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Background: Oral squamous cell carcinoma (OSCC) is one of the most common cancers,
with high metastasis and mortality. Licochalcone A (LCA) is a chalconoid from the root of
Glycyrrhiza inflata, which has anti-tumor, anti-inflammatory, anti-angiogenesis effects in
many cancers. However, the mechanism that underlies LCA regulating cell proliferation,
migration, and invasion in OSCC remains poorly understood.

Methods: LY294002 or insulin-like growth factor 1 (IGF-1) were used to block or stimulate
the phosphatidylinositol 3 kinase (PI3K)/protein kinase B (AKT) pathway in OSCC cells.
Cell proliferation was investigated by MTT assay and proliferating cell nuclear antigen
(PCNA) protein level using Western blot. The expression of metastasis-related protein was
detected via Western blot. Cell migration and invasion abilities were evaluated by trans-well
assay. A murine xenograft model of OSCC was established to investigate the anti-tumor
effect of LCA in vivo.

Results: Treatment of LCA inhibited cell proliferation in SCC4 and CAL-27 cells.
Moreover, PI3K/AKT signaling was blocked by LY294002, and activated by IGF-1. LCA
could suppress proliferation, migration, and invasion of OSCC cells, which was similar to the
treatment of LY294002. In addition, LCA decreased IGF-1-induced OSCC progression. In
a murine xenograft model, LCA treatment protected against tumor growth and metastasis
in vivo.

Conclusions: LCA might inhibit cell proliferation, migration, and invasion through regulat-
ing the PI3K/AKT pathway in OSCC, developing a potential chemotherapeutic agent for
OSCC.

Keywords: oral squamous cell carcinoma, Licochalcone A, PI3K/AKT, PCNA, migration,

invasion

Introduction

Oral squamous cell carcinoma (OSCC) is one of the most common cancers, and
accounts for 90% of oral cancer.' Its invasive ability exacerbates tumor malignancy
and its factors may serve as potential diagnostic and therapeutic targets of OSCC.?
With the advances in cancer diagnosis and treatment, OSCC has gained more atten-
tion, while the 5-year survival rate remains unsatisfactory.® Hallmarks of proliferation,
growth, inflammation, invasion, migration, as well as cell death play essential roles in
the prognosis of OSCC.* The surgery, radiotherapy, and chemotherapy have gained
more attention for OSCC treatment in recent years, whereas the role of the therapy
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remains controversial.>® Hence, development of therapeutic
agents is required for greater efficacy in OSCC treatment.

Licochalcones (LCs) are a class of natural bioactive com-
pounds, which have most important anti-inflammatory, anti-
oxidant, anti-cancer, anti-microbial, and anti-viral roles.” LCD
might induce apoptosis and suppress cell migration and inva-
sion in human melanoma cells.®* LCA have been reported to
inhibit cell migration and invasion by down-regulating mito-
gen-activated protein kinase kinase-4 (MKK4) and its sub-
strate c-Jun N-terminal kinase (JNK) and urokinase
plasminogen activator (uPA) expression in human hepatocel-
lular carcinoma.” Moreover, LCA suppresses cell viability,
enhanced autophagy and apoptosis by regulating the phospha-
tidylinositol 3 kinase (PI3K)/protein kinase B (AKT) pathway/
mTOR pathway in breast cancer cells.'® Notably, LCA plays
an important role in cell viability and apoptosis by regulating
extracellular signal-regulated kinasel/2 (ERK1/2) and p38-
mediated tumor necrosis factor-related apoptosis-inducing
ligand (TRAIL) expression in head and neck squamous carci-
noma FaDu cells."" More importantly, LCA is suggested to
induce apoptosis through regulating Sp1 and Sp1 regulatory
proteins expression in OSCC.'? However, the mechanism
allows LCA regulating migration, and invasion of OSCC
remains largely unclear.

The PI3K/AKT pathway has been regarded as one of the
key mechanisms involved in cell migration, invasion, and

cancer. 13

epithelial-mesenchymal transition in lung
Moreover, the PI3K/AKT signaling pathway is regarded to
associate with proliferation and metastasis in renal cell
carcinoma.'* In addition, the PI3K/AKT pathway is sug-
gested to be involved in cell apoptosis in human pharyngeal
squamous carcinoma FaDu cells.'”” The previous effort
suggests the PI3K/AKT pathway is required for cell growth
in oral cancer.'® Hence, we assumed that the PI3K/AKT
pathway might be associated with LCA-mediated progres-
sion of OSCC. In the present study, we investigated the
effect of LCA on proliferation, migration, and invasion in
OSCC cells. Moreover, we explored whether it was asso-
ciated with the PI3K/AKT pathway. In addition, the poten-
tial anti-tumor effect of LCA was evaluated in vivo by

murine xenograft model of OSCC.

Materials and methods
Cell culture and treatment
Human OSCC cell lines SCC4 and CAL-27 cells were

purchased from American Tissue Culture Collection
(ATCC, Manassas, VA, USA). Cells were maintained in

RPMI-1640 cell medium (Invitrogen, Carlsbad, CA, USA)
containing 10% FBS (Gibco, Carlsbad, CA, USA), 1%
penicillin, and streptomycin (Thermo Fisher, Wilmington,
DE, USA) in a humidified incubator at 37°C with 5% CO,.

To evaluate the effect of LCA on OSCC progression,
different concentrations (0, 25, 50, 100 uM) of LCA
(Sigma, St. Louis, MO, USA) were introduced into cells for
24 hours or 48 hours. To block the PI3K/AKT pathway, 50
uM LY294002 (Sigma) was added to cells 2 hours before
treatment of LCA. However, cells were incubated with 100
ng/mLof insulin-like growth factor 1 (IGF-1) (Sigma) for 20
minutes to activate the PI3K/AKT pathway.

Cell viability

Cells were seeded at a density of 1x10* cells/well in 96-
well plates overnight and then treated with the indicated
concentration of LCA, LY294002, or IGF-1. After the
incubation, cells were incubated with 5 mg/mLMTT
(Sigma) for 4 hours, followed by crystals dissolved in
100 pL/well dimethyl sulfoxide (DMSO, Sigma). The
absorbance was measured at 570 nm with a microplate
reader (Bio-Rad, Hercules, CA, USA). All experiments
were performed three times.

Western blots

Total protein was prepared from OSCC cells or tumor
tissues in cell lysis buffer (Thermo Fisher) and then quanti-
fied by BCA assay kit (Sigma). Following denatured and
separated by SDS-PAGE gel, proteins were transferred to
polyvinylidene difluoride (PVDF) membranes (Millipore,
Billerica, MA, USA) and then blocked with blocking
reagent (Thermo Fisher). Subsequently, the membranes
were incubated with primary antibodies against proliferat-
ing cell nuclear antigen (PCNA) (#13110), p-AKT (#4060),
AKT (#4691), PI3K (#4249), matrix metalloproteinases-2
(MMP-2) (#87809), MMP-9 (#13667), or B-actin (#4970)
(Cell Signaling Technology, Danvers, MA, USA) overnight
at 4°C and secondary antibodies (#5127) (Cell Signaling
Technology) for 2 hours. The protein blots were visualized
using enhanced chemiluminescence (Thermo Fisher) and
normalized by B-actin as a standard for band intensities.

Trans-well assay

To investigate cell migration and invasion ability, trans-
well assay was conducted in SCC4 and CAL-27 cells. In
migration assay, cells were seeded in the upper chambers
(Costar, Corning, NY, USA) containing serum-free med-
ium and cultured at 37°C in 5% CO, for 8 hours. Migrated
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cells were fixed with 100% methanol for 10 minutes, then
stained with 0.1% crystal violet (Sigma) and counted using
a microscope (Olympus, Tokyo, Japan). In invasion assay,
the trans-well chambers were coated with Matrigel (BD,
San Jose, CA, USA) and then used for subsequent assay
following a similar approach.

Murine xenograft model of OSCC

Animal experiments were conducted in accordance with
the guidelines for Care and Use of Laboratory
Animals approved by the Animal Research committee of
Yuhuangding Hospital. BALB/c nude mice (male, 6-week-
old) were purchased from Vital River Laboratory Animal
Technology (Beijing, China). SCC4 cells (6x10° cells)
were subcutaneously injected into nude mice (n=8 per
group). One week after cell implantation, 10 mg/kg LCA
dissolved in 5% ethanol or 5% ethanol were introduced
into the experiment or control group by intraperitoneal
injection, respectively, every 2 days for 4 weeks. Tumors
were examined every week, and tumor volume was calcu-
lated with slide calipers as V=0.5xlengthxwidthxheight.
Mice were killed at 35 days after cell implantation, and
tumor specimens were weighted and then collected for

molecular analyses.

Statistical analysis

Data were expressed as the meantstandard error of the
mean (SEM) from three
Difference was evaluated by paired Student’s #-test or
one-way ANOVA using SPSS 22.0 software (SPSS, Inc.,
Chicago, IL, USA). Statistically significant was considered

independent experiments.

as P-values less than 0.05.

Results
LCA inhibits cell proliferation in OSCC

cells

To investigate the cytotoxic effect of LCA on OSCC cells,
SCC4 and CAL-27 cells were exposed to different concen-
trations (0, 25, 50, and 100 uM) of LCA for 24 hours or 48
hours. After the treatment, cell viability was obviously
decreased in SCC4 and CAL-27 cells after 50 or 100 uM
LCA treatment for 24 or 48 hours in a concentration depen-
dent manner (Figures 1A and B). Moreover, the abundances
of PCNA protein were measured in the two cells, and results
showed that the PCNA level was progressively reduced in
SCC4 and CAL-27 cells at 24 or 48 hours in response to
different concentrations of LCA stimulation (Figures 1C

and D). Besides, a 24 hour-incubation with LCA led to
severer loss of cell viability and PCNA protein abundance
than exposure for 48 hours in SCC4 and CAL-27 cells
(Figures 1A—D). Hence, Cells with exposure of 100 uM
LCA for 24 hours were used for further study. These data
demonstrate that LCA suppressed cell proliferation in
OSCC cells.

LCA inhibits OSCC progression by
blocking the PI3K/AKT pathway

To probe the molecular mechanism of LCA regulating
OSCC progression, we investigated the effect of LCA on
the PI3K/AKT pathway in OSCC cells. The inhibitor of
PI3K/AKT signaling LY294002 was used as a positive
control. After the exposure of 100 uM LCA for 24 hours
or 50 pM LY294002 for 2 hours, the expression levels of
p-AKT and PI3K protein were significantly reduced in
SCC4 and CAL-27 cells, while the total AKT expression
level showed few alterations, suggesting that LCA treat-
ment inhibited the PI3K/AKT pathway (Figures 2A
and B).

To investigate whether the PI3K/AKT pathway was asso-
ciated with LCA-mediated OSCC progression, SCC4 and
CAL-27 cells were treated with 100 uM LCA for 24 hours
or 50 uM LY294002 for 2 hours. As shown in Figures 3A-D,
inhibition of PI3K/AKT by L'Y294002 significantly decreased
cell proliferation. Furthermore, the analysis of trans-well
revealed that LCA markedly repressed cell migration and
invasion in SCC4 and CAL-27 cells, which is similar to the
effect of LY294002 (Figures 3E-H). These results indicated
that LCA suppressed cell proliferation, migration, and inva-
sion by blocking the PI3K/AKT pathway.

To further investigate this mechanism, SCC4 and CAL-
27 cells were exposed to 100 ng/mL IGF-1 for 20 minutes,
leading to the activation of the PI3K/AKT pathway in OSCC
cells, which was confirmed in Figures 4A and B. However,
introduction of LCA attenuated IGF-1-induced PI3K/AKT
pathway activation (Figures 4A and B). With respect to cell
proliferation, the promotion of the PI3K/AKT pathway using
IGF-1 significantly enhanced the expression of PCNA pro-
tein, whereas LCA treatment weakened PCNA level in SCC4
and CAL-27 cells (Figures 4C and D). Moreover, the pre-
sence of IGF-1 effectively promoted cell migration and inva-
sion in SCC4 and CAL-27 cells, while exposure of LCA
mitigated this effect (Figures 4E-H). Together, these results
further revealed that LCA hindered OSCC progression
through mediating the PI3K/AKT pathway.
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Figure | LCA inhibited cell proliferation of OSCC cells. (A and B) The cell viability of SCC4 and CAL-27 were detected at 24 and 48 hours after exposure of 0, 25, 50, 100
M LCA. (C and D) The expression of PCNA protein was examined in SCC4 and CAL-27 at 24 and 48 hours after different concentrations of LCA treatment. *P<0.05.
Abbreviations: LCA, Licochalcone A; OSCC, Oral squamous cell carcinoma; PCNA, proliferating cell nuclear antigen.
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Figure 2 LCA blocked PI3K/AKT pathway in OSCC cells. (A and B) The expression of PI3K/AKT-related proteins was detected in SCC4 and CAL-27 cells after exposure
of 100 uM LCA for 24 hours or 50 pM LY294002 for 2 hours. *P<0.05.
Abbreviations: Con, control; LCA, Licochalcone A; OSCC, Oral squamous cell carcinoma.
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Abbreviations: Con, control; LCA, Licochalcone A; OSCC, Oral squamous cell carcinoma; PCNA, proliferating cell nuclear antigen.

LCA delays tumor growth and metastasis
in vivo

To further evaluate the anti-tumor effect of LCA on OSCC
in vivo, 16 nude mice were injected with SCC4 cells and
then treated with or without LCA. As a result, LCA treat-
ment significantly lessened the tumor volume compared
with the control group (n=8 per group) (Figure 5A).
Moreover, tumor weight was also obviously decreased by
LCA treatment (Figure 5B). Besides, the protein factors of
proliferation and metastasis were investigated in tumor
samples. As demonstrated in Figure 5C, LCA treatment
resulted in a strong loss of PCNA protein abundance.
Furthermore, the expression levels of metastasis markers
(MMP-2 and MMP-9) were evidently down-regulated in
tumor tissues after LCA treatment (Figures 5D and E).
These findings uncovered that LCA treatment had
a limited capacity for tumor growth and metastasis of
OSCC in vivo.

Discussion
OSCC is one common lethal disease with increasing inci-
dence threatening a large number of people all over the

world."” Hence, a novel effective and low-toxicity thera-
peutic agent is expected for OSCC treatment. Licorice is
obtained from the roots of Glycyrrhiza species, which
exhibits potential beneficial effects to prevent or treat oro-
dental diseases.'® LCA is one of the bioactive ingredients
of licorice, which was suggested as a compound with
effective and low-toxicity features against Toxoplasma
gondii.'"” Moreover, LCA played anti-tumor and anti-
metastatic effects in colorectal cancer by regulating pro-
liferation and metastasis in preclinical studies.?’ Notably,
LCA might mediate cell apoptosis through regulating Spl
expression or caspase-dependent FasL pathway in
0OSCC.'>?! However, the mechanism that underlies LCA
involved in cell proliferation, migration, and invasion of
OSCC cells remains unclear. In this study, we found that
LCA suppressed cell proliferation, migration, and invasion
in OSCC. Moreover, we demonstrated that it was asso-
ciated with the PI3K/AKT signaling pathway.

We first investigated the effect of LCA on cell prolifera-
tion in SCC4 and CAL-27 cells. PCNA is a proliferation-
related protein, which has been suggested to positively cor-
relate with cell proliferation in OSCC.** Hence, the cell
viability and PCNA protein abundance were investigated
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for cell proliferation in our works. Results showed that LCA
decreased cell viability and PCNA level in OSCC cells,
suggesting that LCA inhibited cell proliferation of OSCC
cells, which is also in agreement with the previous studies
displaying the anti-proliferation role of LCA in glioma and
lung cancer cells.**** Moreover, migration and invasion also
aggravated the tumor malignancy. Trans-well assay showed
that LCA blocked the migrated and invasive abilities of
OSCC cells in this study, which is consistent with the effect
in former work revealing that LCA repressed cell migration
and invasion in human hepatocellular carcinoma cells.”
Accordingly, a promising signaling pathway is needed to
better understand the mechanism in the study.

The PI3K/AKT pathway has been reported to be acti-
vated in multiple types of tumor malignancies.>> Moreover,
the PI3K/AKT pathway was associated with migration and
invasion in many cancers, such as prostate cancer, lung
cancer, and gastric cancer.’*>® We hypothesized that the
PI3K/AKT pathway might be involved in migration and
invasion in our effort. In our research, we found that LCA
treatment blocked the PI3K/AKT pathway through inhibiting
p-AKT and PI3K protein expressions in OSCC cells, which
is also in agreement with previous studies in skin cancer and
gastric cancer.?%° Notably, the regulatory effect of the PI3K/
AKT pathway on cell viability, migration, and invasion was
directly investigated by inhibition or activation of the path-
way in OSCC cells. LY294002 was regarded as a common
inhibitor of the PI3K/AKT pathway.”' In addition, IGF-1 was

used as an activator of the PI3K/AKT pathway in a previous
study.®? By using LY294002 or IGF-1, this study showed that
the PI3K/AKT pathway was positively correlated with
OSCC cell proliferation, migration, and invasion, which is
similar to former works.>**** Furthermore, the effect of LCA
was similar to the role of LY294002, and it could attenuate
the effect of IGF-1, suggesting that LCA treatment blocked
PI3K/AKT signaling to suppress cell proliferation, migra-
tion, and invasion in OSCC cells.

Preclinical investigation was necessary for evaluating
the anti-tumor effect of LCA on OSCC by murine xeno-
graft model.''> Hence, SCC4 cells were introduced into
nude mice and then treated by LCA. Results uncovered
that LCA inhibited tumor growth. Moreover, LCA treat-
ment suppressed PCNA, MMP-2, and MMP-9 abun-
dances, suggesting that LCA might inhibit proliferation
and metastasis in vivo. This is similar to the results in
that LCA decreased MMPs in rat
LCA was
a combination with clinical drugs.'® Hence, the effect of

such findings

36 Functional

chondrocytes. realized by
combination of LCA and clinical drugs on OSCC is
needed to be investigated by in-depth preclinical experi-
ments in a further study. Furthermore, this study just
investigated the signaling pathway involved in LCA-
addressed progression by using pharmacological inhibitors
of PI3K (LY294002) or activator (IGF-1). To better under-
stand the mechanism, the experiments should be per-
formed using siRNA ablation or overexpression in future.
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In the present study, we demonstrated that LCA treat-

ment inhibited cell proliferation, migration and invasion in
OSCC, possibly associated with the PI3K/AKT pathway,
providing a novel therapeutic agent for OSCC treatment.
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