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Abstract: Integrins are transmembrane adhesion molecules expressed ubiquitously on cell surface, which

regulate various physiological processes including cell adhesion, migration, survival, immune surveillance,

thrombosis, and development through signal transduction by sensing intracellular and extracellular stimulation.

Integrins usually exist in an inactive conformation on the cell surface, but can be change to an extended active

conformation regulated by inside-out and outside-in signaling. The transformation of integrin activation state is

closely related to its internalization and recycling process as well as the normal physiological cell activity.

Many diseases are associated with the deregulation of integrin activity. The normal function of integrin is the

result of the balance between activation and inactivation. Here, we discuss the dynamic transformation of

integrin activity during cell migration and disease development, and we also review the integrin-inactivating

proteins.

Key Words: integrin; activation; inactivation; cell migration

G R (integrin) s — K2 KA TR
P2k, 2554002 18], 40 f 55 i &b
FE i (extracellular matrix, ECM)Z 8] FIAH EAEH ,
M SRR M ST f . ML Rkl
M B, KESFZMEEERE. BE5EBafip
W i E AN B A R, PSSRSO T 2 5 i
EE, 550 H AN EE R B R ) 5 I A
IR R B AR R . H BT, A HES R R
BLISANAN[F] (1 o7 HE A AP BT A, H2H ot 2 /024
BERY,

A RN I Re 2 A SR i N iz
L2 FHLEIIL R DY, IR R A R A
- AT AT S FL 2 40 A 2 T RO 0R B RO 4
Missh s . AR IR & PR R
BIRA, e shifh . RIEMEER . MRS,
I, BEE TE MR RS T AR A 2 A s B B OR
BB TRRES AR A B I R A I ST A
AAHEEE L.

1 BEENEEEE

BERBAMEERN G 5% S8, TR
SEUERFIEE RS MBS KAE . AHRE
T, BERFEUIRENE AL TR
MR RIBOEE TS, R EEEO
Ao PUEMBARSE S, @ h W@k
(inside-out) {5 T B & RIL L ATEMM R . F)5,
BERMINEMIRE AL S, SIRBEEEMER

HE— 20 e A A B I b 1) 5 % (clustering), JE
o B 4M ] P (outside-in) {5 580 i P45 5 %

ERGRMTEN R, BER nE
F - BR 2 E (talin) il o H Sk # 45 #) 18(talin - head
domain, THD)% & %4 2B A A BLFINPXY (R
2T i - T R -x - B R, x ] OAE B R IR ) A
7, MR TG Fa. B2 I X <[]
(R 3R MY, BRI AR BV AL 5 B B B R A FE Aoy B
5 R X 2 T A BAE AT, il ok 5 R g AL
ZEART . KindlinfE A4 R IILBIEE A,
ERESS O B A R BV AL M P DXz I FINxX Y (R &
Pk Jiig-x-x - 28 R ) B 1, I 150 2 6 25 1 I 6 L PN Bt
[Fi5r e, W5ktalinis TS KIS, 4EER
B4 3 Etalinfkindlin i — 2B H S E G
(paxillin)y 414 H(vinculin) & fa E B &R WS, it
MR RS PRS2 b AR P AR
L1 SRECMARM P ESRIEERE

BRI AR B B S R N T 8 e R B A #
T A0 R R e R v, G M R R A
F . PLIEEE PR AR e /A /E F R m M, AR
A ol A BV JE 45 & T ke e A S iR — 5K
G, W REIR I BT A 5T ) 5T % i 3 40 i
JBEE o Hr G UM B ol 5 — SR 5 SR T B
FrEMAREE R, S8 87—y i ie 240
fRFm Y, BAAN MR S, B2 M A E
SR, N RR TR 4 i A B B 1 IR
T, BERBSWBUEERNNELERED.



AR, 5. BAERIETEIRTE L H IR - 969 -

¥ Mg
BLiAES
SEHAME) BAEEY FhE BRI REREF
7 : 2 s : 2 T
CE T D 00
—_— —»ﬁg\z ot ?Eﬂ‘ﬁlﬂﬁ
wan MR
/ £ENER  ON_~
Q FaAK
Talin
i® JEEME AEER

\p 3

\

@/j
ot
&1
g
=

&X EERNERBR

\ T 5
Factin THES ﬁ
_J

-
la%

TARBIRRERE
AkfE
A% 2R B AR FEMIE R BRI
BAENE BEENE

f %Galcclin-}

—RRER =0 o
e oy

EL 2| Lo

m%ER — BHuiAE

AR APALIEAE N FT AT /R IR IR e — 2k, IF DRSO s B At b fEARREE L, &R — A LA s i ki 1k
WRAFHE, ZRRANIME SR, WRE TR MEAME BT, B4R QU F AR R A &, IR m R Z A1
GEEIRANTT. AN AIPE I T RS R, FREE talinflvinculin 5 L3 & A 400 & 22 R IR S S R TIHE 5165, BaRNA s
AT AR R R A RS R AWIB AR L, ZRRAEAAA, WA N AR BOR R AR . RS R 4 SR A AN
FIPRESE, BARWLEEZHARKSEEA T BARRABREMKREAZSINRZERF, AT RE AN SRREEN. B
BT LAFE Galectin-3 3 B N HEAT AR MRS SR FUIRIK B & K W FF . Talin: BRERA: FAK: ZFABLME: Galectin-3: -FLHHHEER-3: Vinculin: 41

HH: F-actin; LF4ERNIBIEHA

Bl #AROEMLAE

1.2 iR R EE S RAE MR

FETE AL BB 2R DL SR A (E R &5 & BT AR 1)
ERAEAME AT LLE By B R A R
H5EAGREFENED, WSHANKAHXKRHEZ M A
{E % F(SHANK -associated RH domain-interacting
protein, SHARPIN)FI%E 5 28 4H i Jit 45 44 d8AH 56 2
M 1(integrin cytoplasmic domain-associated protein
1, ICAP1), #RREEAENLIRHINLENE H (actin) & 4
gt R B % BT (adhesion) B, AR
%) 5 SHARPINFIICAPISL E AL, W/ 0L R H
A DAERFE S R HactinREMEEL, HEEERED)
B RN AT o AL, AT Rp 20 L ) [ A

A F S5 AMIC A Sitalin S 15 40 B A 45 B 5

AR NENMRIF BB ANIME T8 5. AT
Bl i, YIS BE B Stalin e k™, —2
W, FEAR AR, BERIELEA
MRS RER N R, ERARSS
5 Foutside-in{s 5 P 4" . REFE
1T 1% BA K paxillin (1) 37 55 AN 4K 860 T 2 55 B B
(focal adhesion kinase, FAK), {HFAKZG T talin#43
SERNRE AL SR, IR — B S talin BH A R 5 T
(nascent adhesion, NA)(<0.25 pm?)F!"", B 26 T
YU RS 2R FE A AT RE AR T talin) 45 &,
T e T8 3 £ 05 A 0 25 DL A FAK (1) 53
£ AR ERE S e — S ENSEA
W28 1 T o 2 5 5% B (focal - adhesion,



- 970 - CEATBILEEY 20234433571

AL S oA L

FA). Talin5BI3E R Mactin[FN &5 & f5, 724
K17 5] JIENLER 2 A (myosin- DAY T, #t—2
fift B talin) HADHIE AN, % 8% H S vinculin 45 &
LA, & G Etalin Sactinff) 45 &1 50 A1 355 B AR
SEPERE N BRI VLEE-4,5- — B RR[PtdIns(4,5)P, ]
RefSVEH TtalinfIFAK, (R H5HERNES.

ZRbERTA, EEES R AELE S R
B e — MR R AR R, b R B A
PtdIns(4,5)P, il it A ZEFAK S, HARHbEE& &
YU R APIRE . [, talin 5 AE R %
HEHEATHFSEEEEGER, EiLhE%E R M
B&GE, MEMEKES R Stalintf BAF %
AR IR talin Sactings & DAL IS HL
*ﬂzjj[lg]o
1.3 BRI P ESZNETRE

G I M N B 25 38 il 7E 4 3G B i e A0 4
WA S R R EEAE A . e RE L)
B AW A0 M R T N A, iz AR AR
BEREMBILR R . BERLLET 2 Mg
BHNFE, HAM S A (clathrin) 510 N &2 %
BRNNMEE RS . WIS B4 E E (clathrin
adaptor) 7] LU BEE S #A R KA B4 & 83
BERMANLE. B, MEAEREERKER
JEY)2(disabled 2, DAB2)AIARH(autosomal
recessive hypercholesterolemia) f] DA 45 & 2Bl 3
LY R (1 " A 2(adaptor protein 2,
AP2) 237 3 ) 5 ol JE BB 45 A0 . A RN
WA LA (A% B . B AN KA & 4]
PL&E & 2 LB B 4E 2 (galectin-3) 6 Z2 41 il N GT P
FAKHH < 1144 25 [ (GTPase regulator associated with
FAK, GRAF1)5WBILIIFAK —R4 AR,
BEE SREARNAK . RO RE KB,
FHLL5-liprin-o1-ERC1# i) = o 2 SR R AL 1
IR AT, ffvinculinflpaxillin A3 BE I
s, et PR R S AR A R AR,

BERMIEHIRS 5 Hig 77 X% VI G,
AN TR K G HE B R MOBAS [R] (0 PR N PR 34 07 K. AE
FAERMEREAERE S, N EBESRPEAELEN
& (endosome) ™, talinfIFAKURZ 5 2 454 DL4EFF
HEt e, I — & £ 5 i Rab5/Rab2 11
AR YRGB A R 4k 22 Rab7/EFH , &

TEI N AR ] BB . S5k ER, tf — gL
(FIp1% £ ZK il i Rab4aMIRab 1 1 3E AJEIA 4K . M
AVE BB EE A WAL AT ARG, (ELF4ERY
W5l & H (F-actin) () 2 RAAEH T, #E ARab4
Rab 1 L3 Py 44127200 ] B ADP#% B JE AL K T-6
(ADP-ribosylation factor 6, ARF6)FH ¥ 14 MLILF
¢ H (protrusion)H , HHT = 535 B4 2% K 4 i
JE M ITFE . N A JE I A0 2R B 2R i A 1) 21 4
LG AT B EE, T AR A HE A 2 K 2 4
BB g R AR, BARTERBIEA R
N A L B v, HETE B & R AE M ()
TR E R R T Pkl PEactin{EF T [9 )40
b R 2 10T T2 BSCHT ) 286 B A, T A S R T
F (B v [F] talin 2 &5 INPXY 35 7 Hh 485 7 98748 1Y) 4%
& F) N HE R A FT A Rk, fEfRES
T, AEEABIRE S R B S T AL, i
IR EE A R T2 oA T Al o o

2 BERMAEWRESARTES

TR M. MRS RE . fin
WA WU 2 P A B 2 h 2 k5 EAE
o TERR A R R R, MMre A
ZIN T IR AT MRS, WA 3T &
WA PR B AAR I 2 ke e B A 88 AR ) KR S . 1R
IEH AR, MM 0 &l & a8 RER
E G R, XEREESRmEL-ARE T
I Bh A P4 T 0 M A R T R AR e AR 5
&3 EE A E R B AEAS [R5 R 3%
BEEAEAL T B Z A& m e, Wl 9 S EC R G
etk) WA IR 5T rh R A 45 - TC A (R Al ) 55 ok
BRI GEatE )P, A R T IR i A
A4 Wi 0123 A7 R BE 7710 £ S5 P Fh R 42 v Ok $E 5E EE
AR .

9 B AT A2 AT uh I R v K R IRt 2
(lamellipodium)F1 22K P4 2 (filopodium), ZH BSiX
P LB & [ g5/ 1 8K 3 77 Hactin™ 4E . Actinifi i
I J5 RS SR A T A LB a3 22 1 IR s A, HESh A
M R TR B, i R A2 A0 A B I G D
B YA L H i i actin 25 58 2 G PRI IR 45 #4) th 4
HE T AT S S R AR D), (R
N IS NS e N AR | ) B S K R g



AR, 5. BAERIETEIRTE L H IR - 971 -

(cytoskeleton) Hij i 22 & & BEAL 1 5 Be 7 AR AH XS Tl
HAEERTR R AES] 1. B4, actinf SRS MBS R
(025 B B A I R A . A R ) RE DA/
I3 BT A AL B S AR SR v A A8 o PR A 40
TR, RS RIENE LR
PR LW A I RS T /5 HY

BER LM EA AR R E RS K
P TEZEEM. B, AR K F IR
AR IT RS B I DT RO B 2 3. RFIER
AL M Ak ik 5 Ry 2 55 22 R 40 M AN ISP AS 5 T
2o L R e R D £T 4 45 A BE R 51 5 4l
¥, tREI 2K B LR A e i R g 2 A K
PED . URIR) T R AT 4 Al R R 3R RS A EE
SHARPIN &k 2% W] LG BUR R 25 4 1 212 451 B K
ST o 3K I i 2 1 B R RE ) R 2 BB A T
N H R NIE, 3 UK A0 JE 5T W i 12 T L
b R o R A R AT RS BT B R AR A
R 1 (filamin) 45 30E B AT DLI A2 e 40 I SRR 19 3
¥, IFRE /N BRI B AT 4 4 i R A BT A
Filamin ] DL filamin-AAHSCHJRHO  GTPRg 1L &
M (filamin A-associated RHO GTPase-activating
protein, GAPRZEEFEA R H, M= Rac
Bom, MHI PRI AR . Filamin A B A 8@ R0
i 5 5 42 J& 55 F i (matrix metalloprotease, MMP)
T TR R M AN S R, DL I R AT B A
¥ P e talin FNFA K 55 2 1 5 114 B U1 ik /> 45 77y T <
P B IR

3 BAREMHRAES KRR

A RRILGR LR B A 0 MR 9 R A
AR N AR RS IRk IE, BE

FMRIFER FRIERRAE S Z MM . B3
B RO G UL MR TS ERY, RS R K
kindlin-3987% 7] 43 5] 5 A& T 24 F0 T B 6o 53 ik i
FEE7¥ | kindlin-1. a2, a6FIp4%E & KA N 5 Bz
JpE AT SR FEMR R A R SR R, A
RRIE T RBMER . 15 VF 2 IR B 7Y o 01 512
BIEE A R RIA MBS RS MR it g, BlKasS
B FFRIE IG5 TS S R AT oM gk
Ah, BEEFIEE M talinflkindlin [ 2% 39 08 58
SR AE 1) 0F AN A1,

BEHERELHE QBT AEES RS
TEE T R IEZHERER - Filamin-A R 3RS 2&
(TR 2 386 4 205 k2> 1 it 114 fo 989 747
TEA0Yo 145 Yt 1% 5 A 6 40 DR By T2 R0 2 o G ) )
KrevAH B AE 3k 8 [ 1 (krev interaction trapped
1, KRITHIIREG L RAE . HTKRITIH#EYS
ICAP145 & HHEPLIHANHIRE & ZIG LI RE )y, XLk
RAFT e SICAPIA T 1B A 2 205 A0 35 1 5 R
AW SRS AR R, R B S A
RKPLT SHARPINFR A B3 LM, (HiTixeus
BEREREUEALSHAERZIMOE A RFEM
HAER, XU LR LR T RENESREN
17 512 1 A7) 75 22 58 2 HREH SRAE B

4 BRREELER

TE 20 AR TH 7 22 U FE TG A R B A R 7R )
FIEWE O A UG R AR S, R
(8 G 2 DR I R 4% 7 B AR AR L SRS
2. Hut kB 7 — & AR aEE 5
BRERIEMEER D,

Filamin A 1 MLZN & B 45 & 45 M 380R124 40 4

*®1 BEEXEUER

HA SEMNBERTE S B
Filamin ~ Bl. B3. p7 NxxY# 5 S5 talingh A BT I
ICAPI Bl NxxY /7 fltalin, kindlin&h & B %
DOK 1 B2+ B3. B5. B7 NPxY 37 FE G PE i talinZh GBIV AL, SRCEWEE/EH PTG 5R & R [FIDOK14: &, F&1IK
[Fltalin 45 &
MDGI al. o2+ a5, GFFKR#E T % ) 57 BEL 35k BELRS 45 2% R talinFlTkindlin &5 &
a6+ al0. all
SHARPIN al. a2. a5 WKXGFFKRZE T FasE £htr,  Hdad 7 Al FEL AL FHAS ¢ & 2% [l talin Fllkindlin &5 &

LRP12 o4 QYKSHIWSYH: ¢

JE I 2 R A57 FH &% 8L 5 8 B 2% [Ftalinflkindlink &




- 972 - CEATBILEEY 20234433571

AL S oA L

JERRE ARG, TS 2 M EAAHEEN.
Filaminifid 45 &% & R PI&E EIHNxxY 27 s
[Atalin ) 55 4+ PE RN 7EtalinB 26 040 i, #0
il filamin ) 314 7] 58 AR B & 2 00T, xR
talinfl filamin5 V.5 B & 45 & 2 [A] () 5 2 B
B E I S e R

ICAPLI R M S AMRKBARE &
(phosphotyrosine-binding, PTB)%E #35kf¥) /N5 2
FR, 256 TBRIHA RMTmNxx YT, Frrdt
OB & 2. ICAPBRE W] LI B & K
WAL, FE HICAPLERA /N BRUAE A B G 20 AR
PR 200 348 e o

5 5E K [ 1(docking protein 1, DOK)HEH
—NRES S A R IPTBE: M, CAGIE 7T LA
& S . DOK1 Htalin & 78 %85 %B
W3 B[R — X3, [RIF SRCUSEFSTBL B3IFIPT
EHE HNPXY P R T 20 1) B R A Al R 3 m 1
DOK 15337 40 i Jii BB i 1 45 4, Mifi 3 B talin
Xt B R ISR AN T AT BT AR

AR A KA K7 (mammary-derived  growth
inhibitor, MDGI)7E LR b 57 41 g g 5 oI &
() GFFKR (H 2 B2 A8 A 2R -2 T 2 R - A R - F
BRIP4, R IR IS MIE

SHARPIN & — Fit G [F] o IV 35 2 350 245 & 1)
HEEIEEN . SHARPIN S oV 58 34 & 8 {3 57
(WK xGFFKR ({55 B2 - #t 2 B2 -x- H 2 IR - 7R TN IR -
RN 2R - T R A 2R T 41 45 G 5 I L 2
RO G B A R IR AR
WKXGFFKRFF 51| K i F RS B R bk Ak 5 AL P B &R
M, A R4 TIREWM S, TISHARPIN A G2
FasE LR, R, SHARPINEAR 5ol 3t 2 &1
gh4, AH AR BEIE I 2 18] A7 BE &% BHAS 5 talin A1
kindlin 5BIEFELE A, Il & =51k .

IG5 FE R 55 H 2 AR A 26 8 H 12(low-density
lipoprotein receptor-related protein 12, LRP12)Z& &
MR ARG R EELBEZIAED, R
SR o4 A R AEMHSY . LRP12JE—F [ A%
JREH, J&TLDLREZR KR, HABKMIEANLH
W, EUZHL R Z2RIE. LRPI2ET H KN4
3R ) RE A 2R od 7 S P 225 ) 3 B IR A )
FIQYKS (%4 Z Mt iz - i 2 R - M IR - 22 R MW S Y

(BRAR-2HR-TRAR) S E R ALY . 1£
RS FE T, LRP125 040 (1) 45 & il il =
[ 457 BEL 255 92 41l B IV 2 4 Ftalin. kindlin, M4
RS R HEAENIGENMA R 75, LRP12
5 ad g P9 S5 381 45 A 25 5 paxillin R 25 6 467 55
W ES, HiSpaxillinGodBEA RIS, M)
B RE DRI A AR E , A LR G ad B S
N ST R,

5 HIEERE

BERGEERHET AR BEECEE, R
I PR AR AL RE R TR AR A I RS B AN IE RS . BRI K
B MARTE R B 5 B MR A e 46
SRR, WEERE, BT RS R G
2P FTE AR BAT BB

FEARMALR T, BERFEL-ATEIRSAE
FAHE B A AL B3 R R AT B AT
o AT XS RIS RIS P R E R AT
BexrmteEn, MBS REFHHEAKN T EN
B B, RIFHBESREHENEA LILE
A AR, BRI RS Z R Y
3, R R IR AR T8 5 B P
RIBRAR, JRAEASRIIR IR T TR R 7.

2 & Xk

[1] Hynes RO. Integrins. Cell, 2002, 110(6): 673-687

[2] Shimaoka M, Takagi J, Springer TA. Conformational
regulation of integrin structure and function. Annu Rev
Biophys Biomol Struct, 2002, 31(1): 485-516

[3] Mould AP, Humphries MJ. Regulation of integrin
function through conformational complexity: not simply
a knee-jerk reaction? Curr Opin Cell Biol, 2004, 16(5):
544-551

[4] De Franceschi N, Hamidi H, Alanko J, et al. Integrin
traffic-the update. J Cell Sci, 2015, 128(5): 839-852

[5] Bouvard D, Pouwels J, De Franceschi N, et al. Integrin
inactivators: balancing cellular functions in vitro and in
vivo. Nat Rev Mol Cell Biol, 2013, 14(7): 430-442

[6] Sun Z, Costell M, Fissler R. Integrin activation by talin,
kindlin and mechanical forces. Nat Cell Biol, 2019, 21(1):
25-31

[7] Wegener KL, Partridge AW, Han J, et al. Structural basis
of integrin activation by talin. Cell, 2007, 128(1): 171-182

[8] Bouaouina M, Goult BT, Huet-Calderwood C, et al. A


https://doi.org/10.1016/S0092-8674(02)00971-6
https://doi.org/10.1146/annurev.biophys.31.101101.140922
https://doi.org/10.1146/annurev.biophys.31.101101.140922
https://doi.org/10.1016/j.ceb.2004.07.003
https://doi.org/10.1242/jcs.161653
https://doi.org/10.1038/nrm3599
https://doi.org/10.1038/s41556-018-0234-9
https://doi.org/10.1016/j.cell.2006.10.048

AR, 5. BAERIETEIRTE L H IR

- 973 -

[10]

[12]

[13]

[14]

[15]

[16]

[17]

(21]

(22]

conserved lipid-binding loop in the kindlin FERM F1
domain is required for kindlin-mediated allbB3 integrin
coactivation. J Biol Chem, 2012, 287(10): 6979-6990
Wehrle-Haller B. Assembly and disassembly of cell
matrix adhesions. Curr Opin Cell Biol, 2012, 24(5):
569-581

Heino J, Ignotz RA, Hemler ME, et al. Regulation of cell
adhesion receptors by transforming growth factor-f. J Biol
Chem, 1989, 264(1): 380-388

Tiwari S, Askari JA, Humphries MJ, et al. Divalent
cations regulate the folding and activation status of
integrins during their intracellular trafficking. J Cell Sci,
2011, 124(10): 1672-1680

Rossier O, Octeau V, Sibarita JB, et al. Integrins Bl and
B3 exhibit distinct dynamic nanoscale organizations inside
focal adhesions. Nat Cell Biol, 2012, 14(10): 1057-1067
Fournier HN, Dupé-Manet S, Bouvard D, et al. Integrin
cytoplasmic domain-associated protein la (ICAP-1a)
interacts directly with the metastasis suppressor nm?23-
H2, and both proteins are targeted to newly formed cell
adhesion sites upon integrin engagement. J Biol Chem,
2002, 277(23): 20895-20902

Rantala JK, Pouwels J, Pellinen T, et al. SHARPIN is an
endogenous inhibitor of Bl-integrin activation. Nat Cell
Biol, 2011, 13(11): 1315-1324

Zhang X, Jiang G, Cai Y, et al. Talin depletion reveals
independence of initial cell spreading from integrin
activation and traction. Nat Cell Biol, 2008, 10(9):
1062-1068

Nagae M, Re S, Mihara E, et al. Crystal structure of a5p1
integrin ectodomain: atomic details of the fibronectin
receptor. J Cell Biol, 2012, 197(1): 131-140

Lawson C, Lim ST, Uryu S, et al. FAK promotes
recruitment of talin to nascent adhesions to control cell
motility. J Cell Biol, 2012, 196(2): 223-232
Wehrle-Haller B. Structure and function of focal adhe-
sions. Curr Opin Cell Biol, 2012, 24(1): 116-124

Kong F, Garcia AJ, Mould AP, et al. Demonstration of
catch bonds between an integrin and its ligand. J Cell
Biol, 2009, 185(7): 1275-1284

Ezratty EJ, Bertaux C, Marcantonio EE, et al. Clathrin
mediates integrin endocytosis for focal adhesion disas-
sembly in migrating cells. J Cell Biol, 2009, 187(5): 733-
747

De Franceschi N, Arjonen A, Elkhatib N, et al. Selective
integrin endocytosis is driven by interactions between the
integrin a-chain and AP2. Nat Struct Mol Biol, 2016,
23(2): 172-179

Lakshminarayan R, Wunder C, Becken U, et al. Galectin-3
drives glycosphingolipid-dependent biogenesis of clathrin-

[23]

[24]

(25]

[26]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

[33]

[36]

independent carriers. Nat Cell Biol, 2014, 16(6): 592-603
Astro V, Tonoli D, Chiaretti S, et al. Liprin-a1 and ERC1
control cell edge dynamics by promoting focal adhesion
turnover. Sci Rep, 2016, 6(1): 33653

Nader GPF, Ezratty EJ, Gundersen GG. FAK, talin and
PIPKIy regulate endocytosed integrin activation to
polarize focal adhesion assembly. Nat Cell Biol, 2016,
18(5): 491-503

Eva R, Crisp S, Marland JRK, et al. ARF6 directs axon
transport and traffic of integrins and regulates axon growth
in adult DRG neurons. J Neurosci, 2012, 32(30): 10352-
10364

Eva R, Dassie E, Caswell PT, et al. Rabl1 and its effector
rab coupling protein contribute to the trafficking of B1
integrins during axon growth in adult dorsal root ganglion
neurons and PC12 cells. J Neurosci, 2010, 30(35): 11654-
11669

Dozynkiewicz MA, Jamieson NB, MacPherson I, et al.
Rab25 and CLIC3 collaborate to promote integrin
recycling from late endosomes/lysosomes and drive
cancer progression. Dev Cell, 2012, 22(1): 131-145
Arjonen A, Alanko J, Veltel S, et al. Distinct recycling of
active and inactive Bl integrins. Traffic, 2012, 13(4): 610-
625

Margadant C, Kreft M, de Groot DJ, et al. Distinct roles of
talin and kindlin in regulating integrin a5p1 function and
trafficking. Curr Biol, 2012, 22(17): 1554-1563

Haeger A, Wolf K, Zegers MM, et al. Collective cell
migration: guidance principles and hierarchies. Trends
Cell Biol, 2015, 25(9): 556-566

Galbraith CG, Yamada KM, Galbraith JA. Polymerizing
actin fibers position integrins primed to probe for adhesion
sites. Science, 2007, 315(5814): 992-995

Schedin P, Keely PJ. Mammary gland ECM remodeling,
stiffness, and mechanosignaling in normal development
and tumor progression. Cold Spring Harb Perspect Biol,
2011, 3(1): a003228

Peuhu E, Kaukonen R, Lerche M, et al. SHARPIN
regulates collagen architecture and ductal outgrowth in the
developing mouse mammary gland. EMBO J, 2017,
36(2): 165-182

Ehrlicher AJ, Nakamura F, Hartwig JH, et al. Mechanical
strain in actin networks regulates FilGAP and integrin
binding to filamin A. Nature, 2011, 478(7368): 260-263
Baldassarre M, Razinia Z, Brahme N, et al. Filamin A
controls matrix metalloprotease activity and regulates cell
invasion in human fibrosarcoma cells. J Cell Sci, 2012,
125(Pt16): 3858-3869

Hodivala-Dilke KM, McHugh KP, Tsakiris DA, et al. $3-

integrin—deficient mice are a model for Glanzmann


https://doi.org/10.1074/jbc.M111.330845
https://doi.org/10.1016/j.ceb.2012.06.010
https://doi.org/10.1016/S0021-9258(17)31269-3
https://doi.org/10.1016/S0021-9258(17)31269-3
https://doi.org/10.1242/jcs.084483
https://doi.org/10.1038/ncb2588
https://doi.org/10.1074/jbc.M200200200
https://doi.org/10.1038/ncb2340
https://doi.org/10.1038/ncb2340
https://doi.org/10.1038/ncb1765
https://doi.org/10.1083/jcb.201111077
https://doi.org/10.1083/jcb.201108078
https://doi.org/10.1016/j.ceb.2011.11.001
https://doi.org/10.1083/jcb.200810002
https://doi.org/10.1083/jcb.200810002
https://doi.org/10.1083/jcb.200904054
https://doi.org/10.1038/nsmb.3161
https://doi.org/10.1038/ncb2970
https://doi.org/10.1038/srep33653
https://doi.org/10.1038/ncb3333
https://doi.org/10.1523/JNEUROSCI.1409-12.2012
https://doi.org/10.1523/JNEUROSCI.2425-10.2010
https://doi.org/10.1016/j.devcel.2011.11.008
https://doi.org/10.1111/j.1600-0854.2012.01327.x
https://doi.org/10.1016/j.cub.2012.06.060
https://doi.org/10.1016/j.tcb.2015.06.003
https://doi.org/10.1016/j.tcb.2015.06.003
https://doi.org/10.1126/science.1137904
https://doi.org/10.1101/cshperspect.a003228
https://doi.org/10.15252/embj.201694387
https://doi.org/10.1038/nature10430
https://doi.org/10.1242/jcs.104018

- 974 -

CEMIIALEEY 20234543471

AL S oA L

[37]

[38]

[46]

[47]

thrombasthenia showing placental defects and reduced
survival. J Clin Invest, 1999, 103(2): 229-238

Wilson RW, Ballantyne CM, Smith CW, et al. Gene
targeting yields a CD18-mutant mouse for study of
inflammation.. J Immunol, 1993, 151(3): 1571-1578
Moser M, Nieswandt B, Ussar S, et al. Kindlin-3 is
essential for integrin activation and platelet aggregation.
Nat Med, 2008, 14(3): 325-330

Ussar S, Moser M, Widmaier M, et al. Loss of Kindlin-1
causes skin atrophy and lethal neonatal intestinal epithelial
dysfunction. PLoS Genet, 2008, 4(12): ¢1000289
Georges-Labouesse E, Messaddeq N, Yehia G, et al.
Absence of integrin 06 leads to epidermolysis bullosa and
neonatal death in mice. Nat Genet, 1996, 13(3): 370-373
Féssler R, Meyer M. Consequences of lack of beta 1
integrin gene expression in mice. Genes Dev, 1995, 9(15):
1896-1908

Yang JT, Rayburn H, Hynes RO. Embryonic mesodermal
defects in oS integrin-deficient mice. Development, 1993,
119(4): 1093-1105

Monkley SJ, Zhou XH, Kinston SJ, et al. Disruption of
thetalin gene arrests mouse development at the gastrula-
tion stage. Dev Dyn, 2000, 219(4): 560-574

Montanez E, Ussar S, Schifferer M, et al. Kindlin-2
controls bidirectional signaling of integrins. Genes Dev,
2008, 22(10): 1325-1330

Liu W, Draheim KM, Zhang R, et al. Mechanism for
KRIT1 release of ICAP1-Mediated suppression of integrin
activation. Mol Cell, 2013, 49(4): 719-729

Jung J, Kim JM, Park B, et al. Newly identified tumor-
associated role of human Sharpin. Mol Cell Biochem,
2010, 340(1-2): 161-167

Kiema T, Lad Y, Jiang P, et al. The molecular basis of

(48]

[49]

[50]

[51]

[52]

(53]

[54]

(53]

[56]

filamin binding to integrins and competition with talin.
Mol Cell, 2006, 21(3): 337-347

Nieves B, Jones CW, Ward R, et al. The NPIY motif in the
integrin B1 tail dictates the requirement for talin-1 in
outside-in signaling. J Cell Sci, 2010, 123(8): 1216-1226
Chang DD, Wong C, Smith H, et al. ICAP-1, a Novel p1
integrin cytoplasmic domain—associated protein, binds to a
conserved and functionally important NPXY sequence
motif of B1 integrin. J Cell Biol, 1997, 138(5): 1149-1157
Bouvard D, Aszodi A, Kostka G, et al. Defective
osteoblast function in ICAP-1-deficient mice.
Development, 2007, 134(14): 2615-2625

Oxley CL, Anthis NJ, Lowe ED, et al. An integrin
phosphorylation switch. J Biol Chem, 2008, 283(9):
5420-5426

Nevo J, Mai A, Tuomi S, et al. Mammary-derived growth
inhibitor (MDGI) interacts with integrin a-subunits and
suppresses integrin activity and invasion. Oncogene,
2010, 29(49): 6452-6463

Yang J, Ma YQ, Page RC, et al. Structure of an integrin
allbB3 transmembrane-cytoplasmic heterocomplex pro-
vides insight into integrin activation. Proc Natl Acad Sci
USA, 2009, 106(42): 17729-17734

Huang MW, Lu L, Lin CD, et al. LRP12 is an endogenous
transmembrane inactivator of a4 integrins. Cell Rep,
2023, 42(6): 112667

Pinco KA, He W, Yang JT. alphadbetal integrin regulates
lamellipodia protrusion via a focal complex/focal adhe-
sion-independent mechanism. Mol Biol Cell, 2002, 13(9):
3203-3217

Liu S, Thomas SM, Woodside DG, et al. Binding of
paxillin to o4 integrins modifies integrin-dependent
biological responses. Nature, 1999, 402(6762): 676-681


https://doi.org/10.1172/JCI5487
https://doi.org/10.4049/jimmunol.151.3.1571
https://doi.org/10.1038/nm1722
https://doi.org/10.1038/ng0796-370
https://doi.org/10.1101/gad.9.15.1896
https://doi.org/10.1242/dev.119.4.1093
https://doi.org/10.1002/1097-0177(2000)9999:9999&lt;::AID-DVDY1079&gt;3.0.CO;2-Y
https://doi.org/10.1101/gad.469408
https://doi.org/10.1016/j.molcel.2012.12.005
https://doi.org/10.1007/s11010-010-0413-x
https://doi.org/10.1016/j.molcel.2006.01.011
https://doi.org/10.1242/jcs.056549
https://doi.org/10.1083/jcb.138.5.1149
https://doi.org/10.1242/dev.000877
https://doi.org/10.1074/jbc.M709435200
https://doi.org/10.1038/onc.2010.376
https://doi.org/10.1073/pnas.0909589106
https://doi.org/10.1073/pnas.0909589106
https://doi.org/10.1016/j.celrep.2023.112667
https://doi.org/10.1038/45264

	整合素的活性调控及其功能
	整合素的活性调控 调控
	高尔基体和内质网中整合素的活性调控 活性调控
	细胞膜表面整合素的活性调控 活性调控
	再循环过程中整合素的活性调控 活性调控

	整合素的活性调控与细胞迁移 迁移
	整合素活性调控与疾病 疾病
	整合素去活化蛋白 蛋白
	结语与展望 展望


