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BAERAEEERN D THME ST

TEX" B=E' BN BE ZTH mAF HE
CAEM R S R Rib 24 B, AT 450001)

WE S F(integrin) 2 — X T &) mie kAN 4T, b afePI Al i 4F A4 2 R F R
SRk, T R AR AN B, B MBAEBABARA BT ORTEHRELTE, &
F I LM B AR, (TR AT VA4 B A IR A 155 E 6, 5T # 6 F A5 49 outside-in"F
“inside-out™z SiB 4 K BT BAER . B, kAol 2 T A4 F bR 5 A F 0 A LM keGR4
G, MHPAESENFRAGTHFONAAA TR, ZLRZARELE T TUSTHES¥EEFa
TEAPTRA IO RIEE A, HARENEG 5T Lot EES TN B LEELE . LM
BAB A IR e B o R 5 7 B T A IR, PP AR IR AR R G 69 R R AT AR R
2.

KR BER E9HS WASHE, REER

Molecular Properties and Functions of Integrin Intracellular Regulatory Proteins

HE Meimei”, GE Yunxiao”, JIAO Can”, CHEN Zhuo, LI Xueli, GAO Guanshang, DU Ying*
(School of Basic Sciences, Zhengzhou University, Zhengzhou 450001, China)

Abstract Integrin is an important cell surface adhesion molecule, which is a heterodimer formed by o
and 3 subunits through non-covalent bonds and is very important for the localization of immune cells, blood co-
agulation, metastasis of cancer cells, and the development of tissues and organs. Although the cytoplasmic domain
of integrin is usually very short, it can bind with many intracellular regulatory proteins, which plays vital roles in
integrin-mediated outside-in and inside-out signalings. Thus, screening and identification of regulatory proteins spe-
cifically recognizing integrin cytoplasmic domain can help to illuminate the mechanism of how integrin regulates
the bidirectional signal transduction. In this study, the integrin intracellular regulatory proteins were systematically
summarized, which interacted with integrin o and 3 subunits, respectively. The molecular structure, binding site in
integrin cytoplasmic domain, regulatory mechanism, and physiological and pathological functions of each protein
were introduced in detail. In the end, the clinical application of integrin intracellular regulatory protein was pros-

pected.
Keywords integrin; signal transduction; intracellular domain; regulatory proteins
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Integrin inactivation

Integrin activation

Transformation

. y
% (&
<& \//

Bl BEZRKFBUWREFFLRS Z EREhEE#R

Fig.1 Dynamic transition between integrin inactivation state and activation state

Bt o1, Fo& Hafp 24N S it e s A
BT UR SRR, BT RS A, {1987
FREGEWRINES, EFHENH R K 118
FholZFEFISFHBIL AL, R T 224 fh e AR, &
BFERERNMBANIMIRRE, — RN SFHRS
S 2 R A R B DR AR 2 1R AR EAE L,
— 75 THI AJ AR % 346 85 A5 5, X T e 4 B A 40
SUE AL, HEIML. 40 B B DL R H R8BI K
EE T EPN i

PR G I 2 & B 34451
B RSB M EE M E (R g & B SR
BCAAR ) B i B 25 A el DA K% B P 5 g ek (il
B 20~TON R IL R R IL ) (B 1)), T RAE KW
ShR, HAEANRALIT . d0MER . A, 4
PR 38 8 DA B £ MR 7 1 6 T T T 47 T A Y A
. S I ) Re AR T 0 FL G AR 25 A 1) SR A
EEFASHESESNEhSHE. BEREh
T2 SRRV 2 NS, L4 1 25 8L LA R S
B S U8 R A RS A 2 5] R 4RE A
Jee i S 10, TE A R A YR BG4S 5 I 1 L
T, AR TH RS Rl T — A &
IR R, 245 HAHFEIT, B AM Sk 45 1 35k
) 200 PR, e B X O AR &5 & AR A . 448
R EIBGS S G, — SN AEEA, LEEA
(talin). kindlin%s, 456 R ERXMBA X, 24
VA M5y, st B A 11 4b (inside-out) 15 5175
RO MIMA KB Gk S, AT B R
T AL A AR A R ) S A R, DA SR A 2
ARCAREAEDI, FAh, BE RS AN
FI S & ] DLt — 25 1% S8 A R Rk UL
MRS FAEAM MR T 1 (1) R 7% (clustering), BT

H1 &M 5] 9 (outside-in) {5 o % 5 V0T AH B ) D A 15
SR U, RS I M N B AR R K, HaE ]
PLS FEMER BTN G S E O B
HAER, 25 KERNGESES, WEESRZIE
WHERBEEMIEM . KU, /&% e T LoRE 2t
TR B G 3% L PN 5 A 40 P P R A R, X ) B
BRI PS5 5 Ry 1 2,

17 14 45 e P AR ) R 2K M P A R B T 4
H, EEAHLUT LM 75 ()EEREXUAR A i 1% (yeast
two-hybrid screen), & A [F] %5 25 11 . Py 25 #4357 1)
53l i B 31 I BE 2 IA RE R % SR 0 R T DNA
Sia s b, e EHMA N RIS HIEE A, ks
HAHEAE B B S 7 S B0 SR & RIS BB
H, X7 B IR i R (2) L TTNE(Co-
immunoprecipitation, Co-IP), 437l FH ¥ & = 1 4RF ¢ P
PR 5 H A I AR 2 8 H PR Fgh fu 2L
fit EIEWILI R, Wil PiA L &8 E R L HAH AR
HEA, TeLAERr RS A I E A 5, H Western blot
B T S E R B S RN S A & R (3)
Pulldown 346, ZR4LFCo-1P, 4373 FH N L& ) sl
2 A%/ HA% AR A1 B 0 A 25 M P S5 M Ik ER
A R EIE LI A, IR IE TS KA
gitmd. Harhik, RexRrReaeE e 1)L
BERMAN GGG EA, M7 Rekr.
TR, FRATEE 23 ) AL 2oV BRI N T, A
I B R I DL AROHT R TLA R P 4% R
H(El2).

1 BERuTERAEEER
SRR, KA 2 Mol B D P 45 S 81 4R
FREBAR, YU FhodESETE A A R DDA T T
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Transmembrane
domain

Cytoplasmic
domain

| Calprotectin, MDGI and
SHARPIN bind to KxGFFKR

||  Paxillin and Hsp90 |
< |

[ fr p— W KxGFFKR:
[ B [-———WKLLv-ihD

NPxY NxxY- |

Talin, DOK1 and Kindlin and ICAP1
Filamin bind to NPxY bind to NxxY

MDGI: FLARAE K AMHIF); Hsp90: #7824 190; SHARPIN: SHANK ZE [ARH[X 3848 HAF F 45 11; DOK1: {£5E 8 11; ICAP1: 4 50 Py 45 Fa sk

HREAL.

MDGI: mammary-derived growth inhibitor; Hsp90: heat shock protein 90; SHARPIN: SHANK-associated RH domain interactor; DOK1: docking pro-

tein 1; ICAP1: integrin cytoplasmic domain associated protein 1.

B2 ZEER«EMPILEMMAEIEER

Fig.2 Intracellular regulatory proteins of the a and P subunits of integrin

P TR A £ (L o7 56 30T Sty A7 7 ARLABL ) £
5FFEHIKxGFFKR, M fo ¥R X IR ) 45 & & A Re s
[F B R 2 AN [ ) B A 2R 2
1.1 #ER

MEEE 1 (paxillin) & —FP g Wz kB8, ATLLE
P RS G ad WAL T M P S5 M3, (B AN B SS
A AR oL T, E— DI FE R I, o7 PN &
P8 P O FE R (E983-Y991) A2 LLA T paxillinf 45
& P, Paxillindk 2% () 41 M 7E 25 2% ad 1G4 L
BB BT 4 7-1(vascular cell adhesion molecule-1,
VCAM-1) b, BT DMR &7 e, R 1T 38T R 2 paxil-
1in 2 FH 52 100 661) 200 J A i 110 o I 35 (1) — A 4 58 A
(Y991 A)A] LA H 55 paxillin i) 45 & 350 i H 5
Wi 05230 £x F JEL 261, paxillin ] LA B 26 R0 40 i —
GETRESREAMEIER, X RZHAHEAE
HEEA, L& B (focal adhesion kinase,
FAK). PTP-PESTE&ZER T FRHE . vinculinZh BT &
. Crkd%LEH . p9SPKLpSOAH AT BRI LA K PIX
19 M A R AT i[RI PAK B 5 Bl 24, ©L &
WAESZA R AT # . 400 B 20 25 0 DA S L R 3%
ERIThEE . AL, paxillinfl ad %4 2 i P 45 93580
G556 1T e D B RO HE S ATBOE IX L5 5 4 T I
H, NiiZz 5 adBE& R AR HREYZDRE. H
BE—D R FAIESE , a4%E 4 R 5 paxillinfIAH BLAE H
A LUk B i e R . AN RIERE S FE T, ad
3 it P 455 A 3 B 98 845 £ U R A i s AR A 3ty 3+ )
PR IR b B LR, AT A0 B 2 paxillin o4
BERMEE A, &8 GTPase RaclIiG LAl 2%
R . A ER T — P Il

1], paxillin 7] L 5 kindlin- 1 ({) N2 S AH 5 A F ok
R RE A 2R olIbB3 S AL, X PP, 7F kindlin
Epaxillinf F/EF F, talin 554 R allbB345 & 18 35
T 1T 14 5 A 2K ol TbB3 I Th AE R,
1.2 $5MEH

5 25 [ (calprotectin) & —Ff P 5 9 i P9 45 551
GEAEA, WHEES ol F KxGFFKRE: 745 4 2,
5 P 1 S B T A L B I T RS R A S 4
FHPR, AEAE B RN N B S, 15 AT DA A
BE— B R R, BRI 4 A P A5 B T AR 5
RAEE FANT 020 HL G P 1 IR R AE AT W B 1 B 1
S R AR (RIS R B0, R, A 2R ol I B P 45 35
585 B A 1 AH TR A AT Re R 40 B P (5 5
e, WA RS TEMNEOWERSEE
AR ER A LR 152, 1B S I B FE i 2
FALIRR PR BB R , BE R SR Bk
Tl 1ZSEIGIEUE R T #6305 W & I 7R AR O
A ZR A B ELAE 3 850 12 30 40 2 T 4
W2 B
1.3 ZLEREKHIHIF

FURAE KA #157) (mammary-derived growth in-
hibitor, MDGI)J 72 ik T £ AHLL, JLHAENLAFI
FUR PR ERIA . BRI AE 525 27, MDGIH] LA
S5 ZAFM oA ZRZ TR (el a2 a5, a6 al0
Fall)4s 4, BE7n MDGIA] Re4h & 1 ol H = B R
SFIIWKxGFFKR)F 1. B AR B, MDGU 0% & 3%
TR s G N, HESBEA R AN R
MaiG, HREHMH S RZMEE. £
H, MIDGIF A S8 1A 05128 5 2% 13 1 AT 00 i 4
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R AR 28 B), MDGIS %R IE 7 LA K kindlin 5
BIEE A L &, AT 1) 8 5 25 e 3 v 41 1) L
I 4 L PR 3 % RO 12
1.4 SHARPIN

SHARPINE —FEZMHMLA REED, =5
A 72 % 1 (ubiquitination) F i £ 1R £ 8 8 (1) 4
I REPS), SHARPINSZ 4 /N4 T T HERNA(small
interference RNA, siRNA)J i H HIB13E & K iG b
0] 2 H, SHARPINGR 25 v] DL A2 32 40 fi 55 1 % &
F AT A 2O R A 2R B AR IARO, (HAE N )i 4
il JEAC R EL N B, 4T 4k 41 il R, SHARPINF
AT DGR A R DR, fE LR,
F A MSHARPIN 5 o £ 2 W FAH B/ FH, A
1l 2 A 2 alTbB3 3 Ak, 338 17 52 M I /N AR F) 1 i 3
fit. SHARPINE 1] it 2 55 Wip 1 ML /)N Al 1) 8 B0 4
PE/RAE TN BEPT . SHARPINSS & fEad& & & 5 i
P B 1 B AR SR IR WKXGFFKR 3 41, 1 b8 471 o (1
R HERR AT DL 5BV 3 I i LLv-iHDR 7 51 A B4R
FATE b M, A8 G 3% A TR TS 3T B IR
I, SHARPIN S o £ 2 W Jk (1) 25 & ] Rl i 2 e
R B R M H0 ) B k. RIS, AF 7R IR
SHARPIN ] LA talin Flkindlin 5 BV & i) 45 &1,
1.5 HIRZEH

AR T B [ 90(heat shock protein 90, Hsp90)&
BT 70 R BLE) ad ¥4 R AR E A, F H 5 paxillin
AATE], Hsp9OtH 7] 45 A 7F od 3V 3 i I BE 1K) E983-Y 991
FP 81 BT 50, LA B IR B (38,5 °C) A BA
EAKOPIE, W] LLIE TS Hsp90i 5 04484 200 AL I %
YHALERAH S T i@, e TAMIE A 2k e
GERGRERSAL . FEARMLRIN : K2 EiH T4HM
Hsp90(f3 45 Hsp90AA 1 A1 Hsp90AB1) 1 ik , FHiLisk
HE5 A EMWHNX LS. —JiH, Hsp90-ad%E4
FOM B AE i@ inside-out(s 518 4 , %% talinfll kind-
lin-325 & 2SR P AN X, BrFed A2, I
FH R RS 3T B IS MRS T A0 9 o e 1 e vt
RAS; 53— 771, 1/1Hsp9073¥- AT LI I HNAR 3 AH1C
KRIGEEMIBF N G55 24 A S T, W51 ad
A FAYNM R AL R RIS, U i
MFAK-RhoA(E Til K, AL TA4HMIT RS .

2 BEHPUERAIFEER
P T 3% BT 1 PO G K A 7 B £

S, KBNS S EA M BN O 2R
FHUE T EE R BRI, 4Bl P2 BIEES
ROR RN SIS, R AR AL, BUiARLs &
SRR TN, I B RIS 520 1 B0 B ] 4
G RPN BB A P BLRST P, 43 2 3 i
iy RTNPXY FHIZE A RN Y 7 31, 3% 24N 7 90 45 1
TRAK I A FR 45 A 45 K35k (phosphotyrosine binding do-
main, PTB)I 45 547 &1, — L5 APTBL I & A
TR 5L A MRS RIS B H AT
Hik, CAED2IME AR S —FhEi 2 Fh A
RPWE NS S, FEAENSEASS
[ (actin-binding proteins). [ (enzymes). %k H
(adaptor proteins) % 5RIUE KT (transcriptional co-
activator) L J — 2L Th e i A Aff 5 11 2 | 1),
2.1 Talin

Talin YA E 2N E AL G E D, EFEEN
540 i B3R A5 R AR I DA S S @ g b 2] 1 3E
WEERERY, BT REES RE X —
W, talingg — MR H. E2 MY REA
talinXf T RS RIBOG 2 IEE SN, Hidd 584
F BV FE L I NPXY motif4s &5 S THRA R M
AN A R SRS TS RZREE.
SERE 143, talingy A BRR S 3 DX 3R — B AR K (1)
FRARIX A48, Talinf) 3k & A FERM(band-4.1, ezrin,
radixin, moesin)&h 445, H A% 72 HF1. F2. F3 3L
SERIE, 3 B TR G Z R INPXY/FORSF T 41 45
Ho Talinsk X $0E & Hactin. vinculinf) 4547 15,
HUBRRESEZMM A REARHEER. 5%
H 3 45 A talin— H 2545 Flactin, talinfft 2 ALk 71
Pz A g FF DT 5 e A ELAE A7 R, 1M ELAE AT
RGEE T AN S A, FE0 & vinculin, [F I, talin
HUSEAN RS RIERE ISR
HH% 2 M (integrin associated proteins, IAPs)) 5542, M
T A A TAPSE AR 2 BRI,
2.2 Kindlin

KindlinF 2 — B KN E R EH . 2IH
AL, SR DA E H T kindlin-1., kindlin-2
A kindlin-3 35 B 15 talinZSUL, kindlin 5 %5
R EVIASG. Kindlinth 577 14N L8 () FERM &5
FI, AT S5 RG R P EEM N Be s & . 911, kindlin-1
FJ 5 B1AIR34E A0, i kindlin-3 -5 7k EL 40 ks 5k
RIEHIP2EE G R MM BB, AHEFEERY, kindlin
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] 5 F O G NxxY motifsh &Y, T, H—
i LEAAH T kindlin/r FHEERESHSFNST
Fnit, YEEWIT T kindlin-27F apo-All B- B 45 &K
AR S5, R Bl kindlin-27F b A RNV AR T A 1 F2
SERIIBA e IR AR T PR IR AR IR AR 2 LG B
B RIE, XL B —— R #2256 kindlin /i
SRS RBEA A HEAERP, 1Ak, kindlinAMY
RS RIS EEN, mHEENEZENES
125 TR $EEMATE . Kindlin
S ] LU E 2 Fhag AR YR , 9 W0 KindlerZE & 1iE
(Kindler syndrome, KS)#1 [ 40 ffu 2 B 51 [ (leukocyte
adhesion deficiency, LAD).
23 EEEH

AT 32 B — L2 5 HPTBLE MM & B 0 7, fE
g 5 RS R EEM N B PIBRR T A4S
BRSNS, BHAn, RIMESFE1TMEA
PTBEZS )38 1 81 73 T e 5 BV 2 il N B 45 &1,
e H {5 5E B [ 1(docking protein 1, DOK1)RE % 25 &
FBIHE INPxY 741, Htalinh & 4 s Al 7. OF
I FEIE ], DOK1A] LA 48 & 2 i PR, e
Bl Sreil 1 BEFR ILB1. B2 P7HEA =W FNPxY
J7 41 () B 2 R TT DA B K H {2 3 DOK 1 55 BT 22 i Y
B &, HT B2 R IR 1 2 % (Ktalin 5 % &
RIPSEAME, Rk, X AR 1L 7] fe 7 45 talin /3
8 & RIE L NDOK I S & R BiHb ALK
FEPAT /R PO, BARNLEIA frdt— Do, Bk
41, DOKIE LE Mfil AR A 2 1 P B A SC B A, el
L outside-inf5 5 1 & 51 1) i 57 8 5 K allbB3 5 =
B3, R AR I /B T A A T A ) A T
24 BEZRRNEMEEXER

T4 LePTB A I i]n) 145 At i FNxx Y 741,
11 She(if i cDNA b F2 115 126 3] (1) 4w 5 SHES A4 2k 1) i
HIER 1, & — Mg E H ). DABI(disabled 1, /2
i PN BB R R 1, B SS M EUERR AL AR, NA i A7
H EA EAE /IR IR A R 45 & M 45 M 45P) . DAB2AI
G 2 M S5 FIIEAH DG B T 1 (integrin cytoplasmic do-
main associated protein 1, ICAP1)™, ICAP1W] LIRS
PR 25 G E P1IE R P Bzt B Nxx Y P41 |, I H.
ICAPI 2 — M2 AT B, BRI AR R
SR AN A A M SR ELAE R S R A,
ICAP 1R BEAE 45 Y 25 A6 14 B 11 (calcium-CaM-
dependent protein kinase I, CaMKID)fFR Ak MM (e 2

5B1145 4, RN H Stalinfl 454, &0 #E
ZIEL Y, WEFCUER, ICAPTEL & I ThREMEAZ &
{3775 (nuclear localization sequence, NLS), NICAP15E
fr Azt 7 B EhEdE, IF H ICAPIERZ N R4
AT A5 45 A 5 PR P PR, 3k T £ ICAP X B
BERUEMIHESES . BT pIEERIES 2
B RIS TAE FIBARIC, WO 4 A fe fk
UEAH B DI RE M IE R ), A RIEFR, ICAP1H K
RE2 38 1 RS A B BN AR R A i B A F TR AL
I H ICAP 1R (17N BRUFE A 88 2 168 1 B 1 4
AT ERFE O R, ICAP & —Fh B 2 )35 2 7 i
BEA.
2.5 WAER

422 8 A (filamin) i {E ARG 208 (WA R)
1) S B2 4 o B 5244 1 42 2S5 0 BRI 4 i 28 b
Filamin}t4A 3/ : filamin a. filamin b. filamin c.
Filamin a/& fein Ry A L, HOR 4 M B 4542 3
ZANZARI OCHE , JF H AT £ R B 20 48 i 4058 o s ik
TG 5% S, fEM/MRF, filamin affJHo n] e (2 dE
AR allbP3iE Ak, AT N AR T R R ARG 10660,
Filamin B8 A5 A PTBAE A48, {HREHE FIHE S 25 BIE
B M B A FE IS R 3L 1T filamin®R 2%
W2 5] Lo i 3R T 5 2 k. 7R8I, filaminAll
talinfE2E 5 25 BV IR R B 45 A7 U 2, filaminid i
T4+ talind BV I i Py S5 AT IR o s T i HE
N ThAE 8, Migfilin2 filaminZh & 25 1, 7E400E -
SHML. 40 20 AR AN R BUE AL E AR, Re g i B
filamin 5 BV FE ) 25 S L BE3E & 20054k, KL, filamin-
migfilinfJAH B AEFXS T filamin /5 (088 A RS040
il Dh e BA RO,

3 ZHEFRE
BERIEWAAEE M R Z R WA S & &
H B A NS EE 5145549
ERERBABRIGE A T HLE] LA A= 38R0
i EE Th BB S5 7 I R A Hh 2 45 1 45 5 84 Kol
BV B N R (E2). Bhas ). IR
BERMNEEIHEZ EOE AR HR LA
R FE 5 5 RN F Moutside-inflinside-out(F
IR, NS A ORI A A L UE AL Bk
I FEAIMR R U A S B R B S 2 CHE
B BAFMN I E O iGN e B S =
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IR BT IR 7B 7> 748 bR . FATAT LM
BER AR E B RS R L E
L], B AL RIE . RNATFHA T IR UK
Crispr/Cas9/1 T 1 2k DRl i B 0 R 86 B | 2R
TR E A RRE, SEMRN TED. 2k
B A 3 0 O B S R A R, A
T 9 TR & 3R AR S0 RO BEREANG T, At 3
HA BB I PR AT T4 E .
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