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1. Abstract

1.1 Aims: The aim of this study was to investigate the effect and
mechanism of -elemene on TGF-B1-induced EMT, the migration
and invasion in cervical cancer.

1.2. Methods: Firstly, we investigated the expression of TGF-f1
and B-catenin by immunohistochemistry and determined their
prognostic values in the cervical cancer. Then EMT model was
established by stimulating SiHa and HeLa cells with TGF-1 and
further explore the mechanism of B-elemene on TGF-f1-induced
EMT, migration and invasion of cervical cancer cells.

1.3. Results: The results showed that TGF-B1 and B-catenin was
overexpressed in cervical cancer tissues, and was positively cor-
related with FIGO staging, grade, lymph vascular infiltration and
nodal metastasis, Besides, TGF-B1 and B-catenin overexpression
predicted lower cumulative survival rate. TGF 1 (10 ng/ml)
could increase the migration and invasion but B-elemene (40 pg/
ml) could significantly inhibit TGF-B1-induced invasion and mi-
gration in SiHa cells and HeLa cells. TGF-B1 could increase the
expression of B-catenin, Sox2, MMP-2, MMP-9 and Vimentin and
reduce the expression of E-cadherin and promote B-catenin entry
into the nucleus. However, after the treatment with f-elemene, the
effect of TGF-B1 was reversed The results of immunoprecipitation
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showed that B-catenin could bind to Sox2 and B-elemene could
decrease the binding of B-catenin to Sox2 in cervical carcinoma,
indicating that -elemene could inhibit B-catenin/TCF7/Sox2 sig-
naling pathway to play an anti-tumor role.

1.4. Conclusion: In conclusion, we demonstrate that -elemene
inhibits TGF-B1-induced EMT, the migration and invasion of cer-
vical cancer cells through mediating B-catenin/TCF7/Sox2 signal-
ing pathway.

2. Introduction

Cervical cancer is the second most common female malignant tu-
mor due to relatively low cervical cancer screening and HPV vac-
cination rate in developing countries [1]. According to the World
Health Organization (WHO), the mortality of cervical cancer will
increase by 25% in the next decade [2]. Invasion represents the
initiate step of the migration of malignant cells away from the pri-
mary site and the emergence of metastasis is the leading cause of
cervical cancer-related death [3]. Therefore, a better understanding
of the molecular mechanisms involved in invasion and metastasis
of cervical cancer will provide more effective treatment and con-
trol for cervical cancer patients.

Transforming growth factor B (TGF-B) is highly expressed in
cervical cancer and there are compelling data that TGF-f1 can
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promote Epithelial-Mesenchymal Transition (EMT) and tumor
metastasis in various human cancers [4-5]. As the key factor of
phenotypic transformation of EMT, TGF-B1 plays a major role in
EMT through TGF-f/smad pathway and TGF-fB/non-smad signal-
ing pathway, such as Wnt/p catenin, ERK1/2, p38 MAPK, INK,
PI3K, AKT/PKB and RhoA signal pathway via increasing the ex-
pression of EMT-inducing transcription factors, such as Snaill,
Slug (Snail2) and Zinc Finger E-box-binding homeobox 1 and 2
(ZEB1/2) [6,7]. In addition, TGF-B1 can increase 3 integrin ex-
pression to enhance cancer cell intravasation and increase Tregs
via Cox-2/PGE2 to suppress the proliferation of CD4+ T cells to
promote tumor cells to distant metastasis [8]. At present, TGF-p1
is often used as the main inducement for cell culture in vitro to
study EMT. Initially, the EMT model was established by using
TGF-B1 stimulation for 36 hours with breast epithelial cells. and
EMT changes occurred in breast epithelial cells [9]. In this study,
firstly, the EMT model of cervical cancer cells induced by TGF-p1
was established, then the effects of TGF-f1 on morphology, mi-
gration and invasion of cervical cancer cells were observed. Tang
Q et al have confirmed that TM4SF1 promotes EMT and cancer
stemness via the Wnt/beta-catenin/SOX2 pathway in colorectal
cancer [10]. However, the mechanism of TGF-B1 inducing EMT
in cervical cancer is still unclear. In this study, we proposed for the
first time that TGF-B1 can promote invasion and metastasis of cer-
vical cancer through B- Catenin/TCF7/ Sox2 signaling pathway.

Curcuma has been clinically used to treat cervical inflammation
and HPV infection in the 1940s [11]. B-Elemene (1-methyl-1-vi-
nyl-2,4-diisopropylcyclohexane) , the main single component
extracted from turmeric oil [12]. B-Elemene has been clinically
used in the treatment of malignant tumors in brain, breast gland,
liver and other tissues [13-14]. One of its preparations has been
approved by the State Food and Drug Administration for the treat-
ment of primary and secondary brain tumors. Zhu et al found that
B-elemene reversed the malignant phenotypes of human glioblas-
toma cells through B-catenin-mediated regulation of stemness-,
differentiation- and epithelial-to-mesenchymal transition-related
molecules [15]. Our previous studies have confirmed that f-el-
emene can inhibit the proliferation of SiHa cells via attenuation of
the wnt/ B-catenin signaling pathway [16]. However, the specific
mechanism of B-elemene inhibiting the invasion and metastasis
of cervical cancer remains unclear. In this study, we found that
TGF-B1 promote EMT, migration and invasion of cervical can-
cer but the above responses could be reversed after treatment with
B-elemene and we further revealed that B-elemene inhibits TGF-
B1-induced EMT and invasion of cervical cancer cells through me-
diating B-catenin/TCF7/Sox2 signaling pathway. These findings
provide a new signaling transduction mechanisms for the invasion
and metastasis of cervical cancer and provide new therapeutic
strategies for cervical cancer, especially advanced cervical cancer.
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3. Methods
3.1 Chemicals and Reagents

SiHa and HeL a cells were obtained from the American Type Cul-
ture Collection (Manassas, VA, USA). B-Elemene was obtained
from JinGang Pharmaceuticals (Dalian, China) and dissolved in
phosphate-buffered saline (PBS) as a Smg/ml stock solution for
experimental use. Recombinant Human TGF-B1 was purchased
from Beyotime Institute of Biotechnology (Shanghai, China). Dul-
becco’s modified Eagle medium (DMEM), PBS, Trypsin/EDTA
solution and fetal bovine serum (FBS) were purchased from Gib-
co (Thermo Fisher Scientific, Waltham, MA, USA). Matrigel was
purchased from BD Biosciences (Bedford, MA, USA). Ready-to-
use immunohistochemically kit was purchased from Maixinbio
Inc (Fuzhou, China). Nuclear slurry separation kit and magnetic
bead was purchased from Beyotime Institute of Biotechnology
(Shanghai, China). Primary antibodies against -catenin, Sox2,
TCF7, c-Myc, MMP-2, MMP-9, E-cadherin, Vimentin, GAPDH,
H3 and the secondary HRP-conjugated goat anti-rabbit-IgG and
HRP-conjugated goat anti-mouse-IgG antibodies were purchased
from Proteintech (Beijing, China). All the antibodies were diluted
at 1:1000.

3.2. Patients and Tissue Samples

104 cervical cancers and 25 normal cervical specimens were ob-
tained during surgery at the Department of Gynecology of the
First Affiliated Hospital of China Medical University (Shenyang,
Liaoning, China). The tumor specimens were independently con-
firmed by two pathologists. None of the patients had received aux-
iliary treatment before biopsy. The tissue specimens were frozen
into liquid nitrogen immediately after collection and preserved at-
80 °C. The study was approved by the Ethics Committee of the
first affiliated Hospital of China Medical University and obtained
the written informed consent of the patients. All the experiments
were conducted in accordance with the guiding principles and reg-
ulations.

3.3. Immunohistochemistry

Immunohistochemical staining was performed by SP method and
the test procedure strictly followed kit instructions. Each piece of
wax block was divided into 3 pieces with thickness of 4um. The
pathological section was dewaxed, dehydrated and hydrated and
then the antigen was repaired by microwave. After that, the first
antibody, the second antibody and the Streptomyces anti biotin
protein-peroxide solution were added in turn. We used Diamino-
benzidine (DAB) to show color, hematoxylin to restain, Gradient
ethanol to dehydrate and dry and neutral tree glue seal piece. 0.01
mol/l PBS solution was used instead of first antibody as negative
control and reagent company known positive tablets as positive
control.
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3.4. Cell Cultures

SiHa and HeLa cells were cultured in DMEM containing 10%
FBS and placed in an incubator in a saturated humidified atmo-
sphere with 5% CO2 at 37°C. Logarithmically growing cells were
used in all subsequent experiments.

3.5. Cell Proliferation Assay

The proliferation of cervical cancer cells was detected by MTT
assay. Cervical cancer cells were inoculated in 5 x 103 cell / hole
96-well micro drop plate and were treated with TGF-f1 (0, 5 and
10 ng/ml) or f-elemene (0, 10, 20, 40, 50 pg/ml) for 24 h, 48 h and
72 h. After that, 20 ul MTT solution was added to each well and
incubation continued at 37°C for further 4 h. Dimethyl sulfoxide
(150 pl) was added to each well and incubation was continued at
room temperature for 20 min. The optical density value of each
well was detected at a wavelength of 490 nm. Cell proliferation
(%) = (experimental group-blank group) / (control group-blank
group) % 100%). Each assay was performed in triplicate.

3.6. Morphological Observation of Cells

The SiHa and HeLa cells were spread into the petri dish (1x104
cells/dish) of 10cm. TGF-B1 (10 ng/ml) was added on the second
day. The morphological changes of the cells were observed by mi-
croscope on the Oth day, the first day, the second day, the third day
and the 4th day, respectively. Each test was conducted in triplicate.

3.7 Trans well assay

For the motility assay, SiHa and HeL a cells were resuspended at a
density of 1x105 cells/ml in serum-free medium. The cell suspen-
sion (200 pl) was mixed with different concentrations of TGF-B1
(0, 5 and 10 ng/ml) and B-elemene (0, 40 pg/ml) and placed in the
upper part of the Trans well chamber (BD Biosciences). At the
same time, 600 pl of conditioned medium containing 20% FBS
and the same concentration of f-elemene was added to the bottom
of the Trans well chamber. After incubating for another 24 hours at
37 °C, SiHa and HeLa cells that had migrated to the bottom cham-
ber were fixed in methanol for 30 minutes, stained with crystal
violet at room temperature and counted under a light microscope.
For the invasion assay, 40 ul Matrigel (0.5 mg/ml) (Becton Dickin-
son Labware, Bedford, MA, USA) was spread onto the upper part
of the Trans well chamber and left for 4 h at 37 °C. The other steps
were similar to the motility assay; however, the cells were incubat-
ed for 72 h at 37 °C in the trans well device and then fixed, stained,
and counted as above. Each test was conducted in triplicate.

3.8. Wound-Healing Assay

SiHa and HeLa cells at a density of 1 x 105 cells/well in medium
containing 10% FBS were plated into a 6-well plate and incubated
until the cell monolayer covered the plate. A sterile 200ul plastic
pipette tip was then used to scratch vertically on the cell layer to
make a wound, after which the cells were incubated for 48 h with
different concentrations of TGF-B1 (0, 5 and 10 ng/ml) under the
serum-free conditions. The gap was then measured at 0 and 48
clinicsofoncology.com
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hours under a microscope. Each test was conducted in triplicate.
3.9. Nuclear Plasma Separation

After SiHa and HeLa cells were treated with TGF-1 (0 and 10
ng/ml) and B-elemene (0 and 40pg/ml) for 48 h. According to the
instructions of the nuclear slurry separation kit, the plasma pro-
tein and the nuclear protein were extracted respectively. Then a
BCA assay kit (KeyGen biotechnology) was used to measure the
concentrations of the plasma protein and the nuclear protein. The
remaining steps are the same as the following western blotting
analysis.

3.10. Preparation of Proteins and Western Blotting Analysis

After SiHa and HeLa cells were treated with TGF-f1 (0 and 10 ng/
ml) and B-elemene (0 and 40pg/ml) for 48 hours. Radio immuno-
precipitation assay buffer (RIPA buffer) containing phenylmeth-
anesulfonyl (PMSF) was then used to extract the total protein and
a BCA assay kit (KeyGen biotechnology) was used to measure
the protein concentrations. Equal amounts of protein (60 pg) were
separated by 10% SDS-PAGE (SDS-polyacrylamide gel electro-
phoresis) and then transferred onto PVDF (polyvinylidene difluo-
ride) membranes. The membranes were blocked in 5% skimmed
milk at room temperature for 2 h and incubated with appropriate
primary antibodies against f-catenin, Sox2, TCF7, c-Myc, MMP-
2, MMP-9, E-cadherin, Vimentin and GAPDH antibodies at 4°C
overnight. Thereafter, the membranes were incubated with the
secondary antibodies (anti-rabbit or anti-mouse) for 1 h at 37 °C.
Finally, the immunoreactive proteins were detected using the che-
miluminescence method (GE Healthcare Life Sciences) together
with an ECL kit (KeyGen biotechnology). Each test was conduct-
ed in triplicate.

3.11. Co-immunoprecipitation

After SiHa and HeLa cells were treated with B-elemene (0 and
40 pg/ml) for 48h, collecting cells and adding 4°C pre-cooled IP
lysate, then fully mixed, followed by ice bath for 30 minutes. After
that the mixture was centrifuged for 20 minutes at 4°C (12,000-
16,000 g), The culture fluid was extracted to 1.5ml EP tube (200
ng/tube) and the first antibody (anti-B-catenin) was added. Then
the sample was incubated on ice and slowly shook overnight. After
18 hours, 20 microliters of protein A/gagarose were added to each
test tube and well mixed. Then each sample was incubated on ice
for 4 hours, then centrifuged for 20 minutes at 4°C (12,000-16,000
g). Washing the sediment and immune complex with pre-cooled
PBS for 5 times (500 ml/time), sucking the clean PBS and adding
loading buffer to cook, followed by the next western blot. Finally,
Applied the anti-Sox2 (1: 500) and luminous.

3.12. Statistical Analysis

SPSS (Version 17.1) was used to analyze the statistical data and the
data were shown as the mean (= SD). y2test was used to compare
data. Student’s t test was used to measure the differences between
the control group and the experimental group and Kaplan— Meier
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survival plots were generated and comparisons were constructed
with log-rank statistics. P<0.05 implied that the result of the ex-
periment was statistically significant. Treated groups vs. untreated
cervical cancer cells (* P<0.05; ** P<0.01; *** P<0.001). The ex-
periment was repeated three times.

4. Results

4.1. Expression of TGF-B1 and B-Catenin Correlates with
Pathogenesis and Aggressiveness of Cervical Cancer

The expression levels of TGF-B1 and B-catenin were detected in
cervical cancer samples and normal samples by Immunohisto-
chemistry. As shown in Figure 1, TGF-B1 and -catenin expression
levels were stronger in cervical cancer samples (Figure 1A2,1B2)
compared with normal samples (Figure 1A1,1B1, P<0.05).
TGF-B1 and B-catenin expression was positively correlated with
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FIGO staging (I & I vs. IIT & IV, P=10.039 and 0.002), grade (1 &
2 vs. 3, P=0.026 and 0.034), lymph vascular infiltration (positive
& negative, P = 0.008 and 0.038) and nodal metastasis (positive
& negative, P =0.006 and 0.032). Besides, TGF-f1 and p-catenin
overexpression was corrected with poor cumulative survival rate
(Figure 1A3 and 1B3, P=0.022 and 0.018). Details could be found
in (Table 1).

4.2. TGF-B1 Promotes the Proliferation of Cervical Cancer
Cells.

We used MTT to detect the effect of TGF-B1 on the proliferation of
SiHa and HeLa cells treated with TGF-B1 (0, 5, 10, 15, 20 ng/ml)
for 24, 48, 72 h. The results showed that TGF-B1 could promote
proliferation of SiHa (Figure 2A) and HeLa cells (Figure 2B) in a
time and dose-dependent manner.

Table 1: Association of TGF-B1 and B-catenin expression with clinicopathological characteristics in 52 patients with cervical cancer.

Characteristics No. of pts. |Negative no (%) | Positive no(%) |y> P-value  |Negative no (%) |Positive no(%) |y P-value
Age 0.863 0.353 1.897 0.168
<55 42 18 24 22 20

>55 62 21 41 24 38

FIGO stage 4.254 0.039 9.226 0.002
I-11 67 30 37 37 30

II-1IV 37 9 28 9 28

Grade 4.973 0.026 4.497 0.034
2-Jan 70 20 50 36 34

3 34 19 15 10 24

Tumor size 0.074 0.786 0.064 0.8
<4cm 71 26 45 32 39

=4cm 33 13 20 14 19

Lymph vascular 6.982  |0.008 4303 [0.038
infiltration

Positive 41 9 32 13 28

Negative 63 30 33 33 30

Nodal metastasis 7.683 0.006 4.584 0.032
Positive 39 8 31 12 27

Negative 65 31 34 34 31

Pts., patients; FIGO, International Federation of Gynecology and Obstetrics.
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Figure 1: Expression of TGF-B1 and B-catenin correlates with pathogenesis and aggressiveness of cervical cancer. TGF-B1 and B-catenin expression
levels were stronger in cervical cancer samples (1A2,1B2) compared with normal samples (Figure 1A1,1B1). Besides, TGF-B1 and B-catenin overex-
pression were corrected with poor cumulative and relapse-free survival rate (Figure 1A3 and 1B3).
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Figure 2: TGF-f1 promotes the proliferation and survival of SiHa and HeLa cells. Following treatment of SiHa (A) and HeLa cells(B) with in-
creasing doses of TGF-B1 (0 20 ng/ml) for 24, 48 and 72 h, the MTT assay was used to detect the proliferation and survival of SiHa and HeLa cells.

Each test was conducted in triplicate.

4.3. TGF-B1 Induces EMT in Siha and Hela Cells with TGF-B1 (10 ng/ml). After 4 days, the morphological changes

The morphological effects of TGF-B1 (10 ng/ml) in SiHa and and cell length increased significantly (Figure 3A). The results of
Hela cells were observed. The results showed that the morpho-  Western blot showed that the expression of E-cadherin protein de-

logical of cells increased, prolonged and fusiform after treatment creased and Vimentin protein increased after 48 hours of treatment
with TGF-B1 (10 ng/ml) (Figure 3B).
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Figure 3: TGF 1 induces EMT in SiHa and HeLa cells. (A) Morphological changes of SiHa and HeLa cells following 0, 1, 2, 3 and 4 days of TGF
B1 (10 ng/ml) treatment. (B) Western blot analysis of E-cadherin, Vimentin and GAPDH expression with or without TGF B1 treatment after 4 days.

Each test was conducted in triplicate.
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4.4. TGF B1 Promotes the Migration and Invasion of Cervical
Cancer Cells

Trans well assay showed that TGF 1 could promote the migra-
tion and invasion of SiHa cells and HeLa cells (Figure 4A) in a
dose-dependent manner. The results of scratch test showed that
TGF B1 could promote the migration and invasion of SiHa cells
and HeLa cells (Figure 4B) in a dose-dependent manner.
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4.5. B-Elemene Inhibits the Proliferation of Cervical Cancer
Cells

The SiHa and HeLa cells were treated with different concentra-
tions of B-elemene (0, 10, 20, 30, 40, 50 pg/ml) for 24, 48, 72
hours. The results revealed that the viability of SiHa (Figure 5A)
and HeLa (Figure 5B) cells in a dose and time dependent manner
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Figure 4: TGF B1 promotes the invasion and migration of SiHa and HeLa cells. (A) After treating SiHa and HeLa cells with increasing doses of
TGF B1 (0, 5 and 10 ng/ml) for 24 h and 72 hours, motility and invasion assays were performed. The number of invaded SiHa and HeLa cells was
counted. (B) The migration of SiHa and HeLa cells was detected by a wound-healing assay after TGF B1 treatment and the cell migration distances

were quantified. Each test was conducted in triplicate.
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Figure S: p-Elemene inhibits the proliferation of SiHa cells and HeLa cells. Following treatment of SiHa (A) and HeLa cells(B) with increasing
doses of B-elemene (0 50 pg/ml) for 24, 48 and 72 h, the MTT assay was used to detect the proliferation and survival of SiHa and HeLa cells. Each test

was conducted in triplicate.

4.6. B-Elemene Inhibits TGF-B1-Induced The Migration and
Invasion in Siha and Hela Cells

The results of transwell assay showed that TGF B1 (10 ng/ml)
could increase the migration and invasion but B-elemene (40 pg/
ml) could significantly inhibit the migration and invasion induced
by TGF B1 in SiHa cells and HeLa cells (Figure 6).

4.7. Invasion of Siha and Hela Cells by Inhibiting B-Catenin
and Sox2 Signal Transduction

The levels of B-catenin, Sox2, c-Myc, MMP-2, MMP-9, E-cadher-
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in and Vimentin protein were detected by western blot after treat-
ment with TGF-B1 (10 ng/ml) or B-elemene (40 pg/ml) for 48 h.
The results showed that TGF-B1 could up-regulate the expression
of B-catenin, Sox2, MMP-2, MMP-9, Vimentin, E-cadherin and
down-regulate the expression of E-cadherin. However, after treat-
ment with B-elemene, the effect of f-elemene was reversed, which
indicated that B-elemene could inhibit the migration and invasion
of SiHa and HeLa cells (Figure 7) induced by TGF-B1 by inhibit-
ing B-catenin and Sox2 signal transduction.
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Figure 6: p-Elemene inhibits TGF-B1-induced invasion and migration of SiHa and HeLa cells. After treating SiHa and HeLa cells with increasing
doses of TGF B1 (0, 10 ng/ml) and B-elemene (0, 40 pug/ml) for 24 h and 72 hours, motility and invasion assays were performed. The number of invaded

SiHa and HeLa cells was counted. Each test was conducted in triplicate.
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Figure 7: p-Elemene inhibits TGF-p1-induced migration and invasion of SiHa and HeLa cells via suppressing Sox2 and p catenin signaling.
Western blot analysis of B-catenin, Sox2, c-Myc, MMP-2, MMP-9, E-cadherin, Vimentin and GAPDH expression with or without TGF-B1 (10 ng/ml)
or B-elemene (40 pg/ml) treatment after 48 h in SiHa and HeLa cells. Each test was conducted in triplicate.

4.8. B-Elemene Reverses the Expression of B-Catenin in Nu-
cleus and Cytoplasm Promoted by TGF-B1 and Plays an An-
ti-Tumor Role by Inhibiting B-Catenin/TCF7/Sox2

In order to study the mechanism of TGF-B1 and B-elemene in
cervical cancer cells, cervical cancer cells were collected after
treatment with TGF-B1 and B-elemene. The proteins in cytoplasm
and nucleus were collected after plasmolysis. The expression of
B-catenin protein in cytoplasm and nucleus was detected by west-

clinicsofoncology.com

ern blot. The results showed that the expression of B-catenin in
nucleus increased after treatment with TGF-B1, but the expression
of B-catenin in nucleus decreased significantly after treatment
with B-elemene (Figure 8A). The results of immunoprecipitation
showed that B-catenin could bind to Sox2 and B-elemene could
decrease the binding of B-catenin to Sox2 in cervical carcinoma,
indicating that B-elemene could inhibit B-catenin/TCF7/Sox2 sig-
naling pathway to play an anti-tumor role (Figure §B).
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hibiting B-catenin/TCF7/Sox2 signaling pathway. (A) After SiHa and HeLa cells were treated with TGF-B1 (0 and 10 ng/ml) and p-elemene (0 and
40 pg/ml) for 48 h, the plasma protein and the nuclear protein were extracted and measured respectively. Western blot analysis of B-catenin, H3 in the

nuclear. (B) After SiHa and HeLa cells were treated with f-elemene (0 and 40 pg/ml) for 48h, immunoprecipitation was carried out to analysis the effect

of B-elemene on the binding of B-catenin and Sox2. Each test was conducted in triplicate.

5. Discussion

Cervical cancer is a local disease in the early stage, which can be
transferred to distant organs in the late stage. The invasion and
metastasis of the tumor is closely related to EMT [17]. During the
development of EMT the changes of the cells is mainly transition
from polarized epithelial phenotypes to an elongated fibroblastic
phenotype and then the cells degrade ECM, showing aggressive
behavior [18]. TGF-B1 can induce EMT through inducing the pro-
duction of TSLP, RANTES, and TARC [19]. Our results showed
that TGF-B1 and B-catenin expression expression was significantly
higher in cervical cancer tissues than in normal cervical tissues. In
addition, TGF-B1 and B-catenin expression was positively related
to FIGO stage, grade, lymph vascular infiltration and nodal metas-
tasis, which together demonstrate a poor prognosis. In this study
we used TGF-B1 to stimulate SiHa and HeLa cells and established
the EMT model of cervical cancer accompanied by an increasing
of vimentin and decreasing of E-cadherin. We further found that
TGF B1 could promote the migration and invasion of cervical can-
cer cells SiHa cells and HeLa cells. Zhao et al showed that TGF-$1
can also promote the invasion and metastasis of breast cancer cells
by trans activating EGFR [20]. TGF-B1 has also been reported to
be secreted by tumor cells in a form of paracrine to stimulate the
fibroblasts activation and Mesenchymal Stem Cells (MSCs) dif-
ferentiation. In addition, the exosome and cytokines secreted by
tumor cells and Cancer-Associated Fibroblast (CAFs) may induce
MSCs to synthesize a-SMA and tumor promoting factors, which
may promote the proliferation, migration and invasion of colorec-
tal cancer cells [21]. These evidences suggested that TGF-1 was
involved as a significant active factor in the progression and de-
velopment of cancer. Thus, we hypothesize that downregulating
TGF-B1 may hinder the development of cervical cells through reg-
ulating a series of related downstream genes.

clinicsofoncology.com

TGF-B1 can stimulate the Wnt/B-catenin signaling pathway, in-
creased the release of extracellular matrix components and induced
tumor progression and fibrosis [22]. The Wnt/B-catenin signaling
pathway, also called the canonical Wnt signaling pathway, is one
of the key signaling pathways in the regulation of cell prolifera-
tion and it serves a significant role in the pathological process of
malignant tumors [23]. Abnormal regulation of the transcription
factor B-catenin, which is the pivotal component of the Wnt sig-
naling pathway, leads to early events in carcinogenesis [24]. The
B-catenin-dependent signaling pathway is triggered by the binding
of secreted cysteine-rich glycoprotein ligands Wnts to the LRP-
5/6 receptors and FZD receptors. Subsequently, the phosphory-
lation and inhibition of GSK3 ensure an elevation of cytosolic
B-catenin concentration. Un-phosphorylated p-catenin in the cy-
tosol migrates to the nucleus and accumulates, interacting with T
Cell-specific Factor (TCF)/Lymphoid Enhancer-binding Factor
(LEF) and coactivators, such as Pygopus and Bcl-9, to trigger the
Wnt target genes like c-Myc, cyclin D1 and CDKN1A, resulting in
the upregulation of TCF/LEF target gene [25]. Our study showed
that B-catenin expression expression was significantly higher in
cervical cancer tissues and it was positively related to FIGO stage,
grade, lymph vascular infiltration and nodal metastasis, which to-
gether demonstrate a poor prognosis. Previous studies have shown
that racl, as the upstream molecule of B-catenin, can promote
trophoblast invasion, by activating -catenin to regulate snail and
MMP-9, indicating that TGF-Bl-induced EMT is mediated by
ERK-dependent B-catenin upregulation and nuclear translocation
in renal tubular epithelial cells [26]. Previous studies have con-
firmed that TM4SF1 promotes EMT and cancer stemness via the
Wnt/beta-catenin/SOX2 pathway in colorectal cancer [10]. Oxi-
dative stress promotes tumorigenesis and stem-like characteristics
by activating Wnt/B-catenin/MY C/Sox2 axis in ALK positive an-
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aplastic large cell lymphomas [27]. Tang et al found that knock-
down of Sox2 Inhibits osteosarcoma cells invasion and migration
via modulating Wnt/B-Catenin signaling pathway [28]. Luo et al
found MicroRNA 21 promotes migration and invasion of glioma
cells via activation of Sox2 and B catenin signaling [29]. There-
fore, there is a requirement for the development of novel antitumor
reagents for attenuating TGF-B1 and B-catenin signaling pathway.

There is conclusive evidence that B-elemene has antitumor effect
in lung cancer, glioblastoma and breast cancer cell [9,15,30]. Our
previous studies have confirmed that B-elemene can inhibit the
proliferation of SiHa cells [16]. Cheng et al found that 3-elemene
synergizes with gefitinib to inhibit stem-like phenotypes and pro-
gression of lung cancer via down-regulating EZH2 [30]. Our study
found that the expression of B-catenin in nucleus increased after
treatment with TGF-B1, but the expression of B-catenin in nucle-
us decreased significantly after treatment with B-elemene. It is
suggested that B-elemene can reverse the nucleation of B-catenin
promoted by TGFf-1. When the tumor progresses, Wnt/ 3-catenin
signaling pathway is activated, leading to the increase of B-caten-
in nucleation and up-regulation of the expression of downstream
genes [31]. Yang et al found that overexpression of SOX2 pro-
motes migration, invasion, and epithelial-mesenchymal transition
through the Wnt/B-catenin pathway in laryngeal cancer Hep-2
cells [32]. Gao et al found that SOX2 promotes the epithelial to
mesenchymal transition of esophageal squamous cells by modu-
lating slug expression through the activation of STAT3/HIF-a sig-
naling [33]. Our study showed that B-catenin could bind to Sox2
and B-elemene could decrease the binding of B-catenin to Sox2,
indicating that B-Elemene inhibits TGF-B1-induced EMT and in-
vasion of cervical cancer cells through mediating B-catenin/TCF7/
Sox2 signaling pathway.

In conclusion, our study provides the first evidence that EMT mod-
el of cervical cancer was established by stimulating cervical cancer
cells with TGF-B1 and further revealed that B-Elemene inhibits
EMT through mediating B-catenin/TCF7/Sox2 signaling pathway
in cervical cancer cells. However, this remains to be investigated
in an animal experiments setting. The results of the present study
suggest B elemene may be a potential novel therapeutic agent for
the treatment of recurrence and uncontrolled cervical cancer.

6. Funding

This study was supported by grants from the National Natural Sci-
ence Foundation, China (Grant# 81902140).

References

1. Shrestha AD, Neupane D, Vedsted P, Kallestrup P. Cervical cancer
prevalence, incidence and mortality in low and middle income coun-
tries: A systematic review. Asian Pac J Cancer Prev. 2018 ;19: 319-
24,

2. Machalek DA, Wark JD, Tabrizi SN, Hopper JL, Bui M, Dite GS, et
al., Genetic and environmental factors in invasive cervical cancer:

clinicsofoncology.com

10.

11.

15.

Research Article

Design and methods of a classical twin study. Twin Res Hum Genet.
2017; 20: 10-18.

Zhu XT, Xiang ZJ, Zou LX, Chen XR, Peng XD, Xu DB. APMAP
Promotes Epithelial-Mesenchymal Transition and metastasis of cer-
vical cancer cells by activating the Wnt/B-catenin Pathway. J Cancer.
2021; 12: 6265-73.

Deng M, Cai XD, Long L, Xie LY, Ma HM, Zhou Y], et al., CD36
promotes the epithelial-mesenchymal transition and metastasis in
cervical cancer by interacting with TGF-B. J Transl Med. 2019; 17:
352.

You XW, Wang Y, Meng JY, Han S, Liu L, Sun Y, et al., Exosomal
miR 663b exposed to TGF B1 promotes cervical cancer metastasis
and epithelial mesenchymal transition by targeting MGAT3. Oncol
Rep. 2021; 45: 12.

Chen Q, Yang W, Wang X, Li X, Qi S, Zhang Y, et al., TGF-B1 in-
duces EMT in bovine mammary epithelial cells through the TGF1/
Smad signaling pathway. Cell Physiol Biochem. 2017; 43: 82-93.

Fernando RI, Litzinger M, Trono P, Hamilton DH, Schlom J, Pale-
na C. The T-box transcription factor Brachyury promotes epitheli-
al-mesenchymal transition in human tumor cells. J Clin Invest. 2010;
120: 533-44.

Lai XN, Li J, Tang LB, Chen WT, Zhang L, Xiong LX. MiRNAs and
LncRNAs: Dual Roles in TGF-f Signaling-Regulated Metastasis in
Lung Cancer. Int J Mol Sci. 2020; 21: 1193.

Zhang X, Li YH, Zhang Y, Song JC, Wang QM, Zheng LP, et al.,
Beta-elemene blocks epithelial-mesenchymal transition in human
breast cancer cell line MCF-7 through Smad3-mediated down-reg-
ulation of nuclear transcription factors. PLoS One. 2013; 8: e58719.
Tang Q, Chen J, Di ZY, Yuan WZ, Zhou ZL, Liu ZY, et al., TM4SF1
promotes EMT and cancer stemness via the Wnt/beta-catenin/SOX2
pathway in colorectal cancer. ] Exp Clin Cancer Res. 2020; 39: 232.
Kumar D, Basu S, Parija L, Rout D, Manna S, Dandapat J, et al.,
Curcumin and Ellagic acid synergistically induce ROS generation,
DNA damage, p53 accumulation and apoptosis in HeLa cervical car-
cinoma cells. Biomed. Pharmacoth. 2016; 81: 31-7.

Tong HX, Liu YH, Jiang LJ, Wang JS. Multi-Targeting by B-elemene
and its anticancer properties: a good choice for oncotherapy and ra-
diochemotherapy sensitization. Nutr Cancer. 2020; 72: 554-67.

. Jiang Z, Jacob JA, Loganathachetti DS, Nainangu P, Chen B. B-El-

emene: mechanistic studies on cancer cell interaction and its chemo-
sensitization effect. Front. Pharmacol. 2017; 8: 105.

. Zhu TZ, Zhao YS, Zhang JN, Li LJ, Zou LJ, Yao YQ, et al., B-El-

emene inhibits proliferation of human glioblastoma cells and caus-
es cell-cycle GO/G1 arrest via mutually compensatory activation of
MKK3 and MKKG6. Int J oncol. 2011; 38: 419-26.

Zhu TZ, Li XM, Luo LH, Wang XG, Li ZQ, Xie P, et al., Reversion
of malignant phenotypes of human glioblastoma cells by pB-elemene
through B-catenin-mediated regulation of stemness-, differentiation-
and epithelial-to-mesenchymal transition-related molecules. J Transl
Med. 2015; 13: 356.

. Wang LF, Zhao YY, Wu Q, Guan YF, Wu X. Therapeutic effects of

9


https://pubmed.ncbi.nlm.nih.gov/29479954/
https://pubmed.ncbi.nlm.nih.gov/29479954/
https://pubmed.ncbi.nlm.nih.gov/29479954/
https://pubmed.ncbi.nlm.nih.gov/29479954/
https://pubmed.ncbi.nlm.nih.gov/27917752/
https://pubmed.ncbi.nlm.nih.gov/27917752/
https://pubmed.ncbi.nlm.nih.gov/27917752/
https://pubmed.ncbi.nlm.nih.gov/27917752/
https://pubmed.ncbi.nlm.nih.gov/34539899/
https://pubmed.ncbi.nlm.nih.gov/34539899/
https://pubmed.ncbi.nlm.nih.gov/34539899/
https://pubmed.ncbi.nlm.nih.gov/34539899/
https://pubmed.ncbi.nlm.nih.gov/31655604/
https://pubmed.ncbi.nlm.nih.gov/31655604/
https://pubmed.ncbi.nlm.nih.gov/31655604/
https://pubmed.ncbi.nlm.nih.gov/31655604/
https://pubmed.ncbi.nlm.nih.gov/33649791/
https://pubmed.ncbi.nlm.nih.gov/33649791/
https://pubmed.ncbi.nlm.nih.gov/33649791/
https://pubmed.ncbi.nlm.nih.gov/33649791/
https://www.karger.com/Article/Fulltext/480321
https://www.karger.com/Article/Fulltext/480321
https://www.karger.com/Article/Fulltext/480321
https://pubmed.ncbi.nlm.nih.gov/20071775/
https://pubmed.ncbi.nlm.nih.gov/20071775/
https://pubmed.ncbi.nlm.nih.gov/20071775/
https://pubmed.ncbi.nlm.nih.gov/20071775/
https://pubmed.ncbi.nlm.nih.gov/32054031/
https://pubmed.ncbi.nlm.nih.gov/32054031/
https://pubmed.ncbi.nlm.nih.gov/32054031/
https://pubmed.ncbi.nlm.nih.gov/23516540/
https://pubmed.ncbi.nlm.nih.gov/23516540/
https://pubmed.ncbi.nlm.nih.gov/23516540/
https://pubmed.ncbi.nlm.nih.gov/23516540/
https://pubmed.ncbi.nlm.nih.gov/33153498/
https://pubmed.ncbi.nlm.nih.gov/33153498/
https://pubmed.ncbi.nlm.nih.gov/33153498/
https://pubmed.ncbi.nlm.nih.gov/27261574/
https://pubmed.ncbi.nlm.nih.gov/27261574/
https://pubmed.ncbi.nlm.nih.gov/27261574/
https://pubmed.ncbi.nlm.nih.gov/27261574/
https://pubmed.ncbi.nlm.nih.gov/31387393/
https://pubmed.ncbi.nlm.nih.gov/31387393/
https://pubmed.ncbi.nlm.nih.gov/31387393/
https://pubmed.ncbi.nlm.nih.gov/28337141/
https://pubmed.ncbi.nlm.nih.gov/28337141/
https://pubmed.ncbi.nlm.nih.gov/28337141/
https://pubmed.ncbi.nlm.nih.gov/21132268/
https://pubmed.ncbi.nlm.nih.gov/21132268/
https://pubmed.ncbi.nlm.nih.gov/21132268/
https://pubmed.ncbi.nlm.nih.gov/21132268/
https://pubmed.ncbi.nlm.nih.gov/26563263/
https://pubmed.ncbi.nlm.nih.gov/26563263/
https://pubmed.ncbi.nlm.nih.gov/26563263/
https://pubmed.ncbi.nlm.nih.gov/26563263/
https://pubmed.ncbi.nlm.nih.gov/26563263/
https://pubmed.ncbi.nlm.nih.gov/29363722/

Volume 6 Issue 5 -2022

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

B-elemene via attenuation of the wnt/ B-catenin signaling pathway
in cervical cancer cells. Mol Med Rep. 2018; 17: 4299-306.

Dang E, Yang SY, Song CJ, Jiang DB, Li ZC, Fan W, et al., BAP31,
a newly defined cancer/testis antigen, regulates proliferation, mi-
gration, and invasion to promote cervical cancer progression. Cell
Death Dis. 2018; 9: 791.

Gaianigo N, Melisi D, Carbone C. EMT and treatment resistance in
pancreatic cancer. Cancers (Basel). 2017; 9: 122.

Matsuno K, Harada N, Harada S, Takeshige T, Ishimori A, Itoigawa
Y, et al., Combination of TWEAK and TGF-B1 induces the produc-
tion of TSLP, RANTES, and TARC in BEAS-2B human bronchial
epithelial cells during epithelial-mesenchymal transition. Exp Lung
Res. 2018; 44: 332-43.

ZhaoYY, MaJ, Fan YL, Wang ZY, Tian R, Ji W, et al., TGF-f trans-
activates EGFR and facilitates breast cancer migration and invasion
through canonical Smad3 and ERK/Sp1 signaling pathways. Mol
Oncol. 2018; 12: 305-21.

Tan HX, Cao ZB, He TT, Huang T, Xiang CL, Liu Y. TGFpI is es-
sential for MSCs-CAFs differentiation and promotes HCT116 cells
migration and invasion via JAK/STAT3 signaling. Onco Targets
Ther. 2019; 12: 5323-34.

Zhu J, Li X, Zhang S, Liu J, Yao X, Zhao Q, et al., Taraxasterol
inhibits TGF-Bl-induced epithelial-to-mesenchymal transition in
papillary thyroid cancer cells through regulating the Wnt/p-catenin
signaling.Hum Exp Toxicol. 2021; 40: S87-S95.

Tammela T, Sanchez Rivera FJ, Cetinbas NM, Wu K, Joshi NS, He-
lenius K, et al., A Wnt producing niche drives proliferative potential
and progression in lung adenocarcinoma. Nature. 2017; 545: 355-9.

Zhang X, Wang L, Qu Y. Targeting the -catenin signaling for can-
cer therapy. Pharmacol Res. 2020: 160: 104794.

He S, Tang S. WNT/B-catenin signaling in the development of liver
cancers. Biomed Pharmacother. 2020; 132:110851.

Fan MH, Xu YP, Hong FZ, Gao XL, Xin G, Hong HJ, et al.,
Rac1/B-catenin signalling pathway contributes to trophoblast cell
invasion by targeting Snail and MMP9. Cell Physiol Biochem.
2016; 38: 1319-32.

Wu CS, Gupta N, Huang YH, Zhang HF, Alshareef A, Chow A,
et al., Oxidative stress enhances tumorigenicity and stem-like fea-
tures via the activation of the Wnt/B-catenin/MYC/Sox2 axis in
ALK-positive anaplastic large-cell lymphoma. BMC Cancer. 2018;
18: 361.

Tang L, Wang D, Gu D. Knockdown of Sox2 inhibits OS Cells Inva-
sion and Migration via Modulating Wnt/B-Catenin Signaling Path-
way Pathol Oncol Res. 2018; 24: 907-13.

Luo GX, Luo WT, Sun XH, Lin JZ, Wang M, Zhang Y, et al., Mi-
croRNA 21 promotes migration and invasion of glioma cells via
activation of Sox2 and [ catenin signaling. Mol Med Rep. 2017;15:
187-93.

Cheng HB, Ge XY, Zhuo SQ, Gao YN, Zhu B, Zhang JF, et al.,
B-Elemene synergizes with gefitinib to inhibit stem-like phenotypes

and progression of lung cancer via down-regulating EZH2. Front
Pharmacol. 2018; 9: 1413.

clinicsofoncology.com

31.

32.

33.

Research Article

Danieau G, Morice S, Rédini F, Verrecchia F, Royer BB. New in-
sights about the Wnt/B-Catenin signaling pathway in primary bone
tumors and their microenvironment: A promising target to develop
therapeutic strategies? Int J Mol Sci. 2019; 20: 3751.

Yang N, Hui L, Wang Y, Yang HJ, Jiang XJ. Overexpression of
SOX2 promotes migration, invasion, and epithelial-mesenchymal
transition through the Wnt/B-catenin pathway in laryngeal cancer
Hep-2 cells. Tumour Biol. 2014; 35: 7965-73.

Gao H, Teng CY, Huang WJ, Peng JJ, Wang CB. SOX2 promotes the
epithelial to mesenchymal transition of esophageal squamous cells
by modulating Slug expression through the activation of STAT3/
HIF-a signaling. Int J Mol Sci 2015; 16: 21643-57.

10


https://pubmed.ncbi.nlm.nih.gov/29363722/
https://pubmed.ncbi.nlm.nih.gov/29363722/
https://www.researchgate.net/publication/326487923_BAP31_a_newly_defined_cancertestis_antigen_regulates_proliferation_migration_and_invasion_to_promote_cervical_cancer_progression
https://www.researchgate.net/publication/326487923_BAP31_a_newly_defined_cancertestis_antigen_regulates_proliferation_migration_and_invasion_to_promote_cervical_cancer_progression
https://www.researchgate.net/publication/326487923_BAP31_a_newly_defined_cancertestis_antigen_regulates_proliferation_migration_and_invasion_to_promote_cervical_cancer_progression
https://www.researchgate.net/publication/326487923_BAP31_a_newly_defined_cancertestis_antigen_regulates_proliferation_migration_and_invasion_to_promote_cervical_cancer_progression
https://pubmed.ncbi.nlm.nih.gov/28895920/
https://pubmed.ncbi.nlm.nih.gov/28895920/
https://pubmed.ncbi.nlm.nih.gov/30676129/
https://pubmed.ncbi.nlm.nih.gov/30676129/
https://pubmed.ncbi.nlm.nih.gov/30676129/
https://pubmed.ncbi.nlm.nih.gov/30676129/
https://pubmed.ncbi.nlm.nih.gov/30676129/
https://pubmed.ncbi.nlm.nih.gov/29215776/
https://pubmed.ncbi.nlm.nih.gov/29215776/
https://pubmed.ncbi.nlm.nih.gov/29215776/
https://pubmed.ncbi.nlm.nih.gov/29215776/
https://pubmed.ncbi.nlm.nih.gov/31308702/
https://pubmed.ncbi.nlm.nih.gov/31308702/
https://pubmed.ncbi.nlm.nih.gov/31308702/
https://pubmed.ncbi.nlm.nih.gov/31308702/
https://pubmed.ncbi.nlm.nih.gov/34219514/
https://pubmed.ncbi.nlm.nih.gov/34219514/
https://pubmed.ncbi.nlm.nih.gov/34219514/
https://pubmed.ncbi.nlm.nih.gov/34219514/
https://pubmed.ncbi.nlm.nih.gov/28489818/
https://pubmed.ncbi.nlm.nih.gov/28489818/
https://pubmed.ncbi.nlm.nih.gov/28489818/
https://pubmed.ncbi.nlm.nih.gov/32278038/
https://pubmed.ncbi.nlm.nih.gov/32278038/
https://pubmed.ncbi.nlm.nih.gov/33080466/#:~:text=Of note%2C accumulating evidence has,primary liver tumours in adults.
https://pubmed.ncbi.nlm.nih.gov/33080466/#:~:text=Of note%2C accumulating evidence has,primary liver tumours in adults.
https://pubmed.ncbi.nlm.nih.gov/27008403/
https://pubmed.ncbi.nlm.nih.gov/27008403/
https://pubmed.ncbi.nlm.nih.gov/27008403/
https://pubmed.ncbi.nlm.nih.gov/27008403/
https://bmccancer.biomedcentral.com/articles/10.1186/s12885-018-4300-2
https://bmccancer.biomedcentral.com/articles/10.1186/s12885-018-4300-2
https://bmccancer.biomedcentral.com/articles/10.1186/s12885-018-4300-2
https://bmccancer.biomedcentral.com/articles/10.1186/s12885-018-4300-2
https://bmccancer.biomedcentral.com/articles/10.1186/s12885-018-4300-2
https://europepmc.org/article/med/29619662
https://europepmc.org/article/med/29619662
https://europepmc.org/article/med/29619662
https://pubmed.ncbi.nlm.nih.gov/27909726/
https://pubmed.ncbi.nlm.nih.gov/27909726/
https://pubmed.ncbi.nlm.nih.gov/27909726/
https://pubmed.ncbi.nlm.nih.gov/27909726/
https://pubmed.ncbi.nlm.nih.gov/30555330/
https://pubmed.ncbi.nlm.nih.gov/30555330/
https://pubmed.ncbi.nlm.nih.gov/30555330/
https://pubmed.ncbi.nlm.nih.gov/30555330/
https://pubmed.ncbi.nlm.nih.gov/31370265/
https://pubmed.ncbi.nlm.nih.gov/31370265/
https://pubmed.ncbi.nlm.nih.gov/31370265/
https://pubmed.ncbi.nlm.nih.gov/31370265/
https://pubmed.ncbi.nlm.nih.gov/24833089/
https://pubmed.ncbi.nlm.nih.gov/24833089/
https://pubmed.ncbi.nlm.nih.gov/24833089/
https://pubmed.ncbi.nlm.nih.gov/24833089/
https://pubmed.ncbi.nlm.nih.gov/26370982/
https://pubmed.ncbi.nlm.nih.gov/26370982/
https://pubmed.ncbi.nlm.nih.gov/26370982/
https://pubmed.ncbi.nlm.nih.gov/26370982/

