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HMGB1 promotes cellular proliferation and invasion, suppresses
cellular apoptosis in osteosarcoma
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Abstract Osteosarcoma is the most common primary malig-
nant bone tumor in children and adolescents. Unfortunately,
treatment failures are common due to the metastasis and
chemoresistance, but the underlying molecular mechanism
remains unclear. Accumulating evidence indicated that the
deregulation of DNA-binding protein high-mobility group
box 1 (HMGB1) was associated with the development of
cancer. This study aimed to explore the expression of
HMGB1 in osteosarcoma tissues and its correlation to the
clinical pathology of osteosarcoma and to discuss the role of
HMGB1 in the development of osteosarcoma. The results
from RT-PCR and Western blot showed that the expression
rate of HMGB1 messenger RNA (mRNA) and the expression
of HMGB1 in the osteosarcoma tissues were significantly
higher than those in normal bone tissue (p<0.05), the expres-
sion rate of HMGB1mRNA and the expression of HMGB1 in
the carcinoma tissues with positive lung metastasis were sig-
nificantly higher than those without lung metastasis (p<0.05),
and with increasing Enneking stage, the expression rate of
HMGB1 mRNA and the expression of HMGB1 also in-
creased (p<0.05). In order to explore the role of HMGB1 in
osteosarcoma, the expression of HMGB1 in the human oste-
osarcoma MG-63 cell line was downregulated by the tech-
nique of RNA interference. Western blot results showed that
the protein expression of HMGB1was significantly decreased

in the MG-63 cells from HMGB1-siRNA transfection group
(p<0.05), which suggested that HMGB1 was successfully
downregulated in the MG-63 cells. Then the changes in pro-
liferation, apoptosis, and invasion of MG-63 cells were exam-
ined by MTT test, PI staining, annexin V staining, and
transwell chamber assay. Results showed that the abilities of
proliferation and invasion were suppressed in HMGB1 knock-
down MG-63 cells, and the abilities of apoptosis were en-
hanced in HMGB1 knockdown MG-63 cells. The expression
of cyclin D1, MMP-9 was downregulated in HMGB1 knock-
down MG-63 cells, and the expression of caspase-3 was
upregulated in HMGB1 knockdown MG-63 cells. Taken to-
gether, the overexpression of HMGB1 in osteosarcoma might
be related to the tumorigenesis, invasion, and metastasis of
osteosarcoma, which might be a potential target for the treat-
ment of osteosarcoma.
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Introduction

Osteosarcoma (OS), also known as osteogenic sarcoma, is the
most bone-associated malignancy with high lethality [1]. The
estimated incidence rate of OS worldwide is four million/year,
and its incidence is bimodally distributed by age with peaks in
adolescence [2–4]. OS can form both bone tissue and osteoid
tissue during the development process, mostly in the long
bones of the extremities. Due to the emergence of adjuvant
and neoadjuvant chemotherapy, the survival rate has been
greatly improved in individuals with localized OS, which
has an average 5-year survival of about 80 %. However, the
long-term survival rate for OS patients with metastatic or
recurrent disease remains poor [5, 6]. OS is characterized by
a high malignant and metastatic potential. The major cause of
death in OS is the increase in metastatic potential [7, 8].

Qingbing Meng and Jie Zhao contributed equally to this work.

Q. Meng :H. Liu :G. Zhou :W. Zhang :X. Xu :M. Zheng (*)
Orthopedics Department, Yancheng City No.1 People’s Hospital, 16
Yue-He Road, Yancheng 224005, Jiangsu Province, People’s
Republic of China
e-mail: yczhengmq@163.com

J. Zhao
Orthopedics Department, Shanghai Ninth People’s Hospital
Affiliated to Shanghai Jiao Tong University School of Medicine,
Shanghai 200011, People’s Republic of China

Tumor Biol. (2014) 35:12265–12274
DOI 10.1007/s13277-014-2535-3



Approximately 90 % of patients with OS have varying de-
grees of metastasis on diagnosis [9]. Tumor metastasis is a
complex multistep event influenced by multiple regulatory
genes [10, 11]. Although many studies have focused on the
metastasis of OS, the exact molecular mechanism remains
poorly understood.

High-mobility group box 1 (HMGB1) is a widely existing
DNA-binding nuclear protein participating in gene transcrip-
tion, chromatin remodeling, DNA recombination and repair
processes, and stabilizing nucleosome construction [12, 13].
Accumulating evidence indicates that its function now ex-
tends beyond the nucleus, notably its extracellular role in
inflammation, immune response, autophagy, and cancer
[14–16]. HMGB1, a highly conserved nuclear protein, can
be actively secreted by nature immunocyte cells and passively
released by injured cells or necrosis cells as a damage-
associated molecular pattern (DAMP) [17], exerting pleiotro-
pic biological effects by binding to receptor for advanced
glycation and products (RAGE) and toll-like receptor (TLR),
which lead to activation of mitogen-activated protein kinases
(MAPKs) and NF-κB, thereby promoting angiogenesis, un-
limited replicative potential, tissue invasion, and metastasis
[18, 19]. HMGB1 is an evolutionarily ancient and critical
regulator of cell death and survival, and released HMGB1
triggers extracellular damage [15]. Many studies suggest that
HMGB1 plays a critical role in the development and progres-
sion of multiple malignancies [20].

HMGB1 overexpression has been reported in a variety of
human cancers. Several clinical studies have shown that
HMGB1 is a promising biomarker for a variety of cancer
types [21]. Yildirim and his colleagues demonstrated that
HMGB1 displayed an upregulation in colorectal cancers,
which had a significant role in tumor progression and tumor
ability to metastasize in colorectal cancers [14]. Xiao et al.
suggested that HMGB1 displayed an overexpression in hepa-
tocellular carcinoma (HCC), and that the HCC patients with
HMGB1 overexpression had a significantly shorter overall
survival time than those with a downregulated expression of
HMGB1 [15]. HMGB1 knockdown could suppress the ability
of proliferation, migration, and invasion of HCC cells.
HMGB1 overexpression could strengthen the ability of pro-
liferation, migration, and invasion of HCC cells [15, 22].
HMGB1 expression is significantly increased in laryngeal
squamous cell carcinoma (LSCC) tissues, and HMGB1 over-
expression is associated with a poorer prognosis [23]. Zhang
et al. demonstrated that increased expression of HMGB1 was
associated with tumor metastasis of gastric adenocarcinoma,
and knockdown of HMGB1 suppressed growth and invasion
of gastric adenocarcinoma cells through the NF-κB pathway
[20]. Ko et al. showed that HMGB1 enhanced cell prolifera-
tion and suppresses apoptosis by enhancing Bcl-xL, Bcl-2,
cyclin D1, and NF-κB expression, decreasing Bax and p53
expression [24]. HMGB1 may be involved in liver cancer

development and progression through Ki-67 and MMP-2
[22]. HMGB1 was overexpressed in the highly invasive ovar-
ian cancer. HMGB1 knockdown significantly inhibited ovar-
ian cancer cell proliferation and migration accompanied by
decreased cyclin D1, MMP-2, and MMP-9 [25, 26]. The
expression of HMGB1 has been reported in many types of
cancers, but no information is available to date regarding the
function of HMGB1 in OS. In this study, we performed RT-
PCR assay to determine HMGB1 expression in both OS tissue
and normal bone tissue and to observe changes in the ability of
proliferation, apoptosis, and invasion of MG-63 cells follow-
ing the reduced expression of HMGB1 via the small interfer-
ence RNA. The relationship between HMGB1 and the carci-
nogenesis, progression, invasion, and metastasis of OS was
investigated in order to provide scientific information for
prognosis prediction and a new therapeutic target for the
treatment of OS in the future.

Materials and methods

Specimens

Fresh OS tissues were collected from 26 patients with OS
performed resection operation in our hospital between May
2011 and April 2014. Without any preoperative treatment, all
26 cases were pathologically diagnosed with OS postopera-
tively. In addition, 20 normal bone tissues were collected as
well. These tissue samples were frozen by immersion in liquid
nitrogen immediately for subsequent analysis.

Reagents

RT-PCR kit was from Gibco-BRL (Gaithersburg, MD). MG-
63 OS cell line was from Shanghai Institute of Biochemistry
and Cell Biology, Chinese Academy of Sciences (Shanghai,
China). Trizol kit, trypsin, and fetal bovine serum were from
Invitrogen (Carlsbad, CA). RIPA [1 % NP-40, 1 %
deoxycholate, 0.1 % SDS, 500 mM Tris, 150 mM NaCl,
1 mM PMSF, and 1× protease inhibitor cocktail] was from
Roche (New Jersey, USA). Polyvinylidene difluoride (PVDF)
membranes were from Amresco Company (Solon, OH).
Bradford protein concentration assay kit was from Bio-Rad
(Richmond, CA). Annexin V-FITC, propidium iodide (PI),
methyl thiazolyl tetrazolium (MTT), and dimethyl sulfoxide
(DMSO) were from Beyotime (Haimen, China). Transwell
invasion chambers and cell culture plates were from Corning
Corp. (Midland, MI).Matrigel was fromBDBiosciences (San
Jose, CA). HMGB1 siRNA oligonucleotides targeting human
HMGB1, control oligonucleotides (HMGB1 siRNA negative
control), and transfection reagent were from RiboBio
(Guangzhou, China). HMGB1 (GI:118918424) forward prim-
er: 5′-ATATGGCAAAAGCGGACAAG-3′, reverse primer:
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5′-GCAACATCACCAATGGACAG-3′; GAPDH (GI:
182976) forward primer: 5′- TCAGTGGTGGACCTGA
CCT-3′, reverse primer: 5′-TGAGCTTGACAAAGTGGT
CG-3′. All primers were synthesized by Shanghai Generay
Biotech Co., Ltd (Shanghai, China). Rabbit anti-HMGB1
polyclonal antibody was from Abgent (San Diego, CA).
Mouse anti-cyclin D1 polyclonal antibody was from Abcam
(Cambridge, UK). Mouse anti-caspase-3 monoclonal anti-
body was from Life Technologies (Carlsbad, CA). Rabbit
anti-human MMP-9 antibody was from Cell Signaling
Technology (Beverly, MA). Rabbit anti-β-actin polyclonal
antibody and horseradish peroxidase (HRP)-conjugated goat
anti-rabbit/mouse IgG polyclonal antibodies were from
Abbiotec Corp. (San Diego, CA). ECL luminescence solution
was purchased from Pierce Corp. (Rockford, IL). PDQuest
software was from Bio-Rad (Richmond, CA).

Detection of HMGB1 mRNA by RT-PCR

Total RNA was extracted and quantified. The cDNA was
synthesized with reverse transcription kit. The primers of
HMGB1 and GAPDH were dissolved with ddH2O and stored
at −20 °C in aliquots for later use. Then PCR reaction was
performed in a 20-μl PCR reaction system under the follow-
ing program: an initial denaturation step (3 min at 95 °C),
30 cycles of amplification (denaturing at 94 °C for 30 s,
annealing at 56 °C for 30 s, and extension at 72 °C for 30 s),
and the final extension step (10 min at 72 °C). The PCR
products were detected by 1.5 % agarose gel electrophoresis.

MG-63 cells culture and HMGB1 siRNA transfection

MG-63 cells were cultured in minimum essential medium
(MEM) containing 10 % fetal bovine serum (FBS), 2 mM
L-glutamine, 0.1 mg/ml streptomycin, and 100 U/ml penicil-
lin at 37 °C under a humidified atmosphere (95 % air, 5 %
CO2). The recommended confluency for MG-63 cells at the
day of transfection is 70–90%, and then the complete medium
was converted to serum-free MEM just before experiments.
MG-63 cells were transfected with small interfering RNAs
(siRNAs) targeting HMGB1 (50 nM) and negative control
siRNAs (50 nM) according to the manufacturer’s instructions
for Lipofectamine 2000. The protein expression levels of
HMGB1 were determined to assess the effects of RNA
interference.

Cell viability

MG-63 cell viability following HMGB1 knockdown was
assessed by MTT test. MG-63 cells were cultured in 96-well
plates. When the cell population reaches optimal densities, the
medium was removed and was replaced with 100 μl of fresh
culture medium. A 12 mM MTT stock solution was prepared

by adding 1 ml of sterile PBS to one 5-mg vial of MTT. Ten
microliter of the 12 mM MTT stock solution was added to
each well. It was incubated for 4 h at 37 °C. The SDS-HCl
solution was prepared by adding 10 ml of 0.01 M HCl to one
tube containing 1 mg of SDS. Then 100 μl of the SDS-HCl
solution was added to each well and was mixed thoroughly.
The microplate was incubated at 37 °C for 4 h in a humidified
chamber. Each sample was mixed again using a pipette and
absorbance was read at 570 nm. With this procedure, only
viable cells with functioning mitochondria can oxidize MTT
to a violet-red reaction product.

Cell proliferation

MG-63 cell proliferation following HMGB1 knockdown was
assessed by flow cytometry. MG-63 cells at 70–80 %
confluency were cultured in serum-free medium for 24 h to
synchronize and then cultured in complete medium for 24 h.
Then MG-63 cells were trypsinized and harvested and were
fixed into 0.5 ml 70 % EtOH precooled to −20 °C. The fixed
MG-63 cells were stored on ice at least 1 h and for up to
several days and were spin down at 4 °C for 2 min at
4,000 rpm. MG-63 cell pellet was resuspended in 0.5 ml of
PBS buffer containing 0.25 % Triton X-100 and incubated on
ice for 15 min. MG-63 cells were spin down for 2 min at
4,000 rpm. The supernatant was discarded, and the MG-63
cell pellet was resuspended in 0.5 ml of PBS buffer containing
10 μg/ml RNase A and 20 μg/ml propidium iodide. Then the
MG-63 cells were transfered to fluorescence-activated cell
sorting (FACS) tubes and incubated at room temperature for
30 min in the dark. For cell cycle analysis, data were
expressed as fractions of cells in different cycle phases, and
the experiment was repeated three times.

Detection of cell apoptosis by flow cytometry

MG-63 cell apoptosis following HMGB1 knockdown was
assessed by flow cytometry. Apoptosis was assayed using
the annexin V-fluorescein isothiocyanate (FITC) apoptosis
detection kit (Haimen, China) according to the manufacturer’s
instructions. Briefly, MG-63 cells were suspended and labeled
with annexin V-FITC and propidium iodide for 15 min at
25 °C in the dark. Then MG-63 cells were observed on
FACS and the data were analyzed by the CellQuest software.
The cells that stained positive for annexin V were counted as
apoptotic. Each experiment was repeated thrice.

Detection of MG-63 cells invasion

MG-63 cell invasion following HMGB1 knockdown was
assessed by transwell invasion chamber assay. The transwell
invasion chamber was divided into upper and lower chambers
by the polycarbonate membrane (8-μm pore size) covered by
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Matrigel. 1×105 cells cultured in 200 μl of serum-free MEM
medium were seeded in the upper chamber of the transwell
invasion system, while 600 μl MEM medium with 10 % FBS
was added into the lower chamber. Then the transwell inva-
sion systemwas placed into a cell culture incubator. After 24 h
of incubation, the transwell invasion system was taken out,
and the cells on the upper surface of the polycarbonate mem-
brane were removed with a sterile cotton swab. Plugged cells
in 8-μm pores or cells attached to the under-surface of the
membrane were stained with 1 % crystal violet and counted.
Eight fields were randomly selected for observation. Invasion
capability was evaluated through the number of plugged cells
in 8-μm pores and cells attached to the under-surface of the
membrane. The results are presented as the mean±SD, with
three repeated experiments for each group.

Western blot analysis

Total protein was extracted from MG-63 cells with
radioimmunoprecipitation assay (RIPA) lysis buffer, mea-
sured, separated by SDS-PAGE, and transferred onto a
PVDF membrane. The membrane was blocked in TBS solu-
tion containing 5 % skim milk at room temperature for 1 h,
followed by incubation with rabbit anti-HMGB1 antibody,
mouse anti-cyclin D1 antibody, mouse anti-caspase-3 anti-
body, rabbit anti-MMP-9 antibody, and rabbit anti-β-actin
antibody at 4 °C overnight. The membranes were washed
with TBST, followed by incubation with HRP-conjugated
goat anti-rabbit IgG polyclonal antibody or HRP-conjugated
goat anti-mouse IgG polyclonal antibody at 37 °C for 1 h.
After TBST washing, autoradiography was conducted with
ECL chemiluminescence reagents. The results were analyzed
with the QuantityOne software. The relative expression of the
target protein content was valuated with the gray value ratio of
target and β-actin.

Statistical analysis

The SPSS17.0 software was used to analyze the related data
with a χ2 test (Chi-square test) or one-way ANOVA. The
results were considered statistically significant if p<0.05.

Results

The positive expression rate of HMGB1 mRNAwas higher
in OS tissues

The results from RT-PCR indicated that the positive expres-
sion rate of HMGB1 messenger RNA (mRNA) in the OS
tissues was 80.77 %, which was significantly higher than that
in normal bone tissues (15.00 %) (p<0.01). The positive

expression rate of HMGB1 mRNA in the OS tissues from
patients with positive lung metastasis (100.00 %) was signif-
icantly higher than that from patients with negative lung
metastasis (68.75 %) (p<0.05). With increasing Enneking
stages, the HMGB1 mRNA expression rate in the OS tissues
also increased (p<0.05). However, the positive expression
rate of HMGB1 mRNA in OS was independent of the pa-
tient’s gender, age, or tumor size (p>0.05), as shown in
Table 1.

HMGB1 protein displayed upregulation in osteosarcoma
tissues

The HMGB1 protein expression in osteosarcoma tissues was
significantly higher than that in normal bone tissues (p<0.05).
The HMGB1 protein expression in the carcinoma tissues from
patients with lungmetastasis was significantly higher than that
in the carcinoma tissues from patients with negative lung
metastasis (p<0.05). With increased Enneking staging, the
HMGB1 protein expression in the osteosarcoma tissues was
increased (p<0.05) (Fig. 1).

HMGB1 improves MG-63 cell viability

To address the role of HMGB1 in osteosarcoma cells, MG-63
osteosarcoma cell line was chosen to study further. To sup-
press HMGB1 expression in MG-63 cells, MG-63 cells were
transfected with HMGB1-siRNA, served as the knockdown
group. MG-63 cells were transfected with control-siRNA or
without any treatment, served as the control group or blank
group, respectively. The results from qRT-PCR and western
blot analysis demonstrated that HMGB1 displayed significant
downregulation in knockdown group compared to control
group or blank group (p<0.05). The expression of HMGB1
did not display significant difference between control group
and blank group. These data indicated that we effectively
inhibit the expression of HMGB1 in MG-63 cells (Fig. 2).

MTT assay suggested that the viability of MG-63 cells in
knockdown group was significantly lower compared to that in
control group or blank group (p<0.05), and that the viability
of MG-63 cells did not display significant difference between
control group and blank group (Fig. 3). These results indicated
that the high level expression of HMGB1 might be related to
the improvement of MG-63 cells viability, and that the knock-
down of HMGB1 might be related to the suppression of MG-
63 cells viability.

HMGB1 enhances MG-63 cell cycle progression

PI staining analysis by flow cytometry showed that the
HMGB1-siRNA transfected knockdown group had signifi-
cantly more MG-63 cells in G1 phase, significantly less
MG-63 cells in S and G2 phase compared to the control group
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as well as the blank group (p<0.05) (Fig. 4). These data
suggested that the dysregulated HMGB1 affected the MG-
63 cell cycle distribution and that HMGB1 knockdown in-
duced G1 cell cycle arrest.

HMGB1 inhibits MG-63 cell apoptosis

The results from annexin Vand PI staining demonstrated that
HMGB1-siRNA transfection knockdown group had more
apoptotic MG-63 cells compared to the control group as well
as the blank group (p<0.05); furthermore, the number of
apoptotic cells did not differ significantly between the control

Table 1 HMGB1 mRNA ex-
pression in OS tissues and its
correlation with the clinical path-
ological factors

Pathologic Cases HMGB1 mRNA positive rate (%) χ2 p value

Normal tissue 20 3(15.00) 19.5962 0.000
Carcinoma tissue 26 21(80.77)

Sex

Male 18 15(83.33) 0.2476 0.619
Female 8 6(75.00)

Age (years)

<21 19 17(89.47) 3.4425 0.064
≥21 7 4(57.14)

Size of primary carcinoma (cm)

<10 18 14(75.00) 0.3370 0.562
≥10 8 7(100.00)

Enneking stage

I stage 5 2(40.00) 7.3790 0.025
II stage 13 11(84.61)

III stage 8 8(100.0)

Lung metastasis

Negative 16 11(68.75) 3.8690 0.049
Positive 10 10(100.00)

Fig. 1 I The HMGB1 protein expression in osteosarcoma tissues; II the
relative expression of SASH1 protein in osteosarcoma tissues (A normal
bone tissue, B osteosarcoma tissue,C Enneking stage I,D Enneking stage
II, E Enneking stage III, F lung metastasis negative, G lung metastasis
positive; asterisk indicates p<0.05). These data were analyzed by t test or
one-way ANOVA

Fig. 2 The relative expression of HMGB1 in osteosarcoma MG-63 cell
line; asterisk indicates p<0.05. These data were analyzed by one-way
ANOVA. All experiments were repeated three times with three replicates
each
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group as well as the blank group (p>0.05) (Fig. 5). These data
indicated that HMGB1 knockdown could improve MG-63
cell apoptosis.

HMGB1 contributes to MG-63 cell invasion

The invasive ability of human OS cells MG-63 was evaluated
through the transwell invasion chamber. The crystal violet
staining results showed that the number of MG-63 cells in-
vading the Matrigel membrane was significantly decreased in
the HMGB1-siRNA transfected knockdown group compared

to the control group as well as the blank group (p<0.05). The
number of MG-63 cells invading the Matrigel membrane
displayed no significant difference between the control group
and the blank group (p>0.05) (Fig. 6). The results showed that
the downregulation of HMGB1 protein was closely associated
with the decreased invasive ability of MG-63 cells.

Effects of HMGB1 on cyclin D1, caspase-3, and MMP-9
expression

HMGB1 is an important regulatory factor for the expression
of cyclin D1, caspase-3, and MMP-9 [20, 24, 27]. Cyclin D1,
often amplified and overexpressed in malignancies, is a major
regulator of the progression of cells into the proliferative stage
of the cell cycle [28]. Caspase-3, the major effector caspase, is
one of the key executioners of apoptosis [29]. MMP-9 plays
important roles in tumor invasion and angiogenesis [30, 31].
So the protein expression of cyclin D1, caspase-3, and MMP-
9 were detected in this work. The results showed that the
expression of cyclin D1 and MMP-9 was significantly lower
in MG-63 cells from HMGB1-siRNA transfected knockdown
group than that from the control group and the blank group
(p<0.05). Caspase-3 displayed a significant upregulation in

Fig. 3 The effect of HMGB1 on MG-63 cell viability; asterisk indicates
p<0.05. These data were analyzed by one-way ANOVA. All experiments
were repeated three times with three replicates each

Fig. 4 The effect of HMGB1 on
MG-63 cell cycle; asterisk indi-
cates p<0.05. These data were
analyzed by one-way ANOVA.
All experiments were repeated
three times with three replicates
each
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HMGB1-siRNA transfected knockdown group than that in
the control group and the blank group (p<0.05). The expres-
sion of cyclin D1, caspase-3, and MMP-9 did not show
significant difference between the control group and the blank
group (Fig. 7). These results indicated that HMGB1

knockdown could downregulate MMP-9 and cyclin D1 ex-
pression and upregulate caspase-3 expression in OS cells.

Discussion

Osteosarcoma (OS), a malignant tumor mainly occurring in
children and adolescents, is characterized by its strong inva-
sion and early metastasis, which are the major causes of both
treatment failure and death [32]. Therefore, it is necessary to
explore the molecular mechanisms of OS invasion and metas-
tasis and the effective treatments for OS. HMGB1 is a widely
existing DNA-binding nuclear protein, which can be actively
secreted by nature immunocyte cells and passively released by
injured cells or necrosis cells as a DAMP [17], exerting
pleiotropic biological effects by binding to RAGE and TLR,
thereby promoting angiogenesis, unlimited replicative poten-
tial, tissue invasion, and metastasis [18, 19]. Many studies
suggest that HMGB1 overexpression plays a critical role in
the development and progression of multiple malignancies
[20], but no information is available to date regarding the
function of HMGB1 in OS.

In this study, we found that the expression rate of HMGB1
mRNA in the OS tissues was significantly higher than that in
normal bone tissue, the expression rate of HMGB1 mRNA in
the carcinoma tissues with positive lung metastasis was sig-
nificantly higher than that without lung metastasis, and with

Fig. 6 The crystal violet staining
of the MG-63 cells that passed
through the polycarbonate mem-
brane of the transwell chamber;
asterisk indicates p<0.05. These
data were analyzed by one-way
ANOVA. All experiments were
repeated three times with three
replicates each

Fig. 5 The effect of HMGB1 onMG-63 cell apoptosis; asterisk indicates
p<0.05. These data were analyzed by one-way ANOVA. All experiments
were repeated three times with three replicates each
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increasing Enneking stage, the expression rate of HMGB1
mRNA also increased. These data showed that HMGB1 over-
expression might be correlated with the development and
progression of OS. These observations also support previous
conclusions that increased expression HMGB1 is associated
with increased cell proliferation, angiogenesis, and metastasis
during cancer progression [15, 33].

In order to explore the effect of HMGB1 on osteosarcoma
cells, MG-63 osteosarcoma cell line was chosen to study
further. MTTassay suggested that the viability of MG-63 cells
in HMGB1 knockdown group was significantly lower com-
pared to that in control group or blank group, which indicated
that the knockdown of HMGB1 might be related to the
suppression ofMG-63 cells viability. Flow cytometry analysis
suggested that HMGB1 knockdown induced G1 cell cycle
arrest. These observations were consistent with other findings
that downregulating HMGB1 could inhibit the proliferation of
human lung cancer cell [34]. The ability of proliferation of
HCC cells was strengthened when the expression endogenous
HMGB1 was enhanced using HMGB1 DNA [15].
Knockdown of HMGB1 suppresses growth of GAC cells
through the NF-κB pathway, suggesting that HMGB1 may
serve as a potential therapeutic target for GAC. The ectopic
expression of HMGB1 activates cell growth by decreasing
Bax and p53 expression while enhancing Bcl-2, cyclin D1
[24]. In this study, cyclin D1, a critical cell cycle regulatory
factor, was chosen to determine by Western blotting. The
results showed that the expression of cyclin D1 was signifi-
cantly lower inMG-63 cells fromHMGB1 knockdown group.
Cell cycle changes were accompanied by decreases in cyclin
D1 expression. These might be responsible for the explanation
that HMGB1 knockdown inhibited cell proliferation.

The apoptosis assay results from this study demonstrated
that HMGB1 knockdown could improve MG-63 cell apopto-
sis. Suppression of HMGB1 expression, tumor cell apoptosis,

and chemotherapeutic drug sensitivity were increased. Yin
et al. found that HMGB1 promoted autophagy and inhibited
anticancer drug-induced apoptosis [35]. HMGB1 knockdown
sensitized cells to apoptosis that was mediated by the caspase-
3 pathway [36]. Downregulation of HMGB1 expression re-
sulted in the decreased cell number was due to transfected
prostate cancer cells undergoing apoptosis via caspase-3-
dependent pathways [37]. HMGB1 overexpression could in-
hibit ADM-induced apoptosis in leukemia K562 cells through
regulating the protein level of Bcl-2 and the activities of
caspase-3 [38]. Therefore, the expression of caspase-3 was
determined, and the results demonstrated that caspase-3
displayed a significant upregulation in HMGB1 knockdown
group than that in the control group and the blank group,
which might be responsible for that HMGB1 knockdown
group had more apoptotic MG-63 cells compared to the
control group as well as the blank group.

The results of transwell invasive chamber experiment in-
dicated that the invasion ability of MG-63 cells was signifi-
cantly decreased in the HMGB1 knockdown group compared
to the control group and the blank group. These findings
suggested that HMGB1 might have stimulative effect on the
migration of human OS cell MG-63, which was consistent
with other findings. HMGB1 overexpression has a significant
role in tumor progression, especially the migration of tumor
cells [39]. HMGB1 activates RAGE signaling pathways and
induces NF-кB activation to promote cellular invasion, and
metastasis, in HCC cell lines [40]. Knockdown of HMGB1
suppresses invasion of GAC cells [20]. Silencing of HMGB1
significantly reduced cellular metastatic ability and MMP-9
expression in MGC-803 cells [36]. Silencing of HMGB1 can
effectively inhibit the invasion and migration of gastric cancer
cells, and this effect of HMGB1 may be partly due to its
regulation of NF-κB and MMP-9 expressions [41].
Therefore, the expression of MMP-9 was determined, and

Fig. 7 The effects of HMGB1 on the expression of cyclin D1, caspase-3, and MMP-9 in MG-63 cells; asterisk indicates p<0.05. These data were
analyzed by one-way ANOVA. All experiments were repeated three times with three replicates each
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the results demonstrated that MMP-9 displayed a significant
downregulation in HMGB1 knockdown group, which might
be responsible for that knockdown of HMGB1 resulted in the
decreased invasive ability of MG-63 cells.

These results may suggest that the overexpression of
HMGB1 may play an important role in the carcinogenesis,
development, invasion, and metastasis of OS. HMGB1
knockdown suppresses proliferation and invasion and im-
prove apoptosis of OS. From these studies, a deeper under-
standing of the incidence and progression of OS could be
developed and might provide new strategies and targets for
the treatment of OS.
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