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Synergic effect of curcumin or lycopene with irradiation
upon oral squamous cell carcinoma cells
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OBJECTIVE: An in vitro study was carried out to evalu-

ate the effect of curcumin, lycopene, and irradiation

upon oral squamous cell carcinoma (OSCC).

MATERIALS AND METHODS: Curcumin and lycopene

were administrated at doses of 3, 4.25, 5.50, and

6.75 lM in PE/CA-PJ15 OSCC cultures irradiated with

different doses (1, 2.5, and 5 Gy), followed by evaluation

of the effects upon cell viability, apoptosis, and migra-

tion after 24, 48, and 72 h of incubation.

RESULTS: The application of curcumin or lycopene to

the tumor cells during 24, 48, and 72 h without irradia-

tion exerted an inhibitor effect upon cell viability and

increased cell apoptosis. The maximum reduction in cell

viability and the peak apoptotic effect was recorded

with the 5.50 and 6.75 lM doses, for both curcumin and

lycopene. Likewise, curcumin and lycopene exerted a

synergic effect upon both variables on applying irradia-

tion. Lastly, the 5.50 and 6.75 lM drug doses, together

with 5 Gy of irradiation, yielded the greatest decrease

in cell migration capacity with both curcumin and lyco-

pene.

CONCLUSIONS: Curcumin and lycopene increase cyto-

toxic activity in the PE/CA-PJ15 cell line and reduce cell

migration capacity, while the combination of curcumin

or lycopene with irradiation exerts a synergic effect.
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Introduction

Head and neck cancer is the fifth leading cause of cancer
and the sixth main cause of cancer mortality in the world.
More than 500 000 new cases are diagnosed worldwide

each year, including 100 000 cases in Europe alone. Oral
squamous cell carcinoma (OSCC) is the most common
head and neck cancer and accounts for approximately 3%
of all newly diagnosed cancer cases worldwide (Reid
et al, 2000; Parkin et al, 2005). Despite recent advances
in treatment, including new surgical techniques and radio-
therapy and chemotherapy protocols, the long-term sur-
vival of patients with OSCC has remained unsatisfactory
for the past three decades; in effect, the 5-year survival
rate remains low at approximately 50% (Petersen, 2009).

In this situation, the development of an oral cancer-spe-
cific, anticancer drug is needed. Traditional natural
products have recently been extensively examined because
they show few side effects and have powerful antioxida-
tive, antiinflammatory, and cancer-preventing properties
(Aggarwal and Shishodia, 2006). For example, half a
century ago, curcumin [1,7-bis(4-hydroxy-3-methoxyphe-
nyl)-1,6-heptadien-3,5-dione] (a phenolic compound iso-
lated from the dietary plant Curcumina longa) and its
family of related compounds were reported to have anti-
bacterial effects, and many researchers have subsequently
studied their antioxidant and anticancer properties.
Curcumin is one of the main components of the Indian
curry spice turmeric, and traditional Indian medicine
claims the use of its powder against biliary disorders,
anorexia, coryza, cough, diabetic wounds, hepatic disor-
ders, rheumatism, and sinusitis (Ammon et al, 1992).
Recently, curcumin has also been shown to possess potent
antineoplastic activity against a number of tumors includ-
ing prostate, breast, colon, and oral cancer (Baselga and
Averbuch, 2000; Newman et al, 2003; Aggarwal et al,
2004a,b; Rogers et al, 2005; Srinivasan et al, 2006; Jage-
tia, 2007; Strimpakos and Sharma, 2008; Khafif et al,
2009). Although the precise mechanisms of action of curc-
umin remain unclear, the existing evidence suggests that it
suppresses cancer cell growth largely by cell proliferation
and survival downregulating pathways. In this context,
curcumin inhibition of the NF-kB as well as the PI3K-Akt
pathways of cell survival has been well documented. As
the inhibition of NF-kB and PI3K-Akt signaling is often
associated with an increased apoptotic index in many cell
types, the anticancer effects of curcumin would also
involve the activation of the extrinsic and/or intrinsic
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pathways of apoptosis (Ramachandran et al, 2005; Reuter
et al, 2008). Depending on the cell type, and besides the
inhibition of NF-kB, curcumin may use other molecular
mechanisms such as the downregulation of c-myc, cyclin
D1, and protein tyrosine kinases (Aggarwal et al, 2003).
Interestingly, the expression of cyclin D1 is also downreg-
ulated by the inhibition of eIF4E in head and neck cancer
cells (Oridate et al, 2005). Earlier studies have shown
curcumin treatment to result in the suppression of head
and neck squamous cell carcinoma (HNSCC) growth both
in vitro (Chakravarti et al, 2006) and in vivo (LoTempio
et al, 2005).
In this context, lycopene (w, w-carotene), one of more

than 600 carotenoids synthesized by plants and photosyn-
thetic microorganisms, is a tetraterpene hydrocarbon
containing 40 carbon atoms and 56 hydrogen atoms, with
a molecular weight of 536. Lycopene is the most abundant
carotenoid in tomatoes (Lycopersicon esculentum L.), with
concentrations ranging from 0.9 to 4.2 mg/100 g depend-
ing upon the variety 21. Although long used as a food
colorant, lycopene has recently been the subject of intense
research with respect to its antioxidant activity and poten-
tial role in the prevention and treatment for chronic dis-
eases including cancers, cardiovascular disorders,
neurodegenerative diseases, and bone disorders (Clinton,
1998; Story et al, 2010). More recently, epidemiological
studies, as well as in vitro studies, animal studies, and
clinical trials have suggested that lycopene has some bene-
ficial effects in the treatment for certain diseases of the
oral cavity – including oral cancer and precancerous
lesions (Gupta et al, 1998; Livny et al, 2002; Mayne
et al, 2004; Singh et al, 2004; Kumar et al, 2007).
Although the epidemiological evidence of the role of lyco-
pene in cancer prevention and treatment is persuasive, this
mechanism of bioactivity remains to be proven. Unlike
some other carotenoids, lycopene lacks the b-ionone ring
structure and provitamin A activity (Stahl and Sies, 1996).
Therefore, its biological effects have been attributed to
mechanisms other than those of vitamin A. Two major
hypotheses have been proposed to explain the bioactivities
of lycopene: antioxidative and non-oxidative effects.
Oxidative stress caused by reactive oxygen species (ROS)
can result in damage to macromolecules such as proteins,
carbohydrates, and DNA and may be involved in carcino-
genesis. As a quencher of single oxygen and a scavenger
of free radicals, lycopene is able to protect against
oxidative stress (Van Breemen and Pajkovic, 2008).
The quenching capacity of a carotenoid depends primarily
on the number of conjugated double bonds it contains,
which makes lycopene one of the most efficient antioxi-
dants, with a singlet-oxygen-quenching ability twice as
high as that of b-carotene and 10 times higher than that of
vitamin E (Di Mascio et al, 1989; Ukai et al, 1994).
The postulated non-oxidative anticarcinogenic mechanisms
of action of lycopene also include an increase in gap-junc-
tion communication, gene function regulation, antiprolifer-
ation and pro-differentiation activities, the induction of
apoptosis, the modulation of carcinogen metabolizing
enzymes, and the modulation of immune function (Agar-
wal and Rao, 2000; Heber and Lu, 2002; Van Breemen
and Pajkovic, 2008).

Lastly, studies of plant extracts and phytochemicals as
modifiers of irradiation effects represent a new field of
research. In effect, humans consume a variety of phyto-
chemicals that afford protection from irradiation exposure.
In this context, it is necessary to assess the protective
action of such commonly used phytochemicals and exploit
their possible application in cancer irradiation therapy as
an alternative source of non-toxic radioprotectors. Radio-
sensitization has been extensively studied with different
chemotherapy drugs (cisplatin, 5-fluorouracil, taxol) either
prior to irradiation or as concomitant treatment for patients
with head and neck malignances (Pignon et al, 2000;
Moreno-Jiménez et al, 2010).

The aim of the present study was to evaluate the effect
of curcumin, lycopene, and irradiation upon oral OSCC.

Material and methods

Cell line
We used the PE/CA-PJ15 human oral squamous carci-
noma cell line (European Collection of Cell Cultures) cul-
tured in Iscove’s modified Dulbecco’s modified Eagle
medium (DMEM) (IMDM) supplemented with 10% fetal
calf serum (FCS), 1% penicillin, and 1% streptomycin
(full medium) at 37°C, in an atmosphere of 95% oxygen
and 5% CO2. The medium (IMDM), 3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT),
dimethylsulfoxide (DMSO), curcumin, and lycopene were
obtained from Sigma-Aldrich® (Sigma-Aldrich Chemistry,
S.A., Madrid, Spain).

Drug preparation
Curcumin and lycopene (Figure 1) were dissolved in 0.5%
DMSO, with 1 mg ml�1 of curcumin or lycopene being
used a stock solution. The working solutions were diluted
with sterile distilled water. All manipulations with curcu-
min and lycopene were performed under subdued light,
the dose range being 3, 4.25, 5.50, and 6.75 lM of curcu-
min or lycopene.

Irradiation
Irradiation of the cells was performed using a linear accel-
erator (Yxlon Smart; Krautkrämer-Forster Spanish S.A,

Figure 1 Chemical composition of curcumin and lycopene
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Madrid, Spain). The machine was calibrated for the field
size of interest using both special small ionization cham-
bers and thermo-luminescence dosimetry. Single irradia-
tion doses of 1, 2.5, and 5 Gy were administrated. The
cells were irradiated in 96-microwell plates.

Cell viability test (MTT)
We used the technique described by Carmichael et al
(1987a,b), adapted to our culture conditions for the quanti-
fication of cell viability. The cells were cultured at a
density of 5 9 103 cells per well in 96-microwell plates,
after which curcumin or lycopene was added at different
concentrations (3, 4.25, 5.50, and 6.75 lM), and 15 min
after plate irradiation (1, 2.5, and 5 Gy).
At different time points after the start of treatment (24,

48, and 72 h), the medium was eliminated and the cells
were incubated with MTT (Sigma-Aldrich Chemistry, S.A.)
(1 mg ml�1) during 4 h, after which the non-metabolized
MTT was discarded and 100 ll of DMSO was added to
each well. We measured the absorbance in each well
with an enzyme-linked immunosorbent assay (ELISA),
using a Multiskan MCC/340P plate spectrophotometer at
a reading wavelength of 570 nm and a reference wave-
length of 690 nm. This experiment was performed in
triplicate.

Apoptosis (Histone/DNA fragment ELISA)
The cell apoptosis ELISA detection kit was used to detect
apoptosis in cells treated with curcumin or lycopene and irra-
diation according to the protocol of the manufacturer.
Briefly, cells were seeded in 96-well plates at a density of
1 9 104 cells per well for 24 h, added with the medium
containing different concentrations (3, 4.25, 5.50, and
6.75 lM) of curcumin or lycopene, and 15 min after plate
irradiation (1, 2.5, and 5 Gy). After 24, 48, or 72 h, we
transferred the cytoplasm of the control and treatment groups
to the 96-well plate peridiumed with streptavidin and
incubated with the biotinylated histone antibody and peroxi-
dase-tagged mouse anti-human DNA for two hours at room
temperature. The absorbance at 405 nm was measured with
an EXL-800 type Enzyme-Linked Immunosorbent appara-
tus. This experiment was performed in triplicate.

Migration (scratch wound healing)
Scratch wounds were generated in confluent monolayers
of cells using a sterile 200-ll pipette tip (Gerhartz et al,
2007). After washing away suspended cells with PBS, the
culture medium was changed and added at different con-
centrations (3, 4.25, 5.50, and 6.75 lM), 15 min after
plate irradiation (1, 2.5, and 5 Gy).
Migration into the wound space was photographed

using an inverted microscope equipped with a digital
camera at the time of the initial wound and at time inter-
vals up to 4 and 8 h postwounding. The relative distances
between edges of the injured monolayer were obtained via
pixel counts at a minimum of 10 sites of the wound, using
MIP-4® image software (CID, Barcelona, Spain) and
applying the formula: migration distance = initial distance
of free-of-cells space – distance at 4 or 8 h of free-of-cells
space (Valster et al, 2005). This experiment was
performed in triplicate.

Statistical analysis
Data were analyzed using the SPSS version 12.0 statistical
package (SPSS® Inc., Chicago, IL, USA). A descriptive
study was made of each variable. The associations
between different quantitative variables were studied using
the Student’s t-test for two independent samples and one-
way analysis of variance (ANOVA) for more than two
samples, verifying in each case whether the variances
were homogeneous. Statistical significance was accepted
for P � 0.05.

Results

Effects of curcumin, lycopene, and irradiation upon PE/
CA-PJ15 cell viability
24 h of incubation. At a concentration of 5.50 lM,
curcumin induced a greater decrease in cell viability than
lycopene, at all the irradiation doses used, with
statistically significant differences at 0 and 2.5 Gy
(P = 0.032 and 0.007, respectively) (Figure 2a). However,
at a concentration of 6.75 lM, no statistically significant
differences were observed between curcumin and lycopene
(Figure 2b).

48 h of incubation. At a concentration of 5.50 lM,
curcumin induced a greater decrease in cell viability than
lycopene at the irradiation doses of 0, 2.5, and 5 Gy – the
differences being statistically significant (P = 0.017,
P < 0.001, and P < 0.001, respectively) (Figure 2c). In
contrast, at a concentration of 6.75 lM, significant
differences between curcumin and lycopene were only
observed at an irradiation dose of 2.5 Gy (P < 0.001)
(Figure 2d).

72 h of incubation. At a concentration of 5.50 lM,
significant differences were observed at irradiation doses
of 1 and 2.5 Gy (P = 0.002 and P = 0.048, respectively),
with lesser cell viability on applying lycopene (Figure 2e).
Lastly, at a concentration of 6.75 lM, statistically
significant differences were observed at irradiation doses
of 0, 1, and 2.5 Gy (P = 0.001, P < 0.001 and P = 0.001,
respectively) (Figure 2f).

Effects of curcumin, lycopene and irradiation upon PE/
CA-PJ15 cell apoptosis
24 h of incubation. At concentrations of both 5.50 and
6.75 lM, lycopene induced significantly greater cell
apoptosis than curcumin. The only exception
corresponded to a concentration of 5.50 lM and an
irradiation dose of 5 Gy, where significantly greater
apoptosis was observed on applying curcumin (P = 0.007)
(Figure 3a,b).

48 h of incubation. At a concentration of 5.50 lM,
increased cell apoptosis was observed with curcumin, at
all the irradiation doses used, although statistical
significance was only reached with the 5 Gy dose
(P = 0.004) (Figure 3c). In contrast, at a concentration of
6.75 lM, significant differences were recorded at all
irradiation doses except the 1 Gy dose, where lycopene
induced greater apoptosis (P = 0.092) (Figure 3d).
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72 hours of incubation. Maximum apoptosis was recorded
at a concentration of 6.75 lM and an irradiation dose of
5 Gy, with statistically significant differences in favor of
lycopene (Figure 3e,f).

Effects of curcumin, lycopene, and irradiation upon PE/
CA-PJ15 cell migration
Both curcumin and lycopene reduced cell migration capac-
ity–this effect increasing in magnitude with the concentra-
tion used, both 4 and 8 h after scratch induction.
Maximum reduction in cell migration capacity was
observed at concentrations of 5.50 and 6.75 lM, and with
an irradiation dose of 5 Gy (Figures 4 and 5).

Discussion

The agents most commonly used in chemotherapy regi-
mens for head and neck cancer are cisplatin or carbopla-
tin, often administered in combination with taxanes and/or
5-fluorouracil – the duration of therapy being limited due
to toxic effects (Moreno-Jiménez et al, 2010). Conse-
quently, new therapeutic strategies need to be identified
and evaluated in preclinical models before entering clinical
trials. In this situation, development of an oral cancer-spe-
cific, anticancer drug is needed.
Recently, in vitro and in vivo studies (in experimental

animal models) have shown curcumin to have important
chemopreventive and chemotherapeutic effects (Aggarwal
et al, 2003) against a number of tumors. In addition to its

antioxidant activity, curcumin has many pharmacological
targets in different cancers. This explains the extensive
interest in the clinical development of this compound as a
cancer chemopreventive and/or chemotherapeutic agent, as
evidenced by the conduction of phase I clinical trials and
current enrollment in phase II clinical trials (Johnson and
Mukhtar, 2007). The mechanisms whereby curcumin
exerts its antioxidative effects are well known and are
characterized by its influence upon lipid peroxidation,
which moreover reduces inflammation and would explain
its important preventive and curative effects upon cardio-
circulatory diseases (Reddy and Lokesh, 1992). In con-
trast, the precise mechanisms of action of curcumin in
relation to cancer remain to be established. The existing
evidence suggests that it suppresses cancer cell growth lar-
gely by cell proliferation and survival downregulating
pathways.

In our study, curcumin exerted a cytotoxic effect upon
the PE/CA-PJ15 tumor cells. The magnitude of this effect
was directly proportional to the curcumin concentration
used – the greatest reduction in cell viability and increase
in apoptosis being achieved with doses of 5.50 and
6.75 lM. In this context, López-Jornet et al (López-Jornet
et al, 2011) examined the effect of curcumin with and
without irradiation upon cell viability in this same OSCC
cell line, using curcumin doses of 3, 3.75, 4.50, and
5.25 lM. Their results reflected a greater reduction in cell
viability (with and without irradiation) at a concentration
of 5.25 lM. Similar results have been published by other
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authors (Clark et al, 2010) with different squamous cell
carcinoma cell lines, in which a curcumin dose of 10 lM
induced significant inhibition of cell proliferation and an
increase in apoptosis (Li et al, 2005). Lastly, our results
following curcumin application revealed a potent inhibi-
tory effect upon OSCC cell migration capacity. It is now
known that cancer cell migration is a highly regulated pro-
cess that permits dissemination from the primary tumor.
The invasive phenotype in malignant cells can be inhibited
by decreasing matrix metalloproteinases (MMPs) (Deryu-
gina and Quigley, 2006). MMP-9 aberrant expression in
HNSCC has been linked to enhanced tumor invasion or
metastasis (O-charoenrat et al, 2001; Nathan et al, 2002).
Curcumin has been found to reduce migration and
invasion of endothelial cells, non-small cell lung cancer,
colorectal cancer, and hepatocellular carcinoma cells and
inhibits the migration of vascular smooth muscle cells
when exposed to the same concentrations of curcumin, by
blocking MMP-9 (Kunjnumakkara et al, 2008; Clark et al,
2010).

Regarding lycopene (the most abundant carotenoid in
tomatoes), there are epidemiological data to support the
hypothesis that it exerts an independent protective effect
against the development of head and neck cancer (Mack-
erras et al, 1988; Tavani et al, 1994). Free radicals such
as ROS and reactive nitrogen species (RNS) have been
implicated in the development of oral cancer in many
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studies (Beevi et al, 2004). Increased levels of free
radicals such as malondialdehyde, nitric oxide, and lipid
peroxidation and decreased activities of antioxidants
including glutathione, ascorbic acid, glutathione peroxi-
dase, glutathione reductase, superoxide dismutase, and
catalase enzymes have been consistently observed in
serum, saliva, and blood leukocytes of patients with oral
cancer (Bahar et al, 2007; Gokul et al, 2010). The
increase in ROS and RNS may be the event that leads to
the consumption and reduction of antioxidants, explaining
the oxidative damage to DNA, proteins, and lipids in oral
cancer patients, and possibly the promotion of oral cancer
(Gokul et al, 2010). Thus, antioxidants should be a neces-
sary part of prevention and therapeutic regimens in oral
malignancies. In our study, lycopene exerted a cytotoxic
effect upon the PE/CA-PJ15 tumor cells. The magnitude
of this effect was directly proportional to the lycopene
concentration used – the greatest reduction in cell viability
and increase in apoptosis being achieved with doses of
5.50 and 6.75 lM.
Recently, experimental in vitro and in vivo data have

also demonstrated the notorious anticarcinogenic proper-
ties of lycopene. In a cell culture study, Livny et al
(2002) found that lycopene strongly and dose dependently
inhibited the proliferation of KB-1 human oral tumor cells,
being far more effective in this sense than b-carotene.
These results were confirmed by Cheng et al (2007), who
observed that lycopene suppressed KB cell proliferation at
the G0/G1 phase, with a significant decrease in prolifera-
tion cell nuclear antigen (PCNA) expression. Cell–cell

interaction via gap-junctional communication (GJC) is
considered to be a key factor in tissue homeostasis, and
its alteration is associated with the neoplastic phenotype.
Livny et al (Livny et al, 2002) showed that lycopene
enhanced the gap junction between the KB-1 cells and
significantly upregulated the expression of connexin 43, a
key protein in the formation of GJC. Taken together, these
findings demonstrated that lycopene could suppress the
proliferation and promote GJC of oral cancer cells, which
may be involved in the mechanisms of action of lycopene
in the prevention of oral cancer (Lu et al, 2011).

Radiotherapy plays an important role in the manage-
ment of cancer, contributing to secure local control of
tumors following surgery in patients with early stage
malignancies. However, radiotherapy alone fails to
suppress tumors, which recur and become radioresistant.
The factors conditioning such radioresistance in patients
with recurring malignancies are not clear. Many studies
have reported antioxidants such as vitamin E, curcumin,
b-carotene, lycopene, and selenium, in addition to
radiotherapy, to have beneficial effects in the management
of different types of cancer (HNSCC, prostate, etc.).

Our results indicate a synergic effect against the OSCC
cells on combining radiotherapy with curcumin or lyco-
pene treatment. In this sense, such treatment was found to
enhance the effect of gamma irradiation on hamster ovar-
ian cells and on the PC-3 human prostate cancer cell line.
Using a cell growth and colony-forming (clonogenic)
assay, we previously found that curcumin enhances the
effect of ionizing irradiation on squamous cell carcinoma

Figure 5 Cell migration into the wound space photographed at the time of the initial wound and at time intervals up to 4 and 8 h postwounding. Results
of curcumin and lycopene at a concentration of 5.50 lM and with an irradiation dose of 5 Gy
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cells in vitro (Chendil et al, 2004). Cheng et al (2001)
demonstrated that curcumin, even at high doses (up to
8 g day�1), is non-toxic for patients with premalignant
lesions and as such could hypothetically be given for pro-
longed periods of time (6–7 weeks of irradiation treat-
ments), with minimal side effects. Khafif et al (2005)
examined whether curcumin can sensitize squamous cell
carcinoma cells to the ionizing effects of irradiation. Incu-
bation with curcumin only (3.75 lM) for 48 h did not
reduce the number of cells or their ability to form colonies
in the absence of irradiation. In plates that were exposed
to 1–5 Gy of irradiation, however, the cell counts dropped
significantly when pretreated with curcumin – the maximal
effect being recorded for the 2.5 Gy irradiation dose. The
clonogenic assay revealed a significant decrease in the
ability to form colonies following pretreatment with curcu-
min at all irradiation doses. Likewise, lycopene, whose
protective effect against ultraviolet radiation has been well
demonstrated by many authors (Fazekas et al, 2003; Di
Franco et al, 2012), also appears to exert a synergic effect
when combined with irradiation, in certain types of tumors
such as HNSCC or prostate cancer (Tabassum et al,
2010).
In the present study, the application of curcumin or

lycopene to PE/CA-PJ15 tumor cells during 24, 48, and
72 h of incubation without irradiation exerted an inhibi-
tory effect upon cell viability and increased cell apoptosis.
The greatest reduction in cell viability and increase in
apoptosis corresponded to the 5.50 and 6.75 lM doses,
for both curcumin and lycopene. Likewise, curcumin and
lycopene exerted a synergic effect upon both variables
when combined with irradiation. Finally, the 5.50 and
6.75 lM doses together with 5 Gy of irradiation induced
the greatest reduction in cell migration capacity, with both
curcumin and lycopene.
In conclusion, curcumin and lycopene increase cyto-

toxic activity in the PE/CA-PJ15 cell line and reduce its
migratory capacity, while the combination of curcumin or
lycopene with irradiation exerts a synergic effect.
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