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Abstract The major reason responsible for the poor

prognosis of osteosarcoma is the malignant proliferation of

osteosarcoma cells. The activated Wnt/b-catenin signaling

induces c-MYC gene transcription and results in osteo-

cytes’ carcinomatous change, which contributes to os-

teosarcoma development, so c-MYC gene is one of the

therapeutic targets. The role of multiple botanical extracts

in the expression of b-catenin’s target gene c-MYC in

osteosarcoma MG-63 cells was tested by cellomics high

content screening. Baicalein was identified as the most

effective one which can inhibit the proliferation and pro-

mote the apoptosis of MG-63 cells in a dose-dependent

manner by cell counting kit-8 test and fluorescence-acti-

vated cell sorting, respectively. This process was associ-

ated with the decreased levels of b-catenin and its target

gene c-MYC, identified by q-PCR and Western blotting,

respectively. When MG-63 cells were treated with both

baicalein and JNK inhibitor SP600125, the apoptosis and

expression of c-MYC were not significantly decreased.

After the construct pcDNA3.1-BANCR (BRAF-regulated

lncRNA 1) was transfected into MG-63 cells, RT-PCR,

Western blotting and CCK-8 assay showed that BANCR

was positively correlated with baicalein. These results

indicated that baicalein inhibited osteosarcoma cell pro-

liferation and promoted apoptosis by targeting c-MYC

gene through Wnt signaling, in which JNK and BANCR

were also involved as well as b-catenin, suggesting a new

potential mechanism for us to better understand the in-

hibiting effect of baicalein on osteosarcoma.
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Introduction

Osteosarcoma (OS) is an aggressive malignant neoplasm

arising from primitive transformed cells of mesenchymal

origin that exhibit osteoblastic differentiation and produce

malignant osteoid [1]. An unknown etiology, high genetic

instability of OS cells, a wide histological heterogeneity,

lack of biomarkers, high local aggressiveness, and a rapid

metastasizing potential create pivotal questions to be an-

swered [2]. OS progresses through a series of genetic and

epigenetic aberrations that cause dysregulation of key cell

signaling pathways involved in growth, malignant behavior

and therapy-resistance [3]. Most importantly, that respon-

sible for the poor prognosis of osteosarcoma disease is the

malignant proliferation of OS cells [4].

Wnts are a family of 19 secreted glycoproteins that have

crucial roles in the regulation of diverse processes, in-

cluding cell proliferation, survival, migration and polarity,

specification of cell fate, and self-renewal in stem cells [5].

Ever since its initial discovery, Wnt signaling has had a

strong association with cancer [6]. The canonical Wnt

pathway (or Wnt/b-catenin pathway) is the Wnt pathway

that causes an accumulation of b-catenin in the cytoplasm

and its eventual translocation into the nucleus to act as a

transcriptional coactivator of transcription factors. Without

Wnt signaling, the b-catenin would not accumulate in the

cytoplasm since a destruction complex would normally

degrade it [7]. The c-MYC protooncogene, a target gene of
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Wnt/b-catenin signaling pathway, regulates expression of

numerous other genes that control key cellular functions,

including cell growth and cell cycle progression [8].

Deregulated c-MYC expression resulting from various

types of genetic alterations leads to constitutive c-MYC

activation in a variety of cancers and promotes

oncogenesis.

Multiple strategies for targeting Wnt signaling-ranging

from small molecules to blocking antibodies and peptide

agonists and antagonists—are now in development, thus

paving the way for initial clinical trials using Wnt

modulators in cancer patients. Baicalein is a bioactive

compound that can be obtained from several species of the

genus Magnolia (such as officinalis, obovata, and grandi-

flora) of Magnoliaceae family [9], which has been shown to

exhibit pleiotropic anticancer effects in many cancer types.

It was observed that treatment of non-small cell lung

cancer (NSCLC) cells with baicalein degraded cytosolic b-

catenin, reduced nuclear accumulation of b-catenin and

down-regulated matrix metalloproteinase (MMP)-2 and

MMP-9, which are the down-stream targets of b-catenin

and play a crucial role in cancer cell metastasis [10].

Baicalein inhibits non-small cell lung cancer cells migra-

tion by targeting PGE2-mediated activation of Wnt/b-

catenin signaling [10].

Considering the aforementioned important roles of Wnt

signal pathway, b-catenin and its target gene c-MYC, we

hypothesized that baicalein could inhibit osteosarcoma

cells proliferation and promote apoptosis by targeting

c-MYC gene via Wnt signaling. In this study, we evaluated

the role of different botanical extracts on the expression of

c-MYC, and further explored whether baicalein exerts its

effect through inhibiting Wnt signaling pathway. Besides,

the role of a lncRNA BANCR that is possibly involved in

this pathway was also clarified.

Materials and methods

Reagents and antibodies

Purified baicalein, Aesculin, Boswellia extract, 37 sapo-

nins, Astragaloside, Ginsenosides, Nuciferine, Rutin, Gly-

cyrrhizinate, Kudzu flavonoids, Lycopene, Dandelion

flavonoids, Gypenosides, Salicin, and EOB were purchased

from Quality Phytochemicals, LLC (Edison, NJ, USA).

The antibodies specific for b-catenin (#9562), c-MYC

(#9402), GSK-3b (#9315L), CK1 (#2655), APC (#2504),

DKK1 (#4687S), and GAPDH (#2118) were purchased

from Cell Signaling Technology (Beverly, MA, USA)

(serial number: 9562, 9402 and 2118, respectively). JNK

inhibitor SP600125 was from Selleck (Houston, TX, USA).

Monoclonal anti-GSK-3b, anti-CK1 and anti-catenin

antibodies were from BD Transduction Labs (San Diego,

CA, USA). Monoclonal anti-Axin, anti-APC, anti-JNK,

anti-p-JNK (Thr183/Tyr185), and anti-GAPDH antibodies

were from Cell Signaling Technology (Beverly, MA,

USA). Anti-c-MYC monoclonal antibody was from Santa

Cruz Biotechnology (Santa Cruz, CA, USA). PI/Annexin V

antibody kit (C1062) for fluorescence-activated cell sorting

(FACS) was from Beyotime Biotech Company (Shanghai,

China).

Immunofluorescence

All the botanical extracts were, respectively, dissolved in

DMSO to a final concentration of 40 lg/ml. MG-63 cells

and osteoblast SV-HFO [Osteosarcoma cell lines, obtained

from the American Type Culture Collection (Manassas,

VA, USA)] were cultured in RPMI-1640 medium supple-

mented with 10 % fetal bovine serum (FBS, Invitrogen,

CA, USA), 1 % glutamine (Invitrogen), 1 % penicillin–

streptomycin (Invitrogen) at 37 �C in 5 % CO2, using

384-well plates (4000 cells/well) for 24 h. After these

botanical extract solutions were, respectively, added into

the medium, the cultivation continued for another 24 h.

Following the various treatments, the adherent cultured

cells were washed twice with phosphate buffered saline

(PBS) and fixed in a paraformaldehyde solution (4 % in

PBS, pH 7.4) for 30 min at 4 �C. The fixed cultures were

then washed twice with PBS, treated with permeabilization

solution (0.1 % Triton X-100 in 0.1 % sodium citrate) on

ice for 2 min, and incubated in blocking buffer (3 % bull

serum albumin (BSA) in Tris-buffered saline tween

(TBST) for 1 h. The cells were then incubated with the

indicated antibody in TBST containing 3 % BSA overnight

at 4 �C. After incubation, the cells were washed and in-

cubated with the indicated fluorescence-labeled secondary

antibodies in the dark at 37 �C for 1 h. After washing, the

cells were observed under a fluorescence microscope.

Confocal images were captured under a Leica, TCS SP5

confocal microscope (Leica Microsystems, Mannheim,

Germany).

Cell viability assay

Cell counting kit-8 (CCK-8, Dojindo, Japan) proliferation

assays were used to evaluate the inhibiting effects of bai-

calein on MG-63 cells. A total of 4000 MG-63 cells were

plated into each well of a 384-well plate and cultured for

24 h. After this the culture medium was removed, different

concentrations of baicalein media were added, and the MG-

63 cells were cultured for 1, 2, or 3 days. Subsequently,

10 ll of CCK-8 solution was added to each well and in-

cubated for 3 h, and a microplate reader was used to detect

the absorbance at 450 nm.
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Cell apoptosis assay

Cell apoptosis was measured using an Annexin V/fluores-

cein isothiocyanate (FITC) apoptosis detection kit (Bey-

otime). The MG-63 cells were harvested after indicated

treatments with trypsin (0.25 %), and a single cell suspen-

sion was prepared. Cells were then washed with PBS and

pelleted by centrifugation at 1000 rpm for 5 min. The cells

were resuspended in binding buffer (10 mmol/l HEPES/

NaOH, pH 7.4, 140 mmol/l NaCl, 5 mmol/l CaCl2) and the

cell density was adjusted to 5 9 105 cells/ml. A 95-ll ali-

quot of the cell suspension was added to 5 ll Annexin

V-FITC, and then cells were incubated for 10 min at room

temperature in the dark. To obtain a final concentration of

1 lg/ml, the suspension was then washed with PBS and

resuspended in 190 ll binding buffer before adding 10 ll

propidium iodide (PI). The samples were examined by flow

cytometry (BD FACS Vantage; BD Sciences, San Jose, CA,

USA) with a 488 nm excitation source. The test wavelength

was 515 nm for FITC and 560 nm for PI. The results were

analyzed using cell quest software (BD Sciences) to deter-

mine the rate of apoptosis in the lower right quadrant.

Western blotting

To investigate the expression changes of the apoptosis-

related protein in MG-63 cells exposed to baicalein, MG-

63 cells were exposed to different concentration of baica-

lein with or without SP600125 (50 lmol/l) for 24 h at

37 �C. Then cells were harvested, washed twice with ice-

cold PBS and lysed using cell lysis buffer (Beyotime). The

lysates were harvested and centrifuged at 12,000 rpm at

4 �C for 5 min. Protein concentrations of cell lysates were

measured using the BCA protein assay kit (Beyotime).

Total protein samples (20 lg) were loaded onto a 12 %

of SDS-polyacrylamide gel for electrophoresis, and then

transferred onto PVDF membranes (Millipore, Billerica,

USA) at 0.8 mA/cm2 for 2 h. Membranes were blocked

with blocking solution (1 % BSA in PBS plus 0.05 %

Tween-20) at room temperature for 2 h. After incubation

overnight at 4 �C with primary antibodies at a 1:1000 di-

lution in blocking solution (Beyotime), membranes were

incubated for 1 h at room temperature with alkaline

phosphatase peroxidase-conjugated secondary antibodies.

Detection was performed by the BCIP/NBT Alkaline

Phosphates Color Development Kit (Beyotime) according

to the manufacturer’s instructions. Bands were recorded by

a digital camera (Canon, EOS350D, Tokyo, Japan).

Quantitative RT-PCR

Osteosarcoma cell lines were used to isolate total RNA

using RNeasy kit according to the manufacturer’s

protocol (Qiagen, Valencia, CA, USA). Total mRNA was

extracted from cells using the Trizol Reagent (Invitrogen,

Cat. 15596-026) and protocol provided by the manufac-

turer. Briefly, first-strand cDNA was reverse-transcribed

from 1 lg total RNA using the Super-Script First-Strand

cDNA System (Invitrogen), and was amplified by Plat-

inum SYBR Green qPCR SuperMix-UDG (Invitrogen). A

master mix was prepared for each PCR reaction, which

included Platinum SYBR Green qPCR SuperMix-UDG,

forward primer, reverse primer, and 10 ng of template

cDNA. PCR conditions were 5 min at 95 �C, followed by

40 cycles of 95 �C for 30 s, 55 �C for 30 s, and 72 �C for

30 s.

The forward and reverse primer sequences were as

follows:

b-catenin 50-TTCGCACAGTTCTACGTGCT-30 (sense),

50-GGTGTGCACGAACAAGCAAT-30 (antisense);

c-MYC 50-CCCTCCACTCGGAAGGACTA-30 (sense),

50-GCTGGTGCATTTTCGGTTGT-30 (antisense);

GADPH 50-AATGGGCAGCCGTTAGGAAA-30 (sense),

50-GCGCCCAATACGACCAAATC-30 (antisense);

BANCR [11], 50-ACAGGACTCCATGGCAAACG-30

(sense), 50-ATGAAGAAAGCCTGGTGCAGT-30 (an-

tisense).

Plasmid construction and cell transfection

A long non-coding RNA named BANCR was introduced

into pcDNA3.1 vector (Invitrogen). BANCR was ectopi-

cally expressed after pcDNA3.1-BANCR transfection us-

ing Lipofectamine 2000 (Invitrogen). An empty

pCDNA3.1 vector was used as a control. The expression

levels of BANCR were measured by quantitative RT-PCR.

Plasmid vectors for transfection, including pcDNA3.1-

BANCR and pcDNA3.1, were extracted with a Midiprep

kit (Qiagen) and transfected into MG-63 cells. According

to the manufacturer’s instructions, fusion and transfection

of MG-63 cells were performed using Lipofectamine 2000

(Invitrogen) during the cultivation in six-well plates. After

transfection for 48 h, cells were collected for cell viability

assay, and lysed for quantitative PCR or Western blot

analysis.

Statistical analysis

For cell apoptosis and viability assays, the data were

compared among groups separately through one-way ana-

lysis of variance (ANOVA) using GraphPad Prism version

4.00 for Windows software (GraphPad Software, San

Diego, California. www.graphpad.com.). A two-tailed

p value of less than 0.05 was considered statistically

significant.
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Results

The inhibiting effect of various botanical extracts

on the c-MYC expression in MG-63 cells

Firstly, we tested the role of various botanical extracts on the

expression of the b-catenin target gene c-MYC using cel-

lomics high content screening. As shown in Fig. 1, the os-

teosarcoma MG-63 cells treated with baicalein for 24 h in

Boyden chamber and resulted in a greater inhibition of

c-MYC expression compared with other botanical extract.

Other botanical extracts seemed cannot inhibit the expression

of the c-MYC gene, although a little bit decreased expression

of c-MYC in 37 saponins-treated MG-63 cells was observed.

The results suggested that baicalein was the most effective

botanical extract which can inhibit c-MYC expression.

Baicalein induced the degradation of b-catenin

C-MYC is one of the target genes of b-catenin, down-

regulated c-MYC indicated that b-catenin protein is likely

to be degraded by baicalein. In order to confirm this

conjecture, we detected the expression of GSK-3b, CK1,

APC, and Axin by Western blotting that contributed to the

process of degradation of b-catenin. As shown in Fig. 2a,

upregulated expressions of the 4 proteins were seen after

treatment with baicalein. Furthermore, with the increase of

drug concentration, the protein expression also increased

gradually. These results suggested that baicalein can inhibit

the expression of c-MYC by promoting the degradation of

b-catenin.

Baicalein inhibited the proliferation of MG-63 cells

The proliferation of osteosarcoma MG-63 cells treated with

different concentrations of baicalein was determined by

CCK-8 assay kit. As shown in Fig. 2b, there was no sig-

nificant difference on the proliferation of MG-63 cells

among the control, 10, 20, and 40 lg/ml treatment groups

on day 1. But 2 days after treatment, in comparison to non-

baicalein-treated group, the proliferation of MG-63 cells in

all baicalein treatment groups was obviously weaker than

control (DMSO) group (p\ 0.05), and the proliferation of

MG-63 cells in 40-lg/ml treatment group was most

Boswellia extract Thirty-seven saponins Yohimbine hydrochloride   Glycyrrhizinate Salidroside

Tremella Biochanin A Astragaloside Naringin Tetrandrine hormone 

Berberine hydrochloride Ginsenosides Gypenosides Baicalein EOB 

Fig. 1 Effects of different botanical extracts on the b-catenin target genes, c-MYC in osteosarcoma MG-63 cells determined by cellomics high

content screening
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significantly inhibited (p\ 0.01) compared with other

treatment groups. Similarly, the proliferation ability of

osteosarcoma MG-63 cells was substantially weakened in a

concentration-dependent manner after they were treated

with baicalein for 3 days. The proliferation of MG-63 cells

in 40-lg/ml treatment group was the slowest in all treat-

ment groups (p\ 0.05). These findings suggested that

baicalein reduced the viability of osteosarcoma MG-63

cells through inhibiting MG-63 cells’ proliferation.

Baicalein increased the apoptosis of MG-63 cells

through phosphorylating JNK

As shown in Fig. 3b, c, the treatment of MG-63 cells with

baicalein significantly (p\ 0.01) increased the levels of

apoptosis in a concentration-dependent manner, compared

with that in untreated control group, and the apoptosis of

40-lg/ml baicalein treatment group was significantly higher

than any other treatment groups. But this effect can be sig-

nificantly inhibited by SP600125 (Fig. 3a, c). Quantitative

analysis of apoptosis of baicalein-treated MG-63 cells with

or without SP600125 was summarized in Fig. 3c. Addi-

tionally, it was found by Western blotting that baicalein

(both 20 and 40 lg/ml) was able to significantly decrease the

relative expression of p-JNK (Fig. 3d). These results indi-

cated that baicalein-induced apoptosis via affecting JNK

phosphorylation.

Baicalein suppressed c-MYC and b-catenin
expressions of MG-63 cells through phosphorylating

JNK

To further determine whether the promoting effect of bai-

calein on osteosarcoma MG-63 cells apoptosis is mediated

through promoting the b-catenin degradation, Western

blotting was used to analyze the expression of c-MYC and b-

catenin in protein level after treatment with various con-

centrations of baicalein (10, 20, 40 lg/ml) for 24 h. As

shown in Fig. 4a, b, c, the treatment of the cells with baica-

lein resulted in a dose-dependent reduction of c-MYC and b-

catenin expression as compared with non-baicalein-treated

controls. However, when the MG-63 cells were treated with

baicalein and SP600125 together, the expressions of c-MYC

and b-catenin were significantly (*p\ 0.05) higher than

those in the group treated without SP600125 (at the same

concentration of baicalein). Moreover, real-time PCR was

also used to detect the c-MYC and b-catenin expression in

mRNA level. Data of c-MYC andb-catenin gene expressions

were summarized in Fig. 4d, e. Similar with the proteins, the

mRNA expressions of c-MYC and b-catenin decreased with

the increasing concentrations of baicalein. But after the MG-

63 cells were treated with both baicalein and SP600125, the

expressions of c-MYC and b-catenin are significantly higher

than those in the group treated only baicalein (without

SP600125). These data revealed that baicalein inhibited the

b-catenin accumulation via affecting JNK phosphorylation,

thereby inhibiting the c-MYC expression.

BANCR was involved in the baicalein-induced

apoptosis

In order to find a more detailed mechanism lies in the

efficacy of baicalein in the inhibition of Wnt signaling,

ectopic overexpression of the lncRNA BANCR, which was

generally at an extremely low level in tumor cells, in-

cluding osteosarcoma MG-63 cells (Fig. 5a), was per-

formed via pcDNA3.1-BANCR transfection. Surprisingly,

we found both pcDNA3.1-BANCR and baicalein sig-

nificantly (p\ 0.01) upregulated BANCR expression

(Fig. 5b), downregulated the protein expressions of both b-

catenin and p-JNK (Fig. 5c, d), and finally resulted in

significantly attenuated cell viability (Fig. 5d). These re-

sults demonstrated that baicalein probably somehow pro-

moted the BANCR expression which negatively regulated

Wnt signaling transduction, thus suppressing the viability

of osteosarcoma MG-63 cells.
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Discussion

Since the initial discovery of the oncogenic activity of

Wnts in mouse mammary glands [12], the appreciation for

the complex roles for Wnt signaling pathways in cancer has

increased dramatically. Improved drug-discovery platforms

and new technologies have facilitated the discovery of

agents that can alter Wnt signaling in preclinical models,

thus setting the stage for clinical trials in humans [13].

Baicalein has been shown to exert anti-tumor effects on

various types of cancer [14]. However, little is known as to

whether baicalein inhibits osteosarcoma cells viability, and

if so, whether baicalein exerts through Wnt signaling

pathway. This study firstly explored, the effects of baica-

lein in osteosarcoma cells and demonstrated that baicalein

could induce cell death of osteosarcoma, which was sug-

gested to be the induction of apoptosis (Fig. 3). Further-

more, we identified that combined with JNK inhibitor

SP600125, the degradation of b-catenin was significantly

declined, suggesting that Wnt signal was associated with

C

*     *
*

*

DMSO 20 40
0.0

0.4

0.8

**

R
el

at
iv

e 
pr

ot
ei

n 
ex

pr
es

si
on

(p
-J

N
K

1/
JN

K
1)

**

Concentration of baicalein (μM)

p-JNK

JNK

Baicalein (μM)

DMSO 20 40

D

BA

Fig. 3 The effect of various concentrations of baicalein with (b) or

without (a) SP600125 on the apoptosis of osteosarcoma MG-63 cells

analyzed by flow cytometry. c Western blot analysis of

phosphorylated JNK. d Quantitative analysis of apoptosis of MG-63

cells,*p\ 0.05, **p\ 0.01, compared with the group treated without

SP600125
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the mechanism of baicalein’s anti-osteosarcoma effects, in

which JNK was also involved.

Activation of canonical Wnt signaling has been associ-

ated with the decrease in apoptosis [15, 16]. Chen et al.

reported that stable expression of Wnts-1 in Rat-1 cells

suppressed apoptosis induced by either vincristine or vin-

blastine [17]. The suppression of apoptosis by Wnts-1 was

demonstrated using assays such as DNA fragmentation,

annexin V staining, cytochrome c release and caspase-9

activation. However, stable expression of a dominant

negative T-cell-specific transcription factors blocked the

reduction of programmed cell death (PCD) by Wnts-1.

Although there are controversies as to the exact roles of

canonical Wnt signaling involved in apoptosis, Wnt sig-

naling has been demonstrated to relate to this process,

which is consistent with our results.

Baicalein-mediated apoptosis has been described in

other cell types [18–20], consistent with which, our present

data revealed that baicalein was able to inhibit proliferation

and induce apoptosis in osteosarcoma cells, as determined

by CCK-8 assay kit (Fig. 2) and reflected by FACS of

annexin V/propidium iodide-labeled cells (Fig. 3). Growth

inhibitory effects of baicalein on breast cancer were shown

to occur through arrest of cell cycle at G0/G1 phase and

induction of apoptosis [21]. In an earlier study, baicalein

was shown to induce apoptosis in human prostate cancer

cells irrespective of their androgen responsiveness or p53

status [20]. These results suggest that the molecular targets

of baicalein-mediated apoptosis probably vary in different

cancer cells. Our study showed that baicalein could inhibit

MG-63 cells proliferation and promote apoptosis by target

Wnt pathway via b-catenin, which seems a new interpre-

tation to baicalein’s anti-tumor mechanism.

Increased levels of b-catenin can initiate transcriptional

activation of proteins, such as c-MYC, which control the G1

to S phase transition in the cell cycle. Entry into the S phase
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causes DNA replication and ultimately mitosis, which are

responsible for cell proliferation [22]. Increased b-catenin

expression is strongly correlated with poor prognosis in

breast cancer patients [23]. This accumulation may be due to

several factors, such as mutations in b-catenin, deficiencies

in the b-catenin destruction complex, most frequently

caused by mutations in structurally disordered regions of

APC, overexpression of Wnt ligands, loss of inhibitors, and/

or decreased activity of regulatory pathways (like Wnt/cal-

cium pathway) [6]. Similar to these findings, we proved that

the effect of baicalein on osteosarcoma MG-63 cell apop-

tosis was mediated through its promoting effect on b-catenin

degradation, and the down-stream effector (c-MYC) of b-

catenin was upregulated after adding SP600125, suggesting

that baicalein probably executed its function through Wnt/

JNK/b-catenin signaling.

Based on early discoveries linking the activation Wnt–

catenin signaling to breast and colon carcinomas, it has

generally been assumed that elevation of Wnt signaling

promotes tumor initiation and progression [24–26]. Sub-

sequent studies have suggested that this initial assumption

may be an oversimplification. Instead, it seems that Wnt/b-

catenin signaling can either promote or inhibit cancer

progression in a context-dependent manner [13]. Accord-

ing to this information, our result should be cautiously

interpreted. There may be other signal pathways or other

mechanisms involved in the process. There are studies

argue that aberrations in Wnt signaling cannot be targeted

using a single universal strategy [13]. Future studies aimed

at determining the mechanisms that control this context-

dependency will be necessary to identify signaling nodes

that could be targeted by therapeutic interventions.
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Fig. 5 BANCR was involved in baicalein’s inhibiting Wnt signaling

transduction. a The low level of BANCR in MG-63 cells, compared

with human osteoblast SV-HFO cells. b BANCR expression level was

raised by pcDNA3.1-BANCR transfection and baicalein. c The

protein expression of b-catenin was decreased by pcDNA3.1-BANCR

transfection and baicalein. d The protein expressions of p-JNK and b-

catenin were increased by pcDNA3.1-BANCR transfection and

baicalein. e Viability of MG-63 cells was decreased by pcDNA3.1-

BANCR transfection and baicalein. **p\ 0.01, indicated a sig-

nificant difference, compared with the cells only transfected with the

empty vector pcDNA3.1
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Recently, long non-coding RNA (lncRNA) has been

identified as a new player in cancer [27]. Dysregulated

lncRNAs are involved in many types of cancer including

osteosarcoma [28]. In this study, the level of the lncRNA

BANCR was found extremely low in osteosarcoma MG-63

cells (Fig. 5a) as well as melanoma cells [29]. Therefore, we

tried correlating its role and the anti-tumor effect of baica-

lein. To our delight, it was found that BANCR expression

was positively correlated with baicalein (Fig. 5b). What is

more, downregulation of BANCR promotes cell prolif-

eration, migration, and metastasis of carcinoma [11, 30, 31],

while its overexpression is correlated with significantly

upregulated phosphorylated JNK (Fig. 5c), downregulated

b-catenin (Fig. 5d), and suppressed cell viability of os-

teosarcoma (Fig. 5e). So, we speculated it probably some-

how promoted the BANCR expression, then the

overexpressed BANCR lead to JNK activation and b-catenin

degradation successively, and in the end, caused the sup-

pressed cell viability and promoted cell apoptosis of os-

teosarcoma. It is reported that BANCR can activate JNK to

promote cell proliferation of carcinomas, such as melanoma

and lung carcinoma both in vitro and in vivo [11, 31], but in

reverse, we found in our study that BANCR-activated JNK

signaling resulted in the decreased cell viability of os-

teosarcoma (Fig. 5). These contradicted findings may result

from the dual role of JNK activation in apoptosis. There have

already been various studies pointed out that JNK pathway

simultaneously promoted and resisted apoptosis, which de-

pended on cell type, nature of the death stimulus, and the

activity of other signaling pathways [32]. Besides, in view of

the fact that both BANCR and baicalein are able to affect

other MAPK signaling transduction, like p38 and Erk [11,

33, 34], we suspect that not only Wnt signaling but also

MAPK pathway may play roles in the baicalein-induced

apoptosis, which still needs further validation.

In conclusion, baicalein could suppress the osteosarco-

ma cells viability by inhibiting c-MYC expression via Wnt

signaling pathway, in which, JNK and the lncRNA

BANCR were very likely to be involved as well as b-

catenin.
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