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Abstract. Epithelial-mesenchymal transition (EMT) is closely
related to tumor metastasis, and offers insight into novel
strategies for cancer treatment. HMQ-T-F2 (F2) is a taspine
derivative, which has excellent anticancer activity in human
cervical cancer. The present study aimed to evaluate the effect
of F2 on in vitro migration of HeLa cells. The present data
demonstrated that F2 inhibited migration of HeLa cells by
negatively regulating the Wnt signaling pathway and reversing
EMT. F2 not only mediated Frizzled§, p-LRP6 and LRP6
expression, but also downregulated the phosphorylation of
GSK3p, and concurrently decreased the nucleus protein
expression of MMP2, MMP3, MMP7, MMP9, and c-Myc.
In addition, the expression of N-cadherin, vimentin, Snail
and HIF-1a were downregulated and that of E-cadherin was
upregulated after F2 treatment. F2 was also associated with the
downregulation of the PI3K/Akt/mTOR signaling pathways.
Notably, F2 induced HeLa cell accumulation at the S phase and
cell apoptosis. These results provide evidence that F2 inhibits
HeLa cell migration, proliferation and promotes apoptosis.
It also reverses EMT, potentially via the PI3K/Akt signaling
pathway. Therefore, F2 may be a potential therapeutic reagent
against cervical cancer.

Introduction

Cervical cancer is one of the most common malignant tumors
in females and is a serious threat to the health of females world-
wide (1). In terms of incidence and death rates, cervical cancer
ranks second among all gynecological malignant tumors and
first among all malignant tumors in females, respectively (2).
If diagnosed during the early stages, patients with cervical
cancer usually have a good prognosis with a 5-year survival rate
of 90% after effective treatments, like surgery, chemotherapy,
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radiotherapy, or biotherapy. However, distant metastasis of this
cancer often results in poor prognosis (3). Therefore, reducing
and completely preventing metastasis is key in the treatment
of cervical cancer.

The metastasis of cervical cancer is a process that involves
multiple factors, multiple steps, and a continuous cascade
of reactions (4). In the study of cervical cancer metastasis,
epithelial-mesenchymal transition (EMT) has garnered
attention for being the major molecular mechanism in the
metastatic cascade (5-7). EMT plays a key role in epithelial
tumor progression, invasion, and metastasis. When tumor cells
undergo EMT, they lose their cell polarity and cell-cell adhe-
sion due to E-cadherin suppression and they break through the
basement membrane thus obtaining mesenchymal properties
such as migration and invasion (8). These cellular morpho-
logical changes enhance tumor cell migration, metastasis, and
aid in the establishment of metastatic sites (9,10). EMT is a
dynamic and complex process that is associated with changes
in multiple growth factors, protein molecules, transcription
factors, as well as the respective pathways they regulate (11).
Studies have reported that cadherins are one of the key
components that contribute to cell motility and invasiveness
via EMT (12). The reduction in E-cadherin expression and
its deletion can lead to the disappearance of cell polarity and
decrease cell adhesion (13). E-cadherin is a calcium-dependent
transmembrane glycoprotein, which is negatively correlated
with the progression, local invasion and metastasis of epithe-
lial carcinomas. The loss of cell polarity is accompanied
with an increase in markers of mesenchymal cell increase
such as N-cadherin, vimentin and fibronectin. Snail is one of
the transcription factors that can suppress the expression of
E-cadherin. It is present in a wide range of human cancers and
is associated with poor prognosis (14). Matrix metalloprotein-
ases (MMPs) are important proteolytic enzymes, which are
capable of degrading all types of extracellular matrix proteins
and basement membranes (15). The EMT process leads to
the initiation of metastasis (16,17) and enhancement in the
invasive ability of tumor cells (18). Therefore, suppression of
the mesenchymal molecules associated with EMT could be an
effective strategy in abolishing the EMT-triggering effect. The
cervical tumor is prone to distant metastasis and has a deeper
depth of tumor invasion. The PI3K/Akt pathway is a central
regulator of cervical cancer and functions by regulating the
cell cycle and proliferation. PI3K activation phosphorylates
and activates Akt, which in turn activates the transduction of
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several downstream signals thus promoting the development
of cervical cancer (19).

At present, surgery, chemotherapy, and radiotherapy are
the most common treatments for cervical cancer. Development
of novel natural therapeutic reagents for cervical cancer is a
fast-growing field of research. According to our previous
study, HMQ-T-F2, a taspine derivative, effectively inhib-
ited cervical HeLa cell proliferation in vitro and in vivo by
upregulating Axin and suppressing nuclear translocation of
[B-catenin (20). However, little is known about the effect of
HMQ-T-F2 on HeLa cell migration. Studies have revealed that
the E-cadherin-catenin complex functions in cellular adhesion
and its loss has been associated with greater tumor metas-
tasis (21). Based on these results, the effects of HMQ-T-F2 on
migration of the human cervical cell line, HeLa, were further
evaluated. The possible mechanism of such migration was
also explored and a theoretical basis for the novel treatment of
cervical cancer was provided.

Materials and methods

Materials. F2 (purity >98%) was designed and synthesized
at the Health Science Center, Xi'an Jiaotong University.
RPMI-1640, Ribonuclease (RNase), propidium iodide (PI)
and Hoechst 33258 were obtained from Sigma-Aldrich;
Merck KGaA. Fetal bovine serum (FBS) was purchased from
HyClone; GE Healthcare Life Sciences. Trypsin was obtained
from AMRESCO, Inc. Penicillin was purchased from General
Pharmaceutical Factory, and streptomycin was purchased
from North China Pharmaceutical. An Annexin V-FITC
reagent kit was purchased from Nanjing KeyGen Biotech Co.,
Ltd. LRP6 rabbit mAb (cat. no. 25608S), phospho-LRP6 rabbit
mADbD (cat. no. 25688S), and phospho-GSK3p rabbit polyAb
(Ser9) (cat. no. 5558T) were purchased from Cell Signaling
Technology, Inc. MMP7 rabbit polyAb (cat. no. 10374-2-AP),
MMP3 rabbit polyAb (cat. no. 17873-1-AP), c-Myc rabbit
polyAb (cat. no. 10828-1-AP), Frizzled-8 rabbit polyAb (cat.
no. 55093-1-AP), GSK3p rabbit polyAb (cat. no. 22104-1-AP),
Mcl-1 rabbit polyAb (cat. no. 16225-1-AP), cyclin Bl rabbit
mAb (cat. no. 55004-1-AP), cyclin DI rabbit polyAb (cat.
no. 60186-1-Ig), cyclin E rabbit polyAb (cat. no. 11554-1-AP),
Bax rabbit polyAb (cat. no. 50599-2-Ig), Bcl-2 rabbit
polyAb (cat. no. 12789-1-AP), MMP2 rabbit mAb (cat.
no. 10373-2-AP), MMP9 rabbit mAb (cat. no. 10375-2-AP),
anti-GAPDH (cat. no. 60004-1-Ig), E-cadherin rabbit
polyAb (cat. no. 20874-1-AP), N-cadherin rabbit polyAb (cat.
no. 22018-1-AP), HIF-1a rabbit polyAb (cat. no. 20960-1-AP),
Snail rabbit polyAb (cat. no. 26183-1-AP), phospho-Akt
mouse mAb (cat. no. 66444-1-1g), Akt rabbit polyAb (cat.
no. 10176-2-AP), mTOR rabbit polyAb (cat. no. 20657-1-AP)
and vimentin rabbit polyAb (cat. no. A11952-1-AP) were
obtained from ProteinTech Group, Inc. PI3K P110a rabbit
mAb (cat. no. 4249T), PI3K P110f rabbit mAb (cat. no. 3011T),
PI3K P110y rabbit mAb (cat. no. 5405T), PI3K Class III
rabbit mAb (cat. no. 3358T), p-PI3KP85/P55 rabbit mAb (cat.
no. 4228T), PI3KP85 rabbit mAb (cat. no. 4257T), phospho
mTOR rabbit mAb (cat. no. 5536P), were all purchased from
Cell Signaling Technology, Inc. Goat anti-rabbit IgG (cat.
no. 31579), BCA protein assay reagent kit, and enhanced
chemiluminescent (ECL) plus reagent kit were obtained from
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Pierce; Thermo Fisher Scientific, Inc. RIPA Lysis Buffer was
obtained from Applygen Technologies, Inc. Protease inhibitor
cocktail, phosphatase inhibitor cocktail, and DAPI were
purchased from Roche Diagnostics.

Human cell lines. Human cervical cancer cell line HeLa was
purchased from Shanghai Institute of Cell Biology of the
Chinese Academy of Sciences. HeLa cells were cultured in
RPMI-1640 medium with 10% (v/v) FBS and incubated at
37°C in a 5% CO, atmosphere with saturated humidity.

Flow cytometric analysis of cell cycle and apoptosis. The
effect of F2 on the cell cycle and apoptosis were analyzed
using flow cytometry. After serum starvation, HeLa cells
treated with F2 for 48 h were collected, washed with cold
PBS and suspended in 70% ice-cold ethanol overnight at
-20°C. Subsequently, the cells were suspended in PBS with
1 ml RNase (50 pg/ml) and 1 ml PI (60 ug/ml) and incubated
for 30 min in the dark.

For cell apoptosis assay, the treated HeLa cells were
harvested, washed with PBS, and sequentially stained with
Annexin V-FITC. After three min, 10 1 PI (20 #g/ml) was added
to these cells and they were incubated in the dark for 10 min.

Allstained cells were analyzed using FACS (BD Biosciences).
The data thus obtained were plotted using Modfit LT soft-
ware 2.0 (Verity Software house).

Hoechst staining assay. HeLa cells that were treated with F2
for 48 h, were fixed using 4% paraformaldehyde for 10 min.
After washing with PBS, cells were stained with Hoechst 33258
in the dark for 20 min. The cells were photographed using an
inverted fluorescence microscope (DM505; Nikon Corp.).

Wound scratch assay. The wound scratch assay was performed
in order to evaluate directional cell migration. Briefly, when
HeLa cells grew to 70-80% confluence, cell monolayers
were wounded to form a scratch using sterile pipette tips
(100-200 pl). After washing with PBS to remove cell debris,
cells were incubated in either the absence or presence of F2
in RPMI-1640 medium with 5% FBS. The cells were photo-
graphed at the beginning (0 h) and then at 24 and 48 h. The
migration distance was measured using an image analysis
software (NIS-Elements Viewer 4.2.0; Nikon Corporation)
and the migration rate was calculated.

Transwell migration assay. The HeLa cells were seeded onto
a Transwell chamber and incubated with F2 for 48 h. Then the
medium in the chamber was replaced with serum-free medium
and the lower chamber was filled with RPMI-1640 medium
containing 30% FBS as a chemoattractant. After culturing for
24 h, the cells that did not migrate and remained at the top of
the chamber were removed carefully using a cotton swab. The
migrating cells, that settled at the bottom of the chamber were
fixed using methanol and stained using 0.2% crystal violet for
15 min. The cells that had migrated were photographed and
counted based on 5-field digital images obtained randomly at
a magnification of x100.

Western blot analysis. Total protein was lysed using ice-cold
RIPA with a protease inhibitor cocktail and a phosphorylated
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Figure 1. Effect of F2 on migration of HeLa cell lines. Cells were treated with vehicle control or the indicated concentrations of F2. (A) The migration ability
of HeLa cells was evaluated in each group using a wound healing assay at 24 and 48 h. (B) Quantification of migrated cells in A. (C) The ability of HeLa
cells to invade was detected using a Transwell migration assay. HeLa cells migrated through the polycarbonate membrane stained with 0.2% crystal violet.
(D) Quantification of migrated cells in C. Values are presented as the means = SEM (n=3). "P<0.05, “P<0.01, ““P<0.001 vs. the control group (0 gmol/l).

HMQ-T-F2, F2.

protease inhibitor cocktail and was used for HeLa cells that
were treated with F2 for 48 h. After quantification using
a BCA assay, that was performed in accordance with the
manufacturer's instructions, the protein sample 30 ug was
separated by the 10% SDS-PAGE and transferred to a PVDF
membrane. Subsequently, the membranes were blocked using
5% BSA for 2 h at room temperature and incubated with the
indicated primary antibodies that were diluted by 1X TBST
buffer overnight at 4°C. After washing, the membranes
were incubated with species-specific horseradish peroxi-
dase (HRP)-conjugated secondary antibodies for 1 h at 37°C
and the resultant antigen-antibody complexes were visualized
using an enhanced chemiluminescence (ECL) kit. The images
were scanned using chemiluminescent and fluorescent imaging
systems (Champchemi™ Professional; cat. no. SG2010084;
Beijing Sage Creation Science Co., Ltd.) and the bands were
quantified using Image-Pro plus software (Image-Pro Plus 5.1;
Media Cybernetics, Inc.). GAPDH was used as an internal
control.

Statistical analysis. One-way analysis of variance (ANOVA)
with Tukey's multiple comparison test or Student's unpaired
t-test was used to analyze significance using SPSS 19.0
(IBM Corp.) and GraphPad Prism 5 software (GraphPad
Software). A P-value <0.05 was considered to indicate a statis-
tically significant difference. "P<0.05, “P<0.01 and “*P<0.001
vs. the control group. Data are expressed as the means + SEM.

Results

F2 inhibits cervical cancer HeLa cell migration. It is known
that cell migration is important for the progression of malignant
tumors. The ability of F2 to inhibit migration was evaluated
using wound scratch and Transwell migration assays. Our
previous study concluded that treatment of F2 at a dosage of
0.6 ymol/1 for 48 h had no cytotoxic effect on HeLa cells (20).
In addition, an MTT assay revealed that F2 had no inhibition
on human normal cervical epithelial cells even at 25 ymol/l,
in the previous study. Hence, F2 was used at a concentration
of 0.6 umol/l for the experiments and 5% FBS was used to
exclude the anti-proliferation effect of F2 in the migration
assay for 48 h. As revealed in Fig. 1A and B, HeLa cells
migrated to fill the scratched area after 48 h in the absence
of F2, while the migration rate decreased in a dose-dependent
manner upon F2 treatment at 24 and 48 h. According to the
Transwell assay results, the number of HeLa cells migrating
through the chamber significantly decreased in the group that
received F2 treatment, when compared to the control group
(Fig. 1C and D). Both these assays confirmed that F2 inhibited
HeLa cell migration.

F2 inhibits Wnt signaling proteins in HeLa cells. B-catenin is
an important molecule in the Wnt signaling pathway. In our
previous study, it was revealed that F2 arrests the translocation
of B-catenin to the nucleus in a dose-dependent manner. Thus,
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Figure 2. Effect of F2 on the Wnt signaling pathway proteins in HeLa cells. (A) Western blot analysis of cell membrane proteins, including Frizzled-8, p-LRP,
LRP, p-GSK3p and GSK3p in the Wnt signaling pathway of HeLa cells. The cells were quantified using relative densitometry values normalized to GAPDH.
(B-D) Quantification of A. Values are presented as the means + SEM. "P<0.05, “P<0.01 vs. the untreated control cells. HMQ-T-F2, F2; p-LRP, phosphorylated

LRP; GSK3, phosphorylated GSK3.
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Figure 3. Effect of F2 on the EMT signaling pathway-related proteins in HeLa cells. (A) Western blot analysis of EMT signaling pathway-related pro-
teins, including E-cadherin, N-cadherin, vimentin, Snail and HIF-1o.. (B) Quantification of A. Values are presented as the means + SEM (n=3). ""P<0.01,
“*P<0.001 vs. the control group (0 gmol/l). HMQ-T-F2, F2; EMT, epithelial-mesenchymal transition.

the expression of Wnt signaling proteins was investigated after
exposure to F2 for 48 h in order to determine whether inhibi-
tion of migration by F2 was associated with Wnt signaling. The
data revealed that the expression of Frizzled-8, phosphoryla-
tion of LRP-5/6, and phosphorylation of GSK3f decreased in
a concentration-dependent manner (Fig. 2), indicating that F2
inhibited the migration via the Wnt signaling pathway.

F2 inhibits EMT-related molecules in HeLa cells. Induction
of EMT is the initial process by which epithelial cancer cells
acquire motility, thus promoting migration and invasion (22).
A western blot assay was performed in order to determine the
effect of F2 on the expression of EMT-related proteins. As
revealed in Fig. 3, F2 significantly increased the expression
of E-cadherin, and decreased the expression of N-cadherin,
vimentin and Snail. These results indicated that F2 can inhibit
the migration of HeLa cells by reversing EMT.

HIF-1la plays an important role in tumor cell metastasis
and cancer function (23). Using a western blot assay, it was
revealed that F2 decreased HIF-1a expression (Fig. 3). HIF-1a
promotes tumor metastasis by increasing the expression of
MMPs that play an important role in metastatic foci forma-
tion (23). Western blot analysis demonstrated that the expression

of MMP2, MMP3, MMP7, and MMP9 was downregulated in
HeLa cells treated with F2 (Fig. 4). In addition, c-Myc protein
expression decreased after F2 treatment (Fig. 4). MMPs and
c-Myc are the nuclear targets of the Wnt/B-catenin signaling
pathway. These observations were consistent with our previous
study, which reported that F2 markedly inhibited HeLa cells
by targeting 3-catenin.

F2 impairs the PI3K/Akt signaling pathway. The PI3K/Akt
pathway is involved in the regulation of HIF-1a and is closely
related to cell proliferation. Western blot analysis revealed that
F2 inhibited the PI3K/Akt signaling pathway in a dose-depen-
dent manner along with the inhibition of HIF-1a expression.
As revealed in Fig. 5, F2 inhibited the PI3Kpl110a subunit and
the phosphorylation of PI3Kp85/p55, Akt and mTOR, which
are important molecules in PI3K signaling.

F2 induces the accumulation of HeLa cells in the S phase. P1
staining and flow cytometry were used to analyze the cell cycle
distribution in the HeLa cells following treatment with F2. The
results revealed that F2 significantly arrested the HeLa cells
in their S phase. The HeLa cells were treated with 0, 0.15, 0.3
and 0.6 ymol/I of F2 for 48 h, and the percentage of cells in the



Eal SPANDIDOS
PUBLICATIONS

A F2 (umolfl) B

0 015 03 0.6 1.5

Il MMP2

=
=
o
(]
Protein ex pression
(protein/GAPDH)

o w oo o
-

Concentration (umol/l)

ONCOLOGY REPORTS 42: 1451-1458, 2019

1455

0.81 mm MMP2
= MMP9
0.6- o O3 c-Myc

0.4+

0.24

Protein expression
(protein/GAPDH)

0.0~

® © cwnQ
o o T oo
[=]

Concentration (umol/l)

Figure 4. Effect of F2 on the Wnt signaling pathway proteins in HeLa cells. (A) Western blot analysis of cell nucleus proteins, including MMP2, MMP9,
MMP3, MMP7 and c-Myc in the Wnt signaling pathway of HeLa cells. (B) Quantification of A. The results presented are representative of three indepen-
dent experiments. Data are expressed as the mean + SEM. "P<0.05, “'P<0.01, ““P<0.001 vs. the control group (0 ymol/l). HMQ-T-F2, F2; MMP, matrix
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Figure 5. Effect of F2 on the PI3K/Akt signaling pathway proteins in HeLa cells. (A) Western blot analysis of PI3K-subtype proteins, including PI3K p110a,
PI3K pl10p, PI3K pl110y, PI3K Class III and p-PI3K p86/p55. (B and C) Quantification of A. (D) Effect of F2 on phosphorylation of Akt and mTOR.
(E) Quantification of D. Values are presented as the means = SEM (n=3). “P<0.01, “*P<0.001 vs. the control group (0 xmol/l). HMQ-T-F2, F2.

S phase increased from 38.07% in vehicle controls to 40.76,48.96
and 62.38%, respectively. Conversely, the percentage of cells in
the G1 phase decreased from 51.47 to 50.7, 45.72 and 31.85%,
while the percentage of cells in the G2/M phase decreased from
10.47 to 8.55, 5.34 and 5.78%, respectively (Fig. 6A and B).

To explore the mechanisms underlying F2-mediated
S phase arrest, the effect of F2 on key cell cycle-related
proteins was examined. It is well known that cyclin E is closely
correlated with S phase arrest, and the present results revealed
that F2 upregulated the expression of cyclin E (Fig. 6C and D).
In addition, treatment with F2 also downregulated the expres-

sion of cyclin D1 and cyclin B1, which are closely related to the
G1 and G2/M phase, respectively. Thus, the data revealed that
F2 induced HeLa cell cycle arrest at the S phase.

F2 induces HeLa cell apoptosis and regulates cell apop-
tosis-regulatory molecules. Annexin V-PI staining and flow
cytometric analysis were used to determine whether F2 inhibits
HeLa cell proliferation by inducing cell apoptosis. As revealed
in Fig. 7A, the FACS results revealed that the percentage of
apoptotic cells (the sum of lower right quadrant and upper
right quadrant) in the vehicle group was 12.89%, and that the
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Figure 6. F2 arrests HeLLa cells in the S phase and regulates cyclin protein levels. (A) Effect of F2 on HeLa cell cycle progression. HeLa cells were treated with
F2 for 48 h and stained with PI. DNA content was then assessed using flow cytometry. (B) Quantitation of the data in A. (C) Effect of F2 on the expression of
cell-cycle proteins, cyclin E, cyclin DI and cyclin B, was studied using western blot analysis. (D) Results were quantified using densitometry analysis of the
bands from C. Values are presented as the means + SEM (n=3). "P<0.05, “"P<0.01 vs. the control group (0 gmol/1). HMQ-T-F2, F2.
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Figure 7. F2 induces HeLa cell apoptosis and regulates levels of cell apoptosis proteins. (A) Cell apoptosis was measured using flow cytometric analysis of
Annexin V-FITC/PI-stained HeLa cells treated with F2. The percentage of apoptotic cells is indicated. (B) The morphology of apoptotic nuclei was observed
after treatment with F2 using Hoechst 33258 staining. (C) Quantification of apoptotic cells/total cells in B. (D) Western blot analysis of Bax, Bcl-2 and
Mcl-1 expression in HeLa cells treated with F2. (E) Results were quantified using densitometry analysis of the bands from D. Values are presented as the
means = SEM (n=3). “P<0.01, “"P<0.001 vs. the control group (0 ymol/l). HMQ-T-F2, F2.
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percentage of apoptotic cells increased after treatment with
F2. The percentage of apoptotic cells in F2-treated groups
were 10.94, 36.99 and 77.20, respectively. In addition, Hoechst
staining was applied to observe the morphology of HeLa cells.
The results indicated that F2 induced the condensed bright blue
apoptotic nuclei in HeLa cells (Fig. 7B and C). Induction of apop-
tosis was further confirmed by upregulation of the pre-apoptotic
protein Bax and downregulation of the anti-apoptotic proteins,
Bcl-2 and Mcl-1 (Fig. 7D and E). The data indicated that F2
activity was related to programmed cell death.

Discussion

Every year there are >500,000 new cases of cervical cancer
and ~200,000 cervical cancer-related deaths worldwide, with
the majority of these occurring in developing countries (24).
Although existing cervical cancer screening techniques and
HPYV have improved the rate at which this disease is diagnosed
to some extent, reoccurrence and metastasis still result in poor
outcomes (25,26). Therefore, novel and efficient therapeutic
targets for cancer metastasis are required.

Our previous study demonstrated that (3-catenin is an
important target of F2, and it was confirmed that F2 regulates
the B-catenin destruction complex that consists of Axin, APC,
and CK1 (20). It is well known that f-catenin is a key player in
abnormal Wnt signaling and is the most important oncogene
in cervical cancer biology due to its ability to regulate cell
migration. In order to elucidate the mechanism of inhibition
of HeLa cell migration by F2, wound healing and Transwell
assays were used. The results revealed that F2 could inhibit
the migration of HeLa cells. The activation of Wnt/p-catenin
signaling in cancers mostly occurs as a result of the binding of
the Wnt ligand with its receptor LRP5/6 and FrizzledS. It also
presents the inactivation of GSK-3p, which leads to the increase
in the activity and quantitative stabilization of 3-catenin. The
present results revealed that F2 suppressed phosphorylation of
LRP5/6 and expression of Frizzled§. LRP5/6 and Frizzled8
are transmembrane receptors of the Wnt/Frizzled8 pathway.
In addition, the inhibition of F2 on phosphorylated LRP5/6
resulted in the suppression of the phosphorylation of GSK3p.

Furthermore, several studies have confirmed that the Wnt
signaling pathways regulate the process of EMT in cancer. The
key factor of the Wnt signaling pathway, 3-catenin,induces EMT
by increasing E-cadherin suppressors (27,28). EMT is reported
to promote the invasive ability and metastasis of cervical
cancer and is positively associated with poor prognosis (29).
When Wnt signaling is activated, the number of EMT target
proteins increase, and vice versa. These findings reveal that
the crosstalk between Wnt/B-catenin signaling and the EMT
process forms a positive feedback loop (30). Therefore, when
EMT-related proteins were evaluated using western blotting,
the results revealed that F2 inhibited the expression of Snail.
In addition, F2 also significantly upregulated the expression of
epithelial marker E-cadherin, and downregulated the expression
of interstitial markers N-cadherin and vimentin. These results
indicated that F2 can inhibit the migration of HeLa cells by
reversing EMT. The overexpression of HIF-1a protein has been
reported in several human cancers including cervical, breast,
and ovarian cancer (31-33). Clinically, high levels of HIF-1a
have several functions in cancer biology including angiogenesis,
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cell survival, tumor metastases and overcoming hypoxia (23).
Using western blot analysis, it was revealed that F2 decreased
HIF-1a expression. HIF-1a promotes the metastasis of malig-
nant tumors by increasing the levels of MMPs (34). MMPs
are also known to play a major role in different cell behaviors
such as cell proliferation, migration, infiltration, differentiation,
angiogenesis and metastatic foci formation (15). Western blot
analysis revealed that the expression of MMP2, MMP3, MMP7,
MMP9 and c-Myc were downregulated in HeLa cells treated
with F2. In addition, MMPs and c-Myc are the nuclear targets
of the Wnt/B-catenin signaling pathway. These observations
were consistent with our previous study that revealed that F2
significantly inhibited HeLa cells by targeting -catenin. The
PI3K/Akt/mTOR signaling pathway is involved in the develop-
ment and progression of tumors. It is aberrantly activated in
cervical cancer and is closely related to tumor recurrence and
metastasis (35). PI3K/Akt/mTOR signaling is also an intracel-
lular signaling pathway that regulates the cell cycle and can
induce the occurrence of EMT (36). In the present study, it was
revealed that F2 inhibited the phosphorylation of PI3Kp85/p55
and its downstream signaling molecules, Akt and mTOR. Thus,
the results of our present and previous studies, collectively,
revealed that F2 inhibited the migration and proliferation of
HeLa cells by reversing EMT, and negatively regulating the
Wnt/B-catenin and PI3K/Akt signaling pathways.

In addition, the present research results revealed that
F2 arrested the HeLa cell cycle at the S phase. Certain key
proteins involved in regulating cell cycle transition were also
studied. The results revealed that F2 induced HeLa cell arrest
and was also associated with the downregulation of cyclin D1
and cyclin Bl and upregulation of cyclin E. The results also
revealed that F2 induced HeLa cell apoptosis by downregu-
lating Bcl-2 and Mcl-1 and upregulating Bax. These data partly
reflect the ability of F2 to inhibit HeLa cell proliferation.
Nevertheless, further studies are needed on the mechanism of
whcih F2 suppresses migration of the human cervical cancer
HeLa cells and the druggability of F2.

In conclusion, the present findings demonstrated that F2
can impair migration and proliferation of the human cervical
cancer HeLa cells. F2 induced HeLa cell arrest at the S phase
and apoptosis. F2 reversed EMT, thus potentially inhibiting
both the Wnt/p-catenin and PI3K/Akt signaling pathways, and
downregulating HIF-1a expression.
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