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Abstract (J Korean Assoc Oral Maxillofac Surg 2016;42:337-344)

Objectives: The purpose of this study was to evaluate the anti-cancer activity of cisplatin by studying its effects on cell viability and identifying the
mechanisms underlying the induction of cell cycle arrest and apoptosis on oral squamous cell carcinoma (OSCC) cell lines with varying p53 mutation
status.

Materials and Methods: Three OSCC cell lines, YD-8 (p53 point mutation), YD-9 (p53 wild type), and YD-38 (pS3 deletion) were used. To deter-
mine the cytotoxic effect of cisplatin, MTS assay was performed. The cell cycle alteration and apoptosis were analyzed using flow cytometry. Western
blot analysis was used to detect the expression of cell cycle alteration- or apoptosis-related proteins as well as p53.

Results: Cisplatin showed a time- and dose-dependent anti-proliferative effect in all cell lines. Cisplatin induced G2/M cell accumulation in the three
cell lines after treatment with 0.5 and 1.0 pg/mL of cisplatin for 48 hours. The proportion of annexin V-FITC-stained cells increased following treat-
ment with cisplatin. The apoptotic proportion was lower in the YD-38 cell line than in the YD-9 or YD-8 cell lines. Also, immunoblotting analysis
indicated that pS3 and p21 were detected only in YD-8 and YD-9 cell lines after cisplatin treatment.

Conclusion: In this study, cisplatin showed anti-cancer effects via G2/M phase arrest and apoptosis, with some difference among OSCC cell lines.
The mutation status of p53 might have influenced the difference observed among cell lines. Further studies on p53 mutation status are needed to under-

stand the biological behavior and characteristics of OSCCs and to establish appropriate treatment.
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I. Introduction

Approximately 20% of head and neck cancers occur in the
oral cavity in Korean populations. Squamous cell carcinoma
(SCCO) is the most frequent oral cancer, accounting for more
than 90% of all intraoral malignant tumors.

Despite technological advancements in the fields of sur-

gery, radiotherapy and chemotherapy, the prognosis of lo-
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cally advanced oral SCC (OSCC) patients remains poor, with
only a 50% survival rate over 5 years'. Because of the poor
survival rates and severe functional impairments caused by
surgery and radiation, it is critical to develop novel therapeu-
tic strategies for the treatment of advanced OSCC.

Cisplatin, a potent chemotherapeutic agent, has been
shown to have significant clinical activity against various
solid tumors, and it has been accepted as the standard regi-
men for various cancers treatments including OSCC. The
main mechanisms of cisplatin cytotoxicity involve cisplatin
interaction with DNA to form unique DNA adducts’. These
DNA adducts further modulate the expression of several sig-
nal transduction pathways involved in cell survival, including
p53.

The major problems with cisplatin application are drug re-
sistance and toxic side effects, which lead to discontinuation
or limited therapeutic efficacy’. To overcome these problems,
combination therapy with other agents is recommended. The
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identification of the mechanism underlying the cisplatin ef-
fect will inform the selection of appropriate agents that can
activate alternate pathways to induce a synergistic effect as
well as reduce resistance and cytotoxicity”.

The activation of p53 is regarded as the major effect of cis-
platin treatment’. p53 interacts with many key transcription
factors related to several important biological functions, such
as DNA repair, cell cycle regulation and apoptosis. Thus, p53
plays an important role in cancer onset and progression®’.

The p53 gene mutation is detected in more than 50% of
OSCC cases. Therefore, it is important to assess the relation-
ship between cisplatin resistance and p53 mutation status.
The influence of p53 on the anti-cancer effect of cisplatin in
OSCC cell lines showing different p53 mutation status also
needs to be investigated.

The purpose of this study was to evaluate the anti-cancer
activity of cisplatin by studying the effect of cisplatin on cell
viability and the mechanisms underlying the induction of cell
cycle arrest and apoptosis in OSCC cell lines with genetically
different p53 mutation statuses.

Il. Materials and Methods

1. Reagents

Cisplatin (Dong-A Pharm., Seoul, Korea) was dissolved in
distilled water at 10 pug/mL, which is the highest concentra-
tion used in vitro, and stored in aliquots at —20°C until use.
Final concentrations between 0.5 and 10.0 pg/mL of cisplatin
were obtained by appropriate dilutions of the stock com-

pound with the defined medium.
2. Cell lines and cell culture

Three OSCC cell lines, YD-8 cell line (p53 point mutation,
tongue), YD-9 cell line (p53 wild type, buccal cheek), and
YD-38 cell line (p53 deletion, lower gingiva) were used’. All
cell lines were purchased from the Korean Cell Line Bank
(Seoul, Korea).

Each cell line was maintained in RPMI-1640 medium
(Gibco, Grand Island, NY, USA) supplemented with 10%
heat-inactivated fetal bovine serum (FBS; Gibco), 100 pug/
mL of streptomycin and 100 IU/mL of penicillin (Gibco) as a
monolayer under standard conditions (37°C, 5% CO,, humid-
ified atmosphere). To transfer or passage the cell lines, each
confluent monolayer was washed with phosphate-buffered
saline (PBS; Welgene, Gyeongsan, Korea) and detached with
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a 0.05% trypsin/0.02% ethylenediaminetetraacetic acid solu-
tion (Gibco).

3. MTS viability assay

Cells at a density of 2x10" were added to a 96-well plate in
100 pL of RPMI with 10% FBS. The control samples of each
cell line were treated with medium only. Cells were treated
with different concentrations (between 0.5 and 10.0 pg/mL)
of cisplatin for 24, 48, and 72 hours. For the viability assay,
20 pL/well of CellTiter 96 AQueous One Solution Reagent
(MTS; Promega, Madison, WI, USA) was added. After 1
hour under standard conditions, the absorbance at 490 nm
was recorded using an ELISA plate reader. The experiments
were performed in triplicate with three independent experi-
ments for each condition. The data (£standard error) were
normalized to the control samples. The 50% inhibition con-
centration of cell viability (ICs,) value was calculated from

the dose-response curve.
4, Cell cycle analysis

The cells were plated at a density of 1x10%well in 100-
mm culture dishes. The cells were treated with 0.5 and 1.0
ug/mL of cisplatin for 48 hours, harvested by centrifugation
at 1,200 rpm for 3 minutes, washed twice in ice-cold PBS,
fixed in 70% ethanol, stored at —20°C for a minimum of 1
hour, washed with ice-cold PBS and then resuspended in
500 pL of propidium iodide (PI)/RNase Staining Buffer (BD
Biosciences, San Jose, CA, USA). The cell cycle position
was evaluated by Becton-Dickinson Fluorescence-Activated
Cell Sorting (FACScan) using an excitation laser set at 480
nm and a detection wavelength of 575 nm (Becton-Dickinson,
Mountain View, CA, USA). A minimum of 10,000 events/

sample were analyzed.

5, Annexin assay

Apoptosis was quantified using the FITC-Annexin V
Apoptosis Detection Kit I (BD Biosciences) according to the
manufacturer’s instructions. Briefly, the cells were plated at
a density of 1x10%well in a 100 mm culture dish. The cells
were treated with 1.0 and 5.0 pg/mL of cisplatin for 48 hours
and harvested by centrifugation at 1,200 rpm for 3 minutes.
The cell pellets were resuspended in annexin V binding
buffer (150 mmol/L. NaCl, 18 mmol/L CaCl,, 10 mmol/L
HEPES, 5 mmol/L KCI, 1 mmol/L MgCl,). FITC-conjugated
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Fig. 1. Cell viability after cisplatin treatment. All cell lines showed a significant reduction in viability with time and dose. YD-8, YD-9, and
YD-38 cell lines were incubated with various concentrations of cisplatin (0.5, 1.0, 2.0, 3.0, 5.0, and 10.0 pg/mL) for 24 hours (A), 48
hours (B), and 72 hours (C). Cell viability was determined via MTS assay. The data are expressed as the mean percentage of viable cells

+standard error (N=3).
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annexin V (1 pM/mL) and PI (50 uM/mL) were added to the
cells and incubated at room temperature in the dark for 15
minutes. The analyses were performed using a FACScan in-
strument (Becton-Dickinson). Annexin V-positive cells were
regarded as apoptotic.

6. Western blot analysis

Cisplatin-treated and untreated cells were suspended in
RIPA buffer (Rockland, Gilbertsville, PA, USA) contain-
ing 5 uM of AEBSF, 1.5 nM aprotinin 10 nM E-64, 10 nM
leupeptin, sodium orthovanadate, sodium molybdate, so-
dium tartrate and imidazole, and were placed on ice for 20
minutes. The supernatant was collected after centrifugation
at 4°C at 13,000 rpm for 20 minutes. The protein concentra-
tion was determined using a BCA Protein Assay Kit (Pierce,
Rockford, IL, USA). The whole lysate (20 pg) was resolved
on 10% or 12.5% SDS-PAGE gel, transferred onto a PVDF
membrane (Bio-Rad, Hercules, CA, USA) by electroblot-
ting and probed with human anti-f actin, anti-p53, anti-p21,
anti-caspase 3, anti-caspase 7, anti-caspase 9, or anti-PARP.
The membrane was washed with PBS-T (1xPBS and 0.05%
Tween-20) and incubated for 1 hour with an HRP-conjugated
anti-rabbit or anti-mouse antibody. The blot was developed
using an enhanced chemiluminescence kit (iNtRON Biotech,

Seongnam, Korea).

Table 1. The 50% inhibition concentration for cell viability (ICs,
ug/mL) in three OSCC cell lines treated with cisplatin

Cell line
Time (hr)
YD-8 YD-9 YD-38
48 >7.3 =>6.7 >8.9
72 >3.6 >33 >52

Deuk-Won Jo et al: The influence of p53 mutation status on the anti-cancer effect of
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Ill. Results

1. Effects of cisplatin on viability of OSCC cell lines

Using the cell viability assay, cisplatin showed significant
time- and dose-dependent cytotoxic effects on all cell lines.
(Fig. 1) The ICs, values were 3.6 pg/mL for YD-8, 3.3 pg/mL
for YD-9, and 5.2 pg/mL for YD-38 cells at 72 hours after
the treatment.(Table 1)

2. Cisplatin induces cell cycle arrest at the G2/M phase

Cell cycle analysis was performed after treatment with 0.5
and 1.0 pg/mL cisplatin for 48 hours in each cell line. Cis-
platin induced G2/M cell accumulation in all cell lines.(Fig.
2) The cell population of the G2/M phase increased from
11.46%%3.22% to 52.87%%x11.66% for the YD-8 cell line,
from 30.66%+2.42% to 64.32%+0.49% for the YD-9 cell
line and from 24.52%+8.47% to 58.26%=9.65% for the YD-
38 cell line after treatment with 0.5 pg/mL cisplatin. The cell
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Fig. 2. Cisplatin induces G2/M arrest in the YD-8, YD-9, and YD-38 cell lines. The cells were incubated with 0.5 and 1.0 pg/mL cisplatin (cis)
for 48 hours, fixed and stained with propidium iodide, and analyzed for DNA content.
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population of the G1 phase decreased from 80.28%=5.43% to
30.19%+4.57% for the YD-8 cell line, from 46.41%+8.21%
to 14.24%=9.31% for the YD-9 cell line and from 56.89%=
7.99% to 22.24%+9.44% for the YD-38 cell line after treat-
ment with 1.0 ng/mL cisplatin.

3. Induction of apoptosis by cisplatin in OSCC cell lines

This staining method along with flow cytometry enables
the quantitative assessment of living (annexin V-FITC nega-
tive/PI negative), early apoptotic (annexin V-FITC positive/
PI negative), late apoptotic (annexin V-FITC positive/PI
positive) and dead/necrotic (annexin V-FITC negative/PI
positive) cells. The effects of 48-hour cisplatin treatment on
YD cell apoptosis are shown in Fig. 3 and Table 2. The cells
in the lower right quadrant represent early apoptosis, and the
cells in the upper right quadrant represent late apoptosis. The
proportion of cells staining positive for annexin V-FITC in-

creased in a dose-dependent manner following cisplatin treat-
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ment. The apoptotic proportion was lower in the YD-38 cell
line compared to the YD-9 and YD-8 cell lines.

4. Cell cycle alteration or apoptosis—related protein
expression induced by cisplatin

Since cisplatin induced G2/M arrest in the OSCC cell lines,
we expected to see alterations in the cell cycle regulatory
proteins after treatment with a non-cytotoxic doses of cispla-
tin (0.5, 1.0, and 2.0 pg/mL). In the cell cycle, distinct cyclin/
CDK complexes are activated to regulate cell cycle progres-
sion”"". With respect to p53-dependent cell cycle alterations,
p21 (a p53-regulated cyclin dependent kinase) is considered a
critical component”. Levels of p53 protein were detected by
immunoblotting at 48 hours in the YD-8 and YD-9 cell lines,
but not in the YD-38 cell line.(Fig. 4) Also, immunoblotting
analysis showed that the phosphorylation of p21 increased in
the cisplatin treatment only in the YD-8 and YD-9 cell lines.

In the evaluation of apoptosis, as shown in Fig. 4, caspase
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Fig. 3. Induction of apoptosis in cisplatin-treated YD-8, YD-9, and YD-38 cell lines. The cells were harvested after 48 hours of incubation
with 1.0 and 5.0 ng/mL of cisplatin. Apoptosis was determined by staining the cells with annexin V-FITC and propidium iodide (Pl) labeling.
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Table 2. Results of FACS analysis after treatment with cisplatin: evaluation of apoptotic effects of 48-hour cisplatin

Fraction of cells (%)

Cisplatin (png/mL) YD-8 YD-9 YD-38
Live Apoptotic Live Apoptotic Live Apoptotic
Control 94.38+0.33 4.13+0.91 92.14+1.91 6.57+1.63 88.03+5.04 7.15+3.62
1.0 91.94+0.45 6.26+3.07 85.36+4.86 12.93+4.71 87.42+6.12 9.71+£3.49
5.0 72.40+12.02 25.75+11.07 66.95+4.70 27.07+2.72 85.23+3.02 13.27+1.54

Values are presented as mean+standard error.

Deuk-Won Jo et al: The influence of p53 mutation status on the anti-cancer effect of cisplatin in oral squamous cell carcinoma cell lines. J Korean Assoc Oral Maxillofac Surg 2016
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3, caspase 7, caspase 9 and PARP protein expression was
increased at 48 hours in all cell lines after cisplatin treatment
compared with the controls.

IV. Discussion

Cisplatin has been widely used for the treatment of a va-
riety of solid tumors including OSCC and for the evaluation
of the resistance mechanism and the effect of combination

theralpy6’13‘14

. Although the mechanism of action for cisplatin
is not fully understood, it is thought that the effects of cispla-
tin are partly related to p53, a tumor suppressor gene, which
plays an important role in cancer. Because more than half of
all human cancers lose p53 function through mutations, it is
important to study the potential impact of p53 mutations on
disease pathology and therapeutic responses. Cancers with
an inactive, mutant p53 are aggressive and are often resistant
to ionizing radiation and chemotherapy. However, there are
conflicting data concerning the influence of the p53 gene on
the efficacy of chemotherapeutic agents including cisplatin.
Weinstein et al."” reported that cell lines with p53 mutations
are generally more resistant to DNA-damaging agents than
cell lines with wild-type p53 from in vitro study of various
cell lines. Clinically, poor prognosis of tumors with p53

mutations is expected with various types of tumors'®". I

n
another study, however, the cytotoxic effect of cisplatin was

more severe in mutant p5S3 cell lines than in wild-type p53
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blotting 48 hours after treatment.
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cell lines". Many researchers suggested that there are p53-
dependent and p53-independent pathways, respectively™ .

Cell lines are useful for understanding the mechanism of
action and resistance of chemotherapeutic agents. However,
it has been reported that the success rate of OSCC cell line
establishment is very low. Also, genetic abnormalities of hu-
man cancer are geographically-dependent, so cultural and
environmental backgrounds are closely related to the carci-
nogenic processs. In this study, the YD-8, YD-9, and YD-38
cell lines, which originated from Korean oral cancer patients,
were usedg; these three cell lines were derived from untreated
primary tumors of the tongue (YD-8 cell line), buccal cheek
(YD-9 cell line), and lower gingiva (YD-38 cell line), re-
spectively, and have genetically different p53 statuses. The
YD-8 cell line has a point mutation at codon 273 of exon 8§,
changing an arginine to histidine in the DNA-binding site,
revealing a key role for p53 transcriptional activation. The
R273H mutation accounts for approximately 20% of reported
p53 missense mutations™. The YD-9 cell line does not have
the p53 mutation, and p53 protein is positively expressed in
the YD-9 cell line. The YD-38 cell line has a p53 deletion
and the p53 protein is not expressed in the YD-38 cell line.
Because p53 mutation is common in OSCC, evaluation of
cell cycle arrest and apoptosis in OSCC cell lines with vari-
ous p53 statuses could be informative for developing cancer
therapy.

In the present study, cisplatin showed cytotoxicity via G2/
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M phase arrest and apoptosis in OSCC cell lines in dose- and
time-dependent manner. The cytotoxic effect of cisplatin was
more prominent in the YD-9 cell line with wild-type p53 and
the YD-8 cell line with p53 point mutation than in the YD-
38 cell line with p53 deletion.(Fig. 1, Table 1) The ICs, value
was also relatively lower in the YD-9 and YD-8 cell lines
than in the YD-38 cell line.

Interestingly, after the application of cisplatin, p53 protein
was detected in the YD-8 and YD-9 cell lines via immunob-
lotting.(Fig. 4) There are several possible mechanisms of
p53 mutation that can result in the overexpression of the p53
protein. Furthermore, mutations in the promoter or in the in-
tron of the p53 gene could result in a higher expression of the
wild-type p53***. In the YD-8 cell line with a p53 point mu-
tation, the abnormal p53 protein might be detected by immu-
noblotting due to a prolonged half-life. Also, we suspect that
pS3 expression status at the protein level is more important
than p53 mutation status because the YD-9 and YD-8 cell
lines showed similar responses to cisplatin treatment despite
the difference in p53 mutation status.

In relation to cell cycle arrest, p21 was detected in the
YD-8 and YD-9 cell lines by immunoblotting. It is generally
accepted that p21, a p53-regulated cyclin-dependent kinase,
is involved in the cell cycle alteration caused by DNA dam-
aging agents'”. Cell cycle arrest related to p53 was expected
to be blocked in the YD-38 cell line because p53 and p21
were not detected in the YD-38 cell line via immunoblotting.
However, cell cycle arrest at the G2/M phase, a decrease in
the percentage of cells in the G1 phase and an increase in the
percentage of cells in the G2/M phase, were detected after
treatment of the cells with cisplatin for 48 h in all three cell
lines in this study.(Fig. 2) The cell cycle alteration effect of
cisplatin was not associated with the expression of p53 or
p21, which indicates that p53- and p21-independent path-
ways are involved in cell cycle arrest in the cell lines used in
this study.

Also, more apoptosis was detected in the YD-8 and YD-9
cell lines than in the YD-38 cell line after cisplatin treatment.
(Fig. 3, Table 2) Although the p53-dependent apoptotic path-
way might be blocked in the YD-38 cell line, caspases and
PARP were detected in the YD-38 cell line by immunoblot-
ting. However, the YD-38 cell line showed less apoptosis in
FACS analysis in this study, suggesting that deletion of p53
in the YD-38 cell line is related to apoptosis.

V. Conclusion

The results of this study clearly indicate that cisplatin has
in vitro anti-cancer effects against OSCC cell lines via G2/M
phase arrest and apoptosis. However, there were also some
differences in the cytotoxic effect of cisplatin among OSCC
cell lines in this study. Multiple factors might contribute to
these differences, such as the tumor entity or tumor charac-
teristics. One factor may be mutation status, which could play
a critical role in carcinogenesis. For this study, we focused on
p53 as a possible candidate and found that p53 status of the
patients should be considered before choosing cisplatin che-
motherapy. Further studies on p53 mutation status are neces-
sary to understand the biological behavior and characteristics
of OSCC and consequently to establish appropriate treatment.
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