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Down-regulation of HMGB1 induces apoptosis and  
inhibits invasion and migration of MCF-7 breast  
cancer cells through targeting SMARCC1
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Abstract: High-mobility group box 1 (HMGB1) is a multifunctional protein with intranuclear and extracellular func-
tions associated with most cancers including breast cancer. To investigate the effects of down-regulation of HMGB1 
expression, MCF-7 breast cancer cells were infected with HMGB1-specific RNAi lentiviral vectors. The gene silencing 
effects on HMGB1 expression were subsequently confirmed by RT-PCR and western blotting analyses. HMGB1-
specific silencing significantly decreased cell proliferation. The impact on proliferation was observed at the cell cycle 
level-the number of cells in the G2/M phase increased, whereas that in G0/G1 phases decreased. Down-regulation 
of HMGB1 expression also increased apoptosis of MCF-7 cells, Bax/Bcl-2 ratio and Caspase-3 expression. Finally, 
silencing of HMGB1 expression significantly resulted in the inhibition of cellular metastatic ability and MMP-9 ex-
pression. However, these effects of HMGB1 down-regulation on proliferation, apoptosis, cell cycle and metastasis 
of MCF-7 cells were significantly inhibited by SMARCC1 overexpression. These findings suggest that HMGB1 is criti-
cal for the cellular survival and metastasis of breast cancer and a mechanism referred possibly through targeting 
SMARCC1, therefore presenting a potential therapeutic target for the treatment of breast cancer.
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Introduction

Breast cancer is the common malignancy and 
the leading cause of cancer-related death in 
women worldwide with approximately 1.67 mil-
lion new cases in 2012 [1], which makes it the 
second most frequent cancer in the world after 
lung cancer. It is estimated that up to 56% of 
patients with advanced breast cancer undergo 
recurrence in distant organs [2, 3], including 
bones, lungs and brain, and is often accompa-
nied by distant metastasis, contributing to 
more than 90% of death in breast cancer [4]. 
Although current treatments for breast cancer 
include radiation, chemotherapy, hormone the- 
rapy and targeted HER2 therapy is effective [5, 
6], but unfortunately treatment is stopped due 
to drug toxicity and drug resistance by many 
mechanisms including interruption of the apop-
totic signaling pathway [7, 8]. Thus the need for 
effective, safe and cost-effective alternatives is 
necessary.

High-mobility group box 1 (HMGB1) is a nonhis-
tone chromosomal protein present in all mam-
mals and belonging to the HMG protein family. 
HMGB1 is a multifunctional factor, implicated 
in a variety of biologically diverse processes 
including DNA repair, recombination, replica-
tion, transcription, differentiation, development 
and extracellular signaling [9, 10]. Variations in 
HMGB1 levels are shown to be associated with 
several disease conditions including arthritis 
[11], sepsis [12], Alzheimer’s disease [13], isch-
emia-reperfusion injury [14] and cancer [15]. 
HMGB1 has a complex role in carcinogenesis 
because it has both pro- and anti-tumorigenic 
bioactivities. Down-regulation of HMGB1 inhib-
ited cell proliferation, migration and invasion 
and induced apoptosis and cell cycle arrest in a 
number of cancer, including glioma [16], pros-
tate [17], breast [18], gastric [19], bladder can-
cer [20]. HMGB1 suppresses tumorigenesis by 
interacting with p53, p73, the retinoblastoma 
(RB) protein, members of the Rel/NF-κB family 
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AAGTCGCCCTCG-3’) and SMARCC1 coding 
sequence obtained from Shanghai Generay 
Biotech Co., Ltd. (Shanghai, China) were cloned 
into lentiviral vector (pCMV-G&NR-U6, Shanghai 
Genechem Co., Ltd., Shanghai, China), respec-
tively. The constructs were then transfected 
into HEK293T cells (ATCC) with lentiviral pack-
aging vectors by using LipofectamineTM 2000 
reagent (Invitrogen, Carlsbad, CA, USA), as per 
the manufacturer’s instructions. After 48 h 
transfection, MCF-7 cells were infected specific 
or negative control lentiviral vectors at one mul-
tiplicity of infection. The cells were analyzed 48 
h after infection.

Quantitative real-time PCR (RT-qPCR)

Total RNA was extracted using TRIzol reagent 
(Invitrogen, Carlsbad, CA), as per the manufac-
turer’s instructions. The first-strand cDNA was 
synthesized using High Capacity RNA-to-cDNA 
Kit (Applied Biosystems, Foster City, CA). 
Quantitative real-time PCR (RT-qPCR) was per-
formed using SYBR green master mix (Roche 
Diagnostics GmbH, Mannheim, Germany)on 
ABI7300 (Applied Biosystem, Shanghai, China) 
thermal cycler. The relative level of HMGB1 
gene was calculated by comparing threshold 
cycle (Ct) values of samples to that of the refer-
ence. All data were normalized to standard 
GAPDH. Primers for HMGB1 and SMARCC1 
were as follows: HMGB1 forward 5’-TGATGT- 
TGCGAAGAAACTG-3’, and reverse 5’-GCTTT- 
CCTTTAGCTCGATATG-3’; SMARCC1 forward 
5’-TCATGCGGATGCTCCTACCA-3’, and reverse 
5’-AAACCTCCGCCATCCCTGTT-3’. The GAPDH 
primers used were forward 5’-CACCCACTCCTC- 
CACCTTTG-3’, and reverse 5’-CCACCACCCTGT- 
TGCTGTAG-3’.

Western blot analysis

MCF-7 cells were harvest and washed twice 
with PBS and lysed in ice-cold radio immuno-
precipitation assay buffer (RIPA, Beyotime, 
Shanghai, China) with freshly added 0.01% pro-
tease inhibitor cocktail (Sigma, Shanghai, 
China) and incubated on ice for 30 min. Cell 
lysis was centrifuged at 13,000 rcf for 10 min 
at 4°C and the supernatant (20-30 μg of pro-
tein) was run on 10% SDS-PAGE gel and trans-
ferred electrophoretically to a polyvinylidene 
fluoride membrane (Millipore, Shanghai, China). 
The blots were blocked with 5% skim milk, fol-
lowed by incubation with antibodies specific for 
HMGB1, SMARCC1, Bax, Bcl-2, Caspase-3, 

and nuclear hormone receptors including the 
estrogen receptor (ER) stimulates carcinogen-
esis [1, 21]. These findings indicated that 
HMGB1 might be a new potential therapeutic 
target for the treatment of human malignan-
cies. However, the mechanism of HMGB1 
involved in breast cancer apoptosis and migra-
tion is still unknown. 

SMARCC1 (BAF155) protein, a part of the intra-
nuclear SWI/SNF complex, is a major complex 
of ATP-dependent chromatin remodeling fac-
tors which contribute to the regulation of gene 
expression by altering chromatin structure [22]. 
SMARCC1 expression is significantly up-regu-
lated in prostate cancer cells and correlates 
positively with Gleason score, tumor stage and 
time to recurrence [23]. Moreover, knockdown 
of endogenous SMARCC1 in breast cancer cells 
significantly decreased cell growth and migra-
tion, an effect that was rescued by re-expres-
sion of SMARCC1 [24]. A number of elements 
that can influence the activity of SWI/SNF com-
plex have been described, including HMG pro-
teins among which HMGB1 enhances binding 
of SWI/SNF to the nucleosome [25]. It is cur-
rently unknown whether SMARCC1 associated 
with the outcomes of HMGB1-induced cell 
apoptosis and migration in breast cancer. 

In this study, we attempted to explore the eff- 
ects of HMGB1 gene silence on the prolifera-
tion, cell cycle distribution, apoptosis, migra-
tion and invasion of breast cancer MCF-7 cells 
and clarify a role for SMARCC1 on its possible 
mechanisms involved in.

Materials and methods

Cell culture

MCF-7 human breast cancer cells were obtain- 
ed from the American Type Culture Collection 
(ATCC, Manassas, VA, USA) and cultured in 
Dulbecco’s modified Eagle’s medium (DMEM; 
Invitrogen Life Technologies, Carlsbad, CA, 
USA) containing 10% (v/v) fetal bovine serum 
(FBS, Hyclone, USA), 100 mg/ml streptomycin 
and 100 U/ml penicillin at 37°C in a humidified 
5% CO2 atmosphere.

Production of lentiviral vector

shRNA targeting HMGB1 mRNA (shRNA, 5’-TG- 
GTGATGTTGCGAAGAAA-3’), a non-specific scra- 
mble shRNA sequence (NC, 5’-CCTAAGGTT- 
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cultured for 0, 12, 24 and 48 h at 37°C, respec-
tively. After that, 100 μl serum free DMEM con-
taining 10% CCK-8 reagents (v/v) was added in 
each well, and cells were cultured for 1 h in 5% 
CO2 at 37°C. Finally, optical density values (OD) 
were read at 450 nm using a microplate reader 
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). 
Each experiment was done in triplicate.

Cell cycle distribution analysis

MCF-7 cells (3 × 104/well) were digested and 
washed, followed by 70% pre-cooled ethanol 

MMP-9, E-cadherin and GAPDH overnight at 
4°C. Then the blots were incubation with HRP-
conjugated anti-rabbit IgG for 1 h, respectively. 
Immunoreactive bands were detected using an 
ECL detection kit, and an LAS-4000 mini sys-
tem (Fujifilm Corporation, Tokyo, Kumamoto, 
Japan) was used for visualization.

Cell proliferation by CCK-8 assay

Cell viability was determined using a CCK-8 
assay (SAB, Nanjing, China). Briefly, cells (3 × 
103/well) were seeded in 96-well plates and 

Figure 1. HMGB1 shRNA-medi-
ated down-regulation of HMGB1 
and SMARCC1 in MCF-7 cells. 
Cells were infected as described 
in Methods. RT-PCR determina-
tion of HMGB1 (A) and SMARCC1 
mRNA expression (F). Densito-
metric quantification of HMGB1 
(B) and SMARCC1 protein expres-
sion (D, G). Representative West-
ern blotting analysis of HMGB1 
(C) and SMARCC1 expression (E, 
H). **P<0.01 versus negative 
control (NC).
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infected MCF-7 cells with shRNA targeting 
HMGB1 plasmid vector. Infection with the 
HMGB1 shRNA lentiviral vector efficiently and 
specifically reduced the HMGB1 expression by 
75.4% and 66.9% at mRNA and protein levels 
in MCF-7 cells compared with that of negative 
control (NC), respectively (Figure 1A-C). In- 
terestingly, down-regulation of HMGB1 showed 
significant decrease in the protein expression 
of SMARCC1 in MCF-7 cells (Figure 1D and 1E), 
suggesting an important link between HMGB1 
and SMARCC1 was presence. Then, SMARCC1 
was therefore overexpressed in HMGB1 
silenced MCF-7 cells. As shown in Figure 1F-H, 
infection with the SMARCC1 expressing vector 
efficiently and specifically increased the 
SMARCC1 expression by 2.27-fold and 1.34-
fold at mRNA and protein levels in MCF-7 cells 
compared with that of NC, respectively.

Down-regulation of HMGB1 decreased cell 
viability and induced cell cycle arrest of MCF-7 
cells

Following knock down of HMGB1 gene with 
shRNA, we also measured the cell viability in 
infected MCF-7 cells. These studies showed 
that knock down of HMGB1 resulted in 
decreased proliferation of MCF-7 cells by 
14.4%, 22.8% and 35.6% at 12, 24 and 48 h, 
respectively, compared with cells that were 
infected with a NC plasmid (Figure 2A). 
However, SMARCC1 up-regulation markedly 
increased the cell viability of HMGB1-silencing 
MCF-7 cells by 10.0%, 15.6% and 25.4% at 12, 
24 and 48 h, respectively (Figure 2A). These 
data suggest that SMARCC1 overexpression 
inhibited HMGB1 silence induced decrease in 
MCF-7 cell viability. 

Moreover, we also investigate the effect of 
HMGB1 shRNA lentiviral vector on cell cycle dis-
tribution of MCF-7 cells. As shown in Figure 2B 
and 2C, HMGB1 shRNA lentiviral vector infec-
tion in MCF-7 cells showed decreased cell num-
ber of G0-G1 phase, but cell number of G2-M 
phase was increased significantly. HMGB1 
shRNA lentiviral vector infection didn’t influ-
ence the cell number of S phase in MCF-7 cells. 
Importantly, SMARCC1 up-regulation markedly 
inhibited cell cycle arrest through increasing 
cell number of G0-G1 phase and decreasing 
that of G2-M phase (Figure 2B and 2C). These 
data suggest that SMARCC1 overexpression 
inhibited HMGB1 silence induced MCF-7 cell 
cycle arrest. 

for 12 h and RNA was removed by using 1 mg/
ml RNaseA. Then cells were stained with prop-
idium iodide (PI) for 10 min and the DNA con-
tent was measured using flow cytometry so as 
to determine the proportion of cells in each 
stage of cell cycle.

Cell apoptosis assay

MCF-7 cells (3 × 104/well) were formed single 
cell by 0.25% trypsin and washed by 10% PBS, 
followed by the centrifugation at 1000 RCF for 
5 min. Supernatant was discarded and then the 
cells were incubated with Annexin-V fluorescein 
isothiocyanate (FITC) apoptosis detection Kit 
(eBioscience, Inc., San Diego, CA, USA) for 10 
min at room temperature without light. Cell 
apoptotic rate was measured and the data was 
obtained using flow cytometry (BD Biosciences, 
San Diego, CA, USA).

Migration and invasion assay

Migration and invasion assays were performed 
in uncoated or Matrigel (BD Biosciences)-
coated 24-well Transwell chamber (8-µm pore 
size, Corning Life Sciences, Corning, NY, USA).
Briefly, MCF-7 cells (3 × 104/well) in 200 µl 
serum-free medium were seeded into the upper 
chamber, while 600 µl medium with 10% FBS 
were added into the lower chamber. After 24 h 
of incubation at 37°C and 5% CO2, cells remain-
ing in the upper chamber were completely 
removed using a cotton swab. Cells attached to 
the bottom of the membranes were fixed with 
4% paraformaldehyde and stained with 0.2% 
crystal violet. The degree of migration/invasion 
was expressed as the average number of cells 
counted in five randomly selected filed.

Statistical analysis 

All data are presented as means ± SD. 
Statistical significance was performed by using 
the GraphPad Prism 5.0 software (GraphPad 
Software, Inc., La Jolla, CA, USA) and deter-
mined by Student’s t test. P<0.05 was consid-
ered significant.

Results

Down-regulation of HMGB1 decreased 
SMARCC1 expression in MCF-7 cells

To investigate the effects of HMGB1 expression 
on breast cancer cell biological function, we 
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Figure 2. HMGB1 gene silencing reduces MCF-7 cell viability and arrests cell cycle. A. The viability of infected MCF-7 cells was measured by CCK-8 assay on 0, 12, 24 
and 48 h post-infected. B, C. Cell cycle was measured by flow cytometry. *P<0.05, **P<0.01 versus negative control (NC). #P<0.05, ##P<0.01 versus shRNA-HMGB1. 
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SMARCC1 up-regulation markedly increased 
the cell migration and invasion by 1.71-fold  
and 1.95-fold in HMGB1-silencing MCF-7 cells, 
respectively (Figure 4A-D). These data sugg- 
est that SMARCC1 overexpression inhibited 
HMGB1 silence induced decrease in MCF-7 cell 
migration and invasion.

Effects of HMGB1 down-regulation on apop-
totic and migratory mediators in MCF-7 cells

As Bcl-2 family and Caspase-3 are important 
mediators of tumor cell apoptosis, we investi-
gated the impact of gene silencing on Bcl-2, 
Bax and Caspase-3 expression. Western blot 
analysis revealed that the expression of Bax 
and Caspase-3 protein was increased, but 
Bcl-2 protein was decreased in stable HMGB1-
silencing MCF-7 cells compared with NC (Figure 
5A and 5B). In addition, the expression of 
important mediator of tumor cell invasiveness 
and metastasis, MMP-9 protein, was also 
decreased in stable HMGB1-silencing MCF-7 
cells compared with NC, but E-cadherin protein 
was increased (Figure 5A and 5B). However, 
SMARCC1 up-regulation markedly inhibited 
HMGB1 silence induced protein expression in 
MCF-7 cells. 

Down-regulation of HMGB1 induced cell apop-
tosis of MCF-7 cells

We then analyzed whether reduction in cell via-
bility was due to cell death and if so whether 
they are undergoing apoptosis. Results showed 
that following infection of MCF-7 cells with 
HMGB1 shRNA constructs resulted in increase 
in apoptosis of these cells by 5.88-fold com-
pared with NC (Figure 3A and 3B). While, 
SMARCC1 up-regulation markedly decreased 
the cell apoptosis of HMGB1-silencing MCF-7 
cells by 40.9% (Figure 3A and 3B). These data 
suggest that SMARCC1 overexpression inhibit-
ed HMGB1 silence induced MCF-7 cell 
apoptosis. 

Down-regulation of HMGB1 inhibited cell mi-
gration and invasion of MCF-7 cells

To evaluate the effect of HMGB1 inhibition on 
cell invasion, migration and invasion assays 
were performed. The results indicated that 
infection with HMGB1 shRNA lentiviral vector 
significantly reduced the number of MCF-7 cells 
that invaded through the membrane. HMGB1 
silencing caused a 72.6% and 77.9% decrease 
in the migratory and invasive cell number when 
compared with the NC (Figure 4A-D). However, 

Figure 3. HMGB1 gene silencing induces MCF-7 cell apoptosis. A, B. Cell cycle was measured by flow cytometry. 
**P<0.01 versus negative control (NC). **P<0.01 versus negative control (NC). ##P<0.01 versus shRNA-HMGB1.
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HMGB1 silencing caused elevated apoptosis 
and cell cycle arrest. However, SMARCC1 over-
expression inhibited HMGB1 silencing induced 
apoptosis and motility in MCF-7 cells. These 
results suggest that HMGB1 has an essential 
role in the development and malignant trans-
formation of breast cancer, which may through 
targeting SMARCC1 expression.

Previous study hasshowed that down-regula-
tion of HMGB1 expression resulted in the inhi-
bition of cell growth in LNCaP prostate cancer 

Discussion

The expression of HMGB1 has been described 
in many types of cancers [18, 26], with several 
studies indicating that HMGB1 is overex-
pressed in breast cancer. Despite these find-
ings, relatively little is known about the function 
of HMGB1 in breast cancer progression. Here, 
we report that genetic knockdown of HMGB1 in 
MCF-7 breast cancer cells significantly inhibit-
ed cell proliferation, migration, invasion ability 
as well as SMARCC1 expression. Moreover, 

Figure 4. HMGB1 gene silencing reduces MCF-7 cell migration and invasion. A. Representative photographs of cell 
migration assay. B. Average migratory cell number of MCF-7 cells infected with HMGB1 shRNA lentiviral vector was 
significantly decreased, as compared to the cells infected with NC. C. Representative photographs of cell invasion 
assay. D. Average invasive cell number of MCF-7 cells infected with HMGB1 shRNA lentiviral vector was significantly 
decreased, as compared to the cells infected with NC. **P<0.01 versus negative control (NC). ##P<0.01 versus 
shRNA-HMGB1.
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decreased in vitro by HMGB1 silencing, which is 
consistent with the previous study [28, 29]. 
Furthermore, we identify that HMGB1 silencing 
reduces cellular expression of MMP-9 and 
increased E-cadherin. Liu et al. [30] reported 
that HMGB1 induced MMP-9 expression via 
specific inhibition of the PI3K/Akt signaling 
pathways and that HMGB1 was closely corre-
lated to the clinical stage of advanced non-
small cell lung cancer. Our data support these 
observations, suggesting that HMGB1 expres-
sion plays an essential role in the metastatic 
ability of breastcancer cells. 

A small number of studies have analyzed the 
effect of HMG proteins on ATP-dependent chro-
matin remodeling [25, 31]. Additionally, it has 
been recently shown that the activity of the 
yeast SWI/SNF complex is stimulated by rat 
HMGB1 [32]. In the present study, we found 
that SMARCC1, a part of the intranuclear SWI/
SNF complex, is associated with HMGB1 silenc-
ing induced cell viability, apoptosis, migration 
and invasion of MCF-7 cells. SMARCC1 overex-
pression markedly increased cell viability, 
migration and invasion ability and inhibited cell 
apoptosis and cell cycle arrest. Conflicting evi-
dence suggests that SMARCC1 may serve as 
tumor suppressor or oncogene in a tumor-type-
specific manner. SMARCC1 was initially impli-
cated as a tumor suppressor in lung and other 
adenocarcinomas [33]. However, mounting evi-
dence supports that, for at least some tumor 
types, SMARCC1 might enhance tumor devel-
opment in a context-dependent manner [24]. 

cells and apoptosis via caspase-3-dependent 
pathways [17]. Attenuating the expression of 
RAGE and its ligand HMGB1 in human breast 
adenocarcinoma cells also promoted apoptosis 
[27]. In line with the findings that down-regula-
tion of HMGB1 significant decrease in cell via-
bility and induction of apoptosis through 
increasing Caspase-3 expression and Bax/
Bcl-2 ratio in MCF-7 cells. Moreover, Ni et al. 
[18] reported that HMGB1 silence by siRNA 
didn’t inhibit MCF-7 cell proliferation, but pro-
moted apoptosis. However, the most likely 
explanationis that the shRNA lentiviral vector is 
more effective than the use of siRNA target 
HMGB1. HMGB1 silencing significantly decre- 
ased cell proliferation and induced increase in 
the number of cells in the G0/G1 phase, where-
as that in S and G2/M phases decreased, 
which were accompanied by decreases in cyclin 
D1 expression [19]. However, in the present 
study the number of cells in the G0/G1 phase 
was markedly decreased and the number of 
cells in the G2/M phase was increased in 
HMGB1 silencing MCF-7 cells. The increased 
expression of HMGB1 conferred a suppression 
of growth of MCF-7 cells, G1 arrest and apopto-
sis in RB-containing MCF-7 cells, and elevated 
the radiosensitivity of breast cancer cells [21]. 
These suggest that the role of HMGB1 in breast 
cancer cells in growth and apoptosis is quite 
different that dependent on the different can-
cer types, cancer cells and cancer conditions. 

Our studies reveal that the migratory and inva-
sive ability of MCF-7 cells is significantly 

Figure 5. Effects of HMGB1 gene silencing on apoptotic and migratory media-
tors. A. Representative Western blotting analysis of Bax, Bcl-2, Caspase-3, 
MMP-9 and E-cadherin protein expression. B. Densitometric quantification of 
HMGB1 Bax, Bcl-2, Caspaase-3, MMP-9 and E-cadherin protein expression. 
**P<0.01 versus negative control (NC). ##P<0.01 versus shRNA-HMGB1.
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Anal Bioanal Chem 2016; 408: 7491-7503.

[8] Dong H, Yao L, Bi W, Wang F, Song W, Lv Y. 
Combination of survivin siRNA with neoadju-
vant chemotherapy enhances apoptosis and 
reverses drug resistance in breast cancer 
MCF-7 cells. J Cancer Res Ther 2015; 11: 717-
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(HMGB1). Crit Care Med 2005; 33: S472-474.

[11] Li YB, Xu P, Xu K, Cai YS, Sun MY, Yang L,  
Sun J, Lu SM. Methotrexate affects HMGB1  
expression in rheumatoid arthritis, and the 
downregulation of HMGB1 prevents rheuma-
toid arthritis progression. Mol Cell Biochem 
2016; 420: 161-170.

[12] Gil M, Kim YK, Hong SB, Lee KJ. Naringin de-
creases TNF-alpha and HMGB1 release from 
LPS-stimulated macrophages and improves 
survival in a CLP-induced sepsis mice. PLoS 
One 2016; 11: e0164186.

[13] Fujita K, Motoki K, Tagawa K, Chen X, Hama H, 
Nakajima K, Homma H, Tamura T, Watanabe 
H, Katsuno M, Matsumi C, Kajikawa M, Saito T, 
Saido T, Sobue G, Miyawaki A, Okazawa H. 
HMGB1, a pathogenic molecule that induces 
neurite degeneration via TLR4-MARCKS, is a 
potential therapeutic target for Alzheimer’s 
disease. Sci Rep 2016; 6: 31895.

[14] Wang J, Han D, Sun M, Feng J. Cerebral isch-
emic postconditioning induces autophagy inhi-
bition and a HMGB1 secretion attenuation 
feedback loop to protect against ischemia re-
perfusion injury in an oxygen glucose depriva-
tion cellular model. Mol Med Rep 2016; 14: 
4162-4172.

[15] Wang B, Yeh CB, Lein MY, Su CM, Yang SF, Liu 
YF, Tang CH. Effects of HMGB1 polymorphisms 
on the susceptibility and progression of hepa-
tocellular carcinoma. Int J Med Sci 2016; 13: 
304-309.

[16] Zhang J, Liu C, Hou R. Knockdown of HMGB1 
improves apoptosis and suppresses prolifera-
tion and invasion of glioma cells. Chin J Cancer 
Res 2014; 26: 658-668.

[17] Gnanasekar M, Thirugnanam S, Ramaswamy 
K. Short hairpin RNA (shRNA) constructs tar-
geting high mobility group box-1 (HMGB1) ex-
pression leads to inhibition of prostate cancer 
cell survival and apoptosis. Int J Oncol 2009; 
34: 425-431.

[18] Ni P, Zhang Y, Liu Y, Lin X, Su X, Lu H, Shen H, 
Xu W, Xu H, Su Z. HMGB1 silence could pro-

In conclusion, our study suggests that HMGB1 
plays an essential role in the proliferative and 
metastatic activity of breast cancer cells. 
Silencing the HMGB1 gene with lentiviral vec-
tor-mediated HMGB1 shRNA can significantly 
inhibit proliferation, migration and invasion 
and, in addition, induced apoptosis and cell 
cycle arrest in MCF-7 cells. These effects were, 
in partly, through targeting SMARCC1. These 
data suggest that HMGB1 represents a poten-
tial target for the therapeutic intervention of 
breast cancer.
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