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ARTICLE INFO ABSTRACT

Original paper Head and neck squamous cell carcinoma carries a poor prognosis. Patients typically present with advanced
disease and exhibit severe malnutrition at the time of diagnosis. Nobiletin (NOB) (5,6,7,8,3”,4’-Hexamethoxy-
Article history: flavone) is a polymethoxyflavone that inhibits the proliferation and migration of various cancer cell types. To
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previously. This study examined the effects of NOB on the proliferation, migration, and invasiveness of the
FaDu cell line derived from hypopharyngeal squamous cell carcinoma. We determined protein kinase phos-

phorylation by western blot analysis, migration by Transwell assay, and metastatic potential by enzyme-lin-

Keywords: ked immunosorbent assay of vascular endothelial growth factor. NOB inhibited cell proliferation by 40% at

concentrations of 15 pM and 40 uM and reduced migration and induced apoptosis at 50 uM by downregula-

Apoptosis, flavonoids, oral cancer ting extracellular signal-regulated kinase, protein kinase B, and phosphoinositide 3-kinase. Our results suggest

that the effects of NOB on FaDu cells are associated with protein kinase inhibition.
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Introduction

Malignancies of the oral cavity and oropharynx exhi-
bit aggressive behavior, with a propensity to spread that
leads to high attributable mortality rates. Squamous cell
carcinoma of the oral and oropharyngeal mucosa is among
the six most common cancers (1-3). Risk factors include
tobacco use, alcohol consumption (4), human papilloma
virus infection (5), male sex, and age of over 55 years (6).
This cancer metastasizes to lymph nodes, vertebral fascia,
and thorax (7).

In Mexico, squamous cell carcinoma accounts for
90% of oral malignancies. The five-year survival rate is
approximately 50% (8). Three treatment modalities are
used either alone or in combination for the clinical ma-
nagement of hypopharyngeal cancer: radiotherapy, che-
motherapy, and surgery (9). Side effects include nausea,
fatigue, mucositis, difficulty in opening the mouth, and
dental complications (10).

Metastasis results from interactions between several
signaling pathways of oncogenesis, detachment of mali-
gnant cells, degradation of extracellular matrices, invasion,
migration, adhesion to endothelial cells, angiogenesis, and
reinstatement of cells to promote tumorigenesis at distant
sites (11). Phosphatidylinositol -3 kinase (AKT-PI-3K)
and mitogen-activated protein kinases (MAPK) signaling
are upregulated in human squamous cell carcinoma. Acti-
vated ERK '5, Notch, WNT/B-catenin, and PI3K/AKT/
mTOR pathways have been observed in the FaDu cell line
(12).

Moreover, proper oral hygiene and eating habits are

very important for the prevention of cancer. Fruit and
vegetable consumption has been directly correlated with
reduced cancer risk (13-15). Several studies have indica-
ted that nobiletin (NOB), a polymethoxyflavone obtained
from the peels of citrus fruits such as mandarins (Citrus
reticulate), sweet oranges (Citrus sinesis), lemons (Citrus
depressa), and tangarines (Citrus tangarine) has benefi-
cial anti-inflammatory, anti-microbial, anti-sclerotic, and
anti-tumor activities, and improves memory function (8-
10). It is extracted by the supercritical fluid technique
used to process freeze-dried peels of citrus fruits. The
extracts are then treated with carbon dioxide and ethanol
to concentrate bioactive compounds. NOB (C, H,,0,)
is classified under the flavone family and has a mole-
cular weight of 402.399 g/mol. Its International Union
of Pure Applied Chemistry nomenclature is 2-(3,4-di-
methoxyphenyl) 5,6,7,8- tetramethoxychromen-4-one;
it is also known as 5,6,7,8,3’,4’-hexamethoxyflavone or
2-(3,4-dimetoxyphenyl)-4,6,7,9-tetramethoxy-4 H-1-ben-
zopyran-4-one. NOB is metabolized into several deri-
vatives with important anti-cancer effects. NOB reduces
cell migration, invasion, and proliferation of renal cell
adenocarcinoma cells (12), and also reduces proliferation,
induces apoptosis, and inhibits migration of human breast
cancer (MCF-7) cells via reductions of matrix metallopro-
teinase (MMP) 9 expression, p38 activity, and nuclear fac-
tor-kB and Nf2 translocation (16-18).

In this study, we examined the effects of NOB on viabi-
lity, apoptosis, migration, and angiogenesis of a hypopha-
ryngeal squamous cell carcinoma cell line. Our findings
suggest that NOB may be a promising candidate for fur-
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ther development as an antineoplastic drug.
Materials and Methods

Nobiletin preparation

Nobiletin, 3',4'5,6,7,8-Hexamethoxyflavone;
2-(3,4-Dimethoxyphenyl)-5,6,7,8-tetramethoxy-4H-
1-benzopyran-4-on (CAS 478-01-3, purity >97%) was
dissolved in sterile dimethyl sulfoxide (DMSO) (Sigma,
St. Louis Mo, USA) to a 1 x 102 M concentration.

Cell Culture

FaDu hypopharyngeal squamous-cell carcinoma cells
were obtained from the American Type Culture Collection
(Manassas, VA, USA). The cells were seeded in Dulbec-
co’s modified Eagle medium (DMEM) (Sigma, St. Louis,
MO, USA) supplemented with 10% fetal bovine serum
(FBS; Invitrogen, Carlsbad, CA, USA), 1000 pg/mL strep-
tomycin, and 100 pg/mL penicillin (Sigma) in a humidi-
fied environment of 5% CO2 in an incubator (Incusafe
Sanyo) at 37°C. Adherent cells were treated with trypsin
EDTA (25% v/v) and cultured until adequate confluency
was reached, then treated with NOB (Sigma > 97%) from
a 10 uM stock solution dissolved in dimethyl sulfoxide
(DMSO; Sigma) in amounts <1%.

Cytotoxicity Assay

The cells were quantified in a TC20TM automated cell
counter (Bio-Rad, Hercules, CA, USA) and seeded at a
density of 5 x 104 cells per well for 16 h, then treated with
NOB at concentrations of 10, 25, 50, 75, 100, 200, and 300
uM for 24, 48, and 72 h. After each treatment, we removed
the medium, added MTT solution (0.5 mg/mL; Sigma) and
then incubated the sample for 4 h. The resulting formazan
salts were dissolved in acidified isopropanol and measu-
red at 463 nm (Synergy BioTek, Shoreline, WA, USA).
We estimated the percentage of live cells relative to that
of untreated control cells. The assay was repeated three
times in a sextuplicate. We used healthy human gingival
fibroblasts as a control.

Wound Healing Assay

10,000 cells were seeded and counted with the
TC20TM automated cell counter (Bio-Rad) in a six-well
plate and incubated for 16 h, followed by overnight starva-
tion. Wounds were created with a 100-uL micropipette tip.
The cells were then incubated in DMEM with 0.5% FBS
and treated with 10, 25, 50, 75, and 100 pM NOB at 0 and
24 h. The experiments were conducted three times, with
images of 15 locations photographed under a Zeiss Primo-
vert microscope (Carl Zeiss Microscopy, Jena, Germany).

Transwell Migration Assay

We performed a cell migration assay in a Boyden cham-
ber (pore size, 8 um). We seeded 10,000 cells, counted
with a TC20TM automated cell counter (Bio-Rad), into
each well of a 24-well plate and suspended them in FBS-
free DMEM medium with NOB for the times and at the
dosages indicated in Figure 1, for a final volume of 200
pL. We then added 750 uL. DMEM medium supplemented
with 10% FBS to each well. The cells were fixed with
4% formaldehyde dissolved in phosphate-buffered saline
(PBS) for 2 minutes, then washed twice and permeabilized
with 100% methanol for 20 minutes. After two washes in

PBS, the cells were stained with 0.1 pM thiazole orange
(an excitation peak at 514 nm and an emission peak at 533
nm) for 15 minutes, washed twice more with PBS, and
cleaned by swabbing. After 4 h, we removed the mem-
branes from the Boyden chamber, observed and imaged
them under a Polyvar fluorescence microscope, and ana-
lyzed the images using the Image] software program
(National Institutes of Health, Bethesda, MD, USA). We
performed the assay in triplicate, with 25 fields each time.

Gel Zymography

Cells were treated for different time durations with
varying NOB dosages. We then collected the culture me-
dia. For gel zymography, we measured the protein content
using the Bradford method and obtained a final quantity of
50 pg protein. We mixed the protein with Laemmli buffer
without 2-mercaptoethanol and incubated the cells at room
temperature for 15 minutes. The samples were then loaded
onto 8% sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) gel with 0.1% gelatin from bo-
vine skin type B (Sigma-Aldrich). After electrophoresis,
the gels were washed three times for 20 minutes in zymo-
graphy buffer [2.5% Triton X100 and 50 mM Tris-HCl
(pH 7.5)], and incubated overnight at 37°C in zymogra-
phy developer buffer [SO mM Tris-HCI (pH 7.5), 10 mM
CaCl2, 5 uM ZnClI2, and 150 mM NacCl]. The gels were
then stained with Coomassie Brilliant Blue R-250 (Sigma-
Aldrich) for 6 h, followed by destaining for 30 minutes
in 7% acetic acid and 40% methanol. The gelatinolytic
activity was detected by the presence of clear bands. We
performed the experiments three times.

TUNEL Assay

Cells (1 x 105) were grown in 24-well plates on slide
covers and treated with NOB (50, 100, 150, 200, and 300
uM) for the times indicated. The slide covers were then
processed in the DeadEndTM colorimetric TUNEL sys-
tem (Promega, CA, USA) according to the manufacturer’s
specifications. We performed the assays in triplicate, cap-
tured different fields by microscopy, and quantified apop-
totic bodies.

Western Blot Assay

We examined the expression of apoptosis-associated
proteins by western blot analysis. The cells (1 x 106 cells/
well) were grown in six-well trays and treated at concen-
trations indicated in Figures 3-5. After stimulation, we as-
pirated the medium and detached the cells in a sodium or-
thovanadate solution in PBS. We performed a western blot
assay with a 1:1 mix of 40 pg protein and 2x sample buffer
[20% glycerol, 4% SDS, 10% 2-mercaptoethanol, 0.05%
bromophenol blue, and 1.25 M Tris-HCI (pH 6.8); Sigma
Chemical Co.]. Each sample was loaded on a 7.5% or 10%
SDS-PAGE gel and run at 40 V for 2 h. The cell proteins
were transferred to a polyvinylidene fluoride membrane
(Amersham) for 1 h at 0.3 amps and 15 V. The mem-
brane was then blocked with a skim milk solution for 1 h,
washed three times with washing buffer (NaCl, SDS, and
Tris base), incubated with primary antibody, and washed
again. We used the following antibodies: mouse mono-
clonal JNK1 antibody (1:1000), mouse monoclonal phos-
pho-JNK (p-JNK) antibody (1:10,000), rabbit polyclonal
phospho-PI3K antibody (1:10,000), mouse monoclonal
phospho-ERK (p-ERK) antibody (Tyr-204; 1:5000), rabbit
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polyclonal ERK 1/2 (1:10,000), mouse monoclonal pp38
antibody (Tyr-182; 1:5000), anti-p38 antibody (1:10,000),
mouse monoclonal anti-phospho-AKT antibody (Ser473),
phospho-AKT (Thr308; 1:10,000), and goat polyclonal
MMP2 and MMP9 antibodies (both 1:10,000; Santa Cruz
Biotechnology). In subsequent experiments, the cells were
incubated with inhibitors of JNK (20 uM; SP600125),
p38 (20 uM; SB203580), MEK (10 uM; PD98059), PI3K
(10 uM with 20 nM wortmannin; LY294002) and protein
kinase A (PKA, 10 uM) for 24 hours. The membranes
were incubated overnight at 4°C, washed three times with
washing buffer, and then incubated for 2 h with a seconda-
ry antibody (anti-mouse, anti-rabbit, or an-ti-goat immu-
noglobulin G horseradish peroxidase conjugate, 1:10,000;
Santa Cruz Biotechnology). The immunoreactive bands
were revealed with a chemiluminescence substrate (Santa
Cruz Biotechnology), and an autoradiograph was obtained
by exposing the film for 2 min. The samples were analyzed
with the LABWORKS laboratory information system.

Enzyme-linked immunosorbent assay (ELISA)

The cells (1 x 106/tray) were grown in six-well trays
overnight, then treated with 50 pL NOB and incuba-
ted with inhibitors of JNK (20 puM; SP600125), p38 (20
uM; SB203580), MEK (10 uM; PD98059), PI3K (10 uM
with 20 nM wortmannin; LY294002) and protein kinase
A (PKA, 10 pM) for 24 h. The medium was collected,
cell supernatant was centrifuged and 100 puL was used to
analyze VEGF expression by enzyme-linked immuno-
sorbent assay, as described by the manufacturer (ENZO
Life Sciences, Farmingdale, NY, USA). Assays were per-
formed in triplicate.

RT-PCR Assay

Total RNA was isolated from the FaDu cells treated
with NOB (10, 25, 50, 75, and 100 uM) using the Tri-
zol method (Invitrogen), and 1 pg total RNA was then
reverse transcribed using the SuperScript IV One-Step
RT-PCR system (Invitrogen). We performed RT-PCR
using PTEN 5’-AGCTGTGGTGGGTTATGGTCT-3" and
5’-TTTCTAACCGTGCAGGCTCTT-3’(19) and GAPDH
5'-ACCTGACCTCCGTCT AGAAAA-3"and 5'-ACGCC-
TGCTTCACCACCTT-3". Amplification conditions were
as follows: denaturation at 94°C for 1 min, alignment at
55°C for 1 min, and extension at 72°C for 1.5 min. PCR
was performed for 35 cycles. By electrophoresis with aga-
rose gel (2%) stained with ethidium bromide, we deter-
mined the identity of the amplified fragment by its appa-
rent size. We obtained a single band of 285 base pairs for
GAPDH. We performed three separate experiments for
each treatment.

Assessment of Apoptotic Nuclei

We seeded and grew 1 x 105 cells on slide covers in
24-well plates, then treated them with NOB (25, 50, and
100 uM) for the indicated times. At the end of the treat-
ment, we aspirated the medium and added 250 pL 0.1
UM thiazole orange solution, incubated it for 30 min in
the dark, and washed it twice with PBS. We removed the
slide covers and placed them on a slide for viewing under
a Reichert-Jung Polyvar epifluorescence microscope. We
evaluated the role of NOB in apoptosis by analyzing cell
morphology. We captured images of 25 random fields at
40X and 100X. The assays were performed in triplicate,

and representative images were chosen.

Statistical Analysis

The data are presented as means + standard deviations
for the number of observations. Statistical comparisons
were performed with the post-hoc test, the Newman-Keuls
test, or the Student’s t-test. Differences between means
were considered significant at p < 0.05.

Results

Effect of NOB on Cell Proliferation

To determine the effect of NOB on cell viability, cells
were treated with the following concentrations of NOB: 0,
10, 25, 50, 75,100, 200, and 300 uM, for different periods
(24, 48, and 72 h). NOB inhibited proliferation in a time-
and dose-dependent manner (Figure 1A) with IC50 61+
0.06, 54.37 £ 0.04, and 31.59 + 0.03 uM for 24, 48, and
72 h, respectively. Based on the obtained mean inhibitory
concentrations (IC, values) (Figure 1A), we selected a
dose of 50 uM to evaluate the effects of NOB on FaDu cell
migration and invasiveness. Wound healing and Transwell
assays disclosed that NOB inhibited wound closure in a
dose-dependent manner (Figure 1B) and significantly re-
duced cell migration at a concentration of 50 uM (Figure
1C), respectively.

Effects of NOB on FaDu Cell Morphology and Apop-
tosis

TUNEL assay of NOB activity demonstrated dose-de-
pendent apoptotic nucleus formation and changes in cell
morphology (Figure 2A) and also revealed dose-dependent
formation of apoptotic bodies, with significant differences
at a dose of 100 uM (Figure 2B). Western blotting showed
that NOB downregulated the Bcl-2/Bax ratio (Figure 2C).
These results suggest that NOB reduces cell viability by
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Figure 1. Effect of NOB on wound closure, migration, and inva-
siveness of FaDu cells. A) Durations and doses of cell treatment
with NOB or vehicle (DMSO) on cell viability. B) Mean inhibitory
concentration (IC50) for each experimental condition. Experiments
were conducted three times in a sextuplicate. B) FaDu cell cultures
were subjected to wounding and treated with NOB concentrations of
10, 25, 50, 75 y 100 uM for 24 h. Images of 15 locations were captu-
red under an inverted microscope. The experiments were conducted
three times. C) For the migration assay, a Boyden chamber was used
for 4 h, in triplicate, with 25 fields each time. *p < 0.05, **p < 0.01,
**F*p < 0.001 vs. basal.
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Figure 2. Role of NOB in the induction of apoptosis in FaDu cells.
A) FaDu cells were treated with NOB and the TUNEL assay was
performed. Images were captured under an optical microscope and
apoptotic bodies were quantified. Experiments were performed three
times. B) FaDu cells were grown on slide covers to sub-confluency,
then treated with NOB and thiazole orange staining. Images were
captured under an optical microscope at 40X and 100X. Experiments
were performed in triplicate, with imaging of 25 fields each time. C)
Apoptosis was evaluated by using western blot analysis to measure
pro- and anti-apoptotic protein expressions. Three separate experi-
ments were performed, and data from one were selected as represen-
tative. *p < 0.05, **p < 0.01, ****p <0.001 (ANOVA).

inducing apoptosis.

NOB down-regulated phosphorylation of ERK, JNK,
p38, AKT and PI-3K pathways of FaDu cells.

NOB inhibited p-ERK and p-JNK activity (Figure 3A).
Additionally, NOB markedly inhibited the PI3K/AKT
pathway after 30 min of treatment. We found that NOB
inhibited PI3K and phospho-AKT phosphorylation at the
threonine 308 and serine 473 sites and upregulated PTEN
expression (Figure 3).

NOB Downregulated the Expressions of MMP-2, and
MMP-9 F in FaDu Cells

Western blot and RT-PCR analyses showed that NOB
downregulated MMP-2 and MMP-9 expressions (Figures
4A and C). In addition, zymography indicated that NOB
reduced MMP activity (Figure 4B). These results suggest
that NOB inhibits the pro-metastatic properties of FaDu
cells.

NOB blocked VEGF expression in FaDu cells.

Additionally, we found that NOB reduced vascular
endothelial growth factor (VEGF) levels, suggesting that
it may potentially block FaDu cell metastasis and angioge-
nesis (Figure 5A, 5B). MAPK and PI3K and MEK inhibi-
tors reversed the effects of NOB on viability and VEGF
expression in FaDu cells (Figure 5C).

Discussion

Oral squamous cell carcinoma is the most frequently
occurring head and neck cancer, with high prevalence and
attributable mortality rates among men (17,18, 20). Be-
cause its treatment is often complicated by adverse events,
the discovery of less toxic therapy is imperative. In this

study, we evaluated the effects of NOB on the FaDu cell
line, derived from hypopharyngeal squamous cell carci-
noma.

Our results showed that NOB induced time- and dose-
dependent reductions in cell viability. Similar results were
obtained in renal cell carcinoma (21) and breast cancer
(22). In nasopharyngeal carcinoma, NOB showed a simi-
lar effect as in FaDu cells. NOB inhibited proliferation in
oral squamous cell carcinoma (HTB 43) and gliosarcoma
(9L) cells at doses of 8 ug/mL (23), and reduced the proli-
feration of both human pancreatic cancer MIA PaCa-2 and
normal ms-1 cells with IC50s of 6.12 uM and 5.5 uM, res-
pectively. We found that NOB reduced FaDu cell prolife-
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Figure 3. Effect of NOB on the PI3K/AKT and MAPK pathways
and PTEN expression. FaDu cells were treated with NOB (10, 25,
50, 75, 100 uM). Total cell lysates were subjected to western blotting
with anti-p-PI3 K, p-AKT, p-EKR and p-JNK, and PTEN analysis
was used to evaluate PI3K/AKT and MAPK pathway kinases. *p <
0.05, ** p <0.01, *** p <0.001 vs. basal (ANOVA).

Figure 4. NOB inhibits MMP-2 and MMP-9 protein expression
and proteolytic activity. A) FaDu cells were treated with NOB (1,
5, 10, 50 and 100 pM) for 24 h in a free-serum medium and then
subjected to western blotting to evaluate protein levels of MMP-2 and
MMP9. Protein levels were adjusted with actin. B) FaDu cells were
treated with NOB (1, 5, 10, 50, 100 uM) for 24 in free serum medium
and then subjected to gelatin zymography to evaluate the activity of
MMP-2 and MMP-9. C) Cells were co-treated with NOB (50 uM) and
protein kinase inhibitors ERK (PD 98059 20 uM); JINK (SP600125 30
uM); p38 (SB 203580 20 uM) and LY 204002 | pM). * Significantly
different p < 0.05 compared with control cells.
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Figure 5. Effect of NOB on VEGF expression. A) Cells were treated
with NOB (1, 5, 10, 50, 100 uM) for 24 h in a free-serum medium and
then subjected to ELISA analysis. B) Cells were treated with NOB
(1, 5, 10, 50, 100 uM) for 24 h in a free serum media and then sub-
jected to western blotting. C) Cells were co-treated with NOB (50
uM) and protein kinase inhibitors of ERK (PD 98059 20 uM); INK
(SP600125 30 uM); p38 (SB 203580 20 uM) and AKT (LY 204002
uM) for 24 h. Experiments were performed three times. *p < 0.05 vs.
basal (ANOVA).

ration at higher doses with an IC50 of 115 uM. Moreover,
we found that NOB inhibited migration. NOB has been
shown to block migration and induce apoptosis of gas-
tric and hepatocellular cells by regulating Bax and Bcl2
expressions (24-26). Similarly, NOB inhibited pancreatic
cancer cell migration and invasiveness in wound healing
and Transwell assays, respectively, at a dose of 6.12 pM
(27), while we found inhibition of FaDu cells at a dose of
50 uM.

NOB (40 uM) induces apoptosis through the intrinsic
pathway in ovarian cancer-derived SKOV3/TAX cells
(28). We found increased apoptosis at the 50 uM dose.
Moreover, we found that NOB inhibits the activation of
PI3K/AKT pathway proteins, thereby decreasing the
phosphorylation of AKT, PI3K, and mitogen-activated
proteins ERK, JNK, p38. We also found that NOB stimu-
lates PTEN expression. This suggests that NOB regulates
downstream gene expression in FaDu cells. For this rea-
son, we evaluated the effect of NOB on the expressions
of matrix metalloproteinases 2 and 9 and found that NOB
downregulated the expressions of these proteins. Similar-
ly, NOB downregulates MMP-2 expression through AKT
and MEK. Other studies have shown that NOB inhibits the
expression and activity of MMP-2 in nasopharyngeal car-
cinoma (29). Finally, NOB inhibited the pro-angiogenic
factor VEGF through the PI3K/AKT and MEK pathways.
Similar results indicate that the AKT pathway regulates
VEGF expression in PC-3 and DU-145 prostate cancer
cells (30). In conclusion, our results suggest that NOB is
a promising drug candidate for the treatment of hypopha-
ryngeal squamous cell carcinoma.
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