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The Mechanism of Intergrin Internalization and Recycling
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Abstract

differentiation and apotosis by mediating the interaction of cells with cells, extracellular matrix (ECM) and

Integrins are heterodimeric transmembrane receptors implicated in cell proliferation, migration,

pathogens, and play an important role in the progression of diseases like cancer. The ablility of integrin binding
with ligands depends on its conformation and activity, which plays a key role in the regulation of integrin function.
Many studies have found that certain intergrin heterodimers are continuously internalized from the plasma
membrane into endosomal compartments and subsequently recycled back to the cell surface. This process is mainly
through fast (short-loop) and slow (long-loop) pathways to complete recycle. It indicates a tempo-spatial regulation
for the integrin internalization and recycling pathways. This review elucidates the molecular mechanisms and
recycling pathways of integrin internalization.

Keywords integrin; internalization; recycling pathways
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Y B AE AR 52 BT AT I3 L T, 24 B 5K 1 (1) %
HERALT —FETEEE R, R AR
Y0 L 5z 2RI, 40 RPN R R AE DR AS 8 I
T, B AR MR 3T S A R AL v T A
A R, 56 R G i A I 5 A DA v o A
H. BEERAGE—REENE 501, o LR
5 T ) A A5 5 i T RS A 4 i A
PRI S5 6 5 kS A B A0 20 40 i 1 19145 5 5 7, i
P i S A R N S 25 A R A B A B
Ak, R AR B P B 20 P A A S i T

IT204F I FU R B, FEE RS E O R =R
A4 e RF 25 i A2 i % T P A 0 4 B I N A
(endosome), fifi 5 18 1T 4 3 # (long-loop) Fl % P4 2%
(short-loop) i 72 Fi- 1 1 2| 40 fy e 1h1, R AH#E A =
1) PN AR P PR ik 44 52 1) IS T) 00 2% Ta) - ) e 4500
TN RA RS EAN S, — L IoiE
HHEERE30 B N BB bR, 7 R A R
I 7E 40 B N 1R e ds e AR LI, Rt K 22 B AR
AR A RAEFIEAL, iR A 5= A1
Fa A S E AR DhEe, ARKESER
WALFI IR LR AT T 4IRS R B F2 .
KRR G TR NI AR, R 7 RN
T WL AR B AR o

1 EEEARAK

BGEA T EEN N AEE ARG
WA AR AR A 2 . ARAS RS 22 5
PAKGET A BB B R = Fhig At . W)
HEAERREESEAAN TR MR E R
PRl i an, &5 H E Bo o oK i i I 40 iRy 2R A
1(haematopoietic cell-specific protein 1, HS1)# 5 &
FIX-T(HAX-1) 0 550K R B 8 H ol i o R
iiRab2 1 [J4H 557, RabiE H /N TGTPE & H,
2) 200 M R E R AL L, 25 Bl i i A R B,
EAH 702 M N JERabEE F 9 i F= K B o 0 46 58 .
XL R ) B S TN RS E
WAL EIgR . BbAh, FE N A, oSp1EE & R
G, #14H 5 5 GIPC1(G-protein signaling-
GAIP-interacting protein COOH terminus 1, 5/NGTP
Ml v A0 H R ik i A ELAE 3R DM I 2 A )
f 40 55 AT oS & N AL B0 i e [E
GIPC1 fE i 5 a5B1 % & 2 FH N AL B R 1A Rab21 ()

F ), X EER I, AR EE R E AL IIHLE] 2
PRSP
L1 REMEEENANE

WA RS 32 E RN B EEASR LT LS.
T 6, WIS B SR B A R, RS R R R
F176 1% /)N 55 (clathrin-coated pit, CCP). #RJ&, W% &
HA /N &1 a6 Bz AL, XA SRR, B R 5L
B24,5- — BEER[PtdIns(4,5)P2]. % A=K K1 32 448
% S 15(epidermal growth factor receptor pathway
substrate 15, Eps15). % X & M (intersectins) FTIFCHO
5 [ (Fer/Cip4 homology domain only proteins) %5
Yook g 1 RS B A /N & RE AL e XA
R AR A I B R B —— fT B R ELAP-
2(adaptor protein-2)F1— L&A S 5 43 35 )45 S 14 16T
FEE A, XIS H N T 240 A B R
BEAT oIk . B, AR AE NG, GTPEEA B E A
(dynamin) ¥ 478 5 2ICCP I, b f5, GTP/KfFHfH &
HEHEME, R4, FEMEEAOHE LA, F
B A5 A A IR0, AT S 5 B A A

M k% 2% 1 %7 2 88 INumb. Dab2(clathrin
adaptors disabled homologue 2) 5 Eps8(epidermal
growth factor receptor pathway substrate 8)JHER 1L
fi% & 12 45 & [X 3 (phosphotyrosine-binding, PTB)4
HEA Bk 5 R i R 57 FUNPXY/Nxx Y AR 4 A
HAE G, " A & A DR % RT3
P NI M. 5 o, Numb [ B 2 46 BT 3 45 B 1R
B35t A WAL IR 40 i #21. Dab2 55 5 #%
5 1 ARH(autosomal recessive hypercholesteremia)
A/ERAP-245 & AR BE TG AL KBRS & 3 A A7 A\ 4
J, YT RO MO R AR B R BT [RIIN, Dab2 AT 43
S2Eps 158 55 7 MR 32 JE S AL ol Bl a2B1 A0
o3BG EH NI R! .

Arf GTP i (ADP-ribosylation factor GTPase)t 7]
B A R R = E N ARG, Bilhn, Arfo
GAP ARAP2(ArfGAP with RhoGAP domain, ankyrin
repeat and PH domain 2, 75 4 RhoGAP%E #4), 4 € 25 A
H 5 S5 ISR PHES 14 382 (1 ADPRZ B ZEAL R 1 G TP
TR ) AT B AR R AR A% B A A A
1 it 86 B 2R () RO, ADPAZ B 5 4k [K-F-S(ADP-
ribosylation factor 5, Arf5)/Arf6 GEF BRAG2 (i 5 JE 4
W DU AT Arf-GEF2)JE o [ % 2 1 AN 2 2 1 AP-2
T ADPAZ AL R 1-5(ArfS), 12 {2 2k 4 i oS 1
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(R0 A AT 425 PR R 4 T s AR L 3 2 i
1.2 NMREBMEERNAE

W FERW], — Lo B4 8 A8 DL A% 2R
7 NN B AN, b, KER 7 55 R B ORI
Jii 75 (caveolae) PN A 2 A L A7, 51, JUL RS 21 24 41
Jfd o oSl & B U, B PR 4 R a2l
BEEAVCE SR TR B S E A,
AT WAL 5 M B A G0 B g il R AT
B, 40 IR TH oL B2 23E & 8 I AE & i 2 T-JAM-
A(junctional adhesion molecule-A) 17 B~ 4K it Jfa i
BN NG ER A YR b, RS 0 RAE
(syndecan-4, %5 0 1R £ 196 I 2= 55 1 22 B 5305 Al
ZEAYEEAMNE SR TR EAMNE G
1), JEIFPKCa(protein kinase C alpha)flIRho GTPJ
IR —MME TR, XA R Rt RIS R
FI A AR BIEES H ) P A (50 20 2 1 1 2
| EER 0, B T AT R A A,
5 I, PKCox] B4 2 [ A A0 AT fir M 40 i 7%
(% 5 R 2 1 D g AH OGP PKCadfii i 81
FMNL2(formin-like protein 2), {& L B 5p1%8 4
wESA, MEHRIESEANARIA RS, HIXA
TS R B 2 P e S PR I AR E I AN

Ak, — e 5 AR A 77 UK AR N
b, Wnasp1EE & & H AT KO SCAR/WAVE(WASP
familyverprolin homologous protein, & {7 T 4f iy [
R, Z 59 iszshHls & E sz E a6 N
AL )20 i HH T ADPA i 254K IR T 4(Arfa)il 5
R IEARIE A O, RN 5N A I s el A
RAE A $E Y, 7ERab213R 1A 198 41 i, 751t
1) B 5 £ RO A4 BT - 1A 1 3] 1 3 P4 4 (Late
endosomes, LEs)al# ¥4 B4
1.3 {KBEMIXHAE

BT SO I, AR A R T R AT 4 4
h, BECGR ERO E MN AG B A e . Bl dn, i
/N BRI A K ] T (platelet-derived growth factor,
PDGF)HI| J5 i% 21 4E 40 B [ 75 4% 8 (circular dorsal
ruffles) I BK, 1 B1ANB3HE A B L AE A M 5 56 AR 2=,
T 5 AR FH Ak 3283 P A4 21 40 P mh 0 e 4 AR T 2%
R AL R T

2 AEEBREMEE
P31 L P 1 8 A 2 10 3 K 5 i R

% R AR A A B 2% [a] 2 40 R (D . N Ak
(1) 8 A B B S O Hh 3 0E 2 L N AR early
endosomes, EEs), 761X B ¥ & 8 H k4 0 iEP, 7
B g IR e S P 2 2 | EA R L
A (late endosomes, LEs), [ J& 2 A 7 B A4 45 [ fifel
B e DRy R TR I A0 PRI B G B e b g e gk N R
AR R X I A, 98 )5 fERab4 GTPREE 42 F
TR R [ 21 20 o, DA 58 R — AN LA B A A
T AN, —SeE L A7 (I I EEs 2 40 M k% B A 3 N
= (perinuclear recycling compartment, PNRC), & #i
Rab 11T Arfoil o] 2 M, DAL 5E e MK IR
TEIAC,
2.1 {R#Rab11FNArf6HICINEE BIEIR

#5 R E IE PNRCI K PR 26 PG 2F 32 B 6t
T IEF2 A O A GTPEERab 1 1M Arf6™ . 4,
F ¥4 BB (protein kinase B, PKB/AKT)ifH i i FR 11, b
Ji A BB RS -3B(glycogen synthase kinase-3 beta,
GSK-3B), ffavp3flasp14E & 8 A /E AR B et
Y0 i AR i Rab 1 13T KPR FHE PR, ZEPNRC
A0 3E i MICALLI(MICAL-like 1, fE 5Rab GTPH§AH
HAEH, 25 %0 i 72) A e L s e ok 48 55
EHDI1(EH domain binding protein 1, £ Eps15[HJ&
Ay AR CIRY E ST (RN L S U EIES i O Y- S DEL
M, fEB1RE & B B K A HKOMiRab 111 K24 28 A
PSP EHDE H 2 6 A K g B IE S ke b
A Y . Ak, A — Y R A
HAKH B HIE R R B . flhn, £
g HF, RCP(Rab-coupling protein)5asSB14E & & M 45
A, WIRaSPIEE G A K B IR, 75 R i
JaE 40 B, TR VLI R T —— LI R AR AR A
L3R (o6PAR A AR HRab 1 LRI A6 I 1 F 0
AP, A, AR N ARR R, ATVEPEN- £ E SRR
i R ] ¥~ Pt 4 i 11 52 /4 (soluble N-ethylmaleimide-
sensitive factor attachment protein receptor, SNARE)
TEFEVR I A 8 ARl A FR P R T B MER, L
> SNARESs[ #1syntaxin 6. SNAP29(synaptosome-
associated protein 29). syntaxin 4. SNAP23]#l
R-SNARES[ 4l VAMP2(vesicle-associated membrane
protein 2). VAMP3] L &4 ik W] RE 48 1 714 & 2
SDRSEZN =R 7NN
2.2 {R#iRab4FYFZIN IR BABIR

A R AT AR Rab43E AT K 2R B F R IR,
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2 i 3 100 )88 5 R 1 8 43 md e 9 0 5 S A B A R . I R R AR RO R B ARSI B L, DA £
TrECON T W) LGB TR W RO EL ) Y 7o AL AG S I PO B 5 8 i S OB S e 12 2 LI A A, /i B A R R AR ik
LGRS R 2 WIS B 2 W AR MG ) AT A, IS BE N VAR AR AR sy R B B A 3R A B 5 B 1 2o Bl 2 B N 0 P A2 R R
WX KPS, SR)5 fERab4 GTPRE A #2 F IGR M BIA0 AR, DAL TS NI AR . 5 5b, — BB i Al ERs BN A 3R/ 2,
HAFRab11 1 Arfo I [l BB, DAL 58— K FR B TR,

Mostly integrin of cell surface can be internalised by endocytosis. Endocytosis process mainly includes clathrin-dependent endocytosis, clathrin-
independent endocytosis (endocytosis mediated by caveolae are the most common), and recently studies show that macropinocytosis. Internalised
integrins are rapidly trafficked to early endosomes (EEs), where integrin are sorted for degradation or recycling. Integrin that are destined for
degradation are transported to multivesicular bodies and late endosomes (LEs), then into lysosome to be degraded. Those selected for short-loop
recycling are sorted to particular subdomains of EEs and then rapidly returned to the plasma membrane under control of the Rab4 GTPase, thus
completing a short-loop of recycling. Alternatively, integrin may pass from EEs to the perinuclear recycling compartment (PNRC) and return to the
plasma membrane via a Rabl1-dependent and Arf6-dependent mechanism, thus completing a long-loop recycling.

El BEEAAURBERREREE

Fig.1 Schematic of integrin internalization and recycling pathway

& 55 1 EEsiR [5] 21 48 5 X — ok £8 9 % A i i
PNRC. it avp3# 4 & K HiRabd & A 50 A 2 7
PEPR, A B4 A AR R SO R I AR DL R A R I
BT R AP, A e B IS
H, FEPDGF R i 1 iR ab4 ) 77 23R 8] 2141 fig
JI65, 7L g 40 P R P G T B S B I TR A
M T Rab4™ . LA FL R, 1P H (supervillin)
W EE A TTPIANB3EE & T A0 I 2% PGP,

FE A PR 7 BRLTE A0 48 i b, Rab4fi 34 2%
LGV R G O RS KRR A E
EI B A8 55 BAL I H AT I AT 2, 2S5k X
Ik N 52 3|Rabaptin-5(— 282 &L 4% Ik B, AT A
{EFHIAEBBO TS . & H D (protein kinase
D, PKD)/ 3 115 = 18 % 7] i TTavB3%E & & 1K
#iRabd & A FL I B% LG FACT . 7R it A2, PKDAE

Rabaptin-5 /& A= 0 FR 16 & avB3%E & 25 (1 FE-105 2R 11 b
22 H 750 %A . BEER 1L [FRabaptin-5f¢ 5 Rab44H H.
YEH, (HavB3%e4 8 H AT R B RN . EIXA
avB3EEA I S R A L FE R, Rabaptin-5 1 i
Rk AT e PR 4% 1 Rab44 35 ZIEEsI1 . 45 M 384, LA
WA % 5 2 [ AAEEsii [7] 21 48 fa it AT P 21

3 BeEPRERARAMRKFREMNTIR
BEHERAOMEMMP R, BWHE. . #.
PHT 5t R v R SRR AR I AR D, 72 iR R 28 A
TBEREPRIEEEEH. 2R, B5E
A ARG A o] (i g gl f R B A #8 . B
HAWNE R RA RN EE R, Fan, HS1
FH 28R FAX-1(HAX- 13 o 15 42 4036 99 A% 22 1 illovB6
BHEEANS, RIEN S B ErREY. mEA



1232

FMNL2(formin-like protein 2) # PKCa F1 RhoC(Ras
homologous C)¥# % J5, Hid 5B1% & & [ ok
AHEAEH, (0485 85 8 P Ak T {2 o 28 10 2 JR Z Jif
12 78™1, RhoC5o5p1% & & A A B AEH 5, 39
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M . B, R HKRab 11 avB6 % & 8 1
PEIR, Al e E B M A TR . R K
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IR B BHEAAFAERT, avB3%EA 8 1 7] i id Rab4-
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3t g A BRI A% R 280

4 RE
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SRS T FIMERIRY . JERE T AR IR e A e 3
[ AH LR A VR B R A 4B A B R S S
HREgIES. HETREOR O K R m RS i
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