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Abstract. Epithelial‑mesenchymal transition (EMT) has been 
reported to play pivotal roles in tumor invasion and metastasis. 
Inhibition of EMT may exert beneficial effects in regulating 
metastasis. Oridonin (ORI), an active diterpenoid compound 
isolated from Rabdosia rubescens, was found to be a potent 
anti‑metastatic agent. However, the possible involvement 
of ORI in the EMT in malignant melanoma is unclear. The 
present study found that ORI inhibited cell migration, inva-
sion, and adhesion in A375 and B16‑F10 melanoma cells. The 
transforming growth factor‑β1 (TGF‑β1)‑induced EMT was 
also inhibited in ORI‑treated cells, as reflected in the upregula-
tion of E‑cadherin, and downregulation of vimentin and Snail. 
Similar results were observed in A375 and B16‑F10 melanoma 
cells treated with ORI. Furthermore, pre‑treatment with 
ORI blocked the TGF‑β1‑induced phosphoinositide 3‑kinase 
(PI3K)/AKT serine/threonine kinase (Akt)/glycogen synthase 
kinase (GSK)‑3β signaling pathway activation. These effects 
mimicked PI3 kinase inhibitor LY294002 treatment. ORI 
interfered with the PI3K/Akt/GSK‑3β pathway, and reversed 
TGF‑β1‑induced EMT, which suppressed the invasion and 
metastasis of melanoma cells. Taken together, the present study 
demonstrated that ORI inhibits melanoma cells migration, 
invasion, and adhesion and TGF‑β1‑induced EMT through the 
PI3K/Akt/GSK‑3β signaling pathway. These findings suggest 
that ORI is a promising anti‑metastasis agent for melanoma.

Introduction

Metastasis is responsible for the majority of melanoma related 
deaths (1,2). The median survival time of patients with meta-
static melanoma is 8-9 months and the 3‑year overall survival 
rate is <15% (3). Therefore, there is an urgent need to identify 
novel therapeutic strategies for melanoma metastasis and 
the search for a new agent with low toxicity that can inhibit 
metastasis with clear molecular targets has attracted scientist's 
attention.

Epithelial‑mesenchymal transition (EMT), the trans-
formation of epithelial cells into motile mesenchymal cell 
phenotypes, is one of the essential events in tumor progression 
particularly in tumor invasion and metastasis (4‑6). During 
EMT, epithelial cells lose polarity and cell‑to‑cell contacts, 
followed by dramatic remodeling of the cytoskeleton and 
acquisition of migratory, invasive, and stem cell‑like proper-
ties  (7,8). The most well‑characterized factor responsible 
for induction of EMT is transforming growth factor‑β1 
(TGF‑β1) (9). There are several signaling pathways related 
to TGF‑β1‑induced EMT in cancer cells, including the 
PI3K/Akt, Wnt/β‑catenin and Smads‑dependent pathways. 
PI3K/Akt/GSK‑3β signaling pathways are overactive in cancer 
cells, thus reducing apoptosis, allowing proliferation, and 
promoting invasion and metastasis (10‑13). Therefore, inhibi-
tion of the PI3K/Akt/GSK‑3β signaling pathway‑mediated 
EMT may exert beneficial effects in treating cancer patients 
with advanced metastasis.

Traditional Chinese medicinal plants or their active 
components have been widely and successfully used in treating 
human cancers (14‑16). Oridonin (ORI), an active diterpenoid 
compound isolated from Rabdosia rubescens, is currently 
one of the most important active Chinese medicinal compo-
nents. Previous studies have demonstrated that ORI possesses 
multiple biological activities such as anti‑inflammatory, neuro-
protective, anti‑bacterial, and antitumor effects. ORI shows 
broad‑spectrum anti‑proliferative activity in various types of 
cancer (16‑21). Notably, several studies reported that ORI also 
demonstrates significant anticancer activity in skin melanoma. 
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For instance, Gu et al reported that ORI potently impairs the 
capability of survival and proliferation of melanoma cells by 
induction of apoptosis (22). Wang et al reported ORI induces 
human melanoma A375‑S2  cell death through inhibiting 
insulin‑like growth factor-1 (IGF‑1) receptor signaling (23).

However, the inhibiting effects of ORI in metastasis of 
melanoma cells and the underlying mechanisms of such effects 
remain unclear. Here, in this study, we demonstrated that ORI 
could effectively inhibit the migration, invasion, adhesion, 
and TGF‑β1‑induced EMT in A375 and B16‑F10 melanoma 
cells. Our data also demonstrated that the PI3K/Akt/GSK‑3β 
pathway is involved in the reversion of TGF‑β1‑induced EMT 
in A375 and B16‑F10 cells when engaged with ORI. Our find-
ings indicate that ORI may be a promising anti‑metastasis 
candidate compound for melanoma therapy.

Materials and methods

Reagents and antibodies. ORI was acquired from Aladdin 
Biochemical (Shanghai, China), and dissolved in 0.5% 
dimethyl sulfoxide (DMSO). To make sure the ORI solution 
was sterile it was filtered using a 0.2 µm filtration membrane 
before it was added to the culture medium for the in vitro 
assays. 3‑(4,5‑Dimethyl‑2‑thiazolyl)‑2,5‑diphenyl‑2H‑tetrazolium 
bromide (MTT), LY294002 (an inhibitor of PI3K), and 
DMSO were purchased from Sigma-Aldrich; Merck KGaA 
(Darmstadt, Germany). Phosphatase inhibitor cocktail 
tablets were purchased from Roche Molecular Biochemicals 
(Indianapolis, IN, USA). TGF‑β1 was purchased from 
Millipore (Billerica, MA, USA). Dulbecco's modified Eagle's 
medium (DMEM), fetal bovine serum (FBS) and peni
cillin/streptomycin were purchased from Gibco (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA). All other 
chemicals were of analytical reagent grade. The antibodies 
used were as follows: Anti‑E‑cadherin was purchased from 
BD Biosciences (Franklin Lakes, NJ, USA). Anti‑vimentin 
was purchased from Epitomics (Burlingame, CA, USA). 
Anti‑Snail, anti‑Akt, and anti‑phospho‑Akt (Ser473) were 
purchased from Cell Signaling Technology, Inc. (Danvers, MA, 
USA). Anti‑PI3K, anti‑phospho‑PI3K (Tyr458), anti‑GSK‑3β, 
anti‑phospho‑GSK‑3β (Ser9) and anti‑β‑catenin were 
purchased from Abcam (Cambridge, MA, USA). Anti‑β‑actin, 
goat anti‑mouse IgG‑HRP, and goat anti‑rabbit IgG‑HRP were 
purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, 
USA). All antibodies were diluted at 1:1,000 except where 
specified.

Cell lines and cell culture. A375 human melanoma cell line 
obtained from ATCC (Manassas, VA, USA). B16‑F10 (mouse 
melanoma) cell line was purchased from the Cell Culture 
Center of Chinese Academy of Medical Sciences (Beijing, 
China). The cells were cultured in DMEM supplemented with 
10% FBS, 100 U/ml penicillin, and 100 µg/ml streptomycin. 
All cell cultures were maintained at 37˚C in an atmosphere 
containing 5% CO2.

Cell viability assay (MTT assay). Cell viability was measured 
by MTT assay to evaluate the effect of ORI on cell prolifera-
tion (24). A375 or B16‑F10 cells in the logarithm phase were 
seeded in 96‑well plates at the density of 5x103 cells/well. 

When the cells were adherent to the walls, the cells were 
treated with ORI at indicated concentrations for 24 h followed 
by adding 100 µl of MTT (1 mg/ml) and incubating for 4 h. 
Then, the medium was removed and 150 µl of DMSO was 
added to each well. Absorbance of each well was detected 
under 490 nm by microplate reader (BioTek Instruments, 
Inc., Winooski, VT, USA). The test was repeated three 
times. Inhibition rate (% of control) = (1 ‑ absorbance of test 
sample/absorbance of control) x 100%.

Wound‑healing migration assay. Cell migration wounding 
assay was performed according to the protocol described previ-
ously (25,26). A375 or B16‑F10 cells were cultured in 60 mm 
dishes at the density of 8x105 cells/dish to 100% confluency. 
After wounding with pipette tip, the cells were washed with 
PBS and serum free medium to which indicated concentrations 
of ORI had been added. Then, the cells were allowed to migrate 
for 24 h at 37˚C in 5% CO2. At predetermined time-points (0, 
3, 6, 9, 12 and 24 h), the widths of wound were measured and 
images of cells were taken at time 0 and 24 h with a microscope 
(IX50; Olympus, Tokyo, Japan). The assay was carried out 
double blind to eliminate the deviation induced by subjective 
factors. The test was repeated three times.

Matrigel invasion assay. Cell invasion was detected by 
Transwell assay (26,27). After pre‑treatment with indicated 
concentrations of ORI for 24  h, A375 or B16‑F10  cells 
were harvested and seeded to the upper chamber which 
was coated with matrigel (BD Biosciences) at the density of 
3x104 cells/well in serum free medium. The lower chambers 
were filled with standard medium. The cells were allowed to 
invade for 24 h incubated at 37˚C in 5% CO2. The invading 
cells were fixed with methanol. Cell numbers were counted 
in five separate fields using the computer‑based microcopy 
imaging system. The assay was carried out double blind to 
eliminate the deviation induced by subjective factors. The test 
was repeated three times.

Cell‑matrix adhesion assay. After pre‑treatment with indicated 
concentrations of ORI for 24 h, A375 or B16‑F10 cells were 
harvested, re‑suspended in serum free medium at the density 
of 2x105 cells/well and seeded to the 24‑well plates coated with 
fibronectin (10 ng/ml). After further incubations for 5, 15 and 
30 min, non‑adherent cells were removed by PBS washes. The 
adherent cells were fixed with methanol and counted in five 
separate fields under a light microscope (28,29). The assay was 
carried out double blind to eliminate the deviation induced by 
subjective factors. The experiment was repeated three times.

Quantitative real‑time polymerase chain reaction (RT‑PCR). 
After pre‑treatment with indicated concentrations of ORI for 
24 h, The total RNA of A375 or B16‑F10 cells was extracted 
by TRIzol reagent (Roche, Suisse). Reverse transcription was 
carried out with fast quant RT kit (Tiangen, Beijing, China). 
The procedure was based on the protocol provided by Tiangen. 
The real‑time PCR mixture volume was 25 µl including 12.5 µl 
SYBR Green mix, 0.2 µl cDNA, 1.5 µl primer per mix (10 µM 
each primer), and 10.8 µl RNAse‑free H2O. The experiment 
was then set up with the following PCR program on ABI 7500 
(Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham, 
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MA, USA): 95˚C for 15 min, 1 cycle; 40 cycles of 95˚C for 
10 sec, 60˚C for 20 sec, 72˚C for 30 sec. Specific primers were 
designed by gene runner software and were synthesized by 
Beijing Aoke Biotechnology Co., Ltd. (Beijing, China). The 
specific primers are reported in Table I. The Ct value was 
automatically calculated by software, the Ct values were all 
normalized against the quantity of the β‑actin control RNA, 
and the relative quantification of gene expression was calcu-
lated by the 2‑ΔCt method according to the formula: ΔCt (target 
gene) = Ct (target gene) ‑ Ct (control gene). All assays were 
performed in triplicate and independently repeated 3 times.

Western blotting. Western blotting was used for detec-
tion of expressions of E‑cadherin, vimentin, Snail, 
PI3K, phospho‑PI3K, Akt, phospho‑Akt, GSK‑3β, and 
phospho‑GSK‑3β, anti‑β‑catenin in A375 and B16‑F10 cells. 
After pretreatment with indicated concentrations of ORI 
and/or LY294002 (an inhibitor of PI3K) for 24 h, cells were 
then stimulated by 10 ng/ml TGF‑β1 for 15 min. Then the 
protein lysates from cultured cells were separated by 10% 
sodium dodecylsulfate polyacrylamide gel electrophoresis 
(SDS‑PAGE) systems and transferred to polyvinyllidene diflu-
oride (PVDF) membranes (Millipore). After blocking with 
5% skim milk in Tris‑buffered saline (TBS) containing 0.1% 
Tween-20 for 2 h, the membranes were incubated with primary 
antibodies at 1:500-1:1,000 dilutions with 5% BSA in TBST 
overnight at 4˚C. The antibodies were as follows: E‑cadherin, 
vimentin, Snail, PI3K, phospho‑PI3K, Akt, phospho‑Akt, 
GSK‑3β, phospho‑GSK‑3β, and anti‑β‑catenin. The blots 
were washed and incubated with secondary antibodies conju-
gated with horseradish peroxidase (HRP) and incubated for 
1 h at room temperature. Membranes were visualized using 
enhanced chemiluminescence (immobilon ECL; Millipore) 
and were photographed using G‑BOX (Gene Company Ltd., 
Beijing, China). The bands were analyzed by ImageJ software.

Statistical analysis. Each experiment was repeated at least 
three times. All data were expressed as mean  ±  standard 
deviation  (SD). Statistical Product and Service Solutions 
(version 19.0; SPSS, Inc., Chicago, IL, USA). P‑value <0.05 
was considered to indicate a statistically significant difference 
using one‑way analysis of variance (ANOVA) test.

Results

Effects of ORI on the viability of A375 and B16‑F10 cells. 
ORI, a diterpenoid purified from Rabdosia rubescens, has a 
molecular weight of 364.44 g/mol and its molecular structure 
is shown in Fig. 1A. The inhibitory effect of ORI on the prolif-
eration of melanoma cell lines A375 and B16‑F10 were first 
detected by MTT assay. As shown in  Fig.  1B  and  C, the 
survival rate of ORI (5‑20 µM) treated groups were >90% at 
48 h, indicating that ORI at each of these concentrations alone 
had no anti‑proliferative effect and did not cause any appar-
ently cytotoxic effects in A375 and B16‑F10  cells within 
48 h. However, when cells were treated with 40 µM of ORI 
for 48 h, the growth of A375 and B16‑F10 cells was inhibited 
by ORI, but the inhibition rate of 40 µM for 48 h was only 
15% (Fig. 1B and C). These data indicate that 48 h of ORI 
(5‑20 µM) exposure has no significantly influence on the cell 

viability of A375 and B16‑F10 cells. Thus, concentrations 5 
and 10 µM of ORI were used in the subsequent experiments.

ORI inhibits migration and invasion of A375 and B16‑F10 
cells. Cancer progression is associated with abrogation of the 
normal controls that limit cell migration and invasion. Cell 
invasion and migration are the initial and critical events in 
tumor metastasis and enhance the ability of a cancer cell to 
enter and exit the circulation to reach distant organs (30). The 
effect of ORI on cellular migration was investigated using a 
classic in vitro wound healing model. ORI was found to be 
effective in reducing cellular migration in A375 and B16‑F10 
cells (Fig. 2). The inhibitory effect of ORI on invasion of A375 
and B16‑F10 cells was examined using an invasion assay with 
matrigel‑coated filters. In the absence of ORI (control group), 
A375 and B16‑F10 cells displayed high invasive capability 
as indicated by being able to completely penetrate through 
the matrigel‑coated filters. Activity of invasion of A375 and 
B16‑F10 cells were markedly suppressed by 24 h exposure to 
ORI. At concentrations of 5 and 10 µM of ORI, the number 
of cells able to penetrate through matrigel‑coated filters was 
significantly decreased compared with control group (Fig. 3).

ORI inhibits adhesion in A375 and B16‑F10 cells. The altered 
adhesiveness of tumor cells plays an important role in the 
formation of distal foci (31). The extracellular matrix (ECM) 
is a powerful regulator of cancer progression, which promotes 
transformation and regulates the tumor metastasis (32). Hence, 
we used fibronectin as the basement membrane to mimic the 
adhesion of A375 and B16‑F10 cells. After the pre‑treatment 
with indicated concentrations of ORI, the number of cells 
adhering to the fibronectin significantly decreased compared 
with the control group. Additional quantitative data are shown 
in Fig. 4. These data indicate that ORI inhibits the adhesiveness 
of A375 and B16‑F10 cells adhering to fibronectin.

ORI regulates the expression of EMT markers in A375 and 
B16‑F10  cells. EMT plays a key role in cancer progres-
sion. Enhanced cell migration and invasion properties are 

Table I. Primers sequences used in quantitative polymerase 
chain reaction.

Gene name	 Primer sequence (5'‑3')

E‑cadherin	 F: GGATTGCAAATTCCTGCCATTC
	 R: AACGTTGTCCCGGGTGTCA
Vimentin	 F: GCAGGAGGCAGAAGAATGGTA
	 R: GGGACTCATTGGTTCCTTTAAGG
Snail	 F: TCTAGGCCCTGGCTGCTACAA
	 R: CATCTGAGTGGGTCTGGAGGTG
β‑catenin	 F: TGAGGACAAGCCACAAGATTAC
	 R: TCCACCAGAGTGAAAA GAACG
β‑actin	 F: CCACGAAACTACCTTCAACTCCA
	 R: GTGATCTCCTTCTGCATCCTGTC

F, forward; R, reverse.
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important consequences of EMT (33). The most well char-
acterized factor responsible for induction of EMT is TGF‑β1. 

Snail as one of the transcriptional factors has been reported 
to be involved in the regulation of E‑cadherin  (34). The 

Figure 1. Effects of ORI on the viability of A375 and B16‑F10 cells. (A) The chemical structure of ORI with a molecular weight 364.44 g/mol. (B) A375 and 
(C) B16‑F10 cells were treated with indicated concentrations of ORI for 48 h and then cell viability was quantified by MTT assay. Values are the means ± SD 
from three independent determinations.

Figure 2. Effects of ORI on the migratory ability of A375 and B16‑F10 cells. (A and B) A375 cells were treated with indicated concentrations of ORI for 24 h. 
Images were taken at 0 and 24 h after the wound was made. (C and D) B16‑F10 cells were treated with indicated concentrations of ORI for 24 h. Images were 
taken at 0 and 24 h after the wound was made. The migration distance was measured using a software‑based method. Values are the means ± SD from three 
independent determinations. *P<0.05 and **P<0.01 compared with the control group.
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accumulation of cytoplasmic β‑catenin and its subsequent 
nuclear translocation is also a key event in EMT (35). Here 
we investigated the effect of ORI on TGF‑β1‑mediated EMT 
in A375 and B16‑F10 cells by qRT‑PCR and western blotting. 
As shown in Fig. 5, TGF‑β1 reduced the expression of the 
epithelial marker E‑cadherin and enhanced the expression 
of the mesenchymal marker vimentin. Snail and β‑catenin 
expression levels were also enhanced, induced by TGF‑β1. 
Our data demonstrate that the effects of ORI are dose depen-
dent increasing the expression of E‑cadherin and decreasing 
the expression of vimentinin, Snail and β‑catenin in A375 and 
B16‑F10 cells compared with control group.

ORI suppresses the PI3K/Akt/GSK‑3β signaling pathway in 
A375 and B16‑F10 cells. Recent studies demonstrated that 
aberration of PI3K/Akt/GSK‑3β signaling pathway is a very 
common mechanism for many human cancers including mela-
noma, since it can mediate survival, apoptosis, migration and 
invasion pathways (36). A growing number of studies showed 
that inhibition of PI3K/Akt/GSK‑3β pathway could inhibit 
the migration and invasion of cancer cells (37,38). Hence, 
we investigate the effects of ORI on the PI3K/Akt/GSK‑3β 
signaling pathway in A375 and B16‑F10 cells. As shown 
in Fig. 6, TGF‑β1 significantly increased the protein expres-
sion levels of p‑PI3K, p‑Akt and p‑GSK‑3β in both types of 

Figure 3. Effects of ORI on the invasion ability of A375 and B16‑F10 cells. (A) A375 and B16‑F10 cells were seeded and treated with indicated concentrations 
of ORI for 24 h and the number of invasive cells was determined using a transwell matrix penetration assay. (B) The cells which invaded were fixed with 
methanol and stained with Giemsa. Cell numbers were counted in five separate fields using the computer‑based microcopy imaging system. Values are the 
means ± SD from three independent determinations. **P<0.01 compared with the control group.

Figure 4. Effects of ORI on the adhesion ability of A375 and B16‑F10 cells. (A) A375 and (B) B16‑F10 cells were pre‑treated with indicated concentrations 
of ORI for 24 h, followed by measuring adhesion capacity on fibronectin over indicated time periods. Cell numbers in five fields were counted for each slide 
under the microscope with 20x magnitudes. Values are the means ± SD from three independent determinations. *P<0.05 and **P<0.01 compared with the 
control group.
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cells. Our studies have demonstrated that ORI has a signifi-
cant inhibitory effect on TGF‑β1‑mediated EMT, but the 
detailed effect mechanism is unclear. In the present study, 
we firstly examined the inhibitory activity of ORI against 
TGF‑β1‑induced PI3K/Akt/GSK‑3β pathway phosphoryla-
tion. The data demonstrated that ORI could downregulate 
the levels of p‑PI3K, p‑Akt and p‑GSK‑3β. It is necessary 
to verify whether ORI could inhibit the EMT through 
TGF‑β1 mediated PI3K/Akt/GSK‑3β pathway. To verify 
this hypothesis, PI3K inhibitor LY294002 was used to block 
the PI3K/Akt pathway, then ORI and TGF‑β1 were added. 

The data demonstrated that, LY294002 and ORI abolished 
the TGF‑β1‑induced decrease in E‑cadherin and increase 
in vimentin, p‑PI3K, p‑Akt, p‑GSK‑3β, Snail and β‑catenin 
expression. ORI had little effect on E‑cadherin, Vimentin, 
p‑PI3K, p‑Akt, p‑GSK‑3β and β‑catenin (Fig. 7). There was 
no difference between their effects. ORI combined with 
LY294002 synergistically suppressed the related protein 
expression. The above data suggest that ORI may regulate the 
expression of E‑cadherin and vimentin may work through 
PI3K/Akt/GSK‑3β signaling pathway, thereby in inhibiting 
TGF‑β1‑induced EMT, which may be one of the mechanisms 

Figure 5. Effects of ORI on EMT‑related marker's mRNA and protein expression. (A) A375 and B16‑F10 cells were pretreated with indicated concentrations 
of ORI for 24 h, followed by qRT‑PCR assay to measure the regulatory effect of ORI on mRNA expression of E‑cadherin, vimentin, Snail and β‑catenin. 
(B) A375 and B16‑F10 cells were pre‑treated with indicated concentrations of ORI for 24 h, followed by western blotting to test the protein expression of 
E‑cadherin, vimentin, Snail and β‑catenin. β‑actin was used as loading control. (C) Relative protein expression for all proteins qualified using ImageJ software, 
respectively. The graph represents mean value of band intensity from three different western blots analyses. Values are the means ± SD from three independent 
determinations. *P<0.05 and **P<0.01 compared with the control group.
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through which ORI inhibited the A375 and B16‑F10 cells 
migration and invasion.

Discussion

Melanoma is the most aggressive skin cancer and well‑known 
for its poor prognosis and low survival rate (39). The high 
rate of metastasis is the main cause of death in patients with 
melanoma. Increased evidence demonstrates that mechanisms 
linked to melanoma metastasis are the induction of EMT, 
which is characterized by loss of epithelial phenotype, and 
acquiring fibroblast‑like properties (40). They also exhibit 
reduced cell‑cell adhesion and enhanced cell motility. Thus, 
exploring novel ways to inhibit or even reverse EMT process 
has attracted more attention.

Rabdosia rubescens is a well‑known Chinese folk herbal 
medicine. For centuries, Rabdosia rubescens has been mainly 
used for inflammatory disorders such as sore throats and 
tonsillitis. It is suggested that the extraction of Rabdosia rube‑
scens could delay tumor progress, improve patients quality of 
life and survival rates (41). ORI, an ent‑kaurene diterpenoid, 

is the main active ingredient found in Rabdosia rubescens. 
Recently, ORI has attracted more and more attention due to 
its excellent antitumor activity against human melanoma, 
cervical, ovarian and hepatocellular cancers  (21,42). The 
anticancer mechanisms are mainly associated with triggering 
apoptosis, cell cycle arrest as well as autophagy and producing 
reactive oxygen species (43). Thus, the molecular mechanisms 
of anticancer activities of ORI are numerous and varied, 
depending on the cancer cell type or cell environment. In this 
study, our results first demonstrated the anti‑metastatic capa-
bilities of ORI and provided possible mechanisms responsible 
for its effects in melanoma cell lines.

In present study, ORI was dissolved in 0.5% DMSO 
formed a stable and clear solution without micellar structure 
formation. As the solution of ORI added into the culture 
medium, the concentrations of DMSO was diluted 100 times 
(e.g., we added 30  µl ORI solution into the 3  ml culture 
medium for vitro migration assay). Hence, the final volume 
ratio of DMSO in culture medium was 0.005%. As the MTT 
assay shown (Fig. 1B and C) the solvent control (added into 
the culture medium with 0.5% DMSO) has no significantly 

Figure 6. ORI affected the protein's expression of PI3K/Akt/GSK‑3β signaling pathway in A375 and B16‑F10 cells. (A) A375 and B16‑F10 cells were pretreated 
with indicated concentrations of ORI for 24 h. Then the total cell lysates were prepared and western blot analyses were performed for PI3K, Akt, GSK‑3β, 
p‑PI3K, p‑Akt, p‑GSK‑3β. β‑actin was used as loading control. (B) Relative protein expression for all proteins qualified using ImageJ software respectively. The 
graph represents mean value of band intensity from three different western blot analyses. Values are the means ± SD from three independent determinations. 
*P<0.05 and **P<0.01 compared with the control group.
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Figure 7. ORI and PI3K inhibitor LY294002 affected the proteins expression of PI3K/Akt/GSK‑3β signaling pathway in A375 and B16‑F10 cells. (A) A375 
and B16‑F10 cells were pre‑treated with indicated concentrations of ORI or LY294002 for 24 h. Then the total cell lysates were prepared and western blot 
analyses were performed for PI3K, Akt, GSK‑3β, p‑PI3K, p‑Akt, p‑GSK‑3β, E‑cadherin, vimentin, Snail and β‑catenin. β‑actin was used as loading control. 
(B) Relative protein expression for all proteins qualified using ImageJ software respectively. The graph represents mean value of band intensity from theree 
different western blot analyses. Values are the means ± SD from three independent determinations. *P<0.05 and **P<0.01 compared with the control group.
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influence on the cell viability of A375 and B16‑F10 cells. As 
the literature reported, the cytotoxic activity of ORI varies a 
lot in different types of cancer cells (42,44). Firstly, we evalu-
ated the ORI's effect on melanoma cells proliferation by MTT 
assay aiming to exclude interference of cell proliferation on 
the results of motility properties assays. The melanoma cells 
proliferation was slightly affected by ORI at concentrations 5 
and 10 µM for a 48‑h treatment, which is long enough for the 
subsequent motility properties assays. The anti‑proliferation 
effect of one compound have relationship with many factors 
including the types of cells, the sensitivity of cells, the density 
of cells seeded in the plates, the time of the treatment and the 
reagents concentration used in the assay etc (45,46). Our data 
showed that the viability of A375 and B16‑F10 melanoma 
cells were not allergic to ORI's treatment compared with other 
cancer cell lines (47,48). As the literature reported that ROS 
represents an initial and independent apoptosis pathway in 
melanoma cells (49). So we speculate that ORI can not trigger 
the ROS system inducing the apoptosis pathway in melanoma 
cells at lower concentrations (5 and 10 µM). The metastatic 
potential of cancer cells is mainly determined by their inva-
sion, migration and adhesion abilities, which are commonly 
tested utilizing transwell systems with Matrigel‑coated filters, 
wounding healing and adhesion assay. In this study, our results 
demonstrated that ORI at non‑cytotoxic concentrations 5 and 
10 µM could significantly inhibit A375 and B16‑F10 cells 
invasion, migration and adhesion in vitro (Figs. 2‑4).

Molecules involving migration, invasion and adhesion 
of melanoma cells not only E‑cadherin, vimentin, β‑catenin 
and Snail. As we known, cancer metastasis is a complex 
process. EMT is positively correlated with the increased 
migration and invasion of cancer cells. During EMT, the 
switch of the immobile epithelial‑like cancer cells to a motile 
mesenchymal‑like phenotype requires alterations in migra-
tion, invasion and adhesion. Cells lose their epithelial traits 
and acquire mesenchymal characteristics, such as loss of the 
epithelial markers (E‑cadherin, ZO‑1, and β‑catenin) and gain 
of the mesenchymal markers (N‑cadherin and vimentin) (50). 

Thus, generating a migratory phenotype. Melanoma cells have 
morphological changes after EMT (51). It also has been noted 
that the transcription factors, such as Snail, Slug and NF‑κB 
etc. play important roles in regulating EMT. Snail is able to 
downregulate E‑cadherin expression by binding to E‑boxes 
in the E‑cadherin promoter (52). Accordingly, we chose the 
classic EMT markers E‑cadherin, β‑catenin, vimentin and 
Snail for evaluation of the effect of ORI on EMT. TGF‑β1 is 
the most well characterized factor responsible for induction of 
EMT (53,54). In our preliminary experiment, without the addi-
tion of TGF‑β1, the EMT marker not changed obviously in A375 
and B16‑F10 cells, so we can not well evaluated the ORI's effect 
on EMT (data not shown). As the data shown in Figs. 5‑7, the 
addition of TGF‑β1 (10 ng/ml) induced the EMT and activated 
the PI3K/Akt/GSK‑3β1 signaling. Our results demonstrated 
that ORI could inhibit the TGF‑β1‑induced EMT by inhibiting 
the activity of PI3K/Akt/GSK‑3β signaling pathway. We did 
not design the group only exposure to ORI in this experiment. 
In the further study, we will set one group only exposure to 
ORI. The present data demonstrated that ORI markedly 
increase levels of E‑cadherin and decrease levels of vimentin, 
Snail and β‑catenin in A375 and B16‑F10 cells (Figs. 5 and 6). 
These data indicate that ORI negatively regulates EMT, and 
markedly attenuates melanoma cells invasion, migration and 
adhesion in vitro.

To further understanding the cellular mechanisms 
responsible for our findings, we examined the status of the 
PI3K/Akt/GSK‑3β signaling pathways associated with cancer 
cell invasion and metastasis (55). The PI3K/Akt signalling 
pathway plays an important role in several cellular physi-
ological activities including proliferation, migration, invasion 
and adhesion; activation of this pathway by TGF‑β1 has been 
confirmed during the EMT process (56). Hyperactivation of 
PI3K/Akt pathway has previously been reported in numerous 
human cancers. The PI3K/Akt pathway exerts its effects in 
cells by phosphorylating a variety of downstream molecules 
including GSK‑3β in response to various stimuli. GSK‑3β, a 
major downstream target of Akt, is necessary for the main-
tenance of epithelial architecture, and inhibition of GSK‑3β 
activity or expression results in a bona fide EMT (57). The 
active form of GSK‑3β is in the dephosphorylated status, when 
it is phosphorylated by Akt at residue Ser‑9, GSK‑3β loses its 
activity. Furthermore, GSK‑3β negatively regulates the tran-
scription of Snail, a repressor of E‑cadherin and an inducer 
of the EMT. Hence, inactivation of the PI3K/Akt signaling 
pathway could promote GSK‑3β activity and suppress the 
expression of Snail, which in turn impedes the EMT (58). 
β‑catenin signaling plays important roles in carcinogenesis and 
metastasis. Within the nucleus, β‑catenin binds to the nuclear 
transcription factors, T cell factor/lymphoid enhancer factor 
(TCF/LEF), and regulates expression of various downstream 
adhesion junction genes including vimentin (59). In this study, 
our data demonstrated that ORI significantly inhibits phos-
phorylation of PI3K, phosphorylation of Akt, phosphorylation 
of GSK‑3β, and expression of Snail and β‑catenin (Fig. 7). 
These results suggest that ORI may inhibit EMT in melanoma 
cells through attenuating the PI3K/Akt/GSK‑3β signaling 
pathway.

In conclusion, the findings of the present study indicate that 
ORI could effectively inhibit migration, invasion and adhesion 

Figure 8. Schematic illustration of ORI inhibits TGF‑β1‑induced EMT of 
melanoma cells through PI3K/Akt/GSK‑3β signaling pathway.
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by inhibiting EMT in melanoma cells through its inhibition 
on the phosphorylation of PI3K, Akt, and GSK‑3β in the pres-
ence of TGF‑β1. TGF‑β1 promoted the phosphorylation of 
PI3K/Akt, and then PI3K/Akt promoted the phosphorylation 
of GSK‑3β, in agreement with the results in Fig. 7A and B. As 
shown in Fig. 8, signaling mechanisms underline how ORI 
ameliorates TGF‑β1‑induced EMT. Owing to the toxicity and 
attractive anticancer activity, ORI has become a promising 
anti‑metastasis candidate compound for melanoma therapy. 
However, the effects and mechanisms of ORI need to be further 
elucidated in animal models and clinical trials. In addition, our 
results shed light on novel therapeutics in the prevention of 
melanoma cancer recurrence and metastasis.
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