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Cisplatin is an effective chemotherapeutic agent for ovarian can-
cer, but the sensitivity of cancers differs in individual cases.
Because cisplatin is reported to suppress glucose uptake, we inves-
tigated the correlation between glucose uptake and sensitivity to
the drug. A fluorescent derivative of D-glucose, 2-NBDG (2-[N-(7-
nitrobenz-2-oxa-1,3-diaxol-4-yl) amino]-2-deoxyglucose), was used
to evaluate glucose uptake. Two ovarian cancer cell lines, SKOV-3
as a relatively resistant line and OVCAR-3 as a relatively sensitive
line, were analyzed. Both cell lines had a decreased number of cells
accompanied by cell death 24 h after cisplatin treatment, but not
at 3 h. In contrast, glucose uptake was decreased 3 h after high-
dose cisplatin treatment, which correlated with the sensitivity to
the drug at 24 h. The protein levels of glucose transporter 1
(GLUT1) did not change with cisplatin treatment. In contrast, the
membrane localization of GLUT1 disappeared after cisplatin treat-
ment. Other cisplatin-resistant cell lines did not show an early
decrease in glucose uptake after cisplatin treatment. The early
decrease in glucose uptake and later cell death also correlated in
cultured cancer cells from ovarian cancer patients. Thus, the
decrease in glucose uptake at an early time point after high dose
cisplatin treatment reflected cisplatin chemosensitivity in ovarian
cancer cells. Measuring glucose uptake might be useful as a rapid
evaluation of cisplatin chemosensitivity in ovarian cancer patients.
(Cancer Sci 2010; 101: 2171–2178)

T he standard treatment for advanced ovarian cancer is sur-
gery followed by chemotherapy.(1) First-line chemotherapy

is the combination of a platinum-based agent, such as cisplatin
or carboplatin, with paclitaxel or docetaxel. Although the
response rate of advanced disease to first line chemotherapy is
generally 70–80%, it is not effective for the remaining
patients.(2–4) Even if the first treatment is effective, approxi-
mately 70% of patients relapse within 5 years.(4) In the case of a
relapse, the response rate is better for patients who relapsed
more than 6 months after the last platinum treatment, but the
response rate is approximately 30–60%,(5) with the rest of the
cases being platinum-resistant. The response rate to chemother-
apy is currently determined by conventional imaging, such as
computed tomography (CT) or MRI, after completing several
courses of chemotherapy.(6) The development of an assay to pre-
dict chemosensitivity before the completion of treatment is
imperative to avoiding ineffective chemotherapy.

In the early 1920s, Warburg et al.(7) reported that cancer cells
exhibit an increased rate of glycolysis. Cancer cells tend to use
glycolysis for energy production much more than oxidative
phosphorylation, even in the presence of sufficient oxygen. In
addition, malignant tumors have a wide hypoxic region where
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glycolysis is more effective than oxidative phosphorylation.(8)

Thus, glucose uptake is increased in cancer cells, and an
increased expression of glucose transporters, especially GLUT1,
is frequently observed in many types of cancers.(9) Using this
characteristic of cancer cells, 2-fluoro-2-deoxy-D-glucose-posi-
tron emission tomography (FDG-PET) is widely used in the
clinical diagnosis of cancer.(10) FDG-PET is reportedly also use-
ful for predicting the response to chemotherapy,(11,12) including
that of gynecological malignancies.(13–15) On the cellular level,
various chemotherapeutic drugs suppress glucose uptake in cell
lines, including ovarian cancer,(16) hematopoietic precursor
cells,(17) gastrointestinal stromal tumor (GIST),(18) breast can-
cer,(19,20) gastric cancer(21) and mesothelioma.(22)

Here, we report that glucose uptake decreases over a short
period of time after cisplatin treatment in not only ovarian can-
cer cell lines, but also primary cultured cells derived from
patient specimens. The decrease in glucose uptake correlated
with drug sensitivity. We propose monitoring the glucose uptake
of cultured cancer cells after cisplatin treatment as a novel
chemosensitivity assay.

Materials and Methods

Cell lines and cell culture. A human ovarian cancer cell line,
SKOV-3, was purchased from American Type Culture Collec-
tion (ATCC, Manassas, VA, USA). Another ovarian cancer cell
line, OVCAR-3, and uterine corpus cancer cell line, SAWANO,
were purchased from RIKEN Cell Bank (Tsukuba, Japan).
SKOV-3 was maintained in DMEM ⁄ F12 with 10% fetus bovine
serum (FBS), OVCAR-3 in RPMI 1640 with 10% FBS, and
SAWANO in minimum essential medium (MEM) with 15%
FBS, all with 100 units ⁄ mL penicillin and 100 lg ⁄ mL strepto-
mycin.

Establishment of cisplatin-resistant cells. Cisplatin-resistant
cells were developed by continuous exposure to cisplatin, as
described previously.(23,24) Briefly, SKOV-3 cells were initially
cultured with 2 lg ⁄ mL cisplatin, and the dose was gradually
increased to 3 lg ⁄ mL within 3 weeks. After switching the cul-
ture medium several times, 1 week without cisplatin and another
with cisplatin, the cells began to grow in the presence of
3 lg ⁄ mL cisplatin. The cells are referred to as CisR ⁄ SKOV-3
and were cultured in cisplatin-free medium for at least 1 week
before use. The growth rate of CisR ⁄ SKOV-3 was approxi-
mately the same as that of parent SKOV-3 cells (data not
shown).

Reagents. The 1 mg ⁄ mL stock solution of cisplatin (Sigma-
Aldrich, St Louis, MO, USA) was prepared by diluting powder
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cisplatin with distilled water before use. 2-[N-(7-nitrobenz-2-
oxa-1,3-diaxol-4-yl) amino]-2-deoxyglucose (2-NBDG) was
purchased from Peptide Institute (Ibaraki, Japan). The 2 mM
stock solution of 2-NBDG was prepared in distilled water.
Propidium iodide (PI) solution (1 mg ⁄ mL) was purchased from
Invitrogen (Carlsbad, CA, USA).

Cell count and viability assay. For cell count, we applied try-
pan blue exclusion assay. An MTS assay (Promega, Madison,
WI, USA) was performed according to the manufacturer’s pro-
tocol. The details are in Appendix S1.

Apoptosis assay. The number of apoptotic cells was assessed
by the Annexin V-FITC Apoptosis Detection Kit (Bio Vision,
Mountain View, CA, USA). The details are in Appendix S1.

Glucose uptake assay. The glucose uptake assay was per-
formed as previously described(25) with some modification.
Cells were plated and treated with cisplatin as described in the
live cell-count assay. After cisplatin treatment (3 or 24 h), the
supernatant was discarded and the cells were washed with
glucose-free medium. The medium was replaced with 2 mL of
glucose-free DMEM and incubated at 37�C for 15 min. The
2-NBDG stock solution was added to each dish at a final con-
centration of 10 lM and incubated for 1 h at 37�C. The concen-
tration of 2-NBDG was 50 lM for human samples. The
incubation medium was removed and the cells washed twice
with cold PBS. Cells were trypsinized and resuspended in cold
PBS with PI at a final concentration of 2 lg ⁄ mL, and main-
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Fig. 1. SKOV-3 cells and OVCAR-3 cells were treated with cisplatin at the
viable cells or (B) the MTS assay. The values are relative to the untreated
cisplatin treatment. The results are the normalized mean values for three
and representative results are shown. *P < 0.05 compared with the co
cytometry with annexin V ⁄ PI staining and (D) western blot for the cleav
The cisplatin concentration was 20 lg ⁄ mL.
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tained at 4�C. The cells were analyzed by flow cytometry and
dead cells labeled with PI eliminated from further analysis. A
gate was set for the cells with a stronger signal than the fre-
quency peak of 0 lg ⁄ mL cisplatin in the histogram and applied
to cisplatin-treated cells. The 2–NBDG uptake was defined as
the cell number within the gate divided by the total cell number.

Metabolic analysis. The glucose concentration was measured
with Glucose C2 (Wako, Osaka, Japan). Oxygen tension was
monitored using a Clark-type oxygen electrode system (Model
203; Instech Laboratories, Plymouth Meeting, PA, USA). Mito-
Tracker Red CMxROS (Invitrogen) was used for measurement
of the mitochondrial membrane potential. The details are in
Appendix S1.

Real Time RT-PCR. Semi-quantitative RT-PCR was performed
as previously described.(26) The details including primer
sequence are in Appendix S1.

Immunocytochemistry. The rabbit anti-GLUT1 polyclonal
antibody (Abcam, Cambridge, UK) was used as the primary
antibody. Anti-rabbit IgG Alexa Fluor 594 (Molecular Probes,
Eugene, OR, USA) was used as the secondary antibody. The
details are in Appendix S1.

Western blotting. Western blotting was performed as previ-
ously described.(27) The primary antibody against GLUT1 was
the same that was used in the immunocytochemistry.

Clinical cancer samples. Surgically resected human ovarian
cancer specimens were collected from four patients with
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informed consent according to the ethics board of Osaka Medi-
cal Center for Cancer and Cardiovascular Diseases. Three of
these specimens (#1, 2, 3) were transplanted into 4�7-week-old
NOD ⁄ SCID mouse subcutaneously or into the renal capsule.
The animal study was approved by the Animal Care Committee
of Osaka Medical Center for Cancer and Cardiovascular Dis-
eases. For sample #2, the patient specimen was used directly.
After mechanical dissociation, the specimens were enzymati-
cally digested at 37�C for 3 h with 2.8 U of Liberase Blendzyme
3 (Roche, Basel, Switzerland) in 20 mL of serum-free
DMEM ⁄ F12. After filtering through a 40-lm cell strainer (BD),
the cells were plated in DMEM ⁄ F12 with 10% FBS and cultured
for several days. The cells were then treated with cisplatin for
3 h and subjected to further analysis.

Statistical analysis. Statistical analysis was performed using
GraphPad Prism 4 (GraphPad Software, San Diego, CA, USA).
Significance of the results was tested with the unpaired t-test or
one-way ANOVA with Tukey test. P < 0.05 was considered signif-
icant.

Results

Conventional cell viability assays did not predict eventual cell
death after cisplatin treatment. Two ovarian cancer cell lines,
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Fig. 2. Glucose uptake was evaluated by cellular 2-[N-(7-nitrobenz
determined using flow cytometry. (A) OVCAR-3 cells were treated with
propidium iodide (PI) fluorescence intensity 3 h after treatment are show
for further analysis. (B) Histogram for the same samples in (A). The y-axis
x-axis represents 2-NBDG fluorescence intensity. The dotted line indicat
NBDG, and the solid line indicates cisplatin (20 lg ⁄ mL)-treated cells
fluorescence intensity than the histogram peak were gated to represent
cisplatin at the indicated doses. The 2-NBDG uptake relative to the untre
after cisplatin treatment. The results are from three independent replic
results are shown. *P < 0.05 compared with the control. (D) Glucose con
The white bars indicate 0 h and black bars 3 h after cisplatin treatment
were repeated three times, and representative results are shown.

Egawa-Takata et al.
SKOV-3 and OVCAR-3, were treated with cisplatin. The effect
of various doses of cisplatin was assessed at the earlier time
point of 3 h, and at the later time point of 24 h. First, cell viabil-
ity was assessed by trypan blue exclusion assay. A decrease in
the number of viable cells was observed 24 h after cisplatin
treatment at the relatively low dose of 5 lg ⁄ mL in both cell
lines (Fig. 1A). The number of dead cells increased in OVCAR-
3 cells at the same low dose, but it only marginally increased in
SKOV-3 cells at the high dose of 20 lg ⁄ mL, indicating that cis-
platin induced cell death in OVCAR-3 cells and cell-cycle arrest
in SKOV-3 cells at the low dose (Fig. S1A). In contrast, no sig-
nificant difference was seen in the number of viable or dead
cells in these cell lines at 3 h, even at the high dose (Figs 1A
and S1A).

Next, cell viability was assessed by the MTS assay, which
reflects the mitochondrial reductase activity.(28) At 24 h, the
value decreased marginally in SKOV-3 cells at the high dose
and remarkably in OVCAR-3 cells at the low dose (Fig. 1B).
Again, no difference was observed in these cell lines at 3 h,
indicating the mitochondrial reductase activitiy was maintained
at the time point. We further assessed cell death by annexin V
staining, which is an early marker of apoptosis.(29) At 24 h,
the number of early apoptotic cells (annexin V+ ⁄ PI)) and late
apoptotic cells (annexin V+ ⁄ PI+) increased in a dose-dependent
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cisplatin or water for 3 h and subjected to immunocytochemistry for
GLUT-1 (red). Hoechst 33342 staining (blue) indicates the nucleus.
CDDP, cis-diamminedichloroplatinum(II).
manner in both cell lines (Fig. 1C and S1B). In contrast, the
number of annexin V-positive cells did not change, even at the
higher doses of cisplatin. The cleavage of caspase-3 and poly-
ADP-ribose polymerase (PARP) was observed in SKOV-3 cells
at 24 h but not at 3 h (Fig. 1D). Thus, cisplatin impaired the via-
bility of SKOV-3 and OVCAR-3 cells in a dose-dependent man-
ner, although it was impossible to detect the change within a
short period of time after cisplatin treatment by conventional
methods.

Early decreased glucose uptake after cisplatin treatment
correlated with later cell death. To predict later cell death at an
early time point after cisplatin treatment, we examined glucose
uptake by the cells. Flow cytometry was performed to monitor
glucose uptake by detecting the uptake of 2-NBDG fluores-
cence within the cells. Simultaneous PI staining was performed
to exclude dead cells from the assay. At 3 h after treatment
with 20 lg ⁄ mL cisplatin, the uptake of 2-NBDG in SKOV-3
and OVCAR-3 cells was significantly decreased (Fig. 2A–C).
The SKOV-3 cells required a higher dose of cisplatin than the
OVCAR-3 cells to achieve a decrease in glucose uptake
(Fig. 2C) parallel to the relative resistance of SKOV-3 cells
against cisplatin demonstrated by the cell count and MTS assay
(Fig. 1A). The drastic decrease in glucose uptake by OVCAR-3
cells at 24 h (Fig. 2C) might reflect the severe impairment of
cell function before cell death (Fig. S1B). Thus, the early
decrease in glucose uptake at a high dose of cisplatin correlated
with the sensitivity to the drug in ovarian cancer cell lines. In
contrast, the change in the glucose concentration of the culture
medium was undetectable 3 h after cisplatin treatment for both
cell lines (Fig. 2D). The results indicate that the 2-NBDG
method is useful for detecting the subtle change in cellular glu-
cose uptake.

Membrane localization of GLUT1 was attenuated at an early
time point after cisplatin treatment. To investigate the mecha-
nism of decreased glucose uptake at an early time point after
cisplatin treatment, we examined the expression of mRNA
encoded by glucose transporter and glycolysis emzymes. The
level of GLUT1 expression was decreased 3 h after 20 lg ⁄ mL
cisplatin treatment of OVCAR-3 cells but not of SKOV-3
(Fig. 3A,B). The level of GLUT1 expression was decreased 3 h
after 20 lg ⁄ mL cisplatin treatment of OVCAR-3 cells but not
of SKOV-3 (Fig. 3A,B). The GLUT3 gene was not expressed
in these cell lines (data not shown). The expression levels of
the glycolytic enzymes, phosphofluctokinase-1 (PFK), and
phosphoglycerate kinase (PGK), were also reduced in OVCAR-
3 cells but not in SKOV-3 cells (Fig. 3A,B). Thus, the expres-
sion of genes related to glucose uptake and glycolysis
decreased at an early time point after cisplatin treatment only
in OVCAR-3 cells but not in SKOV-3 cells. Next, we exam-
ined the protein levels of GLUT1 by western blotting. The pro-
tein levels of GLUT 1 of neither SKOV-3 nor OVCAR-3 cells
changed at 3 h after 20 lg ⁄ mL cisplatin treatment (Fig. 3C).
Immunocytochemistry for GLUT1 revealed a strong signal
localized at the cytoplasmic membrane in both cell lines. After
3 h cisplatin treatment, the membrane localization of GLUT1
was attenuated (Fig. 3D).

OVCAR-3 cell oxygen consumption decreased 3 h after
cisplatin treatment but mitochondrial membrane potential was
not impaired. To investigate the contribution of mitochondrial
respiration to the reduction in glucose uptake, we measured the
oxygen consumption of OVCAR-3 cells 3 h after treatment with
cisplatin. Oxygen consumption was decreased, even after treat-
ment with 5 lg ⁄ mL cisplatin (Fig. 4A). On the other hand, the
MTS assay, which reflects the mitochondrial metabolic activity,
did not show significant changes at 3 h (Fig. 1B), and the mito-
chondrial membrane potential at that time point was not decreased
with 20 lg ⁄ mL cisplatin (Fig. 4B). Taken together, the results
indicate that the reduction in oxygen consumption after cisplatin
2174
treatment is not likely due to direct mitochondrial impairment,
but is a consequence of reduced uptake of glucose, which eventu-
ally becomes a substrate of mitochondrial respiration.
doi: 10.1111/j.1349-7006.2010.01670.x
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Glucose uptake did not decrease in cisplatin-resistant cells
after cisplatin treatment. To generalize the finding that glucose
uptake is useful for predicting cisplatin sensitivity, we examined
two resistant cell lines. A uterine corpus cancer cell line, Saw-
ano,(30) is known to be resistant to cisplatin. The sensitivity of
Sawano cells to cisplatin was confirmed and compared with
OVCAR-3 cells (Fig. 5A). Glucose uptake did not decrease in
Sawano cells 3 h after treatment with 20 lg ⁄ mL cisplatin
(Fig. 5B). We also generated cisplatin-resistant SKOV-3 cells,
CisR ⁄ SKOV-3 (Fig. 5C). Glucose uptake did not decrease in
CisR ⁄ SKOV-3 cells 3 h after treatment with 20 lg ⁄ mL cisplatin
(Fig. 5D).
Egawa-Takata et al.
Early glucose uptake decrease after cisplatin treatment was
only observed in the in vitro cisplatin-sensitive ovarian cancer
cells from patient samples. The ovarian cancer cells from
patient samples were subjected to primary culture and treated
with cisplatin for 3 h. Glucose uptake was measured by the
2-NBDG assay. The 2-NBDG uptake of samples #1 and #2 sig-
nificantly decreased (Fig. 6A). In contrast, samples #3 and #4
did not exhibit decreased 2-NBDG uptake after cisplatin treat-
ment. These samples were cultured for several days after
cisplatin treatment. Cells from #1 to #2 were eradicated 5 days
after treatment (Fig. 5B). In contrast, cancer cells were still
viable in cells from #3 to #4 10 days after cisplatin treatment
Cancer Sci | October 2010 | vol. 101 | no. 10 | 2175
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Fig. 6. (A) Ovarian cancer cells from four patients were cultured in vitro, treated with cisplatin at the indicated doses, and the values of 2-
NBDG uptake relative to the untreated group determined 3 h after treatment. The results are the normalized mean values for three
independent replicates. *P < 0.05 compared with the control. (B) Phase-contrast pictures of cells before and after culture with or without
5 lg ⁄ mL cisplatin, for 5 days in the case of #1 and #2 and 10 days in the case of #3 and #4.
(Fig. 6B). Thus, the early decrease in glucose uptake after cis-
platin treatment might be a marker of cisplatin sensitivity in
clinical ovarian cancers.

Discussion

The decrease of glucose uptake and oxygen consumption at an
early point after cisplatin treatment was observed. It was not
likely to be the consequence of non-specific events following
exposure to the cytotoxic agent, as other cellular function was
maintained, including membrane integrity (Fig. 1A), mitochon-
drial reductase activity (Fig. 1B), mitochondrial membrane
potential (Fig. 4B), mRNA levels of house-keeping genes (TBP
in Fig. 3A,B) and GLUT1 protein levels (Fig. 3C). This early
decrease in glucose uptake was not observed in cisplatin-resis-
tant cancer cells. These findings were also applicable to primary
cultures of clinical samples.

The molecular mechanism underlying the decrease in glucose
uptake after cisplatin treatment is not completely understood.
Although cisplatin is known to be a DNA-damaging agent, <1%
2176
of cisplatin binding is to nuclear DNA, most binding is to mito-
chondrial DNA, phospholipids and other molecules.(31) Indeed,
cisplatin is reported to affect multiple cellular components, not
just DNA, but also RNA, plasma membrane, microfilaments,
mitochondria and endoplasmic reticulum.(31) Consequently,
there are many possible mechanisms for an acute decrease in
glucose uptake.

We observed a rapid change in the distribution of GLUT1
after cisplatin treatment. The interaction between cisplatin and
the plasma membrane might affect GLUT1 distribution. Cis-
platin also possibly binds to tublin and inhibits the transport of
GLUT1 to the plasma membrane.

We tested the hypothesis that the acute decrease in glucose
uptake by cancer cells after cisplatin treatment is a secondary
effect of impaired mitochondrial function. Cisplatin accumu-
lates in mitochondria as mentioned above, and cisplatin pref-
erentially binds to voltage-dependent anion channels (VDAC)
that exist on the mitochondrial outer membrane.(32) Therefore,
cisplatin could affect mitochondrial function. However,
we revealed that the down-regulation of glucose uptake
doi: 10.1111/j.1349-7006.2010.01670.x
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proceeded changes in the MTS assay, and the mitochondrial
membrane potential was not impaired when glucose uptake
was already reduced. Mitochondria are not likely to be the
primary site of cisplatin effects.

Perturbation of the glycolysis–mitochondria interaction is
another possible mechanism. Cancer cells exhibit a high rate of
glycolysis,(7) and increased expression of HK2 is thought to be
one of the reasons for this high rate. HK2 phosphorylates glu-
cose to produce glucose 6-phosphate (G-6-P) in an ATP-depen-
dent manner. The majority of HK2 binds to VDAC in order to
easily use mitochondrial ATP.(33) Cisplatin reportedly releases
HK2 from VDAC,(34) after which glucose phosphorylation
might become less efficient, followed by the down-regulation of
glycolysis-related genes and glucose uptake. In addition, AKT is
reportedly activated in cisplatin-resistant ovarian cancer cells
due to the anti-apoptosis signals. AKT also enhances the binding
of VDAC and HK2,(35) which might explain the minimal change
in glucose uptake by cisplatin-resistant cells in our study.

Here, we showed that an early decrease in glucose uptake
after cisplatin treatment correlates with later sensitivity to the
drug. Although it is possible that the decreased glucose uptake
is the direct cause of the cytotoxic effect, the substantial delay
in cell death after the reduction suggests that the events are inde-
pendent. Cellular cisplatin uptake is known to be a critical
parameter for sensitivity,(36–39) and the reduction in glucose
uptake might reflect the cisplatin levels in the cell.

An early decrease in glucose uptake after treatment with che-
motherapeutic drugs was previously reported in other cancers.
For example, decreased glucose uptake was observed in a GIST
cell line 2 h after imatinib treatment,(18) a breast cancer cell line
1 h after 5-FU,(19) and in a breast cancer cell line 4 h after 5-FU
and doxorubicin.(20) To the best of our knowledge, this report is
the first to detect early reduced glucose uptake after cisplatin
treatment in ovarian cancer.

We used 2-NBDG, a fluorescent D-glucose derivative, to
monitor glucose uptake. 2-NBDG was initially developed to dis-
tinguish viable Escherichia coli in 1996.(40) The uptake of
2-NBDG is inhibited by D-glucose, and it is incorporated into a
cell through GLUT.(41) Once inside the cells, 2-NBDG, like
other 2-DG derivatives, is rapidly phosphorylated at the C-6
position by hexokinase.(42) Recently, 2-NBDG was shown to be
useful for monitoring glucose uptake in a variety of mammalian
Egawa-Takata et al.
and cancer cells.(41,43–45) 2-NBDG is much more sensitive than
measuring the change in the glucose concentration of the med-
ium. A radioactive isotope has been used to measure glucose
uptake, but 2-NBDG can be used more safely in the laboratory.
In addition, we showed that flow cytometric analysis with
2-NBDG is useful for detecting subtle and early changes in
glucose uptake.

FDG-PET is widely used in clinical practice to diagnose vari-
ous cancers. A decrease of the standard uptake value (SUV),
which represents glucose uptake, can be detected before the size
of the tumor changes in lung cancer and esophageal can-
cer.(11,46) Avril et al.(13) characterized a group of ovarian cancer
patients with decreased SUV after one or three courses of che-
motherapy as metabolic responders and non-responders. The
prognosis was better in metabolic responders than non-respond-
ers. These reports suggest that glucose metabolism changes in
cancer cells in vivo over a short period of time after chemother-
apy, which is compatible with our in vitro results.

Adjuvant therapy improves the prognosis after surgical tumor
removal, even in advanced cases,(1,47–49) but PET cannot be
used to evaluate chemosensitivity after surgery because it is only
useful when the tumor size is more than �1 cm. An in vitro
2-NBDG chemosensitivity assay of the surgically removed spec-
imen can provide information for designing adjuvant therapy.
Also, the assay can be applied to recurrent diseases or patients
with a tumor that cannot be removed surgically; biopsy samples
would be enough for the assay. In addition, the assay can be
performed within a short period of time, and does not require a
long time culture, although culture conditions require further
improvement for application to every patient sample.
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Additional Supporting Information may be found in the online version of this article:

Fig. S1. SKOV-3 cells and OVCAR-3 cells were treated with cisplatin at the indicated doses. (A) Cell death was assessed by the number of dead
cells per total cell number. The values relative to the untreated control group are shown. The white bars indicate 3 h and black bars 24 h after cis-
platin treatment. The results are the normalized mean values for three independent replicates. The experiments were repeated three times, and rep-
resentative results are shown. (B) The apoptotic events in OVCAR-3 cells were assessed by flow cytometry with annexin V ⁄ PI staining.
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