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1. IZC®IC

JRREMNMBIEFICT A e F U R ST
ENIEAEGE L, I OPEIRZITIRE NS 7 e
AT 8 PN S AU CHEFE HA NS 43 U N
BECET B, & U THEIRD AL L i uid &
PERLE Y OWAR & I HmnAE T, £ L
THWIMEN OO R ha 7 i, e
OFENBIET Do MRV E ALY FEIC
AU 2% Z 0B 2263 IR 7e 2o oo H e JH
HTH DN, LMERLE DT T EENS
DWEND IS K b e (follicle- stimulating
hormone; FSH. Luteinizing hormone; LH) 723JpEE
WAER L, BN BET 22 LIfE9, —H,
THEMKTFT Ko B O WITHEE T
Gonadotropin-releasing hormone (GnRH)(Z X v il
b, ZOLHIZ GnRH Z by & Liz 2otk
AL BT HE O RV | T ARLR TR 50 - T SR i

(Hypothalamo-pituitary gonadal axis; HPG aixs)
IR D (B1) . AR TIXHPG axis D 9 b,
GnRH (2 X% =J N b m B SRk 2B 5
HRIZOWTHET 5,

2. GnRH @/ )L R K5 b

R FEICAFET D GnRH PEA = 2 — 1 3
Z OMFRARIED B FEIRFIIRIMFE~ GnRH % %
H9 5728, GnRH (F/0 2RI STV D,
DF Y GnRH O FHEALFIR~D 138 5 —iE
ORFMFEE CIThNTHE Y, TS LTTF
IR LH 7OV RIS D Z ERF B
TW5h, GnRH DL ZARF WAL FHEIA LH,
FSH O3z 272 DICEETH Y, Fife
)72 GNRH JII CIT TEIK TS RN hr & pEA
HIREIZAF7ET D GnRH 2K ® down regulation
DBV, MEOBEIENELC D7D TF R b
7B OWNEIEA T H[1], —J GnRH 73L&
DI WSEE L EFETH Y . GnRH MEAEE <L
ZMRIT WS N D6 TEKHIE FSH A3
PNEAZH3 b S, GNRH WS EBAE /)L AR 55 s
S5 E LH O3 HMENLIZ 72 5[2], GnRH @
WS E — XD ARREINC BT H AR
P2 L L TRV, ARG OINENRFEE L

15 2 IRIEHIRIHIZ 385\ € GnRH [ il rOfEAE
JE TV 2RI S0, FAUTHEVY FSH 23
B W SIVTINIR B 2R3 28, Iilagsti
T2 A & GNRH DL Z RS WA i SR EE & 77
. FSH £V % LH DMEALIZ/rWs S 4V CTEFEIP
M DEIR~F S[3],

3. GnRH /X)L RBEEKRFEHEIF FrOE YT
1=y MEFEMFEIR
TEAFEDO I R be v EAMBIE
GnRH O HIli T LH, FSH ® 2 DO HR/LE %
B - WT 5, F LT GnRH ORIBAERE . —

R T&B

LH
Luteinizing
Hormone

FSH
Follicle-Stimulating
Hormone

(ﬁ' .‘l =

P4

Progesterone

E2

Estrasiol l

& 1 K FE-TEE-4RE (HPG axis)
BERTEBHLSDWSNSD GnRH
(Gonadotropin-releasing hormone) [~
BEREHNSITITFTRFOEYTHD
LH(Luteinizing hormone) & FSH(follicle-
stimulating hormone) D& « DWW EIRET
2, JFRFOEVIEIREICERB L. INRZER
Bat., IX+SIYF-ILEDHSE D, LH
B —INERETHIPLEEIE., INEHNSIFIR
cSIYZ—IL (BE2) [CHATTOS R0V
(P4) n*omaEnd.
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£ 0 GnRH 43 3% — M EHERE DMEHEE DT
XU LHEALOGWIT2 D0, & DT FSH #
N ERDIMIPIESNTND, ZOHRTTFE
RAIEES S N he U EAMEK CTH D LBT2
FIZBNTHLRD LD, AT 4 7 LR
B2 RV TERAIC 30 2T 5 oMo
GnRH Z EfgtpI I C % 5 L= 354 ()
&L 120 yiEllR & TR G LA (REE) &
RZE LHR 7 2=y MIMEHEE LY L &
B GnRH HIECHIM L, FSHR 7 =2=v b
IR X0 HIRAEE GnRH B CA EICHN
T5[4] (B2 . ZDOZ LiE GnRH 7L A %%
FL, AL~V LHB, & DL FSHP % 4F
BB S EOHENTFEL WD ZLEE
L TW5,

4. GnRH /%)L RF3 & MR E I ZEAR K
GnRH X G EHEEAOZHAKTHY . Gq
IOV G HHAICHKHALTWD D,
phospholipase C % L C protein kinase C % &4
b L. #x#& 912 extracellular signal-regulated
kinase (ERK)ZTEMALT 2K &, Gs MHZIT
L T adenylate cyclase % {i Pk < CHllfa N
CAMP JREEZ 5 &, Fof&HIIC protein kinase
A EIEME LT 24072 < &b 2 DOFRIRER K
EET D, ZNOEMIEMEOERS, T
FTRherbEUPTa=y FORIICEET 5,
ERK OIEFE(LIT LHB. FSHB Ofi#h 7 == K
HOBUCEHE TH H Z LIIHEARZ AW T-EBRT
B &> TWB[El, =0 ERK OIEETH
5. GnRH ZEHRET 4 v ¥ =2 IR L Tz
IKF D ERK OIEMEALIE GnRH #ili# 5-10 /3% % &
— 7\ 6 RFELL ERile 95, —J7, BiEE L
FWT GnRH Z /L 2 RICEIM L7z 84, 30
53 B 0D i B EE /<L 2l Tl ERK (3731 A
BG4 10 & B — 2 ZiEMEE L, 30 fkicid

P=0.01

- t
- tn

LHp mRNA expression
(fold stimulation)
[S]
FSHE mRNA expression
(fold stimulation)
[§) w
T

[*]

-
=
T

0
GnRH
IAY " 4

SRR {SEETRR

£
Ec

FAY %}

TR AR

TEPEIZIER L T D, —JF 120 S [ERR OARSE
2V ARIEDEEIE 10 435 % B — 27 1259 60 4y
DT Cpo <Y EFEMEITIE T2 (K 3) .
HEFZHEG LTI O — ks Es L
POV ABAEMAFIED Y T = M REBERT
LHFENS ERK OIEMEAL /& — o 3R B 2 P
ELTWDAEEMENR S 5[6, 7], £7- ERK OIf
MAk &2 RIEMEET % MAP kinase phosphatase (%
EHEEE GnRH I 1C D 23857 L[8]. cAMP #%
HEOIEMEL b msEE A CA BN+ 5 2 &
Moy Ino T2 4], HERENTE MRS ER A TE L &
D /8H—2 73 GNRH D7V ZDBEEEIC ) B
Y 2O E PR LHB, FSHPR ZEHL
WCRAR LTV D ATREME DN B B,

5. dF K rOEHIE & PACAP

TR T GnRH 23 MR =T K h o v Gk
AR AN o R ot S e R P ATV AN
L2, GnRH LIAMZ & ) R ke e il 4
AT D X T 2 A4 NP HFAET 5, Pititary
adenylate cyclase-activating polypeptide (PACAP)
% 1989 R FTERMASHIRO T T =V 7 T —
Y aEEMLT 27 F RikvE 2 & L TR
EENTZHIKTEALETHY . PACAP27
& PACAP38 D 2 D 7 F— AWAFIET 5[9],
THEAK TS K b B pEAMIEIE PACAP O
RIKTH D PACAP type | (PACL) ZRIK%E K
B, PACAP ORIBLIZ LY LHB, FSHPB Dj+~7
o= MBI 5[10], BEERFENZ &I
I N e v UpEAMBAAS PACAP 455
LTEY, LTS Rhr b rEAMBICE
7% PACAP FHl, PACl Z & {A%B11L GnRH
ORI L 0 N4 5[11],

6. GnRH /LREFEMERFHTS F FOE U R|
[Z&1F % PACAP B Uf PACT ZBADEE

2 GnRH /YL RSEEIREFME
JFREOEYYTIZY bR
R

TER LAT2 MRICKNT
LHAYTAZwy k~ (A [I&
58 GnRH /N)LARIEL (5 D
D GnRH Z 30 pEkR T
5) TKROEMICENT D, —
J3 FSH 9T v IS8R
E GnRH /YLRRIFK D BIE
SERERIR (5 DED GnRH =
120 DERTERS) ICHRNT
KDEBAIICIENT D, LHAE.
FSHB (A B) &BIC/NILR
SEEBICEREDD,

P=0.01
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Continuous GnRH stimulation

3 GnRH RIBRIDELIC
&3 ERK &L/ —2DZE
it

EI)IL}%%?E%J/%QTIJ ERK @/ﬁ
MiblE 6 AU KT D,

240 min

GnRH pulse; 1 pulse/ 30 min
| I T T N N A

O DERDSEE GnRH /\
JVARIBTII/NILRESHE 10
pDEE—o1C. 30 DEICIEE

MEIERT D, 2 HEEROD
EEERIB T/ RESE
O pZEE—D&ELT 60 DI

LSRRI S, @RIBIE
BRD GnRH /NLRICKDE
U ERKEHED' B C B,

min

GnRH pulse; 1 pulse/ 120 min

=
=]
=
~
T |cnrE
2
Continuous GnRH ?
perifusion =
w4
& P R . .
g +—+ } } }
10 30 60 120
=
£ |GnrH
% Yatatn tAE AY
Pulsatile GnRH 2
every 30 min ?
-l
E +—— y y y y y y
E 10 30 60 120 150 180 210 240
=
=
£ | GnRH
. E‘ A\ 1 1 1 1
Pulsatile GnRH 2
every2 h ?
2
) ———t } } } } }
M 10 30 60 120 150 180 210 240

THEATF N bo B EEMBOREET v
222 GnRH ZiRIN4 % &, #ifaiNo PACAP
FHER NEDOZHERTH D PACL AL
T 5, EEE A VT GnRH 7V AR 24T
> 7% 6. PACAP IXEME GnRH L 2RIl
X0 HARHEE GnRH 7L 2 FIi T X v
FENHINT %, PACL Z B [FAEICARAEE
GnRH 7L 2l C X 0 3B BN 5 [12],
HE GnRH 7L AR TIE LHB 7 ==
FEVie LA FSHP V7 = NREBEIMENLIZ
RSN D Z L5, PACAP & Z DS KRN
FSHB PEAEIZBI G- LT\ 2 AlEE
GnRH FIIIZ L W #IN9% FSHR 7 =2=v I
FBUL PACAP O 7 v Z A=A hTZOHEIMMN
HESND[12], 2D Z &1E GnRH HlIEIC LV
) R he EUEAMEBERNERK - WS
7= PACAP 73, GnRH T XL v #50n L 7= i fa 3
> PACL ZAMBICHEG L. LV FSHB % pEA:
THRENEESE L TWAREEEZ /R L TV 5,
BLILEZEN 2 212 PACAP S BAKDSZ KD N
X GNRH (X B a3 N b B RBLEE A N &
HH0[13]. ZDBIG L GnRH /L ABEFERTT
P K he R E OBEIIRHATSH S,

7. FO#h, GnRH /L REEEIRIFHZTE

GNRH 7L AR BWTIE, £ D 3L A
FEOEWZI LY I Rhre 7=y M3
BUZEERN AT D, RBEE L 2 HIl I :Jbu\f
IZ PACAP X T" PACL SRR BT EHEIC
RTHERZENT5, —5T, 2+ Kbe t Ve
PEAFMICAEET D GnRH Z &K D% PACL
TR E B0 EHEE GnRH 2L AFIKIZ B

PER D %, FER

min

TIN5 & &N 5[14]. GnRH Z &K% D1
AT LHR ZBRE % mish, (T F&$%ﬁ%mﬁ
T DG Z ERo TWBH[15],
i, GnRH DO /XVARKIZ LD T R he t”‘/
MBI D 7 U A2 F o FBLOBAITRFE 3~
TFGgLEBbhb, TEERIICEALASNDT
7 F 0% FSH PEAICHE A RINF & LTH
HBNTWDHN[L6], 74V AZFIT 7 FE
VERALTEOEREMEIL, T FEUIC
X% FSH EAZHET H[L7], T F Rhrvs
MANTEASND 7+ U AXF T E
GmHA»xMﬁT@&fﬁmb ARG )
TN L Ze vy, @B GnRH Iz VT
LHB YT = NEBUBALIS /R DA, EsE )
WMCORMMT D7+ U AZF ) FSHB pEAE
IR ER 2 725 L TW D A[REMEDR & 5
[4].

8. F&®H

OEOOMIaN B AW SILD 2 DDKRL
£ (LH. FSH) 7%, GnRH &£\ 95 O & DDk
NEANCTEY EO XD ITREMICHB S ND D
2?2 GNRH 1ZZ D7V 23D BE R B2 D =
EIZE Y LHB, FSHP MH~7 = k& FrHHy
\ZHIE 5, ZDA =R NIERARARHATH S
23, GNRH /<)L 2 DFAFE DEWIT L0 HlaN T
WAREWE OFEMAL R F — I RE < BB,
F I EHEE S D WK GnRH VL R |2 k7%
IN5Z LT, GNRH RS PACL 2 &IRD
., FLUCHBA I NPEAET S PACAP R°7
URAETF U 7e EOEFIEEME D &N LT D
el IF R Ehr v UEAMBICY AT Iy Y
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=HEGNRH/ULRARIE {E4EGnRH/ L A RIB 4 GnRH /YLZRIBICK DB
A A #BERAZIL

MANNANNNN i\

GnRHR thA t11
PAC1R mRNA—

LHB mRNA 711
FSHB mRNA

REANECLTHWDZ EN gD (K 4) .
GnRH (2 X % LH, FSH filffigétE DOFEM A4 Fn 5 =
ElE. LH, FSH Z{ERIZHl4H9 2 Al ek 2
%o BN PEINEEFR LB T AR IE DB 30,
ChAR I 0 A= B RE P E D Jps RE & iR I - 5 FHE )
DELNDE D LI,
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T FLEE D BHHAEREIC BV T IR HIITEE
e EIEHS TS, ZORIE LTL, fivw
ZHEO T zaE Nl Lo T~ 2D FEN
IS D Whitten 2158 (1) <0, HEPFIZE -
THBTEMC D DY FORENFHIL SN DM
WET7zrEr (23) ERDTOLND, T
D & 1T, B R ORLTE T M O B IE B RE
FEIT D Z EMERBYSLE S ITB WV THE S
NTWDN, BN ED L S 72 A =X A
\ZE 0 BUR FESOATEFARIZ/ER 32 M OFf
M, REAHZRENZ,

Kissl Bz TIZ a2 — RSN D F AT F T,

PERRAIE AR V| Ul AVE Y (GNRH) &
Z DOEL T & D YERRAIL R VE 53U % TR )
IR THRERTTF R THD 4 , ZNETD
FR G, BUR TERRIE (SR A/ AiiE A
HEP) ICRETLIFARNTFr=a—a
X, A BA T, 2 A a2 DEDT 4 —
KXo 7 OVERELTH Y . BEIRZ 123 GnRH/
AR ELEY (LH) =Y HHTH D &
EZ2zonTn5 (5-9) .
ARFFECTlE, LR RIS AN BHRAREE 1 K IE T 3%
A OMTT D0, HET » bHEKORS
FENMET ~ FOFARTF o =a—n rDiF
BB KO LH DI KT T B2 RE LT, £
DOFESR. e e ORI A, o R R = E
P RTET D X AT F o= a—u v ZfEik
b5 Z ERHEMNE o7, FEWT, LHY
WK DI TR O R ERRFE LT & 2 A,
T FB Sk DWRLE L 28 v — 7 B D i O AR 72 LH
P—TEFHR LT, FARXTF DB LH 4y
WMEEMER L ZE 285 L. RO
s, MEOFIEM =SB DF AT F o =a
—arOFEEERE L, LH Y —T % H5ET 5
ZENHLEMNE ST,
ARIFGEDRRIZ LV | MO R = JE FHEZ I
FRET AR ARTF o= a—u U BEEED D
DL RTR O A I LIS L2 2 & T,

BMTHEHE SN TWDAERMEL Y HREFEIZHEINC
MEORDIT B A D = R ADFIENRIE ST,

SORMRILS 30 [ F A F RIS TSI
BOCRERRREEZH LERRAEOBA
<
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iz L - T, _BLTW@%WMéﬁ
5:k1$f¢5t ICHEETHD, H<DE
BREX, B S OERRITHET 5 AHE M
(aE ) WO BFRIER 2 SE - I3 EE 5
TR ES b S, Y T 7T (SL)
I3 1991 FlcZ A &4 3 7% 7 (Gadus morhua)
O FHEMR LY BHEE - [FE SN ERLE S
TuZF 77V —IBTHAEBAEDT
FRPERLETHDH, SL OAFFBEELE L
T, RESCIEERE., KaREoRiiz1To 2
kﬁ%@énfwéoﬁf§74yyn
(Danio rerio) # M7= fEATIZ a1 B
IZB1F5H SLix 2% %@(&ak$USLm
ff?é ERHEINT, —H, AXD
(Oryzias latipes) <>~ 2 (Takifugu rubripes) @
77 A BRI SLB B TrERAMERNZ Enb,
SLB I & KRALI-MELFEL TR,
SL-a & SL-B OAFIEH EORFENREIND,
FTxix, BEEAOATEHBELEZS VX 3
(Carassius auratus) (233 T SL-a mRNA J&H
ENEML, A RAOTCTHE Lz X ailB
WTIE SL-Bp mRNA FELENEINT 52 & 2
YN L/to I 52, SL-a DAL L OV WiE
E%% kwfmﬁéh\&ﬁwA&k;U
SWITHAYT RGAICBOWTRESND Z L& A
L7ze ZTNHOZ EDG, SL-a BE O SL-B 1T
XX a ORERHTICEET AR LETHD
T EWRBENT, T T, AETIBEEN
KA BOFRERT LI Fa (T AFY)
ZHWT, i~ SL-a 38 L O SL-p D& {n -1l
BRI EERNTHZ LICLY, SLa &
SL-B A 2 9 RILE L TH D NEDIC
OWTHHZ L EHIE LT,
NRF¥aBvTAIVA-HA BRI X0 FLH
ZF¥ X a SL-a BLOSL-B Z1ERLL 7=, K5
L7-#A#a 2 % > F 3 SL-o 38 L O SL-p AEAb52H
B % SDS-RU T 7 U7 2 K7 IVERIKE
EBXOYyz 22T ay MEFTIZE DS T,
ZORER, Lz SL-o (X, 9 31.1 kDa 235\
THIEGIE AN R Sz, Mz SL-B

IZ. #54.1 kDa & 26.6 kDa, 24.3 kDa |23\ C
TGN RBR SN, 2 ok
PEAS Y RIX FERAEH Y L0 15 6025 ke
N REHFEBILTEY, FLAG 47 #X7F K
Wr - (DYKDDDK Ed4 % 7)) DA G372 43
FEAHINL TV,
REAFREICIET SL-a 38 L SL-p DIEH %
HONZT 5700, (ERIL-MHE# 2 SL-o B &
O SL-B & OB MR OYER LIk & BEE L7
IS U7, (B RERIDNEEE L 7=k~
\Z X D OEER O & ARTERI AR L 72
i~ X D BB FRLD EEE % C I E Vil
A7z, SL-o OWHNC LV AR OILEITE &
WLz (K1) . —J5, SL-B OB LD

18 . N

YoH— 1 10 100

FERASL-w (B ATHIRE: pg/ml)
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Hormone secretion from the anterior pituitary
gland is primarily regulated by hypothalamic
hormones via hypothalamic-hypophyseal portal
system and by feedback regulation system from
peripheral endocrine tissues. In addition to these
regulations, Soji’s group has proposed the
folliculostellate  (FS) cell  network  deeply
participated in the regulation of the anterior pituitary
gland (1). FS cells are distributed from pars tuberalis
to pars distalis, and especially at higher density in
"transitional zone™ at which the pituitary tissue made
the transition from the pars tuberalis to the proximal
part of the anterior lobe (2). Moreover, their group
also found that LHRH induces intracellular Ca?*
concentration in FS cells of transitional zone.
Interestingly, there is a difference in the LHRH-
response of FS cells between tissues sampled in the
morning and afternoon, suggesting that the network
of FS cells may participate in a circadian control of
the organ (3). However, molecular mechanism

underlying the different LHRH response is unknown.

Purpose of this study is to analyze the gene
expression in FS cells and to evaluate its relation
with circadian rhythm. We performed DNA
microarray for analyzing the gene expression pattern
in the in the transitional zone by selecting the tissues
sample from Wistar rats in the morning (AM group)
and afternoon (PM group). We successfully
identified 28 down-regulation genes and 30 up-

[GLILLS| OL5or - BOUBITUSTY
)

4
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Fig. 1 Analysis of gene expression levels.

Volcano plot of microarray data
analyzed using Asgilent technology. The
fold changes between the two groups
compared (AM vs PM) are represented
on the x-axis and the log P-value on the
y-axis. In the plot, each gene is
represented by a point. The blue and red
dots show the down- and up-regulation
genes that show more than 1.5-fold
changes with statistically significance (t-
test, p< 0.05). This data represents result
from three different experiments.
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regulation genes in PM group (Fig. 1). Next, in order
to analyze gene expression in FS cells, we used
S100b-transgenic rats. In the anterior pituitary gland
of this transgenic rat, only FS cells express GFP. FS
cells were purified by fluorescence activated cell
sorting and we compared the gene expression
between FS cells and other anterior pituitary cells by
DNA microarray. From this microarray and AM/PM
group microarray, we selected 12 genes that were
predominantly expressed in FS cells and also had
different expression level between AM and PM
group. Among these genes, 7 genes were increased
and 5 genes were decreased in PM group. Next, we
determined the localization of the cells expressing
these genes in the transitional zone by means of
histological techniques. Aquaporin 5 (Agp5), which
is a membrane water channel proteins, was
identified as an up-regulated gene in PM group.
Using in situ hybridization with antisense probe,
Agp5 MRNA was detected in the transitional zone.
Agp5 mRNA was also expressed in FS cells, which
are determined by S100 protein
immunohistochemistry (Fig. 2). Further studies are
needed to clarify the role of these genes in circadian
rhythm of LHRH-response in FS cells.

LES

a b

Fig. 2 Aaquaporin 5 (Agpb)-expressing
cells in the transitional zone of anterior
pituitary gland of rat.

a: Aagpb mRNA was detected by in situ
hybridization  (blue). Aap5-expressing
cells were observed in the transitional
zone (arrowheds). b: Aap5 mBNA was
detected by in situ hybridization (blue)
and S100 protein was detected by

immunohistochemistry  (brown).  Aap5
mMRBNA was expressed in FS cells, which
were identifed by S-100 protein

immunoreactivity (arrowheads).
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