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(D JREIE, FRAGIHA 1 IE TIEERIK  F vy rABEERTHLT N T
TFNT R MEEGE E L CEAT DRSS EIA ORI
WENTNDE LIERBEICRY RS D L FEET DHE A, lActivity of voltage—gated

2+

K*channels is associated with cell proliferation and Ca influx in carcinoma cells of

colon cancer] (FEALAKAFMEK ™ F ¥ RV DOIGME &, K5 IEE O JE D O Al R #E 5 K (R C
a? WAL ORE) LT LFMSCERTH D5 BT 111X, RO & BV OFLHEHN &
%6

* 5 5 8 [lSummary] (Z£#) GRIC1 HZERIED)

[Cell proliferation of carcinoma cells DLD—1 derived from colon cancer as measured by
[*H] thymidine incorporation was drastically reduced in the presence of 4—aminopyridine,
an inhibitors of voltage—gated K’ channel. A number of nonspecific K' channel inhibitors
including TPeA, TEA, verapamil and dilitiazem also inhibited [*H] incorporation at the
concentration reported to inhibit voltage—gated K' channels. The presence of
voltage—gated K’ channels was confirmed by reverse transcription-PCR and cDNA
sequencing. Charybdotoxin and iberiotoxin, inhibitors for Ca*—sensitive K" channel, and
glibenclamide, a specific inhibitor for ATP-sensitive K* channel, did not have effect on cell
proliferation. These experiments suggested a critical role of voltage—gated K' channels in
proliferation of colon cancer cells. Mechanism of action of K channel activity in cell
proliferation was explored by studying the relationship between the K" channel activity and
Ca® entry. The results from experiments indicated that K* channel inhibitors blocked

[Ca*']i influx. Therefore, it is likely that K' channel activity may modulate Ca* influx into
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colon cancer cells, and subsequently modulate the proliferation of these cells. |

(PH] F P UVIDIARIC LY HIE SN I56 Ofs ks ek o il (1
/—=) DLD— 1 OMEEIHIL, BAERAEK Ty 2V OMERTHL 4 -7
RV VDFEC I o THESBD LI, TPe A (T R IXUTFATUE=Y
L), TEA (T FIZFNLTLE=ZTL), NIRNINLINLVLFTELEZETNL
ONOIHFFRAK T v RAMEMS 7, BAKEEK Ty 22 HET 5 L #
HINTREIZBWT, [PH] FIPVURVIARZHE Lz, EKEREK F v
FNVDIFIEE, WEEPCREWcDNAYV—7 Uy ZICL VB LTz, Ca
CRZMK T Ty X NVDOIERTHLN Y T R ROARY A MR, W
WZAT PREZMEK F v X VORRMERTH L7 ) N7 T IR, Ml
FHIZRCE Lo Tz, T b DOFERIE, BAKFERK T T v 1L D35 N il fd o 1
FEIC RN 2T C TV D 2 & 2R Lic, MR 2 KT F v fuidtE
OIEREFZ, KT F ¥ 2 iEth s Ca > RA L ORBRREZNTET 2 Z L2k - Tl
BL7, FRFERICEV K F vy 2 BERN [Ca®'] 1 iRAZIERT S Z &M
RSNz, LIii> T, KT F v X/UWEMENREIGREAMI~DC a > RAZ L,
TR L ST, ZNOOMIOMIHA FIET 2006 Livew,)

* 5 5 HAX 1 ~31T GRIX2H1~317)

[K* channels have been reported to be involved in the proliferation of many types of
cells, including tumor cell lines. Increased potassium channel activity is associated with
increased proliferation rates. |

(K" F ¥ 1ovid, BEEMIakZ &% < OB DM OHEIIZEE L Tnd 2
EPMESNTE T, AV T LT v RTEMEOHNINDT, HEIHEE O & B L T
WD)

*56H26~351T GRX3HTF»L61T~4HEND 51T)

[[°H] thymidine uptake and cell growth

10° cells per well were cultured in flat—bottomed 96—well culture plates in 0.25 ml of 90%
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RPMI 1640 supplemented with 10% FBS containing 100 U/ml penicillin and 100 u g/ml
streptomycin. Cells were incubated for 24 hours with or without K" channel inhibitors in an
atmosphere of 37°C and 5% CO, in air. Cultures were pulsed with 1 u Ci/well of [*H]
thymidine, and uptake was measured 6 hours later by harvesting the cells with a multiple
cell harvester (Cambridge Technology, Inc. USA). The amount of [*H] thymidine
incorporated into cellular DNA was measured by a liquid scintillation counter (Beckman
.S1801). Some cells without [*H] thymidine pulse were harvested directly from the
monolayer and counted under phase contrast in a haemocytometer. |
(I°HI 7 2 Y BOA A K OSH e 9 i

17x/®H0 1 0°/iEARA0. 256ml1dD100U,/ ml_X=vU KO0
Oug/MIAMLVT h~A v EEL10%FBSHMIO%RPMI 1640
HC, FEI 6V VRN ETHEEIN, Miix3 7C, RKXF5%CO,0
FHKT T2 4KH, K'F v 2 EROFET UIIFET THESh L, B
EE, [PH] V001 puCi /7L CHIELL, multiple cell harvester (i
IV£E25, Cambridge Technology, Inc. USA ) TIVEE L T, HUAA (uptake) % 6 HF
EIICHE L7z, MIODNAICERY AT [PH] FIvroRziEiks »F
L— 3 B — (Beckman, 1L.S1801) THIE L7=, [PH] FI VR LD
WS OO E, BoFEPOEZENEL, ~TVA b A—Z —DOMFRETEHH
L7.)

"S5 THTFML21T~58HSAT RX6HTFND 1 21T ~RAMAT)

[ Tetraethylammonium (TEA) and tetrapentylammonium (TPeA) are nonspecific K*
channel blockers which inhibit K.,, K,;p and K,. We found that 50 u M TPeA almost
completely blocked cell proliferation while 20mM TEA inhibited cell proliferation to 66% of
its original value. Table 1 shows that [’H] thymidine incorporation is also significantly
reduced in the presence of 100 u M verapamil or 100 u M diltiazem. The effect of K*

channel inhibitors on cell proliferation was further confirmed by counting the cell number
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after 30 hours of inhibitor treatment, the cell growth was inhibited to a percentage close to
that in [*H] thymidine incorporation study (data not shown). The cultured cells appeared
to be healthy after treating with channel inhibitors since cells retained their normal
morphology and more than 95% of cells were viable as indicated by 0.2% trypan blue test. |

(T F7x2FAT =N (TEA) KT FIX_FATE=U L (TP
eA)m,Km,KWW,&UKV%m%?%%%ﬁ%Kf%&*wm%ﬂf%éo
Hxld, 50 uMOTP e ABIIIZFERISHMIEI ZLE T 2DIC6 L, 2 0mM
DT E AIZHIIEIEZAKD 6 6 BIHET D Lax R, £11% [PH]
FIVUDOEGAHZNR T 00 u MOXRZNINAXILTL 00 u MOUALF T ELADFIE
FTELIBADT L Z L amd, M ~OK F v R VIEAOEL, 56
(2 3 0 R DFLEA T OB I &2 35 2 Lic k> ThiER L, M

L [PH] IV OBGAAER E T WEIG CHES N (F—FR&F), i
(ZIEH PR EHERFL, 0. 2% hU AN TA—HETRIND L HIZ9 5%z
A DM EF L TWeDT, F v R/UAEHR TLEL L 7% bR Ml ItERE CToH
LEDICRRFLNTT,)

"6 1H46~521T RX15H18~261T)

[Through these experiments, a solid linkage has been established between K* channel
activity and Ca®" influx. Modulation of Ca*" influx could then influence the transition from
G1 to S during mitosis and affect the cell proliferation.

In conclusion, we have demonstrated that voltage—gated K" channel is critically involved
in the proliferation of colorectal carcinoma cell line DLD-1. It is likely that K channel
activity may modulate Ca*" influx into these cells, and therefore affect the proliferation of
these cells. |

(CNOOERBRZBEL T, K'F ¥ rAEELE Ca ? A & O OB e
MENT, Ca? ADHHENIL, KOWTHEARADHTDOG 1005 S~OBATITHEL,
MRS B D ATREME DN & D
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