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Objective: Flavopereirine has been identified to be a potential anti-cancer agent in several
types of human cancer. This study aimed to investigate the anti-cancer activity of flavoper-
eirine in oral cancer.

Methods: The effect of flavopereirine on cell viability of human oral cancer cell lines
(BcaCD885 and Tca8113) was evaluated by MTT assay and colony formation assay. Cell
apoptosis and cell cycle distribution were detected by flow cytometry. Cell invasion and
migration were evaluated by Transwell assay. The expression of LASP1, JAK2, p-JAK2,
STST3, p-STST3, STST5 and p-STSTS was evaluated by qRT-PCR and Western blot. In
addition, the xenograft mouse model was constructed to determine the anti-cancer role of
flavopereirine in vivo.

Results: Flavopereirine significantly inhibited cell proliferation, invasion, migration and
EMT process of BcaCD885 and Tca8113 cells, while promoted cell apoptosis in vitro.
Flavopereirine markedly decreased the expression levels of p-JAK2, p-STST3 and
p-STSTS, while increased the expression levels of LASP1. In addition, downregulation of
LASP1 significantly increased the expression levels of p-JAK2, p-STAT3 and p-STATS
compared with si-NC in BcaCD885 cells. Moreover, flavopereirine was found to decrease
tumor weight and volume of xenograft tumors in vivo.

Conclusion: Flavopereirine inhibited the progression of oral cancer through inactivating the
JAK/STAT signaling pathway by upregulating LASP1, suggesting that flavopereirine might
be a potential anti-cancer agent for oral cancer.

Keywords: oral cancer, flavopereirine, LASP1, JAK/STAT signaling pathway,
tumorigenicity

Introduction

Oral squamous cell carcinoma (OSCC) has become the sixth most common malig-
nancy worldwide with an approximate incidence of over 300,000 newly diagnosed
cases every year.' Increasing evidence has revealed that smoking and alcohol
consumption are the primary environmental factors resulting in the occurrence
and development of OSCC.? Although significant improvement in molecular diag-
nostics and therapeutics of OSCC has been made, the morbidity rate is still high and
the 5-year survival of OSCC patients is low.” The standard therapeutic strategy for
OSCC is surgery, usually accompanied by radiotherapy and chemotherapy.
Therefore, identification and development of effective therapeutic drugs against
OSCC are urgently needed.

Drug Design, Development and Therapy 2021:15 1705-1716 1705
© 2021 Xu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
5Y NG

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


mailto:junwuxufujian@163.com
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Xu et al

Dove

Flavopereirine (3-ethyl-12H-indolo [2,3-a]-quinolizi-
nium perchlorate), a natural B-carboline alkaloid, is iso-
lated from Geissospermum vellosii (Pao pereira).’
Previous studies have revealed that flavopereirine exhibits
potent anti-cancer activities in various human cancers. For
example, flavopereirine inhibits the growth of colorectal
cancer cells via modulating P53 signaling dependence.’
Flavopereirine induces cell cycle arrest and apoptosis of
human breast cancer cells by regulating the AKT/p38
MAPK/ERK1/2 signaling pathway.” Flavopereirine has
also been found to decrease cell viability of drug-resistant
inhibits ~ IL-6-activated
proliferation.®’ In addition, the anticancer agent PB-100

glioblastoma  cells  and
that contains flavopereirine and dihydroflavopereirine can
selectively suppress the proliferation of human melanoma
cells but not their normal counterparts.'® All these studies
suggest that flavopereirine has potential anti-cancer activ-
ities in cancers, therefore, this study was carried out to
investigate the effect of flavopereirine in OSCC and the
underlying mechanisms.

Activation of the JAK/STAT signaling pathway is
observed in a variety of human tumors such as breast
cancer,'! prostate cancer,' non-small lung cancer,'® and
OSCC.'* Increasing evidence has demonstrated that the
constitutive activation of STAT contributes to the pro-
liferation and oncogenesis through regulating the
expression of a large number of genes required for the
survival, proliferation, invasion and metastasis of tumor
cells.>!'® Therefore, the JAK/STAT signaling plays a
crucial role in tumorigenesis and is considered as a
potential therapeutic target for novel drug development.
In OSCC, astaxanthin, a non-provitamin A carotenoid
that is mainly found in microalgae, fungi, plants, sea
foods and some birds, can be potentially applied for the
prevention and treatment of various diseases including
oscc.'”'®

In the present study, we explored the role of flavoper-
eirine in oral cancer. Our study demonstrated that flavo-
pereirine could significantly inhibit proliferation, invasion,
migration and EMT processes, while induced apoptosis of
human oral cancer cells in vitro. Meanwhile, flavopereir-
ine obviously inhibited tumor growth in a mouse model in
vivo. Furthermore, flavopereirine inhibited the activation
of the JAK/STAT signaling pathway by promoting the
expression of LASP1. Our findings demonstrated that fla-
vopereirine might be a potential anti-cancer agent for oral

cancer.

Materials and Methods

Reagent Information

Flavopereirine (monohydrate, purity >98%) was purchased
from Herbpurify (Chengdu, China). The structural formula
is shown in Figure 1A. All other chemicals and reagents
were commercially available and used as received. The
pan-caspase inhibitor (Z-VAD-FMK) was purchased from
Sigma Aldrich.

Cell Culture

Human oral cancer cell lines BcaCD885 and Tca8113,
and normal oral epithelial cell line HOES were obtained
from the American Type Tissue Culture Collection
(ATCC). All cells were cultured in RPMI-1640 medium
(Solarbio, Beijing, China) containing 10% fetal bovine
serum (FBS, Gibco BRL, Grand Island, NY, USA), 100
unit/mL penicillin and 0.1 mg/mL streptomycin at 37°C
with 5% CO,. Different concentrations of flavopereirine
(25, 50, and 100 pmol/L) were added and incubated for
48 h. When needed, 20 pmol/L Z-VAD-FMK or 100
pmol/L flavopereirine was added to stimulate BcaCD885
and Tca8113 for 48 h.

MTT Assay

Cell proliferation was evaluated using MTT Cell Viability
Assay Kit (Invitrogen; Carlsbad, CA, USA) following the
manufacturer’s instructions. Briefly, approximately 1 x 10*
BcaCD885 and Tca8113 cells were seeded into 96-well
plates and treated with different concentrations of flavo-
pereirine for 24, 48 and 72 h. Subsequently, 10 pL of MTT
stock solution was added and incubated at 37°C for
another 4 h. Then, 100 pL of dissolution reagent was
added and incubated for 4 h. Finally, the absorbance at
490 nm was detected under a microplate reader (TECAN-
infinite M200pro, Mannedorf, Switzerland).

Colony Formation Assay

Approximately 1000 BcaCD885 and Tca8113 cells were
seeded into 6-well plates and cultured for 2 weeks. After
washing with PBS, cells were fixed with 4% paraformal-
dehyde and stained with 0.1% crystal violet for 15 min.
Subsequently, cells were counted and photographed under
a light microscope.

Transwell Assay
Cell invasion and migration were evaluated by Transwell
assay as previously described.'® For invasion assay, 24-
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Figure | Flavopereirine inhibited proliferation of human oral cancer cells. (A) The structural formula of flavopereirine. (B and C) The effect of different concentrations of
flavopereirine on the proliferation of BcaCD885 (B) and Tca81 |3 cells (C) was evaluated by MTT assay. (D and E) BcaCD885, Tca81 13 and HOES cells were treated with
different concentrations of flavopereirine, and cell viability at 72 h (D) and 96 h (E) was detected by MTT assay. (F and G) The effect of different concentrations of
flavopereirine on the colony formation ability of BcaCD885 (F) and Tca81 13 cells (G). **P < 0.01, ***P < 0.001 vs O umol/L flavopereirine group.

well Transwell™ plates with 8.0-um-pore Matrigel™-
coated membranes were applied (Corning, NY). Lower
chambers were added with RPMI-1640 supplementing
with 10% FBS, and the upper chambers were filled with
200 pL cell suspension. After 24 h of incubation, cells
were fixed by 4% paraformaldehyde and stained with
0.1% crystal violet. The migration assay was performed
similarly without coating the membranes with Matrige]™
plates. Ten random fields were photographed, and cells
were counted under a microscope.

Hoechst33342 Staining Assay

Cells were plated into 6-well plates. After treating with
different concentrations of flavopereirine for 48 h, cells
were fixed with 4% paraformaldehyde at the room tem-
perature for 10 min, and then stained with 1 pg/mL

Hoechst33342 for 5 min. Subsequently, cells were
washed with PBS and imaged using a fluorescence
microscope.

Cell Transfection

To silence the expression of LASP1 in BcaCD885 and
Tca8113 cells, siRNAs targeting LASP1 (si-LASP1) or nega-
tive control (si-NC) were transfected into cells using
Lipofectamine 2000 (Invitrogen) following the manufac-
turer’s instructions. Si-LASP1 and si-NC were purchased
from RIBOBIO (China). After transfection for 48 h, cells
were treated with or without different concentrations of
flavopereirine and collected for subsequent experiments.
The sequences for si-LASP1 and si-NC were listed as fol-
lows: si-LASP1: 5-UATUCGCTTCGUUGACGCUAA-3';
si-NC: 5-AAGGTGAACTGTCTGGATAAG-3'.
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Cell Cycle and Apoptosis Assay

The distribution of the phases of cell cycle of BcaCD885
and Tca8113 cells was evaluated using a propidium iodide
(PI) staining method. Briefly, cells were seeded into 6-well
plates and treated with different concentrations of flavo-
pereirine for 48 h, and then fixed with 75% ethanol at —20°
C overnight. On the next day, cells were stained with PI
for 20 min and analyzed by FACS Caliber (BD Company,
USA). For apoptosis analysis, flavopereirine-treated cells
were washed with PBS and re-suspended in the binding
buffer (BD Bioscience, USA). Then, 100 pL cell suspen-
sion was incubated with 5 pL Annexin V-FITC (1:100)
and 5 pL PI in the dark. The apoptotic cells were quanti-
fied by FACS Caliber (BD Company, USA).

RNA Extraction and qRT-PCR

Total RNAs were extracted from cultured cells using TRIzol
reagent (Huamai, Beijing, China). RNA samples were rever-
sely transcribed into cDNA by using a Reverse Transcription
Kit (Takara). qRT-PCR analysis was performed using SYBR
Green (Takara) on an ABI 7500 Detection System (Applied
Biosystems, Foster City, CA, USA). The relative expression
2724 method with
GAPDH as the internal reference. The primers used in this
study were listed as follows: LASP1 forward: 5- A

levels of targets were analyzed by

GGGAGTTGTGCCCATTTTG —3', reverse: 5- A
GCAGATGCCCATGCTTTCT -3’; GAPDH forward: 5'-
GAAGGTGAAGGTCGGAGTC  -3';  reverse:  5'-

GAAGATGGTGATGGGATTTC —-3".

Western Blot

Cells were lysed using the RIPA Lysis Buffer (Beyotime,
Beijing, China) following the manufacturer’s instructions.
Protein concentration was determined using the bicincho-
ninic acid (BCA) colorimetric assay. The equal amount of
protein samples were separated by SDS-PAGE and then
transferred to PVDF membranes (Millipore). After block-
ing with 5% skim milk, the membranes were incubated
with primary antibodies against Cyclin D1 (1:1000),
CDK1 (1:1000), CDC2 (1:1000), Vimentin (1:1000),
(1:1000), slug (1:1000), E-cadherin (1:1000),
(1:1000), Cleaved-Caspase3  (1:1000),
Cleaved-Caspase3  (1:1000), Bcl-2 (1:1000), Bax
(1:1000), JAK2 (1:1000), p-JAK2 (1:1000), STAT3
(1:1000), p-STAT3 (1:1000), STAT5 (1:1000), p-STATS5
(1:1000) and B-actin (1:1000, Ab8227, Cambridge, MA)
at 4°C overnight. All primary antibodies were purchased

snail
E-cadherin

from Abcam. Subsequently, the membranes were exposed
to horseradish peroxidase (HRP) conjugated secondary
antibodies (1:1000) for 1 h. Finally, the protein bands
were visualized by an enhanced chemiluminescence
(ECL) reagent with Bio-Rad imaging system.

Xenograft Model

BALB/c nude mice (male, 4 weeks old) were purchased
from Beijing HFK Bioscience Co. and kept under stan-
dard conditions. The xenograft model was constructed
as previously described with minor modification.?’ In
brief, approximately 1 x 10° BcaCD885 cells were sub-
cutaneously inoculated into the flanks of each mouse.

3, all mice were

When tumor volume reached ~50 mm
randomly divided into two groups (n = 8): vehicle group
and control group. Mice in model group were daily
treated with flavopereirine (5 mg/kg body weight, pre-
pared in 25% PEG) for 5 d per week, while mice in the
control group were simultaneously treated with normal
saline of the same concentration. Meanwhile, tumor
volume was evaluated twice every week. After 5
weeks, tumor volume (V) was calculated using the fol-
0.524 x length x width.?

Subsequently, mice were sacrificed by cervical disloca-

lowing formula: V =

tion, and then tumors were removed and weighted. All
animal experiments were approved by the Animal
Research Ethics
Hospital, and were performed according to the Guide

Committee of Fujian Provincial
for the Care and Use of Laboratory Animals published
by the National Research Council in China.

Immunohistochemistry (IHC) Staining
Xenograft tumors were removed and fixed in 10% neu-
tral buffered formalin, embedded in paraffin, and cut
into sections with 4 um in thickness. Then the sections
were immunohistochemically stained with anti-Ki67
antibody (Cell Signaling Technology) as previously
described.”!

Statistical Analysis

All data were presented as mean =+ standard deviation
(SD) and analyzed by GraphPad Prism 6.0 (San Diego,
CA). Difference between the two groups was determined
by LSD-#-test and two-way ANOVA was used for multi-
ple comparisons. P < 0.05 was considered statistically
significant. All experiments were repeated at least 3
times.
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Results
Flavopereirine Inhibited Proliferation of

Human Oral Cancer Cells in vitro

To explore the effect of flavopereirine, BcaCD885 and
Tca8113 cells were treated with different concentra-
tions of flavopereirine (25, 50, and 100 umol/L). Cell
viability was evaluated by MTT assay and the results
showed that flavopereirine significantly reduced the
viability of both BcaCD885 and Tca8113 cells at 72 h
(p < 0.01) and 96 h (p < 0.001) compared with nega-
tive control (Figure 1B and C). Meanwhile, relative to
human normal oral epithelial cell line (HOES), flavo-
pereirine could selectively inhibit the proliferation of
BcaCD885 and Tca8113 cells in a dose-dependent
manner at both 72 h (p < 0.01) (Figure 1D) and 96 h
(p < 0.01) (Figure 1E). In addition, colony formation

assay results indicated that flavopereirine significantly
decreased the number of colonies of BcaCD885 (p <
0.01) (Figure 1F) and Tca8113 cells (»p < 0.01)
(Figure 1G) in a dose-dependent manner. These results
indicated that flavopereirine could specifically inhibit
the proliferation of human oral cancer cells (BcaCD885
and Tca8113) with no obvious toxicity to normal
epithelial cells.

Flavopereirine Induced Apoptosis of

Human Oral Cancer Cells in vitro

We then analyzed the effect of flavopereirine on cell
apoptosis. Hoechst 33342 staining results showed that the
apoptotic features of BcaCDS885 cells (Figure 2A) and
Tca8113 cells (Figure 2B) were obvious in flavopereir-

ine-treated group, including cell shrinkage, rounding up
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Figure 2 Flavopereirine induced apoptosis of human oral cancer cells. (A and B) The morphological apoptosis of BcaCD885 (A) and Tca81 13 cells (B) was evaluated by
Hoechst33342 staining (blue). Magnification, x 200, scale bar = 100 um. (C and D) The apoptotic rate of BcaCD885 (C) and Tca8113 cells (D) was evaluated by flow
cytometry. (E and F) The expression of pro-apoptotic factors cleaved caspase-9, cleaved caspase-3, Bax and anti-apoptotic factor Bcl-2 in BcaCD885 (E) and Tca81 I3 cells
(F) was detected by Western blot. *P < 0.05, #*P < 0,01, *P < 0.001 vs 0 umol/L group. **P < 0.01 vs 100 umol/L flavopereirine group.
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Figure 3 Flavopereirine block the cell cycle at the G2/M phase of human oral cancer cells. (A and B) Cell cycle of BcaCD885 (A) and Tca81 13 cells (B) was detected by
flow cytometry. (C and D) The protein expression levels of G2/M-phase checkpoint proteins were evaluated by Western blot. **P < 0.01.

and enhanced blue fluorescence intensity, compared with
that in the control group (0 pmol/L). Flow cytometry
results showed that flavopereirine significantly promoted
cell apoptosis of both BcaCDS885 (p < 0.05) (Figure 2C)
and Tca8113 cells (p < 0.05) (Figure 2D) in a dose-depen-
dent manner. In addition, the expression of apoptosis-
related makers was detected by Western blot, and the
results indicated that in both BcaCD885 (Figure 2E) and
Tca8113 cells (Figure 2F), 50 and 100 pumol/L flavoper-
eirine both increased the expression levels of pro-apoptotic
factors including cleaved caspase-9 (p < 0.01), cleaved
caspase-3 (p < 0.01) and Bax (p < 0.01), and decreased
the expression levels of anti-apoptotic factor Bel-2 (p <
0.001), while 25 pumol/L flavopereirine had no effect on
the expression of these apoptosis-related proteins.
Meanwhile, pan-caspase inhibitor (Z-VAD-FMK) exhib-
ited no obvious effect on the expression of cleaved cas-
pase-9, cleaved caspase-3, Bax and anti-apoptotic factor
Bcl-2. The treatment of Z-VAD-FMK and flavopereirine
significantly attenuated flavopereirine-induced increase on
the expression levels of cleaved caspase-9 (p < 0.01),
cleaved caspase-3 (p < 0.01) and Bax (p < 0.01), as well
as flavopereirine-induced decrease on the expression levels

of Bel-2 (p < 0.01) (Figure 2E and F). These results
indicated that flavopereirine could significantly induce
apoptosis of human oral cancer cells, and Z-VAD-FMK
could attenuate the effect of flavopereirine on cell
apoptosis.

Flavopereirine Blocked the Cell Cycle at
the G2/M Phase of Human Oral Cancer

Cells in vitro

To explore the mechanism of anti-proliferative activity of
flavopereirine, cell cycle distribution of BcaCD885 and
Tca8113 cells after flavopereirine treatment was evaluated.
The results showed that different concentrations of flavo-
pereirine all decreased the proportion at S and G2/M phase
of both BcaCD885 (Figure 3A, p < 0.01) and Tca8113
cells (Figure 3B, p < 0.01). Meanwhile, Western blot
results showed that 50 and 100 pumol/L flavopereirine
significantly decreased the expression levels of the G2/
M-phase checkpoint proteins such as CDKI1 (p < 0.01),
CyclinB1 (p < 0.01) and CDC2 (p < 0.01) in BcaCD885
cells (Figure 3C) and Tca8113 cells (Figure 3D). These
indicated that inhibited the

results flavopereirine
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Figure 4 Flavopereirine inhibited invasion, migration and EMT process of human oral cancer cells in vitro. (A and B) The effect of flavopereirine on the migration ability of
BcaCD885 (A) and Tca8l |3 cells (B). Magnification, x 200, scale bar = 100 pm. (C and D) The effect of flavopereirine on the invasion ability of BcaCD885 (C) and Tca81 13
cells (D). Magnification, x 200, scale bar = 100 um. (E and F) The expression of EMT-related proteins in BcaCD885 (E) and Tca8| I3 cells (F) after flavopereirine treatment
was evaluated by Western blot. *P < 0.05, **P < 0.01, **P < 0.001 vs 0 pmol/L flavopereirine group.

proliferation of oral cancer cells through blocking cell
cycle at the G2/M phase.

Flavopereirine Inhibited Invasion,
Migration and EMT Process of Human

Oral Cancer Cells in vitro

To explore the effect of flavopereirine on cell invasion,
migration and EMT process, Transwell assay was per-
formed and the results showed that 50 and 100 pmol/L
flavopereirine significantly reduced the migration (p <
0.01) (Figure 4A) and invasion (p < 0.01) (Figure 4B)
capacity of BcaCD885 cells, as well as the migration (p
< 0.01) (Figure 4C) and invasion (p < 0.01) (Figure 4D)
capacity of Tca8113 cells compared with that in the con-
trol group, while 25 pumol/L flavopereirine exhibited no
obvious effect on the migration and invasion of these two
cell lines. In addition, 50 and 100 umol/L flavopereirine
of

also markedly decreased the expression levels

mesenchymal markers including Vimentin (p < 0.05),
Snail (p < 0.05) and Slug (p < 0.05), while increased the
epithelial marker E-cadherin (p < 0.05) in both BcaCD885
(Figure 4E) and Tca8113 cells (Figure 4F). These data
suggested that flavopereirine could inhibit invasion, migra-
tion and EMT process of human oral cancer cells in vitro.

Flavopereirine Suppressed Proliferation
and Induced Apoptosis of Human Oral
Cancer Cells Through Inhibiting the
Activation of JAK/STAT Signaling by
Targeting LASPI

The effect of flavopereirine on the JAK/STAT signaling
pathway, which is closely involved in the proliferation and
apoptosis of oral cancer cells, was then explored. The
results showed that different concentrations of flavopereir-
ine had no obvious effect on the expression of JAK2,
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Figure 5 Flavopereirine inhibited the activation of JAK/STAT signaling pathway in vitro. The expression of JAK2, p-JAK2, STAT3, p-STAT3, STATS5 and p-STATS in BcaCD885
(A) and Tca8l13 cells (B) after treatment with different concentrations of flavopereirine for 48 h was evaluated by Western blot. *P < 0.05, **P < 0.0l vs 0 pmol/L

flavopereirine group.

STAT3 and STATS, while 50 and 100 umol/L flavopereir-
ine significantly decreased the expression levels of
p-JAK2 (p < 0.01), p-STAT3 (p < 0.01) and p-STATS (p
< 0.01) compared with that in the control group both in
BcaCD885 (Figure SA) and Tca8113 cells, and 25umol/L
flavopereirine exhibited no obvious effect (Figure 5SB). To
further explore the underlying molecular mechanisms of
flavopereirine in oral cancer, the expression levels of
LASPI1 in BcaCD885 and Tca8113 cells were detected
and the results showed that LASP1 was significantly
downregulated at both mRNA and protein levels in
BcaCD885 (p < 0.01) and Tca8113 cells (p < 0.001)
compared with that in normal oral epithelial cell line
(HOES) (Figure 6A). Moreover, we found that 50 and
100 umol/L flavopereirine could significantly increase
the expression levels of LASP1 compared with that in

the control group (p < 0.01) (Figure 6B). In addition,
silencing of LASP1 obviously decreased the expression
levels of LASP1 compared with si-NC (p < 0.01)
(Figure 6C). Meanwhile, silencing of LASP1 significantly
promoted cell viability (p < 0.05) and inhibited apoptosis
(p <0.05) of BcaCD885 cells compared with si-NC, while
flavopereirine obviously attenuated si-LASP1 induced cell
viability (p < 0.01) and inhibited cell apoptosis (p < 0.01)
of BcaCD885 cells, and there was no obvious change on
the cell apoptosis between the control group and si-NC
group (Figure 6D and E). These results suggested that
flavopereirine might inhibit the proliferation and apoptosis
of human oral cancer cells by upregulating LASP1 to
inhibit the activation of JAK-STAT signaling pathway in

vitro.
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Figure 6 Flavopereirine inhibited the progression of human oral cancer cells by regulating LASPI in vitro. (A) The expression of LASP| in BcaCD885 and Tca8| |3 cells was
evaluated by qRT-PCR and Western blot. (B) BcaCD885 cells were treated with different concentrations of flavopereirine for 48 h, and the expression levels of LASP| were
evaluated by Western blot. (C) BcaCD885 cells were transfected with si-LASP| or si-NC, and the mRNA level of LASP| was evaluated by qRT-PCR. (D and E) BcaCD885
cells were transfected with si-LASP1 or si-NC, and then treated with flavopereirine. (D) Cell viability was detected by MTT assay. (E) Cell apoptosis was evaluated by flow

cytometry. **P < 001, *¥P < 0.001 vs control group, *P < 0.01 vs si-LASP| group.

Flavopereirine Attenuated the
Progression of Oral Cancer in vivo

To determine the anti-tumor effect of flavopereirine, a
xenograft model in rats was constructed. Flavopereirine
treatment obviously reduced the tumor growth compared
with that in model group (Figure 7A). Similar to the
results in vitro, compared with the model group, flavoper-
eirine treatment obviously decreased the tumor weight (p <
0.01) (Figure 7B) and tumor volume (p < 0.01)
(Figure 7C). Meanwhile, IHC assay in tumor tissues
showed that flavopereirine treatment obviously decreased
the number of Ki-67 positive cells compared with that in
model group (Figure 7D). These results suggested that
flavopereirine could effectively attenuate the development

of oral cancer in vivo.

Discussion

In the last decades, oral cancer has become a serious
disease that brings a huge burden on people’s health.??
Therefore, it is urgently needed to identify and develop
new and effective anti-cancer agents to prevent oral cancer
progression. Migration and invasion of cancer cells into
in cancer

surrounding tissues is an essential step

metastasis.”> Apoptosis is required to balance cell prolif-
eration, and the two interdependent processes together
regulate the growth of tissues.** In this study, we found
that flavopereirine significantly suppressed proliferation,
invasion, migration, EMT processes, and promoted apop-
tosis of human oral cancer cell lines BcaCD885 and
Tca8113 cells in vitro. Flavopereirine could also effec-
tively inhibited tumor development in a xenograft model
in vivo. In addition, our study revealed an underlying
mechanism of flavopereirine: the potential anti-cancer of
flavopereirine was mediated by inactivation of the JAK/
STAT signaling pathway through upregulating LASP1. We
for the first time demonstrated that flavopereirine might be
used as a potential cancer agent for the treatment of oral
cancer.

Studies have identified a series of anti-cancer agents
against oral cancer. For example, eldecalcitol (ED-71),
an analog of la,25-dihydroxyvitamin D3, inhibits the
growth of cancer cell lines NA and UE in vitro, and
reduces tumor formation in vivo through regulating the
expression of CYP24A1.*> Honokiol (HK) has been
revealed to inhibit proliferation and colony formation
of oral cancer cells, as well as tumor growth in vivo
by directly binding to ERp44.° Curcumin, a phyto-
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Tumor weight. (C) Tumor volume. (D) Cell proliferation in tumor tissues was evaluated by Ki-67 staining assay. Magnification, x 200, scale bar = 100 pm. **P < 0.01.

compound isolated from turmeric (Curcuma longa), can
significantly decreased OSCC cell viability, and supple-
ment of copper obviously strengthens the inhibition of
curcumin treatment on viability and migration of oral
cancer cells.”’ In addition, ABT-263, a potent BH3
mimetic, can significantly inhibit viability and induce
apoptosis of oral cancer cell lines HSC-3 and HSC-
4.%® Here, we found that flavopereirine could effectively
and specifically suppress the growth, invasion, migra-
tion, and EMT processes, and induce apoptosis of
human oral cancer cells in vitro, as well as tumor
development in vivo. However, several agents that
could potentially treat oral cancer have been reported
to have certain side effects, such as gastrointestinal side
effects and severe cutaneous manifestation.”” Although
our results demonstrated that flavopereirine might func-
tion to prevent against the progression of oral cancer,
the potential side effects of flavopereirine should be
investigated in future studies.

LIM and SH3 protein 1 (LASP1), a member of the
LIM protein family, is initially discovered through a
¢DNA library of human breast cancer tissues.>’ Previous
studies have demonstrated that LASP1 was expressed in
all normal tissues and involved in a series of cellular
processes.’! Increasing evidence has revealed that
LASP1 is highly expressed in many malignant human
tumors and closely related to poor clinical prognoses of
patients with different types of human cancer such as
ovarian cancer,>? colorectal cancer,> and bladder cancer.>*
In addition, high expression levels of LASP1 in patients
with OSCC were observed compared with that in healthy
subjects, and high expression levels of LASP1 are corre-
lated with the primary tumor size.>> One study demon-
strated that overexpression of LASP1 could result in
accelerated G2/M phase transition that contributed to
enhanced tumourigenesis in oral cancer.®” In this study,
we found that LASP1 was markedly downregulated in
human oral cancer cell lines BcaCD885 and Tca8113

http:
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cells compared with that in normal oral epithelial cell line
HOES, and silencing of LASP1 promoted cell viability
and inhibited apoptosis of BcaCD885 cells in vitro.
Meanwhile, flavopereirine significantly increased the
expression levels of LASP1, and could obviously attenu-
ated si-LASPI induced cell viability and apoptosis of
BcaCD885 cells.

Constitutive activation of the JAK/STAT signaling
pathway has been identified to be positively correlated
with cell proliferation and metastasis as well as
angiogenesis.’® Therefore, targeting the JAK/STAT signal-
ing may be a potential therapeutic strategy against human
cancer including oral cancer.'®*” Based on the important
role of JAK/STAT signaling in oral cancer, many anti-
cancer agents targeting JAK/STAT in oral cancer have
been identified, and some of which are well studied

honokiol,3 7

under experimental conditions such as
astaxanthin,'® 80 TGH,*® Blueberry and malvidin.*® Here,
we demonstrated that flavopereirine obviously decreased
the expression levels of p-JAK2, p-STAT3 and p-STATS.
And silencing of LASPI significantly increased the
expression levels of p-JAK2, p-STAT3 and p-STAT5 com-
pared with si-NC in BcaCD885 and Tca8113 cells. Taken
together, our results suggested that the anti-cancer activity
of flavopereirine in oral cancer might be partially mediated
by inactivation of the JAK/STAT signaling pathway via
upregulating LASP1.

Meanwhile, the potential application value of flavo-
pereirine on the treatment of oral cancer needs to be
determined in clinical practice. In addition, it could be
possible to quantitatively understand possible pharma-
cological events occurred in the patients by under-
standing pharmacokinetics of the corresponding
agents.* Hence, the pharmacokinetics of flavopereirine
in human oral function should also be investigated in

the future.

Conclusion

In summary, our study demonstrated that flavopereirine
could act as a potential anti-cancer agent in oral cancer
to inhibit the progression of oral cancer both in vitro and
vivo by modulating the LASP1-JAK/STAT signaling
pathway.
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