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(8] BR 1% 88 H 43 7R B im 72 v |4 A = B9 1E A A AL )

OBV OFBRY Kb
(B = ZE e KA T RS L e, 93 BEAAT 9 T /78 B e e 0, FEPK 400038 220 A 0 g f s B TR 0 586 =, FEK 400037)

E  FFRiE4EE 943 (connexin 43, CX43) R 0] [R5 F & KA EEZAA Z—, A 5KA
X% AEBFRIEITARGIAE., EHLE, ZEEG RN, BIREMNBRRAG Z I m, LHEIK
S EAEREEO LA LE, BTG5 CXA34EB 5 AR EARAMENER: —F &, %A
CX43 B & 695 B AR &, M ifdx . T amit i vh B F S it 42, B —7 @, CX43H K%
T AR IE T B A Ak, AR HAE G 5 T R E, AR rafs 545, AT maliedd
AW F . BFRATEIN, ZE G G F I (carboxyl terminal) 2 2 4o %5 e I J& 4m e/ Bt 98 T 4m
FLG A FaetE. ZIGRCXA3AR K H LM L. 5EORAZAERLE . BRI ta i/ I
BT miesga. T8, A REIFARIE A 691 R A AT R e 4nit

KRR IRIBNERR T (143, Bk, T A TR R T Al 390 TR

Function of Carboxyl Terminal of Connexin 43 in Malignant Tumor

Wang Jun'?, Bian Xiuwu'?, Yu Shicang'**
(‘nstitute of Pathology/Southwest Cancer Center, Southwest Hospital, Third Military Medical University, Chongqing 400038, China,
*Key Laboratory of Tumor Immunology and Pathology of Ministry of Education, Chongging 400038, China)

Abstract Connexin 43 (CX43), a member of connexin family, performs crucial roles in regulating diverse
physiological and pathological processes in eukaryotic cells. This protein is composed of three parts, including the
amino terminal, transmembrane structure and carboxyl terminal. In the carboxyl terminal of CX43, there are many
protein binding sites. Through these sites, CX43 can interact with different proteins. On the one hand, those sites
influence the phosphorylation state of CX43 and then regulate its degradation, subcellular localization, assembly
process, etc. On the other hand, the carboxyl terminal of CX43 also influences the functional state of other protein
molecules, thus affecting the signal transduction and regulating the biological function of cell. Recent studies re-
vealed that the carboxyl terminal of CX43 played a critical role in regulating the biological features of cancer cells
or cancer stem cells. Here, we make a brief review about the structural features, the protein-protein interaction sites
and the molecular mechanisms for regulating tumor cell proliferation/migration of this domain in CX43.
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5] Bt 3%E 22 25 11 (connexins, Cxs) g4 5 4 o 1) 1]
B3 H2 1) 23 1 B dilh, o R) B34 42 4K F143(connexin
43, CXA)M L At h )iz, IFL R IR Ok R
Tlo &5H b, CXA3 78 ANE R R 5 1% 42 2 1
FIEE— AR K FLIE, 40 I [0 9 55 ) 32 0 o 1 i —
Uiy AHE, T8 R IA) BRI B TE, VKo7 RN T,
WIgsF(Na' K" Ca®*5%) AR ¥ (ADP/ATP-, #i %5 b -
HER BICHIES) . 2B E MR 2
MREFREE). P, H EmicroRNAZEE I,
J34H 9 1] B2 3% #2238 TH((gap junction intercellular com-
munication, GJIC).

KHILIR, AATIA S CX43 3= 25 i B i e
JISE T FR) 0 T A 46 Ay, DT A AR AT 40 P 7] 8 7N 20
e, WS T AL 3 S AT 4, B 28 D AR <R
AMMIEIR AR, My, S5 TR AIAEEAL. R
MIRANMER W], CXA3EY) - D Re ) R IEA B4
MRS 7] Bt 322 422 T8 3 A T B (1)CXA3 1) I 4 i i
B2 et iR I ANE AL IR 40 M, 1y HAE
M5 A0 A A REAS DU B HAE AR, (2)AE e %
FR) TR0 50 322 2 0 2 5% W0 400 L PR ZE 0 2 R e A
T CXA3TRALAA LA IE B 1 6 B 1) B 3% 4% () Hela
a0 M, HAE KAz B0 R4S 3k R IACX43
J5, AL AR A T PR A T )R R AR A, H D TR B
TR R AN B AT S, T 45T [A) B34 5 w1 i 77
FEA R 3 ik AR CXA3 5 AL R A WY, 35X Rl
CX4334 fig W% 10 1 AEGITCHOR M HIL 1l 7 wey 20 Jite 1) A

Extracellular loops

Y. BRI, U T TCXA3 5 1R
FEAR AL 1324V R IE IR I T4, 5t HEXT A Mok 1) 2
A PR AN B L ST R /AR 2R A e R A e A
BEREW . X R, BRI UG ECX43il 1t AEGIIC
MRS AL U 42 P8 0 2 00 2 R P e R v s
TEENMG. K, FATHCXA3 BRI 5%
A I8 00 A 2 e R T (AT S e A 43 T B
BT R 2RA

1 CX43REIRMIEMIF =

CXA3H AW EON LG hy g 4415 I 45 14
2N MBI, B B M TEA DL SR B . R %
WG ILHR 45 5 BAR AL IR AR BOR X CXA3FR KL by 45 4
BEAT B S5 I, CXA3H I I Ay 1324 B FE MR AL 1k
F1%) 0 R I 28 L A 285 ), B 5 2 W e 45 Ay sl DL S M
A it J5T N AE £ SR ) IR IZE 2240 1 (membrane-docked
channel)”/(F 1)

RAWFFUR I, CX438 50 FAF(E KR
5 RERITANER), I IX L8075, CX436E1% 5
AR AR A EAER- . —J7H, #mcCX43 35
FOREPR AARAS, TR FERR A S 4 i 5 7 LA 2
PeMoAF IR . b, AR I CX 43R BRI E227-G242
FIERRIX I8 ] 5 CX434F FH #1150 kDa(connexin 43
interacting protein 150 kDa, CIP150)#H H. 1 H, 5 &
CXA3WEIR AL, M Y 45 CXA37E 4 B s |- (1) W 58 47 ;
S325. S328. S330[X ik Al 5 % £ [ P 1 (casein

Transmembrane
domain

. Intracellular regions
O Q Site for protein interaction
™ D Site for phosphrylation
} W Dynamic cytoskeleton

Bl CX4345#R=E
Fig.1 Diagram model of CX43 structure
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1 5CX3BERinHEEERNER

Table 1 Interaction proteins with CX43 carboxyl terminal

HCXA3m LM EAE R A SIERR AL A 1EH

Interaction proteins with CX43 carboxyl terminal Amino acid sites Function

Connexin 43 interacting protein 150 kDa (CIP150) E227-G242 Phosphorylation!'”!

Microtubule K234-S262 Regulates the activation of TGF-f signaling pathway

Calmodulin protein kinase II (CaMKII)

S244; S255; S257; S296; S297; S306; S314;

and influences cellular polarity or migration!"*!*""!

18]

Phosphorylation!

S325; S328; S330; S364; S365; S369; S373

v-Src

c-Src Y247;Y265
Connexin 43 interacting protein 85 kDa (CIP85)  A253-P256

PKC S262; S365; S368
PKC/mitogen-activated protein kinases (MAPK)  S255; S262; S368
Hsc70 Q263-1382
Connexin 43 interacting protein 75 kDa (CIP75) K264-N302
Neuronal precursor cell expressed developmen- — S282-Y286

tally downregulated 4 (Nedd4)

CK1 $325; S328; S330
14-3-3 S373
Z0-1 D379-1382

Proteins with unclear sites for interaction

Cyr61/connective tissue growth factor/nephroblastoma-overexpressed 3, NOV/CCN3

Caveolin-1/-2/-3
Developmentally regulated brain protein, drebrin

Y247, Y265; S262; S279/282; S368

Phosphorylation"”

Inhibits cell proliferation™?!

Promotes the degradation of CX4312
Phosphorylation!!?!-?2!
Phosphorylation*”

Inhibits cell proliferation"*!

Promotes the degradation of CX4312+%
Regulates the degradation of CX432¢!

Phosphorylation”
Phosphorylation!
Regulates the interaction between ZO-1 and CX43)

Inhibits cell proliferation’*”)

Regulates the functional status of GJICE'32
Regulates the subcellular distribution of CX43 and
GJICE)

I I | | | | | |

E227-

K264-

{234 53-P25 4 2 837 79
Gl K234-5262 | A253-P256  Q263-I382 s 5282-Y286 ‘ 5373 D379-1382 ‘
_,_\ L\ bl l [ |
r N [ 1 1
NH,— pill | 00 | yA— COOH
\ Il I
$244 5255 $257 $296 Y247 Y265
55 5325
5297 5306 314 325 Y247 5262 2;;‘2 :;:: ;:is
$328 $330 364 $365 Y265 $279/282 A e e
$369 5373 5368

| | [ | |
13°]
n

CK1

B2 5CXa3EimBEEANEARNS

Fig.2 Sites for protein-protein interaction located at the CX43 carboxyl terminal

kinase 1, CKI)AH 45 7, R HLCX43, 1715 CX4311
JEHCO B Ay TR B 2, CX43FR Ak i fig % 11 Ik 5
LB 58 1) 4 A A0 s, TR Al B 2 7 1 D RE
&, IsEmaE 557 S, WATg By 2= Diee. b
U1, CX4A33R KL 11926224 SR TR HE ] 5 5 %%%*ﬁ
KAMMIIETE S oA AR AH OG5 5 18 B 1) o 1

C(protein kinase C, PKCYFH{EH, WAt HAL s it i 41
HIDNA A BRI, Y247 F1Y 2655 F: 1R ik 3 ] 5 J5 8
KRR IR 3 I (c-Sre)fH 4 &, 78 Me-Srelf A, MM
WA R R E AN, Q263-1382[X 4 1]
[{] #AIK 78 B 1 70(heat shock cognate protein 70, Hsc70)
(¥1385-543 X sk A AL AR ELAR ), AT 5 4 P8 b A1 o 4
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Jf 5 31 42 FID 1 (cyclin D)5 Hsc704E Jfl it 7 () 45 1,
gk eyelin DIEAH Mok AR 2R, K234-S262
[X o v 55 B H (microtubule) K AEAH HAEH, 52
Wi i 71K 5 A R ok A 2H 28 O 7 3 A I W TR B A 43
A LA SO BRI 5E [ 510, b, CXA3 R Jk i
[11D379-1382 X $ifid 7] 55 [41 8 /N 17 1 11-1(zonula oc-
cludens-1, ZO-1)[FIPDZ2 X B AH &5 &, T 17 5% 1% 42
R0 1) 5032 42 R A B A T

2 CX43%% Fu Xt B2 2 R4 58 B 52 M

CXA31E Sy $9 I8, 76 2 Bl vk g i
ik, A TS S EAH G IMIREF SR IR, fEE
JING g 5 PR R AL 2R, CXA3 (1) 280 1 I
T S5 AR, JEBEAE IR IR 1 2, CX43 1) B 1t %18
I PR AR NI-TTHI 1) 66.67% [ AR TTI-TV I 1#139.14%)34,
[FIRE, 7EANJEMEHE R 1A CXA3 1 i I 41 il 2 U6(U6-
CX43)h, 4 W 5 b 2 BRI Dot A I R 3R,
U6-CX43 58 Jil— 1> 4 i ) 3 1) e [ A f U6 48 Jifd
W2 ZEK (34 hovs 16 h), T 7EHEAN 40 i S R, 64%
DA EU6-CX43#8 4k T4 B1H(Go/ G ), A AT5%
(120 BT 14 hpA JE N BG 58 43 202 SRAT 0 R IR,
AR CXA3 R IE AT, IhIgd 40 B I DNA & 5%
B H0AH, RCXA35F R 4N i 14 A RE 7 R
2N HLR R i D) A G
2.1 BEER-ZERHEEERAZ LA

TE ik R v A7 AR ) 22 S B AR A R e 2L
B SRR E (AL RS T DL S R OIR A, A2
CX4A3 87 i I8 41 o 14 48 1) 82207 K2 —. Herrero-
GonzaleZZ5 " WF 9 K& I, CXA3 R L L2247 265
BRIV Se-Srehf 45 &, FEAKTE fe-Sre/ e-Srelt
#, Eifp21/p273K ik, & ¥ Retinoblastoma(Rb) [
T MR A, 410 51 B Sk TR P E2FRE T, ik 20> 41 g J) 340 2
FIE(cyclin E)F ik, 13 11y v 2> 41 1 J&) 30946 ot 2k 35 g
2(cyclin-dependent kinase, CDK2) {1 #3i%, 175 5FGo/G,
S BELT, e &AM fu 14 57 . HatakeyamaZ5U'3 & I,
CX43 7 3 it 8 HE R 263-382 X 5k fiE L eyclin D1AH 7%
4r 4 BrHsc 70 28 3 12 385-543 X 15k, BH 1l-cyclin D1
S Hsc704E Ml 454, Mni P 1EHsc 704 5 fcy-
clin D1 itz 2 A7, kb eyelin D17ESH A% 1)
SETR, JGHIAN MO BT . CX43 7R I it &5 K4y 455 (244-382)
AR S A CONS, J/>CCN3 % S A, Mimidiigl
LA B A RO eAh, A7 F-CXA3 R HL vt

1) 22 5 R 2625k Jik 3 ] 1 PK CH S R U IR A1 21
2.2 EARZEEREF G R iHENE R85

CX43 7 Jk iy [l o 8 11— 11 A LA FH RO
WA WG B AL, 36 R Be L E N A AR, AE N AR
S5 IR - Bl e S iy B R 8 8 A G 36 IR P 3Rk
TEREGL T srey new 59 FE DR (19 R BRURF b B2 3 A4 40 g
o, BIFGEE R I, LA 1 CX43 8] B /b, Jf k41
IR A0 A B i, WO L ER AR AMUBE T R ILCX43
KEBSY AL T 4 I #%PY. Dang5@WHE— 5 AIE 52, 7
i 2% 1k CX43 % H i (CT-CX43) [ HeLa 10 L 44 it
W, CT-CX43BR 1) iz HE O+ 40 B s i 4k, T
T 41 Mo b PRI 21, BUAR E R A I CT-CX433k 1]
i HeLadl fE I35 5 . T CX43 42 — /> 41 g i
R, R A v LA A 1R A 35 43 &5 4 M L0 IA 4
A%, PRI HE I C X 43 1 3 5 i ] fi L A A% A 1) )
e, DAV A B ARG WFST A R CXA3 8 (1 I 2 2
R 7 50 o3 B R B, R L0t 133148 4b A7 76 J3 A%
€7 7 %1 (nuclear localization sequence, NLS)F¥/F
H, CX43 0] Befi B ix )7 41 H 8 1 N 40 A% B AN
o, WATHIITE N A, CXA3IREL I I AAE AL ()
NLS, {H I AH B AE H & [ WiSre. PKCEI 1] #5
S0 f A%, CXA3 238 b 8 (4 (1 AH T AR 11 ) %
BLTIEE N0 R (B840, ZE 6 JeCXA3 1M ' bRz 4
MO b, A ELAN R IR, Aeyelin AL cyclin
D1. cyclin D2LA }2CDK5. CDKG6I{) 3253 R i, 41
JHa K A= W W IR Go/G I BE i, 32 8 CX43 1] HE 52 1 4
Je JEL AR OGBS R 2R IA, AT 2 55 38 B 1) R 406
IR RPER, AT A0 MR I CX 43 A B AT R
Vi) B0 325 422 108 TR R 1k A= A I BE T, mT AR A
DRI~ B 53 TR 7 A DX B B TR 7, L e e T 2 52 i 4
Y K44 A DI PR ) Rk

3 CX43FEum Xt 4T 2R 2 R =20
CXA35%F 8 40 Mo 42 225 B fie g 18 g e oA &2
oo RIS RN, CXA3H I AT 7] I8 41
12 28 i B A M e . X TS B A 2 kR A 1)
G958 AN I R I, o R A R B A% 1) B 2L R
CX43[FRIL B3 m TR b, AR R RN EH
CX43 mRNAMZK B F T R E KW G, B8
CXA3 1) 33 ] i i ) 6 8 S A R 1.
CX4358 45 (A FLRR S AL I B rpr, T A 1 CXA4358 48 I
BB T A%, 4 T AR (] B B I ), 3
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BoLb i H HE— 20 13, W oRCX43 ] # i FL R
Je 0 PR I A R 20 [RIAE, B R B BT U225 140 i)
CXA3KIEIKN-, HAZ ZEHE ) W) 5k 25 BRIk

SR, 78 SR | CXA3 1) 1 R IE K e {3t
JIIRT A0 BT A% N2 5. TangZ5 % B, CX4A37F B
J R A ZA A I Rk, 1 o s I 7 s 44 L LA R I
AL P R IE AN R 2 BT AMEYEE R
IKCX43 )5, T g 40 M 1) I IS 7% R 2 22, 1K SR
CX437E N i ) B 6 7% vh R 4558 BB (kA
JH; AR AR 2 1y-5F 26 (10~20 ¢Gy)iE S T, ik IR R
I8 A1 ML CX43 1) 22 328 B 2 19 58, W% 1hp38 - 11 13F 4t
LR, 14 FIHCX43)5, 4 MMIEH A8 ) Kp38Iri
T )52 BIANEIY, AN, TR A B 40 i b g ek
SNAIN &, CX43[1M 315 K M MR 226 13 8 2% &
W; )2 FIHCX43)5, SNATIRIE NP, 41 iR 28
AE kS . XK, CX43 0] L SNATTAH H.AF 1 E 1%,
CX43-SNAIT i Fh i, (it ihyeg 40 12 22 5 7510
IR PR SR A I R S AR R I Al R A L,
CXA3 RIS B T =7,

ANi, FRCXA3 R He v i 5, 40K 2 B T4
AT, FO6T bR 4 B 1R AT RS fE ke 2 2 1 (AR
Mo RIEAKCXA3MCOAMUITREIZ B RE ) B 1
5ER, 1117 > AT C X A3 4 S5 o X PNl i O, PR
YeCXA3FR HE i BV ny dg 25 188 i A Jie SR LN 18 41 it A1
30 HelaZt M 1)1 A% e 001, 1 ICXA3 IR R 5 i
1 5 JTUI8 40 M B vt A 3 A B AR R0, N
p38MAPKIH 2 A5 s ME A i 77 5, RIACX43FR 4L
A uity (F) Heladll UIT A% E ) W25 T 1%, tHTp38SMAPK
A B IR AL MAPKI 14 2 1 ¥l 2/3(MAPK -activated
protein kinase 2/3, MAPKAPK?2/3), i3 i i#iG #K 7
#1127 (heat shock protein 27, HSP27), FE N8 &
(actin)H AL 1 e E 4l fiT#% . DRI, W5 4p38MAPK
A HE JE CXA3F KL dim 1 15 41 g 1T 4% O BL I 2 — 1931,
Wb Ak, CX43 18 5 vy ids 7T 55 40 Mo 1 48 8 (1 (W1 F-actin.
B-tubulin. N-cadherin) Xactin%5 & & [71(@drebrin,
cortactin) & A2 AH B/ I 12 1 e 2E i e iT 2. R
I A% AR B AT DL, 3o R R CXA3 7R HE i (LN 184
WOAEIT RS H T T O A A 1R 45 R0

4 CX43FRELiw 3T ppiE T 40 pa 89 22
UL AE R R Y32 1, IR — S T 1 A,
FELPIRE 4 AL R 43 9 40 i i g ke 4

FIETCWI I3 J2 57 Bkt o J& 1 Tl s (1) e 9 = 40 g,
SRE M D, HUEEYEM R A . BT AR
PR R AR YRS W50 R I, CX437E I8+ 4
WA PR Rk, TR AR 0] T 4ERF
Ji g 40 B R S P R 2 A OC EE L AR MR A
AMJR A HE R AR CXA3REMS I IL | BB, {2k 4y
T AR AR 22 1t A0 MR R 4R e D37, HE— b
MR IR, 3P0 () C X4 3 15 65 R v % D) AH %
Gangoso5 50V L, MR HECX43 72 3 A i (1) 245-283 %
HI(CX43 5 -S4 A A SO PTG e 28 K, vl
c-Sre&hi &y, A Sre-DNAZE 5 4131~ 1 (inhibitor
of DNA binding 1, ID 1)l # (135 4L, BEARGIE ) vk 52
X YHEH 12(sex determining region Y-box 2, SOX2)
i 8 T 5 85 (1 (N-cadherin) 1 26 ik, I L 1
2 485 R 4 1 (E-cadherin) (19 7K ~F, 1 1 410 6 15
I T A0 MRS 1 S MR BE )5 T/ g3 SR AR
%t (sulforaphane) | HE % $i2 7 CX43F2 K 4ii S368.
$279/2824% 5 H) W IR AL /K F-, 5 WICXA3 1 Fe g 1k
FE A0 M A7, T 1 40 A= K BR - 52 44 (hepato-
cyte growth factor receptor, HGFR)F! {5+ 4il Jfd s
WCAICD133 (1 %k, a3k 1140 i) JBke Je 9 — 440 J ) S
TP,

5 BE

2 b, CXA3 1) 3R JE vy ] A7 Kb 5% v Jih 987 4
(2R KR B4 28, LML A 8 -8 A B4
F, BRI A S R AIRAS . WA e
A7 LA R B B S I B v A OC . FRATInE, B
FUE A AT ZN AT &, BB 5 8 2 A A BAE
FH &8 R e R 3 I OB . DR, 7E R R
SE R IR KT 1 1] B CXA3 1) R ik A ity 5 HA &R 1 2
1) )RR EL AR F O E 3 ST X 4%, 8 A R T B AT 4T T it
CXA3EMMER R R Az MR R s ) ff
SRIM, I Z1 ) 0 A R (1)CX A3 356 i 5 1 1% i
SR . 1T AH DG Th g B I (WINOV/CCN34E) (1) 1F
FHAE 55, () 1 AN 285 (2)CX 43 F 3 i 4 75 ] LB %
N AZAE Sy e 5 DAL =1 R 1R 8 e 3 1 5 AH DG DR ) 36
15 (3)CXA3 3R Heuity 5 2N A AN M1 4L A AR FLAE R 52
M) P8 200 O R 42 2% Hh O RS G014 (4)BR S¥ Wi cyclin
DI A%, CX433R ki 55 73 1 FEARHSCTOM) AH 1
YER AT MR AL T B2 1) 55 30 (5)i AT MRAE 2 B
Iy FHCXA3 B w7 e A AR . BRIk, B -
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A EAE AL 0 A, 7 58 BE I CXA3 R HE R
uti—# 5 B AE H 2H (interactome) I 3%, F545 Bh T
T S FLHE [ P P 0 IR B v RN a3, B Bl
Fedt A F T CXA3 Rk b, DR B O Trhea 4 i 1t 14 5
Ff £ g 1 [R] ik 40 ) AR I R A H, Ay i AR A2 o
JeE VR T PR AR I R B A
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