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Ventilago leiocarpa Benth, has shown
However, the effects and underlying
and epithelial-mesenchymal transity
unclear. The present study has

oncogene Pim-1 is involve
Methods: The effects o
proteins (eg, E-cadherin,

migration, invasion, Pim-1 and EMT-related
entin) expression were assessed by scratch
wound healing,
cells were generated to explore whether Ventilagolin
&, EMT of HCC cells via regulating Pim-1. Subcutaneous
nude mice was established. Histopathological changes of tumor
by H&E staining and expressions of Pim-1 and EMT-related proteins

overexpressed

treatment effectively reversed these effects of Pim-1 overexpression. In vivo experiments
showed that Ventilagolin could effectively suppress HCC tumor growth, downregulate Pim-
1, N-cadherin and Vimentin expression, and upregulate E-cadherin expression.
Conclusion: Ventilagolin suppresses HCC cell proliferation, migration and invasion and
reverses EMT process by downregulating Pim-1, suggesting Ventilagolin is a potential
therapeutic agent for treatment of HCC.

Keywords: Ventilagolin, Pim-1, hepatocellular carcinoma, epithelial-mesenchymal

transition

Introduction

Hepatocellular carcinoma (HCC) is the most common malignancy of primary liver
cancers, and is the third leading cause of cancer-related deaths worldwide.'
Currently, HCC treatment uses surgery-dominated combined modality therapy.
However, due to high malignancy, aggression and metastasis of HCC cells, tumor
recurrence and metastasis rates in patients within 5 years following surgery can still
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be as high as 70%, and the cure rate is extremely low.” The
invasion and metastasis are considered as the main causes
for rapid progression and poor therapeutic outcomes in
HCC patients.

Epithelial-mesenchymal transition (EMT) is an impor-
tant mechanism of tumor invasion and metastasis in var-
ious cancers, such as breast, lung, gastrointestinal,
hepatobiliary, head-and-neck, and urinary cancers.> EMT
refers to the phenomenon of epithelial cells transforming
into mesenchymal cells under particular physiological and
pathological conditions.* During this process, polarity of
the epithelial cells gradually decreases, and the cells
finally transformed into mesenchymal cells with migratory
capability and infiltration potential,” mainly characterized
by abnormal expression of specific biomarkers (eg, cad-
herins). For example, when cells undergo EMT progres-
sion, the expression of E-cadherin, an adhesion molecule
primarily expressed by epithelial cells, is decreased, while
the expression of mesenchymal markers Vimentin and
N-cadherin is increased.® Once the tumor cells undergo
mesenchymal transformation, the ability of migration and
invasion is also increased.”* Furthermore, mesenchymal-

like cells generated by EMT acquire the properties of

for discovering new anticancer drugs.’
Ventilagolin is a 1,4-naphthoqui
(Figure 1A) which is isolated fro
Benth (family Rhamnaceae), a
in Guangxi Zhuang Autonom

ore, when human
Ventilagolin, the

mRNA  exp n was significantly
increased, pression of N-cadherin was
significantly ese results indicate that

Ventilagolin not has good anticancer activity, but
also exerts potentiaWinhibitory effect on the process of
EMT in human HCC cells. However, these effects need
to be further investigated and explained.

The serine/threonine kinases encoded by the Pim
family of proto-oncogenes act on a wide range of cellular
substrates and participate in the occurrence and develop-
ment of multiple tumor development processes, including
tumor cell proliferation, cycle arrest, apoptosis, migra-
tion, invasion, drug resistance, and so on."” ' Pim-1 is

the most extensively studied member of the Pim family.
It has been reported that Pim-1 can induce the develop-
ment of EMT by activating downstream transcription
factors, ZEB1, Snaill and Twist-1, thereby enhancing
the invasion of clear-cell renal-cell carcinoma.!> Also,
Pim-1 enhanced the expression activity of its cofactor
c-Myc, which promoted EMT progression in breast can-
cer cells, resulting in enhanced invasion and metastasis
of breast cancer.'® Besides, inhibiting the expression of
Pim-1 by miRNA successfully reverted the M-type to

E-type in osteosarcoma or melanga ell, achieving

a significant reduction in terms

metastasis.! '8

Previously, we studie

CC cells HepG2 and SMMC-7721,
nfection technology and establishment
xenograft tumor models in nude mice, to
he effects of Ventilagolin on the invasion, metas-
EMT of HCC in vivo and in vitro. We also
etermined whether these activities are associated with
e regulation of Pim-1 expression. This study may pro-
vide new ideas and scientific evidence for the further
development of Ventilagolin in HCC treatment.

Materials and Methods

Materials

Cell Lines

Human HCC cells HepG2 and SMMC-7721 were pur-
chased from Guangzhou Suyan Biotechnology Co., Ltd.
(Guangzhou, China), and were identified by the short
tandem repeat (STR) profiling method.

Animals

Five-week-old SPF female BALB/c-nu nude mice (15.5—
17.5g) were purchased from Jiangsu Jicui Yaokang
Biotechnology Co., Ltd. (Nanjing, China), and the animal
license number was SCXK (Jiangsu) 2018—-0008.

Drugs and Reagents

Ventilagolin was provided by the Department of

Chemistry, Guangxi Institute of Chinese Medicine &
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Figure | Ventilagolin inhibits growth, migration and invasion of HCC cells. (A) Chemical structure of Ventilagolin. (B) HepG2 and SMMC-7721 cells were treated with
different concentrations of Ventilagolin, and the cell inhibition rates were detected by CCK-8 method. (C and D) Scratch wound healing (10 fields of view) and Transwell
chamber (20%) assays were performed when HepG2 and SMMC-7721 cells were treated with 30 pmol/L and 60 pmol/L Ventilagolin. Data are presented as mean + SEM of
three independent experiments. * and ** respectively indicate significant difference at P < 0.05 and P < 0.01 as compared to the control group.
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Pharmaceutical Science (Nanning, China). For in vitro
studies, the purplish-red needle-like crystal product was
dissolved in dimethyl sulfoxide (DMSO) to obtain a 100
mmol/L stock solution. The solution was filter sterilized
through a 0.22pm membrane filter and diluted with culture
medium to appropriate concentration just prior to use in
the subsequent cell studies. The final concentration of
DMSO in the cultures did not exceed 0.2% and had no
effect on cell viability. During animal experiments,
Ventilagolin was dissolved in normal saline (pH 8.8
adjusted with NaOH) to produce specific concentrations.
After filtration through 0.22pum membrane filter, the solu-
tion of Ventilagolin was used for intraperitoneal injection.

Other reagents are listed as follows: DMEM high glu-
cose medium (batch No. 8119431; Gibco, USA); 0.25%
Trypsin (batch No. 2120734; Gibco, USA); Cell
Proliferation Assay Kit (Cell Counting Kit-8, CCK-8,
batch No. KN658; Dojindo, Japan); Transwell chamber
(batch No. 08620032; Corning, USA); TRIzol (batch
No. 262312, Life, USA); Primers used for quantitative
real-time polymerase chain reaction (QPCR) were synthe-
sized by Shanghai Sangon Biological Engineering Co. Ltd.
(Shanghai, China); Hiscript III RT SuperMix for gqP
(batch No. 7E402G0; Vazyme, Nanjing, China); Cha
Universal SYBR qPCR Master Mix (batch No. 7E362L9

Vazyme, Nanjing, China); Pim-1 overexpressju§
(Lentiviral vector containing the coding sg @

Heyuan Biotechnology Co.
Puromycin (batch No. 1
China); 12.5%/7.5%
Preparation Kit (

Epizyme, Shanghaj

USA); Rabbit anti-human
onal antibody (batch No. GR73907-
13; Abcam, USA); N®use anti-human Vimentin monoclo-
nal antibody (batch No. GR3361308-1; Abcam, USA);
Mouse anti-human GAPDH monoclonal antibody (batch
No. GR3235553; Abcam, USA); Horseradish peroxidase
(HRP)-labeled goat anti-rabbit and anti-mouse IgG (batch
No. GR3307268-2, GR3257574-1; Abcam, USA); Goat
serum (batch No. 20110601; Zhongshan Jinqiao, Beijing,
China); Mouse/rabbit enhanced polymer detection system
(batch No. 2021DI1111; Zhongshan Jingiao, Beijing,

China); DAB chromogen kit (batch No. 2010A1118;
Zhongshan Jingiao, Beijing, China).

Instruments
Biosafety cabinet (ESCO AC2-4S1, Singapore); CO, cell
culture incubator (MCO-18AIC, Panasonic, Japan); Multi-
mode microplate reader (Synergy HI, BioTek, USA);
Ultramicro nucleic acid protein analyzer (Nanodrop One,
Thermo Fisher, USA); Real-time fluorescence quantitative
PCR apparatus (LightCycler 480 II, Roche, Switzerland);
DMi8,

Inverted fluorescence  microscope Leica,
Germany);
(Mini-

Bio-Rad,

Vertical electrophoresis and
PROTEAN Tetra/Mini T
USA);
(ProteinSimple Fluor

Multifunctiona,

Methods

ells were seeded in 96-well plates at 5x107 cells/well and
witured for 24h. Various concentrations of Ventilagolin
00, 100, 50, 25, 12.5 and 6.25 pumol/L) were added. Four
replicate wells were used for each concentration, and
culture medium without Ventilagolin served as the blank
control. Then, 10uL of CCK-8 was added per well after
24h and incubated further for 2h. Absorbance of wells at
an optical density (OD) of 450 nm was measured by the
microplate reader. Inhibition of cell viability was calcu-
lated, and the growth curve was plotted. Inhibition of cell
viability (%) = (1 — ODgeated/ODcontrol) X 100%.

Cell Migration by Wound Healing Assay

Cells were digested, counted, seeded in 6-well plates, and
cultured for 24h. When the cells reached 95% confluence,
a straight line was scratched across the cell surface by
a sterile 10pL pipette tip. The floating cells were removed
by washing with phosphate-buffered saline (PBS), and
culture medium was added. The scratch gap was photo-
graphed and recorded under a microscope. Different con-
centrations of Ventilagolin (30, 60 pmol/L) were added in
experimental groups, while an equal volume of culture
After 24h

medium was added in control groups.

https:

4888

Dove!

Drug Design, Development and Therapy 2021:15


https://www.dovepress.com
https://www.dovepress.com

Dove

Liu et al

incubation, the scratches were photographed at the identi-
cal location. Scratch wound distance was measured using
ImagelJ software. The migration rate was calculated by the
following formula: (1 - final distance/initial distance)
% 100%.

Cell Invasion by Transwell Chamber Assay
After digestion and counting, the cells were re-suspended
in serum-free DMEM medium, and the cell concentration
was adjusted to 5x10°/mL. Cells were seeded in the upper
compartments of Matrigel-coated Transwell chambers at
0.2 mL/well. In the experimental groups, different concen-
trations of Ventilagolin (30, 60 pumol/L) were added to
cells, and DMEM containing 20% FBS was added into
the lower chamber. Following 24h incubation, the cham-
bers were removed, and washed 2-3 times with PBS. The
cells in the upper layer of the filter membrane were wiped
off with cotton swabs, and the cells in the lower membrane
were fixed with 4% paraformaldehyde for 15min and then
stained with 0.1% crystal violet for 30min. The stain was
then washed with running water, dried, and photographed
under a light microscope. Finally, the cells were decolor-
ized with 3% acetic acid, and the OD value of th
lorized solution was measured under 570 nm

microplate reader.

Quantification of Pim-1 mRNA Exg
Real-Time PCR
The cells were seeded in 6-w

extracted by th

concentration_g

A \
O /A
.. 8

as an

ned by the ultramicro

everse transcription of
ed by the routine method.
ternal reference, SYBR qPCR
as performed using primers specific for
the Pim-1 genehe relative gene expression was calcu-
lated by 2”*“T method. The primers for amplification are

listed in Table 1.

Table | PCR Primer Sequences

Protein Expressions of Pim-1 and EMT Markers by
Western Blot

Cells were seeded in 6-well plates at 1x10° cells/well for 24h
of adherent growth. Ventilagolin were added to the cells in
the experimental groups at a final concentration of 30 umol/L
and 60 umol/L for 24h. Total protein of the cells was
extracted by RIPA lysate, and the protein concentration was
determined by BCA protein assay kit. Then, 20 pg of total
protein per sample was taken for SDS-PAGE electrophoresis
on 12% separating gel and 5% stacking gel, and blotted onto
PVDF membranes. After blocking @mRBST containing 5%

in, and the images were captured by the
multifunctional imaging analysis system.

Construction of Stable Pim-1 Overexpression HCC
Cells Using Lentiviral Infection

HepG2 and SMMC-7721 cells were seeded in 60 cm
dishes at 5x10* cells per dish with 3mL of complete
medium. After 24h, the cells were classified into three
groups: blank control group (control), negative control
group (NC), and Pim-1 overexpressing group (Pim-1
OE). Empty lentiviral vector (pSLenti-EF1-EGFP-P2A-
Puro-CMV-MCS-3FLAG) and 15ulL Polybrene (1mg/
mL) were added to cells in NC group. In the Pim-1 OE
group, recombinant lentivirus vector (pSLenti-EF1-EGFP-
P2A-Puro-CMV-Pim-1-3xFLAG-WPRE) 15uL
Polybrene (1mg/mL) were added. The volume of lentivirus

and

required was calculated according to the multiplicity of
infection (MOI) value obtained from a pre-experiment.
After 2-3 days of lentiviral infection, the culture medium

Gene Accession Number/Reference Upstream Primer (5'-3") Downstream Primer (5'-3") Product Size/bp
Pim-1 NM_002648 GAGAAGGACCGGATTTCCGAC CAGTCCAGGAGCCTAATGACG 19
GAPDH NM_001256799 GGAGCGAGATCCCTCCAAAAT | GGCTGTTGTCATACTTCTCATGG 197
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was replaced with the medium containing 2pug/mL puro-
mycin to select virus-infected positive cells, and cultures
were maintained for 3—4 days. Cell status and levels of
GFP expression were monitored. To validate infection
efficiency, total cellular RNA and protein were extracted,
and mRNA and protein expression levels of Pim-1 were
measured by quantitative PCR and Western blot methods.
The cells in good condition were passaged, cryopreserved,
and used for subsequent experiments (follow steps 2.2 to
2.6 in Subheadings).

Establishment of Xenograft Tumor Model in Nude
Mice
SPF female BALB/c-nu nude mice were housed in a barrier
facility within the laboratory animal center of Guangxi
Institute of Chinese Medicine & Pharmaceutical Science,
and were fed with autoclaved feed and water. All procedures
of animal experiments were performed in accordance with
the Laboratory Animal Management Regulations of China
(1988, revised 2017) and Laboratory animal—Guideline for
ethical review of animal welfare (GB/T 35892-2018), and
were approved by the Ethics Committee of Guangxi Institute
of Chinese Medicine & Pharmaceutical Science (approval
number: 2020111601).
The cultured SMMC-7721 cells in logarithmic grow
phase were collected and adjusted with serum-frgaasaedi

Ventilagolin low-dose
12 mg/Kg) for Vamts

respectively). Mice were
0.ImL/10g of Ventilagolin
for 2 consecutive weeks. Control mice
received the correspo®ding volume of saline. General health
status and tumor growth in nude mice were observed
every day. Tumor sizes were measured using a vernier caliper
every two days and tumor volume was calculated using the
formula [0.5%Length x Width?]."?

Histology and Immunohistochemistry Analysis
After 2 weeks of continuous Ventilagolin or vehicle injec-
tion, the tumor-bearing mice were killed by cervical

dislocation. Subcutaneous tumor tissues were harvested
from each group, and tumor weight and volume were
measured. Tumors were fixed in 10% paraformaldehyde,
and routinely embedded in paraffin. The sections were
dewaxed and rehydrated, and the pathological changes of
the tissues were observed under light microscope after
routine H&E staining. For immunohistochemistry, paraffin
sections were dewaxed and rehydrated, followed by anti-
gen retrieval in citrate buffer using microwave treatment.
Endogenous peroxidase activity was blocked with 3%
H,O,. Then, slices were blocked i

human Pim-1 (1:100 dilutid
E-cadherin  (1:100  di
N-cadherin (1:100 dilufg

expression of Pim-1, E-cadherin,

mentin were scored semiquantitatively.
n granular deposits which were presented
leus and/or cytoplasm were considered to be
sitive for target proteins.”’ The staining intensity and
ercentage of positive cells in each section were scored as
llows: 0, basically no coloring; 1, pale yellow color; 2,
yellow color; 3, brownish-yellow or brown color; 0, 0~5%
stained cells; 1, 6~25% stained cells; 2, 26~50% stained
cells; 3, >50% stained cells. The final score of each tissue
section was obtained by multiplying the score of staining
intensity by the score of percentage of positive cells. Final
scores <3 were regarded as low expression, while >3 were
defined as high expression.?'

Statistical Analysis

All data were expressed as means =+ standard error of the
mean (SEM) from at least three independent experiments
except those specifically indicated. Student’s unpaired
t test was used for comparison between two groups and
one-way analysis of variance (ANOVA) was applied to
multiple group comparison. The post-hoc method chosen
depends on the results of homogeneity of variance test.
Data were transformed appropriately when the normality
condition was not met. Data were analyzed using
GraphPad Prism 7 software and SPSS 22.0 software.
Comparisons of immunohistochemical scores between
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the groups were performed using a chi-square test.
A p-value <0.05 was considered as statistically significant.

Results
Ventilagolin Inhibits Proliferation,

Migration and Invasion of HCC Cells

We evaluated the anti-HCC activity of Ventilagolin by
detecting the effect on proliferation capacity of HCC
cells. Ventilagolin inhibited the proliferation of human
HCC cells HepG2 and SMMC-7721 in a dose-dependent
manner, and the 50% inhibitory concentration (IC50)
values of Ventilagolin on HepG2 and SMMC-7721 cells
were 112.38 pumol/L and 59.41 pmol/L, respectively
(Figure 1B). To further evaluate the anti-HCC effects, we
examined the influences of Ventilagolin on migration and
invasion capabilities of HepG2 and SMMC-7721 cells.
Results of scratch wound healing and Transwell chamber
assay showed that Ventilagolin significantly suppressed
migration and invasion abilities of HepG2 and SMMC-

A
HepG2
Ventilagolin
control  30puM
VINENtII | —
N-Ca |

C-7721
Ventilagolin

tontrol  30uM  60uM

/imentin 53KD
N-Ca R TF T | ko
E-Ca | " e &S| D

GAPDH | wtts wste wsssms | 36KD

7721 cells (Figure 1C and D). These results indicate that
Ventilagolin can effectively inhibit growth, migration and
invasion of HCC cells, and has potential anti-HCC effects.

Ventilagolin Inhibits EMT of HCC Cells

Epithelial-mesenchymal transition (EMT) plays an impor-
tant role in tumorigenesis and tumor progression. To inves-
tigate whether Ventilagolin affects EMT progression of
HCC cells, we examined the expressions of EMT-
associated proteins in HCC cells. Results of Western blot

showed that Ventilagolin signifi duced N-cadherin

sion in HepG2 and SMMC- e 2A and B),
suggesting Ventilagoli CC cells
Ventilagoli Expression in
HCC

gulated by Ventilagolin, we
SMMC-7721 cells with different

I control
“ 30uM
g I TN
T
0 21
2
-
5
0
14 11 *
N ** o %
0.
Vimentin N-Ca E-Ca
4
W control

E 34 :I-' ** SOM
g I 60
T
0 21
2
s
& 1- T *

04

Vimentin N-Ca E-Ca

Figure 2 Ventilagolin inhibits EMT of HCC cells. (A and B) HepG2 and SMMC-7721 cells were treated with 30 umol/L and 60 pmol/L Ventilagolin, and the protein levels of
E-cadherin (E-Ca), N-cadherin (N-Ca), Vimentin were determined by Western blot using GAPDH as an internal reference. Data are expressed as mean + SEM from three
independent experiments. The relative expression levels were quantified by ProteinSimple analysis software. * and ** respectively indicate significant difference at P < 0.05

and P < 0.0] as compared to the control group.
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Figure 3 Ventilagolin reduces Pim-1 expression in HCC cells. (A
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ProteinSimple analysis software. Data are expressed as me3
control group.

tein expression level
ner (Figure 3A
Ventilagolin.

Ventilago ppresses Migration,
Invasion an T of HCC Cells via
Regulating Pim-| Expression

To explore whether Ventilagolin inhibits migration, invasion
and EMT of HCC cells via regulating Pim-1, we constructed
lentiviral vectors to overexpress Pim-1 in HepG2 and SMMC-
7721 cells (Figure 4A and B). We found that Ventilagolin (60
umol/L) reversed the facilitative effects of Pim-1 overexpres-
sion on cell migration and invasion (Figure 4C and D). Results
of Western blot showed that Ventilagolin could reverse the

SMMC-7721

MC-7721 cells were treated with 30 pmol/L and 60 pmol/L Ventilagolin, and the
APDH as an internal reference. The relative expression levels were quantified by
t experiments. *¥ indicates significant difference at P < 0.0l as compared to the

promotion effects of Pim-1 overexpression on N-cadherin
and Vimentin, as well as the inhibition effects on E-cadherin
(Figure 4E and F). These results suggest that Ventilagolin
inhibits the malignant progression (eg, migration, invasion
and EMT) of HCC by negatively regulating Pim-1.

Ventilagolin Suppresses the Growth of
HCC Xenograft Tumors in Nude Mice

To further study the role of Ventilagolin in growth and
EMT of HCC, we established subcutaneous HCC cell
xenograft tumor model in nude mice. We then monitored
tumor growth after the start of treatment with high (12 mg/
Kg) and low dose (6 mg/Kg) of Ventilagolin. Compared
with the control group, tumor sizes in Ventilagolin-treated
groups were significantly reduced from day 6 and the
tumors grew significantly slower (Figure 5A). After 14
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days of continuous administration, the nude mice were significantly decreased compared with the control group
killed and the tumor masses were excised (Figure 5B). (Figure 5C), consistent with the reduction of tumor sizes
Tumor weights in Ventilagolin-treated groups were observed in these mice. Varying degrees of cell

A B
Te s s HepG2 SMMC-7721 2% ——
3 -NC‘ Control NC Pim-1 OE Control NC Pim-10E 2 N
° — g -
és Wm0 Pim-1 - ‘ . - - - E_ M Pim-1 OF
i (33KD)
¢ ]
s GAPDH ~ %
$2 g,
i ma > (36KD) i. — -“ e
L HepG2 SuMC-TT21
C HepG2
Ventilagolin —
Pim-1 O —
0Oh
24h
Ventilagolin —
Pim-1 OE
HepG2
SMMC-7721
Ventilagolin —
Pim-1 OE —
Figure 4 Continue.
Drug Design, Development and Therapy 2021:15 hetps: 4893

Dove:


https://www.dovepress.com
https://www.dovepress.com

Liu et al Dove

1.01 0 8-
] N § " I \C
Sogy ¥ . M Pin1 O I Pim-1 OE
T . ' a
%06 ' I NC+Ventilagolin 0 I NC+Ventilagolin
.64 T
) " Pim-1 OE+Ventilagolin 5 4 Pim-1 OE+Ventilagolin
E 4 T " ;
] * o}
.2 [ 2- **
502 $ 2o =
3 L]
0.0- & 0-
HepG2 SMMC-T721 HepG2 SMMC-7721
E HepG2
Ventilagolin ™ - + +
Pim-1 OE — -+ — -+ 2.0
Piln-] | wee— a— - — C
2154 Pim-1 OE
Vimentin | o SH—a—" - s3gD 2 I NC+Ventilagolin
[
b Pim-1 OE+ Ventilagolin
N-Co | e a— s e |0 9"
©
E-Ca | g — D e
GAPDH | aue ewssms e S  3(KD
Vimentin  N-Ca

SMMC-7721

F vetila golin

Pim-1 OE — I i y
Pim-1 B : : . NC
> Pim-1 OE
Vimentin 21,0 I NC+Ventilagolin
(7]
b Pim-1 OE+ Ventilagolin
N-Ca 9
T 0.5
[F]
E-Ca 14
N 0.0-
GAPD Pim-1  Vimentin N-Ca E-Ca

Figure 4 Ventilag
levels in blank contr@
expressed as mean *

e effects of Pim-1 overexpression on migration, invasion, and EMT in HCC cells. (A and B) Pim-| mRNA and protein expression
p (control), negative control group (NC), and Pim-|-overexpressing group (Pim-1 OE) were examined by qRT-PCR and Western blot. Data are
om three independent experiments. (C and D) Scratch wound healing (10 fields of view) and Transwell chamber (20x) assays were performed
when HepG2 and SMMC- ells were grouped by treatment. Data are expressed as mean + SEM from four independent experiments. (E and F) Protein levels of Pim-1,
E-cadherin (E-Ca), N-cadheri -Ca), Vimentin in different groups were determined by Western blot using GAPDH as an internal reference. Data are expressed as mean *
SEM from four independent experiments. The relative expression levels were quantified by ProteinSimple analysis software. * and ** respectively indicate significant
difference at P < 0.05 and P < 0.01 as compared to the control group; # and ## respectively indicate significant difference at P < 0.05 and P < 0.0 as compared to the Pim-|
OE group.

degeneration and necrosis, accompanied by striking lym- 1, N-cadherin and Vimentin were significantly decreased
phocytic infiltration were observed in tumor tissues after ~ while E-cadherin was significantly increased in tumor
Ventilagolin intervention (Figure 5D). In addition, com- tissues of Ventilagolin-treated groups (Figure 5E). The
pared with the control group, the expression levels of Pim-  results of quantitative analysis in immunohistochemical
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Figure 5 Ventilagolin suppresses tumor growth in vivo. (A) The length and width of the tumors were measured using a vernier caliper. The tumor volume was calculated
and the tumor growth curves were plotted. (B) After 2 weeks of administration, the nude mice were killed and the tumor tissues were harvested. (C) The tumors were
weighed. Data are expressed as mean * SEM from three independent experiments. (D) Histopathological changes were examined by H&E staining. (E) Expression of Pim-1,
E-cadherin, N-cadherin, and Vimentin in tumor tissues were detected by immunohistochemistry (bar=50 um). The presence of yellow to brown granules in the nucleus or
cytoplasm was considered positive staining for target proteins. A chi-square test was used to compare the immunohistochemical scores between the groups. * and **
respectively indicate significant difference at P < 0.05 and P < 0.01 as compared to the control group.
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Table 2 The Expression of Pim-1, E-Cadherin, N-Cadherin, Vimentin in Tumor Tissues in Different Groups

Protein Expression No. of Control® Ventilagolin Ventilagolin P-value P-value
cases 6 mg/Kg® 12 mg/Kg© (avsb) (avsc)
Pim-1 High 5 5 (100%) 2 (40%) I (20%) 0.038434 0.009823
Low 0 (0%) 3 (60%) 4 (80%)
E-cadherin High 5 1(20%) 4 (80%) 5 (100%) 0.05778 0.009823
Low 4 (80%) 1 (20%) 0 (0%)
N-cadherin High 5 5 (100%) 2 (40%) I (20%) 0.038434 0.009823
Low 0 (0%) 3 (60%) 4 (80%)
Vimentin High 5 4 (80%) 3 (60%) 0 (0%) 0.009823
Low 1 (20%) 2 (40%) 5 (100%)

Notes: (a) control group; (b) low-dose Ventilagolin (6 mg/Kg) group; (c) high-dose Ventilagolin (12 mg/Kg) group.

staining are generally consistent with the images observed
under the microscope (Table 2). These results indicated
that Ventilagolin inhibits HCC tumor growth in vivo.

Discussion
Given the pivotal role of EMT in malignant progression,
invasion, metastasis, and resistance to treatment, a number
of compounds targeting molecules and signaling pathways
associated with EMT are investigated and have entered
clinical trials.” Natural products are important sources
new anticancer drugs.”>**> Over the last few years, due
lower toxicity as compared to conventional d

24,25 In

gene expression.
1.4-naphthoquinones are t
vatives exhibit a wide
and some of them (¢

found to act agajg

cancers, su
cancers.”’
In this s

{ e demonstrated the effects of a natural
1.4-naphthoquind

derivative Ventilagolin on migration,
human HCC and determined the
that
Ventilagolin inhibited the proliferation of HepG2 and
SMMC-7721 cells and suppressed HCC tumor growth of
nude mice in a dose-dependent manner. Furthermore,

invasion and EMT ¥

possible underlying mechanism. We showed

Ventilagolin inhibited the migration and invasion activities
of HCC cell lines. High levels of mesenchymal markers
and downregulation of epithelial markers have been shown
to primarily reflect EMT formation.” In the present study,

we found Ventilagolin g

t malignant tumors depending on the

derlying signaling pathways. In HCC,
esothelioma and glioblastoma, increased
ression is found to be positively correlated with
or progression, malignant transformation and poor
rognosis.15 28 In other cancers, however, such as prostate,
ncreatic and non-small-cell lung cancers, elevated Pim-1
levels tend to be associated with a good prognosis.'* As
far as the tumor-promoting effect is concerned, several
mechanisms are considered to be involved in Pim-
l-induced EMT. Zhao et al'> demonstrated that Pim-1
exerts EMT-promoting effect through phosphorylation of
Smad and c-Myc proteins and thereby activating transcrip-
tion factors (ZEB1, ZEB2, Snaill, Snail2 and Twist)
expression. Pim-1 may also facilitate tumor growth and
invasion by reprogramming HCC metabolism and facil-
itating tumor cell glycolysis.”” Thus, Pim-1 is expected to
become a potential therapeutic target for certain types of
cancer. In our experiment, we showed that stable induction
of Pim-1 effectively activated EMT through the down-
regulation of E-cadherin expression and upregulation of
N-cadherin and Vimentin expression, suggesting Pim-1
promoted HCC cell migration and invasion in vitro. We
further showed that Ventilagolin treatment downregulated
the expression of Pim-1 and consequently attenuated the
malignant behaviors (eg, migration, invasion and EMT) of
HCC cells.
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In this study, by using lentiviral transfection, we vali-
dated that Pim-1 overexpression promotes the prolifera-
tion, migration and invasion capacity of human HCC cells
and EMT. Ventilagolin treatment significantly reduced the
expression of Pim-1 and effectively reversed the malignant
behavior of HCC cells. These results are consistent with
previous studies suggesting that Pim-1 is a potential target
for the treatment of HCC by Ventilagolin. There are evi-
dences in the literature that several signal transduction
pathways have been implicated in regulating the expres-
sion and activation of Pim-1. One such example is the
epidermal growth factor receptor (EGFR) signaling path-
way. Stimulation of EGFR with its ligands EGF or trans-
forming growth factor a in squamocellular cancer (SCC)
cells not only increased Pim-1 expression, but also pro-
moted its nuclear translocation. These effects could be
prevented by EGFR inhibitors.*
a reciprocal regulation between Pim-1 and Janus kinase-

There is also
signal transducer and activator of transcription (JAK-
STAT). Pim-1 is one of the target genes of JAK-STAT
signaling pathway, and STAT phosphorylation plays an
important role in Pim-1 expression. A previous study
showed that the stimulatory effect of interleukin-5 (IL-5)
on the expression of Pim-1 was strongly suppresse
inhibition of STAT-5 phosphorylation by JAK inhi
On the other hand, Pim-1 could also regu
pathway through the suppressor of
(SOCS) proteins.®’ Based on these

expression in HCC cells
however, the underlying

eratures have sM®wn that inhibition of EMT phenotype

effectively represses tumor metastasis. Our current experi-
mental results support this contention and suggest that
in HCC.
Because the final observation time of our experiment was

Ventilagolin has anti-metastatic potential
relatively short (2 weeks), we did not observe the phenom-
enon of tumor metastasis. Therefore, it remains to be
concluded whether Ventilagolin affects the metastasis of
HCC xenograft tumor in nude mice. In the follow-up

work, we will consider using orthotopic HCC transplanta-
tion or intravenous injection of tumor cells for modeling to
make an in-depth study on the issue of Ventilagolin against
HCC metastasis.

This study has certain limitations that need to be
addressed. First, the induction of EMT by Pim-1 may
employ a variety of essential downstream transcription
factors (Snail, Twist, Slug and Zeb).5 However, in this
study, we did not address how these molecular markers
were affected. Second, although our results suggest the

importance of targeting Pim-1 j autilagolin-mediated

TAT3, HIF-

oding RNAs may also
Additional experiments

that
CC cell growth, migration and inva-

clearly indicate
hrough modulating of Pim-1 expression and
(E-cadherin, vimentin, N-cadherin), which
the induction and progression of HCC.
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