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Abstract
Hepatocellular carcinoma (HCC) is one of the most malignant diseases worldwide.

The unfavorable clinical outcome and poor prognosis are due to high rates of recurrence

and metastasis after treatments. Some scholars of traditional Chinese medicine suggested

that endogenous wind-evil had played an important role in metastasis of malignant tumor.

Therefore, the drug of dispelling wind-evil could be used to prevent cancer metastasis and

improve the poor prognosis. So we wondered whether Scorpion, one of the most important

wind calming drugs, has antitumor effect especially in epithelial–mesenchymal transition

(EMT) and metastasis of HCC in this research. We found that Scorpion-medicated serum

could inhibit proliferation, induce apoptosis, and decrease migration and invasion capacity

of Hepa1-6 cells in vitro. Meanwhile, we observed that water decoction of Scorpion

restrained tumor growth and metastasis in nude mouse of HCC metastasis models.

Further experiments showed that Scorpion could suppress EMT, which is characterized

by increased epithelial marker E-cadherin expression and decreased mesenchymal

markers N-cadherin and Snail expression following Scorpion treatment both in vitro and

in vivo. These results suggested that the Scorpion could inhibit Hepa1-6 cells’ invasion and metastasis in part by reversing EMT

and providing a possible potential approach for preventing HCC metastasis.
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Introduction

HCC is one of the most malignant diseases worldwide
because of its aggressive tumor biology and lack of effective
therapies.1 Population-based research showed that it was
also identified as the third leading cause of cancer-related
death in China.2 At present, surgical resection is still the
standard treatment for most HCC patients, but incidence

rates continue to increase rapidly for liver cancer and the
survival ratio is still low. The unfavorable clinical outcome
and poor prognosis are due to high rates of recurrence and
metastasis after treatments.3–5 Previous studies showed
that epithelial–mesenchymal transition (EMT) was an
important initial event in the process of cancer metastasis
and can conduce to resistance to chemotherapy.6–8 For this
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reason, suppressing the EMT in liver cancer is significant
and meaningful to the prevention and treatment of
hepatocarcinoma.

Scorpion, the dry body of Buthus martensii Karsch, has
been widely used in the treatment of various tumors in
China long time ago.9 It has a certain effect against liver
cancer in the clinical treatment but its action mechanism
remains enigmatic.10–13 The “wind” is one of the six path-
ogenic factors in the theory of traditional Chinese medicine
(TCM) and it is divided into endogenous wind and external
wind. The diseases caused by endogenous wind are char-
acterized as migrant and variable. In recent years, some
scholars of TCM suggested that the metastasis of cancer
is similar to the wind syndrome, which is described as
progressing rapidly and changing frequently. Then they
come up with hypotheses that endogenous wind-evil had
played an important role in metastasis of malignant tumor
for which being secret whirling and changeable, therefore,
the drugs of dispelling wind-evil or stopping endogenous
wind could be used to prevent cancer metastasis and
improve the poor prognosis.14 The effects of antitumor of
wind-dispelling drugs in some clinical studies have been
reported these years.15,16 So we assumed that as one of the
liver-pacifying wind-subduing drugs, Scorpion could affect
hepatic malignant tumor growth and metastasis.

Most of the previous investigations about the effect
of Scorpion on antitumor therapy were focused on the
Scorpion venom and its peptide.17–20 In this study we
investigated the Scorpion water extraction, the major
method of administration in clinics of Chinese Medicine,
to determine its influence on HCC cells in vitro and in vivo,
and explored the potential associated mechanisms. Our
study focused on the role of Scorpion in EMT and metasta-
sis of HCC.

Materials and methods

Ethics statements

All animal experimental procedures were conducted in
conformity with the guidelines for the care and use of lab-
oratory animals in Fourth Military Medical University.

Reagents

The Chinese herb Scorpion we used in this study was the
dry body of B. martensii Karsch, which was purchased from
EFong Pharmaceutical (Guangzhou, China). The Scorpion
was decocted twice with distilled water for 1 h. The decoc-
tion was collected, filtered, merged, and concentrated to
1 g/mL (equivalent to crude herb materials) and stored at
�20�C for future use.

Cell culture

HCC (Hepa1-6) cells and luciferase-expressing HCC
(Hepa1-6-lucþ) cells were gifts from Department of
Biochemistry and Molecular Biology, Fourth Military
Medical University, Xi’an, China. All the cells were cul-
tured in DMEM (HyClone, Logan, UT) containing 10%

FBS (ZETA Life Inc., Menlo Park, CA) and maintained
with 5% CO2 in a humidified chamber at 37�C.

Preparation of Scorpion-medicated serum

Twenty male Sprague-Dawley rats (200� 20 g) were pur-
chased from the Center of Animal Experiment of Fourth
Military Medical University (license no. scxk2012-0007,
Xi’an, China). Based on the preliminary experiments (data
not shown), rats in Scorpion group were given administra-
tion by intragastrical gavage with Scorpion solution at
0.63 g/200 gd (n¼ 10) and rats in control group were
given same volume of saline every day according to body
surface area (0.63 mL/200 g d).21 All rats were maintained
with normal diet and blood samples were obtained from
heart 1 h after the last administration at the third day.22 The
blood samples were stored at 4�C overnight, centrifuged at
3000 r/min for 15min, and the supernatant was collected.
The serum was inactivated at 56�C water bath for 30min
and sterilized with a 0.22 mm filter membrane and stored at
�80�C. In this study, all the cells were cultured in DMEM
containing 10% of the serum.

5-Ethynyl-20-deoxyuridine (EdU) assay

The EdU assay kit (RiboBio, Guangzhou, China) was used
to evaluate the cellular proliferative activity. The Hepa1-6
cells were cultured in 24-well plates with Scorpion-
medicated serum and appropriate control serum, respec-
tively, for 24 h. The cells were incubated after the addition
of 200 mL 50 mMEdU at 37�C for 2 h and the cells were fixed
in 4% paraformaldehyde for 30 min. After permeabilizing
with 0.5% Triton X-100 for 10 min, 200 mL Apollo reaction
liquid was added to the reaction for 30 min at room tem-
perature. Two hundred microliters Hoechst 33342 was
added in each well for 30 min to stain the cell nucleus.
The images were then obtained under a fluorescence micro-
scope (Olympus FV1000, Japan) at a 200� magnification,
and the number of proliferative cells was calculated and
analyzed in five fields selected randomly for each sample.
Each sample was conducted in duplicate and the experi-
ment was repeated three times.

Terminal deoxynucleotidyl transferase-mediated dUTP
nick-end labeling (TUNEL) staining

The TUNEL (Promega, USA) staining was used to detect
the apoptotic Hepa1-6 cells. The experiments were carried
out according to the manufacturer’s instructions. 5� 104

Hepa1-6 cells were seeded per well in six-well plates and
treated with Scorpion-medicated serum or control serum in
5% CO2 at 37

�C for 24 h. Implanted cells were fixed in 4%
paraformaldehyde for 15 min and after permeabilizing in
0.1% Triton X-100, TUNEL reaction liquid was filled at 37�C
for 1 h in the dark. The cells were stained with DAPI for
20min at last and the cells were washed with PBS three
times. Fluorescence microscope at 200� magnification
was used to observe the number of apoptotic cells and to
calculate the mean value of five areas chosen randomly to
make a statistical analysis of each sample.
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Wound healing assay

Straight lines were drawn across each well on the reverse
side of six-well culture plates with a marker pen. Hepa1-6
cells were seeded at 5� 105 per well into six-well plates and
pipette tip was used to scratch confluent cell monolayer
when each well was coated with the cells. The scratches
were perpendicular to the horizontal lines. The plates
were washed with serum-free medium to remove detached
cells and cultured in DMEM medium supplemented with
10% Scorpion-medicated serum or the appropriate control
serum for 24 h. The images were captured at 0 and 24 hwith
an inverted microscope (Olympus IX2-ILL100, Japan). The
wound width was measured by Image J software. The
experiment was repeated three times.

Transwell assay

Plated Hepa1-6 cells were pretreated with Scorpion-
medicated serum or the appropriate control serum for 24h
at 1� 105 cells per well in 150 mL of serum-free medium in
24-well transwell chambers with 8 mmfiber membrane pore
size coated with matrigel (BD Biosciences, San Jose, CA).
The outer compartment was filled with 600 mL medium
containing 10% FBS. The cells were incubated in a humid
5% CO2 atmosphere at 37�C for 24 h. The upper surface of
the membrane was removed softly and the lower surface
was fixed in 4% paraformaldehyde for 15 min and stained
with crystal violet for 15 min. The images were captured
with an inverted microscope. Selected five random fields of
each sample and the area of cells that had invaded through
the membranes were analyzed statistically by Image-Pro
Plus 6.0. The experiment was conducted three times.

HCC metastasis mouse models

Twenty-four 4-week-old male nude mice were bought from
the Center of Animal Experiment of Fourth Military
Medical University (Xi’an, China) and were kept in Lab
of Experimental Animal Centre with pathogen-free condi-
tions. Mice were randomly divided into three groups (n¼ 8
per group) with difference treatment: tumor bearing with
PBS treated (control), tumor bearing with Scorpion water
extraction treated (Scorpion), non-tumor bearing with PBS
treated (normal). Hepa1-6-lucþ cells (1� 107cells/mouse)
were used to establish liver cancer metastatic models in
nude mice via tail intravenous injection. After seven days
accommodation with no treatment, control group and
normal group received PBS 0.2 ml/day by intragastric
administration; the Scorpion group was treated with the
same volume of Scorpion solution (containing Scorpion
0.088 g/20 g d) by intragastric administration. Mouse
body weight was measured in each group every two or
three days and bioluminescent imaging was conducted
by using the IVIS Lumina II System (Caliper Life
Sciences, Boston, MA) twice a week. Five minutes before
imaging, 3 mg D-luciferin (Yeasen Biotech, Shanghai,
China) was administered into each mouse by intraperito-
neal injection. The imaging time of exposure ranged from
30 to 60 s which depended on the total number of
luciferase-expressing cells. The light emitted from the

tumor tissues containing luciferase was evaluated by
Living Image Software (Caliper Life Sciences, Boston,
MA). For each mouse, the metastatic tumor burden was
estimated by photons. After four weeks, all mice were sac-
rificed and their lung and liver tissues were collected for
histological analysis and further experiments.

Histological analysis

The lungs and livers were fixed with 4% paraformaldehyde
for 24 h and then placed into graded ethanol to dehydrate
before embedding in paraffin. The tissue samples were sec-
tioned at 5 mm thickness for each slide and stained with
hematoxylin and eosin (H&E) for valuation of tumor
metastasis.

Immunohistochemical staining

Immunohistochemical staining on paraffin-embedded
tissue sections for E-cadherin, N-cadherin, and Snail
expression was performed by a standard protocol (San
Ying Biotechnology, Wuhan, China). Deparaffinized slides
in two changes of xylene with 20 min for each and then
transferred slides to graded ethanol to dehydrate. The
slides were placed in boiling antigen retrieval buffer and
maintained at boiling temperature for 15 min and then
retrieval solution was allowed to cool at room temperature.
Tissue endogenous peroxidase activity was blocked by
incubating sections in 0.3% H2O2 solution in methanol for
10 min. After rinsing twice with PBS, the sections were
blocked in 3% goat serum for 60 min at room temperature.
Primary antibodies (E-cadherin, N-cadherin, Snail [San Ying
Biotechnology, Wuhan, China] all at a dilution of 1:50) were
applied diluted in PBS containing 3% goat serum at 4�C
overnight. The slides were rinsed with PBS and incubated
with envision secondary antibody for 30 min at room tem-
perature. Developed with DAB chromogen at room temper-
ature and observed under a microscope. The slides were
counterstained in a hematoxylin bath for 20 s and then
washed for 5 min. Negative controls were established by
replacing the primary antibody with normal rabbit serum.
No detectable staining was evident in the negative controls.

RNA extraction and quantitative real-time PCR
(qRT-PCR) analysis

qRT-PCR was used to detect the expression level of
E-cadherin, N-cadherin, and Snail mRNA which were
EMT-related factors in Hepa1-6 metastasis models. The
typical EMT-induced model was yielded as described
before.23 Total RNA was extracted from established
EMT-induced Hepa1-6 cells which had already been
treated with TGF-b1(10 ng/mL) in Scorpion-medicated
serum or control serum, respectively, for 72 h in TRIzol
reagent (Life Technologies, New York, NY) and followed
by using chloroform and isopropanol to extraction and pre-
cipitation. Complementary DNA (cDNA) was synthesized
with random primers. PCRs were performed in a 25 mL
reaction system containing 12.5 mL SYBR Premix Ex Taq
(Takara, Tokyo, Japan), 1 mL each primer, 0.5 mL cDNA tem-
plate, and on a BioRad Real-Time PCR System at 95�C for
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5 s and 60�C for 34 s for 40 cycles. Triplicate samples were
normalized to b-actin and specific primers for E-cadherin,
N-cadherin, Snail, and b-actin were synthetized by BioSune
Company (Shanghai, China). The primers sequences were
described in Table 1.

Western blot

The Hepa1-6 cells were washed from each group with
ice-cold PBS twice and solubilized in RIPA buffer

(Beyotime Biotechnology, Shanghai, China) containing
1mmol/L PMSF on ice. The protein concentration of each
sample was detected by the BCA Protein Assay kit
(Thermo Scientific, Fremont, CA). Hepa1-6 cells lysates
were divided by SDS-PAGE, with 20 mg amount of protein
charged in each lane and transferred to PVDF membrane.
Then blocked the membranes with 5% skim milk for 2
h and incubated with the primary antibodies (E-cadherin,
N-cadherin, Snail, and b- actin 1:2000 diluted in 5%
skim milk) at 4�C overnight. The membranes were treated
with appropriate peroxidase-conjugated secondary anti-
bodies at room temperature for 1 h and washed with
PBS containing 0.1% Tween-20 (PBST) three times. The sig-
nals were visualized with chemiluminescent HRP
substrate reagent (Millipore, MA, USA) and Image J soft-
ware was used to analyze images. For Western blot
analysis of mouse lung samples, samples from the
control group, normal group, and Scorpion group were
homogenized into 200 mL RIPA containing 1 mmol/L
PMSF, respectively. The tissue protein concentration
was determined by the BCA Protein Assay and 20 lg
amount of protein was loaded in each lane for Western
blot analysis.

Figure 1. Scorpion-medicated serum affected proliferation and apoptosis of hepatoma carcinoma cells. (a) EdU staining of Hepa1-6 cells cultured in 24-well plates with

Scorpion-medicated serum and control serum, respectively, for 24 h. Scale bars, 100 mm. (b) Rate of EdU positive cells was calculated and compared. Bars¼means

�SD, **P< 0.01. (c) TUNEL staining of Hepa1-6 cells cultured in 24-well plates with Scorpion-medicated serum and control serum, respectively, for 24h. Scale bars, 100

mm. (d) Rate of TUNEL positive cells was calculated and compared. Bars¼means�SD, ***P< 0.001. DAPI: 4,6-diamino-2-phenyl indole; EdU: 5-ethynyl-20-deoxyur-
idine; TUNEL: terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling. (A color version of this figure is available in the online journal.)

Table 1. Primers list for quantitative real-time PCR analysis.

Gene

Forward primer

sequence (50–30)
Reverse primer

sequence (50–30)

b-actin GTGACGTTGACATCC

GTAAAGA

GCCGGACTCATC

GTACTCC

E-cadherin CAGTTCCGAGGTCTA

CACCTT

TGAATCGGGAGTCTT

CCGAAAA

N-cadherin AGGCTTCTGGTGAAA

TTGCAT

GTCCACCTTGAAA

TCTGCTGG

Snail CACACGCTGCCTTGT

GTCT

GGTCAGCAAAAG

CACGGTT

PCR: polymerase chain reaction.
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Statistical analysis

Data were expressed as mean� standard deviation (SD).
The t-test was used to examine the differences in statistics
between each group and ANOVA analysis was used to
compare the differences in mice body weights. Statistical
analyses were performed using SPSS 22.0. P values <0.05
indicate statistical significance.

Results

Scorpion-medicated serum affected proliferation and
apoptosis of hepatoma carcinoma cells

The effect of Scorpion on proliferation of Hepa1-6
hepatoma carcinoma cells was evaluated by the EdU incor-
poration assay. Proliferation rate of Hepa1-6 cells was sup-
pressed distinctly after 24 h of Scorpion-medicated serum
exposure. The proliferation rate of hepatoma carcinoma
cells was about 36% in control, while 23% in Scorpion-
medicated serum group (Figure 1(a) and (b)). Then,
TUNEL assay was employed to detect the effect of
Scorpion-medicated serum on apoptosis of Hepa1-6 cells.
Hepa1-6 cells with Scorpion-medicated serum treated 24 h
resulted in a remarkable increase in the rate of apoptosis
relative to the control group (Figure 1(c) and (d)). The apo-
ptosis rate of Hepa1-6 cells was about 2% in control group,
while reached to 26% in Scorpion-medicated serum group.

These results suggested that Scorpion-medicated serum
could inhibit the proliferation and induce the apoptosis of
hepatoma carcinoma cells.

Scorpion-medicated serum inhibited the migration and
invasion of hepatoma carcinoma cells

The influence of Scorpion-medicated serum on hepatoma
carcinoma cell migration and invasion was investigated by
wound healing assay and transwell analysis. The scratched
images were collected at 0 and 24 h after the wounding and
the width of the wound was measured. The migration dis-
tance of Hepa1-6 was about 143 mm in control group while
only about 92 mm in Scorpion-medicated serum group
(Figure 2(a) and (b)). Moreover, the results of transwell
assay showed that the invasion cells of Hepa1-6 with
Scorpion-medicated serum treatment were less than that
of control group obviously (Figure 2(c) and (d)). These
results indicated that the migration and invasion abilities
of Hepa1-6 cells were weakened by Scorpion-medicated
serum in vitro.

Scorpion-medicated serum suppressed
TGF-b1-induced EMT in Hepa1-6 cells in vitro

The EMT plays a critical role in tumor metastasis process
and TGF-b1 is regarded as an effective inducer in the devel-
opment of EMT.24 We investigated the expression of

Figure 2. Scorpion-medicated serum inhibited the migration and invasion of hepatoma carcinoma cells. (a) Representative images of the wound healing assay in

Hepa1-6 cells treated with Scorpion-medicated serum and control serum. Scale bars, 200 mm. (b) Cell migration distance was calculated and compared.

Bars¼means�SD, ***P< 0.001. (c) Representative images of transwell assay in Hepa1-6 cells treated with Scorpion-medicated serum and control serum. Scale

bars, 200 mm. (d) Area of invading cells was calculated and compared. Bars¼means�SD, *P<0.05, ***P< 0.001. (A color version of this figure is available in the online

journal.)
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E-cadherin, N-cadherin, and Snail in TGF-b1-induced
Hepa1-6 EMT models after treatment of Scorpion-
medicated serum for 72 h by qRT-PCR and Western
blot analysis. The results of qRT-PCR analyses showed
that stimulating with TGF-b1 led to down-regulation of
epithelial marker E-cadherin mRNA expression and
up-regulation of mesenchymal markers and transcription
factors N-cadherin and Snail mRNA expression in Hepa1-6
cells. Scorpion-medicated serum dramatically repressed
TGF-b1-induced EMT process. The mRNA expression of
E-cadherin was increased in Scorpion-medicated serum
treatment while the mRNA expression of N-cadherin and
Snail was decreased (Figure 3(a)). The changes in the pro-
tein expression of E-cadherin, N-cadherin, and Snail
were evaluated by Western blot and the results were in
good agreement with the PCR conclusions from above
(Figure 3(b) and (c)). These results suggested that
Scorpion-medicated serum suppressed TGF-b1-induced
EMT in Hepa1-6 cells in vitro.

Scorpion restrained the growth and metastases of
Hepa1-6 in vivo

For the Scorpion-medicated serum had shown inhibiting
effect on Hepa1-6 cells in vitro, we moved on to explore
the therapeutic effect of Scorpion in metastasis model of
liver cancer. Hepa1-6-luc cells were injected into the tail
vein of nude mice. The mice were then treated with

Scorpion decoction or PBS by intragastric administration.
Bioluminescent imaging results showed that Scorpion can
restrain the formation and growth of metastasis tumor in
vivo (Figure 4(a)). Meanwhile, photon counts statistic indi-
cated that the mice which were treated with Scorpion
decoction had fewer metastatic tumors (Figure 4(b) and (c))
and the metastasis ability on Hepa1-6 cells in the mice of
Scorpion group was weaker than the mice in control group.
There was no significant difference in body weights
between the mice in each group during the whole experi-
mental stage (Figure 4(d)). H&E staining demonstrated
Hepa1-6 cell metastasis in lung and liver (Figure 5(a)).
Statistic results showed that both the metastasis number
and relative area of lung decreased significantly in
Scorpion group than that of control group (Figure 5(b)
and (c)). These data suggested that Scorpion restrained
the growth and metastases of Hepa1-6 in vivo.

Scorpion inhibited EMT of Hepa1-6 in vivo

To investigate whether Scorpion regulates EMT of HCC in
vivo, we examined the expression change of epithelial
marker E-cadherin and mesenchymal markers N-cadherin
and Snail with immunohistochemical staining andWestern
blot. The area of positive staining for E-cadherin of lung
tissue samples in Scorpion group was mainly identified
in the tumor cells membrane and adjacent benign tissues
which was increased significantly than control group.

Figure 3. Scorpion-medicated serum suppressed TGF-b1-induced EMT in Hepa1-6 cells in vitro. (a) Relative mRNA expression levels of E-cadherin, N-cadherin, and

Snail in Hepa1-6 cells (induced by TGF-b1) treated with Scorpion-medicated serum and control serum for 72 h were measured by qRT-PCR. Bars¼means�SD,

*P<0.05, **P< 0.01, ***P< 0.001. (b) Protein levels of E-cadherin, N-cadherin, and Snail in Hepa1-6 cells (induced by TGF-b1) treated with Scorpion-medicated serum

and control serum for 72 h were measured by Western blot. (c) Relative protein expression levels of E-cadherin, N-cadherin, and Snail were calculated and compared.

Bars¼means�SD, *P< 0.05, **P< 0.01, ***P< 0.001. TGF-b1: transforming growth factor-b1.
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And compared with the control, area of staining for
N-cadherin and Snail decreased significantly in Scorpion-
treated group (Figure 6(a)). To further confirm the above
observation, we investigated the protein expression of
E-cadherin, N-cadherin, and Snail in lung samples from
different groups with Western blot. The statistics showed
that there was an increased expression of E-cadherin in the
samples from Scorpion group; meanwhile the expression of
N-cadherin and Snail was all declined with Scorpion-
treated group (Figure 6(b) and (c)). These data point to
as a sign that Scorpion could change the statuses of
E-cadherin, N-cadherin, and Snail of lung tissues in the
mice tumor metastasis models. Altogether, these results
suggested that Scorpion could inhibit EMT process of
HCC and then inhibit metastasis of HCC.

Discussion

The HCCmetastasis is the main cause of HCC-related mor-
tality.25 However, how to inhibit metastasis remains poorly
understood. In this study, we report that Scorpion, a kind of
TCM, could inhibit proliferation, induce apoptosis, sup-
press migration and invasion of HCC cells. Scorpion

could restrain the metastasis and EMT process of HCC
both in vitro and in vivo, thereby it has a possible therapeu-
tic effect in treatment with HCC.

The primary process of tumor metastasis is the ability of
tumor cells to acquire motor ability and invasion pheno-
type. Studies have shown that EMT makes the tumor cells
win the movement characteristics.26 On the other hand,
HCC cells can also get stem cell properties through EMT
and have the ability of self-renewal and differentiation
eventually to form a new metastasis.27,28 Now many
kinds of methods for the treatment of HCC may even
induce EMT process of HCC to metastasis faster while
slowing tumor growth. So, EMT is one of the important
aspects for the prevention and control of HCC, and the
inhibition of EMT has important therapeutic value in the
treatment of HCC.29,30

Some researchers of TCM consider that the formation of
tumor metastasis was endogenous wind-evil which being
secret whirling and changeable and it also was the deter-
mining factor of metastasis of HCC.14 Based on this theory,
the method of calming endogenous wind is the primary
principle in Chinese medicine treatment for HCC and its

Figure 4. Scorpion restrained the growth and metastasis of HCC in vivo. (a) Bioluminescent imaging of nude mice transplanted with 1� 107 Hepa1-6-lucþ cells and

treated with Scorpion decoction and PBS by intragastric administration. (b) Photon counts of nude mice after transplanted with Hepa1-6-lucþ cells two weeks were

compared. Bars¼means�SD. (c) Photon counts of nude mice after transplanted with Hepa1-6-lucþ cells four weeks were compared. Bars¼means�SD, *P< 0.05.

(d) Body weight of nude mice after transplanted with Hepa1-6-lucþ cells were compared. (A color version of this figure is available in the online journal.)
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Figure 5. Metastasis of HCC detected by H&E staining. (a) Representative images of H&E staining of lung and liver sections from nude mice transplanted with

Hepa1-6 cells and treated with Scorpion decoction and PBS by intragastric administration. The bottom row pictures are magnified from the red box of the top row.

Scale bars, 200 mm. (b) Numbers of metastatic tumors in lung of nude mice were calculated and compared. Bars¼means�SD, *P< 0.05. (c) Relative area of

metastatic tumors in lung of nude mice was calculated and compared. Bars¼means�SD, *P< 0.05. (A color version of this figure is available in the online journal.)

Figure 6. Scorpion inhibited EMT of HCC in vivo. (a) Representative images of immunohistochemical staining of lung sections from nude mice transplanted with

Hepa1-6 cells and treated with Scorpion decoction and PBS by intragastric administration. The bottom row pictures are magnified from the red box of the top row.

Scale bars, 200 mm. (b) Protein levels of E-cadherin, N-cadherin, and Snail in lungs of nude mice transplanted with Hepa1-6 cells and treated with Scorpion decoction

of PBS by intragastric administration were measured by Western blot. (c) Relative protein expression levels of E-cadherin, N-cadherin, and Snail were calculated and

compared. Bars¼means�SD, **P< 0.01, ***P< 0.001. (A color version of this figure is available in the online journal.)
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metastasis, and the liver-pacifying wind-subduing drugs
are important components in clinical settings. Scorpion,
as one of the most important wind calming drugs, has anti-
tumor effect in various types of tumors in clinical treatment
in China. So, we explored the role of Scorpion in EMT and
metastasis of HCC in this study.

Our research indicated that the therapeutic effect of
Scorpion on HCC included at least two aspects. Scorpion
inhibited proliferation and induced apoptosis of HCC cells,
suggesting that Scorpion has toxic effect on HCC cells.
On the other hand, Scorpion could inhibit EMT and metas-
tasis of HCC cells both in vitro and in vivo. Now that
Scorpion has toxic effect on HCC cells, we wondered
whether Scorpion has toxic effect on normal cells. In HCC
metastasis model, we also weighed body weight of mice
after administration of Scorpion and PBS (Figure 4(d)).
The results showed the body weight of two groups had
no significant difference, suggesting that Scorpion may
have no toxic effect on normal cells.

In majority of liver sections, there were no metastases. In
mouse liver H&E staining results, we showed pictures with
necrotic foci but not metastasis (Figure 5(a)), and immuno-
histochemistry staining results of liver sections were not
shown. We considered the metastasis capacity of Hepa1-6
cells was relatively low.

There are many active ingredients in Scorpion, including
antimicrobial peptides Mucroporin-M1,31 analgesic pep-
tide BmKBTx,32 antiepilepsy peptide AEP,33 antitumor pep-
tide HS-1,34 etc. We only detected antitumor effect of
Scorpion; however, it remains unclear which active ingre-
dient has the role in inhibiting tumor EMT and metastasis.
This is the limitation of our study. We also did not explore
the target genes of Scorpion. In the next study, we will
explore exactly the effect component of Scorpion in inhibit-
ing HCC EMT and metastasis and the key genes regulated
by Scorpion involved in HCC EMT and metastasis.
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