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Mechanisms Underlying Integrin Deactivation
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Abstract Integrins are a family of o/p heterodimeric cell adhesion molecules, playing key roles in a number
of important biological processes, such as immune responses, leukocyte trafficking, maintenance of tissue homeo-
stasis and development. The function of integrins is dependent on the dynamic regulation of integrin affinity and its
intracellular signaling. The abnormal integrin activation and deactivation are associated with many human diseases.

Studies have revealed that the binding of intracellular proteins such as talin and kindlin, to integrin cytoplasmic tail
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is a critical step for integrin activation. However, less is known about the mechanism of integrin deactivation. In this

review, we aim to discuss the recent progresses in understanding the mechanisms underlying the integrin deactivation.

Keywords integrin; affinity; deactivation
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outf 5 7% Ty Ji— U, G 20 i M A1 X5 i 0BG AR 25 G i T G 21 R G AR A R TE 0 B M S T ) SR A, E A SEAE SR RN S 5 4 T
VOGN IO A A T8 42, X — I FEB AR Aoutside-in{E 5 44 T Zhi4G BEBAER (focal adhesion kinase, FAK)Fllvinculing %75 2 ity N BE 45 5 BE 18
SR talin i #- 22 RTEALAN 15 40 3 AL 4 4, AT S8 i s & 32

Integrin could transmit signals bidirectionally across the plasma membrane. On one hand, binding of particular proteins (such as talin, kindlin) to integrin

Inside-out

activation e ele!
Talin

cytoplasmic domains induces conformational changes that lead to integrin activation via inside-out signaling. On the other hand, ligand binding triggers
the propagation of extracellular conformational changes of integrin across the plasma membrane to the cytoplasmic domains and activates intracellular
signaling via outside-insignaling. FAK and vinculin binding strengthens the association between talin and Factin, and this tension is thought to be a crucial
factor for the full activation of integrins.
E1 #BERFFMEAIFIE]
Fig.1 Integrin affinity regulation
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Filamin(31,33,B7) (al,a2,05)
DOKI(B2,83,85,87)  ICAPI(B]) al KLGFFKRPLKKKMEK
Talin(all B) Talin(all ) Kindlin(all B) @2 KLGFFKRKYEKMTKNPDEIDETTELSS
B 1 KLLMIHDRREFAKFEKEKMNAKWDTGENPIYKSAVITVVNPK YEGK a4 KLGFFKRQYKSILQEENRRDSWSYINSKSNDD

s KLGFFKRSLPYGTAMEKAQLKPPATSDA
allb  KVGFFKRNRPPLEEDDEEGE

Az HEL BT A SR A R T LUOE Ik R 2 IR S 3. (1)3E SralinFlkindlingh &5 ()% 7 3 P AR R IR ACAN MUISE T3 5 31 0k,
(3)MMPSl L A& SRR BEAS RS RIS G o D3 4h, B AR AR G 3040 TGS TR 2R, SR A 00 T 455 BB I RERUE S8
AT IR G T B 2SS SR oM BYEFE I Y A SRR E AT R 45 5 A e IR (XU B R o BB AR BR AT X, AL (B IX
P IR B S L IR LSNP Y R BEsi FINxxY 3o R A 455 PRI RI& AR, 84 3iE iR Atalin, kindlin 204 SR 384+ talin,
kindling 5 8 A2 0 8o, IS R E A NS0 87, WHPLER s EARE O 2R,

A negative integrin regulators can inhibit integrin activation via three different mechanisms. (1) Competition with talin and kindlin binding; (2) Integrin

B 3 KLLITTHDRKEFAKFEEERARAKWDTANNPLYKEATSTFTNITYRGT

binding by proteins involved in receptor endocytosis can reduce the amount of integrins on the cell surface; (3) MMPS8 modifies integrin ligand in a way
that abrogates integrin binding. In addition, the presence of salt bridge between the cytoplasmic domains of integrin o and B subunits stabilizes integrin in
inactive state. Therefore, integrin binding proteins that are able to break the salt bridge should inhibit integrin activation; B: binding sites of integrin inac-
tivators in the cytoplasmic domains of o and P subunits are shown. The amino acids sequence shown in light blue represents the “clasp”, which forms
between o and P integrin cytoplasmic regions; The regions shown in rose indicate the membrane proximal NPxY and membrane-distal NxxY motifs in
the P integrin cytoplasmic domain. The binding sites for regulators of integrin activity are indicated with lines. Integrin-activating proteins are shown in
red, proteins that compete with talin or kindlin for binding are in purple, proteins that affect integrin trafficking are in green, and proteins that have unclear
inhibitory mechanism are in dark blue.
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Fig.2 Mechanisms of integrin inactivation and the related molecules binding cites in integrin cytoplasmic domains
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2 13 C(protein kinase C, PKC) 1] LA B13E
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TR UG 22 R M ok B, 46 v 4 MR IR AT A% g 0 1,
Jy—J71H, PKCIE i) LA F 4 5 25 S I P4 e 4 1)
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NIRRT 2L B35 B 1 D1 (protein kinase D1, PKDI)
() 2 45 i B P A 1 52 A4 [ 41 s T
3.1.3 Rab2l. pl20RasGAP#= GIPC1 NGEHA
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A HETR, PO IR RS 220 PR 2 (e 30 40 o 4 e
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g A0 0 4 7% 401 25 1 (suppressor of cancer cell
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Pl A A0 AR VAT RS 1 22 I I 4P,

4 BEZMIINEMEEEER
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RIN, FE U4 )& B B (matrix metalloproteinase 8,
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HEAFIGTERT . MMP8 AT el 15 i & R AR LA
FHASHE A R 456, MMPSEIUR RENS 5 iR B A 2151k,
IF H MMP 81l 2k (1) i 20 Jia Jit 42 A% i 0 W S ¥
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Nischarin/ 72 ik TMIJE, el 5 aS WAL A
Begity, ahii A s T B TYILYKLGFFKRSL)F
1|50 Nischarinid Fe1 n] LA 4H LT F% A4 2211,
JERAFFE R B, Nischarin 13814 5 FL AR 170 i 11
REAE eI, IX W] §E 5 Nischarin FEIRIE 5 = 1
T P AH ORI,

5B RIS 2R 45 4 i 1(caleium- and inte-
grin binding protein 1, CIB1)RE 45534 25 allbill
FE L N B0, g5 G s T ol Tb i A BT 1S i ) LV-
LAMWKVGFFKRNRFF1, &4 15 28 allbB3 i L
PRSP A A 005 R AT HGE AR, CIB1 RS I8
it inside-out{5 5 Ml B3 4L odTbB3, F H CIB1Hk 21
Z R AR 240, e O LRIk, B CIB1
AR I LA 0] B 2R alIbB3 IR IE 5 D g7,

22 5 W~ ) % B W IR -2 A (serine-threonine
phosphatase 2A, PP2A)REMS H 455 T 853 allb
73 P 3T i KVGFFKR 4, PP2AJE A REi 4
il allbB3 41T FI4H B R B 81, F3 41, PP2AHRE 5
BIAEA MU Be gl 4, Tt Al B1WF L 2 iR AL i5 1b
G R TG e,

{845 i i 2 1 52 R A1 2 8 (LDL receptor-related
protein, LRP)REWE /T 2 FIHCAKRI A 75, & A7 1B
FERW], LRPReE I i 845 8 12 1 — 2 1 e i) ) 22
RN TR U, AU A5 RS
(tissue-type plasminogen activator, tPA)fE#% i it {iE 3t
A2 aMPB25 4l fu 4R JE T fibrin 45 5ok A 5 ER
M KIREY, B, tPAFIRIFRIPAL- 13 #oMB2/fibrin/
tPAR A K5 N 52 AR-LRPL, (Al A Z N AF, T
PEAS 40 i [ BT3RS Y. LRP S 34 ZoMPB2 S A4
B RRIETFE— LWL, (HZLRP1 S IS
FEOLLHEL G EMER, ORI REY, LRP1
AT DA B1ERE S 2R 1A e, AT RS Nt e < 1f 1
G FZMRLACE T, 7 FUR R 4 b, LRP1
A DU 3k FAKCR paxillin ) 245 B ' 42 M1 02 2540 i

ﬂi*g [75-761

6 FHiEMREE

L B R RAE AR ALEL. Al R 4 A
2, A5G0 4 1) LK 4 B A R
2. 5SS RER RS2
A EE L A B AL B 4 ] 2 R AR T R

T4, AH A B B 205 A A ) R PR K R A T i
AR %, Hrp ) filamin 938 27, filamindik K] 58
B osnl KPR ARG iE(Larsen syndrome), F3(%
FhESEOAS, FEEE R T, L2 40%H)
i G AR I M A P i 4 W JE (autosomal -dominant
cerebral cavernous malformation, CCM) & 1 & Ji
HKRIT1(Krev interaction trapped protein 1) [ I fg
R FAZ, KRIT1AENS %45 5 ICAPL, MBS T
ICAP LA T HE G2 AN LI RE ™ 75 25H0T K Sk
PRIGIT H, G R SR CAE A — DN EER 2
VIRE R Bt VR 2T SUHGE R, 18 RRETE i
FEBEAT BE S R ad BT S 8 15 A B0, i S A
TP HEE 2 04B7 S5 HCAAMAJCAM-1(mucosal vascular
addressin cell adhesion molecule-1)f4H B F rJ LA
P B — 5 PEITE R . DRI, 3G = s 1L
B AR ACRAS BP0 T WA I Dh Re ) R 45
RN

G RGN RIS A R 32 BN 456 i
H AT, X ResRh, AT FZEH TS
FIGWAEETEAL AL, JF BAG L T RS
RIS 7, HRE PV 2 0 TS =
TEALIIHLEEAS ZIRGE 2, FdE—P9. Hsh,
Er 3 oV A BV AT i T2 B () ER AT 38 5 Ak T
VG PR AT BoIRAS PO, 81 1 73 1 45 4 B X S0 g
FoE ShM A st nT B A 205 4. H AT
R ILREN H 5 BV AL v [ LLv-iHDR 3 41 45
I A S I E 70 1 T T ol BRI 5Tk
IR, 5 T 5 () GFFKRF H1 45 45 T 0 i 4 15 2536
I E AR 2, (AR E A TR i
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