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Abstract: Epidermal growth factor receptor (EGFR) is an effective molecular target of anti-cancer therapies. Cur-
cumin is known to inhibit growth, invasion and metastasis by downregulating EGFR expression in some cancer
cells. However, the mechanism underlying the effect of curcumin in human oral squamous cell carcinoma (OSCC)
remains unclear. In this study, we investigated the efficacy of curcumin on proliferation and invasion in SCC-25 cell
line. We also explored the effect of curcumin on the activition of EGFR and its downstream signaling molecules Akt,
ERK1/2 and STAT3. Furthermore, we examined the inhibition effect of curcumin on EGF-induced EGFR phosphoryla-
tion and SCC-25 cells invasion. Our results showed that curcumin inhibited SCC-25 cells proliferation and induced
G2/M phase arrest in a dose-dependent manner. Curcumin also inhibited SCC-25 cells invasion and downregulated
MMP-2, MMP-9, uPA and uPAR expression. We further revealed that curcumin regulated the p-EGFR and EGFR
downstream signaling molecules including Akt, ERK1/2 and STAT3. Finally, our data showed that crucumin reduced
the EGF-induced phosphorylation of EGFR and suppressed EGF-triggered SCC-25 cells invasion. Taken together, our
results suggest that curcumin reduced SCC-25 cells proliferation and invasion through inhibiting the phosphoryla-
tion of EGFR and EGFR downstream signaling molecules Akt, ERK1/2 and STAT3.
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Introduction worldwide [2]. Unfortunately, the prognosis and

survival of OSCC patients is still poor. 50%

Epidermal growth factor receptor (EGFR) is a
170-kDa transmembrane protein which be-
longs to ErbB family of receptor tyrosine kinas-
es. It contains an extracellular ligand-binding
domain, a transmembrane domain and an
intracellular domain with tyrosine kinase activ-
ity. Upon binding of ligands such as epidermal
growth factor (EGF), EGFR forms homodimers
or heterodimers with other members of the
ErbB family of receptor tyrosine kinases such
as ErbB2, ErbB3 and ErbB4, resulting in auto-
phosphorylation and could further activate
downstream signaling pathways, including
PI3K/Akt/mTOR, Ras/Raf/MAPK/ERK and
JAK2/STAT3, which play important roles in reg-
ulating cell proliferation, differentiation, migra-
tion, invasion and apoptosis [1].

Oral squamous cell carcinoma (OSCC) is the
most frequent malignant tumor in the oral cav-
ity, which is the sixth most common cancer

patients die within 5 years, and most of the
patients die from recurrent or metastatic tumor
[3]. EGFR high expression has been detected in
OSCC [4] and is significantly association with
high histological grading [5, 6]. The increased
expression and activity of EGFR is associated
with tumor proliferation, invasion and metasta-
sis [7, 8]. Positive pEGFR tumors are associated
with poor prognosis and a poor response to
chemotherapy [9]. Therefore, EGFR has become
an important target in the research of cancer
therapy [10].

Two classic EGFR inhibitors, anti-EGFRs mono-
clonal antibodies (cetuximab, panitumumab
and trastuzumab) and tyrosine kinases inhibi-
tors (gefitinib, erlotinib and lapatinib), have now
been approved for the treatment of some can-
cer that originated from epithelium, including
advanced colorectal cancer [11], squamous
cell carcinoma of the head and neck [12],


http://www.ijcep.com

Curcumin inhibits EGFR in OSCC

advanced lung cancer [13] and breast cancer
[14]. However, the benefits of these inhibitors
treatment to most cancer patients are very lim-
ited due to complications of drug-resistant and
side effects.

Curcumin, a plant polyphenol isolated from the
rhizome of the turmeric plant, has been well
known as a cancer chemopreventive and che-
motherapeutic agent in recent years. In vitro
and in vivo studies indicated that curcumin was
able to treat some types of cancer, such as lung
cancer [15], colon cancer [16], breast cancer
[17] and prostate carcinoma [18]. It has been
revealed that curcumin had a diverse range of
molecular targets, such as PKB/Akt, NF-kB and
MAPK. Recently, some studies indicate that the
anti-cancer effects of curcumin are also
involved in regulation EGFR expression and
EGFR downstream signaling pathways [19, 20].
It has been shown that curcumin inhibit human
colon cancer cell growth by suppressing gene
expression of EGFR through reducing the trans-
activation activity of Egr-1 [21]. Treatment of
breast cancer cells with curcumin induces cell
apoptosis by inhibition of EGFR expression
[22]. However, whether curcumin has effects
on oral cancer cells such as OSCC cell line, as
well as the underlying mechanism remain
unknown to people.

In this study, we investigated the efficacy of cur-
cumin on proliferation and invasion in SCC-25
cell line. We further explored whether curcumin
could inhibit the activition of EGFR and its
downstream signaling molecules Akt, ERK1/2
and STAT3. In addition, we also examined the
inhibitory effect of curcumin on EGF-induced
EGFR phosphorylation and SCC-25 cells inva-
sion.

Materials and methods
SCC-25 cell culture

SCC-25 cell line were purchased from ATCC
(Manassas, VA, USA), derived from patients
with OSCC. The SCC-25 cells were cultured in
Dulbecco’s modified Eagle’'s medium (Gibco
BRL, USA) supplemented with 10% fetal bovine
serum (FBS), 100 IU/ml penicillin, and 100 ug/
ml streptomycin (Gibco BRL) at 37°C under the
humidified atmosphere of 95% air and 5% CO,,.
SCC-25 cell grows as monolayer and cells are
ready to treat when they reach about 80% con-
fluency in all experiments.
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Cell proliferation assay

The proliferation of SCC-25 cells under the
treatment of curcumin (Sigma-Aldrich, MO,
USA) was detected by MTT assay. Specifically,
cells were seeded into 96-well plates (Corning,
USA) at 5 x 108 cells/well. Then they were treat-
ed with O, 10, 20, 40 and 80 pmol/L curcumin
for 24 hours and 48 hours, respectively. MTT
dye (5 mg/mL, Sigma, USA) was added to each
well for at least 4 hours of treatment. The reac-
tion was stopped by the addition of DMSO
(Sigma), and optical density was measured at
570 nm wavelength on a multiwell plate reader.
Background absorbance of the medium in the
absence of cells was subtracted and results
were normalized to blank control. All samples
were performed in triplicates and results were
calculated as mean * SD.

Cell cycle analysis

Cells were seeded at a density of 1.5 x 10°
cells per well into 6-well plates. Following treat-
ed with O, 10 and 40 ymol/L curcumin for 24
hours, cells were fixed for 30 minutes on ice
with 100% cold ethanol, then washed and
resuspended in a staining buffer (BD, USA) con-
tent with 0.05 mg/ml propidium iodide and
RNase A for 30 minutes at room temperature in
the dark. Cell samples were analyzed in the
flow cytometer. Percentages of cells in different
phases of cell-cycle were calculated using
Multicycle software provided by the manufac-
turer.

Transwell cell matrigel invasion assay

Cell invasion assay were performed using a
24-well Transwell chamber (Corning, 6.5 mm; 8
pgm pore size). For invasion assay, the filter of
the Transwell chamber was coated with Matrigel
(20 pg/ml, Becton Dickinson Labware, USA) for
90 minutes. After treatment with O, 10 and 40
umol/L curcumin for 24 hours, cells (5.0 x 10°
cells/ml) were resuspended in serum-free
DMEM. 100 pl cell suspension was added into
the upper chamber. DMEM with or without 10%
FBS and with 100 ng/ml EGF (Sigma) was then
placed into the lower chamber as a chemoat-
tractant. Cells were incubated at 37°C in incu-
bator and allowed to migrate through the che-
motaxis chamber for 24 hours. The
non-migratory cells on the upper membrane
surface of the insert were completely removed
with a cotton tip, and the migratory cells
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formed as previously des-
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Figure 1. Curcumin inhibits the proliferation of SCC-25 cells. The cells were
treated with different concentrations of curcumin (0, 10, 20, 40 and 80
pumol/L) for 24 and 48 hours. The cell viability was evaluated by MTT assay
and the inhibitory effect was expressed as the percentage of viable cells.
The values are mean = SD at three independent experiments (each con-

ducted in triplicate).

attached to the membrane surface were fixed
with 4% paraformaldehyde and stained with
hematoxylin and Eosin. The number of migrat-
ed cells was counted under a light microscope
(magnification 200x) with five different fields
per filter. The experiments were repeated in
triplicates.

Real-time PCR

Total RNA was isolated from different treat-
ment SCC-25 cells with Trizol agent under the
instructions of manufacture (Invitrogen, USA).
Synthesis of first-strand cDNA was carried out
using RT-PCR first-strand cDNA synthesis kit
(Invitrogen). 1 ug cDNA was used for real-time
PCR with a Bio-Rad iQ5 thermal cycler. Several
genes which were related with cell invasion
were analyzed. GAPDH was used as the control.
The primer sequences used for real-time
RT-PCR are shown as follows: GAPDH: forward
5-ACAGTCAGCCGCATCTTCTT-3’, reverse 5-GA-
CAAGCTTCCCGTTCTCAG-3’; uPA: forward 5-GC-
CTTGCTGAAGATCCGTTCCAAGGAGGGC-3’, re-
verse 5-CAGGCCAT TCTCTTCCTTGGTGTGAC-
TGCG-3’; uPAR: forward 5-CTCCAATGGTTTCC-
ACAACAACGACACCTT-3, reverse 5-TGGTTAC-
AGCCACTTTTAGTACAGCAGGAG-3’; MMP-2: for-
ward 5-GAGAACCAAAGTCTGAAGAG-3’, reverse
5-GGAGTGAGAATGCTGATTAG-3’; MMP-9: for-
ward 5-GTAACCCTGGTCACCGGACTT-3’, rever-
se 5-CAGATACGTTCCCGGCTGAT-3".

Western blot

The SSC-25 cells were treated with or without
curcumin and western blot analyses were per-
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and electrophoresed on 8%
-10% SDS-polyacrylamide ge-
Is. Fractionated proteins were
transferred onto polyvinyli-
dene difluoride membranes
(Invitrogen). After the mem-
branes were blocked with 5%
milk for 1 hour, they were incu-
bated with primary antibodies over night at
4°C. The primary antibodies used in this study
including anti-MMP-2, anti-MMP-9, anti-uPA,
anti-uPAR, anti-EGFR, anti-p-EGFR, anti-Akt,
anti-pAkt, anti-ERK1/2, anti-pERK1/2, anti-
STAT3 and anti-pSTAT3 (Santa Cruz), which con-
centrations ranged from 1:500 to 1:2000.
Washing 3 times with PBS after primary anti-
body and followed by secondary antibodies
(goat anti-rabbit IgG conjugated with the horse-
radish peroxidase, Santa Cruz) added on the
membranes and incubated for 1 hour at room
temperature. After another 3 times of PBS
washing, reactive protein bands were detected
using West Dura Luminol Reagent (Thermo
Scientific, USA).

Statistical analysis

The SPSS 17.0 software was applied to com-
plete data processing. All data were represent-
ed as mean + SD of three independent experi-
ments. Statistical significance was analyzed by
Student’s t-test. Results were considered sta-
tistically significant when P < 0.05.

Results

Curcumin inhibits proliferation of SCC-25 cell
line

Firstly, we examined the inhibition effects of
curcumin on the proliferation of SCC-25 cells.
The cells were exposed to curcumin at different
concentrations for 24 and 48 hours, and cell
viability was measured by MTT assay. The dose-
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Figure 2. Curcumin induces G2/M cell cycle arrest in SCC-25 cells. SCC-25 cells were exposed to various concentra-
tions of curcumin (0, 10 and 40 umol/L) for 24 hours. Cell cycle distributions were analyzed by flow cytometry with
Pl staining. Results are mean + SD from at least three independent experiments. *P < 0.05 as compared with the

control cells.

dependent inhibition of curcumin on cells prolif-
eration was observed (Figure 1).

Curcumin induces cell cycle arrest in SCC-25
cells

Effects of curcumin on cell-cycle progression of
SCC-25 cells were investigated by DNA content
analysis. Cells were treated with curcumin (O,
10 and 40 umol/L) for 24 hours. Curcumin
treatment increased the proportion of cells in
the G2/M phase of SCC-25 cell line compared
to the control cells (Figure 2).

Curcumin inhibits invasion of SCC-25 cells

To detect the impact of curcumin on the ability
of SCC-25 cells invasion, transwell matrigel
invasion assays were performed. As precau-
tions to minimize the contribution of cell prolif-
eration, the experiments were performed in
serum free medium. After treatment with differ-
ent concentrations curcumin for 24 hours, the
number of cells migrating through the mem-
brane showed a dose-dependent decrease
compared to untreated cells (Figure 3).
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Curcumin inhibits the expression of MMP-2,
MMP-9, uPA and uPAR

Carcinomas are characterized by the invasion
of malignant cells into the underlying connec-
tive tissue and their migration to form metasta-
ses at distant sites. In particular, MMP-2 and
MMP-9 play a significant proteolytic role in both
migration and invasion. So we observed wheth-
er curcumin could down-regulate the expres-
sion of MMP-2 and MMP-9. Our results indicat-
ed that curcumin inhibited the expression of
MMP-2 and MMP-9 in SCC-25 cells (Figure 4).
Since the activity of proliferation and invasion
in tumor cells has been shown to be related to
the urokinase-type plasminogen activator (UPA)
signaling, we also evaluated the expression lev-
els of uPA and its receptor uPAR. Our results
showed that curcumin significantly downregu-
lated expressions of uPA and uPAR (Figure 4).

Curcumin inhibits the activition both EGFR and
EGFR downstream signaling in SCC-25 cells

It has been reported that curcumin could
reduce EGFR expression in several cancer cell

Int J Clin Exp Pathol 2014;7(10):6438-6446



Curcumin inhibits EGFR in OSCC

Jaquinu |29

40

Concentration(umol/L)

Figure 3. Curcumin inhibits the invasion in SCC-25 cells. The cells were exposed to curcumin for 24 hours at differ-
ent concentrations (0, 10 and 40 pmol/L). Results are mean * SD from at least three independent experiments. *P

< 0.05 as compared with the control cells.
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Figure 4. Curcumin inhibits MMP2/9 and uPA/uPAR expression in SCC-25 cells. A: RT-PCR assay of MMP2/9 and
uPA/uPAR mRNA level of SCC-25 cells treated with different concentrations of curcumin (0, 10, and 40 umol/L) for
24 hours. B: Western blot analysis of MMP2/9 and uPA/uPAR protein level of SCC-25 cells treated with different
concentrations of curcumin (0, 10, and 40 umol/L) for 24 hours. Results are mean + SD from at least three inde-
pendent experiments. *P < 0.05 as compared with the control cells.

lines, such as prostate cancer cells, lung can-
cer cells and bladder cancer cells. In this study,
the effect of curcumin on EGFR activition in
SCC-25 cells was observed. Cells were treated
with curcumin at different concentrations for

6442

24 hours. Western blot analyses demonstrated
that curcumin could not affect total EGFR
expression, but significantly inhibited protein
expression of p-EGFR in SCC-25 cells.
Furthermore, phosphorylation of Akt, phos-
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Figure 5. Curcumin inhibits the activition both EGFR and EGFR downstream signaling in SCC-25 cells. Western blot
showing levels of total and phosphorylated EGFR, Akt, ERK1/2 and STAT3 in SCC-25 cells after different concentra-

tions of curcumin (0, 10, and 40 pmol/L) treatment.
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phorylation of ERK1/2 and phosphorylation of
STAT3, the crucial downstream signaling mole-
cules of EGFR, were also reduced (Figure 5).

Curcumin reduces EGF-induced EGFR activi-
tion in SCC-25 cells

To determine whether the downregulation of
EGFR activition by curcumin is involved in EGF/
EGFR signaling pathway, we examined the
effect of curcumin on EGF-induced EGFR phos-
phorylation. Our data showed that curcumin
reduced the EGF-induced phosphorylation of
EGFR (Figure 6A). It is well known that EGF/
EGFR signaling pathway plays a critical role in
OSCC invasion, so we further investigated the
effects of curcumin on EGF-mediated SCC-25
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Figure 6. Curcumin reduces EGF-induced EGFR activi-
tion in SCC-25 cells. A: Western blot analysis indicates
that curcumin inhibits the EGF-induced phosphoryla-
tion of EGFR in SCC-25 cells. B: Transwell matrigel
invasion assays indicate that curcumin suppresses
EGF-triggered SCC-25 cells invasion. Results are
mean + SD from at least three independent experi-
ments. *P < 0.05 as compared with the control cells.
**P < 0.05 as compared with the EGF treated cells.
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cells invasion. We used 100 ng/ml EGF as che-
moattractant in the transwell matrigel invasion
assays. Our results showed that curcumin sig-
nificantly suppressed EGF-triggered SCC-25
cells invasion (Figure 6B).

Taken together, our findings suggest that cur-
cumin reduces SCC-25 cells proliferation and
invasion through inhibiting the phosphorylation
of EGFR and EGFR downstream signaling
including Akt, ERK1/2 and STAT3 (Figure 7).

Discussion

Curcumin, the major pigment in turmeric pow-
der, has been considered as potential source of
drugs for the development of novel anti-tumor

Int J Clin Exp Pathol 2014;7(10):6438-6446
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Figure 7. Plausible molecular mechanism of curcumin inhibits SCC-25 cells
proliferation and invasion through EGFR signaling pathways.

chemotherapeutics because of its effect on
inhibiting various human cancer cells prolifera-
tion in vitro and in vivo. In this study, we found
that curcumin could inhibit the proliferation of
SCC-25 cell line with dose-dependent manner.
For maintenance of a normal cell growth, the
cell cycle is segregated into four phases: S
phase (DNA replication), M phase (chromo-
some segregation), G1 phase (before DNA repli-
cation) and G2 phase (before mitosis). During
DNA damage, cells are blocked in G2/M phase
to provide time to repair damaged DNA or lead
to apoptotic cell death in case of severe DNA
damage [24]. Several studies have indicated
that curcumin induces cell cycle arrest in vari-
ous human cancer cells. To determine whether
curcumin induces the cell cycle arrest of SCC-
25 cells, the cell cycle distribution was ana-
lyzed by flow cytometry after a 24 hours expo-
sure to curcumin. Our results confirmed that
curcumin treatment can significantly blocks
SCC-25 cells at G2/M phase of cell cycle. These
results are in agreement with previous studies
that curcumin caused a cell cycle arrest at the
G2/M phase in lung cancer cells [25] and
breast cancer cells [26]. Our study suggested
that curcumin inhibited the SCC-25 cells prolif-
eration by inducing G2/M cell cycle arrest.

Cell invasion into the underlying connective tis-
sue is an important component of the malig-
nant phenotype. Our transwell Matrigel inva-
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Invasion/metastasis

sion assay showed that
curcumin evidently decreased
cell number migrating through
the Matrigel membrane. It is
o well known that the invasion
\ processes of tumor cells
‘ require disruption of the inter-
action between cells and the
extracellular matrix (ECM).
Proteolytic enzymes MMPs
and PAs are thought to be
involved in the invasion and
metastasis of tumor cells
[27]. MMPs are necessary for
tumor invasion and metasta-
ses by degradation the ECM
[28]. The observed effect of
curcumin on cell invasion may
be partially caused by de-
creasing activity of extracellu-
lar matrix proteases such as
MMP-2 and MMP-9, which
play key roles in local invasion [29]. uPA/uPAR
system plays an important role in destruction
of ECM and degradation of the basement mem-
brane. Previously studies have shown that the
high expression of uPA/uPAR in OSCC correlat-
ed with tumor invasion and metastasis [30]. In
this study, we tested the mRNA and protein
level expression of MMP2/9 and uPA/uPAR by
using real-time PCR and western blot. Our
results revealed that curcumin could inhibit the
motility of SCC-25 cell line, which result from its
potential to downregulated the expressions of
uPA/uPAR and MMP2/9.

An increase in EGFR activity has been correlat-
ed to a malignant evolution of cells [31].
Overexpression of EGFR is found in different
types of human tumors and often correlates
with the enhanced cellular proliferation and
invasion [32]. Our results showed that curcum-
in could not affect total EGFR expression, but
significantly inhibited the phosphorylation of
EGFR in SCC-25 cells. Moreover, EGFR regula-
tion of cell proliferation and survival has been
shown to involve the Akt, ERK1/2 and STAT3
pathways [33]. In the present study, curcumin
reduced the Akt, ERK1/2 and STAT3 activation
in SCC-25 cells, which is of significance because
the inactivation of the Akt, ERK1/2 and STAT3
signaling pathways suppresses cell prolifera-
tion and invasion. Furthermore, EGF is known
as one of the major ligands that bind to EGFR to
activate its downstream signaling molecules,
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which stimulates the proliferation and invasion
of cancer cells [34]. In this study, our data
showed that curcumin was able to inhibit EGF-
induced EGFR phosphorylation migration and
invasion of SCC-25 cells.

In conclusion, these results suggested that cur-
cumin mediates the proliferation and invasion
in SCC-25 cells through EGFR signaling
pathways.
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