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DHPEINN L %2 % & GnRH W i & BUE L A
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(50 1] KB - BIR FEHEFIC X B8V E VARG

& i 7z Pituitary Adenylate Cyclase-Activationg
Polypeptide (PACAP) i, B8R FEED A% 577,
NN N B R SYTARY i) it
BT 2 EHEEWE TH 5. PACAP I
vasoactive intestinal polypeptide (VIP) /7 WV 7 T
Y77 IY=ZEL, PIRICB TR O
At - AR MR IR DR L & EIZ G
LTWAZEPMOLNTWSA, IE, BRIV
EURTUT 7 F AR T A1 E
&, HERREE® &SRR AR E S S
NEEI%Y, ZOMPEIEATVS.

PR TER PACAP O THRAEMIRFR Z 03 55
Wy —>, HEIVIZRFNICBT AR =X
L, VERBFICHE L TMRAAHZ G% v, &
M 4 X PACAP A GnRH DALt O T Fhu ¥
YHIEKFE LTHERELY 20 S H», TFF
fovrd o=y NEHICETZERAB LT
PACAP OMIla P BIZERIRICDOWTIRET L 72,

A&

1. dFFbho—7
TERAERECIITFF oY CEAMBE (TS
Fho—7)of, ACTH EAME, REARILVE ¥
EAME, TugrFrEARLRE, Sl
b5 DODKRIVEVEAMBARAELTBY, ITF
Fro—7oRBEIRETHL B—TF F b
U— 7N TOBHLZHLNIT 55, KFFRICE
WTIEEITF Fha—7 7 VML TH B LET2 M
BrHwe ZoMiigii3ooar o4
712 = v b(a, LHB., FSHR)% 38l L, GnRH

H pEIRGE61810%

(B0 2] FRAFRERIIS 50T ¥ AR

WCRIGT A% E, EEoIF Fho—7Edb@L
7% OfREZ OMIRE LTHLONRTWA.

2. HBaREGE

LR OGS, LRT2 Ml 1 v ¥ 2l
PACAP \CH#EZRIM L, mHAEE 100nM Rl & L
72, 7OV AR B TidREE chamber (2 LBT2
MRE %= $525 S 7-1%, Perifusion system % g% L
AT 47 LR BTS2 55 H D PACAP /3L
A% 30 BTG5 5 EBEE VIV X & 120 45
MR T 53 AR OV 2 21T - 72,

3. 7OE—4—TFviAa

VYT x5 —E¥NZF—|2, a(-846/0), LHB
(=797/+5), FSHB(—2000/+698)% 4+ ®» 7 u
E—-FHBAHAL, BEEEE VI 77—
7 v LI THE L 7.

4. mRNA E=

T FbhopE Y% 72=v (e LHB
FSHB), GnRH =%, PACAP 7K (PACH &
7 + Y A ¥ F V3B % real-time RT-PCR # %
Fhn-CiilE L7z,

5. #EHIE

45T OEEBIX duplicate % W I triplicate Y-
YTINWTAT, A Ld 3ENIRVELZ. H
B3 mean = SE Z fIV:C/R L, one-way ANOVA
BT L7,
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1. PACAP I & 3 a5z Z=FRE
PACAP I ZDE&BI DY, adenylate cyclase
WAL L, MR O cAMP g% LR &E5 2
ECEOERZRET AL DbATWAS, ERIC
4 OETH LRT2 MLz BT PACAP Hil#4
WX D MIREN cAMP BESSEBRICHEM L7, %
72, MAP %+ —%¥77 31 —0—DTh 5 Ex-
tracellular signal-regulated kinse (ERK) ix = F
PR URBUCEERREHERICL WL EED
NTW 5755, PACAP (3 ERK IE% b M < RS 5
Do Tz ENEER Z W/,
ERK A bix PACAPIZ X 5 cAMP ERAB IO
Protein kinase A (PKA)\ZHEGFET 5 2 & 2K 4 1k
HELTWB2(H3I).

2. PACAP (L& BdFNbbOEH T Y

hF3IR

PACAP BHIEFIICBIT 5 TF Fhu ¥ 58
WCDOWTHRE L7z, MmEBRE A T4 7 A LRT2
Mz EL REBEIOONMEZLRS LS
PACAP % RN L7z, 24 BERI#% 12 mRNA %
L, realtime RT-PCREEICTHY 7=y b
FREza Y to—VEREBELA a7 2=v b
mRNA %3LiZ PACAP RIHUC X » £ 13 f5I2 800
L, LHB, FSHB#72=v MIZnZN 31,

16
W

14 r

12

*% P<0.0l vs.control

10 r

mRNA Expression (Fold Stimulation)

control PACAP control PACAP control PACAP

N LHP FSHB

[K4) PACAPIZX B TF Frub¥ry¥ 7=y b
T

I3RERERMLZ-(K4). ZoZehs, BIRT
W7 ¥ £ FTHbHPACAP IE, GnRH & FHk T
FrroryTay VEBBEEET A I LD
HERERS T

3. PACAP @ GnRH {EAICXT T 2308
WIZGnRHIZ X % LHB, FSHR# 7= v b
SEHVEH I3 5 PACAP &I ICD W THRET
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control GnRH PACAP GnRH control GnRH PACAP GnRH
+ +
PACAP PACAP
*%* P<(.01 *P<0.05 vs, control
1.8: not significant
[X 5] PACAP @ GnRH 2543 %55
PACAP (PAC1) &k GnRHZZE{k
3 T 16
E ERRVE
§ 5 12 1
g T o
? 2’ 08 [
; g 06 [
E 2 o4y
< s o2f
g g
control PACAP control PACAP
** P<0.01*P<0.05 vs. control
[516] PACAP I X 5% AMIEH
L7:. GnRH B X I PACAP % 5 #& i ¥ 100nM 5. PAC1 2BAMBOE LICKZ TS OE
ERBIDIEERT Ay Y ZHRIL, 24 B R

¥-#& L 72. GnRH, PACAP 3t|Z LHB, FSHB %
e AR5, IF F ot o8k
& PACAP KX T GnRH @ 5 2388 & o 7=.
GnRH ®» I+ F b ¥ U HHAEIZ PACAP OFfF
TECTHE LT hho7z(X5).

4. PACAP & % PACI 2814 5 LU GnRH

SREFEBE

GnRHIZBEH® GnRH Z AKX HEZRET S
WG o TwBEDY, PACAPIZX 5 PACAP
HEOSHEKTH 5 PACI ZHEKICH T L5048
BLUY GnRH ZHERRBHICOVWTRIE L7,
PACAP 2 & 2 81T, PAC]L %4 mRNA
BRI AEBICHEM L7z, £72, GnRH &AW D
PACAPIZX DHIBHIZS A Z WS L ol
(X 6).

TS F MO —=T7IZBWTPACAPIZ T F b
DY YTy NEHOATEL, HEOZE
IO GnRH ZBFE A H#HT 5 2 & 230h o 72,
PACAP X HEBEDZHEMARTH 5 PAC 5K %
WMEE2Z LT EDL) BB EL S DN,
PACBHREHRRT ¥ —% LpT2 Ml ~Fh %
L 02ug, 20ng, 0ug & X7 ¥ —B&2HNsE
THIRWNA~EA L, [HiEE100nM)® PACAP
FEC X% LHP ROFSHR 70— % — Gt %
W3 T 25 —EXZF—HOTHEL:. 0
3 LHB XU FSHB & 312, PACL ZEMBRIRE
MEWIEE, FREO PACAP R LT3
PMEESIND ZENHLNE 272 (K T7).
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[M7] PACl ZBEMAKMOBIIZEIA2TF F IR U RE

Perifusion system

1 pulse/30 min stimulation E3EEPACAPHI

30mi
N Dl TR TN TS TN TN NN BN BN S

0 start Total for : 20 hr
m 1 pulse: 5 min PACAP perifusion (10nM)

1 pulse/2 h stimulation {ESEEPACAPHIZ

120min i | [ [ E—

0 start Total for : 20 hr

[B 8] Perifusion system % H 7225V 2 3 ¥

6. NILARKPACAPRIBICEBTdFFhOE TESML SR, R I, S5IRB % £ o GnRH
>HJazy bER Za—arHFREHNEF—N—F v ST EHEEE
GnRH IR TFTERL b SV ZRICHW I NS, ZAhHE, ZOXRTHZ AL FHGnRH & RIFHKIZ SV A
DF Y GnRH O WHE /L EE 52 L TLH RICHWENTH LT REEEDHSH. 2T, 3
B I U FSH R EMICHIE LT 5. T EREARE 2" § X 9 7 Perifusion system G& it 2% &) &
R 2 W EBEBRIZCBWTH, B GnRH Hl# ER L, AT A 7L EMS TIPS 5450M
Tl LH MBI EA S h, B8 GnRH BT D PACAPHI B % — R T L ICHMIRICE 2
WX FSHEMN & 205 2 EDGEBHINTWSY, Hilks 5 PACAP XV ARl 24T - 72. 30 /[ Ba @
JT PACAP OB IIAHTSH 55, F 0 PACAP #5- % &% PACAP #l# & L, 12045
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LHB FSHp
P<0.01
ek
’ * P <0.01 y
. = 45
g 2.5 £
£ gz 4
88 * £8 3s
& g L] 3 *
: E L5 < E 2.5
zs ZE
=g ! EZ s
a s =&
o= 05 %
-l = 0.5
0 0 . .
Control 30 min pulse 120 min pulse Control 30 min puise 120 min pulse

** P <0.01, * P <0.05 vs control

[ 9] PACAP SV ABEMAETF e 372y VR

1B Dl B % ESEE PACAP #llE & L7228, 2o
BB R 13 LRT2 MR 12 35> T GnRH 73 L A #l
WMTHRDLHB LU FSHFREREPAEL 28
JEARINL 72, PACAP 78V A Ml # 20 B 2 o
TP PR YCEEIE, ERFECWI EICEHEE
PACAP %l # < LHP #° FSHB 12 b X CTHEALIZ
B hm L, A BH B PACAP H] 3 T (& FSHB % 3
ALHBICHRTEMICHEML 72(K9). SHE
PACAP #l| 3 < LHB & fiz, K45 B fill 3 < FSHPB
BMOITF Iy 7=y FBEMIE
GnRH 7V ZAFji# & & MO RTH - 72.
7. PACAP NILARIBICEK BT AU AF >
IR

GnRHIZ X 7SV ABEEKGFE TS Fho s
RO OFEIIMARAHTH S, LirL, UL
ODHRELTT VYA F L OBRENEZS5NT
Wh. TZFEVIZFSHR 7 21= v + Ofl#HH
FTTHDY, 7+ VARIFVETI7FEEES
L, TOXYEHZHET S L 31Lh. Burgeret
aliT TEAWMEMBE L AW -ERT, SHE
GnRH 7OV Z BBV THEHRMIZT7 + U R ¥ F
VEEAPEMT A EEREL WD, T’
GnRH & MBI OV 2B AR LHB, FSHP 5%
HEEZ 7D PACAP I Tlx &9 A ? B PA-
CAP 7SV AT, 7+ U A ¥ F 138 45 51
HEANL, {K4E PACAP RIBLICIERTEMICZED
FEESAZIIHIML 72 (K 10).

8. PACAP /NJILZAFIBEIZ L D PAC1 2R HE

& U GnRH Z & F 531
#1k PACAP HI#2 T, PACAP IZH & ® PACI

Follistatin expression £% P < (.01, * P <0.05 vs control

P<0.05
6 ek

*
2
) -

Control

mRNA Expression (Fold Stimulation)
e

30 min pulse 120 min pulse

PACAP pulse
[ 10] PACAP WV ARIBICE 57+ X% F V3B

ZHERLZSPICGnREZBEREZHMEs s L
Mo olz(X4). FRCREEKRENIZLH,

FSH 5 % #4352 73V 23k PACAP Hilj# <
BIRSOZAERRBRRIEOLIICHE I RLD
. RICEEE D X MBS PACAP fil# o=
BARFEBUCE U CWET L7z, TS © 20 BER
® PACAP 7V AR 21T - 72, PAC1 7&K
B LU GnRH Z&E mRNA BREZEB TS &,

PAC] MBI BRI CEHICH ML 7. —
77 GnRH 5 25 AR F8 B i 58 B2 i) i< 25 B IS B
L, R CIIEb s E D) 5 72 (K 11).

£ =

WD EFN WA GnRH 2 s & U 728K
TH—TEAIIERICIVFHEN T EDIT
MlEwZwys, LA L, GnRH ® AP T HER LY,
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** P <0.01 vs control

GnRH receptor

6 *%

-

120 min pulse

Control 30 min pulse
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[0 11) PACAP SV AHIBIC X S84 %B

FSH 43 - SRICEFE T2 HL, LhotkEg 2
AP —=IVLTWEDTHHLIN? EV) DA
Az L -8k chs. /2, LI h
F ¢ GnRH ORIBAEEIZ X % LH, FSH {FEMT
B, 2% ) EEE GnRH B CIix LH #17,
B GnRH ##Tix FSH 2SBA7 I8N 5 &
W AH AL L, GnRH Ao A4 2 iE P8
BoOB5 L SHICBWTHEZ2EDTE 2. Z0
H1C, GnRH & IR 2 2MBBNEEHRRZ D
PACAPIZWEH L 72,

PACAP i3 1989 4Eic by YO F A S, T
BAWEMBO T FoVBY 7 5 — ¥ 2 ENAL
HNRTF RERVEY ELUTHEERE SR,
PACAP 3R TF N & L CTEZE L DfEH D
WEEINTWDEY, BHY X200, EEiTE
DEACIIN 5 B/, ERERE, MEMEE
FIHTAERZ L, PHERICBITAEEDIZ
P, KEIZBWTIEA YR yaw, T RLFY
VoW, SR LOWR T T4 FHWIcEET 5
EV)WMENDH BT, T EARTEMIZ PACAP
PRIAELTVDLIER, TOZHEMKRTH S PACL
ZERIHEAETAI LR, TOXRTY A FAETHE
RARIVE VHIENAT 5 0 E 2 R L Tw LT
B RL TS, EBEPACAPIRITF R
IS B MR EER 2 107, B A ViR
TEFORBILE TS E Vo iiENH LY. $72
PAC1 Z5MARE~ 7 A 5\ X PACAP / v 7
T by AOEFEENIIRIBIVETTS 0w
FHEZ, HBEANGWEBRTOIOXRT S {4 NOE

EHERLTWA.
FAIH—TF F o rEAMRIZBTA
PACAP OERIZ D WTHES L7245, PACAP i
BTt ToITF N iu oy ra=y MREBEE
RO ENG Dol TOZELIITERAEITFF
0¥ Y AT GnRH @A Tid 7% {, PACAP
FOFAL T MIHIHENAZ L ZRL TS,
PACAP 2 X % LHB, FSHP EHAE X GnRH &
0 L5 A, GnRH %% GnRH B4 H & % 4
LD LRI, PACAPRIHEOZAKRTH S
PACl ZB % R ¢, GnRH &K% b HI#
T5HIEWghoiz. PACAP & GnRH & D Ja|EF
5 CRVBEERRY 12 B¥RY) I, GnRH WS X B2 T F
Po ¥ yRBAL EORRIZRD Sk ho 72h,
PACAP ZHMTHITF ¥ b v ¥ BHEEH LS
2, GnRH Z& K% Hl#$ %5 2 & C GnRH EH %
EOTWABAREEIEH 5. EE Kaiser 11 5 13[4
U2 O GnRH Rl < 3 GnRH Z & E A3 m
LTcwhiEadr Fruery 7oz y PRERR
WM A2 E2ERNICEHLTWSEY, —J)
PACAP I3 PAC]l &2 M52 L C, H
— %O PACAP HIBICx 4 2 b2 Emd T
WBZEDgholz. DF ), PACAPIZTF F |
TYCREBIIGTAZEEEHOATRL, I+ F
P — 71281 % GnRH &K B X ' PAC] %
KRB EPLILE TSI ET, kM2 GnRH % 5
Wi PACAP T4 IEZEOTWE DT
T nwhrEEZLTN5S.

AHFFEZ BT, PACAP D230 ARl #sh 12
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B L COMET 24T - 7z, BUKTEE GnRH 13 A £
izl 2on0wHE*EfL3E5Z & TLH,
FSH 2 B RWMIZER - P S EB T L0 v-o
TWwh., 2F ) EHE GnRH 7SOV AR Tk LH
A7, {KHEEE GnRH 23V AT i1d FSH #4712
BT 5 E W) GnRH SV A BEERGEE TS R
M sy 7=y PREEABENSEET S 20
B LT2MBICB T RO LB, —F
PACAP IZB L TIIRIR T EBICIFTEST 5 2 & 3%
o TWDLUN, CORWMERBIEE 7L 4ho
TwZwv, LaL, TEEMKRCHEES Z2—1
YR KIRICEIZE O PACAP BEHALAR SN 5
L) FER?, TFTEAEMIRF O PACAP BE X
KEMP LD DEHBETH S &) FHETY,
PACAP %% GnRH & BRI T HEARPIIRP I &
n, IFFro—-—7IEH LT s gL R L
TWwh. TiE PACAP % GnRH & RIARIZ OV AR
I Fhae—g~fEH3EE, IF b
EUERIIEDLI IO ? BERENWT &
2, PACAP 7SV AR CITF R o 47
=y MIFFREMICHE SN, 2% D, GnRH
LB, EHEE PACAP #3023 Clid LHB
V7= FEEMEN, KEE PACAP RIHEIC
BWTIIFSHR BHMBEMITAEL S L) s
ZHERGEETF F A Y BESEL 2D TH
5. F72, BEHEE PACAP SVATIEZ7 Y A%
F U AMEBEERBICERTERICHENLTEY,
COBLELEHE GaRH I L FfETH - 72, —
5 PACAPIC X 2B HRERTH 52, SHE
PACAP HIB{ Tl GnRH 25425, KBEERT
X PACI ZBEESITIZFEWMICHEML TS S
Loz, TR DFERIE PACAP 7OV A
BICIAEBENITF N ooy 7ramy VK
B, 712V RYFroRL LT, BIR TN
TE A FITHT 22 EEBEHROZASEE LT
LHUREEZ R LTV 5.

PACAP DAFRN 2 - B 5 I AN 5
WHIBAZ BT B E ORI O TR IB 72
B w, LarL, B—oIT)F oY rEE
Bloxt L CTF Fhu o sHliEs AL, -8
BOZHEERKE P GnRE ZHREZHHL S 529

H i lis614610%

BHThHhbI i, o iRKyEAMEEYEH»
GnRH MO TF Fru ¥ U HIBIRTTH Y, &
FHASRE 2 I T A HELZWH TH 2 i1 H
%. 72, PACAP SV ARIEIC L 2T Fhut
CEBIRRE, BANRREREECHRNEDEIRIC
DOWTHIHT A2 L3, GnRHIZX 5 LH, FSH
FROHEEE ORI, DR EELEKE
BObDEEZTWD.

E

R VBRI T ATREORE 52 TCTE VT LR
HHEFEHRERE, ZOCCEREOHEBILZEVEL
TREHARE, £F SEBCECHLEBRL X
T.oF, AMRE CIREHX E LABM EIRE SR,
BRAZEFSRERNE AR ZHE FHERBE, > F
FTATATIRE, AV FUTVTFRECHERIERHLE
El

X ®
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Synopsis

We examined how pulsatile stimulation with Pituitary Adenylate Cyclase-Activating Polypeptide
(PACAP) affected gonadotrophs. In static culture, GnRH stimulated transcription of all of the gona-
dotropin subunits. In contrast, PACAP increased a-subunit promoter activity, but failed to increase
LHB and FSHP promoters. Messenger RN As for LHB and FSH were slightly but significantly in-
creased by PACAP stimulation. Co-treatment of the cells with GnRH and PACAP was not different
to the effects of GnRH alone on LHP and FSHP transcriptional activities as well as mRNA expres-
sions. To determine the effect of pulsatile PACAP stimulation on gonadotropin subunit gene expres-
sion, perifused LBT2 cells were stimulated at either high frequency (5 min PACAP pulse every 30
min) or low frequency (5 min PACAP pulse every 120 min). High frequency PACAP pulses preferen-
tially increased LHP gene expression up to 2.29 = 0.15-fold, and low frequency pulses resulted in a 1.55
+(.16-fold increase. FSHf gene expression was increased 1.87 + 0.3-fold by high frequency PACAP
pulses and 4.3 = 0.29-fold by low frequency pulses. These results were similar to the frequency spe-
cific effects of pulsatile GnRH. Follistatin expression was specifically increased by high frequency
GnRH pulses. High frequency PACAP pulses further increased follistatin up to 4.7 = 0.57-fold than
low frequency pulse (2.72 = 1.09-fold). PAC1 expression increased significantly following pulsatile
GnRH regardless of pulse frequency. Low frequency PACAP pulses, however, increased PACI1 ex-
pression (16.49 = 841) to a larger extent than did high frequency pulses. Additionally, high frequency
PACAP pulses specifically increased GnRH receptor expression by 4.38 + 0.81-fold; however, low fre-
quency pulses did not result in an increase. These studies suggest PACAP, like GnRH, specifically
regulates LHPB and FSHP subunit gene in a pulse-frequency specific manner. This regulation may in-
volve alteration in numbers of GaRH and PACAP receptors as well as follistatin expression.
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