
MR WEEROWEH S 2 — Vv A EARIET S I LIk

DMTES Y, FOIEME, AV —F v
FERIZIEZ s 24 TR TE S 4 b AEEAT
ELTWADT, 8RO D 5 HEF = v 27 %2 B#D
T5, 20/ 44713 50% B EIZMICHE SR
EEbNTODEH, s L 512> i
MUC 2 % 78 E, FlmetEnl, B REREIC X
DENTZEDTH B Y, LRI % 4 7 TLg
T5&, BEHY Z AR ZNICfES 2T P =V,
INF U, RRENE 2 ~ 3RS R LD,
T2 A4 T TIZNE DB ROZ L2 E 2
KoTnhg >,

WA, sa ) 84 TTHET A2 LIk, BEH
)X LICBET BERO ) Z 7 Bl 2 & 2V E i X
, fﬂ54fkﬁWW?X5fU/ﬁnym—
LDFRNE & ORISR, 4 4 TOLMIZB T 5L

Auzamﬁﬁaa@ﬁiéhfwﬁl”ﬂﬂ
MMPEREEE S £ 72, BEH Y X 2 ORI HRIE O Rk
RHEREE RO 6T NI RS, FEEhE
BTOZERZEWHY) XL EHSBEHL TV EE
ABNTITNBER, ZFOXH =X LIEKRARIICIE
EoTngn 2% gMRERED s 0 /) 4
A THEEIZONTINL D2 DOHMERH D, FD%
UZBWTHIS DIRRE L R 2 4 7" L DIEDOFBE A
A ENTWB Y, McCarthy” 513, FRIRRET S
5 ORETE ZOHEIEE N E WL MEEHA 2 4
TNENZ L ERELTWBE Y, X5lckiliag 7
N R MERE R TIE, AR BE IR AR
B L OEERETE, PRkERREL E DA
HEAEEEOBME S R Eh TIN5 Y,

MPEREFE LA O R ABEFIZ BT, JEe P
IZkB 117084070 24 FEMER ST X — 4 %
UM ORELRE AW DiRfEL DR H O
FRRE T, M4 4 T AR - FHOIEIRTH 5

fEs Ao, I OREDZITHENEEDS
ORELEDIEOHE R 6 h=Y, 550D
1,944 12 X B WGEETIE, K OWRALEFEE &
Db MIUIEME A THENZEEHEMIZLEY,
7, W2 A TS OHREHETIE, W4T X
D LRI AL O E L B L T 5 Al EE
PEgRmE N, Selvi 57 1%, ¥4 4 T Th B
Z DK DINDFIE & Bk T 2 BRI Th 5 &
LT3 7, FHIC8E L 2msEst & o igsy ) <
LEFGHHILZZA ) 2I2BT59 TAMUEE DK
BT A — MR T, BEH Y X 2 OREO WA 7
EWH) X LDKEEZEFERTE ME, 5O
MAVERFEO) 20 NEL A5 22 MELTE
DM X, WT0TTAICK BT LB R
(genome-wide association study: GWAS f#ff) <Tix
B2 4 TOr M, S DA S O A
RNZ LB RITh o727,
SOPPREFOFERECIE, SHYER & U TOBIR A
AM&vazﬁ%5L1w57&é%6@f%
o ALY, BREIR AN S A L 2D
0%%?7&@&@&&[@ M bEGERIL,
D OWi e & OREEED Y 22T L7805 %, th
S A L 2L LT, ERAENPRBEH 5 LD
2RI L D5 &R Z < B SEZEIZ T A
%f%h% FRIZ10 ~ 20 RDOEHIZB T 542
PTG EMETH 5, AF v 2I2EIT5
1,068 %@@?i@%&i{ﬁ IBITAHANL R
(perceived academic stress : PAS) v v/ 244 7
DBk & FNN-FETIE, w4 4 7T PAS HE
DA, BHEIZ) DWW E OB EL 25 2 &
M6 22k 572 %, Punder 5 * 1%, V¥ 23.8 KD
HHEICE VT $ﬂ A 78 AU [ K (morning-
eveningness quastionnaire : MEQ) HE (88 »
A7) LALFIUNREEY—H—Th 5 C-
reactive protein (CRP) DIRENEL L5 Z &2
WAL, BHY 2L A L ZAFLEYTH D
INFVNDORBEFIHL CBD, TLFVILEHE
FHBZTFO T v — 4 —fHIRICKES T 5 2 & T#H
DX LEHIBELS B Y, fﬂa4f®tbiﬁbﬁ
IRER] & A 2 A IRERA] & DAfeREA K 2 728012, HEIRIKE
3@m¢@7”33”%:4baa®+»{/@ﬂ
NEENS, ZbLZABMMLKA S EHEIZEZ DT
WOTIEEWrEELZLNRS,



176 HAEYFZHREHESZSE 3245 45 (2021) /Japanese Journal of Biological Psychiatry Vol.32, No.4, 2021

2. SAREEYFILEBEOEMEE
g0/ 847

EHL PO DRBREHETDH BIRBY F 7 213, 1T
) X LB OMERR 5 DMITEIOSGEN RS b h
2206, [REEHMHY) ZLE22%8< Y b
ZhbEEIENBE Y, 72, VFYLREKOM
FHBEER 1A V) VER{LT B Z & A6 B glycogen
synthase kinase3p (GSK3p) DOFHEIHTE b 5,

IREE ) F 7 LRI, TERIRIKPTME & 78 AU M
fd s G —ERATAE L, U F 7 L DOIEHERRh R
MEED, RS L, HARARSE ZHW#EHS
BWTGSK3g DT a x4 7 -50T/CHRTiZ, T
TUILEEODEBFHIX) F 9 LERIENTH D LR
HLTWB", LrLahs, CTLLEEDIED
PIRIBIZAEMTH S L0 H WG TTHD, AHM
RHEBEFLECLDEN DB LB I TS,
7z, KB F 7 LIREE AT o 72 WO R R
193415 L, VFILLAERYE—L ) VLR
Ry BT ra ) 34 THEFRREEZ A, )
FILLV ARV Z =3 E L THRENZ L5
M o7, £, ThoDOBED S EHEEML %
FRELL, BEH R ZFNAERICBWTE, VFY
LV ZR Y HE=FREE»ELS, SV VAR A —1F
Bw?, X512, RIE) F 7 LR EIT 5 72 WM
PR B T, BRI 2 4 IHRBIT B T L g X
h7=? Zokdizra ) 824 7OENAEDKIG
PEIZ B B alREE AR M TE T 5,

3. HBAATERIHEEGTFERYIRL
A ML REE

EEHEOIX, ERNT v A RHHE Loy IR
BHEPEMEHY) X420 11, B2 L 2%
B L 729 DIWET LB ) F 2 & RILH: % bt
THIET, IOWELEDRIEENDGTIT T
O—F%5iTo7, ETHIDIZ, IDOETET LI T
H B2 EMMES)S o | (leaned helplessness 7 » b :
LH 7 v b) ZfE8L, ZOWEY) X L0, )
F LGS KDUEENRE MG L7, £ ORER,
LH 7 v MIWEEEM A%< 2D, VFoaickD
I DREOUEEIRO SN, TDTLE, PO
Il 2 4 TDOY F L0 ARV Z—IZHPIL 726558
ThbHEEIOND, /2, TOLH T v b2 5ER
HUU 7=l 22 X 4% (surprachiasmatic : SCN)
T V1t GSK3p O HNZE B OIHS B 5 1
7% 572, GSK3p KHH~ 7 2 H K O i S Wil ia %

WY FILIZK B ) X 4 DR OZAL % i
L7z&Z A, GSK3p R{E~ = Z kDM TITY
Fo LK BRMOIER IR b h 57, Th
13 GSK3B #4T LTV F 7 &M EIOLER I H»
Do TOBHENAZRTEDTH D, LA LENS,
GSK3p DFHFHIEIZ K 2 FA MG TI1d, PHEE
OFEGIZED ) X LA EL 55 Z M5 ch
TW5?, ZOZLIZGSK3P 7T TidaL, 1o
V) F 7 LB FOFAER D D, R OLE
RIEEL QO3RN E L 5N 5,

WIZ GSK3B 12 ) Vg{b & B Bl s 1 & R
L, VF YLK 5RO ENERETT 5 Z
EIZKDEE L2 VBEENLICDWT, REEHE(A
FORERYT ZFR LTz, ZORER YT ZAD
WEIY X203, ARy 2 k0 @A E SR A
AL, BEFEEEE ORI — 2 R L Tun
BERIA 4 TTH o7z, T ZTEMEZ ML 2 &L
L7224, WAy 2124020 BdEX P L 2 %
Bfif L7223 A12 A 6 h 3 AXEEE Rt S TE) o
KT, rPULifERR i & FERE & U 22 RT3
X, HARCY 2BV TR LN E» 5T, £
FEMEINCBT AERY a v 2IIRLTE, HE
W 203, M7 E TORRMAERFL THD,
ANV RIZLY Y TV A EEOAREEINRE N,
PLEO#ERIZ, Kvw 2k b ORI 4 7 LK
FTAHMH) XL X L ALY Y I VY ZERL, B
HY X4 & 5Dk EDXIFEEN GSK3p 2k b
U VLA AR AR T, Sk, KTREEIC
BUAMHY) 2 4KBA S &2, [aREOSS
5550 TIRRERR 2 X LT &E 20,

ARG SR U CHIR T R E MRS ISR L &
WV, F 7, KERSOZECE L 72FEE 5 OWfgRICBI L T
TR ELE % 17> T\ 5,

X ®

1) Almoosawi S, Vingeliene S, Gachon F, et al (2019)
Chronotype : implications for epidemiologic studies
on chrono—nutrition and cardiometabolic health. Adv
Nutr, 10 (1) : 30-42.

2) Antypa N, Vogelzangs N, Meesters Y, et al (2016)
Chronotype associations with depression and anxiety
disorders in a large cohort study. Depress Anxiety,
33 (1) : 75-83.

3) Bailey SL and Heitkemper MM (2001) Circadian
rhythmicity of cortisol and body temperature :
morningness-eveningness effects. Chronobiol Int,
18 (2) : 249-261.



4)

AASMFRBEEZ S 324 42 (2021) /Japanese Journal of Biological Psychiatry Vol.32, No.4, 2021 177

Coleman MY and Cain SW (2019) Eveningness is
associated with greater subjective cognitive impair-
ment in individuals with self-reported symptoms of
unipolar depression. J Affect Disord, 256 : 404-415.
Hirota T, Lewis WG, Liu AC, et al (2008) A chemical
biology approach reveals period shortening of the
mammalian circadian clock by specific inhibition of
GSK-3beta. Proc Natl Acad Sci U S A, 105 (52) :
20746-20751.

Horne JA and Ostberg O (1976) A self-assessment
questionnaire to determine morningness-evening-
ness in human circadian rhythms. Int J Chronobiol, 4
(2) = 97-110.

Iwahashi K, Nishizawa D, Narita S, et al (2014)
Haplotype analysis of GSK-3B gene polymorphisms
in bipolar disorder lithium responders and nonre-
sponders. Clin Neuropharmacol, 37 (4) : 108-110.

8) Jones SE, Lane JM, Wood AR, et al (2019) Genome

9)

10)

11)

12)

13)

14)

15)

-wide association analyses of chronotype in 697, 828
individuals provides insights into circadian rhythms.
Nat Commun, 10 (1) : 343.

Kanagarajan K, Gou K, Antinora C, et al (2018)
Morningness-Eveningness questionnaire in bipolar
disorder. Psychiatry Res, 262 : 102-107.
Karatsoreos IN (2014) Links between circadian
rhythms and psychiatric disease. Front Behav Neu-
rosci, 8 : 162.

AEMEE, EHET, ZBHK (2012) 20 /4
A T K BHEIRFEEE S & — >, Ko s i O FE L
WEFE A%, 18 (2) © 68-75.

Kitamura S, Hida A, Watanabe M, et al (2010) Eve-
ning preference is related to the incidence of depres-
sive states independent of sleep-wake conditions.
Chronobiol Int, 27 : 1797-1812.

Lack L, Bailey M, Lovato N, et al (2009) Chrono-
type differencesin circadian rhythms of temperature,
melatonin, and sleepiness asmeasured in a modified
constant routine protocol. Nat Sci Sleep, 1 : 1-8.
Lyall LM, Wyse CA, Graham N, et al (2018) Associ-
ation of disrupted circadian rhythmicity with mood
disorders, subjective wellbeing, and cognitive func-
tion : a cross-sectional study of 91, 105 participants
from the UK Biobank. Lancet Psychiatry, 5 (6) : 507
-514.

McCarthy MJ, Wei H, Nievergelt CM, et al (2019)
Chronotype and cellular circadian rhythms predict

the clinical response to lithium maintenance treat-

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

ment in patients with bipolar disorder. Neuropsycho-
pharmacology, 44 (3) : 620-628.

Melo MCA, Abreu RLC, Linhares Neto VB, et al
(2017) Chronotype and circadian rhythm in bipolar
disorder : A systematic review. Sleep Med Rev, 34 :
46-58.

Merikanto I, Lahti T, Puolijoki H, et al (2013) Asso-
ciations of chronotype and sleep with cardiovascular
diseases and type 2 diabetes. Chronobiol Int, 30 (4) :
470-477.

Moreira J and Geoffroy PA (2016) Lithium and bi-
polar disorder : impacts from molecular to be-
havioural circadian rhythms. Chronobiol Int, 33 (4) :
351-373.

Nader N, Chrousos GP and Kino T (2010) Interac-
tions of the circadian CLOCK system and the HPA
axis. Trends Endocrinol Metab, 21 (5) : 277-286.
Oliveira T, Marinho V, Carvalho V, et al (2018) Ge-
netic polymorphisms associated with circadian
rhythm dysregulation provide new perspectives on
bipolar disorder. Bipolar Disord, 20 (6) : 515-522.
Ozburn AR, Purohit K, Parekh PK, et al (2016)
Functional implications of the CLOCK 3111T/C sin-
gle-nucleotide polymorphism. Front Psychiatry, 7 :
67.

de Punder K, Heim C and Entringer S (2019) Asso-
ciation between chronotype and body mass index :
The role of C-reactive protein and the cortisol re-
sponse to stress. Psychoneuroendocrinology, 109 :
104388.

Richmond RC, Anderson EL, Dashti HS, et al (2019)
Investigating causal relations between sleep traits
and risk of breast cancer in women : mendelian ran-
domisation study. BM]J, 365 : 12327.

Roenneberg T, Wirz-Justice A and Merrow M (2003)
Life between clocks : daily temporal patterns of hu-
man chronotypes. ] Biol Rhythms, 18 (1) : 80-90.
Romo-Nava F, Blom TJ, Guerdjikova A, et al (2020)
Evening chronotype, disordered eating behavior, and
poor dietary habits in bipolar disorder. Acta Psychi-
atr Scand, 142 (1) : 58-65.

Romo-Nava F, Tafoya SA, Gutiérrez-Soriano J, et al
(2016) The association between chronotype and
perceived academic stress to depression in medical
students. Chronobiol Int, 33 (10) : 1359-1368.

Selvi Y, Aydin A, Boysan M, et al (2010) Associa-
tions between chronotype, sleep quality, suicidality,



178 HAEYFZHREHESZSE 3245 45 (2021) /Japanese Journal of Biological Psychiatry Vol.32, No.4, 2021

and depressive symptoms in patients with major de- ature. Int J Endocrinol, 2016 : 2746909.

pression and healthy controls. Chronobiol Int, 27 : 29) Yu JH, Yun CH, Ahn JH, et al (2015) Evening chro-

1813-1828. notype is associated with metabolic disorders and
28) Valenzuela FJ, Vera J, Venegas C, et al (2016) Evi- body composition in middle-aged adults. J Clin En-

dences of polymorphism associated with circadian docrinol Metab, 100 (4) : 1494-1502.

system and risk of pathologies : a review of the liter-

l ABSTRACT

The association between chronotypes and stress resilience ;

the underlying potential mechanisms between these two phenomena
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Circadian rhythms are the fundamental phenomena in almost all of the living organisms. In mammals, these rhythms are
associated with not only physiological systems and behaviors, but also mental health. Several disorders such as cancer,
metabolic syndrome and sleep disorders are known to be triggered by circadian dysfunctions. Understanding the circadian
responses and functions of these disorders probably contribute to development for therapeutic strategy. Recently, several
works have indicated the relationship between chronotypes and mood disorders that morning person of chronotype is
tended to stress resilience. Therefore, recent attempt to analyse the chronobiological aspects of mood disorders and stress
responses is getting more attention.

In this review, we introduce the recent advances between mammalian circadian rhythms and mood disorders such as
stress, depression and bipolar disorders including our data that the mice with a clock ASPS variant are resilient to chronic

stress.
(Japanese Journal of Biological Psychiatry 32 (4) : 174-178, 2021)




