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E  HWAK (galanin, GAL) 1ENIAITIVAREE 19T BEE S g CEC A, (A BATAAS T2 8 H 1 GAL 4T HRZ59) .
GAL T 5 3 Ff G R I Z 4K (GalR1~3) 454, GalR1 1 GalR3 /i SAEHHIERAYVER] . GalR2 /- SHUMARAYYE . GAL
NG TG YER A BE GAL (1-15), 3 1 52 4K GalR1-GalR2 S 34K (heteromer) , 415 b GAL T 3 1 3 35 A0 25 17
GAL (1-15) 0] LIl it GalR1-GalR2 SRR S-F8 A 1A 24K (5-HTIAR) AEAEFIE A GalR 1-GalR2-5-HT1AR R4
B, NEE S-HTTAR BEhHI B HTIMARSCR . BLA, GAL K2R 5EH S LIRE . WKy, WIRMEMZE RN T
22 [ e A3 S SR - 22 BAE FH VR AT IAR . AR SCREHE GAL B AZ R GHIAR 4 15 1 FH BT REBLA . I X5 L GAL K Az iy

HLATF R 25 T WA VA 0 ] R P T

KR HWRK, HWKSZEK,
FESES B84s

FIARIE & —FP I8 PEAG S 1, H R 2E
RAFEIVABIE LS . PR = | PREE . REAR T
TEBCFIIA SN BERT A S A A 45, ™ 8520 3 1
HRLOIAE TR Y IARAE AR ML S B R
BETRGE . AN, MEfiE . MaERnEr
Mg kA . A6 siEHEER . NS 3H
BRAERZR 5 BRTKZBARIT 25902 X0 ki P %
Plregad Bian K ERZE  (norepinephrine, NE)
H5-32 0% (serotonin, 5-HT) %5724 25 BEAET,
B — 6 % P S-HT 8 S-HT-NE P35 B0 i 51 |
PR A ACBREAN G 2E . SIS RIS HT AR 24
A LW HR S A A — . EAE . R
YER R A Gl 1, PRI &8 BT IR 24 5l 4 B
PR AR L,

it 5 X P BR A 2 9 AL A5 1) PR 2R ) TR A
9%, —LER IR BRI AR A E T H 5 %
U R R A AR T FR AR RS R R 2 R R
PR A X, — A ER TR 2 kY
2454 ELAG T (e 1) 24 B B M RN A AR A B A
HPWAK (galanin, GAL) J& 30 4% Hij 8 & 3011 5 %2
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FEMRFR I AL, H NI 1~15 A2 R iR 5L 2 B 17
S, BAEYITETE, Cimmt e B 17~29 2R
BRAE R BOICAEIEYE U ST, GAL H1 30
AR N H. C oA Bt AL e Y, HEE
B GAL % % 41 #5 GAL. GAL {5 B H % ik
(galanin message associated peptide, GMAP) |
GAL ¥ ik (galanin like peptide, GALP) 7/ Alarin
4 Fp 20 o GAL FIl GMAP J& i 5 H 7 ik
(preprogalanin) & [H 26ty , fy K4 P U1 il 224 £ 7=
423 GALP F Alarin W]t GALP B: (X %ifith, AN [A]
() BRI I B H2 7 4 10 GAL U IRIE B PR 5T
(BFER LR LIS A SN Y (AnBRIN B 55 ) oy,
KT LR AT AS BYUT A9 mRNA 2V, GAL T {2404
TAHMNE PR RS, 7EiES (hippocampus) |
TR, A%, B (locus coeruleus, LC) . i
TAEX R R R, HSNE, 5-HT. ZBENHS
BRAR . 2. MAEIRY. PYIT. fEHERMER
S5 2P 225 o LA SR 2 IR ] s 1 22

GAL {553l 3 M2 Ak i 7%, HIIKSZ ik
1 (GalR1), HWKZMA2 (GalR2) FIH M KAZ 4
3 (GalR3) , #J°57 W A G & 1 B 32
2 H R R i . GalR1 IR MK
Bowes & (4 R AL AR b ek, i 349 g Ak
FREREA AL, T RBTHCZ. M. T Ei.
D7 A N <~ VA N = = B N <3 1 1)
GalR1 7E 8 H Bk F E A 90%~93% (14 [ P 14 =
KA ZE Y GalR1 B A A ] (19 N i 422 4 2L A
(N-linked glycosylation) 1%, {H AZ& GalR1 # C
Ui W R A A, S LR BRI Z A4S 2 GalR2 F IR A
KB ek, 387 MMk, 5
GalR1 47 38% WY1 JEME, ZRBTRMES . T .
BOJZ . AATAEEEK R 22 GalR2 AT 34
AN ZEHNEEAAL I Z A AR T GalR1 B 20 P
PR AL AL P GalR3 AAEL T /il cDNA SCHE 3e
REtok, AZJE GalR3 Hi 368 2 HE MR 5% B4 AL,
5K B GalR3 MBI 5 90% 5/, GalR3 7E HiAi pfi 2
RGP RIBENAR, )R RT R i
Jo R AE D d, AR AN R A 2L A AR X T
fz sl KRR Y GalR3 # A — > N i%
RO, DA N BRI AL s

GalR1 #1 GalR3 2y Gi/o IR A2 44, AT LA
BE IR AL (adenylate cyclase, AC) ‘= iU FAE
fRHRH (cyclic adenosine monophosphate, cAMP),
FT I G & AR 9 ) 32 3 1 2+ (G protein-

coupled inward rectifying K, GRK) i#iif, ifHELA
B HZ#ZE (pertussis toxin, PTX) AT 7=
G 22 R H AL U (mitogen-activated protein
kinase, MAPK) "% 2% GalR2 T % 5 Gq/11 {1}
W, ATLOSTEBEREEE C, e dkmhme MUBEf G et
PRI ES BT BERG AN, ATITAS B OB Y aE ,
Ah, GalR2 WA LIS Gifo flyIe 119 2 2260 K5
FW], GAL M HAZARRTM T A, 164 . .
PR N BEEACIAE Z TR, TEN
HB. RO U . TR BEBRIE . IR IR S
PP R AR e

2 GALKEZEFTIEHHNZEINER

FIAR A AN [7] i R 38 5 1 Bl A [R] i X GAL B¢
HAZ AR SR B A o FE R B0 H PR Bl 2 i R
CBE AR R arBEAR) AR, R el sMiie . F o
R P A 2 rft GAL i mRNA 7K T REAR 507
T Fe i AMIAZ R Fr G N AN AZ 1 GAL 43 5 2%
BRI B 1E PR 45 DL RO AR O G Tk A
5 B9 L GALAE N Fe i AMIAZ Hh il 78 s K OF
AR A ] RS T DURRER I E IR o T 07 T 43 55 301
TG, RBERE . BOAZSEIX, FES 5N
ST RIS, TR SR R S TR
MBI SER X, EE S 52E ] 52 miALT
i o) BT LV GALL e SR K SRRt T
fE 1 52 H R A X A 2T A TG A PR
SR o WK AR AR B, LR Sk 45 ] BT A
it (ventral periaqueductal gray, vPAG) F1Hij % it
Sz )2 (prefrontal cortex, PFC) ' GalR1 /i) mRNA
AR, B GalR2 i) mRNA 7K [,
Pl PEC 1 GalR2 1Y mRNA /K- A78 240 yPAG
[ GalR1 2 5 XJ 18 4 W = i, 63 i X e i B
GalR1 A DL 3 % Do 2 ik, i B % sk )+
Scratch2 7] GE 38 i 77 1] vPAG 1 (Y GalR1 A, i
GalR1 & Ik AR DA T ol 42 PR U il 2 o AR 2 #7
GalR1 7E Wl PFC Y R IA AR ), H mRNA
TRV B ARG 1T BE 230055 GAL X% IR X i 43 2 R fik
PRZETTIIPT], DTS T Vi Ao DX A o 5 X ep
2 R0, (RIERFATH . GalR 7Eif
A X R AVERBIAR, GalR2 7E75 )
FRRE R, SRR 0 TR
(%) GalR2 TEHTHIAR h R AR T 17, R IAIKF [
IR RE I S IR X7 B AN AL RE A

ERIR AR 2 (RIaiEk ol B I
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Bk, %: HRKXHDERAEREIEEER R EN S MR R -115-

IR BRI 3 ) s, T4 % (dorsal
raphe nucleus, DR) GAL [} 3Z K% B3 fn =, R
B% 4 GAL Fll GalR1 ) mRNA /K FHEE B T
PEE GAL 1T Ad /b 2 R R i 2, HARBR%
[l 2 52 5 PS4 =, T GAL #% 5K
BT AT R L AR 2 EL R KSR D shL, T
RE AR5 DO R 4, LR S8BT ABIES . It
Ah, R FEL KR, vPAG T GalR1 1)
mRNA ZK-F-3 5, &M 5 GalR2 ) mRNA 7K -
A%, PO PFC 1 GalR2 i mRNA /K AR7E, X
S 55 SR PRI 2R 1 R R ] B2 4 S Sl
He[EHER, X EEK X 1 GalR 7] GE [F] 2 5 b
REAERRRI T . ARIFRUARLEHR, A
R BUPNARAE f 2, HLC M1 DR ' GAL F11 GalR3 )
mRNA /K ¥ 7F & 5. GAL 1 fE i i GalR1 5§
GalR3 1] 33 14 /1~ il X B HC i 1) NE BE #2850 1l
S-HT Re P2 ouilfit, Bt BT 0y Bl =, DA
INEPPEBEEIR . ZEPRBE R LB A, RIS AT
PREIRAER, MR 2P K B IR A% b GalR1
7K B 7, BRI AR B A% T GalR 1 7] BB
TR AR LR AR

GalR [ 55 1] LAY 28 0305 145 & WA 5 5%
F3H R DNA H AL 55 2 R0y =00 d%, mlgese il
ABREEAT A S ik Y GalR #5 S 2 AR ML . B
05 FK B, AC-cAMP-%E [ ## i A (protein
kinase A, PKA) -cAMP % I JC 4 45 & & 1
(cAMP-response element binding protein, CREB)
% S B T DL JE 45 GalR1/2/3 1Y B % v
GalR2 5 GalR3 [y #% 554 32 31 25 F 34 C  (protein
kinase C, PKC) . HIA/MES 8T BARE . Ay 4 g |
p38 MAPK SE M 45 ', A, B AR AER
SiE H2 5 LC 1 GalR3 i mRNA 7K FFHE, GalR3 ()
DNA AL TR, otk 8 7% DR 1Y GalR3 DNA HI
FALR TR B, X EEE HE 8 DNA H bt nT i
P GalR B 57

3 GALKEZEIFNERRIEATEH

3.1 GalR15#]%B

GalR1 W] HEAF T NI BB IIAR o 2 e A
o7 A B R B R B PR A AT R, HvPAG Th
GalR1 i mRNA K300, {8 siRNA H7 52k k%
ZIX Y GalR1, ABEEAT AR ES ' X —%0N
A RE S X HP R R IR RE A 2 il L s A O .
T GalR1 (1) mRNA 575 2 R AR Bl A3 i R 45 R

FEIZ PR 2 B9 mRNA 7EIZ I X i 40 i A S
It A GalR1 o] GEFR /- T EIRREM 20T o IAR
FE GalR1 1E vPAG W FRIAIG TN, GALYEH T3
RATREINGE T XA R BR RE M LT, A ITTs D
HIE MLk, FHEOMAEEAT R . PFC {11 GalR1
WA ARIRAENT . TEBER SR THWTF T 00 7 5 AR AR
Airp, KELPFC ) GalR1 553k I, 78 PFC XU
I GalR1-siRNA 1] LRI BB 30 ek i Lk A i
6], MO AKAR G, SCEIARREAT R, T Ha e T
PFC 1 R RERY S-HT ZKF 0, HEM, BBk GalR1 1]
AE 1 3% PEC £ 54 2] DR (A R Rt 20k
Hhn S-HT R - @, NI SR ABIE IR

RS FEM], GalR1 A SAE SEAR 11
i, BB AHEN GalR 1 BTG S INEIWAREEIR , Aid
BRI s Y N S S o S e I SR D R ¢ 1
i 28 1 5 GalR1 #4037 M617, B4 T K BRUAEsR 0
Tk T Lk A R[] e T IR S T S GalR 3 80 7
Galmic (E% 5 GalR1 454 ), B0 7T/ RAL 7
VKB, B BT ZS VERT, Tl RE &R
4 Galmic it 5 GalR1 ZAMAEE I BTA A EAEH
GalR 1 @5 14 /)N BRUAE A2 R X v A AS Sl ek (] B
FAR o AT RE R N R A2 AR R R LA kM
) FGE N T A RIERE 7 BRI S IR
—3, (R RZHUEER/R, GalR1FENNN F 2L
FEN S IARAOVE T, GalR1 B9 #4076 v B 1 1 i
vPAG Il PFC R R IR BE M & os i R fal B3k, /b
5-HT BB, AT 2 ABAT4 .
3.2 GalR25HI#R

GalR2 A[ - FHUMAR Y /E T o GalR2 2R A9/
e e R X/ ) I 5 W I S I B SN o = A
[0 36 (18] S ISR A, (L Jr e v ) e L s ] 5 06
HRALTE A 22 5 1 Wi 3 b — 2 A 7 1 R s
ZEFE M (fixed effect meta-analysis), & Bt GalR2
R I/ BRSEBR _T AE B Rt rp B A= Y [R] A B
PRI E B AR S Y, 5 JIIER] T GalR2
FEPUARR IVER . ANRIAE IS B Bead 223K GalR2 11
/0N BRUE B8 3 i Gk HP 4 2% PR O ) R 1k s ]
F W GalR2 M HTINARYE FHBA B 1 —BhE . AN
THZIFFEE L, GalR2 i Rk A/ MR T K K A
B TS BE LA S TE s A D IRz, n] RS R A
TR, BERIZ AL A R iR T AR AE #E p
WLEMRIER

GalR2 & ¥ Ht P AR AE A% 32 22 fi X 7] B &
DR, GalR2 7 DR A 43+ 17 ™, ¥ GalR2 #% ) 5
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AR-M1896 1 JF EZ MG X, FAAK T K FU7E 5 38 e vk
W kB ], AN S AT oG s T A
R, WEPEE GalR2F5HT57I M871 {415 DR, Al 33
FEXEIZ M X 1 5 GAL S350 3 30 W7 K Hh e 1 it 1]
7, GalR2 Al BEA74E T DR 1 5-HT BRI 0T
GalR2 (S W] A HF i I LB A G O3 3500 P 5 5
THRBEEREIN, S-HT G20 M S-HT AR L
o, X B GalR2 FLIPAR ML Z — . GalR2
FEH AT POAB A SR X, WM RPRAZ . RO o
X, K%, BEMEED . PEC, SURARSE X m1E
FHIEAIEARIESE 7, A BIAFST $ 7 3 g 2 v i)
GalR2 I g A2 JE 8, ROk 7 2k — 20 B off
GalR2 FEAN [l figi X 9 22 SV E FH L, 36 7E
ARRIZERIZ e R E A

PUImARZG Wy vl e i GalR2 K AFA/E R . M
SHEPETTHM T KB DR A1 LC H GAL () mRNA 7K
S, B HBE TN T DR EERE £ GalR 5 BT M40
5 GalR2 (9254 7, $7R PG 7T Rl B8 i 1 i DR
H GalR2 P25 A s, S0 A T 1 B AL AR i
AL PN 05 B 7 B 3 i, {45 DR A9 5-HT R &
TCR4AT, BN S-HT K, MR EIHTIARRIVE .
BT 3 FORFRIZSAI G HTINAR L . = IR
AH . SEPEE S-HT FE-H O il 700 A 2 6 7T LA R A
AR RIPR Wk, 83 B A AR IR 1) 7
Nty 14d, BB T LCHZITH GAL LA
K% 55 X GalR2 %% 5% 7. GalR2 A] IR TE
i 55 DX 0 2 L e RE A 2600 ), LA 24 1
FIF 8 GalR2 (93535, AT RESS I8/ XS £ EL R P 42
JTCHI RN . A AR R, KRRES3EW
5-HT FINE PG sl F Sckhiae, %A WAE DR,
16 I 1 PFC 19 GAL U} GalR1~3 % s 7K 7o)
Al RE AT IARZG P 7E 1E 5 shi b /R FHAS A+
FEAER S A -

YT GalR2 HLIMARIE AT, 4K LA GalR2 2y
B ST RIGTT AR 25 W B PR s, RS
R SRR A T 2 LA R 25 7 XAk . GalR2/
3B AR-M1896 I LA R I R BRUAE 38k 38 T UK Hh 7Y
IR R, AR LT Hm AR 2 T kg ¢, b
HIRREE XA FEAARTF & T 270 GalR2 BEREME K
SRl il an, AN = E B DL GalR2 4% 5 1 K
(GalR2 subtype specific peptide) M1145 JF515 111
BEPEEIE BRI M1160, FEAL T /N FR7E B R I ik
1RG0 R R VR S LA GalR2 4 S Ik M 1145
FIMI1153 7 3109 GAL 259 T8 Bk, F&AK T

SHEPAE R /N BRUZE SR A Uk LA Ak R I b 1) e 1
FfE] 70 eAh, J18IA AT LI & GalR2 rfi /N T
HAIAERE T R, SRR AT R RCR
B AT A BT — T 04 9 IR A4 spexin (SPX)
MK, VBT GalR2 F1 GalR3, R U SR L)
JrAXTIF R T —FPTE ML TP AR e M B IR Y GalR2 H5 5+
PEW S NT-Qu ™ AN %= 3 5 dNT1-Qu ] LA
TN P e 28 2 T O A sk ] A R i TR
B, RUTHBEAZGERMEN . AR —
HHETF SPX & T £ GalR2 #8h7 SG2A, /)
SRR AGZZW), PRI T Bz I 25 245 B A AR K
Tids, BEAR T SRk R 1RS]S T e
ISR B TR (AR ) AR 37RO DX 33 B 1)
Ao Y, R BN 45 25 SG2A HAT B AR bt
BIEEH . R0 E] T GalR2 {2 5 SG2A
A EAE 5L L K GalR3 hm ] 5 SG2A #H H AE
FHRERIE, il TH AL U e /N o TR T &
GalR W AU 5 5 M 0 sl 50 R4S B ) 82 T R
R
3.3 GalR35#1%B

5 GalR1 26, GalR3 W]/ AL, A5
FW, GalR3 PRI BEAK T 2h ek Rt LA &
SiEbra7 Qe NI EITTE S A T = e e Sv =AY 9
W37 IR g SR 2, S — Tt & B, GalR3
PEPEMEFE DT SNAP 37889 11 SNAP 398299 & M vE:
SFEREAIE T R R AUk Hh i L st 1] EL3 n 1 ik
FRRRFI] 3 ] il B B 3 R B 75 7 D B
D)1 N AR ) (T = B e 1 A U i U
B, TEAAZY)E 14 d DL K 21 d 43 T Hiam AR i fE
F P R H AT fig 2 38 1o 98 55 GAL X% DR Hy
S-HT gt oo mIPE R, PORIZ 25 W8 oy i e
T GALTE DR 20 H 5 A ORI il LA KRB i Ak
B B ANk, GalR3 @R /N BB AR
TEm TR BTV BRI R A 43 . 720
RO DX S R 4 7 4 Bb L 7 R XS ) B
W, DLRBEARIAE AT, (HAS 52 g R i i 3R
B/ = G I S - £ N3 e NV R AW N I €1
K17, GalR3 1) mRNA £ K U H Y 22 34 2 B ik
HRMRAY, EZAEMATX o ™. LTk
VB, AR GalR3 %22, FEHIKTELC
TS NE BEAR 28O0 FI DR HPAY S-HT fig 2 oo L ™,
X FEHAZEHIR BUAE GalR3 F R G0 0 A LA WA Sk i)
225, Pl GalR3 TEHARAE i B9 VE HIA 75 i — 204K
9%, WAL, i GalR3 (45517 SNAP 37889 H T
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Bk, %: HRKXHDERAEREIEEER R EN S MR R -117-

IRIT RS ARIA T Z R 2 &, nTRE S ARk
GalR /- WM. BRI, KF5EF 10 pmol/L
(1) SNAP 37889 ] i F: 31k N I 1 GalR3 1Y | Kz 44
MR/ AN (BV-2) . 35 GalR2 (41 & ifi 2.
A AZ A R LR A e A (HL-60) DL &
Stk Z GalR RIEM M LM R (SH-SYSY)
P,
34 GAL (1-15) 53%p

GAL (1-15) & GAL HA3 &89 N o Jv B,
HsZ A JE GalR1-GalR2 T 4K %1 GAL (1-15)
SR IE e B AH A B (solid-phase synthesis)
BAREG M GAL, FHATE (i v)E - S )
RAREIN, H RIS GAL AR B A 02254
N 0 IE AR SR ISR B, AR ET DL H 2R
A GAL I N3t i Be, e K VNG DL AE B
ZH AR ARSI GAL (1-16) BTN SV ,
HAEK BN & B GAL (1-13) . GAL (1-16) i
GAL (1-20), #EMiX 2 B Bl fig & GAL ryf g™
Y'Y, GAL (1-16) HA 5 GAL (1-15) #H{L
@E\;— i92]o

5 GALM I, GAL (1-15) 4555 (42
BRROVEFS, ATRES GAL (1-15) i tEss & 52
g GalR1, i GalR2 Z5 &8/ . ik 2
HSF GAL (1-15) nl RGBSR 38 Ui vk v i i b
BFE], BRIV A i), o e AR A TR
PIVERS, 3 —1E ] H1 GalR1 1 GalR2 Fh[a] 4
AL, ZFSEIR K, GalR1-GalR2 S B AA T RELF
ETEMEFSHDR ™, 78 GAL (1-15) AlfREs
M 5-HT RGL W YI6E . #H LT GAL, GAL (1-15)
AR I AR 5-HT Z AR5 5-HT 2R 45 511
FER 2, GAL (1-15) X} 5-HT 7K Aol 75
3T GAL ¥, 3£ GAL (1-15) W] fig 3@ 1 #1) 5
5-HT #1250 T80 5-HT BRI, A 23458 AR
PVER .. HE—5E kB, GAL (1-15) nlfiEJci
{iF GalR1-GalR2 5 A 1Y GalR 1 /- 3858 HIAR 1Y
PEFH 5, e %%t GalR1-GalR2 S 5 14 it 41 it v
GAL (1-15) Lt GAL BATZCH il AC S0 55175 5
() cAMP J W JCAETE PR3, ELIZAM S R0 i 4
AP GAL 547157 M35 Fl GalR2 :531 7] M871 4%
Y 7R L GalR2 4IRS R 22 ik
XF CREB#ITCAEH, #EM GAL (1-15) nRE{L s
A 5 R GalR1 I TS Gilo i S 1R 5 Y
s gl AL E P2 R, GAL (1-15) 31
GalR1-GalR2 5+ RAK(E 5 M ] B2 T S AR Y I

KWz —. AisaEd A ESS TR, BT The
#1 ) GAL I A ST AR B GAL (1-15) 1
EAE AR, AR Asp-N . 25 I EEkEE )
fitf . JFAZ R A RIRIGEGAE . BRI L e 5 7F
A= PR B B FER N P 4R GAL (1-15) 5%
GAL (1-16) WTFZEI—LWF5RIUE, (2%
FEPER T Tk LE il N0 GAL (1-15) BI7™=4:,
A AT REREARILAE HIABYE

4 GALKEZEBTINEREI A gEHL &I

GAL N HZ K" Z 0 T & R 4,
GAL5NE. 5-HT. Z k. #ZRRY SR
198 O I 20 R [R] 2k 10 224 Rk GAL M HzZ
AT B3 o 55 ok e 23 Il PR B AR RO YT
AR
4.1 S5-HTEHEZEFELE

GAL "[{EF T GalR1 Al GalR3 #il1#| DR 1Y 5-HT
REMI 20, B#AR S-HT BECAY K-, i #AR .
GalR1 7£ DR [ 5-HT fig#f & e R %3k . Mk
PZER LW, GalR1~3 it f& GAL Al GalR2/3 fit {4
GAL (2-11) ##0% T DR /) 5-HT G 400 ),
S-HT1A %4k (5-HT1AR) #43h5 8-OH-DPAT ] {f
FHFAZMAER, BRGS0 4h 5-HT (17K,
5 GALBXHREZE— 2P MIK 5-HT BY7KF-, 5-HT1AR
FEPUFH WAY-100635 M| o] DAYk 4% 5 Fp AR E T, 42
7~ GAL Fi1 5-HT1AR ] 7E 5 il jif 7K ~F-AH BLAE T 277
SR T SRR, 8435 U A K RRUZE 3 Ui
TR 2R B R T B AN B AT, [RIE PFC
() S-HT /K R B, i 7€ DR ¥ 5§ GalR1/2 45 1 571
M40 BE I/ AR K B #1478 34 5-HT /97K
S8 R GalR1 A] 520 DR # 41 £ PFC A9 5-HT
AR AT 1 HARA TR

GalR1 7] 38 o 5 — R AE 5 5S-HT1AR JE B
GalR1-5-HT1AR 5 2%, 815 S-HTIAR - 15
Sl g . W] LLE K GalR1-GalR2-5-HT1AR 5+
U = RRSE, XL R R 0] REAE VR T IPAR A
ZAER ™', GAL (1-15) W[5 5-HT1AR #3851
HAEM, YERT DR AT S A GalR1-GalR2-5-
HT1AR 5 &5 DR 4% 54 21 5 1) 5-HT e &t
I % GalR1-GalR2-5-HT1AR 5+ 5 &, 725 ¥ GalR2
ZART USSR, 20 5S-HT1AR A RURM: 55
i S-HT AR 38 80 5 (T imal s it . wFo 8,
GAL (1-15) TiidE GAL REE i 35 003k = v fic i
5 5-HTIAR 454G . [AIME, 7EME b2 5k )=
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1, GAL (1-16) [t GAL B3 . B A7 R b F& I i
&5 S-HTIAR 454 . 1Ah, GAL (1-15) 5
5-HT1AR #5017 8-OH-DPAT I T B, A] B i P& A%
R BRE 58 38 WA K b e L B B TED SR AL 5 T 8-
OH-DPAT 5 GAL B '™, /8 GAL (1-15) 34
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Fig. 1 The possible mechanisms of galanin and its receptors in regulating the function of depression—related brain regions
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Recent Updates on The Role of Galanin and Its Receptors in Regulating
Depressive Symptoms’

XUE Bing"”, MA Yin-Yan", LIANG Jing"?, LI Yong-Hui"?, ZHANG Jian-Jun"?"
("Key Laboratory of Mental Health, Institute of Psychology, Chinese Academy of Sciences, Beijing 100101, China;
D Department of Psychology, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Galanin (GAL) is a 29-amino acid neuropeptide that is co-expressed with neurotransmitters and
neuropeptides, such as serotonin (5-HT), norepinephrine (NE), dopamine, and neuropeptide Y. GAL regulates
various activities through three different G protein-coupled receptors (GalR1-3) and plays an important role in
mental diseases, including depression. GAL and its receptors have been regarded as a possible therapeutic target
for depression for a long time; however, there are still no widely used GAL-type antidepressants. Presently,
various studies have revealed the link between the GAL system and depression. Activation of GalR1 and GalR3
induced depression-like behavior, and activation of GalR2 inhibited depression. GalR1 activation may induce
depression-like behavior by inhibiting serotoninergic neurons in the dorsal raphe nucleus, noradrenergic neurons
in the locus coeruleus, and glutamatergic neurons in the ventral periaqueductal gray and prefrontal cortex. GalR3
activation may induce depression-like behavior by inhibiting serotoninergic neurons in the dorsal raphe nucleus.
GalR2 activation may reduce depression by activating serotoninergic neurons in the dorsal raphe nucleus and
increasing the level of 5-HT. GAL N-terminal fragment GAL (1-15) mediates a stronger effect of regulating
depression than GAL by causing an imbalance of receptor signal through the GalR1-GalR2 heteromer.
Conversely, GAL (1-15) can enhance the antidepressant effect of 5S-HT1A receptor agonists or selective serotonin
reuptake inhibitors by its GalR1-GalR2 heteromer interacting with 5-HT1A receptors or forming GalR1-GalR2-
5-HT1AR heterotrimer. Besides the 5-HT system, GAL and its receptors can also interact with NE, neuropeptide
Y, brain-derived neurotrophic factor, and dopamine to regulate depression. Although GAL and its receptors show
great potential as a target for the treatment of depression, their regulatory effects on depression are different in
different brain regions, and the mechanisms remain unknown. The development of GAL-type antidepressants also
needs to be optimized. The following questions need to be addressed: first, whether the specific agonist SG2A for
GALR2, which has a good antidepressant effect, will affect normal cognitive and emotional functions need to be
explored. Second, as GAL and its receptors may have distinct sex-related effects, future research should
distinguish the sex-related differences of GAL and its receptors on depression and further develop antidepressants
accordingly. Third, and most important, in addition to designing agonists or antagonists targeting GAL receptors,
the following will be of great significance for developing new antidepressants, enhancing the effects of traditional
antidepressants, and improving their side effects: targeting enzymes that catalyze either the production of
GAL (1-15) or GAL (1-16) or N-linked glycosylation and intracellular phosphorylation of GAL receptors, or
factors affecting the formation of GalR1-GalR2 heteromer or GalR1-GalR2-5-HT1AR heterotrimer. This article
reviews the regulatory effects of GAL and its receptors on depression, explores its possible mechanisms for
regulating depression, and discusses the possibility of clinical application of antidepressant drugs developed for
GAL and its receptors.
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