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BFHEEMWIIBE R U XA EaE o 2 SO H CIREAS AT L0305, A 14 Box
R IR D preoptic neuroepitherium 7> 5 D4 HUHIEESEE > 51572 neurosphere 15 THEFE
SH7-,  2[AIH D passage 412, M A 6 BREFRIFEO 9:00, 15:00, 21:00, 35 X 3:00
FTY T LTz, 9:00 TO Gl stage DAADOEIE X 21:00 DFEIN LV Do Tz, Per2
& p27 mRNAs [ ZEREDY— I 5 4 72U b %k LIz, BN pallietal neuroepitherium
MNHELNTMIENSET-T—2 LI 2RI U7, BRIE. MlaE SR U XA %
WKHEEL T b DEEX NS,

WFFERAR OB (330 -

Two self-oscillating systems are running in vertebrate organ that are circadian rhythm
and cell cycle. Proliferating neurosphere was prepared from the dispersed cell culture
of preoptic neuroepitherium in E14 rat fetus brain. After the second passage, the cells
were collected 6 hr intervals at 9:00, 15:00, 21:00 and 03:00. Proportion of Glcells
at 9:00 was smaller than that at 21:00. Per2 and p27 mRNAs showed similar circadian
rhythms, which peaked at 21:00. From the results, cell cycle is tightly controlled by
the component of circadian rhythm.
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1. WFZERRMAL IO 5 L. FEB. MaEmo 62 /M Oz o9
(1) BER Y XA LB oREIZB LT X Y5 CyclinB. cde2 @ mRNA OF BRG] &
O ~ 7 AOFENMIETIZ, FFigO R H R &S 1D Per2 OB —7 LN —FH LT\
FMKAEPE ISR K D v — 7 NHBLT 5 F 7o F72 62>M ® check point BEHTH
DG I TWD (IR %, 2003), Z0D%HE % Weel U AL (CT8IZ peak) bEEN
1. AR HA IR 2R L TV B R E R TW5, @ Bjarnason et al. (2001) %1




FRBEBHZR Y X201 BIZYTEH T
Subjective day (FHEHE) 0EAFIZ S H
EG2HID, ZOBFT MBI, 2L TG1
1% Subjective night( F Bl 1K) &
Subjective day ORI¥F TIZ/AHY T HFE 4 b
kD O EREREE D HE A L T 72484k D hPer,
hCryl, Bmall mRNA F&ELD v — 2 HIBLREZ
BHEL TS, @ Lee /' /L—7 D Fu %1%
Per2 7H3HERJE 1 2 BNl 3 5 2h 503 & v Bl
BEH Z R4 F 2 L7z (2002-2007), 2
NODOFEL, H7-0H . Per2 7 Bmall:Clock
D~Ta XA < — k& W3 5 A &
IR 5, LB, OOOiFHuEE &R U
A ATHEF B AR T EM R N L CTERBC
B L CW A AR L TN D,

(2) 3T L DOEET

Cell cyclefflfHlD B NIFEA 251 &k 2
L. IR U XLOREIIFEAT DY AT N
WL, PUVBRFICBOWTHFEB O U X
LAPERTHERREIN TS L
(Stevens, 2005), RO 2 BKAHE)
BOLNETHT v OFAEFENEHLS d &
HEEEINTWD Davisetal., 2001), =
OFF, LV HEIT, cell cycle &
circadian rhythm NF = v 7 RA > h &4
LTCHy TNV L TWAEHEEZRLTND,

2. WFFEDOHW

EPINREORE 2 RS, R (2 4 5
M) UV XLZBRL WD, HILE cIdE
7= HDEFEF XA X 8% (Suprachiasmatic
nucleus, SCN) (2 5B, FixE 2 TINEHCE
SIGENIIAM OGNS L v (BImEE ) o
WA, IEEEI O FNTEEI L V) &,
UXABBUIME TRy R BERNBEICHAE
AT FE B4 2 Al e MEA L ~L ol 2 D
W THE I N TWD (Isobe et al., 1997;
2005), MFEFEMERR L CWVWB=a2—u il
HU XABHRD A B = X L EMHIAT HI120%,
Z ORIFEANL T & 5 rikapiiid (Neural stem
cell, NSC) & X aiERHIAY (Neuroprogenitor
Cell) DV XLZEMATHMLENH D, —
7. HAE BNV T Weel Ein 125" Rk
IZ E-box Z# & Hfh ©WE & s F & FEE
Bmall/Clock ®O~T u & A <~—TiHEMHLI
Per EH THIHI S35, Weel 1 G2 /M F =
v 7 RA RO Cdk 1 (Fedec2) %V UER{LL
MBI A LD TV D, (Eo T K& T
Per IZ X 0 M#IHEATAFHEI S LTV 5, FERE
AT Perl &M & &M EHHET D Weel,
Cdkl # > /87 & LT H Mk Y X DO
MDA L TWB (Gery et al. 2006),
S BT, HEHHT DB RIS Per2 O
HUZXLANRDOLNTWD, £ZT, BT
A AW ER T, ARIAE AR KD
FRE s I > TV AR WEE RN b b

AREMEIIBRETE 2, Ko T, BAEKD T
> b IRPEER IR (ES i) Bk oD NSC (ffifk g
HEf) TOMER U R 2 &l 5 ] 0o B o
R Z AR L LT,

3. WD L

(1) FhREpHAE (NSC) oFHEL L U X L3

H
O BfFZ7 v b (E14) MHEZRICHAZAX B
£ (SCN) & 72 285y % Bt AL 2 fi i L
77 T ORHIRE (EC) TTIA < U —H LT
Y — % FE 3% DMEM/F12 5538 CThh 7=, 1
H#%IZ7 L — MTAHE L2 Wil
(Neurosphere JEAK) %335 L DMEM,F12,~
N2 TE:#4 5 & 2 H BIZ1X neurosphere 23
%\ colony NI L B~y T ¢ v 7 D%k
REEEA L7, 2 [\EH D passage #%, 60
fifg (03 : 00, 09 : 00, 15:00, 21:00) (Z
T4 v 2 TR 2 BB L (mRNA JE O
Jien & A 2y e DRk 2 Fi#E L7, ORNA
DO 7y 513% TRIzol TRNA ZHAH L.
WHRE A% FFRHER 2R & LT Per 2,
Bmall {2/ % SCN 25 O IR 575
Arg-vasopressin MO mRNA Z#E&E L TVU X A
HE LT, HERRJE o2& WA A D
G2/MF = v 7 KA hDOIEIEL LT Weel,
p21. p27 @ mRNA @ RT-PCR 4T 77,
@ HHRSy I A FACS & FVCHBRE 1 o
stage Z R 7=, EEIZIL, B L7-Mie %
PBS CYEIF#% K5 ML A 70% ELOH [ & L .
HERFE T-20CTHRAF LT, S EHIES
B2 L. Propidium iodide (PI) CH{YtYufa L
FACS ¥V — & — Cfiftt L7z,
@ IO HETHROENZ L D Y XA
RUOZEREZEND HT-DIZ, Atlas of
prenatal rat brain development (J Atman
& S.A. Bayer CRC press) #&#% L LT i
A (E14) D, AERITHEEEROBEIRIC
72 2R (RE AR AN == 5 B,
subparaventricular zone, SVZ) ZErHELL
DX E L,

(2) ELISA

%37 L L TP Rev-erbat Bmall OFE
BIZIXELISA 8 L 7=
Rev—erba 1% (Nuclear Receptor Subfamilyl,
GroupD, member2 . NR1D2) (# E93946Ra,
Uscn Life Science Inc., Seattle, WA, USA ).
Bmall % (Aryl hydrocarbon receptor
nuclear translocator like protein, Antl)
(# E93468Ra, Uscn Life Science Inc., WA,
USA ), Weel iZ cdc2 ® Tryls ® VU U fip{k
EMEEFIH T 5 51T Weel kinase assay
Kit (Cyclex . Cat #CY-1172) Z MV Weel



protein positive control (Cyclex . Cat
HCY-E1172) ZARHEE L CTER LT,

(3) Microarray data
Real time PCR T#3% mRNA & [FERIZ 2 [F]0D
passage D12 03:00, 09:00,15:00 & 21 :
00 (Z47HU L 7= ES flifi 2~ & TRIzol kit
(Invitrogen) TmRNA ZHhHH L7=, HhH L 7=
4 Y7L 0D JIEF Filgen |Z Rat Whole
genome Microarray (Cat. #F-300031-1-4,
CodeLink ™ 33,849 (B5BFEMEL 32, 590) )
DEFERI LT, HOEREIE L7 plate
data |& Microarray data analysis Tool Ver.
32 HEMNWTHNT LY ZAX—ROZEDY Y
—fEMTIZIEL Claster and TreeView (Michael
Eisen, Stanford University) C{T-o7=,

4. WFERE

#H 32, 590 FEDBEAIS T 12D T Microarray
fENT % AT 272, ETOHFT, HHINDHAE
RT-PCR D#E TR ONH o 237 ~DFFR % D
ELISA OFER & & BTN T 5, M.
Microarray OfE RN XS bEITH TH D,
(1) AIRE I OHIE O 2 D ATz 55
Cyclin D binding protein & FHEEN < b
TTIEH S0 cyelin E1 & 23 mirror image
TREIZ stepwise (SHIBEWI # L TV 5
e TE, LA L, Cyclin D
binding protein RO HIZIX H NEHEYD
pattern LT LH—HEHLAWNH DO LD 5
niz,

p21 B> A NE &L p21 @ activator AR &
IEHENEETIBNT, ADOFBEMENF R T,
RT-PCR OFE 5Tl p21 & p27 DR HEEII MO
mRNA B R & FIRECTHH Z &0
Microarray OFERTHIRDO LN HNELH L
FIERER A2 Z — R LT,
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Fig. 1 mhikepiiia, K528 8 1 H ool ia & Him
K ¥ per2 mRNA, Bmall mRNA,
WeelmRNA, p53 mRNA ® HAN U R A,
B-Actin C normalize % 24 IKffH T D& @
% 100% & LTh b7,

c-Myc (FFET AR BV (£ < D eyelin
BB 2 HE 0 S W HERE ] % positive I b
TLTBIERMLNTND, cMyc &0
T nMye. v-Myc #£iZ U-shape (3 X% 21
129, 156 £V 252 EOFELNRD HiD)
ZLHL., FiiiD myc-regulated gene DI
B — b= L T\, c-Myc O
££9 p27 O L RT- PCR DFEHN S &8
Hiv, S HIT Weel {EHED Y XL & & R
B IETWz (Fig. 1 &),
(2) WiitBEE LT OE N OB I%E © Per
AR (Perl, Per2, Per3) & Bmall ®VU XA
AR WA 2 & 2 D3 FRRk sl i 0D 3555 [R] 4]
LTCWAEENREBLOLN, 2, RE+
OTIRIRFFHBRRE D SEp L TV N T & &oR
TE RS Lvgvy, FARIZ, Bmall (Arntl)
L circadian clock ® sub—routine ZAHk L
TU 5 Rev—erba mRNA (BRIEHL) 1358k L7
FEFFDIGAH 6 D ZED & 5 34 [BlL5E
EX R VUL A DA GAY
Real time PCR @ cycle i CHELT 5 &
B-actin mRNA ZJEHEL L 1.0 & L7z & &,
Per2. Bmall, Weel, pb3 OFBEITZFILE I,
1/7.1/230, 1/40, 1/50 F2ET&H VY ¥F|1Z Bmall
IR BN ENL TS KD Th oz,
SCN N THEH U X L DORERIC AR TR 732
Arg-vasopressin (AVP, 10979) &=Lk
T H—D 12T D AVPR2 [ 13L1T 2 Mgt % 7R
L7=NZDOAFIL 180° T LTz, Z D2
L 1X 2 A passage $2IZBEIZ AVP 1 3HERE L C
WAHZEEREBELTWS, BELEDOLE® S X
— @ AVPr1b |33 BL & 70 < AT O %S
54+ L7z, AVP KOV D mRNA OHEENIZA# 5
HECTHBETHDZ E2FHAr bHELTWH
575 (Isobe et al., 2005a: Isobe et al.,
2005b) ZDONLARA  (RFZ]) OPREITIE A
14 BZIZREESND Z EHTHRLTVS, 2
AUEA RO AVP IRENELG: &L IR AR U< 325
bDEEZD, b NTSCNHD AP EED
S EABEZ 2 HIZOHWEITEZ D,
ZHUTHES THWN Y X ADRR SRR F
LD L AT D (Swaab et al, 1990)
REA 2 FFFHEIS 7 CTd % Bmall O mRNA
1£9:00 & 15:00 KeiZm < 2R DM Th o 72
(Fig.1)s L2>L. (R THEEET 2 DITHFIER
BB R THY, ZOBMALL ¥ 370X
VX LR RS 2o 7 (Fig. 2), TOMRIC
£} & Microarry OfE R4S 5 & Arnt 2
(A [E V= RT-PCR TR TE % cDNA & [
—) 1Z[FEHEIZ Bell-shape Z R L722% Arntl
% U-shape Z/ R L7z, 2D Z &M, Bmall IZ
B L CERBZIC K 3T LUV O & %



FHDON, Fivk b Bmall ¥ X7 FEHLUC
Arntl 53500, & 5I21E Bmall # >
X7 BN R BRI [Bae 2005] 23R8 54 %
Z DR X T2,

W, SEICITHR T & RIMECE I k5
LGRS D &2 ORBEII®RED
FKI 25 0L B < BB Z — TR T
kOS5 6 U-shape, KIMEIZH KOS
A Bell-shape & 72 D385 FREDNZ Do T,
Fi2. BT v MR BB REDZ < 1T
QMMEZ TR LT, 2D 2 WEMEDNE— peak &
IR Y RN D00, b LT EHT 5D
DOYEILS % O LB XD,

MHNTEHE LT 2 & T, s
BER Y XA CTE vz ENGEIR S,
FORE, = hL—F—L LT
dexamethasone 72 E#RIMT B L 2E 27~

DE DTS T,
Bmall Rev-erba Wee |
120 120 - T 120
— ] oo H—ﬁ— 100 — ™ 4#
£ 8 a0 /'\ 80 -
8| w 6 [~ \3' R ) “‘"
e g e -
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Fig. 2. Bmall, Rev-erbp O % > /X7 &k X
U Weel O, Bodiiu b iksfiz 100% &
LThHbdT,

(3) ELISA TOfEH & FACS 5 —# ¢ Bmall %
mRNA L~y TIEB 505372 U X A (RT-PCR D
& Micro—array OFEH) ZRm L7en, ¥ v
PRI LYV TSR E ) R AMERGRD Sh/s
Mol L., TORABHLENTH-T=, —
Rwemam09m EfEERL, Z O
Z Weel {MEIIRIEM AR L7 (Fig. 1 &
Flg. 2)o
FACS O#ERIZ 03:00 & 15:00 D523 09 :
00 &£ 21:00 &0 dSHOMEAZLL, D
57 G1HIORIIER D72 < 7o o TN, HllfaJE
245 Weel & p53 1% 9: 00 & 15 : 00
WAL 720 . 31T Bmall |3 = ORI H# I &l
%Rk L7-, Bmall {Z subjective day &
subjective night OBITHIZE L 25D T,
03:00 & 9: 00 1% subjective day IZAHY L —
BANZIZ G L HIOZ WIFRIFICHE D &2 b
23, SHIAY 09 : 00 ICZVDIZRRIT Y . 2 6k
DEREENTODDONHHINIRN,
Microarray OFfESTIL Weel mRNA & Weel
family ®F D Thexl (S. pombe) & 23 \iHH %
R LUT-e ZHUZ RT-PCR T Weel mRNA Dk
B L F 72 ELISA VEHS 7= Weel activity @
EREL -HT D, X7 LV THERL
7ol ZA09: 00 EHEh % < HEHET A M T
HoT-

(4) ABAJE & REET B LR s - RE & DBIfR
AR JE ) & REEHIC BAMR T 2 AR FREA 3-9,
3-15; 3-21 TN E AT b 4
M 21U Bmall (2 FE%H) . cyclin B1.
cyclinB2 T.,—-2® Bmall iX 03:00 A3 09:00
FUEMHEEZRLBHEL DR o7 H 5 —
SO Bmall 1% RT-PCR D#E 5 & [FIEE7 k5 &
VALY
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O Isobe, Y., Hida, H., Nishino, H. (2011)
Circadian rhythm of enolase in

suprachiasmatic nucleus depends on the
mitochondrial function. J. Neurosci.
Res. 89: 936-944. (HFHEdH V)

@ TIsobe, Y., Hida, H., Nishino, H..
(2011) Circadian rhythm of metabolic
oscillation in suprachiasmatic nucleus

depends on the mitochondrial oxidation
state, reflected by cytochrome C
oxidase and LDH. J. Neurosci. Res. 89:
929-935. (HHH V)

® TIsobe, Y., Fukamachi, K., Hida, H.,
Tsuda, H., Nishino, H. (2008)
Diethylnitrosamine—induced hepatic
lesions are greater in rats maintained
under a light-dark cycle than under
constant light, related to the
locomotor activity rhythm. Asian Pac.
J. Cancer Prev. 9: 619-624. (&HidH V)

@ Misumi, S., Kim, TS., Jung, CG., Masuda,
T., Urakawa, S., Isobe, Y., Furuyama,
F., Nishino, H., Hida, H. (2008)
Enhanced neurogenesis from neural
progenitor cells with G1/S—phase cell
cycle arrest is mediated by

transforming growth factor betal. Eur
J Neurosci. 28: 1049-1059. (&E#HH V)

® Kim, TS., Misumi, S., Jung, CG., Masuda,
T., Isobe, Y., Furuyama, F., Nishino, H.,
Hida, H. (2008) Increase in
dopaminergic neurons from mouse
embryonic stem cell-derived neural
progenitor/stem cells is mediated by
hypoxia inducible factor—lalpha. J



Neurosci Res. 86: 2353-2362. (#FHid V)
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© B HEHEPESE  Diethylnitrosamine
DO HIREJE T 3% 5RO JFFE 1T 24 FEIZ
2% L3, 587 |l H AREFFAK
£ 20104501910 REMTEE
A=

@ TIsobe, Y., Tsuda, Y.
Diethylnitrosamine induced hepatic
carcinogenicity was cruel kept under the
light—dark cycle than constant dim light
and different by an injection—time of
day in rats. 18th International Congress
of Biometeorology (ICB2008) Sep. 22-26
2008 Tokyo Tower Hall Funabori

@ BEHITH, HHESE
Diethylnitrosamine ®BARGEH F T
BRI X5, BRIEEN Y XA L %%
HEDEE (1P-6G-116) %5 85 [a] H A/EH
FAREZ20084E3 A 256 H M ET VR
T IVEUIR
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