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NHE-1 45 5430 #5 DMA %% HL-60/ADM 40} % 25 it 25 i SC I8 fFF 55
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400037 )

#OE: HN S S s -1 (Nat exchanger-1, NHE-=1) 8 551 000 751 — H 35 0 50 0 1o ( dimethyl amilo-
ride, DMA) Jg 5 QB A5 AR5 1105 4% it 25 41 M bk HL-60/ ADM [1) % 2415 25 M SC o R ML . J5ide LA 2695 = 2 46 2 if 24
(multidrug resistance, MDR) ] HL-60/ ADM #la f A F 52 68 %, MTTT 32 A0 17 24 490 RO : , 2 280 2000 M0 430 46 100 40 iy 22
LURER PR, RT-PCR BRI mep bel-2 hax mRNA ik , G000 4000 £k 2 125 40 00 40 S 46 25 15 2 4026 35 11 ( MRP) 53K,
TUNEL 2R SO AN T 855 15 50 wmol/L DMA L[] B % 24 b )5 HL-60/ADM 4 e &t ADM _MIT _VCR . HAR 4
RIS 7255 1C, (53 31 1 (839.5 £45.2 ) (321.2+£28.9) (70.515.5) (65.2 +20.7 ) ng/ml [F{EZ (180.5 £38.9)
(76.4£12.0) (30.2£7.5) (31.7 £7.2) ng/ml; 4331 55 50,100 wmol/L DMA JEH7 3 24 b J5 , HL-60/ ADM 41 it i DNR £
LSO th P AT Y 33. 56 THESH) 48.74 F170. 10, 414 mrp mRNA %3k Bt MRP 25 (1 &35 5t B bel-2 mRNA %34
h'ﬂ i A, bax mRNA 26500 B FH i s 5 100 pmol/L DMA JE[] 535 24 h )5 .5 pe/ml ADM {EHIF f4) HL-60/ADM # Jiy

TEM BN . G5 DMA 0TEE HL-60/ADM Zii2Ag MDR, FLALEI 0T HE S F i MRP 2635 & 48 U bel-2/bax 1=k 12
ﬁjt,.

REER P IR SR ; B SRR -1 HL-60/ ADM 5 45 25 24 3 i ks

HE xS S R730.53;R733. 7;R965 SCAKARISAD: A

Reversal of multi-drug resistance in HL-60/ADM cells by dimethyl amiloride in vitro
CHANG Cheng, KONG Pei-yan, CHEN Xing-hua, PENG Xian-gui, LIU Lin, LIU Hong, ZENG Dong-feng, LIANG
Xue, WANG Qing-yu ( Department of Hematology , Xingiao Hospital, Third Military Medical University, Chongging 400037, China)

Abstract; Objective To investigate the reversal and the possible mechanism of multidrug-resistance
(MDR) by dimethyl amiloride( DMA) , a specific inhibitor of Na*/H * exchanger-1 ( NHE-1) ,in HL-60/ADM
cell line in vitro. Methods ~ After DMA treatment, the chemosensitivity of HL-60/ADM cells was studied by
MTT assay. Intracellular concentration of daunorubicin (DNR) was determined by flow cytometry. Expression
of mrp mRNA, bel-2 mRNA | bax mRNA was assayed by semi-quantitive RT-PCR. MRP prolein expression was
detected immunohistochemically. Cell apoptosis was observed with terminal deoxynucleotidyl transferase-media-
ted dUTP nick end labeling (TUNEL). Results  Afier treated with 50 wmol/L DMA for 24 h, 1C,, of HL-60/
ADM cells to ADM, MIT, VCR and HAR decreased from (839.5 +45.2) ,(321.2 +28.9).(70.5 + 15.5) ,
(65.2 £20.7) ng/ml to (180.5 +38.9),(76.4 +12.0),(30.2+7.5),(31.7 +7.2) ng/ml. Afier treated
with 50 pmol/L or 100 wmol/L DMA for 24 h, the intracellular concentration of DNR in HL-60/ADM cells in-
creased from 33, 56 1o 48. 74 or 70. 10, and expression of mrp mBNA, MRP protein and bel-2 mRNA de-
creased significantly, but bax mRNA increased significantly. After treated with 100 pmol/L DMA for 24 h, the
rate of apoptotic cells in HL-60/ADM cells treated with 5 pg/ml ADM increased significantly. Conclusion
DMA could reverse MDR of HL-60/ADM cells in wvitro, and the mechanisms were associated with decrease of
MRP expression and induction of cell apoptosis through bel-2/bax pathway.

Key words: dimethyl amiloride; Na*/H " exchanger-1; HL-60/ADM; multidrug resistance; reversal
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FOBR, . NHE-UF5 SRR R DMA 8 HL-60/ ADM 20 a2 241 24 i) 55 50 F 7 329

UL 47 20 it 7 A 22 25 24 ( multidrug resistance
MDR) J&& B I7 2R W 1 I 5 & AR AR AL i
T MDR #HLifi & 4% 2 0 HIETE 55 A7 16, I R 00 5
MDR 132549050 B 2 A BEAE . Larsen 25" 438 11 ifL 5
2O L R 4 5 L9 pH. {8 Cimtracel-
lular pH, pHi) , FLiX — 304 55 i 25 240 A7 1 fof ol it 24
BLEIJE o6, AT AT AF 93t Uk S 1 Bl 2K & R
MDR 1 (4 1fiL % 40 bk HL-60/ ADM 4 ity pHi £2AN I 24
f¥) HL-60 4 g WYt 5, EL 40 KO P9 #7052 4 -1
(Na*/H" exchanger-1, NHE-1) 1k i #1055, $2 8 F
M5 20 M P9 5 pHi A8 TR AHIEE R A AL /2 MDR v
THREMEH. ARTFFTIE T NHE-1 R85 75—
A R0 9K ( dimethyl amiloride, DMA ) J2 75 fE £ (&
b AR MDR 22 SCAT AR

1 #RETE

1.1 @itk

HL-60/ ADM 4l ke phy v [ B2 ok o B o i~ B0F 92 e 254
AL T O AMRPE, H R IES 2, 5 2R T
2578 SUTE 24 , 41 0 B 3% v 335 6 3 22 24 i 245 AH DG 4 11 ( multi-
drug resistance-associated protein, MRP) , HL-60 ZJii g £ o & 52
{RAF . LAA 10% JiG 4 1§ (Hyclone 23 w]) 1) RPMI1640 5 75 Ak
(Hyclone 2 &) )37 C 5% CO, A A AE 2 0F F HE 3%, HL-60/
ADM Zif AL ARG SR, By TR AL M A BI85 3 0.5 pg/ml, B
FTHE RSN i 2 ) T 40 oA T 24 B R R AR
1.2 F&XA

WEEIE R (MTTT) . AR ( DMSO) (DMA 1 £ JE [# Sigma
Al AT MRP 53 R Sk B S-P G 414k R &y T e
TR A A B 3 CADM ) S BRI AR 20l A7 B2 W
bt SRR BUE (MIT) S 01 A 20 517, AR BT ( VER) (]
B AE ( Ara-c) =2 A2EERE( HAR) hy | HEAEIE2Y o] 7=, 14 4]
S AR T 20 BE 4T 8 ADM 12,5 mg/L,MIT 5 mg/L, VCR
1 mg/L,HAR 1.25 mg/1..
1.3 Fm&HAaa

ANJRIHEE DMA 552 86 40 M JE R 5% 95 24 W IS ik 17 4% TR
M. DMA T il HL-60/ADM A 5246 211, JC DMA | fit HL-60/
ADM K HL-60 40y A3 f 2 .
1.4 hah s s

S MTT i, 68 K 1 HL-60/ADM 411 15 37 i b i
A 50 pmol/L DMA L[]8 24 h 5, LA 1 x 107/ ml 2 4EFR T
96 fL#R , Bl 80 wl. MIA LR RIS T 2548 20 /AL, 24 %
SRR AR SRR AT HEE A 0.01 0. 1110 %, Bk & 2%
4 5L T0E A0 2 4 ) B P Xt BRCFL R i RPMINL640 1 7 3k
78 G IR FL . 3R 72 h L IDACE IS 1640 K FEH 180 wl/
LRI MTT TAE#E 20 wl/fL, AREEMF & S b &0 FF 1
WL A DMSO 150 pl/FL, %8 i 5% % il 45 5 Fo an i e . BEREK f

PEKEI L SR ST0 nm 4, 5 FEAL A MR L D(570) |,
TR 1 (1 24 00 R AR S B AR A i A T 300 e i 6
= (ICqy = [Cqy )/ (TCq, = [Cg ), HiHP 1G5, S HL-60/ADM 4
Mg 1Csy . 1G5 DMA T HiJ5 HL-60/ADM ALY 1Cq, , 1Csoc
&t HL-60 # iR 1C, .
1.5 f@ha i 34 % % (daunorubicin, DNR) A & & 49
m &

£ 50 100 wmol/L DMA H:[n] B35 24 h f  HL-60/ADM 2
Wiz 1% 10%/ml (13 8 5 1 pg/ml f DNR 37 CILFEIFEF 1 h
15 UKIEZE DNR fE AT 208 Sk [ 2] i A0 4 M R
AN P9 DNR f2 728 BLE AL, IR ZEAL #EAY HL-60/ADM 41 ji{d K
HL-60 21 i Ay S fIE
1.6 mrp bel-2 hax mRNA F ik e

4 it RT-PCR 3. HL-60/ADM 4 ifg #55:d 100 pmol/1L
DMA JGJi] B 3% 24 h 5, Tripure 35 82 AR B RNA, LI
YERE 12 85 RNA (48[ D(260)/D(280) > 1.75 ] Jf kAT
RNA SE B, 0656 75 5] cDNA, PCR 514 (b i/ TAEY) T
PN 4 ) : MRP 351 92 5'-CGCCTTCGCTGAGTTCCTGC -
3, RS . 5 -CTTCTGCGGTGCTCTTGTGG-3" , 4 1 7= 41 Oy
221 bp,, bel2 b ol 4:5-GTGGGATACTGGAGATGAAGACT-
3 RS 4. 5'-CAGCCAGGAGAAATCAAACAG-3", 1" 1 /= )
%9 550 bp. bax 1275149 :5'-CAGGCGAATTGGAGATGAAC-3',
F i 2] 9. 5'-GGTGAGTGAGGCAGTGAGGA-3", 4 1 7= 4 fy
370 bp. N & B N B-acting, I UF 41 #: 5'-CCAAGGCCAAC-
CGCGAGAAGATGAC-3', T i 81 4 5'-AGGGTACATGGTGGT-
GOCGCCAGAG-3' {1 H9 P= 4y Sk S87 bp., FLI %A :94 C HUEE
5 min:94 CARE 40 s;3H & S0 s(ild BE MRP 55 C bel-2 54 G a8
hax 58 °C ) ;72 CHEMf 90 s; JL AL 30 A {GER AU ER ST 4E fif
10 min, HUKJE  SHHTNE B EP P B-actin =4 2 L E
D AHZ (D gyt D) VEE 5347
1.7 MRP E & F ik #m)

HL-60/ADM 4l 5 100 wmol/L DMA MM 5 24 h )5 %
T S-P a7 £ D0 ] 5 JEA T MRP e 240 i Ak 2 e (1
1.8 RAsfm e A o &b )

75 ADM 5 pg/ml K5 355k vh 55 3% HL-60/ADM 4 Jfd , [ i il
A DMA 100 pmol/L J:[RHE 75 24 h, AN DMA s i, % H
TUNEL 3 K i Jsif o8 T~ 40 il e 36 3 5 JBBE( x 400) IR
£5 LT, T4 200 ASIRA L TS BEPEAHD & 00
1.9 it 5 o4

FIT A B L % +£5 38015, SPSS 11,0 SPEEETT o R,

2 #£R

2.1 HL-60/ADM #nfif 25 s i Rk b %K AL

HL-60/ADM 4HMi % ADM MIT VCR HAR 4 fh ity 254011
1Cy, (4354 (839.5 £45.2) ((321.2 £28.9) (70.5 £15.5)
(65.2 £20.7) ng/ml, 55 HL-60 7 MAH L, Tt 24 fi5 507 26,1 ~
51.5 {2 ], HL-60/ADM #ifitd 5 50 wmol/1. DMA 1k [] 55 3
24 h J5  HL-60/ADM 21 st b 34 4 FpbI7 2590 (04 1C, {43 Ml
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flt&(180.5 £38.9) (76,4 £12.0) .(30.2+7.5) (31.7
7.2) ng/ml e DMA {52 BRI . i 24 B X 3066 %€ 14 ik 59
50% LA 1. HL-60/ADM iM%} Ara-c 1C,, ff%E HL-60 4l i W]
WS DMAfERIG R & FEE(P>0.05) (% 1)

F1 HL-60/ADM Hf % 525 ML (n =4)

ICs(x £5, ng/ml)

. it £ 4 x4

HL-60/ADM + DMA

HIL60 HIL-60/ADM ek (o)
—\“.\1 16.3 5.1 839.5 +£45.2 180. 5 £ 38,94 80. | i
MIT 124242 321.2+28.9 76.4 +12.00 79.3
VCR 31£0.5  70.515.5 30.247.5 59.8
HAR 2.5+0.4 65.2+£20.7 31.7 £7.2¢ 53.4
\ra-c 176.8 +35.5 210.5+£24.3 199.4 +44.7 32.9

ay P<0.01,%5 HL-60/ADM 48 4 ja rb 4%

2.2 i DNR #2264 % 4k

HL-60/ADM i Jifg 43 %1 5 50,100 umol/L. DMA 5 7
24 h LA DNR B BESEOK 98 1% ( FIR) 43 51 ik 1] 48. 74 F0
70. 10, 21 By BH ' 45 4350 4 50. 389% Fi1 82. 049 W i 25 T DMA
TERI Y 33.56% F11 23, 62% , {1 5 HL-60 4 K] - ( 89. 12%
FIO7. 18% ) 2% JEom I FUBHYE S {18
2.3 mrp.bel2 bax mRNA £ ik T4k

HL-60/ADM 4 fifd 43 51| 5 50 100 wmol/L DMA 3 [5] 87 &
24 i AL Y mrp  bel-2 mRNA &K I # P (T, bax mRNA &
R ER (1, #2)

A

147 bp—
110 bp =¥

M: o F4rE4: 1 HL-60/ADM fm i, 2. HL-60/ADM #m iz k5
50 wmol/L DMA 248 % 24 h; 3: HL-60/ADM 5 100 wmol/L. DMA
SEFETF 24 hy 4, HL-60 2w

1  mrp mRNA FiET{L

#F 2 mrp bcl-2 bax mRNA AT (n=3 x+5)

D bel-2)/
D{ B-actin)
0.86 +0.05

D mrp )/
D( B-actin)
1. 130,23

D{ bax )/
D{ B-actin)
0.17 £0.02

#1501

HL-60/ADM

HL-60/ADM + 50 pmol/1. DMA 0.40 £ 0,08 0,15 £0.03*  0.40 0. 14°

HL-60/ADM + 100 pmol/L DMA - 0,38 + 0,09 0.15 £0.02° .59 =0, 08"

a; P< 0.01,%5 HL60/ADM 48 4o jork 4%

2.4 MRP E @ ik %1k

HL-60/ADM 4}t 15 100 wmol/L DMA LG5 24 h )5 , 6
FEAM T2 U 0 % AN U BE MRP 8 11 4 ik 42 HL-60/ADM
AN MLFR AT 1 2)
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A: HL-60 fmia; B; HL-60/ADM #mjs; C; HL-60/ADM #3585 100 pmol/L DMA 827 24 |

E2 MRPEBZRET

2.5 Riitmie T E 4k

HL-60/ADM 4iifi £ 5 pe/ml ADM #:H] F, 5 100 pmol/L.
DMA Sl 55352 24 h J5 () HL-60/ ADM 40 7% Hy (32,7 +
9.5)% , S XHHBA1(13.3 £3.5) % L, B EH 5 (P <0.01)

3 e

P I 20 MDR (377 A= | #1175 £ bt 25 34 7 40 g
SSFIFINRERY LA . Larsen %5 ' % B, i 25 14 1ML 95 40
HUBR T 423k ZFh i 24 46 56 8 11 4b, 38 77 76 40 L pHi
MBI PG AFFTHE, T 25 IR 40 M ATP B 1
%% 1z 8 (1 ( ATP-binding cassette transporter, ABC) 3%

(S-P x400)

IR IR, PEAT NHE-1 (98658800 * . NHE-1 |
ZAME T HAZA M | MR RNEA N T
Na™ FIH T8 11 22 4 L AE5 40 B PN 3R 85 64§28 56 FIE
LA, S M RN A BT 2 S A0 B pHI K -
3 £ 71 1 245 ek 240 LA £ 7 24 40 1) 40 B S dz o []
ATAETT % Na™ H™ B F BG4z [H L, 1060 40 i
P NHE-1 B985, AR A pHi 2 75 nT LA 8 2% i 25 1
LA 208 £ T 245 P A4 o, 7R S48 SR 1 NHE-1 41
i) ) ——DMA 3 45 5 14 B W 1 24 19 1 5 40 Jfd Na* -
H " B3z WO A 40 B pHi, 4% 5 22 0, DMA a] # fi1
HL-60/ADM 4 it 4 157 2549 B e B | 1545 20 it %of 245 1
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1 A 7 ) 2 R AL 7 265 0 0 SORR M | LA ok 4 a0t
MDR #IEH -

it 24 11 15 20 pHi 14 25 NHE-1 21k 8458 , —J7
2 T IR Z5 400 MRP SE IR 32 i B2 ep % Na” -
H* 2o fefty 380, 54— Jy If AT 4% 3 40 a9 BCL-2 7§
[ 31k KRR L K T 0 R e B T A S
LEFM], DMA fE 1 F , mrp S mRNA 3 4 #3K
WA, bel-2/bax L (il [ A6 . 400 08 7~ 48 fm, 33 T i i
DMA it HL-60/ADM 4 s MDR (%) 2400 . ttb4h,
F1 L2 pHi B T AT LA 8 e 265 0 14 4 A, A
Y11 PR T FB 245 490 1] R A 4., 0k /0 97 245400 45 L ) 45
& FE A I BE N RSB 25 T L th T 25 40
P pH R0 A0 5 (L DG, T A B o i 5 A
1B S B L R VA 20 B A L O B AR A B O
A0 TR LS 2545 i A 4 MU R4 ] . DMA
PR pHi KT, S80I 24 40 A b SR

E4 W 1k, B2 % AR 2 Fh e (R A ELAT 30 4% 111 10
55 MDR 152590 , (EL IR R CR 2 R B, 3 LT 7
A R TERIVEFD . A HIE DMA AT L300 i 30 Jok 7
WAL AR L e 5 I R 5 A A ) AR
A (R o JUL A B 4 R, 2 AR
g St RIEST HEIR DMA X0 255 T BB A 8 E AR

fERL Il AR {E A DMA %% MDR %ﬁ‘llf'%ﬁfu HrﬁﬂJﬁE
A Sl Rl S U Al A Kl Sl A A A S R R e S A P R T A

A
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