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Dynamic changes of glucosylceramide synthase and caspase 3 in drug resis-
tance induced by doxorubicin in human gallbladder carcinoma cell line GBC
_SD
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[ABSTRACT] AIM: To investigate the levels of mRNA, protein of glucosylceramide synthase ( GCS) and caspase 3 in the
drug resistance induced by doxorubicin in human gallbladder carcinoma cell line GBC— SD, the effect of ceramide metabolism in
this process was examined. METHODS: Human gallbladder carcinoma cell line GBC— SD was treated by doxorubicin at concen-
tration of 200 Hg/ L for 12 weeks (named GBC— SD12). Cytotoxicity, mRNA and protein of GCS were measured on 1st week, 4th
week and 12th week by MTT assays, RT— PCR or Western blotting. The levels of caspase 3 were measured by spectrofluorometry.
RESULTS: A 3.8- fold increase in drug resistance to doxorubicin in GBC— SD12 was observed. Up— regulation of GCS mRNA
and protein were also detected in GBC— SD12 ( P< 0.01). Negative correlation was shown between expression of GCS and activity
of caspase 3 (P< 0.05). CONCLUSIONS: The growth inhibition via apoptosis induced by doxorubicin was observed in human
gallbladder cell line GBC— SD. The drug resistance was correlated with up— regulation of GCS mRNA and protein. The activity of
caspase 3 was inhibited by up— regulation of GCS. GCS may be one of the mechanisms of multi— drug resistance in gallbladder car

cinoma.
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Ji%( ceramide, CM) , H.ifi it caspase 3I&EHATI T . T
i 98g 22 24Tt 227 40 T () N A IR 22 1 I 4 i 5
) CM A = 4 4 78 R #4809t i ( glucosylceramide,
GC) , il %5 W fif 8 Wt % 5 1% ( glucosylceramide syn-
thase, GCS) 7E CM %4424 GC [k FE v i SR .
DAL AT 00 G A H GCS W PR AR A 2L ok 2 24
T 20T 5T o — > 7 R

CM AR A 7R NI 3895 MDR 1)) A FISkAS
Je AR F R DL SRR . FRATT R B A R
NNHEBES 40 Ak GBC— SD 7= 2B 1 24, 46 I 6 b i
FEH GCS M caspase 3HIFRIEL AT OL, LRI A& 1T
[f) N JHZE 98 22 24 i 2 ( multidrug resistance, MDR) ] 2%
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1 RXFF0Z54)

B 2 2% b W VLI E 20 B4 A PR A W] AR R (
i 10 mg) , BL A2 000 mg/ L fif % WiA7E T - 70 C, W H
A% LE AR RS . Caspase 33 A I 7 &0 - Santa—
Cruz A7) (SC— 4263AK), GCS % % 7 M Hii 44 th Dr.
D. L. Marks Fil R. E. Pagano ( 3% [& Mayo Clinic and
Foundation, Rochester) 584, A JH 3y 41 i #k GBC -
SD W) [ R B 40 i e . BE PR EE MTT %) H Sigma 28
#] . Trizol 54 Gibco BRL A #] 7=, & 7 A
BE oK SEESI A E = 3 el . AMV 3008 S i A% 0Bk
R EEHN ] Taq B \INTP mixture( code NO: ROOIA
CAM) DNA marker( @X174— Hinc Il digest DNA mark-

er, JT BEKE N 79 162 .210 291 341 .392 .495 612 .

770 .1 057 bp) W [ TaKaRa BIOTECH A ], A B- actin
PR ZE 1 B R AR AR R B E
302 bp .

2 APEEEMAKIEST R ALKEFS

2.1 i 3%  GBC— SD 40 i 3% J- 40 & AR 70
10% /N4 L3 Y RPMI- 1640 5598 Wb, 355544 4
AR HBH 5% CO, 37.5 C MANGESE, 4 2- 3 d #:
1R, DN B IR 5 A K U AT i, e b 5 5 O
Tt . AT SER .
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2.2 FMIFHBEMAMBEAFES MR 25ESF TR
SR, 200 Vo/ L Bl 87 2 4F 2 d S 1 kI 9%
W, AR S 90% BB, KR8 R 12 4. 554
JAFL 12 ] B 48 i 43 0l 4 44 O GBC - SD4 .GBC -

SDI12.

2.3 [FEEEME GBC- SD 41 skl 4%
HLUBE A0 bR A )V FE PR 48 AF1), Hitachi— 600 3% 5
BIWLEE .

2.4 MTT 2469 F 2% 3 GBC— SD (GBC- SD4 .GBC
~ SDI12 I MLt MTT 2 I cik e Y, 4i i
DA 5% 10%cells/ L 355 T 96 FLEE F7 8, 45 L0 200 VL
WiRw, 24 h JGgniuin 2y . M ve 4 MR AL, M E
24 h B HREE TR, SEI A N 50 He/ L 100 Mg/ L .
200 Mg/ L 400 Ug/ L 800 Hg/ L .1 600 Hg/ L [l 2 2% ) £
FEW . 02y )543 5T 72 h iIn A\ 20 BL MTT, 4k 42
WHRMME 4 h J5WH R R, A DMSO, H
DYNEX B 5CASCRY I, 387 K 570 nm, I 5 541 ARG
B . VMR AT R, fENE = SEIe A RO RE A/ ]
PN L ZH W G B AE % 100% . o 55 H B 88 2 1) ICso
1B, P 25 25 R AH 0 iR 245 435 B00E 55 A KO8 1Cs0( GBC—-

SD4) / 1Cso( GBC~ SD) &%, ICso( GBC~ SD12)/ ICs0( GBC
- SD) .

3 RT- PCR &

3.1 5I&il GCSmRNA 5I1¥F¢30h: L5
5" — CCTTTCCTCTCCCCACCITCCICT - 37, Fif514
5 — GGTTTCAGAAGAGAGACACCTGGG - 3°, =4 K
J& 454 bp, 51412 PCRDESN #AF4i B HAT ¥ . 5l
Y5 T AN A R A B, N WK R 25
Hmol/L . N B- actin FV#5[#) 5° - TCA CCC ACA
CTG TGC CCA TCT ACG A- 3", Fii5I¥ 5 - CAG
CGG AAC CGC TCA TTG CCA ATG G- 3°, B K &
300 bp . I A E A 50 Hmol/ L .

3.2 RNA $2HU % DNA 2 1 BERIA M # GBC-

SD GBC- SD4 .GBC— SD12 411 Jfs 43 54 % T 10 mm?
RegRILA, B RNA #E47 22 & RT- PCR U,
MEE GCSmRNA FIEZAK . 1% Trizol 17715 BH $2 HX 40
s RNA . cDNA 2% 1 #8194 51T PCR V. 3
WAt : 94 C 1 min, 94 C30s,59 C30s, 72 C
1 min, 32 cycles, 72 C 5 min .

3.3 RT- PCR =¥ rukiaill JEAH o047 K
") RT— PCR 7= HaIKk 5 W82 4% ity R A7 S . R
Magnitec Ltd. /A 7] Band Leader Applacation 3.0 F{% 43
BT A 20 T LK 4% 5 2K BE, T SR S W K B TR Y
XTI B— actin 4577 2K BE 10 LUAEL, BEit 20 A, V15 5
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3.4 RT- PCR F=#rylaiic aifh )y R E
ABI PRISM377 Wl ] X & it £ ¥] BigDye Terminator i
FRRSIN, A SO SR o 2% 135 . | B R AR
PR ARAE A = W)F .
4 Western blotting #& ;I

B SRR I 2 e SCRREY, B 50 M KR AT
T SRR - SR TN M ki R I (SDS— PAGE) HL
vk B J A, A 0.05% iR 20( Tween20) F T
B8R & % i Wi (PBST) ¥ ¥E 3 Ik, N GCS £ ¥t
(1:1000),4 CHFHE 7, PBST EE¥E 3 K, I BAR
A AL FRAC A L0 1 500), 37 CIEKILT 2 h,
KA R RO RE LA,
5 Caspase 37K 467

PR S AE BT, 26 Yk B E BAL
RO, R B K 400 nm R 5% K 490 nm, A cas
pase 3 Vi1 .
6 FitFE

FRA SR « X5 F£oR, KA SPSS 10.0 for Win-
dows HEAT ¢ K5 FAH 5C 70 #7 ( Bivariate) , 2H [A] Hb 4R
H] One— Way ANOVA J5ik .

% R

1 MEBHRERAFREEMEBESFIRT(ESE)
B[ 57 25 4F F GBC— SD 40 g 72h Jii FEL A8 A6 HE R
PRI T- AU, AR5 (1)

Fig 1 GBC- SD cell were observed with electron microscopy after
treated by doxorubicin for 72 h ( magnification, x 8 000) .

E1 MEZ=/ER GBC- SD 1 72 h [5 B{EMER

2 YEMERINE
2.1 P& ZEXN GBC— SD (GBC- SD4 .GBC- SD12 4

JHLFR) ICsofE 23 591 49 (213 £154) Vg/ L (430 £186) Hg/ L .

(810 £253) Ug/L.. GBC—- SD4 .GBC— SD12 4 i ifi 52
BT 55 2 A5 200 93k 2. 01 f5 R0 3.8 £i% .
2.2 FERA R FAE K E S N, GBC- SD .GBC -

SD4 GBC- SD12 40 Jfd f7 3% 2 B 2 B (AH OC R £ or
WA r=-0.952, P< 0.05 r= - 0.971, P< 0.05;
r= - 0.984, P< 0.05) (% 1) .

F1 ARKREMNSHRIEAIMARNESTE

Cell survival rate of three different cells with varity concen-

n= 8)
125 Vo/I, 250 Ve/L. 500 Vg/L

GBC- SD  78.20%2.12 49.90%2.00 27.16%1.68

GBC- SD4 85.30%1.63 68.7812.23 48.33%1.68 25.26 L1.99

GBC- SD12 91.40 £1.39 83.76£2.38 77.7513.38 42.1811.79

Tab 1

tration of doxorubicin (% . x *s.

1 000 Mo/ L

P< 0.01, cell survival rate compared with varity concentration of doxoru-

bicin for the same cell line.

2.3 BEAEH BT EE, 3 Pl A7 G R B B R
(£2).

= 2 250 g/ L doxorubicin {£ A< [E i [8] 40 & 17 5
Tab 2

Cell survival rate of 3 cell lines for different time with

250 Hg/ L doxorubicin (% . x £s. n=8)

24 h 48 h 72 h
62.10+4.16" 49.30%£5.13" 36.70 3. 4"
89.60 £6.63" 81.20%6.38" 69.40 £6.47"
93.40 +4. 10" 83.30%4.77% 84.60 £7.89"

GBC- SD
GBC- SD4
GBC- SDI2

" P< 0.01, cell survival rate compared on different time for the
same cell line; * P< 0.05, cell survival rate compared on different

time for the same cell line.

3 GBC- SD .GBC- SD4 .GBC- SD12 #Hffl GCSnr
RNA K &RHBFRIE

3.1 GCSmRNA [JEiLIHH  GBC- SD .GBC- SD4 .
GBC— SDI12 3 4l fs GCSmRNA #H Xt 2% 15 38 & 4y
0.53 0. 11 0. 44 £0.23 .0.91 £0. 27, §i W & b4 2
FELEFE (P> 0.05), GBC- SD12 GCSmRNA # ik
B THEH4(P< 0.01)(E2) .

Fig 2 Expression of GCS mRNA in three cell lines. M: marker,
the size of the brightest band 341 bp; 1, 2, 3: GBC- SD,
GBC- SD4, GBC- SDI2 B- actin as internal control.
El2 3FMAAY GCSmRNA FRik1ER

3.2 RT- PCR =¥ v45 5 RT- PCR F=4pill ¥
LE L B 1 1) GCSmRNA J5 51 [7] T %1 16 )5 51 —
B, AR H I SRAE .



3.3 GCSEHHAEIAMH GBC- SDI2 [ GCS K
FER W BT 2 Al 3) .

Fig 3 Expression of GCS protein. Lane 1, 2, 3: GBC- SD, GBC
— SD4, GBC- SDI12, GCS molecular weight 38 kD.
3 GCSEBKRIE

4 [ ZAEHASFRIBE S, GBC- SD (GBC- SD4 4
[ caspase 33 14 [F]/F FH IS 18] 52 IEAH OG( r= 0. 866, P<
0.01; r= 0.949, P< 0.05), GBC— SDI12 41l fiil caspase 3
(A Ak, [F) i) 2 25 A0 FH B () G B R AH O (r= 0. 545,
P> 0.05) (% 3) .

#*3 MEBHRIEASRFERIE 3 #40A caspase 3iEE Tk
Tab 3

Activity of caspase 3 in three cell lines for different time

(x £s5. n=13)
0h 24 h 48 h
GBC- SD 27.5%3.2"  76.2%5.8" 127.7%4.1"
GBC- SD4  34.7%2.8" 61.3%3.7° 83.2%3.9"
GBC- SD12  29.8*+4.2% 37.8%3.5% 36.3%1.8"

" P< 0.01 vs caspase 3 activity compared on different time; * P

> 0.05 vs caspase 3 activity compared on different time.

5] it

AT 2505 S 988 440 IR T A P A 2 AL
i, BTz 2 n] DA | 22 45 S 4 o e 40 it = A= R s,
JE A5 ] LAS AR AR 15 5% I N TH S5 440 i 0 1 R WL SC
BRIRAE o 4R T S B AR AR A SE YL
O AR ORI R A AR O A
v 5E . AWEFCR BRI T B A R AR R A
JIEL B 9 440 L, UL BT 87 25 4 FH S 40 . S 30 B R 1)
TR AR Ak, TUE ST BA) 25 25 400 o1 40 it 34 2t 0 ik
A TSI

WEFT R BA, 2590155 5 I J8g 40 M 3 T 1, 40 i Py
CM &R B 2 RHTE R RELE AR IRE
A= A AR eV T AR, R AN FAE
FAMLE 0 244055 3 i 988 40 B ) T2 B ML 7] g 2 2L [
B . (5 CM 38/ 48— e R B AN P 4 s o, B
A8 164 00 24 0 AR R SR A Y ) A 2 30 A T P R
ZI4 | Gouaze SR K I L 25 TR 25 40 L P M 1Y
AR = 6 7 Bl 2 R R ( GC) 5 B 24 =, i M
N, AR AR CM B4k o T i B
GC, IR I GCS 71 i 2 bl =22 4E H, GC 3%

* 755 -

EUEEREAE GCS BUWEPEXG = . tk, GCS W] R £ it
IR HATRRER . ARg: S 3 %K 200 Yo/ L Fr4E
AE PN I3 95 40 T 5% 12 %], MTT Al 25 3 B A FH Bsf
() S, JIH 3 98 440 T AN A0 A H 30 40 i 7 A )
AH 168G 0, 0 B B 8 28 7 A8 T — e R i 2, R
TR 15 245 4 e B 184 i A AR FH ) TR] 42 K, GBC— SD12
20 T %) 0 ) 2R AT AH B 3G 0 . AT I BT 8 2
NI g 40 L ) 245 & b GCSmRNA il GCS & H
MBS DL R W, 29 AT 1 A 4 J B
GCSmRNA FIH 16 A B 1, i 2515 12 A5,
GCSmRNA M1 A7 H 48R N 25 By 40 i W3 2 B3 (P <
0.01), SR HAKE R 55 25 4F H i (8] ZE K, GBC- SD12 4f
JfiHr GCS g & s v] BE W W38, 3 CM K B A%
14 T4l ML 5 PE 1 GC, GC 1K E AR R 51 40 e
NI R

MR T B A L A, T e A R 2 2 T 24
W T — M TG 0, b 7SRO B 48 R X
P BV P AR i, FRATT IR I A I 7 9 T e
AL B A H [ caspase 3, caspase A& — FRE P 2
B, LXK EH AT 20 & 14 A, &5 90 i
YA — AR . EWS L LGS TR
Bl b % AR, AR R TR S R EAEH T, 5 8)
T ER Rz R A T E SRS R
caspase K E AT T, Y caspase 31 L J5 1] H V)
FJF W DNA W2 7 5 k2 DNA gl . BRL,
caspase 3IBFEME I K 2 A FLH T2 AT . AR EL
AL, ceramide 75 5 41 i % 12 H #%  1T caspase 3
EAE . W3 caspase 3R 4% [F] JIJRE 22 24 i 24 1) G R
BTN T T gere ™= A r L, e 40 i
T PR 40 22 24 24 7 AR v i . AR ST R IR
7E GBC— SDI12 4 i, caspase 3¥F 1 fit) A8 4k, 7] bl 25 2%
Y FH B E) ¥ A7 AR G 1, T GBC— SD \GBC— SD4 JIJ A
A IS TR AR OGP, 3 P 7t 40 Jif o caspase 33 14 % i 5 3%
FRELAE R B R AR B0 . [ AIE 9T GCS 25 A /E GBC-
SD12 {2 IR B e F 4 Ji o WD 6t B, 7 GCS
) iR 28 [ caspase 342 A1AH ¢, I GCS Kk 1y L i
B EHNHI T caspase 309G L, M1 H. GCS g L& —
FENEE J5 A R caspase 3FNE P ™ A2 WY G240, T A
JIe e A RO T, LT 29 AR AR T 2

gr LTIk, B g 35 5 NI S 4 R 2y 7
R GCS Ik LM, L GCS miakikxy
caspase 3[PTEERIFIH], 7R ceramide QI i& 1475 X
— I R AR A, B GCS X —#E s 4 A
PR 2 251 245 ) e & LR T I — AN BT O
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