
Abstract. We established the optimal conditions for the
induction of cell death by cisplatin (CDDP) and 5-fluorouracil
(5-FU) in human oral squamous cell carcinoma (HSC-2,
HSC-3, HSC-4) and human hepatocellular carcinoma
(HepG2) cell lines. HSC-3 cells were the most sensitive to 48
hours' continuous treatment with CDDP, followed by HepG2,
HSC-2 and HSC-4 cells. On the other hand, HSC-4 cells were
the most sensitive to 48-hour continuous treatment with 5-FU,
followed by HSC-2, HSC-3 and HepG2 cells. CDDP induced
internucleosomal DNA fragmentation in HSC-2 and HSC-3
cells, but not in HSC-4 cells, while 5-FU failed to induce
internucleosomal DNA fragmentation in all of these cells. The
treatment of HSC-2, HSC-3 and HSC-4cells with CDDP for
12 hours (followed by incubation for 36 hours without CDDP)
showed comparable magnitude of cytotoxicity and caspase-3
activation with that attained by continuous 48-hour CDDP
treatment. On the other hand, the cytotoxicity of 5-FU
depended both on the dose and the exposure time. The present
study demonstrate that the most effective treatment time is 12
hours for CDDP and much longer for 5-FU in all studied cell
lines, underlining the importance of optimizing the treatment
time for each chemotherapeutic agent.

Cisplatin (CDDP) was initially synthesized as a test
compound for laboratory use only in 1845. In 1965
Rosenberg et al. showed for the first time that the
proliferation of Escherichia coli was efficiently prevented by
CDDP (1). CDDP has shown a relatively wide antitumor
spectrum against mouse leukemia (L1210, P388) and animal

tumor cell lines in vitro. 5-Fluorouracil (5-FU) was
developed in 1957 as a potential anticancer agent by
Heidelberger et al. (2). At present, CDDP and 5-FU are
popular chemotherapeutic agents for the treatment of
various malignant tumors, such as head and neck, gastric,
esophageal, ovarian and lung cancers. We have previously
reported the cell death induction by CDDP and 5-FU using
only one human squamous cell carcinoma cell line (HSC-2)
(3, 4). It was essential to check the reproducibility of our
findings, using different types of oral squamous cell
carcinoma cell lines. The aim of the present study was to
compare the most effective treatment conditions for three
human squamous cell carcinoma (HSC-2, HSC-3, HSC-4)
and one human hepatocellular carcinoma (HepG2) cell lines
with CDDP and 5-FU. An MTT assay was used to determine
the cytotoxic activity. DNA fragmentation and caspase-3, -8
and -9 activities were used as markers for apoptosis. 

Materials and Methods

Materials. The following chemicals and reagents were obtained
from the companies indicated: Dulbecco's modified Eagle's
medium (DMEM; Gibco BRL, NY, USA); fetal bovine serum
(FBS; JRH, Bioscience, Lenexa, KS, USA); 3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyltetrazolium bromide (MTT; Sigma Chem., St.
Louis, MO, USA); 5-FU (MW 130.08) (Kyowa, Tokyo, Japan);
CDDP (MW 300.05) (Briplatin injection, Bristle Pharmaceutical
Co., Tokyo, Japan). 

Cell culture. HSC-2, HSC-3, HSC-4 and HepG2 cells (obtained
from Riken Cell Bank, Ibaraki, Japan) were cultured at 37ÆC in
DMEM supplemented with 10% heat-inactivated FBS as
monolayer culture in the tissue culture dish (Falcon 100x20 mm
Style; Becton Dickinson Labware, NJ, USA), under a humidified
5% CO2 atmosphere. Human promyelocytic leukemic HL-60 cells
were cultured in RPMI-1640 supplemented with 10% heat-
inactivated FBS under a humidified 5% CO2 atmosphere. 

Assay for cytotoxic activity. HSC-2, HSC-3, HSC-4 and HepG2 cells
(5x103/0.1 mL) were inoculated in 96-microwell plates (Becton
Dickinson) and incubated for 24 hours before the treatments.
These cells were then treated for 48 hours without (control) or
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with different concentrations of CDDP or 5-FU (1.95 to 62.5 ÌM),
with three replicate wells for each concentration. The relative
viable cell number of adherent cells was then determined by the
MTT method. In brief, the drug-treated cells were washed once
with phosphate-buffered saline (PBS) without Mg2+ and Ca2+

[PBS(–)], and incubated for 4 hours with 0.2 mg/mL MTT in the
culture medium. After removal of the culture medium, cells were
lysed with 100 ÌL of dimethyl sulfoxide (DMSO), and the
absorbance at 540 nm of the cell lysate was then measured by a
microplate reader (Labsystems Multiscan, Biochromatic
Labsystem, Osaka, Japan) attached to an EPSON VP-700 printer.
The 50% cytotoxic concentration (CC50) was determined from the
dose-response curve (3).

Assay for DNA fragmentation. HSC-2, HSC-3 and HSC-4 cells
(1x105/3 mL) were inoculated in 6-well tissue culture plates
(Becton Dickinson) and incubated for 24 hours before the
treatments. These cells were then treated for 48 hours without
(control) or with CDDP (1 to 50 ÌM) or 5-FU (1.6 to 25 ÌM).
These cells were collected by scraping with a rubber policeman,
lysed and digested with RNase A and proteinase K (Boehringer
Ingelheim GmbH, Ingelheim, Germany). The DNA was then
isolated and assayed for DNA fragmentation by 2% agarose gel
electrophoresis (3). The DNA from apoptotic HL-60 and HSC-2
cells induced by treatment with actinomycin-D (Act-D; Sigma
Chem., St. Louis, MO, USA) (1 Ìg/mL, 6 hours for HL-60 cells;
0.1 Ìg/mL, 24 hours for HSC-2 cells) were run in parallel as
positive controls. 

Assay for caspase activation. HSC-2, HSC-3 and HSC-4 cells
(5x105/ 10 mL) were inoculated to a tissue culture-dish (Falcon)
and incubated for 24 hours before the treatments. These cells
were treated for 48 hours without (control) or with CDDP (1, 5,
10 ÌM) or 5-FU (1, 10 ÌM), followed by washing twice with
PBS(–) and then lysed with lysis solution (MBL, Nagoya, Japan).
After the samples were stood for 10 minutes on ice and
centrifuged for 10 minutes at 10,000 xg, the supernatant was
collected. Lysate (100 ÌL, equivalent to 150 Ìg protein) was
mixed with 100 ÌL of 2 x reaction buffer (MBL) containing
substrates for caspase-3 (DEVD-pNA (p-nitroanilide)), caspase-
8 (IETD-pNA) or caspase-9 (LEHD-pNA) (MBL, Nagoya,
Japan). After incubation for 4 hours at 37ÆC, the absorbance at
405 nm of the liberated chromophore pNA was measured by a
microplate reader. Comparison of the absorbance of pNA
generated by the lysate of treated cells with that of a control cell
lysate allows the determination of the relative caspase activity
(expressed as % of control), according to the manufacturer's
instructions (MBL). 

The time-course of apoptosis induction. HSC-2, HSC-3 and HSC-4
cells were treated with CDDP (0 to 62.5 ÌM) for 3, 6, 12 or 48
hours, washed once and then incubated without CDDP for another
45, 42, 36 or 0 hours. HSC-2, HSC-3 and HSC-4 cells were treated
with 5-FU (0 to 62.5 ÌM) for 12, 24 or 48 hours, washed once and
then incubated without 5-FU for another 36, 24 or 0 hours.  These
cells were subjected to MTT, DNA fragmentation and caspase
activity assays as described above.

Statistical treatment. Student's t-test was used to assess the statistical
significance between the results from the two groups.

Results

Induction of cytotoxic activity. HSC-3 cells were the most
sensitive to 48-hour continuous treatment with CDDP
(CC50=1.4±0.1 ÌM), followed by HepG2 (2.8±1.1 ÌM),
HSC-2 (3.2±0.9 ÌM) and HSC-4 cells (9.3±4.4 ÌM). On the
other hand, HSC-4 cells were the most sensitive to continuous
treatment for 48 hours with 5-FU (CC50=1.7±0.1 ÌM),
followed by HSC-2 (3.4±2.0 ÌM), HSC-3 (6.9±2.7 ÌM) and
HepG2 (8.7±5.6 ÌM) (Figure 1).

Induction of DNA fragmentation. Treatment with CDDP (1
to 50 ÌM) for 48 hours induced internucleosomal DNA
fragmentation in HSC-2 and HSC-3 cells, but not in HSC-4
cells. In contrast, treatment of 5-FU (1.6 to 25 ÌM) for 48
hours did not induce internucleosomal DNA fragmentation
in any of these cell lines (Figure 2). 

Caspase activation. Treatment of HSC-3 cells with CDDP
(1, 5 ÌM) for 48 hours resulted in a 2.5- to 3.5-fold increase
in the caspase-3 activity. CDDP (1, 10 ÌM) activated the
caspase-3 to lesser extents in HSC-2 (1.7- to 2.2-fold) and
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Figure 1. Cytotoxic activity of CDDP and 5-FU against HSC-2, HSC-3,
HSC-4 and HepG2 cells. Near confluent cells were incubated for 48 hours
without (control) or with the indicated concentrations (ÌM) of CDDP or
5-FU and the relative viable cell number (% of control) was determined by
the MTT method. Each value represents the mean±S.D. from 3
independent experiments.



HSC-4 (1.4 to 1.8-fold). Treatment of HSC-4 cells with 5-
FU (1, 10 ÌM) for 48 hours resulted in a 2.3- to 3.4-fold
increase in the caspase-3 activity. 5-FU (1, 10 ÌM) activated
caspase-3 to lesser extents in HSC-2 (1.5- to 2.9-fold) and
HSC-3 cells (1.1- to 1.5-fold). Treatment of HSC-3 cells
with CDDP (1, 5 ÌM) for 48 hours, activated caspase-8 (1.4-
to 2.4-fold) and -9 (1.8- to 2.6-fold). 5-FU (1, 10 ÌM) did
not clearly affect the caspase-8 or -9 activities in any cell
line. But, 5-FU (10 ÌM) significantly activated the caspase-
8 (p<0.05) and -9 (p<0.01) in HSC-2 cells, whereas 5-FU
(both 1 and 10 ÌM) significantly (p<0.01) activated caspase-
8 in HSC-4 cells (Figure 3). 

Time course of apoptosis induction. The time-course study
showed that the exposure of HSC-2, HSC-3 and HSC-4 cells
to CDDP for 12 hours and the subsequent 36 hours'
incubation without CDDP induced comparable cytotoxic
activity with that attained by continuous CDDP treatment
for 48 hours (upper column in Figure 4). On the other hand,
the continuous 48-hour exposure of these cells to 5-FU
induced the highest cytotoxic activity, while the cytotoxic
activity of 5-FU increased with increasing exposure time
(lower panel in Figure 4).

Similarly, treatment of HSC-2 cells for 12 hours with CDDP
(25 or 50 ÌM) and subsequent incubation for 36 hours without
CDDP induced internucleosomal DNA fragmentation to a
slightly lower extent than that attained by continuous 48-hour
treatment with CDDP (Figure 5).  Treatment of HSC-3 cells for
12 hours with CDDP (5 or 10 ÌM) and a subsequent 36-hour
incubation without CDDP induced internucleosomal DNA
fragmentation to an extent comparable with that attained by
continuous 48-hour CDDP treatment (Figure 5). 

Treatment of HSC-2 and HSC-4 cells for 12 hours with
CDDP (5 or 10 ÌM) and a subsequent incubation for 36
hours without CDDP induced caspase-3 activation to the
extent comparable with that attained by continuous 48-hour
CDDP (5 or 10 ÌM) treatment (Figure 6). HSC-3 cells
exhibit significantly greater activation after 48 hours of
CDDP treatment.

Discussion

Many researchers have shown the apoptosis-inducing activity
of CDDP and 5-FU in head and neck squamous cell
carcinoma. CDDP and 5-FU have been reported to induce
apoptosis via caspase activation. Caspase-9 has been
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Figure 2. Induction of DNA fragmentation by treatment with CDDP or 5-FU in HSC-2, HSC-3 and HSC-4 cells. Near confluent cells were incubated
for 48 hours without (control) or with the indicated concentrations (ÌM) of CDDP or 5-FU and then assayed for DNA fragmentation. Act-D HL-60,
DNA from apoptotic HL-60 cells induced by actinomycin D (1 Ìg/mL, 6 hours). Act-D, DNA from apoptotic HSC-2 cells induced by actinomycin-D (0.1
Ìg/mL, 24 hours).



reported to be involved in the apoptosis induced by CDDP,
in contrast to the involvement of caspase-1, -3 and -8 in 
5-FU-induced apoptosis (5-7). On the other hand, CDDP
and 5-FU have been reported to enhance the susceptibility
of oral squamous cell carcinoma cell lines to the Fas-
mediated apoptosis via the activation of caspase-3 and -8 (8).
We established the optimum conditions for treatment with
CDDP and 5-FU of oral squamous cell carcinoma cell lines.
We found a relationship between the cytotoxic activity and
caspase-3 activation in HSC-2, -3 and -4 cells induced by
these agents for 48 hours (Figures 1 and 2). Because,
treatment with CDDP for 48 hours induced the highest

cytotoxic activity and caspase-3 activation in HSC-3 cells,
followed by HSC-2 and HSC-4 cells, whereas treatment with
5-FU for 48 hours induced the highest cytotoxic activity and
caspase-3 activation in HSC-4 cells, followed by HSC-2 and
HSC-3 cells. These data suggested that both CDDP and 
5-FU induce apoptosis via caspase-3 activation. 

CDDP induced DNA fragmentation only in HSC-2 and
HSC-3 cells, whereas 5-FU did not induce the DNA
fragmentation in all cells (Figure 2). These data
demonstrate that three oral squamous cell carcinoma (HSC-
2, HSC-3, HSC-4) cell lines showed different sensitivity to
CDDP and 5-FU and that these agents failed to induce
internucleosomal DNA fragmentation in HSC-4 cells. 

Whether these agents induce non-apoptotic cell death
such as autophagy in HSC-4 remains to be investigated. The
sensitivity to mitomycin C, bleomycin or peplomycin were
in the following order (from sensitive to resistant): HSC-2
> HSC-3 > HSC-4 (9). It has been reported that p53
(tumor suppressor gene) mutation is involved in the
sensitivity of cancer cells to anticancer agents (10, 11).
Hepatoma cells expressing wild-type p53 were found to be
sensitive to bleomycin, CDDP and methotrexate, to
accumulate the p53, to express Fas, and were committed to
apoptosis, whereas hepatoma cells containing mutated p53
were resistant (10). HSC-4 cells, but not HSC-2 and HSC-3
cells have been reported to express p53 (12), whereas HSC-3
and HSC-4 cells have been reported to express mutated p53
(11). Thus, we compared that the sensitivity of HepG2 cells
(with wild-type p53) and HSC-2, HSC-3 and HSC-4 cells to
CDDP and 5-FU (Figure 1). The sensitivity to CDDP was
in the following order (from sensitive to resistant): HSC-3
> HepG2 > HSC-2 > HSC-4. The sensitivity to 5-FU was
in the following order (from sensitive to resistant): HSC-4
> HSC-2 > HSC-3 > HepG2. These results suggested that
the sensitivity of these cell lines was not strictly determined
by p53 mutation, but rather affected by the type of
anticancer agents. 

It has been reported that when the treatment time with
CDDP was prolonged from 1 to 8 hours, the cytotoxic
activity of CDDP became detectable at a concentration of
5 Ìg/ml, similar to that observed after 1-hour treatment
with CDDP (50 Ìg/ml) against asynchronous human
lymphoma cells (13). Therefore, we performed a time-
course study to establish the optimum treatment
conditions for CDDP and 5-FU. We found that the
treatment of HSC-2, HSC-3 and HSC-4 cells with CDDP
for 12 hours (and subsequent 36-hour incubation without
CDDP) produced the comparable magnitude of
cytotoxicity with that attained by continuous 48-hour
CDDP treatment, and was caspase activated. HSC-2 and 
-3 cells displayed internuclesomal DNA fragmentation
under both conditions. These results indicate that the
optimal treatment with CDDP for any of HSC-2, HSC-3 or
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Figure 3. Activation of caspase by CDDP or 5-FU in HSC-2, HSC-3 and
HSC-4 cells. Near confluent cells were incubated for 48 hours without
(control) or with the indicated concentrations of CDDP or 5-FU. Caspase
activity was assayed and expressed as a % of that of the control. Each
value represents the mean±S.D. from 3 independent experiments.
Significance between CDDP or 5-FU and control: *p<0.01, **p<0.05.



HSC-4 cells was 12 hours. On the other hand, the cytotoxic
activity of 5-FU depended on the dose and exposure times.
Our findings are in agreement with previous findings that
administration of a lower dose of 5-FU for longer time-
periods is more effective in producing direct cytotoxic
activity againt human tumor cells (colon adenocarcinoma,
cervix and ovary carcinoma cell lines) than the treatment
with higher doses for shorter times (14). 

The different effect of CDDP and 5-FU may be due to
their different sites of action. CDDP is known to intercalate
into DNA at any phase of the cell cycle (13, 15, 16), causing
the cytotoxic effect and reducing the cellular viability almost
to base line (Figure 1). On the other hand, 5-FU is known
to inhibit the function of RNA or DNA synthesis depending
on the concentration (17, 18) and cause the cytostatic effect
accompanied by the growth arrest at the G1/S boundary of
the cell cycle (19), reducing the viability to 25% of control
after 48 hours (Figure 1). There are very few studies which
determine the optimum treatment time for CDDP. The
present study demonstrates that the minimum exposure time
to CDDP required for the induction of the plateau level of
cytotoxicity is 12 hours in all three human oral squamous cell
lines. The shorter the treatment time, the fewer side-effects
of CDDP to be expected. This information may serve as a

basis of establishing more efficient treatment conditions, in
combination with other chemotherapeutic agents, for the
oral squamous cell carcinoma.
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    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


