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Abstract A cis-diamminedichloroplatinum (CDDP)-resis-the treatment of head and neck, uterine and bladder cancers
tant scirrhous gastric cancer cell line, OCUM-2M/DDP, wgd.1]. More recently, it has also been used in the treatment of
established by chronic exposure of cells of the paregastric cancer and other gastrointestinal malignancies and
scirrhous gastric cancer cell line, OCUM-2M, to CDDP dtas produced high response rates. However, tumors that
progressively increasing concentrations. The OCUM-2Nitially respond to treatment often acquire resistance to
DDP cell line had an 11.3-fold higher level of resistanceisplatin during long-term use, and this is a major problem
relative to its parent cell line as determined by a succindte chemotherapy [3, 7]. To investigate the mechanism of
dehydrogenase inhibition test. The biological and biocherisplatin resistance, we established a cisplatin-resistant
ical characteristics of the resistant and parent cell line weseirrhous gastric carcinoma cell line (OCUM-2M/DDP)
compared. There were differences in the modal chromaad compared its biological and biochemical properties
some number and DNA index, suggesting that some alteveith those of the parent cell line (OCUM-2M).

tions of the DNA in the CDDP-resistant cells had occurred.

Neither the parent nor resistant cell line expressati-1
MRNA. After exposure to CDDP for 4 h, the intracellular
platinum content of OCUM-2M cells was significantlyMaterials and methods

higher than that of OCUM-2M/DDP cells (51491.8 vs

16.4 plus 1.0 ng/mg protein, mearSD, respectively). The Cells

GSH levels in OCUM-2M 'Cells and OCUM-2M/DDP c_:e"SThe OCUM-2M cell line was established in our laboratory from a
were 3.5£ 1.0 ug/mg protein and 16.8 1.2 ug/mg protein, primary scirrhous gastric carcinoma [13]. OCUM-2M cells are round
respectively. These levels were also significantly differentnd grow as free-floating single cells or clusters, with a doubling time
These findings suggest that the possible mechanisms°bi8-1 h (passage 200).

acquired resistance to CDDP in OCUM-2M/DDP cells may

be a decrease in intracellular CDDP accumulation and , , _

detoxication by GSH. This OCUM-2M/DDP cell line'nduction of cisplatin resistance

could be used in further investigations of the mechanisfe cells were suspended in culture dishes (Falcon No. 3002, Falcon

of CDDP resistance in gastric cancer. Co., Lincoln Park, NJ, USA) containing Dulbecco’s modified Eagle’s
medium (DMEM) with 10% heat-inactivated fetal bovine serum and
Key words Gastric carcinoma Cisplatin resistance Cell were incubated at 37C in a humidified atmosphere containing 5%
line - Glutathi COQz. Cisplatin-resistant cells were established by exposure to increas-
ine utathione ing concentrations of cisplatin. OCUM-2M cells were initially incu-
bated in DMEM containing Jug/ml cisplatin (Nippon Kayaku, Tokyo,
Japan), and the cells that proliferated were repeatedly subcultured in
DMEM containing increasing concentrations of the drug (a 20%

Introduction increment each time) [6]. Cells were obtained that grew exponentially
in the presence of fig/ml cisplatin, and were designated as OCUM-
. . L . . . &M/DDP cells.
Cisplatin gis-diamminedichloroplatinum) was develope

by Rosenberg [17] in the 1960s and was initially used in
Measurement of sensitivity to cisplatin

A. Nitta - Y-S. Chung- B. Nakata ) - M. Yashiro- N. Onoda-

K. Maeda- T. Sawada M. Sowa The sensitivity of OCUM-2M/DDP cells to cisplatin was measured
First Department of Surgery, Osaka City University Medical Schoolusing a succinate dehydrogenase inhibition test [8]. The concentration
1-5-7 Asahi-machi, Abeno-ku, Osaka 545, Japan of cisplatin that produced 50% inhibition of growth was designated as

Tel. 6—645-2146; Fax 6—-646—6450 the 50% inhibitory concentration (o).
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’-l z = Fig. 2a, b DNA ploidy patternsa OCUM-2M. The percentages ofiG
A S and G/M are 33.6%, 52.5% and 13.9%, respectivélyDCUM-2M/
Frigr "mt* B et DDP. The percentages of1GS and G2/M are 46.3%, 32.85, and

20.9%, respectively
Fig. 1a, b G-banded karyotypest OCUM-2M, b OCUM-2M/DDP

Determination of the doubling time Measurement of intracellular platinum

The doubling time was determined by a replicate culture method [1&]ells in the log phase of growth were suspended in medium at a density
of 1x108/ml and incubated for 4 h in the presence ofudml cisplatin
at 37°C in a humidified atmosphere containing 5% £Qhe intra-
cellular platinum level was determined by atomic absorption spectro-

Chromosome analysis photometry [9, 16].

The karyotype was analyzed by the G-banding technique [19]. The
modal chromosome number was obtained from 20 metaphases.

Measurement of intracellular reduced glutathione

- The intracellular reduced glutathione (GSH) level was determined by
Determination of the nuclear DNA content the method of Tietze [20].

The nuclear DNA content was measured it ¢6lls by flow cytometry
(FACScan, Becton Dickinson Labware, Mountain View, Calif., USA),
and the DNA histograms were used to determine the DNA ploidy
pattern and DNA index. Normal human peripheral blood lymphocytes
were used as the control, with the lymphocyte ggak being desig-
nated as 2C. Results

Cisplatin resistance

Expression of mdr-1 mRNA The 1Gso value of cisplatin was 0.8ig/ml for OCUM-2M

. . ells compared with 9.@.g/ml for OCUM-2M/DDP cells.
Expression of thendr-1 gene, which encodes membrane P-glycoprg= .
tein [2], was examined by a reverse transcription-polymerase chdifiuS, OCUM-2M/DDP cells were 11.3-fold more resistant

reaction method. to cisplatin than their parent cells.
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Morphology their modal chromosome number mode and DNA index.
These differences are interesting since they suggest that
Under the phase-contrast microscope, both OCUM-2M andllular alterations had occurred at the DNA level during
OCUM-2M/DDP cells were seen to be round and floatingelection of the resistant cells. Although the actual genetic
in the culture medium, and were morphologically indisshanges involved in the induction of cisplatin resistance
tinguishable. require clarification, the resistance of our OCUM-2M/DDP
cells remained stable after 6 months of incubation in
cisplatin-free medium, suggesting that irreversible changes
Doubling time had occurred at the DNA level. OCUM-2M/DDP cells
isolated from OCUM-2M human gastric cancer cells there-
The doubling time of OCUM-2M cells was 18.1 h and thafore appear to be a cisplatin-resistant gastric cancer cell

of OCUM-2M/DDP cells was slightly longer at 22.0 h. line.
After exposure to cisplatin, the intracellular content of

the drug was significantly lower in the resistant cells than in
Modal chromosomal number and DNA index the parent cells, suggesting decreased accumulation (de-
creased influx or increased efflux) of cisplatin in the
The modal number of chromosomes was 70 for OCUM-2Kgsistant cells. It has been reported that the ATP-dependent
cells and 64 for OCUM-2M/DDP cells (Fig. 1). The DNAefflux mechanism mediated by membrane-associated P-
ploidy pattern was aneuploid for both cell lines. The DNAlycoprotein [5] does not appear to be involved in reducing
index was 1.59 for OCUM-2M cells and 1.78 for OCuUMihe intracellular cisplatin content [14]. In addition, expres-
2M/DDP cells (Fig. 2). sion of themdr1 gene encoding P-glycoprotein was not
detected in either OCUM-2M or OCUM-2M/DDP cells, so
the involvement of this mechanism seems unlikely. GSH is
Expression ofndr-1 mRNA a tripeptide composed of glycine, cysteine and glutamate,
and is thought to play a central role in the cellular
Expression of mRNA for the mdr-1 gene was not detectéi§toxification of alkylating agents and cisplatin. The GSH
in either the parent or resistant cell line. level was significantly higher in OCUM-2M/DDP cells
than in OCUM-2M cells. There are several other reports
of elevated GSH levels in cultured cisplatin-resistant cells
[1, 4, 12]. In clinical tumor specimens, the intracellular
GSH level has also been found to be elevated after drug

After exposure to cisplatin for 4 h, the intracellular pIati:reSiSt"’lnce develops [10]. These findings suggest that GSH

num content in OCUM-2M cells was 51491.8 ng/mg is deeply involved in the acquisition of cisplatin resistance.
protein (meartSD, n = 4) and was significantiy lower in !N conclusion, both decreased accumulation of cisplatin

M-2M/DDP cell 16.4 1. inr{ = 4), and increased detoxification via GSH may be involved in
ocy / cells at 16.4:1.0 ng/mg proteini( = 4) the acquisition of cisplatin resistance by OCUM-2M/DDP

cells. In addition, the OCUM-2M/DDP cell line may be a
useful in vitro model for studies on the resistance mecha-
nism and for overcoming the cisplatin resistance of gastric

Intracellular platinum content

Intracellular GSH content

The GSH level was 3%1.0 pg/mg protein @ = 4) in °2Nce"
OCUM-2M cells and significantly higher at 16481.2 ug/

mg protein 6 = 4) in OCUM-2M/DDP cells.
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