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University of Missouri-Kansascity

[fE&E®N] ZEHEE,1978 F4# % 1983 R #*
ENXRFEFAFATTR), RLEFARFEH
XFARFHEAEMEAE A, 1985 FRF A LiF
EMXFARZEBNEZHIRARAL, EHEFHF
BERBFTHAEPBEAZRAAETCLERHED
A AL AR PR AR2E (L A
K & FE Brain Res. ¥ £ X & &), KB LB EH X
FE-RARELFL, 1989 F 1 ARALTER X
FARFH I B AL, FNTFTRAKRE LA 24
FERATEBFAEAHBR NAFHANARYBZLER
B HR, M A B R E A 4 LXK+ A& %A B # X (Pain, Neuropharmacology, Brain Res.
ec.)o AW ETFE LB IHARFARDRKTNRMFHARAR I L ¥, 19058 A% £,
)6 A B K F M )5 ,1997 - 5 ¥ % Howard University [E 5 1% 25 22 3 85 52 44 3% , 1998 45 42 A
University of Missouri-Kansascity fE 25 22 2 B 2 48 A B R F MK KL I HR, BT 28—
NOABR DA, ZEAREDBRBES>FNAANRAZ T @G HE St LHFEA
AXAAROINHARRB, A —HHERBAEEFRR 120 3R XAk, 28(HH A
&) (Humana Press) — 4 , 4 NIH. £ HiE R THARHNFEX L EUBR AL ERBRNG A
AR IEF RS, 2001 FEERBRXFRRHILE, A, ERREKRETOR S /75
I, ApE— AR AR TN ERERFREARFIH AL LR Course Coordinator,
EEFROGMRA LT,
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1. Mao L, Wang J Q. Metabotropic glutamate receptor subtype 5-regulated Elk-1 phosphorylation and
immediate early gene expression in striatal neurons. J Neurochem, 2003, 85: 1 006 ~ 1 017

2. Mao L, Wang J Q. Group I metabotropic glutamate receptor-mediated calcium signaling and immediate
early gene expression in cultured striatal neurons. Eur J Neurosci, 2003,17: 741 ~ 750

3. Mao L, Wang J Q. Phosphorylation of cAMP response element-binding protein in cultured striatal
neurons by metabotropic glutamate receptor subtype 5. J Neurochem, 2003,84: 233 ~ 243

4. Mao L, Wang J Q. Glutamate cascade to cAMP response element-binding protein phosphorylation in
cultured striatal neurons through calcium-coupled group I mGluRs. Mol Pharmacol, 2002,62: 473 ~ 484
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S. Choe E S, Chung K T, Mao L, Wang J Q. Amphetamine increases phosphorylation of extracellular
signal-regulated kinase and transcription factors in the rat striatum via group I metabotropic glutamate

receptors. Neuropsychopharmacology, 2002,27: 565 ~ 575

o8> L Ez T b4l ]z 0] A

REBZILHERSURUEIT, T 41 (stem cell) BIHE S X — M AR VLA He 3 ME 0, — R &
X BT 40 B R 18 AR L B A AR X B R SR A< B () B 3R B T (self-renewal ) B 40 /Y, 3 B3 & i &9 48
MRAT AL —FF A ERTHEEA R . EH, TARMR R AR MEEE L4 5016k
7151 ) 4H 48 2 ( progenitor cell BX precursor cell) , Hj KR, A THRELE R LEBARE S
FRE WA € 19 5346 BE F1 4 48 2 (Gage, 2000) .

ALK 2 T 40 (adult neural stem cell, ANSC) RIEFHERATFREMZEZEN, B THK
¥ 1E 9 48 M0 (Johansson et al, 1999), SRS T4 MAR , ANSC K RMBHH AR, AR 54
LEE I T BB A R, A i X 4 ANSC B 3£ | LA a3 4 388 A 3t 53 4k B ¥ 28 JT (neurogenesis BY &
neuronogenesis ) % #! £ J¢ J5i 41 B (gliogenesis) o il 1, ¥T 4F 3K Bl 4% 8 BL7E AR T8 T LA R M1 B = e 2
B K HE R % B 43 24 fL BE 7 A9 4 2 (Gage et al, 1995; Reynolds and Weiss, 1992), 7% ANSC
BRFRBER APBR SCREMBEESL. AEHHER T, X LA ANSC B o] R W4 3
FEERTH) ANSC ML . AR BRI ER A LIH £ 5000 MEAWHBMM ., B4R
MAKRERZ3 ALEATHLBRRANETTRBEREAN. B, EREANZERENTES BRY
MX SRR LA FENFRRE, X ANELEHF TR AN RES S AN GRS
BERIWES,

BRE#HETEARSNSLHAET

B AR ANSC 4245+ 4635 3 3% 3] & F B8 & 5998 %5 (Morrison et al, 1997), EERNIY LR
RER ARKRETR-LBIRM ANSC FHMLEHN, REZRBRBLEEEKBETFRRS
4t 40 A 4K B T K P B AT B 3 3R R E RE Bk ¥ T ANSC I 43 3 (Calza et al, 1998; Wagner et
al, 1999) , F AT EH LB L, EZ = EF LW FLM ., Brain-derived neurotrophic factor
(BDNF) 55 —3& ANSC Sr R ERIMN . BRTAEKE T4, 258 55 19 7E 3t 95 B B W ANSC £
RO, B P 43 A BT XA R RS B RR B AT P 4% T ANSC #4124 (Cameron et al, 1995),
KMBER L BB RN E EREERN RECTNHSCREHNR RS2 T ARNSRED
(M) ABER, ML BIRS A 205 30 8T LUR B K B 5 W 2 5T H9 F 4 (Praag et al,
1999; Kempermann et al, 1998) , X MR BMUUF B3 AKBEA BN LHAIEEFRNSLME.
FABFT LA 0 ANSC 1 3 ) B 3 30 60 95 7 8 00 R SR BRI . 25 4 T (R F ) o b 422 ol o
BOLTF).

BE#HLSTHARNEDFERY

BT ANSC R—¥TAHY  EMAY¥BXARERZLHEENELRER, BT LAE
BBEMR FEAEBRMT B ANSC B BRARB, BRIES 2100 M0 £ 5 LA
MR R AR . BB BRIATH L B R, T ELR B 8 3 40 34 80 B 49 B 40 B X ANSC 89
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WAL B . FEVE T A 4 R B0 S OB AR A PR R A U B X, RO DA N I M2 b L,
FRELAFEREMF OB, F 5 5T 77 240 578 K 81 57 4 09 40 B2 (Shers et al, 2001) , X LR
VEEBEUCAFAEZHESR, MNSEHERANREFEE ANSC, 4841 Ml it = i X £ ANSC A]
DA R B R AN S B R MIE R, ME, ALK ANSC A LB A B4 2K bt R, BT A aT LLA8
2 MR ERERE —DKIT,EAKEH ANSC A8, 3 HITH £/ ANSC 1 — 4@t —1 B
B 38 R 58 2 16 %€ B , 2% A AR AT AT BT 7 B BB, BA LR A B9 ANSC B AT BRI R R B TR
M T, L BLR, AR BT BE (Doetsch et al, 1999),

MIXETF IE 4 B4k 4 , ANSC 76 ¥ 0% 58 P i R B0 FI S BE B 1R AR ER . A — MR
SR E BB R 5, 3P B A SUR A & B R BT R SE i SRR TT BB & 4R B P A Bk B0k
KPR Y ANSC, S HI BB AL AR AL I E 89 ANSC S 3L X A B BN A T,
BN BRI ST M5 i, X B — FP IR N7 B B K (self-repair) , iXF ANSC T SHWBERHBEEH S
MY RFARBTRENEEARNFRLZERENZTEEAR, URAELBRNBRMERESE
BEREFBITAEEE, )

DMEMBEYER — 58 WA KE, ANSC 1 1 8542 /% 2% 2% b 35 26 4 42 %2 28 Markakis
(1999) Ht Parent(1997) B SE K R 4R 4 75X 07 W1 A E 4G o AT R BRA M A RO 3 AL 5 T 2 ST 1),
25BN REEE, XRKHBHBRIES. EXSHNYLKRRIE S KA LLEBE ANSC
M AEEER,

R - SURE % B RR R 5 R 4 R9 5L 2 T 4 B

BR T 3222 R T R A 2 BE SR A9 ANSC A1, 5 P9 B A BR 43 59 ANSC & %5 IF ZE B — —
ERAHBERMER. WEN AZREFENPRER - AREZERBH EREL TS IEK
HJ ANSC ¥ sh#E4T T $1 2 817 (Mao and Wang, 2001). M ERGHBEWS & H X DR AR M2
TG, H B R B 5T 2 BUREK Y B 72 (caudate putamen) . ) F§ — T 9 AR B BE A9 25814 BrdU, 2t 7T LA
R IE R R PR A S A i o LR R B AR A 3 HE AR 4 84 BrdU AT L) 4 g e s o
BA AR A B DNA 4 F W, # 5T BrdU Pk #E 4T S B 1L S0 30 ok BT DUSR T 50 26 7 & A
RIEERYI LR 8 S HH 48 DNA B9 4040, BD ANSC 4324 B 7= A2 89 3 40 I, 1) R I 7 2 A1)
ERBITZCRENBRAE S IFREN ARSI RAR, HAEFNAREFRMBR 1 ~2 8 N —BER
W, XN ERERE - RIELLCRIK N ANSC WAETE, REEERER T, 1604 25 sh# vt
B MASBRCIOEAMTE AR, RITH—F BRI, — /DB MM (10% ~20%) BA — 28
SAHERE, AT LISME R BT R A, BT 3 A M7 3 AR N R B s B ML . 5
HATHREAERR R R R B MM RTEE, BX,80RKA ANSC RAH R B 55T,
S SR, SURRI ANSC 894 88 1R, MMLTE S5, P BB S ISR B0 M 2 T 00 5 BE AV I8
A% AR A, ANSC B9 4> AL 1 B Bc i 03 .

FREBGHETARS LY A S

BORZ YT 2 B % 0255 FALSE R , 41 G0 G ME %5 9% B 77+ B . amphetamine . B 5 K
FRE TR o A6 PRI L0 20 AT A B R K B R . LT AR BT R, IR e 25 4y
HEREYWFRNREWE OB RENDIME. KRG LR B SCR K A £ B R R 10
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WE,EMRAKSCREHRETT. ETEERBEILHE, KU RYREEBHESER. APHREH
ANSC #ES R EAHE — KA LS N T4 M 6048 BRI IR, SCRIE N & B W R ST M & 5T An
ZFhpE TR LB R AR, e HRE R Y e s e s 2R
F 22 U BB R 40 B 6 T B A B B AR B W B, DA T B AR BUR MR Th 8B, 42 AR 25 9 4K #i ( Mao and
Wang, 2002) , Xf F-iX F B i 5 B R 1%, Nestler M AL % B oMl T — 264 & L #3213, Nestler
MNAE BB HES ¥ % A DL H K B S M 4 ST M B A (Bisch e al, 2000). 1% 3
amphetamin T DA il SUR {4 Y 40 B2 69 43 28 (Mao and Wang, 2001), X B B A REH YT UH
BREMEECRAKLATHBRMSRES, X —~EREXRTTE T ANSC 7E BB E F e B, 4
BHE-PRENE, EROTARS RBAYNBAER, TR SN ADHSB2HNE T
B, XH, REERIFTROMMEEM T A ANSC MIE3h, 4R AT L2238 M ANSC B9/ B
BOTR BT %0 AR,

BAEHETHREMESHR PR

EA—FRRER M EBBMERR SR ANSC HEFE —MEE BRI TF & X
R, &%, Wt R vy DU Y e BB AS L P9 ANSC BB RS 2 JOR, B8 o 3 0 49 ANSC
RIS, BB TE A5 R B £ B BR 5 5 M 2 40 400, 3R 4 /50 0 400 O T4 B T L s A 5L 348 1
BOBE. FIRBRRfTHNERERIYER (6- BEZERMNARZSERN S THRRM
MPTP X /MR 2 BEH LTS , 3 FME#1T T eI, &R EBaE . OLERE
KBBEFHRIRAPI ANSC WARME OF WM B TRERAE AL FRAFET- M2 T (4
FEHMREHNAEE N SRR ) ;O AN S TREERMELAEESE FRAETMEE K
45, Kayand Blum(2000) B 56 RM T MPTP 847 X% B JR M LURIK M ANSC BRI , {1 4 31 24
7 MPTP 5K 7T B & 48 fin s AL (X 40 M0 B 43 249 30 , T L 280 4R 1k P 397 A 200 i w7 LA 30 2 404k R B
GHAE, R B SRR R R R A0 AR . AT, — K MPTP B 59 77 B35 B 00 SR 45 4 B
AN MERESFHEIRZBHEGPNREER, FHIL, BURE W R TEEMABE, iR
TR T — R I S P A8 # MPTP 4 & (Petroske et al, 2001) , X EEH AT UEREFELE TR
AENZEERERBR. ARAKER RINTEAKRBYBEFAREE, KR TFARNTIER
R, B R4 22 50 R PR AE AR 0 I , B 7 2 40 I 7F 35 60 K LA b o X O 5 3 25 55 77 61 A9 43 AL B &2
(Mao et al, 2001) . 3R P IR P 250K B A 7E 570 )5 32 B SR 1, 5 AT B 1F 2 55 705 324k 14 #l
BZ—, WTLUAEG SHMMAT R/ BENTEN  HETREEHRL B2 EREHE
MIEXA P47 REMBRAMREE XEREH 27 EFRAORS B, 7B 5 0 % B 2
F I8 25 (] R B i R AR

ARBBFRS B

ANSC I Z RS BISL N X TR T RS AR ¥ RBMT - B R THARMGTINS,
WA SRR TR T SRR, LR X8 D £ 310 % RS20 o 2B ¢
WERNRERBRBE ,ANSC IR ERE . BMH FHETRRET LM E R EHEMAT
BAEMMETER, MARENSTHEEURE T ERN LR T HERBERES T
UBEREWBTLEL BH ERE N AERNR AR BASR (B, L EEENAAL) T
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HHRETTUSRSEBIFAEMBENBR BA , EAEBEHRENS 5N RBAN,F
ZHRUANBARREIRIUENNTHR, UBBEMBERWER . 82, ANSC #5554 KRl
BB U E T ZBARB S Z & B IT ANSC 7E A KA TG FRBBT AP E L,
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ABSTRACT

The structural bases of cognition, neural circuits, are organized in a highly ordered fashion. The spatial
order of neurons is often preserved by their axonal termini in target tissues, forming topographic projection
maps. During the development of these maps, axons are guided by multiple mechanisms to travel long
distances to specific targets. The guidance cues can be attractive or repulsive, and can be diffusible or
membrane-bound. Among the many guidance molecules, two families have emerged as key factors regulating
topographic map formation: they are tyrosine kinase family receptors and ligands, and cell adhesion
molecules. In the tyrosine kinase family, neurotrophins are candidates for attractive cues, while the Eph
sub-family receptors and ligands serve as either positive or negative cues, depending on specific receptors.
The specificity of maps comes from the graded distribution of the Eph receptors and ligands in the pre-and
post-synaptic fields, and repulsive or attractive effects for axonal growth generated from the ligand-receptor
interactions. Properly distributed axon termini may be stabilized by cell adhesion molecules expressed in
both the projecting and target neurons through homophilic interactions. Thus, the concerted actions of

multiple guidance molecules are necessary for the construction of topographic maps during development .
INTRODUCTION

The concept that sensory information is encoded in the brain as topographic maps, which reflect the external
world and morphology of sensory organs, has existed since the time of Descartes (1644 and 1647) . Such
topographic encoding is critical for brain functions, as evidenced by orderly representations of sensory
surfaces and body effectors in the sensory and motor systems, and by experience-dependent plastic changes
of these representations (Kaas, 1991). Recent studies using modern histological and tracing techniques
have demonstrated that topographic mapping is a basic principle of brain architecture. Neuronal inputs to the
central nervous system (CNS) are topographic in many sensory systems including the visual, the auditory,
and the somatosensory projections ( Udin and Fawcett, 1988). Topographic maps are not restricted to
sensory systems. They also exist in the limbic circuits which mediate learning, memory, and emotions. One
of the major limbic components, the hippocampus for example, is connected to its subcortical target, the
septum, in a highly organized manner (Swanson et al, 1987). Similarity in organizing principles between
limbic circuits and sensory systems suggests that learning, memory, and emotions are governed by the same

spatial constraints as sensory information processing.



