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Mice Lacking PACAP: A Minireview Focussing on the Brain Function
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Pituitary adenylate cyclase-activating polypeptide (PACAP) is a member of the vasoactive intestinal peptide (VIP)/
secretin/ glucagon superfamily and functions as a hormone, neurohormone, and neurotransmitter in the central nervous
system as well as in several peripheral tissues. Recently, several groups including ours have independently produced lines
of mice lacking PACAP (PACAP /- ). These mutant mice have not only led to a better understanding of the physiolog-
ic roles of endogenous PACAP, but have also revealed some unexpected roles of PACAP. In this paper, phenotypic
changes in several brain functions in PACAP ~/~ mice, including light-induced phase-resetting of the circadian activity
rhythm, hippocampal long-term potentiation, and psychomotor behaviors, are reviewed based on the results obtained in

our laboratory.
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1. FL&®IC

PACAP (pituitary adenylate cyclase-activating
polypeptide) |3 1989 fFiZ b PR FEK O Bk
INZMRNRTFRTHO, YV ANKD s af
9 5. 1) 1970 FARIZ R E S /= VIP (vasoactive
intestinal polypeptide) & #5&EZEHAT 2 3 HIHD
ERAEZ A (PAC, VPAC,, VPAG,) #JrL
TEOEBERANEHINS. 2) HIKRTFEZTT
75<, KIKEERWER E DS, G R,
LS, BRI, AfEgs7s SHRIA WK ICFEBIDEIE
N5 (Table 1), 3) &g D1 > AV 2570k
e RIS 12 BV 2t AR R EDORIVE
> MRREYE R OERITINA, MRS E R
FA S MR SRR 7 Stk B R TR OER & A
9% (Fig. 1).24) pM L N)L DD TRIRED 5
270 7 M 5 O 2 DRI O BEFEIEHEIE &2 R g
—7, nM—uM L )L T8 BE5E 0 iR 2R
9.¥5) PACAP O ifHiRE ORIE i & 5 E A

RBKR R E IR AP R R R 0 8 (T 565-

0871 WRHTILIH . 1-6)

e-mail: shintani @ phs.osaka-u.ac.jp

L, TRk 15 FEE SRR E OB ZRLa L
TR LB DTH 2.

BOFEEICXORETHD,Y ERNTHIET 2
PACAP DBEEIIAHTH 5. §75H5 PACAP IZ
WBRIDS T F IR EEMAHEERZRL, T
AREBEERANO TEEETHD, 2L TEKRNIC
Bl 5 EEEOME IR E R EBEHE O TR K EE T o
B ENDFND B,
FEEOSBFIDOXOIEFRDD & PACAP DA
FREYT A (PACAP-KO) Z/E®IL,Y Ih X
TIIRBEINTE/= PACAP OfEA % in vivo T3
AETHEEBIZ, B TFHISNTVARD S EHBO
ATBEICDOWTHHLSNIZ L. RETIE, E£H
573 PACAP-KO OfEHTIc L DS MEL TEL
MADS B, HRCHHEREICE S 22T, KARED
JEIFGR, © g ik nl BV, D S thE B A RES O 3 i
IZH1T % PACAP OEENZDWTHEL, Z0H
HAEEEER) 7> 7 & U TOREMIC DO W TR S,

2. {(KAEFET @ AAHRREMXRFANDES
HALFEICIE, MERR—REBEAIR, NOWR E Dk
2 IS AEMIEEI 2 24 FER A0 U XL TR U
ZLFEIRMERET &, T OEAEMNY X L O Z I
IHTHRBREACEHE S E 2 FFEE" 2Mib
STV, Y RbiERFEFARKT, Hicksd “HHE
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Table 1. Localization and Relative Abundance of PACAP and Its Receptors (Ref. 2)

PACAP PACR VPAC,R VPAC,R

mRNA Fibers mRNA mRNA mRNA
Brain H H#t H#t + +
Adrenal grand + + + + +
Pancreas + + + +
Liver + + +
Testis + + +
Ovary + + + +
Kidney + +
Lung + + + +
Intestine + + +
Stomach + +
Spleen +

PAC|R, PAC, receptor; VPAC,R, VPAC, receptor; VPAC,R, VPAC, receptor.
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Fig. 1. Suggested Physiological Role of PACAP

HTOTI, TNV 2 U (Glu) DSFEBEIS R AR
mEEL THSEEAZSNTNDS.? 1997 4,
PACAP 73 Glu &l U CHE[RIFA 2 i 1 gi 9 %
HREME RSN, PACAP OfEAMKREL<IFHI N
7. 10

ETSIIKRICKFE AL, AKHEL S0k
FRFIEIC & 0, PACAP-KO D{RNI;EHEAE & fipT
U, H{KN PACAP O AHEREIC BT 2 1%l Z& it
L7209 £ X2 EREEG T THE L 2B OTT
BhatstL=E 25, PACAP-KO [ZH4RIT ™
EFIBRICENEIUR 12 K[ DD OIE B &K 134
LEEEVIRL, ElzoloESICHAMIIRMn
S/, TDZ EMH PACAP-KO 1250\ TR
SO X LFHEEMEIFFTERETH D Z LRSI
2. RICEBEZE T TRV ZAZSZ, 781 XA
O HZE L ZR L& 25, PACAP-KO |35 1

DFEVEBE T OIS (RAHATEZE ) 2
RELBEEINTNDDITHL, BFHHORWERET
OIEFRFAR IS (RLAHZIRZE 2 9) 13E T oA E
MNESNZDATH- /.

DX D IRIEMFRAIRAAIA b 2 R T AR T A
XU ADWEE, T E TIZ PACAPY K UX
PACAP &R L7071 >FF—+ G? @ KO
RTADHATHDIENS, KT IO FiE
/1% IB DA RN & fRIH S 5 72D D R WIFFEY — )L
ERBAREMEN D B, £z, BRICERAMEED
NHAN2IE, UXLIHERES® S I EICHEEN
HBHEEEINRINTWS Z S, PACAP ICX
% X LAAHGRET (RRICAiAHRGTE) WL, Bifk
WEBEDNTND I X L FEEDGEIEH T &=k
TELHEEMND 5.
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3. BEMHREEYE  BERFEKRFHLREL
MR OSSN T, SEEORIEO%IZS
TFIWIRENEMICE > TRET 2 2 & (long-
term potentiation: LTP) NI o THD, D Zh
WEARDRE - FHOMREETH S T EAVRB S
NTWb, —HTHENSD PACAP 513, 7
TFINO) RTIIVEY I UEEEHIAL TLTP &2
T B EIMNRINTNS, ¥
FHEOIIME R, AL & OIFEFEICELD,
PACAP-KO @ in vivo {55 LTP ZfEHT L, H{A&N
PACAP OAMAREIZ BT 2 &%ENZMEF L. T D
fi R, HEIOT S X AR K S LTP B E 4
B 2 TlE 200% TdH > 7=DIZK L, PACAP X
BEAT ORI~ T XTI 150% F2E OFE L v
Elanol. EREHZSHURIERL =, PACAP
ZHRERD ) T TR ATBNTH, 180% 4
EOFRELNEERNho/.7 Lz > Tinvivo
LTP O#%E 1213 —3 PACAP-PAC, Z#i4K 7 F
WIS L TWAZENHSNERD, FDOEEIX
PACAP DERTFHREBKENZODTHZ Z &N
HHS MM ERS 77,

4E, PACAP DLl EZ/RT I a2 a N
T DA FLL amnesiac O JF K& AT amn OWFLIER
TOVTHDIENRINTHED, D PACAP-KO
IZHBNTH —ERE S Nl BRI R S s
W ZRRERENA SN TS FfEd). Z
NS OFERIX, PACAP VAW fEZ 2 Tillg - %
EHRREICEAG T2 LEZRTHDOTHD, FEFITH
WREW, £ T<HKIETI, amn 23S LB HEE
MM ICENEEZEIND I ENREINZ. 10
PACAP-KO 7% amnesiac & [7]£E D hnlh % 5o (& =&
ZRT DN EDMIEIGTBROBMEADBETH DM, K
N ADE RS EZWET DR EED X 7
J—Z IR TE Sl EEIE R WICH 5.

4. FBHEPTH FH;LELS v > TTH
PACAP-KO 3fiEr —> 0&EZEED &, =
HABEBICRTHZES &9 5.7 EFHIZZOITEIN
RUZDERRITEZ KL TWDHDTIERWnNES
A, RIREJRWGFTITH S 120118 Z gt L 7z
(open field test). & DfEE, AR 7 2 IZRFH
DOREGBIZHE > THHBEEICHIN TREICH N /< 12
5Di1z%t L, PACAP-KO I3 field N % 5% A 1T 5%
UifeVT, MREENTEME, JHEBHRFRE, E A OEENE

% QLB ENOEEDCD v > 7178 BNEFARKD
PACAP REATOHEERIYT ZITHXRXTRELIT
ETDHENDIEFELWELEIENRD O NL.Y I 51T
PACAP-KO TiZ, BHE>HEENRTZEIND
open field @ H R AHIE S, H2E T 2K E& D open
arm DOFEE (BETLHREI N TR WEER) ITHET
LEEGNMRELBO>TVE. Y ZLTZEDOMO—H#
DITENEEBENTIC L D, PACAP-KO Tid “&
WORELNIVE R L TWS”, 50 I
DORR ML TW5D” mTREIVRSI N
PACAP-KO T3, open field test O I BE D 4} ]
W THBIZDy > 72T 2ENL< A5
N, Z2VWHOTIT1RFREIC 1500 ML EHD T ¥ >
TITBZEFEORLE. S —/FTInNs0d v 27
TENIEE Y — P OF TIIRD 5NT, FHEEA
DRERBIZEOTHBIINDAFTHTH D Z EAUR
IN/z. PACAP-KO OEEWINY I T 59> K&
C57BL/6 725 ICR IZE A =6, RYTXTHS
N2 EROBIEERMES 7 2 DA FEHRE R F IR E
SBEEINZMN Y ZECD v > TITENIkR &
LCEEEICHD Nz (Fig. 2). I 5 DHERIC
X0, KRN PACAP 3 ERITEI /2 & DK HIfT
BISEEORFEICE 5T 50D, INE TIPS
Nsho I AN N &R o .
PRI L8, KN RS R0
WELE, HDNIEIKNNT VY 2 R R DHEREAR
BIERTZZENHLNTNWS, TLTIDLD
ISHERER L Z AR L=yt 58 (7> 7242
SEERT )Y ERE), BIETREEY
(RN NTFDAR=HF =) w77 T R T R0
TN I UBZRIR ) v T T A) 1T,
e RAIE R R R BiE (ADHD) O#h¥) €
FIVE LU THRNITNED 5 Th%. PACAP-KO ®
R EHEIPUEHRHE TH 2N\ ORY K=V X
STHIHIZNDZEMS, Y RIYTABELMS N
Db MEMEEDOHED I Z KT 28 ET IV
ELT, RIEBRICEBRTE S AIEEMED D 5.

5. &HYIC

2001 4EN 5 2002 FEIZ/MITT, EHESZEO-E
¥ D7) — 75 1FFE FIEHIZ PACAP-KO O {ER%
N &, 2D K R ORI B W T
PACAP > 7 F )V R DLF IS EBEREN S NIT S
Nz EESITNETIC, KRAKEE, © 50,7



670

Vol. 124 (2004)

_PaCAP |

PACAPH+

Fig. 2. Mice Lacking PACAP Show Abnormal Jumping Behavior Independent of Genetic Background
Mice lacking PACAP (PACAP /) of ICR (left panel) as well as C57BL/6 (right panel) genetic background exhibit hyperactive and explosive jumping be-
haviors in a novel environment relative to wild-type mice (PACAP*/*). These phenomena were originally reported in Ref. 5. Reprinted with permission from Ref.

28.

KT8 OIFNITd, PERIEEE » 1 >R 25
W, 19 I/ NRBEERS) T2 & DBEREIC B W T H PACAP
ST FIVRDF IR AEEERN E U TTHH & 72 % nlhE
HERLTNS, Lo UEMENOG DML
13, NTOESERKO YU ZARTY YT A NEH
WT, RHAREHICH T % PACAP O & K U2
MR TS5 2MT T2 &0, k050
PACAP & ZAMEIRM Y T =X MMEEIZXD,
PACAP-KO > &FHEEET T )L B 0 KB R B 3
WETEDMEINERTTDHEND S.

£# 5138E, PACAP-KO OEEMNY 775
> R%&ICRICT S Z & THERH 2L,
I5 ) —)VEZMEOK T, 0 b= > 1 A Z5K
7 AZA D DEZEER TR, HEaKREET I TR
D BND KD IR IERLIERE ) DREFESER DK
T, BEXRMEIHETT IV TRD NS XS Ik
R K D W BB E 7R &, SR RBIAE
WEAITTZIZHWHL (&REH), otz
MIcHETL TWa, 5%, IhoEFORD SN
ERINHERE AL DM EAE R/ %y T — 7 M &
BHSMIZT 2 ZET, HERFPERE DEESIINRHE
HER B D 2RI IR BER >, 2 OARIREHEOFEICH
HEATEDLEEZEATNS,

BB ARTITHRRZEAIEL, KBRKZERER
LR O BB E B R OFEA BN #EER O
fREOHIT, FFFRHREER S TIThN/Z D
DTHY, MAEEOEROHBRHIZIDREINED
DTY. FFRNNOHKRFRFTEDO LT 4ITH, EK

B W EEE Lz, Z2i0h 5 # & H
UL ERY. XAeAMFEO—ERE, STHRRHFAERE
HREBRMBLEICE > TITONLBDTH O, HET
EHH L BT
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