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Research Progress on TM4SF Members and Tumors

YU Siwei, WANG Hongxia*
(Department of Oncology, Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 201600, China)

Abstract Tetraspanins, also known as the TM4SF (transmembrane 4 superfamily), contain 33 family
members. They regulate a series of biological processes, such as cell adhesion, proliferation, differentiation and im-
mune response, by forming dimers or heterodimers, or interacting with other protein molecules, including integrin,
adhesion molecules, MHC class II antigens and T cell receptors. Increasing studies have shown that some TM4SF
members are closely related to tumorigenesis and development, playing critical roles in cancer cell migration, epi-
thelial mesenchymal transformation, thrombosis, stemness and tumor-derived exosomes. An in-depth understanding

of the functions and underlying mechanisms of TM4SF in tumor progression will shed light on development of tar-
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geted interventions in the future.

Keywords TMA4SF; tumor; metastasis

VY VK %5 B 25 [ 8 2K %% (transmembrane 4 super-
family, TM4SF) % 7 78 15 T FAZ 40 M A= P feE L, o
FLENYD AL 33RO, 7Rk B S B R sE
TMA4SFEE [ B 219904F A WL Fifi £ fi 8™, £ 434k,
HREH9(CDY). CD37. CD53. CD81. CDS82.
CD151f1 TSPANS(tetraspanin-8)55 . [ifi & Xf H il
BIANWIERN, KRIGZF G 7 225 2 e %
. ZHE. B 5 G RAE R /MR
RE. RIE LAY EE R R ST,
TMASF K F A7 AE T HAT N AR A 40 25 A Ak ik
Mo, S AN IAMAR ) 32 B RSy, AEAS R4 2 (RS
5 It RS2 A 4 i a2k 3 kS B AR

1 TMA4SFRY 9> FZE#d Stetraspanin-web
i 44 B, TM4SF B A MY Vs i 45 1), B IF A
S T (¥ DU K B 5 4y T #B R TMASF . 1% 55 i I
FELEM) b i P B SRR R LA U . 4B R IX (trans-
membrane, TM) 12/ 4 ffil 4} 3£ (extracellular loop,
ECL)ZH . TMIX [ Ml 14 5 2 ] e e L = 25 0,
ECL2 A FEHE A 2 X AA] A5 X, Hohfe s X 5 =%

Extracellular

Transmembrane

Cytoplasmic

RNA R, B EES5HAWE A5 71 EAE.
FF BRI T (Yxxe), —ESTMASFE 7y 1k 4 i% 5
FEE M ARG, B 5 A B SRR 45 G bk A
RO,

TMA4SFX A O AN I R AR BCAE, = 2@ 5 &
TE R B AR B At SR R DR % i T L T A
FEAE R BCE G0 KI5 EY 5 ek, X3
FTMASFEN g R 1H 2 T — AN F A A BAE H
(R R 2%, Bk N “TMASFI 48707, 5 TM4SFAH H.AE
FH AR A AT 3 R DU K2 A 2 R0 LA 26 B 43
T HeEskEOSmEEAR. IR
D) K AN < ) B LR ) RGNS 5 T, SR
—RRGEH . WK VLEL4B (phosphatidylinositol
4-kinase, PI4K)H1i% 1k 25 H BUAEC(protein kinase C,
PKC)2E8101,

ECL248 B A 5 FE AR~ 1028 e 2 R A2 L Bk A
RRAIE, 2 IOt 2 R AR AR R A0 B DA D A2 J3 B TMASF I 4%
T RSB 0 75 1), AR 3P TMASE 5 T 15 7 Bl B8 At 2 A1
HBERRE BRI AR RS & o FRLLRR B B A R AR
Mt A B T TMASFRE G TE B2, TM4SF5

ECL2 (functional region)

SIL

(small intracellular loop)

ECL2ATMASF DI fE X I, HAEAMEE X HA. By ESRNER A, BAIEIRIE 2 1A% 6L & — (-7 CCG7 41 LL K i FE AR <1 P s R R Ak (S 62 19, JF
AITE R A IR (SRt 2R); 380 8 s RN TMASF IR ARARIBE AL AL A5, W] ARG TMASF G 32 1 BEOR B, I w] (il b5 [ AT s 2215 HF I 4 s 88
RN R IR 7 I PP (Yxx@), B T1%)7 51 TMASF R 126 23 45 52 Mo A ]

ECL2 is the functional region of TM4SF. Its constant region is composed of A, B and E helices. A conserved CCG motif and highly conserved cysteine
residues (green dots) form two intramolecular disulphide bonds (green lines) between B and E helices. The yellow dots indicate the palmitoylation site
of TM4SF, which can protect TM4SF from lysosomal degradation and promote the binding with cholesterol and gangliosides; The blue dot presents a
tyrosine-based sorting motif (Yxx¢), leading to the delivery of TM4SF to specific intracellular compartments.

Ell TM4SFHIPRESFREEH
Fig.1 The four-transmembrane structure of TM4SF
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R EE . AT H RS & 0 R TM4ASFE &4, # 18 757 =, AR B e 40 b

FRON & 7 tetraspanin /5 {il 25 #4 38 (tetraspanin-enriched
membrane microdomains, TEMs), &t | — & H
(AR ELAR A A 15 5 5 3 607 RETEMs S
MRS A — ek [FRFAE, (HE A2 S i) 45 4 20
J ) TEMsfE4 °CIF W] 4 Triton X-100f58, 1M £ 4
JI A8 PR AR AUE 23 T (a5 28 s Tk UL e 4 5 2 1 R
5 H ) 5 TEMs D RE AR WARTE™,

2 TM4ASFAIMEL%E LR

i e e s L A e A L A R R A 3 L 2
ANILE S DEHFREL i 2 A OB S N A . I
AUEHE R, TMASFIE R & 25 5 R M 4 g
B AT AR P 7 2, TMASFIE ] 5 ik, 23
A E MM 48 5 M /K iR B (a disintegrin and metal-
loprotease, ADAMs)(JTH: ADAM10)"), )i 4 J8 &
/i (matrix metalloproteinases, MMPs)! 1 K il 4T
T S O ) 2 TH 5244 (urokinase-type plasminogen
activator receptor, UPAR)!' & 25 5 >R T A 4= 28 1k
JETMASFIK RS E BA R fRST . TEMs
g B S A 5 e 5 T AR B IR 22 5,
B EATHE R & AR T i R A F AN R AR D, 23
S| RIS B e 1 R AR R (3R 1)

2.1 TSPANS

TSPANS I W N Ny IR AR ST . i,
W R M TSPANSTE £ M A Kb vh s ik, H 5
RS B 5225192, TSPANSTE R kA= K b %
ik BRI A R . RATET IR SR B, LR
Ji 3t i H EGF/EGFR/E 5 i % (epidermal growth fac-
tor (EGF)/EGFR signaling) #¥#3% , i SOX9 i
TSPANS#, 55153,

HIFER M L, 88 J8 Th TSPANS R iA it —
AN, X — B GSCHF AL R i3 e i) B AR
TSPANSYj a6B44h &, f:Ff a6p4-CD151F1 TSPANS
SEWH AL, iR RN, 334 iiE
SRR IR R R R A B Ak, TSPANS 3
ADAMI12E#E Xk, Z 5mMMiL . REME
iz Y. TSPANSIE ] 5 4R8B4 R LB W EWI-
F. EPCAM. CDI13. PKCHIPI4KII%AH H 454 P,
TSPANS = 1A Pl PI3K-AKT . 38 536 48 i 7t 7
T-fE /1%, EpCAM-claudin 78 &)t 7 H i R 1A
Fise1,

TSPANS#* i& i, H 5 iaJ7 #ipt FA R il 5 A
K, FATSPANSSR 1& v] T EUM &g 40 R ifef 245 % T
g R, HLE) ., TSPANSIEE 5 PTCHIAH H.AE
H, 8 3ATXN3 %2 = AL B30 ) 85 A iR A S 1
SHH/PTCH1E &l ik , B0 Hedgehog (5 5 18 %
o LR 40 T, X 5FUZES 4R — 3
Lgr5 TSPANS" WV AR 2 — AR 52 i 11 1 3L R - 40
B4R, Ho4 54 5 claudin-low iR 4% 5% 40 w5 2 AH
Bl WANGZESSH 1 18 TSPANS A i i i 2 4 41 ity
AR £ o

PLAERIT 70N, 40 i Ji5 - TSPANSIE it B & B
R R B HA R B AR B R R A
BEMKEIRE. BRI, FAT K ITSPANSH 17
T - 41 i 53 R 40 i A% PN, TSPANSHZ 52 {7 7] 78 % A
IR 241 1 25 0 R 2H 23 gl A 210, AR X — i A
1, TSPANS ) A Ae] e A0 A& 1 LA K e 5 M ] P &5 &
J¥ B TSPANS-IH [&] B &2 A 40k T H A 0 246 1) Ok
s P AR A E ., PLH L, EGF-EGFR{F 5
30 B3 O N BB AKT, 5 5 5T A AR R R 20
TSPANSH iE f7 i (B R AL, B IR AL 5 [ TSPANS S
14-3-30 fllimportin B1AH B 45 & # 02 N %, TR iE 4
Jo7 B BB AN T AR AR 2 e R AH G BE DR R e 3%, MY C
BCL2. MMP9%: . iX4EGFR-AKT-TSPANS## £ £
Pl N g he A e I I FE O, S R 2R 1t R AN
AN RIS AH OG0,
2.2 CD81

CD81J& T WYk 85 B X0k, 52 8 ICD81EE H i
P GE R AT, CD814) T I U A 15 i 45 #4g 4k
PN A 7E 5 (1) L[] e 5 5 Ao o, LR (1) 45 5 5
5 7CD814H }f 4 ¥A (extracellular loop, ECL)HI#4 %
Ak, CD8LEI b —[a) i A s AL . 45
Jrdes 0 R A R R, 4 CD8 136 IA 1T 5 350 4 i3 72
B 77 ek 55 F0 T 5 7% gk /el BR Ak, FFTHROE NS
BRI B RUR R 45 W 40 i CD8 1Y Rk 1
T2 2 TR 1 3 Je AN g 10
2.3 CD151

CD151id 335 WL T 2 Fh Mg S 28, o L e e
R 45 B e ANl i 4, 5TEA R
FHOG. SRTAE AT 5 I, CD1S1 & Rk 5 4 4%
I3 9 R AH SR CDIS i o i 96 40 )i - MMP2
MMP7HIMMPI9% i& [% k. CD1513@ it 5proMMP7
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Table 1 The role of TM4SF in tumorigenesis
PUIRESHRER FUB SR R fEH 275 3R
Tetraspanins Cancer type Function References

Tumor promoter

TSPANI (NET-1)

TSPAN2

TSPAN3

TSPAN4

TSPANS

TSPANS

TSPAN9

TSPAN15

TSPAN17

TSPAN20
TSPAN21
TSPAN24 (CD151)

TSPAN31

Tumor suppressor

TSPAN6

TSPAN7

TSPAN12

TSPAN23
TSPAN27 (CDS82)
TSPAN30 (CD63)

Pancreatic cancer,
gastric cancer

Lung cancer

Leukemia

Esophageal squa-
mous cell carcinoma,

gastric cancer

Hepatocellular carci-

noma

Breast cancer, esoph-
ageal carcinoma,

colon carcinoma
Gastric cancer

Hepatocellular carci-

noma
Glioblastoma multi-

forme
Bladder cancer
Bladder cancer

Skin squamous cell

carcinoma
Hepatocellular carci-

noma

Colorectal cancer

Bladder cancer

Non-small cell lung
cancer

Lung cancer

Lung cancer

Colon carcinoma

Inconsistent roles in different cancers

TSPAN13 (NET-6)

TSPAN2S8 (CD81)

TSPAN29 (CD9)

Osteosarcoma,
breast cancer

Colorectal cancer,
melanoma,

hepatocellular carci-

noma
Pancreatic cancer,

ovarian carcinoma,

fibrosarcoma

Promotes cell proliferation through mutations in the LIR motifs or as miR-573
target gene

Promotes cell migration and invasion by p53-TSPAN2 axis

Inhibits cell proliferation and migration partly through the reduced TSPAN3
expression via miR-570-3p up-regulation induced by exosome-mediated
circ_0004136 knockdown

Enhances cancer cells resistance

Promotes cell proliferation and migration by activating Notch signaling or being
transcriptional activated by MRTF-A

Promotes cell proliferation, migration and stemness by (1) interacting with E-
cadherin; (2) upregulating ADAM12 expression or (3) activating Hh signaling
pathway

Enhances cancer cells resistance to 5-fluorouracil

Promotes cell proliferation by activating EGFR/MAPK/ERK axis

Suppresses cell proliferation and migration via miR-378-3p mediated TSPAN17
down-regulation

Promotes cell proliferation, migration by activation of Wnt/B-catenin pathway
Suppresses cell proliferation by downregulating TSPAN21 expression

Promotes cell proliferation possibly depend on activation of STAT3

Promotes cell invasion and motility by activating the Akt/GSK-3/B-catenin path-

way

Promotes cell proliferation via the deletion of TSPAN6 which results in the in-
creased level of TGF-o transmembrane form associated with extracellular vesicles
and then activates EGF-dependent signaling pathways

Suppresses cell proliferation and migration through upregulating PTEN expression
and downregulating p-PI3K, p-AKT expression

promotes cell proliferation via miR-196b-5p mediated down-expression of
TSPAN12

Suppressor of cell migration, invasion

Suppressor of cell migration

Suppresses cell migration and invasion by associating with LN-5 and a3p1/CD63
complex

Promoter of cell proliferation, migration

Suppresses cell migration and invasion by downregulating MMPs

Promotes cell proliferation and migration by interacting with SHP-2 or upregulat-
ing MT1-MMP

Suppresses cell migration through interacting with PI4KIIp and promoting vesicles
formation

Promotes tumor invasion by regulating glutamine metabolism

Suppresses cell migration and invasion by affecting several f1 integrin subsets or
forming EWI-2/EWI-F/B1 complex and inactivating Akt, p38 and EGFR signaling
pathways

[18-19]

[20]

[21-22]

[23-24]

[25-26]

[27-29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]
[39]
[40]

[41]
[42]

[43]
[44]
[45-46]

[47]

[48]
[49-50]




676

] - R A Y B T -

g4y, PEREMMP7GE 20 4 ML i (extracellular ma-
trix, ECM)ZK fift, FLCD1514H1 44 7T #) ] MMP 3 151,
CDISIfER G Rz PR CEIEN, Mds
03Bl abP4FIMMPs4h & >k i 4541 il # . CDI151
SRS B A o3 a6 I8 BRI A f2m, (H 7]
PATH% o3 1A a6 PALE it JeE — 58 o7 240 Jfa v 1) 5 . 1),
CD151587% 8 b vl i 3 9 55 03B 1 aSB1Fla6B1 A
FAITE P B A RS, I E 3 RE S 2 0. B
KRN,
2.4 CDS82

CD82 FECL2H & AN P IR, HA N
(O N VA BT R N R U N N S i
JiE HCD82R 1L R, 5 Z Fh iR w71 e . B
. REEE. . UV EREAN RIS M
R B I AH LU0, Ak Y ANIF 9T 5, CD82% ik 41114
S A0 T B AR 28 g 1171, ML |, CD825 % &
Fo6FEGFRZ: &, WIE 2 FEE A F AT,
CD82it " i SEWI-245 4, | J2 5% 5 [ A £4F
YE P (I DY, (R 3uPAR FloSBIAH 25 5174,
P4 i A= K IR 52 {7 (hepatocyte growth factor re-
ceptor, HGFR){& 5 ¥ S it 1M i Rac HICDC42 145
ZRYIHLA 451 40 L (1) 42 28

CD82Xf EGFR I IE M 42 2 #2215 H lIE GD1a
F2IA, GD1aXt & 2 CD821 45 L 48 1) = [A] ZH 4R =
B TP CD824H ZE 6 i T EGFRIF 43T 1% = R i
R B, 5GD1a-CD82-EGFRE & #1251, CD82.
HE A FRo3FIHGER B B H A0 & T FE AR R T . Hf
21 JIE GM2-GM3-CD82E A W) T HGFR¥LIT ,
PERE EMAPKGHE % I i GRB2ATHRA LA & PI3K _E Jji7
GABI1IEHME R %, T 820 40 s sh Fsg 507 . b b,
GM3-CD82E & ¥l {iPKCa % {7 A FR {L EGFR L
TRRABR6SANL 4, THFEEGFRN L™, CD82 7] 55 if &
W B 1 Duffy 47t 5/ 46 F -1~ 32 /8 (Duffy antigen re-
ceptor for chemokines, DARC)AH F./E H, [&{KTBX2
FIEF _Ffp2 115 S &,

S R SR B 2 UE 4 3R B, CD824M i) it IR i A2,
{5 H R M TS IE 3 % W CD82 58 A% Bl 24 4 1~ it 2 7 ik
JE R AE{E. CD82 CpG & iy AR AL W T 2 R V&
Jo (5 5 Y, MARREIROSZ5B 4 JE B A R pS3 i 2
5CD82 mRNAKF FiftHK. CDS2JE8)¥ F A%
[AI-FNF-kB p50MV. B0 455 47 L, TIL-1Bfe #FHTATIP-
Fe65-Pontin & & ¥ (. FRRUVBL1) % 4, J5 #H1E A

NF-«B p503L 0 K 1, H5RCDS82%% 5. Fe R L fi
AN, HTATIP R i, RUVBL2EURRUVBL1 341
HINF-kBiF £, CD82F i 1) 7y — M A& U ] i 2
exon 7L HRR T HON I PR B B
2.5 CD9

LWL RNy, CDOFM i il Jed ¥ %, HThRE 5
S RN FRBAHE K. IS, CDIRIL
KV HHEEEPL. 02 a3, a5SHla6k L, CDIFIE
T 5 SO A B e 55 R SR8 PR A KO, T
H IR (R ECDY- % & 3R E B WIIY iih k4% 3 BAE
FI™, mGM3RIA (R GM3-CDI- B4 Ha3E AW
i, #filSRCEHRacH AE™, < 2, GM3-CD9-%#
BREGYRZ, iz s A R SRV T RO
1-”:][84]0

WL, CDOXS 4 L A% fE 71 IR0 5 EGF-
EGFR{5 5 3@ ¥4 47 9%, CD9A Bk nl {2 #FEGFR M 1K,
FEAREGFR H S B 1L /K1, Jik55 HEGFRBERR 1L 5
G 5 HE . CDOFMHI % 4k A= K K- (transform-
ing growth factor o, TGFa)Zfi B, nJ ¥ TGFad
TEEGFRIA] N 75 3 524K T 1, 4] 5 206 A K
AN LT AL, B 51 23 #r 2 WY, CDOTT 4% Wt
FWHIFSr T Wntl. Wnt2b. WntSa, Wntl 5 &
&5 I & 1 1(Wntl-inducible signaling pathway
protein 1, WISP1). WISP3. MYC. L& M E4K
[A-¥- A(vascular endothelial growth factor, VEGFA)
FIMMP263 12, X Tl 45 15 452 28 14 AF A A g gk
JEAHIG . BAh, CDIW] 5 i/ SR A5 3 FlFpodo-
planin & 0 #| R #55 . 7£ SCID/MNR A, CD9L
podoplanind& & 1k 0 i) il 52 8% 2B, AR ML /MR
REZH™, [ /MiEE CLEC2 5podoplaningh 7,
5 /MR BERTRL . 1 T CLEC2 AR CD9AH K
PEpodoplanin, Ktk LN R ZEAE ThRE 2 45, L /MR
AT SO B A ZE AL RS T A, R AR R 4n
0 552 G e Bt

SR, % T-CD95 e i1 5% & H A A —
O, WANGEEHR 18 CDO 2 ik M /6 46 40 i 1 b
HW. CD™ 3G n 1 2K & 5 e o BT h e
CDO™ ek [l i 4 0 T2 RS MR AR 7 75 I 1 7 B PR
A, MCDY ™4 J A r= 4 T H b EA. ENLHI
b, CDOE i3t 43 % 19t Jié 7% 12 A4 ASCT2(alanine-serine-
cysteine transporter 2) ¥ ot JIs% 5 o7, 184 75 g Ji 4 40 P
XoF A EU I i B . A, A B AT AR R IR
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23215 /K FCD9. CDO & 2 1 1) 28 £ 22y 4t
MMP2EIERG N, 1t 1 ¥ N Bl # .
2.6 CD63

CD63 3 1k W 5 IR e A 4 A O%, (H A A1
RAEARIE . CDO3M i 5% 7% T il FT Be MOl T- 8 & &K
WA MMP 147 i 7 [ Al A0 < ) 21 I 4 2340 1
7| 1(tissue inhibitor of metalloproteinases 1, TIMP1)
SHEECY, CD8lil I o5 & H41E H H RS &
200 B SRR A ) e 40 i 30 A R R
1, G A BIZIAGPRS6 5 Gaq. CD8 IR E A4,
GPR56%E & 4H 23 4% 2 Ik i % 1% 2 (transglutaminase
2, TGM2), TGM2/2 4H i 4 55 5t A 1 3= 252 K il
GPR56-Gag-CD81 5 &4 5 TGM2 i) 45 & e #E 4 il
RPN, T PR A BT A2 KT CD631E MR
BEJE P TR A T /5 23— PR T .

3 TMASF5MERIE

TMA4SFZ: 5 G J B 15 31 8 KBk 22 11 1 552,
TM4SF(CD37. CD53. CD81. CD82. Tssc6.
CD151) B (1) 71N B AE 44 Y F0/B8 4 i f 38 B 2 o
TEAE GRS, IR BLAE TN M ik B 38 509, Biddr=
A2 2 RO R B A7 PR AE 5 T HoHp, CDS53.
CD81. CD&2MICD37 41 5 MHC 1128 E 54
FHORET,

T 0 8505 A4 360 T S 2 Sk T ol 30 1 e ot 2
4 SR TOMHC-IK & S Bt iR el i A K
L, CDOMICDIS1/ETH i fe 2 R ikt b X FF G &
N FHMES S, TR CDS B 5 41 i
[8) %% Bt 43 -1 (intercellular cell adhesion molecule-1,
ICAM-V)HAICD34H H.1E H 2= 55 5 95 5 fi (1) 1 410,
AR, B TR R 2L e R e A b
(11CD9-5 B8 K 1 T A= A7 A AR O, T ik 98 4 A b 1)
CDOFIA NI i 7~ A Jz R R0,

N AR R TR G B SRRE, 4 P A R S A A SR
H 2T 2 B 5] bk B 45 R b R AL TMASFS £
PR & 2 M0 EAE FH, NI S2 e 20 T A2 66 /010, 7
% R G, CDIS1Hk 2R 23 B IRT4H il i 3l PE0 .
CD377/INE 5 B A Y /N BRORH B, SR 3 HH JR 4R I S
R, RIICD3TE S 5P e, 57—
WEFAUE S CD37 71 24K 2 Hfd (dendritic cells, DCs)#!
R B R IZ SRR A, T CDS827 DCsHIIZ3)
PEIE 0] 7 IRCD82 5 CD37 H A I [ il 11 1) e %8

ERBEIE

4 TM4SF5INib iR

TMASFAE 2% it 28 B4 (1) A A 40 i 4% A1 40 6 44
(exosome) [l b R AFAENS, ok Z W LB T
Ji R U P A A B AR MR R R L A R T R i S
FR TS AN T RS LU0, AR A FH 4 B
A EAE 50~200 nm ] — 540 g SMFEi (extracellular
vesicle, EVs), % 5 WG o T(EERR.
RNAZE)O SO\ 2 — P 25 248 i (R 368 TR A
3, FEIZE RN A% GV I3 240 i 1) 4% 96 A0 g s
JErhEE SR . W RSN AR R ILCD63
CD9. TSPANSHITSPANG6% TM4SFHE 141k, K
EATE A RIS 5 He R T R AR N BT R I,
H A Jfi . mRNAFImicroRNA K AH X 3 & 17E 4h WA 44
AL A2 20 2 [A] A7 AE 22 e, 3P 22 7 AT R Ak BULAE
% Y f& (multivesicular bodies, MVBs)l B i i %}
SPSioE: NP N A VY e e bt DA =
i 35 5 oKk S BN X B A ZE cargos A 3 FE 1Y, CD9.
CD63HCD81 2 SRR 41 3 (14 f5 5 I ¥ M b A4 A 5%
PRI, FEVFZ B TR R T AR A R, X s
TMA4SF H {4 —Fh 2 OB E BH 7E A R A= 4 ke AR B
cargos 7 T HH R FERRIAE L, R B E A THE SN A& 43
AR EEAERPY. (HEIE MR, B
SRR AR AR S i R IA N IX R Rk 7 S R B
FEAE B R D e 22 S I AN IR A U1,

TMA4SF J HAH O A RN R 2 35 4R, A8
T EATTRF A A T e B 5200 1 AR 0« LIUSE! 1R
18, MiE A/ NE_ETSPANSRIA T 5 AR/ N il il
it (328 Ab ¥ F2 K. TSPANSAR #8111 — AN HL
WA TS 5 ME A K. D RIE S RIED61IAT
FUHR B L& PN % ML (disseminated intravascular co-
agulation, DIC)!""®!, DIC/2& — Fh A2 BARZS, K4
TERE B . BAADIC KR A2 2 Fh A 2 3t [H /E H
(&t S, AR e 51 P LA AR R R e If /8 )95 e
BN FE B R RN, D6. 1A — Pl i A pl
755577, D6. 1A Ik fifr 87 240 B >R 5 A0 A 4k 1) 4% 38
R34 B I A R oM, i e 4 Bl N R0 IR B
AEH AW IEEN.

5 RE
EUIRHOK R % 0F 5048 % T TMASF5 ik i 7 7E
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iR A4 B R 2B R R R ) B M, (R TR R A R
AW e D RE I B 2, HBAR > T ML S s 2 R
HEATA Rrdt— PR ANIRZR . Mok, ARt 1
#3 TMASF & [ 75 i 2 sl i) oss & AR R e R A
— &g, HEE T REAE T TEMsHIZH Bl A S AH BAE
ISR AREEAR . X EE AT 5TM4SF
WA 2% [ T GRS T B A8 5 1 S I 5 s
M, Z2RAEE AW AR & B S Bk b AR
BYCIE A M i is FRR R L B LM A [ 2
VA5 B I8 4 it A% 326 31 AT 52 A 4, AT = AR
ENELEXY = i VESR T EE SR

TMA4SF N A, & 75 i P 383 19 47 2 P00 DL K
Tk AR AR/ I A FE 6 AE A0 1A 3 4TS S A% 2
SRk R e A i B B O N2 — . TM4SFAESR
WA/ AR R A, AMEAR S LS 324K
MR ZEEAHEERZ5E 96 RE, [
I 8 T A ARG RS b 5t 7 4 o WA 1 SR A A/
M AhFE i DL K AMVBs B2 5iiE 5 5 0 (R .
microRNASE) 1) 73 1 Ak FEid 72 .

— B TM4SFHE [R] g [ /0N BR AN AE 3 38 2% AR T 3R
U I A e A R A, 9 1R 7 TMASFIIRE B4
PR, B4 B 5 R RS T o] e B A s A R
Pl R BT FALER oK —f, (HBROR 8
Z A AR AR IT T TMASFAE & &k A R Hh 1 # Rik Tf
b, BEERATNTMASFIRE E 21 T %, F AR
AT R R B ] - TIBR LB 2T SR

SEHk (References)

[1]  GARCIA-ESPANA A, CHUNG P J, SARKAR 1 N, et al. Ap-
pearance of new tetraspanin genes during vertebrate evolution [J].
Genomics, 2008, 91(4): 326-34.

[2] OREN R, TAKAHASHI S, DOSS C, et al. TAPA-1, the target of
an antiproliferative antibody, defines a new family of transmem-
brane proteins [J]. Mol Cell Biol, 1990, 10(8): 4007-15.

[3]  HEMLER M E. Tetraspanin proteins mediate cellular penetra-
tion, invasion, and fusion events and define a novel type of mem-
brane microdomain [J]. Annu Rev Cell Dev Biol, 2003, 19: 397-
422.

[4] LAKKARAJU A, RODRIGUEZ-BOULAN E. Itinerant exo-
somes: emerging roles in cell and tissue polarity [J]. Trends Cell
Biol, 2008, 18(5): 199-209.

[5] SEIGNEURET M. Complete predicted three-dimensional struc-
ture of the facilitator transmembrane protein and hepatitis C virus
receptor CD81: conserved and variable structural domains in the
tetraspanin superfamily [J]. Biophys J, 2006, 90(1): 212-27.

[6] BERDITCHEVSKI F, ODINTSOVA E. Tetraspanins as regula-
tors of protein trafficking [J]. Traffic, 2007, 8(2): 89-96.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

HEMLER M E. Tetraspanin functions and associated microdo-
mains [J]. Nat Rev Mol Cell Biol, 2005, 6(10): 801-11.
BERDITCHEVSKI F. Complexes of tetraspanins with integrins:
more than meets the eye [J]. J Cell Sci, 2001, 114(Pt 23): 4143-
S1.

LITTLE K D, HEMLER M E, STIPP C S. Dynamic regulation
of a GPCR-tetraspanin-G protein complex on intact cells: central
role of CD81 in facilitating GPR56-Galpha q/11 association [J].
Mol Biol Cell, 2004, 15(5): 2375-87.

ZHANG X A, BONTRAGER A L, HEMLER M E. Transmem-
brane-4 superfamily proteins associate with activated protein
kinase C (PKC) and link PKC to specific beta(1) integrins [J]. J
Biol Chem, 2001, 276(27): 25005-13.

CHARRIN S, MANI¢ S, OUALID M, et al. Differential stability
of tetraspanin/tetraspanin interactions: role of palmitoylation [J].
FEBS Lett, 2002, 516(1/2/3): 139-44.

BERDITCHEVSKI F, ODINTSOVA E, SAWADA S, et al. Ex-
pression of the palmitoylation-deficient CD151 weakens the as-
sociation of alpha 3 beta 1 integrin with the tetraspanin-enriched
microdomains and affects integrin-dependent signaling [J]. J Biol
Chem, 2002, 277(40): 36991-7000.

CLAAS C, STIPP C S, HEMLER M E. Evaluation of prototype
transmembrane 4 superfamily protein complexes and their rela-
tion to lipid rafts [J]. J Biol Chem, 2001, 276(11): 7974-84.
LEVY S, SHOHAM T. The tetraspanin web modulates immune-
signalling complexes [J]. Nat Rev Immunol, 2005, 5(2): 136-48.
ARDUISE C, ABACHE T, LI L, et al. Tetraspanins regulate AD-
AM10-mediated cleavage of TNF-alpha and epidermal growth
factor [J]. J Immunol, 2008, 181(10): 7002-13.

YAREZ-M6 M, BARREIRO O, GONZALO P, et al. MT1-MMP
collagenolytic activity is regulated through association with tet-
raspanin CD151 in primary endothelial cells [J]. Blood, 2008,
112(8): 3217-26.

BASS R, WERNER F, ODINTSOVA E, et al. Regulation of uro-
kinase receptor proteolytic function by the tetraspanin CDS82 [J].
J Biol Chem, 2005, 280(15): 14811-8.

ZHOU C, LIANG Y, ZHOU L, et al. TSPAN1 promotes au-
tophagy flux and mediates cooperation between WNT-CTNNBI1
signaling and autophagy via the MIR454-FAM83A-TSPAN1 axis
in pancreatic cancer [J]. Autophagy, 2021, 17(10): 3175-95.

LU Z, LUO T, NIE M, et al. TSPAN1 functions as an oncogene
in gastric cancer and is downregulated by miR-573 [J]. FEBS
Lett, 2015, 589(15): 1988-94.

OTSUBO C, OTOMO R, MIYAZAKI M, et al. TSPAN2 is in-
volved in cell invasion and motility during lung cancer progres-
sion [J]. Cell Rep, 2014, 7(2): 527-38.

KWON HY, BAJAJ J, ITO T, et al. Tetraspanin 3 is required for
the development and propagation of acute myelogenous leukemia
[J]. Cell Stem Cell, 2015, 17(2): 152-64.

BIJ, PUY, YU X. Exosomal circ_ 0004136 enhances the pro-
gression of pediatric acute myeloid leukemia depending on the
regulation of miR-570-3p/TSPAN3 axis [J]. Anticancer Drugs,
2021, 32(8): 802-11.

ZHAO W S, YAN W P, CHEN D B, et al. Genome-scale CRISPR
activation screening identifies a role of ELAVL2-CDKNI1A axis
in paclitaxel resistance in esophageal squamous cell carcinoma
[J]. Am J Cancer Res, 2019, 9(6): 1183-200.



ARSI Ui I R 1 SR A 5 R I

679

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

QI W, SUN L, LIU N, et al. Tetraspanin family identified as the
central genes detected in gastric cancer using bioinformatics
analysis [J]. Mol Med Rep, 2018, 18(4): 3599-610.

XIE Q, GUO H, HE P, et al. Tspan5 promotes epithelial-
mesenchymal transition and tumour metastasis of hepatocellular
carcinoma by activating Notch signalling [J]. Mol Oncol, 2021,
15(11): 3184-202.

SCHREYER L, MITTERMEIER C, FRANZ M J, et al. Tet-
raspanin 5 (TSPANS), a novel gatekeeper of the tumor suppres-
sor DLC1 and myocardin-related transcription factors (MRTFs),
controls HCC growth and senescence [J]. Cancers, 2021, 13(21):
5373.

ZHU R, GIRES O, ZHU L, et al. TSPANS promotes cancer cell
stemness via activation of sonic Hedgehog signaling [J]. Nat
Commun, 2019, 10(1): 2863.

ZHOU Z, RAN Y L, HU H, et al. TM4SF3 promotes esophageal
carcinoma metastasis via upregulating ADAM12m expression [J].
Clin Exp Metastasis, 2008, 25(5): 537-48.

GRECO C, BRALET M P, AILANE N, et al. E-cadherin/p120-
catenin and tetraspanin Co-029 cooperate for cell motility control
in human colon carcinoma [J]. Cancer Res, 2010, 70(19): 7674-
83.

QIY, QI W, LIU S, et al. TSPAN9 suppresses the chemosensitiv-
ity of gastric cancer to 5-fluorouracil by promoting autophagy [J].
Cancer Cell Int, 2020, 20: 4.

SIDAHMED-ADRAR N, OTTAVI J F, BENZOUBIR N, et al.
Tspanl5 is a new stemness-related marker in hepatocellular car-
cinoma [J]. Proteomics, 2019, 19(21/22): €1900025.

GUO X B, ZHANG X C, CHEN P, et al. miR-378a-3p inhibits
cellular proliferation and migration in glioblastoma multiforme
by targeting tetraspanin 17 [J]. Oncol Rep, 2019, 42(5): 1957-71.
WANG F H, MA X J, XU D, et al. UPK1B promotes the invasion
and metastasis of bladder cancer via regulating the Wnt/B-catenin
pathway [J]. Eur Rev Med Pharmacol Sci, 2018, 22(17): 5471-
80.

ZHU H, TANG Y, ZHANG X, et al. Downregulation of UPKIA
suppresses proliferation and enhances apoptosis of bladder tran-
sitional cell carcinoma cells [J]. Med Oncol, 2015, 32(3): 84.

LI Q, YANG X H, XU F, et al. Tetraspanin CD151 plays a key
role in skin squamous cell carcinoma [J]. Oncogene, 2013,
32(14): 1772-83.

WANG J, ZHOU Y, LI D, et al. TSPAN31 is a critical regulator
on transduction of survival and apoptotic signals in hepatocellu-
lar carcinoma cells [J]. FEBS Lett, 2017, 591(18): 2905-18.
ANDRIJES R, HEJMADI R K, PUGH M, et al. Tetraspanin 6 is
a regulator of carcinogenesis in colorectal cancer [J]. Proc Natl
Acad Sci USA, 2021, 118(39): e2011411118.

YU X, LIS, PANG M, et al. TSPAN7 exerts anti-tumor effects in
bladder cancer through the PTEN/PI3K/AKT pathway [J]. Front
Oncol, 2020, 10: 613869.

LIANG G, MENG W, HUANG X, et al. miR-196b-5p-mediated
downregulation of TSPAN12 and GATA6 promotes tumor pro-
gression in non-small cell lung cancer [J]. Proc Natl Acad Sci
USA, 2020, 117(8): 4347-57.

ZHANG M, JIANG J, MA C. The outer retinal membrane protein
1 could inhibit lung cancer progression as a tumor suppressor [J].
Comput Math Methods Med, 2021, 2021: 6651764.

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

TAKEDA T, HATTORI N, TOKUHARA T, et al. Adenoviral
transduction of MRP-1/CD9 and KAI1/CD82 inhibits lymph
node metastasis in orthotopic lung cancer model [J]. Cancer Res,
2007, 67(4): 1744-9.

SORDAT I, DECRAENE C, SILVESTRE T, et al. Complemen-
tary DNA arrays identify CD63 tetraspanin and alpha3 integrin
chain as differentially expressed in low and high metastatic hu-
man colon carcinoma cells [J]. Lab Invest, 2002, 82(12): 1715-
24.

JAISWAL R K, KUMAR P, KUMAR M, et al. hTERT promotes
tumor progression by enhancing TSPAN13 expression in osteo-
sarcoma cells [J]. Mol Carcinog, 2018, 57(8): 1038-54.

HUANG H, SOSSEY-ALAOUI K, BEACHY S H, et al. The tet-
raspanin superfamily member NET-6 is a new tumor suppressor
gene [J]. J Cancer Res Clin Oncol, 2007, 133(10): 761-9.

HONG I K, BYUN H J, LEE J, et al. The tetraspanin CD81
protein increases melanoma cell motility by up-regulating metal-
loproteinase MT1-MMP expression through the pro-oncogenic
Akt-dependent Spl activation signaling pathways [J]. J Biol
Chem, 2014, 289(22): 15691-704.

YUAN H, ZHAO J, YANG Y, et al. SHP-2 interacts with CD81
and regulates the malignant evolution of colorectal cancer by
inhibiting epithelial-mesenchymal transition [J]. Cancer Manag
Res, 2020, 12: 13273-84.

MAZZOCCA A, LIOTTA F, CARLONI V. Tetraspanin CD81-
regulated cell motility plays a critical role in intrahepatic metas-
tasis of hepatocellular carcinoma [J]. Gastroenterology, 2008,
135(1): 244-56,¢1.

WANG V M, FERREIRA R M M, ALMAGRO J, et al. CD9
identifies pancreatic cancer stem cells and modulates glutamine
metabolism to fuel tumour growth [J]. Nat Cell Biol, 2019,
21(11): 1425-35.

CHEN S, SUNY, JIN Z, et al. Functional and biochemical stud-
ies of CD9 in fibrosarcoma cell line [J]. Mol Cell Biochem, 2011,
350(1-2): 89-99.

FURUYA M, KATO H, NISHIMURA N, et al. Down-regulation
of CDY in human ovarian carcinoma cell might contribute to
peritoneal dissemination: morphologic alteration and reduced
expression of betal integrin subsets [J]. Cancer Res, 2005, 65(7):
2617-25.

MCALLISTER S S, WEINBERG R A. The tumour-induced sys-
temic environment as a critical regulator of cancer progression
and metastasis [J]. Nat Cell Biol, 2014, 16(8): 717-27.
SCHAFER D, TOMIUK S, KUSTER L N, et al. Identification
of CD318, TSPANS and CD66¢ as target candidates for CAR T
cell based immunotherapy of pancreatic adenocarcinoma [J]. Nat
Commun, 2021, 12(1): 1453.

LI J, CHEN X, ZHU L, et al. SOX9 is a critical regulator of
TSPAN8-mediated metastasis in pancreatic cancer [J]. Oncogene,
2021, 40(30): 4884-93.

HERLEVSEN M, SCHMIDT D S, MIYAZAKI K, et al. The as-
sociation of the tetraspanin D6.1A with the alpha6beta4 integrin
supports cell motility and liver metastasis formation [J]. J Cell
Sci, 2003, 116(Pt 21): 4373-90.

CLAAS C, WAHL J, ORLICKY D J, et al. The tetraspanin
D6.1A and its molecular partners on rat carcinoma cells [J]. Bio-
chem J, 2005, 389(Pt 1): 99-110.



680

] - R A Y B T -

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

KUHN S, KOCH M, NUBEL T, et al. A complex of EpCAM,
claudin-7, CD44 variant isoforms, and tetraspanins promotes
colorectal cancer progression [J]. Mol Cancer Res, 2007, 5(6):
553-67.

FUN'Y, RIOS A C, PAL B, et al. Identification of quiescent and
spatially restricted mammary stem cells that are hormone respon-
sive [J]. Nat Cell Biol, 2017, 19(3): 164-76.

WANG H, RANA S, GIESE N, et al. Tspan8, CD44v6 and alpha-
6beta4 are biomarkers of migrating pancreatic cancer-initiating
cells [J]. Int J Cancer, 2013, 133(2): 416-26.

HUANGY, LI1J, DU W, et al. Nuclear translocation of the 4-pass
transmembrane protein Tspan8 [J]. Cell Res, 2021, 31(11): 1218-
21.

LU X, AN L, FAN G, et al. EGFR signaling promotes nuclear
translocation of plasma membrane protein TSPANS to enhance
tumor progression via STAT3-mediated transcription [J]. Cell
Res, 2022, doi: 10.1038/341422-022-00628-8.

ZIMMERMAN B, KELLY B, MCMILLAN B J, et al. Crystal
structure of a full-length human tetraspanin reveals a cholesterol-
binding pocket [J]. Cell, 2016, 167(4): 1041-51.e11.
VENCES-CATALAN F, RAJAPAKSA R, SRIVASTAVA M K, et
al. Tetraspanin CD81 promotes tumor growth and metastasis by
modulating the functions of T regulatory and myeloid-derived
suppressor cells [J]. Cancer Res, 2015, 75(21): 4517-26.

LAZO P A. Functional implications of tetraspanin proteins in
cancer biology [J]. Cancer Sci, 2007, 98(11): 1666-77.

SHIOMI T, INOKI I, KATAOKA F, et al. Pericellular activation
of proMMP-7 (promatrilysin-1) through interaction with CD151
[J]. Lab Invest, 2005, 85(12): 1489-506.

HE B, LIU L, COOK G A, et al. Tetraspanin CD82 attenuates
cellular morphogenesis through down-regulating integrin alpha6-
mediated cell adhesion [J]. J Biol Chem, 2005, 280(5): 3346-54.
LIU L, HE B, LIU W M, et al. Tetraspanin CD151 promotes cell
migration by regulating integrin trafficking [J]. J Biol Chem,
2007, 282(43): 31631-42.

WINTERWOOD N E, VARZAVAND A, MELAND M N, et al.
A critical role for tetraspanin CD151 in alpha3betal and alpha-
6beta4 integrin-dependent tumor cell functions on laminin-5 [J].
Mol Biol Cell, 2006, 17(6): 2707-21.

SEIGNEURET M, DELAGUILLAUMIE A, LAGAUDRI¢RE-
GESBERT C, et al. Structure of the tetraspanin main extracellu-
lar domain. A partially conserved fold with a structurally variable
domain insertion [J]. J Biol Chem, 2001, 276(43): 40055-64.
DONG J T, LAMB P W, RINKER-SCHAEFFER C W, et al.
KAIl, a metastasis suppressor gene for prostate cancer on human
chromosome 11p11.2 [J]. Science, 1995, 268(5212): 884-6.
TONOLI H, BARRETT J C. CD82 metastasis suppressor gene: a
potential target for new therapeutics [J]? Trends Mol Med, 2005,
11(12): 563-70.

LIU W M, ZHANG X A. KAI1/CDS82, a tumor metastasis sup-
pressor [J]. Cancer Lett, 2006, 240(2): 183-94.

HASEGAWA M, FURUYA M, KASUYAY, et al. CD151 dy-
namics in carcinoma-stroma interaction: integrin expression,
adhesion strength and proteolytic activity [J]. Lab Invest, 2007,
87(9): 882-92.

ZHANG X A, LANE W S, CHARRIN S, et al. EWI2/PGRL as-
sociates with the metastasis suppressor KAI1/CD82 and inhibits

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

(82]

[83]

[84]

[85]

[86]

[87]

(88]

the migration of prostate cancer cells [J]. Cancer Res, 2003,
63(10): 2665-74.

TAKEDA'Y, KAZAROV A R, BUTTERFIELD C E, et al. Dele-
tion of tetraspanin Cd151 results in decreased pathologic angio-
genesis in vivo and in vitro [J]. Blood, 2007, 109(4): 1524-32.
TAKAHASHI M, SUGIURA T, ABE M, et al. Regulation of c-
Met signaling by the tetraspanin KAI-1/CD82 affects cancer cell
migration [J]. Int J Cancer, 2007, 121(9): 1919-29.

ODINTSOVA E, BUTTERS T D, MONTI E, et al. Gangliosides
play an important role in the organization of CD82-enriched mi-
crodomains [J]. Biochem J, 2006, 400(2): 315-25.
TODESCHINI A R, DOS SANTOS J N, HANDA K, et al.
Ganglioside GM2/GM3 complex affixed on silica nanospheres
strongly inhibits cell motility through CD82/cMet-mediated path-
way [J]. Proc Natl Acad Sci USA, 2008, 105(6): 1925-30.
WANG X Q, YAN Q, SUN P, et al. Suppression of epidermal
growth factor receptor signaling by protein kinase C-alpha ac-
tivation requires CD82, caveolin-1, and ganglioside [J]. Cancer
Res, 2007, 67(20): 9986-95.

BANDYOPADHYAY S, ZHAN R, CHAUDHURI A, et al. Inter-
action of KAIl on tumor cells with DARC on vascular endothe-
lium leads to metastasis suppression [J]. Nat Med, 2006, 12(8):
933-8.

DRUCKER L, TOHAMI T, TARTAKOVER-MATALON 8§, et al.
Promoter hypermethylation of tetraspanin members contributes
to their silencing in myeloma cell lines [J]. Carcinogenesis, 2006,
27(2): 197-204.

MARREIROS A, DUDGEON K, DAO V, et al. KAIl promoter
activity is dependent on p53, junB and AP2: evidence for a pos-
sible mechanism underlying loss of KAIl expression in cancer
cells [J]. Oncogene, 2005, 24(4): 637-49.

KIM J H, KIM B, CAI L, et al. Transcriptional regulation of a
metastasis suppressor gene by Tip60 and beta-catenin complexes
[J]. Nature, 2005, 434(7035): 921-6.

LEE J H, SEO Y W, PARK S R, et al. Expression of a splice
variant of KAIl, a tumor metastasis suppressor gene, influences
tumor invasion and progression [J]. Cancer Res, 2003, 63(21):
7247-55.

MIURA'Y, KAINUMA M, JIANG H, et al. Reversion of the Jun-
induced oncogenic phenotype by enhanced synthesis of sialo-
syllactosylceramide (GM3 ganglioside) [J]. Proc Natl Acad Sci
USA, 2004, 101(46): 16204-9.

MITSUZUKA K, HANDA K, SATOH M, et al. A specific micro-
domain (“glycosynapse 3”) controls phenotypic conversion and
reversion of bladder cancer cells through GM3-mediated interac-
tion of alpha3betal integrin with CD9 [J]. J Biol Chem, 2005,
280(42): 35545-53.

SHI W, FAN H, SHUM L, et al. The tetraspanin CD9 associ-
ates with transmembrane TGF-alpha and regulates TGF-alpha-
induced EGF receptor activation and cell proliferation [J]. J Cell
Biol, 2000, 148(3): 591-602.

IMHOF I, GASPER W J, DERYNCK R. Association of tet-
raspanin CD9 with transmembrane TGF {alpha} confers altera-
tions in cell-surface presentation of TGF {alpha} and cytoskeletal
organization [J]. J Cell Sci, 2008, 121(Pt 13): 2265-74.
NAKAZAWA'Y, SATO S, NAITO M, et al. Tetraspanin family
member CD9 inhibits Aggrus/podoplanin-induced platelet ag-



ARSI Ui I R 1 SR A 5 R I

681

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

gregation and suppresses pulmonary metastasis [J]. Blood, 2008,
112(5): 1730-9.

SUZUKI-INOUE K, FULLER G L, GARCiA A, et al. A novel
Syk-dependent mechanism of platelet activation by the C-type
lectin receptor CLEC-2 [J]. Blood, 2006, 107(2): 542-9.

YANG X H, KOVALENKO O V, KOLESNIKOVA TV, et al.
Contrasting effects of EWI proteins, integrins, and protein pal-
mitoylation on cell surface CD9 organization [J]. J Biol Chem,
2006, 281(18): 12976-85.

POLS M S, KLUMPERMAN 1J. Trafficking and function of the
tetraspanin CD63 [J]. Exp Cell Res, 2009, 315(9): 1584-92.

XU L, HYNES R O. GPR56 and TG2: possible roles in suppres-
sion of tumor growth by the microenvironment [J]. Cell Cycle,
2007, 6(2): 160-5.

MIYAZAKI T, MGLLER U, CAMPBELL K S. Normal develop-
ment but differentially altered proliferative responses of lympho-
cytes in mice lacking CD81 [J]. Embo J, 1997, 16(14): 4217-25.
VAN SPRIEL A B, PULS K L, SOFI M, et al. A regulatory role
for CD37 in T cell proliferation [J]. J Immunol, 2004, 172(5):
2953-61.

VAN ZELM M C, SMET J, ADAMS B, et al. CD81 gene defect
in humans disrupts CD19 complex formation and leads to anti-
body deficiency [J]. J Clin Invest, 2010, 120(4): 1265-74.
ROCHA-PERUGINI V, MARTINEZ DEL HOYO G,
GONZALEZ-GRANADO J M, et al. CD9 regulates major his-
tocompatibility complex class II trafficking in monocyte-derived
dendritic cells [J]. Mol Cell Biol, 2017, 37(15): ¢00202-17.
RUBINSTEIN E, LE NAOUR F, LAGAUDRIERE-GESBERT C,
et al. CD9, CD63, CD81, and CD82 are components of a surface
tetraspan network connected to HLA-DR and VLA integrins [J].
Eur J Immunol, 1996, 26(11): 2657-65.

ROCHA-PERUGINI V, GONZALEZ-GRANADO J M, TEJERA
E, et al. Tetraspanins CD9 and CD151 at the immune synapse
support T-cell integrin signaling [J]. Eur J Immunol, 2014, 44(7):
1967-75.

ROCHA-PERUGINI V, ZAMAI M, GONZALEZ-GRANADO J
M, et al. CD81 controls sustained T cell activation signaling and
defines the maturation stages of cognate immunological synapses
[J]. Mol Cell Biol, 2013, 33(18): 3644-58.

KWON H J, CHOI J E, KANG S H, et al. Prognostic significance
of CD9 expression differs between tumour cells and stromal im-
mune cells, and depends on the molecular subtype of the invasive
breast carcinoma [J]. Histopathology, 2017, 70(7): 1155-65.
JIANG X, ZHANG J, HUANG Y. Tetraspanins in cell migration
[J]. Cell Adh Migr, 2015, 9(5): 406-15.

ZELMAN-TOISTER E, BAKOS E, COHEN S, et al. CD151
regulates T-cell migration in health and inflammatory bowel dis-
ease [J]. Inflamm Bowel Dis, 2016, 22(2): 257-67.

GARTLAN K H, WEE J L, DEMARIA M C, et al. Tetraspanin

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

CD37 contributes to the initiation of cellular immunity by pro-
moting dendritic cell migration [J]. Eur J Immunol, 2013, 43(5):
1208-19.

WEE J L, SCHULZE K E, JONES E L, et al. Tetraspanin CD37
regulates P2 integrin-mediated adhesion and migration in neutro-
phils [J]. J Immunol, 2015, 195(12): 5770-9.

JONES E L, WEE J L, DEMARIA M C, et al. Dendritic cell mi-
gration and antigen presentation are coordinated by the opposing
functions of the tetraspanins CD82 and CD37 [J]. J Immunol,
2016, 196(3): 978-87.

ZOLLER M. Gastrointestinal tumors: metastasis and tetraspanins
[7]. Z Gastroenterol, 2006, 44(7): 573-86.

COSTA-SILVA B, AIELLO N M, OCEAN A J, et al. Pancreatic
cancer exosomes initiate pre-metastatic niche formation in the
liver [J]. Nat Cell Biol, 2015, 17(6): 816-26.

COLOMBO M, RAPOSO G, THERY C. Biogenesis, secretion,
and intercellular interactions of exosomes and other extracellular
vesicles [J]. Annu Rev Cell Dev Biol, 2014, 30: 255-89.
SCHOREY J S, BHATNAGAR S. Exosome function: from
tumor immunology to pathogen biology [J]. Traffic, 2008, 9(6):
871-81.

FANG Y, WU N, GAN X, et al. Higher-order oligomerization
targets plasma membrane proteins and HIV gag to exosomes [J].
PLoS Biol, 2007, 5(6): e158.

CHENY S, MA'Y D, CHEN C, et al. An integrated microfluidic
system for on-chip enrichment and quantification of circulating
extracellular vesicles from whole blood [J]. Lab Chip, 2019,
19(19): 3305-15.

KOLIHA N, WIENCEK Y, HEIDER U, et al. A novel multiplex
bead-based platform highlights the diversity of extracellular
vesicles [J]. J Extracell Vesicles, 2016, 5: 29975.

MIZENKO R R, BROSTOFF T, ROJALIN T, et al. Tetraspanins
are unevenly distributed across single extracellular vesicles and
bias sensitivity to multiplexed cancer biomarkers [J]. J Nanobio-
technology, 2021, 19(1): 250.

LIU Y, FAN J, XU T, et al. Extracellular vesicle tetraspanin-8
level predicts distant metastasis in non-small cell lung can-
cer after concurrent chemoradiation [J]. Sci Adv, 2020, 6(11):
eaaz6162.

CLAAS C, SEITER S, CLAAS A, et al. Association between the
rat homologue of CO-029, a metastasis-associated tetraspanin
molecule and consumption coagulopathy [J]. J Cell Biol, 1998,
141(1): 267-80.

DE CICCO M. The prothrombotic state in cancer: pathogenic
mechanisms [J]. Crit Rev Oncol Hematol, 2004, 50(3): 187-96.
GESIERICH S, BEREZOVSKIY I, RYSCHICH E, et al. Sys-
temic induction of the angiogenesis switch by the tetraspanin
D6.1A/CO-029 [J]. Cancer Res, 2006, 66(14): 7083-94.



