@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

ONCOLOGY LETTERS 12: 5007-5014, 2016

Cisplatin promotes mesenchymal-like characteristics
in osteosarcoma through Snail
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Abstract. More than 30% of patients with osteosarcoma
succumb to pulmonary metastases. Epithelial-mesenchymal
transition (EMT) is a biological process by which tumor
cells gain an increased capacity for invasiveness and metas-
tasis. A previous study confirmed the phenomenon of EMT
in osteosarcoma, a mesenchymal-derived tumor. However,
whether chemotherapy affects EMT remains to be elucidated.
In the present study, the osteosarcoma cells were exposed to
a sublethal dose of cisplatin, and any surviving cells were
assumed to be more resistant to cisplatin. In addition, these
cells exhibited a more mesenchymal phenotype. Immuno-
fluorescence analysis revealed that the cisplatin treated cells
had an increased long/short axis ratio and increased expres-
sion of N-cadherin compared with control cells. A panel of
EMT-associated genes was subsequently assessed by quantita-
tive PCR and western blot analysis, and they were observed
to be significantly upregulated in the cisplatin treated cells.
The in vitro wound healing and Transwell assay indicated
that the cisplatin treated cells were more prone to migrate
and invade. An in vivo assay showed that the cisplatin-treated
xenograft had increased expression of EMT-associated genes,
and exhibited increased pulmonary lesions compared with the
control, which indicated an elevated capacity to metastasize.
The expression of Snail was knocked down by specific small
interfering RNA, and it was observed that Snail inhibition
promoted cisplatin sensitivity, and cisplatin-induced EMT
was significantly blocked. Taken together, the results of the
present study supported that idea that Snail participates in
cisplatin-induced EMT in osteosarcoma cells, and targeting
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EMT-transcription factors may offer promise for the therapeu-
tics of osteosarcoma.

Introduction

Osteosarcoma is the most common primary bone malignancy.
It is derived from primitive bone-forming mesenchymal cells
and frequently arises in the metaphyses of long bones (1,2).
The introduction of chemotherapy significantly improves
the outcome for patients, and 5-year event-free survival for
localized osteosarcoma increases from <20 to 60-65% (2,3).
However, the overall 5-year survival rate for osteosarcoma
remains unchanged and has exhibited no marked improvement
over recent decades (2).

Cisplatin is one of the most widely used and effective
chemotherapy drugs for the treatment of various solid tumors,
including those of the breast, brain, lung and testis (4-7). It
is an alkylating agent and works by causing DNA lesions via
the formation of intrastrand and interstrand crosslinks (8).
Cisplatin has been widely used in the treatment of osteosar-
coma (9). However, chemoresistance and pulmonary metastasis
frequently lead to treatment failure, and the underlying mecha-
nisms remain to be fully elucidated.

Theepithelial-mesenchymal transition (EMT) is abiological
process by which epithelial cells lose their polarity, disas-
semble the cell-cell adhesion and become mesenchymal-like
cells (10). The process of EMT is accompanied by a reduction
in the cell-cell adhesion molecule E-cadherin, and upregula-
tion of more plastic mesenchymal proteins, including vimentin,
N-cadherin and smooth muscle actin (11,12). A number of
transcription factors (TFs), including Snail/Slug and zinc
finger E-box binding homeobox (Zeb)1/2, are involved in this
process. EMT allows the tumor cells to gain elevated migra-
tory properties and increased invasiveness, which is a critical
step in the process of metastasis leading to cancer spreading
and treatment failure (13,14). Chemotherapy has been reported
to induce EMT in tumor cells. A previous study by the present
authors revealed that osteosarcoma cells expressed a number
of EMT-associated genes, which implied that EMT also
has a role in mesenchymal-derived sarcoma (15). However,
whether cisplatin induces EMT in osteosarcoma remains to
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be elucidated. In the present study, the shape of U20S cells
tended to be diamond and they exhibited an epithelial pheno-
type compared with other osteosarcoma cell lines. Therefore,
this cell line was selected to investigate the process of EMT
in osteosarcoma.

In the present study, it was observed that cisplatin exposure
promoted mesenchymal characteristics in osteosarcoma and
the underlying mechanisms involved upregulation of Snail.
These data may provide scientific information for targeted
therapy of osteosarcoma.

Materials and methods

Cell culture. The human osteosarcoma cell line U20S was
obtained from the China Center for Type Culture Collection
(Wuhan, China). U20S cells were cultured in Dulbecco's
modified Eagle's medium (DMEM; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) containing 10% (v/v) fetal bovine
serum (FBS; Thermo Fisher Scientific, Inc.) and 1% (v/v)
antibiotics (10° U/ml penicillin, 10° pg/ml streptomycin; GE
Healthcare Life Sciences, Logan, UT, USA). Cells were propa-
gated in a humidified environment at 37°C with 5% CO, and
100% humidity. Cell viability was determined using trypan
blue staining (Thermo Fisher Scientific, Inc.). Medium was
replaced every three days.

RNA interference (RNAi). Small interfering RNA (siRNA)
gene expression knockdown studies were performed according
to the manufacturer's protocol. Each 27mer RNAi duplex was
transfected into cells using Lipofectamine™ 2000 transfec-
tion reagent (Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. siRNA was synthesized (Guangzhou
RiboBio Co., Ltd., Guangzhou, China) using the following
sequences: Snail, 5-CCACAGAAAUGGCCAUGGGAAGGC
CUC-3"; and negative control, 5-UCACAAGGGAGAGAA
AGAGAGGAAGGA-3.

Cell cytotoxicity assay. The cells were seeded into 96-well
culture plates and cultured at 37°C for 24 h to attach. Subse-
quently, various doses (0, 2, 4, 6, 8, 10, 12, 14 or 16 ymol/l) of
cisplatin (Sellack Chemicals, Houston, TX, USA) were used
to treat cells as indicated and cultured at 37°C for 24 h. The
cells in each well containing 100 pl medium were incubated
with 10 ul cell counting kit-8 reagent (Beyotime Institute of
Biotechnology, Haimen, China) at 37°C for 2 h. The optical
density of each well was subsequently measured at 450 nm
using a microplate reader (Thermo Fisher Scientific, Inc.).

Reverse transcription-quantitative polymerase chain reaction.
Total RNA was isolated by the RNeasy Plus Mini kit (Qiagen
China Co., Ltd, Shanghai, China). The concentration and
purity of RNA was determined by an ND-1000 spectropho-
tometer (NanoDrop Technologies; Thermo Fisher Scientific,
Inc.). Reverse transcription was performed using the TagMan
Reverse Transcription Reagents (Applied Biosystems; Thermo
Fisher Scientific, Inc.). RT-qPCR was subsequently performed
using an ABI 7900 HT Fast Real-Time PCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.) in the presence of
SYBR-Green PCR Master Mix (Applied Biosystems; Thermo
Fisher Scientific, Inc.). The gene-specific primers used are
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Table I. Primer sequences used for quantitative polymerase
chain reaction.

Gene Primer sequence

Actin
Forward 5-CACCCAGCACAATGAAGATCAAGAT-3'
Reverse 5-CCAGTTTTTAAATCCTGAGTCAAGC-3'

Snail
Forward 5-TTACCTTCCAGCAGCCCTACGA-3'
Rerverse 5-GAGCCTTTCCCACTGTCCTCAT-3'

Slug
Forward 5-TCCTGGTCAAGAAGCATTTCA-3'
Reverse 5'-CGCCCCAAAGATGAGGAGTAT-3'

Zebl
Forward 5'-GCAGTCTGGGTGTAATCGTAAAT-3'
Reverse 5-TTGCCGTATCTGTGGTCGTG-3'

Zeb2
Forward 5'-TCCCTTCTGCGACATAAATACG-3'
Reverse 5'-TGTGATTCATGTGCTGCGAGTA-3'

Zeb, zinc finger E-box binding homeobox.

listed in Table I. Target sequences were amplified at 95°C for
10 min, followed by 40 cycles at 95°C for 15 sec and 60°C
for 1 min. B-actin was used as an endogenous normalization
control. All assays were performed in triplicate. The fold
change in mRNA expression was determined according to the
method of 24441 (16).

Immunocytofluorescence staining. The cells were seeded on
square coverslips in six-well plates for 24 h to allow them
to attach. Subsequently, the cells were fixed, permeated and
blocked using the Immunol Fluorence Staining kit (Beyotime
Institute of Biotechnology). The cells were then incubated with
anti-E-cadherin antibody (diluted at 1:100; 701134; Thermo
Fisher Scientific, Inc.), anti-N-cadherin antibody (diluted
at 1:200; PA5-19486; Thermo Fisher Scientific, Inc.) and
anti-vimentin antibody (diluted at 1:200; PA5-27231; Thermo
Fisher Scientific, Inc.) overnight at 4°C. Secondary antibody
(diluted at 1:200; ab150077; Abcam, Cambridge, MA, USA)
was applied for 1 h at room temperature. The cells were coun-
terstained with DAPI and washed with PBS following each
step of the staining procedure. Coverslips were mounted using
Anti-fade Fluorescence Mounting Medium (Beyotime Insti-
tute of Biotechnology). The long and short axes of cells were
measured using the Zeiss LSM Image Examiner software
(version 4.2.0.121; Carl Zeiss AG, Oberkochen, Germany), and
the long/short axis ratio was determined by counting 100 cells
per experiment.

Western blotting. Cell lysates were extracted using radioim-
munoprecipitation assay lysis buffer containing protease
inhibitor cocktail (Sigma-Aldrich; EMD Millipore, Billerica,
MA, USA). Protein concentrations were determined using
the bicinchoninic acid method (Sigma-Aldrich; EMD Milli-
pore). Cell lysates containing 40 ug protein were loaded
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and separated on 10% SDS-PAGE gels and subsequently
transferred to polyvinylidene fluoride membranes (Thermo
Fisher Scientific, Inc.). The membranes were blocked in Tris
Buffered Saline with 5% (w/v) skimmed milk and 0.05%
Tween 20 (Thermo Fisher Scientific, Inc.) for 1 h at 37°C.
Primary antibodies were incubated overnight at 4°C. The
primary antibodies and mouse monoclonal anti-f3-actin were
purchased from Abcam (anti-Snail antibody; ab180714; diluted
at 1:1,000; anti-Slug antibody; ab27568; diluted at 1:1,000;
anti-N-cadherin antibody; PA5-19486; diluted at 1:1,000;
anti-f3-actin antibody; ab8226; diluted at 1:2,000) The pH2AX
antibody (MBS837487; diluted at 1:2,000) was purchased from
MyBioSource, Inc. (San Diego, CA, USA). The membranes
were washed and incubated with secondary antibody (ab6721;
Abcam) at 1:5,000 dilution for 2 h at room temperature. The
membranes were washed again and developed using enhanced
chemiluminescence substrate (Sigma-Aldrich; EMD Milli-
pore). Quantitative analysis was performed using QuantiOne
imaging software (Bio-Rad Laboratories, Inc., Hercules, CA,
USA).

Wound healing assay. A total of 5x10° cells were seeded into
6-well plates and cultured overnight at 37°C to attach. When
adherent cells reached ~90% confluence, a scratch was made
using a 200-p1 pipette tip. The cells were washed three times
and further incubated at 37°C for 24 h. The migration was
observed and recorded under a phase contrast microscope
(Nikon Eclipse TE2000-U; Nikon Corporation, Tokyo, Japan).

Transwell assay. Matrigel-coated Transwell invasion assay
plates (Corning Inc., Corning, NY, USA) were used for this
assay. Cells were placed in the upper chamber (1x10° cells/well)
in DMEM medium with 0.1% FBS. The lower chambers
were filled with DMEM medium with 10% FBS. Following
culturing for 24 h at 37°C, the inserts were removed and the
inner side was wiped with cotton swabs. The filters were
stained with Harris's hematoxylin solution (Sigma-Aldrich;
EMD Millipore) for 20 min and peeled off following washing
three times. The migrated cells were counted by a light micro-
scope (Nikon Eclipse TE2000-U).

Animals and transplantation assay. For the in vivo assay,
male NOD/SCID mice (n=14; 6-week-old; 18-23 g; SPF)
were purchased from and maintained maintained (humidity,
50-60%; temperature, 18-22°C; light cycle, 10-14 h a day)
at the Wuhan University Center for Animal Experiment
(Wuhan, China). The care and use of animals was reviewed
and approved by the Institutional Animal Care and Use
Committee (approval number, 2011006). A total of 5x10° cells
were subcutaneously injected into 2 mice, and the xenografts
were obtained following two weeks of growth, and the 2 mice
were sacrificed by CO,. The tumor xenografts were divided
into small pieces of ~5 mm?® and transplanted subcutane-
ously. The mice were divided into a cisplatin treated group
(peritoneal injection of 5 mg/kg cisplatin once a week; n=6)
and the control group (receiving the same amount of saline
once a week; n=6). Following 4 weeks of rearing, the mice
were sacrificed by CO,. Tumor samples and lung tissues were
obtained and usde for subsequent immunohistochemistry
experiments.
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Immunohistochemistry. Tissues were fixed in 10%
neutral-buffered formalin, processed and embedded in
paraffin. Tissue sections were deparaffinized and rehydrated
in an ethanol series. Sections were blocked for nonspecific
binding with 1% normal serum (Thermo Fisher Scientific,
Inc.) and incubated with the primary anti-Snail (ab53519;
diluted at 1:500; Abcam) and anti-N cadherin (PA5-19486;
diluted at 1:300; Thermo Fisher Scientific, Inc.) antibodies
overnight at 4°C. Subsequently, immunostaining was devel-
oped using 3,3'-diaminobenzidine (Vector Laboratories, Inc.,
Burlingame, CA, USA) followed by hematoxylin counter-
staining (Sigma-Aldrich; EMD Millipore). Immunostaining
was visualized using a fluorescence microscope (Eclipse 801
Fluorescence Microscope; Nikon Corporation).

Statistics analysis. Each sample was analyzed in triplicate,
and experiments were repeated at least two times. The mean,
standard error and P-values base on the two-sample two-tailed
t-test were calculated with Excel 2013 software (Microsoft
Corporation, Redmond, WA, USA). P<0.05 was considered to
indicate a statistically significant difference.

Results

Cisplatin treatment promotes mesenchymal-like properties
in osteosarcoma. Cells were treated with 5 yuM of cisplatin
for 24 h and maintained in normal conditions for 5 days to
recover from the chemotherapeutic stress. The surviving cells
were observed to exhibit increased resistance to cisplatin
(Fig. 1A). The DNA damage marker pH2AX was investigated
by western blotting to observe the effect of cisplatin on the
cells, and the drug was confirmed to be effective (Fig. 1B).
The present study observed cell morphology changes in these
cisplatin-resistant cells, in which they appeared to possess
a more spindle-like shape. Although there were no differ-
ences between the two groups in terms of E-cadherin and
vimentin expression, N-cadherin expression was observed
to be significantly increased in the cisplatin treated group
compared with the control cells (Fig. 1C). EMT is frequently
accompanied by an alteration from a rounded to spindle
shape in terms of cell morphology (17). Therefore, the present
study assessed the long/short axis ratio in various cells. The
cells treated with cisplatin were observed to have an average
ratio of 3.591+0.119, which was increased compared with
the cells of the control group (average ratio, 2.232+0.041;
P=0.001; Fig. 1D). In addition, the expression of epithelial
and mesenchymal markers was examined by western blot
analysis. The epithelial markers, E-cadherin and cytokeratin,
were not detectable in either the cisplatin of the control group.
Mesenchymal-marker N-cadherin was highly expressed in
the cisplatin group (Fig. 1E). EMT-inducing TFs, including
Snail/Slug and Zebl/2, suppress epithelial marker expression
and induce the expression of mesenchymal markers, facili-
tating qPCR analysis that led to the observation that these four
EMT-TFs were significantly upregulated (Snail, P<0.001;
Slug, P<0.001; Zebl, P=0.0011; Zeb2, P<0.001) in the cisplatin
treated cells (Fig. 2A), among which the expression of the Snail
gene exhibited the most marked increase with levels of relative
mRNA expression of 35.44+2.35. Furthermore, western blot-
ting confirmed the upregulated expression of Snail and Slug
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Figure 1. Cisplatin induces epithelial-mesenchymal transition in osteosarcoma. (A) Cells treated with cisplatin were observed to have increased resistance to
cisplatin. (B) Cells treated with cisplatin demonstrated high expression of pH2AX and confirmed the effectiveness of cisplatin. (C) Cell shape was observed
by phase contrast microscopy and immunocytofluorescence. Staining of E-cadherin, N-cadherin and vimentin for the two groups of cells was observed by
fluorescence microscope (magnification, x400; Scale, 25 ym). Cells treated with cisplatin had higher N-cadherin expression. (D) Cisplatin-treated group cells
had a higher average ratio of long/short axis. “P<0.01. (E) Western blot analysis indicated that N-cadherin was expressed at an increased level in the cisplatin

group compared with the control.

in the cisplatin treated cells (Fig. 2B). In addition, the in vivo
xenograft assay confirmed that the expression of N-cadherin
and Snail was increased following cisplatin exposure (Fig. 2C).

Cisplatin treated cells are prone to migration and invasion.
Subsequently, the present study investigated the migratory and

invasive capacity following cisplatin treatment. The cisplatin
treated cells exhibited significantly increased cell migration
compared with the control group (P=0.001; Fig. 3A). The
invasive potential through the Matrigel of the cisplatin treated
group was also enhanced, with an average fold increase
of 1.31+0.05 (P=0.002; Fig. 3B). To investigate the in vivo
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Figure 2. Cisplatin promotes EMT-TFs in osteosarcoma. (A) The relative expression of EMT-TFs, including Snail/Slug and Zeb1/2 were observed to be significantly
upregulated in the cisplatin treated cells by quantitative polymerase chain reaction. “P<0.01. (B) Expression of Snail and Slug was analyzed by western blotting
and cells treated with cisplatin demonstrated increased expression. (C) Snail and N-cadherin expression was increased following cisplatin exposure xenograft
assay in vivo (magnification, x200; Scale, 50 ym). EMT, epithelial-mesenchymal transition; TF, transcription factor; Zeb, zinc finger E-box binding homeobox.
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Figure 3. Cisplatin promotes migratory and invasive capacity in osteosarcoma. (A) Migratory capacity was analyzed by wound healing assay and (B) invasive
capacity was analyzed by Transwell assay. The cisplatin treated cells exhibited significantly increased cell migration and invasion compared with the control
cells. "P<0.05. (C) Transplantation assay in mice revealed that cisplatin exposure promoted pulmonary metastasis and lung destruction, although the primary
tumor was inhibited (magnification, x100; Scale, 100 pm).
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Figure 4. Snail has a significant role in cisplatin-induced epithelial-mesenchymal transition. (A) Quantitative polymerase chain reaction and (B) western
blotting revealed that the expression of Snail in the siRNA group was significantly decreased compared with the blank and mock siRNA group. (C) Snail
knockdown enhanced sensitivity to cisplatin. (D) Cells in the siRNA group demonstrated a decreased long/short axis ratio by phase-contrast and exhibited a
reversed phenotype. Cells in the siRNA group exhibited (E) reduced migratory capacity and (F) invasive capacity. "P<0.05; “P<0.01. siRNA, small interfering

RNA.

metastatic capacity, the present study examined pulmonary
lesions in both groups. It was observed that cisplatin exposure
promoted pulmonary metastasis and induced more severe
lung destruction, although the primary tumor was inhibited
(Fig. 3C).

Knockdown of Snail increases cisplatin sensitivity and
reverses cisplatin-induced EMT. The present study applied
RNAI techniques to knockdown the expression of Snail. The
efficiency of RNAi was confirmed by qPCR and western
blotting (blank vs. mock group, P=0.88; blank vs. siRNA
group, P<0.001; Fig. 4A and B). The ICs, for cisplatin was
decreased when Snail was inhibited, which indicated that the
sensitivity of osteosarcoma cells to cisplatin was enhanced
(Fig. 4C). When the Snail knockdown cells were exposed
to cisplatin, they exhibited a less spindle-like shape, with a
decreased long/short axis ratio compared with mock cells

(P<0.001; Fig. 4D). Furthermore, Snail inhibition blocked
cisplatin-induced cell migration (P<0.001) and invasion
(P<0.001) in vitro (Fig. 4E and F).

Discussion

The introduction of chemotherapy has improved five-year
survival rates of osteosarcoma (1). However, recurrence and
metastasis lead to poor prognosis and are frequently associ-
ated with chemoresistance (18). EMT, a common biological
process, has been reported to be associated with tumor
invasiveness and migration in breast, skin and lung cancer
(19-21). A previous study by the present authors reported
that the concept of EMT involvement in invasiveness and
migration also applies to osteosarcoma (15). In the present
study, osteosarcoma cells were treated with a sublethal dose
of cisplatin, and any surviving cells presented with enhanced
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Figure 5. Schematic diagram of mechanism in cisplatin-induced epithe-
lial-mesenchymal transition. Cisplatin stimulates the expression of Snail
through transcriptional activation. Subsequently, the upregulated Snail leads
to phenotypic alteration, resistance to chemotherapy and increases the capa-
bility of invasion and metastasis. TF, transcription factor.

mesenchymal-like characteristics. These cells were observed
to be more resistant to cisplatin treatment, as shown by
cell cytotoxicity assay. In addition, the cells demonstrated
an increased expression of mesenchymal markers and an
increased long/short axis ratio compared with control cells,
which indicated a mesenchymal phenotype. Furthermore, the
cells exhibited increased expression of EMT-inducing TFs,
including Snail, Slug and Zebl/2, which are critical in the
process of EMT. The cells were also more likely to invade and
migrate in vitro. In addition, xenografts treated with cisplatin
demonstrated increased levels of EMT-TFs compared
with those injected with saline. As the treatment time was
short, it may be considered that cells with high expression
of EMT-TFs, particularly Snail, demonstrated resistance to
cisplatin and survived drug treatment.

In addition, to elucidate the underlying mechanisms
involved in cisplatin-induced EMT, cells were transfected
with siRNA targeting Snail, which was observed to have
the most marked increase following cisplatin exposure in
the present study. Following transfection, it was observed
that the expression of Snail in the cisplatin group was
decreased, while the mock cells remained unchanged. The
results of the present study confirmed that the siRNA was
successfully constructed and transfected into cells. Snail is
a zinc-finger transcriptional repressor, which is critical to
numerous biological processes, particularly in EMT (22,23).
A number of studies have demonstrated that Snail is able
to suppress the expression of epithelial genes, primarily
E-cadherin, and activate the expression of mesenchymal
proteins, including N-cadherin and fibronectin (17,24,25). In
the present study, cells of the cisplatin group demonstrated
increased expression of N-cadherin and Snail, and exhibited a
mesenchymal phenotype. When Snail was silenced, the cells
reverted to an epithelial-like phenotype. As osteosarcoma is
a mesenchymal-derived tumor, the expression of E-cadherin,
an epithelial gene, was low in both groups.

Snail participates in the process of EMT; in addition,
recent studies have proven that Snail is involved in chemo-
resistance to numerous chemotherapeutic reagents (24).
Hsu et al (26) reported that the expression of Snail deter-
mined the resistance to cisplatin in head and neck squamous
cell carcinoma and non-small cell lung carcinoma cells and
Zhang et al (27) discovered that Snail conferred resistance to
5-fluorouracil in breast cancer cells. Similarly, in the present
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study, it was observed that cisplatin induced the expression of
Snail in osteosarcoma cells. When Snail was suppressed, the
cells became more sensitive to cisplatin. These observations
appeared to indicate that Snail was involved in resistance to
cisplatin in osteosarcoma. The schematic diagram in Fig. 5
shows that cisplatin promoted the binding of TFs with Snail
promoter and induced its expression. Snail subsequently
induced EMT leading to resistance to chemotherapy, pheno-
typic alteration and an increased capability of invasion and
metastasis (Fig. 5).

Kudo-Saito er al (28) observed that knockdown of Snail
halted tumor metastasis in melanoma. Accordingly, it was
observed that the knockdown of Snail may suppress the process
of EMT and inhibited the invasion and metastasis of osteosar-
coma cells. Cancer stem cells are subpopulations in tumors that
possess self-renewing capabilities (29). For example, cells with
a cluster of differentiation (CD)44""/CD24'" phenotype were
regarded as possessing stem cell traits in breast cancer (30).
Mani et al (31) reported that CD44"e"/CD24"" cells demon-
strated a decrease in E-cadherin expression and elevations
in Snail and vimentin expression. Furthermore, in human
mammary epithelial cells, Snail-induced EMT cells increased
the capability of mammosphere-forming by 30-fold compared
with the control group (32). The pluripotent capability of stem
cells was maintained in part by homeobox protein Nanog,
octamer-binding transcription factor 4 (Oct4) and sex-deter-
mining region Y-box 2 (Sox2) (32,33). In a similar study of
lung cancer, Wang et al (34) used A549/CDDP, a cisplatin
resistance cell line, and observed that A549/CDDP cells exhib-
ited increased expression levels of Nanog, Oct4 and Sox2.
A549/CDDP cells also demonstrated increased capacities of
migration and invasiveness and a higher expression of Snail.
The knockdown of Snail caused a decline in migration and
invasiveness in A549/CDDP cells, and the phosphoinositide
3-kinase (PI3K)/Akt signaling pathway was reported to be
involved in this process (35). As well as PI3K/Akt, Snail was
also able to activate the mitogen-activated protein kinase
survival signaling pathways, and be activated by nuclear factor
(NF)-kB (35,36). Therapies with nitric oxide, the protea-
some inhibitor NPI-0052 targeting NF-kB and Snail were
proven to be effective in prostate cancer and B-non-Hodgkin's
lymphoma (37).

In conclusion, the EMT concept may be applied to osteo-
sarcoma, which is a mesenchymal-derived tumor. Targeting
Snail and other EMT-TFs may assist with preventing metas-
tasis of osteosarcoma patients. Chemical inhibitors targeting
Snail and other EMT-TFs have been reported to be effec-
tive in cell lines and animal experiments (38-41). As well
as U208, future studies must investigate other cell lines in
osteosarcoma to increase credibility. Additional studies and
clinical trials are required to evaluate the efficacy of targeting
EMT-TFs in the prevention of cancer recurrence, metastasis
and chemoresistance.
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