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Abstract

Purpose: To investigate the effect and regulatory mechanism of fucoxanthin (FX) on oral squamous cell
carcinoma (OSCC).

Methods: Human OSCC SCC9 and Cal27 cells were treated with different concentrations of FX (7.5,
15, and 30 uM) to determine cell viability, number of colonies, and apoptosis rate using methyl thiazolyl
diphenyl-tetrazolium bromide (MTT) assay, crystal violet staining, and flow cytometry, respectively. In
addition, the number of spheres of OSCC cells was determined by a cell sphere-forming assay. The
stem cells and levels of pathway-related proteins were evaluated by western blotting.

Results: Fucoxanthin decreased SCC9 and Cal27 cell viability and the number of colonies, but
increased apoptosis in a dose-dependent manner. The expression levels of SOX2 and POU5F1 were
down-regulated, while the number of spheres was reduced in SCC9 and Cal27 cells treated with 7.5 or
15 uM of FX (p < 0.05). Moreover, FX attenuated p-JAK/JAK and p-STAT3/STAT3 expression levels in
a dose-dependent manner (p < 0.05).

Conclusion: Fucoxanthin accelerates apoptosis and inhibits cell mobility and OSCC stem cell formation
by suppressing JAK/STAT3 pathway in OSCC, thus providing an experimental basis for research on the
anti-tumor effect of kelp extract and the development of new drugs from marine plants.
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INTRODUCTION Currently, OSCC is treated with traditional
surgical procedures which are supplemented
Oral squamous cell carcinoma (OSCC) is one of with  radiotherapy =~ chemotherapy.  High

the most common head and neck cancers in
humans, and OSCC patients have a low 5-year
survival rate [1]. Smoking, alcohol consumption,
betel nut chewing, and human papillomavirus
infection are common risk factors for OSCC [2].

recurrence rates and insensitivity to treatment
are the main reasons for the low survival rate of
OSCC patients [3]. The cause of OSCC
treatment failure is thought to be related to the
presence of a subpopulation of cells called tumor
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stem cells, within the tumor. The OSCC stem
cells exhibit stem cell-like properties that
enhanced the malignant biological behavior of
OSCC [4,5]. Therefore, it is very important to
study OSCC in-depth and to find new treatments
for OSCC.

Although many anti-tumor drugs are derived from
natural compounds, most are obtained from
microbial or plant extracts. For example, the
bioactive principle of fucoxanthin (FX), a
carotenoid, is extracted from Laminaria japonica
kelp [6]. Fucoxanthin has a variety of biological
attributes, including anti-inflammatory, weight
loss, and potent anti-tumor effects. In addition,
FX inhibits the invasive ability of non-small cell
lung cancer cells and it increases the sensitivity
of tumor cells to the drug Gefitinib [6].
Fucoxanthin inhibits the proliferation of lymphatic
vessel endothelial cells and the formation of
tubular structures in vitro and in vivo, thereby
suppressing the malignant phenotype of breast
cancer cells [7]. Furthermore, FX promotes
apoptosis of pharyngeal cancer cells by inducing
an autophagic mechanism [8]. However, no
studies related to the effects and mechanisms of
FX action on OSCC have been published.

In the present study, OSCC cell lines SCC9 and
Cal27 were used to study the in vitro effects of
FX on cell growth to validate pathways that may
be involved in this process. The results of this
study will provide new strategies for the
treatment of OSCC.

EXPERIMENTAL
Cell culture and treatment

The human OSCC cell lines, SCC-9 and Cal27,
were purchased from Mingzhoubio (Ningbo,
China) and identified by short tandem repeat
authentication. The SCC-9 and Cal27 cells were
cultured in Dulbecco's Modified Eagle Medium
(DMEM; Regal, Shanghai, China) supplemented
with 10 % fetal bovine serum (Solarbio, Beijing,
China) and 1 % penicillin/streptomycin (Solarbio)
at 37 °C until the logarithmic period. Different
concentrations (7.5, 15, and 30 pM) of FX were
used to treat SCC-9 and Cal27 cells for follow-up
logarithmic experiments.

Cell viability

Methylthiazolyldiphenyl-tetrazolium bromide
(MTT) assays were performed to determine cell
viability. Fucoxanthin-treated cells were added to
the MTT solution (10 mg/mL, Beyotime,
Shanghai, China), incubated for 4 h, and then
added together with dimethyl sulfoxide for 10

min. The absorbance at 450 nm was measured
using a spectrophotometer (Laspec, China).

Cell cloning

The FX-treated cells were digested with 0.25 %
trypsin (Beyotime) and suspended in DMEM. The
cell suspension was diluted multiple times in
gradient. Then, cells (< 100) were inoculated
onto a culture dish containing a 37 °C pre-heated
medium which was gently rotated to disperse the
cells evenly, and then cultured at 37 °C for 2
weeks. The supernatant in the culture dish was
discarded and the cells were carefully washed
twice with phosphate-buffered saline (PBS). The
washed cells were fixed with pure methanol for
15 min and stained with crystal violet for 15 min.
The cells were photographed and counted under
a microscope (Leica, Germany).

Apoptosis

The FX-treated cells were stained using a
Hoechst Staining Kit (Beyotime), digested with
0.25 % trypsin (Beyotime). Then, cells were
incubated with Annexin-V and Propidium solution
(Beyotime) for 20 min. The apoptosis ratio was
determined using flow cytometry (Beckman
Coulter, USA). The results are expressed as the
sum of early and late apoptotic.

Western blotting

The total protein was extracted from FX-treated
cells via protein SDS-PAGE loading buffer
(TaKaRa, Dalian, China), and then transferred
onto polyvinylidene fluoride membranes. The
proteins were incubated with primary antibodies,
such as sex-determining region Y box 2 (SOX2,
abh92494, Abcam, Cambridge, UK), POU class 5
homeobox 1 (POU5SF1, ab230429), tyrosine
kinase (JAK, ab108596), phosphorylated-JAK (p-
JAK, ab32101), signal transducers and activators
of transcription 3 (STAT3, ab68153), p-STAT3
(ab267373), and B-actin (ab8226). Then the

proteins were incubated with horseradish
peroxidase-labeled secondary antibody
(ab150080, Abcam), rinsed in the blocking

solution and imaged by using imaging system.
Cell sphere-forming assay

The FX-treated cells were digested with 0.25 %
trypsin (Beyotime) and washed twice with PBS.
Cells were re-suspended in stem cell culture
medium and added to the 6-well plate for 10
days. Next, the spheroidization state of cells was
examined, the number of spheres per 100 cells
was counted, and sphere formation efficiency
(SFE) was calculated.
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Statistical analysis

The results obtained were analyzed using SPSS
22.0 software (SPSS Inc, USA) and the data
presented as mean * standard deviation (SD).

Differences  were considered  statistically
significant at p < 0.05.

RESULTS

Fucoxanthin inhibited cell growth and

promoted apoptosis

The chemical structural formula of FX (Figure 1
A) contains acetoxy, two hydroxyl groups, and
carbonyl groups. The influence of FX in OSCC
cells was studied by MTT assay, crystal violet
staining, and flow cytometry. The MTT assay
results show that cell viability decreased
gradually with increase of FX concentration in
SCC9 and Cal27 cells (p < 0.005, Figure 1 B).
Similarly, the number of colonies in groups
treated with 7.5, 15, and 30 uM of FX was less
than in groups without FX (p < 0.005, Figure 1
C). In addition, flow cytometry results (Figure 2)
show that the apoptosis rate of SCC9 and Cal27
cells increased significantly after FX treatment (p
< 0.005). These results indicate that FX
suppressed cell viability and cloning and
accelerated apoptosis.
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Fucoxanthin inhibited the characteristics of
OSCC stem cells

It has been said that OSCC produces stem cells
and that OSCC stem cells are highly tumorigenic.
Therefore, the effect of FX on OSCC stem cells
were investigated. The relative expression levels
of SOX2 and POUS5F1, (transcription factors
associated with stem cells) were significantly
decreased (p < 0.005) in FX-treated SCC9 and
Cal27 cells (Figure 3 A). The higher the
concentration of FX, the expression level of
SOX2 and POUS5F1 was down-regulated. In
addition, cell sphere-forming assay results show
that the number of spheres were reduced in
SCC9 and Cal27 cells in a dose-dependent
manner (p < 0.005, Figure 3 B). Overall, the data
demonstrated that FX suppressed the formation
of OSCC stem cells.

Fucoxanthin inhibited JAK/STAT3 pathway

A protein level associated with JAK/STAT3
signaling pathway was also determined in this
study (Figure 4). The results show that p-
JAK/JAK and p-STAT3/STAT3 expression levels
were significantly inhibited in stimulated cell
concentration of FX in SCC9 and Cal27 cells (p <
0.005), demonstrating that FX attenuated the
activation of the JAK/STAT3 pathway.
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Figure 1: Fucoxanthin (FX) inhibited cell growth. SCC9 and Cal27 cells were treated with different concentrations
(7.5, 15, and 30 uM) of FX. (A) The chemical structural formula of FX. (B) Cell viability was determined using
MTT assay. (C) The number of colonies was determined using crystal violet staining. ** P < 0.01; **p < 0.005
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Figure 2: Fucoxanthin (FX) enhanced apoptosis. SCC9 and Cal27 cells were treated with different
concentrations (7.5, 15, and 30 yM) of FX. Apoptosis was determined using flow cytometry. *P < 0.05; ** p <
0.01; ***p < 0.005; * represents the comparison with the group without FX
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Figure 3: Fucoxanthin (FX) inhibited the characteristics of OSCC stem cells. SCC9 and Cal27 cells were treated
with different concentrations (7.5 and 15 pM) of FX. (A) The protein levels of SOX2 and POUS5SF1 were
determined using western blotting. (B) The number of spheres was determined using a cell sphere-forming
assay. *P < 0.05, **p < 0.01, ***p < 0.005; * represents the comparison with the group without FX

o e

O <) 2 PRES
JAK o R SN ey < % :
%5 15 &6
2 - <a > 2@ 1.0
3| p-STAT3 [‘ W — —— 0 E$ "
5] e a e P a
2% ax 05 ok
STAT: e— e e e ©° 05 $° e
€ 00 2 o0
B-actin  CENEED GEIND GNP G FX(uM) 0 75 15 30 CEX@M) 0 75 15 30
FX (M) 0 7.5 15 30
p-JAK [?--’- .—.} .
Cal27 = Cal27
< 25 < o8
JAK[—-—“-‘]§CZO b_
8 “ . s 06
5 $2 15 _— 2@
@ ks o g Hhe 04 e
o o S 1.0 o
1 -5 Eﬁ ek % 5 0.2
STAT: D GEED GNP GEN» < 05 $ : o
) X 00 2 00
pactin D GHNED GENNS WP < X(uM) 0 75 15 30 CEX@M) 0 75 15 30

FX (uM)

0 75 15 30

Figure 4: Fucoxanthin (FX) inhibited the JAK/STAT3 pathway. SCC9 and Cal27 cells were treated with different
concentrations (7.5, 15, and 30 yM) of FX. The protein levels of JAK, p-JAK, STAT3, and p-STAT3 were
determined using western blotting. *P < 0.05; **p < 0.01; ***p < 0.005; * represents the comparison with the
group without FX
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DISCUSSION

Oral squamous cell carcinoma (OSCC) is
characterized by strong aggressiveness, early
recurrence, and metastasis [10]. Currently, there
are no effective treatments for OSCC. It was first
found that the anti-tumor effect of FX reduce the
proliferation of neuroblastoma cells by more than
60 % after incubation and blocked the
neuroblastoma cell cycle in GO/G1 phase, thus
showing the anti-tumor effect of FX [11]. It is
shown that FX inhibited the growth of human
hepatocellular carcinoma HepG2 cells, thereby
blocking the cells in GO/G1 phase and inhibiting
phosphorylation of the Ser780 site of Rb protein
[12]. The study reported that the apoptosis-
inducing effect of FX on an acute myeloid
leukemia HL-60 cell line reached a plateau at 24
h after activation, suggesting that the mechanism
by which FX exerts its tumor suppressive effect
involves induction of apoptosis [13]. Overall,
these previous studies demonstrate that FX
achieves its anti-tumor effect by inhibiting cell
proliferation and promoting apoptosis. The
results of the present study are identical to those
of previous studies in that FX inhibited the
viability and cell cloning of OSCC cell lines SCC-
9 and Cal27 and boosted their apoptosis. The
emergence of the tumor stem cell theory holds
promise for discovering ways to eradicate OSCC.
It has been shown that OSCC produces stem
cells and that OSCC stem cells are highly
tumorigenic and play a role in tumor
differentiation, treatment resistance, recurrence,
and metastasis [10]. These stem cells are
capable of self-renewal growth and produce
heterogeneous tumor cells that sustain tumor
development. In addition, cancer stem cells are
highly tolerant to chemotherapeutic drugs.
Interestingly, FX has been found to suppress
stem cell-like cell tumorigenicity and tumorsphere
formation in colon cancer [14]. Similarly, this
study shows that FX reduced the number of
spheres of OSCC cells. In addition, stem cell
markers are important ways to target OSCC.
Meanwhile, SOX2 is a potential therapeutic
target for stem cell identification, isolation, and
treatment of OSCC [15]. The POUS5F1, also
known as Oct4, is a transcription factor present
in embryonic stem cells, and is associated with
the pluripotency, proliferative potential, and self-
renewal ability of germ cells and embryonic stem
cells, and also maintains embryonic stem cells in
an undifferentiated state [16]. In recent years,
POUS5F1 was found to be differentially expressed
in malignant tumors. In this study, POU5F1 and
SOX2 expressions was depressed after the
stimulation of FX in OSCC cells, indicating that
FX inhibited the formation of OSCC stem cells.
Another study found that FX blocked the

activation of the JAK/STAT3 signal pathway in
gastric cancer [9]. Moreover, miR-769-5p inhibits
OSCC cell development by targeting the
JAK1/STAT3 pathway [17]. Activation of the
JAK/STAT3 pathway led to an OSCC malignant
process [18]. The JAK/STAT3 pathway is closely
related to the characteristics of tumor stem cells
[19]. The results of the present experiments
show that FX inhibited the level of p-JAK/JAK
and p-STAT3/STAT3, indicating that the
JAK/STAT3 pathway is important in the process
of FX inhibiting OSCC.

CONCLUSION

Fucoxanthin is a new and effective inhibitory
component of OSCC which accelerates
apoptosis while inhibiting cell mobility and OSCC
stem cell formation by suppressing JAK/STAT3
pathway in OSCC. The findings of this study not
only open up new avenues of treatment for
patients with OSCC but also provide an
experimental basis for research on the anti-tumor
effect of kelp extract, and the development of
new drugs from marine plants.
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