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HMGB1 silence could promote MCF-7 cell apoptosis and 
inhibit invasion and metastasis

Ping Ni1*, Yongjian Zhang1*, Yueqin Liu2*, Xin Lin2, Xiaolian Su1, Hongxiang Lu1, Huiling Shen2, Wenlin Xu2, 
Huaxi Xu1, Zhaoliang Su1

1Department of Immunology, Jiangsu University, Zhenjiang 212013, Jiangsu, China; 2The Affiliated Fourth People’s 
Hospital, Jiangsu University, Zhenjiang 212001, China. *Equal contributors.

Received October 7, 2015; Accepted November 20, 2015; Epub December 1, 2015; Published December 15, 
2015

Abstract: High mobility group box 1 (HMGB1), a non-histone nuclear protein, was associated with a variety of biologi-
cal important processes, such as transcription, differentiation, extracellular signaling. As a cytokine or inflammatory 
mediator, more and more data showed that HMGB1 was involved in inflammatory diseases, cancers or autoim-
mune disease. However, few data focused on nucleic or cytoplasmic function of HMGB1. Therefore, the present 
study focused on cancer cells biological characteristics following HMGB1 silence. HMGB1 siRNAs were designed 
and chemically synthesized, and then transfected into the breast cancer cell line MCF-7 with lipofectamine 2000. 
The transcription and translation level of HMGB1 expression, proliferation, apoptosis, migration of MCF-7 were de-
termined. The results demonstrated that HMGB1 silence inhibit invasion and migration and promote apoptosis of 
human breast cells; which indicated that HMGB1 silence might be a potential therapy targets.

Keywords: HMGB1, migration, apoptosis, proliferation

Introduction

High mobility group box protein 1 (HMGB1), a 
highly conserved nuclear protein, is very abun-
dant expression and plays an important struc-
tural function in chromatin organization [1]. As 
a chromatin-binding factor, HMGB1 exerts its 
key functions within the nucleus by binding the 
minor groove of DNA and facilitating the assem-
bly of site-specific DNA-binding proteins, which 
regulate the transcription of a number of genes 
[2-5]. In addition to its nuclear roles, HMGB1 
can be actively secreted by inflammatory cells 
and passively released from necrotic cells into 
the local microenvironment, acting as an ex- 
tracellular signalling molecule that binds indi-
vidual surface receptors, including the receptor 
for advanced glycation end products (RAGE) 
and Toll-like receptors (TLRs) -2, -4 and -9 dur-
ing inflammation, cell migration, cell differenti-
ation, and cancer metastasis [6-8]. The up-reg-
ulation of HMGB1 has been confirmed in a vari-
ety of cancers, such as prostate cancer [9], 
bladder cancer [10], hepatocellular carcinoma 
[11], gastric cancer [12], and lung cancer [13]. 
Furthermore, up-regulation of HMGB1 is asso-

ciated with all the hallmarks of cancer, includ-
ing limitless replicative potentiality, evasion of 
apoptosis and tissue invasion and metastasis; 
which indicated that HMGB1 might be a new 
potential therapeutic target for the treatment of 
human malignancies [14].

As a cytokine or inflammatory mediator, more 
and more data showed that HMGB1 was involv- 
ed in inflammatory diseases, cancers or auto-
immune disease. However, few data focused  
on nucleic or cytoplasmic function of HMGB1, 
especially for the cancer cells. Therefore, the 
present study focused on cancer cells biologi-
cal characteristics following HMGB1 silence. 
The results demonstrated that HMGB1 silence 
inhibit invasion and migration and promote 
apoptosis of human breast cells; which indicat-
ed that HMGB1 silence might be a potential 
therapy targets.

Materials and methods

Cell culture and transfection

Human breast cancer cell line MCF-7 was cul-
tured in DMEM medium (KeyGEN BioTECH) sup-
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plemented with 10% fetal bovine serum (FBS; 
Hyclone, USA) at 37°C, in the presence of 5% 
CO2. Based on the sequence of HMGB1, siRNAs 
and the negative control were designed and 
chemically synthesized in GenePhama. The 
cells were seeded at a density of 1×105/well in 
a 24-well plate before transfection to achieve 
more than 30-50% confluence. For transfec-
tion, 1 μl of Lipofectamine 2000 (Invitrogen, 
USA) were added to 50 μl Opti-MEMI Serum 
free Medium (Invitrogen, USA) and then mixed 
gently at room temperature for 5 min; 2 μl FAM-
siRNA were added to 50 μl Opti-MEMI Serum 
free Medium and then mixed gently. After 5 min 
incubation, diluted Lipofectamine2000 mixed 
with diluted FAM-siRNA gently at room temper-
ature for 20 min. The cells were transfected 
with the different mixtures. The 24-well plate 
was incubated at 37°C, in the presence of 5% 
CO2 for 6 h and then changed medium into 
complete medium.

Western blotting

Total protein extracts were prepared with the 
Total Protein Extraction Kit (KeyGEN BioTECH). 
The proteins were electrophoresis by 12% SDS-
PAGE before being transferred to polyvinyli- 
dene difluoride (PVDF) membranes. The mem-
branes were blocked with 5% non-fat dried  
milk in TBST, and incubated with specific pri-
mary antibodies at 37°C for 24 h, followed by 
horseradish peroxidase (HRP)-conjugated anti-
rabbit (1:5000 dilution) antibodies for 2 h at 
room temperature. Detection was performed 
with electrochemiluminesce (ECL) and relevant 
blots quantified by densitometry using the 
accompanying computerized image analysis 
program (Amercontrol Biosciences, USA).

Quantitative real-time PCR (RT-qPCR)

Total RNA was isolated from MCF-7 cell lines 
using Trizol reagent. RNA was reverse tran-
scribed to cDNA using the PrimeScriptTM RT 
reagent Kit (TaKaRa, Dalian, China) according 
to the manufacturer’s protocols. The RT-qPCR 
assay was carried out using CFX96-Real-Time 
System. The PCR reaction conditions included 
an initial denaturation for 5 sec at 95°C fol-
lowed by 40 cycles each of denaturation for 10 
sec at 95°C, annealing for 20 sec at 60°C, 
extension for 15 sec at 72°C. All experiments 
were repeated in triplicate. The relative expres-
sion levels of mRNA were calculated with the 

2-ΔΔCt method and expressed as the normalized 
to GAPDH. The primers used in the study were 
designed and chemically synthesized in Gene- 
copoeia.

Cell proliferation assay (CCK-8)

After transcription, the cells were seeded in 
96-well plates at a density of 1×104/well and 
incubated at 37°C, in the presence of 5% CO2. 
At 1 d, 2 d, 3 d, 4 d and 5 d post-transfection, 
10 μl of CCK-8 solution was added to each well 
and incubated for 4 h at 37°C, respectively. 
Then, the OD (450 nm) was measured using  
a microplate reader (Bio-Rad, USA). All experi-
ments were performed in triplicate. 

Cell apoptosis assay

After 48 h post-transfection, the cells were 
washed twice with cold PBS and then resus-
pended in 1× Binding Buffer at a concentration 
of 1×106 cells/ml. The 100 μl solution was 
transfered to a 5 ml culture tube. 5 μl FITC 
Annexin and 5 μl PI were added in the tube and 
incubated for 15 min at 37°C. Then, 400 μl 1× 
Binding Buffer was added to each tube. The 
cells were evaluated by flow cytometry (BD 
Biosciences, USA).

Cell migration assay

After transfection, the cells were collected and 
resuspended in a serum-free medium at a con-
centration of 1×105 cells/ml. Then, the lower 
chamber was filled with 800 μl DMEM with 10% 
FBS and 400 μl cell suspension was added to 
the upper chamber. After incubation at 37°C,  
in the presence of 5% CO2 for 48 h, cells on  
the lower surface were fixed with 75% ethanol, 
stained with crystal violet and counted.

Wound healing assay

A linear scratch wound was performed using a 
pipette tip in a confluent monolayer of cells in 
6-well plates. Medium without FBS was used in 
order to inhibit cell proliferation [15].

Statistical analysis

All statistical analysis was performed using 
GraphPad Prism. Data were expressed as the 
mean ± standard deviation (SD). Comparisons 
between groups were performed using the 
paired t-test or one-way ANOVA with Bonferroni 
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correction. A P value of <0.05 was considered 
statistically significant.

Results

HMGB1 expression in MCF-7 cells was down-
regulated by HMGB1-siRNA

As Figure 1 shown, HMGB1 expression (both 
mRNA and protein) in MCF-7 cell line was obvi-
ously down-regulated following the HMGB1-
siRNA transfection compared with the negative 
control (NC) group and the blank control (CON) 
group (P<0.05). However, there were no signifi-
cant differences between the NC group and the 
CON group.

HMGB1 silence did not inhibit MCF-7 cell pro-
liferation but promote apoptosis

As a nuclear molecule, HMGB1 modulate tran-
scription, repair and recombination through 
exerting effects on chromosomal architecture 
[16]. And then whether HMGB1 silence would 

affect biological characteristics of MCF-7 cell 
line. Therefore, the proliferation and apopto- 
sis of MCF-7 cell were detected following the 
HMGB1 silence. As Figure 2 shown, there were 
no significant differences in cell proliferation 
among HMGB1 siRNA, NC and CON groups 
(P>0.05, Figure 2).

Since HMGB1 silence didn’t inhibit MCF-7 cell 
proliferation; and then whether the apopto- 
sis was affected. As Figure 3 shown, the apop-
tosis frequency was higher in the siRNA group 
(15.2±2.5%) comparing with CON (8.2±1.3%) 
and NC (12.3±2.8%) groups after 48 h post-
transfected (Figure 3). However, no significant 
differences in cell apoptosis between the CON 
and NC groups were observed (P>0.05).

HMGB1 silence inhibited MCF-7 cell invasion 
and wound healing ability

Transwell assay was employed to evaluate the 
effect of HMGB1 silence on MCF-7 cell inva-
sion. The numbers of invasive cells for HMGB1 

Figure 1. HMGB1 expression in MCF-7 cells was down-regulated by HMGB1-siRNA. For the following experiments, 
the cells were divided into three groups: the siRNA group, the negative control (NC) group and the blank control 
(CON) group. The level of HMGB1 expression was measured by RT-qPCR and Western blotting after 48 h transfec-
tion. (A) The mRNA expression of HMGB1. Values were expressed compared with GADPH. B/C HMGB1 protein levels 
in MCF-7 cell line. GAPDH was also examined as a loading control. Representative blots were shown above (B) and 
densitometric analyses below (C). Data were means ± SD from three independent experiments. P values were cal-
culated using one-way ANOVA. P<0.05 was considered significant.
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siRNA, CON, NC group under the microscope 
were 20.1±3.5, 78.3±4.1 and 88.3±4.7. The 
cell number was significantly different in HMG- 
B1 siRNA group comparing with CON and NC 
group Figure 4A (P<0.01). 

The wound healing assay was also employed  
to analysis cell migration ability. As Figure 4B 
shown, the migration of HMGB1 silence MCF-7 

cells was apparently suppressed. These results 
demonstrate that HMGB1 silence suppresses 
MCF-7 cell invasion and migration.

Discussion

HMGB1 is a highly conserved nuclear pro- 
tein, acting as achromatin-binding factor that 
bends DNA and promotes transcriptional pro-

Figure 2. HMGB1 silence did not inhibit MCF-7 cell proliferation. The proliferation of transfected MCF-7 cells was 
measured by CCK-8 assay on 1 d, 2 d, 3 d, 4 d, 5 d post-transfected. No significant differences in the cell prolifera-
tion were found between the siRNA, the CON and NC groups (P>0.05). Data were means ± SD from three indepen-
dent experiments. P values were calculated using one-way ANOVA. P<0.05 was considered significant.

Figure 3. HMGB1 silence promoted MCF-7 cell 
apoptosis. Data are the mean ± SD from three 
independent experiments. Representative im-
ages are shown (above) and the statics analysis 
(below). P values were calculated using one-way 
ANOVA. P<0.05 was considered significant.
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tein assemblies on specific DNA targets [17, 
18]. In addition to its nuclear role, HMGB1 also 
functions as an extracellular signaling molecule 
during inflammation, cell differentiation, cell 
migration, and tumor metastasis [6, 18, 19]. 
Many tumor cells express RAGE [20], and the 
binding of HMGB1 to RAGE or TLR4 inhibits 
tumor cell apoptosis by promoting tumor cell 
autophagy [21] and increases tumor cell inva-
siveness [22, 23]. Furthermore, previous stud-
ies have confirmed that HMGB1 is over-ex- 
pressed in a variety of cancers [9-13]. Addi- 
tionally, HMGB1 has been implicated in many 
hallmarks of cancer, including apoptosis, angio-
genesis, invasion, metastasis and inflammato-
ry microenvironment [14]. However, few data 
focused on nucleic or cytoplasmic function of 
HMGB1, especially for the cancer cells. There- 
fore, the present study focused on cancer cells 
biological characteristics following HMGB1 
silence. Firstly, we constructed specific HMGB1-
siRNA and transfected them into MCF-7 cell. 
The HMGB1 expression was efficiently sup-
pressed (Figure 1). And then the biological 
characteristic of MCF-7 cell line was assessed 
following HMGB1 silence. Our results demon-

strated that HMGB1 silence did not inhibit 
MCF-7 cell proliferation but promote apoptosis. 
Although some data also indicated that HMGB1 
could promote the cell proliferation by modulat-
ing cyclin D1, a critical regulator of G1-phase 
progression [24-26]; our data only focus on the 
nuclear function not as a cytokine. Additionally, 
HMGB1 over-expression in cancer cell incre- 
ased NF-κB activity and led to c-IAP2 up-regula-
tion in colon carcinoma, which could inhibit 
apoptosis via suppressing caspase-3 and cas-
pase-9 activity [27].

Cell migration invasion and wound healing abil-
ity assay also indicated that HMGB1 silence 
suppresses MCF-7 cell invasion and migration; 
which was consistent with other report that 
HMGB1 is also associated with tumor progres-
sion, including invasion and metastasis [28]; 
however the mechanism need to be investi- 
gated.

Conclusion

In conclusion, our research suggests that HMG- 
B1, as a nuclear molecule, plays an essential 

Figure 4. HMGB1 silence inhibited cell inva-
sion and wound healing ability. A. Cell invasion 
in HMGB1 silence MCF-7 cell lines. The inva-
sion cell number is presented by bar diagram. 
Each experiment was repeated for three times. 
***P<0.01. B. Wound healing results. Each ex-
periment was repeated for three times. P values 
were calculated using one-way ANOVA. P<0.05 
was considered significant.
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role in the apoptotic, migratory and invasive 
activity of breast cancer cells. siRNA interfer-
ence could effectively suppress the expression 
of HMGB1, and inhibit the migration, invasion 
and induce the apoptosis of human breast 
cells; which indicated that HMGB1 represents a 
potential target for breast cancer therapy.
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