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A PEPERRLI ] ; CB-DMB A& NCXOW B2 (i #E v BRI 7], (AR SEBEA NCX M IE B TMZAE RS, CCK-8 S5 i 4il it 2
KGPE, IR0 BT 25 X S J5 B 40 i 2 A0 B 21 5 il ¥k S (half maximal inhibitory concentration, 1C,) . 6 AU H AR NCX BHAT 5
AEFRE UST 4N Ca? {5 5 A28 1k, Western blotting #6:Mfit 4324 JE 15 fL AU B (1348 (mitogen-activated protein kinase, MAPK) {5 5l
EAE RS, TR AR DI NCX BRI A0 A T 5, 45 5R - CCK-8 SLIR 45 MM, S BF 40 4 (U87. U251,
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Suppressing effect of the Na*/Ca** exchanger blocker CB-DMB on the growth of human glioblastoma
cells

LIU Jing-jing, HU Hui-jie, LIU Zi-kai, SONG Ming-ke
Department of Pharmacology and Chemical Biology, Shanghai Jiao Tong University College of Basic Medical Sciences, Shanghai 200025, China

[Abstract] Objective-To test the inhibitory effect of the Na*/Ca®" exchanger (NCX) blockers on the growth of human glioblastoma cells. Methods:Human
glioblastoma cell lines (U87, U251 and SF188) and human astrocytes were cultured in vitro. The cells were treated with NCX blockers SN-6, YM244769,
SEA0400, CB-DMB and the chemotherapeutic agent temozolomide (TMZ). SN-6, YM244769 and SEA0400 were selective inhibitors for the reverse
operation of NCX; while CB-DMB was NCX bidirectional blocker, but preferentially blocked the forward mode of NCX. The TMZ was used as a
reference drug. Cell counting kit-8 (CCK-8) assay was used to quantify and assess the cell viability, and half maximal inhibitory concentration (IC,;) of
the drug was obtained. Calcium imaging was used to detect the changes of Ca®* signal in U87 cells treated with NCX inhibitors, and Western blotting was
used to detect the expression of mitogen-activated protein kinase (MAPK) signaling pathway proteins. Cellular apoptosis was evaluated by flow
cytometry assay. Results:CCK-8 results showed that direct application of the NCX bidirectional blocker CB-DMB to glioblastoma cell lines (U87, U251
and SF188) for 48 h caused a dose-dependent growth inhibition with IC,, values of 2.06, 2.19 and 1.82 pmol/L, respectively. In contrast, NCX reverse
blockers SN-6, YM244769 and SEA0400 had no significant effect on the growth activity of glioblastoma cells. CB-DMB had little effect on the growth
activity of human astrocytes. Calcium imaging and Western blotting results confirmed that CB-DMB blocked the forward transport mode of NCX to
elevate intracellular Ca®*, causing intracellular calcium overload and then inducing apoptosis of U87 cells and activating MAPK signaling pathway. Flow
cytometry assay results showed that the rate of apoptosis induced by CB-DMB in glioblastoma cells was much faster than that induced by TMZ (P=
0.002). The combination of CB-DMB and TMZ enhanced the inhibitory effect of TMZ on the growth of tumor cells. Conclusion - The inhibitory effect of
CB-DMB on the growth of human glioblastoma cells may be related to blocking the forward transport mode of NCX. The plasma membrane NCX is a
potential new target for the treatment of human glioblastoma.
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=2 LU AR, BT RR AN R 0 TR DIBR L
IR EERIRYT (A7) S TBORIG T ke, (HE
R E AR AERN R EIEE AR B
(temozolomide, TMZ) J& MBI I ARG Y B9 % FLIT 25,
LS 5 B 48 L8 X TMZ Tt 245 7™ 50, 18k I 98 A 2 ke
R B BRIGa VIR BT R B IR T 2 A

LN ES B (Ca™) 76 JE 4 i iz okt 8 A
HH L AR R o rh sz BB 2 06 47, Na'/Ca™
Ak (Na'/Ca® exchanger, NCX) & —F Ca* %12 &
M, Z54R 400 Ca Fa s . NCX Y I /2 41 il 9
Ca? SMHEMY E R AR, W ORI K BRI T8 Co 4t il e 52 4k
SRS (TOME R 3% 25 v A 55 5 22 0 2- I 4e-D- 3] 26 il
77 325 8 0 4 B B SR 0 ) SR i . s T R
NCX BH 7 51 bepridil F1 KB-R7943 1] 5| Ca> 41 5 4 i 5t
B0 M A0 45405 . {HJE, bepridil Al KB-R7943 %} NCX
(RS RE AR XA, AT BELUWT B 5 3 3 A A2 AR R
FHEE D BHIE NCX BT I R 2E TR 9T RS 5T B 4
JtJeE 7 T BT BAF B s, ATy T R s R B R 1 B
o NCX I %z iz 452 2 527 240 it B ri 37 SS9 ] Ca* 1 Na*
WM . NCX (1 3 Al i AR BB LA IE 7] (Ca” 4ME)
S (Ca W) s TAE, 5-(N-4-507F &) -N-
(27,4~ H3) HAWNE (CB-DMB) & — k£ 5
1o 1 NCX AUz 3 BELV 71 12, AR E fE g0 P IR 2 22
R I e B Y TR R A M b A 1 NCX AT 3, (] B 0
by B8 38 18 e is R AN R VE A . CB-DMB il NCX iy
15 223 IR e Ak 2= AR A S R 19 Co g it 5 0 A B
F¥ W %% CB-DMB X i o3 1 241 i 983 40 B 1% 1 i s i, 45
FE LA NCX Sy A0 5 W X 400 o] Jig o B 4400 9 ) A5 4
P£, LK CB-DMB 5 TMZ Bk & H 25 % TMZ 25 %% i) 38 53
YEM .

1 RES5HE

1.1 8RR

1A g AR5 Rk 40 i % 4 i & U87 (1% % HTB-
14) W LB R FEYEA)E (American Type Culture
Collection, ATCC); [ /i £F 41 ifg J87 40 e 5= U251 (%5
TCHu 58) Mg F v [ B2 B 580 855 53 ) O e 22 51 2 20 i

http://xuebao.shsmu.edu.cn

Vs LB 5T R 40 B 40 L R SF188 0k H b 32 il K%
FEith B2 2 e J R N9 51 0 5 [ T4 A K 2% R Bt Yoon-
Jae Cho #HUAZ R 10 DL ANAE R I ARS8 = 4 8 fn
PAF. NRIER AN (955 1800) WA [ b i 70 i fit
AR FRA
112 = AR (Molecular Devices, 3%
), Leica TCS SP8 #: 3R £ Z 4t (Leica Microsystems,
Wetzlar, 7% [€ ) , Odyssey Fc i 1% & % (LI-COR
Biosciences, 3% [ ) , Coulter CytoFlexS ¥i = 41 Jits X
(Beckman Coulter, J£[H),
1.1.3  FZIKF LMk CB-DMB (185 C5374) I [
£ [H Sigma Aldrich A 7] . YM-244769 (4% 4544) . SN-6
57 2184) . SEA0400 (%25 6164) 4 H 3¢ [# Tocris
Bioscience 23 i) . DMEM 1323 MG 4= 117 (fetal bovine
serum, FBS) W [ € F Gibco AR, K540 i 55 37
Fm [ g h IR A A YR A BR A ] . Cell counting
kit-8 (CCK-8) #l Annexin V-FITC/PT 4il it #ff T 6 il 328 71
&4 A HZ Dojindo 28 Al o #5 B 4 K} Fluo-4 AM W A &
[ Invitrogen /A A . i 4ME 5 9 5 i B (extracellular
signal regulated kinase, ERK) . WM& fk ERK (p-ERK) .
c-Jun Z A I HE (c-Jun N-terminal kinases, JNK) . #
WAL INK (p-JNK) | p38 22 24 J5Ui fb 4 11 3 i (p38
mitogen-activated protein kinase, p38-MAPK) Hlf 2 1k
p38-MAPK (p-p38) (1—+i LA B/ B o- T B A AR 1Y
T H 2 [# Cell Signaling Technology 2y &l (%5 43 il A
4348, 8544, 9252, 9251, 9212, 9211, 2144). RIPA %%
R HE R S R EARARAE . BCAEH Bk
M & A TAY TR (B RBARAE. R
i — 92 (polyvinylidenefluoride, PVDF) f& [y [ 3&
[ Millipore 7% 7] . IRDye 680LT %% ) —HT I H 3 [ LI-

COR Biosciences 2\ ] o

1.2 98y ik

1.2 ARG FE U87. U251, SFISS ANMiifE & A L-4+
MR AN10% FBS i DMEM i ik fiii 5% . N2
Ji2 5 4N M AE A FE 10% FBS AL T i 5 41 i A= 4 IH 1 2
T o 4 M 55 52 B h 15 5% . O34 T 5% CO, Fif A
FERY 37 cCHERIHEFRAA 3G F5 o B NCX FH I 3 /e —H
FLAR (dimethyl sulfoxide, DMSO) Hilil| s fifi &%, I
i e B T e B o A M3 57 B vh DMSO IR B0 5L (o)
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S 1/1 000, X 525 R v Y A TG TR e AR sg . BF
TGS JE 2 FAE R 5 (A DGR RO A T
1.2.2 MG J3E ORI, DL Sx10° /AL %%
R T 96 fLER SR, 37 CCHEFR AL . TCE S A AN
WRZH . 236 2 40 B ] NCXBHL 77 987 7 48 h, % IR 20 4 i
JHE 10% FBS () DMEM K5 #2500 5 48 h, RR4HE 54
AL, AT SIS AR S . Y B AU A0 B
FEHME L. ZJERFLINA 10 pL CCK-8 ¥k, 37 °C
8 30 min. A S EFAR{AE 450 nm T 0% B (E
[D (450 nm) ], RIFELLF AL ARG S 4
i E= [ (D (450 nm) 44y —-D (450 nm) ., | /
[ (D (450 nm) u,—D (450 nm) ...,) | x100%. i@
it GraphPad Prism 7.0 S {F 2 Hl 5 Y st & &, 1A
ICs,0 ZWUCEE BN O R AKX V1V, x100%=1/ {1+ [C/
IC,) " HEATINA T, $A5 NCXBHA A IC, f,
VR Vs kit BRATRISE 56 4 (0 A0S 1, C R 2Rk
n AR (Hil) REL

LSS TMZ 55 CB-DMB kA5 45 25 4 4 i A= < s
WCHE USTAIME, DL Sx10°4~/AFL I3 BE 4580 T 96 FLANML S 77
Harr, 37 °CHEFRidi . WEBAAMKA AR 0
254 TMZ (100, 200, 400, 800, 1 000 wmol/L) u¥
CB-DMB (2.5 pmol/L) FRPHF 7 4HAE 48 h; BG4 254
ML TMZ (100, 200, 400, 800, 1000 wmol/L) 5 CB-
DMB (2.5 wmol/L) F:[RIMFE 4HMI 48 ho AHALAFIE H A
JrIa b
1.2.3 FHAURSEEE KA DL 8x10°A/FL I 4% B B P AE
96 fLAR P85 FE 24 h i, AFFLLL 100 pL & Ca* 45 /87 Fluo-
4 AM (2% 5 pmol/L) [9JC Ca® 1) 4-F2 £ FEWR % 2 1
g [4- (2-Hydroxyethyl) piperazine-1-ethanesulfonic acid,
HEPES | ZZ th i Ab BE 50 min, % 2% Wl AL 35 135 mmol/L
NaCl. 3 mmol/L KCl, 1 mmol/L Z —-EEXL (2-F %k 2 ik
i) PUZ R [ethylenebis (oxyethylenenitrilo) tetraacetic
acid, EGTA]. 1 mmol/L MgCl,, 10 mmol/L #j %5 4 .
10 mmol/L HEPES . 1% FBS, pH{H ¥ 7.4. US87 4 jiti 5
Fluo-4 AM LI HE 1 hfm, # CB-DMB il A £ 2 mmol/L
Ca® F11% FBS MV o Z )5 1 A ML 15 F2 M & T Leica
TCS SP IR AL Wi T, 7E4% NCX BH i 77 45 i 21 24 i
LA R BN B DOUE S . R R N HFITIOLRUE,
HEFT 3YRMST LR, BRSO XE 22~24 A ML LS .
LAS-AF-Lite 2.5 % ff (Leica Microsystems, 7&[E) /)
BUAREE -
1.2.4  Western blotting W £E L CB-DMB i & 10, 30,
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60 190 min YA, 7S JINEE 0 157 1Y RIPA 2% vhi
T AT A BRICEVER T, (] BCA R B R IR &
HATEFER . 45 ng SR BAE, JET SDS RN H
R W P, DK HEA T 2 11 40 0 o 2 1 B A% 22 PVDF IR I
¥ PVDF & F 5 5% BiRs ks 09 = P i rh 2 iR 8314 1~2 h,
Fie HORROS J3 - BT 3 TR AR L4501, TR R i — i rh
WE, BT 4CHKMEIK LIRGER. — P Es s
JHTBST UEME 3 ¥, ] IRDye 680LT 245 —Ht T % i i
H PVDF 2 h, f#i ] Odyssey Fe J§A% R SE#k4T i (0BG
8 36 A I, LV e FE N R NS
1.2.5 ZAUMEIETINE B USTANMILL 1x 1004~/ 1K % i 4
Fh & 6 fLtR . 43 %1 2.5 wmol/L CB-DMB. 330 pmol/L
TMZIGE M. /A E 6. 12, 18, 24, 30, 36, 48h
S5, W N M A PBS v 2 vk, R A 4R k1
Annexin V 454 ¥ W 45 1x10°~/mL 89 40 i 2 . B
100 wL BB, 1933 mA S pL Annexin V-FITC
A5 WL PLTAEWE ; =R T EEHEE 15 minJ5, K400 pL
Annexin V 45 & ¥ WO 2= & A FE M B . 38 3 Coulter
CytoFlexS i U MACHEAT AR T 53 Fr . LI E 5 5 IR,
i i CyExpert 2.0 X (Beckman Coulter, &) 4 #r

1.3 HilFahr

K i GraphPad Prism 7.0 {4 X5 B4l 647 3 A1 o a8 ok
B x + s Rom o 2 LR AU RAETS R0 HL AR FR AR ST FEA
CRE, TR BRI XA R I 22 30 (two-way
ANOVA), 221 i) 3 &3k K- FL B T LR 3R 5 22 43 #r
(one-way ANOVA) ., P<0.05F£/nRERAEGH¥E X,

2 BR

2.1 NCX B DX B 0T B 200 L 38 200 6L 36 PE: 74 53 i

U87. U251 F1 SF188 4 fifd 43 %l 5 0.1, 1. 2. 3 Al
5 wmol/L CB-DMB % 48 h, CCK-8 4% %% CB-DMB
A3 A TS B S B A R AR B R AR S . AE
3 wmol/L CB-DMB {EH T, U87. U251 FI SF188 4 L i)
TN RAREXT IR 10% (I 1A) . il A=A T
345 CB-DMB X} U87. U251 1 SF188 41l ifd i1 1C,, 1 53 5
4206, 2.19 F1 1.82 wmol/L, U87. U251 FI SF188 41 fify
35155, 10, 20150 wmol/L ¥ NCX iz [i) 7% 5z BH i 771 4t
JEH 48 h, &M SN-6. YM244769 Fll SEA0400 %t Jist J5i £F
YL (A R B W 52 (K] 1B~D) .
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Note: A. Viability of glioblastoma cell lines (U87, U251 and SF188) after being exposed to the selective NCX blocker CB-DMB at 0—5 pmol* L™ for 48 h. B-D.Viability of
glioblastoma cell lines after 48-h incubation with SN-6 (B), YM244769 (C) and SEA0400 (D) at 0-50 umol-L"".

1 4750 NCX BRI 7 % B2 Jo £ 4 a8 4 AR 7 ) B &2

Fig 1 Effects of four NCX blockers on the viability of glioblastoma cells

2.2 CB-DMB XJJi¢ )it Bk ANRELIRE AN Ca** £ 5 R 5 W
i1t Ca? MR SE IR ST CB-DMB i 5 £ 4 it I8 41 it

P Ca* K52 . CB-DMB (2.5 pmol/L #15 umol/L)

A
150

CB-DMB (2.5 umol-L™")

100 ¢

[Ca*"; Fluo-4 fluorescence

HIEZ)60 shf, USTANMEIN Ca* 553 & B 3 m (&2),
Ui BH 40 M N Ca* ¥k BE (intracellular Ca** concentration,
[Ca]) Tt

150 1

CB-DMB (5 umol-L™)

100

50

[Ca®']; Fluo-4 fluorescence

Note: Flua-4 AM loaded U87 cells were imaged and perfused with CB-DMB [2.5 (A) and 5 pmol-L™" (B)] in the HEPES-buffered solution containing 2 mmol-L™' Ca®".

2 CB-DMB3X US74ARE A Ca* 7k T B9340
Fig2 Effect of CB-DMB on intracellular Ca** level in U87 cells

2.3 CB-DMB X} Kot BF 40 L9814 L 9 MAPK 55 45 il i 1)

AL

US7 Zfi i ] 2.5 wmol/L CB-DMB %% 10, 30. 60l
90 min 5, 40Kl ERK. p38-MAPK K JNK {5 5 il %
B ROE 500, Western blotting 45 5 7k, U874l 5
CB-DMB #7510 min Ji5, p-ERK % A5 /K- 04 Thi
11 p-p38 £ 11 Fll p-JNK 5 [ (1 3RIA7KF- 3 B TE, A A
HAMRIBACERZRm (K 3), %4551 R M INK A
p38-MAPK {553l I 45 ¥ 0G , "I eSS T CB-DMB i &

http://xuebao.shsmu.edu.cn

AR T

2.4  CB-DMB X} Kot Bl 200 e300 20 1L 04 17 0¥ 53 i

# US7 41 i 2.5 wmol/L CB-DMB AL B 6. 12, 18,
24, 36 F148 h, KILMT-41HE (Annexin V+) (1) Eb {1 Fifi
A ] ZE g (1 4A) . 330 wmol/L TMZ 1 b % i,
FE A [R) B4 I o) 000 2 UST A T 0, SRR,
CB-DMB 7| &2 [ 4t ji 8 T~ 3 B2 8 TMZ 31 (P=0.002,
K4B).
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A
p-ERK — - — -
Tubulin | EEG— S SR —
CB-DMB — + + + +
t/min 0 10 30 60 90
B
15r
151 151
@ ® @
@
1.0 F
%101 X 10} &
o 2 5 z
&5 . 2 05¢F
L 05F ﬁ & 05F
.0 .0 .0
#/min 0 10 30 60 90 #/min 0 10 30 60 90 t/min 0 10 30 60 90
CB-DMB - + + + + CB-DMB - + + + + CB-DMB - + + + +

Note: A. The expression of phosphorylated and total ERK, p38-MAPK and JNK detected by Western blotting. B. The analysis of protein expression levels in U87 cells after
being exposed to 2.5 umol+- L' CB-DMB for different time. VP=0.000, compared with the group at 0 min.

B3 CB-DMB i B8 M4 M MAPK {5 538 B #9351

Fig 3 Effect of CB-DMB on MAPK signaling in U87 cells

0h 6h

18 h 36h
; ) . X 31.26 14.40 | o §8.26 13.20

w0 §2.32 16.60

PI

1.28
Annexin-V FITC
100 B
—@—- CB-DMB
-O-TMZ
S
E
g
g
& P=0.002
o
<

0 6 12 18 24 30 36 42 48
t/h

Note: A. The apoptosis of U87 cells treated with CB-DMB for different time analyzed with Annexin V-FITC/PI assay. B. The quantitative analysis of apoptosis rate of U87
cells treated with CB-DMB (2.5 umol-L™") and TMZ (330 umol- L") within 48 h.

4 CB-DMB X i 5 £ 48 B 488 48 B B 1R 52 R 49 46 R

Fig 4 Rapid killing effect of CB-DMB on glioblastoma cells
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2.5 CB-DMB WAy TMZ %} J5 1 21 e 585 20 1 0 251G 3
WM
1100, 200, 400, 800, 1000 wmol/L TMZ X} U87.,
U251 HI SF188 il /3 BAL B 48 h, & BE TMZ X 40 g i £F
KA1 2 B AR . e Al B, TMZ X U87.
U251 #i1 SF188 41 Jif i 1C, fH 43 5 29 °4 801.6. 907.4 Fll
331.2 pmol/L, TMZ 5 CB-DMB (2.5 umol/L) B4 4524
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—e— With CB-DMB
© 75+
=
E s0f
5
3 st
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C
SF188
100
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s GEL —e— With CB-DMB
=
B
E 50t
=
3 st
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945 32 K BELAER] CB-DMB Xt AR R R s Ao K g | 715

Jo . R TMZ %A A=A B A R R IG5, TMZ XF
U87. U251 FiI SF188 4fl il (1 IC,, & 43 7l B 2 24 171.5.
450.0 f11110.0 pmol/L (& 5A~C). #— ik CB-DMB
XFIE N B P 5T 4 i & 5 A #E e, & L5 CB-DMB
(3.5 wmol/L) W77 48 h & ALY K o5 40 i i1 A7 3 R PR AR &2
X HEZH 1Y 76%, TR 5T B 240 R 4 ML (U87. U251 Al
SF188) M IH ML FEAR 2% FRZH 1Y) 10% LA (#15D)

B
U251
100 - —O— Without CB-DMB
—@— With CB-DMB
X TI5¢
=
£ sof
B
S a5t
0 200 400 600 800 1000
TMZ/(umol-L™")
D
[J Control [ CB-DMB
100+
o

X
B
%

=z 501
3
O

@
@ [R i
O -
ug7 U251 SF188 Astrocyte

Note: A—C. Concentration-response of TMZ that caused cell growth inhibition in U87 (A), U251 (B) and SF188 (C) cells in the absence or presence of CB-DMB (2.5 pmol*
L™).D. Viability of U87, U251, SF188 cells and human astrocytes exposed to CB-DMB (3.5 pmol-L™") for 48 h.P=0.000, compared with the cells without CB-DMB

treatment; P=0.000, ®P=0.018, compared with the control group.

5 CB-DMB X TMZ 40 i1 814 #9188 38 /£ FI LUK CB-DMB 3% 2 B AR E H R R
Fig 5 Enhancement of cytotoxicity of CB-DMB to TMZ and effect of CB-DMB on the viability of human astrocytes

3 itie

2 S5 988 2 TR B 5 2R G bR DL A DR R M R
KRB T R F AL 15~18 D A JGFET, 5 9 i e ot
Je H ET & THE LR A H L SR SR T IR
JETIR W 5 AT YT A T R ), AR BN Ca” IR R
J2 5 fole o/ AR AT M E T A SR AL R . A PN TR R Y
Ca® Y& & 0T i 96 200 Bt ] BB B 19 . NCX o — 3L 1]
BT Rasik, ATAEIER (Ca*4hE) FZ IR (Ca™ M)
2R R TR, BET NCX 9 1 1) A X sl #0E NCX Y L
m AT SR A Y Ca® 3k . BEAE G T NCX A H: BH i 71
(R SE B AR TP AR AR 2 FLO AL 22 gl SR R
W, AT NCX FE M 2 (40 D5 T A i (HA 56
NCX 7 J5 5 5 240 Mg 1k J v i VR FH i i g g /b, B
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WEFEH DA Ca® AT 40 A5 493 194 £ B2 R NCX 0 i % e Jot
FEAN AR A K A E

CB-DMB /& —Fo%f NCX e 55 45w (1 B 77, 7l DA
BT NCX 1) 2 Fp TAERE . AF5E % 81 CB-DMB X i 5t
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