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Impact statement
LncRNA BCAR4 promoted chondrosar-

coma cell proliferation and migration

through activation of mTOR signaling

pathway, and thus contributed to chon-

drosarcoma progression.

Abstract
Background: Chondrosarcoma is one of the common malignant histologic tumors, very

difficult to treat, but the concrete cause and mechanism have not yet been elucidated.

The present study aimed to investigate the functional involvement of BCAR4 in chondro-

sarcoma and its potentially underlying mechanism. QRT-PCR and western blot were used to

determine the expression of BCAR4 and mTOR signaling pathway proteins both in chondrosarcoma tissues and cells.

Chondrosarcoma cell proliferation and migration were assessed by MTT assay and transwell migration assay, respectively.

The expression vectors were constructed and used to modulate the expression of BCAR4 and mTOR. Chondrosarcoma xenograft

mouse model was established by subcutaneous injection with chondrosarcoma cell lines. The tumor volume was monitored to

evaluate the effect of BCAR4 on chondrosarcoma cell tumorigenicity. The expressions of BCAR4, p-mTOR and p-P70S6K were

up-regulated in chondrosarcoma tissues and cell lines. Moreover, BCAR4 overexpression had significant promoting effect on cell

proliferation and migration in chondrosarcoma cells. Furthermore, mTOR signaling pathway was epigenetically activated by

BCAR4-induced hyperacetylation of histone H3. We also found that mTOR overexpression abolished the decrease of chondro-

sarcoma cell proliferation and migration induced by BCAR4 knockdown. In vivo experiments confirmed that BCAR4 overexpres-

sion significantly accelerated tumor growth, while the knockdown of BCAR4 significantly inhibited tumor growth. BCAR4

promoted chondrosarcoma cell proliferation and migration through activation of mTOR signaling pathway, and thus contributed

to chondrosarcoma progression.
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Introduction

Chondrosarcoma is one of the common malignant histologic
tumors, very difficult to treat.1 Worldwide, the incidence of
chondrosarcoma stands the third place of that of primary
tumor of bone, following the multiple myeloma and osteo-
sarcoma, and the ratio of male to female is 1.5:1.2 Recently,
the five-year survival livability of patients has been
improved by curative operation combined with chemother-
apy, but the overall therapeutic effect is still unsatisfactory
with a high fatality rate.3 The development of molecular
cytogenetics and modern cytogenetics provides a new
research direction for the pathogenesis of chondrosarcoma.
The researches on multi-level regulation for chondrosar-
coma, including the underlying transcriptional and epigen-
etic mechanisms, have become a more important topic.4,5

However, the concrete cause and mechanism of chondrosar-
coma have not yet been elucidated.

Long non-coding RNAs (lncRNAs) are a class of nonpro-
tein coding transcripts with more than 200 nt in length.6

Through interacting with transcriptional factors or involve-
ment in epigenetic modification, lncRNAs regulate the
expression of disease-related genes at transcriptional or
posttranscriptional level.7,8 Many investigations found
that lncRNAs contributed to the growth and development
of malignant tumor by promoting cancer cell proliferation
and migration, angiogenesis and inhibiting apoptosis.9,10

BCAR4, categorized as lncRNAs, is a novel oncogene
involved in anti-oestrogen resistance in breast cancer.11

Current researches have found that BCAR4 overexpression
indicated aggressiveness and prognosis of patients with
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breast cancer.11,12 But recent research also reported that
BCAR4 was increased in osteosarcoma tissues and cells,
and up-regulated BCAR4 was correlated with clinical
stage and distant metastasis of patients.13 Additionally,
BCAR4 also accelerated osteosarcoma progression through
promoting cell proliferation and migration.14 It is therefore
important to assess whether BCAR4 plays a pathogenetic
role in chondrosarcoma.

It has been found that rapamycin, the inhibitor of mTOR,
inhibited the growth and invasion of human chondrosar-
coma cells.15 Moreover, mTOR inhibitor significantly
delayed or even prevented tumor recurrence in chondrosar-
coma rat model.16 Thus, it is suggested that the mechanisms
uncovered in chondrosarcoma are related closely with
mTOR signaling pathway. In fact, activation of mTOR sig-
naling pathway has been considered a promoter for the
genesis and development of chondrosarcoma.17 Therefore,
we hypothesized that BCAR4 might be related to the patho-
genic mechanism of chondrosarcoma, and the interaction
between BCAR4 and mTOR signaling pathway in chondro-
sarcoma is also the focus in our research.

Materials and methods
Tissue collection

Chondrosarcoma tissues and matched adjacent normal tis-
sues were obtained from 40 patients undergoing surgery at
The Second Affiliated Hospital of Wenzhou Medical
University, during 2009 to 2014, and informed consent
was obtained from all patients. None of the patients receive
any local or systemic treatment. All the tissue samples were
immediately frozen in liquid nitrogen after collection and
stored at �80�C. The study was approved by the Ethics
Committee of The Second Affiliated Hospital of Wenzhou
Medical University.

Cell culture

Three chondrosarcoma cell lines (SW1353, HS819.T, HCS-
2/8) and human normal chondrocytes (C-28/I2) were pur-
chased from the Institute of Biochemistry and Cell Biology
of the Chinese Academy of Sciences (Shanghai, China). The
cells were cultured in Dulbecco Modified Eagle’s medium
(DMEM) (Hyclone) supplemented with 10% fetal bovine
serum (FBS) (Gibco) and 1% penicillin-streptomycin
(Hyclone) at 37�C in 5% CO2.

Western blot analysis

Total protein was extracted from chondrosarcoma cell lines
or chondrocytes or tissue samples using RIPA Lysis Buffer
(Beyotime Biotechnology) according to the manufacturer’s
instructions. After quantification by BCA Kit (Beyotime
Biotechnology), the isolated proteins (25mg of each
sample) were separated by SDS-PAGE, and then target pro-
teins were transferred onto PVDF membrane (Invitrogen).
After blocking with 5% skimmed milk, the membranes
were marked with the primary antibodies, including anti-
mTOR antibody (1:2000, Abcam), anti-p-mTOR antibody
(1:1000, Abcam), anti-P70S6K antibody (1:5000, Abcam),
anti-p-P70S6K antibody (1:500, Abcam) and anti-b-actin

antibody (1:1000, Abcam), at 4�C overnight. Then the mem-
branes were incubated with the HRP-conjugated goat anti-
rabbit IgG antibody (Abcam). Proteins on PVDF membrane
were visualized using an enhanced chemiluminescence kit
(Invitrogen). b-actin was used as the loading control.

RNA isolation and qRT-PCR

Total RNA was extracted from chondrosarcoma cell lines or
chondrocytes or tissue samples using Trizol (Invitrogen)
according to the directions of the usage of the reagent.
Then total RNA was reverse transcribed into cDNA using
the RNA-to-cDNA Kit (Applied Biosystems) according to
the manufacturer’s instructions. Quantitative real-time PCR
was performed using SYBR Green PCR Master Mix
(Applied Biosystems) in the ABI PRISM 7300 PCR system
(Applied Biosystems). GAPDH was used as the control for
normalization. The relative expression of BCAR4 was cal-
culated by 2���Ct method. In the study, all specific primers
were designed and synthesized by Sangon Biotech Co., Ltd.
(Shanghai, China).

MTT assay

MTT assay was used to assess cell proliferation. Cells were
planted in 96-well plates (Corning Costar) at 104 cells/well,
and MTT solution (5 mg/ml in PBS) (Sigma) was added to
each well and incubated for 4 h. After the medium was dis-
carded, DMSO (100 ml) was added, and cellular viability
was measured by absorbance of the solution at 590 nm
with a microplate reader (Bio-Rad).

Transwell migration assay

Transwell chamber (Millipore) was used to perform the
migration assay. The treated cells were collected by trypsi-
nization and then seeded into the upper chamber in serum-
free medium, but the lower chamber was added the
medium supplemented with 10% FBS. After incubation at
37�C with 5% CO2 for 24 h, the migrated cells were stained
with crystal violet, and the number of migrated cells was
counted under an inverted microscope (Olympus 600 auto-
biochemical analyzer). Each experiment was performed at
least three times.

Detection of the acetylation level of histone H3

Chromatin immunoprecipitation assay (ChIP) was per-
formed with the Acetyl-Histone H3 Immunoprecipitation
Assay Kit (Millipore) according to the manufacturer’s
instructions. qRT-PCR was used to detect the level of immu-
noprecipitated DNA, and the level of product from Input
was used as the internal control. The results were expressed
as fold of the control. Independent experiment was con-
ducted for five times.

Cell transfection

The expression vectors were constructed by Genechem
(Shanghai) and used to modulate the expression of
BCAR4 and mTOR, and empty vectors were used as the
negative control. Cells were cultured in 6-well plates and
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transfected with expressing vectors using Lipofectamine
2000 Reagent (Invitrogen) in accordance with the manufac-
turer’s instructions.

Tumor formation in BALB/c nude mice

Male BALB/c nude mice (4–6 weeks old and 18� 2 g) were
purchased from the laboratory animal center of The Second
Affiliated Hospital of Wenzhou Medical University. All
animal experiments were in compliance with provisions
of the regulation for the Care and Use of Laboratory
Animals of The Second Affiliated Hospital of Wenzhou
Medical University. The suspension (5� 105 cells/ml) of
HCS-2/8-pcDNA-BCAR4 cells or SW1353-si-BCAR4 cells
or HCS-2/8 or SW1353 cells was prepared in phosphate
buffered saline. The suspension (100 mL) was inoculated
subcutaneously into the experimental mice, respectively,
to establish chondrosarcoma xenograft mice model. The
tumor volumes were calculated using the length (L) and
width (W) measured by calipers every five days for 30 con-
tinuous days.

Statistical analysis

SPSS17.0 software system was employed to analyze the stat-
istical analyses and to draw all graphs. All data in this study
were expressed as the means� standard deviations (SD).
Differences between experimental groups were evaluated
using Student’s t-test. A P value� 0.05 was considered as
statistically significant.

Results
Up-regulated expression of BCAR4, p-mTOR and
p-P70S6K in chondrosarcoma tissues

The expression of BCAR4 in chondrosarcoma tissues
(n¼ 40) or matched adjacent normal tissues (n¼ 40) was
quantified by qRT-PCR. As shown in Figure 1(a), BCAR4
expression in chondrosarcoma tissues was significantly
higher than that of adjacent normal tissues. Furthermore,
p-mTOR and p-P70S6K protein levels were increased obvi-
ously in chondrosarcoma tissues, while mTOR and P70S6K
reduced correspondingly (Figure 1(b)).

Elevated expression of BCAR4, p-mTOR and p-P70S6K
in chondrosarcoma cell lines

Next, endogenous expression of BCAR4 was examined in
chondrosarcoma cell lines (SW1353, HS819.T and HCS-2/8)
and normal chondrocytes (C-28/I2). The expression of
BCAR4 was significantly elevated in chondrosarcoma cell
lines, especially in SW1353 (Figure 2(a)). On the other hand,
the protein expressions of p-mTOR and p-P70S6K were also
enhanced in chondrosarcoma cells compared with normal
chondrocytes (Figure 2(b)).

BCAR4 promoted cell proliferation and migration of
chondrosarcoma cells

To further investigate the role of BCAR4 in chondrosarcoma
cell proliferation and migration, endogenous BCAR4
expression was modulated by pcDNA-BCAR4 or si-
BCAR4. It was found that BCAR4 overexpression could
remarkably promote chondrosarcoma cell survival and
migration (Figure 3(a) and (b)). In contrast, the survival
and migration rate in chondrosarcoma cells were markedly
reduced by the decrease of BCAR4 (Figure 3(c) and (d)).

BCAR4 epigenetically activated mTOR signaling
pathway in chondrosarcoma cells

Elevated expression of BCAR4 could obviously induce
hyperacetylation of histone H3 at the site of mTOR pro-
moter (Figure 4(a)), and could also enhance the protein
levels of p-mTOR and p-P70S6K (Figure 4(b)). However,
we also depleted BCAR4 in SW1353 and found that the
level of acetylated histone H3 in mTOR promoter was sig-
nificantly decreased after BCAR4 silencing (Figure 4(c)) and
was accompanied by a decrease of p-mTOR and p-P70S6K
expression (Figure 4(d)).

MTOR abolished the effects of BCAR4 knockdown
on chondrosarcoma cell proliferation and migration

To evaluate whether the effects of BCAR4 on chondrosarcoma
cell proliferation and migration were dependent on mTOR
signaling pathway, we upregulated mTOR in BCAR4 stably
depleted cells and inhibited mTOR in cells with BCAR4 over-
expression. The results showed that mTOR overexpression
released the decrease of chondrosarcoma cell proliferation

Figure 1 Up-regulated expression of BCAR4, p-mTOR and p-P70S6K in chondrosarcoma tissues. (a) The expressions of BCAR4, (b) mTOR, p-mTOR, p-P70S6K

and P70S6K in chondrosarcoma tissues (n¼40) and matched adjacent normal tissues (n¼ 40) were quantified. GAPDH and b-actin were used as control for

normalization respectively. P<0.001 with Wilcoxon signed-rank test
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and migration induced by BCAR4 knockdown (Figure 5(a)
and (b)). Moreover, inhibition of mTOR could also reverse the
effect of BCAR4 upregulation on chondrosarcoma cell prolif-
eration and migration (Figure 5(c) and (d)).

Effect of BCAR4 on chondrosarcoma cell
tumorigenicity in vivo

To further investigate the biological function of BCAR4 on
chondrosarcoma cell growth in vivo, cells transfected with
pcDNA-BCAR4 or si-BCAR4 were injected into the nude

mice, respectively. Tumor growth was continuously mea-
sured every five days for 30 days. Consistent with the
expectations, BCAR4 overexpression significantly acceler-
ated tumor growth (Figure 6(a)), while knockdown of
BCAR4 significantly inhibited tumor growth (Figure 6(b)).

Discussion

LncRNAs can exert their diverse biological functions
through many mechanisms, including transcriptional regu-
lation on target gene, post-transcriptional regulation and

Figure 3 BCAR4 promoted cell proliferation and migration in chondrosarcoma cells. (a) Cell proliferation and (b) migration were detected in HCS-2/8 cells stably

transfected with pcDNA-BCAR4 or pcDNA. (c) Cell proliferation and (d) migration were detected in SW1353 cells stably transfected with si-BCAR4 or NC. **P<0.001

Figure 2 Elevated expression of BCAR4, p-mTOR and p-P70S6K in chondrosarcoma cell lines. (a) The expressions of BCAR4, (b) mTOR, p-mTOR, p-P70S6K and

P70S6K in chondrosarcoma cell lines (SW1353, HS819.T and HCS-2/8) were examined, with normal chondrocytes (C-28/I2) as the control. GAPDH and b-actin were

used as control for normalization. respectively. **P< 0.001 vs. the control
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epigenetic regulation.18 Studies have confirmed that
lncRNAs were more significantly correlated with the patho-
genesis of cancer than human protein coding genes.19

Numerous studies have showed the role of lncRNAs in a

wide range of human cancers,9,20 and further explorations
for pathological mechanism of lncRNAs have been carried
out extensively, and some results have already been made.
However, there are few reports on its functional

Figure 4 BCAR4 actived mTOR signaling pathway in chondrosarcoma cells. (a) The level of acetylated histone H3 at the site of mTOR promoter and (b) mTOR, p-

mTOR, p-P70S6K and P70S6K expression were measured in HCS-2/8 cells stably transfected with pcDNA-BCAR4 or pcDNA. (c) The level of acetylated histone H3 at

the site of mTOR promoter and (d) mTOR, p-mTOR, p-P70S6K and P70S6K expression were measured in HCS-2/8 cells stably transfected with si-BCAR4 or NC.

**P< 0.001

Figure 5 mTOR abolished the effects of BCAR4 knockdown on chondrosarcoma cell proliferation and migration. (a) Relative cell viability and (b) migration were

measured in SW1353 cells transfected with si-BCAR4 or NC or si-BCAR4 and pcDNA or si-BCAR4 and pcDNA-mTOR. **P<0.001 vs. si-NC, ##P<0.001 vs. si-

BCAR4þpcDNA. (c) Relative cell viability and (d) migration were measured in HCS-2/8 cells treated with pcDNA or pcDNA-BCAR4 or pcDNA-BCAR4 and DMSO or

pcDNA-BCAR4 and Rapamycin. **P<0.001 vs. pcDNA, ##P<0.001 vs. pcDNA-BCAR4þDMSO
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involvement and potential regulation mechanism in chon-
drosarcoma. The present study first identified the aberrant
expression of lncRNA BCAR4 in chondrosarcoma tissues
and cell lines, and it was also found that BCAR4 had sig-
nificant promoting effect on cell proliferation and migration
of chondrosarcoma cells, indicating its proto-oncogene role
in chondrosarcoma.

BCAR4, a lncRNA with oncogenic potential, promotes
breast cancer cells into an estrogen-independent and anti-
estrogen-resistant phenotype with rapid proliferation and
progression.12 In our study, the expression of BCAR4 was
significantly elevated in chondrosarcoma tissues and cell
lines which suggested that up-regulated BCAR4 potentially
involved in the pathogenesis of tumorigenesis and metas-
tasis of chondrosarcoma. A recent study has found that up-
regulation of BCAR4 was correlated with survival time and
poor prognosis of patiens with osteosarcoma, and pro-
moted cell invasion and metastasis.13 We identified that
BCAR4 overexpression increased the proliferation and
migration of chondrosarcoma cells, while the proliferation
and migration were reduced after BCAR4 silencing.
Collectively, this observation demonstrated that BCAR4
may serve as an oncogene and plays an important role in
chondrosarcoma.

MTOR is expressed ubiquitously as a serine/threonine
kinase that regulates a range of physiological activities in
cells, and it is also a central regulator of many signaling
pathways that responds to many physiological and patho-
logical processes.21,22 Its function is usually mediated by
the phosphorylation of its downstream target proteins,
including 4E binding protein 1 (4E-BP1) and p70S6 kinase
(p70S6K/S6K1) which were related to cellular pro-
cesses.23,24 Additionally, the abnormal activation of mTOR
signaling pathway was observed in many cancers.25 In this
study, we found that the protein expressions of p-mTOR
and p-P70S6K were also enhanced in chondrosarcoma tis-
sues and cells compared with the controls, while mTOR and
P70S6K reduced correspondingly. In other words, with the
increase of BCAR4, mTOR signaling pathway was activated
both in vitro and in vivo. Moreover, it has also been sug-
gested that lncRNA GAS5 inhibited mTOR, and thus regu-
lated protein synthesis, cell growth and proliferation.26

Therefore, the interaction between BCAR4 and mTOR sig-
naling pathway in chondrosarcoma is our next research
focus.

Previous studies indicated that epigenetic regulation is
likely to be a key mechanism of lncRNAs in gene expres-
sion.27 Our results revealed that BCAR4 activated mTOR
signaling pathway via epigenetic regulation in chondrosar-
coma cells. Furthermore, mTOR overexpression reversed
the decrease of chondrosarcoma cell proliferation and
migration induced by BCAR4 knockdown. Also, inhibition
of mTOR could also reverse the effects of BCAR4 upregula-
tion on chondrosarcoma cell proliferation and migration. It
was indicated that BCAR4 served as an oncogene to pro-
mote cell proliferation and migration in chondrosarcoma,
and that in large part attributed to epigenetically activation
of the mTOR signaling pathway. The results of animal
model experiments further strengthened the evidence that
BCAR4 promoted chondrosarcoma cell growth in vivo.

Taken together, the study indicated that high expression
of BCAR4 was a prognostic factor that promoted chondro-
sarcoma cell proliferation and migration through activation
of mTOR signaling pathway. And it also suggested that
BCAR4 could be a novel marker and potential therapeutic
target for chondrosarcoma.
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