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——— Abstract

Background/Objective Cytoplasmic alkalinization induced by activation of the Na+/H+antiporter which is stimulated upon the
addition of growth-promting agents, such as insulin, epidermal growth factor, phorbol ester, plays an essential role in the initiation
on cell proliferaion. In the present study the efffects of amiloride, a specfic and reversible inhibitor of Na+/H+exchanger, on the
growth of human hepatocellular carcinoma cell line, Hep 3B were examined and the effects of 5-fluorouracil (5-FU) combined with
amiloride were also studied to determine the role of amiloride in the treatment of hepatocellular carcinoma. Cell cycle analysis was
done to examine the mechanisms for the inhibitory effects of amiloride. Methods The growth of Hep 3B cells were examined by
counting cell number on two and four days treatment with 1 uM, 10 pM. 20 uM, 40 pM, 80 pM, 160pM amiloride, and 0.1 pg/ml,
0. 3 pg/ml 5-FU, after plating Hep 3B cells into 35-mm” plastic dishes at a density of 20x10* cells/dish. The reversibility of the
effects of amiloride was examined on two days to eight days treatment with 20uM amuiloride after seeding 4x10" cells/ dish Cell
cycle analysis was done on the cells after four days treatment with 20 pM amiloride. Results Amiloride significantly inhibited the
growth of Hep 3B in a dose-dependent fashion (p<005) The inhibitary effect of amilride on the growth of Hep 3B cells was firstly
shown at the concentration of 1 uM, which is not so higher than the concentration of 0.1-0.2uM attainable by administeration of
usual dose of amiloride (5~10mg). Forty-eight percent inhibition of growth was found at an amiloride concentration of 20 pM
and 92% inhibition of growth was found at an amiloride concentration of 160 pM after 4 days trreatment. The removal of amiloride
by a media change after 48 hours treatment lead to significantly more growth than amiloride treated group (p<005). Amiloride
combined with 5-FU significantly inhibited the growth of Hep 3B in a dose-dependent fashion compared to an amilonde or a 5-FU
alone (p<0.05). which suggested additive effect of the two drugs. After four days treatment with 20 pM amiloride. the fraction
of cells in GO-G1 phase, S phase and G2-M phase was 57.9%. 20.8%. 21.3%, respectively in the amioride group (20uM) and 38 9%,
20.8%. 40 3% 1n the control group, showing much higher G1 fraction in amiloride group compared to control group. Conclusions
Amiloride significantly inhibited the growth of Hep 3B in a dose-dependent fashion, which may be reversible The reversilbility of
growth inhibition suggests that amiloride is not a non-specfic cytotoxin for Hep 3B cells Because the lowest inhibitory concentration
of amiloride for the growth of Hep 3B cells in this study was 1 UM, which s not so higher than the concentration of 0.1~02
1M attainable by administration of usual dose of amiloride(S ~10mg). amiloride or its analogues may be used alone or in conjunction
with other modalities of therapy of hepatocellular carcinoma, for example, hepatic arterial chemoembolization or radiofrequency
interstitial thermal ablation therapy Since Hep 3B cell transition through the G1 phase was inhibited by amiloride. the inhibitory
effects of amiloride on the growth of Hep 3B may be mediated in part by blocking G1-S transition. Further study is needed to
clarify the effects of more potent analogues of amiloride on the growth of human hepatocellular carcinoma.
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1. A=

Amiloride, 5-FU ¥ DMSO(dimethyl sulfoxide)+
SigmarHSt. Louis, MO, USA)IA F95+4812, MEM
(Medium Eagle’s Minimum Essential Medium), fetal
bovine serum(FBS), 0.06% trypsin-0.02%6 EDTA ¥
3 100units/m¢ penicillin-streptomycin<  GIBCOA}
(USA)ZRE FYdtd AHE3t4 k. Amiloride® 2
g mo] DMSOE o] IogA vtz ARRSA,
5-FUE PBSO| =9 vtg2 A8t

2. AX A F
Hep 3B AXE 3AEZF23(KCLB No. 58064)

ogxE Popret MjgstuA AP gL, A
Zuj%L CO; incubator(Sanyo, model MCO96,
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LA LA EF(Hep 3B)S] F49l W= amiloride] oA a7

Japan)E A}&-3}3ch Hep 3B AZE 100 units/mee]
penicilin-streptomycin® 10%< FBS”7} g% MEM
(Medium Eagle’s Minimum Essential Medium)S AH&-
3ty 37C, 5% CO; incubatorol A wj¥atgrt. wjok
" 7217 GAEE dF Y 2~33] Q2 Az
Zol F31 6~79 W] PBSEZ A3 T 0.05%
trypsin-002% EDTAZ #&d MEE Rt
e MEZE fAEEd AHE ¢

£ ¥3 "slor NIV 23 =
38t 6~7¢ vt 58t Al wiFsieA A
Aol Argstgth Aldl sigAl ZZhe]  passage
number® 7) &3} 1 passage number”’t 103] o4
d e N2 SAEE dAAL: gazRE A
o] ThAl wf g3t A Pstdth
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3. Amiloride®] Hep 3B AX 324 a7

Z27]9 2= Hep 3B H}EE PBSE AH &
0.06% trypsin—0.02%6 EDTA &4 ZE AEXEs B
glete) AT 3 & HAA *ﬂi% %El—ar TAEE
2 & 339 6 well plated] 20 x 10" cells/well =
T2 seedingdte] 24213 wi g3ttt 4AME£71 plate
o BAEASS A3t ¥, 10% FBS7F A& iAol
1 pM, 5 uM, 10 uM, 20 uM, 40 pM, & 1M, 160 UM
o] ¥=2 amiloride 10 pIE 274 3 welldl #7}stn
(triplicate), 37°C, 5% CO; incubatorell A uj¥atsich.
FAAET= AEXET 92 FE 29 2 49 Fd),
FHE HEE 0.05% trypsin-0.029% EDTAR 23
sted Zt ME 4E hemocytometer= Z=33g o,
o] W MEY MFEARE tryphan blue @No =2 3
e, 184 A" AE £8 04% DMSO £
ATS WS dE2TY AE 9 vindo gz

2 A aANE AP

4. Amiloride® Hep 3B A¥ ZA 4 a9 7}4A

N

Amiloride”} Hep 3B AEo| t]x]& Z2]9) 422 9
7t948 ARE 2AREL AsM F471e AE Hep
3BBHMEE PBSE AH% F 006% trypsin-0.02%
EDTAR 739 MEXE 2sie] 94723 3 1A
H HNEE F1F BAHES Z EFsld 6 well
platecll 4 x 10° cells/well FEZ BF3ho] 2447 )
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5. Amiloride®t 5-FU7} Hep 3B A X9 F2]d)
nAe 4338

Amiloride®} 5-FU”} Hep 3BAIE9 2o n]x
T A3AES 7] AsA SV A& Hep 3B
ML E PBSE AHI T 0.05% trypsin-0.02%
EDTAZ %338 AXE 2gstd di2zd 3+,
A4 dAXE 231F BAHIEE F ZEsly
6 well plates] 20x10° cells/well &2 RF3149
st vjeketdoh M E7E plated] HEAEHAS
< g ¥ 10% FBS7F & iAo djzT,
amiloride 10 pM, amiloride 20 uM. 5-FU 0.1 p
g/ml, 5-FU 03 pg/ml, 5-FU 01 pg/ml +
amiloride 10 uM, 5-FU 0.3 pg/ml + amiloride 10
oM, 5-FU 0.3 pg/ml + amiloride 20 pM &} 8% 2.
2 uo] 3 wellel #7}sbi(triplicate), 37T, 5%
CO; incubatoro|l A sigslaAtt. FZME= A 83
g3 4= FE 49 T, FA"E AEE 0.05%
trypsin-0.02% EDTAZ #&ach 21¥84 34
7E® ME +Z hemocytometer® =
Z7o AXZ Fob vuwste 7t 7o GAE F4
AAaHE FFI}A

6. Flow cytometryE ©| 43 A EXF7]824

Amiloride”t Hep 3B A|Xol] ol A EZF7)9]
o= dAlE AAAINEAE flow cytometry S o] &
sted 23] Ale), 223t ch. amiloride 20 BME &7}
s HHXM]H 497 vjgE A EXE PBS&YoE -’F/‘ﬂ
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3l DNA intercatalating dye$! propidium iodide
(Sigma, USA)EZ DNAE EA35l9] Becton Dickinson

FACStar Flow Cytometer 2 Becton Dickinson Cell
Fit SoftwareE ©]&3lo] AXF7]E B3kt
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AmilorideE 1 tM #7} ¥ 29 #¢] Hep 3B A%
& (28 £ 3)(x10YQ 2, 04% DMSOY 713 ti=
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Hlste] f-ofstA AEe] FAo] A A Hp<0.05).
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(Table 1, Fig. 1).
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Table 1. Effects of amiloride(uM) on 2 days and 4
days treatment of Hep 3B cells.

Cell number x 14

-28-

2 days 4 days

Amiloride 0 30+ 4a 63+ 4a
1 28+ 3a 57+ 3b

5 25+ 2ab 51+ 2¢

10 21+ 2b 43+ 3d

20 15+ 2¢ 33+ 2

40 8+ 2d 21+ 2f

& 4+ 1de 13+ 2¢

160 2t le 5t 1h

a~h : Means with the different letters in the same column are
significantly different(p<0.05) by Duncan's multiple range test.
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Fig. 1. Effects of amiloride on 2 days and 4 days
treatment of Hep-3B cells. *p < 0.05 vs. control

2. Amiloride®] Hep 3B AX ZA A d79] 7194

Amiloride®] A AA L] 719488 RuA
A, amilorideE ASFH H7betA & o

77 amiloride E7HE 44 A ¢ 50%2] TAIAZ
HE H<Q amiloride 20 M-S H718ke] 24213 B¢t
v FAIZl & amilorideE AAS 7, 2213 amiloride
20 IME #7184 AL U2 F Fo2 Uyo #
Fate B3RS W, BFF 2423t Aol amiloride®
H7hgt & 48217 vl FThyt E7het amilorideS A
Ag dell= AATTH AASNA ¥ F Alel9] Hep
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UA EAE

o} 233 amilorideE AAS A 2R AATYY
Hep 3B AZ & (14:2x10'2A amiloride #7}7
o] (85:15)x10% sty @A WO} A A
o fode Ny, WETEY 2)x10'RtE &
AstA Ao (p<0.05), amiloride H7t3 WET
Aol I ME Fofl {93 AolE B A THp<0.06).
AmilorideE AAZ A 6¢ Aol amiloride] AT
o] Hep 3B AIXZ 4% (285:25)x10'24 amiloride
2 AASA g o (18+1)x10'RTE A wBek
L(p<0.05). hET9] (41:3)x10% vl E fof3)
A AMESF7E H2 o 2M(p<0.05), AAE X 28]
H 344 amilorided] F2A Z&o] @o] AT
S8 1o FAoh 2832 amilorides AAS A 6Y
A<l HE YA o= amiloride AATS Hep 3B A
T 47 (Bx10'24 dzFel (57:3)x10° Btk
vroro v (thZ a9 83.3%, p<0.05), amilorideE Xﬂ7‘]
7 @gd T (26:2)x10°B e EXA o B8
7H-9] 181%6)8 X FATHp<0.05). 2181 amllonde
A A& FollA amilorideZ AA G} 29 Alo)
ZAH &L 252 gEFo] 25u9ts v]5=E
A gt amilorideE A|ASHA] &Ad o] 158 R}
A3 Fko ol#3t ZAd2 amilorideE A A
A 493 6Y Alole] FAH|gAME & #Ha
amiloride®| Z2] oA zHgo] 7tdAYIS 1B
F2HTable 2, Fig. 2).
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Table 2. Reversibility of effects of amiloride(20 pM) on
the growth of Hep 3B cells.

Cell number x 10°
(Oday 2days 4days  6days &days
Control 4 8515 2027 4123 57+3°
25" 20 14

Amiloride removed® 4 55:05"  14<7°  B5:25 45+7°

25 20 16
Amilonde 4 55-05" 85105 18+1° 6=
15 21 14

7% Means with the different letters in the same column are
sigmficantly different(p<0.05) by Duncan's multiple range
test.

: growth ratio

?: amiloride treatment for 48 hours followed by replacement

with amiloride-free medium.

-29_

F(Hep 3B)Y ZF2lo| v]X|= amiloride®] A &3}

Log cell number

4 . . . )
0 2 4 6 8
Days

Fig. 2. Reversibility of effects of amiloride(20 pM) on the
growth of Hep 3B cells. Open circles=control group; closed
squares=amiloride treatment for 48 h followed by
replacement with amiloride-free medium; open squares=
continuous amiloride treatment.

3. Amiloride®} 5-FU7} Hep 3B A9 F2])
R 45

Table 3014 B ulg} o) HHOk 4979 hET
©] Hep 3B AlZ %+ (59+3)x10'% 3, amiloride 10 p
M #H7}+ % amiloride 20 uM 737}:&—4 AE =
Z+z} (42+1)x10° 2 (20:2)x10°2A % BT 2T
I Fogk AE BIAHp<0.05). 5-FU 0.1 pg/mlE
A7kt o 2 5-FUE 03 ng/mlE #7138k 79 A%
S @=Dx10" 2 @7)x10°2A $FE BT gz
o] (59+3)x10°7 ol ol MG RUP<0.06), I
Atololl = 1 M o] {Foldk zpolrh ATHp<0.06).
12]3 amiloride 10 UM H7H+ 2 amiloride 20 UM
H7bEe] T = %7 EF 5-FU 01 pg/mlE 3
7k 9 5-FUZ 03 ng/mle #7715 &9 Al 4
By foletA A Achp<0.05).

Table 3. Effects of amiloride(UM) and/or 5-flucrouracil{ug/mi)
on 4 days treatment of Hep 3 B cells.

Cell number x 10°

Control 59+3°

Amiloride (10) 42+1° 289
Amiloride (20) 2942 509
5FU 0.1 47+1° 20 4

5FU 0.3 37+3% 373
5FU 01 + Amiloride 10 32+3% 458
5FU 03 + Amiloride 10 2642 56.0

5FU 0.3 + Amiloride 20 12428 79.7

: Means with the different letters are significantly different
(p<005) by Duncan's multiple range test.
" Inhibition rate compared to control group
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ae)a 5-FU9 F2194 2ol mx]= amiloride®]
QS A BW 5-FU 0.1 pg/ml¥ amiloride 10 pM
& #Hg M/ 79 Hep 3B AZFE (32+3)x10°24
5-FU 01 pg/miwhe #A71e Fo]  (47:D)x10'e1u
amiloride 10 WM &% #H7be] (42+1)x10% ]38}
AZF7} F8HA AATHp<0.05). ©124 5-FU 01 n
g/mlY} amiloride 10 M @9 2I3+ Hep 3B Ao
i3t ZAAAEAETG T RE HEHES ool 2
a7t 9 5 ¢ F A HEg. 3.

V2

Cell number x 10°

A10 FO.18A10

Fig. 3. Effects of amiloride( #M) and/or 5-FU(zg/ml)
on 4 days treatment of Hep 3B cells. * p < 0.05

F: treatment with 5-FU A: treatment with amiloride
F & A: treatment with 5-FU & amiloride

&8 5-FU 0.3 pug/ml# amiloride 10 tMe] ¥&
H7bEe] AT $E (26:2)x10'24 5-FU 0.3 pg/ml
gre H7he 29 (37+3)x10%)t amiloride 10 pM
9= #Hzbze (@2+1)x10% ¥lstd AE F£7F f9
stA A QA tHp<0.05)(Fig 4).

6 r

Cell number x 10°

F0.3 A10 FO.38A10

Fig. 4. Effects of amiloride( #M) and/or 5-FU( gz g/ml)
on 4 days treatment of Hep 3B cells. *p < 0.05

F: treatment with 5-FU A: treatment with amiloride
F & A: treatment with 5-FU & amiloride
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aela ol e AL amilorided FEE %
5-FU 0.3 pg/ml¥# amiloride 20 pMS #H& #7}
AL ool o F=s AA 2 AEFIF (12+2)x10°
24, 5-FU 03 ng/ml ©=37kte) Axs (37:3)x10°
U amiloride 20 pM ©@= 37129 (29:2)x10°
B dAGA 2E2E B & JdAUHP<0.05)
(Fig. 5).

H

o

7

Cell number x 10 °

F0.3 A20

Fig. 5. Effects of amiloride( #M) and/or 5-FU( zg/ml)
on 4 days treatment of Hep 3B cells. * p < 0.05

F: treatment with 5-FU A treatment with amiloride
F & A: treatment with 5-FU & amiloride

2183 5-FU 0.1 pg/ml3} amiloride 10 pM< &
H7be TAME dE2Tol vl 458%] F21A
& Ho, 5-FU 01 pg/ml ©5#7+7 amiloride
10 M @E37129 SA9A8S 3 &(289+204=
493%)F A8 AEE Yeldoz N, F ol 4
+2442 AL J&E AAEEET olBd AL
5-FU 0.3 ug/# amiloride 10 pM2} & ZH7hatoll A
izl vlEA 56.0%2 FTAdAES 2o, 5-FU
0.3 pg/ml BER71E3 amiloride 10 pM 95371
Fo] Z2A&S 3 4(37.3+289-662%)7F A
Azg Jehd 43 5-FU 03 pg/mi#} amiloride
20 uM2] ¥& H7bFolA dETtol HlEiA 79.7%9
ZAAAESL 2o 5FU 03 pg/mi @5H7/H3
amiloride 0.1 pmol/L ©E 79 FAYAES
3k £(37.3+509=882%)% A BEE YEU
A A oS F3 e HFig. 6).
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Fig. 6. Effects of amiloride(M) and/or 5-FU(g/ml) on 4
days treatment of Hep 3B cells suggesting additive
effect of the two.

F: treatment with 5-FU alone

A treatment with amiloride alone

F+A: calculated sum of 5-FU and amiloride

F&A: combined treatment with 5-FU and amiloride

4. Flow cytometryE ©]£3% cell cycle analysis

Amiloride 20 tME 7} v Ajoll A 4G3F v Al
7l =3 amiloride #7Fglo]l wEAIZ] iz Hep
3B AEE ol&st MEF7] FAL s, dx
9 F$ GO-G1717F 38.9%, S71+= 20.8%A=4 H]
3}, amiloride 20 uM FH7FEAE  GO-G17)
57.9%, S7] 20.8%=% e} amiloride #H7FatollA Wiz
oo Hlgte] G171dlA S712e] Fdgo] x| A
x F2o “ﬂ]ﬂ‘ﬂ Jdees Ho FHGY I
G2-M719] 7%= tiZTo] 40.3%, amiloride A7}
°] 21.3%0193\‘:}(Table 4).

Table 4. Effects of amiloride on cell cycle distribution
in Hep 3B cells after 4 days of incubation at 37C

9% of cells on each cell cvcle

Sample(pM)
GU/G1 S G2/M
Control 389 20.8 403
Amiloride(20) 579 208 213
i &

Z o] vl amilorided] A&7}

9] pHE 65904 7.03; AR5 a3
P-NMR-spectroscopy 2 =7 3t *1+‘H pHe A
ZA 3} A7 e o)zt C} olgjsl AAZ A
I AT Atko] zlol: G A g AdHo
23l gy MsAS Aty & + e
9, Ak B @7N AMEu pHE 2AEded)

#dogotn 4 5 7kA 8% exchangersS!
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