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Abstract

AIM: To investigate the effect of imipramine on
cell growth, cell cycle and apoptosis of HT-29
colon cancer cells, and to elucidate its molecular
mechanism.

METHODS: Human colon cancer HT-29 cells
were grown with routine cell cultivation and
cells were treated with different concentrations
of imiprmine. Cell survival was determined us-
ing MTT assay at 24 h, 48 h and 72h, respective-
ly; cell cycle distribution was assessed by FACS
flow cytometery after propidium iodide stain-
ing; apoptosis of HT-29 cells was detected using
Annexin V/PI methods and DNA ladder assay.
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Expression level of Eagl protein was detected
by Western blot, and mRNA expressions of p21,
p27, CyclinEl and CDK2 were determined by
reverse transcription-polymerase chain reaction.

RESULTS: After treatment with imipramine
in HT-29 cells at 24, 48 and 72 h, IC;, were 43,
32 and 22 pmol/L, respectively. Cell viability
decreased dose-dependently and time-depend-
ently after treatment with imiprmince in HT 29
cells. Cell cycle arrested during the G,/G; phase
accompanied by the induction of apoptosis in
a dose-dependent manner. With imipramine
increasing, HT-29 cells apoptosis index gradu-
ally increased (P < 0.01). Expression level of
Eagl protein was decreased in a dose-dependent
manner (P < 0.05). The p21 mRNA and p27
mRNA were up-regulated (P < 0.05), and CDK2
mRNA and CyclinEl mRNA were suppressed
in imipramine-treated HT-29 cells in a dose-
dependent manner (P < 0.05).

CONCLUSION: Imipramine, a non-specific in-
hibitor of Eagl potassium channel, induces cell
growth inhibition, cell-cycle arrest and apopto-
sis in HT-29 cells through up-regulation of p27
and/or p21.

Key Words: Colorectal cancer; Potassium channels,
Ether a go-go; Imipramine; Apoptosis; Cell-cycle
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CyclinE1#2CDK2 mRNA % iA /K -F 69 E 4L,

HER: ZREARRRTAHT-29%9 1024, 48
F272 hig, 1Cs,% %) #4143, 32, 22 umol/L; A
Kok AR SR 7 N FHT-29 20 i 42 20 Jie,
B HG,/G 215 i, MRk T IRl R E 3
Jm, HT-29%m L 64 B == 35 232 3 71 2 (P<0.01),
HT-29%8 it Eagl & & #) Rk K F2 4 T %
(P<0.05), p27#p21 mRNA KA K- & % 38 3%
(P<0.05), CyclinE1#2CDK2 mRNA# & ik /K
3% #7088, 55 (P<0.05).
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FO0 B I R 4441 g (glial progenitor cells)Ef FELIR
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MR Eag 1 43K, 5 40 A A HIAT 5% 2 1Y
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1 SRIASE

1.1 A N4 40 MO bR H T-2940 Ha ) 1 e v
Bl2fBe FHEABET. McCoy's SA. JBEBEAT G 24
TEIH FIGIBCOA 1); EaglPufk. KR, TRIzol
RFE 1 Sigma’y #); Annexin V/PTIRF &I [
RocheA ml; Wi s PCRIAF G (mRNA Selective
PCR Kit Ver. 1.1)JlJ [ TaKaRa/A @); 514 Lt
T AR

12 7 i

1.2.1 mhesE e N4 dl il RH T-2985 97 %
ATCC};F: )71k, McCoy's SARE IR H I N
A LS5 mmol/L L-# &Ml 2.2 o/LIkIREH
100 mL/LIGZF IS . 100 kKU/L T %5 % MR %,
7E37°C 50 mL/L CO, /M R 5 55 77 56 N 55
Iy BF3-4RLAL ¢ 3-1 1 SAEAR. IERAEKORE R
HT- 2940 A BB RE, B2 REA K, 322k
TS ) 5 2 R Ao

1.2.2 MTTek: M ERAIR A R 40 7 4 f5 0 Bl o
NI, DAREFLA X 10° AN e b T 96FL 15 77
B, 7637°C 50 mL/L CO,MI5 IR 4 ks 55, 24
T LT B TR, AN )R 8 TR DK W (24 3k
435140, 1, 5, 10, 25, 50, 100 pmol/L), BE£H AR
N 7] S A TAT AL ARBEIEFR5524, 48, 72 h,
FUIMAMTTH (S g/L) 20 uL, 37CHFE4 hfG 57
RE 9% AL 150 uL DMSO#%3% 10 min; ]
BEEATAAE490 nmAb il 2 WO

1.2.3 R 2a J0 5 AT Ao b7 4a oL B 20 WU K
SHHT-2940 M 74 A0 5 55 IR, TR0 vk i
N4 X 10°/L, Behl 5%, 24 hj4:0.5 mL/LJG
A ML R RTFRIE (R 2510); 24 hJE#:100 mL/LJR
A LT (R FRIE, INAS [F) R 55 TR K R (289K S5
S351°40, 1, 10, 50, 100 pmol/L)4kSEE: 77, W4
AN, BIFH EARR A L, WERE S TG AL
JE RS AR B0 A e RO N 3 1) U B O A b B
DIPLGA F o 240 3 B G &

1.2.4 7 X 2 B A Sk 4w L8 = WK
BTGB NN [ 3R P82 TR DK W (28-3R 1524 3l Oy
0, 1, 10, 50, 100 umol/L)}%7%24 h, #%Annexin V/PI
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A 100 - B Wi £RHE
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_80¢L s | G/M F, Tilit s m
;% - 5 umol/L S 80t 2 e 2R R o W AR
w 2+ g2
R + 10 umol/L E ZARR, Mg® i
£ F B 60l iR Ca’'/45A %
% > 25umol/L = N N @ #9if, epsin
& = a FawiAY, me
40 - - S0umol/L % 40t il Ly SME R A, Bk
= 100 pmol/L I~“I ------ '''' """""""""""""" T AT T HRT, M
0l 20l BEHERAF
‘ ‘ ‘ ‘ ‘ ‘ ‘ (IGF-1)i8 T Aktii
0 24 48 72 0 1 10 BT R, A&
TS E] (h) PRI (0 P (pur MAP# 812 5 &

1 FRRENIHT-29/BiRISE RIS B HABVSZIE. A: 40HTHESE; B: 4I8E A1, *P<0.05 vs 0 pmol/L; °p<0.05 vs 0, 1 umol/L.

£ 1 PCRS|¥D

£2HE RS S5 PIZRER
p27 NM_004064 5'-AAGATGTCAAACGTGCGAGTG-3'
5'-GCTTCTTGGGCGTCTGCT-3' 574 bp
p271 NM_000389 5'-CTCAAAGGCCCGCTCTACATC-3'
5'-GTCACCCTGCCCAACCTTAG-3' 511 bp
CyclinE1 NM_001238 5'-CCAAACTCAACGTGCAAGC-3'
5'-ATGTCGCACCACTGATACCCT-3' 710 bp
CDK2 NM_001798 5'-CCATTCTCATCGGGTCCTC-3'
5'-GGGCTTCAAGAAGGCTATCAG-3' 561 bp
B—actin  NM_001101 5'-TGACGGGGTCACCCACACTGTGCC-3'
5'-CCTTCTGCATCCTGTCGGCAATGC-3' 479 bp

RS U AL TR BE 1 3 X S .
1.2.5 DNA K B 40 3% 3% F 25 9T 1k
AR TTT 2 RO G B A PR RS N JC B 1.5 mL gL
B, VB BEO3KJEIMA100 uL DNAFZE
W, 55°CHEE3 h; IN10 uL RNAse A, 37°CHiFH3
h; 15 pL 6 X DNABIFEZE MK (300 g/LH i, 2.5
g/LIRIY ), IS pLAELS g/LESARRHIEERS  Hiik,
R4k CE gL, HEI UG R G4 .

1.2.6 S ¥ $FEEU A A, Bradfordykil sE i
J%; SDS-PAGEH K HLk 5 8 1 i L % 2N C
JIEE, 5% AR Wk 35 190 min i 47 P JR HLAA S
(CLBT I I AT REHUAR, PTEagl HUMIKRIE A
11500, —H A1 2000); K= Ry omAL 2 KO0
DX 5.

1.2.7 i# 45 FPCR: TRIzo VL1 I7 41 iy 2
RNA, BERS HEIARIILERNA A, KA 66
A RN AL LA 560/A 250 FTELAE. 58 1K
WA SRPCR. R NI T 2 O A Ui B 15, A0
SIS YA %L Biometra UNOII PCRY™ 34 {47 444
Ji, PCRHIHI20 o/LBANEBHEE RS FLIK, ¥4 4
WE et )5 H5EI LR R G40 1.
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GiitE AT K HISPSS1L0GE AR 143
BT, R B BORER A I sy 22047, P<0.054 %2
Sef B

2 #R

2.1 AR AHT-29Mm A8 58, B B8 693
w6y ABKBE I HT-2940 MU [R1Cs 7524 48F172
h3 9 443, 32, 22 pmol/L. MTTyEAG I 4H fi 18
BRI AR AR s A R I LA 58 0 0 IR ) A6 A 1) 77
AN HIHT-2940 3 58 (P<0.05, EI1A). BN BK
IR A1k S 184 1, G/ G 300 400 I P L 491 32 i 44
I SHAGH M) LA E T N R Gy M4 T
Fb A I B S5 AR Ak, IF S5 AT IR R DA ) o A g 7 5
75 HT-2940 M 7F 48 i 5 JAG /G A 45 7 (KT 1B).
Annexin V/PDXUG 5 it 2041 M AU I H T-29 41 i
(A A AR AR T T DK T 1 3R 82 384 Jn, HT-29
20 6 () O T AR RO W v, UF S TR R T i
HT-2941 i 3 T-(P<0.01, &2, 322). HE— 4
KIS0, 100 pmol/LAL HHIIDNA F BUBSFE, UESE
PRI W] 75 3 4 0 T (513).

22 A% Eagl®& G Rk 9% m EagliE AR

123 A EBagl & 4%
AZBHAME
BEFH X, $E
S 4w f Bag 1 47 i@
i, LR G
g L a4 3 78
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[ DB 308 R 2 Annexin V/PIRUERI AR ASNZBIZIET (mean + SD, %)
@it g 5] Lk, i
M 7 ek e ] R
f;’?g*’?' f;j;/ %@fb ABKIETFHRE (umol/)
P T
41T e 55 [ B 0 ‘ 10 20 100
i m e Eagldy 4D 81.4+1.25 70.6+4.31° 65.7+1.27° 46.6+2.79° 41.8+282°
fifﬁg’fi SHEC 8.0+ 0.51 163+2.97°  20.4+1.05° 35.6+3.37° 39.2 +3.54°
~}] Nk J . \| a a ® c
[ IRHAB T /AT 10.6 £ 1.49 141 £1.44 13.9+1.52 17.7+0.91 19.0+ 1.62
fBH.
°P<0.05 vs 0 umol/L; °P<0.01 vs 0, 1, 10 umol/L.
A 10°r B 10’ C 10°r
107+ 10°F 10*+
= = =
10'- 10"+ 10"+
10°[ 10° 10° {: e —-—
| | | Lt | | | | | |
10! 102 10° 10° 10 100 10° 10! 102 10°
Vnnexin V Vnnexin V Vnnexin V
D 10° E 10°F
10° + 10°+
= 8
10" - 10
10° fes2 1001
100 100 108 10° 10°  10' 100 10°
Vnnexin V Vnnexin V

2 RTVBIRUEMANnexin V/PIXUAGBIZET. WIKIET IR A—EXBI8: 0, 1, 10, 50, 100 umol/L.

10 50 100 (umol/L)
S 155 480 0 40 R

BT

35 7K ST i TAY 1K ek R 84 o T 32 ¥ 9 55 (1 4), iE
ST BK R BE NI H T-2940 fEEag 1 41 IE & H I
Kik.

2.3 Ak AT an B BR Y B F R A e 1
e s PCRAST I AT K R PIHT-2948 Jfd 5 & H A2
PRIm RN A IR 7KF-, R IR P IR < 52 186 T,
P27 21 Fi kKB Wi 58, CyclinEIFICDK2

® 3 DNAF A

Eagl

fB-actin

B ol

I
®©
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o
[e))
T

o
EN

T
o

Eag1/p-actin

o
N
T

C
EEF=S

1 10 50
PRI & (pmol /L)

100

o

4 Western blotMIEag1EBRIEHITL. A: Eagl EH
F1K; B: Bagl & EBASHE R (P<0.05 vs 0, 1 umol/L;
P<0.05vs 0, 1, 10 umol/L).

FAKR TRV B U859 (55 H PR PRI AN [ 3 82 1] HL
P<0.05, &5).
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m 50 ymol/L  kinases, CDKs)J il 4k 2 B B0 4% A1) 4 o
£ 10 " 100RmOL it i, J{hCDK2. CDK4FICDKG
& T S TLE WA I G /S % A Y, Al
= 175 30 % J2 Wi V15, 60 40 A 30 2K 1
= os (Cyeclins)“*"\, CDK s/ 1A 22 L
CDK sHHIFIZE. p27Fp2142& ¥ (1 Cyclin-
CDK s, fedhiilfuiCyclinE-CDK27E P
0"""p21  pz7  CydinEl  cDK2 K12 Fi G, ICyclin-C DK s L, 4 40 g A

5 PERPCRINMIRBAMBPREFNRE. A: ZHK
ELRIERIKIAL B: & B ERmRNANTE & B2 IR,

3 111E
ARSI ISR ST TR DK R T 445 7 9 HLT-29 40 i (12 48
PREag VEH 38 18 555 20 B BRI 1 11 5 ) Jx
LT RENLN, I ARG LA B A0 I [R) AR 7
AN HIHT-2940 [ TR RE )5 DS B RO 55
SHT-2941 i A W7 Gy/G, W53, Al S$HT-29
S YE T, IX AR AT A S A R ) BE A
5wl Fifp27Mp21 315, FiHCyclinELRI
CDK2% ik, M B H T-29 40 A J& 37 1) 12F
I DA ARy S I H T-2940
MIEagl £ 11K a8 /K, AT 75 3 40 i 5 3914
oA LV TE 11 SR

T R IS Le AR 2 ml e s A, A
AT 224 N TC A AR A e (Al BB T7 2990 4¢
FEITEE . A7 8624 A TC As ] AE R fin 26 g
(RS, gt s FUBESY . AR A 4tk
BB, Hi A AR, A A S R R
ST, TFLMgE SO g g gt
AR AR UK SRS T CAS AT B E
FH, o A v 1) B U 1 I (A I i ) 72122,
FL 2 AN 28 2 g (I RV VT M SN K R
HA X AE F Glfe a2 125 040w g 28 K i 1
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FEM LG /SHKEHU BRI ) E T
S i ) S0 BEL 9 T A B R T, R
(fucoxanthin)f F T-45 I HC T 11640 ™", 35
7 R E T 45 1 COL 020541 i FTH T-2941
PP, R T ik i A0 M B0 A ) 4k R A, H
MU AT B 55 40 M A2 M p27 1 & R 5,

Arimochi er a/*?HE 2 F Y IKIE X HT-2941
60 £ 5 P A 5 0 o0 A ) S gk e O,
Tt TR IO MR 5 5 Ao 22 Ji SR C o 4 BT 0 &
PEBETE 1 1095 HL-6040 8 1 1) 4. A sz
R T VA WK g LA ) A g 7 5 b R H T-29 40 fifa
KA p27Mp21 1113635, N CyclinElLHICDK2
(R IA. XTI S P KGR AT e il ok 1 C DK sl il
7. CyclinsFMICDKs¥Zik, 1755 Mg 4 i J4 1)
{500, RAESLIDHIE A R TR, i
iE T Arimochi er al* B

AFF 52 B0 T ) T T HE 2 40 e U A
G R R S H 00 25 R Ak T 1 5 p27
FIp2 LB R, 5140 i J 3945 7, AF s B
T AT DA R C DR sHIF, 5 4n i it e
BEPNAR G, WFTUIE I S A 0K R i A OGS 4 S 42 119
Eag 1B & A0 51 70, g4 fii% i i & 3 Hpo i
Jo A 4090 A i e SO I A IR R 34K P 348 o LA
J% 4 i JE] S 45 i R 440 PR e 4 3 5, Eagl 2R
FIRIE KB Wi g . X HE— D UE s 7 kg
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Eagl47idiid: —#F
W R R A B
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R 25 2o
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B 4 (A ER RS
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% A B R I
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AR R E 3R
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KCNH1% % k5 2
FOSE AR K A&
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i, sFK' F2Ca®' A
i@, Eagl4pid
WA AT
JEAR A M e 2 22
4% 4. Eagl £ FE
PG Rk, EID
FRmR Yy kik
FTRET ¥k
h o — s KM
HALn . Eagl A
A B A A
K % s KA 5
BB P HMEE

i,

MDA 7 (238, BHVFg0 i F IBk e, % S
T, RIEILPUMIRIOVE . A 2 A Rk
WRZETCAsfEiliil Caspase- 3 i 1215 S A &t
PERETE (1 ML HL-6041 i -, Mk Eag 1 81iH
TE A AT RETE I Caspaseid: 12 & 44 AR R 211
VEH, X R — 20 SEI0 TR K.

NIKEVE A TCAsZ —, AT R IRHIES |
AL HFIASIEAR, I VT AEIE o &F 22 IR IR 1% 4 A 40
HN T3 5 i Hh R A 28 R GE T AT R vA T P
S R Eag IR S AR O i AR FR, T R
HAMHIEag #EIE I B AT PUs/EH, Xl hE
S AWK R 1 02 AR g A R 5 | A 1 92 1)
B 22— PR K R K 0 1 11 R 82 P o A
FRSK 22 A, 1N AR 2 i I8 3% B o 26 R0 L o S
Jo B R R .

B2, ARSI, KR I H T-2941
MG 5, FHAFHT-2940 i & St e, 135540 i
T2 HAEHIPLEI T e S 0 Eag 40101 X35 1,
| ifp27FIp2158ik, FifCyclinEI FICDK2# 1A
E3
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