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The mechanism of CIC-3 proteins on cell proliferation
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Abstract

As a member of the CIC voltage-gated chloride channel family, CIC-3 mainly act as a volume-actived chloride

channel to affect the cell proliferation by regulating the volume activation chloride current, the cell volume

and membrane potential and so on. In recent researches, the study found that CIC-3 can also be involved in

the regulation of the cell proliferation via several other mechanisms, such as regulate the process of premitotic

condensation (PMC), maintain intracellular vesicle acidification and the oxygen pressure, act as a regulatory factor

involved in the Akt-GSK-3p signaling pathway and the signaling pathways regulated by CaMKIL

Keywords  CIC-3; cell proliferation; chloride channel

SR T s T A D 0 B R T i iz i AR
o, HLeAE X 40 MO B 35 PRI AR O B,
CIC-3H CLCN-3H 4%, HafyH"/Cl
exchange transporter 3, J&HL [ ¥R B i E
KR Z— . CIC-33 18 2 1A 131 85 15 X,
N CAH s 207 T AN, HA MMM Z Iy,
FAICIC-3 8 F 7601 2 LA G, fEJE A CIC-3

7= B (Date of reception): 2014-04-09

B AR s (N ) i 5 84 44 ik 1R Bk 3k B A 1
KAICIC-3 A M., CIC-3BEEMA 20T
WG, G WE L CEERAL. B I RAR SR AN, FE
PR ASRDE 250 L&A =ik, — BT, K
2925% A M CIC-3 6 R BN AN i A% 1, 3 1 40 i
MNAEER, o B R4 b AU R A 6%,
HAKL194% N 43 A fE NN, Cle-340 i N 5E

EIS1E#E (Corresponding author): T, E-mail: jianwenmao@hotmail.com
H £ I B (Foundation item): K H SR FL 2% 3 4 (31371144, 81170339, 30800433) . This work was supported by the grants from The National Science

Foundation of China (31371144, 81170339, 30800435).



CIC-3 SUHIE AR A AN G LR DT S, 4%

631

PEWFIE R, CIC-37E T . AN 2% S 4N i A% 146
H#EiL, HEBERKTHMAZ LD,

21 it 8 e A DR A TR A AR AR, ARk
AR BB BREARE R, T KA CIC-3
/NTHERNA(sIRNA) L YL 4l e, ClC-358 A K id /b
HAn sz 2D TLERCIC-3RERH 1L 41 G1
Wit RIS, EAREEEGo/G1IY; FE3T3-
L1RTAR I dn i, skt BRClic-3my &k, S5
MAEGO/ G AN, 20 i i 22 109-60% "
M #E S W CNE-2 Z 40 Jif 41 i B & B C1C-3 19 %
KO 5 AN s A 56t Xk s g R AR LI ClC-3
FEA I A P E B . S b, SR
I 1 2 A RN/ 22 958 0 1) 2% A 90 5 40 i 358 o A 4
AA B R, MEAMREHCIC3 NS
B S RS A A, LA S AN (R B 1 3%
BB EEERY, EIRE T, clc-3th R EE
5, HAEEYEZ AR B AR Nk, B
CLC-3 145 20 Jita 358 78 () ML 1 38 76 8 B, BIXFClC-3
255 Y1 i 154 5 0% TT R B AL 2R A T HE A o

1 1EA VACCHZZBEZERAT CI BiR
1 RVD

14 A BT AL 0 PR BE S AR S B B O R B,
TR - 1% 25 RO PR B S T 2 BT PR S
EFWiE SIS, B KRCr A E R, R
P B K B B Sl L T K Y 20 A S D ke
BOPRRR, X — s R 3 59 1 7 BRI (regulatory
volume decrease, RVD). RVD7E4UEA: K . 40 fifl 4y
A& 20 L R 200 B U T A 2 A P R v R
TR Ri}%%‘@%ﬁiﬁ(volume-regulated/sensitived
chloride channels, VRCC), SHEHR R 2 B A
818 (volume-actived chloride channels, VACC), J&
BRI CUR s 1 FZEHLH, 78 4E 47 20 ML AR R
R AEF AR BRI B % A0 Hh 7 B
AL Lo, oop) 2 AR R, HAEARE 54 T
I BRVD A2 JE AR A, 0 i Bl S8 5 3 1 R
W) T AR . SR RIS e B SR 3 BEL R ) 410
HIAN M VRCCIE M T P A A0 A
B o BIFSEIE R BN L 1 GO/ G 1t B v Rk I A AR
T G TR A R RN T X
$e kit R B VRCCHIRVD BE 52 M 41 it 14 57

CI1C-3 1] BEAE Sy 7 BRI M S8 38 1Y — > e ik
EAMS 5B E5 . WS a7
N RS AN LR A R A A T A
J e, i ClC-3 1 Rk Hs FHC, o MDA 3L

HRUCRAE R CLC-3 Y 2235 RE 5 1 ) 7 BRI
SUEEMBOE , WORVD, JEREIIEIANIEA K,
Wi 20 M A . A R YRR Cle-3 0] fiEfE A VRCC
2 5 3 Ik i & - LA0 3 g, o T 5 | R S I R
LA AH B0 ol Al clC-3 . VRCCAHI 4 g 3
B, TR R IR S R LA A . HR s cle-3 1]
REVENVRCCS SN s 2 . SRt A Ao &
W, W RIS R IR RGP CIC-3 RN AR
RO M A R AE, KB CIC-3BE AN RERL 40
R A BT 3800S AN RPN A ) 25 FR OS PE S e
HIFEYS, FHCIC-33% M F % Bl (Clen3™) . CIC-3HF 2
R (Clen3™ ) FICIC-324 4 T BL(Clen3 ) W52 %
B, HBIERC A 25, W ETFCIC-32%E
TR P G T 174 o B 1 X S W A BT A TR AR
KB4+, CIC-31E HVRCCS: 5 4 ff 14 5 4 i 45 7]
A5 HA T A0 R AE O, AL AT B 1 el s 4
JHL PN C 3 A 38T HL e s Al L S e B A G
A TR 18 Rk — S R P T 1 R ORG24
it JE S A AN P A T i s Sl e e A 4 i
A TR 290 i e A ol 78 5 i A48 0 R i) 40 i 7 A= K g
PAR I Oy R

2 i@id PMC =20 48 B ] HA

ﬁﬁﬁg\%ﬁﬁé@f%(premitotic condensation,
PMC) B 4H il i A AT 22 57 S0 T0, G 40 0T ey B
B, M R A BRI S, HIhRE 3R B Rl 4
A M Z AR B MR N Rl AR, KRS
Hefa LR TIREA G . USRI EL, A 2RI
e e A F[R] ] 8 4, 300 ] PMLC O 4 i J D) A T de
DR . AR R PMCH A CIC-34E Y ek
() CLIR B A7 O o 76 P28 10 o J8d 4 il v i B C1C-3 A8
I EOE 225y W CU B i i B B/, i HAEPMC
PR LR, BHARYe (R, Christa WP
YR 25 S O R () s O ke R 2 AT Ak R A
CIC-3/NTHERNARY AN MR, & X HE 20 240 it H: 4
JH JoT B 4 e AR AR, T G b PR ) 4 e HL 4 e B
FEAERT A AER , Ui Hl il ClC- 34 FHAFPMC, SE
g B . s AL R B IS R SEPMC I kK A 5
RVDA K, I/ PMCIR Bt 23l /D A% e 45 . x4t
MR PL/RPMCIE SE B A o R 2L AT, IR
i CIC-3/TIRE, J5#& W] Bl i RVD I 15 4l iy 25
TR RIFEVER o 53 4MVishnu 5P WF 9% & BAE 4> 2410
NP R B A, 0% i CaMKITAICIC-34E
FEA T4 P e Xk, m bR PR CLC-3 8 H
[ 22 15 TH BR CaMKIVK #8 AY CUHL 3, FHASPMC. 1M



632 I PR 59 B 243k, 2014, 34(5)  http://www.lcbl.net
PM C T il 3 4of J6F 40 240 L I T 8 05 P AN B R I o Ca MUK B3040 ML 394 100920 7096 -809% , i 20

B Cdk/cyclinE AW, el 40 fsm it s B, ax
Se 251 B CIC-3 W] REAF S 5 38 3 8 4% C1 oML,
PEBEE K A, 40 B AR/, PP A PMC,
EIDNAREEHE AR OC M52 Wi 40 i 1 5

3 5 Akt-GSK-3B 55 @K

Cyclin D1j&—/™ 4 it il S0 A ) T 2200 10 41,
EGIFL S, ECDK4. CDK6MIG e, w5
CDK4/6Z5 G E AW, AR 4F 41 Ml i G 1/ Sk
K, WF9E R, FiMlcyclin D1AYFR KRB 2 S 54
J IR AR G L™ B AT A B, FFRCIC-3
fie T cyclin D1Mlcyclin BERYFIL, Lifp27“"H
p21°IY L, HAE R E M FRAIKET- 15 5 1Y Akt (X
#EHBB, Protein kinase B, PKB)FJThr308
P75 N GSK-3B Y Sero o7 s YW 1LY, $/RClC-3
5 Akt-GSK-3p X MME Sl B AF R R, T HE#
UESE 55 40 B 3 Al 25 VI A 56 . E R PRB ] DLl i
Akt-GSKiE 22 #E cyclin D135 K- 19 Fh 55 K 52
W A0 MO 5, GSK3JEPKBRYJEY), i PKBYEN-Yi
Bz AL >, Tiicyclin D1/EGSK3BMEY) . GSK3
ﬁﬁ%@iﬁﬁ{ﬁcyclin D1M)Thr286, ﬁi&cyclin D15
2 B A% i t0 B A Ak, K cyclin D1 A% B
BRI, RIG1E RACRERE . fEX AR,
PKB Wb GSK-3BJ5 M il F i M, fficyclin D1#%
FRALE D, AEFF AN P eyclin DIRYRLRPY, 3
B Akt-GSK-3B3iX M5 =il 3 32 95 45 cyclin D11
RBEASSHEEAMBEEAY ., 2 vk, 25
C1C-3 1] A8 il & Ff 422 ok 1] £2 19 A #5 Akt . GSK-3
M BE R Ak ok 2 5 AR (E 5 08 B, NI S e 4
H9%H . M H PKBRE G A B IE 1Y K A2, Y PRBIL
FETG AL R, A e 5 A K B 40 M R 08 5 Y
PR 1 C1C -3 1] f 3 o 1 38 [ ol 40 i o 3 39 5, DA
SEUEAE M KA . (B ERCIC-3 A 52 i Akt / GSK-
3B 538 B X A i RIS A F i — R

4 25 caMKIl AT HESER

ClC-3HiE MM — RN HE, @
EEAMMC(PRC) . 5 I R MK & A B
I (CaMKII) . IfiLyE FULEERE G (P14) %5 o 40 B 4b
B Ca™ e NN, FF1EMH T CaMKII, f# CaMKII
FE HThr286 i 45 (pCaMKIL) H MR IL MG, S8
JGVER T ClC-3% IRy 10907 &, fliclC-35 1l
W AP R B PR R,

WS HEAE GO/ GNP, A8 4 CaMKITS: 55 4 it 344 51
HCIC-3 A KAW? LAY LM, FiH
CIC-31 R Al cyclin D1Mlcyclin EfY R, N
(CDKIs) p27 " Flp21°" {35 . Mi#F CaMKIT i,

p2 1 F K1 £ I 5 CDK 2/cyclin EFIICDK 4/cyclin
DE G R B G —E, [ CORBME Y TG M %
%, T A i ] 1 RE ¥ DA T 00 o A0 R AE, AR X
A 3 R AR T SRR AR A P R A
CaMKITRE T Akt #i78 CIC-3 1] BE i i CaMKITH
W HYAKE I EOE S SN, i P8 CDK
AT TR A R R AR R . S 4, PSR
FW, EHRIEFL LR E (TPC-1), #ili] CaMKII
fFErkMIDNAS B 59, CaMKILEE 2 SErkfs 5
T S 5 R bR A0 MRS A Y R B AT AR
CaMKIIA & LI IR L Erk, T2 {2 Raf1E 1L,

{2 #ERaf/MEK/ERKE & W) 41 %%, #E T & Raf/
MEK/ERKA5 518 i 1fi 2 5 4 a3 5, A ot
Bk BE AT N MAZ N p27 B IR fk ,  BELIKT 41 AR
MG s, KRG, #/RCle-3t T [E
18 33 CaMKITE 5 fRaf/ MEK/ERKfE Sl i K 2 5
YN AE , A DNAG S K5 ) 20 ] 3

5 (R 4R A FIBAIER L

V-type H+ ATPase (V-ATP) & — A B i+
B, V-H'-ATPasefF & ZIEN ) IZ A7 T HAZ A
L S5 R e TSI R e b, REAKHS o AT P =
AR REEVE Bl Jy, 300 R R M H T A
21 B A BN AT B 9 s P, A R A0 R B A p HE
HAE7.04 47 o JFAH LS 28 0 A1 B 2%, Wi 1
/NI B R R SRR SR R AR A pHIE Y. ClCHK
5% PRI K38 3 FIH AT Pase ™ 21 4 B, I SR A2
gL, Hdhmiahcic-3, clec-3#il
E—MHY/ClrimEimE A, i FV-ATPase—it
25 Y F5 A0 A N p P B9 K PR A A0 R Ak
(TR BE I T pH6.21F, CIC-3 H'/Cl %5 1A i 55 1,
FIES il 18, XX V-AT Pase (1) 40 i 3% 11 P B8 AL AR
F 3, Sandra M& FH fkk C1C-3 Y 2 BURIET /4 A5
LR R B, T B A B Cle-3 B2k 1Y
LR, TESE il FE 6 P B AT PRI 5 | AR B R Ak HB A
#rCr, {HJECIC-38 0 iy & IR L RCR ARG, 2
7N C1C-3 5% (2 1 200 it 486 v i Ak AF o 2L, vl pEai i
PATT CLR A2 HF 400 g 20 R L . 7 BRURF Al i b,
C1C-3 il % B 1%y % it A 52 A R 140 A St o 2 77
FH B A= 70 2 BRI CLC -3 B B S2 36 F 9% % B0,



CIC-3 SUHIE AR A AN G LR DT S, 4%

633

CIC-3 NN EEREME LT Cl, &5 IEH W7
RERALES . T WA A e pHON IR VE Y 3R 85 R A
SR LN R MK R B AGTE M, L RETN AL AR
Ko, AFrapeay =m0, 5o, HER
IR E R AL B C-3341 il R, Cde2sCi#E I
VA, (R R AN G A, T & A R G A TR e
il T Cdc25CHYHE H B AR B R i 45, T HASRE
e, cdeasCR— UM E A, XS
CDK1/cyclin BIE -G YIHEAA 227 3R T, w] L
PR TR AL X A f I T AF AR . Bz,
M E A V-ATPase i H RSB, ik,
CIC-31ENH/CUKCU IR, A=A 1 L,
I 38 1 5 H YRR M N A p HAE, DA R i 4 i
JEL M Hp — b AR P Y S R R A 0T 2 S 40 i
HETH

6 S5HEFHERNEE

A HBE (ROS) BAYMKA AR
R AR —RIEME S EAG YR B, BI50, .
H,0,. OH X HE M. f525. DNAXLLE LY
AT ABENAY, fEAMIESE . 4
T A EEEEWMAEM . 40 ROSH] DL
RE@micr-=t, ingrik, MBNNAEo, A
Y N Ca™ BB, BS kRO, 774 . fHROS
F R A T ANADPHA AL A1 5@ ik
NADPHE AL ™= 40,7, A & 1Y sl i 1Y 54 28 i
H,0,, H,0,/E R 55 A5 i Bs 25 BRI A1 1) 3%
WPECIE I (VROR), W45 40 s Y 7 k4
74, Noxl, Nox2, Nox4HINoxSI/HFINADPH4E
AT A% 53 JEROS Y B ZER R, I3 Nox/iff 32 Poldip2
Rac, CIC-3FI#E H —Hi BT, clc-378
BN IR S Nox1 2 7, I HJZ L N 2E 1 TNE-ofll
IL-1 B W LA i 7= A ROS T b 75 o« HAE IHT/
ClUAZHid il , AT Nox 177 A By i 113 %
RS R CIC-3 7] il i 2 5 NADPH ™ 4 H,0,
K2 5 Y0 AR . ROSFA AT 2 CIC-3 HY/Cl
iz K MINADPHALEE, ClC-3 H'/Cl ¥iz kil
1ok 16 40 B PN A AR PN A s H R T S A i R e A,
H,0, /7 AR R A e BE 3 = I 4 R 1Y) % 1
Bt , ClC-3ATROSHY =4 T fiE, ROSHE
NG 1 L O LA g B
1t NADPHE L B NADPH A AL Bl i 7, o7
Wiz s A O,, 4RO, , BLRIROSHFE. O,
Wil EAHEBEZESNBN, 51E—RINNES
KR, WAL T, Ca W A 3G 0 A5 ok L5 4 if A=

KT A R SN . CIC-3A[fE g H'/Cl ik
M m AR, HRHE, AN CTEE, g
JHL P R A, DA 2 R 0 B O R B A, T RE R K
ficic-3r= o, , &AM H,0,, HIENES
ST, KB 5N

7 EAREETS 5 ARERGIEE

AT A B 5T K BRAE A0 B T 3 OR TR B B
CIC-37EZM M 40 M b 1) 7 A AR, 7E G LI FTS 1]
FEEPTEAMEAZ, D EE MBI . G2
) AR M B A, MO U 3 A e (0 A e e
5 E Y, ClC-37EGI R . GLIEi . SHIA
SR - 1GR3 i 11 10 -7 AT 1 oF 4 |
JCRRE M 20 M, HOR T BB AR O S0 B Tl i &k AR
Mo A SCHRE R FR C1C-36E T #cyclin D1Hlcyclin
EMRiE, EiHp27 " Mp21°" Rk, HAE MW
Akt-GSK-3B3X M S g, Ui AE G L R A
Wil , EhTEIE R CIC-3 ] REM LN 5 F 4
JEAE A AR A S BB E, #id2561
1320 S o PR PR AR AN M A . B oY R AR IR R
FWNE I B8 40 i I DNA S B, clc-34a K&
Boir T An Az, i AT E He La 20 At 1 55 1 93
CNE-2Z40 il % B 7 M A i B4 ), i 7E sy
CIC-37] BB SDNAM G WA Ko TEA 2257 2401,
MY FOT IR BEE T, ClC-3W B &1 T 40
¥, SRIGRA, #RCIC-3MRES 5L (0 R BELE .
XL H B ClC-3 W] BEAE MM N 7, il S
SR =R AT A TR YRS

TE TE 5 R0V i Joi 08 4 B A 22 4y S 309 S 1)
CIC-3 5 a-tubulindt 5 7 7E 95 ERAA", Wi AT L 7E
HeLa#i i 22 0 R P A TiX —B %, R
CIC-3M[ RE B i M YR IR % . 6B 23 n
1, ClC-35a-tubulindt & v H7E 5 FF AU AL bk e (@
PRz IR B B ClC-3 7] fiE3E 5 5 a-tubulin
FEAE RS 50 IR e k73 JF o il i i sk
ME A LA, CIC-3AUL R JZAE R A & il
FEE, WATRRME N E BN R A S 5 40 5 5
HECH

8 HIESRE

FEAMME ECIC3 R EEN A FHEEEAS
ST AN AR, dE R — o 0 40 AR 4 i s
G/t Z CHE 2, Il Cl MR PMC,
SER MG ZEML A, FHlClC-3hE i if Akt-



634

I R S Fi 4R, 2014, 34(5)  http://www.lcblnet

GSK- 3[3{r| ﬁ)_ﬁ%ﬁﬂﬁﬂcychn Dlﬂ:l]cychn B ik,
fEAN AR G Rk 25 CaMKITA 1T HY
Akt FIRaf/MEK/ERKAF 5 [ B AL CD K i 1) 1%
PR B E WSS DNAR A BLRE J7 5 8 T R AE R I 45 A
FRMAMEEY, WS 5% NDNAR A
. e R EESE, Ha-tubulin 'ﬁ*ﬁfm”ﬁﬂﬂ% M) 241 i
H2eoy58; fEAMMNEER -, ClC-3n] fE o 18y
Y0 B N e R R AL, 5 e EL A0 i ) B B e i R R
B AR A B FEfE, WEEMm CDC2SCIFE i,
PR HEAN M IE AN 2257245 CLC-3 7] BBl o 4k
211 P 4 ok 2 ) 200 i ) A K o

CIC-3fE WA B FBEE AP —F, Xt 4R
%%%Iﬁiﬁﬁﬁ%%ﬁ%, SEH A S B4
MOAC G S 25 6L, S IR E DIRE, 5 i i i 3
B, HEFEAMET . %EoﬂWCESEWﬁ
AIF 5 i 9o 110 — A $0 0, 9000 6 440 e 444 5 RE AR 4 g 41
il R A=K, IR 98 C1C-32 5 i 34 5 1 1
FHMLENE A B T IF &P 25 9 i i a5 . Bl
XFCIC-3Z: 5 4il M 3 FE AR I HLHI A B 5 L b, A
RZn BT B, CIC-3% 5 41 Mo 8 5 © FEAH
FE AKX CLC-3 T TR 2 I F 78 X HAE AL
MY, CLC-37F 2 M Ji) 1 4 B B () AS [l 9 4
B &R 25 Bl R AF 5T A

S % ik

1. Zhao Z, Li X, Hao J, et al. The CIC-3 chloride transport protein
traffics through the plasma membrane via interaction of an N-terminal
dileucine cluster with clathrin[ J]. J Biol Chem, 2007, 282(39): 29022-
29031.

2. Jordt SE, Jentsch TJ. Molecular dissection of gating in the CIC-2
chloride channel[J]. EMBO J, 1997, 16(7): 1582-1592.

3. Wang GL, Wang XR, Lin M]J, et al. Deficiency in CIC-3 chloride
channels prevents rat aortic smooth muscle cell proliferation[J]. Circ
Res, 2002, 91(10): E28-E32.

4. Tang YB, Liu YJ, Zhou JG, et al. Silence of CIC-3 chloride channel
inhibits cell proliferation and the cell cycle via G/S phase arrest in rat
basilar arterial smooth muscle cells[ J]. Cell Prolif, 2008, 41(5): 775-78S.

5. Zhang XH, Zhang YY, Sun HY, et al. Functional ion channels and cell
proliferation in 3T3-L1 preadipocytes[ J]. J Cell Physiol, 2012, 227(5):
1972-1979.

6. XuB, Mao J, Wang L, et al. CIC-3 chloride channels are essential for cell
proliferation and cell cycle progression in nasopharyngeal carcinoma
cells[J]. Acta Biochim Biophys Sin (Shanghai), 2010, 42(6): 370-380.

7. 4. CIC— 3L N E Ui P I 38 LI R B (D). TEFH: o

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

[ R, 2008.

LI Wei. Expression of CLC-3 mRNA in cervical cancer[D]. Shenyang,
China Medical University, 2008.

B2, E O, wRRE, 45 SR Tl IE CLC-37E R T ARk
J R R L[] h ESER2 K2, 2009, 13(3): 350-352.

ZHAO Wei, WANG Yan, HAN Zhen-guo, et al. Expression of the
CLC-3 in the breast cancer and its clinical signifirances[J]. Chin J Lab
Diagn, 2009, 13(3): 350-352.

Chen L, Wang L, Zhu L, et al. Cell cycle-dependent expression of
volume-activated chloride currents in nasopharyngeal carcinoma
cells[J]. Am J Physiol Cell Physiol, 2002, 283(4): C1313-C1323.
Voets T, Sziics G, Droogmans G, et al. Blockers of volume-activated Cl-
currents inhibit endothelial cell proliferation[J]. Pflugers Arch, 1995,
431(1): 132-134.

Wondergem R, Gong W, Monen SH, et al. Blocking swelling-activated
chloride current inhibits mouse liver cell proliferation[ J]. Physiol,
2001, 532(Pt 3): 661-672.

Chen LX, Zhu LY, Jacob TJ, et al. Roles of volume-activated Cl-
currents and regulatory volume decrease in the cell cycle and
proliferation in nasopharyngeal carcinoma cells[J]. Cell Prolif, 2007,
40(2): 253-267.

Duan D, Winter C, Cowley S, et al. Molecular identification of a volume-
regulated chloride channel[J]. Nature, 1997, 390(6658): 417-421.

Jin NG, Kim JK, Yang DK, et al. Fundamental role of CIC-3 in volume-
sensitive Cl- channel function and cell volume regulation in AGS
cells[J]. Am J Physiol Gastrointest Liver Physiol, 2003, 285(5):
G938-G948.

Zhu L, Yang H, Zuo W, et al. Differential expression and roles of
volume-activated chloride channels in control of growth of normal
and cancerous nasopharyngeal epithelial cells[ J]. Biochem Pharmacol,
2012, 83(3): 324-334.

Li X, Shimada K, Showalter LA, et al. Biophysical properties of CIC-
3 differentiate it from swelling-activated chloride channels in Chinese
hamster ovary-K1 cells[J]. ] Biol Chem, 2000, 275(46): 35994-35998.
Duan DD. The CIC-3 chloride channels in cardiovascular disease[ J].
Acta Pharmacol Sin, 2011, 32(6): 675-684.

Gong W, Xu H, Shimizu T, et al. CIC-3-independent, PKC-dependent
activity of volume-sensitive Cl channel in mouse ventricular
cardiomyocytes[ J]. Cell Physiol Biochem, 2004, 14(4-6): 213-224.
Habela CW, Olsen ML, Sontheimer H. CIC3 is a critical regulator of
the cell cycle in normal and malignant glial cells[J]. J Neurosci, 2008,
28(37): 9205-9217.

Habela CW, Sontheimer H. Cytoplasmic volume condensation is an
integral part of mitosis[ J]. Cell Cycle, 2007, 6(13): 1613-1620.
Cuddapah VA, Habela CW, Watkins S, et al. Kinase activation of CIC-3

accelerates cytoplasmic condensation during mitotic cell rounding|[ J].



CIC-3 SUHIE AR A AN G LR DT S, 4%

635

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Am J Physiol Cell Physiol, 2012, 302(3): C527-CS38.

Blain SW. Switching cyclin D-Cdk4 kinase activity on and off[ J]. Cell
Cycle, 2008, 7(7): 892-898.

Alt JR, Cleveland JL, Hannink M, et al. Phosphorylation-dependent
regulation of cyclin D1 nuclear export and cyclin D1-dependent
cellular transformation[ J]. Genes Dev, 2000, 14(24): 3102-3114.
Lawlor MA, Alessi DR. PKB/Akt: a key mediator of cell
proliferation, survival and insulin responses?[J]. J Cell Sci, 2001,
114(Pt 16): 2903-2910.

Cuddapah VA, Turner KL, Sontheimer H. Calcium entry via TRPC1
channels activates chloride currents in human glioma cells[J]. Cell
Calcium, 2013, 53(3): 187-194.

Yuan K, Chung LW, Siegal GP, et al. alpha-CaMKII controls the growth
of human osteosarcoma by regulating cell cycle progression[J]. Lab
Invest, 2007, 87(9): 938-950.

Li W, Li H, Sanders PN, Mohler PJ, et al. The multifunctional Ca2+/
calmodulin-dependent kinase II delta (CaMKIIdelta) controls
neointima formation after carotid ligation and vascular smooth muscle
cell proliferation through cell cycle regulation by p21[]J]. J Biol Chem,
2011, 286(10): 7990-7999.

Li F, Malik KU. Angiotensin II-induced Akt activation is mediated
by metabolites of arachidonic acid generated by CaMKII-stimulated
Ca2(+)-dependent phospholipase A2[J]. Am J Physiol Heart Circ
Physiol, 2005, 288(5): H2306-H2316.

Rusciano MR, Salzano M, Monaco S, et al. The Ca2+-calmodulin-
dependent kinase II is activated in papillary thyroid carcinoma (PTC)
and mediates cell proliferation stimulated by RET/PTC[J]. Endocr
Relat Cancer, 2010, 17(1): 113-123.

Cipolletta E, Monaco S, Maione AS, et al. Calmodulin-dependent
kinase II mediates vascular smooth muscle cell proliferation and is
potentiated by extracellular signal regulated kinase[ J]. Endocrinology,
2010, 151(6): 2747-2759.

Persaud SD, Lin YW, Wu CY, et al. Cellular retinoic acid binding
protein I mediates rapid non-canonical activation of ERK1/2 by all-
trans retinoic acid[ J]. Cell Signal, 2013, 25(1): 19-25.

Nishi T, Forgac M. The vacuolar (H+)-ATPases--nature's most versatile
proton pumps| J]. Nat Rev Mol Cell Biol, 2002, 3(2): 94-103.

Jentsch TJ. Chloride and the endosomal-lysosomal pathway: emerging

ARSI A R, BLUR, BHC . CIC-3 SO IE & AN
SRR RGCIE I 7). 16 PR SA34635 , 2014, 34(5): 630-635.
DOI:10.1l714/j.issn.2095-6959.2014.05.035

Cite this article as: WU Hui, LI Hongzhi, MAO Jianwen. The
mechanism of CIC-3 proteins on cell proliferation[ J]. Journal of Clinical
and Pathological Research, 2014, 34(5): 630-635. DOI:10.11714/
jissn.2095-6959.2014.05.035

34.

3S.

36.

37.

38.

39.

40.

41.

42.

43.

44.

4S.

46.

roles of CLC chloride transporters[ J]. ] Physiol, 2007, S78(Pt 3): 633-640.
Hara-Chikuma M, Yang B, Sonawane ND, et al. CIC-3 chloride channels
facilitate endosomal acidification and chloride accumulation[J]. J Biol
Chem, 2005, 280(2): 1241-1247.

Matsuda JJ, Filali MS, Collins MM, et al. The CIC-3 CI-/H+ antiporter
becomes uncoupled at low extracellular pH[J]. J Biol Chem, 2010,
285(4): 2569-2579.

Stobrawa SM, Breiderhoff T, Takamori S, et al. Disruption of CIC-3, a
chloride channel expressed on synaptic vesicles, leads to a loss of the
hippocampus| J]. Neuron, 2001, 29(1): 185-196.

Li X, Wang T, Zhao Z, et al. The CIC-3 chloride channel promotes
acidification of lysosomes in CHO-K1 and Huh-7 cells[J]. Am J
Physiol Cell Physiol, 2002, 282(6): C1483-C1491.

Stauber T, Jentsch TJ. Chloride in vesicular trafficking and function[J].
Annu Rev Physiol, 2013, 75: 453-477.

Chou YW, Zhang L, Muniyan S, et al. Androgens upregulate Cdc25C
protein by inhibiting its proteasomal and lysosomal degradation
pathways|[ J]. PLoS One, 2013, 8(4): e61934.

Sauer H, Wartenberg M, Hescheler J. Reactive oxygen species as
intracellular messengers during cell growth and differentiation[J]. Cell
Physiol Biochem, 2001, 11(4): 173-186.

Varela D, Simon F, Riveros A, et al. NAD(P)H oxidase-derived H(2)
O(2) signals chloride channel activation in cell volume regulation and
cell proliferation[ J]. ] Biol Chem, 2004, 279(14): 13301-13304.
Lasségue B, Griendling KK. NADPH oxidases: functions and
pathologies in the vasculature[ J]. Arterioscler Thromb Vasc Biol, 2010,
30(4): 653-661.

Miller FJ Jr, Filali M, Huss GJ, et al. Cytokine activation of nuclear factor
kappa B in vascular smooth muscle cells requires signaling endosomes
containing Nox1 and CIC-3[J]. Circ Res, 2007, 101(7): 663-671.

Lamb FS, Moreland JG, Miller FJ Jr. Electrophysiology of reactive
oxygen production in signaling endosomes| J]. Antioxid Redox Signal,
2009, 11(6): 1335-1347.

Tang YB, Zhou JG, Guan YY. Volume-regulated chloride channels and
cerebral vascular remodelling[ J]. Clin Exp Pharmacol Physiol, 2010,
37(2): 238-242.

Mao J, Li X, Chen W, et al. Cell cycle-dependent subcellular distribution
of CIC-3 in HeLa cells[ J]. Histochem Cell Biol, 2012,137(6): 763-776.



