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Abstract: High mobility group box-B1 (HMGB1) is upregulated in tumors, inflammations, and other injuries. However, 
its extracellular role and signaling in wound healing remains unclear. In the present study, we examined the HMGB1 
levels in hematoma samples in fractured bones and in human macrophagy U937 cells under hypoxia with enzyme-
linked immunosorbent assay (ELISA) and western blotting. Then we investigated the activation of the extracellular 
signal-regulated kinases (ERK) and c-Jun N-terminal kinases (JNK) signaling western blotting in osteoblast MG-63 
cells under hypoxia, with or without HMGB1 treatment. And then we assessed the effects of extracellular HMGB1 
on cell proliferation of MG-63 cells with CCK-8 assay. It was demonstrated that HMGB1 expression was significantly 
up regulated in hematoma samples in fractured bones and in U937 cells under hypoxia. MG-63 cells under hypoxia 
showed an increased HMGB1 in the cytoplasm rather than in nuclei. And the extracellular HMGB1 ameliorated 
the hypoxia-induced viability reduction and promoted the proliferation of MG-63 cells. Moreover, the MG-63 cells 
incubated with HMGB1 had increased ERK1/2 phosphorylation, whereas such effect was blocked by the TLR-4 
knockout with SIRNA-TLR-4 transfection. In conclusion, we found the up regulation HMGB1 in the hematoma of 
fractured bones and in macrophage U937 cells under hypoxia, and the hypoxia-up regulated HMGB1 promoted the 
proliferation of osteoblast MG-63 cells and activated the phosphorylation of ERK and JNK. And the proliferation 
promotion and the activation of ERK/JNK signaling was TLR-4-dependent.
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Introduction

Bone fracture is a prevalent medical condition, 
in which the urgent alteration of the bone 
microenvironment causes a reduced blood 
supply and subsequent hypoxia. And the heal-
ing process of bone fracture starts with the 
hematoma and inflammation surrounding the 
injured bone and ends with the re-structure of 
the broken bone [1, 2]. However, the healing 
process is promoted or hindered by several fac-
tors mainly via affecting the growth and differ-
entiation of osteoblasts and the mineralization 
of the collagen matrix [3]. Serious hypoxia is 
one of the most prominent outcomes following 
fractures, significantly influencing their healing 
process [4]. Hypoxia promotes the expression 

of such transcriptional factors and cytokines [5] 
as Hypoxia-inducible factors (HIFs), vascular 
endothelial growth factor (VEGF) [6], bone mor-
phogenetic protein 2 (BMP-2) [7, 8].

Studies have shown a significant interaction 
between the local and systemic inflammatory 
response after severe trauma in small animal 
models. However, the involvement of the inflam-
matory responses in mechanisms of bone frac-
ture healing is still poorly comprehended. 
Various types of immune cells and cytokines 
have been indicated to be involved in the wound 
healing or bone regeneration [9-12]. Studies 
have indicated the infiltration of immune cells 
into already existing fracture hematomas on the 
early inflammatory phase of fracture healing 
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[13, 14]. And such cytokines as interleukin (IL)-
8 [15], transforming growth factor beta (TGF-β) 
[16] and IL-6 [17] are confirmed to be upregu-
lated by hypoxia in an association with the bone 
fracture.

High-mobility group protein B1 was initially 
described as a cytokine-like factor in models of 
sepsis [18], and now is well-known to be a key 
mediator of inflammation in multiple injury 
models, such as hemorrhagic lung injury [19], 
hepatic ischemia-reperfusion [20], hemorrhag-
ic shock [21]. HMGB1 interacts with Toll-like 
receptor (TLR)-4 [22-24] and initiates initial 
inflammatory response to injury. However, the 
role of HMGB1 in the inflammatory response 
following bone fractures is unknown.

The purpose of this study was to examine the 
promotion to HMGB1 in the hematoma speci-
mens and in macrophages under hypoxia. Then 
we investigated the regulation of HMGB1 on 
the proliferation of osteoblast cells, and on the 
activation of TLR-4 and RAGE under normoxia 
or hypoxia. We also examined the phosphoryla-
tion of extracellular signal-regulated kinases 
(ERK) and c-Jun N-terminal kinases (JNK) in the 
HMGB1-treated osteoblast cells under normox-
ia or hypoxia. In addition, the xx-specific SIRNA 
was transfected into the HMGB1-treated osteo-
blast cells under hypoxia and re-examined the 
cell proliferation and the ERK/JNK phosphory-
lation. Our study recognized the key regulatory 
role of hypoxia-induced HMGB1 on the prolifer-
ation of osteoblast cells via regulating the ERK/
JNK phosphorylation, TLR-4-dependently. 

Materials and methods

Hematoma samples, cell culture and treat-
ment

Total of 31 patients with open femur fracture 
were enrolled from March 2014 to March 2015 
in the Department of Orthopedics and 
Traumatology, Nanfang Hospital, Southern 
Medical University, and were involved in this 
study. The accumulated hematoma samples in 
the wound and the fresh bleeding sample dur-
ing surgery were collected for the HMGB1 
assay. Written consent was obtained from each 
patient before the study, which was also 
approved by the Ethics Committee of Nanfang 
Hospital, Southern Medical University.

U937 cells were cultured and maintained in 
RPMI-1640 medium (Hyclone, Logan, UT, USA) 

which was supplemented with 10% or 2% fetal 
bovine serum (FBS; Invitrogen, Carlsbad, CA, 
USA), with 50 μg/ml penicillin and with 50 μg/
ml streptomycin (CSPC Pharmaceutical Group 
Limited, Shijiazhuang, China). Cultures can be 
established by centrifugation with subsequent 
resuspension of 1-2 × 105 viable cells/mL. 
Fresh medium was updated every 3 to 4 days 
(depending on cell density). For hypoxia treat-
ment, cells were placed in a hypoxia incubator 
infused with a gas mixture of 5% CO2 and nitro-
gen to obtain 2% oxygen concentration. For the 
HMGB1 assay, U937 cells were incubated 
under normoxia or under hypoxia for 8, 12, 24 
or 48 hours, then the supernatant of U937 
cells and cells in each group were collected for 
HMGB1 assay. 

MG-63 cells were also grown in RPMI-1640 
medium supplemented with 10% FBS, 50 μg/
mL penicillin and 50 μg/mL streptomycin. The 
two types of cells were incubated at 37°C, with 
5% CO2 in a humid incubator. For hypoxia treat-
ment, cells were placed in a hypoxia incubator 
infused with a gas mixture of 5% CO2 and nitro-
gen to obtain 2% oxygen concentration. For the 
HMGB1 treatment, MG-63 cells with 85-95% 
confluence were incubated with RPMI-1640 
(2% FBS) supplemented with HMGB1 for 0, 0.2 
or 1 μg/mL for 24, 48 or 72 hours under nor-
moxia or under hypoxia. To knockout the TLR-4 
in MG-63 cells, SIRNA-TLR-4 and control SIRNA 
were synthesized by Gene Pharma Technology 
(Shanghai, China) and were transfected into 
MG-63 cells with a concentration of 30 or 60 
nM by lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA).

Elisa for HMGB1

HMGB1 in the hematoma or fresh bleeding 
samples, or in the supernatant of macrophage 
U937 cells were examined with the enzyme-
linked immunosorbent assay (ELISA) kit 
(Westang Bio, Shanghai, China) under the guid-
ance of the product’s manual. The microplate 
was added with 100 μL standard samples or 
with the serially-diluted samples, and was incu-
bated at 37°C for two hours. Then samples 
were aspirated, and the plate was washed for 
four times with 100 μL phosphate buffered 
saline with Tween 20 (PBST) in each well. Then 
the plate was added with 100 μL antibody 
against HMGB1 in each well, and was incubat-
ed 37°C for one hour. Post four-time washing, 
the plate was added with 100 μL secondary 
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antibody conjugated with horseradish peroxi-
dase and was incubated for 30 minutes at 
37°C. Post the inoculation with 100 μL sub-
strate at dark for 15 minutes, the specific bind-
ing optical density of each well was determined 
immediately at 450 nm.

MRNA preparation and quantitative analysis

MRNA samples from MG-63 cells were pre-
pared with the TRizol reagent (Life Technologies, 
Grand Island, NY, USA), and were quantified by 
real-time quantitative PCR (RT-qPCR). SYBR 
Green PCR Kits (Takara, Tokyo, Japan) was uti-
lized to quantify the mRNA level of ERK, JNK, 
TLR-4, or Tubulin in MG-63 cells. The QPCR was 
performed on the ABI PRISM 7300 detection 
system. The primers for each molecule were 
synthesized by Shanghai Sangon Company 
(Sangon, Shanghai, China). All data were pre-

sented as the fold change over the internal con-
trol Tubulin and were calculated with the ∆∆Ct 
method [25].

Western blotting assay

Cytosolic or nuclear protein samples were iso-
lated with the NE-PER Nuclear and Cytoplasmic 
Extraction Reagents (Thermo Fisher Scientific, 
Waltham, MA, USA), and were supplemented 
with a Protease Inhibitor Cocktail (Abcam, 
Cambridge, UK). Protein samples were sepa-
rated by the 10% or 12% SDS-PAGE gel, and 
were transferred to nitrocellulose membrane 
(Millipore, Bedford, MA, USA). Then the mem-
brane was blocked with 2% BSA (dissolved in 
PBST) overnight at 4°C to cover the non-specif-
ic binding on the membrane, and the HMGB1, 
ERK with or without the phosphorylated 
Thr202/Thr204, JNK with or without the phos-

Figure 1. High mobility group box-B1 (HMGB1) levels in the hematoma of fractured bones and in macrophage U937 
cells under hypoxia. A: Enzyme-linked immunosorbent assay (ELISA) for HMGB1 in the hematoma specimens or in 
the fresh bleeding samples from fractured bones; B:  HMGB1 level in the supernatant of macrophage U937 cells 
under normoxia or hypoxia for 8, 12, 24 or 48 hours; C: Western blot analysis of HMGB1 in cytosol and in nucleus 
in U937 cells under normoxia or hypoxia for 12, 24 or 48 hours, with tubulin as internal control; D: Relative level of 
HMGB1 in cytosol to in nucleus in U937 cells. The data represent three independent experiments, and shown as 
Mean ± SE. *P < 0.05, **P < 0.01, ***P < 0.001. ns: no significance.



ypoxia-induced HMGB1 activates ERK/JNK signaling

15090 Int J Clin Exp Med 2015;8(9):15087-15097

phorylated Thr183, TLR-4 or Tubulin was 
detected with rabbit polyclonal IGG against 
each marker (all from Cell Signaling Technology 
Inc. (Danvers, MA, USA) or Tubulin (Sinobio, 
Beijing, China). A peroxidase-conjugated sec-
ondary antibody against rabbit IGG (Jackson 
ImmunoResearch, West Grove, PA, USA) and 
the electrochemoluminescence (ECL) detection 
system (Amersham, Uppsala, Sweden) were 
used to present the specific binding. The level 
of HMGB1 or TLR-4 was presented as a relative 
gray value to Tubulin, whereas the level of 
p-ERK or p-JNK was presented as the relative 
gray value to ERK or to JNK.

Cell proliferation assay with CCK-8

Proliferation of MG-63 cells under normoxia or 
hypoxia, with or without the HMGB1 treatment, 
with the transfection with siRNA-TLR-4 or 
SIRNA-Con was performed with CCK-8 assay 

(DOJINDO, Kumamoto, Japan). Briefly, MG-63 
cells in each group were incubated with CCK-8. 
The 490 nm absorbance of cells was detected 
after visual color occurrence.

Statistical analysis

Data was presented as mean ± SEM. And sta-
tistical difference was analyzed with SPSS18.0 
software (IBM SPSS, Armonk, NY, USA). The dif-
ference between two groups was analyzed by 
Student’s t test. A p value less than 0.05 was 
considered to be significant. 

Results

HMGB1 was up regulated in the hematoma 
of fractured bones and in macrophage U937 
cells under hypoxia

To recognize the role of HMGB1 in bone frac-
ture, we firstly examined the level of HMGB1 in 

Figure 2. Growth curves of and TLR-4 expression in the osteoblast MG-63 cells treated with HMGB1 under normoxia 
or hypoxia. (A and B) Growth curve of HMGB1-treated osteoblast MG-63 cells under normoxia (A) or under hypoxia 
(B) MG-63 cells with more than 85% confluence were treated with 0, 0.2 or 1 μg/mL HMGB1 for 24, 48 or 72 hours, 
under normoxia or under hypoxia, and then were examined with CCK-8 assay. (C) Western blot analysis of Toll-like 
receptor (TLR)-4 in U937 cells which were treated with or without 0.2 μg/mL HMGB1, under normoxia or under hy-
poxia for 24 or 48 hours, with tubulin as internal control; (D) Relative level of TLR-4 to tubulin in U937 cells. Results 
were repeated in triplicate and were shown as Mean ± SE. * or #P < 0.05, ** or ##P < 0.01.
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the hematoma specimens (n=31) which were 
produced during the bone fracture, with the 
fresh bleeding samples (n=31) as control. It 
was demonstrated in Figure 1A that the aver-
age HMGB1 level in the hematoma samples 
from bone fracture was 31.730 ± 3.197 ng/mL, 
significantly higher than the level of 9.845 ± 
0.967 ng/mL in the fresh bleeding samples 
from bone fracture (P < 0.0001). Then we 
investigated the regulation of HMGB1 by hypox-
ia in the human macrophage, which is the main 
type of HMGB1 producers in blood. As shown in 
Figure 1B, from 12 to 48 hours post treatment, 
the HMGB1 level in the supernatant of macro-
phage U937 cells was significantly up regulated 
by the hypoxia treatment (P < 0.01 or P < 
0.001), with the U937 cells under normoxia as 
control. In addition, we analyzed the nucleus 
and cytosol distribution of HMGB1 in U937 
cells under hypoxia or normoxia. The western 
blotting (Figure 1C) results indicated that the 

HMGB1 in nucleus was not markedly different 
between the normoxia and hypoxia groups. 
However, the cytosolic HMGB1 was promoted 
by hypoxia, the relative cytosol/nucleus level of 
HMGB1 was significantly up regulated by hypox-
ia at 24 or 48 hours post treatment (P < 0.01 
respectively). Thus, we confirmed the up regula-
tion of HMGB1 in the hematoma of fractured 
bones and in macrophage U937 cells under 
hypoxia.

HMGB1 promotes the proliferation of osteo-
blast MG-63 cells and up regulates TLR-4

We then investigated the regulation of the 
hypoxia-promoted HMGB1 on the proliferation 
of MG-63 cells. The growth curve of MG-63 
cells which were treated with 0, 0.2 or 1 μg/mL 
HMGB1 was assessed. It was demonstrated 
that the MG-63 cells which were treated with 
0.2 μg/mL HMGB1 grew to higher levels at 24, 

Figure 3. Promotion of ERK and JNK in the MG-63 cells treated with HMGB1 under normoxia or hypoxia. (A and B) 
mRNA levels of extracellular signal-regulated kinases (ERK) (A) and c-Jun N-terminal kinases (JNK) (B) in MG-63 
cells which were cultured under normoxia or hypoxia, and were treated with 0.2 μg/mL HMGB1 for 6, 12, 24 or 48 
hours, under normoxia or under hypoxia, and then were examined with MTT assay. (C) Western blot analysis of ERK 
or phosphorylated ERK, of JNK or phosphorylated JNK in MG-63 cells under normoxia or hypoxia, treated with or 
without with 0.2 μg/mL HMGB1, for 24 or 48 hours, with tubulin as internal control; (D) Relative phosphorylated 
ERK or phosphorylated JNK to total ERK or total JNK in the HMGB1-treated MG-63 cells under normoxia or hypoxia. 
The data represent three independent experiments, and shown as Mean ± SE. *P < 0.05, **P < 0.01, ns: no sig-
nificance.
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48 or 72 hour post treatment (P < 0.05 or P < 
0.01) under normoxia. And the treatment with 1 
μg/mL HMGB1 promoted even a higher level of 
cell proliferation than the treatment with 0.2 
μg/mL HMGB1 (P < 0.05 respectively). Such 
promotion to the cell proliferation was also con-
firmed in the MG-63 cells under hypoxia. Figure 
2B indicated that activity reduction of MG-63 
cells was markedly inhibited by the treatment 
with 0.2 μg/mL HMGB1 at 24, 48 or 72 hour 
post treatment (P < 0.05 or P < 0.01).

The inflammatory response exerted by HMGB1 
is usually initiated by the interaction of HMGB1 
with TLR-4 [22-24]. To recognize the mecha-
nism underlining the proliferation promotion by 
HMGB1 in osteoblast MG-63 cells, we then 
examined the level of TLR-4 in MG-63 cells 
under normoxia or hypoxia, with or without the 
HMGB1 treatment. The western blot analysis 
(Figure 2C) indicated that hypoxia markedly 
upregulated TLR-4 in MG-63 cells under hypox-
ia rather than under normoxia (P < 0.05 or P < 

Figure 4. Growth curves of HMGB1-treated MG-63 cells post the TLR-4 knockout under normoxia or hypoxia. (A) The 
relative level of Toll-like receptor (TLR)-4 in MG-63 cells which were transfected with 30 or 60 NM TLR-4-specific 
SIRNA (SIRNA-TLR-4) or with control SIRNA (SIRNA-Con) for 12 hours; (B) Western blotting of TLR-4 in the siRNA-
TLR-4- or siRNA-Con-transfected MG-63 cells under hypoxia for 24 hours; (C and D) Growth curve of siRNA-TLR-4- or 
SIRNA-Con-transfected MG-63 under normoxia (C) or under hypoxia (D). MG-63 cells with more than 85% conflu-
ence were transfected with 30 or 60 NM SIRNA-TLR-4 or with siRNA-Con were incubated  under normoxia or under 
hypoxia for 24, 48 or 72 hours, and then were examined with CCK-8 assay. All experiments were performed respec-
tively in triplicate. *P < 0.05, **P < 0.01.
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0.01, Figure 2D), particularly in the presence of 
0.2 μg/mL HMGB1 (P < 0.01 for column 5 vs. 
column 3, or for column 6 vs. column 4, Figure 
2D). Therefore, HMGB1 promoted the prolifera-
tion of osteoblast MG-63 cells and up regulat-
ed TLR-4.

HMGB1 induces the phosphorylation of ERK 
and JNK in MG-63 cells

HMGB1 initiates inflammatory reactions 
through the activation of ERK [26] and JNK [27] 
signaling. To clarify the mechanisms by which 
the hypoxia-induced HMGB1 promotes the pro-
liferation of MG-63 cells, we then determined 
the expression and the phosphorylation of ERK 
and JNK in the HMGB1-treated MG-63 cells 
under normoxia or hypoxia. It was indicated in 
Figure 3A that the mRNA level of ERK was sig-
nificantly unregulated by hypoxia at 12 hour 
post treatment (P < 0.05). Particularly, such 
upregulation was aggravated by additional 
HMGB1 treatment (0.2 μg/mL) (P < 0.05). And 
such aggravation lasted to the 24 hour post 
treatment (P < 0.05). And the mRNA level of 

JNK was also upregulated by the HMGB1 treat-
ment under hypoxia in MG-63 cells under 
hypoxia at 12 hour post treatment (P < 0.05, 
Figure 3B). Then we examined the phosphory-
lation of both signaling markers in the HMGB1-
treated MG-63 cells under normoxia or hypoxia 
with western blot analysis (Figure 3C). Results 
demonstrated that the phosphorylation levels 
of both markers were markedly promoted by 
the hypoxia treatment (P < 0.05 or P < 0.01, 
Figure 3D), and the hypoxia-promoted phos-
phorylation was also aggravated by the HMGB1 
treatment (P < 0.01 respectively, Figure 3D). 
Taken together, the hypoxia upregulated the 
phosphorylation of both ERK and JNK, and the 
upregulation was aggravated by HMGB1.

TLR-4 knockout inhibits the HMGB1-promoted 
proliferation of MG-63 cells 

We next elucidated the role of the main cell 
membrane HMGB1 receptors TLR4, in HMGB1-
induced proliferation of MG-63 cells. TLR-4-
specific SIRNA was utilized to knockout the 
TLR-4 expression in the MG-63 cells, and 

Figure 5. Promotion of ERK and JNK in the MG-63 
cells post the TLR-4 knockout under normoxia or 
hypoxia. (A) Western blot analysis of ERK or phos-
phorylated ERK, of JNK or phosphorylated JNK in the 
siRNA-TLR-4- or SIRNA-Con-transfected (60 NM) MG-
63 cells under hypoxia for 24 or 48 hours; (B and C) 
Relative level of phosphorylated ERK to total ERK (B) 
or relative phosphorylated JNK or total JNK (C) in the 
SIRNA-TLR-4- or SIRNA-Con-transfected MG-63 cells 
under hypoxia. Each result was averaged for three 
independent experiments, and was presented as 
Mean ± SE. *P < 0.05, **P < 0.01.
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results demonstrated in Figure 4A that siRNA-
TLR-4 with 30 or 60 nM reduced the relative 
TLR-4 mRNA level from 1.00 ± 0.12 or 1.00 ± 
0.13 to 0.53 ± 0.058 or to 0.32 ± 0.037 (P < 
0.01 respectively). And the siRNA-TLR-4 trans-
fection also significantly blocked the hypoxia-
induced TLR-4 in MG-63 cells in protein level at 
either 24 or 48 hour post transfection (P < 0.01 
respectively, Figure 4B). Then we re-curved the 
growth of MG-63 cells under hypoxia or nor-
moxia, post the transfection with 60 NM SIRNA-
TLR-4 or SIRNA-Con. As shown in Figure 4C, the 
SIRNA-TLR-4 significantly reduced the prolifera-
tion level of MG-63 cells under normoxia at 24, 
48 or 72 hour post transfection, compared with 
the SIRNA-Con (P < 0.05 or P < 0.01). Moreover, 
the knockout of TLR-4 with siRNA-TLR-4 mark-
edly reduced the cell viability than the siRNA-
Con transfection (P < 0.05 or P < 0.01, Figure 
4D). Thus, we confirmed the TLR-4-dependence 
of the HMGB1-induced MG-63 cell proliferation 
under normoxia, or of the HMGB1-mediated 
cellular viability amelioration of MG-63 cells 
under hypoxia. 

TLR-4 knockout reduces the HMGB1-induced 
phosphorylation of ERK and JNK in MG-63 
cells 

We also re-evaluated the phosphorylation lev-
els of ERK and JNK in the hypoxia-treated 
MG-63 cells post the knockout of TLR-4. The 
level of ERK and JNK with or without phosphor-
ylation were analyzed with western blotting 
(Figure 5A) in the hypoxia-treated MG-63 cells 
which were transfected with 60 NM SIRNA-
TLR-4 or with siRNA-Con. Results demonstrat-
ed that compared to the SIRNA-Con, siRNA-
TLR-4 significantly blocked the hypoxia-induced 
phosphorylation of ERK at either 24 or 48 hour 
post transfection (P < 0.01 respectively, Figure 
5B). And the hypoxia-induced phosphorylation 
level of JNK was also markedly inhibited by 
SIRNA-TLR-4 with 60 NM (P < 0.01 respectively, 
Figure 5C). Therefore, the hypoxia- and follow-
ing promoted HMGB1-induced phosphorylation 
of ERK and JNK was TLR-4-dependent.

Discussion

As a proinflammatory cytokine, HMGB1 can be 
stimulated to release into extracellular milieu 
and to function in response to injury, infection, 
and inflammation [26]. Various factors, such as 
necrosis [28], apoptosis [29], oxidative stress 

[30] and hypoxia [31] are recognized to pro-
mote the HMGB1 release. Hypoxia has been 
reported to induce HMGB1 in hepatocytes [32], 
in cardiomyocytes [33] and other types of cells. 
In particularly, high level of HMGB1 is secreted 
from macrophages in response to the stimula-
tion with lipopolysaccharides or cytokines [34, 
35]. Recently, it was indicated in a pig trauma 
model that HMGB1 was promoted in the frac-
ture hematoma [36]. In the present study, we 
recognized the significant upregulation of 
HMGB1 in the human hematoma specimens 
which were produced during the bone fracture. 
And further investigations confirmed the up 
regulated release and translocation from nucle-
us to cytosol of HMGB1 by hypoxia in the human 
macrophages, which is the main type of HMGB1 
producers in blood.

Recently, HMGB1 has been indicated to pro-
mote the proliferation of such type’s cells as 
smooth muscle cells [37], mesangial cells [38], 
fibroblasts [39], and glioma cells [40]. And it is 
active in bone tissues [41, 42]. However, its 
role in bone injury or fracture healing is rarely 
reported. In the current study, we confirmed the 
promotion to the proliferation of osteoblast 
MG-63 cells either under mormoxia or under 
hypoxia. Moreover, the HMGB1-mediated 
inflammatory response is usually via the inter-
action of HMGB1 with TLR-4 [22-24]. And our 
study confirmed that the hypoxia-induced 
HMGB1 upregulated in MG-63 cells the TLR-4 
level, knockout of which with SIRNA markedly 
blocked the HMGB1-mediated proliferation pro-
motion in MG-63 cells. 

In addition, the ERK [26] and JNK [27] signaling 
was reported to be implicated in the HMGB1-
initiated inflammatory reactions. We also inves-
tigated the activation of both ERK and JNK sig-
naling in the HMGB1-treated MG-63 cells under 
normoxia or hypoxia. And our results confirmed 
the upregulation of the expression and the 
phosphorylation of ERK and JNK by hypoxia 
and the HMGB1 treatment. And the TLR-4 
knockout reduced the HMGB1-induced phos-
phorylation of ERK and JNK in MG-63 cells. 
Therefore, we confirmed the hypoxia- and fol-
lowing promoted HMGB1-induced phosphoryla-
tion of ERK and JNK was TLR-4-dependent. 
However, there are several open questions 
about our study. Firstly, though our results dem-
onstrated a positive regulation of HMGB1 on 
the osteoblast cells in vitro, the in vivo effect of 
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it still needs to be further investigated. 
Secondly, the fracture healing is a result of mul-
tiple physiological processes, such as growth 
and differentiation of osteoblasts, the mineral-
ization of the collagen matrix [3], and the revas-
cularization. The exact role of HMGB1 in such 
processes is also unclear. Last but not the 
least, we found respectively the promotion of 
MG-63 cell proliferation and of ERK/JNK signal-
ing, however, the detailed regulatory pathways 
linking the activation of ERK/JNK signaling with 
the proliferation of MG-63 cells is also needed 
to investigate.

In conclusion, we found the upregulation 
HMGB1 in the hematoma of fractured bones 
and in macrophage U937 cells under hypoxia, 
and the hypoxia-upregulated HMGB1 promoted 
the proliferation of osteoblast MG-63 cells and 
activated the phosphorylation of ERK and JNK. 
And the proliferation promotion and the activa-
tion of ERK/JNK signaling was TLR-4-depen- 
dent.
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