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Abstract

AIM: To establish a cisplatin-induced human
gastric cancer drug-resistant cell line and study
changes in its resistance.

METHODS: A resistant gastric cancer cell line
(SGC7901/DDP) was established by gradually
increasing the dose of cisplatin with intermit-
tent, monthly administration. Drug sensitivity
was detected by MTT assay. Changes in biologi-
cal characteristics were determined using light
microscopy, electron microscopy, cell counting
by MTT assay, and flow cytometry.

RESULTS: The SGC7901/DDP cell line was
developed after 4 mo, with stable resistance to
cisplatin. The resistance index for each month
was 2.13, 5.32, 12.60 and 12.93, respectively.
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SGC7901/DDP cells exhibited cross-resistance
to many other chemotherapeutic agents (e.g.,
5-fuorouracil and mitomycin C). The morphol-
ogy of SGC7901/DDP cells gradually changed;
doubling time was gradually prolonged, and the
cell numbers in S- and G,/M-phases gradually
decreased, while that in G,/G, phase gradually
increased, compared with parent cells.

CONCLUSION: The SGC7901/DDP cell line
showed a typical and stable resistant phenotype,
multiplication of the SGC7901/DDP cell line
gradually decreased, and MTT assay and elec-
tron microscopy determined the resistance of the
SGC7901/DDP cell line.
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s (cisplatin, DDP)HURI I, Xf S2AUMR . B
B . B WREUR . BB ST AL,
& FUAER ek 259, Haris AR = A, (H
T 244 1) 7 A A AN BB R 4 N AT 1 VR T A
H, BT I IR 40 B A A= 1 2 AL
STy SR, FEAR AN EE ST 2 2T 2 40 i R
WEFTIIIRE F= A2 22 251 25 M (multidrug resistance,
MDR)!" [ E B ST HarE A A iz A
B SGCT7901i DDP¥4i A A L. oAl 1R H & 40
HDDPIRE . [REE AN FIE, dar
T N B #ESGCT0 1 2540 i &, W 5T 2 it
PR AR, R ATETU B 9 SGC 790 1A
2 TRI AL IR 7 T 24 308 2 ) (AL AL PR A AR

1 MRS

1.1 ## DDPIARFFEHIZ) ™ 5-560 R
WE(5-FU) BB AR EES 2 R A W) KFF
B (VCR) AR 2l AT R A 7] A 77 23
FFZ=(MMC)H ARKyowa HakkoZ w27, i
# Z(ADM)MKFIF. H. Faulding’s @) 2E 77,
RPMI1640HGibco/BRLZ Al $24E; MTTIRF £
W A i AEsE A TREA R AW SGCT79014
N AR, WA S R T
VESEFR AL, AN 7R 450,22 pmPE T JE 1
RPMI16403:5 758 7 (77100 mL/LACK G R 4 1fi.
i, 2 g/L NaHCO;, H #2100 U/mLFIEE 2=
100 mg/L), 7£37°C, 50 mL/LI{ICO,, HANEE
RegE, HIPBSHCHIAIL.S o/LAIRE AR 0.2
g/LIFJEDTA) 41 L 4R,

1.2 %k KM 6D D PR S 1) Ji/k i
P S A0 N 2. O K R 41 e SGC 7901
S AERD T4 HRPMI164055 750, MR I
0.06 mg/LAf FH48 h)i5 51 % & iR 23, IAHT
BF R RG TR, kBT, P HIEIE R K,
TAEAR G 42 H0.06 mg/LI¥I 254k B AL #1148 h,
W e S ARAE A SD D P R w5
S M, 5 2R —BRRET 520.6 mg/LIY 4 i
%, 14 HSGC7901/DDP, Jf H s RE oA
DDP 0.1 mg/LIf)5¢ AR5 F= .

1.2.1 2o % v & K55 X 10"/ L 470 18
HeoeAL s ety 5141200 pL, —Fh4e o 34N 52

LIS g/[L MTT 20 pL, 48585974 h, 2 E85 %,
FEREFRI, IO T HIEAALS0 uL, $k3%S min,
F B 3hlEkr 1 (Bio-Bad E2550%, USA)I3E570
nmOGE L. DL R LI 2, I (R A B AR AR,
G FE R PARKE, LA i A i 2, Sk H A
TSR], 3B AR A i 2.
1.2.2 MTT kM 5E 3 25 40 09 B 212 {E96 7L
RN BE LIS X 1074 /LB 41 i B 200
wL, I A LCRRRE 1S ik B 1) 25 e e
251520 pL, SRR BEE 3N, KRALM
NEARRUWPBS, Jf H B2 (It AL, eE 1
37°C, 50 mL/L CO,J# 41455768 hjaW s i
W, BEFLTOINA TG IS A5 77180 pL &5 g/L
MTT 20 pL, k23557 4 hfg /N0 2: BiG W,
FUIMAN IS0 pL, & FiEEg s L
P%3% 5 min, H3IEEFR{(Bio-Bad E2550%, USA)
T 5 AL O FEA L, AT 4570 nmt™. 4%
R = (1-A jyaulA gyoran) X 100% 55—
Tl B PRIl 3, AR 0y R QA 4%
P 249 1 - A A BE (1Cs) S ST 24454
(resistance index, RI), RI = ICs(ifiyf 2441 Jf1)/1Cs,
CRAH ).
1.2.3 2a ey A A B A0 H45 X 10"A/L 41 i 2 i
BT BN IR 124 LB RN, B T37°C,
50 mL/L CO,## N 157772 hjm HIPBSUEER2X,
Biig G A G4 4,10 min, 7EHPBSUEER2IK, % T
B, R R R, B g S A EE A
B AED TAM AL AL B AN i, W41 X 10744
Ji, H25 g/LAfI R I [ i, 4k 520 g/LIf DY 4
PR s, Wik A3, ) e 0 a5 R Ak
B HBI(HITACHI-6002, H AWM %2, Fiilk
E1X10°ANLANAE, PBSYL2IK, 700 mL/LA 4
WL 52 11, PBSTE2UK, PIYS VK30 min, 7
WA A _E(FACS Calibur BD, USA)Z T4
i 3

Gt AbTR SEIOHH I SASSL TR A Ab
KRR AT T

2 B8

2.1 MTT##m 45 % SGC7901/DDPAH g%} DDP
M1, 2, 3, 4 molif 25454057 &£2.1, 5.3, 12.6,
12.9, JF Houf 53 A4l R 8 H 0 P 25 ) A7
ANTRIRE FE (R 245 (3R 1).

2.2 miaT A F IR LB FSGCT790140 i
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% 1 SGC790155GC7901/DDPUBIREIMZAIE W@ 5
K I AT R A I

1 B DDP 5-FU  MMC  VCR ADM
0 mo 1Cylg/L) SGC7901 0.244 0432 0149 0.196  0.102
SGC7901/DDP 0279 0421 0157 0210  0.096

RI 1.1 1.0 1.0 1.0 0.9
1 mo [Cylg/L) SGC7901 0.265 0551 0163  0.091 0.213
SGC7901/DDP 0564 0954 0213 0098 0.256

RI 2.1 1.7 1.3 1.1 1.2
2 mo ICygl) SGC7901 0.255 0562 0143  0.101  0.250
SGC7901/DDP 1356  1.151 0421 0133  0.621

RI 5.3 2.0 2.9 1.3 2.5
3 mo ICslg/L) SGC7901 0.199 0466 0244 0221 0.332
SGC7901/DDP 2521 1596 0658 0253  0.724

RI 12.6 3.4 2.7 1.1 2.2
4 mo ICq(g/L) SGC7901 0231 0324 0196 0354 0.168
SGC7901/DDP 2986 1.624 0965 0413 0814

RI 12.9 5.0 4.9 1.2 438

"

1 SGC79015SGC7901/DDPRIERZASZRAL (Wright x 400). A: X HEZH; B: 1 mo; C: 2 mo; D: 3 mo; E-F: 4 mo.

SGC7901/DDPAI ) 5 5 JZHeF, 4L KA
—, NZMIE; SGCT0141 M1k Fis 48, %K,
FE A 7, SGC7901/DD P4 bt 244 7 &
IR INR, I [A)ZR T 2, 552454 moth Bl
FEANTE, RSSO, AR, I B 4 A
D). B HEET, AETIMAZIH1 mof5SGC7901
L SGC7901/DDPA M i SR BAAR - m, A
ANZi12 mofiiSGC79015SGC7901/DDPL i
AHCH A 2250, I3 mo/5SGC79015
SGC7901/DDPFEJEE />, AN 25114 moJi
SGC79015SGC7901/DDPL ki A4%5 H b, ]
DL BB AR A

2.3 fa itk K W KA BEARAE H B IE) SGCT790141 i
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E1SGC7901/DDPAH it (1) 4 5 140 52 AN [F], P& 1R 4
ALERIF A1 mo 4 57.36/H153.76 h; 2 mo}y44.88
F156.16 h; 3 moh47.04F168.88 h; 4 moJy54.48Fl
77.52 hy i 24 40 LR A QAN M A AR 7] P I T
R RIFER: T3.36, 11.28, 21.84F123.04 h, nJ L&
UL 6 PR A i 34 o ] A2 08 2K (1512).

2.4 mia A a A SGCT0141 L id DDP S
S 240 0T 50 A 1 1 B TR g, FCMUE R
SGC7901/DDP4H il J& 31 K LG/ G, 14t 3 22,
S, GyM Tk (3£ 2).
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2 SGC79015SGC7901/DDPAAIEA AR, A: 1 mo; B: 2 mo; C: 3 mo; D: 4 mo.

SE AR A0 B R AT S IR T 24 A ) AR )
SR AR A A R T PR AL A H AT
A1 38 37 Ji 98 MUD R 41 M 28 1) 77 3 00 0 2 2 Ik
J& i 1 R 45 (stepwise continuous selection)
KT & 7] i 3 (high dose intermittent
selection). X FEK W], MDRF= A2 5 41 il 3%
[ Fo) e 18— PP 5 1 (P-glycoprotein, P-gp)
xS P-gp, M, 1.7X 107 b HA ¥ 2442
HE A, ST PN 2 R B BRI D R Rk
WL 25l 24 25 R A 2% 85 A (multidrug resistance-
associated protein, MRP)"' 5 4:P-gp /13 [f)MDR
AP G 25 HLH] T e AL P-gp AIMRP 11
HE A Fr it . DDPRI#EIE 13 HMRP5E
J, RV MR P [ (e J8 2 05 7 T 9 1 22 24 i
LR R AR, (A RE AR 4
Z A 29I 5. FRATTR B0 s B R B, ()
BAE I ARSMNE 05, D4 moddt i N B8 9 IUEA i
Zi4 i 2SGC7901/DDP. Yt FMEESGCT7901/
DDPYI i 5 HoEARSGC 7901 41 i A7 4E 2 5, AAF
W& K, H BAEE B4 ek, 40 M) B
2 HH A1 i 52 380457 95 F0 A L o 22l AR I Y
BT R, AT DL 220 Az KT, R
&, 20 R TR B D, RIS R
TSRS . Ik 22 0 A A K e R
WA IR AN, 1, 2, 3, 4 molfif 24 40 s AR 41 g
FEK 543,36, 11.28, 21.84, 23.04 h. =T iR
F5 G ISR 5469797 80K 08 &R, H R A J R (1)
35 1 B D BR L, AT R EBURK, T RO R,

& 2 SGC790155GC7901/DDPLREHYEIEID (%)

iR Gy/G; S G,/M
SGC7901 49.6 26.5 23.9
SGC7901/DDP 1 mo 50.2 25.3 22.1
SGC7901/DDP 2 mo 52.7 25.4 20.8
SGC7901/DDP 3 mo® 59.6 24.9 14.6
SGC7901/DDP 4 mo® 61.5 24.7 13.8

°P<0.01 vs SGC7901.

iR ) A3 1 I ] G, X AT IR U PR gk R
7. HFST A SGC7901/DD PAH i [ 1% 184 I [] 4E
K, A7 B RBURRAE R B, V097 TR 24 1 g AR
BT, Y ANFCMEEZRSGC7901/DD P4 i J5 3 %
MGG, 4 fuh %, SHIFIG,/M# /> (P<0.01),
WAIESZSGC7901/DDP a8 5 18 75 J 15

A AN ST (TR 245 41 XD D P A T 52 1
BRI, 2, 3, 4 mod IR m 4R EUE2.13,
5.32, 12.60, 12.93. EKHSGC790141 it 24 ¥ 7=
A B R A, — O RSB mot O 4
{40 M 25 7, AR 8 T 40 i ) i 24 7 B AR
SE N OR, NV AZAEFREEL moin ANBEK IR 1)
250, A R AL T AN R I 25
Wsirh, 2t Re s nT LUR E R oK. SGCT7901/
DDP4il /it it 25 DDPAEHI 52 moJm HXSDDPii
R ECE BT R B, R RIRFETE65% LA |, &
L B A R e 1R 251, SGC7901/DDPA i %
1 Ja Z I E R AT AR e AR K. 5. Rl %
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MR AN DDPr= A0 2, 1 6 A A 4 fi proliferation and G1/S transition of human gastric
. o 1ls SGC7901 and AGS. The FASEB 1
[195-FU, MMC, VCR, ADM% % Fiiisfi 254 B 001 e * Jourma
T2, Snow er al" KT 253850/ T-52 4 8L MBI M2amiary. dest dbsERb
MECFE 24, T 2515 12 o ST 26, 2 o I SRR L, 1991 315920
N - - - - 5 Giovanni Carlo Cesana, Fabrizio Romano, Gaia
KT 1SS R 2. d kbR, SGC7901/DDP Piacentini, Marco Scotti, Ambrogio Brenna, Giorgio
Bovo, Massimo Vaghi, Giacomo Aletti, Roberto
41fiDDP, MMC, 5-FU, ADMJ& T~ i 24, %} ' s /
’ ’ ? - Caprotti, Howard Kaufman, Franco Uggeri. Low-
VCRJE &M 24, #iHHSGC7901/DDP4Y fitl & dose Interleukin-2 Administered Pre-operatively to
M- &b F 2 =) P N N Patients with Gastric Cancer Activates Peripheral
Wi 25 PERERE, REBTTEDD PRI 245 BL LK Y and Peritumoral Lymphocytes But Does Notljkffect
ﬁ%ﬁﬁ%%u@jiifﬂ E‘Jﬂﬂ‘é’iéﬂﬂﬂ’@fﬁﬂ Prognosis. Annals of Surgical Oncology 2007; 14:
g f Surg 8y
RO, 4 K. MTTZW) 4 1295-1304
N ’:Z’ %%*EPQH])]@ {K% f N %’;jf‘%ﬁ& 6 Gouaze V, Yu JY, Bleicher RJ, Han TY, Liu YY,
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A (1, Hr MUT T 2 4 a1k =12 36 0 P s 5 AE, Eabot I\/QCP Olverexpression of gluCOS}Ifllcerallmids
. . synthase and P-glycoprotein in cancer cells selecte
A ARSI A Ll R LA A7 e Bk A P 24 for resistance to natural product chemotherapy. Mol
G, AP T L BB G, RS 2540 3R Cancer Ther 2004; 3 633-639
o b1 o - s 7 Hao Z, Li X, Qiao T, Du R, Hong L, Fan D. CIAPIN1
FEH M T T 24 ) B0 S0 475 98 2 1 326 AR A confers multidrug resistance by upregulating the
g y upreg g
T, expression of MDR-1 and MRP-1 in gastric cancer

cells. Cancer Biol Ther 2006; 5: 261-266
8 Xia S, Yu SY, Yuan XL, Xu SP. Effects of hypoxia on

4 ZEXH expression of P-glycoprotein and multidrug resis-
1 Hong L, Zhao Y, Wang J, Han Y, Guo W, Jin H, tance protein in human lung adenocarcinoma A549
Zhai H, Bai F, Zhang X, Qiao T, Chen Z, Fan D. cell line. Zhonghua Yi Xue Za Zhi 2004; 84: 663-666
Reversal of Multidrug Resistance of Adriamycin- 9 Chung YM, Yoo YD, Park JK, Kim YT, Kim H]J.
resistant Gastric Adenocarcinoma Cells Through Increased expression of peroxiredoxin II confers
the Up-regulation of DARPP-32. Dig Dis Sci 2007 resistance to cisplatin. Anticancer Res 2001; 21:
2 Kwak MK, Lee HJ, Hur K, Park D], Lee HS, Kim 1129-1133
WH, Lee KU, Choe KJ, Guilford P, Yang HK. 10 HanY, BuLM, Ji X, Liu CY, Wang ZH. Modulation
Expression of Kruppel-like factor 5 in human of multidrug resistance by andrographolid in a
gastric carcinomas. | Cancer Res Clin Oncol 2007 HCT-8/5-FU multidrug-resistant colorectal cancer
3 Jie Liang, Yanglin Pan, Dexin Zhang, Changcun cell line. Chin | Dig Dis 2005; 6: 82-86
Guo, Yongquan Shi, Jingbo Wang, Yu Chen, Xin 11 Snow K, Judd W. Characterisation of adriamycin-
Wang, Jie Liu, Xuegang Guo, Zheng Chen, Taidong and amsacrine-resistant human leukaemic T cell
Qiao, Daiming Fan. Cellular prion protein promotes lines. Br | Cancer 1991; 63: 17-28
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