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Abstract: Fisetin (3,7,3’,4’-tetrahydroxyflavone) is a dietary flavonoid and has been indicated as a novel anti-cancer
agent in several types of cancer cells. However, the mechanisms underlying the effect of fisetin in human oral squa-
mous cell carcinoma (OSCC) remain unclear. Here, we report that fisetin significantly inhibits tumor cell prolifera-
tion and induces apoptosis in OSCC (UM-SCC-23 and Tca-8113) cancer cell lines. Further analysis demonstrates
that fisetin also inhibits Met/Src signaling pathways using the PathScan® receptor tyrosine kinases (RTK) Signaling
Antibody Array Kit. Fisetin resulted in decreased basal expression of Met and Src protein in UM-SCC-23 cancer cell
lines, which validated by western blot. A student’s t-test (two-tailed) was used to compare differences between
groups. Furthermore, fisetin significantly inhibited the expression of a disintegrin and metalloproteinase 9 (ADAM9)
protein in OSCC cells. Taken together, these results provide novel insights into the mechanism of fisetin and suggest
potential therapeutic strategies for human OSCC by blocking the Met/Src signaling pathways.
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Introduction peutic agent against human cancer cells due to

its capacity to inhibit tumor cell proliferation,

Oral squamous cell carcinoma (OSCC) is the 6™
most common malignancy of the head and
neck worldwide with an incidence exceeding
450,000 cases annually [1] in some Asian
countries, it may account for more than 10% of
all malignancies [2]. However, no effective
strategy has been available for OSCC in several
decades, though we previously noted that
cetuximab was currently the only approved tar-
geted therapeutic [3]. Thus, finding novel tar-
gets for therapeutic intervention and new bio-
markers for OSCC is necessary and urgent.

Fisetin (3,7,3",4-tetrahydroxyflavone) is a natu-
rally occurring flavonoid that is widely distribut-
ed in plants, and it might be a potential thera-

metastasis and induce apoptosis [4, 5]. Fisetin
inhibits matrix metalloproteinases (MMP-14,
MMP-1, MMP-3, MMP-7, and MMP-9) and
reduces tumor cell invasiveness [6]. Fisetin
inhibits migration and invasion by reversing the
epithelial to mesenchymal transition (EMT) in
melanoma and nasopharyngeal carcinoma [5,
7]. Fisetin suppresses ADAM9 (a disintegrin
and metalloproteinase 9) expression, which is
upregulated in various types of tumors, and
associated with cancer cell invasion and migra-
tion [8]. Fisetin inhibits cancer cell proliferation
and tumor growth by blocking the PISK/AKT/
mTOR pathway [9, 10]. Fisetin has therefore
been shown to be a useful natural agent against
various cancers with slight side effects.
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In this study, we report that fisetin significantly
inhibits tumor cell proliferation and induces
apoptosis in OSCC cancer cell lines. In addition,
we discover that fisetin can significantly reduce
the protein levels of Met/Src and ADAMO in
OSCC cells. These results could be attributed
to the function of fisetin in regulating OSCC
malignant proliferation via the Met/Src signal-
ing pathways.

Materials and methods
Cell lines and materials

Human oral squamous cell carcinoma (UM-
SCC-23 and Tca-8113) cells were used in our
study. Cells were cultured in Dulbecco’s
Modified Eagle Medium (DMEM, Life, Shanghai,
China), supplemented with penicillin, strepto-
mycin and fetal bovine serum (FBS, Gibco,
Shanghai, China) to a final concentration of
10%. Fisetin was purchased from Sigma-Aldrich
(Sigma-Aldrich, Shanghai, China). Stock solu-
tions of fisetin were prepared in dimethyl sulfox-
ide (DMSO) and stored at -20°C.

CCK8

UM-SCC-23 and Tca-8113 cells were plated in
96-well plates and cultured in DMEM medium
containing 10% FBS. Cells were treated with
the indicated concentrations of fisetin for 24 h.
The cell Counting Kit-8 (CCK8, Dojindo
Molecular Technologies, Inc., Japan) was used
to evaluate cell proliferation. Generally, 10 ul
CCK8 solution was added to each plate and
cells were incubated for 1 h at 37°C. Cell viabil-
ity was determined by absorbance, which was
measured at 450 nm.

Apoptosis assays

The Annexin V assay was used to detect apop-
totic and necrotic cells according to the manu-
facturer’s instructions (BD Biosciences, San
Jose, CA, USA). This kit uses a dual-staining
protocol in which apoptotic cells are stained
with annexin-V, and the necrotic cells are
stained with propidium iodide (Pl). UM-SCC-23
cells were incubated with fisetin (20-80 uM) for
24 h. Cells cultured with DMSO were used as
controls. Fluorescence was detected using
FACScan instrument (BD, Franklin Lakes, NJ,
USA). The experiment was repeated in trip-
licate.
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Cellular receptor tyrosine kinase (RTK) signal-
ing assay

UM-SCC-23 cells were treated with 80 uM fise-
tin prior to using the PathScan® RTK Signaling
Antibody Array kit with a chemiluminescent
readout (cat. 7982; Cell Signaling Technology,
Inc., Danvers, MA, USA) according to the manu-
facturer’s instructions.

Immunoblotting

Cells were washed with cold PBS before being
lysed in radioimmunoprecipitation assay (RIPA)
buffer containing protease inhibitor cocktail
(Roche, Basel, Switzerland). Proteins were sep-
arated with SDS-PAGE and transferred to a
PVDF membrane. Membranes were probed
with the specific primary antibodies and then
with peroxidase-conjugated secondary anti-
bodies. The bands were visualized by chemilu-
minescence (ECL, Amersham, Piscataway, NJ).
The following antibodies were used: antibodies
to Met (1:2,000, Cell signaling, #8198); Met
[Tyr 1003] (1:1,000, Cell signaling, #3135); Src
(1:2,000, Cell signaling, #2123); Src [Tyr 527]
(1:1,000, Cell signaling, #2105); No-phospho-
Src [Tyr 527] (1:1,000, Cell signaling, #2107);
GAPDH (1:20,000, KangChen Bio-tech, KC-
5G4); ADAM9 (1:1,000, Cell signaling, #2099s).
The Imagel) software (National Institutes of
Health, Bethesda, MD, USA) was used for den-
sitometric analyses of western blots, and the
quantification results were normalized to the
loading control.

Bioinformatics analysis

Potential ADAM9 binding proteins were ana-
lyzed using the STRING program (http://www.
string-db.org/). Potential fisetin targeting pro-
teins were analyzed using the STITCH program
(http://stitch.embl.de/).

Statistical analysis

All statistical analyses were performed by using
the graphpad prism V6.0 (GraphPad Software,
Inc. San Diego, CA, USA). Data were presented
as the mean + standard deviation from at least
three separate experiments. The statistical
analysis correlation of data between groups
was checked for significance by Student’s t-test
(two-tailed).
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Figure 1. Fisetin suppresses proliferation in human oral

A squamous cell carcinoma. (A) Chemical structure of fisetin.
UM-SCC-23 cells (B) and Tca-8113 cells (C) were cultured
with the indicated concentrations of fisetin in 96-well plates.
After 24 h, the cells were treated with CCK8 for 1 h, and
absorbance was measured. Results represent the mean +
standard deviation of three experiments done in triplicate.
*P < 0.05 vs the control group (CON).
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Figure 2. Fisetin promotes cell apoptosis in UM-SCC-23 cells. A-D. Cells were
treated with either DMSO Control or 20-80 uM fisetin for 24 h. At the end of
treatments, cells were harvested and stained with annexin V and PI as de-
tailed in Materials and Methods. Apoptotic cells were analyzed by flow cytom-

of the UM-SCC-23 cells in the
presence of 20, 60 and 80
UM of fisetin for 24 h were
7.4, 11.14, and 17.26%, res-

etry as detailed in Materials and Methods.

Results
Fisetin reduces proliferation of OSCC cells
The chemical structure of fisetin is shown in

Figure 1A. To investigate the effect of fisetin on
the viability of OSCC cells, we conducted CCK8
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pectively.

Fisetin inhibits RTK signaling activation in
OSCC cells

The inhibition of the RTK pathway in cancer
cells is an important target for cancer therapy.
Therefore, we investigated whether fisetin was
capable of inhibiting RTK in UM-SCC-23 cells.
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Figure 3. Effect of fisetin on receptor tyrosine kinase signaling proteins in human oral squamous cell carcinoma. A.
UM-SCC-23 cells were treated with the indicated doses of fisetin for 24 h and chemiluminescent array images ob-
tained using the PathScan® RTK Signaling Antibody Array Kit that involved in the regulation of the receptor tyrosine
kinase. Images were captured following brief exposure of the slide to a standard chemiluminescent film. B. Cell
lysates were analyzed by immunoblotting using specific primary antibodies, followed by detection with HRP-labeled
appropriate secondary antibodies as mentioned in Materials and Methods. GAPDH was used as a loading control.
C, D. Columns, mean of three independent treatments; bars, s.d. Data points are the means % s.d. of three experi-
ments. *** P<0.001, ** P<0.01, *P < 0.05. The P-value is determined by comparing each treatment with control

group (CON).

For this purpose, UM-SCC-23 cells were treated
with 80 uM fisetin for 24 h using the PathScan®
RTK Signaling Antibody Array Kit (Figure 3A,
Supplementary Figure 1). Fisetin strongly sup-
pressed the expression of Met and Src protein
in UM-SCC-23 cells. Total Met and Src protein
and phosphorylated Met (p-Met) and phosphor-
ylated Src (p-Src) was evaluated using western
blot analysis. As shown in Figure 3B-D,
Supplementary Figure 2 total Met and Src pro-
teins, p-Met and p-Src were significantly
reduced by fisetin, suggesting that tyrosine
phosphatases are involved in fisetin-mediated
inhibition of the Met/Src signaling pathway.

Effects of fisetin on ADAM9 expression

Although previous results showed that fisetin
suppresses ADAM9 expression in glioma can-
cer cells, whether this effect was associated
with OSCC remained unclear. We found that
ADAMS9 may participate in several cancer relat-
ed pathways including the ITGAV, UBC, and TNF
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pathways (Figure 4A). The network shows that
several proteins, including ADAM9, MTOR, AR
and CDK®6 are inhibited by fisetin (Figure 4B).
Therefore, we used western blotting to examine
the effect of fisetin on ADAM9 expression in
Tca-8113 and UM-SCC-23 cells. We found that
fisetin downregulated the expression of ADAM9
in OSCC cells (Figure 4C, 4D, Supplementary
Figure 3). ADAM9 downregulation has been
shown to suppress tumorigenesis and invasive-
ness of several kinds of cancer cells. Fisetin
might be a potential therapeutic agent against
human OSCC based on its capacity to inhibit
ADAMO expression.

Discussion

OSCC is one of the most common malignancies
in the world, and has limited treatments with
clinical efficacy [11]. We demonstrated that the
dietary flavonoid fisetin has a growth inhibitory
effect on two OSCC cancer cell lines in a dose-
dependent manner. We also observed that fise-
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Figure 4. Fisetin reduced ADAM9 protein expression in UM-SCC-23 cells and
Tca-8113 cells. A. Bioinformatics analysis of ADAM9 binding proteins. B. Bioin-
formatics analysis of fisetin targeting proteins. C, D. UM-SCC-23 cells and Tca-
8113 cells were treated with fisetin (40 uM) for 24 h. Western blotting was car-
ried out to detect ADAM9 protein expression and GAPDH was used as a loading
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control (* versus CON, P < 0.05, Student’s t-test, n=3).

tin treatment results in OSCC cell apoptosis.
Furthermore, we showed a novel mechanism of
fisetin in modulating receptor tyrosine kinases
(including Met and Src) in a signaling pathway
in OSCC cells. Fisetin could inhibit the invasive
ability of glioma cancer cells, mainly through
the inhibition of membrane-anchored metallo-
proteinase ADAM9 expression [8]. We con-
firmed that fisetin could inhibit ADAM9 expres-
sion in OSCC cells.

Met and Src are two tyrosine kinase receptors
that are most commonly overexpressed in
OSCC resulting in the increased proliferation
and survival of OSCC cells [12-14]. Met and its
ligand hepatocyte growth factor (HGF), are fre-
quently implicated in cancer cellular prolife-
ration, invasion, migration, and poor progno-
sis [15, 16]. Recently, the HGF/Met pathway
has been identified as a promoter of tumorigen-
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esis in head and neck
squamous cell carcinoma
(HNSCC) [17]. Inhibition of
HGF/Met signaling may be
a useful clinical therapeu-
tic strategy for targeting
OSCC cells [17, 18]. Wes-
tern blot analyses demon-
strated that fisetin decre-
ased total Met protein lev-
els and phosphorylated
Met levels. Src activation is
capable of modulating cell
migration and invasion and
other studies have also
reported that Src was
associated with OSCC cell
migration [19]. These data
suggest that Met/Src sig-
naling is involved in cell
% tumorigenesis in 0SCC and
fisetin may be useful for
the treatment of 0SCC can-
cer cells.

Con Fisetin

In conclusion, fisetin is a
naturally occurring com-
pound that can be easily
synthesized and has no
toxicity to normal human
cells [20]. All these proper-
ties may confer fisetin an
advantage of being inte-
grated into clinical cancer

therapies. Although these
results need to be verified in experimental
models in vivo, the present findings shed light
on the mechanism of action of fisetin, which is
critical for the design of targeted therapies
against human OSCC.

Con Fisetin

Acknowledgements

This work was supported by the Project of
Natural Science Foundation of Liaoning Pro-
vince (2015020528) and College Students’
Innovation and Entrepreneurship Training Pro-
jects (201610159041).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Wei Dai, Depart-
ment of Oromaxillofacial-Head and Neck Surgery,

Am J Transl Res 2017;9(12):5678-5683



Fisetin suppresses proliferation by targeting Met/Src

School of Stomatology, China Medical University,
Shenyang, Liaoning 110002, China; Department

of Oral

and Maxillofacial Surgery, School of

Stomatology, China Medical University, Shenyang,
Liaoning 110002, China. Tel: 86-139-0988-4820;
E-mail: daicmu@163.com

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

Xue M, Zhu FY, Chen L and Wang K. HoxB9 pro-
motes the migration and invasion via TGF-be-
tal/Smad2/Slug signaling pathway in oral
squamous cell carcinoma. Am J Transl Res
2017;9: 1151-1161.

Siegel R, Naishadham D and Jemal A. Cancer
statistics, 2013. CA Cancer J Clin 2013; 63:
11-30.

Dai W, Li Y, Zhou Q, Xu Z, Sun C, Tan X and Lu
L. Cetuximab inhibits oral squamous cell carci-
noma invasion and metastasis via degradation
of epidermal growth factor receptor. J Oral
Pathol Med 2014; 43: 250-257.

Rengarajan T and Yaacob NS. The flavonoid fi-
setin as an anticancer agent targeting the
growth signaling pathways. Eur J Pharmacol
2016; 789: 8-16.

Pal HC, Diamond AC, Strickland LR, Kappes JC,
Katiyar SK, Elmets CA, Athar M and Afaq F. Fi-
setin, a dietary flavonoid, augments the anti-
invasive and anti-metastatic potential of
sorafenib in melanoma. Oncotarget 2016; 7:
1227-1241.

Park JH, Jang YJ, Choi YJ, Jang JW, Kim JH, Rho
YK, Kim 1J, Kim HJ, Leem MJ and Lee ST. Fise-
tin inhibits matrix metalloproteinases and re-
duces tumor cell invasiveness and endothelial
cell tube formation. Nutr Cancer 2013; 65:
1192-1199.

Li R, Zhao Y, Chen J, Shao S and Zhang X. Fise-
tin inhibits migration, invasion and epithelial-
mesenchymal transition of LMP1-positive na-
sopharyngeal carcinoma cells. Mol Med Rep
2014; 9: 413-418.

Chen CM, Hsieh YH, Hwang JM, Jan HJ, Hsieh
SC, Lin SH and Lai CY. Fisetin suppresses
ADAMO9 expression and inhibits invasion of gli-
oma cancer cells through increased phosphor-
ylation of ERK1/2. Tumour Biol 2015; 36:
3407-3415.

Syed DN, Adhami VM, Khan Ml and Mukhtar H.
Inhibition of Akt/mTOR signaling by the dietary
flavonoid fisetin. Anticancer Agents Med Chem
2013; 13: 995-1001.

George VC. Promising tumor inhibiting poten-
tials of Fisetin through PI3K/AKT/mTOR path-
way. Am J Transl Res 2016; 8: 1293-1294.

5683

(11]

[12]

(13]

(14]

[15]

(17]

(18]

(19]

[20]

Benhamou Y, Picco V, Raybaud H, Sudaka A,
Chamorey E, Brolih S, Monteverde M, Merlano
M, Lo Nigro C, Ambrosetti D and Pages G. Telo-
meric repeat-binding factor 2: a marker for sur-
vival and anti-EGFR efficacy in oral carcinoma.
Oncotarget 2016; 7: 44236-44251.

Yasui H, Ohnishi Y, Nakajima M and Nozaki M.
Migration of oral squamous cell carcinoma
cells are induced by HGF/c-Met signalling via
lamellipodia and filopodia formation. Oncol
Rep 2017; 37: 3674-3680.

Cheng SJ, Kok SH, Lee JJ, Yen-Ping Kuo M,
Cheng SL, Huang YL, Chen HM, Chang HH and
Chiang CP. Significant association of SRC pro-
tein expression with the progression, recur-
rence, and prognosis of oral squamous cell
carcinoma in Taiwan. Head Neck 2012; 34:
1340-1345.

Rao SK, Pavicevic Z, Du Z, Kim JG, Fan M, Jiao
Y, Rosebush M, Samant S, Gu W, Pfeffer LM
and Nosrat CA. Pro-inflammatory genes as bio-
markers and therapeutic targets in oral squa-
mous cell carcinoma. J Biol Chem 2010; 285:
32512-32521.

Farrell PJ, Matuszkiewicz J, Balakrishna D,
Pandya S, Hixon MS, Kamran R, Chu S, Lawson
JD, Okada K, Hori A, Mizutani A, Iwata H, de
Jong R, Hibner B and Vincent P. MET tyrosine
kinase inhibition enhances the antitumor effi-
cacy of an HGF antibody. Mol Cancer Ther
2017; 16: 1269-1278.

Bradley CA, Salto-Tellez M, Laurent-Puig P,
Bardelli A, Rolfo C, Tabernero J, Khawaja HA,
Lawler M, Johnston PG, Van Schaeybroeck S;
MErCuRIC consortium. Targeting c-MET in gas-
trointestinal tumours: rationale, opportunities
and challenges. Nat Rev Clin Oncol 2017; 14:
562-576.

Rothenberger NJ and Stabile LP. Hepatocyte
growth factor/c-Met signaling in head and
neck cancer and implications for treatment.
Cancers (Basel) 2017; 9.

Yasui H, Ohnishi Y, Nakajima M and Nozaki M.
Migration of oral squamous cell carcinoma
cells are induced by HGF/c-Met signalling via
lamellipodia and filopodia formation. Oncol
Rep 2017; 37: 3674-3680.

Hsin CH, Chou YE, Yang SF, Su SC, Chuang YT,
Lin SH and Lin CW. MMP-11 promoted the oral
cancer migration and Fak/Src activation. On-
cotarget 2017; 8: 32783-32793.

Zhang XJ and lJia SS. Fisetin inhibits laryngeal
carcinoma through regulation of AKT/NF-kap-
paB/mTOR and ERK1/2 signaling pathways.
Biomed Pharmacother 2016; 83: 1164-1174.

Am J Transl Res 2017;9(12):5678-5683



Fisetin suppresses proliferation by targeting Met/Src

°
- s e LL >
1 e o s . e o . o .
. < S ® o * o ° e * o
° H ) [ 3] . o . o . o -
e S ece L -
s o .
se
3 °s
e
- .- . .
. . .
B
. . . . : -

Supplementary Figure 1. Figure 3A original western images. A. DMSO group. B. Fisetin (80 uM) treatment group.
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Supplementary Figure 2. Figure 3B original western images. A. Results of immunoblotting for p-Met [Tyr 1003],
STAT1, p-Src [Tyr 527] and GAPDH. B. Results of immunoblotting for Met, Src, no-phospho-Src [Tyr 527].
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Supplementary Figure 3. Figure 4C, 4D original western images. A. Results of immunoblotting for ADAMO. B. Re-
sults of immunoblotting for GAPDH.



