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Abstract

Potassium channels are considered as key molecules in the progression of several cancer

types. Human ether a go-go (hEAG) potassium channels have been reported to possess onco-

genic properties and to regulate the cell cycle. The present study was designed to elucidate the

physiological manifestation of the potassium channel in one of breast cancer cell lines called

HCC1937 by using the patch clamp technique. The outward currents were elicited by the de-

polarizing clamp pulses in MFC-7. On the other hand, the similar outward currents were not

elicited in HCC1937 cells. The present results revealed that the voltage-dependent potassium
channels seemed not to be abundantly populated in HCC1937 compared with MFC-7. There-
fore, it can be considered that the degree of the potassium channel contribution to proliferation

and/or the type of potassium channels associated with proliferation varies among different cell

lines of breast cancer.
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5OMAL. K " MFC-7 (ATCC) # i/ L.
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437® Na,K % 96mM KCI. 45mMNaCl |2 &1
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212 HCC1937 M3 T Ramp W12 & ) 7 5 ~
TLBORE R L2 T T THERWE
T CHEWH A & BIILEED S N> 720
1A, B L A—%EREMTO MFC-7 D EERE
$%% . X 3A. BIZ/R L7z MFC-7 Tid 1st /¥
VA THHEL S B0 & BIRABIE Sz,
7272 L Tail BiIIBE S N 0o 72,

z =

REBROFE R, MFC-7 Ml i3 <. B
FOVAZ X DA E BRI N2 00,
HCC1937 Mifa Tl 4 v 1 Bl & IR 2 R & %24}
M) & BT SN, MCF-7 ICHREEIC
INE otz REEDWEIIIT> TV ARVD
T, REOFMHEZ 2 SN0, BEIZIEEV
HEwvd oo, HCC1937 M Tl Eids %2 38
HAERIZFEL T I3 ERE RS
250 Tholz, —HK Btz L) BlIgEs
N T WVEBRSEA O/ K B E % 96mM |2
WARI /2 EICB VT, +60mV O 5
5. -120mV D7 5 2 TNy 7T, AEN
T O R TEE 3 5 1A & BRSO 5
7 (M1D). Z DA, hEAG & BIEEE
MR (delayed rectifier) T 5 W HEM: X
HLHD. INOELR DN AT TN STE
HESE2HT, RERICBVTIE, BEICHE
D& % MCF-7 il TR & 7z 4him & Bt
L TE. FELWEITI TR b 072, 4D
EERTH LI MFC-7 OEFEIE. B
2OV AR TCORNE AL S TG
IZB L Cid. hEAG it & FH R o &\ i &
ENBA W R B ARNIEIEALS  RIE
FEPEA ) 7 LA IREL T A RED D
o ' EERTFHMICIE, MCF-7 /8 & Hei L



ML TO A Y T LT ¥ FVIZHT B ERA B 171

A
|5
04
0.4 - T
o 1 2
Time [s)
B A
as
0.5
N gt o et os
e e
o4
E, z o o3
- ¥
l 01
0.5 |
£ “© 80 mv
01
R
a3
08
1.5 - T
1 2
Timo (s)
0.4+ |
0z
a
iT o
0.2
D4 , - .
1 2
Time [s)
14
D |
0.5
H60mY
B
e
-100mV S
-120mV
0.5
T T ¥
1 2 k]
Time (s)

1. HCC1937 $ifan/\y F o 5> J&isk
A, B:IV/SVR [1] 12X 3, 4Blho il 2 FloBERER L Hom SOV ARETO IV 1 —7 (X
OON) %R,
C.D: IV/SVA [T] 122 3B oiRIF 2 FIOBRIEE %R T D OAIME KL 96mM (12 i%
ELTHb,



172 FEA LR AT %#30% 20134

g 2 o —
0.5
=14
- 2 H ] ) D)
Tt i)

2. HCC1937 #ii2 TP Ramp ;I K B EEHRIF

A 1 | ;
|
s 4
0.8 ‘“}
(%]
0.6 | ul /
| el
W@m%mm e e B Il A
el 03
/WWWMW
1z o — o
E= - Edrrtres TR -
e
08 1 2
Time (s)
B 5
as
1,54 o4
23
ol
1 01
e — / T
0.5+
S —— "
/'M"“‘""‘-*‘“-‘*—'M-—-.—.._.qmm {
fz o — “l
o5 R
T ]
Time ()

3. MFC-7 #iBAD/ Ny F 05> T2
A, B:IV/SVA [1] 12k 2, 3B iiif) 2 BloEFR LT & BB SV ARETOIV I —7 (HIK
oOW) #mR$,



FLEMILTO I ) 7 A F v 2OV T 5 ESAERERRET 173

T, HCC1937MifETD ¥ — N EH 1) A3 L
IR L, A=V VX F 75 T
TOERHOGHIINETH 72, 20720,
HCC1937 fifa Tix. £¥blo 7 — & BUiH 3 8
L< WEMEOMO S ) 7 A BROMKE T TIC
IES o720 =V LAY X5 H T
5 &, HCC1937 T, MFC-7 M f & (5
FaEDRHIBEEIZEDLSH L OHh b LNk, B
ICHRE SN TV BIFRGRIC LT ek
FEMIIL T G1 AR ML N Ca™ IR FE 1L
<L MBI B AR L 2 IREEIC B Y VL #
D . hEAG, hIKq, B £ O Kypp BIEOBEA DS
G125 SHHOMIZFED b, ENIZL S
IR WESALEAE AR L T, Ml
HANCa” AL T Ca™ ik LR 5 &
WEENTVAESY, Ca 3 NVEY 2 ¥
(CaM) %4 L CHEEMAIEEIC B S-9 5 L)k
HENTWS Y, BEMIZA DL L, MCF-7
Mg CiZr ) A F ¥ AVIHEEROH L T b
SIFNTEZT A (TEA), TAT IV —
V. siRNA O #EH T G125 SEI~DHEA
A S, HIZSHIICH ML E 2T
E$ 2w 52, MCF-7MITIE, ¥ICh
EAG F v A VOREIZL D, 60% O BEFEINH]
DBROONDLOWELDH LY, /- CaM K
PLEECHITEDSIHE S, GL I T 27T
WZHEEH) Y, AERTIR, BEREZLHL
7= HCC1937 Mg 2sMla A o & T\ AF e L 72
MITHREICHIE T & 2 vaAt, HCC1937 Mg
FREE G & 2 Ak L 7R A SRRk & <L A
MEOIGEEIE - &) LTWwiizd, BZ5H
SO G1-S-G2 i E 25 b, DL EDKE
£ 5 HCC1937 Mg Tlx. hEAG Bk 71 )
T AF v AV OEIEANOBGE A w3 e
AEBWEEZEZLND, FHOEEVORE
7% hEAG 7)) 7 A F v 2 I)VOFEHIMET X,
AP I E R S LI < FhasHlfa e
DBELACFHAT KT 24, Ca™ OMIfEA
AL LT, el im = #ikl 5 % L &
AbNb, LAL. BAMIEIZIE Kyps hIK,.
Kvl.l, Kv13EEDEkEL N ) 7 AF ¥ 28

BHLTWBZEnb, oh) 7 AF v L)
2 & o TR RS S T B TREED S
0. SHEOBRRETH b,

51 Rk

1) WonderinWF, Strobl JS (1996) Potassium
channels, proliferation and G1 progression. J
Membr Biol 154:91-107

2) Meyer R, Schonherr R, Gavrilova-Ruch O et
al. (1999) Identification of ether a go-go and
calcium-activated potassium channels in
human melanoma cells. J Membr Biol 171:
107-115

3) Quadid-Ahidouch H, Le Bourhis X, Roud-
baraki M et al. (2001) Changes in the K+
current-density of MCF-7 cells during pro-
gression through the cell cycle: possible
involvement of a h-ether.a-gogo K+ channel.
Receptors Channels 7: 345-356

4) Fari LM, Ocana DB, Diaz L et al. (2004)
Ether a go-go potassium channels as human
cervical cancer markers. Cancer Res 64:
6996-7001

5) Heemmerlein B, Weseloh RM, Mello de
Queiroz F et al. (2006) Overexpression of Eag
1 potassium channels in clinical tumours.
Mol Cancer 5: 41

6) Ousingsawat J, Spitzner M, Puntheeranurak
S et al. (2007) Expression of voltage-gated
potassium channels in human and mouse co-
lonic carcinoma. Clin Cancer Res 13: 824-831

7) Quadid-Ahidouch H, Chaussade F, Roud-
baraki M et al. (2000) Kv1.1 K channels iden-
tification in human breast carcinoma cells:
involvement in cell proliferation. Biochem
Biophys Res Commun 278: 272-277

8) Quadid-Ahidouch H, Roudbaraki M, Delcout
P et al. (2004) Functional and molecular
identification of intermediate-conductance
Ca2+-activated K+ channels in breast cancer
cells: association with cell cycle progression.
Am J Physiol 287: C125—C134

9) Quadid-Ahidouch H, Roudbaraki M, Ahi-
douch A (2004) Cell-cycle-dependent expres-



174

10)

11)

12)

13)

14)

15)

FREHKFRE BEURILE  30% 20134

sion of the large Ca2+-activated K+ channels
in breast cancer cells. Biochem Biophys Res
Commun 316: 244-251

Roy dJ, Vantol B, Coeley EA et al. (2008)
Pharmacological separation of hEAG and
hERG K+ channel function in the human
mammary carcinoma cell line MCF-7. Oncol-
ogy Reports 19: 15651-1516

Nilius B, Wohlrab W (1992) Potassium chan-
nels and regulation of proliferation of human
melanoma cells. J Physiol 445: 537-548
Quadid-Ahidouch H, Ahidouch A (2008) K+
channel expression in human breast cancer
cells: involvement in cell cycle regulation and
carcinogenesis. J Membr Biol 221: 1-6
Borowiec A-S, Hague F, Harir N et al. (2007)
IGF-1 activates hEAG K+ channels through
an Akt-dependent signaling pathway in
breast cancer cells: role in cell proliferation.
J Cell Physiol 212: 690-701

Gavrilova-Ruch O, Schonherr K, Gessner
G et al. (2002) Effects of imipramine on ion
channels and proliferation of IGR1 mela-
noma cells. J Membr Biol 188: 137-149
Hamill OP, Marty A, Neher E, Sakmann B,
Sigworth F (1981) Improved patch-clamp
techniques for high-resolution current re-
cording from cells and cell-free membrane
patches. Pflugers Arch 391: 85-100

16) Pardo L, del Camino D, Sanchez A et al.
(1999) Oncogenic potential of EAG K+ chan-
nel. EMBO J 18:5540-5547

17) Meyer R, Heinemann SH (1998) Character-
ization of an eag-like potassium channel in
neuroblastoma cells. J Physiol 508:49-56

18) Pande G, Kumar NA, Manogaran PS (1996)
Flow cytometric study of changes in the in-
tracellular calcium during the cell cycle. Cy-
tometry 24:55-63

19) Etindi R, Manni A (1992) TNF- ¢ and IGF-I
effects on calcium ion transients in human
breast cancer cells. Cancer Lett 66: 131-137

20) Strobl JS, Wonderlin WF, Flynn DC (1995)
Mitogenic signal transduction in human
breast cancer cells. Gen Pharmacol 26:
1643-1649

22

HCC1937 Mifa o3t % 1) 72, RFIEYE
HEWIIEE., BELEdE. HMEAY XHIZERID
N2, BUSEHERRL AT ZE s, Sl FIFZE .
HAH SR A SAL I ZE BT, ARG EAERFZE B
HlaE—W7E B o T30 SR L R
9,

AWFFEIE 2010 4FEERFFEI A % v CE
ENtz



