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[ Abstract | Background and purpose: Previous studies have suggested Na'~Ca™ exchanger isoform 1 (NCX1)
as a key component of calcium homeostasis was involved in the tumorigenesis. However, the role of NCX1 and calcium
signal in tumorigenesis of hepatocellular carcinoma (HCC) has not been explored. This study aimed to investigate the effect
of NCX1 on cell proliferation and migration of HCC HepG2 cells in vitro and the possible mechanism. Methods: Both
the real-time fluorescent quantitative polymerase chain reaction (RTFQ—-PCR) and Western blot were applied to assess
the expression of NCX1 mRNA and protein in normal hepatic cells (LO2), HCC cell line (HepG2), human normal hepatic
tissues and hepatocellular carcinoma tissues. The change of intracellular calcium signal in LO2 and HepG2 cells via acti—
vated NCX1 channel in the presence or absence of Na* was examined by a confocal laser scanning microscope. The effects

of NCX1 special inhibitor KB—R7943 on cell proliferation and migration of HepG2 cells were measured by MTT and cell
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scratch test. Results: Both mRNA and protein expression of NCX1 were higher in HCC tissues and cell line HepG2 than

in the normal tissues and cell line LO2 (P<0.05). The activation of NCX1 channel induced a slight rise in cytoplasmic Ca™

concentration ([Cab]“y,) in normal cells, but caused a marked increase in cancer cells. And the NCX1 activation induced
intracellular calcium increase was significantly reversed by NCX1 inhibitor KB-R7943 (P<0.05). Both NCX1-mediated
proliferation and migration of HepG2 were also significantly attenuated by the KB-R7943 (P<0.05). Conclusion: NCX1 is

up-regulated in HCC cells and tissues. The activation of NCX1 mediates intracellular calcium homeostasis. The inhibition

of NCX1 activity can suppress the proliferation and migration of HepG2 cells. It is suggested that NCX1 may be involved in

the development and progression of HCC.
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1.3.1  fmfaiEic

NI AN Bk HepG2 LA K IE % FF 4R LO2
W F b E R BE LA AR ST B AR ik 2
55 40 M A= 0 2 9 5 40 P A R O D e,
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R R)E3T C. CONRFGECH 5% M G FRH
rh 8 5% 9 4 A Hep G2 F1 1E 4 ig bR LO2,
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1.3.2 RTFQ-PCRA&AMNCX1#mRNA KX &
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HORHES AR A 9 1 8 2R B AR LO2 S i 4
MitkHepG2, VIR NIE® AL R d12 .
Fi FRRN AGRR & 0 45 V6 SR B M S 2 4 5
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Gl YA EE)

SIYIRA S A TROGE A RA RS
. NCX1(230 bp) L5 1 #1751 : 5°~TGTGCAT
CTCAGCAATGTCA-3’, s3] . 5= TT
CCTCGAGCTCCAGATGTT-3", B -actin
(186 bp) L1iF51 #7451 : 5°-TGGCACCCAG
CACAATGAA-3", TEgI¥F5: 5°-CTAAG
TCATAGTCCGCCTAGAAGCA-3, Z55HLI2- 44
R HAYmRNA AR R AKFE, LRER
3,
1.3.3 &8 [ i ] ¥k (Western blot) 4|
NCX1%& & & ik RKF

BN B0 A A 04 JE H T 20 AR L O2 S JH- 988
Y bk Hep G240 L, LA Je N IE & 20 20 ]I
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100 pg, Western blotill & i 2H 415 1E & 4
MFNCX T IR & i, I RS R P 2 B-actin
M . Western blot#/EA TR . ¥ ik
B E P MAEFER2x FFEZ W, 100 C
HES minfg BAE, FAERFUR20 pL, ARG
ATk B, & 5%IR Uik i TBST =5 it
HHM h, REE—PIMBER(1%BSA)Z R
1 : S00AY LN ANCX 14544, 4 Cidnd, KH
JHTBSTUEE3 Y, &FYk10 min, HIAJHTBSTH:
BER 90, 7EEIR TAEHT h, YRR3R, Rk

10 min, fIIAECLAOGHIEHT minf5BEG. H
BAFTPWin 601 5 H (198 55 BB % B E
(I0D), HA5HH H 147 IODER LAAH R 4117 N
2 1I0DF IR, LHEH 3K,
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RPMI-164037% 77 55 i 028 BE2 x 10*4™ 1% 241 ffd &
W, A4, TS ERF A glass coverslip
B BRR, HRRE SRR . SEER S PSS
(#7140 mmol/L Na*, 5 mmol/L K*, 2 mmol/L
Ca®*, 147 mmol/L C1*, 10 mmol/L. HEPESHI
10 mmol/LAZME, pH A7) IEVE3WR G, N
AL E 10 wmol/L Frua2/AM, 2 & #E
E 60 min, JEH AN PSSHWIEBE3X
(10 min/IK), TEWOLI IR B T LS,
RWA340 nm, KHFHEALS510 nmAb HRI 5
R, BARRE R EIS10 s, ARy
16 min, ZHEMELFrua2/ AMFFFRCa® 175 G0 i
145 A St e 200 LIS P i 5 Ca® KO I A5 4k

BRI 40 (. BRR B 2D
HE3N):

@ 38 1 TCANPSSIA M G AHINCX 1, W%
S R P S B U B AR AL, SR FE AR E H A
JieL K 9 AR BN CX 135 Ak 5 41 B N Ca™ o JiE
RS .

@ 05 B 3EN CX 1 EA 45 1 T 41 i
Q968 40 L NS T AR S R B PSS
ORI A — R T, SR A F S NCXL R IR
KB-R7943(10 w m/L)AYAT SNPSSIE IBOK Tt 55 (1) ¢
JVEMIEEL , FRERZA e 5 S BT R KB -
R7943(10 pm/L) ) JCEMRIEL, WSS ABH W Aif
J I P9 Ca™ (R it B P B Ak R SR B
1.3.5  MTTEARN AT JE 28 e Hep G249 3 74 7%

AT RTEAER IR A, 0.25% R 1 BHE
AT A B, FH 210 % it A 13 7o 35
TRV L AN E ]2 x 109 /mL, R T96 4L
Herh, 200 pL/AL. AN RE S LR, T
EAREEHF10. 20140 pmol/LAYKB-R7943355
HAnAo6fLA T, XtHRALHIPBSERAC, AUk E
e 2L, L E48 WEEFLIMMTT 20 pL
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RO, ULBHXTAIMIE G TCEE M s IR -, UEBHXT
A mE AR E A . S R 3K,
1.3.6 @R X kA 4| Ao it 45 Ak
P20 MR B N (5 x 10*~10 x 109/ mLAY
HepG24i Ui T48fLAR N, #SL500 pL, fMA
EF10% 64 1L 1 I DMEM -2 B FURPMI-1640%%
FREE, Ki3R16~24 h/5 {8 4i i ME i LA HB
TE B B2 20 o K 3K S8 40 Y 43 oA X HR 4 FTK B -
R794340, 10 pLK AL 7E SR Z 4 i b &2
7 RE, IS PBSIFUE3, RIS T
LHeEH10. 20140 pmol/LIYKB-R7943 TG 1Ml i
KRR T AN, X RRAL i A SR A PBSIC RS,
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ES

NCX1 mRNAZEAR R 4HAa R AR h i Ri%
NCX 143 7 Py e i i VKRS 208 S5 0 H 1Y)
&, K230 bp, P-actinkJE 4186 bp,
P H S5 SR E AT . s 4E i Hep G2
HFINCX1T mRNAEE EF & FIE# 405
LO2(P=0.023 1), Hm4ZIhNCX1 mRNAZRIA

2.1

3 TR 4 4(P=0.038 3, [&1),
i
R # HepG2
- Normal
B :cc

K ARTFQ-PCRIGMIIER FFHAE. FHEMME. EEMFARAREAZR PHNCXImMRNARRIZKTE

Fig. 1 The expression levels of NCX1 mRNA in different cells and tissues detected by RTFQ-PCR

A: Detection in cell lines; B: Detection in tissues; 1: NCX1 mRNA in LO2 cell lines; 2: NCX1 mRNA in HepG2 cell lines; 3: B-actin in LO2
cell lines; 4: B-actin in HepG2 cell lines; 5: NCX1 mRNA in human normal hepatic tlssues 6: B-actin in human normal hepatlc tissues; 7: NCX1

mRNA in HCC tissues; 8: B-actin in HCC tissues;

2.2 IEEFTMELKLO2, FHEMEkHepG2 K
IEEFAELR. FFEHEAFNCX1EARRIELLE
H5IEWHHLME, HFEHLSPNCX1E

2635 W] 1 5 (P=0.031 7); [RIRE, JH96 40 i

HepG2 P NCX 119 8 [ 2 K Rl R = 1 1E 3 T4
MIL02, $ERFREEN FNCX1#RE LR ((E2,
P=0.039 0),,

: P<0.05, as compared with LO2 (n=3), *

: P<0.05, as compared with HCC (n=20). M: Marker

2.3 HEEEBEREKRMNCX1IIEFE T4
¥RLO2FN0 BT 4E 40 Btk Hep G240 il () Ca By 3=
EA

1 o TCAN PR TR NCX 1A IE 4 Lo2
T 96 20 i Hep G2 40 i PN F) Ca™ € Y6 35 Ik st
Tt , JF H Hep G240 fitd T = i B 55 LO 240 fifd 55
IR, ZRA SRR L (P=0.015 8),

X B
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FNCX 1 HWr 57 B TC AN PSSTA R, & IWKB-
R7943%11| TNCX1/ LIRS, LO2 K HepG24ifif
P Ca™ D NGCIE T IR FE R T I . R R, e 7
W AN R TCRE T R LH I 13 264, BB G
= X (PY<0.05), HLIEANCX1#IS 51EH
JHF 20 2 FHF-82 40 %) PN 65 18 42 (51 3)
2.4 Western blot#ill] HPSSF1KB-R79434b
5, IE%BF4HRa#kLO270 AT iE 4tk HepG2
MPINCX1 By FRIL T4

5PSSTE WAL B AH L, KB-R79434b #
10 min/FLO24NENCX 1 A9 25 H 235 JC I 1 A8 1k

Normal HCC

LO2

HepG2

NCX1 $ NCX1

y 3
o e > ;
B- . -

B

(P=0.637 0); [FIFE, 7EME40EHepG2rINCX1
(AR IR M T PSSAb A 2% IR Bt 24
X (K4, P=0.787 1), X—25 04K ZE /DA
FHEE] S, NCX A 77 KB-R 7943 X% 41 i N 45
S B T BE AN PR R TNCX 1 &
Feik, T i BTN CX 1 B S RE SR SEBLI) .
2.5 NCX1#RMHHIFIKB-R79433%tHepG2
o B 1 5 B 3 1)

MTTEZE R B, A AN CX 1 BH B
FIKB-R79434b 348 hJe, ¥IBEAS ] HE B M il
HepG24i i AE 1K, 48 hjg ZF10 pmol/LAbBHZH
YNGR IR T X IR, ERAFEITHE XL
(P=0.028 4), 20 pmol/LAbFHL 21 458 BE 1 Bt
TR IRAL(P=0.011 8), 40 pmol/LALFHZH 2114
B fie SR — LA (P=0.002 6, [£15)

N
n
J

Loz
HepG2
[ Normal
Il HCC

L
(=]
1

—
W
1

Relative expression
level of NCX1 protein
5

o
n
1

0-

2 Western blot#:ill IE & FF4RAAEELO2., FHEHRME#kHepG2, EEEMFAL . FHEALAFNCX1EHNRIZE
Fig.2 The expression levels of NCX1 protein in normal hepatic cells (LO2), HCC cell lines (HepG2), human normal hepatic tissues and

hepatocellular carcinoma tissues were detected by Western blot, respectively

A: Western blot analysis; B: Data analysis by bar graph; ": P<0.05, as compared with LO2 (n=3), : P<0.05, as compared with HCC (n=20)
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C4 .
& ©CILO2
KB-R7943 s, 3 LO2(KB 10 pmol)
* 3 HepG2
S ) Il HepG2(KB 10 pmol)
&
N’
By
ONa* <
600 800 1000(s) 0

B 3 tEREMNIE R FEMLO2FAFEHEHepG2 A I Ca™ iR EEZE{L
Fig.3 Removal of external Na* (ONa")-induce Ca™ entry via the Ca’ model of plasma membrane NCX1 in LO2 (A) and HepG2 (B) cells

and can be attenuated by treated with KB-R7943

Cells were superfused with normal physiological salt solution (140 mmol/L Na") caused a rapid increase [ Ca™" ] o concentration of fluorescence

ratio. Treated with KB-R7943 (10 um) significantly inhibited the ONa -induced increase in
cells; C: Summarized data showed the effect of KB-R7943 on ONa'- induced rise in

[ Ca® ] ., concentration. A: LO2 cells; B: HepG2

[Ca™ ], in LO2 and HepG2 cells, 30-40 cells for each

group. : P<0.05, LO2 vs HepG2 (n=3), *: P<0.05; LO2 vs LO2+KB (1n=3); %: P<0.05, HepG2 vs HepG2+KB (n=3)
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N

n
]

A
LO2 HepG2

PSS + - + -
KB-R7943 - + - +

—_
W
'

NCX1

Relative expression
level of NCX1 protein

B-actin

PSS + - + -
KB-R7943 -

B 4 Waestern blot# Il BEH | KB-R79433%FHep G2 FF A ABAINC X1 & B FRiX K # M
Fig. 4 Protein expression of NCX1 in LO2 and HepG2 cells after treament of KB-R7943 by Western blot

+
1
+

A: LO2 and HepG?2 Cells were lysed and then Western blot analysis was performed to detect NCX1 protein expression after treatment of KB-
R7943 (10 um) for 10 minutes, PSS solution was control; B: Summary data showed the effect of KB-R7943 on NCX1 expression in HepG2 cells.
P >0.05, as compared with PSS (n=3).

1.5

XTI Hep G241 il 1Y 1 # BB B (40,1 =

33 Control
'§§1.o e o mo 13.5)um; 10 pmol/L KB-R794341HepG24H
=3 - (R D ymall B A B B B 0 (22.3 £ 11.2)um, /NTF25 1
%50'5 YT, ZRA G EE L (P=0.036 1);
o, 20 pmol/L. KB=R79432 HepG2 4 il i) 37 5 i
Bl 5 REREERIKB-R7943% AR RE4E Rk Hep G2 AR HE T Y B oR(14.5+13.1) pm, B E/NTFZ5 X EAH
1A (P=0.0371, P<0.05); 40 pmol/L KB-R7943

Fig.5 The effects of KB-R7943 on cell proliferative capabili N N
e " PaIY b 3R (9 Hep G2 40 I 1 KBS BE RS K (7.7 =
The proliferation of HepG2 cells were detected by MTT in 48 h, high N e
dose of KB-R7943, (10, 20 and 30 um) significantly inhibited HepG2 13.1) pm, ZHALEREGE ) & PR (P=0.002 0),

E:ellg)proliferation. " P<0.05,": P<0.01, as compared with the control %—%—_T*NCXl m%ﬁqu KB_R79436E Eﬁ Ejﬂ] ﬁ-‘]ﬂ HonG
=) AN 7 - [Fl=A ep
2.6 NCX145S14##HFIKB-R7943%tHepG2 o .

' P A M FG IE R B A B — SRR T,

ST R B B
NCX1HY 75 LIFnH S i 4 e Hep G2 B 1T
O 9 ST R 2 R R, 24 hJE 25 1 O AT LA AR ep G2 A9 ST 85

(Kl6).

24h

J%5 Vg Al DA T % T i
KB-R7943 0 pmol/L KB-R7943 10 pmol/L KB-R7943 20 umol/L KB-R7943 40 umol/L

(x50)
& 6 NCX1PEETFIKB-R7943%+ A B2 Atk Hep G240 AT 78 A #1015 F
Fig. 6 Effect of KB-R7943 inhibition on migration of HepG2 cells by scratch wound assay

Cells were treated with different concentrations of KB-R7943 (10, 20 and 40 pmol/L) for 48 h.": P<0.05,"": P<0.01, as compared with the control
(n=3)
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AT s, TE I 40 AR A0 s 4 21
H, NCX1AYmRNAFIE 2R IA /KB 8 & T
TE P20 MR A IE B BTFZHZ . i X NCX 1%
AN PN Ca® MO THRERF I & B, 8 JCHN PSS TR
WG, 1E AR RN S8 20 M PN Ca™ R B 45 K R
JETITR, BT 40 Ca™ e T i 5 s
TIEH AN, 32— FINCX 18 1R S il
FIKB-R79431E )5, 40P Ca™ Tl e Il 9t B i
Pl [FIEF, MTTHRIZHMRIE S50 B, 10,
20140 pmol/L| A9 KB-R 794340 3 %t -9 41
Ji B 1 5 RN AT AL 2 ELA W A RIAE T, ELAER
FETERIERHE . FIRZE R, TEJ5 R PEAT
FEHNCX T ZRIR N . Ca® W, Xn]
RETE IR R MR R & il T EHEM/EH . Bt
AN, IHRINCX A5 P AT LA Hep G2 i 41 Y

FEFE TR, HALH T RE S NCX1Z 5T
JeE AN PN Ca™ Y P A 5
NCX1THNCXIMNA 22—, JE—Fh 2

FELET AL b W s i, B WARIE T
2 R 2l 28 S BROC I |, SR 2 R
LS A TP NCX1 AR iz ek, o HAER]
MATPEAA AL, B, H R
WIRE SRR A N Z A Ca™ e e B At 41, R
e, BCa™HE A EE R D, B
SRR, AT S Ca™t AT (R
i) L, SR Ca A . T Ca®
W) —F 5 A7 7R AR 5 0 1, S5
T AT AL A A A A B BRI &
B, NCX1Z5 T LRk b Ca® - (1 1
JEHIEAE PR RS . OIS RS W
F G5 55 22 T 0 s B AR B A rp 2 P G B
RN AR B AR R, E AR SCER AR E
TGF-Bif 3 IR 4 A P Ca™ ¥ B (4388 JInAR mT i
WUEEIINCXT, HEEGE T PKCaff 58 - 33
MR A L ARSI R, TR RS
T, LO2FHepG24i i P Ca™ 4 578 18 %E K,
{EAE 45T 20 ML AN TN ORI, PR A Y

Ca” KSRt ist my, HH BUEH R A0, 5k = 2t
A TN TCARIR S TE B T Ca™ MR ERR L, I
TNCX1 85 AR BRI R aRE ), K fECa™ il
ALY, DT | 40 A P Ca® MR BE Y 38
Jne HZNCX1E R HI R KB-R7943 (H:
F BRI HINCXA 55 0 AR X R ) 45220)
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