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ABSTRACT: In this study, we examined the effects of several plant-derived natural compounds on head and neck squamous cell
carcinoma (HNSCC) cells. The results revealed that (−)-epigallocatechin gallate (EGCG) demonstrated the most efficient
cytotoxic effects on HNSCC cells. We then investigated the underlying molecular mechanism for the potent proapoptotic effect
of EGCG on HNSCC. Cell apoptosis was observed in the EGCG-treated SAS and Cal-27 cells in a time- and dose-dependent
manner. In concert with the caspase-8 activation by EGCG, an enhanced expression in functional Fas/CD95 was identified.
Consistent with the increased Fas/CD95 expression, a drastic decrease in the Tyr705 phosphorylation of STAT3, a known
negative regulator of Fas/CD95 transcription, was shown within 15 min in the EGCG-treated cells, leading to downregulation of
the target gene products of STAT3, such as bcl-2, vascular endothelial growth factor (VEGF), mcl-1, and cyclin D1. An
overexpression in STAT3 led to resistance to EGCG, suggesting that STAT3 was a critical target of EGCG. Besides inhibiting
constitutive expression, EGCG also abrogated the interleukin-6 (IL-6)-induced JAK/STAT3 signaling and further inhibited IL-6-
induced proliferation on HNSCC cells. In comparison with apigenin, curcumin, and AG490, EGCG was a more effective
inhibitor of IL-6-induced proliferation on HNSCC cells. Overall, our results strongly suggest that EGCG induces Fas/CD95-
mediated apoptosis through inhibiting constitutive and IL-6-induced JAK/STAT3 signaling. This mechanism may be partially
responsible for EGCG’s ability to suppress proliferation of HNSCC cells. These findings provide that EGCG may be useful in the
chemoprevention and/or treatment of HNSCC.
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■ INTRODUCTION
Head and neck squamous cell carcinoma (HNSCC) is a global
malignancy and affects 600,000 people worldwide annually,
including 42,000 people in the United States.1,2 The addiction
to betel, tobacco, and alcohol is found to be highly correlated
with the risk of HNSCC.3−5 Although this disease is highly
curable during its early stage, more than half of oral cancer
patients progress to advanced stages.6 Today, the overall prog-
nosis of late stage HNSCC patients is still dismal. However,
there have been very few studies on this subject related to
HNSCC, and yet studies in this area might lead to new
approaches in the prevention and treatment of this important
group of human cancers.
STAT3, which is believed to be associated with transforming

growth factor (TGF)-β and epidermal growth factor receptor
(EGFR) signaling, is constitutively activated in many human
cancers.8−11 Its transcriptional activation seems to be regu-
lated by phosphorylation at the Ser727 residue, apparently via
mitogen-activated protein kinase (MAPK) or a mammalian
target of rapamycin (mTOR) pathways.12,13 Over 90% of head

and neck cancers show constitutively activated STAT3.7

Moreover, inhibition of STAT3 function leads to growth
inhibition of HNSCC.14−16 This evidence supports that STAT3
is an important molecular target for HNSCC therapy. Although
tyrosine kinase receptors such as EGFR are capable of inducing
STAT3 phosphorylation, the reported incidence of active
EGFR pathway in HNSCC varies significantly. Thus, it is
possible that additional mechanisms participate in the
constitutive activation of STAT3 in this malignancy. IL-6, a
cytokine mostly involved in the modulation of immunores-
ponse and inflammatory response, also has a role in the regula-
tion of apoptosis, proliferation, angiogenesis, and differentia-
tion.17,18 A previous study identified IL-6 as a major secretory
ligand stimulating STAT3 activation by HNSCC.19 When IL-6
bound to cell surface cytokine receptors such as JAK family
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protein kinases, inactive cytoplasmic STAT3 was phosphory-
lated at the Tyr705 residue and underwent dimerization, thus
permitting its translocation into the nucleus and inducing
transcription of specific target genes.20 Some of these genes
were involved in cell survival (Bcl-2 and Bcl-xL) and cell
growth (cyclin D1). Expression of a dominant-negative STAT3
in HNSCC cells inhibited proliferation, cyclin D1 promoter
activity, and cellular levels of cyclin D1 mRNA and protein.
The levels of the antiapoptotic Bcl-2 and Bcl-xL proteins were
also diminished.21 Thus, development of pharmacologically
safe and effective therapeutic agents that can block constitutive
or inducible activation of STAT3 will be beneficial to the treat-
ment of HNSCC.
Plant-derived natural products have gained considerable

attention in recent years as cancer chemopreventive agents. In
the past two decades, numerous chemopreventive constituents
have been isolated and/or synthesized and evaluated for their
efficacy in a variety of biological assays. EGCG is the major
polyphenol component of green tea and a potential anticar-
cinogenic factor.22 In this study, we examined the effect of
several plant-derived natural compounds on HNSCC cells. We
found that EGCG showed the most clearly cytotoxic effects.
EGCG induced cell apoptosis via the expression of Fas/CD95
in SAS and Cal-27 cells. Consistent with the increased Fas/
CD95 expression, EGCG inhibited STAT3 phosphorylation
and translocation to the nucleus. The downstream proteins of
STAT3 also decreased. We also showed that EGCG could
block the activation of IL-6 on JAK/STAT3 signaling. The
findings of the present study could make EGCG a potentially
effective chemopreventive and therapeutic natural product on
head and neck squamous cell cancer.

■ MATERIALS AND METHODS
Materials. TF-1, TF-2, and TF-3 were extracted from black tea and

separated by chromatography on a LH-20 column to a purity of >99%,
as described previously.23 5GG was isolated from the leaves of
Macaranga tanarins (L.) as described previously.24 Osthole, apigenin,
EGCG, rutin, emodin, geniposide, magnolol, curcumin, propidium
iodide (PI), and annexin V were purchased from Sigma-Aldrich
(St. Louis, MO). Stocks of natural compounds in DMSO were pre-
pared fresh as required and then diluted 1000× with the relevant
cell culture medium to the required final concentrations. IL-6
was purchased from Santa Cruz Biotechnology (Santa Cruz, CA).
The caspase inhibitor Z-VAD-FMK was obtained from Promega
Corporation (Madison, WI). Antibodies and reagents were purchased
from commercial sources: JAK-1, JAK-2, PhosphoTyr1022/1023-JAK1,
Phospho Tyr1007/1008-JAK2, STAT3, PhosphoSer727-STAT3, p21,
poly(ADP)ribose polymerase (PARP), Bcl-2, cleaved caspase-3, and
caspase-8 were obtained from Cell Signaling Technology, Inc.
(Beverly, MA); PhosphorTyr705-STAT3, VEGF, p53, p73, and Mcl-1
were obtained from Santa Cruz Biotechnology; Fas/CD95 and cyclin
D1 were from BD Biosciences (Franklin Lakes, NJ); anti-β-actin,
horseradish peroxidase-conjugated anti-rabbit IgG, anti-mouse IgG,
and enhanced chemiluminescence (ECL) reagents were purchased

from Sigma-Aldrich. Cell culture materials were obtained from Invitro-
gen (Burlington, Ontario, Canada).

Cell Culture. Cal-27 (CRL-2095) cells were purchased from the
American Type Culture Collection (Manassas, VA). SAS (JCRB0260)
and Ca9-22 (JCRB0625) cells were obtained from the Japanese
Collection of Research Bioresources (Tokyo, Japan). SAS and CAL 27
were cultured in Dulbecoo’s modified Eagle’s medium (DMEM)
containing 10% fetal bovine serum and 1% penicillin−streptomycin.
Ca9-22 was cultured in MEM containing 10% fetal bovine serum and
1% penicillin−streptomycin. These cells were maintained at 37 °C in a
humidified atmosphere at 95% air and 5% CO2.

Cell Viability. Cells (1 × 104) were seeded on the 24-well cell
culture cluster overnight, then treated with different concentrations of
compounds and incubated for 24 h. Next, 40 μL of MTT (3-(4,
5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) (stock con-
centration 2 mg/mL, Sigma Chemical Co.) was added to each well;
the volume of each well was 500 μL; then the culture was incubated
for 2 h at 37 °C. The MTT-formazan crystals were formed, and then
250 μL of DMSO was added to dissolve the crystals. Finally, the
absorbance at OD 590 nm was detected by the enzyme-linked
immunosorbent assay (ELISA) reader.

Flow Cytometry. The cell cycle analysis was determined by flow
cytometry. Cells were cultured in 60 mm Petri dishes and incubated
for various times. After being trypsinized and washed twice with ice-
cold PBS, the cells were fixed with 70% ice-cold ethanol overnight at
−20 °C. After centrifugation, the cell pellets were treated by RNAase
A, exposed to PI, and then analyzed by flow cytometry (FACScan, BD
Biosciences, Mountain View, CA). The percentage was analyzed by
Cell Quest software (BD Biosciences).

Western Blotting. The cells (1 × 106) were seeded onto a
100 mm tissue culture dish in 10% FBS medium and cultured for 24 h.
The cells were then incubated in 10% FBS medium treating with
various doses of EGCG for various time periods. Cells were washed
three times with PBS and then lysed in gold lysis buffer (10% glycerol,
1% Triton X-100, 137 mM NaCl, 10 mM NaF, 1 mM EGTA, 5 mM
EDTA, 1 mM sodium pyrophosphate, 20 mM Tris-HCl, pH 7.9,
100 mM β-glycerophosphate, 1 mM sodium orthovanadate, 0.1% SDS,
10 μg/mL aprotinin, 1 mM phenylmethylsulfonyl fluoride, and 10 μg/mL
leupeptin). Protein content was determined against a standardized
control, using the Bio-Rad protein assay kit (Bio-Rad Laboratories). A
total of 50 μg of protein was separated by SDS−PAGE and transferred
to nitrocellulose filter paper (Schleicher & Schuell, Inc., Keene, NH).
Nonspecific binding on the nitrocellulose filter paper was minimized
with a blocking buffer containing nonfat dry milk (5%) and Tween 20
(0.1%, v/v) in PBS (PBS/Tween 20). Then the filter paper was
incubated with primary antibodies followed by incubation with
horseradish peroxidase-conjugated goat anti-mouse antibody (1:2500
dilution, Roche Applied Science, Indianapolis, IN). Expression levels
of actin, STAT3, phosphor-STAT3 were detected by enhanced
chemiluminescence (ECL, Amersham, Arlington Heights, IL).

RNA Extraction and Quantitative Real-Time PCR. Total RNA
was isolated from SAS cells using the RNeasy system according to
the instructions of the manufacturer. RNA quantification was done
using spectrophotometry. Quantitative real-time PCR was performed
by the StepOnePlus real-time PCR system (Applied Biosystems) with
the preset PCR program, and GAPDH (glyceraldehyde 3-phosphate
dehydrogenase) was applied as an internal control. The sequences
(5′−3′) for the primer pairs of Fas/CD95 and GAPDH, respec-
tively, were as follows: Fas/CD95, CAAGGGATTGAAATTGAGGA

Table 1. IC50 Values of Natural Compounds on HNSCC Cells after 24 h Treatmenta

IC50

cell lines EGCG TF1 TF2 TF3 5GG apigenin rutin emodin osthole geniposide magnonol

SAS 6.26 14.71 14.04 10.24 16.28 >40 >40 >40 3.9 >40 >40
Cal-27 16.15 29.67 31.24 27.63 >40 >40 >40 >40 >40 >40 >40
Ca9-22 18.1 37.46 39.45 >40 >40 >40 >40 >40 >40 >40 >40

aCells were treated with natural extract compounds for 24 h and examined for cell viability by MTT assay. Data were obtained from three separate
experiments.
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Figure 1. The proliferation-inhibitory effect of EGCG on HNSCC cells. The time effect of EGCG on cell cycle distribution: SAS (A) and Cal-27 (B) cells
were treated with 10 μM EGCG for 12, 24, 36, and 48 h and analyzed for propidium iodide stained DNA content by flow cytometry. The indicated
percentages are the mean of three independent experiments, each in duplicate. The apoptotic fraction of SAS (C) and Cal-27 (D) cells detected by annexin
V staining (x-axis)/propidium iodide (y-axis) staining after different treatments. The lower right quadrant of the plot indicates early apoptotic cells that are
only positive for annexin V. Results are representative of three independent experiments. (E) SAS and Cal-27 cells were treated with vehicle (DMSO) and
EGCG (10 μM) for the indicated time. Cells were then harvested and lysed for the detection of p21, p53, p73, and β-actin protein expression. (F) SAS and
Cal-27 cells were treated with vehicle (DMSO) and EGCG (10 μM) for the indicated time. Cells were then harvested and lysed for the detection of
cleavages in caspase-3, caspase-8, PARP, and β-actin protein expression. Western blot data presented are representative of those obtained in at least three
separate experiments. (G) Z-VAD-FMK or the vehicle (DMSO) was added to the medium at 1 h before the 10 μM EGCG treatment. After the 24 h
incubation, the SAS cell viability was determined using MTT assay. This experiment was repeated three times. Bars represent the SD.
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(forward), and GACAAAGCCACCCCAAGTTA (reverse); GAPDH,
GTCAACGGATTTGGTCGTATT (forward), and AGTCTTCTGG-
GTGGCAGTGAT (reverse).
Confocal Microscopy. After treatment, cells were fixed with

methanol, blocked with 3% bovine serum albumin, stained with anti-β-
tubulin monoclonal antibody, and then treated with FITC-conjugated
anti-mouse IgG antibody. Nuclear staining was done with 4,6-diami-
dino-2-phenylindole (DAPI). Cells were imaged with Leica TCS SP2
spectral confocal system.
Transient Transfections. The SAS cells were transiently trans-

fected with FLAG-tagged expression vectors encoding a dominant
active STAT3 (CA-STAT3). The CA-STAT3 vector was a kind gift
from Dr. Mien-Chie Hung. One day before transfection, cells were
seeded in a 6-well plate without antibiotics with the density of 30 to
40%. For plasmid transfections, 2 μg of plasmid DNA was premixed
with lipofectamine 2000 (Invitrogen, Carlsbad, CA) in Opti-MEM and
added to wells for 6 h.
Statistics. All values were expressed as mean ± SD. Each value is

the mean of at least three separate experiments in each group. The
results were subjected to the one-way ANOVA test using GraphPad
Prism software. Asterisks indicate that the values are significantly
different from the control (*, P < 0.05; **, P < 0.01; ***, P < 0.001).

■ RESULTS

Effect of Natural Compounds on HNSCC Cell. There are
numerous cancer preventive compounds present in natural pro-
ducts. To evaluate preventive effects against HNSCC, we
treated three HNSCC cell lines, namely, SAS, Cal-27, and
Ca9-22, with eleven natural compounds. The HNSCC cells
were treated with the eleven natural compounds for 24 h and
examined for cell viability by MTT assay (Figure S1 in the
Supporting Information). As shown in Table 1, HNSCC cell
proliferation could be inhibited significantly by treatment with
tea polyphenols, such as EGCG, TF-1, TF-2, and TF-3. Among
these tea polyphenols, EGCG was the most effective one in our
assay. These results may provide a rationale for the potential
use of EGCG as chemopreventive agent for HNSCC patients.
EGCG Inhibited HNSCC Cell Proliferation and Induced

Apoptosis. To determine whether EGCG altered cell cycle
progression on HNSCC cells, we performed flow cytometry by
using PI stain. Both SAS and Cal-27 cells were treated with
10 μM EGCG and then harvested at 12, 24, 36, and 48 h. After
12 h EGCG treatment, both SAS (Figure 1A) and Cal-27
(Figure 1B) cell cycles were arrested in G1 phase, resulting in
cell apoptosis in a time-dependent manner. We further checked
whether EGCG caused apoptosis. Apoptosis was detected in
cells treated with EGCG in a time-dependent manner, as
measured by FACS analysis using annexin V/PI staining. In the
presence of EGCG (10 μM), a significantly elevated number of
apoptotic cells were detected in SAS (Figure 1C) and Cal-27
(Figure 1D) cells. Moreover, we examined the expression of G1
related cell cycle control proteins and apoptosis related proteins
on Western blot analysis. SAS and Cal-27 cells were treated
with 10 μM EGCG for indicated durations, and 50 μg of each
whole-cell extract was used for Western blot analyses. After
12 h treatment with EGCG, both SAS and Cal-27 cells showed
increased level of p53, p21, and p73 proteins (Figure 1E).
Moreover, an apparent cell apoptosis was observed in SAS and
Cal-27 cells at the dosage of 10 μM EGCG within 12 h,
showing cleavage patterns of caspase-8, caspase-3, and PARP
in immunoblotting (Figure 1F). Consistent with this finding,
the caspase inhibitor Z-VAD-FMK significantly inhibited
the EGCG-induced apoptosis in a dose-dependent manner
(Figure 1G).

Involvement of Fas/CD95 in EGCG-Induced Apopto-
sis. Because caspase-8 was activated by EGCG, we examined
the expression level of caspase-8-associated death receptors,
such as Fas/CD95.25 Indeed, an apparent increase in Fas/
CD95 expression was found in the EGCG-treated SAS and Cal-
27 cells (Figure 2A), suggesting a significant involvement of

Fas/CD95 in the EGCG-induced apoptosis. To confirm
whether the increased expression in Fas/CD95 was due to its
transcriptional induction, we performed quantitative real-time
PCR analysis for Fas/CD95 mRNA. The EGCG-treated
SAS cells clearly showed an increased expression in Fas/
CD95 mRNA (Figure 2B). Then, we examined whether this
upregulated Fas/CD95 was functional in inducing apoptotic
signals. We stimulated the EGCG-treated cells by an apoptosis
inducing anti-Fas/CD95 antibody (clone CH-11) and found
that the pretreated cells became more sensitive to this antibody
(Figure 2C). This indicated that the newly synthesized Fas/
CD95 was functional in mediating the apoptotic signals in the
EGCG-treated HNSCC cells.

Decrease in the Expression Level of Phosphorylated
STAT3s. Transcription of Fas/CD95 is negatively regulated by

Figure 2. Immunoblot analysis for the expression levels of Fas/CD95.
(A) SAS and Cal-27 cells were treated with vehicle (DMSO) or
EGCG (10 μM) for the indicated time. Cells were then harvested and
lysed for the detection of Fas/CD95 and β-actin protein expression.
(B) SAS cells were treated with vehicle (DMSO) or EGCG (10 μM)
for the indicated time, and mRNA of Fas/CD95 and GAPDH was
determined. Quantitative real-time PCR was performed by the
StepOnePlus real-time PCR system, and GAPDH was applied as an
internal control. Data were plotted by mean ± SD (n = 3). The value
of control was set to 1. (C) After incubation with 10 μM EGCG for 12
h, the agonistic anti-Fas/CD95 antibody (clone CH-11; dilution,
1:5,000) was added into the culture medium for the SAS cells. After
treatment with the antibody for 4 h, the cells were then prepared for
immunoblot analyses of cleaved caspase-8 and cleaved caspase-3.
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STAT3, especially by its phosphorylated forms Tyr705-
phosphorylated STAT3 and Ser727-phosphorylated STAT3.26

Thus, the increase in the expression level of Fas/CD95 by the
EGCG treatment in this study encouraged us to investigate a
possible decrease in the expression level of the phosphorylated

STAT3s. Indeed, the expression level of Tyr705-phosphory-
lated STAT3, a major phosphorylated STAT3, was drastically
decreased in a dose- and time-dependent manner, although that
of total STAT3 was mostly unchanged (Figures 3A, 3B). In
contrast to the rapid decrease in the Tyr705-phosphorylated

Figure 3. EGCG inhibits STAT3 phosphorylation. SAS and Cal-27 cells were treated with vehicle (DMSO) or EGCG (5, 10, 20, and 40 μM) at
37 °C for 1 h (A) or EGCG (10 μM) at 37 °C for various times (B). Immunoblotting was used to measure levels of Ser727-phosphorylated
[P-STAT3 (727)], Tyr705-phosphorylated STAT3 [P-STAT3 (705)] and total STAT3. Western blot data presented are representative of those
obtained in at least three separate experiments. (C) SAS and Cal-27 cells were treated with vehicle (DMSO) or EGCG (10 μM) for indicated
durations. The active Tyr705-phosphorylated STAT3 is confirmed to be in the nuclei (green signal). (D) SAS and Cal-27 cells were treated with
vehicle (DMSO) or EGCG (10 μM) for indicated durations, and then analyzed for the distribution of STAT3 by immunocytochemistry using a
confocal laser scanning microscope. (E) To assess the expression levels in the downstream gene products of STAT3, such as VEGF, Mcl-1, Bcl-2,
and cyclin D1, the immunoblot analysis was done using the SAS and Cal-27 cells exposed to EGCG (10 μM) for indicated durations. Western blot
data presented are representative of those obtained in at least three separate experiments.
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STAT3 expression level, a gradual decrease was found in the
expression level of Ser727-phosphorylated STAT3 (Figure 3B).
To ensure that this effect of EGCG was specific on the phos-
phorylated STAT3s, changes in the expression levels of phos-
phorylated STAT1 were examined using immunoblot analysis,
resulting in no change in the phosphorylated STAT1 expres-
sion (data not shown). Under resting conditions, and in the
nonphosphorylated state, STAT3 is retained in the cytoplasm.
It translocates to the nucleus when phosphorylated. Phos-
phorylation induces STAT3 dimerization, thus permitting its
translocation into the nucleus. To confirm that EGCG sup-
presses nuclear translocation of phosphorylated STAT3,
HNSCC cells were grown on a glass slide and were treated
with either EGCG or vehicle alone, immunostained with
antibody to Tyr705-phosphorylated STAT3. Figure 3C clearly
demonstrates that EGCG prevented the translocation of
the Tyr705-phosphorylated STAT3 to the nucleus in SAS
and Cal-27 cells, consistent with the EGCG-induced inhibition
of STAT3 phosphorylation. Whether EGCG modulates the
nuclear localization of STAT3 was examined by using
nonphosphorylated STAT3 antibody. These results indicate
that STAT3 is present in the nucleus of SAS and Cal-27 and
that EGCG-treatment suppresses the nuclear presence of
STAT3 (Figure 3D).
Downregulation in the STAT3 Target Genes. Several

individual targets of STAT3 have been identified, including
bcl-2, VEGF, mcl-1, and cyclin D1, reflecting the role of STAT3
in promoting survival and cell cycle progression.10 To deter-
mine the expression level in the downstream gene products of
STAT3, we investigated the expression levels of the protein
products of these genes by immunoblot assay. All of the gene
products were found to be decreased in their expression level
by the EGCG treatment (Figure 3E). The downregulation in
these genes suggested a profound antitumor potential of EGCG
even in vivo.
STAT3 Overexpression Leads to Resistance to EGCG-

Induced Apoptosis. If STAT3 was a critical target of EGCG,
overexpression of STAT3 should attenuate EGCG-induced
apoptosis. To assess this hypothesis, we did a STAT3-
overexpression experiment using cDNA of CA-STAT3 (a
constitutively active mutant dimerized by cysteine−cysteine
bridges instead of pTyr-SH2 interaction). Despite EGCG
treatment, the STAT3-overexpressing SAS cells had a clearly
detectable level in the expression of Tyr705-phosphory-
lated STAT3, which was fragile against EGCG in our system
(Figure 4A). As a result, the EGCG-treated STAT3-overexpressing
cells showed no enhanced cleavages in PARP and no decreased
in the expression level of cyclin D1, in comparison with the
controls including the empty vector-transfected cells (Figure 4B).
Moreover, the EGCG-treated STAT3-overexpressing cells
showed significantly reduced number of apoptotic cells, in com-
parison with the control cells (Figure 4C). These data sug-
gested that EGCG might target, at least in part, STAT3 in the
HNSCC cells.
EGCG Inhibits IL-6-Inducible STAT3 Phosphorylation

in HNSCC Cells. In a recent report, IL-6 was identified as a
major secretory ligand stimulating STAT3 activation by acting
on the gp130 coreceptor in an autocrine/paracrine fashion in
HNSCC.19 Because IL-6 is a growth factor for HNSCC and
induces Tyr705-phosphorylated STAT3, we checked whether
EGCG could inhibit IL-6-induced Tyr705-phosphorylated
STAT3. SAS and Cal-27 cells were incubated with EGCG for
different times and examined for IL-6-inducible Tyr705-

phosphorylated STAT3. As seen in Figure 5A, IL-6-induced
Tyr705-phosphorylated STAT3 was blocked by EGCG in a
time-dependent manner. Exposure of cells to EGCG for 4 h
was sufficient to completely suppress IL-6-induced Tyr705-
phosphorylated STAT3. To confirm whether IL-6 could induce
proliferation of HNSCC cells, SAS and Cal-27 cells were
serum-starved for 12 h and then cultured in the absence or
presence of IL-6 for 24 h. We next determined whether EGCG
suppresses the proliferative effects of IL-6. MTT methods
showed that IL-6-induced proliferation of SAS and Cal-27 cells
was completely inhibited by EGCG (Figure 5B). We also com-
pared EGCG to other inhibitors of STAT3 phosphorylation
including curcumin, apigenin, and AG490 on their ability to
inhibit the IL-6-induced proliferation. As shown in Figure 5C,
EGCG was more potent than AG490, a well-characterized
JAK2 inhibitor, and other inhibitors in suppressing the prolife-
ration. These results coincide with their relative effects on
STAT3 phosphorylation.

Figure 4. Resistance to the EGCG-induced apoptosis in the STAT3-
overexpressing HNSCC cells. (A) SAS cells were transfected with CA-
STAT3 or empty vector. Twenty-four hours after transfection, cells
were treated with 10 μM EGCG for 1 h. After harvesting, cells were
lysed and prepared for Western blotting analysis using antibodies
against P-STAT3 (705) and total STAT3. β-Actin is shown as a
loading control. (B) SAS cells were transfected with CA-STAT3 or
empty vector. Twenty-four hours after transfection, cells were treated
with 10 μM EGCG for indicated durations. Levels of cleaved PARP
and cyclin D1 were examined in whole-cell extracts by Western
blotting. Western blot data presented are representative of those
obtained in at least three separate experiments. (C) SAS cells were
transfected with CA-STAT3. Twenty-four hours after transfection,
cells were treated with 10 μM EGCG for 24 h. The apoptotic fraction
of cells detected by annexin V staining (x-axis)/propidium iodide
(y-axis) staining after different treatments. The lower right quadrant of
the plot indicates early apoptotic cells that are only positive for
annexin V. Results are representative of three independent experi-
ments.

Journal of Agricultural and Food Chemistry Article

dx.doi.org/10.1021/jf204362n | J. Agric. Food Chem. 2012, 60, 2480−24892485



EGCG Inhibits IL-6-Inducible JAK1/2 Phosphorylation
in HNSCC Cells. We have shown that EGCG may block
IL-6-induced translocation of STAT3. To investigate whether
the apoptosis induced by EGCG resulted from blocking of IL-
6-induced JAK-STAT3 signaling pathway, SAS and Cal-27 cells
were then incubated with EGCG for different times and
examined for IL-6-inducible phosphorylation of JAK1/2. The
phosphorylation of JAK1/2 was analyzed by Western blotting.
As seen in Figure 6, IL-6-induced phosphorylation of JAK1/2
was blocked by EGCG in a time-dependent manner. Exposure
of cells to EGCG for 4 h was sufficient to completely suppress
IL-6-induced phosphorylation of JAK1/2. Our results suggest a
new mechanism showing EGCG can inhibit the IL-6-induced
JAK/STAT3 signaling in HNSCC cells and provide a potential
drug for clinical cancer chemoprevention and/or treatment in
the future.

■ DISCUSSION

We have presented that EGCG induces a significant
concentration-dependent growth inhibition, causing G1 arrest
of the cell cycle leading to cell apoptosis in human HNSCC
cells. Our results are consistent with previous studies indicating
that EGCG inhibited growth and induced apoptosis in human
prostate, lung, colon, and gastric carcinoma and human
leukemia cancer cell lines.26−30 The EGCG concentrations
used in the latter studies varied considerably. Our present study
showed that HNSCC cells were very sensitive to the inhibitory
effects of EGCG by comparing with cells from other human
malignancies.
Among several proposed mechanisms for EGCG-induced

apoptosis, the death receptor-associated mechanism has
recently received much attention.31 Siddiqui et al. first showed
that EGCG sensitized TRAIL-resistant LNCaP cells to

Figure 5. EGCG suppresses IL-6 induced STAT3 phosphorylation in human HNSCC cells. (A) SAS and Cal-27 cells were treated with 10 μM
EGCG for indicated durations and stimulated with IL-6 (10 ng/mL) for 10 min. Levels of P-STAT3 (705) and total STAT3 were examined in
whole-cell extracts by Western blotting. Western blot data presented are representative of those obtained in at least three separate experiments.
(B) SAS and Cal-27 cells were serum starved for 12 h and then cultured with IL-6 (10 ng/mL) in the absence or presence of EGCG (5, 10, 20, and
40 μM) for 24 h in a serum-free medium. (C) SAS and Cal-27 cells cells were serum starved for 12 h and then cultured with IL-6 (10 ng/mL) in the
absence or presence of EGCG (10 μM), curcumin (20 μM), apigenin (20 μM), and AG490 (40 μM) for 24 h in a serum-free medium. The cell
viability was determined using MTT assay. This experiment was repeated three times. Bars represent the SD.
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TRAIL-mediated apoptosis through modulation of intrinsic
and extrinsic apoptotic pathways. When combined with EGCG,
Apo2L/TRAIL exhibited enhanced apoptotic activity in
LNCaP cells characterized by three major molecular events.31

These findings strongly suggested a critical involvement of
the upregulated death receptor superfamily mediated signals
in EGCG-induced cancer cell apoptosis. Furthermore, in this
study, upregulation in another death receptor Fas/CD95 was
first identified in EGCG-treated HNSCC cells, resulting in

enhanced apoptosis via caspase 8 activation. However, it
remains to be elucidated whether the death receptor-mediated
apoptotic mechanism is ubiquitous in the EGCG-induced
apoptosis in malignant cells.
It has been shown that transcription of Fas/CD95 was

suppressed by the transcription factor STAT3.24 An important
downstream effect of STAT3 activation is the STAT3-depen-
dent regulation of several antiapoptotic genes including Bcl-XL,
survivin, and Mcl-1. These survival-promoting genes are highly

Figure 6. EGCG suppresses IL-6 induced JAK1/2 phosphorylation in human HNSCC cells. SAS and Cal-27 cells were treated with 10 μM EGCG
for indicated durations and stimulated with IL-6 (10 ng/mL) for 10 min. Levels of P-JAK1 (Tyr1022/1023), P-JAK2 (Tyr1007/1008), and total
JAK1 and JAK2 were examined in whole-cell extracts by Western blotting. Western blot data presented are representative of those obtained in at
least three separate experiments.

Figure 7. A schematic summary for the anticancer mechanisms of EGCG shown in the present study. This inactivation of JAK/STAT3 by EGCG
may lead to the abrogation of the STAT3-mediated cancer properties, including survival, proliferation angiogenesis, and immune evasion, and
increase sensitivity to apoptosis through upregulation of Fas/CD95.
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expressed in human cancers, especially in high-grade tumors.32

Targeting STAT3 is thus considered to be a promising
anticancer strategy and has actually been shown to be valid in
inducing a significant cancer cell apoptosis. Furthermore,
ablation of STAT3 expression in vivo has provided a deep
insight into a new candidate approach for the treatment of
human lymphoma.33 In this context, our concerns converged in
the potential effect of EGCG to downregulate STAT3
expression as a putative mechanism for increased Fas/CD95
expression. Indeed, we found a drastic decrease in the expres-
sion level of Tyr705-phosphorylated STAT3, a major active
form of STAT3. Consistent with this finding, we confirmed the
immediate disappearance in Tyr705-phosphorylated STAT3
from nuclei, where the activated STAT3 worked, in the
EGCG-treated HNSCC cells by immunocytochemistry anal-
ysis. Nuclear translocation of activated STAT3 is a crucial event
for its transcriptional function. Here, we reported that EGCG
treatment suppressed the nuclear translocation of STAT3. If
this striking downregulation in active STAT3 is substantially
responsible for the EGCG-induced apoptosis through augment-
ing Fas/CD95 expression, then enforced expression of STAT3
in HNSCC cells should result in EGCG resistance. Indeed, the
transfected cells clearly expressed Tyr705-phosphorylated
STAT3 despite exposure to cytocidal concentrations of
EGCG, resulting in less cell apoptosis. This finding strongly
supports the concept that EGCG may induce apoptosis in
HNSCC cells by targeting the oncogenic transcription factor
STAT3.
HNSCC modulates the cytokine secretion profile of tumor

infiltrating cells to escape from efficient immune responses and
trigger its own malignant progression. It is hypothesized that
these tumor cells develop mechanisms to evade the growth
inhibitory effects of cytokines that are present in the tumor
microenvironment. Various studies have shown significant
alterations in signal transduction pathways engaged by
cytokines that are associated with loss of growth inhibition in
HNSCC. HNSCC cell lines are shown to secrete IL-6.34

Additionally, IL-6 was detected at higher concentrations in the
serum of patients with oral squamous cell carcinoma compared
with sex and age-matched disease-free subjects.35 The tissues of
oral cancer patients with lymph node metastasis exhibited
increased expression levels of IL-6 transcripts.36 Moreover, IL-6
secreted by oral cancer cells plays a significant role in bone
invasion,37 and it has also been linked with radioresistance of
HNSCC patients.38 The constitutive activation of STAT3 in
HNSCC has been shown to be mediated by the autocrine/
paracrine stimulation of the IL-6, and this confers both
proliferative and survival potential in this malignancy. To our
knowledge, this is the first time to show that EGCG could
abrogate IL-6-induced phosphorylation of STAT3 (Figure 7).
Additionally, our previous studies have shown that EGCG had
no effect on the phosphorylation status of STAT1. Regarding
the inhibition effect on HNSCC cell proliferation, EGCG
showed the most effective suppressive activity among other
natural compounds (e.g., curcumin and apigenin) or synthetic
molecules (e.g., AG 490). Furthermore, among the natural
compounds mentioned in this study, EGCG was demonstrated
to be the agent with the most potential to inhibit IL-6-induced
proliferation of HNSCC cells. These consequences may be
due to the suppression of EGCG on STAT3 signal transduction
in vitro.
In conclusion, EGCG is a nontoxic natural compound and

may be administered for a relatively long period of time without

adverse side effects. With the ability to inhibit IL-6 signaling
and block proliferation of HNSCC cells, combined with the
well-established pharmacological safety, EGCG may be used as
a potential therapeutic or chemopreventive agent for HNSCC
patients.
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