
Fu-Cai Wang, Jing-Xuan Pei, Dong-Sheng Liu, Hui-Fang 
Xiong, Xiao-Qun Liu, Yong Xie, Department of Gastroenterology, 
the First Affiliated Hospital of Nanchang University, Gastro­
enterology Institute of Jiangxi Province, Key Laboratory of 
Digestive Diseases of Jiangxi Province, Nanchang 330006, Jiangxi 
Province, China

Fu-Cai Wang, Dong-Jia Lin, Department of Immunology, 
Medical College of Nanchang University, Nanchang 330006, 
Jiangxi Province, China

Jun Zhu, Department of Pathophysiology, Medical College of 
Nanchang University, 461 Bayi Road, Nanchang 330006, Jiangxi 
Province, China

Nan-Jin Zhou, Institute of Immunology and Biological Therapy, 
Jiangxi Academy of Medical Sciences, Nanchang 330006, 
Jiangxi Province, China

Author contributions: Wang FC, Pei JX and Zhu J contributed 
equally to this work; Zhou NJ and Xie Y designed and 
coordinated the research; Wang FC and Pei JX performed 
the majority of the experiments; Wang FC, Pei JX and Xie Y 
analyzed the data; Liu DS and Xiong HF contributed reagents/
materials/analysis tools; Wang FC, Pei JX, Zhu J, Liu XQ, Lin 
DJ and Xie Y wrote the paper.

Supported by National Natural Science Foundation of China, 
No. 81160056; and the Youth Science Foundation of Jiangxi 
Provincial, China, No. 20132BAB215017.

Conflict-of-interest statement: The authors declare that there 
are no conflicts of interest related to the publication of this paper.

Data sharing statement: No additional unpublished data are 
available.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 

which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Yong Xie, PhD, Professor, Chief 
Physician, Department of Gastroenterology, the First Affiliated 
Hospital of Nanchang University, Gastroenterology Institute 
of Jiangxi Province, Key Laboratory of Digestive Diseases 
of Jiangxi Province, No. 17 Yongwaizheng Street, Nanchang 
330006, Jiangxi Province, China. xieyong_med@163.com
Telephone: +86-791-88692507 
Fax: +86-791-88692507

Received: December 5, 2014
Peer-review started: December 6, 2014
First decision: December 22, 2014
Revised: January 12, 2015
Accepted: March 19, 2015
Article in press: March 19, 2015
Published online: July 7, 2015

Abstract
AIM: To investigate the inhibitory effects and me
chanism of high mobility group box (HMGB)1 A-box in 
lipopolysaccharide (LPS)-induced intestinal inflammation.

METHODS: Overexpression of HMGB1 A-box in human 
intestinal epithelial cell lines (SW480 cells) was achieved 
using the plasmid pEGFP-N1. HMGB1 A-box-overexpressing 
SW480 cells were stimulated with LPS and co-culturing 
with human monocyte-like cell lines (THP-1 cells) using 
a Transwell system, compared with another HMGB1 
inhibitor ethyl pyruvate (EP). The mRNA and protein levels 
of HMGB1/toll-like receptor (TLR) 4 signaling pathways 
[including HMGB1, TLR4, myeloid differentiation factor88 
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(MYD88), Phosphorylated Nuclear Factor κB (pNF-κB) 
p65] in the stimulated cells were determined by real-
time polymerase chain reaction and Western blotting. The 
levels of the proinflammatory mediators [including HMGB1, 
interleukin (IL)-1β, IL-6 and tumor necrosis factor (TNF)-α] 
in the supernatants of the stimulated cells were determined 
by ELISA.

RESULTS: EP downregulated the mRNA and protein 
levels of HMGB1, inhibited the TLR4 signaling pathways 
(TLR4, MYD88 and pNF-κB p65) and reduced the secretion 
of proinflammatory mediators (HMGB1, IL-1β, IL-6 and 
TNF-α) in the SW480 and THP-1 cells activated by LPS 
but not in the unstimulated cells. Activated by LPS, the 
overexpression of HMGB1 A-box in the SW480 cells also 
inhibited the HMGB1/TLR4 signaling pathways and reduced 
the secretion of these proinflammatory mediators in the 
THP-1 cells but not in the transfected and unstimulated 
cells. 

CONCLUSION: HMGB1 A-box, not only EP, can reduce 
LPS-induced intestinal inflammation through inhibition of 
the HMGB1/TLR4 signaling pathways.

Key words: High mobility group box 1; Toll-like receptor 4; 
HMGB1 A-box; Ethyl pyruvate; Inflammatory bowel disease
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Core tip: We have provided the first report that high 
mobility group box (HMGB)1 A-box, not only ethyl py
ruvate, can specifically inhibit HMGB1/toll-like receptor 4 
signaling pathways and reduce lipopolysaccharide-induced 
intestinal inflammation. Our findings indicate the potential 
of the HMGB1 A-box as a novel approach in the treatment 
of inflammatory bowel disease.

Wang FC, Pei JX, Zhu J, Zhou NJ, Liu DS, Xiong HF, Liu 
XQ, Lin DJ, Xie Y. Overexpression of HMGB1 A-box reduced 
lipopolysaccharide-induced intestinal inflammation via 
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INTRODUCTION
Inflammatory bowel disease (IBD) comprises the 
chronic relapsing inflammatory disorders Crohn’s 
disease and ulcerative colitis. IBD is thought to result 
from an inappropriate and continuing inflammatory 
response to commensal microbes in a genetically 
susceptible host[1]. Although the etiologies of IBD 
remain unclear, available evidence suggests that an 
abnormal immune response to microorganisms of 
the intestinal flora is responsible for the disease in 
genetically susceptible individuals. Therefore, this 

abnormal immune response plays a major role in the 
pathogenesis of IBD[2].  

Intestinal epithelial cell lines constitutively express 
several members of a novel family of transmem­
brane receptors designated toll-like receptors (TLRs) 
that may serve as major links between the innate 
and adaptive mucosal immune responses. Within 
a susceptible individual, aberrant or dysfunctional 
TLR signaling may impair commensal-mucosal 
homeostasis, thereby contributing to the amplification 
and perpetuation of tissue injury, consequently leading 
to the chronic inflammation that occurs in IBD[3]. TLR4 
is the primary receptor needed for the promotion of 
macrophage activation, cytokine release, and tissue 
damage. The presence of this receptor may indicate 
the anomalous regulation of innate immunity, and 
it contributes to the production of proinflammatory 
mediators and disease development[4]. TLR4 mediates 
the recognition of antigens in the intestinal lumen 
as lipopolysaccharides (LPS) due to the activation 
of NF-κB via myeloid differentiation factor (MYD)88, 
thereby increasing the production of proinflammatory 
cytokines, such as interleukin (IL)-1β, IL-6 and IL-8, 
and the susceptibility to invasion by pathogens in 
the lamina propria, perpetuating the inflammatory 
process[5]. Numerous reports have indicated that 
TLR4 plays a pivotal role in IBD, but the underlying 
mechanism remains to be elucidated.

Recent extensive studies have demonstrated 
that high mobility group box (HMGB)1 is a novel 
endogenous ligand for TLR4. HMGB1, which is an 
evolutionarily highly conserved and abundant nuclear 
protein, also functions within the cytoplasm and 
as an extracellular damage-associated molecular 
pattern (DAMP) molecule. Extracellular HMGB1 is the 
prototypic endogenous “danger signal” that triggers 
inflammation and immunity[6]. This protein is either 
actively secreted by monocytes/macrophages or 
passively released from necrotic cells from any tissue. 
It has recently been implicated in the pathogenesis 
of IBD. In IBD patients and mice with colitis, HMGB1 
is secreted by inflamed intestinal tissues, and it is 
present at high levels in feces. The large quantities 
of HMGB1 in the gastrointestinal tract mediate 
inflammation and gastrointestinal barrier failure[7]. 
This protein is abundantly secreted by the inflamed 
intestinal tissues of pediatric patients with IBD. Once 
released, it behaves as a cytokine-like proinflammatory 
molecule by upregulating other proinflammatory 
mediators[8]. HMGB1 also alters intestinal epithe­
lial cell permeability[9]. It has been implicated in 
the pathogenesis of diseases in which excessive 
inflammation plays a key role, such as IBD. Therefore, 
the targeting of the HMGB1/TLR4 signaling pathways 
may represent a novel approach for the treatment of 
IBD. A growing number of HMGB1 inhibitors, including 
neutralizing antibodies, endogenous hormones, 
medicinal-herb-derived small molecules and ethyl 
pyruvate (EP), have been developed. Studies have 
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shown that the neutralization of HMGB1 activity by 
the administration of anti-HMGB1 antibodies or EP 
attenuates colon injury, reduces weight loss, and 
improves colon scores in animal models of colitis[7]. 
Interestingly, recent studies have shown that HMGB1 
A-box alone, as a natural antagonist of HMGB1, can 
competitively inhibit the binding of HMGB1 to its 
receptors and attenuate the proinflammatory effect 
of the full-length HMGB1 and the B-box peptide. The 
A-box is thus considered to be a specific blockade 
for endogenous HMGB1[10,11]. However, it is unknown 
whether the A-box can be used to treat IBD.

To investigate the effects of two HMGB1 inhibitors 
(HMGB1 A-box and EP) in IBD in vitro, we assumed that 
the targeting of the HMGB1/TLR4 signaling pathways 
would reveal whether the HMGB1 A-box represents a 
novel approach to the treatment of IBD. Therefore, in 
this study, we constructed human intestinal epithelial 
cell lines (SW480 cells) overexpressing HMGB1 A-box 
using gene transfection technology, and observed 
changes in the HMGB1/TLR4 signaling pathways 
in human monocyte-like cell lines (THP-1 cells) co-
cultured with SW480 cells overexpressing HMGB1 
A-box that were activated by LPS. We also investigated 
the effects of the specific inhibition of HMGB1 A-box 
on the HMGB1/TLR4 signaling pathways compared 
with those of EP. We aimed to provide theoretical and 
experimental evidence of HMGB1 A-box as a potential 
therapeutic target for IBD.

MATERIALS AND METHODS
Cell lines and reagents 
The human intestinal epithelial cell line SW480 (ATCC 
NO.CCL-228) and human acute monocytic leukemia 
cell line THP-1 (ATCC NO.TIB-202) were obtained from 
the Gastroenterology Institute of Jiangxi Province. The 
cells were maintained in RPMI-1640 medium (HyClone, 
Logan, UT, United States) supplemented with 10% 
(v/v) fetal bovine serum (FBS) (HyClone) at 37 ℃ 
and incubated in a humidified 5% (v/v) CO2 incubator. 
Lipopolysaccharide (LPS) from Escherichia coli was 
used for the stimulation of the SW480 cells. SW480 
cells were pretreated with EP (Sigma-Aldrich, St. Louis, 
MO, United States) for 1 h before LPS stimulation.

Cell transfection
Overexpression of the truncated intracellular form 
of HMGB1 A-box in SW480 cells was achieved using 
the plasmid pEGFP-N1 (Generay, Shanghai, China). 
To eliminate endotoxin contamination, all plasmids 
were prepared using an Endo-free Plasmid Mini Kit 
II (Omega, San Carlos, CA, United States). Transient 
transfection was performed with FuGENE 6 Transfection 
Reagent (Promega, Sunnyvale, CA, United States). 
Overexpression of HMGB1 A-box was confirmed with 
dual-endonuclease digestion and sequencing.

Transwell experiments
A Transwell system was used to prevent direct contact 
between SW480 cells and THP-1 cells. Our Transwell 
culture plates (Corning, Corning, NY, United States) 
had six wells composed of upper and lower chambers 
separated by polycarbonate membrane with a pore 
diameter of 0.4 mm. SW480 cells were prepared in the 
lower chamber and pretreated with EP (Sigma-Aldrich) 
for 1 h before LPS stimulation. THP-1 cells were loaded 
into the upper chamber.

Real-time polymerase chain reaction
Total RNA was extracted from the cells using TRIzol 
reagent (Tiangen, Beijing, China). The obtained total 
RNA (500 ng to 1 μg) was reverse transcribed following 
the removal of genomic DNA using a PrimeScrip 
RT Reagent Kit with gDNA Eraser (Takara, Dalian, 
China). Quantitative polymerase chain reaction (qPCR) 
amplification was performed using a thermal cycler 
(BioRad, Richmond, VA, United States) with SYBR 
Premix Ex Ta (Tli RNase H Plus). A total of 2 μL of 
cDNA was amplified. Relative expression levels were 
calculated and analyzed by the 2-ΔΔCt equation. The 
primer sequences used were as follows:

HMGB1 A-box forward: 5’-acccagatgcttcagtca 
actt-3’, reverse: 5’-ctctttcataacgggccttgt-3’; 
HMGB1 forward: 5’-GGAGATCCTAAGAAGCCGAGA-3’, 
reverse: 5’-CATGGTCTTCCACCTCTCTGA-3’; TLR4 
forward: 5’-aggactgggtaaggaatgagc-3’, 
reverse: 5’-atcacctttcggcttttatgg-3’; MYD88 
forward: 5’-AAGAAAGAGTTCCCCAGCATC-3’, reverse: 
5’-GCGAGTCCAGAACCAAGATTT-3’; and β-actin 
forward: 5’-TGACGTGGACATCCGCAAAG-3’, reverse: 
5’-TGACGTGGACATCCGCAAAG-3’.

Western blot analysis
Cells were subjected to cell lysis, and the total 
protein was extracted as previously described[8]. 
Protein concentrations were measured using the BCA 
protein assay (Generay, Shanghai, China). Lysates 
were separated using SDS-PAGE and transferred to 
a nitrocellulose membrane. The membranes were 
incubated with a rabbit anti-HMGB1 antibody (ab18256, 
1:1000; Abcam, Cambridge, MA, United States), 
mouse anti-TLR4 antibody (ab22048, 1:1000; Abcam), 
rabbit anti-MYD88 antibody (HFL-296) (Santa Cruz 
Biotechnology, Santa Cruz, CA, United States), rabbit 
anti-phospho-NF-κB p65 antibody (Cell Signaling 
Technology, Beverly, MA, United States) and rabbit 
anti-β-actin antibody (ab1801, 1:1000; Abcam). 
Goat anti-rabbit IgG-horseradish peroxidase (HRP) or 
donkey anti-mouse IgG-HRP (both 1:2000) served 
as secondary antibodies. Immunoreactive proteins 
were visualized, and band intensity was quantified 
using a ChemiDo MP System with Image La Software 
(BioRad, Richmond, VA, United States). The data were 
normalized to the β-actin levels. 
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analyzed as indicated in the figure legends using 
GraphPad Prism version 5.0. Differences between any 
two groups were determined by the t test. Differences 
among multiple groups were determined by one-
way ANOVA. P < 0.05 was considered statistically 
significant.

RESULTS
Construction of HMGB1 A-box-overexpressing 
eukaryotic plasmid cell lines and HMGB1 A-box 
identification 
To construct the HMGB1 A-box recombinant ex­
pression plasmid and identify HMGB1 A-box, the 
pEGFP-N1-HMGB1 A-box recombinant plasmid was 
digested with XhoI and BamHI. After 2% agarose 
gel electrophoresis, the fragments in the agarose gel 
resulting from the enzymatic digestion were obser­
ved. Restriction analysis of pEGFP-N1-HMGB1 A-box 
is shown in Figure 1. The HMGB1 A-box fragment 
was 256 bp, consistent with the expected size. The 
inserted HMGB1 A-box fragments were consistent with 
published data (Gen-Bank Accession: NM_002128.4). 

To evaluate the expression of the HMGB1 A-box 
recombinant eukaryotic plasmid in SW480 cells, 
these cells were assessed by fluorescence microscopy 
(Olympus IX71, Tokyo, Japan). Those transfected with 
the HMGB1 A-box recombinant plasmid fluoresced 
green, and photographs were obtained using a digital 
camera. Green fluorescence of the transfected cells 
was observed at 48 h after transfection (Figure 2). 
The expression of HMGB1 A-box mRNA in the pA-
box-transfected SW480 cells was higher than that in 
the control and mock-transfection groups (bP < 0.01) 
(Figure 3). These results suggested that the SW480 
cells were successfully transfected.

ELISA for measuring IL-1β , IL-6, TNF-α  and HMGB1
The concentrations of IL-1β, IL-6, TNF-α and HMGB1 
in the cell culture supernatants from the SW480 cells 
alone or those co-cultured with THP-1 were determined 
by ELISA using a commercial human multiplex kit (IL-
1β, IL-6 and TNF-α) (Aushon Biosystems, Wuxi, China) 
or human HMGB1 kit (Uscn Life Science, Wuhan, 
China). 

Statistical analysis
The data are expressed as the mean ± SD of three 
independent experiments. The data were statistically 

bp       M          1           2            3

Figure 1  Restriction analysis of pEGFP-N1- high mobility group box 1 protein 
A-box. Lane M: marker; lane 1: pEGFP-N1- high mobility group box 1 protein 
(HMGB1) A-box digested by XhoI + BamHI; lane 2: pEGFP-N1-HMGB1 A-box 
digested by XhoI; and lane 3: pEGFP-N1-HMGB1 A-box digested by BamHI.
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Figure 2  SW480 cells at 48 h after transfection (magnification × 100). A: 
Bright-field images of cells (after 48 h); B: Green fluorescence of transfected 
cells (after 48 h).
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Figure 3  Expression of HMGB1 protein pA-box mRNA in transfected 
SW480 cells. After SW480 cells were transfected for 48 h, HMGB1 pA-
box mRNA levels were determined by real-time PCR. The expression of 
HMGB1 A-box mRNA in the pA-box-transfection SW480 cells was significantly 
upregulated compared with the control and mock-transfection groups. The 
data are expressed as the mean ± SD and are derived from three independent 
experiments, which were each performed in duplicate. The means with 
asterisks above them are significantly different (bP < 0.01 vs control).
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Effects of overexpression of HMGB1 A-box and EP on 
HMGB1 and TLR4/LPS signaling pathways and secretion 
of cytokines in SW480 cells 
To elucidate the roles of HMGB1 and TLR4 in intestinal 
epithelial cells activated by LPS, we observed the 
effects of HMGB1 inhibitors (HMGB1 A-box and EP) on 
the HMGB1 and TLR4 signaling pathways in stimulated 
SW480 cells. 

The HMGB1, TLR4, MYD88, pNF-κB p65 mRNA 
and protein levels in stimulated SW480 cells were 
determined by real-time PCR and western blotting 
(Figure 4A-H). There were no significant differences 
in the HMGB1/TLR4/MYD88/pNF-κB p65 mRNA and 
protein levels among the groups without the LPS 
treatment (P > 0.05). In the LPS-treated groups, 
HMGB1/TLR4/MYD88/pNF-κB p65 mRNA and protein 
levels in the EP group were significantly lower than 
those in the control group, mock-transfection group 
and pA-box-transfection group (aP < 0.05 and bP 
< 0.01), but there were no significant differences 
detected among the control group, mock-transfection 
group and pA-box-transfection group (P > 0.05). All 
LPS treatment groups except the EP group showed 
significantly higher levels of these mRNAs and proteins 
compared with the corresponding groups without LPS 
treatment (aP < 0.05, bP < 0.01).

The cytokine levels of HMGB1, IL-1β, IL-6 and 
TNF-α in the supernatants of stimulated SW480 cells 
were determined by ELISA (Figure 5A-D). There were 
no significant differences in the levels of HMGB1, IL-
1β, IL-6 and TNF-α among the groups without LPS 
treatment (P > 0.05). In the LPS treatment groups, 
the levels of HMGB1, IL-1β, IL-6 and TNF-α in the 
EP group were significantly lower than those in the 
control group, mock-transfection group and pA-
box-transfection group (aP < 0.05, bP < 0.01), but 
there were no significant differences among the 
control group, mock-transfection group and pA-box-
transfection group (P > 0.05). All LPS treatment 
groups except the EP group showed significantly 
higher levels of these mRNAs and proteins than the 
corresponding groups without the LPS treatment (aP < 
0.05, bP < 0.01).

Effects of overexpression of HMGB1 A-box and EP on 
HMGB1 and TLR4/LPS signaling pathways and cytokine 
secretion in THP-1 cells
To further elucidate the roles of HMGB1 and TLR4 
in IBD, we observed the effects of HMGB1 inhibitors 
(HMGB1 A-box and EP) on the HMGB1 and TLR4 
signaling pathways in THP-1 cells co-cultured with 
SW480 cells. 

Following co-culturing with SW480 cells, the 
HMGB1, TLR4, MYD88, and pNF-κB p65 mRNA and 
protein levels in the THP-1 cells were determined by 
real-time PCR and western blotting (Figure 6A-H). 
There were no significant differences in the HMGB1/
TLR4/MYD88/pNF-κB p65 mRNA and protein levels 

among the groups without LPS treatment (P > 
0.05). In the LPS treatment groups, the HMGB1/
TLR4/MYD88/pNF-κB p65 mRNA and protein levels 
in the EP group and pA-box-transfection group were 
significantly lower than those in the control group and 
mock-transfection group (aP < 0.05, bP < 0.01). All LPS 
treatment groups except the EP group and pA-box-
transfection group were significantly higher than the 
corresponding groups without LPS treatment (aP < 0.05, 
bP < 0.01).

Following co-culturing with SW480 cells, the 
cytokine levels of HMGB1, IL-1β, TNF-α and IL-6 in 
the supernatants of the THP-1 cells were determined 
by ELISA (Figure 7A-D). There were no significant 
differences in the levels of HMGB1, IL-1β, TNF-α and 
IL-6 among the groups without LPS treatment (P 
> 0.05). In the LPS treatment groups, the levels of 
HMGB1, IL-1β, TNF-α and IL-6 in the EP and pA-box-
transfection groups were significantly lower than those 
in the control and mock-transfection groups (aP < 0.05, 
bP < 0.01). All LPS treatment groups except the EP 
and pA-box-transfection groups showed significantly 
higher levels of these mRNAs and proteins compared 
with the corresponding groups without LPS treatment 
(aP < 0.05, bP < 0.01).

DISCUSSION
The intestinal microbiota and gut immune system 
must communicate to maintain a balance between 
tolerance and activation. Although the immune 
system provides protection against pathogenic 
microbes, the human body is a host to trillions of 
microbes, symbionts, and mutualists; some of which 
are essential to human health[12]. The maintenance 
of immune tolerance and the inflammatory response 
depend on interactions between symbiotic bacteria, 
intestinal mucosa epithelial cells and immune cells[13]. If 
any of these components are disturbed, inflammation 
imbalances can occur that develop into inflammatory 
disease. TLRs can recognize some intrinsic molecules 
that are present in bacteria, viruses, epithelial cells and 
immune cells and play significant roles in maintaining 
symbiotic bacterial resistance and inducing the anti-
inflammatory response to pathogens[14]. In IBD, the 
intestinal mucosa becomes intolerant of symbiotic 
bacteria and their products, leading to the excessive 
activation of the TLR signaling pathways, triggering an 
intracellular signaling cascade, producing chemokines, 
launching and controlling key transcription factors, 
and triggering and amplifying the inflammatory 
reaction[15]. TLR4 signaling pathways are activated by 
the recruitment of MYD88, resulting in the activation 
of phosphorylated IL-1-related kinases and tumor 
necrosis factor-associated receptor factor 6, further 
activating NF-κB transcription factors and releasing a 
series of inflammatory factors, such as interferon-γ[3,16]. 
LPS is an outer membrane glycolipid of Gram-negative 
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bacteria and a major ligand for TLR4. When there is 
an imbalance in intestinal mucosal immune responses 
in IBD, the LPS-induced excessive activation of TLR4 
in the bowel mucosa triggers inflammation. In this 
study, after treating the SW480 and THP-1 cells for 24 
h, LPS was able to upregulate the expression of TLR4 
and the downstream molecules MYD88 and pNF-κB 
p65 and promote the secretion of proinflammatory 
cytokines, such as IL-1β, IL-6 and TNF-α, in cell 
culture supernatants. These findings suggest that 
LPS can produce proinflammatory factors and cause 
inflammation by activating the intracellular MYD88-
dependent TLR4 signaling pathway.

HMGB1 is ubiquitously present in the nuclei of all 
mammalian cells, where it displays dual functions. 
Under normal conditions, HMGB1 binds to DNA and 
bends it to facilitate gene transcription. Under stress 
conditions, such as injury or infection, it is released 
and promotes inflammation, taking part in the path
ogeneses of a variety of inflammatory diseases. During 
inflammatory reactions, the activation of monocytes/
macrophages is the main source of HMGB1. When 
the production of exogenous bacterial endotoxins 
(e.g., LPS) or endogenous inflammatory cytokines is 
stimulated, HMGB1, which is mainly concentrated in 
the nucleus, is released from activated monocytes/
macrophages in a time- and dose-dependent 
manner. This study found that LPS treatment not only 
upregulated HMGB1 expression and the secretion 
of human mononuclear cell THP-1, but also time- 
and dose-dependently increased HMGB1 expression 
and the secretion of intestinal epithelial SW480 cells. 
These findings showed that intestinal epithelial cells 
could also secrete HMGB1 following exposure to an 

exogenous stimulus. It has been established that the 
excessive activation of the TLR signaling pathways in 
intestinal epithelial cells and inflammatory cells play 
an important role in the pathogenesis of IBD. LPS 
within the lumen is a major cause of the excessive 
activation of the TLR signaling pathways. This study 
showed that LPS not only activated these pathways, 
but also promoted the expression and release of 
HMGB1. HMGB1, which is an important DAMP, can 
bind to TLR4 and reactivate the TLR4 signaling 
pathways. Thus, HMGB1 is not only an endogenous 
ligand for TLR4, but also an amplifier of TLR-mediated 
inflammatory responses[17]. This function may be 
important for the persistent inflammation reaction that 
occurs in IBD. HMGB1 release is a dynamic process, 
involving exit from the nucleus into the cytoplasm, 
translocation from the cytosol into cytoplasmic orga­
nelles, and exocytosis[18]. In this study, after 24 h of 
LPS treatment, HMGB1 expression in the THP-1 and 
SW480 cells and HMGB1 secretion in the supernatants 
were markedly increased over time. In contrast with 
other proinflammatory cytokines, HMGB1 production 
and release continuously increased over 24 h, which 
may be related to the circulation cycles of the LPS/
TLR4/HMGB1 signaling pathways. 

EP, which is a stable fatty ester, is derived from 
the endogenous metabolite pyruvic acid. The phar­
macological effects of EP include the downregulation 
of proinflammatory factors, the improvement of 
redox reaction-mediated cell and tissue damage, and 
the inhibition of apoptosis. EP protects inflammatory 
tissues from damage, such as fatal sepsis, systemic 
inflammation, uncontrolled hemorrhagic shock, and 
stroke[19-21]. Studies of various types of in vivo and in 

Figure 4  Expression of the HMGB1 protein and toll-like receptor 4 signaling pathways in lipopolysaccharide-stimulated SW480 cells. After pretreatment 
with EP (5 mmol/L, 1 h), the SW480 cells were treated with LPS (1 µg/mL, 24 h). The HMGB1 protein, TLR4, MYD88, and pNF-κB p65 mRNA and protein levels 
were determined by real-time PCR (A, C, E), densitometric quantification and representative western blotting with β-actin as the loading control (B, D, F, G, H). LPS 
increased the HMGB1, TLR4, MYD88, and pNF-κB p65 mRNA and protein levels in the LPS-stimulated SW480 cells compared with the LPS-untreated group, but EP 
downregulated these mRNA and protein levels in the LPS-stimulated SW480 cells. By contrast, HMGB1 A-box failed to downregulate the HMGB1, TLR4, MYD88, and 
pNF-κB p65 mRNA and protein levels compared with the mock-transfection group. The data are expressed as the mean ± SD and are derived from three independent 
experiments, which were each performed in duplicate. The means with letters above them are significantly different (aP < 0.05, bP < 0.01 vs control).
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vitro models have proven that EP can downregulate 
the activation of the proinflammatory transcription 
factors NF-κB and reduce the expression of all types of 
proinflammatory factors[22,23]. In recent years, studies 
have shown that EP is an effective inhibitor of HMGB1 
release.

Our data revealed that EP inhibited the secretion 
and release of HMGB1 and the activation of the LPS/
TLR4 signaling pathways as well as the release of 
inflammatory cytokines in the SW480 and THP-1 cells. 
Studies have found that in the traumatic brain injury 
(TBI) model, EP can inhibit the expression of HMGB1, 
TLR4, and NF-κB and the secretion of proinflammatory 
cytokines, such as IL-1β, IL-6 and TNF-α, in brain 
tissue following TBI, showing that EP can inhibit the 
HMGB1/TLR4/NF-κB signaling pathways[24]. It can 
effectively inhibit inducible nitric oxide synthase (iNOS) 

expression and HMGB1 release in RAW264.7 cells 
following LPS stimulation[25]. EP also regulates HMGB1 
release from macrophages following LPS stimulation 
by inhibiting the NF-κB and (or) p38 mitogen-
activated protein kinase (MAPK) pathways[26]. In this 
study, in addition to its inhibition of the LPS-activated 
HMGB1/TLR4 signaling pathways, there may be other 
mechanisms by which EP inhibited the release of 
proinflammatory cytokines. Moreover, the group not 
receiving LPS treatment in this study exhibited a lack 
of effect of EP on HMGB1 expression and secretion, the 
activation of the HMGB1/TLR4 signaling pathways and 
the release of proinflammatory cytokines in the SW480 
and THP-1 cells. These findings suggest that EP was 
inhibitory only under pathological and not physiological 
conditions.

The structure of HMGB1 is subdivided into two 

Figure 5  Levels of the inflammatory mediators HMGB1 protein, IL-1β, IL-6 and TNF-α in the SW480 cell supernatant. After pretreatment with EP (5 mmol/L, 1 
h), the SW480 cells were treated with LPS (1 μg/mL, 24 h). The levels of the inflammatory mediators HMGB1, IL-1β, IL-6 and TNF-α in the supernatant of the SW480 
cells were detected by ELISA (A-D). Compared with the LPS-untreated group, LPS increased the levels of HMGB1, IL-1β, IL-6 and TNF-α in the LPS-stimulated 
SW480 cells, but EP downregulated the levels of HMGB1, IL-1β, IL-6 and TNF-α in the SW480 cells activated by LPS. By contrast, HMGB1 A-box failed to decrease 
the secretion of HMGB1, IL-1β, IL-6 and TNF-α compared with the mock-transfection group. The data are expressed as the mean ± SD and are derived from three 
independent experiments, which were each performed in duplicate. The means with letters above them are significantly different (aP < 0.05, bP < 0.01 vs control).
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homologous HMG boxes, the A-box and B-box. As 
described previously, the truncation of HMGB1 into 
individual structural domains has revealed that the 
B box induces strong proinflammatory activities. 
Inversely, the A-box may act as an antagonist of 
HMGB1[27]. The A-box protein dose-dependently 
inhibits HMGB1-induced TNF and IL-1β release in 
macrophage cultures and is stimulated by HMGB1[28]. 
It is possible that these anti-inflammatory effects 
occur due to competition with receptors for HMGB1[29]. 
Animal experiments have shown that after the 
recombinant HMGB1 A-box protein is administered 
by intraperitoneal injection, a significant decrease 
in mortality occurs and the abnormal release of 
inflammatory cytokines is blocked compared with a 
control group[30]. After recombinant A-box protein is 
injected into mice with collagen-induced arthritis, its 
systemic administration significantly reduces the mean 
arthritis score, disease-induced weight loss, and the 
histological severity of arthritis[31,32]. Therefore, the 
A-box is considered a natural antagonist of HMGB1. 
Studies have reported that HMGB1 and the LPS/TLR4 
signaling pathways have important associations 
with the pathogenesis of IBD[9,33,34] and that positive 
regulation may occur between them[35,36]. However, 
there are no reports of an influence of HMGB1 A-box 
overexpression on HMGB1 and the LPS/TLR4 signaling 
pathways.

Our data revealed that the overexpression of 
HMGB1 A-box had no effect on the HMGB1 or LPS/TLR4 
signaling pathways in the SW480 cells themselves. 
However, using a Transwell co-culturing system, 
we further observed the effects of changes in the 

above-mentioned molecules on HMGB1 A-box-
overexpressing SW480 cells co-cultured with THP-1 
cells. Following the LPS treatment of the THP-1 
cells, we found that the expression and secretion of 
HMGB1, the expression of TLR4 and the downstream 
molecules MYD88 and pNF-κB p65, and the secretion 
of proinflammatory cytokines, such as IL-1β, IL-6 and 
TNF-α, in the cell culture supernatants of the pA-box-
transfection group were significantly lower compared 
with the control and mock-transfection groups. 
In addition, there were no significant differences 
compared with the corresponding LPS-untreated 
group in the THP-1 cells. These findings suggest 
that HMGB1 A-box-overexpressing SW480 cells can 
inhibit the secretion and release of HMGB1 and the 
activation of the HMGB1/TLR4 signaling pathways by 
LPS after co-culturing with THP-1 cells. Therefore, 
we hypothesize that HMGB1 A-box-overexpressing 
SW480 cells do not possess an autocrine function 
that suppresses the activation of their own HMGB1/
TLR4 signaling pathways following LPS exposure, but 
they may have a paracrine function that inhibits the 
activation of the LPS/TLR4 signaling pathways and 
the proinflammatory activities of HMGB1 in THP-1 
cells. This study also found that in the absence of 
LPS, HMGB1 A-box-overexpressing SW480 cells do 
not show alterations in the expression or secretion 
of HMGB1 or activation of the LPS/TLR4 signaling 
pathways after co-culturing with THP-1 cells. These 
results indicate that HMGB1 A-box antagonized 
HMGB1-induced inflammation only under pathological 
and not physiological conditions. Therefore, HMGB1 
A-box may represent a new therapeutic target for the 
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Figure 6  Expression of the HMGB1 protein and TLR4 signaling pathways in THP-1 cells co-cultured with SW480 cells. After pretreatment with EP (5 mmol/
L, 1 h), the SW480 cells were treated with 1 μg/mL LPS and co-cultured with THP-1 cells for 24 h. The HMGB1, TLR4, MYD88, pNF-κB p65 mRNA and protein 
levels were determined by real-time PCR (A, C, E), densitometric quantification and representative western blots, with β-actin as the loading control (B, D, F, G, H). 
Compared with the LPS-untreated group, LPS increased HMGB1, TLR4, MYD88, pNF-κB p65 mRNA and protein levels in the THP-1 cells, but EP downregulated 
these levels. Similarly, HMGB1 A-box also downregulated HMGB1, TLR4, MYD88, pNF-κB p65 mRNA and protein levels compared with the mock-transfected group. 
The data are expressed as the mean ± SD and are derived from three independent experiments, which were each performed in duplicate. The means with letters 
above them are significantly different (aP < 0.05, bP < 0.01 vs control).
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treatment of IBD.
In conclusion, in the co-culture system of SW480 

and THP-1 cells, LPS can not only activate HMGB1/
TLR4 signaling pathways, but also promote the 
secretion of proinflammatory cytokines. EP, which is 
a potent inhibitor of HMGB1 release, can inhibit the 
HMGB1/TLR4 signaling pathways and the secretion of 
proinflammatory cytokines activated by LPS, but its 
mechanism remains unclear. Unlike EP, HMGB1 A-box, 
as a specific antagonist of HMGB1, can specifically 
inhibit the HMGB1/TLR4 signaling pathways and the 
secretion of LPS-activated proinflammatory cytokines. 
Taken together, HMGB1 A-box may represent a novel 
therapeutic HMGB1-targeting agent for IBD treatment. 
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Inflammatory bowel disease (IBD) is thought to result from an inappropriate 
and continuing inflammatory response to commensal microbes in a genetically 
susceptible host. Although numerous reports have indicated that high mobility 
group box (HMGB)1/toll-like receptor (TLR)4 signaling pathways play a 
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Research frontiers
The authors aimed to investigate the effects of two HMGB1 inhibitors (HMGB1 
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Figure 7  Levels of the inflammatory mediators high mobility group box 1 protein, IL-1β, IL-6 and TNF-α in the supernatant of the THP-1 cells co-cultured 
with SW480 cells. After pretreatment with EP (5 mmol/L, 1 h), the SW480 cells were treated with 1 μg/mL LPS and co-cultured with THP-1 cells for 24 h. The levels 
of the inflammatory mediators HMGB1, IL-1β, IL-6 and TNF-α in the supernatant of the THP-1 cells co-cultured with SW480 cells were detected by ELISA (A-D). 
Compared with the LPS-untreated group, LPS increased the levels of HMGB1, IL-1β, IL-6 and TNF-α in the THP-1 cells, but EP downregulated these levels. Similarly, 
HMGB1 A-box also decreased the secretion of HMGB1, IL-1β, IL-6 and TNF-α in the THP-1 cells compared with the mock-transfection group. The data are expressed 
as the mean ± SD and are derived from three independent experiments, which were each performed in duplicate. The means with letters above them are significantly 
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of HMGB1 A-box as a potential inhibitor of HMGB1/TLR-4 signaling pathways 
convincingly. 
Applications
The authors hypothesize that HMGB1 A-box, as a natural antagonist of 
HMGB1, can competitively inhibit the binding of HMGB1 to its receptors and 
attenuate the proinflammatory effect. The authors have managed to describe 
theoretical and experimental evidence of HMGB1 A-box as a potential inhibitor 
of HMGB1/TLR-4 signaling pathways convincingly. Therefore it could be a 
possible therapeutic strategy for some patients with IBD.
Terminology
HMGB1 is a non-histone nuclear protein that, depending on its location and 
post-translational modifications, has several functions. HMGB1 is ubiquitously 
expressed in nuclei, where it binds and stabilizes DNA. HMGB1 can be 
translocated from the nucleus to the cytoplasm and extracellular space. When 
released, it has been shown to act as a damage-associated molecular pattern 
(DAMP). HMGB1 is subdivided into A-box and B-box. A-box is the most used 
antagonist of HMGB1, which competes with receptors for binding with HMGB1.
Peer-review
The purpose of the paper to investigate the effects of two HMGB1 inhibitors 
(HMGB1 A-box and ethyl pyruvate) on the HMGB1/TLR4 signaling pathway 
and the secretion of some proinflammatory cytokines in SW480 and THP-1 
cells after activation by LPS, is well established and consecutively unfolded. 
The hypothesis of the potential role of the HMGB1 A-box as a novel approach 
to the treatment of IBD is presented in an interesting manner. They have 
determined HMGB1, TLR4 and its downstream signaling molecules MyD88 and 
NF-κB p65 protein and mRNA levels by RT-PCR, densitometry and Western 
blot, and also studied the cytokine levels in the culture supernatants. The 
authors conclude that HMGB1 A-box and ethyl pyruvate both inhibit HMGB1/
TLR4 and downstream signaling molecules MyD88 as well as NF-κB p65 
and the secretion of several important pro-inflammatory cytokines induced by 
LPS stimulation. In general, this study is methodologically well performed, the 
paper well written and has a clear message. The authors have used intestinal 
epithelial cell line to study the potential effect of above-mentioned compounds 
and to clarify some pathogenetic molecular mechanisms in IBD. Therefore, the 
objective of this study is relevant.
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