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Introduction

A glioma is a primary brain tumor that originates from the 
nerve stromal cells including glial cells, ependymal cells, 
choroid plexus epithelial cells, and nerve parenchymal cells. 
Gliomas are featured by high morbidity, high recurrence 

rate, and high case-fatality rate (with an overall 5-year 
survival of only 13%), and low cure rate. Gliomas account 
for about 60% of all intracranial primary brain tumors, 
posing serious threat to the life and health of patients (1,2). 
Tumor invasion and metastasis are important biological 
characteristics of malignant tumors. Most patients who die 
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of cancer die from metastatic disease rather than from the 
primary lesion (3,4). Gliomas are highly invasive. They 
often invade the surrounding normal brain tissue, and 
have no clear boundaries with normal brain tissues. Thus, 
surgery has only a limited role in treatment, and the case-
fatality rate of gliomas is extremely high (1,5,6).

Cancers are caused by the accumulation of genetic 
mutations, including the activation of oncogenes and the 
loss of tumor suppressor genes. Activation of oncogenes can 
lead to cell malignant transformation and tumorigenesis 
(7-9). Most studies have shown that the activation of 
oncogenes play key roles in the occurence and development 
of gliomas (10-12). Activation of oncogenes usually involves 
the changes in multiple signaling pathways, cell cycle, and 
regulation of apoptosis (13-16). Recent research has shown 
that the high mobility group protein box 1 (HMGB1) 
gene is highly expressed in various tumours, showing 
oncogene-like functions (17-19). Forty years ago, HMGB1 
was discovered in calf thymus and named according to 
its electrophoretic mobility in polyacrylamide gels (20). 
Human HMGB1 is a structural transcription factor 
encoded by a single gene. Located in chromosome 13q12, it 
contains four introns and five exons, encoding a 215-amino-
acid protein, with a molecular weight of about 30 KD. It is 
highly conserved, with an amino acid sequence homology 
of over 98% between human and rodents (21,22). HMGB1 
protein is divided into three domains: two positively 
charged DNA-binding motifs (boxes A, B) and a C-terminal 
acidic tail. Both the two motifs contain 80-90 amino acid 
residues and are strongly alkaline; and the carboxy terminus, 
also known as acidic terminal, is rich in aspartic acid and 
glutamic acid containing negative charge (23). HMGB1 is 
a multifunctional protein. HMGB1 functions as a DNA-
binding protein in the nucleus; by binding DNA with 
specific structures, it can affect the structural state of the 
target sequence and thus participates in the key life activities 
including the division, differentiation, and maturation of 
cells, DNA repair, DNA recombination, regulation by 
steroid hormones, and regulation of gene transcription 
(24-27). Outside the cells, HMGB1 released by necrotic 
cells or activated immune cells is a typical injury-related 
molecule, which, by interacting with cytokines, chemokines, 
and growth factors, is involved in the various activities 
of cells (20). HMGB1 protein, as a ubiquitous nuclear 
protein, is widely distributed in mammalian cells, in 
particular in thymus, lymph tissue, testis, and neonatal 
liver (28). As shown in recent research, high expression 
of HMGB1 has also been detected in immature cells and 

a variety of solid tumors. HMGB1 is an anti-apoptotic 
protein; its over-expression can suppress apoptosis and 
thus cause the occurrence and development of tumors (29). 
In addition, HMGB1 is also related with the activation 
of the plasminogen system and matrix metalloproteinases 
and the migration of adherent cells (30,31). HMGB1 has 
been found to be highly expressed in many malignancies 
including colon cancer, lung cancer, breast cancer, 
nasopharyngeal carcinoma, and head and neck squamous 
cell carcinoma (32-36), and may also be closely associated 
with the occurrence, invasion, and metastasis of tumors. 
However, the specific mechanisms governing the biological 
activities of HMGB1 remain unclear, and few studies have 
explored the role ofHMGB1 in the development of glioma 
cells. Thus, in our current study, we inhibited the expression 
of HMGB1 gene in U251 and U-87MG cell lines using the 
gene knockout method; then, we detected the change of 
the biological characteristics of this cell line to analyze the 
effect of HMGB1 on the biological behaviors of glioma 
cells and explore the relationship between HMGB1 and the 
development, invasion, and metastasis of glioma, with an 
attempt to provide scientific evidences for the prognosis and 
targeted therapy of gliomas.

Materials and methods

Materials

Trizol reagent and RT-PCR kit were purchased from 
BioRad Company (Richmond, CA, USA), HMGB1 siRNA 
oligonucleotides targeting human HMGB1, control 
oligonucleotides [HMGB1 siRNA negative control (NC)] 
and transfection reagents were from RiboBio (Guangzhou, 
China). Trypsin, methyl thiazolyl tetrazolium (MTT), 
propidium iodide (PI), and dimethyl sulfoxide (DMSO) 
were from Sigma Corp. (St. Louis, Missouri, USA), 
Annexin V-FITC was purchased from Beyotime (Haimen, 
China). Human HMGB1 (NM_002128.4) upstream 
primer (GGAGAGTAATGTTACAGAGCGG) and 
downstream primer (AGGATCTCCTTTGCCCATGT) 
were synthesized by Shanghai Biological Engineering 
Technology Services Limited (Shanghai, China). Matrigel 
was purchased from BD Bioscience (San Jose, CA, USA), 
and transwell invasion chamber was from Corning 
Corp. (Midland, Michigan, USA). Protein extraction 
and protein quantification kits were purchased from 
Bio-Rad (Richmond, CA, USA). Rabbit anti-HMGB1 
and rabbit anti-Bax polyclonal antibodies were from 
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Abcam (Cambridge, MA, USA). Rabbit anti-matrix 
metalloproteinase-9 (MMP-9) polyclonal antibody was from 
LifeSpan Biosciences (Seattle, WA, USA). Rabbit anti-Bcl-2 
polyclonal antibody and mouse anti-cyclin D1 polyclonal 
antibody were from Biorbyt (Cambridge, UK). Rabbit anti-
tubulin polyclonal antibody was from Abbiotec (San Diego, 
CA, USA). Horseradish peroxidase conjugated goat anti-
rabbit or rabbit anti-mouse IgG polyclonal antibody was 
from Invitrogen-Life Technologies (Carlsbad, CA, USA). 
ECL chemoluminescence kit was from Pierce Company 
(Rockford, Illinois, USA).

U251 and U-87MG cell culture and HMGB1 siRNA 
transfection

Human glioma cell lines U251 and U-87MG were 
purchased from ATCC (Rockville, MD, USA). The 
U251 and U-87MG cells were cultured at 37 ℃ in an 
environment with saturated humidity and 5% CO2 in 
the Eagle’s minimum essential medium (Eagle’s MEM) 
(Rickmansworth, England) containing 10% fetal bovine 
serum (Gibco Company, Grand Island, NY, USA), penicillin 
(100 U/mL), and streptomycin (100 μg/mL). Cells in the 
exponential phase were selected for further experiment. 
One day before transfection, the U251 and U-87MG cells 
at the logarithmic phase were digested with trypsin and 
then counted. Cells were inoculated in 6-well plates at an 
appropriate density. On the transfection day, after the cells 
were 90% confluent, they were treated overnight with 
Eagle’s MEM without serum. According to manufacturer’s 
instruction, the U251 and U-87MG cells in the exponential 
phase were transfected with HMGB1 siRNA (inhibiting 
HMGB1 mRNA) and NC siRNA (scrambled the nucleotide 
sequence of HMGB1 siRNA lacked homology to any other 
gene). Three groups were set: HMGB1 siRNA group, NC 
siRNA group and blank control group (transfected with 
only transfection reagents). The transfection and inhibition 
rates of HMGB1 siRNA were detected using Western 
blotting.

Cell viability: analysis by MTT test

Cell viability following HMGB1 knockdown was assessed 
by MTT test. In the Eagle’s minimum essential medium 
(Eagle’s MEM) containing 10% FBS, the U251 and 
U-87MG cells were prepared into single cell suspensions 
and then inoculated in the 96-well plates with 2,000 cells/well 
in 200 μL. The wells were then cultured in an incubator 

(37 ℃ and 5% CO2) until monolayers were obtained, which 
were adherent 24 hours later. Add 100 μL MTT solution 
(0.5 mg/mL) in each well, and then put the plate into the 
incubator to allow the cell culture process to continue. After 
4 hours of culture, the medium was removed and 150 μL 
DMSO was added to each well. Then plates were placed 
on shaker for 10 min to fully dissolve the crystals. The OD 
value was measured at a wavelength of 570 nm. With this 
procedure, only viable cells with functioning mitochondria 
can oxidize MTT to a violet-red reaction product.

Cell proliferation: analysis by flow cytometry

Cell proliferation following HMGB1 knockdown was 
assessed by flow cytometry. After the cells were 70-80% 
confluent, they were refed with serum-free medium 
for 24 hours; after have been synchronized, they were 
cultured in complete medium for another 24 hours. Cells 
were collected (about 1×106-5×106/mL) and centrifuged at 
800 r/min for 5 min to discard the culture medium. After 
the cells were washed with 3 mL PBS once, the mixture 
was centrifuged to remove PBS solution, and then added 
with ice-cold 70% ethanol and fixed at 4 ℃ for 1-2 hours. 
Discard the fixative by centrifugation. Resuspend the cells in 
3 mL PBS for 5 min. After filtering through the 400-mesh 
filter cloth, the mixture was centrifuged at 800 r/min for 
5 min to discard the PBS. Add 1 mL of PI staining solution 
and incubate 30 minutes in the dark at 4 ℃. Detection using 
flow cytometer: for PI, cells were excited with an Argon 
488 nm laser and emission of radiation at wavelengths 
of larger than 630 nm. Fluorescence intensity histogram 
profiles of the PI were analyzed using red fluorescence. For 
cell cycle analysis, data were expressed as fractions of cells in 
different cycle phases. Measurements repeated three times 
in each group.

Detection of cell apoptosis by flow cytometry 

Apoptosis was assayed using the Annexin V-FITC Apoptosis 
Kit (Haimen, China) according to the manufacturer’s 
instructions. Briefly, after the cell culture medium was 
dried, the adherent cells were washed with PBS once, and 
then a proper amount of trypsin-EDTA solution was added 
to digest the cells. The cells were further inoculated at 
room temperature until they could be dispersed with gentle 
pipetting. Then, the trypsin-EDTA solution was removed. 
Add cell culture medium again, and then the mixture was 
transferred to a centrifuge tube. Centrifuge the cells at 1,000 rpm 
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for 5 min. After the supernatant was discarded, add PBS 
and gently resuspended cells. Then, the cells were counted. 
Collect 50,000-100,000 resuspended cells, centrifuge them 
at 1,000 rpm for 5 min, and then discard the supernatant. 
A total of 195 μL annexin V-FITC liquid and 5 μL annexin 
V-FITC were added gently to the suspended cells, mixed 
gently, and incubated in room temperature (20-25 ℃) at 
dark for 10 minutes (aluminum foil can be used to avoid 
light). Centrifuge for 5 minutes, and then the supernatant 
was discarded. A total of 190 μL annexin V-FITC liquid was 
added gently to the suspended cells. A total of 10 μL of PI 
staining solution was added, gently mixed, and incubated in 
ice bath at dark. Samples were analyzed by flow cytometry. 
Stain the cells simultaneously with FITC-Annexin V (green 
fluorescence) and PI (red fluorescence). Data were analyzed 
using Cell Quest software. Measurements repeated three 
times in each group.

Determination of invasion of glioma cells 

The invasive ability of U251 and U-87MG glioma cells 
was assessed through the number of cells passed through 
an 8-µm pore size polycarbonate filter coated with Matrigel 
(Corning, MA, USA). The chamber was washed with 
serum-free medium three times. Add 20 μL appropriately 
diluted Matrigel, which was evenly covered on the surface 
of polycarbonate membrane. Inoculate at 37 ℃ for 30 min to 
create an artificial basement membrane. Thus, the chamber 
was divided into upper and lower chambers. In each group 
(HMGB1 siRNA group, NC siRNA group, and blank 
control group), the cells (2×105 cells) were suspended 
in 200 μL serum-free Eagle’s MEM medium, and then 
inoculated in the upper chamber of the transwell invasion 
system. Add 500 μL Eagle’s MEM medium containing 10% 
FBS, put the cells in the incubator, and then culture them 
for 24 hours. Take out the upper chamber, remove the cells 
on the surface of the upper chamber using sterile cotton 
swab and stain the cells that had invaded the lower surface 
of the basement membrane using crystal violet. Count 
the number of cells that had passed through the transwell 
polycarbonate membrane using Leica microscope (Leica 
Company, Wetzlar, Germany). Eight visual fields were 
randomly observed for each sample, and the experiment was 
repeated three times.

RNA isolation and real-time PCR

Total RNA was extracted from U251 and U-87MG glioma 

cells with Trizol reagent as per the manufacturer’s protocol 
and subjected to reverse transcription using a reverse 
transcription primer. Real-time PCR reactions were 
performed using the iTaq Fast SYBR Green Supermix 
(BioRad) exactly following the manufacturer’s instructions 
and Applied Biosystems 7500 real-time PCR system. 
Relative quantification was performed by using the 
comparative Ct method and all results were compared to 
the control samples after normalizing to an endogenous 
control [Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH)]. Values are expressed as mean percent ± SE.

Western blotting

The total proteins were extracted using protein extraction 
kit, and the protein concentration was analyzed using a 
BCA assay kit (Bio-Rad, Richmond, CA, USA). The total 
proteins of 40 μg per hole were subject to SDS-PAGE gel 
electrophoresis. After the protein had been transferred onto 
a PVDF membrane (Millipore Company, Bedford, MA, 
USA), they were blocked in TBS solution (10 mM Tris-
HCl, pH 7.5, 150 mM NaCl) containing 5% skimmed 
milk powder at room temperature for 1 h, then added 
with cyclin D1, Bax, Bcl-2, and MMP-9 primary antibody 
and incubated overnight at 4 ℃. Wash 3 times with 
fresh TBST for 5 minutes. Add HRP-labeled goat anti-
rabbit IgG or rabbit anti-mouse polyclonal antibody and 
inoculate at 37 ℃ for 1 h. Wash 3 times with fresh TBST 
for 5 minutes. Autoradiography was conducted using ECL 
chemiluminescent substrate. The change of its relative 
expression was analyzed using PDQuest software (Bio-Rad, 
Richmond, CA, USA).

Statistical analysis

The experimental data were analyzed using SPSS 17.0 software. 
Inter-group differences were analyzed by t-test and multiple 
comparisons among several groups were conducted by 
analysis of variance. P<0.05 was considered significantly 
different.

Results

High expression of HMGB1 in glioma cell lines

Real-time PCR and western blotting showed that, compared 
with the immortalized human astrocytes (SVG-p12 cell 
line), the expressions of HMGB1 mRNA and protein 
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significantly increased in glioma cell lines (U251, U-87MG, 
and LN-18) (P<0.05) (Figure 1A-C). U251 and U-87MG 
cells were selected for further study. We inhibited the 
HMGB1 expression in U251 and U-87MG cells by RNAi 
technique. As shown in Western blotting, the expression 
of HMGB1 in U251 and U-87MG cells was significantly 
inhibited in HMGB1 siRNA group but showed no 
significant difference in the NC siRNA group and blank 
control group (Figure 1D,E). Thus, the HMGB1-knockout 

cell model was successfully established.

Effect of HMGB1 gene on the viability of glioma cells

After the inoculation of equal volume of U251 and U-87MG 
cells in HMGB1 siRNA group, NC siRNA group, and 
blank control group, MTT assay showed that the viability 
of U251 and U-87MG cells was significantly lower in the 
HMGB1 siRNA group than in the NC siRNA group and 
blank control group (P<0.05) but was not significantly 
changed in the NC siRNA group and blank control group 
(Figure 2). Thus, the knockdown of HMGB1 gene may 
lower the viability of U251 and U-87MG cells, whereas the 
overexpression of HMGB1 gene may be associated with the 
increased vitality of U251 and U-87MG cells.

Effect of HMGB1 on the proliferation of glioma cells

After the inoculation of equal volume of U251 and U-87MG 
cells in HMGB1 siRNA group, NC siRNA group, and 
blank control group, flow cytometry after PI staining 

Figure 1 Expression of HMGB1 in glioma cell lines. (A) Expression of HMGB1 mRNA in glioma cell lines; (B) expression of HMGB1 
protein in glioma cell lines; (C) relative expression of HMGB1 protein in glioma cell lines; (D) expression of HMGB1 protein in glioma cell 
lines; (E) relative expression of HMGB1 protein in glioma cell lines. *, P<0.05. HMGB1, high mobility group protein box 1.

Figure 2 Effect of HMGB1 gene on the viability of U251 and 
U-87MG cells. *, P<0.05. HMGB1, high mobility group protein box 1.
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showed that the number of U251 and U-87MG cells in G0/
G1 phases were significantly larger in the HMGB1 siRNA 
group than in the NC siRNA group and blank control 
group (P<0.05), whereas the numbers of cells in S phase 
and G2/M phases were significantly smaller (P<0.05); in 
contrast, the numbers of U251 and U-87MG cells in G1 
phase, S phase, and G2/M phase showed no significant 
change in the NC siRNA group and the blank control 
group (Figure 3). Thus, the changes in the expression profile 
of HMGB1 gene may be related with the changes in the cell 

cycle of U251 and U-87MG glioma cells. More specifically, 
the suppressed expression of HMGB1 gene may be related 
with the cell-cycle G0/G1 phase arrest in U251 and 
U-87MG cells; or, the proliferation of U251 and U-87MG 
cells can be suppressed by inhibiting the expression of 
HMGB1 gene.

Effect of HMGB1 on Apoptosis of glioma cells

As shown by annexin V and PI staining, the HMGB1 

Figure 3 Effect of HMGB1 gene on the cell cycle of U251 and U-87MG cells. *, P<0.05. (A-C,E-G) are the flow chart for analyzing the cell 
cycle; (D,H) the proliferation index of U251 and U-87MG cells. HMGB1, high mobility group protein box 1.
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siRNA group had significantly larger number of apoptotic 
U251 and U-87MG cells than the NC siRNA group and 
blank control group (P<0.05); however, no significant 
difference was found between the NC siRNA group and 
blank control group (P<0.05) (Figure 4). Therefore, the 
HMGB1 gene knockdown may inhibit the apoptosis of 
U251 and U-87MG cells.

Effect of HMGB1 gene on the invasion ability of glioma 
cells

The invasive ability of U251 and U-87MG glioma cells was 
assessed through the number of cells passed through an 
8-μm pore size polycarbonate filter coated with matrigel. 
As shown by the transwell invasion chamber assay, the 
number of cells passed through the polycarbonate filter 
was significantly smaller in the HMGB1 siRNA group 
than in the NC siRNA group and blank control group 
(P<0.05); however, no such different was found between the 
NC siRNA group and the blank control group (Figure 5). 
Therefore, the change of the HMGB1 protein expression 
level may be associated with the change of the invasion 

ability of U251 and U-87MG glioma cells. Knockout of 
HMGB1 gene may inhibit the invasiveness of U251 and 
U-87MG cells.

Effects of HMGB1 on cyclin D1, Bax, Bcl-2 and MMP-9 
protein expressions

As shown by Western blotting, the HMGB1 siRNA group 
had significantly lower expression levels of cyclin D1, Bcl-2  
and MMP-9 proteins and higher Bax protein expression 
level than the NC siRNA group and the blank control 
group (P<0.05); however, the protein expression profiles of 
cyclin D1, Bax, Bcl-2, and MMP-9 in U251 and U-87MG 
cells were not significantly changed in the NC siRNA 
group and the blank control group (Figure 6). Thus, the 
suppressed expression of HMGB1 may be associated with 
the down-regulated expressions of cyclin D1, Bcl-2, and 
MMP-9 protein and the up-regulated expression of Bax 
protein.

Discussion

HMGB1 is widely distributed in all mammalian tissues. 
The HMGB1 inside the nucleus and outside the cells exert 
different functions and biological effects. By binding DNA 
with specific structures, HMGB1 inside the nucleus can 
affect the structural state of the target sequence and thus 
participates in the key life activities including the division, 
differentiation, and maturation of cells, DNA repair, 
DNA recombination, regulation by steroid hormones, 
and regulation of gene transcription (24,25). In contrast, 
HMGB1 outside the cells can bind multiple receptors and 
thus exert different functions. It has been widely recognized 
that the main extracellular HMGB1 receptors include Toll-
like receptors (TLRs) and receptor for advanced glycation 
end products (RAGE). The biological effects of HMGB1 
are realized primarily through the interactions between 
RAGE and TLRs (37). Currently, the biological research 
on HMGB1 is mainly focused on the late inflammatory 
mediators, autoimmune diseases, axon growth, and tumor 
development and metastasis (25,33,38).

HMGB1 is a typical damage-associated molecular 
pattern (DAMP). Recent studies have demonstrated that 
HMGB1 is associated with the progression, invasion, and 
metastasis of tumors and has abundant expressions in a 
variety of tumor tissues and immature cells (39). HMGB1 is 
not only an important cytokine (40) but also closely related 
with tumors (41). HMGB1 has been found to be highly 

Figure 4 Effect of HMGB1 gene on the apoptosis of U251 and 
U-87MG cells. *, P<0.05. HMGB1, high mobility group protein box 1.

Figure 5 Effect of HMGB1 gene on the migration of U251 and 
U-87MG cells. *, P<0.05. HMGB1, high mobility group protein box 1.
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expressed in many malignancies including colon cancer, 
pancreatic cancer, breast cancer, nasopharyngeal carcinoma, 
and head and neck squamous cell carcinoma (38). Specific 
inhibition of the HMGB1 expression can suppress the 
malignant changes including the proliferation and invasion 
of tumor cells. However, few studies have reported the 
relationship between HMGB1 and the development of 
gliomas. In our current in vitro study, we tried to explore 
the role of HMGB1 gene in the U251 and U-87MG cells.

First, real-time PCR and Western blotting demonstrated 
the high expressions of HMGB1 mRNA and HMGB1 
protein in glioma cell lines (U251, U-87MG, and LN-
18), which was consistent with the previous reports on 
other tumors (32-36,42), suggesting that the up-regulated 
HMGB1 expression plays a key role in the development of 
gliomas. Thus, we further established a HMGB1-knockout 
cell model to investigate the role of HMGB1 in glioma 
cells. After the expression of HMGB1 in U251 and U-87MG 
cells was inhibited using the RNAi technique, the expression 
of HMGB1 in the U251 and U-87MG cells in the HMGB1 
siRNA group was significantly suppressed, indicating 

that the HMGB1-knockout cell model was successfully 
established. Then, we explored the relationship between 
the changes in the HMGB1 expression and the biological 
characteristics of U251 and U-87MG cells. By using MTT 
method and PI staining, we detected the influences of 
HMGB1 gene on the growth, proliferation, and cell cycle 
of U251 and U-87MG cells. MTT assay indicated that the 
knockdown of HMGB1 gene may be associated with the 
decreased viability of U251 and U-87MG cells. PI staining 
showed that the decrease in the HMGB1 gene expression 
may be related with the G0/G1 arrest of U251 and U-87MG 
cells. These findings might be explained by the speculation 
that the expressions of the growth-promoting factors in the 
downstream signal transduction pathways of HMGB1 gene 
decrease and/or the growth-inhibiting factors increase. 
Therefore, we further detected the expression of cyclin 
D1, a positive regulator of the cell cycle (43) and found 
that the expression of cyclin D1 was significantly inhibited 
in the HMGB1 siRNA group. It is then speculated that 
the cell cycle of U251 and U-87MG cells in the HMGB1 
siRNA group was blocked, which may be caused by the 

Figure 6 Effects of HMGB1 on cyclin D1, Bax, Bcl-2 and MMP-9 protein expressions. (A,C) Expression of proteins in U251 and U-87MG 
cells in the NC siRNA group; (B,D) relative expression of proteins in U251 and U-87MG cells in the NC siRNA group (a: HMGB1 siRNA 
group; b: NC siRNA groups; c: blank control group, *, P<0.05). HMGB1, high mobility group protein box 1.
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decreased expression of cyclin D1 protein; however, the 
exact mechanism remains unclear. We further used annexin 
V-FITC staining to investigate the effect of HMGB1 on 
apoptosis in U251 and U-87MG cells, and the results 
showed that the number of apoptotic U251 and U-87MG 
cells were significantly larger in the HMGB1 siRNA group 
than in the blank control group and NC siRNA group, 
suggesting that the decreased expression of HMGB1 might 
promote the apoptosis of U251 and U-87MG cells. It was 
found that the HMGB1 in Lewis cells could inhibit the 
expression of pro-apoptosis protein Bax and promote the 
expression of anti-apoptosis protein Bcl-2 (29). Was there 
any similar regulation pattern in the U251 and U-87MG 
cells? To answer this question, we detected the expressions 
of Bax and Bcl-2 and found that the expression level of anti-
apoptosis protein Bcl-2 significantly decreased and the pro-
apoptosis protein Bax protein level significantly increased 
in U251 and U-87MG cells in the HMGB1 siRNA group, 
which may explain the obvious apoptosis in U251 and 
U-87MG cells in the HMGB1 siRNA group. Some authors 
also found that the overexpression of HMGB1 could 
inhibit the activities of caspase-9 and caspase-3, suggesting 
that HMGB1 could inhibit the apoptosis (34). Thus, the 
inhibition of HMGB1 gene expression may inhibit the 
growth and proliferation of glioma cells and promote the 
apoptosis; overexpression of HMGB1 may promote the 
growth and proliferation of glioma cells and inhibit the 
apoptosis.

Recent studies have also found that the expression of 
HMGB1 is closely associated with the invasive growth 
of tumors, formation of metastatic lesions, and the poor 
prognosis (18,19,44-46). Thus, HMGB1 also plays a key 
role during tumor invasion and metastasis. In our current 
study, we used transwell invasion chamber assay to explore 
the effect of HMGB1 gene on the invasion ability of U251 
and U-87MG cells and found that the number of U251 and 
U-87MG cells passed through the polycarbonate filter was 
significantly smaller in the HMGB1 siRNA group than in 
the NC siRNA group and blank control group, suggesting 
that the change in the HMGB1 protein expression level may 
be related with the invasion ability of U251 and U-87MG 
cells; in other words, knockout of HMGB1 gene may inhibit 
the invasiveness of U251 and U-87MG cells. HMGB1 can 
bind with its ligands RAGE and TLR and then induce the 
growth and migration of cells via its intracellular signaling 
pathways including NF-κB, MAPK, and ERK (47,48). 
It has been reported that the knockdown of HMGB1 by 
siRNA inhibited cell invasive potential, and down regulated 

the expression of NF-κB p65 and MMP-9 in gastric cancer  
cel ls  (19).  Exogenous HMGB1 induced the rapid 
phosphorylation of NF-κB and up regulated the expression 
of MMP-9 (49). Many other studies found that the changes 
in the expression of MMP-9 were significantly associated 
with the cell-matrix adhesion capacity (50-52). In addition, 
MMP-9 was found to be closely associated with tumor 
infiltration and metastasis (53-56). In our current study, we 
further explored the effect of HMGB1 on the expression 
of MMP-9 in U251 and U-87MG cells. We found that the 
expression of MMP-9 protein was significantly inhibited in 
the U251 and U-87MG cells in the HMGB1 siRNA group, 
indicating that the HMGB1 knockdown may down-regulate 
the expression of MMP-9 in U251 and U-87MG cells and 
thus exert its function in suppressing tumor infiltration and 
metastasis. However, its exact mechanism requires further study.

Conclusions 

In conclusion, the up-regulated expression of HMGB1 may 
play key roles in the occurrence, development, invasion and 
metastasis of gliomas. Further understanding of the specific 
mechanisms via which HMGB1 regulates the development 
of gliomas will shed light on the new strategies and new 
targets for treating gliomas.
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