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The inhibitory effect of the guanidine analogues amiloride, guanethidine and triam-
terene on the invasive capacity of rat ascites hepatoma cells. AH130, was studied.
The invasive capacity of AH130 was estimated in vitro by counting the number of
penetrated single tumor cells and tumor cell colonies beneath a cultured mesothelial
cell monolayer. (H. Akedo et al., Cancer Res., 46 : 2416-2422, 1986) . These
agents suppressed the invasive capacity of a highly invasive clone, MMI, in a

dose-dependent manner. We previously reported that serum was required for the in
vitro invasion by MM1 cells (Jpn. J. Cancer Res.. 82 : 493-496., 1991) . Serum addi-

tion to MM1 cell suspension caused an increase in intracellular pH (pHi) as well as
transient elevation of intracellular free Ca®* ([Ca®*] i spike) . whereas serum addi-
tion to a poorly invasive clone, W1 caused neither pHi change nor [Ca2+] 1 spike.
The agents suppressed these ionic changes in MMI cells in a dose-dependent
manner. These results may indicate that serum, which induced the invasion, stimu-
lated the intracellular signal transduction system related to Na *-Ht exchange and
[Caz+] 1 spike, and that amiloride and its guanidine analogues inhibited the invasion
through the suppression of this system.

Key Words : Ascites hepatoma, Amiloride, Triamterene, Guanethidine, Invasion,
Intracellular signal transduction
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Figure 1. Effect of FCS and amiloride on cytoplasmic pH in AH cells . Routinely cultured W1 or MM1 cells were

prepared and loaded with BCECF as described under *

Materials and Methods™. The loaded cell suspension (3 X

10° cells in 0.2ml HEPES-glucose buffer) was added into 1.5ml HEPES-glucose buffer and measnred for its

fluorescence intensity. The resting pHi of AH cells was estimated to be 7.40. When FCS was added mnto t he

resting state of MM cells. a highly invasive clone, suspended in HEPES-glucose buffer . plh of MMI cells in

creased in a time-dependent manner. However, plli change by FFCS of W1 cells, a poorly invasive clone. was

much smaller. When 200 /M of amiloride was added together with FCS. no increase of pHi of MM1 cells was

observed. When amiloride was added 7min. After the addition of FCS. the drug completely impaired the pth in

crease of MMI cells.
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Figure 2. Effect of guanethidine on intracellular Ca®" response to LPA. Routinely cultured MMI cells were pre-
pared and loaded with fura-2 as described under “Materials and Methods”. The fluorescence intensity of 0.2ml
of cell suspension (22X 10°/ml) added into 1.8ml of HEPES-glucose buffer was measured. LPA addition instan-
taneously resulted in a sharp increase of [Ca®*] i followed by its slower decrease ([Cag+] i spike) . Guanethi-

dine suppressed the [Ca®*] i spike of MMI cells in a dose-dependent manner. IC50 was estimated to be ImM.

—O— amiloride
SO S guanethidine

----O---- triamterene

Percent Control Invasiveness

5, 1
0 100 200 300 400 500
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Figure 3. Effect of guanidine analogues on tumor invasiveness. Routinely cultured MMI cells were prepared and
in vitro invasive capacity of the cells was assayed as described under "Materials and Methods™. Guanidine ana-
logues added in the invasion assay medium inhibited the invasion of M cell layer by MMI1 cells in a
dose-dependent manner. Almost 80% inhibition was observed with 200 M of amiloride. Half maximum inhibi-
tion was estimated to be at 30 #M. Almost 70% inhibition was observed with 400 /<M of guanethidine. Half max-
imum inhibition was estimated to be at 200 ;2 M. Almost 70% inhibition was observed with 100 2 M of
triamterene. Half maximum inhibition was estimated to be at 20 «M. Points. mean of triplicate experiments ;

bars. SE.

FCS % Ke 267 & b < & Hnife o iilid a8 5 1L e s,
FCS % RN % £ &iMAIAG T 4. FCSIZH 6D I D
&9 A NI NIGE F 720 ET O 2H 55,
AL 3BT B ik O $RPEE MM — R I 0 F | 2
)TlE% <, MMID T N HINLRE ~ il e & ki)
ANAE D & - M AR N Dk L T h B S
B, BT 2005 O EIHEEITIZ OV TIRIZ L A &)
Ao Tk, KEERTIRINER 24Ut 5 LPA Dk
Dz & D MMI O pHi E3& [Ca®"] i spike ATk S 115
ZENHOMI L ST HEMTRINLD A 42 D2L
A5 M HNLRE D e O R I HER 45 > TV B A3 AN
Thb. LHL pHi Es&E[Ca® ] i spike 2T 277
=T 2 SRS 2 i & I B & & K ORI A
pHi b4t & [Ca® ] i spike O] &[] Uil Tald 515
ZENG, BRI THINLAN pl % Ca® " D& LA% 5 ke
SNBTEDRESAILAL, KK TH S WITIIL
W & 2 pHi R [Ca® ] i spike 2SI & A LD B LA &
VIR S DS E T A, BIERE LN T 1 DT
& % formylmethyvonvlleucylphenylalanine (fMet-Leu-Phe)
373874 FIRZHONa "-H ik s 30 %4 L
TOpHi A% A8 T2, Bensife L{G-T
Wh, FLNAITT =4 18 - T A20584 w3 A dlifg
S, FAUZEELEEZ R L TO24 ALy 4R b
THOHLDALLILNE DI T =, DEEL TH5
ENHBEEATLA!T,

Mt T dr A MM EfICEMTH 2 WIDSIZE AL
[oi] U S8 St (A (R DR+ 18I IN]) % /9§ SIS 1< & - Taf
EENEA A 2L WHIER T MMITIZ A 22 K &
WIE LD, TS A A B AN XS B 0
HTh HUHEME LS V. Z OHERN IR ATA A > %
b3 £ Ol & 0l 2 TIE7 37 4 FTHIkl s
Lipolel EIl L > THORMT OB, Sparks HiS & >
T7 3074 FHBMMESOMMEHIZ 2 Z A S L
TV AH | Suolgay-Daniel 512 pHi O Z{LIL AL A
P D> TOALIE R G LTV 2™, 5% 3 H
OB D G 2T 2 7 305 4 KO #:% #~XT
WA DY, 2 HO MINEK T S A7z A, (30 )
HTiM S A er-7:. 20 3HOMBKDHETT
3074 F{{EFTOpli EM L THhHo7:. THZE L
W7 31054 FoOWasisig pHi il &S 27 B
RO, T IO 4 KORREIIHIDEIC ST L9
1 DOMBUIHE DI RChR MR LTWA EEZLNT
WA BRI F—BHD ST I/ —HiEEEET %27 3
D74 FAHIflT 2 L0 bDTHAHY . La L MMI
WL BMIET 7O0F = > DL % serineprotease inhibi-
tor X trypsin inhibitor T & % phenylmethylsulphonyl
fluoride®' X tissue-specific metalloproteinase inhibitor 7 &

TIE I S A7 v,

19

B IT AN ) <o AR OB % 5 | & ke & 1 Bhlza B
IZDOWVT ORI A TV D, AN K % T 2
AMF (XM ) » IR 2 F L& 5%+ 22 2 L 25l
LA ENT VS, Jex B HE ) BT D 2 F Lt
RHLMDY 7 X+ —EXHITH I LI L > T
RHIHT B & D St 2 MM % 4 B (g
FDAE LB LTV A GTPES G S © 787 ISHIMLINN
HOOERIZBIT R 1 DOBEELHTEMHTH 505 HHIKL
HEIICTPH Y /80 % ADP YKL LT AT L2k
) A2058t k AT/ — < HINLOHE L% Sk 5 2 LAY
EATVA2 . LD Savarese. D. M. F. 5 D#HE 2 &
BET, NHIF—4 2k B A20584M 08 Az )54
FAUZEE LTS EZ L TORHMNA LS 7 LA T H
DNy LD E B LR EYE GTP 4 47
o7 LTROEVESNTVS, ILbEOH
DOuFEMEZ fRAEL TV 225 MM LS 7LD LS
O AT GTP #5458 > /87 EDENNENV R 2 5 —
DR S KA 24T ALV NfliEtE, » 5
WISHINEIN A L 2 2 LD L RS O F B D UL E T é
DEOMEEEZEGTP &Gy v 72 A L TOH R
Lok NMfiilhANETHD EVI)NEN, HAHVIZN T
T = AL DHNLIN D S LD AT T A A g
PEGTP (39 » 737 (Gi. Go) 2 T 21D (e 4 of
LU L - THINEE) A | Sk S b &) ulTfENE
RETHD., k42 ORTIEHHKHEHEMMIORMIZ I
WAL o 72905, GTP #56G 4 27327 (Gs) & ADP ) K
WALT B3 L5l At Bl 2 ki s 4 % s L2
LALEHMELLILTHEEDL MMID [Ca® '] i spike
AL o7z, ZALS DL HIE Savarese. D. M. F.
Sk Ttz & F 57K W Lol et & 3¢
B, $hHOLHANANA L S YLD F5-Ea LS BRseE
GTP #i{y5 » 237 EDEMIZY OR L > 7MWl b 5
VIR LEDO W 572 K AL 2 45 B E v affiEt,
& B ITHINLIN G L2 LoD 5 D 18 O I B
ThhHaL T HEERZHEGCTP G Y 1\ 2 LTOB
LUILHE FMIZHIMETH D L) [fErE, H BV
MLif S & AANLIN A L S 7 20D 5D K iy F 18Z
GTP &G 7 230 20 d UMD et T % Fis L 404
T o THINLERA D ZRZ SNDB EVLIfE L ETH
L. UELH, WERNHaT7—7 I 3CTPHERY /8
IENLTOES#FEHL, FUIL D c-AMP LXLA
PR AN R & K L T A00 b Hitvs v, GO E
FR L 7 HHN T BRI RIS L > TERE
ADTHA). ZITHONIAARETHALLDOTHA
Y, il BT B ANLINTE BRIGEIZBVL T CTP Gy >
ISIHLG LTV B EbIE, T I0T A Fidkai¥o>
MDFILE N L > THE SN L ANLINTEHIEZ BT
GIP# G v 8 2 IEfiTA 2 LAHMIT S L TV A,




20

Anand-Srivastava © 3 (1 [ FZPE GTP #if 7 >~ /%
SERNTHLTT=L— b2 7—¥ORlMET IUITAF
LR N 2 A B G S

IS ANL DB & SIS 2 7 3 0 T 4 FOENNEAE

T4, COWERUMATHL IV THFFRb)T

LTl rb EpM AT L. ex 3Ty bEL L

WM TOI N HOERDOH YA TH L. =

WHDFERNIHAFPRAE L T L 30RI1EME L TRRIK

TS ATE D, EDRMENIZOWTE CHISALTY

B 12Otk &R E L TORIRICIAMIFE S 5.

X &

1) Akedo H. Shinkai K. Mukai M. Mori Y. Tateishi R,
Tanaka K. Yamamoto R. and Morishita T. Interaction
of rat ascites hepatoma cells with cultured mesothelial
cell layers : a model for tumor invasion. Cancer Res. .
46 : 2416-2422. 1986.
Mukai M. Shinkai K. Tateishi R. Mori R. and
Akedo. Macrophage potentiation of invasive capacity
of rat ascites hepatoma cells. Cancer Res.., 47 :
2167-2171. 1987.
Mnkai M. Shinkai K. Komatsu K. and Akedo Il.
Potentiation of invasive capacity of rat ascites hepato
ma cells by transforming growth factor=7 . Jpn. J.
Cancer Res.. 80: 107-110. 1989.
Shinkai K. Mukai M. and Akedo I. Superoxide radic-
al potentiates invasive capacity of rat ascites hepatoma
cells in vitro. Cancer Lett.. 32:7-13. 1986.
Imamura F. Horai T, Mukai M. Shinkai K. and Ake-
do H. Potentiation of invasive capacity of rat ascites
hepatoma cells by adriamycin. Cancer Res.. 50 :
2018-2021, 1990.
Shinkai K. Mukai M. Komatsu M. and Akedo Il. Fac-
tor from rat liver with antiinvasive potential on rat
ascites hepatoma cells. Cancer Res.. 48 : 3760-3764,
1988.
Isoai A. Giga-llama Y. Shinkai K. Mukai M, Akedo
H. and Kumagai H. Purification and characterization
of tumor invasion-inhibiting factors. Jpn. J. Cancer
Res.. 81 :909-914, 1990.
Shinkai K. Mukai M. Horai T. Ohigashi H. Nishika-
wa S. Inoue H. Takeda Y. and Akedo H. Inhibition of
in vitro tumor cell invasion by transmethylation
inhibitors. Jpn. J. Cancer Res.. 80:716-719. 1989.
Akedo H. Shinkai K. Mukai M. and Komatsu K.
Potentiation and inhibition of tumor cell invasion by
host cells and mediators. Invasion Netastasis, 9
134-148. 1989.

10) Imamura F. Horai T. Mukai M. Shinkai K. and Ake-

do H. Serum requirement for in vitro invasion by
tumor cells. Jpn. J. Cancer Res.. 82:493-496. 1991.
Imamura F. Horai T. Mukai M. Shinkai K. Sawada
M. and Akedo H. Induction of in vitro tumor cell in-
vasion of cellular monolayers by lysophosphatidic acid
or phospholipase D. Biochem. Biophys. Res. Comm. .
In press.

Rollins B. J. and Stiles C. D. Serum-inducible genes.
AdvEiCancen'Res. | Hi3u =32 1989:

Sparks R. L, Pool T. B, Smith N. K. R. and Camer-
on I. L. Effects of amiloride on tumor growth and in-
tracellular element content of tumor cells in vivo. Can-
cer Res. . 43 : 73-77. 1983.

Kaczorowski G. J, Barros F, Dethmers J. K. and
Trumble M. J. Inhibition of Na ©/Ca® " Exchange in
pituitary plasma membrane vesicles by analogues of
Amiloride. Biochemistry. 24 : 1394-1403. 1985.
Kiang J. G. Effect of intracellular pH on cytosolic free
[Ca® '] in human epidermoid A-431 cells. Eur. J.
Pharmacol .. 207 : 287-296. 1991.

Grinstein S, and Furuva W. Amiloride-sensitive

T ) y 1
Na " /H * exchange in human ncutrophils : mechanism

of activation by chemotactic factors. Biochem.
Biophys. Res. Commun.. 122 : 755-762, 1984.
Savarese, D. M. F, Russell J. T. Fatatis A, and
Liotta L. A. Type IV collagen stimulates and increase
in intracellular calcium. J. Biol. Chem.. 267
2192822119351 1992~

Szolgay-Daniel E. Carlsson J. Zierold K. Holtermann
G, Dufau E. and Acker H. Effects of amiloride treat
ment on U-118 MG and UJ-25]1 MG human glioma and
HT-29 human colon carcinoma cells. Cancer Res.. 5l
2 1039-1044., 1991.

Vassalli J. D. and Belin D. Amiloride selectively in-
hibits  the wurokinase-type plasminogen activator.
FERBS lett, 214 : 187-191. 1987.

Liotta L. A, Mandler R. Murano G. Katz D. A.
Godon R. K. Chiang P. K. and Schiffmann E. Tumor
cell autocrine motility factor. Proc. Natl. acad. Sci.
USA . 83 :3302-3306. 1986.

Stracke M. L, Guirguis R. Liotta L. A. and Schiff-
mann E. Pertussis toxin inhibits stimulated motility
independently of the adenylate cvclase pathway in hu-
man melanoma cells. Biochem. Biophvs. Res.
Comm.. 146 - 339-345, 1987.

Anand-Srivastava M. B. Gutkowska J. and Cantin
M. The presence of atrial-natriuretic-factor receptors

of ANF-R2 subtype in rat platelets. Biochem. J.. 278

2l [RZ 7 OO

E -~ 4
K437 T2 = L F b DT IUTAL K, YT AF
Foo MITLTLLDIHEANIONT, 7 MY
(AT AN > I % 7. BERE DM T v
b WACEIE ARG b2 AH I A& ERG R L, AN
A A HZ AR IR A L T S 405 211 = — 540l
W Dl E TV F (H. Akedo et al.. Cancer Res.. 46 :
2416-2422, 1986) & MiN L 7. S AUS 3 5L (e (et
VAL PRI R AT L 7o TR AR LIS, S O FR TG
ML TlrESIMIEEZD SV &2 @5 L7 (pn. J. Can-
cer Res.. 82 :493-496. 1991). il % AH #0211
BEMMIULSRINE 5 2 &2 &0, N pH (pHi) @ |44,
WAL 2w LA A D E S ([Ca%t ] i spike) AT
HALDH A, M WITIAZAUS £ 4 2B it AL
WHHNL otz 71054 FINIKIS L5 MMID
pHi O b5 2 IE A R L7 7, YT AFF
12[Ca® "] i spike Z IS HAEIIZIMN L 722, T4 DHRIZ S
WL R % FS S 55, ZofiENa T-0 %
RISy LA A 2 SR 140 B SIMLIANG WL E % ki
FTHIEIZEY, T, T2 Lk b7 IS
AN, FT74FF, MITLTL>D3EMEZOHN
EMRD LY, pEMEIRIT S L £ S
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