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Nitidine chloride suppresses epithelial-to-mesenchymal transition
in osteosarcoma cell migration and invasion through
Akt/GSK-3f/Snail signaling pathway
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Abstract. Metastasis is the main cause of death in osteosar-
coma. Targeting the process of metastasis is a main strategy
for osteosarcoma therapy. As a traditional Chinese medi-
cine, Zanthoxylum nitidum (Roxb) has been applied to treat
various diseases, including cancer. However, no evidence has
been shown on the anti-metastasis effect of nitidine chloride
(NC) that was extracted from Zanthoxylum nitidum (Roxb)
on osteosarcoma cells, or its underling mechanisms. In the
present study, we aimed to demonstrate the role of NC on
the migration and invasion of osteosarcoma cells. Viability
and proliferation of osteosarcoma cells were examined by
MTT assay. Then, by appling scratch wound healing assay
and Transwell assays, we evaluated migratory and invasive
ability of the cells, respectively. Moreover, the expression of
epithelial-to-mesenchymal transition (EMT) markers were
determined after treatment with NC. Furthermore, the expres-
sion of Akt, GSK-3f and Snail were detected by western blot
analysis. In addition, the GSK-3f activity was examined by
GSK-3p kinase assay. Finally, an inhibitor of GSK-3f, lithium
chloride (LiCl) was applied to testify the effect of NC on
the expression of EMT markers and Snail. We found that
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the proliferative, migratory and invasive ability of the U20S
osteosarcoma cells were all suppressed when treated with NC.
NC increased the expression of E-cadherin and decreased the
expression of N-cadherin, vimentin and fibronectin in a dose-
dependent manner. NC also exerted its ability to suppress the
phosphorylation of Akt and GSK-3f so as to activate GSK-3p.
Then, by using an GSK-3f inhibitor, LiCl, we revealed the
effect of GSK-3f in the expression of EMT markers. The
expression of Snail was inhibited when treated with NC and
LiCl also reversed the NC-inhibited Snail expression. Taken
together, these results revealed that NC suppressed EMT and
decreased the invasive ability of osteosarcoma cells via the
Akt/GSK-3f/Snail signaling pathway.

Introduction

It is well documented that natural products which were
extracted from dietary foods or medical plants are reli-
able sources in chemopreventive or antitumor therapeutic
drug pharmaceutical development due to their relatively
reduced side-effects (1). Among them, nitidine chloride
(NC) (Fig. 1A) is a natural bioactive phytochemical alkaloid
which is extracted from the root of Zanthoxylum nitidum
(Roxb). Extensive reports have demonstrated that NC has
anti-oxidant, anti-inflammatory, anti-fungal and anti-
HIV functions (2,3). Recently, studies have focused on its
antitumor activity in various types of cancers, such as hepa-
tocellular carcinoma (4), gastric (5), breast (6,7), renal (8,9),
nasopharyngeal carcinoma (10) and chronic myeloid
leukemia (CML) (11). NC have showed activity for inhibiting
proliferation and induces apoptosis of hepatocellular carci-
noma, gastric, breast and renal cancer (4,5,7,8). Moreover,
NC was also shown to suppress invasion and metastasis of
breast cancer by suppressing c-Src/FAK associated signaling
pathway and renal cancer via Akt pathway (6,9). NC has
also been demonstrated to be a powerful chemosensitizer for
breast cancers (7). Furthermore, a recent study have proved



1024
A
B 12, . 12h
_ 3 24h
100
< ) ) Ciash
= 754 # L*
=] #
s #
S 501 “
®
O 25
0_

NC (uM) 0 1 25 5 10 20

Figure 1. The chemical structure of nitidine chloride (NC) and the effect
of NC on U20S osteosarcoma cell proliferation. (A) Chemical structure of
NC. (B) After treated with NC for different time periods (12, 24 and 48 h) at
various concentration gradients (0, 1, 2.5, 5, 10 and 20 uM), the viability of
the U20S osteosarcoma cells were detected by MTT assay. “P<0.05, “P<0.01
vs. the control group. The results represent the mean + SD from three inde-
pendent experiments.

that NC can induce erythroid differentiation and apoptosis in
CML cells via c-Myc-miRNAs axis (11).

Osteosarcoma is the most common primary bone malig-
nant tumor in young adults and children accounting for
approximately 20% of all primary bone neoplasm (12-14).
Nowadays, complete radical surgery is a treatment strategy
for local osteosarcoma, but the survival rate is below 20%.
When chemotherapy is employed with surgery for improving
the prognosis, the survival rate is between 50 and 60% (15).
Due to distal metastases developed prior to diagnosis, osteo-
sarcoma has a poor prognosis. Evidence showed that less than
30% of patients with osteosarcoma survive for 5 years after
lung metastasis (16). The high mortality rate and poor prog-
nosis are attributed to metastasis in osteosarcoma, therefore,
it is urgent in osteosarcoma therapy to identify novel drugs to
obtain better treatment outcome.

Osteosarcoma cells are highly invasive, so the inhibition of
their invasive ability will be effective in its treatment. To gain
invasive ability, cancer cells may undergo a unique phenotypic
change, epithelial-mesenchymal transition (EMT) which is a
morphologic conversion process (17). Characterized by loss
of cell adhesion, inhibition of epithelial molecule E-cadherin
and gain of mesenchymal markers N-cadherin, vimentin
and fibronectin, EMT is considered as a highly conserved
cellular process (18). Recent studies have demonstrated EMT
in representing mechanisms of carcinoma metastasis (18,19).
Among the regulators modulating EMT, Akt and glycogen
synthase kinase 3f (Gsk-3f), have been shown to play an
important role in regulating EMT (20,21). Previous reports
have documented the crucial role of GSK-3f in regulating
cell cytoskeleton maintenance, gene transcription, migration
and invasion (22-24). Snail family members, including Snail,
Slug, Twist, Zebl and SIP1, have been demonstrated to play an
crucial role in promoting EMT (25).

The present study was designed to investigate the influence
of NC on osteosarcoma cell invasion and EMT, as well as
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the underlying mechanisms of this effect. To the best of our
knowledge, this is the first report to delineate the molecular
mechanisms of NC in the invasion and EMT of osteosarcoma
cells.

Materials and methods

Cell lines and reagents. The U20S osteosarcoma cell lines
were purchased from the American Type Culture Collection
(ATCC; Manassas, VA, USA) and were routinely cultured
in Dulbecco's modifid Eagle's medium (DMEM,; Invitrogen,
Carlsbad, CA, USA) containing 10% fetal bovine serum (FBS;
Invitrogen), 100 U/ml penicillin, and 100 pg/ml streptomycin
in 5% CO, at 37°C. Rabbit anti-Akt, phosphor-Akt, rabbit anti-
GSK-3p, phosphor-GSK-3f and rabbit anti-Snail antibodies
were purchased from Cell Signaling Technology (Danvers,
MA, USA), rabbit anti-E-cadherin, N-cadherin, vimentin
and fibronectin antibodies were purchased from Abcam
(Cambridge, UK). Alexa-Fluor-488-conjugated and Alexa-
Fluor-594-conjugated goat anti-rabbit IgG were purchased
from Invitrogen. Nitidine chloride (NC) was purchased from
Shanghai Tauto Biotech Co., Ltd. (Shanghai, China) and then
dissolved in dimethyl sulfoxide (DMSO). Lithium chloride
(LiCl), a conventional selective inhibitor of GSK-3f3, was
purchased from Sigma-Aldrich (St. Louis, MO, USA).

Cell viability assay. 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay was used to detect
the cell viability and proliferation. The U20S osteosarcoma
cells (5,000 cells/well) in 100 ul medium were seeded into
96-well plates. After stimulated with NC of various doses
0, 1,2.5,5, 10 and 20 yM), for various time-points (12, 24
and 48 h), 20 ul MTT (5 mg/ml) was added into each well.
After incubation for 4 h, 100 ul of DMSO was added to each
well for another 15 min. Finally, the absorbance values were
determined by microplate reader (Thermo Fisher Scientific,
Waltham, MA, USA) at 490 nm.

Western blot analysis. After incubated with NC, the U20S
osteosarcoma cells were collected and lysed. Total cell protein
concentrations were detected by using the BCA protein
assay kit (Pierce, Rockford, IL, USA). Equal protein from
cell lysates were loaded in 12% SDS-PAGE gels. After elec-
trophoresis, proteins were transferred to PVDF membranes
(Millipore, Billerica, MA, USA) and then blocked with 5%
fat-free milk at room temperature for 1 h, and incubated with
primary antibodies overnight at 4°C. Then, the membranes
were washed with TBST and incubated with HRP-conjugated
secondary antibodies for 1 h at room temperature. Immune
complexes were detected with ECL reagents (Millipore) and
the blots were quantified by densitometric analysis using the
Alphalmager 2200.

Immunofluorescent staining. After incubated with NC, the
U20S osteosarcoma cells were fixed with 4% paraformal-
dehyde, permeabilized with 0.5% Triton X-100 and then
incubated with 5% normal goat serum for 1 h. Thereafter, the
cells were incubated with rabbit anti-E-cadherin and rabbit
anti-vimentin overnight at 4°C. This step was followed by incu-
bation with either Alexa-Fluor-488-conjugated goat anti-rabbit
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IgG or Alexa-Fluor-594-conjugated goat anti-rabbit IgG for
1 h at room temperature. The cells were further incubated with
4'6-diamidino-2-phenylindole (DAPI)/PBS (1:5,000; Sigma)
for 3 min at room temperature. Finally, images were acquired
by using a Nikon Eclipse 80i fluorescence microscope.

Scratch wound healing assay. A scratch wound healing assay
was used to examine the migration of the U20S osteosarcoma
cells. Briefly, the U20S cells (1x10%/well) were seeded in
6-well plates cultured with DMEM supplemented with 10%
FBS. When reaching confluency, each well was wounded with
a scratch by a 200-u1 pipette tip. To determine the effect of NC
on the migration of U20S cells, 5 uM NC was added to each
well. After 24 h of incubation, the wound healing areas were
photographed and then the distance between two cell edges
were analyzed by ImagelJ software.

In vitro invasion assay. To evaluate the effect of NC on the
invasive ability of U20S osteosarcoma cells, the Transwell
system was used. The cells were cultured in Boyden cham-
bers, with 8-um pore filter inserts, in 24-well plates (Corning
Costar, Corning, NY, USA). The pore inserts were pre-coated
with Matrigel (BD Biosciences, Franklin Lakes, NJ, USA)
overnight. The U20S cells were pre-treated with NC (5 uM)
for 24 h. The U20S cells (1x10° cells/well) were suspended in
100 1 DMEM supplemented with 1% FBS and were added
to the upper chamber. DMEM with 10% FBS and 5 uM NC
were added to the lower chamber. After 24 h of incubation, the
cells attaching to the lower surface were fixed with methanol
and stained with 0.1% crystal violet. Five random high-power
fields (magnification, x200) of each sample were selected and
counted to assess the average number of invasive cells.

GSK-3p kinase assay. A fluorescence peptide substrate-based
assay was applied to evaluate GSK-3f kinase activity (Omnia
Ser/Thr Recombinant kit; Invitrogen). In brief, GSK-3f
complex was prepared from equal amounts of cell lysates by
immunoprecipitation, then it was incubated with 10 yM of
Ser/Thr peptide substrate in kinase reaction buffer (containing
1 mM ATP and 1 mM DTT) for 20 min at 30°C. Fluorescence
intensity was recorded by measuring the A485 in a 96-well
plate. Relative GSK-3p activity was calculated by using
untreated cells (equal to 1).

Statistical analysis. The data are expressed as the mean =+ stan-
dard deviation (SD). All of the experiments were repeated at
least three times. Comparisons among values for all groups
were performed by one-way analysis of variance (ANOVA).
Holm's t-test was applied for analysis of differences between
the different groups. Differences were considered to be statis-
tically significant at P<0.05.

Results

Suppressive effect of NC on the cell proliferation of osteo-
sarcoma cells. The structure of NC is shown in Fig. 1A. To
explore the effect of NC on the proliferation of U20S osteo-
sarcoma cells, MTT assay was used as described in Materials
and methods. As shown in Fig. 1B, different doses (0, 1, 2.5,
5, 10 and 20 M) of NC were added into the cultured U20S
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osteosarcoma cells. After 24-h treatment, NC significantly
inhibited the viability of U20S osteosarcoma cells at a dose
beyond 5 uM (10 and 20 uM). After 48-h treatment, NC
significantly suppressed proliferation of U20S osteosarcoma
cells at a dose beyond 1 yM (2.5, 5, 10 and 20 uM). However,
at doses <1 uM, the suppressive effect was not significant.
Thus, NC suppressed the proliferation of U20S osteosarcoma
cells time- and dose-dependently. Based on these results, we
chose NC at a dose of 5 M for 24 h in the following migration
and invasion experiments so as to exclude the effect of U20S
osteosarcoma cell proliferation.

Migration and invasion are inhibited by NC in osteosarcoma
cells. The wound healing assay was used to examine the role
of NC on the migration of U20S osteosarcoma cells. The
U20S osteosarcoma cells were treated with NC at the dose of
5 uM for 24 h. As shown in Fig. 2A, migration of U20S cells
was inhibited by 5 uM NC. The results of the wound healing
assay indicated that healing over the scratch was significantly
reduced when treatment with NC. To further reveal the effect
of NC on U20S osteosarcoma cells invasion, a Transwell
assay was applied. The U20S cells were stimulated with 5 M
NC for 24 h. As shown in Fig. 2B, the invasive ability of U20S
cells were inhibited by 5 uM NC. The results of Transwell
assay implied that NC could suppress the invasive ability of
osteosarcoma cells.

NC alters the expression of EMT markers in osteosarcoma
cells. Increasing evidence has demonstrated that EMT
played a crucial role in the process of tumour invasion and
metastasis (26,27). We thus detected the effect of NC on
the expression of EMT markers (E-cadherin, N-cadherin,
vimentin and fibornectin) in the U20S osteosarcoma cells.
Various concentrations of NC (0, 5 and 10 xM) were respec-
tively added to the U20S cells for 24 h. As shown in Fig. 3A
and B, NC treatment significantly upregulated the expres-
sion of epithelial marker E-cadherin and downregulated the
expression of mesenchymal markers N-cadherin, vimentin
and fibronectin in the U20S cells. Immunofluorescent
staining was also applied to evaluate the expression of EMT
markers. After NC (0, 5 and 10 uM) treatment for 24 h, the
cells were stained with E-cadherin and vimentin and analyzed
by fluorescence microscopy. As shown in Fig. 3C, 10 and
20 uM NC effectively increased the expression of E-cadherin
and decreased the expression of vimentin. These results above
suggested that NC may alter the expression of EMT markers
in a dose-dependent manner. In addition, these results also
suggested that the suppressive effect of NC on U20S cell
invasion and migration may be related to EMT.

Akt/GSK-3p pathway is involved in the NC modulated EMT in
osteosarcoma cells. Akt is a key regulator of cancer develop-
ment (28). GSK-3p, known to be a survival factor for cancer,
plays an important role in various cancer (29-31). Regulation
of EMT through Akt/GSK-3f signaling pathway has been
demonstrated in tumour progression (32,33). To explore
the effect of NC on Akt and GSK-3f activation, we treated
the U20S cells with various concentrations of NC (0, 5 and
10 M) for 24 h. Then the proteins were extracted, followed by
the detection of the phosphorylation of Akt and GSK-3f. As
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Figure 2. NC inhibits the migration and invasion of U20S osteosarcoma
cells. (A) The U20S osteosarcoma cells were treated with NC at the dose of
5 uM for 24 h and then assessed by a wound healing assay. (B) The U20S
osteosarcoma cells were treated with NC at the dose of 5 M for 24 h. The
effect of NC on invasion of U20S osteosarcoma cells was detected by a
Transwell assay. The bar graph represents the results of three independent
experiments. “P<0.01 vs. the control group.

shown in Fig. 4A and B, the relative expression of phospho-
Akt and phospho-GSK-3p was significantly downregulated
dose-dependently. To further verify the result, the effect of
NC on GSK-3f activity was examined by GSK-3f kinase
assay. The result demonstrated that NC at various doses (0,
5 and 10 gM) can significantly enhance GSK-3f activity in
U20S cells. To further investigate whether the role of NC on
EMT was attributed to Akt/GSK-3f signaling pathway, LiCl,
a GSK-3p inhibitor, was applied to pretreat the U20S cells
for 1 h before NC to block GSK-3f activation. As shown in
Fig. 4D and E, blockade of GSK-3f activity with LiCl could
significantly reverse NC-induced E-cadherin, N-cadherin,
vimentin and fibronection expression. These above results
indicate that NC could inhibit Akt phosphorylation and
then enhanced GSK-3f activity. Furthermore, these results
suggested that GSK-3p activation is critical for EMT and
Akt/GSK-3f pathway may be involved in NC-inhibited EMT
in osteosarcoma cells.

NC induces Snail upregulation via GSK-3f activation in
osteosarcoma cells. Evidence has shown that EMT is governed
by various regulatory networks. Among them, Snail was the
first described transcriptional factor in suppressing E-cadherin
expression (34). Thus, we further investigated the effects of
NC on the expression of Snail and the relationship between
GSK-3f3 and Snail. We chose various concentrations of NC
(0, 5 and 10 uM) to stimulate the U20S cells for 24 h. As
shown in Fig. 5A and B, NC obviously inhibits the expression
of Snail with a dose-dependent manner. Then, the U20S cells
were also pretreated with LiCl for 1 h before NC was added.
As shown in Fig. 5C and D, pretreatment with the GSK-3f
inhibitor LiCl significantly abolished the inhibitory effect of
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Figure 3. NC increases the expression of E-cadherin and reduces the expres-
sion of N-cadherin, vimentin and fibronectin of U20S osteosarcoma cells.
(A) The U20S osteosarcoma cells were treated with NC at various concen-
trations (0, 5 and 10 M) for 24 h and the level of E-cadherin, N-cadherin,
vimentin and fibronectin protein expression were detected by western blot
analysis. (B) Statistical analysis of the western blot results. (C) The U20S
osteosarcoma cells were treated with NC at various concentrations (0, 5 and
10 uM) for 24 h and the expression of E-cadherin and vimentin were detected
by immunofluorescent staining. “P<0.05, “P<0.01 vs. the control group. Data
shown are means + SD from three independent experiments.

NC. These results indicate that GSK-3f is a key regulator of
Snail and NC inhibits the expression of Snail through blocking
the GSK-3f pathway at least in part. Taken together, these
results strengthen the opinion that inhibition of metastasis by
NC is regulated by suppression of EMT through Akt/GSK-3f/
Snail signaling pathway in osteosarcoma cells.

Discussion

Metastasis is regarded as a leading cause of mortality of most
cancer patients. Exploration on the molecular mechanisms of
metastasis is a crucial issue in cancer research. Thus, it is very
important to seek effective drugs to suppress the metastasis
of cancer. Recently, increased attention was paid on natural
products in tumor therapy for their anticancer property and
less severe side-effects (35,36). As a kind of bioactive phyto-
chemical alkaloid extracted from Zanthoxylum nitidum (Roxb),
NC has been well documented to have the ability to induce
apoptosis and inhibit the proliferation, migration and invasion
of hepatocellular carcinoma, gastric, breast, renal cancer cells
and CML cells (4-9,11). Although previous studies reported
the antitumor effect of NC, the role of NC on osteosarcoma
cell migration and invasion have not been clearly elucidated, or
EMT and its detailed molecular mechanisms. Our study first
examined the effect of NC on the viability of osteosarcoma
cells. We found that 5 uM NC could significantly inhibit
cell proliferation after 48 h of treatment, while there was no
significant effect before 24 h. Thus, we selected 24 h as the
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Figure 4. GSK-3f regulates the NC-mediated epithelial-to-mesenchymal
transition (EMT) in U20S osteosarcoma cells. (A) The U20S osteosarcoma
cells were stimulated with NC at various concentrations (0, 5 and 10 yM) for
24 h, expression of p-Akt and p-GSK-33 were analyzed by western blotting.
(B) Statistical analysis of the western blotting results. (C) The U20S osteo-
sarcoma cells were stimulated with NC at various concentrations (0, 5 and
10 uM) for 24 h, GSK-3f activity was determined by GSK-3f kinase assay.
(D) The U20S osteosarcoma cells were treated with NC (5 pM) and/or LiCl
(20 mM) for 24 h, then expression of E-cadherin, N-cadherin, vimentin and
fibronectin were assessed by western blotting assay. (E) Statistical analysis
of the western blotting results. “P<0.05, “P<0.01 vs. the control group.
"P<0.05, "P<0.01, compared with the cells treated with NC. Data shown are
means + SD from three independent experiments.

stimulation time-point and 5 yM as the stimulation dose in
the following migration and invasion experiments, so that the
influence of proliferation was excluded. For the first time, the
present study demonstrated that NC could effectively inhibit
the migration and invasion of osteosarcoma cells by using
wound healing and Transwell assays. These results revealed
the anti-metastatic activity of NC.

The metastasis of osteosarcoma is a complex process
which includes cell migration, invasion, and adhesion (37).
EMT is a special phenotypic transformation by which
epithelial cells lose the polarity and cell-cell adhesion, then
obtain the migratory and invasive properties of mesenchymal
cells. EMT is characterized by downregulated epithelial
marker E-cadherin and upregulated mesenchymal markers
N-cadherin, vimentin and fibronectin. Cancer cells can gain
the capacity to invade adjacent tissues, break through the
basement membrane, and finally enter the bloodstream when
acquiring the mesenchymal phenotype through EMT (38).
Several studies have reported the role of EMT in osteo-
sarcoma metastasis, thus implying the poor prognosis of
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Figure 5. GSK-3 mediates the expression of Snail in NC-treated U20S
osteosarcoma cells. (A) The U20S osteosarcoma cells were stimulated with
NC at various concentrations (0, 5 and 10 uM) for 24 h, expression of Snail
were analyzed by western blotting. (B) Statistical analysis of the western
blot results. (C) The U20S osteosarcoma cells were treated with NC (5 uM)
and/or LiCl (20 mM) for 24 h, then expression of Snail were assessed by
western blotting assay. (D) Statistical analysis of the western blot results.
“P<0.05, “P<0.01 vs. the control group. *P<0.05, #P<0.01, compared with the
cells treated with NC. Data shown are means + SD from three independent
experiments.

osteosarcoma (39,40). In this study, we explored the role of
NC on EMT in osteosarcoma cells. The present study showed
that NC increased the expression of the epithelial marker
E-cadherin and decreased the expression of mesenchymal
markers N-cadherin, vimentin and fibronectin with a dose-
dependent manner. Our results demonstrated that NC inhibited
EMT in osteosarcoma cells.

The Akt/GSK-3f signaling pathway has been documented
to regulate various cell functions, such as proliferation, apop-
tosis and angiogenesis (41-43). Expression of Akt/GSK-3p is
associated with cell proliferation, apoptosis and angiogen-
esis (24,41-43). Notably, GSK-3f activity is regulated by a
site-specific phosphorylation of Tyr216/Ser9 residues, the
phosphorylation of GSK-3f resulted in its inactivation (44).
Moreover, Akt/GSK-3f regulates the stability and tran-
scription of Snail in some cancer cells and the inactivation
of GSK-3p is crucial to induce Snail expression (32,45).
Previous studies documented the role of Akt/GSK-3(/Snail
in regulating the metastasis of various type of tumours via
modulating EMT, such as colorectal, gastric, hepatocellular
carcinoma, prostate, lung, breast, head and neck squamous
cell carcinoma and bladder cancer (21,32,33,45-49). In the
present study, the Akt/GSK-3f activity in osteosarcoma
cells was examined by western blot analysis and GSK-3f
kinase assay. We found that expression of phosphor-Akt and
phosphor-GSK-3f was decreased while GSK-3f3 activity was
increased when treated with NC. To confirm that the GSK-3f3
signaling pathway was involved in NC-inhibited EMT in
osteosarcoma cells, we blocked GSK-3f activity by appling
LiCl, the GSK-3p inhibitor. The present study showed that
suppression of GSK-3f activity by LiCl significantly reversed
NC-induced E-cadherin, N-cadherin, vimentin and fibro-
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nectin expression. These results further demonstrated that
GSK-3f activation is essential for EMT and the effect of NC
might be GSK-33-dependent.

Finally, we explored the role of NC and GSK-3f3 on tran-
scription factor Snail. Snail, a zinc finger protein, is one of the
most crucial members in Snail superfamily. Previous studies
have demonstrated its role in modulating EMT through down-
regulate the expression of epithelial marker E-cadherin and
upregulate of mesenchymal markers N-cadherin, vimentin
and fibronectin by binding with some boxes in the promotor
region (50). Snail is involved in several types of cancer
progression and metastasis via regulating EMT (33,47,50).
The stability and transcription of Snail may be modulated
by GSK-3p (32). In the present study, we found that the
expression of Snail was decreased when treated with NC in a
dose-dependent manner. While LiCl significantly reversed the
effect further indicating that GSK-3p was upstream of Snail.
The above results demonstrated that NC inhibited the expres-
sion of Snail via the GSK-3f pathway.

In summary, this study for the first time indicate that NC
inhibited the migration and invasion of osteosarcoma cells
by suppressing EMT. Moreover, the inhibitory role of NC
in EMT was regulated via the Akt/GSK-3/Snail pathway.
Taken together, NC suppresses the invasive ability of osteo-
sarcoma cells by inhibiting EMT through the Akt/GSK-3f/
Snail signaling pathway. Thus, our finding suggested that NC
is a promising agent in osteosarcoma therapy. Further in vivo
research should be performed.
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