Tropical Journal of Pharmaceutical Research January 2020; 19 (1): 115-120

ISSN: 1596-5996 (print); 1596-9827 (electronic)

© Pharmacotherapy Group, Faculty of Pharmacy, University of Benin, Benin City, 300001 Nigeria.

Original Research Article
v

Available online at http://www.tjpr.org
http://dx.doi.org/10.4314/tjpr.v19i1.18

Baicalein inhibits the invasion of human cervical cancer
cells by inhibiting the hedgehog/Gli signaling pathway

Hai Yang?, Jiyi Xia?, Yan Li®, Yong Cao?® Li Tang®, Xiaolan Yu'*

'Department of Obstetrics and Gynecology, The Affiliated Traditional Chinese Medicine Hospital of South West Medical
University, °School of Medical Information and Engineering, Southwest Medical University, *Medicine Experimental Center, The
Affiliated Hospital of Southwest Medical University, Luzhou, China

*For correspondence: Email: yuxiaolanwork@163.com; Tel: +86-0830-3161913

Sent for review: 29 July 2019

Revised accepted: 21 December 2019

Abstract

Purpose: To identify the role of baicalein in human cervical cancer and to determine whether baicalein
treatment affects hedgehog/Gli signaling pathway.

Methods: Cell proliferation was evaluated by MTT(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) and colony formation assays. Cell death rate was assessed by PI-staining and FACS assay.
Furthermore, cell invasion was assessed by Transwell assay while the levels of the key proteins were
measured by western blotting analysis.

Results: Baicalein suppressed the viability and proliferation of HeLa cells. The colony formation ability
and relative migration rate were significantly decreased in the HelLa cells treated with 50 uM baicalein.
Furthermore, the levels of Shh, Glil, MMP-9, and VEGF declined significantly in baicalein-treated cells.
Conclusion: The results demonstrate that baicalein inhibits the growth and invasiveness of cervical
cancer cells partly by suppressing the activation of hedgehog/Gli signaling pathway in a concentration-
dependent manner.
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INTRODUCTION

Cervical cancer occurs commonly worldwide with
the age of onset of approximately 30 — 35 years
[1]. However, recently, cervical cancer has been
found to develop in the younger population.
Cervical cancer in humans normally invades
other organs, such as the lungs, breast, liver,
and bones [2]. Metastasis of cancer cells takes
place usually by direct or lymphatic spread, while
hematogenous metastasis is less likely to be
seen.

Surgical treatment and radiotherapy,
supplemented with chemotherapy, are the major
therapeutic options for the treatment of cervical
cancer [3]. Till now, the causes and molecular
mechanisms of human cervical tumor invasion
and metastasis are still unclear. As the biological
characteristics of invasive cervical cancer
seriously affect the efficacy of treatment, it is
required to elucidate the mechanism of human
cervical cancer which may be helpful and
beneficial to treat this cancer.
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Baicalein is one of the principal components
present in the roots of Scutellariae radix [4]. It is
reported that baicalein possesses anti-
inflammatory activities (5), while in cervical
cancer, it has been found that mitochondrial and
the death receptor pathways contribute to the
inhibitory effects of baicalein [6]. Furthermore, a
research group has reported that baicalein
inhibits human cervical cancer by inhibiting cell
migration and inducing cell apoptosis [7-10].
However, the molecular mechanism of baicalein
involved in the invasion and migration of human
cervical cancer has not been clarified until now.

Hedgehog/Gli pathway is a conserved signaling
pathway regulating various physiological
processes, including cell proliferation,
differentiation, and  epithelial-mesenchymal
transition [14]. Now, it has been reported that the
abnormal activation of hedgehog/Gli pathway
contributes to the metastasis of human cancers,
for example, the expression of CD24 was the
target gene of the hedgehog/Gli pathway which
downregulated the CD24 level to suppress the
progression of ovarian cancer [12].

In invasive hepatocellular carcinoma, the
activation of MMP-2 and MMP-9 contributes to
cell invasiveness in HepG2 related to Shh
signaling [13]. Till now, it has been reported that
the hedgehog/Gli pathway regulates cervical
cancer cell proliferation, survival, and migration
[14-15]. Silencing the expression of the Shh gene
efficiently inhibits EMT and the proliferation of
human cervical cancer cells [16]. MicroRNA-129-
5p [17] and miR-506 [18] also inhibits Gli3 in the
hedgehog pathway and regulates the
progression of human cervical cancer.

However, it has not been reported whether
treatment with baicalein in cervical cancer
inhibits the activation of the hedgehog/Gli
signaling pathway.

EXPERIMENTAL
Cell lines and agents

DMEM and FBS were obtained from Gibco BRL.
Baicalein was purchased from Sigma-Aldrich
Biotechnology and the purity was > 98.0 % (cat.
no. 465119). Baicalein was diluted with DMSO.
MTT reagent (cat. no. 88417) was purchased
from Sigma Inc. (Sigma, Saint Louis, MO).

MTT assay
The human cervical cancer cells (2 x 10°

cells/well) were treated with baicalein for an
indicated time and diluted at a final concentration

of 0.4, 2, 10, and 50 uM. Before the test, 10 yL of
MTT was injected to each well and cultured for
another 4 h. Finally, DMSO was used to resolve
the crystal.

FACS assay

The cell death rate was determined by PI
staining with FACS assay. Briefly, baicalein was
diluted to 2, 10, and 50 yuM and was used to treat
the cells for 24 h. Then, 8 x 10° cells were
resuspended in 800 pL of PBS containing 10 pL
of PI. The suspension was kept to avoid light for
5 min at room temperature. The specimens were
tested using flow cytometry (Millipore
Corporation, Billerica, MA, USA).

Colony-forming assay

The Hela cells were cultured and plated on 6-
well plates. The cells were then treated with
baicalein for 14 days. The concentrations of
baicalein were diluted from 50 uM, respectively.
The colonies (> 50 cells) were recorded and the
assay was performed twice. The colony
formation rate was calculated as in Eq 1. A (%) =
B/Cx 100% (A: colony formation rate; B: number
of colonies; and C: number of inoculated cells).

Transwell assay

The HeLa cells (3 x 10%) were plated on the
matrigel of a small chamber. The concentration
of baicalein was 2, 10, and 50 uM, respectively.
After 24 h, the invasive HelLa cells present in the
lower layer were stained with Trypan blue. The
cells were observed under a microscope and five
fields (200x) were counted randomly in each well
to obtain an average. This process was repeated
thrice.

Western blotting analysis

Shh, Smo, Glil, MMP-9, and VEGF were
estimated by western blotting. The antibodies
used were: Shh antibody (cat. no. 435800; anti-
mouse monoclonal antibody; ThermoFisher
Scientific Corporation), Smo antibody (E-5) [cat.
no. sc-166685; mouse-derived monoclonal
antibody (200 pug/mL); Abcam Corporation], anti-

Glil antibody (cat. no. abl51796; rabbit
polyclonal antibody; Abcam Corporation), MMP-9
Antibody (cat. no. 3852; Cell Signaling

Technology Corporation), and VEGF antibody
(C-1) (cat no. sc-7269; Santa Cruz Biotechnology
Corporation). The bands were developed by ECL
reagent. Each band was scanned and quantified
using optical densitometry (Image J, NIH).
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Statistical analysis

The results were analyzed by independent
samples t-test. The data are shown as mean +
SD.

RESULTS
Baicalein inhibited the viability of HeLa cells

Different concentrations of baicalin were used to
treat the HelLa cells. The chemical structure of
baicalein is shown in Figure 1A. As shown in
Figure 1B, the inhibitory rate of the HelLa cells
was increased as the concentration of baicalein
was higher (p < 0.01) as compared to the
untreated HeLa cells. Moreover, the
concentrations of baicalein were diluted to 0.4, 2,
10, and 50 pM, respectively. As shown in Figure
1C, the inhibitory rate in the baicalein group was
greatly increased. The data suggested that
baicalein suppressed cell growth in a time- and
concentration-dependent manner. Additionally,
baicalein induced the death of HelLa cells as
detected by FACS. As shown in Figure 2, the
death rates in the 10 and 50 pM of the
compound-treated groups were much higher
than that in the control group (p < 0.01 as
compared to the untreated cells). The data
showed that baicalein had efficient antitumor
activity in human cervical cancer cells.

Baicalein inhibited the
capacity of the HeLa cells

colony-forming

Formation assay was performed and the results
showed that baicalein inhibited the colony
formation efficiency of the HelLa cells (Figure 3).
Moreover, as the concentration of baicalein
increased (especially > 10 uM), the colony
formation ability was greatly decreased in a
concentration-dependent manner.

Baicalein inhibited the invasion of HelLa cells

The effects of baicalein on the in vitro cell
invasion of the Hela cells were tested by
transwell assay. In Figure 4, the invasion ability
was decreased as the concentration of baicalein
was increased. The data revealed that the
relative cell migration was significantly decreased
at a baicalein concentration of 50 yM for 24 h as
compared to that in the untreated controls (p <
0.01).

the

Baicalein inhibited activation  of

hedgehog/Glil pathway

treatment with
the expression of the

we examined whether
inhibited

Next,
baicalein

hedgehog/Gli pathway in the HelLa cells.
Cyclopamine was used as the control to
suppress hedgehog/Gli signaling in the HelLa
cells (10 pyM). As shown in Figure 5, the Smo
expression was decreased but the level of Shh
was not changed in the HelLa cells. Furthermore,
the western blotting analysis showed that with a
higher concentration of baicalein, the levels of
Shh and Glil were decreased in the HelLa cells,
although the Smo expression was not affected.
Importantly,  downstream  targeted gene
expression was also detected in the baicalein
treated Hela cells. The data demonstrated that
MMP-9 and VEGF were significantly decreased
in the baicalein group. The data demonstrated
that baicalein inhibited the invasion of Hela
partly by suppressing the activation of the
hedgehog/Gli signaling pathway.

A
Haicalein
B Hela
Bl
8 =
& A0
E "a"a"n}
= =
& w
S 20- i
= e,
- e e b B
L] == T T T ¥
0.0 0.4 2 10 50
Baicalein Conc. [ pM
. Hela
1004
== 24 h
E
2
% G604
o
= E
£ 40
=
£ 204
o=

oo 0.4 .'.IJ 1Iﬂ 5:!}
Baicalein Conc. [ pM

Figure 1: Baicalein inhibited the cell growth of HelLa
cells. A. Chemical structure of baicalein. B. HelLa cells
(2 x 10°/well) were plated on a 96-well plate. Eight
hours later, the HelLa cells were treated with baicalein
for 24 h; **p < 0.01. C. The Hela cells (1><103lwell)
were cultured for 8 h. Baicalein concentrations were
0.4, 2,10, and 50 uM
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Figure 2: (A) Baicalein promoted cell death. (B) The
death rate of HelLa cells is shown in the histogram; **p
< 0.01 as compared to 0 uM of baicalein
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Figure 3: Baicalein inhibited colony formation. A. The
HelLa cells were plated on a 6-well plate (100
cells/well). Twenty-four hours later, the cells were
treated with different concentrations of baicalein and
cultured for 14 days. The colonies are shown here. B.
The colony formation efficiency is shown in the
histogram; **p < 0.01 as compared to the untreated

group
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Figure 4: Baicalein inhibited the invasion of HelLa
cells. A. Invasion assay. The HelLa cells were treated
with 2, 10, and 50 uM of baicalein for 24 h and the
images of the invasive cells are shown. B. The relative
cell migration rate is shown in the histogram. The
untreated cells are used as the negative control. **p <
0.01 as compared to the control
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Figure 5: Effect of baicalein on the hedgehog/Glil
signaling pathway in the HeLa cells. The levels of
each factor in the untreated Hela cells were used as
the negative control

DISCUSSION

Baicalein is a flavonoid compound having various
pharmacological activities. There is evidence that
baicalein has anti-inflammatory and anti-tumor
activities [7]. It has been known that baicalein
suppresses the growth and invasion of human
cervical cancer cells. Importantly, the results
have shown that baicalein inhibits cell invasion
by inhibiting the hedgehog/Gli pathway. Thus, it
is very important to use baicalein for the
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treatment of cervical cancer, which may bring
good news to patients with cervical cancer.

Firstly, the cell viability and cell death rate were
determined by MTT and FACS assays,
respectively. We used increasing concentrations
of baicalein to treat the HelLa cells, and the
colony-forming capacity of the HelLa cells was
significantly decreased when treated with 10 or
50 puM of baicalein for 14 days. The results
showed that baicalein inhibited the proliferation
of HelLa cells, which was consistent with the
results of Ma et al. in which the authors
hypothesized that baicalein inhibited the
metastasis of cancer cells by reducing the level
of SATB1 and Wnt/beta-catenin pathway [19].
Hedgehog/Gli signaling pathway has also been
reported to contribute to cancer invasion and
metastasis in various human cancers. However,
whether baicalein affects the activation of
hedgehog/Gli signaling has not been clarified in
human cervical cancer.

Most studies have shown that baicalein inhibited
the migration of cancer cells mainly by inducing
cell apoptosis and cell cycle arrest [9]. Here, the
anti-metastatic effects of baicalein on cervical
cancer cells were explored. The underlying
molecular mechanisms were also evaluated.
Baicalein inhibited the activation of the
hedgehog/Glil signaling pathway in the Hela
cells. We used cyclopamine, a special inhibitor of
the hedgehog/Gli pathway, as the control
compound in the experiment. Cyclopamine could
bind to smoothened (Smo) protein and suppress
the activity of hedgehog/Gli signaling. The key
proteins that were detected in the hedgehog/Gli
pathway were Shh, Smo, Glil, MMP-9, and
VEGF.

The level of matrix MMP-9 is higher in cervical
cancer [20]. In the present study, the level of
MMP-9 was significantly downregulated in the
Hela cells, suggesting that MMP-9 might be the
downstream target protein of the hedgehog/Gli
signaling pathway. Additionally, in the rectal
cancer tissues, VEGF was highly expressed and
positively associated with tumor invasion depth
and lymph node metastasis [21]. A higher VEGF
level was shown to enhance the migration and
invasion ability of the pancreatic cancer cells
[22]. In our study, we found that baicalein
treatment inhibited the invasion and proliferation
of HelLa cells partly by reducing the levels of
VEGF in the human cervical cancer cells.

CONCLUSION

The findings of this study reveal that baicalein
promotes cell death and inhibits the invasion of

Hela cells partly by suppressing the activation of
hedgehog/Gli signaling pathway. Thus, it is
potentially an effective agent for the
management of human cervical cancer.
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