
Abstract. Cisplatin is a DNA-damaging chemotherapeutic
drug that may have a role in the adjuvant chemotherapy of
several solid tumors, such as malignant glioblastoma, and
the status of p53 tumor suppressor protein is a critical
determinant of cisplatin chemosensitivity. In the present study,
we showed the relationship of p53 status and chemosensitivity
of cisplatin between two human malignant glioblastoma cell
lines, A172 and T98G, harboring wild-type and mutant-type
p53, respectively. Cisplatin was found to be more cytotoxic to
A172 than T98G cells in a time- and concentration-dependent
manner. Cisplatin-induced cytotoxicity manifested as apop-
tosis, characterized by genomic DNA fragmentation, nuclear
condensation and an increase in sub-G1 population. Cisplatin
induced the accumulation of p53 and p21 proteins in A172
cells, but not in T98G cells. The introduction of the adeno-
virus-mediated wild-type p53 gene into T98G cells resulted
in the decrease of viability as well as the increase in sub-G1
population with p53 accumulation, activation of caspase-3
protease and release of cytochrome c from the mitochondria.
These data strongly suggest that the expression of p53 is
essential for the cytotoxic effect of cisplatin in human malig-
nant glioblastoma cells, A172 and T98G, and the introduction
of apoptotic signal molecules, such as p53, will be beneficial
to achieve chemosensitivity in malignant glioma.

Introduction

Gliomas are the common primary brain tumor of the adult
human central nervous system. Despite innumerable efforts

to develop more effective clinical treatment strategies, the
median survival time for patients with WHO grade 4 glioma,
glioblastoma multiforme, remains at approximately 1 year
(1-4). An important factor contributing to this prognosis is
the relative chemoresistance of many gliomas to chemotherapy
in general (5-7). Nonetheless, chemotherapy is the most
widely used modality in the management of gliomas (8).
The chemoresistance of tumor cells to anti-cancer drugs is
frequently associated with defects in the signaling pathways
leading to apoptosis. The product of the p53 tumor suppressor
gene has been shown to be responsible for mediating apoptosis
after DNA damage in several cell types (9), and the loss of
wild-type p53 can render cells resistant to chemotherapeutic
agents or radiation (10,11). Actually, the most common genetic
alteration in human cancer, including brain cancer, involves
the p53 tumor suppressor gene, and mutation or inactivation
of p53 is observed in approximately 50% of human cancers.

The p53 tumor suppressor gene is the central integrator
of the cellular response to DNA damage, oncogenic trans-
formation, and growth factor withdrawal (12-14). p53 plays
a central role in the regulation of DNA-damage-induced
apoptosis by up-regulating the transcription of genes encoding
Bax, Noxa and p53AIPI, which participate in the intrinsic
apoptotic pathway (15-17). The release of cytochrome c
from mitochondria is a central event in the death receptor-
independent intrinsic pathway of apoptosis (18,19). Cyto-
chrome c together with dATP and Apaf-1 facilitates the
activation of caspase-9 protease, which further activates
procaspase-3 protease (20,21). Caspase-3 protease cleaves their
substrates, including PARP, to lead to apoptotic cell death. It
has also been reported that the activation of caspase-3 protease
in drug-induced apoptosis modulates the activity of caspase-8
protease in a CD95/Fas receptor-independent manner (22-25).
Several studies established the involvement of caspase
activation in p53-mediated cell death (26). Recently, the
requirement of Apaf-1 or caspase-9 protease for the p53-
dependent apoptosis of oncogene-transformed murine
embryonic fibroblasts has conclusively been demonstrated
(27). In addition to involvement in the regulation of apoptosis,
p53 also plays a role in DNA-damage repair processes by
transcriptional regulation of several downstream mediators
that are involved in cell-cycle regulation. p21/WAF1/CIP1 is
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well known as one of the downstream mediators of p53,
inhibiting cyclin-dependent kinases (28-30). The cell-cycle
regulatory and DNA repair functions of p53 are largely
executed by transactivation of p53-response genes, including
p21/WAF1/CIP1, thus relying on the ability of p53 to act as a
sequence-specific transcription factor. DNA-damaging
agents, such as ionizing radiation, ultraviolet light and
chemotherapeutic agents, have previously been shown to
induce p53-dependent and -independent p21/WAF1/CIP1
expression in various cancer cell types (31-33).

Cisplatin is a platinum-based chemotherapeutic agent
used for the treatment of many malignancies, including
glioma (34). The cytotoxicity of cisplatin is thought to be due
to the formation of intrastrand and interstrand cross-links in
DNA, possibly inducing cell-cycle arrest and apoptosis (35).
Since cisplatin-induced DNA adducts have been shown to be
repaired predominantly by nucleotide excision repair, the
cytotoxicity of cisplatin may be influenced by the status of
functional p53 in a cell through its effects on the cell cycle or
apoptosis.

In this study, we compared the chemosensitivity of human
glioma cell lines, A172 and T98G, to cisplatin which have
wild-type and mutant-type p53, respectively, and found that
cisplatin was chemosensitive to A172 cells but chemoresistant
to T98G cells. The introduction of wild-type p53 to T98G cells
resulted in a marked enhancement of cisplatin sensitivity by
induction of apoptotic cell death via p53-dependent p21
expression, activation of caspase-3 and -9 proteases, and
cytocrome c release.

Materials and methods

Reagents and cell culture. Cell culture supplies were purchased
from Life Technologies, Inc. (Carlsbad, CA), and cisplatin,
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) and other chemicals were purchased from Sigma
(St. Louis, MO). The Wizard Genomic DNA purification kit
was obtained from Promega (Madison, WI), and substrates
for caspases were obtained from Calbiochem (La Jolla, CA).
Antibodies for PARP, p53 and p21 were purchased from
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA), and anti-
cytochrome c antibody was purchased from PharMingen (San
Diego, CA). Enhanced chemiluminescence (ECL) reagent
and donkey anti-rabbit IgG conjugated with horseradish
peroxidase were purchased from Amersham (Buckinghamsire,
UK). A172 and T98G cells were grown in DMEM medium
supplemented with 10% (v/v) heat-inactivated fetal bovine
serum (FBS), penicillin G (100 IU/ml), streptomycin (100 μg/
ml), and L-glutamine (2 mM) at 37˚C in a humidified atmo-
sphere containing 5% CO2 and 95% air.

Cell viability assay. Cells (1x105 cells/well) were seeded in
10% FBS/DMEM medium and were treated with cisplatin
for indicated times. Measurement of mitochondrial activity to
form purple formazan by MTT was used to assess the viability
of cells following cisplatin treatment: MTT (0.5 mg/ml), one
tenth of the original culture volume, was added to each
culture and incubated for 3 h at 37˚C, in 5% CO2. The purple
formazan formed by viable cells was dissolved by the addition
of DMSO, and absorbance at 540 nm was measured by using

microplate reader (Titertek Multiskan, Flow Laboratories,
USA).

DNA extraction and electrophoresis. The ladder pattern of a
DNA strand break was analyzed by agarose gel electrophoresis.
DNA from A172 and T98G cells was isolated by the Wizard
Genomic DNA purification kit (Promega). After ethanol
precipitation, 5 μg of DNA was subjected to electrophoresis
on 1.5% agarose for 3 h at 50 V and visualized under UV
light after staining with ethidium bromide.

Western blot analysis. To measure p53, p21, caspase-9,
caspase-3-like protease and PARP cleavage, A172 and T98G
cells were stimulated with cisplatin, harvested and washed
with PBS, pH 7.4. The cell pellet was resuspended in a lysis
buffer containing 0.5% Triton X-100, 25 mM Tris-HCl
(pH 8.0), 150 mM NaCl, 0.5% sodium deoxycholate, 1 mM
phenylmethylsulfonyl fluoride (PMSF), and 1 μg/ml aprotinin.
An equal amount of total protein, quantified by the Bicin-
chroninic acid kit (Sigma), was separated on SDS-PAGE and
transferred onto nitrocellulose membrane. After blocking
with 5% skim milk in TBS-T (25 mM Tris base, pH 7.6,
138 mM NaCl and 0.05% Tween-20), the membrane was
incubated with anti-caspase-3 protease and anti-PARP anti-
bodies (Santa Cruz) at room temperature for 2 h. Immunoblot
was visualized by the ECL detection system (Amersham).

Preparation of cytosolic and membrane fractions. Cytosolic
and membrane fractions were prepared according to the
method previously reported (36) with some modification. In
brief, cells were harvested, washed with ice-cold buffer A
(20 mM HEPES pH 7.5, 10 mM KCl, 1.5 mM MgCl2, 1 mM
EDTA, and 1 mM DTT), and then incubated with 100 μl of
buffer A on ice for 30 min. Then, cells were disrupted by 20
passages through a 26-gauge needle. The disrupted cells were
centrifuged at 750 x g for 10 min, and the supernatants obtained
were centrifuged at 10,000 x g for 25 min. After centrifugation,
the supernatants (cytosolic fractions) were frozen at -70˚C.
The pellet containing mitochondria was washed with ice-
cold buffer A and then resuspended in cell lysis buffer. The
resuspended pellet was incubated on ice for 30 min and then
centrifuged at 10,000 x g for 25 min. The supernatant was
collected membrane fraction.

Fluorescent staining of nucleus. The nuclei of A172 and T98G
cells were stained with chromatin dye, Hoechst 33258. Cells
were fixed in PBS with 3.7% paraformaldehyde for 30 min at
room temperature. The cells were then washed twice with
PBS and incubated with 10 μM Hoechst 33258 in phosphate-
buffered saline (PBS) at room temperature for 30 min. After
three washes, the cells were observed under fluorescence
microscope (Leica MPS 60, Germany) with excitation at
360 nm.

Measurement of caspase activity. To measure caspase activity,
whole cell lysate was prepared in a lysis buffer (1% Triton
X-100, 0.32 M sucrose, 5 mM EDTA, 1 mM PMSF, 1 μg/ml
aprotinin, 1 μg/ml leupeptin, 2 mM DTT, and 10 mM Tris-
HCl, pH 8.0) on ice for 30 min and centrifuged at 20,000 x g
for 15 min. Caspase-3-like protease activity in the supernatant
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obtained above was measured by proteolytic cleavage of
100 μM 7-amino-4-methylcoumarin (AMC)-DEVD motif-
specific peptide (Calbiochem) as a fluorogenic substrate for
1 h and AMC as a standard in an assay buffer (100 mM
HEPES, 10% sucrose, 0.1% CHAPS, pH 7.5, 1 mM PMSF,
1 μg/ml aprotinin, 1 μg/ml leupeptin, and 2 mM DTT)
using an excitation wavelength of 380 nm and emission
wavelength of 460 nm. Similarly, cleavage of fluorogenic
substrate, Ac-LEHD-7-amino-4-trifluoromethylcoumarin
(AFC) (Calbiochem) by caspase-9 protease was measured by
spectrofluorometer (Jasco FR-777, Germany) at 405/505 nm.

Flow cytometry. After an appropriate treatment, A172 and
T98G cells (1x106 cells/ml) were harvested by centrifugation
and washed with PBS. The cells were fixed with ice-cold
80% ethanol for 30 min, washed with PBS and then treated
with 0.25 ml of 0.5% Triton X-100 solution containing 1 mg/
ml propidium iodide for 30 min in the dark. Samples were
run through a FACSter Vantage to count the number of cells
(Becton Dickinson, San Jose, CA).

Statistical analysis. Each experiment was performed at least
three times and all values are represented as means ± SD of
triplicates. Statistical comparisons between groups were
performed using one-way ANOVA, followed by the Student's
t-test.

Results

Induction of apoptosis and cytotoxicity by cisplatin in human
malignant glioblastoma A172 and T98G cells. Previous studies
showed that anti-cancer drugs, such as cisplatin, induced
apoptosis and that p53 status was thought to be an important
factor in explaining the difference in cisplatin chemosensitivity
among human glioblastoma cell lines (37,38). However, the
molecular mechanisms of cisplatin-induced apoptosis remain
unclear. In the present study, human malignant glioblastoma
cells, A172 and T98G, were used to study the mechanism of
p53 involvement in apoptosis induced by cisplatin. First, we
treated the cells with cisplatin for an indicated time and dose
and cell viability was measured by MTT assay. As shown in
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Figure 1. Cisplatin induced the apoptosis of A172 and T98G cells in a time-
and dose-dependent manner. (A) Cell viability assay. Cells were treated
with various concentrations of cisplatin for 48 h and periods for indicated
time points (cisplatin 25 μg/ml), and the cell viability was measured by
MTT assay. (B) DNA fragmentation assay. DNA was isolated from the cells
after cisplatin treatment (25 μg/ml) at indicated time points, and fragmentation
was analyzed by 1.5% agarose gel electrophoresis. Lane M and C represent
DNA marker and control, respectively. (C) Cells were incubated in the
absence (control) or presence of cisplatin (25 μg/ml) for 48 h, fixed with 4%
formaldehyde, stained with Hoechst 33258 and observed under a fluorescence
microscope (x100). (D) Cells were treated with cisplatin (25 μg/ml) for
indicated periods. Caspase-3 activity was measured as described in Materials
and methods. Activation fold of caspase-3 was calculated by the ratio of AMC
released from treated cells to that of control cells. The results are represented
as mean standard deviation (SD) of three independent experiments.
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Fig. 1A, cisplatin decreased the viability of A172 cells in a
time- and dose-dependent manner, whereas there was only a
marginal effect on T98G cells. Furthermore, cisplatin-induced
cytotoxicity in A172 cells showed characteristics of apoptosis,
manifested by genomic DNA fragmentation in agarose gel
electrophoresis as well as nuclear condensation by Hoechst
staining and activation of caspase-3-like protease (Fig. 1B-D)
and caspase-9 (data not shown); however, this was to a lesser
degree in T98G cells. These data clearly showed the difference
in cisplatin sensitivity in the induction of apoptosis between
the two cell lines.

Induction of p53 and p21/WAF1/CIP1 proteins by cisplatin
in human malignant glioblastoma A172 and T98G cells. To
investigate whether the expression of p53 and the p53-
response gene, p21/WAF1/CIP1, would affect the cytotoxicity
of cisplatin, we performed Western blot analysis and found
that the accumulation of p53 and p21 proteins was increased
in A172 cells in a time-dependent manner but not in T98G
cells (Fig. 2). These data indicate that cisplatin induced the
accumulation of p53, followed by p21/WAF1/CIP1, in A172
cells harboring a functional p53 gene; however, this was not
the case in T98G cells harboring a mutant p53 gene.

Expression of p53 and p21/WAF1/CIP1 proteins and apoptotic
cell death in p53-infected T98G cells. To study whether the
different sensitivity of A172 and T98G cells to cisplatin was
associated with mutation of the p53 gene, including the signal
pathways leading to apoptosis, T98G cells were transfected
with adenoviral vector containing wild-type p53 (Ad.p53).
Western blot analysis showed that introduction of Ad.p53 in
T98G cells increased the expression of the p53 protein,
maximally at 24 h (Fig. 3A), and treatment of cisplatin
dramatically decreased the viability of Ad.p53 transfected
T98G cells (Fig. 3B). To examine the effect of cisplatin on
the apoptotic cell death of p53-transfected T98G cells, we
carried out flow cytometry analysis of A172, T98G and
Ad.p53-infected T98G cells after 48 h of cisplatin exposure
by measuring hypodiploid DNA content stained with PI and

found that cisplatin markedly enhanced the proportion of
apoptotic cells in A172 and Ad.p53 T98G cells, but not in
T98G cells (Fig. 3C). Therefore, these data indicate that
induction of p53 expression is critical for chemosensitivity of
cisplatin in these cells.

Activation of caspase-3 and PARP degradation in cisplatin-
treated A172, T98G cells and Ad.p53-infected T98G cells. To
investigate whether the expression of p53 in A172 and T98G
cells affected cisplatin-induced apoptotic signaling pathway,
the activation of caspase-3 and PARP cleavage was measured
by Western blot analysis. As shown in Fig. 4A, cisplatin
significantly activated caspase-3 in a time-dependent manner

PARK et al:  CHEMOSENSITIVITY RECOVERY BY p53 TRANSDUCTION122

Figure 2. Cisplatin modulates the expression of p53 (A) and p21 proteins
(B) in A172 but not in T98G cells. Cells were treated with cisplatin (25
μg/ml) for different time periods and lysate from the cells was used to
measure p53 and p21 protein by Western blotting using anti-p53 and p21
antibodies.

Figure 3. Introduction of wild-type p53 induced cisplatin chemosensitivity
in T98G cells. (A) Cisplatin modulates the expression of p53 and p21 proteins
in p53-infected T98G cells. Cells were treated with cisplatin (25 μg/ml) for
different time periods and lysate from the cells was used to measure the p53
and p21 proteins by Western blotting using anti-p53 and p21 antibodies. (B)
Ad.p53-transduced T98G cells showed cytotoxicity to cisplatin (25 μg/ml).
Cell viability was determined by MTT assay after treatment of the cells with
cisplatin (25 μg/ml) for 48 h. (C) Transduction of Ad.p53 increased the
apoptosis in T98G cells. Cells were treated for 48 h with or without cisplatin
(25 μg/ml). The number of apoptotic cells was measured by flow cytometry
as described in Materials and methods. The region to the left of the G0/G1
peak was defined as cells undergoing apoptosis-associated DNA degradation.
In bar graphs, the data represent mean ± SD for three independent experiments.
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in A172 and Ad.p53-infected T98G cells but not in T98G
cells. We next examined whether PARP, an intracellular bio-
substrate of caspase-3 protease, was cleaved after cisplatin
treatment and found that cleavage of 119 kDa PARP to 85 kDa
was detected at 24 h after cisplatin treatment and maintained
for 48 h in A172 and p53-infected T98G cells (Fig. 4B). On
the other hand, cleavage of PARP in T98G cells was detected
at 48 h after cisplatin treatment (Fig. 4B). These data suggest
that cisplatin-induced apoptosis was accomplished through
p53-mediated caspase-3 activation.

p53-mediated cytochrome c release in cisplatin-treated A172,
T98G cells and p53-infected T98G cells. To elucidate the role
of mitochondria in cisplatin-induced caspase activation by
expression of the p53 protein, we examined mitochondrial
cytochrome c release in A172, T98G and Ad.p53-infected
T98G cells: the release of cytochrome c into cytosol from
mitochondria was examined by Western blot analysis in
cisplatin-treated cells. As shown in Fig. 5, cytosolic cyto-
chrome c was detected at 12 h and further increased in a
time-dependent manner for 48 h, whereas mitochondrial
cytochrome c was concurrently dramatically decreased,
verified in mitochondrial fraction with anti-VADC antibody
in A172 and p53-infected T98G cells. In contrast, cytochrome
c release of T98G cells after cisplatin treatment was only
slightly increased, in comparison with p53-infected T98G
cells (Fig. 5). These data suggest that cytochrome c release
due to mitochondrial dysfunction may be responsible for the
induction of caspase-3-dependent apoptosis of functional
p53-harboring glioma cells by cisplatin.

Discussion

Although the action mechanism of cisplatin in various cancer
cells is relatively well understood and known to result in the
induction of apotosis, its effect on brain tumor cells remains
poorly characterized. Accordingly, we attempted to identify
and functionally characterize the p53 status that may be
involved in cisplatin-induced cell death (39-41). In order to
more clearly understand the role of p53 in cisplatin-induced
apoptosis, we employed two glioma cell lines, A172 and T98G
which have wild-type and mutant-type p53 respectively, and
examined the possible association of defect in the signal
pathways with difference of sensitivity to cisplatin treatment.
Indeed, the results clearly showed that cisplatin induced p53-
mediated apoptosis in A172 through the activation of caspase-
3-like protease; however, it only had a marginal effect on
T98G human glioblastoma cells. The introduction of Ad.p53
into T98G cells increased the apoptosis to cisplatin, thus
revealing that cisplatin-induced chemosensitivity was at least
partly mediated by the induction of p53 in glioma cells.

It is well known that p53 has to be accumulated and
activated in response to various DNA-damaging agents in
order to induce apoptotic cell death (42) and that p21 is a
universal and potent cdk inhibitor under the control of p53
product (43). Our results clearly showed that cisplatin increased
the p53 level in A172 cells followed by the induction of p21
expression, whereas cisplatin failed to accumulate and
activate p53 and p21 proteins in T98G cells. To identify the
involvement of p53 in the difference of chemosensitivity
between A172 and T98G cells, we transfected wild-type p53,
Ad.p53, in T98G cells and measured the induction of p53
and p21 and the proportion of apoptotic cell death. Our
results clearly revealed that tranduction of Ad.p53 enhanced
the expression of p53 and p21, as well as cisplatin cytotoxity
in T98G cells, thus strongly suggesting that cisplatin induced
p53-mediated apoptosis of both human malignant glioblastoma
A172 and T98G cells via accumulation and activation of p53.

To clearly understand the role of p53 in cisplatin-induced
apoptosis, we assessed caspase-3 activation, PARP cleavage
and mitochondrial cytochrome c release after cisplatin
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Figure 4. Cisplatin activates caspase-3 (A) and PARP cleavage (B) in A172
and p53-infected T98G cells. Cells were treated with 25 μg/ml cisplatin for
different time periods and equal amounts of protein from cell lysate were
separated by 15% (A) and 12.5% (B) SDS-PAGE and analyzed by immuno-
blotting with anti-caspase-3 (A) and anti-PARP antibodies (B).

Figure 5. Cisplatin induces cytochrome c release from mitochondria in A172
and p53 infected T98G cells. Cytosolic or mitochondrial fraction was used
for Western blot analysis with anti-cytochrome c or VDAC, a specific
protein of mitochondria. Cells were treated with cisplatin (25 μg/ml) for
different time periods and equal amounts of protein from cell lysates were
resolved by 15% SDS-PAGE. The immuno-reactive signals were visualized
by ECL kit (Amersham).
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treatment and found that cisplatin induced conversion of pro-
caspase-3 to active caspase-3 protease, PARP cleavage and
mitochondrial cytochrome c release in A172 and Ad.p53-
transfected T98G cells, whereas T98G cells failed to show
cleavage of caspase-3 and a lesser extent of PARP cleavage
and mitochondrial cytochrome c release. Therefore, accumul-
ation and activation of the p53 protein appear to result in
p53-dependent apoptotic cell death by activation of caspase-3
protease via the release of cytochrome c from mitochondria
in A172 and Ad.p53-transfected T98G cells. These results
suggest that there may be two mechanisms for understanding
the cisplatin-induced apoptotic signaling pathway in human
glioblastoma cell lines: one is that cisplatin induces p53-
dependent apoptotic cell death and the other is a different
pathway, leading to cleavage of PARP and the release of
cytochrome c from the mitochondria.

In conclusion, we demonstrated that p53 played a critical
role in cisplatin-induced apoptosis and accumulation and
activation of p53 might trigger p53-dependent expression
of p21, activation of caspase-3 protease, cleavage of PARP
and cytochrome c release in A172 and Ad.p53-transfected
T98G human glioblstoma cells. Therefore, the introduction
of wild-type p53 in glioma cells lacking functional p53 might
be an effective means of extending cisplatin's therapeutic
significance.
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