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Avicularin inhibits cell proliferation and induces cell apoptosis
in cutaneous squamous cell carcinoma
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Abstract. Avicularin (AL), quercetin-3-a-L-arabinofur
anoside, has various pharmacological properties such as
anticancer and anti-infective effects. However, the potential
molecular mechanism via which AL exerts its anticancer
activity is not fully understood. Cutaneous squamous cell
carcinoma (CSCC) is the second most common skin cancer,
where metastasis has resulted in in effective clinical treat-
ments. The aim of the present in vitro study was to investigate
the anticancer effects and underlying mechanism of AL
on human CSCC. The present results suggested that AL
dose-dependently inhibited SCC13 cell viability and induced
apoptosis. In addition, the present results suggested that AL
induced apoptosis via repression of the mitogen-activated
protein kinase kinase (MEK)/NF-kB signal pathway, thereby
affecting the expression of apoptosis-related genes. Bax
expression level was increased, while Bcl-2 expression level
was decreased in SCCI13 cells following AL treatment. In
addition, the MEK/NF-«B signaling pathway-related genes
p-MEK and phosphorylated-p65 were also decreased. The
present results suggested that AL treatment increased the
expression level of E-cadherin, but decreased the expression
levels of N-cadherin, matrix metalloproteinase (MMP)-9
and vimentin in SCCI13 cells. Collectively, the present
results suggested that AL may have an anti-CSCC effect by
inhibiting cell viability, inducing apoptosis and inhibiting
epithelial-mesenchymal transition (EMT) of CSCC cells.
The mechanism of these anti-CSCC effects was suggested
to be via the regulation of apoptosis-related genes and
EMT-related genes, and the inhibition of the MEK/NF-xB
signaling pathway.
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Introduction

Cutaneous squamous cell carcinoma (CSCC), which represents
20% of all cutaneous malignancies, is the second most common
skin cancer (1-3). In addition, the incidence of CSCC is rising
in the UK, with the mean annual increase of 5% between 2013
and 2015 4). Although CSCC commonly occurs on the skin
of the head and neck (5), there is also a risk of occurrence in
the lymph nodes and metastasis to other organs (3,6). Patients
with metastatic CSCC have a poor prognosis (6). The standard
treatment for CSCC is systemic chemotherapy (6,7); the plat-
inum compound cisplatin used either alone or in combination
with other agents is regarded as a standard chemotherapeutic
agent for CSCC therapy (8). However, cisplatin treatment may
induce a variety of side effects, including eventual resistance to
cisplatin and the relapse of most cancer types after therapy (9).
Therefore, novel and effective anti-CSCC therapeutic strate-
gies are urgently required.

Natural herbal medicines have been used as anticancer
agents (10). Avicularin (AL), a bioactive flavonol, can be
isolated from many medicinal herbs, including Lespedeza
cuneata, Lindera erythrocarpa and Psidium guajava (11).
AL exhibits diverse pharmacological properties including
antioxidant, antiallergic, anti-inflammatory, hepatoprotec-
tive and antitumor effects (12-14). AL has been found to
have a significant role in reducing the progression of type 2
diabetes (15). The biological activities of other flavonols, such
as quercetin in the aglycone form have been investigated as a
possible treatment strategy for cancer, including breast cancer
and leukemia (16). However, the biological properties of AL
are not fully understood, therefore the present study examined
the role of AL in regulating CSCC development.

The present study investigated the effect of AL on CSCC
cells. The present results suggested that AL significantly
inhibited proliferation and increased apoptosis in CSCC cells.
In addition, AL significantly suppressed the MEK/NF-kB
signaling pathway in a concentration-dependent manner.

Materials and methods
Cell culture and treatment. DMEM (Gibco; Thermo Fisher

Scientific, Inc) with 10% FBS (Gemini Bio-Products, Inc.),
10 U/ml penicillin-G and 10 mg/ml streptomycin (Gemini
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Bio-Products, Inc.) was used to culture the CSCC cell line
SCC13 (kind gift from Dr James Rheinwald, Brigham and
Women's Hospital, Harvard Medical School, Boston, MA,
USA) at 37°C with 5% CO,. SCC13 cells were treated with
different concentrations of AL (0, 10, 30, 100 or 300 xM; purity
>99%; Chengdu Best-Reagent Chemical, Co., Ltd.) (17) at 37°C
for 24, 48 and 72 h (18) prior to subsequent experimentation.

Cell Counting Kit-8 (CCK-8) cell viability assay. A CCK-8
assay (Dojindo Molecular Technologies, Inc.) was used to
measure cell viability according to the manufacturer's protocol.
SCC13 cells were plated into 96-well plates at 5x10° cells/well
and incubated at 37°C for 24 h. Subsequently, the cells were
treated with various concentrations (0, 10, 30, 100 or 300 M)
of AL for 24, 48 and 72 h at 37°C. Then, 10 ul CCK-8
assay solution was added to each well (Dojindo Molecular
Technologies, Inc.) and the wells were incubated at 37°C for
a 1 h. A microplate reader (Synergy2; BioTeK Instruments,
Inc.) was used to measure the optical density at 450 nm. The
IC,, value of AL to SCC13 cells at 48 h was calculated. Each
experiment was performed in triplicate.

Apoptosis analysis. To detect SCC13 cell apoptosis, the cells
were treated with or without different concentrations of AL
(10, 30, 100 or 300 uM) at 37°C for 48 h. Then, 5 ul Annexin
V-FITC and 10 pl propidium iodide (cat. no. 70-AP101-100;
Hangzhou Multi Sciences Biotech Co., Ltd.) were used to
stain the cells at room temperature for 30 min following the
manufacturer's protocol. Cell apoptosis was analyzed using
a BD FACSCalibur™ flow cytometer (Becton, Dickinson
and Company) and WinMDI software (version 2.5; Purdue
University Cytometry Laboratories) was used to analyze the
data.

Western blot analysis. SCC13 cells were treated with or
without AL (10, 30, 100 or 300 M) at 37°C for 48 h. Total
cellular proteins from SCC13 cells were extracted using RIPA
buffer (Beyotime Institute of Biotechnology) supplemented
with protease inhibitor (Beyotime Institute of Biotechnology).
A bicinchoninic acid protein assay kit (Pierce; Thermo Fisher
Scientific, Inc.) was used to evaluate the protein concentrations
and 100°C water was used to heat the samples for 10 min to
denature the proteins. Then, 12% SDS-PAGE gels were used to
separate the proteins (40 ug per lane), which were then electro-
phoretically transferred to PVDF membranes (EMD Millipore).
Membranes were blocked at room temperature for 1 h with 5%
non-fat milk and blotted overnight at 4°C with the following
primary antibodies (all from Cell Signaling Technology,
Inc.): E-cadherin (1:1,000; cat no. 3195), N-cadherin (1:1,000;
cat no. 13116), matrix metalloproteinase (MMP-9; 1:1,000;
cat no. 13667), vimentin (1:1,000; cat no. 12826), Bcl-2 (1:1,000;
cat no. 4223), Bax (1:1,000; cat no. 5023), phosphorylated
(p)-mitogen-activated protein kinase kinase (p-MEK; 1:1,000;
cat no. 3958), MEK (1:1,000; cat no. 8727), p-p65 (1:1,000;
cat no. 3033), p65 (1:1,000; cat no. 8242) and f-actin (1:1,000;
cat no. 4970). Membranes were then incubated with the
anti-rabbit IgG horseradish peroxidase-linked secondary anti-
body (cat no. 7074; 1:2,000; Cell Signaling Technology, Inc.)
for 2.5 h at room temperature. Enhanced chemiluminescence
reagent (EMD Millipore) was used to visualize the protein
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Figure 1. Avicularin inhibits cell viability of SCC13 cells. SCC13 cells were
treated with different concentrations of avicularin (0, 10, 30, 100 or 300 M)
for 24,48 and 72 h, and then a Cell Counting Kit-8 assay was used to detect
cell viability. Data are presented as the mean + SD. "P<0.05, “P<0.01 vs.
0 uM avicularin.

bands. The band density was quantified with Gel-Pro Analyzer
densitometry software (version 6.3; Media Cybernetics, Inc.).

Reverse transcription-quantitative PCR (RT-gPCR). TR1zol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used
to prepare the total RNA from SCCI13 cells according to the
manufacturer's protocol. A PrimeScript™ RT reagent kit
(Takara Bio, Inc.) was used to perform the RT. The tempera-
ture protocol for the reverse transcription reaction was as
follows: Primer annealing at 25°C for 5 min, cDNA synthesis
at 42°C for 60 min and termination at 80°C for 2 min. gPCR
analysis was carried out using SYBR Premix Ex Taq II
(Takara Bio, Inc.) following the manufacturer's instructions.
The reaction conditions for PCR were: Initial denaturation
at 95°C for 10 min, followed by 40 cycles of 15 sec at 95°C,
72°C for 30 sec and 78°C for 1.5 min. GAPDH was used as an
internal control. All PCR primer sequences were obtained as
required and listed as follows: E-cadherin forward, 5'-CGA
GAGCTACACGTTCACGG-3' and reverse, 5'-GGGTGT
CGAGGGAAAAATAGG-3"; N-cadherin forward, 5'-TTT
GATGGAGGTCTCCTAACACC-3"'and reverse, 5'-ACGTTT
AACACGTTGGAAATGTG-3'; MMP-9 forward, 5'-AGA
CCTGGGCAGATTCCAAAC3' and reverse, 5'-CGGCAA
GTCTTCCGAGTAGT-3'"; vimentin forward, 5'-GACGCC
ATCAACACCGAGTT-3' and reverse, 5'-CTTTGTCGTTGG
TTAGCTGGT-3'"; Bcl-2, forward 5'-TTGGATCAGGGA
GTTGGAAG-3" and reverse, 5-TGTCCCTACCAACCA
GAAGG-3' and Bax forward, 5-CGTCCACCAAGAAGC
TGAGCG-3' and reverse, 5'-CGTCCACCAAGAAGCTGA
GCG-3'". The 224% quantification method (19) was used to
analyze the relative gene expression.

Statistical analysis. Data are presented as the mean + SD.
SPSS 16.0 software (SPSS, Inc.) was used to perform the
statistical analysis. One-way ANOVA test followed by Tukey's
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Figure 2. Avicularin induces apoptosis in SCC13 cells. (A) SCC13 cells were treated with different concentrations of avicularin (0, 10, 30, 100 or 300 ¥M) for
48 h. Then, flow cytometry analysis with Annexin V-FITC and PI staining was used to detect the apoptotic rate in cells. (B) Quantification of cell apoptotic
rate. Data are presented as the mean + SD. "P<0.05, “P<0.01 vs. 0 M avicularin.

post hoc test was used to assess the differences between
multiple groups. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

AL inhibits SCCI3 cell viability. The present study investi-
gated the effect of AL on CSCC cell viability using a CCK-8
assay. The present results suggested that treatment with AL
at different concentrations (10, 30, 100 or 300 M) for 24, 48
and 72 h significantly inhibited cell viability in a dose- and
time-dependent manner compared with control cells without
AL treatment (Fig. 1). The present results suggested that AL had
cytotoxic effects on SCC13 cells in a dose- and time-dependent
manner. In addition, the present results indicated that the ICs,
for 48 h of AL in the SCC13 cells was 80.27 uM.

AL increases the apoptotic rate of SCCI3 cells. The present
study investigated whether AL affected CSCC cell apoptosis.
SCCI13 cells were treated with different concentrations of AL
(10, 30, 100 or 300 M) for 48 h, and then cell apoptosis was
analyzed. AL dose-dependently increased the apoptotic ratio
of SCC13 cells (Fig. 2). Therefore, the present results suggested
that AL increased CSCC cell apoptosis.

Avicularin regulates the epithelial-mesenchymal transition
(EMT) of SCCI3 cells. To investigate whether AL has a role
in EMT regulation, the present study evaluated the expression
levels of the EMT markers E-cadherin, N-cadherin, MMP-9
and vimentin. The present results suggested that AL increased
E-cadherin protein expression level and decreased N-cadherin,
MMP-9 and vimentin protein expression levels in SCC13 cells

in a dose-dependent manner (Fig. 3A-E). Similar results for
the mRNA expression levels were indicated by RT-qPCR
analysis (Fig. 3F-1).

Avicularin regulates the expression levels of apoptosis-related
genes and suppresses the MEK/NF-«xB signaling pathway.
The present study investigated the molecular mechanisms by
which AL may affect SCC13 cells. SCC13 cells were treated
with different concentrations of AL for 48 h, and then the
expression levels of Bcl-2 and Bax and the relative proteins in
MEK/NF-«B signaling pathway were measured. The present
results suggested that Bcl-2, which plays an important role
in apoptosis (20), was decreased in SCCI13 cells after AL
treatment (Fig. 4A and B). In addition, Bax protein expres-
sion level was significantly increased by AL treatment in
a dose-dependent manner (Fig. 4A and C). A similar result
was identified at the mRNA expression level of Bcl-2 and
Bax (Fig. 4D and E). Moreover, the expression levels of the
MEK/NF-«B signaling-related proteins p-MEK and p-p65
were significantly decreased (Fig. SA-C), while AL treatment
had no significant effect on the mRNA expression levels of
MEK and p65 in SCC13 cells (Fig. 5D and E).

Discussion

A large number of flavonoids, which are natural plant
polyphenols, are found in fruits and vegetables (11-14).
Naturally occurring flavonoids are a promising source for
drug development, as they have been shown to have anti-
cancer, antioxidant, anti-inflammatory and neuroprotective
effects (18,21). Aglycone forms of flavonoid exhibit a more
potent free radical scavenging activity compared with their
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Figure 3. Avicularin regulates the expression levels of EMT-related genes in SCC13 cells. SCC13 cells were treated with different concentrations of avicularin
(0, 10, 30, 100 or 300 M) for 48 h. (A) Western blot analysis results of the protein expression levels of EMT-related genes. Quantification of the protein expres-
sion levels of (B) E-cadherin, (C) N-cadherin, (D) MMP-9 and (E) vimentin. Reverse-transcription-quantitative PCR results of the mRNA expression levels
of (F) E-cadherin, (G) N-cadherin, (H) MMP-9 and (I) vimentin. Each experiment was performed at least three times. Data are presented as the mean + SD.
“P<0.05, “P<0.01 vs. 0 uM avicularin. MMP-9, matrix metalloproteinase-9; EMT, epithelial-mesenchymal transition.
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Figure 4. Avicularin regulates the expression levels of apoptosis-related genes. SCC13 cells were treated with different concentrations of avicularin (0, 10, 30,
100 or 300 zM) for 48 h. (A) Western blot analysis and the quantification of the protein expression levels of (B) Bcl-2 and (C) Bax. Reverse transcription-quan-
titative PCR was used to detect (D) Bcl-2 and (E) Bax mRNA expression levels. Data are presented as the mean + SD. "P<0.05, “P<0.01 vs. 0 uM avicularin.
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Figure 5. Avicularin regulates the MEK/NF-«kB signaling pathway. SCC13 cells were treated with different concentrations of avicularin (0, 10, 30, 100 or
300 uM) for 48 h. (A) Western blot analysis results and the quantification of the protein expression levels of (B) p-MEK and MEK, and (C) p-p65 and p65.
Reverse transcription-quantitative PCR was used to investigate the (D) MEK and (E) p65 mRNA expression levels. Data are presented as the mean + SD.
“P<0.05, “P<0.01 vs. 0 uM avicularin. MEK, mitogen-activated protein kinase kinase; p-, phosphorylated.

glycoside forms (22). However, the biological activities of AL study investigated the effect of AL on CSCC to understand its
remain largely unknown. Quercetin has been shown to have  biological activity and potentially facilitate the development of
a variety of beneficial effects such as suppression of neuronal  a theoretical basis for the treatment of CSCC.

apoptosis (23) and adipogenesis (24). Currently, the effect of The present study investigated the impact of AL on
AL on CSCC is not fully understood. Therefore, the present SCCI13 cell viability and apoptosis. The present results
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suggested that AL inhibited cell viability and induced apoptosis
in dose-dependent manner, indicating that AL induced cytotox-
icity and apoptosis in CSCC cells. Subsequently, RT-qPCR and
western blot analysis were used to detect the expression levels
of genes related to EMT, including N-cadherin, E-cadherin,
MMP-9 and vimentin to evaluate whether AL had an effect on
the EMT of SCC13 cells. The present results suggested that AL
increased E-cadherin expression level and decreased N-cadherin,
MMP-9 and vimentin expression levels in a dose-dependent
manner; therefore, AL may regulate some biological functions
in CSCC cells. Apoptosis is the main molecular mechanism of
chemotherapy-induced cell death (25). Thus, defects in apop-
tosis can enhance resistance to chemotherapy and increase the
survival rate of cancer cells (26). Bax is a major pro-apoptotic
member of the Bcl-2 family, which regulates apoptosis in both
cancer and healthy cells (27). Moreover, Bcl-2 is an essential
antiapoptotic signal that can contribute to tumor growth (28,29).
To investigate whether AL was involved in the regulation of
CSCC cell apoptosis, the present study analyzed the expression
levels of Bax and Bcl-2 in SCCI13 cells. The present results
suggested that AL reduced Bcl-2 expression level, but increased
Bax expression level in cells; therefore AL may induce CSCC
cell apoptosis by regulating Bcl-2 and Bax. The present study
investigated the signaling pathways involved in the effect of
AL on CSCC by examining the expression levels of p-MEK
and p-p65, which are associated with the MEK/NF-«kB signal
pathway (30,31). The present results suggested that AL inhibited
the activation of the MEK/NF-kB signaling pathway, thus AL
may have an anticancer role in CSCC.

In summary, the present results suggested that AL inhibited
cell viability, induced apoptosis and prevented SCC13 cell
EMT in a dose-dependent manner. The present results indi-
cated that AL may repress the MEK/NF-«B signaling pathway
to regulate cell apoptosis-related and EMT-related genes in
SCC13 cells. The present results may provide a theoretical basis
for AL treatment of patients with CSCC. However, the present
study is only a preliminary study of the effect of AL on CSCC,
and further research is needed in other CSCC cell lines and in
in vivo experiments. In addition, the ICs, of AL in CSCC cells
should be determined and the molecular mechanism of AL
inhibition of the MEK/NF-«B requires further investigation.
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