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Abstract: Neural circuits of mammalian cerebral cortex have exhibited amazing abilities of structural and functional
plasticity in development, learning and memory, neurological and psychiatric diseases. With the new imaging techniques
and the application of molecular biology methods, observation neural circuits’ structural dynamics within the cortex in
vivo at the cellular and synaptic level was possible, so there were many great progresses in the field of the
activity-dependent structural plasticity over the past decade. This paper reviewed some of the aspects of the experimental
results, focused on the characteristics of dendritic structural plasticity in individual growth and development, rich
environment, sensory deprivation, and pathological conditions, as well as learning and memory, especially the dynamics
of dendritic spines on morphology and quantity; after that, we introduced axonal structural plasticity, the molecular and
cellular mechanisms of structural plasticity, and proposed some future problems to be solved at last.

Key words: Neural circuits; Plasticity; Imaging techniques; Growth and development; Rich environment; Sensory
deprivation; Pathological conditions; Learning and memory; Dendritic structural plasticity; Dendritic spine; Axonal
structural plasticity; Molecular and cellular mechanism
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A PR AT SR P S FE A IR AT VR A D .
T 5 ke S Eh T A SR il B U ) 5 Ak | R X
(presynaptic active zone) SEfilt[] i (cleft) LA f 5 fih
Jii 8% X (postsynaptic density, PSD)# i (Holtmaat
& Svoboda, 2009) . S fil (1) P % 1L H5 52 fil (1) T fig v
I (R 27 A 1) SR ik 322 2 5 152 1) 398 0 e 55 ) A
S 5 Sl 1) S Rk AT OB R (R il B T R BT
T7-)(Holtmaat & Svoboda, 2009). 5 it ff) 7 22 A HL
FE LML — B A& T, HEr3RAT 5 i
() e T IE AR SIS S 73 T HLI A BUR
) PEAF (Ho et al, 2011). 1 5 fith 45 14 v 383 11 A fe i1+
EN, TS AN T I8 AE I S (two-photon
microscopy and time-lapse imaging). X% F 7
i A% (two-photo fluorescence lifetime imaging
2pFLIM) . % % 3t ¥k fig & % B
(fluorescence resonance energy transfer, FRET)%
DA S = 4 7 gt i 2 U)o i 2l 1 B Il B AR
(serial section transmission electron microscopy)#i A
s, 456 Khrp 2o Mgl GFP B YFP
EOGHER A MR N, THE T Hsis i
P2 A B 25 R ] SV 5 Ty R AT 98 1k 2 TR TR R LA
Ko &b a] S R 4 B A 2 T WL 9T (Lendvai et
al, 2000; Patterson & Yasuda, 2011). A& AN SEiR % 7
T P Foe BTk e

1 KSRy RT 2%

P T R 32 N e M & oot A5 B
I o MRET BB V2N RGE, X
LOSRAETEA . R/ 35 BE DL ShARFAE 7 1M 45 A
AHIE], LEANF] )R BB B A S AN R i 2 28 20 v 4
TEAEA 72 5, BOARONT M 58 SRGEE 1K) 43 2RI A7 AL 13L,
H 3 — e 5 A W] 43 A B8 5 R (spine) A 224K Oy /2
(filopodia): R FHFREFLMTEE, HARKRIE, R
SRR /INAS—(CRLHEAH (1R 2 1T AL PR B 2 bR P
&l 1)(Amaral & Pozzo-Miller, 2009), {HIEA [ #f
RETE AT DI RE I SR A 25405 o & Fa i 58 B4l 1)
R, JCHRKER, — AT B e 1 1 5 ik, (H
HLEen] U AR Sy (Fu & Zuo, 2011; Holtmaat &
Svoboda, 2009). I T7ERGESIYIKIN, #5550k
REFII AR E, 22000 2 B E< B AR 10%,
H T B TR s R )OS LA Bhali N o, BRIt
W5 () &6 oy ] S8 1k 32 B HR A SRR A BV (Zuo et
al, 2005a). B SR AT B VE— B S TS AR 1)

microscopy,

U o T SR FE R SRS LA T2 (148 KB
ZIN; SRR S I A S TR T BRI 1, R II ki
(1 T 5 % B AR

W G R 25 BRSS9 28 4 DA B 6 1 o 3 L
AEMAMAEIZEX? FEFHIT, SR+
10% R A A SR ERS: . 25, A
LEARPR LBy X5 S 2 (1) 14 N B b ) B [k
AR A AR, PRI kg o <o ST T i
R R b, R AR e A2, S filiG
) 1 5 RE 5 A 1R B A P IR () B (Bourne &
Harris, 2007). A4S BRIAAFA 5 D fig BB AHOC: 7 4t
ARIGBAA % %8 (1) PSD, &A% ThhETE AMPA
15 SR 2 A DA BT L™= A e s R % v 1k S8 s Pl
{755 (Kasai et al, 2010), I FEHE 55 (LTP) 5 K L
4 (LTD) 43 5l 15 W% 5 e 1) K S0 384 - 0 48 4 A K
(Park et al, 2006; Zhou et al, 2004). Ak 1) R ~F 55
Sk B AH G, IR T 2578 4 5 W 5% fl i P (1) AR A
(Matsuzaki et al, 2004) . B S HREL = (139 0 sl 1
Bt S Ak (1) S, 2 WA MR IR IR e e A T AR K
(Trachtenberg et al, 2002); AHXJ 5 il F 0 FE (1) 4%
A, B I IR)TE J n] R SRR B 1S 0 T R M £ i
1Zf#47-fE J1(Chklovskii et al, 2004); Ht4h, B& T Xf
JEAT A SRS AR H, B (R SOIOY ity 5 st
JE A ) LTP 5 5<(Engert & Bonhoeffer, 1999; Toni et
al, 1999). Ik, B SEBIEAS AR L 5 ki B2 1) 2
ASFAOC, TR SR 1 A8 A D) B . T p R I (1)
4% (Yuste & Bonhoeffer, 2004).
1.1 MERKABIRRPRIRE AT EEE

Cajal LA ok — Z 91 i 21 R [ e WL 452 S
W, WFLEY, WAEN, WA E R R A A
S i (1) DR TR 1, A T B K A PR R 5 i 5 ik
FR(~50%), HRFHEHINGE W, 1M R SR
R AR E, (HAWAFAEA 5 A W AH SC I R i 25 2K
(Bhatt et al, 2009). XU I AR GE N BRI, 42
AN HED IR 2 RIS Wz 8 1 2
FTETA B 2 AE R 2 FE A 13%~20%01
R R DA K 5%~8% ML i, R BB WIE K &
AAAEE T 12 W 58 % 2% (Trachtenberg et al, 2002;
Zuo et al, 2005a)., A7 R I IR SS9 2 AT
2 JAWE I B T 4R (Holtmaat et al, 2005). Bi#EZhY)
B E BCGAY H W LR, T R R T
TERGEE, Lk, B i 4 2k ~25%(Zuo et al,
20052). fEAFERT B (MY R LUE), /MR JE vV
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Fig. 1 Different types of dendritic spines of granule cells in the olfactory bulb of mice [Modified from Amaral & Pozzo-Miller (2009)]
LD €57 /) R P RSN I T S TEAS RDBOR R 850 R RSB R, mT DA 58 93 S PR B2 2 M LA HE 35 — ORI B = 21 03 S AR HEA K A S8 T
FIZEMD B Bl LUA AR ST b 03 A A e LR = PRSI SRR A0 ARl R ITHEL PR 0 R A R IR D) AR SRR 23 S b 7
FHSRE AR 0 EAR A S AR B S5 U RO iabiokse PERE SRk . BEIZEM . 00 LR R I ZE M s R4 7302 - 50 pmy 10 pm I 5 pm.

Top panels: the apical dendrites of granule cell in the olfactory bulb of C57 mice are shown at different magnifications to illustrate the complexity of their

dendritic arbors, as well as the abundance of dendritic spines on the secondary and tertiary branches. Bottom left panel: after image stack, we can find that

dentritic segment was studded with the most common spine morphologies, such as thin, stubby and mushroom; Bottom right panel: the classification criteria of

dendritic spine are commonly used in head diameter, neck diameter, overall length and other geometric dimensions to describe them qualitatively and

quantitatively. Top left panel: Scale bar = 50 um, Top right panel: Scale bar = 10 um, Bottom left panel: Scale bar =5 pm.

JAHEARPPZE TC I TR S 438 0E, 76 1 M HNE
~4%IP) 5881 (Grutzendler et al, 2002); I 7E /) AR
B WIRE ) = FFT A 2= 3%~5%HH)
WO B 2K, T0% IR SR e 8 A e A7 45 18 M H,
Y B T 133 BEAHABA(Zuo et al, 2005a). {HAR
A IR W] AT B B R 2 B2 A ST 8 TR I [
N B HT~40%(Trachtenberg et al, 2002). X1 fE & H
T S8 . i &R DA 5 BT IR
S5 AN[F] T i(Bhatt et al, 2009). Z2RON AL 55
S Ll AT B AR 1R T B AR BRURIR )2
T ECHI S % (19>50% T B 21— A e 19<10%; 1
BCFERT B, H 2 T B 2 2%~3% (Zuo et al,

2005a).

HAEJE R R B IR, AR B 2 IR SR )T
TR TR, TR B R FE AR, DRI AR 52 J 11 s
BIF R, 25 R R, SRR — R
P B R 1 B BK &R (70.0%430.0%%0.5"
V=8.4): — & HIMZYIT, 32%MH ST,
FOPIE 4 11.3 R, TFI 4% 68%[KIH 5] LA
TREFAR AN, A, W T A S T IR T
— 3, (Y ) S SR ST 2 S )
13.2 > 1 (Grutzendler et al, 2002). F4 Sl M Ji - 52
IR IR A, mlRE S DG B B 45 A G,
P SR P e o PR T BB D7 A5 I S e S Py i 1) T
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I8 PR AR Dy A B B 59 1 R B AR
(Grutzendler et al, 2002),

RO FFEIREE TR, 75 AU 45 21 1) H s
AR AR AN T o X AN [] 2 BL S AN [F] 4 g 2 23
PRI SR 5 b B8 AR A A AT BEAN ] o 2 A /0 LR
WL TR T - A ot 22 0 R 8 5 3 S ey SR 2 T
LRFFAIXS A2 %2 (Mizrahi et al, 2004; Mizrahi & Katz,
2003). S 2, ESPH AR F SRR,
R 52 J2 1) 5% i s P TR G I, Bl K2k, H
BHFWEE W, TAERAER B, SRl W) O FR AR
XARE A Ear k. Bk, AT R E B,
AN RPN GE R AR e, X 7T B2 FL3h
B2 R R DRI DA AR B S Ty e A
ZA gL E AR AL T SRR (Yang et al, 2009).
SRR 73 W RRAE B B B RE A A A, (EB
SR E 5 S B AR E TR SRR AR R A B Bl
JIAE B Be 32047 AE 75 ] 28 1 A2 A (Grutzendler et al,
2002; Holtmaat et al, 2005; Zuo et al, 2005a), F Tk
FR RS By SRt B AH 58, BRI T 28 AR A S 2 5 f i
FERIZAk, Bt AR 2R W] BE A AL I 1) FR) 45 6L
APt T g dkal, W ReS Yy 1 iy B,
LUV RS oAl R A = e N '
(Matsuzaki et al, 2004) o XA 5 il X e KT 5028 W] g2
o 2R S TRAE A A IS TR) N IR T BRI T2, DA
T2 I ) 3 240438 (Grutzendler et al, 2002).

1.2 FEIME TR 2B

F 5 MBS W R 28 50 0 i 2wy 3 A
B — AN EPEARRTS AR . R I
ARSI ARy e (DS R SAETRIE 8
TR AR, QKRET, A, #
T BERGH BEIR LG T 78 0 AR v ) R L 2
R R AL AT IR B 4% (Alvarez & Sabatini, 2007). [A]
Ub, BRI SRR, 2, ds)), HAgAE
E2L 0%

P8 AT DA A R BN A 2], i
[f) LTP, sZm kLR 205 | 40 M s il MAr s %, AR
il JE R 22 TG T 25 (Alvarez & Sabatini, 2007). 7F
PR TCIBASTT I, ~F 5 PRI RENG N B 2 A i 4
DI A 22 TT SRR 70 X RS BRR) % S A%
Sfil i, PSD (MECEFFARE, LA T4
R B2 BRI B . W R BE B
AT IRYERSE AR T SRR I B A AR, H AR
AR R A R SR TR R R R AT

(Alvarez & Sabatini, 2007).

FE/N BIARR B 2, s P mT BALE S A A7
TEIM RARAF ARG E . Pfhit, FERETH
~T73% 56 HTAFAE I SSBRRE N — F WS 2 47 21 — 1188,
ICTARUERREE 5%; DU 8 e/ BU7E F i SR
A~83%MIIHBREAEAE 5 D H, AR TARHEREE 3%;
F BB ~90%IH )-8 754 71 M H, ART
PREREE~19 A FE BTN ~37%1E— H A7
TE IR e 3 B2 20 S Wy 28w 1) 28 R, AR TARUERR B
11%(Yang et al, 2009). 534k, & IEA] L AL
(FIR% ST i, <0.8% (1) T W S WlAE = | PR B p ]
PAAELE 80 /N H, AEARIE M 1R IR M55 v ] LLAEAE
T3ANH, B B8 T AR T R A% S 5 Ay £
JE(Yang et al, 2009) =& 500 B4 SEBIAT S8 1 1) 5%
Wiy b5 27 S YR IK) 25 R A [R] (Yang et al, 2009).

1.3 BRFERIPT AT 2B

TG 2 28 B0 i 28 3 e A5 1 DL R AT O 1) 56 i
TN — WL RGN — NIRRT, 250/
PREETG BN TEMITE e, JOH A IR 1 Ry g 2 AT
SHHAT ] (Bhatt et al, 2009). 7EFF(— HE), 37
ot {000 P 28 AT (R o 390 < ) B AR AT IR B )2 P4 T
R SRR T T R, T RS AR SRR T B
AN ] LA BH (A% SRR 4 5 2%, RIS &=
AR PR PRI 0 P A2 0 ) R 2 R I R S N
BOHTS, HARZOR O 2 PR RIS (Zuo et al,
2005b). LA b2 SR 00/ 40 22 15 Sl AR (1) i 283%
F HOAG Vi ok R0 Wl FL 3 b 82 R G K A
HF ¥ (Bhatt et al, 2009), H %R0 BE 3040 1] R84
VRS o 910, FEAR SO A T 9 A S (Y
HRELL ), 2 JE I ] PRt 340 < o AR 5 S22 P e
JEREL R TE B, 2 KRS /2 N H)
W) 5 | AR SRR 2 B2 (R 2 0 P (~3%)(Zuo et
al, 2005b). 177 A It BN I A0 DR R 32 5 R R
B3, A IS RAIF(Zuo et al, 2005b), 1)
45 L1 R WK ) <F 0 18 2 78 T A I A B
15 S5 R ) B AR I AN S e R B SR A 2 R
B8 TR AR SR AR e 1, T PR A AR 1)
WSS AR E P o (RIS A5 TH PR 52 2k
FREE AL BT W SRR AT ARE, B AR 19
WIS hAs M, 3B A% B 10 3 P (Holtmaat
et al, 2006; Trachtenberg et al, 2002).

BPLIRE ] 9 L B HR 542 (MD) ARLHR 341 25 (BD) W T
FURLGE 3 P S 8 A FH (1) = AR FR I 1 5
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S S B )R B OREEIHN 4 ORI
MDA BA5G L /N B R 22 58 T TS A 5
P PRI 2% (Mataga et al, 2004). B AR TE A48
AR B A 08 IR T B, (R SR <R AR
R I R O R ) 25 M TR 5 E AN R IR 2 A
RBEA BT 22 o FEAR IR B2 J2 1R PR3 S ik 8 I 3
(P11-P13), #7202 S8 W 2004 0 58k T
AAFACFLE T F(Lendvai et al, 2000), BD Z1RE7E ML
B 2 S I TG IS B (P28) i vy V. A B SR 1) T
AAFACFLE (Majewska & Sur, 2003), 1] H A [FVE
B A SEOE 25 BA AN R A2 A0HF £{(Oray et al,
2004), H4 SR JE CRE S IR AR AR A T RE 2
HH Ak T A [ 67 B8 (1 A S P 0 ) T ¥ S (Mlataga
et al, 2004; Oray et al, 2004). [KIt, AR g A
PHZE TG, B U e AN R B b 58 R e X 3k
Pl P AH G (R A £83% B2 (Fox & Wong, 2005).

KA sl ik s I PO RPN TP LSS ISR
RWMAVEH LT e —4, JoH & DA
(Zuo et al, 2005b); B H G <5 5 R 1 ] 9
55 OGS R ] SR PR Ry T H A A AE, BURET
e B S I ], 1 B OB AR F L )y T o
AR TRAR 2 A, i DL 1) % 2 ) oG IR ZS
(Alvarez & Sabatini, 2007).

14 REFHTHRRATE M

PR TE AR S A DI R K%, K
AR SR I T2 25 0 DL B PR 5 i 1) T o B
TIAE AR AT BEXT R BN = LR, FE R 38— RS
INENTHERE TS (Bhatt et al, 2009), V122 #h 2 FURS
LRSS EN VS R A A DN G Gk S S I8
itk X CREIEFXS), F— i 7 il Ry s 44 1k R,
BOR BTSN SR 2, AR 2500 AN A
NMAC AR, ANReR T A wi R ), H SR
FERLHR, RESAFEE, A2 LR M (Pan et
al, 2010), [A]F I H A 2075 AR 52 A4 1 42 1)
LTD [1] % 58 (Bear et al, 2004); 1 — 4% (& 1K
21(trisomy 21), N5 1% 5E (Mongolism) 81 [ iE
(Down syndrome), A& MR 5 IR AL, T8
I R RS, KB R 2 e B DX R 58 ol
JE— B LK (Kaufmann & Moser, 2000). B4k, Hf
ST A FVECR W 575 R 8 B e 1 K
AL BB, WEoRE . BE L HIAS. o R
993 5B R 1995 ~ S0 I IMLRE A X% (Bhatt et al,
2009).

P ST 45 A8 AR AR T BB A 1 2 S AR K
(04 22 AR AT IR 05 TR R AL B, Lt BT 7R 2% i BRORE
(Alzheimer’s disease, AD). HILTEAMEE AD /)M il
FYFP /DRI A S G AR I, JERFEEE I DTRR B
R AR TCEE M RFEL R, AR 7 L 2 5
T VE R B T DURR B BRI ok 8 0 38 3 30 P
b PR R B R RN Sl AR T B (Tsai et al,
2004) . FF SRR S RN AT RE T BT 7
ZEnT DL | 40 PR B SR SRy e 1S N (Hao et al,
2006), & W 7E 5 3 1 K 5 224 R A% Sk DA
K R S fpl mT SRR 5 2% 2] ¥ )1 (Bourne & Harris,
2007 o #0128 5903 11 it 25 W S R T A B0 i
(1 ERAR AR, 7893 Uk B T 48 5 R B A5 A8 AR IE
BT R R AP, (HE X PRSI S %2
FUAS [R5 BE AN 1R 22 b D8] 25 5% 0 1] 25467 (Bhatt et
al, 2009).

1.5 FIFLIZS PRI AT 28 1

T 3 B T 4 I f 0 A W 5232 B B e 2 )
/N FROB Bl 17 J2 PV HE AR 0P 28 T TR 5 1) 25 4 AR A0 K
W, TV AT A IR 2 A, 2 3T 51 H
P SR P TE BR, [ 5 B0 A7 AE [ TR 58
WRAAF AR I B T-(n & 2b); EARBREITE R
TR T TS, (SR RN TR R, DR T A S
FARFEARAR (B 2¢)(Xu et al, 2009; Yang et al, 2009;
Ziv & Ahissar, 2009). FUBUE R, WAk, HZ&
AT Y] LAASHT T B i 58 e 45 5 iAo,
SR ARG W RERF AL K I TH] (Xu et al, 2009). /N 3T
TIa BN RS G = A H, RIS 30%~40% 57 JE &
TR AR T (B 2R, MR Re 4 H5 S i 2% 2
(W32 B HRE; B Y W B AE %, e 49 B,
AT RIS, RIS, AT AR IR 5 TH BRI oA
K, HTEZ, 17 8RBT (Yang et al, 2009);
Wi WK 22 B0 E H 4 28 34 B A AR BB OR B e 24 )
(1145 75 (Yang et al, 2009); Y% )5 195 > b Bt AR
B HBR T, AR 2 SR RE TR e 5 | BT
BRI K = T (A Bl 2d)(Xu et al, 2009; Yang et al,
2009; Ziv & Ahissar, 2009), 1t AR (132 )45 RES |
FECAN [E) (I R T2, BIVAS 5] 3242 4 5 £E AR [
(58 i P (Xu et al, 2009; Ziv & Ahissar, 2009); It
Ab, K F YNGR LLG EE~1/3 8T8 B i i
ARBAH B8 53 A0, AR 43 B0 A0 IR IR, etk
I3 A BT B AR e v, il T e S5 1H
SHRAH AR I (123 U B b, 1T 2 H00 A TR BT A R 58
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(a) Before learning “#>J fjij

(b) Learning task A 2% >J{T-4% A

2 B IEE ], N RIE B R A TRIRI ) A AL A 2 ml i L[240 A Fu & Zuo (2011)]

Fig. 2 The dynamics of dendritic spines and circuits remodelling associated with motor task learning in motor cortex of mice

[Modified from Fu & Zuo (2011)]

a) FIRHIRES R ) SRR R, RO LIRI AL, b)2: 2] NS B ERE(ESS A)FEBIAE BT R GBI O 4 € S 2k ) LUK TH ER A 5k
HITH R (SRR LR); o) 21 AR 55 A S BICIZ UL R P, P LLSCHT B B BB SRBRORS £ € i ) 307 ¥ 2% d)2 S BT RIS BB RE(FR 55 B)RES B O 5%
TR (I S 20 A I BB SROBRTH %, T %0 76 T2 B RE 2 2 (FR55 A)ILRE b BB BB S RBE S

a. Synapse consists of axonal boutton (purple) and the neighboring dentritic spine (green); b. Learning a motor skill (task A) is accompanied by the formation of

new dendritic spines (orange-red, solid line) and the disappearance of the old spines (green, dotted line); c. After the learning task A, old (green, dotted line) and

new spines (orange-red, dotted line) disappeared in the process of memory consolidation; d. Learning task B could induce new spines formation (blue, solid line)

and old spines disappearance, but don’t affect the new spines formed in motor skill learning (task A) previously.

A oA, s S IHBRSELT (AT B 2b,c); X
HIACAZAE A s & T B Bt A7 mT R B A 2 AE S
(Fu et al, 2012).

BT 0B T T R RAE 5 Le e s — A=
HORFEANAR, AT LA H 5 T8 BB B8 58 T 1 7
A 1.5 K, Ao rrE garh 1~2 H, i
<0.8% F¥) W AE br e 18 F5 B 55 b T DAAEAE 73 A H
(Yang et al, 2009) PR IIZRIEFE H T B I RE K 1
& JE A7 A6 BT B8 5 0 5 B S R R = 1) B )
<0.04%, ek 36 N H, a2 51IF
BE K IYIA7AE 1B B B ~2x10°, BB gk, it
Pl BA i FOR R DL S sh AT o B T BN 48 4
HI52 M (Yang et al, 2009). [AII~78% 1 IHBEHE N —
R AERR 3 = W8, W sh e W 36 A,
— H W B CA7AE Bk T ~48% AE Fr 4 B sh ) A iy 42
&G BEAE, DY R B S BRAEFRHER S AT ~86% 1)
BRAEAFAE 5 A H(Yang et al, 2009); K, A G —

A WTE R EB 7 B SR RERF 2 A7 — A=, PRl
0 FE A e 2 Dl Re RN 28 AR AL A A7 SR T S
fili(Yang et al, 2009). FEIRPIZEIRHAFAEFF L 1K) AT 3
PEAR AL, H 2 Pl 28 0 i P A7 A P 2R AR IR 2R
W R WA Pl I K A B
(<0.04%); 35— K H T A e F WK R OFE
RE IR AR 2 & B R K AAFLERE, H
THIX S SRR -S4 75 A e 70~90 A H A,
1717 3% L4 TN 60%~T0% B 78 B4 (¥ — A= rp R 45
105, JF AR M A I 2441012 (Yang et al,
2009).

E RS B8 TR RRNE 27 SRR b R AU S Bl O B
WA IR BE M 5L 46 (Zebra  Finch) 55tV e A5 B
AR BN E B AE XIS -HT i HVC fH28 T8 I S,
TEPE R A% S 1 2 DA i R M, R 27 2] m] LA |
i HVC #h& o S Phigide e, LRSI
SRR I O AN 2% > i A S TPy BT 2 5 ik
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w1, BT JE AT IR R ) A ) e B, e sk
P P LG B R I 2 3 ok R ) R 0 sl At R R
e, DR IR SRR 1) PR RS S DA B S i3 42 1) 388 i
AR ) TFURTT, W] REXT T4 2% AT R
(Roberts et al, 2010).
1.6 HDHIIEA E) R E T RIRI S RT 2B

7 AR B J2 P2 TORP S 20%~30% R4 il
e oo, —MRAEARK A BT X, I
TE SR A e IR e b R IR, (EE KR 08 i 2
PR R TR AR R TR SR Bl BV B SR (Markram et
al, 2004), J&F ] 28 0 45 m] 9 Mk IR S AR 5T
A2, FIHTEAEROCT G RIN, B2 oo
(RIS 50y SEIG B PEA B (Lee et al, 2006), MRERPTR
0 i (10) A% 58 43 >3 I — 58 M 3)) A& R AE (Mizrahi,
2007). A RNA 4 Na 8 38 i M i PR ek
UKL A i % A P B I 3 S 48 U ik ek 2 ML B
N, S EE | AR IRER X T s 1 A v ] e 22 oA
SR BE 1T % (Dahlen et al, 2011; Saghatelyan et
al, 2005). AR FIZF AR R LFRES R R ph 2o
A S S EL BB I T 3 £, 5 %As T
HEAR PR 2 0L, T 3] <5 0 D) 5 ) ~10% 114 v ]
FEE TC R il &% 42 B8 (Chen & Nedivi, 2010). P fij 4
D5 8K 0 57 J2 H 1 X P AR ) 2 52 ik T g L
AU FIFE FE I 258 AT B34 (Fu & Zuo, 2011).

2 A

BN TTAE R HH A8 o %l 2R 4f (axonal
boutons) & RN AT 5K, A MNFERIES: ik
(en passant boutons) &t HISE LT 4E /NI
(varicosities ); Z¢ ¥ 45 (terminaux boutons) /& 73 i £E
il 5 AR S P IS, 2RABL T BRR Sk 3 1 B 58 i (De
Paola et al, 2006). AR TR/ R e fiog B2 )2 v R BN
RS A RSTAE LA H W Re R R e, (H
T AN [F] Sl 22 T3 5 25 1R T8 A F0E 3l M S 2 B
AN [FHF £ (De Paola et al, 2006). {EJRAEMEI AN
B2 2 h b R B4 K 2 B 5 0y SOB AAAR, HAf /b
TR A I 2 25 A D B R g g B R A
B, S ETE ORI T B B R 7%, AR
2 E T AR Ak (Stettler et al, 2006). T8 3 5 1 %
I, B 2R Teah o 28 I A5 PR ad AR A R [ 7 e
AR RIS S 7R AR Y B o B A RHR 35— A ),
KA BZ J2 A 5 ) 3 S5 15 S Aii X Py Al e A= K9 m - 2
i LA H U, BT RS E5 R A AR KSR (W] I A7

7E, HEMGEWR A TFUG T B, (R R EF TR =
HOIRELE i1 | B i 1 R I S T AR s A
(Yamahachi et al, 2009). JH/)N 5SHZ0 BY $i Ji5 Ak
B J A Y e 1 A S 1 o 22 T Rl 5 2 RO R A
PR IR AR Ak, TP Bt A 5 2k e r) B BT 2%

PERRZE 0 B IKSF R (R Ah 515 38 i, $e 56 e FAR
BT ot ) 200 PR PR R 2 A S A 280 B st 570 20 (1 A AR
JARE; BYREA R ARR B S AT A R P s 22 T
ST SET AR B R B AT 4 ml, He R 2 B R
AT DA b 1 e b iz B 28 4 S 3 A A AT B
SRR AR B 2, IR FRRG A IX B Bt fr
A S P S 87 o S b 3 <5 5 b T A 1) il
(Marik et al, 2010). A IR S5 o] WS 24 K
Wi oS B AR AR, A, BSRBAR A —
FREE R S5 A6 ] 38 o AR BRI 5, S 45 135 30
PEFE AR T 5 f(De Paola et al, 2006), X1 fifFs
T A (R SRS RE T RS i, AT 8T AR 52
WS CAFAE R 45 T8 S Al (Fu & Zuo, 2011).

3 SR EBERYZBRRAD 5 AL

SR it JEE M HS R AR A a2 BB ORI EL AT AL
(), E35 Bl 2 S b T8 BOR 25 K iR R v, 5 Al
SRS T S AR A BE N, SRk S T R A K
J8/D (Leslie & Nedivi, 2011). [Rt, 5k a] ¥k 15 1h
fie AT SB I AT e FL AT E A (R A0 AN A L

P AT AR AR S50 B, LTP AR,
AP SN R AEE LB 8 2R B 2R . A
FOR A SRR A A A s R s A e A
ot 2540 f ik #2(Kennedy & Ehlers, 2006), 2434
I BRI R 7 5 i 5 M 4 N AMPA U4 200 1R 52 A4 18
SRS AMIERE IR R L DA AT AR 0 (R4 SR A AR 1S
KELJE OB IR 5l (Derkach et al, 2007). LTP {5
SHIAT Ca’ il NMDA A S 32 A HE N 5 fi
J, AERSSBEN CatWRIE LT, TGS T2
SHEA, BIEEABE C (PKC). Ca™ /451 &1t
I 1T (CaMKID). LLA/N G 2 (small GTPase
proteins)(U Ras fl Rho), MiXL(5 551 X5k T
IR S Bk B, T A A R ) e AT R
(Kennedy et al, 2005). AT FARSMERUEY] T ik
fF 52 T A SRR T80T K SR 1 1 3
F£(Kwon & Sabatini, 2011),

22 3% B AN AN BE 425 T 28 T 1R &5 1 A 1) g 1
TN, [ IS A AR R DR A A AR, R
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KIENZ. LTP B LTD LA KR & iR B8
FUE AR T3 1 RNA R A A, KIS
WM EE RN 2S5 T a] P 4% (Leslie &
Nedivi, 2011). #Z G S i & Ca® A, Boh— £ 41
F AR I, AR NTEL cAMP [V IR S
A H F(CREB). LG N2 DA -7 FYLGH i 1 5 PR -2
G RYE R 1, 3T S BT 1) 5 K R GA (Greer
& Greenberg, 2008). Hfaflitt, KM 2% sl
FLINZIAT 500~1 000 >, Feifd = PR H5H 1
fFoSEBA. MEERET, AR T)
A A A ] DA ) 48 o 22 T T A M T g
)45 [ (Nedivi et al, 1993). #HZ53)— ] LAG[#
A0 L% TS A B B B s N, B R R
(immediate early genes, IEGS)¥#% 5% J2 W i HH AN ZE iR
FLHAFE[H (the delayed early genes)#% sk [ W 3, {H
T 00— Mot e ok IR 7, A 5 R e s O
hnz BRI PRI 2 T8 AN FLAT INF[R] R 23 [ R Sk, K
E o R DY RERF SR E T 5. Hoh, Z2HIFTR
ik A P I iR MRS (AT - BEPRME S EE 2 A
(regulator of gene signaling 2, rgs2) 1% ) 4 111 41 Ji
B 4L A B 11 2 Y (activity-regulated  cytoskeleton-
associated protein, arc/arg3.1). HJ ¥ PEH o< 3
2(candidate plasticity gene 2, cpg2)~ Homer [F]J5%)
la £ [X(Homer homolog 1a, homerla) Ly 175 594
fifg 3L [X] (serum-induced kinase, snk); 15 58 filb ¥ =
T 0 R > () B AT R IR A R B B 15
(candidate plasticity gene 15, cpgl5). 2R M L145
JEU TS 7 DX (tissue-type  plasminogen activator,
tPA). % B TR I S 45 &5 B [ (activity regulated
cadherin-like protein, arcadlin). 14570 PAS k&5 [
4 LK (neuronal PAS domain protein 4, npas4) A1 {H1£5
I5 ) W 7 5 3% % FE M (neuronal  activity-regulated
pentraxin, narp); WA B 1T R AME AR,
i 5 1k #2878 7 A F (brain-derived  neurotrophic
factor, bdnf)%5(Leslie & Nedivi, 2011).

WAy s R DRI Sh RO I 1 8 4, AT T
BRI ()5 53 Jm 4%, B35 : mRNA MRz i
BRI P SEATE B AR 5 5 [ =)
PRGN I WSS HOU S Ah 1 2 WA PR T A
TSRS 1) mRNA P55 (Leslie & Nedivi, 2011).
BRI, A2IG Shiom 1 S ik 21 B A% 145 5 1
B, IR 8 — RPN IE R RIA TR, 1K L HE

Wik — FR 51 4 e A R S I 8 Ty e R 5 A 1)
AR, A S ik 3 5 R 55 DA S T A B BB T,
VR SR A P IR BRI OB PR 12, XA s
Bl MRS 1) 28 0] I R AR ) HE A i FE (Leslie &
Nedivi, 2011).

4 MREE

FEAROOT PR BA B 1K) 25 e m R N O3 A i
BLH IR RN B R AR, AH AR 22 i) @A)y
R TE AR o WIRLEAE 5 e fid SR SR 1) 184 R 25 4,
WA 6435 5 R D 5 0 SR SE BT, R B REAH T
Y2 R PR 2R AT DA A SR AR AR AR E 7 AR IR
Lt PR SRR I 0 A 22 B BB 2 AN [] K i e 2
DA [F]— Bz S AN [R] 25 P A S8 RS S M ) 22 St o oK
HTMEITOAR G 2R, 2 R s )
Z5? WRBUE A B E AL a7 W
ST I8 1 ) S0 A A S0 R S SR R 9 A gk
Ji& 2 GE AL AT SRR O Ml ) Dy B AR A AH OGP 2K 2
5 fith 5 H6) 1) AR A0S 20 BA 2 1R MO RS 22 KA 2
Pt 28 25 1) 1) Bl 25 A2 Al A2 AT b B3R 1R JiR BRLGE J2 45
2 R PEACAZ B IR AT RE S A SR AR E A K,
B 20 3R P T A2 TR ] ) 85 ) R Al 2 A 2R B2 Bl
AN R P22 B4 I A0 A 2 5 K AR A2 2 3 B R
BRI OCHE DR 5 D ge 7 DB S ] 98 7 1 A FH 2] i A2
fI 4 (Alvarez & Sabatini, 2007; Fu & Zuo, 2011;
Kennedy & Ehlers, 2006)?

AT IR T S O R AR H g W 4% 13 58
W BB, A REVHE A U %5 21 B8 SOBOT 784k 1R R 2
DL S BOE 17 AT DhRess, PRI 24 & H e
FR, WIEMEIEEbR G Ca™ UK FE B ).
AT AHEAT R e VS 3l R 2 IR D 1A% 27 B A H
o RN, B SRONURNTE S5 b 5 Al i JS R A G
Gk, HaT YRR A A, A AR A [F G B AR
M — SIS ANE A, DRI I 5 ) I M 0 () 2 A
Ao

B2, —ANHEA TR A AP 4 R G A
W —HE AN K 00 11 5 fish 328 52 200 ok 3 36 1P 7t S
TH B 8 5 i () ik R R S8 B, X g A A T
PRI L5 28 7 (¥ 3 [ 3R 71 (Bhatt et al, 2009) . 38 £LHF 5T #i
LN AR T I, R PATTEE RN () BE AR A 22 11
RE AR A RO i ML et 1
HEER.
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