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Role of Filamin A in Cell Adhesion and Migraion

Zhu Dan, Xiang Shilong, Xue Zhimin, Wang Meihui, Zhou Binquan*, Fu Guosheng
(Department of Cardiology, Sir Run Run Shaw Hospital, College of Medicine, Zhejiang University, Hangzhou 310016, China)

Abstract Cell migration is essential for development, tissue remodeling and wound healing, and is ab-
normal in many pathological states. Filamin A is an actin-binding protein and is widely expressed in various cell
types. Mutations in filamin A gene are the cause of a wide range of genetic diseases, while abnormality in filamin
A expression is resposible for cancer metastasis. Filamin A regulates cytoskeleton rearragement and palys a pivotal
role in cell shape determination. Depletion of filamin A leads to obvious cell migration defects. In this review, we
discuss the implication of filamin A in genetic diseases and cancer metastasis, emphasizing the impact of cell mi-

gration defects on these diseases. Further more, we discuss the role of filamin A on cell migration and its underlying

mechanism.
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Rod2(FR16-23) L J& 5 5 45 #4 i FR24(dimerization
domain) = 73. FInA RSN f 22 AH FAZ IR 94 R 5.
FHGE S ACIR(E 1B, Be Ak, il i KA 2 IFR S5 A
[Fl o Fait, S 2 MR IIREGR ). AR SC[H]
TAIESCHR, BB I FFInATR ThRE, 5
I PHFLNAGE A FI 3R IA S 5 800 22 Phost A% T 50
MFInA 5 IR 5 7% 1) ¢ &, R HHFInAXS 1T 1) 52 Wi
TEIX BEP A T IAE R, B G IR AR T FlnARg
M) 241 A AN 285 B TR P RE AL
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A e 1] 2 2 B 40 AR 2, 124 2R 5 4 A 3%
HUBSR S IF R M ML S IR, 2952 SIS A5 S
VAN, REIEAT AN MR AT, SO MY 25 LG R A

(A)

Calpain \
&

AR, IXAE, 41 B REREHKPT AN T LR ) 141
M, XA — @ M B RE N A8 S . FinARE S5 UL
BEE 4G, gl R R A A T A e AR L
PR S ] BEVE T TR ) T EEAEH] . FlnAsZ tH
ANESE A W B AR, B T &0 JABD, HRodl
B4 % AABD, X FEFInA LT £ ANABD, 7
AMEEASEE T 3 B W AN W] LA B 1R B B 25 1)
(H1. H2), MITEERR T T FInAX 22 1 w56 80 7, X
G5 LA — 2 0 R 3G P4, FlnA 11X L6 45 1)
R A IL BRI S0 A PR E SR LB P, A A
AR GRS I AE R AR T8, AT 4H i RE 62 7k
% W0 Z UM )2,

20 M T T 2 R AR HC R T 40 R 2 1 2 R
JEX, JF HId i 40 i w48 55 40 M i 1 i 2, Hgax e
AR s Wal | A R P A S e i O [ 8T
WA UK 11 i T B 22 1 R AR S I, 40 P T A B0 A 4 it
JATAI RS 02 40 MR 5 AT HE S ORI
Tl 22 B BRI I, WAL IR FRAR . AR S
FInARESS & 2 PP 4 B 2 11 A A 5 B 1 (R D), Kl

A: FInAIA S5~ TE B . FInA A [R50 SEAEIL 00 45 & 1 1, 428 1 W36 AL & — AN 2 SE I ABDAI24AFR, AR HE 45 My IX LEFR Ay
Rod1(FR1-15), Rod2(FR16-23) LA J 3K 45 4 My 3(FR24) . Rod2 L7350 5 FR(19. 21) F AR (1 4545 17 s b AR B FR(18 20) BT iife, M Tfii fifRod2
M1 4 KB Rod 1 970 B8 2% FInAJIRHE 28215207 22 5002 w] % 2 Pl 2 (1 ORGSR AL, S21528 IR 1k g4 filcalpain X FInA[f)7K fi; B: FInAn] LUKE 322
LI L 7 1L A0 A S8 AT R AR B P A TR 1AL, K5 Tl 2 A0 i 242 5 A RS AR , AT 5% 0 20 R T A R 454

A: schematic representation of the structure of FInA. FInA is a non-covalent dimer composed of an N-terminal actin-binding domain (ABD) followed

by 24 B sheet repeats. Two flexible hinge regions separate the repeats into Rod!1 (repeats 1-15), Rod2 (repeats 16-23) and the dimerization domain (re-

peat 24). The eight repeats in the Rod2 domain form a structure that is far more compact than those of rod 1 segments containing equivalent numbers of

FInA repeats. Pairing of even-numbered repeats 18 and 20 with their neighboring repeats 19 and 21 conceal the partner binding pocket in repeats 18 and

20. Susceptibility of FInA to calpain cleavage is regulated by its phosphorylation. Specific phosphorylation at S2152 in the 20th repeat is of particular

importance because it can protect FInA against cleavage; B: FInA anchors the actin filamins at the membrane and crosslinks them into orthogonal net-

works or parallel bundles.
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Fig.1 Schematic representation of the structure of FInA and its effect on actin cytoskeleton (modified from reference [3])
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Table 1 FInA binding partners

FInAZ5 &5 H EERE XSS HTLAEH 7 X

FInA binding partners Binding sites Significance

F-actin ABD, rod-1 FInA crosslinks actin filaments with unique mechanical and physi-
ological properties!"')

Calmodulin ABD Regulates F-actin binding in vitro''*

R-Ras 3 Enhances integrin activation and maintains endothelial barrier!'”'*!

Syk 5 FInA is required for itam-mediated receptor signaling in platelet!"”

Vimentin 1-8 FInA regulates Blintegrin cell surface expression and activation via its
association with vimentin and PKCg**??!

Supervillin 8-10, 20-22 Cell spreading™!

Pro-Prion 10, 16-18, 20-21, 23 Enhances the binding of filamin-A with 1 integrin, and promotes cell

Androgen receptor
GPI ba (CD 42b)

Dopamine D2 and D3
receptors

Migfilin (FBLP-1)

Integrin B

Tissue factor
Caveolin-1
CEACAM 1
Rho/Rac/Cdc42
FilGAP

Trio

RalA

p190RhoGAP

ROCK
LL5B

SHIP-2

RefilinB

BRCA1

BRCA2

16-19
17
19

21

21

22-24

22-24

23-24

21-24

23

23-24

24

24

ABD, 24

15-24

23-24

21-24

spreading and migration in melanoma'**>"

Required for androgen-induced cell migration®*>"!

Intracellular trafficking and maintains the size of platelets”**’!

Stabilizes B-arrestins-filamin-A complex***!

Migfilin disconnects FInA from integrin and promotes talin-integrin
binding
Interaction between FInA and migfilin connects cell-matrix adhesion

to the actin cytoskeleton*>"

Adhesion
FInA competes with talin for integrin cytoplasmic binding site and
inhibit integrin activation®**")

Supports cell spreading and migration®!

Integrin intracellular trafficking**"!

Reduces cell migration™*"

Remodeling of cytoskeleton!"

Mechanoprotection
Rho- and ROCK-regulated GAP for Rac. FInA-binding is required for

cell spreading and stimulates GAP activity!"**?!

GEF for RhoG/Racl and RhoA

Required for ruffling!"”!

Filopodia formation®

Expression of calpain-insensitive FInA excludes pl90RhoGAP from

the lipid raft, thereby increase Rho activity!*’!

Remodeling of cytoskeleton!"*!
LL5p directs the translocation of FInA and its associated SHIP2 to

sites of PtdIns(3,4,5)P; accumulation and lamellipodium formation""

Cell adhesion, submembrane actin remodelling!*’

Stabilizes perinuclear actin actin networks and regulates nuclear

shape!*®!

Facilitates the recruitment of BRAC1 and RAD51 to DNA damage
sites and stabilizes the DNA-PK holoenzyme!*”

Required for efficient homologous recombination DNA repair and

recovery of Go/M phase arrest!**+%)
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Disassembly:
—Integrin endocytosis
—Retaction fibers
-MMP2
—Calpain
—Talin cleavage
—RhoA

FInA

Focal
adhesion

Gl
S
N

acto-myosin
intesion
—RhoA

Filopodia

Ruffling

(endocytosis
Increased & exocytosis)
intracellular —Calpain
B tension —Caveolin-1
Sliding: —Vimentin
—Modulation of Maturation:

Initiation:
—Integrin clustering
—Tension-free

actin network

Turnover:
—Integrin recycling

—Increase in size
—Stress fiber formation
—RhoA
~P190RhoGAP
—Migfilin

AT RS 5 55 LN 3 A T2, FInARESSWAAE B Fe o Bh AL I RG & B IRIIE AR IEAEIT R (K AN PR 7 S, A i vl A 158

PSRNV N

22ROy A Flmembrane ruffling X R 7 BT RE . AEITA (KL RE b, A0 i i AN T 26 AR A7 BE, BEAT A I TR, B A2 i i 345 A

ffrturnover, A 1AL N 5K I (K45 YT I AEamIIn Ty, #69E Lok 20 ik ol sliding, 5 E AN N, HESHAIIL IR i 3. FinAX ixLers
PRI REE BEAE (A RT REMILAD, SR FInATT RE LA 1S5RS N 1 207, AR AN S R 5 HE N -

Cell migration can be viewed as a cycle of dynamic focal adhesion remodeling. This schematic representation of a migrating cell highlights filopodia,

lamellipodia, retraction fibers and different types and states of focal adhesions. FInA regulates the dynamic remodeling of focal adhesion. An text box

adjacent to each different focal adhension state describes the possible mechanism by which FInA regulates them.
El2 #0228 AN AEFERIFNIE RS 22 00 AY A BEAL A

Fig.2 Possible mechanism of the effect of FInA on cell adhesion and migration

L2 RS A M IR R AR, IR S A A %
P55 HE, TN 2SR R AT B A .
FInAfE 2 S 112 HRalATE S I 224k B 2, K&
Trio. PAKI(p21-activated kinasel)i% 5 ffJmembrane
ruffling ) 7= £ (B2)7 19, H A — % I\ A, membrane
ruffling KI5 T A 55 40 0 A0 J5T 300 B i 788 1) 40 JH
M ROy 2T, X Rho GTPase 55 5 e 144 4
f e G 25y 7Y FInARR SFiIGAPL: &)
TSR, J5 B AR RO A2 B AR R, A2t 4 i S
11blebbing )= A4,

2 FLNARZT 5REHREKXE

FLNAY)Re BRI SEBCRIEM . HH5. O
TE N IR 22 PR B W JE O, i =5 ] (L 485 PR A o S
{¥7(periventricular nodular heterotopia, PNH) & —Fi i
REWTE, LA H TR R R, figoc
ANBE ) K06 5 T RS, 5 30 20 A% A 10 =5 P AT 1)

S, SRTREIR AT IO A A . PNHIR AL HFLNA
ARG, X SR G BmRNA) 8 422 7 1 Bk
R 7 AR, n] L A URAR, RAR ) 45 R 2
2 L A FInA Ty BE i K055, FinA T R i 2K & 5
PR TUAH 0 B A0 T IR, A28 0 5 0 4 I G B
J, AT A28 TG A e A =5 R 310K I 1 =
(P IE AP PNHE LT Lo th e &+, IX 288
FILPFEA SR, JF BRI B -, 1
TN XG0 AR Sl M 34T T B0 55 M T IR iR 3
SETPU, PNHIEEBR T ARG R, e nf LR
IR Ay O JUE R S AN R R BE AR L Bk S
K MAE, P 7RFInATE 45 4 AL 23 R0 L8 RGP 1)
Difiglls FLNAZE A i 0] W1 H-5—48 25 45 ik (oto-
palatodigital syndrome, OPD). #i‘H T Hfii &5 KA~ [
(frontometaphyseal dysplasia, FMD). #f—Jg — [ &5
& fiE(Melnick-Needles syndrome, MNS)% £ Ff /i K
PEWGIEESS, 3 Ak, FLNAWYES SCSEAR AT 5 At 55T
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VIR S TR AN R AR A2

3 FInASPERERRIIX AR

FInAid ik v W1 2 B2 A48 b e, G045 Hir 21 JiR
JifRg . FLE . . g5, BRI, s
2 AN VNI w11 O N | E R R S 7 B P
AR W] LTSI R 45 9 . FInAZ: 5 g i)
KA A B A R ALY T, FinATE MR
R R I F A7 AR e 130, JERE AT DAE 2 I 4 4%
A LA R e B2 BT, b R e RS — AN AR
SO N OV 1 VA N e D O
B TR, BAME . BTG R A
b AEig . B . AR A e fe I a5 2
NP, — 71, FinAREEE MR A . 70 IR i
R, 20 M 2 U SO, HRBTHLY,
71, FFEA IR IZ B e ) M3 1 ) &G R ) Ll
i AL FinA ST 22 A0 A F B B B~ 44
JRLE 4, Sy 0 B2 AR B 5 P82 S A M T A g,
IRl T R At IR 146 75 o FinASRIA Y =1 5 1140 o g
L g () PR B AH OGB4, H{shRNA(short hair-
pin RNA)GBRFLNARE 0 5 L 9o 40 M A0 28 (4 5898
A M5, F0HIRR R R R i B 5 R A M
Wb EEFEIN, 5y — 7 1T, FinAW G R % . 3L
Ji e s s ZH 23 N FIn AR IK FRAIK B i 400 o bk L2 &5
AR, UTERFLNASS 5200 FLI 0 41 i (R IA ErbB2) 5
TR BE, FRI A BT A R FLNARe {2 ik 2
JRUG A BT P, 8 9m £T ¢ DA IR AN A PR AR 2R T,

B XTI MR G IS, Sl A SR ARG, 1%
B BEIN A, FInALE A1 A IR A7 R g T HO0 e i)
YEH, B SFInASL T BB, fe ek s it 4, 1
MFInA Y5 5 11 B (calpain) KA, A2 8 7K Mg BEA
FZ IR, U] i 300 ok e 47 e PR A s 55 7 A i) ek e 1)
P AR LA B T A O SCER ) SCHE . FInA R 7K i
REA 61 1 270 it 140 6 7%, 10 40 15 9 56 3 Y FlnA U
PEBE R H) B R LRSI, 3 AT BT e R R AR
RIEH R E AR, IGIR ] R B #5597
BT A MR o 7652 B HE SR RO, T 2R 52 Ak
(androgen receptor, AR)-5 Jif i P (I FInAAH B H B
JRFInA/ARE &), 22 5D REWITFAK. Rackl [
AH R 5 3 2%, fE g BiT 0. B T LR G4k
(1) BT AH G5 il 2%, FInA 5 AR 455
I REE 2 ARZE N A0 A%, T 2) 36 DR e s, b 4

A AR e AE 27 SR, #EcalpainffifF i F, FlnAZK
fift 7= 211190 KDalt) F BCdE N4 HuAZ i, U REFIHIAR
R DR A: e DRI PR B i, A0 S g S B 158 e T 3
e ¥ PE 17 41 IR 958 (hormone refractroy prostate cancer,
HRPC), M8 4l B I 25 K 3 AN A gt I 8 25 1 )
. YEHRPCAN M R C4-2, FInA/K il 52 31, 4 4
G FInANAZ Fr B I TR ) R 7 4t HE 0 E - 75 (Ca-
sodex, PUHER 259 BUBE, il 4 7~ fEHRPC
H, FInAZK A e i OB 4 FH O 25, Ibgg T 75 1
S Yo 2 R JEOR T LA 1 38 e

H AT, A CFInATE 4 i P9 A B 5% i g 4 7 1)
S 5 TR (R SR R, KRR 3 i U3 h R FLNA G
B Bl ok A R R R oS3 Ak, TR R RS
— AR SRR, WA MR A R IE . R
20 R 7] A R 40 B 5 35 R R B ) R 55 2 5 T, 7
i gRE 5 B (R AN TR B, oxof I e 4t i R A% . RGP g
JIH B SR AR LA R, FInAZE 1Ak BE2 15247 A E
72 5 1R (Ser2152) 1) 1 1 1t fig 71 il calpain X FInA [
KARRTOT - SRM, A7 HIFFT AR W, FinA i) #5182 10 BE e
R 1E 40 W AT A% AR B 0 i 41 AT AP 7R AR R
ZIR 4N L P9, WntSA/ROR2AE 5 3 1% R385 fe (e ik
calpainXf FInA 7K fife, 1 42 145 B (5 32 988 4 Jf (1) 3T
B B, Bl R P R E . %R
PO FRATIRAE T — MBIF N RFInAI A E . BR T
FLNAG A 33800 IhRg 7 14 H, JA e 5%
JEFInAZKAE . FLHE S 5B (1 5200 DL S FInA R 7K il
v BdE NG A 5 el 3R A o AT R A,
TC V8 A& 7 M T P I & 1 4 A% P, FInA/E S —AN 32
ZRER A, AR B LA AR 1 A A R T
F A L D RE, FATTAE P LEFInAXT 40 1 Dy BE 1K) 52 i)
I, I REIE T IS LA S E A ThEE. Ak
Ji 270 K 21 B AR A3 LA K Fin A BLAK S R T JHoRi e 1%
(IBER A 7 THT 55 PN %

4 FnASHEESERHEHEEERAIEE
FinA5 45 & 55 171 18] 149 AH B4 A 3= 200 i BA
FIURP 7 AT (D E SR FInAT] LR R
0 M N B TR 7 (RS2 4 o AENLBREK 1 BE TR,
FLNAG B (1) 4H J 25 1E 40 B B 25 B e AR R 10,
AL, FinAik 2 55 HUAK 1458 525 1 28 38800 A LRI B
KW, FinA _FfJRod2f 5 FR16-23, IXSEFRAH H 1
H, &85 FR19. 21) FRIER (145407 S AE %
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“SFR(18. 20)/7 #E e, 1X tH Al 1 Rod2[1) 45 #4 % Rod1
B B R(EITA)ST, FinAdl i 2 2L 3 ABD 5 i
22 MW R G, B2 AN N UK D) o, 7
HUblak S 45 R, Rod2 FFRIA] (KA AR ] & A2 i
A WU R I B 1 4 A A AR EEUS ), LK
(1) L BE SR FInA X AN [F) 2 1 RS9 A g, Gt 4
B ERSER BN, X FIGAPRISE R 11 BRAKEY, (2)
R A AE . FinA L30T S BEBE 4 2 Bl R 11
PR R 1k, JF FLFInA PR R 10 16 1 5 i 56 25 1
(&5 e s B an oy gelom8184 - drh ) %) Ser21 527
PR AL BIWIF 9T 5 %2, Ser2 152 2 4k fiE 1l calpain )
FInAF/KEEITA)RT, HHT, Ser21 52 FRIL A& 75
T HEFInAXT & 3 (1 45 & M AE AR 4 iS850, bk,
XFFInA %S & 8 A B IR AL R BE 5 H S FInA R SEF1
J1o A FEPWIE 0 2% BEThr7 58 A 6k 2 1k A 3041 3L
SFInA M) 45 4, 123 Hotalinfl) 45 569, 3)E [ 1)
IKAEAEH o WIHT ST IR, FInA# calpain/K fig 7= 25 [
Jr BEAT DAHE NN MR, 7 20 M A% Nl T R S R
SR EAER, KPS AR A FIRER- . 534%,
FInA ) 7K fi# BE 1 455 p190RhoG AP TG 11, 3 1717 5% 1 4
M A EmHEA A B S, @eg it A 1EH. W
RUFITR, AFEIE AT LS FinA_BAH R A7 5 454,
TR B 55 4. Migfilin 5 #8452 X FInA ) 5 4 45 45
Z 5 55 R AT R, ) E#

s iy 80T B 45 2 M 36, AT T LR B £ 36
“Eclustering ) 16 FH, {34586 2 5 16 T Mo R0 3 5
Fles,

5 FlnAXHiE 84 %20 K H 7] e/l Fl

IEQTETSCITIR, FInATE I8 4 7% ()3 72 v ke 2]
THEIEEM . MRS a1 TR R ) I 2O,
PR b, FinALE e 6 7 Job i o 1 o8 T 2 0 e ke i 3G
TR AT RS (50 . FlnA ] IMESET R, FRFLNA
RE I 12F £ 25 A o R0 7L I s 40 PR A RS U888, 7
NIH3T3HIHT10804H Jifg tfv, At ¥ 2 1 ) B fg 1L ik
FInA 5 ARIW &4, 8F 1 J0E 1 & #BIFIFAK, {2k
Y HIE AR, SR, FlnAt ] LAI0RI 40 it ¥ . 78
G SRR S AN, FinAXT 4 R0 i B 45
A F0 41 i 2R T S AR R A BT R e
Ja P 3L [ % IACEACAMI1-LAIFInA R, fE 7 />RalA
(PR, 5% & B, H00 40 e i R

TRt — A B R 2 (I RE(12) . A 4 T
Bk vk, w e, Edl iz shar g e,
FEBOR Oy 2 R 22RO A5 HIR, SEE 5 41 Ak itz
R T OB (R Bt 5 A pt, A SR [ e AE L LR i AR
DABRAE mA SC AU TR 3, [R] I 48 B S S 10 B 5 A
5 5 T 2 A A M 1 e S T A Y fRIX AN AR
Y AN b 5 B8 5 AR AH ELAE L, AN TR gt AT A0 i
BAEHE, AR AE . RN N AR
A DRGSR, X LA AN (1) AT 35 B A& A1k
FIn A I 520 R g o 45852 m 40 (1342 . FlnA
Z: HRalAY5 T 1 22RO 2 X Trio GEFD1. PAK1i%
F fymembrane rufflingf¥) 7= 4% FlnAfig 5 Fil-
GAPSS & W 7 TGk, 5 2 0 R B A2 1 26 1,
R 40 i J 121blebbing 7 AE, B 1M A2 325 1968 41 i 1)
Fif 2K 2 203 #% (amoeboid migration)!"%2,  7E ¥, i Ji
AN, 24 HIshRNATCERFInARY, B8 5 3040 B iy &4 %
H IS AR A0 AT RS, (Rl B/ UV
AT AEAR WL [ FLNA . FLNBREF I ZEAG B Rk,
I 200 Bk 55T () RGBT, N R AR, FRAIRRY. )
A4 =P, RSK2(p90 ribosomal S6 kinase 2)iH
IR EFInA R BERR Ak, 002G A5 BE (1) Jl R0 Y. ) £F
Y0 2E i, TR A T # R

FlnAjl it AR 45 &8 E, 2 5 AR PR
AR 5 I (K1) . & 5E, FinAdlid H 5/
GTPaseZ Jik ¥ IAR-Ras [ E {2 EAI L HS - R-Ras
HFInAFR345 &, MBRFRIGEM TIN5 455, FiH)
I Ho6) BT AR FH AN g iz A0, HR, FlnAn] LA
T8 3 0 We-Met#e s 2 i 1T % . c-Meta: I 40 i A4
KAl 1-(hepatocyte growth factor, HGF)#) M —2Z 4k,
TEAM MR AR IR R R AR L AR,
BRI EUSIER . Soyi 26 ST 5 1) et 4E 4
e, H41 H P9 c-MetRIFInA I I8 7K I, FF Hix
LG S 2 USRS S 11 A M e 1 e G [ i UK 4 i s
JHO PR B4 BEAT AT RS e 2 i e 40 B N FInA R ik gk =
I, 2 N c-Met ) ZRIE B BRI, 7E 32 2IHGF (1 1) 3%
N, 4 B g R BEARCY . 1 — D R F o N,
FInATH 1d 5 Smad2 A1 HAEJ, fie dte-Mete >, i
& HEHGF/c-Met/Aktf5 538 % (1) 4% 3, i 40 il &%
fie JJ M. BR T 32 R-Rasflc-Met /) 3 (15 5 18
6, Wy SC R 1Y, FinAlk 2 5RhoGTPase 5 ik
B i (WRac. PAKI1. Cdc42. RalA. RhoA. Trio
FIFIIGAPEE) XS 41 Mo 1 42 1 = Al I 7 40 i A% 1 ik
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P TP R AR AE L0020 Ab, AR /N TR AR JIEE 4 i
% #|IGFBP-5(insulin-like growth factor-binding pro-
tein-5) 5, FInA 2B L I B calpain [, 2K
FRIFInA 3 55 S K fi# v B g AL 3 Smad3/4 N %, Ja
HALRE R R T A %, B T BN T 1
g§[95-96]o

Zi EPTIR, T FInAJA] LAY 2 4515 51 %,
S 22 M i 5 K, X AR T AR AN [F) 2R ALY
20 JHLRT AN [0 £ 40 P A0 30380, 0 il S # T e AR
AR AR SR AN [] R 2 o

6 FInAXTZHpE S £ R Fh M B9 520

A Hi 5 5 0T (1) 6 B A 40 M A 1 e AR i )
TERCEZENEM. ML R EE 2 0k, it %
Tofr 25 A6y RS 5 i 1, At M A/ 5 o 5 0 i 0
e, BB AR B Bl 40 i 1) 47
¥, &4 BEAS W06 PR A8 52T 77 A (initiation) 3 #4
(maturation) 1) fift (disassembly) [l FE H, FEAZAFN
BB AEAN R R A AR, W27, FInASE i
TR T B AR AL IR R A B sea6s],
6.1 FInAFEZEESRZIFEMBENOES

A A% M ZE IR 4 1, FinARE T 458
BAERMBE. Talin5BEEA KL G A WMIN A H#
(inside-out activation) ] 3= 2% 1%, Jf Htalingd /54
HRESMMEEAEN EEE A2, FlInA5B
BEZMEE A T Stalind ) R, 76 frtalink 385
RINGE G, NHEI S = KES . 5 R
Ii5 J5, FInA Stalinff) 56 43k e — 2 ¥ R 45 BE
AR TEAS o Talindl i X 486 25 1 45 75, 36 4 B
HHFInA, A HIES Z 46 INFInAK 1 5 FilIGAP4;
B, S R Rac ) K, 3 i 4 3 & A B AN Y. )
CTAE ) AR R, AR 3 A0 1 A 5 J5 3 1T 1) 4 € (outside-in
signaling)™. XFInAFI#E S = (W RERR A RE 1 Y
P 5 5008, RSK2AEHNHIAE A 2 (0, (st
FInA B B AL AL R 48 & I 45 G Rk ), (kg i
ALY, TSR, RSK2 A AEIH i X FlnA ) 12
b, B 5 F 2 A RIS R IR ). AR, (A
R, 920 M i Rk B 0SB RSK 2(dominant
active RSK2, DA-RSK2)i, talin¥} #& £ 2 1) 45 &
B0, 40 P S 22 ) R A B LKL K 140 8 ) 4T ¢ 4
TR FATIA N, RSK2PLHT i, 0 LA [A] (4
SR AT WIAE ] TtalinfTFInA, 5 5 %) 35 K 11 5%

M) () e 2P, YOE T A R INEOS T 0L R S
BE IR AE O BRI 2

AN, migfilinth il i I 5FInARI AR HAEH, =
HiRERES R MBOSMETE R E . 2 HsiRNA
TP an M N migfilinff) A I, BeHHI R A5 B0 =4,
U 240 A 5 5T 5 TR PR A R R A I A, g
— IR W, migfiling B 5 2 58 FInARI &5 4
A7 5, FHIFInAX BEA 2R 1 45, T 2305 85
FIE B, SRM, migfilindi K] 16 5 55 AN 52 10
ANEUBIEH R B R A, SKYE T migfilinkE A f B /)y
B P 2T 44 4 B A £ 5T 40 1t v A 1) Sl ) 5 B R
B oyhe R, alE LR i B p B R, M
{Fmigfilindt U 45 2 5 22 P0G S 4 L & B 7 1t B %
i 1) A 2 7 SU5% B T
6.2 FInAiBAEHLE B Hturnover

B T R HE G R NBOE DL BE 7 AR R
JE 2 7 1A 21 U #2575 H, FlnAXk B8 o 42 35 45 BE 10
turnover. £ ¥R 41 N, 24 HIShRNAYT ERFLNA
FIE, fie'T BUT e 40 M Hr 2 /G B 1) 23 i IF ik
AT, JF HAazfEH & i ERK-MAPKAE 5 1
G calpain >k SE LY, Calpainfé 7K fi# (L F5FInA
talin, Zh 45 BE I paxillinfl1SrcfE W 1) £ Fh &l &
AR, 7R 022k R I 1 23 A R 40 i % v ot E
PEFRUOT fH 3, FlnA & an ] $0 l ER K 1 2k 1M 5%
W & BERD 7 WEAE I AIF 9T 2 B, FAK (focal adhesion
kinase) /™ 5 ERK X} calpain [ 3075, Jf H.1% 0 % 76 2
TERG A B 43 A A0 20 I O T R A T 34,
SHIP2fg I FAKIE P, I HAMWHIRE 3G BE 1) 30
DA, FlnA nJ 6 38 ik SHIP2 o S L HL 410 1) 45 26 (1 il
FHI R A B 53 A ANE 120 4 B3 7% (VR

Turnover & &l 47 BEAE PR DA AL P9 AS W7 40 i i
B AE B R, RE 2116 A B R I 7 G 4 B turn-
overffl i #2 e 2] 7 H ZAEH]. FInAW] e & 55 3%
B AN L RE [T [ A 3 1 N 4 (caveolae-mediated
endocytosis). FEAT ZonBay osPi Ao B HEI it 41 o i
TR U] e P 20 40 iy 0107, I Haz N A+ AE 3%
Wi 1 40 1 PR BT PR CodfE 1 4% 38 15 22 oo 41 D
JEL 7CRE UT B A 3 1R N A bl /R DO, FlnA
241 Jf JIEE R 1 B 2 -1 (caveolin-1)AH L4 FH, 4%
B JBE 7 R [UT e A 3 1K) P 018, I HLAZ AT HAROHS:
PKCoXfFInA BRI, FIRAFST 45 AR, FInA
A] g1 i caveolin-17EPKCaf 3 4G H N A7 1 i



KOV ML ALEA RS R RS P A

1149

FErpE/E

B T T BEAE B A 3 N AF L R RO A AL,
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W SERARG S, AN RN, BN
T RN, FInAfE 4 SO 19 PR CeXf B 8
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7 RE
TS 22 1 9T 38 1, FlnA e 40 M 55 56 S5 2 P
TR A i e . T RS . 1
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R0 B 25 P A% VT LA B 88 e % 1) B B 0
PLF. SR, FinALEAS 7 (¥ 40 o S RURTAS [ () 1 3%
N, AR S A BT AN ], S0 ) 40 i 4 R AN
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N ASRE A, WU AR Z AR AR ELAR ],
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