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Abstract: Background: High-mobility graoup box protein 1 (HMGB1) has been shown to mediate a wide range of 
pathologic responses by interacting with RAGE (receptor for advanced glycation endproducts) and TLRs (Toll-like 
receptors). Our previous study showed that HMGB1 has been involved in pathogenesis of airway remodeling in an 
allergen-induced chronic mice asthma model. Increased airway smooth muscle (ASM) mass is a vital feature of 
airway remodeling. Objective: To evaluate the effect of HMGB1 on proliferation of ASMs and the underlying mecha-
nisms. Methods: Rat airway smooth muscle cells (RASMs) were obtained by primary explant techniques. We inves-
tigated the effect of HMGB1 on the proliferation of RASMs. To identify which receptors and signaling pathways be 
involved in proliferation of RASMs, we performed western blot and CCK-8 assay by specific receptor blockade and 
inhibition of MAPK (p38, JNK and ERK) and NF-κB signaling pathways. Results: HMGB1 stimulated RASMs prolifera-
tion in a dose- and time-dependent manner and also increased proliferating cell nuclear antigen (PCNA) and RAGE 
expression of RASMs. The inhibitor of RAGE, but not TLR2 and TLR4, reversed HMGB1-induced RASM proliferation 
and PCNA expression. Incubation of RASMs with HMGB1 caused a rapid increase in P65 and ERK phosphorylation. 
RASM proliferation and PCNA expression toward HMGB1 were significantly inhibited by the inhibitors of ERK and 
NF-κB. Conclusion: HMGB1 induces proliferation of RASMs through a RAGE-dependent activation of ERK and NF-κB 
signaling pathways.
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Introduction

High mobility group box-1 protein (HMGB1) 
functions not only as a nuclear factor that stabi-
lizes nucleosome formation, but also as an 
important mediator to participate in tissue inju-
ry, tissue repair, inflammation, and innate and 
adaptive immunity when present extracellularly 
[1]. The receptor for advanced glycation end-
products (RAGE) was found to be the first recep-
tor of HMGB1 [2]. HMGB1 can bind to RAGE 
then to induce activation of mitogen-activated 
protein kinases (MAPKs) and the NF-кB path-
way in rat smooth muscle cells [3]. HMGB1 also 
can bind to Toll-like receptors (TLRs), and both 
TLR2 and TLR4 are involved in HMGB1-induced 

cellular activation and NF-кB activation in mac-
rophages [4].

Increasing evidence demonstrates that the lev-
els of HMGB1 are elevated in many clinical dis-
eases such as infection, rheumatoid arthritis, 
and cancers [5]. In our previous study [6], ele-
vated sputum and plasma HMGB1 levels were 
observed in asthmatics and COPD patients and 
the HMGB1 level showed a negative correlation 
with the pulmonary function indices such as 
FEVI, and FEVI/FVC. More importantly, in a 
recent study we reported that inhibition of 
HMGB1 activity with anti-HMGB1 antibody de- 
creased the levels of inflammatory mediators 
and reduced inflammatory cell accumulation, 
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and also reversed airway remodeling in an aller-
gen-induced murine model of chronic asthma 
[7]. In this study we found that blocking HMGB1 
activity obviously decreased the airway smooth 
muscle thickness in mice.

Allergic asthma is characterized by Th2-typed 
chronic airway inflammation, and variable air-
way obstruction, and contributes to airway re- 
modeling [8]. The abnormal proliferation of air-
way smooth muscle (ASM) is one of the hall-
mark pathologic features of asthma. Many 
stimulatory factors including growth factors 
and proinflammatory cytokines, can induce the 
excessive proliferation of ASM [9]. The intracel-
lular signaling pathways related to proliferation 
of ASM mainly include mitogen-activated pro-
tein kinases (MAPK) and the NF-kB pathway [9].

Based on these finding above and our previous 
studies, the present study aims to confirm our 
hypothesis that in vitro HMGB1 may have a 
direct effect on the proliferation of ASM, then to 
elucidate remodeling and the signaling path-
way mediating this process. 

Materials and methods

Primary rat airway smooth muscle cells 
(RASMCs) isolation and culture

Primary RASMCs were isolated from trachea 
and main bronchi of 8-week SD rats which were 
obtained from the Guangxi Medical University 
Animal Center. All experimental animal proto-
cols were approved by the Animal Care and Use 
Committee of the Guangxi Medical University. 
The trachea and main bronchi were dissected 
by removing excess connective tissue and were 
washed in cooled phosphate buffered saline 
(PBS) solution with antibiotics (100 U/ml peni-
cillin G and streptomycin). Then the epithelium 
was disrupted by slightly stripping the luminal 
surface and the trachea and main bronchi were 
cut into small pieces. They were then incubated 
in DMEM with 0.1% collagenase solution at 
37°C for 4 h. The Cell suspension were placed 
into a culture flask with complete DMEM/F12, 
10% FBS after centrifugation. The flasks were 
cultured at 37°C in a humidified incubator. 
Cultured RASMCs were identified by expressed 
α-smooth muscle actins. Passages four to six 
were used for all experiments.

Treatment of RASMCs

ASMCs were starved in serum-free DMEM/F12 
medium for 24 h before treatment. After reach-

ing confluence, primary RASMCs were plated 
into 6-well plates before being stimulated with 
HMGB1 (Sigma, USA) at different concentra-
tions for the indicated time (0 h, 12 h, 24 h and 
48 h). Then the primary RASMCs were incubat-
ed with HMGB1 in the absence or presence of 
inhibitors of receptors or signaling pathway 
(MAPK p38, ERK1/2, JNK, NF-ĸB) inhibitors. 
The inhibitors of receptors include Cu-CPT22 
(SIGMA, USA), a TLR2 inhibitor; CLI-095 (Invivo- 
Gen, San Diego, USA), a TLR4 inhibitor; and FPS- 
ZMI (Merck Millipore, USA), a RAGE inhibitor. 
The inhibitors of signaling pathways include 
SB203580, a p38 inhibitor; U0126, an ERK1/2 
inhibitor, SP600125, a JNK inhibitor and BAY11-
7082, an NF-ĸB inhibitor. All were purchased 
from Sigma (USA).

RNA extraction and real-time PCR 

Single-stranded cDNA was synthesized using 
the RevertAidTM First Strand cDNA Synthesis Kit 
(Fermentas, Thermo Scientific). Real-time PCR 
was performed on the ABI 7900 (USA) using 
SYBR Premix EX Taq (TaKaRa). The primer se- 
quences were as follows: TLR2: 5’-GGG TCA 
TCA TCA GCC TCT CC-3’ (sense sequence) and 
5’-AGG TCA CTG TTG CTA TGT AGG TG-3’; TLR4: 
5’-TGG ATA CGT TTC CTT ATA AG-3’ (sense 
sequence) and 5’-GAA ATG GAG GCA CCC CTT 
C-3’; RAGE: 5’-GCC CTC CAG TCT ACT CTC G-3’ 
(sense sequence) and 5’-TGT GTG GCC ACC CAT 
TCC AG-3’. GAPDH: 5’-AAG AGA GGC ATC CTC 
ACC CT-3’ (sense sequence) and 5’-TGGTG- 
AAGACGCCAGTGGA-3’. Relative quantification 
of target gene expression was normalized to 
GAPDH expression and was performed by  
comparing the comparative threshold cycles 
(2-ΔΔCT). 

Detection of cell proliferation  

Two methods were performed to evaluate RA- 
SMC proliferation: the Cell Counting Kit-8 (CCK-
8) assay and the proliferating cell nuclear anti-
gen (PCNA) protein expression detected by we- 
stern blot. In the CCK-8 assay, RASMCs were 
plated at 4 × 103 cells/well in 96-well plates 
and serum-starved for 24 hours. Eight repli-
cates per treatment were used. Then, after 
treatment described above, the cells were incu-
bated with the CCK-8 solution for 2 hours. 
Absorbances at 450 nm (A450) of the samples 
were read using a microplate reader. Trypan 
blue dye was performed to determine the viabil-
ity of cells. 
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Western blotting

The procedure of western blot analysis was 
performed as previously described [7]. Briefly, 
RASMCs were lysed in an ice-cold protein ex- 
traction buffer (Biyuntian, China) containing the 
protease inhibitor PMSF (Biyuntian, China). 
Then the samples were centrifuged for 20 min-
utes at 12,000 rpm, the supernatants were col-
lected. Protein concentrations of cell lysates 
were determined by using BCA assay (Biyuntian, 
China). Whole-cell lysates (50 μg) were sepa-
rated on a 10% SDS-PAGE and then transferred 
to nitrocellulose membranes (PALL, USA). After 
60 min of incubation at room temperature in 
5% non-fat milk in TBST, the membranes were 
exposed to polyclonal Abs against GAPDH and 
PCNA (Immunoway, USA), rabbit monoclonal 
Abs against Erk1/2 and phosphorylated Erk1/2 
(Cell Signaling Biotechnology) and rabbit mono-
clonal Abs against phosphorylated p65 (Cell 
Signaling Biotechnology). IRDye 800 CW goat 
anti-rabbit IgG (H+L) (Licor, USA) was used as a 
secondary antibody. Densitometry was per-
formed using the Odyssey infrared image sys-
tem (Licor, USA). The levels of proteins of inter-
est were normalized to GAPDH. 

Statistical analysis

Statistical analyses were performed using the 
SPSS 16.0 software. All data were expressed 
as the means ± SEM. Comparisons between 
groups were investigated using one-way ANOVA 
followed by least significant difference (LSD) 
multiple comparison test. P-values < 0.05 were 
considered significant.

Results

Effect of HMGB1 on proliferation of RASMCs 

HMGB1 can induce activation of NF-кB, a key 
regulator of oncogenesis, to promote many 
types of cell proliferation such as in human 
mesothelial cells and lung cancer cells [10]. 
However, the role of HMGB1 on proliferation of 
RASMCs has not been determined, so we first 
investigated the impact of HMGB1 on cultured 
RASMCs. As shown in Figure 1A, 1B, HMGB1 
significantly induced proliferation of RASMCs in 
a dose-dependent manner, compared with con-
trol cells. Similarly, HMGB1 also time-depend-
ently significantly stimulated proliferation of 
RASMCs (Figure 1C).

HMGB1 had no effect on RASMC viability at 
concentrations from 100 to 1000 ng/ml. In 
addition, the inhibitors of receptors and signal-
ing pathways also did not exhibit effects on cell 
viability (Figure 1D).

HMGB1 predominantly upregulates RAGE in 
RASMCs

Some studies have demonstrated that TLR2, 
TLR4, and RAGE are involved in HMGB1-in- 
duced immune response of macrophages and 
in rat smooth muscle cells [3, 4]. Therefore we 
explored the effects of HMGB1 on the expres-
sion of RAGE, TLR2, and TLR4 at the mRNA 
level by RT-PCR and protein levels by western 
blotting. The RASMCs were stimulated with 
HMGB1 at concentration of 0, 100, 500 and 
1,000 ng/ml for 24 h. Compared with control 
group and HMGB1 100 ng/ml group, HMGB1 
increased the expression of RAGE mRNA of pri-
mary RASMCs in 500 and 1000 ng/ml groups 
(Figure 2A). Similarly, HMGB1 stimulation 
induced an obvious increase of PCNA protein 
levels of RASMCs in a dose-dependent fashion 
(Figure 2B), but no effects of HMGB1 on the 
expression of TLR2 and TLR4 were observed 
(Figure 2).

HMGB1-induced proliferation of RASMCs is 
mediated by RAGE 

To determine which receptors are involved in 
HMGB1-induced proliferation of RASMCs, the 
cells were incubated with inhibitors of RAGE, 
TLR2, and TLR4 one hour before HMGB1 (1000 
ng/ml) stimulation. FPS-ZMI, a RAGE specific 
inhibitor significantly suppressed HMGB1-in- 
duced proliferation and PCNA protein expres-
sion of RASMCs (Figure 3), but there were no 
obvious changes in levels of proliferation and 
PCNA protein expression of RASMCs after 
administration of Cu-CPT22 (a TLR4 inhibitor) 
and CLI-095 (a TLR2 inhibitor) (Figure 3). These 
data suggest that HMGB1 signals through 
RAGE, but not through TLR2 and TLR4, to in- 
duce proliferation of RASMCs.

HMGB1 induced RASMC proliferation through 
ERK1/2 and NF-кB pathways 

The previous studies from us and others have 
demonstrated that HMGB1 can induce activa-
tion of NF-ĸB and the MAP kinases in human 
smooth muscle cells, endothelium, neutrophils, 
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Figure 1. Effect of HMGB1 on proliferation of RASMCs. A. Representative western blot analysis for PCNA protein. The primary RASMCs were treated with the indi-
cated concentrations of HMGB1 (100-1000 ng/ml) for 48 h. GAPDH was selected to normalize the PCNA level. *P < 0.05 vs. Control cells; #P < 0.05 vs the RASMCs 
treated with HMGB1 100 ng/ml. B. Effect of HMGB1 on RASMCs proliferation detected by the CCK-8 assay. The primary RASMCs were treated with HMGB1 for 48 
h. *P < 0.05 vs. Control cells; #P < 0.05 vs. the RASMCs treated with HMGB1 100 ng/ml. C. The RASMCs were treated with HMGB1 1000 ng/ml for 0, 12, 24, 48 
h. *: P < 0.05 vs. unstimulated cells at 0 h; #: P < 0.05 vs the RASMCs treated with HMGB1 for 12 h; &: P < 0.05 vs the RASMCs treated with HMGB1 for 24 h. D. 
Cell viability was detected by trypan blue staining. Data are expressed as mean ± SEM from four independent experiments.
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Figure 2. Effect of HMGB1 on receptors expression of RASMCs. A. The primary RASMCs were treated with the indicated concentrations of HMGB1 (100-1000 ng/
ml) for 48 h, then these cells were assessed for TLR2, TLR4 and RAGE mRNA expression by RT-PCR. B. The primary RASMCs were treated with HMGB1 for 48 h, 
then the cell total proteins were extracted, and the TLR2, TLR4, and RAGE protein expression were determined by western blotting. *: P < 0.05 vs. Control cells; #: 
P < 0.05 vs. the RASMCs treated with HMGB1 100 ng/ml; &: P < 0.05 vs. the RASMCs treated with HMGB1 500 ng/ml. Data were expressed as mean ± SEM from 
four independent experiments. 
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and airway epithelium [3, 11-13]. We further 
assessed whether MAPK and NF-кB signa- 
ling pathways contributed to HMGB1-mediated 
RASMC proliferation. As shown in Figure 4, 
both the NF-ĸB inhibitor and ERK1/2 inhibitor 
completely suppressed the proliferation of 
RASMCs induced by HMGB1. Similarly, NF-кB 
and ERK1/2 inhibition effectively ameliorated 
HMGB1-induced PCNA protein expression in 
RASMCs. However, the proliferation and PCNA 

protein level of RASMCs were not attenuated  
by p38 inhibitor SB203580 and JNK inhibitor 
SP600125 under HMGB1 treatment (Figure 4).

HMGB1 enhances NF-кB and ERK1/2 activa-
tion

To further test whether ERK1/2 and NF-кB sig-
naling pathways are involved in HMGB1-in- 
duced RASMC proliferation, we detected the 

Figure 3. The effects of related receptors on HMGB1-induced proliferation of RASMCs. The primary RASMCs were 
pretreated with Cu-CPT22 (50 nM), CLI-095 (1 ug/ml) and FPS-ZMI (230 nM) for 1 hour, followed by stimulation with 
HMGB1 1000 ng/ml for 48 h. A. Cell proliferation was evaluated by a CCK-8 assay. B. The PCNA protein expression 
was determined by western blot and GAPDH was used as the internal control. *: P < 0.05 vs. unstimulated cells; #: 
P < 0.05 vs. the RASMCs treated with HMGB1. Data are expressed as mean ± SEM from four independent experi- 
ments. 

Figure 4. Effects of specific signaling pathway inhibitors on HMGB1-induced proliferation of RASMCs. The primary 
RASMCs were incubated for 1 h with or without the protein kinase inhibitors BAY11-7082 (10 µM), U0126 (10 
µM), SB203580 (10 µM) or SP600125 (50 µM) before stimulation with HMGB1 (1,000 ng/ml) for 48 h. A. The cell 
proliferation was evaluated by a CCK-8 assay. B. The PCNA protein expression was determined by western blot and 
GAPDH was used as the internal control. *: P < 0.05 vs. unstimulated cells; #: P < 0.05 vs. the RASMCs treated with 
HMGB1. Data are expressed as mean ± SEM from four independent experiments.
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phosphorylation extent of p65 and ERK1/2, 
which illustrate NF-кB and ERK1/2 signaling 
pathway phosphorylation activity respectively. 
As shown in Figure 5A, the levels of phosphory-
lation of p65 were significantly enhanced in 
HMGB1 administration groups compared to the 
control group; moreover, the level of phosphor-
ylation of p65 was increased in the HMGB1 
1000 ng/ml group compared to the HMGB1 
100 and 500 ng/ml groups. In addition, HMGB1 
stimulation induced ERK1/2 hyperphosphory-
lation in a concentration-dependent manner. 

RAGE is essential for HMGB1-induced NF-кB 
and ERK1/2 signaling pathway activity

RAGE activation can stimulate a various num-
ber of signaling cascades, including NF-кB, and 
mitogen activated protein kinase (MAPK), such 
as ERK-1/2 [14]. In this study HMGB1 had been 
shown to activate similar signaling through 
NF-кB and ERK-1/2 (Figure 5), but it was un- 
known whether HMGB1 binds to RAGE to acti-
vate the signaling pathways above. As shown in 
Figure 6A, RAGE inhibitor FPS-ZMI as well as 
BAY11-7082 completely abolished HMGB1-in- 
duced phosphorylation p65 in RASMCs. Simi- 
larly, RAGE inhibitor FPS-ZMI also reversed 
ERK1/2 hyperphosphorylation by administra-
tion of HMGB1 (Figure 6B). 

Discussion

As far as we know, this is the first report show-
ing that exogenous HMGB1 induces prolifera-
tion of airway smooth muscle cells in a dose-
dependent manner. Our data also demonstr- 
ated that HMGB1-RAGE interaction activates  
ERK and NF-κB signaling pathways to promote  
airway smooth muscle cell proliferation. More 
importantly, our report further confirmed that 
HMGB1 may play a vital role in airway remodel-
ing by a direct effect on the proliferation of air-
way smooth muscle.

Increasing evidence shows that extracellular 
HMGB1 regulates cell proliferation of various 
kinds of cells including human malignant me- 
sothelioma cells, pancreatic cancer cells, and 
lung cancer cells [15-17]. HMGB1 has been 
shown to induce proliferation of human malig-
nant mesothelioma cells by an autocrine circuit 
[16]. RAGE-HMGB1 coordinately promotes pan-
creatic cancer cell proliferation and migration 
through increasing mitochondrial complex I 
activity, and ATP production [17].

In addition, consistent with our present study, 
extracellular HMGB1 has been found to pro-
mote the proliferation and migration of vessel 
smooth muscle cell (VSMC) by different mecha-

Figure 5. HMGB1 activated NF-ĸB and ERK1/2 signaling pathways. Primary RASMCs were treated with the indi- 
cated concentrations of HMGB1 (100-1000 ng/ml) for 12 h, then 50 µg of protein of cell lysates were analyzed for 
phosphorylation of p65 (A) and extracellular signal-regulated kinase 1/2 (ERK1/2) (B). GAPDH was used as internal 
control. *: P < 0.05 vs. Control cells; #: P < 0.05 vs. RASMCs treated with HMGB1 100 ng/ml; &: P < 0.05 vs. the 
RASMCs treated with HMGB1 500 ng/ml. Data are expressed as mean ± SEM from four independent experiments.
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nisms. The cholesterol loading can stimulate 
VSMC to actively secrete HMGB1; in turn ad- 
ministration of HMGB1 can promote VSMC pro-
liferation and migration [18]. Glycyrrhizin, a 
HMGB1 inhibitor, significantly suppressed the 
proliferation and migration of angiotensin II- 
treated VSMCs though decreased levels of oxi-
dative stress and inflammation [19]. HMGB1 
also enhanced proliferation of pulmonary arte-
rial smooth muscle cells in a c-Jun dependent 
manner [20]. 

In this study, we found that HMGB1 promoted 
RASMC proliferation mainly by binding to RAGE. 
RAGE is a a transmembrane receptor contain-
ing the extracellular domain ligand binding and 
the amino acid cytoplasmic tail for intracellular 
signaling activation [15]. RAGE is well-known as 
a multi-ligand receptor and can interact with 
various kinds of ligands such as advanced gly-
cation end products (AGEs), S-100 protein, and 
HMGB1, resulting in the production of reactive 
oxygen species (ROS), inflammatory pathogen-
esis, cell proliferation, and autophagy [21]. It is 
reported that RAGE plays a key role in modulat-

ing smooth muscle cell proliferation and migra-
tion in a mice model undergoing arterial endo-
thelial denudation injury [22]. Similarly, inhibi-
tion of RAGE/ligand interaction decreased S- 
100 protein-stimulated VSMC proliferation in 
vitro and proliferating VSMC in both Zucker dia-
betic and nondiabetic rat models undergoing 
injury of the carotid artery [23]. Our results  
are consistent with a recent study, in which 
S100A8 inhibited PDGF-induced rat ASMCs 
proliferation in a manner dependent on RAGE 
[24]. Collectively, these results, together with 
our research, further emphasized the impor-
tance of RAGE in proliferation of smooth mus-
cle cells. TLR2 has been also shown to be 
involved in PDGF-induced proliferation in rat 
ASMCs [25]. In addition, the deletion of TLR4 
from platelets attenuated promoted pulmon- 
ary artery smooth muscle cell proliferation in  
a serotonin-dependent manner [26]. Although 
the reason for these different results above is 
unclear, we speculate that these results may  
be due to the different stimuli and types of  
cells used.

Figure 6. RAGE mediated HMGB1-induced phosphorylation of p65 and ERK1/2. Primary RASMCs were incubated 
for 1 h with or without FPS-ZMI (230 nM), BAY11-7082 (10 µM), U0126 (10 µM) before stimulation with HMGB1 
(1,000 ng/ml) for 12 h. then 50 µg of protein of cell lysates were analyzed for phosphorylation of p65 (A) and ex- 
tracellular signal-regulated kinase 1/2 (ERK1/2) (B). GAPDH was used as internal control. *: P < 0.05 vs. Control 
cells; #: P < 0.05 vs. the RASMCs treated with HMGB1 1000 ng/ml. Data are expressed as mean ± SEM from four 
independent experiments.
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The extracellular signal-regulated kinases (ER- 
Ks) function in control of cell division, and inhib-
itors of these enzymes are being explored as 
anticancer agents. It is well-known that ERK1/2 
are widely expressed and are mainly involved in 
the regulation of mitosis of differentiated cells, 
resulting in cell proliferation [27]. Many differ-
ent stimuli, such as growth factors, cytokines, 
and virus infection, can activate the ERK1/2 
pathways. Persistent activation of the ERK1/2 
signaling pathway contributes to the increased 
proliferative rate of tumor cells. More impor-
tantly, U-0126, a specific ERK1/2 inhibitor, sup-
pressed mitogen-induced proliferation of air-
way smooth muscle by inhibition expression of 
c-Fos and cyclin D1, all of which are down-
stream from ERK in the signaling cascade [28]. 
This finding agrees with the observation that 
U-0126 inhibited HMGB1-induced proliferation 
of RASMCs in the present study. Previous find-
ings, however, have suggested the PI 3-kinase 
pathway rather than the ERK pathway resulted 
in proliferation of airway smooth muscle cells in 
asthmatics under 10% FBS stimulation, while 
both PI 3-kinase pathway and ERK pathway 
controlled growth of airway smooth muscle 
cells from non-asthmatics stimulated with 10% 
FBS [29]. In our opinion, the smooth muscle 
cells obtained from different subjects may 
explain the above contradictory results.

NF-κB is a family of transcription factors that 
was originally found in B cells. When cells are 
under various stimuli, NF-κB is activated and 
regulates various kinds of corresponding genes 
which controls biologic functions including im- 
mune and inflammatory reactions, angiogene-
sis, and smooth muscle cell proliferation [30]. 
Increasing evidence supports the functional 
importance of NF-κB in promoting airway sm- 
ooth muscle cell proliferation. Many stimuli, 
such as PDGF, Th17-associated cytokines, lyso-
phosphatidic acid (LPA), and reactive oxygen 
species (ROS) angiotensin II promote the prolif-
eration of ASM completely or in part through 
activation of transcription factor NF-κB [31-34]. 
Some pharmacologic and proteasome inhibi-
tors also have been shown to suppress ASMC 
proliferation through inactivation of the NF-κB 
pathway. Consistent with our study, a recent 
study suggests that miR-24 overexpression sig-
nificantly inhibits VSMC proliferation and migra-
tion by targeting HMGB1, and that NF-κB nucle-
ar translocation and DNA binding were de- 
creased in association with the down-regula-

tion of HMGB1 [35]. One way for NF-κB to 
induce smooth muscle cell proliferation is that 
NF-κB can regulate the cyclin D1 promoter 
which is the key mediator for the cell cycle [31]. 
Another important finding shown in the present 
study was that neither inhibition of the NF-κB 
pathway nor inhibition of the ERK1/2 path- 
way could completely abolish proliferation of 
RASMCs and PCNA protein expression mediat-
ed by HMGB1. These results suggest that dual 
ERK1/2 and NF-κB pathways control prolifera-
tion of RASMCs. JNK and p38 Protein Kinases 
are widely known as critical regulators of tran-
scription to activate the inflammatory response 
[27], which coincides with our present results 
in which proliferation and PCNA protein level of 
RASMCs were not attenuated by p38 inhibitor 
SB203580 and JNK inhibitor SP600125. 

In summary, these results provide evidence th- 
at HMGB1-induced RASMCs proliferation is 
mediated by a RAGE/ERK1/2-NF-κB cascade. 
These data will provide us with a novel molecu-
lar mechanism for HMGB1 to be involved in air-
way remodeling, and some potential therapeu-
tic strategies targeting the RAGE-dependent 
ERK1/2-NF-κB pathway for the treatment of 
asthma. 
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