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Abstract. The extracellular signal‑regulated kinases (ERKs)
are key transducers of the extracellular signals into intracellular responses and represent major molecular players in
tumorigenesis. The aim of this study was to determine how
curcumin (CRM) used as an adjuvant supports the apoptotic
process induced by a single chemical agent treatment (cisplatin‑CisPT) on two head and neck squamous cell carcinoma
cell lines (FaDu and PE/CA‑PJ49) and the involvement of
ERK1/2 and/or p53 activation in this process. Data have shown
that the CisPt effect is potentiated by CRM. CRM induced
an increase of p53 protein phosphorylation in both cell lines.
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isothiocyanate; PI, propidium iodide; PMSF, phenylmethylsulfonyl
fluoride; ELISA, enzyme‑linked immunosorbent assay.
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CisPt decreased p53 protein phosphorylation in FaDu cells,
but increased it in PE/CA‑PJ49 cells. Data showed that the
constitutive expression of activated ERK1/2 protein‑kinase
was different in the two analyzed tumor cell lines. ERK1/2
activation status was essential for both cell processes, proliferation and apoptosis induced by CisPt and/or CRM treatment
on squamous cell carcinoma cells. Our data suggest that p53
phosphorylation in the apoptotic process induced by CRM
treatment might require the involvement of ERK1/2. In this
regard the CisPt treatment suggested that p53 phosphorylation
is ERK1/2 independent in FaDu cells having a p53 gene deletion
and ERK1/2 dependent in PE/CA‑PJ49 cells having a p53 gene
amplification. Moreover, in both tumor cell lines our results
support the involvement of p53 phosphorylation‑ERK1/2
activation‑dependent in the apoptosis induced by combined
treatments (CisPt and CRM). The use of CRM as adjuvant
could increase the efficiency of chemotherapy by modulating
cellular activation processes of ERK1/2 signaling pathways.
In conclusion, the particular mode of intervention by which
ERK1/2 might influence cell proliferation and/or apoptosis
processes depends on the type of therapeutic agent, the cells'
particularities, and the activation status of the ERK1/2.
Introduction
Oral cavity cancer has shown an increased incidence in
recent years in Romania (1) and also worldwide (2). The
most commune type of oral cavity cancer is squamous cell
carcinoma (commonly referred as ‘Head and Neck Squamous
Cell Carcinoma’, HNSCC). The disease affects several
anatomic structures: Oral cavity, oropharynx, nasopharynx,
hypopharynx and larynx (3‑5). Most of HNSCC patients
are, unfortunately, diagnosed when the disease has already
progressed to an advanced stage. In this instance the therapeutic
approach is complex and involves the combination of chemo
and radiotherapy either before or after the surgical procedure
based on the protocol established for each patient (6-8). Thus,
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the protocols are somewhat personalized, hower, the development of resistance to conventional treatments and an increased
recurrence rate of primary tumors lead to a 5‑year decline of
the survival rate of patients with HNSCC (9-12). Therefore,
additional clinical approaches of this complex disease are
needed. The new therapeutic strategies have to tackle at least
two points, besides increasing the survival rate, it should
reduce the adverse effects of chemotherapy. The use of natural
compounds as adjuvants can be beneficial by increasing the
efficacy of conventional treatments and very importantly to
limit the adverse reactions. The disruption of normal cellular
mechanisms such as proliferation or apoptosis, is accountable
for the development of tumoral processes in different types of
cancer, including HNSCC. Apoptosis, known as ‘programmed
cell death’, is a mechanism that provides crucial control over
the cell homeostasis. Apoptosis enables the removal of cells
having DNA mutations, aberrant cellular cycle and that are
prone to malignant transformation (13,14). Defects observed in
the apoptotic pathway associated to cancer have an important
role in conventional oncotherapies (radio‑ and chemotherapy)
since apoptosis induction needs high dosages of therapeutic
agents. Cisplatin (CisPt), one of the most used chemotherapeutic agent in HNSCC treatment, has the capacity to interact
with DNA, RNA and different proteins, and by activation of
specific mechanisms, some of them still incompletely known,
can induce apoptosis (15-17).
The elucidation of the mechanisms pertaining to the
apoptosis process is a key step. The restoration of the cellular
mechanisms responsible for tumor cell apoptosis are of upmost
importance in malignant transformation, tumor evasion and
anticancer therapy (18-20). Factors that determine a damaged
cell to go either through apoptosis or to repair the damage and
continue the cell cycle, are still to be discovered. It is well known
that one important apoptosis regulator is the tumor suppressor
gene TP53 (TP53). TP53 tumor suppressor has mutations in
40-60% of the HNSCC cases (21). This is an untimely event,
identified in precancerous lesions and associated with a
poor prognosis. Some studies showed that the rehabilitation
of the TP53 function in an early stage of the disease had no
effect, but can lead to the regression of the tumor in advanced
stages (22,23). This suggests that TP53 tumor suppressor is
not activated in the early phases of the disease, but can be
activated in later phases of tumorigenesis (24,25). Another
important player in the regulation of cell tumorigenesis‑related
functions (proliferation, transformation, differentiation, apoptosis, angiogenesis) is activation of mitogen‑activated protein
kinases (MAPKs) pathways such as ERKs (26-30). There are
studies showing that the activation of the MAPK pathway is
correlated with the cancer prognosis influencing the therapeutic outcome in many types of cancer (31-33). Correlated
once with the intimate deciphering of molecular pathways that
regulate oncogenesis, new modern and specific therapies able
to improve the current therapeutic methods will be developed.
One of the approaches is to maximize the effectiveness of
initial therapy by the use of a chemotherapeutic drug together
with a supporting agent (34). Some studies have been focused
on the discovery of new therapeutic agents obtained from
natural compounds proving anticancer and anti‑proliferation
effects (35,36). One of these compounds is curcumin (CRM).
CRM is the principal compound of turmeric extracted from

the plant Curcuma longa and has many diverse properties ‑
anti‑inflammatory, anti‑bacterial, anti‑fungal, anti‑viral and
anti‑carcinogenic (37). The mechanisms through which CRM
exerts its antitumoral effects are complex and diverse; they
appear to act in the processes of growth and apoptosis and
also in different stages of carcinogenesis (38,39).
Acknowledging all the mentioned issues in the this type
of carcinoma the focus of this study is to investigate how
a natural adjuvant (CRM) supports the apoptotic process
induced by a mono chemical standard agent (CisPt) in an
in vitro experimental model using HNSCC standard cell
lines. Moreover, in our study we investigated the ERK1/2
and/or p53 involvement in treatment response. The use of
adjuvant might have a beneficial effect decreasing the CisPt
doses, therefore reducing the adverse reactions induced by a
chemotherapeutic agent.
Materials and methods
Cell lines culture. The squamous carcinoma cell line
PE/CA‑PJ49 was from European Collection of Authenticated
Cell Cultures (ECACC cat. no. 0060606). The cell line was
obtained from a 57-year old male patient with tongue carcinoma. The FaDu cell line was obtained from the American
Type Culture Collection (ATCC‑HTB‑43 cat.). The cell line
was derived from a 56‑year‑old male patient with pharyngeal
squamous cell carcinoma. Both lines are showing adherent
epithelial type morphology. The cell lines were grown and
maintained in Dulbecco's modified Eagle's medium (DMEM)
supplemented with 10% fetal bovine serum (FBS), 2 mM glutamine, 1% penicillin, and 1% streptomycin at 37˚C in 5% CO2.
The sub‑confluent cultures (70‑80%) were split 1:4‑1:8 (i.e.
seeding at 1‑3x10,000 cells/cm²) using trypsin‑EDTA (0.25%
trypsin, 0.03% EDTA).
The study protocol was approved by the Ethics Committee
of ‘Stefan S. Nicolau’ Virology Institute.
Drugs and treatments. CisPt and CRM (97% purity), were
obtained from Sigma‑Aldrich. They were initially dissolved
in dimethyl sulfoxide (DMSO; Sigma‑Aldrich) at a concentration of 5 mM. Further, milli‑Q water was used to generate
1 mM stock solutions. The stock solutions were filtered using a
cellulose acetate hydrophilic filter (0.20 µm) (Sigma‑Aldrich).
Dilutions used in the experimental model were done in DMEM
to generate the following concentration ranges: 2‑160 µM for
CisPt and 5‑100 µM for CRM. Tumor cells were incubated
for 6, 24 or 48 h either in the presence of the drugs (CisPt
and�����������������������������������������������������
/����������������������������������������������������
or CRM) or vehicle control (DMSO ≤0.1%). For inhibition studies of ERK1/2 function, the cells were pre‑incubated
for 2 h with 25 µM PD98059 as previously reported (40). The
treated tumor cells were used to determine cell proliferation,
FISH, apoptosis and conserved as cell pellets at ‑80˚C in order
to obtain cell lysates used in ELISA assays. Non‑treated cells
were used as controls throughout the experiments.
Cell viability assay. Tumor cells (1‑2x103 cell/well) were
seeded in 96‑microwell plates, incubated at 37˚C for 24 h
to accomplish full adherence and then treated with different
concentrations of CisPt (2‑160 µM) or CRM (5‑100 µM). The
cell viability was assessed by the ability of metabolically
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active cells to reduce the 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide (MTT) (Sigma‑Aldrich) to colored
formazan compounds. The absorbance was measured with
an enzyme‑linked immunosorbent assay reader (Dynex plate
reader; wavelength 450 nm) (41). The data are presented as
the mean values from at least three different experiments.
Untreated cells served as control having 100% viability.
Viability % = (T‑B)/(U‑B) x100, (where T, absorbance of
treated cells; U, absorbance of untreated cells, iar B, absorbance of blank).
Cell proliferation assay. CellTiter 96® AQueous One Solution
Cell Proliferation Assay (Promega) was used. The test is based
on the reduction of yellow MTS tetrazolium salt by the viable
cells and generation of colored formazan soluble in the culture
medium. The product was spectrophotometrically quantified
by measuring the absorbance at λ=490 nm (42) using a Dynex
plate reader (DYNEX Technologies‑MRS). Results were
expressed as mean values of three determinations ± standard
deviation (SD). Untreated cells served as control and considered to have proliferation index (PI) equal 1. PI = absorbance
of treated cells/absorbance of untreated cells.
Fluorescence in situ hybridization. FISH technique was
performed after optimization of the protocol using commercially available probe from Abbott/Vysis (Vysis) (43,44).
According with the manufacturer's protocol Locus specific
identifier LSA TP53/CEP17 FISH Probe Kit detects the LSI
TP53 probe Spectrum Orange target located on chromosome
17p13.1 and CEP17 (17p11.1‑q11.1 Alpha Satellite) probe
Spectrum Green Dual Colour target located on the centromere
of chromosome 17.
Cells and slide preparation: The slides were cleaned in an
ice‑cold mixture of 40% methanol and 60% distilled water, then
air dryed and stored at 4˚C. Cells were pelleted and suspended
in 0.075 M KCl hypotonic solution for 20 min at 37˚C. Tumor
cells were pelleted by centrifugation at 300 x g for 5 min at
4˚C and resuspended in 0.5 ml fixative (3:1 methyl alcohol and
glacial acetic acid). Afterwards the cells were diluted at the
appropriate density and distributed on several locations on the
slide. The air dried slides were incubated at ‑20°C for 30 min.
FISH probe preparation and hybridization from
cell culture: The slides were denatured for 5 min in
70% formamide�������������������������������������������
/������������������������������������������
2X SSC at 73˚C. Then the slides were dehydrated by immersion in 70, 80 and 100% cold ethanol solution,
5 min for each step. The slides were air‑dried and 10 µl of
the probe LSI TP53����������������������������������������
/���������������������������������������
CEP17 was added in the selected hybridization area. The smears were covered with a 22x22 mm
coverslip, sealed and incubated overnight in a humid chamber
at 37˚C. Two washes were performed post hybridization, using
washing solutions: 0.4X SSC/0.3% NP-40 at 73˚C for 2 min,
and 2X SSC/0.1% NP-40 for 2 min. The slides were air‑dried
and 4',6‑diamidino‑2‑phenylindole (DAPI II) was added for
counterstaining. The slides were analyzed using a Zeiss Axio
Imager M1 epifluorescence microscope (Zeiss) equipped with
filters for DAPI, SpectrumOrange and SpectrumGreen and a
triple filter (simultaneous DAPI/Orange/Green). Images were
acquired at a magnification of x1,000 and captured using
MetaSystems digital camera. Images were analyzed using Isis
version 5.2, MetaSystems software for quantitative analysis of

5043

samples generated by FISH technique (Altlussheim). For each
sample hybridized signals were counted in 100 nuclei.
ELISA assay. ELISA assays were used to measure both total
and phosphorylated p53 and ERK1/2proteins in cell lysates.
Briefly, untreated, CisPt and/or CRM treated tumor cells
were lysed in PBS (pH 7.2‑7.4) containing 1 mM EDTA,
0.5% Triton X‑100, 5 mM NaF, 6 M urea, 10 µg/ml leupeptin,
10 µg/ml pepstatin, 100 µM PMSF, 3 µg/ml aprotinin, 2.5 mM
sodium pyrophosphate, 1 mM sodium orthovanadate. The
lysate was kept 30 min on ice with stirring every 5 min.
The lysate was centrifuged at 2,000 x g for 5 min at room
temperature. Furthermore, the obtained supernatant was
centrifuged at 14,000 x g for 15 min at 4˚C. Protein concentration of the lysates was measured using Bradford assay.
DuoSet_IC Human Total p53 ELISA [cat. no. DYC1043];
DuoSet_IC Human Phospho‑p53 (S15) ELISA [cat.
no. DYC1839]; DuoSet_IC Human/Mouse/Rat Total ERK1/2
[cat. no. DYC1940] DuoSet_IC Human/Mouse/Rat Phospho‑
ERK1/2 ELISA [cat. no. DYC1018B] were purchased from
R&D Systems Inc. The protein of interest was measured using
a standard Streptavidin‑HRP system (45). All experiments
were performed in triplicates and sample O.D. was measured
at λ=450 nm using Dynex plate reader.
Analysis of apoptosis. The apoptosis assay was carried out with
the Annexin V‑FITC kit using the manufacturer's protocol
(BD Pharmingen) (46). Treated and untreated 1x106 cells/ml
were resuspended in cold binding buffer and staining simultaneously with 5 µl FITC‑Annexin V (green fluorescence) and
5 µl propidium iodide (PI) in the dark at room temperature for
15 min. Then 400 µl of Annexin V binding buffer was added
and 10,000 cells/sample were acquired using BD Canto II
flow cytometer. The analysis was performed using DIVA 6.2
software in order to discriminate viable cells (FITC‑PI‑) from
necrotic cells (FITC+PI+) and early apoptosis (FITC+PI‑) from
late apoptosis.
Statistical analysis. Data were analyzed using Student's t-test
(paired type and one tailed distibution). One‑way analysis of
variation with P-value of <0.05 was considered statistically
significant.
Results
Culture parameters of the standardized cell lines used in
in vitro experiments. In the present study two human HNSCC
cell lines were used, FaDu derived from pharyngeal squamous
carcinoma and PE/CA‑PJ49 obtained from a tongue squamous
carcinoma, both cell lines presenting adherent and epithelial‑type morphology. To achieve the successive passages of
cells kept in culture, the density of cells in the culture plates
were carefully supervised in order to avoid over‑population
and any sign of aging. At the end of each experiment, samples
from used cells were frozen to create a batch of cells that can
be used anytime to repeat or continue the experiments. Some
studies have shown that the number of cells that present with
polysomy at the level of the 17th chromosome is raised in oral
cavity squamous carcinomas and this may be correlated with
the process of carcinogenesis (47). The exact role of genetic

5044

BOSTAN et al: EFFECT OF CISPLATIN ON HNSCC BY ERK1/2 PROTEIN KINASES

Figure 1. Fluorescent in situ hybridization analysis of TP53 gene performed on PE‑CA/PJ49 (A) and FaDu (B) tumor cells. Two targets, LSI TP53 probe
Spectrum Orange target located at chromosome 17p13.1 and CEP17 (17p11.1‑q11.1 Alpha Satellite) probe Spectrum Green Dual Colour target located at the
centromere of chromosome 17, were detected by locus specific identifier LSA TP53/CEP17 FISH Probe. The data were aquired at a magnification of x1,000.
The hybridized signals were counted in 100 nuclei for each sample. (A) PE‑CA/PJ49 cells showed 4 red signals for both targets TP53 (amplified gene) and
CEP17 (tetrasomy). (B) FaDu cells showed 1 red signal for TP53 (gene deletion) and 2 green signals for CEP17 (normal chromosome number).

modifications of TP53 in different stages of the tumorigenesis
process is not completely established, but it is known that the
gene has the ability to induce the restoration of damaged DNA
by activating certain proteins and by stopping the cellular
cycle and induction of apoptosis. Thereby, it has been tried to
identify some possible numeric aberrations of chromosome 17,
such as deletion or amplification of TP53 gene in the FaDu and
PE/CA‑PJ49 cells. This genetic endeavor was done in order
to discover possible explications between these abnormalities
and the cellular response to therapy. Using the FISH technique, the intention was to obtain information on the TP53
gene status in the FaDu and PE/CA‑PJ49 tumor cells before
starting the experiments. The PE/CA‑PJ49 tumor line showed
an amplification of the TP53 gene since all analyzed cells
had 4 signals for both TP53 (17p13) (red dots on Fig. 1A) and
17(D17Z1) centromere probe (green dots on Fig. 1A). FaDu did
not show the amplification of TP53 gene on chromosome 17. In
contrast to this, the cells had only one signal for TP53 (17p13)
(red dot on Fig. 1B) suggesting a deletion of the TP53 gene,
without modification at the level of chromosome 17 which
presented only two signals for the 17(D17Z1) centromere
(green dots Fig. 1B).
Effects of cisplatin and/or curcumin treatment on the cellular
viability of HNSCC. Cisplatin is one of the most utilized cytostatic drugs in the treatment of HNSCC. Unfortunately many
patients develop relapses or cisplatin resistance. A natural
compound such as curcumin might improve and maintain
the antitumoral effect of cisplatin. In order to determine the
optimal concentration of the drug needed to inhibit half of
the maximum biological response (IC50) both tumor cell
lines were treated with the following concentrations 0, 1,
5, 10, 20, 40, 80, 160 µM CisPt or 0, 5, 10, 15, 20, 25, 50,
100 µM CRM. To determine the optimal treatment time, cells
were treated for different time periods (6, 24 or 48 h). The
inhibitory effect of CisPt or CRM on the cellular viability was
dose‑ and time‑dependent (Fig. 2). The results showed that
24 h CisPt treatment had an IC50=11.25 µM for FaDu cells and
IC50=10.55 µM for PE/CA‑PJ49 cells. CRM treatment for 24 h

reduced the cellular viability with an IC50=13.72 µM for FaDu
cells and IC50 =15.20 µM for PE/CA‑PJ49 tumor cells. Based
on the obtained results the optimal time of treatment was 24 h
and the optimal concentration was 10 µM for CisPt and 15 µM
for CRM (Fig. 2). We tested concentrations less than 2 µM
(data not shown) and they did not have any effect on the treated
FaDu or PE/CA‑PJ49 cells.
The effect of the CisPt and/or CRM treatment on the
protein‑kinase ERK1/2 expression. MAPKs transmit and
amplify the signals involved in proliferation, as well as in
cellular death. Using ELISA assay, we evaluated the expression and activation of protein‑kinase ERK1/2 induced by CisPt
and/or CRM treatment of FaDu and PE‑CA/PJ49 tumor cells.
The data show that in the tumor cells treated with CisPt and/or
CRM for different time-points, the ERK1/2 protein‑kinase
is highly expressed after 24 h treatment. The untreated
PE‑CA/PJ49 cells (control) have a statistically significant higher
expression of total ERK1/2 (4.3 ng/mg protein) compared to
untreated FaDu cells (1.87 ng/mg protein) (Fig. 3). The CisPt
and/or CRM treatment applied individually or in combination
did not significantly modify the expression of total ERK1/2
form in the two analyzed tumor cell lines (Fig. 3A). In order
to analyze the effect of CisPt and/or CRM treatment on the
activation of ERK1/2, the level of ERK1/2 phosphorylation
(% phospho-ERK1/ERK2) was quantified. The results show
that FaDu cells responded differently to treatment compared
to PE‑CA/PJ49 cells.
In untreated FaDu cells 37% of ERK1/2 protein was
phosphorylated and under the 10 µM CisPt and/or 15 µM
CRM treatment the phosphorylation was not significantly
modified compared to the untreated cells (Fig. 3A and B). In
untreated PE‑CA����������������������������������������
/���������������������������������������
PJ49 cells 80% of ERK1�����������������
/����������������
2 was phosphorylated (Fig. 3B), 10 µM CisPt alone slightly reduced the level
of phosphorylation of ERK1/2 to 73% (a; P=0.03), and 15 µM
CRM per se induced a significant inhibition of ERK1��������
/�������
2 phosphorylation (41%, b; P=0.003) (Fig. 3B).
The combined treatment, CisPt and CRM, led to a
significant reduction (42%) of the ERK1/2 phosphorylation
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Figure 2. Effect of CisPt or CRM on HNSCC cells viability. FaDu and PE/CA‑PJ49 cells were either left untreated or treated with different concentrations of
CisPt or CRM for 6, 24 or 48 h. FaDu. Viability (%) vs. untreated cells (100%) was determined. Data shown are representative of three independent experiments and are expressed as mean of three replicates ± SD (n=3). Untreated cells were considered to have 100% viability. Viability % = (T‑B)/(U‑B) x100, (where
T, absorbance of treated cells; U, absorbance of untreated cells; and B, absorbance of blank).

compared to the control (c; P= 0.004) (Fig. 3B). The data
show that PE‑CA/PJ49 cells having TP53 amplification are
more sensitive to CRM treatment. CRM individually or in
combination with CisPt can inhibit phosphorylation of protein
ERK1�������������������������������������������������������
/������������������������������������������������������
2 (Fig. 3B). FaDu having a TP53 deletion and constitutively a lower expression of phospho ERK1/2, does not respond
to any of the treatments (Fig. 3B).
ERK1/2 activation correlates with the proliferation of tumor
cells in HNSCC treated with cisplatin and/or curcumin.
PE/CA‑PJ49 and FaDu cells were treated with CisPt and/or
CRM for 6, 24 and 48 h. The cell proliferation index (PI) was
not significantly changed during 6 h treatments. Moreover, PI
for 48 h treatments was not significantly different compared
to the 24 h of treatment. CRM treated cells also had a
decreased PI (b; P=0.0004) for FaDu and for PE/CA‑PJ49 (b;
P= 0.0006) compared to the control (Fig. 4). CisPt treatment
for 24 h determined a significant decrease of the proliferation
process compared to the untreated cells, both in the case of
tumoral cells FaDu (a; P=0.003) and in the cells PE/CA‑PJ49
(a; P= 0.0009). CRM treated cells also had a decreased PI
(b; P= 0.0004) for FaDu and for PE/CA‑PJ49 (b; P= 0.0006)
compared to the control. A marked PI inhibition was observed
in both cell lines when the cells were treated simultaneously
with CisPt and CRM (Fig. 4). The results are statistically
significant when compared to the control (FaDu cells (c);
P= 0.0006 and PE/CA‑PJ49 (c) P= 0.0005) (Fig. 4). Based on
the obtained data, CRM had the capacity to potentiate the
effect induced by CisPt treatment on human head and neck
cancer cell lines (Fig. 4).
Since the basal activation status of protein‑kinase ERK1/2
in the analyzed tumor cell lines is different in the investigated
cell lines, we studied the effect of ERK1/2 activation on the

proliferation process as response to the drug treatment. Thus,
the tumor cells were pretreated for 2 h with a specific ERK1/2
inhibitor, 25 µM PD98059 (concentration determined after
sketching the dose‑effect curve) was used for pretreatments,
and then the cells were treated with CisPt and/or CRM for
another 24 h. FaDu cells have a TP53 deletion (Fig. 1) and a
constitutively lower expression of phospho ERK1/2 (Fig. 3B).
The presence of the specific inhibitor PD98059 did not
influence significantly the proliferation process compared to
control cells (no. PD98059) (P>0.05) (Fig. 4).
PE‑CA/PJ49 cells have TP53 amplification (Fig. 1) and a
constitutively high expression of phospho ERK1/2 (Fig. 3B).
Pretreating with the PD98059 inhibitor of the PE‑CA/PJ49
cells induced an increase of the proliferative activity in the case
of treated cells with CisPt (d; P=0.005) or CRM (e; P=0.007).
Similar effect was obtained in the case of the combined treatment of CRM and CisPt (f; P= 0.003), compared to the cells
that were subject to the same treatment, but in the absence
of the PD98059 inhibitor (Fig. 4). These results show that the
inhibition of the ERK1/2 activity facilitates the restoration
of the proliferative process of the CisPt and/or CRM treated
PE‑CA���������������������������������������������������
/��������������������������������������������������
PJ49 cells. These observations lead to the hypothesis that proliferation of tumor cells depends on the level of
protein‑kinase ERK1/2 activation.
The role of ERK1/2 in the activation of p53 in HNSCC cells
treated with CisPt and/or CRM. FaDu and PE/CA‑PJ49
were treated for 24 h as described, 10 µM CisPt (a; P>0.05)
did not affect the expression of total p53 protein in FaDu
cells (Fig. 5A). On the contrary, 15 µM CRM alone
(b; P= 0.003) or combined with CisPt (c; P= 0.0001) induced
a significant increase of total p53 expression compared to
untreated cells (Fig. 5A). In the same cell line, the expression
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Figure 3. Effect of CisPt and/or CRM treatment on ERK1/2 protein‑kinase expression in HNSCC tumor cell lines. (A) Total or phosphorylated ERK1/ERK2
protein concentrations in the cellular lysates are expressed as protein of interest/total protein (ng/mg). (B) The percent of phospho-ERK1/2 is calculated by
formula: % phospho-ERK1/2 = [(ng phospho ERK1/2/ng ERK1/2 total) x100]. The experiments were done in triplicates, data shown are representative of
three independent experiments and were expressed as mean ± SD. a, CisPt vs. Control; b, CRM vs. Control; c, CisPt+CRM vs. Control; P>0.05, not significant.

Figure 4. Downstream effect of phospho ERK1/2 inhibition. The proliferation index (PI) of FaDu and PE/CA‑PJ49 cells treated with CisPt and/or CRM
in the presence or absence of PD98059 was calculated. PI, absorbance of treated cells/absorbance of untreated cells. Results are expressed as mean values
of three determinations ± standard deviation (SD). Untreated cells were considered to have PI equal 1. a, CisPt vs. Control; b, CRM vs. Control; c, CisPt
+CRM vs. Control; d, CisPt PD98059(‑) vs. CisPt PD98059(+); e, CRM PD98059(‑) vs. CRM PD98059(+) ; f, CisPt+CRM PD98059(‑) vs. CisPt+CRM PD98059.

of phospho‑p53 protein was inhibited by CisPt treatment
compared to untreated cells (a; P= 0.003) (Fig. 5A). The

expression of phospho‑p53 showed a significant increase
in the presence of either CRM alone (b; P= 0.005) or
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Figure 5. ERK1/2 in the activation of p53 in HNSCC cells treated with CisPt and/or CRM. (A) The total and phospho‑p53 protein expression (ng/mg total
protein lysate) in FaDu, PE/CA‑PJ49 cells treated with CisPt and/or CRM. a, CisPt vs. Control; b, CRM vs. Control; c, CisPt+CRM vs. Control. (B) Inhibitory
effect of PD98059 on the total and phospho‑p53 expression. The experiments were performed in triplicates. Results are expressed as mean values of three
determinations ± standard deviation (SD). [PD98059 effect (%) = (protein expression+PD98059/protein expression‑PD98059) x100]. a, CisPt vs. Control;
b, CRM vs. Control; c, CisPt +CRM vs. Control.

combined with CisPt (c; P= 0.0007) compared to untreated
cells (Fig. 5A).
The analysis of total p53 expression in PE/CA‑PJ49 cells
showed that either CisPt (a; P= 0.00006) or CRM treatment
applied alone (b; P= 0.002) induced a significant increase
compared to control cells (Fig. 5A). The same result was
obtained when cells were treated with the combined treatment (c;P= 0.0001) (Fig. 5A). The p53 phosphorylation in
PE/CA‑PJ49 cells was amplified by either CisPt (a; P= 0.001)
or CRM (b; P= 0.0005) treatment compared to untreated
cells. The combined treatment of CisPt and CRM amplified the expression of phospho‑p53 (c; P= 0.0002) compared
to control, but the effect of the two agents was not additive (Fig. 5A).
In order to analyze the role of protein kinase ERK1/2 in the
process of p53 phosphorylation, the HNSCC tumor cells were
pretreated with 25 µM PD98059 (specific inhibitor of ERK1/2)
for 2 h. Then, the cells were treated with CisPt and/or CRM
for another 24 h.

As Fig. 5B depicts the presence of PD98059 inhibitor did
not significantly influence the level of total p53 expression
(P>0.05). Untreated FaDu cells in the presence of PD98059
inhibitor expressed phospho‑p53 in 22%, while in the cells
treated with CRM in 16% (b; P= 0.03). In the case of cells
treated with CisPt alone the process of phosphorylation
seems to be less affected by the presence of PD98059, the
phosphorylated form of protein p53 being expressed in 65%
(a; P= 0.0007). The combined CisPt and CRM treatment
in the presence of ERK1/2 inhibitor led to the decrease of
the expression of phosphorylated p53 to 42% (c; P= 0.0004)
(Fig. 5B).
In the PE/CA‑PJ49 untreated cells, the presence of PD98059
reduced the phospho‑p53 expression to 53% (Fig. 5B). The
presence of the specific ERK1/2 inhibitor significantly
affected the level of p53 phosphorylation induced by either
CisPt (30%) (a; P= 0.007) or CRM (27%) (b; P= 0.005) treatment. The combined CisPt and CRM treatment in the presence
of PD98059 kept the phosphorylated form of protein p53
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Figura 6. Apoptosis of HNSCC cells treated with CisPt and/or CRM. Apoptosis of FaDu (A) and PE/CA‑PJ49 (B) cells treated with CisPt and/or CRM in
the presence or absence of the PD98059 inhibitor (C). a, CisPt PD98059(‑) vs. CisPt PD98059(+); b, CRM PD98059(‑) vs. CRM PD98059(+); c, CisPt+CRM
PD98059(‑) vs. CisPt+CRM PD98059(+).

to 30% (c; P=0.007) since the effect of the two agents was not
additive (Fig. 5B).
ERK1/2 in the modulation of HNSCC apoptosis induced by
CisPt and/or CRM treatment. FaDu and PE/CA‑PJ49 were
treated for 24 h with 10 µM CisPt, 15 µM CRM, combined
treatment and compared to control cells (untreated). CisPt
treated FaDu cells had 9 times enhancement of the apoptotic
events (19.6%) compared to untreated cells (2.2%). CRM
treated FaDu cells had a 12 times higher apoptosis (26.1%)
than untreated cells. The combined treatment of CisPt and

CRM induced 35.7% apoptosis. This indicates a 16 times
higher apoptosis than in the untreated cells. Moreover, apoptosis was almost twice higher (1.8x) than the value obtained
for CisPt treatment alone. This indicates that CRM amplified
the apoptotic process and supported the tumoricidal effect of
CisPt (Fig. 6A).
CisPt treatment of PE/CA‑PJ49 cells induced a 6x higher
apoptosis (12.5%) compared to untreated cells (2.0%). In the
same manner, apoptosis induced by CRM alone (28.8%) or
combined treatment of CisPt and CRM (38.7%) was 14x and
respectively 19x higher compared to untreated cells. CRM
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significantly amplified the effect induced by CisPt treatment
on the PE/CA‑PJ49 apoptotic process since apoptosis was 3x
higher than the value obtained for CisPt treatment (Fig. 6B).
Our data support the CRM apoptosis inducer capabilities
considering that CRM had the capacity to induce apoptosis in
both tumor lines. Also, CRM potentiated the effect induced by
CisPt treatment.
In order to analyze the role of ERK1/2 protein kinase in
the modulation of the apoptotic process, HNSCC tumor cells
were pretreated for 2 h with 25 µM ERK1/2 specific inhibitor,
PD98059. Then the cells were treated for 24 h with CisPt
and/or CRM, and subjected to flow cytometric analysis of the
apoptotic process. As shown in Fig. 6C, the PD98059 inhibition of ERK1/2 protein kinase led to a decrease of the apoptotic
cell percentage in both cell lines compared to untreated cells.
The decreased was statistically significant for all treatments as
follows: FaDu cells (a) CisPt treated P=0.007; (b) CRM treated
P=4.4E‑05; (c) combined treatment; P= 0.004; PE/CA‑PJ49
cells (a) CisPt treated P=0.006; (b) CRM treated P=5.1E‑05;
(c) combined treatment P= 0.0003. These results demonstrate
the involvement of ERK1/2 protein kinase in the apoptotic
mechanisms induced by CisPt and/or CRM on the analyzed
tumor cells.
Discussion
The essential step during carcinogenesis of oral squamous
cell carcinomas is the acquisition of genetic instability that
occurs at the nucleotide or the chromosome level (48). The
genotypic abnormalities such as polysomy of chromosome
17 may be associated with the development of an early
recurrence or second primary tumors and can influence the
therapy response (49). In this study the effect of CisPt and/or
CRM treatment on two HNSCC tumor cell lines (FaDu and
PE/CA‑PJ49) were analyzed. One of the most frequent
genetic abnormalities associated with HNSCC affects p53
onco‑supressor gene. Abnormalities in the p53 gene cause an
inefficient checkpoint system for the repair and destruction
of mutant cells. The cell lines were analyzed using FISH
analysis to detect the possible alterations of chromosome 17
involving the TP53 gene. PE/CA‑PJ49 cell line had an
amplification of the TP53 gene associated with polysomy in
chromosome 17. FaDu tumor line presented a deletion in gene
TP53, without chromosome 17 modifications. This data can
explain the different response of each cell line to CisPt and/or
CRM treatment.
Genetic modifications, as well as p53 protein expression
alterations could influence the activation of several intracellular signaling pathways, such as ERK1/2 and therefore it
could contribute to the modulation of the response to therapy.
In many studies, the ERK signaling pathway is associated with
proliferative (50) and cellular differentiation processes (51) on
one hand, and on the other hand, there are studies showing
that this pathway has a role in the apoptotic process (52-54).
This suggests its importance in the modulation of the response
to antitumor therapy (55). The activation status of ERK1/2 in
HNSCC cell lines was evaluated to establish if the cellular
response to CisPt and/or CRM treatment is influenced by
the level of ERK1/2 activation. Expression of the total and
phosphorylated ERK1/2 protein was quantified in treated
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and untreated cells. The data show that the total and phosphorylated ERK1/2 protein expression is much higher in
untreated PE/CA‑PJ49 than in FaDu cells. FaDu cell line
treated with CisPt and/or CRM did not show a significant
change of ERK1/2 phosphorylation. A significant decrease of
phospho ERK1/2 was observed in PE/CA‑PJ49 cells treated
with CisPt and CRM. The constitutively expressed activated
ERK1/2 protein‑kinase was different in the two tumor cell
lines. This was reflected in downstream events such as the cell
proliferation process. The inhibition of ERK1/2 activity using
PD98059 did not significantly affect the proliferation of the
cells (e.g. FaDu) having a low expression of the protein. Cells
with a constitutively high expression of ERK1/2 protein‑kinase
(PE/CA‑PJ49) responded to the presence of the inhibitor by
reversing the proliferative process. This suggests the existence
of an ERK1/2 protein‑kinase activation threshold which
modulates the proliferative process of tumor cells.
How p53 responds to the drug treatment of tumor
cells having a different expression pattern of ERK1/2 was
evaluated. In untreated cells, the expression of total and phosphorylated p53 was higher in FaDu compared to PE/CA‑PJ49
cells (Fig. 5A). This difference can be associated with the
amplification of p53 gene in PE/CA‑PJ49 cells and the p53
deletion in tumor cells FaDu (Fig. 1). CRM treatment induced
an increase of the total p53 protein expression associated
with an increase of the phosphorylation process in both cell
lines. The response of FaDu cells to CisPt treatment led to a
decrease of the phosphorylation process without affecting the
expression of total p53 protein, while CisP induced a significant increase of p53 phosphorylation in PE/CA‑PJ49 tumor
cells (Fig. 5A and B).
The response of FaDu CRM treated cells in the presence
of ERK1/2 inhibitor PD98059 suggest that the ERK1/2 might
be involved in the p53 phosphorylation. The response of FaDu
CisPt treated cells to the presence of the same inhibitor suggests
that p53 upstream events might follow a different pathway than
ERK1/2. Regardless of the treatment of PE/CA‑PJ49 cells,
phosphorylation of p53 involved ERK1/2 activation. Moreover,
the results support the involvement of ERK1/2 and phospho p53
in CisPt and/or CRM induced apoptosis. Many studies support
the antitumor and pro‑apoptotic effect of CRM (56-58). It is
not well known if the effect of CRM is due to the existence of a
link between the activation level of ERK1/2 and the apoptotic
process. The results of our study show that CRM increased
the apoptotic process in both tumor cell lines. CRM acts as an
apoptosis‑inducer factor and more importantly potentiates the
effect induced by CisPt treatment (Fig. 6).
Conclusions and future directions. The results showed that the
tumor cell line FaDu presented a deletion of the TP53 gene,
while cell line PE‑CA������������������������������������
/�����������������������������������
PJ49 presented polysomy. Both modifications are associated with cell proliferation and response
to therapy. The use of an adjuvant (CRM) can increase the
efficiency of chemotherapy (CisPt) effect by modulating cell
activation processes such as ERK1/2 phosphorylation. The
presence of the adjuvant can decrease the required dose of
drug, therefore reducing the chemotherapeutic adverse reactions of the agent.
The data show that the ERK1/2 way of action either on
cell proliferation or apoptosis depends on the type of cell
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characteristics and therapeutic agents. In order to achieve an
efficient personalized therapy, more investigations are necessary for a better functional interpretation of the intracellular
signaling pathways.
In conclusion, evaluating the level of ERK1/2 activation in
tumor cells can be a useful tool for an individualized treatment
plan, but in order to achieve this goal extended investigations
on patient tumor specimens are needed.
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