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Abstract: High mobility group box 1 (HMGB21) has been widely reported to mediate damage caused by inflammatory
responses. The aim of our study is to investigate the role of HMGB1 in endotoxin tolerance (ET) alleviating inflamma-
tion of acute liver failure (ALF) rats and its possible signaling mechanism. To mimic ET, male Sprague-Dawley rats
were pretreated with low dose of lipopolysaccharide (LPS) (0.1 mg/kg once a day intraperitoneally for consecutive
five days) before subsequent ALF induction. ALF was induced by intraperitoneal administration of D-GalN/LPS. ET
induced by LPS pretreatment significantly improved the survival rate of ALF rats. Moreover, after ALF induction,
ET+ALF rats exhibited lower serum enzyme (ALT, AST and TBiL) levels, lower production of inflammatory cytokines
(IL-6, TNF-a and HMGB1) and more minor liver histopathological damage than ALF rats. ET+ALF rats showed en-
hanced expression levels of HMGB1, decreased levels of STAT1 and p-STAT1, augmented expression of SOCS1 in
liver tissues than ALF rats. These results indicated that ET induced by low-dose LPS pretreatment may alleviate
inflammation and liver injury in experimental acute liver failure rats mainly through inhibition of hepatic HMGB1
translocation and release.

Keywords: Endotoxin tolerance, high mobility group box 1, acute liver failure, JAK/STAT1 signaling, lipopolysaccha-
ride (LPS)

Introduction

Acute liver failure (ALF) is a clinical syndrome in
which acute loss of metabolic and synthetic
liver function leads to coagulopathy, hepatic
encephalopathy and multiorgan failure within a
short time in patients. Pathology of ALF is char-
acterized by massive hepatocellular necrosis
and large scales of inflammation in liver [1].
Despite considerable advances have been
made in the understanding of its pathophysiol-
ogy, ALF is still a serious clinical condition with
an unacceptably high mortality rate. Currently,
liver transplantation is the most effective treat-
ment for ALF, although shortage of donor
organs limits this option. In addition, bioartifi-
cial and artificial liver support systems are safe,
beneficial but need to be evaluated in more
detail [2]. Therefore, further investigation is
required so as to dissect the exact pathogene-

sis of ALF. Disorder of immune balance is con-
sidered to contribute to formation and develop-
ment of ALF, with massive release of various
inflammatory cytokines from necrotic and apop-
tosis hepatocytes [3].

Endotoxin tolerance (ET) is defined as a reduced
inflammatory response of the host (in vivo) or of
cultured macrophage/monocyte (in vitro) to
LPS following a previous exposure to this stimu-
lus. Although the phenomenon of ET was first
described by Beeson [4] more than 60 years
ago, its mechanism has still not been fully clari-
fied, and thus is far from being applied in clini-
cal practice.

Recently, illumination of the relationship betw-
een ET and some inflammatory mediators sug-
gests a new direction for its promising clinical
application in diseases, such as sepsis [5]. ET
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has been demonstrated to ameliorate experi-
mental ALF [6], however, molecular mechanism
of protective effect of ET on ALF remains
unclear.

HMGB1, a protein generally found in the nucle-
us that promotes DNA bending by binding to
nucleosomes, has been reported to mediate
damage caused by inflammatory responses [7].
Aneja et al. demonstrated that preconditioning
with low-dose recombinant HMGB1 induced
endotoxin tolerance in mice [8]. Moreover,
endogenous HMGB1 has been confirmed as a
major mediator in ET alleviating sepsis induced
by lethal-dose LPS [7]. We hypothesized that
the protective effect of ET on ALF might rely on
regulation of serum HMGB1. SOCS1 [9, 10], the
negative regulator of JAK/STAT1 signaling path-
way, is involved in the regulation of ET and JAK/
STAT1 signaling promotes HMGB1 hyperacety-
lation and nuclear translocation [11]. In pres-
ent study, we further confirmed the molecular
mechanism of ET regulating translocation and
release of HMGB1.

Materials and methods
Animals

Male Sprague-Dawley rats weighing 180-200 g
were purchased from the Shanghai Laboratory
Animal Center (Shanghai, China). All rats were
housed at the Experimental Animal Laboratory
of Wenzhou Medical University (Wenzhou,
Zhejiang, China) under standard laboratory
conditions (laminar-flow, temperature-controll-
ed by 21 + 2°C, 12 h light/dark cycle). The rats
were fed with a standard chow diet and free
water. They were conducted under the stan-
dard procedure set by the Committee for the
Purpose of Control and Supervision of Experi-
ments on Animals and the National Institutes of
Health for the specification use of the experi-
mental animals. The research protocol was
approved by the Animal Ethics Committee of
Wenzhou Medical University.

Regents

D-GalN (GO500-1 g) and LPS (L-2880-10 mg)
were purchased from Sigma-Aldrich (St. Louis,
MO, USA). Enzyme-linked immunosorbent
assay (ELISA) kits for tumor necrosis factor-
alpha (TNF-a) and interleukin-6 (IL-6), BCA pro-
tein assay kits were acquired from the Beyotime
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institute of biotechnology (Nanjing, China).
Enzyme-linked immunosorbent assay (ELISA)
kits for High Mobility Group Box 1 (HMGB1)
were from Shanghai Westang Bio-Tech Co, Ltd.
(Shanghai, China). Antibodies against HMGB1
were purchased from Cell Signaling Technology
(Danvers, MA, USA) and Antibodies against
p-STAT1, STAT1, SOCS1 and GAPDH were
obtained from Santa Cruz Biotechnology (CA,
USA). Inhibitors of protease cocktail were
acquired from Roche (Summerville, NJ, USA).
Automatic biochemistry analyzer was pur-
chased from Abbott Laboratories, USA.

Study design and grouping

D-GalN and LPS were dissolved in sterile 0.9%
sodium chloride according to the product
description. The rats were randomly divided
into three groups: control group (n=6), ALF
group (n=40), ET+ALF group (n=20). For induc-
tion of ET, rats in ET+ALF model were given 0.1
mg/kg LPS intraperitoneally once every day for
consecutive five days. Rats in the ALF group
and control group were injected with the same
volume of sterile 0.9% sodium chloride instead
of LPS for the same treatment. For induction of
ALF, rats in ET+ALF group and ALF group were
given one intra- peritoneal injection of 500 pL
saline containing 800 mg/kg D-GalN and 8 ug
LPS on the sixth day. Meanwhile, rats in control
group were injected with the same volume of
sterile 0.9% sodium chloride. In a separate
experiment, survival rate was monitored for 3
days after injection of D-GalN/LPS in both ALF
group (n=20) and ET+ALF group (n=20). Except
rats for the survival rate, all rats were finally
sacrificed with chloral hydrate (1.0 g/kg, intra-
peritoneally (i.p.)) at 2, 6, 12, 24, 48 hours.

Serum cytokine and biochemical markers as-
says

After the experimental animals were sacrificed,
blood of 2 ml was collected from the portal
vein, 30 minutes’ standing, centrifuged at
3000 r/min for 10 min, the upper serum was
kept and stored in -80°C deep-freezer. Serum
concentrations of tumor necrosis factor-o (TNF-
a), interleukin-6 (IL.-6) and HMGB1 were deter-
mined by using antibody enzyme-linked immu-
nosorbent assay (ELISA) kits. All procedures
were performed in accordance with manufac-
turer instructions. The levels of AST, ALT and
total bilirubin (TBIL) in the serum were tested by
an automatic biochemistry analyzer.
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Figure 1. Significant difference in survival rates
was found between ALF group and ET+ALF group by
Kaplan-Meier survival analysis (P<0.01 by Log-rank
Test).

Liver histological examination

After the blood collection, liver samples were
dissected and fixed in 10% neutral formalin
solution and embedded in paraffin. The embed-
ded liver tissues were cut into 4 ym sections,
stained in hematoxylin and eosin (H&E) and
viewed under a video microscope for histolo-
pathological changes.

Western blot analysis

After the blood collection and livers dissect-
ion for histological examination, livers were
removed immediately, cut into pieces and
stored at -80°C for further research. The isola-
tion of total protein was used lyses buffer (1 ml
Radiation immune precipitation (RIPA) paraly-
sis liquid, 10 pl PMSF, 10 ul sodium orthovana-
date activating agent) accompanied by a inhibi-
tor of protease cocktail. Samples were placed
on ice bath for 30 minutes and centrifugated at
13000 r/min for 10 min, the supernatant was
collected and stored at -80°C for preservation,
and the protein concentration was measured
with BCA protein assay kit. The samples (15 ug
protein each) were suffered from polyacryl-
amide gel electrophoresis (SDS-PAGE) after
heat denaturation at 95°C for 5 min. Sub-
sequently, the target proteins in gel were shift-
ed onto polyvinylidene fluoride membrane
(PVDF) membranes. Then, the membranes
were blocked by 5% bovine albumin (5% BSA)
for 1.5 h at room temperature. The primary
antibodies of HMGB1, p-STAT1, STAT1, SOCS1
and GAPDH were used to incubate the mem-
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branes at 4°C overnight, respectively. The
membranes were washed with TBST for 7 min-
utes four times, incubated with the secondary
antibody at room temperature for 1 h, washed
again with TBST for 7 minutes four times. Then
the film exposure was performed after covered
with chemiluminescent reagents.

Statistical analysis

All data were analyzed with SPSS version 19.0
(IBM, Chicago, USA) and expressed as means +
standard deviation (SD). Statistical significance
was evaluated by one-way analysis of variance
(ANOVA) or the least significant difference (LSD)
test. P values less than 0.05 were considered
statistically significant (P<0.05).

Results

ET induced by LPS pretreatment improved the
survival rate of ALF rats

We randomly adopted twenty rats for each
group to exclusively investigate the effect of
endotoxin tolerance on the survival rate of rats.
The mortalities in 72 hours after injection of
D-GalN/LPS or saline for each group were
monitored.

The mortality rate of rats in ALF group was 60%
in 72 hours. Twelve in twenty rats of the ALF
group died totally and majority of them died in
the first 12 h. However, the mortality rate in
ET+ALF group was 10%. Only two in twenty rats
of the ET+ALF group died, at 5 h and 10 h,
respectively. None of the twenty rats in control
group died in 72 hours (Figure 1).

Comparison of the mortality rates of 72 hours
after injection of D-GalN/LPS or saline in differ-
ent groups clearly revealed that pre-existed
endotoxin tolerance condition induced by LPS
pretreatment significantly improved the surviv-
al of ALF rats.

Effect of ET induced by LPS pretreatment on
histopathology characteristics of liver tissues

Liver sections from each group were stained
with hematoxylin and eosin (HE). In ALF group,
liver tissues represented serious injuries with
damaged hepatic lobules, ruined hepatic cords,
and large numbers of infiltrated inflammatory
cells, including mainly monocytes and lympho-
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Figure 2. Representative photographs of liver sections using H&E staining (original magnification: x 200). A. Liver
sections from the control group; B. Liver sections from the ALF group; C. Liver sections from the ET+ALF group.

cytes. Necrosis and apoptosis can also be
found. However, liver injuries in ET+ALF group
were less severe with mild necrosis of hepato-
cytes and less infiltrated inflammatory cells.
Normal hepatic cells, central veins and lobules
were shown in control group (Figure 2).

We concluded pre-existed endotoxin tolerance
condition induced by LPS pretreatment amelio-
rated inflammation in liver of experimental ALF
rats.

ET induced by low-dose LPS pretreatment al-
leviated liver injuries in ALF

To study the effect of ET on liver function of
experimental ALT rats, the levels of serum ALT,
AST and TBIL in 48 h after ALF induction for
each group were examined. Levels of ALT, AST
and TBIL were elevated in both ALF group and
ET+ALF group than that in control group.
However, the increases in ALF group were sig-
nificantly higher than that in ET+ALF group at 6
h, 12 h, 24 h, 48 h (P<0.05). Moreover, levels of
ALT and AST in both groups reached the peak
at 12 h and levels of TBIiL continuously rise in
48 hours (Figure 3A-C). No obvious variation
occurred in control group.

After comparing levels of serum markers
for liver function in 48 hours, we concluded
that pre-existed endotoxin tolerance condition
induced by low-dose LPS pretreatment signifi-
cantly alleviated liver injuries in ALF rats.

ET induced by low-dose LPS pretreatment
decreased serum levels of HMGB1 and pro-
inflammatory cytokines in ALF

Previous studies have shown the release of
cytoplasmic HMGB1 in activated immune cells
and hepatocytes can activate macrophages to
produce pro-inflammatory cytokines [12-14]. To
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investigate the role of ET on alleviating inflam-
mation of ALF rats, we detected serum levels of
TNF-«, IL-6 and HMGB1 in 48 hours after ALF
induction. Data indicated that TNF-q, IL-6 levels
started to increase immediately after injection
of D-GalN/LPS and peaked at 6 hour in both
ALF group and ET+ALF group when compared to
the control group (P<0.05). In addition, levels of
both TNF-a and IL-6 in ET+ALF group were lower
than that in ALF group at each time point
(P<0.05). However, HMGB1 levels increased
slowly during the first 6 hours and peaked at 12
hour in both groups. Also, levels of HMGBL1 in
ET+ALF group were lower than their counter-
parts in ALF group at each time point (P<0.05)
(Figure 3D-F).

ET induced by low-dose LPS pretreatment en-
hanced liver tissues levels of HMGB1 in ALF

To clarify whether alleviated inflammation and
liver damage in ET+ALF rats were related to lev-
els of HMGBL1 in liver tissues, the protein levels
of hepatic HMGB1 were measured by western
blotting. As shown in Figure 4E, protein levels
of hepatic HMGB1 gradually decreased after
ALF induction and reached the nadir at 12 hour
postinduction in both ALF group and ET+ALF
group. Also, the levels of hepatic HMGB1 in
both groups were decreased at every time point
after ALF induction, as compared to the control
group (P<0.05). However, relatively higher pro-
tein levels of HMGB1 in ET+ALF group indicated
that ET induced by low-dose LPS pretreatment
could partly reverse the decline of hepatic
HMGB1 in ALF group (P<0.05).

ET induced by low-dose LPS pretreatment re-
duced expression of p-STAT1 and STAT1 in ALF

Researchers previously reported that activa-
tion of JAK/STAT1 signaling promotes hyper-

Int J Clin Exp Pathol 2015;8(8):9062-9071
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Figure 3. Effect of ET induced by LPS pretreatment on liver function and levels of serum cytokine in ALF rats. The serum levels of alanine aminotransferase (ALT) (A),
aspartate aminotransferase (AST) (B) and total bilirubin (TBiL) (C) were assayed using an automated blood chemistry analyzer. The serum concentrations of TNF-a,
IL-6 and HMGB1 in ALF group (D) and ET+ALF group (E) were detected by ELISA assay and compared with that in control group (F).
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acetylation, mobilization from the nucleus to
the cytoplasm and secretion of HMGB1 [11].
After phosphorylation, STAT1 proteins are acti-
vated. Phosphorylated STAT1 proteins dimerize
via Src-homology 2 (SH2)-domain-phospho-
tyrosine interactions and translocate to the
nucleus, where they function as transcriptional
or translocational activators [15]. To investi-
gate the effect of ET on STAT1 phosphorylation,
the protein levels of p-STAT1 in liver tissues
were initially tested by western blotting. As
shown in Figure 4D, the expression of p-STAT1
in ALF group reached the peak at 24 hour after
ALF induction and the expression of p-STAT1 in
ALF+ET group continuously increased in 48
hours. Moreover, the expression of p-STAT1
were significantly increased in ALF group and
slightly augmented in ET+ALF group, as com-
pared to the control group (P<0.05). Results
showed the protein levels of p-STAT1 in ET+ALF
group were lower at all five time points than
that in ALF group (P<0.05).

To confirm the possible effect of ET on the
expression of STAT1, the protein levels of STAT1
were confirmed by western blotting. Although
the proteins levels of STAT1 in both ET+ALF
group and ALF group were increased (P<0.05)
as shown in Figure 4C, levels in ET+ALF group
were much lower than that in ALF group
(P<0.05). The proteins levels of STAT1 persis-
tently increased after ALF induction and
reached the peak at 12 h and 24 h postinduc-
tion in ALF group and ET+ALF group, respect-
ively.

ET induced by low-dose LPS pretreatment aug-
mented expression of SOCS1 in ALF

To clarify the effect of ET on expression of
SOCS1 in ALF, western blotting was used to
measure the protein levels of SOCS1 in liver tis-
sues. The protein levels of SOCS1 in ALF group
gradually increased and reached the top at 12
h after ALF induction while the protein levels of
SOCS1 in ALF+ET group continuously increased
in 48 hours (Figure 4B). Moreover, the protein
levels of SOCS1 in both ET+ALF group and ALF
group were significantly increased at each of
the five time points when compared to the con-
trol group (P<0.05). However, the expression of
SOCS1 in ETHALF group were significantly high-
er at all five time points than those in ALF group
(P<0.05).
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Discussion

Prior exposure of organisms or innate immune
cells like monocytes/macrophages to minute
amounts of endotoxin cause them to become
refractory to subsequent endotoxin challenge,
a phenomenon called “endotoxin tolerance”
[16]. We have previously reported that endo-
toxin tolerance (ET) induced by low-dose LPS
pretreatment resulted in a marked improve-
ment of acute liver failure (ALF) as evidenced
by decreased serum transaminase, reduced
hepatocellular damage along with suppressed
immune cell infiltration, inhibited pro-inflamma-
tory cytokine production and mortality [6, 10].
However, the underlying molecular mecha-
nisms implicated in protective effect of endo-
toxin tolerance on ALF remain elusive.

Previous studies consistently demonstrated
that high levels of and various pro-inflammato-
ry cytokine production participate in the patho-
genesis of ALF and majority of ALF are charac-
terized by systemic inflammatory response
syndrome(SIRS) [2]. Both high mortality and
severe liver damages existed in ALF were close-
ly related with high levels of inflammation.
Researchers have reported that high levels of
HMGB1 were detected in rat ALF model, admin-
istration of exogenous recombinant HMGB1
enhanced hepatic injury while blockade of
extracellular HMGB1 by a neutralizing antibody
inhibited pro-inflammatory cytokine production
[17]. These results indicated that HMGB1 might
play an important role in ALF progression.
Considering the significant role of HMGB1 in
ALF, we speculated that the protective effect of
ET on ALF might be set on regulation of serum
HMGBL. In this study, we finally discovered ET
ameliorated hepatic injury and inflammation in
ALF through reducing levels of serum HMGB1
and further investigated the signaling mecha-
nism of ET suppressing translocation and
secretion of HMGBL1.

D-GalN/LPS-induced ALF in mice has been
demonstrated as one of the most widely inves-
tigated and the most representative animal
models for mimicking human ALF and illuminat-
ing its exact pathogenesis mechanism [18].
D-galactosamine is a toxin that causes injury
specific to the liver by selective depletion of uri-
dine nucleotides in hepatocytes. LPS, a main
part of gram-negative bacteria cell wall, causes
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release of a wide variety of inflammatory medi-
ators via activation of hepatic sinus gap endo-
thelial cells and Kupffer cells. Taken together,
D-galactosamine companied by LPS can extend
liver injury. Consistent of clinical observation of
patients with ALF, high levels of serum ALT, AST,
TBiL and severe liver pathology were discov-
ered in our present research, indicating the ALF
model was successfully established. The ET
model was established as previously described
[5].

Extracellular HMGB1 has been found related
with the pathogenesis of ALF [5, 17, 19] and
other pro-inflammatory diseases, such as sep-
sis [20], T-cell mediated hepatitis [12], rheuma-
toid arthritis [21], acute allograft rejection
[22], acute lung injury [23]. HMGB1 functions
through forming specific complexes with other
signaling molecules such as inflammatory cyto-
kines, single-stranded DNA, lipopolysaccharide
and the complexes exert their biological actions
via multiple receptors including the receptor for
advanced glycationend products (RAGE) [24],
TLR4 and TLR2 [25]. Production of HMGB1
box-A protein in the liver appeared to have a
therapeutic effect in a rat model of ALF [26].
HMGB1 is instrumental in mediating a response
to liver damage. In our study, the plasma con-
centrations of HMGBL1 in the ALF group, deter-
mined by ELISA, were significantly increased
and reached a peak at 24 h after ALF induction.
Although serum levels of HMGB1 in the ET+ALF
group also peaked at 24 h, the levels at each of
the five time points were much lower than that
in ALF group. Also, we detected protein levels of
HMGBL1 in liver tissues by western blot analy-
sis. Much higher levels of HMGB1 in the ET+ALF
group than the ALF group were found, although
levels of HMGB1 in both groups were lower
than that in the control group.

NF-kB, binding to its inhibitory IkB proteins in
resting cells, is a pivotal transcription factor
required for the synthesis of inflammatory
mediators, such as TNF-a and IL-6. Upon activa-
tion, NF-kB is phosphorylated, separated from
Ik-Ba, translocated from cytoplasm into the
nucleus and binds to NF-kappa B promoter
sites on DNA, activating gene transcription of
cytokines such as TNF-a, and accelerating liver
injury [27]. In our research, reduction of serum
HMGB1 in ET group inhibited NF-kB DNA-
binding activity, which was associated with sup-
pressed Ik-Ba phosphorylation, thereby, block-
ing the production of TNF-a and IL-6, and as a
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consequence, ameliorating hepatic inflamma-
tion and injury. We concluded that ET induced
by LPS pretreatment might ameliorate inflam-
mation in ALF rats by downregulation of serum
HMGB1, further reduce hepatocellular damage
and improve the survival.

HMGBL1 can be either released passively from
injured or necrotic cells or secreted by activat-
ed immune cells such as monocytes, macro-
phages, dendritic cells (DCs) or some parenchy-
mal cells, including hepatocytes, intestinal epi-
thelial cells and cardiomyocytes [14, 28, 29].
The intrahepatic innate immune cells (Kuffers
and dentritic cells) are activated by extracellu-
lar HMGB.1 to produce large amounts of inflam-
matory mediators such as TNF-a and IL-6 that
exacerbate hepatocytes injury, therefore trig-
gers a vicious cycle of hepatic injury. As report-
ed, high plasma concentrations of HMGB1 in
ALF model were confirmed to correlate with
low serum levels of HMGBL1 since severe liver
damages cause passively leak of HMGB1
from cytoplasm and nucleus of hepatocytes
[47]. Immunochemistry staining indicated that
HMGB1 in normal livers was localized predomi-
nantly in the nucleus of hepatocytes. HMGB1
released from injured or necrotic hepatocytes
play a pivotal role in development of hepatic
injury [12]. In our research, both inflammatory
cells and necrotic hepatocytes were found by
histopathological examination in liver tissues of
the ALF group. In this study, we explored the
possibility in active secretion of HMGB1 from
normal hepatocytes and immune cells in liver,
including Kuffer cells, DC, lymphocytes, NK
cells.

High-mobility group box 1 (HMGBL1) is a highly
conserved nuclear protein that is involved in
transcriptional activation and DNA folding in
the eukaryotic cells [30]. The first step for the
release of HMGB1 is mobilization from the
nucleus to the cytoplasm and the second step
is release of cytoplasmic HMGB1. Researchers
have identified a critical role of the JAK/STAT1
pathway in promoting HMGB1 nuclear translo-
cation to cytoplasm for subsequent release
[11]. To dissect the underlying mechanism for
ET-mediated downregulation of serum HMGB1
in ALF, we explored the expression of STAT1 in
liver tissues since STAT1 has been suggested
to be an activator for translocation of HMGB1.
Our results showed the protein expression of
STAT1 were obviously lower in liver tissues of
the ET group rats when compared to the ALF
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groups, indicating that ET induced by LPS pre-
treatment might inhibit the expression of STAT1.
Given this effect, levels of HMGB1 nuclear
translocation from the nucleus to the cyto-
plasm were reduced, leading to lower levels of
release of cytoplasmic HMGB1.

Suppressors of cytokine signaling (SOCS) pro-
teins function as feedback inhibitors of the
JAK/STAT signaling pathway, terminating innate
and adaptive immune responses [31]. Re-
searchers confirmed the regulation of endotox-
in tolerance is multifaceted, involving recep-
tors, signaling molecules, and negative regula-
tors such as IRAK-M, SOCS1, short-vision
MyD88, and SHIP [9, 32]. In our present study,
we observed higher expression of hepatic
SOCS1 in ET+ALF group than that in ALF group,
which indicated SOCS1 may involve in the
mechanism of the protective effect of ET on
ALF. We concluded that ET might inhibit the
expression of STAT1 by enhancing the expres-
sion of SOCS1, finally leading to lower plasma
concentrations of HMGB1.

For the first time, we demonstrated ET might
protect rats from D-GalN/LPS induced ALF
by decreasing serum HMGB1, which means
decline in both passive release from necrotic
hepatocytes and active secretion from normal
hepatocytes and inflammatory cells. Inhibition
of JAK/STAT1 signaling plays a pivotal role in
decline of active secretion of HMGB1. Further
studies are required to elucidate this issue.
However, our conclusions prompt that reduc-
tion or blockage of serum HMGB1 may repre-
sent a novel therapeutic strategy to prevent
acute liver failure, at least.
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