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Abstract
Ophiopogonin B (OP-B), a kind of saponin compound that exists in Radix Ophiopogonis is frequently
adopted for the treatment of lung disease as traditional Chinese medicine. The present work aimed to
explore the anti-tumor activity of OP-B on non-small cell lung carcinoma (NSCLC) and its possible
mechanism. We found that OP-B-treated cells suppressed the viability and proliferation of cells
depending on its concentration, as assayed by MTT and Alamar Blue (IC50 were 14.22 ± 1.94, 12.14 ±
2.01, and 16.11 ± 1.83 μM in A549, NCI-H1299, and NCI-H460 cells, respectively). Then, the suppressive
effect of OP-B on the invasion and migration of NSCLC was observed through wound healing and
Transwell assays, and the epithelial-mesenchymal transition (EMT) markers was detected by
immunofluorescence and western blotting. In addition, a dose-dependent reduction of β-catenin both
within cytoplasm and nucleus was observed, and the downstream proteins cyclin D1 and c-Myc of
Wnt/β-catenin pathway were also reduced. We further constructed β-catenin-overexpression cell
models to reveal the underlying mechanism. The results showed that 10 μM of OP-B notably reduced
β-catenin protein levels, as well as cell migration and invasion. In spite of the increasement of β-catenin,
activation of Wnt pathway and EMT progression, knockdown of Axin leaded to de-function of OP-B on
cell metastasis. Taken together, OP-B reduced NSCLC migration and invasion by strengthening the
Axin/β-catenin interaction and reducing β-catenin protein translocation.
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Introduction
Lung cancer (LC) accounted for the primary
reason for cancer incidence and death in the world [1],
which was responsible for 11.6% of the cancer cases in
2018 [2]. Non-small cell lung carcinoma (NSCLC) took
up about 85% LC cases, and a majority of patients had
low recovery rates due to limited conventional
therapies, tumor metastasis, and recurrence [3].
Hence, it is vital to seek out better therapeutic
methods or anti-cancer agents with less toxic side
effects.
Mounting evidence indicated that bioactive
natural compounds from traditional medicine could

be used as alternative anti-cancer agents. Saponins
were abundant compounds in medicinal plants. Due
to their triterpene or steroid aglycone structure,
saponins behaved in a wide range of biological
properties, including anti-cancer, anti-oxidation,
anti-inflammation, and anti-virus [4-5]. It had been
reported that saponins functioned as potent inhibitors
on tumor growth by inducing apoptosis, stabilizing
microtubules, and deregulating several signal
transduction pathways [6]. For example, the
combination of Paris saponin Ⅱ and curcumin caused
LC cell apoptosis through suppressing PI3K/Akt,
http://www.jcancer.org
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PCNA, and NF-κB pathways, as well as activating
several death receptors, including CD40/CD40L,
DR6, TNF-α and FasL [7]. It was also reported that
apoptosis-induction in cancer cells were associated
with ROS production [8]. Recently, emerging studies
showed that saponins had broad-spectrum anti-tumor
activity including their anti-invasion properties [9].
Metastatic dissemination was believed to be one
of the main tumor processes to evade traditional
therapies, contributing to 90% of death worldwide.
Epithelial-mesenchymal transition (EMT) was
characterized by the loss of cell-cell interactions,
apicobasal polarity, and gain of mesenchymal
properties. Executed by various epithelial carcinomas,
EMT was found to initiate cell invasion and
metastasis during tumor development. The decrease
of E-cadherin expression while maintaining the
integrity of basal membrane as well as the
differentiation of epithelial phenotype, were
hallmarks of epithelial cells undergoing EMT. Some
EMT regulators, like snail and slug suppressed this
process, while up-regulation of vimentin accelerated
EMT process, resulting in the dismal patient survival
[11]. Wnt/β-catenin signaling was considered to be
the crucial signaling pathway in LC cell proliferation,
survival, and metastasis [12,13]. The central
transcription
factor,
β-catenin,
aberrantly
accumulated within cytoplasm, leading to β-catenin
stabilization and nuclear translocations. There
β-catenin bound to the transcription factors T-cell
factor (TCF)/lymphoid enhancer factor (LEF) and
activated the downstream target proteins, including
c-Myc and cyclin D1[14].
More studies suggested that herbal medicines
showed promise as lung cancer therapeutics with less
toxicity and clinical advantages. Radix Ophiopogonins,
one of the traditional Chinese herbs, was widely used
as a common component of classic lung cancer
prescriptions in clinical settings, such as Mai Men
Dong Decoction and Ke Jinyan Prescription.
Ophiopogonin B (OP-B) was the saponin extracted
from Radix Ophiopogon japonicus, which possessed cell
cytotoxic activity against 11 lung cancer cell lines.
Recent studies revealed that OP-B could induce
autophagy, mitotic catastrophe and apoptosis of H157
and H460 cells by inhibiting PI3K/Akt signal
transduction pathway [15]. It also exerted an
important part in suppressing adenocarcinoma cell
metastasis and angiogenesis in vitro and in vivo [16].
However, a full understanding of the molecular
mechanisms behind OP-B’s anti-invasion effects was
still unclear.
The present work discovered that OP-B inhibited
NSCLC cell line invasion and migration. Considering
EMT was a pathological event related to the
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metastatic cascade with tumor progression and
invasion, we proposed that the OP-B inhibitory effect
on NSCLC would be associated with EMT. Since EMT
could be regulated by the Wnt signaling pathway [17],
therefore, this study was carried out to explore
whether Wnt pathway was involved in the OP-B’s
regulatory effect on NSCLC cells.

Materials and methods
Reagents and antibodies
Ophiopogonin B (MW: 722.90238 g/mol, purity
≥ 98%) was provided by Nanjing Ze Lang Medical
Technology Co., Ltd (Jiangsu, China). The stock was
prepared by dissolving the compound in dimethyl
sulfoxide (DMSO, Sigma, US). The stock was frozen at
-20°C. Culture medium was used to dilute OP-B to
suitable doses before use, while the DMSO final
concentration was less than 0.01%. Primary antibodies
anti-β-catenin (8480), anti-phospho-β-catenin (Ser33/
37/Thr4) (9561), anti-cyclin D1 (2978), anti-c-Myc
(5605), anti-E-cadherin (14472), anti-vimentin (5741),
anti-snail (3879), anti-slug (9585) and anti-LainB1
(13435) were provided by Cell Signaling Technology.
Meanwhile, anti-β-actin antibody (sc4778) was
provided by Santa Cruz Biotechnology. Anti-Axin1
(ab233652) and anti-GSK3β (ab93926) antibodies were
purchased from Abcam. Goat anti-rabbit and
anti-mouse horseradish peroxidase (HRP)-conjugated
secondary antibodies were provided by Cell Signaling
Technology.

Cell lines and culture
A549 and NCI-H460 cells were obtained from
KeyGEN Bio TECH Corp., Ltd (Jiangsu, China).
NCI-H1299 cells were obtained from Procell Life
Science and Technology Co., Ltd (Hubei, China). A549
cells were cultivated within DMEM and F12 medium
(Gibco, US), while NCI-H460 and NCI-H1299 cells
were cultured within the RPMI 1640 medium (Gibco,
US). 10% fetal bovine serum (FBS, Gibco, USA) and
100 U/ml penicillin-streptomycin mixed antibiotics
were added into each medium. Each cell line was kept
under 37°C in a humidified 5% CO2 atmosphere.

Lentivirus construct and transfection
The
overexpression
β-catenin
lentivirus
(LV-CTNNB1) (OE), negative control lentivirus (NC),
shRNA Axin1 lentivirus (LV-AXIN1-RNAi) (KD), and
sh-negative control lentivirus (sh-NC) were obtained
from KeyGEN Bio TECH Corp., Ltd (Jiangsu, China).
Cells were seeded into the 12-well plate when
reaching 50% confluence, followed by lentivirus
transfection. The containing lentivirus medium was
removed after 12 h. Subsequent experiments were
carried out 48 h after transfection.
http://www.jcancer.org
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Cell viability assay
(5×103/well)

Cells
were inoculated into the
96-well plates with 100 μl suspension in each well.
One day before experimental treatment, OP-B at
different doses were used to treat cells. The Cell
Counting Kit-8 (CCK-8, Dojindo, Japan) assay and
Alamar Blue kit (Thermo Fisher, US) assay were used
to analyze cell viability. After culturing cells with
OP-B incubation, cells were added with 10 μl CCK-8
solution or 10 μl Alamar Blue solution for another 30
min of incubation at 37°C. The microplate reader was
utilized to measure absorbance for every treatment at
wavelengths 450 nm or 570 nm.

Wound-healing assay
A549 and NCI-H1299 cell lines were seeded into
the 6-well plates at 4 × 104 cells/well. At
approximately 48 h following incubation when cells
achieved 100% confluence, the sterile pipette tip (200
μl) was adopted for making a scratch in the middle of
every well. Then, all wells were rinsed by phosphate
buffer saline (PBS) to remove cell debris and those
non-adhering cells. Then, cells were incubated with
OP-B to various doses or transfected with lentivirus
for 24 h incubation. Wound edge movement images
were obtained with a microscope. The distance
migrated was calculated by dividing the distance at
the time point by the distance at the beginning
(Migration rate= (distance at 0h-distance at 24h)
×100%/distance at 0h). For each experiment, a total of
5 wounds were measured per group, and the results
were analyzed using Image J Software.

Cell invasion assay
Cell invasion assay was carried out by the 0.8 μm
permeable transwells (Corning, US). Matrigel
(Corning, US) was used to cover the upper chamber,
followed by the addition of 10% FBS media. Media
with 20% FBS, which served as the chemoattractant,
was added into the lower chamber. After incubation
at 37°C overnight, serum-starved cells (2 × 105) were
exposed to OP-B treatment at different doses or
transfected with lentivirus within upper transwell
chambers for 24 h. Then, the cotton swab was used to
remove non-invading cells in the upper chamber.
Upper chambers were then subjected to 30 min of 4%
paraformaldehyde fixation and 1% crystal violet
staining. The number of invasive cells was quantified
by counting the number of cells in five randomly
chosen fields at 200× magnification under the
microscope (Leica, Germany). (Invasive rate=invasive
cells in OP-B groups ×100%/invasive cells in control
groups).
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Immunofluorescent staining
The A549, NCI-H1299, and NCI-H460 cell lines
(5 × 104/well) were inoculated into the 24-well plates
to incubate until reaching 60% confluence. The cells
were subsequently treated with 10 μM OP-B. After 24
h of incubation and cold PBS washing twice, cells
were subjected to 30 min of 4% paraformaldehyde
fixation under ambient temperature. Afterwards, each
well was added with 500 μl 0.2% Triton X-100 for 10
min of cell permeabilization. After incubation 60 min
with 1% BSA to block the nonspecific binding,
primary antibodies against E-cadherin or vimentin
(1:100) were used for overnight immunolabeling
under 4°C. On the next day, FITC-conjugated goat
anti-rabbit IgG secondary antibody (1:250) was added
to incubate cells for 2 h under ambient temperature.
DNA was visualized 10 min after the addition of
DAPI. The fluorescence microscopy (OLYMPUS,
Japan) was employed in obtaining images.

Western blot assay
The A549, NCI-H1299, and NCI-H460 cell lines
were collected at 24 h following treatment or
transfection and lysed in a protein extraction buffer
for 30 min at 4°C. The Nuclear and Cytoplasmic
Protein Extraction Kit (Beyotime Biotechnology) was
utilized to extract nuclear protein. The lysate
concentrations were adjusted by measuring protein
content according to bicinchoninic acid (BCA)
method. Altogether 50 μg protein blended with 5×
SDS loading buffer was added to 10%–15%
SDS-PAGE gels. After first dimension separation, the
protein was then transported onto the PVDF
membranes. Later, 5% non-fat milk was used to block
the membranes under ambient temperature and
subsequently incubated using those above described
primary antibodies under 4°C overnight, followed by
2 h of incubation using the HRP-labeled anti-mouse
(1:500) or anti-rabbit (1:500) secondary antibody
under room temperature. Later, the Gel DocTM XR+
Gel Documentation System (Bio-Rad, US) was utilized
to detect bands using the enhanced chemiluminescence (ECL) reagents.

Co-immunoprecipitation (Co-IP) assay
After washing with cold PBS twice, 3 ml co-IP
cell lysis buffer (1% Triton X-100, 150 mM NaCl2, 1.5
mM MgCl2, 50 mM HEPES pH 7.6, 1 mM EDTA, 10%
glycerol, 10 mM NaF, 1 mM NaVO3, 10 mM
β-glycerolphosphate, 50 ml DDM, and 5 protease
inhibitor tablets) was placed into each cell scraped a
10 cm dish. Whole protein samples were obtained by
vortexing and centrifuging the debris. 14 μl of
anti-β-catenin or 7 μl of anti-Flag antibodies were
added to every 1.5 ml microcentrifuge tube containing
http://www.jcancer.org
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600 mg protein within 700 μl co-IP buffer. After
incubation overnight at 4 °C, the cell lysate was
subjected to 4 h of incubation with 20 μl protein-G
sepharose under 4°C with rocking. Then 500 μl RIPA
buffer was used to wash beads for 4 times, followed
by boiling in SDS loading buffer. 80 μl whole cell
lysates were boiled with SDS loading buffer as a
control for input. The following gel and blotting
procedures were the same as the western blotting
assay.

Statistical analysis
The statistical significance of the experimental
data was analyzed by SPSS 21.0 software. The data
were expressed as the mean ± standard deviation
(SD). Differences between three or more groups were
analyzed using one-way ANOVA and least-significant difference (LSD). All statistical tests were two
sided. P < 0.05 was considered statistically significant.
Figures were produced using GraphPad Prism 5 and
Adobe Illustrator.

Results
OP-B inhibited NSCLC proliferation, motility,
and invasiveness
We first examined whether OP-B affected
NSCLC growth by CCK8 assay and Alarm Blue assay.
OP-B exerted a significant inhibitory effect on the
proliferation of A549, NCI-H1299, and NCI-H460 cell
lines depending on the time and concentration.
Typically, IC50 values were 14.22 ± 1.94, 12.14 ± 2.01,
and 6.11 ± 1.83 μM respectively (Fig. 1A). Compared
to the control group, the viability rates of NSCLC cells
with 20 μM OP-B treatment decreased more than 30%
(Fig. 1B).
To further clarify the OP-B anti-cancer effect, the
migratory potential of A549 and NCI-H1299 cell lines
were tested using the wound-healing assay under
OP-B incubation at 24 h. As in Fig. 1C, the wound
areas were larger in cells which were treated with
higher concentrations of OP-B, suggesting OP-B
inhibited cells migratory activity. Similar to the
wound-healing results, OP-B also decreased the
invasive capacity of A549 and NCI-H1299 cell lines.
Relative to control group, invasion rates decreased to
nearly 50% in OP-B (2.5 μM) treatment group (Fig.
1D). Together, these findings indicated that OP-B
suppressed cell growth, migration, and invasion in
NSCLC.

OP-B reversed EMT and suppressed β-catenin
transcriptional activity
It was known that EMT was strongly associated
with carcinoma invasion and metastasis. However,
the effects of OP-B on EMT progression remained
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unclear. Since the above experiments suggesting IC50
of OP-B on A549, NCI-H1299, and NCI-H460 cell lines
were 14.22 ± 1.94, 12.14 ± 2.01, and 6.11 ± 1.83 μM, we
chose 10 μM OP-B as candidate concentration to
evaluate OP-B effect on NSCLC cells. The results of
immunofluorescence
staining
indicated
the
EMT-related markers were regulated, E-cadherin
level increasing and vimentin decreasing in A549 and
NCI-H1299 cell lines, while no obvious change of
immunofluorescence staining intense was observed in
NCI-H460 cells (Fig. 2A). The results of western blots
were also identical to the immunofluorescence assay.
Exposing NSCLC to various concentrations of OP-B (0
to 10 μM) led to rising E-cadherin protein levels, and
vimentin protein levels dramatically declined.
Moreover,
OP-B-cells
exhibited
significantly
decreasing snail and slug expression, which were
E-cadherin’s transcriptional repressors (Fig. 2B).
Mounting evidences suggested that the
Wnt/β-catenin signaling pathway was the positive
regulator for cancer cell proliferation, survival, and
metastasis. To better understand whether OP-B
modulated the Wnt/β-catenin signal transduction
pathway in NSCLC, this study monitored β-catenin
protein levels after OP-B treatment. Western blot
results showed that OP-B stimulated β-catenin
phosphorylation depending on its dose. Consistent
with this observation, OP-B also adversely affected
β-catenin transcription activity and nuclear
translocation (Fig. 2C), as observed by the
down-regulated protein levels of cyclin D1 and c-Myc
(Fig. 2D).

OP-B reversed EMT to enhance NSCLC
invasion induced by β-catenin
Since free β-catenin was known as a canonical
Wnt signaling transcriptional co-activator and
contributed to cell tumorigenesis, we aimed to explore
whether β-catenin was involved in OP-B functional
effect on cell motility. The western blot results
showed that the β-catenin protein levels in NSCLC
cells transfected with LV-CTNNB1 were much higher
than those in control groups or cells transfected with
negative control lentivirus (Fig. 3A). As Fig. 3B
illustrated that β-catenin stimulation produced
significantly increased migration rates, which were
enhanced 85.44% ± 4.17% and 71.67% ± 5.77% in A549
and NCI-H1299 cells, respectively. By contrast,
β-catenin overexpression cells incubated with 10 μM
OP-B exhibited a dramatic decrease in migration, the
migration rates of which decreased to 51.75% ± 3.36%
and 37.50% ± 5.51%.
Furtherly, the results of transwell assay
indicated that OP-B could dramatically inhibit the cell
invasions which were induced by overexpressed
http://www.jcancer.org
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β-catenin. Cell invasive rates decreased to 87.88% and
77.46% in response to OP-B treatment under β-catenin
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overexpression, whereas 188.89% and 282.85%
invasion rates were observed in OE groups (Fig. 3C).

Fig. 1. OP-B reduces the proliferation, migration and invasion of NSCLC cells. A. CCK-8 proliferation assay of A549, NCI-H1299 and NCI-H460 cells treated with different
concentrations of OP-B for 12 h, 24 h or 48 h. B. Alamar blue viability assay of A549, NCI-H1299 and NCI-H460 cells treated with OP-B for 24 h. C. Wound healing assay of A549
and NCI-H1299 cells treated with OP-B for 24 h. Scale bar: 200 µm. D. Transwell invasion assay of A549 and NCI-H1299 cells treated with OP-B for 24 h.Scale bar: 100 µm. The
bars and error bars indicate the mean ± SD. All the data are analyzed using one-way ANOVA and least-significant difference (LSD). *P < 0.05, **P < 0.01, ***P < 0.001.
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Fig. 2. OP-B suppresses the EMT progression and Wnt/β-catenin signaling pathway. A. The affection of OP-B on the immunofluorescence density of EMT markers in A549,
NCI-H1299 and NCI-H460 cells. Scale bar: 50 µm. B. The immunoblotting expression of EMT markers in NSCLC cells treated with OP-B. C. The immunoblotting expression of
β-catenin protein levels in the cytoplasm and nucleus on A549, NCI-H1299 and NCI-H460 cells treated with OP-B. D. The affection of OP-B on the expression of β-catenin,
p-β-catenin, cyclinD1 and c-myc in A549, NCI-H1299 and NCI-H460 cells.

http://www.jcancer.org
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Fig. 3. OP-B suppresses the migration and invasion of NSCLC cells by reversing EMT and inhibiting β-catenin expression. A. The validation of β-catenin over expression by
LV-CTNNB1 in A549, NCI-1299 and NCI-H460 cells determined by western blot. B. Regulation of OP-B on cells migration in β-catenin-overexpressed A549 and NCI-1299 cells
detected by wound healing assay. Scale bar: 200 µm. C. Regulation of OP-B on cells invasion in β-catenin-overexpressed A549 and NCI-1299 cells detected by Transwell assay.
Scale bar: 100 µm. D. Detection of EMT signaling pathway and β-catenin in A549 and NCI-1299 cells transfected by LV-CTNNB1 within or without OP-B incubation. The bars
and error bars indicate the mean ± SD. All the data were analyzed using one-way ANOVA and least-significant difference (LSD). *P < 0.05, **P < 0.01, ***P < 0.001.

http://www.jcancer.org
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Cancer cells undergoing EMT was wildly
accepted to be the early event resulting in local
invasion together with distant metastasis, therefore, in
order to determine the association of cell metastasis
with OP-B-mediated EMT conversion, we tested
β-catenin and EMT markers expression. Compared to
the control group, we observed a remarkable
reduction in vimentin levels and a distinct increase of
E-cadherin expression in β-catenin overexpression
cells. While, OP-B (10 μM, 24h) treatment induced a
suppressive effect on β-catenin, and reversed EMT in
β-catenin overexpression cells (Fig. 3D). These
observations suggested that β-catenin, regulating
EMT conversion, could be suppressed by OP-B. Taken
together, the data above showed that the
downregulation of aggressive invasion by OP-B was
tightly related to β-catenin inhibition and EMT
reversion.

Axin1 interacted with β-catenin and played a
critical role in OP-B downregulating β-catenin
The β-catenin content in cytoplasm was believed
to be modulated through the destruction complex that
contained glycogen synthase kinase 3β (GSK3β) and
Axin. Therefore, we assessed whether OP-B mediated
β-catenin level through the destruction complex. As
suggested by western blotting, GSK3β protein
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expressions were not consistent in A549, NCI-H1299,
and NCI-H460 cells, while, Axin1 protein levels were
concurrently enhanced in OP-B treated cells (Fig. 4A).
To further validate OP-B influence on the interaction
of Axin1 and β-catenin, we performed co-IP. As Fig.
4B showed that β-catenin protein levels decreased
after OP-B incubation both in input and IP samples,
but 10μM OP-B treatment caused the Axin levels in IP
samples to increase or be equal, suggesting OP-B
facilitated the binding between Axin to β-catenin.

OP-B inhibited NSCLC motility and
metastasis by enhancing Axin stabilization
To address the function of Axin in NSCLC, we
first employed shRNA Axin1 lentivirus to silence
Axin expression (Fig. 5A). Then we performed
wound-healing and Transwell assay to ascertain
whether Axin1 was involved in the anti-cancer effect
of OP-B on cell migration. As shown in Fig. 5B and 5C,
silencing Axin expression enhanced the cells
migration and invasion activity. However, OP-B did
not significantly reduce cell migration and invasion
while Axin was knockdown. That suggested that Axin
was necessary for OP-B-mediated anti-migration and
anti-invasion activity in NSCLC.

Fig. 4. The positive role of OP-B on the interaction between Axin and β-catenin. A. The expression of GSK3β and Axin1 in A549, NCI-H1299 and NCI-H460 cells treated with
OP-B. B. Effect of OP-B on the binding of Axin1 to β-catenin in A549, NCI-H1299 and NCI-H460 cells were detected by co-IP.

http://www.jcancer.org

Journal of Cancer 2021, Vol. 12

6282

Fig. 5. Axin is essential for the EMT reversion, Wnt/β-catenin downregulation and inhibition of cells migration /invasion which is induced by OP-B. A. The validation of Axin
knockdown by LV-AXIN1-RNAi in A549, NCI-1299 and NCI-H460 cells determined by western blot. B. Regulation of OP-B on cells migration in sh-Axin A549 and NCI-1299
cells detected by wound healing assay. Scale bar: 200 µm. C. Regulation of OP-B on cells invasionin sh-Axin A549 and NCI-1299 cells detected by Transwell assay. Scale bar: 100
µm. D. Detection of Wnt/β-catenin pathway signal and EMT markers in NSCLC cells after LV-AXIN1-RNAi transfection within or without OP-B incubation (10 μM, 24h). The
bars and error bars indicate the mean ± SD. All the data were analyzed using one-way ANOVA and least-significant difference (LSD). *P < 0.05, **P < 0.01, ***P < 0.001.

http://www.jcancer.org

Journal of Cancer 2021, Vol. 12
Considering that OP-B promoted Axin1
interaction with β-catenin protein, we transfected cells
with LV-AXIN1-RNAi to verify whether this binding
contributed to anti-migration and anti-invasion
mechanism of OP-B. As Fig. 5D demonstrated,
compared with a scrambled siRNA control, Axin1
knockdown elevated the level of vimentin and
reduced expression of E-cadherin, suggesting EMT
progressed. Then we sought to elucidate whether the
transition of EMT was accompanied by Wnt/βcatenin pathway activation in AxinRNAi cells. The
results of western blot showed that Axin1 knockdown
increased the levels of β-catenin and the downstream
proteins, cyclin D1 and c-Myc. Interestingly, OP-B
had no obvious effect on EMT markers and the
Wnt/β-catenin signal transduction pathway within
Axin1 knockdown cells. Collectively, these data
indicated that Axin contributed to the OP-B
anti-metastasis effect in NSCLC.

Discussion
Because of their beneficial activities, natural
compounds had recently become an area of extensive
research for their anti-tumor mechanism [18]. Studies
showed that nearly 74.9% of approved anti-cancer
treatment agents were rooted in natural compounds
[19]. OP-B was an active natural compound found in
the Chinese plants, like Radix Ophiopogonins, which
had functional inhibitory effects on NSCLC lines. In
this work, OP-B was found to suppress the
proliferation, invasion and migration of A549 and
NCI-H1299 cell lines.
EMT, recognized as a part of classical metastasis
progression [20], was associated with poor prognosis
because it was involved in many tumor
characteristics, such as tumor occurrence, metastasis,
invasion and treatment resistance [21]. Thus,
reversing EMT process may be a promising strategy
to prevent cancer metastasis. EMT was also frequently
investigated in natural compound’s anti-cancer effect
[22]. In addition, loss of E-cadherin was reported to be
associated with β-catenin nucleus accumulation [23,
24]. β-catenin was a key molecule of conventional
Wnt/β-catenin pathway which was aberrantly
activated in many human cancers [25, 27],
accompanied by the increasing tumor invasion
activity. Wnt binding to their receptors on the cell
surface initiated the signaling pathway, dissociating
β-catenin
destruction
complex,
hindering
phosphorylation and stabilizing β-catenin. Then, the
stabilized β-catenin entered nucleus, later interacted
with TCF/LEF to turn on downstream target genes.
Therefore, we firstly detected the β-catenin levels in
cytoplasm and nucleus, the results of which indicated
that OP-B attenuated β-catenin expression both in
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cytoplasmic and nucleus dose dependently by
controlling phosphorylation event (Fig. 2C and Fig.
2D), then reversing EMT and preventing NSCLC
invasion. The EMT reversion was characterized by a
dose-dependent elevation of E-cadherin whereas a
decline in vimentin protein, and snail/slug
downregulation (Fig. 2B). Thus, we concluded that
OP-B reversed EMT conversion on NSCLC cells
through suppress β-catenin accumulation.
Then, we overexpressed β-catenin in NSCLC
cells by lenti-virus transduction to explore how
β-catenin acted on metastasis inhibition of OP-B. The
results showed that β-catenin overexpression
promoted EMT conversion, cell migration and
invasion, which were all significantly suppressed by
OP-B. Thus, we believed that OP-B inhibited NSCLC
cells metastasis by down-regulating β-catenin level
and EMT conversion. As the level of β-catenin relied
on multiple proteins, we then focused on the scaffold
and kinase proteins, Axin and GSK3β. Western blot
results clarified that Axin levels were efficiently
elevated in OP-B-treated cells compared to the control
cells, while GSK3β expressions were not consistent in
three NSCLC cell lines. Thus, Axin was supposed to
facilitate OP-B to elevate the phosphorylation and
subsequent degradation of β-catenin, and Co-IP
results confirmed that OP-B promoted Axin binding
to β-catenin.
Axin directly interacted with β-catenin, GSK3β,
and adenomatous polyposis coli in the destruction
complex. Recent studies of Axin focused on its
function to β-catenin. Lei Ji et al. showed that USP7
inhibited Wnt/β-catenin by interacting with Axin
TRAF domains and promoting the de-ubiquitination
and stabilization of Axin [28]. It was also reported that
Axin stability can be maintained by a small molecule,
XAV939, to antagonize Wnt signaling through the
inhibition of tankyrase 1 and tankyrase 2, the
poly-ADP-ribosylating enzymes [29]. Although Axin
mechanisms in the Wnt/β-catenin signal transduction
pathway had been determined, the specific Axin
function in OP-B-mediated Wnt pathway regulation
and NSCLC invasion was not fully understood. To
further ascertain the biological Axin function in OP-B
treated cells, we constructed an Axin knockdown
model. The following results showed that Axin-RNAi
induced metastasis in NSCLC, which was
characterized by EMT process. Moreover, Axin
knockdown
induced
β-catenin
accumulation,
resulting in downstream proteins activation (cyclin D1
and c-Myc). Interestingly, OP-B could no longer play
its inhibitory effect on Wnt/β-catenin signaling, EMT
conservation and cell migration/invasion in Axin
knockdown cells. This observation suggested that
Axin was necessary for OP-B-inhibited cell migration
http://www.jcancer.org
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and invasion.
In conclusion, our study demonstrated that OP-B
strongly suppressed metastatic behaviors in A549 and
NCI-H1299 cells via EMT reversion, which needed
Axin to target β-catenin. Our present study may
provide insight into the underlying mechanism
involved in OP-B anti-tumor effect on NSCLC,
supporting the OP-B use in a clinical setting.

Acknowledgments
The present study was supported by the Open
Projects of the Discipline of Chinese Medicine of
Nanjing University of Chinese Medicine Supported
by the Subject of Academic priority discipline of
Jiangsu Higher Education Institutions (PAPD) (grant
number: ZYX03KF047) and the National Natural
Science Foundation of China (No. 81503374).

Author Contributions
Dr Meijuan Chen and Xu Zhang designed the
study. Shiping Zhang performed the experiment.
Hongxiao Li, Liqiu Li, Qian Gao, Ling Gu, Cheng Hu
provided help to the experiment. Shiping Zhang
wrote the manuscript. All authors read and approved
the final manuscript.

Competing Interests
The authors have declared that no competing
interest exists.

6284
14. Daniels DL, Weis Wl. Beta-catenin directly displaces Groucho/TE repressors
from Tcf/Lef in wnt-mediated transcription activation. Nat Struct Mol Biol.
2005;12(4): 364-371.
15. Chen M, Guo Y, Zhao R, Wang X, Jiang M, Fu H, et al. Ophiopogonin B
induces apoptosis, mitotic catastrophe and autophagy in A549 cells. Int J
Oncol. 2016; 49(1): 316-224.
16. Chen M, Hu C, Guo Y, Jiang R, Jiang H, Zhou Y, et al. Ophiopogonin B
suppresses the metastasis and angiogenesis of A549 cells in vitro and in vivo
by inhibiting the EphA2/Akt signaling pathway. Oncology reports. 2018;
40(3): 1339-1347.
17. Shin SY, Rath O, Zebisch A, Choo SM, Kolch W, Cho KH. Functional roles of
multiple feedback loops in extracellular signal-regulated kinase and Wnt
signaling pathways that regulate epithelial-mesenchymal transition. Cancer
Res. 2010; 70(17): 6715–6724.
18. Harvey AL, Edrada-Ebel R, Quinn RJ. The re-emergence of natural products
for drug discovery in the genomics era. Nat Rev Drug Discov. 2015; 14(2):111–
129.
19. Newman DJ, Cragg GM. Natural products as sources of new drugs over the 30
years from 1981 to 2010. J Nat Prod. 2012; 75(3): 311–335.
20. Ombrato L, Malanchi I. The EMT universe: space between Cancer cell
dissemination and metastasis initiation . Crit Rev Oncog. 2014; 19(5): 349–361.
21. Pastushenko I, Blanpian C. EMT transition states during tumor progression
and metastasis. Trends Cell Biol. 2019; 29(3): 212-226.
22. Avila-Carrasco L, Majano P, Sanchez-Tomero JA, Selgas R, Lopez-Cabrera M,
Aguilera A, et al. Natural plants compounds as modulators of
Epithelial-to-mesenchymal transition. Front Pharmacol. 2019; 10: 715.
23. Arend RC, Londono-Joshi AI, Jr JMS , Buchsbaum DJ. The Wnt/β-catenin
pathway in ovarian cancer: a review. Gynecol Oncol. 2013; 131(3): 772-779.
24. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell.
2011; 144(5): 646-674.
25. Zhao C, Ma H, Bu X, Wang W, Zhang N. SFRP5 inhibits gastric epithelialcell
migration induced by macrophage-derived Wnt5a. Carcinogenesis. 2013;
34(1):146-152.
26. O'Connell MP, Fiori JL, Xu M, Carter AD, Frank BP, Camilli TC, et al. The
orphan tyrosine kinase receptor, ROR2, mediates Wnt5a signaling in
metastatic melanoma. Oneogene. 2010; 29(1): 34-44.
27. Yamamoto H, Oue N, Sato A, Hasegawa Y, Yamamoto H, Matsubara A, et al.
Wnt5a signaling is involved in the aggressiveness of prostate cancer and
expression of metalloproteinase. Oncogene. 2010; 29(14): 2036-2046.
28. Ji L, Lu B, Zamponi R, Charlat O, Aversa R, Yang Z, et al. USP7 inhibits
Wnt/β-catenin signaling through promoting stabilization of Axin. Nat
Commun. 2019; 10(1): 4184.
29. Huang SMA , Mishina YM , Liu S , Cheung A, Stegmeier F, Michaud GA, et al.
Tankyrase inhibition stabilizes axin and antagonizes Wnt signalling . Nature.
2009; 461(7264): 614-620.

References
1.
2.

3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Chen W, Zheng R, Baade P D, Zhang S, Zeng H, Bray F, et al. Cancer statistics
in China,2015. CA Cancer J Clin. 2016; 66(2):115-132.
Bray F, Ferlay J, Soerjomataram I, Sigeel RL, Torre LA, Jemal A, et al. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2018; 68(6):
394-424.
Wood SL, Pernemalm M, Crosbie PA, Whetton AD. Molecular histology of
lung cancer: from targets to treatments. Cancer Treat Rev. 2015; 41(4): 361-375.
Ozlem GU, Giuseppe M. Saponins: properties, applications and processing.
Crit Rev Food Sci Nutr. 2007; 47(3): 231-258.
Li X, Li X, Huang N, Liu R, Sun R. A comprehensive review and perspectives
on pharmacology and toxicology of saikosaponins. Phytomedicine. 2018; 50:
73-87.
Tian X, Tang H, Lin H, Cheng G, Wang S, Zhang X, et al. Saponins, the
potential chemotherapeutic agents in pursuing new anti-glioblastoma drugs.
Mini Rev Med Chem. 2013; 13(12): 1709-1724.
Man S, Zhang L, Cui J, Yang L, Ma L, Gao W. Cell Curcumin enhances the
anti-cancer effects of Paris Saponin Ⅱ in lung cancer cells . Cell Prolif. 2018;
51(4): e12458.
Wang Y, Tang Q, Jiang S, Li M, Wang X. Anti-colorectal cancer activity of
macrostemonside A mediated by reactive oxygen species . Biochem Biophys
Res Commun. 2013; 441(4): 825-830.
Koczurkiewicz P, Czyz J, Podolak I, Wojcik K, Galanty A, Janevzko Z, et al.
Multidirectional effects of triterpene saponins on cancer-mini-review of in
vitro studies. Acta Biochim Pol. 2015; 62(3): 383-393.
Tsai JH, Donaher JL, Murphy DA, Chau S, Yang J. Spatiotemporal regulation
of epithelial-mesenchymal transition is essential for squamous cell carcinoma
metastasis. Cancer Cell. 2012; 22(6):725–736.
Perlson E, Michaelevski I, Kowalsman N, Ben-Yaakov K, Shaked M, Seger R,
et al. Vimentin binding to phosphorylated Erk sterically hinders enzymatic
dephosphorylation of the kinase. J Mol BIol. 2006; 364(5): 938-945.
Xi Y, Chen Y. Wnt signaling pathway: implications for therapy in lung cancer
and bone metastasis. Cancer Lett. 2014; 353: 8-16.
Stewart DJ. Wnt signaling pathway in non-small cell lung cancer. J Natl
Cancer Inst. 2014; 106(1): djt356.

http://www.jcancer.org

