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Hiroaki Itamochi, Junzo Kigawa, Habiba Sultana, Takahiro Iba, Ryoji Akeshima, Shunji
Kamazawa, Yasunobu Kanamori and Naoki Terakawa

Department of Obstetrics and Gynecology, Tottori University School of Medicine, 36-1 Nishimachi,
Yonago 683-8504

We conducted the present study to determine the chemoresistance mechanisms in clear cell carci-
noma of the ovary (CCC). Five human CCC cell lines (HAC-2, RMG-I, RMG-II, KK, and KOC-
7c) were used in this study. The sensitivity of the cells to the anticancer agents was determined by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and we assessed drug
sensitivity by calculating assay area under the curve (AUC) for each agent. The expression of
multi-drug resistance genes (MDR-1, MRP-1, MRP-2) was detected by reverse transcription-
polymerase chain reaction (RT-PCR). Glutathione (GSH) concentration was measured by an enzy-
matic assay. Topoisomerase (topo) I activity was assayed in terms of relaxation of supercoiled plas-
mid substrate DNA. The IC50 to anticancer agents ranged widely. The assay AUC indicated that 3
of 5 cell lines (RMG-I, RMG-II, and KK) were sensitive to paclitaxel (PTX), 3 (HAC-2, RMG-I,
and RMG-II) were sensitive to 7-ethyl-10-hydroxycamptothecin (SN-38), which is an active metab-
olite of camptothecin (CPT-11), and only one (HAC-2) was sensitive to cisplatin (CDDP). All cell
lines were resistant to mitomycin-C (MMC) and etoposide (VP-16). The MRP-1 gene was detected
in all cell lines. Only one cell line showed both MRP-2 and MDR-1 gene expression. Except for
HAC-2 cells, expression of MRP genes was related to CDDP resistance, and MDR-1 gene expression
was associated with PTX resistance. GSH concentrations increased after exposure to CDDP or
MMC in all cell lines. There was a significant correlation between topo-I enzymatic activity and the
response to SN-38. The present study revealed several resistance mechanisms in CCC and the
results suggested that PTX and CPT-11 might be effective agents to treat CCC.
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Platinum-based combination chemotherapy, a standard
treatment for ovarian cancer, has achieved a high response
rate. However, several studies have shown that patients
with clear cell carcinoma of the ovary (CCC) have a poor
prognosis with a low response rate.1–3) Recently, CCC has
increased in prevalence and now accounts for 18.5% of all
ovarian carcinomas in Japan.4) Patients with CCC require a
superior chemotherapy, but no effective anticancer agent
has yet been established.

Several anticancer agents with no cross-resistance to
platinum analogues, such as paclitaxel (PTX), etoposide
(VP-16), and camptothecin (CPT-11), have been devel-
oped. PTX as a promoter of tubulin polymerization
changes the dynamic equilibrium of assembly and disas-
sembly of microtubules, disrupts the formation of the nor-
mal spindle at metaphase, and causes the blockade of
mitosis at the metaphase-to-anaphase transition.5) VP-16,
which inhibits the activity of DNA topoisomerase (topo)
II, is used as a second-line treatment for patients with plat-
inum-resistant ovarian cancer.6) CPT-11 inhibits topo I by
forming stable topo I-DNA cleavable complexes.7) We pre-
viously found a collateral sensitivity between cisplatin

(CDDP) and 7-ethyl-10-hydroxycamptothecin (SN-38),
which is an active metabolite of CPT-11.8, 9) Mitomycin-C
(MMC), which is not a new agent, has been shown to be
an effective agent for CCC in a recent study.10)

Many mechanisms involved in drug resistance have
been proposed, including decreased drug accumulation,
increased drug detoxification, and increased DNA repair
activity.11–15) Above all, a multidrug resistance-associated
protein (MRP) gene, which encodes a 190-kilodalton mem-
brane polypeptide, and glutathione (GSH) contribute to
CDDP, VP-16, and MMC resistance.13, 16, 17) P-Glycopro-
tein, encoded by a multidrug resistance gene (MDR-1),
contributes to sensitivity to PTX.18) Topo I activity relates
to sensitivity to CPT-11.8, 9)

We conducted the present study to determine the
chemosensitivity and to examine the resistance mecha-
nisms in CCC.

MATERIALS AND METHODS

Cell lines and culture  Five human CCC cell lines (HAC-
2, RMG-I, RMG-II, KK, and KOC-7c) were used in this
study. Those cell lines were kindly provided as follows:
HAC-2 from Dr. M. Nishida, Tsukuba University, RMG-IE-mail: itamochi@hotmail.com
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and RMG-II from Prof. S. Nozawa, Keio University,
KOC-7c from Dr. T. Sugiyama, Kurume University, and
KK from Prof. Y. Kikuchi, National Defense Medical Col-
lege. HAC-2, KK, and KOC-7c cells were maintained in
RPMI 1640 medium (Nissui, Tokyo) with 10% fetal calf
serum (FCS) in a humidified atmosphere containing 5%
CO2 at 37°C. RMG-I and RMG-II cells were maintained
in Ham’s F12 medium (Nissui) with 10% FCS also under
the same conditions.
Sensitivity to anticancer agents  The sensitivity of
the cells to the anticancer agents was determined by 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay.19) Briefly, cells were diluted with culture
medium to the seeding density (105 cells/ml), suspended
in 96-well tissue culture plates (200 µl/well) (Sumitomo
Bakelite, Tokyo), and preincubated at 37°C for 4 h. Cells
were then treated continuously with 20 µl of various con-
centrations of the anticancer agents to obtain a dose-
response curve for each agent. Each drug concentration
was as follows: 0.1–30 µM CDDP, 0.001–20 µM PTX,
0.01–30 µM MMC, 0.1–200 µM VP-16, and 0.001–5 µM
SN-38.

After incubation for 72 h, 20 µl of MTT solution (2.5
mg/ml) was added to each well and the plates were further
incubated for 4 h. One hundred microliters of dimethylsul-
foxide was added to solubilize the MTT-formazan prod-
uct. Absorbance at 570 nm was measured with a micro-
plate reader Model 550 (BIO-RAD, Hercules, CA). Dose-
response curves were plotted on a semi-log scale as a per-
centage of the control cell number, which was obtained
from the no-drug-exposure sample.

To assess drug sensitivity, the assay area under the curve
(AUC) was calculated by means of the following formula:
initial concentration×t1/2×1.44[1−exp{−(0.693)(72)×t 1/2}].
Initial concentration was determined based on the IC50 of
each agent in the present study. t1/2 is the in vitro half-life
of the drug at 37°C.20) The half-lives of CDDP and VP-16
are 18.5 and 60 h, respectively.21) PTX, MMC, and SN-38
were reported as stable in serum-containing medium at
37°C in the presence of 5% CO2; therefore, the assay AUC
of those drugs was calculated as the drug concentration
×72 h.22) The assay AUC was then compared with clinically
achievable AUC with a standard dose of each drug. If
the calculated assay AUC was less than the clinically achiev-
able AUC, the drug was defined as sensitive.
mRNA expression of MDR-1, MRP-1, and MRP-2
mRNA expression of MDR-1, MRP-1, and MRP-2 was
determined by means of reverse transcription-polymerase
chain reaction (RT-PCR). Total RNA was isolated from
each sample by the guanidinium thiocyanate method
according to the manufacturer’s instructions (Isogen, Nip-
pon Gene, Tokyo). cDNA was synthesized from the iso-
lated RNA by RT with the Gene Amp RNA PCR Core Kit
(Perkin-Elmer Corp., Norwalk, CT).

The cDNA were amplified individually by PCR, using
published primer sequences.23) The PCR primers, anneal-
ing temperature, and expected product size were as fol-
lows: for MDR-1, a 623-bp product was generated using
5′-ACACCCGACTTACAGATGATGTCTC-3′ (forward
primer) and 5′-CGAGATGGGTAACTGAAGTGAACAT-
3′ (reverse primer) at an annealing temperature of 58°C;
for MRP-1, a 657-bp product was generated using 5′-
AGTGACCTCTGGTCCTTAAACAAGG-3′ (forward
primer) and 5′-GAGGTAGAGAGCAAGGATGACTTGC-
3′ (reverse primer) at an annealing temperature of 56°C;
for MRP-2, a 322-bp product was generated using 5′-
AGGATGACATCAGAAATAGAGACC-3′ (forward
primer) and 5′-CTACTCCATCAATGATAATCTGACC-3′
(reverse primer) at an annealing temperature of 52°C. The
primers of GAPDH designed for amplification of the gene
as a control were 5′-ACCACAGTCCATGCCATCAC-3′
(forward primer) and 5′-TCCACCA-CCCTGT-TGCT-
GTA-3′ (reverse primer). The primers were designed to
generate a product of 450 bp. The PCR reaction mixture
contained cDNA (0.5 µg), dNTPs (0.2 mM each), primers
(0.4 µM each), MgCl2 (1.5 mM), Tris-HCl pH 8.3 (10
mM), KCl (50 mM), and Taq polymerase (2 U; Wako
Chemical, Tokyo). Thirty-five cycles of PCR amplification
were performed.

PCR-amplified samples were separated by electrophore-
sis on a 2% agarose gel in 89 mM Tris-borate and 2 mM
EDTA (pH 8.3) and stained with 1.0 mg/ml ethidium bro-
mide at 100 V for 30–60 min.
GSH concentration  GSH concentration was measured by
an enzymatic assay utilizing 5,5′-dithiobis(2-nitrobenzoic
acid) (DTNB)-GSSG reductase.24) Briefly, 200 µl of super-
natant from the protein extraction was incubated for 5 min
at 37°C with 100 µl of 16 mM DTNB and 700 µl of 0.3
mM NADPH. After incubation, glutathione reductase was
added. GSH is oxidized by DTNB to give GSSG with sto-
ichiometric formation of 5-thio-2-nitrobenzoic acid
(TNB). GSSG is reduced to GSH by the action of NADPH
and the highly specific glutathione reductase. The rate of
TNB formation, proportional to the sum of GSH and
GSSG present, was followed at 412 nm with a spectropho-
tometer (U-2000A, Hitachi, Tokyo).
Assessment of topo I activity  To extract the nuclear pro-
tein, cell suspensions were centrifuged (150g, 10 min) and
washed 3 times with ice-cold phosphate buffer solution
(PBS). Cell pellets were resuspended in extraction buffer
[150 mM NaCl, 1 mM KH2PO4, 5 mM EDTA, 0.2 mM
dithiothreitol (DTT), 1 mM PMSF, pH 6.4] , mixed gently,
and allowed to stand on ice for 15 min. Lysis was
achieved by pipetting the suspension 50 times. Nuclear
enzymes were extracted by adding an equal volume of 850
mM NaCl nucleus buffer with a final concentration of 500
mM NaCl, then mixed using a rotator at 4°C for 120 min.
The mixture was centrifuged at 16 000g for 20 min at 4°C.
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Total protein concentration of the supernatant was deter-
mined by the method of Bradford.25)

Topo I activity was assayed in terms of the relaxation of
supercoiled plasmid substrate DNA.26) The standard reac-
tion mixture for the relaxation assay was assay buffer [100
mM Tris-HCl (pH 7.9), 10 mM EDTA, 1.5 M NaCl, 1%
BSA, 1 mM spermidine, 50% glycerol] and 1 µl Form I
supercoiled DNA (TopoGEN, Inc., Columbus, OH). Relax-
ation was carried out by incubating a 1 µl sample for 30 min
at 37°C. Reactions were terminated by adding 5 µl of 5%
sarkosyl, 0.125% bromophenol blue, and 25% glycerol.
Samples were incubated with 50 µg/ml proteinase K for
60 min at 37°C. Samples were separated by electrophore-
sis on a 1% agarose gel in 89 mM Tris-borate and 2 mM
EDTA (pH 8.3) at 50 V for 120 min. Gels were stained
with ethidium bromide (0.5 mg/ml) for 30 min and
destained for 15 min in H2O. The reaction mixture without
nuclear protein was assayed as a negative control. DNA
relaxation activity was evaluated in terms of the minimum
amount of nuclear extract that generated the relaxed form
completely.
Statistical analysis  All assays were performed in tripli-
cate. Data are expressed as the mean±standard deviation
of values. Statistical analyses were performed using the
Stat view Version 5.0-J program (Hulinks, Inc., Tokyo). A
value of P<0.05 was considered statistically significant.

RESULTS

The IC50 values of each cell line for anticancer agents
are shown in Table I. The IC50s ranged from 1.3 to 18.5
µM for CDDP, from 0.045 to 6.9 µM for PTX, from 0.74
to 10.5 µM for MMC, 4.4 to 93.8 µM for VP-16, and
0.016 to 1.9 µM for SN-38, indicating that these cell lines
showed various sensitivities to anticancer agents.

When the assay AUC was compared with clinically
achievable AUC with a standard dose of each drug, 3 of 5
cell lines (RMG-I, RMG-II, and KK) were defined as sen-
sitive to PTX, 3 (HAC-2, RMG-I, and RMG-II) were sen-
sitive to SN-38, and only one (HAC-2) was sensitive to
CDDP. All cell lines were resistant to MMC and VP-16
(Table II).

Fig. 1 shows mRNA expression of MDR-1, MRP-1, and
MRP-2. The MRP-1 gene was detected in all cell lines.
Both MRP-2 and MDR-1 genes appeared in only KOC-7c
cells, which showed strong resistance to CDDP and PTX.
Except for HAC-2 cells, MRP-1 gene expression related to
CDDP resistance and MDR-1 gene was also associated
with PTX resistance.

Concentration of GSH in cells was widely distributed.
The concentrations ranged from 10.0 to 23.9 µg/mg
before treatment and increased after exposure to CDDP or
MMC in all cell lines (Fig. 2). As a result, the concentra-
tion of GSH after exposure to CDDP or MMC was signif-
icantly higher than that before treatment (31.0±16.8 µg/
mg for CDDP and 26.6±15.7 µg/mg for MMC vs.
14.3±5.7 µg/mg before treatment).

The minimum amount of extracted nuclear protein
showing complete DNA relaxation ranged from 15.6 to
65.0 ng. The amount of nuclear protein required for com-
plete DNA relaxation was greater in SN-38-resistant cells
(KK and KOC-7c) than in sensitive cells (HAC-2, RMG-I,

Table I. IC50 Values to Anticancer Agents

Cell lines
IC50 (µM)

CDDP PTX MMC VP-16 SN-38

 HAC-2 1.3 6.9 0.74 11.2 0.016
 RMG-I 10.1 0.045 10.5 4.4 0.037
 RMG-II 11.1 0.078 2.1 13.4 0.034
 KK 3.5 0.15 0.86 8.2 0.26
 KOC-7c 18.5 6.7 2.5 93.8 1.9

Table II. Calculated Assay AUC at IC50 and Clinically Achiev-
able AUC (CA-AUC) for Each Drug

  Cell lines
Calculated assay AUC (µM ⋅h)

CDDP PTX MMC VP-16 SN-38

  HAC-2 31.1a) 499.7 18.5 548.4 0.4a)

  RMG-I 250.2 3.3a) 260.6 214.7 0.9a)

  RMG-II 275.8 5.7a) 51.7 654.7 0.8a)

  KK 87.4 11.1a) 21.5 401.5 6.5
  KOC-7c 458.9 478.8 61.9 4577.1 46.9

  CA-AUC 85.8 19.3 0.5 55.6 1.5

a) Sensitive.

MDR-1

HAC-2
RM

G-I
RM

G-II
KK KOC-7

c

623 bp

MRP-1

MRP-2

GAPDH

657 bp

322 bp

450 bp

Fig. 1. The gene expression determined by RT-PCR. MRP-1
gene was detected in all cell lines. Only KOC-7c cells showed
both MRP-2 and MDR-1 genes.
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and RMG-II) (15.6–23.4 vs. 46.9–62.5 ng). Additionally,
IC50 values to SN-38 significantly correlate to topo I activ-
ity (Fig. 3).

DISCUSSION

Although CCC is known to be resistant to anticancer
agents, the underlying mechanism has not been under-
stood.1, 2) We, therefore, conducted the present study to
determine CCC’s sensitivity to specific anticancer agents
and to understand its chemoresistance mechanism. Deter-
mining cellular sensitivity is difficult due to the wide range
of IC50 to anticancer agents. Additionally, protein binding
of drug and drug stability in the culture medium are
important pharmacodynamic factors. Assay AUC is a use-
ful method to predict cellular sensitivity to anticancer
agents, that correlates to clinical response.27, 28) In the
present study, assay AUC was calculated to assess drug
sensitivity.

We found that 4 of 5 cell lines, except for HAC-2 cells,
were resistant to CDDP and that all cell lines were resis-
tant to MMC and VP-16, although the IC50 values to the
anticancer agents ranged widely. The MRP-1 gene, con-
tributing to resistance to CDDP, MMC and VP-16, was
detected in all cell lines. In contrast, 3 of 5 cell lines were
sensitive to PTX. The expression of the MDR-1 gene,
related to PTX resistance, was observed only in KOC-7c
cells, which were resistant to PTX.16, 18, 29) On the other
hand, HAC-2, which was resistant to PTX, did not show
expression of MDR-1. Mechanisms other than multi-drug
resistance genes such as MDR-1 and MRP may also con-

tribute to chemoresistance in CCC cells, because the
expression of MDR-1 and MRP-1 did not correlate to
chemoresistance in HAC-2 cells.

Cellular detoxification via the GSH system is known to
be involved in metabolism of various anticancer agents
including CDDP and MMC.13, 17) The present study also
showed that GSH concentration increased after exposure
to CDDP and MMC. It is noteworthy that cellular detoxi-
fication enzymes are induced by anticancer agents in resis-
tance cells.30, 31) Therefore, CCC may be insensitive to
CDDP or MMC.

Three cell lines were sensitive to SN-38, an active
metabolite of CPT-11. In the literature, the sensitivity of
tumor cells to CPT-11 was associated with intracellular
topo I level.32) We also found a significant correlation
between topo I enzymatic activity and the response to SN-
38. Furthermore, the combination treatment of PTX and
SN-38 could control 4 of 5 cell lines, indicating that these
agents might be an effective treatment for CCC.

Except for one cell line, MRP-1 gene expression was
related to CDDP resistance and MDR-1 gene expression
was associated with PTX resistance. GSH concentration
was associated with resistance to CDDP or MMC. There

Fig. 2. Distribution of GSH concentrations is shown for each
cell line. GSH concentrations of all cell lines increased after
exposure to CDDP or MMC. The concentration of GSH after
exposure to CDDP or MMC was significantly higher than that
before treatment (Wilcoxon test P<0.05).

Relaxed
form

A

B

Supercoiled
DNA

0 8.1 16.3

Nuclear extract (ng)

32.5 65

Fig. 3. (A) Topo I catalytic activity in KOC-7c cells. Sixty-five
nanograms of extracted nuclear protein showing complete DNA
relaxation. (B) Correlation between IC50 to SN-38 and topo I
activity. IC50 to SN-38 showed a significant correlation to topo I
activity. r=0.900, P<0.05.
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was a significant correlation between topo-I enzymatic
activity and the response to SN-38. These findings sug-
gested that many resistance mechanisms exist in CCC,
although we failed to find a particular chemoresistance
system. The present study also showed that PTX or an
active metabolite of CPT-11 was effective in 3 of 5 cell
lines and only one cell line was sensitive to CDDP. All
cell lines were resistant to MMC and VP-16. It is sug-

gested that PTX and CPT-11 may be effective agents
against CCC. These data were from an in vitro study, and
there is as yet no evidence of efficacy in vivo. Therefore,
further studies are necessary to identify effective agents
against CCC.

(Received February 20, 2002/Revised March 16, 2002/Accepted
March 22, 2002)
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