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Abstract. Visfatin is considered to be a biomarker in various 
types of cancers. However, no evidence has been reported for 
the direct effect of visfatin on osteosarcoma cell metastasis. 
The aims of the present study were to investigate the influence 
of visfatin on the migration and invasion of osteosarcoma cells 
and clarify the underlying mechanism. The expression levels 
of epithelial-mesenchymal transition (EMT) markers, as well 
as the transcriptional factor Snail-1, were first detected at both 
the protein and mRNA levels in U2OS osteosarcoma cells after 
stimulation of visfatin. Then the expression of NF-κB (p65) 
was detected by western blot analysis, and siRNA of Snail-1 
and inhibitor of NF-κB were used to investigate the effect 
of visfatin. Finally, migration and invasion of the cells were 
detected respectively by scratch wound healing and transwell 
assays. Visfatin downregulated E-cadherin and upregulated 
N-cadherin in concentration- and time-dependent manners at 
the protein and mRNA levels. The expression of Snail-1 was 
also upregulated. Moreover, visfatin also promoted the nuclear 
translocation of the NF-κB pathway. Administration of siRNA 
of Snail-1 and the inhibitor BAY11-7082 validated the roles of 
Snail-1 and NF-κB in the visfatin-induced regulation of EMT 
markers. Migration and invasion of U2OS osteosarcoma cells 
were promoted following the application of visfatin. These 
results demonstrated that visfatin enhances the migration and 
invasion of osteosarcoma cells via the NF-κB/Snail-1/EMT 
pathway.

Introduction

Osteosarcoma is the most common malignant bone tumor, 
with high morbidity and lethality in young adults and adoles-
cents. Although intensive chemotherapy, radiotherapy, as well 
as aggressive surgical procedures, have been combined and 
applied for the treatment of patients with osteosarcoma, only 
60% achieve 5-year survival. What is striking is that ~80% of 
these patients have clinically detectable metastatic disease at 
the time of diagnosis (1,2). This disappointing current situation 
warrants the urgent need to identify the underlying molecular 
signaling mechanisms involved in osteosarcoma carcinogen-
esis and metastasis.

Visfatin, initially found in visceral fat, also known as 
nicotinamide phosphoribosyltransferase (Nampt) and pre-B-
cell colony-enhancing factor (PBEF), plays an important role 
in a variety of metabolic and stress responses, such as NAD 
biosynthesis, and exhibits proliferative, anti-apoptotic, pro-
inflammatory and pro-angiogenic properties (3). Recently, the 
effects of visfatin on carcinogenesis and its use as a chemo-
therapeutic target have attracted our attention. Visfatin was 
found to be overexpressed in colorectal cancer (4), and its over-
expression predicted a poor prognosis and decreased response 
to doxorubicin therapy in breast cancer (5). These data indicate 
that the expression and activity of visfatin may become novel 
therapeutic strategy targets for cancer patients. However, to 
date, only a few studies exist that concern the effect of visfatin 
on the clinical outcome of osteosarcoma patients, and even 
less studies have researched the potential mechanisms (6).

Epithelial-mesenchymal transition (EMT), whose func-
tion was primarily found in the process of embryogenesis (7), 
has been characterized by promoting downregulation of 
intercellular cohesion of cancer cells, elevated rate of cancer 
cell migration and invasion, and increased resistance to 
apoptosis even under chemotherapeutics  (8). The most 
important hallmarks of EMT are decreased expression of 
the epithelial molecule E-cadherin and increased expression 
of mesenchymal marker N-cadherin (9). Previous studies 
have demonstrated that EMT significantly induces cancer 
cells to disseminate from the tumor mass leading to distant 
metastasis.
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However, there is still no evidence to date on the direct 
effect of visfatin on osteosarcoma cell migration and invasion. 
Thus, in view of the above, in the present study, we aimed to 
evaluate whether osteosarcoma cell migration and invasion 
are influenced by visfatin through promotion of EMT. Finally, 
the mechanism of EMT promotion in osteosarcoma cells was 
also investigated, thus, offering a potential improvement in 
osteosarcoma treatment management.

Materials and methods

Reagents. Recombinant human visfatin and BAY11-7082, 
a selective inhibitor of NF-κB, were both purchased from 
Sigma-Aldrich (St. Louis, MO, USA). Rabbit monoclonal anti-
body to E-cadherin was purchased from Abcam (Cambridge, 
UK). Rabbit polyclonal antibodies to N-cadherin, Snail-1 and 
GAPDH were also purchased from Abcam. Rabbit anti-mouse 
antibody for NF-κB (P65) was purchased from Cell Signaling 
Technology Inc. (Danvers, MA, USA). Snail-1 siRNA was 
purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, 
USA).

Cell culture. The U2OS osteosarcoma cell line was purchased 
from the American Type Culture Collection (ATCC; Manassas, 
VA, USA). Dulbecco's modified Eagle's medium (DMEM; 
HyClone, Logan, UT, USA) supplemented with 10% fetal 
bovine serum (FBS; HyClone) was used to culture the U2OS 
cells. The U2OS cells were grown in a 37˚C incubator with 
5% CO2. To determine the effect of visfatin on the expression 
of EMT markers, the U2OS cells were maintained in DMEM 
supplemented with 1% FBS for 12 h and subsequently cultured 
in the absence or presence of visfatin or other reagents for the 
specified times.

Migration assay. Cell migration was studied using a scratch 
wound healing assay. The U2OS cells were cultured in 
6-well plates (1x106/well; Corning, NY, USA) and grown in 
a confluent monolayer. Straight scratches of the same width 
were made in monolayers of the U2OS cells with a pipette tip. 
After incubation with the reagents for a specified time, photo 
images were captured to measure the wound healing under a 
microscope.

Invision assay. Cell invasion was studied using a matrigel-
coated transwell assay. Modified Boyden chambers with 
8-µm pore filter inserts were coated with matrigel (50 µg/well; 
BD Biosciences, San Jose, CA, USA). The U2OS cells were 
cultured in 24-well plates, and the upper chamber contained 
cells in DMEM plus 1% FBS, while the lower chamber 
contained DMEM plus 10% FBS. The cells (1x105 cells/well) 
were re-suspended in the upper chamber at 37˚C and 5% CO2. 
After a 24-h incubation, the cells that had invaded onto the 
lower surface of the matrigel-coated membrane were fixed 
with methanol for 30 min and stained with hexamethylpara-
rosaniline, while the cells that remained on the upper surface 
were wiped away.

Western blot analysis. After stimulation with visfatin and 
other reagents, the U2OS cells were collected and the protein 
was extracted in ice-cold RIPA buffer (Beyotime Institute 

of Biotechnology, Nantong, Jiangsu, China) with 1  mM 
phenylmethyl-sulfonyl fluoride (PMSF; Beyotime Institute 
of Biotechnology) for 30 min. Concentration of the extracted 
protein was measured using the BCA protein assay kit 
(Beyotime Institute of Biotechnology). Cell lysates were elec-
trophoresed on a 10% SDS polyacrylamide gel and transferred 
onto nitrocellulose (NC) membranes (Millipore, Merck KGaA, 
Darmstadt, Germany). The blots were blocked and incubated 
with primary antibodies overnight followed by incubation with 
the secondary antibodies for 2 h at room temperature. Finally, 
the blots were visualized with an electrochemiluminescence 
(ECL) detection system (Millipore).

Real-time quantitative PCR (qPCR) analysis. Total RNA was 
isolated and extracted using Trizol reagent (Invitrogen) 
according to the manufacturer's directions from the cells that 
were cultured following the specified experimental programs. 
The concentration of total RNA was quantified by spectropho-
tometry. The RNA samples were reverse-transcribed into 
cDNA using M-MLV (Moloney murine leukemia virus) 
reverse transcriptase system (Fermentas, Shenzhen, China) 
(10). Total cDNA was amplified and detected using LightCycler 
FastStart DNA Master SYBR-Green I (Takara Biotechnology, 
Dalian, China). 18s was chosen as the reference gene, and the 
primer sequences for real-time PCR analyses were: E-cadherin 
forward primer, 5'-ACCAGAATAAAGACCAAGTGACCA-3' 
and reverse primer, 5'-AGCAAGAGCAGCAGAATCAG 
AAT-3' (11); N-cadherin forward primer, 5'-CACTGCTCA 
GGACCCAGAT-3' and reverse primer, 5'-TAAGCCGAGT 
GATGGTCC-3' (12); Snail forward primer, 5'-TTGGATAC 
AGCTGCTTTGAG-3' and reverse primer, 5'-ATTGCATA 
GTTAGTCACACCTC-3' (11); 18S forward primer, 5'-CTT 
AGTTGGTGGAGCGATTTG-3' and reverse primer, 5'-GCT 
GAACGCCACTTGTCC-3' (13).

Statistical analysis. Data in the present study were evaluated 
with Predictive Analytic Software (PASW) Statistics 18.0 
(SPSS, Inc., Chicago, IL, USA). The normally distributed 
data were analyzed by one-way ANOVA, while the non-
parametric variables were analyzed by the Mann-Whitney 
U test. Statistical significance was confirmed at a probability 
value (P) <0.05. Each assay was performed in triplicate.

Results

Effects of visfatin on expression of EMT markers in the osteo-
sarcoma cells. It is well known that cancer metastasis involves 
multiple steps, among which the acquisition of invasiveness 
through EMT has been well established and illustrated. 
Meanwhile, the loss of the epithelial marker E-cadherin and 
gain of mesenchymal marker N-cadherin have been both 
confirmed as the most important hallmarks of EMT (9). We 
thus examined the effects of visfatin on expression of EMT 
markers in the osteosarcoma cells with western blot analysis 
and real-time PCR. The osteosarcoma cells were cultured 
with various concentrations of visfatin (0, 5, 50 and 500 ng/
ml) respectively, for 24 h. As shown in Fig. 1A and C, visfatin 
concentration-dependently decreased expression of the 
epithelial marker E-cadherin and enhanced the expression of 
mesenchymal marker N-cadherin in the osteosarcoma cells. 
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Then, real-time PCR was performed and the relative expres-
sion of the mRNA levels of E-cadherin and N-cadherin were 
assessed, and the results demonstrated the same tendency as the 
expression levels at the protein level (Fig. 1E). Subsequently, 
visfatin of 500 ng/ml was added to the osteosarcoma cells and 
cultured for various times (0, 6, 12, 24 and 48 h). As shown in 
Fig. 1B and D, visfatin time-dependently decreased the expres-
sion of E-cadherin and enhanced expression of N-cadherin in 
the osteosarcoma cells, reaching peak activity at 48 h. Finally, 
we also examined the mRNA expression of E-cadherin and 
N-cadherin after various culture times (0, 3, 6, 12, 18 and 
24 h). Similar results as the protein level were obtained. The 
results above indicated that visfatin altered the expression of 
EMT markers in a concentration- and time-dependent manner. 

Visfatin affects EMT via regulation of the expression of 
Snail. It has been revealed that EMT is affected by a variety 
of regulatory networks and is mainly triggered by a series of 
transcription factors, such as Snail-1, Slug, Twist, Zeb1 and 
SIP1. Among these factors, Snail-1 has been the most exten-
sively studied and has been found to play a pivotal role in the 
process (14). Thus, we investigated the effects of visfatin on 
the expression of Snail-1 and its subsequent effects on EMT.

Visfatin of 500 ng/ml was selected to stimulate osteosar-
coma cells for various times (0, 3, 6, 9 and 12 h). As shown 
in Fig. 2A, visfatin significantly promoted the expression of 
Snail-1 along with the increase in the stimulation time, reaching 
a peak at 12 h. Subsequently, real-time PCR was performed to 
examine the relative expression of Snail-1, and the results were 

Figure 1. Visfatin decreases the expression of E-cadherin and increasesthe expression of N-cadherin in U2OS osteosarcoma cells. (A, C and E) U2OS osteosar-
coma cells were treated with visfatin at various concentrations (0, 5, 50 and 500 ng/ml) for 24 h. (A and C) Western blot assay was used to assess the changes 
in E-cadherin and N-cadherin protein expression levels. (E) RT-PCR was also used to detect the mRNA expression levels of E-cadherin and N-cadherin. (B, D 
and F) U2OS osteosarcoma cells were treated with visfatin at the concentration of 500 ng/ml for various times (0, 6, 12, 24 and 48 h). (B and D) Western blot 
assay was used to assess the changes in E-cadherin and N-cadherin protein expression levels. (F) RT-PCR was also used to detect the mRNA expressions of 
E-cadherin and N-cadherin. *P<0.05 vs. the control group; **P<0.01 vs. the control group. Data shown are means ± SEM from three independent experiments 
in duplicate.
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Figure 2. Snail-1 mediates the regulation of EMT markers. (A and B) U2OS osteosarcoma cells were treated with visfatin at the concentration of 500 ng/ml for 
various times (0, 3, 6, 9 and 12 h). (A) Western blot assay and (B) RT-PCR assay were both used to assess the changes in Snail-1 protein expression. (C) Western 
blot analysis showed that Snail-1 siRNA significantly reversed the effects of visfatin on E-cadherin and N-cadherin expression. *P<0.05 vs. the control group; 
**P<0.01 vs. the control group; #P<0.05 vs. the visfatin group. Data shown are means ± SEM from three independent experiments in duplicate.

Figure 3. Expression of NF-κB is influenced by visfatin. (A and B) Treatment with visfatin (500 ng/ml) for various times (0, 3, 6, 9 and 12 h) time-dependently 
increased the expression of p65 in the nucleus of osteosarcoma cells. (C and D) Treatment with visfatin (500 ng/ml) for various times (0, 3, 6, 9 and 12 h) 
time-dependently decreased the expression of p65 in the cytosol. *P<0.05 vs. the control group; **P<0.01 vs. the control group. Data shown are means ± SEM 
from three independent experiments in duplicate.
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similar with those at the protein level (Fig. 2B). Subsequently, in 
order to ascertain the compulsory role of Snail-1 in promoting 
EMT, the cells were pre-treated with siRNA of Snail-1 for 2 h 
before the stimulation of visfatin. As shown in Fig. 2C, pre-
treatment with the siRNA of Snail-1 significantly abrogated 
the promotive effect of visfatin on E-cadherin and the inhibi-
tory effect on N-cadherin. The results above confirmed that 
Snail-1 is a key regulator of EMT and visfatin affects EMT via 
regulation of the expression of Snail-1.

Visfatin induces NF-κB nuclear translocation. It has been 
reported that NF-κB is a key transcriptional signaling 
molecule that mediates the expression of many downstream 
genes. In previous studies, the expression of NF-κB and its 
nuclear translocation were proven to be involved in the inva-
sion of osteosarcoma cells (15,16). Thus, in the present study, 
in order to determine the effects of visfatin on the expression 
and nuclear translocation of NF-κB, we respectively extracted 
and measured the phosphorylation levels of p65 in the nucleus 
and in the cytoplasm after various stimulation times (0, 3, 6, 9 
and 12 h). As shown in Fig. 3A and B, the results demonstrated 
that visfatin significantly increased the expression of p65 in 
the nucleus and simultaneously decrease its expression in the 
cytoplasm (Fig. 3C and D). In addition, we observed that only 
a 3-h stimulation by visfatin could significantly transfer p65 
from the cytoplasm to the nucleus.

NF-κB mediates visfatin-induced expression of EMT markers. 
In order to further determine the molecular mechanisms 
underlying visfatin-induced promotion and suppression of 
EMT markers, we chose 500 ng/ml of visfatin to stimulate 
the osteosarcoma cells for 24  h and pre-treated the cells 
with BAY11-7082 (20 µM) for 2 h. As shown in Fig. 4A, pre-
treatment with the NF-κB inhibitor BAY11-7082 significantly 
abrogated the effects of visfatin on E-cadherin and N-cadherin. 
Subsequently, the expression of Snail-1 was examined following 
the same treatments, and a similar tendency was obtained. 
These results indicate that NF-κB is a key signaling molecule 
that mediates the expression of Snail-1 and EMT. 

Visfatin promotes the migration and invasion of osteosarcoma 
cells mainly through the Snail-1 and NF-κB signaling path-
ways. Wound healing and transwell assays were respectively 
applied to evaluate the migration and invasion of osteosar-
coma cells. Osteosarcoma cells were treated with various 
concentrations of visfatin (0, 5, 50 and 500 ng/ml) for 24 h. 
As shown in Fig. 5A, the results of the wound healing assay 
demonstrated that healing over the scratch was increased 
gradually in a concentration-dependent manner after treat-
ment with visfatin. Moreover, as shown in Fig. 5C, a transwell 
assay exhibited that the number of invading cells transferred 
from the upper surfaces to the lower surfaces were also promi-
nently promoted by visfatin in a similar trend. Next, in order to 

Figure 4. NF-κB mediates the regulation of EMT markers and Snail-1. (A and B) Western blot analysis showed that BAY11-7082 (20 µM) significantly reversed 
the effects of visfatin on E-cadherin and N-cadherin expression. (C and D) Western blot analysis showed that BAY11-7082 (20 µM) significantly reversed the 
effects of visfatin on Snail-1. *P<0.05 vs. the control group; **P<0.01 vs. the control group; #P<0.05 vs. the visfatin group; ##P<0.01 vs. the visfatin group. Data 
shown are means ± SEM from three independent experiments in duplicate.
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further ascertain the signaling pathway underlying the effects 
of visfatin on cancer cell migration and invasion, Snail-1 siRNA 
and BAY11-7082 (20 µM) were repectively used to pre-treat the 
cells for 2 h. As shown in Fig. 5B and D, blockage of the Snail-1 
and NF-κB signaling pathways markedly suppressed the migra-
tion and invasion of osteosarcoma cells, which suggests that 
visfatin promotes the migration and invasion of osteosarcoma 
cells mainly through the Snail-1 and NF-κB signaling pathways.

Discussion

Osteosarcoma, arising from primitive transformed cells 
of mesenchymal origin, mostly occurs in the long bones of 
children and adolescents, and is the most common malignant 
tumor of bone (17). The underlying mechanisms involved in the 
occurrence and development of osteosarcoma are so complex 
that the exact etiology remains unclear to date. Despite the 
fact that the mortality rate of osteosarcoma has declined in 
the past few years, ~30% of osteosarcoma patients succumb to 
lung metastases (18,19). As shown in a previous studies, lung is 
the most common and primary site of metastasis for osteosar-
coma (20). Thus, it is urgent to further investigate the potential 
mechanisms underlying the pathogenesis of osteosarcoma and 

to search for new factors that affect the migration and invasion 
of osteosarcoma cells, as well as to explore novel therapeutic 
approaches and treatment strategies for osteosarcoma patients.

Nampt/PBEF/visfatin has been considered to belong to the 
dimeric class of type II phosphoribosyltransferases because 
of its crystal structure (21,22). This enzyme consists of two 
different forms: an intracellular form, named iNampt and 
an extracellular form, named eNampt (6). Since little atten-
tion has been paid to visfatin, the biological functions and 
the underlying mechanisms of visfatin remain incompletely 
understood and its function has been mainly explored in 
regards to endothelial cells and vascular disorders  (6,23). 
However, along with the findings of its roles in carcinogenesis, 
recently visfatin has received more attention. As shown in 
previous studies, visfatin expression is markedly increased in 
various types of tumors, such as glioblastoma (24), malignant 
astrocytomas (24), breast (4,25) and prostate cancer (26). In 
addition, it has been demonstrated that the expression level 
of visfatin is gradually elevated with the progressive stage 
of gastric (27) and colorectal cancers (28). Thus, visfatin is 
regarded as a biomarker for many types of cancer. However, 
there is still no evidence showing the specific effects of 
visfatin on osteosarcoma to date, and thus, the present study 

Figure 5. Visfatin enhances the migration and invasion of U2OS osteosarcoma cells. (A and B) U2OS osteosarcoma cells were treated with visfatin at various 
concentrations (0, 5, 50 and 500 ng/ml) for 24 h. The effect of visfatin on the migration of U2OS osteosarcoma cells was assessed by wound healing assay. 
(C and D) The effect of visfatin on the invasion of U2OS osteosarcoma cells was assessed by transwell assay. *P<0.05 vs. the control group; #P<0.05 vs. the 
visfatin group. Data shown are means ± SEM from three independent experiments in duplicate.
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was designed to elucidate the role of visfatin in osteosarcoma, 
as well as the underlying mechanisms.

Tumor-associated EMT is known as one of the most 
important contributors promoting osteosarcoma progression 
and metastasis  (17). According to investigations, EMT is 
associated with elevated grades of incursion, higher tumor 
recurrence, poorer prognosis and decreased patient survival 
rates (29). During the process of EMT, the conversion of polar-
ized epithelial cells acquiring a mesenchymal phenotype alters 
cell-cell and cell-extracellular matrix (ECM) interactions and 
makes cell motility more unconstrained through the ECM, 
which is intensively associated with tumor metastasis. The 
most important marks of EMT are the loss of epithelial marker 
E-cadherin and the acquisition of mesenchymal marker 
N-cadherin. Thus, in order to ascertain the effect of visfatin 
on EMT, the expression levels of E-cadherin and N-cadherin 
were detected, respectively, at the levels of protein and mRNA 
following treatment with visfatin. The data (Fig. 1) indicated 
a significant role of visfatin; vitsfatin treatment concentra-
tion- and time-dependently decreased and increased the 
expression of E-cadherin and N-cadherin, respectively. The 
results intensively suggest that visfatin is an inducer of EMT 
in osteosarcoma cells.

Although the molecular mechanisms associated with loss of 
E-cadherin expression and increase of N-cadherin expression 
are still not clear, the Snail-1 superfamily, particularly Snail-1, 
have been considered as the master regulators. A number of 
experiments have been performed to indicate that Snail-1 is 
the transcriptional repressor of E-cadherin and transcriptional 
inducer of N-cadherin. It has been reported that Snail-1 is 
overexpressed in osteosarcoma (30), and its overexpression 
inhibits the action of 1,25-dihydroxyvitamin D3 [1,25(OH)-D3] 
which was thought to suppress the proliferation, migration and 
invasion of cancers (31,32), so that Snail-1 exerts its promoting 
effect on osteosarcoma progression (30). In the present study, 
we detected the protein and mRNA expression of Snail-1 
after various times of stimulation with visfatin, and the results 
showed that a 6-h stimulation significantly increased Snail-1 
expression. When we blocked Snail-1 with its siRNA, the 
effects of visfatin on E-cadherin and N-cadherin were signifi-
cantly reversed, which indicated that visfatin-induced EMT 
was mediated by Snail-1.

It has been firmly established that NF-κB exerts a pivotal 
role in the regulation of tumor metastasis  (33). A previous 
study proved that the pulmonary metastasis of osteosar-
coma is reduced by inhibition of NF-κB  (33). In a study 
of Huber et al  (34), it was found that inhibition of NF-κB 
prevented EMT, while activation of this pathway promoted 
EMT, and inhibition of NF-κB caused a reverse in EMT, 
suggesting that NF-κB is essential for EMT. Maier et al (35) and 
Chen et al (36) also found that NF-κB promoted the migration 
and invasion of carcinoma cells via its induction of EMT. In 
the present study, we aimed to ascertain whether NF-κB was 
involved in visfatin-induced EMT and the metastasis of osteo-
sarcoma. First, the expression of the p65 subunit of NF-κB was 
detected respectively in the nucleus and the cytoplasm, and the 
increase in the nucleus and the decrease in the cytoplasm indi-
cated the occurrence of NF-κB nuclear translocation under the 
stimulation of visfatin. When the NF-κB pathway was blocked 
by its inhibitor, the effects of visfatin on the expression levels 

of E-cadherin and N-cadherin were entirely reversed, as well 
as the expression of Snail-1. This suggests that NF-κB is the 
mediator of visfatin-induced EMT.

In conclusion, the results presented in this study elucidated 
the visfatin/NF-κB/Snail-1/EMT pathway as a novel mecha-
nism by which visfatin promotes the aggressive behavior of 
osteosarcoma cells. In addition, the data above indicate the 
importance of visfatin as a potential therapeutic target. Thus, 
inhibition of visfatin may provide a new anti-osteosarcoma 
strategy.
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