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Abstract

Liver fibrosis is a worldwide clinical issue. The activation of hepatic stellate cells (HSCs) is the central event during the
hepatic fibrotic response. However, the exact mechanisms related to HSC activation and the connection between hepatocytes
and HSCs remain unclear. We elucidated the mechanism by which the nuclear-damage-associated molecular pattern
molecule, high-mobility group box 1 (HMGB1) was released from the impaired hepatocytes and induced endoplasmic
reticulum stress to activate HSCs. In this work, we demonstrated that HMGB1 can be released from hepatocytes and the
released HMGBI activates the HSCs via ER stress at the transcriptional level which was dependent on the activation of both
the TLR4 and RAGE signaling pathways rather than the TLR2 signaling pathway. HMGB1 induction of proinflammatory
cytokines interleukin (IL)-1f and IL-18 release was dependent on ER stress. In vivo, stable inhibition of HMGB1 suppressed
liver fibrosis. These results suggest that under damage condition, HMGB1 can be secreted from injured hepatocytes and
activates TLR4- and RAGE signaling pathways to induce ER stress which activates HSCs. Moreover, HMGB1 can produce

multiple inflammatory mediators through ER stress, which, in turn, promote liver fibrosis.

Introduction

Liver fibrosis is characterized by excessive production and
deposition of extracellular matrix, which can be induced by
a wide spectrum of chronic liver injuries such as immuno-
logical responses, metabolic disorders, infection and toxins
[1]. However, until today, there is no effective therapy for
liver fibrosis besides the removal of the underlying etiology

These authors contributed equally: Dean Tian, Wei Yan.

Electronic supplementary material The online version of this article
(https://doi.org/10.1038/s41374-018-0085-9) contains supplementary
material, which is available to authorized users.

< Dean Tian
datian @tjh.tjmu.edu.cn

P Wei Yan
yanwei @tjh.tjmu.edu.cn

Department of Gastroenterology, Tongji Hospital, Tongji Medical
College, Huazhong University of Science and Technology,
‘Wuhan, China

Department of Gastroenterology, Union Hospital, Tongji Medical
College, Huazhong University of Science and Technology,
Wuhan, China

Published online: 29 June 2018

or liver transplantation. Therefore, a better understanding of
liver fibrosis may lead to the identification of new ther-
apeutic targets.

Hepatic stellate cells (HSCs) play a central role in the
development of liver fibrosis [2]. Activated HSCs trigger
the expression of a-smooth muscle actin (a-SMA) and the
production of excessive collagen, along with enhanced
proliferation and migration [3], which promote the pro-
gression of liver fibrosis. To date, extensive studies have
focused on identifying the key factors involved in the
pathogenesis of liver fibrosis; however, the precise link
between injured hepatocytes and HSCs remains poorly
defined.

High-mobility group box1 (HMGB1) is described as a
nuclear nonhistone protein involved in DNA replication,
repair and energy homeostasis [4]. However, HMGBI1
undergoes translocation from the nucleus to the cytoplasm
[5]. Extracellular HMGBI1 acts as an endogenous danger
signal and binds with high affinity to several receptors,
including the receptor for Toll-like receptors (TLR)-2/4/9
and receptor for advanced glycation endproducts (RAGE)
[6]. Our previous work demonstrated that HMGB1 can
promote the metastasis of hepatocellular carcinoma
through driving inflammation responses [7]. When
released from injured or necrotic cells due to loss of
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membrane integrity [8] or when secreted by hepatocytes in
response to ethanol [9], HMGBI1 can trigger harmful
responses. Therefore, we hypothesized that extracellular
HMGBI released from the hepatocytes may contribute to
live fibrosis through activating HSCs and releasing
cytokines.

Numerous genetic and environmental insults interfere
with the function of endoplasmic reticulum (ER), leading to
the accumulation of unfolded and misfolded proteins in the
ER. The unfolded protein response (UPR) is initiated to
cope with the resulting ER stress [10]. The UPR pathway
activates several proteins, including inositol-requiring
enzyme 1 (JREl) and protein kinase R-like ER kinase
(Perk). Moreover, several recent studies revealed that ER
stress may mediate the inflammatory response [11-13] and
liver fibrosis [14, 15]. These data indicate that ER stress
may play a critical role in liver fibrosis via several
mechanisms.

In this study, we evaluated whether HMGBI is secreted
from hepatocytes and contributes to HSC activation through
ER stress. We show that HMGBI1 is overexpressed in
fibrotic liver and localizes in the cytoplasm. ER stress-
related proteins are also highly expressed in liver fibrotic
models. HMGB1 can activate HSCs via ER stress. In
addition, TLR4 and RAGE, rather than TLR2, play
important roles in liver fibrosis and HMGB1-induced ER
stress. Moreover, ER stress is involved in the release of
interleukin (IL)-1p and IL-18 triggered by HMGBI1. The
inhibition of HMGB1 suppresses liver fibrosis progression
in liver fibrosis models.

Materials and methods
Patient samples, cell lines and reagents

Informed consent was collected at the time of surgical
resection at the Tongji Hospital in 2015. The procedure for
collection the human samples was approved by the Ethics
Committee of the Tongji Hospital, Huazhong University of
Science and Technology, and the study was conducted
according to the Declaration of Helsinki principles. Cell
lines and reagent information are described in the Support-
ing Materials.

Animal models of liver fibrosis

Thioacetamide (TAA)-induced-fibrosis models

Male Sprague-Dawley rats were purchased from the
Department of Experimental Animals of Tongji Medical
College. The animals (n =8) were treated with TAA by

intraperitoneal injection two times/week for 4 or 8 weeks to
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induce chronic liver injury. The control group received an
equivalent amount of saline alone (n = 8).

Adenoviral delivery in vivo

Hepatic fibrosis was induced in rats by intraperitoneal
injection of TAA two times/week for 6 weeks. Subse-
quently, each animal received 5 x 10° plaque-forming units
(PFUs) of HMGBI1 short hairpin RNA (shRNA;
AdshHMGBI1) or control adenovirus vector (AdshNC) one
time/week via the tail vein and it was repeatedly adminis-
tered TAA for 2 weeks.

The liver tissues and sera were either snap-frozen at —80
°C or fixed in 4% buffered paraformaldehyde for immu-
nostaining. All animal studies were performed in accor-
dance with national and international guidelines. The
protocol was approved by the Ethics Committee of Animal
Experiments of Tongji Medical College and monitored by
the Department of Experimental Animals of the Tongji
Medical College.

Immunohistochemistry

Histological analysis of fibrosis was performed on fixed
liver tissue that were embedded in paraffin, and sectioned at
a thickness of 4 pm. The 4 um-thick sections were used for
hematoxylin and eosin (H&E), Masson’s trichrome and
Sirius Red staining.

Immunoblot analysis

Whole-cell proteins were extracted with Cell Lysis Buffer
(Sigma-Aldrich). Cytoplasmic protein extraction and wes-
tern blot analysis were performed following a standard
protocol as described previously [7].

ELISA

HMGBI, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels in rat sera were detected by
enzyme-linked immunosorbent assay (ELISA; IBL)
according to the manufacturer’s instructions.

CCK-8 assay

The cell proliferation was analyzed by Cell Counting Kit-8
(CCK-8) assay according to the manufacturer’s instructions.

Migration assay
Cell migration assays were performed using transwell

chambers (8 um pore size; Corning, China.) Briefly, a total
of 5 x 10* cells in 0.4 ml of medium containing recombinant
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human HMGB1 (thHMGBI1) were plated in the upper
chambers, and 600 pl of DMEM medium containing 10%
fetal calf serum (Invitrogen Gibco, CA, USA) was added to
the lower chamber. After 24 h, the cells that migrated
through the membrane to the lower surface were fixed with
4% paraformaldehyde, stained with crystal violet and
counted with a microscopy (Olympus, NY, USA).

In vitro wound-repair assay

The cells were seeded in six-well plates overnight to allow
for 90% confluency. The cell monolayer was scratched
using a sterile 200 pl tip. The growth medium was replaced
with serum-free medium supplemented with thHMGBI.
The cell growth in the denuded area was assessed after 24 h.
Cell migration was quantified as the percentage of the
wound-healed area.

Statistical analysis

The results are expressed as the mean+ SEM. Statistical
analysis was performed using Student’s #-test or one-way
analysis of variance test. All statistical analyses were per-
formed using Sigma Stat v.3.5 (Systat Software, Inc., Chi-
cago, USA). Graphs were generated using Sigma Plot v.10
(Systat Software, Inc., Chicago, USA). P<0.05 was
denoted as significant.

Results
HMGBT1 is overexpressed in fibrotic liver tissues

To study the roles of HMGBI in fibrotic liver, we first
established TAA-induced liver fibrosis animal models
confirmed by H&E staining, Masson’s trichrome staining,
Sirius red staining (Fig. 1a) and a-SMA, collagen-1 and
collagen-3 expression (Fig. 1b). We found that expression
of HMGB1 was higher in fibrotic liver compared to the
normal control by western blot (Fig. 1c1). We then exam-
ined the levels of nuclear and cytoplasmic HMGBI1 by the
fractionation of nuclear and cytoplasmic proteins in fibrotic
liver and normal control liver tissue. The amount of nuclear
HMGBI1 was not significantly different in fibrotic liver and
normal control liver tissues (Fig. 1c2). However, cyto-
plasmic HMGBI1 was absent or was present at low levels in
normal control liver tissues, whereas cytoplasmic HMGB1
was found at high levels in fibrotic liver (Fig. 1c3). High
cytoplasmic levels of HMGB1 usually occur in the context
of active HMGBI1 release. Indeed, compared to serum
obtained from normal controls, HMGBI1 levels were sig-
nificantly increased in fibrotic models as shown by ELISA
analysis (Fig. 1d). To further investigate the localization of

HMGBI1 in injured livers, we performed immuno-
fluorescence analysis. The results revealed that HMGB1
localized in the cytoplasm of hepatocytes in surgically
resected fibrotic liver samples and fibrotic models (Fig. le,
f). These findings suggest that HMGB1 mainly originate
from the hepatocytes and can be actively released into the
microenvironment and then stimulate HSCs [16]. Therefore,
HMGB1 may play a crucial role in the development of liver
fibrosis.

HMGB1 induces the activation, proliferation and
migration of hepatic stellate cells in vitro

Next, we investigated whether HMGB 1 was involved in the
process of HSC activation. We first treated LX-2 cells, rat
primary HSCs (R-HSC) and HSC-T6 cells with rhHMGB1
(O ng/ml, 10 ng/ml or 100 ng/ml) for 24 h. Treatment with
rhHMGBI resulted in a significant increase in the expres-
sion of a-SMA in a concentration-dependent manner,
accompanied by the upregulation of another fibrosis-related
gene, collagen-1 (Fig. 2a). Previous research demonstrated
that the proliferation and migration rates of activated HSCs
were critical to the progression of liver fibrosis [17].
Therefore, we assessed the effect of rhHMGB1 on HSC
proliferation and migration. When treated with 10 ng/ml and
100 ng/ml rhHMGBI1, LX-2 cell proliferation increased
from 0.30+0.02 to 0.56+0.03 and 0.86 +0.04, respec-
tively (P<0.01) (Fig. 2b) as shown by CCK-8 assay.
Similarly, the migration capability of LX-2 cells treated
with thHMGB1 was increased compared to the normal
control as shown by the transwell assay (Fig. 2c). We then
used the wound healing assay to confirm the migration
capability (Fig. 2d). In R-HSC (Fig. 2b, c) and HSC-T6
cells (Fig. 2b—d), we obtained similar results. The results
illustrate that HMGB1 can induce HSC activation, pro-
liferation and migration.

ER stress is involved in liver fibrosis animal models

To date, some studies have demonstrated that ER stress can
induce fibrogenic response in hepatic stellate cells [14]. To
study the role of ER stress in vivo, we first used western
blot to detect the expression of ER stress-associated proteins
(grp78, perk and IREla) in fibrotic liver tissue. Grp78, perk
and IREla were increased in TAA-induced liver fibrosis
tissues (Fig. 3a). We performed immunofluorescence dou-
ble staining to confirm the results in vivo. The results
revealed that activated HSCs (a-SMA+ cells) strongly
expressed perk, IRElo and grp78 in TAA-treated rats
(Fig. 3b).

To further study the roles of ER stress in the activation of
HSCs, thapsigargin (TG), the classical ER stress inducer,
was used to treat HSCs. TG not only triggered ER stress,
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Fig. 1 Increased expression of HMGBI1 in fibrotic liver. a H&E,
Masson’s trichrome staining and Sirius red staining were used to
examine the pathological alterations and collagen deposition in TAA-
treated rats. b The protein levels of a-SMA, collagen-1 and collagen-3
in fibrotic livers from TAA-treated rats were detected by western blot
(n=2) in each group. cl, ¢2, ¢3 The expression of total HMGBI1,
nuclear HMGBI1 and cytoplasmic HMGB1 was measured by western

but also induced HSC activation, as shown by a strong
increase in the protein level of a-SMA and collagen-1
(Fig. 3c), while 4-phenylbutyric acid (4-PBA), an ER stress
modulator, led to the downregulation of a-SMA and
collagen-1 (Fig. 3d).These findings demonstrate that ER
stress may play an important role in liver fibrosis.

HMGB1 can induce ER stress and activate HSCs

The previous results suggest that an association may exist
between HMGB1 and ER stress in liver fibrosis. We next
sought to study whether HMGBI1 participates in the acti-
vation of the ER stress. We treated LX-1, R-HSC and
HSC-T6 cells with thHMGB1. RhHMGBI treatment
induced a dose-dependent increase in grp78, perk and
IREla in these cells as shown by western blot (Fig. 4a).
The inhibition of ER stress by 4-PBA can prevent

SPRINGER NATURE

blot (n = 2) in each group. d The expression of HMGBI1 in normal and
TAA-treated rat sera was detected by ELISA. e The fibrotic liver
samples were stained for HMGB1 (green, HMGB1; blue, nuclei). f
The normal control (NC) and TAA-treated rats liver tissues were
stained for HMGB1 (green, HMGB1; blue, nuclei). **P <0.01, ***P
<0.0001

HMGB |1-induced activation of HSCs as shown by a-SMA
and collagen-1 (Fig. 4b).

We next investigated whether HMGBI1-induced ER
stress was responsible for the increase in the proliferation
and migration triggered by the HMGB1. The proliferation
and migration of LX-2 and HSC-T6 cells treated with
rhHMGB1 were abolished by the ER stress inhibitor 4-PBA
(Fig. 4c—e) as shown by transwell assay, wound healing
assay and CCK-8 assay, respectively. These results were
confirmed in R-HSC cells (Fig. 4c, e). These results indicate
that HMGBI1 is required for HSC activation through ER
stress.

To characterize the mechanism by which HMGBI
induces ER stress, we treated LX-2 and HSC-T6 cells with
rhHMGB1 and measured the IREla and perk messenger
RNA (mRNA) levels by quantitative real-time reverse

transcription-polymerase  chain  reaction. rthHMGBI1
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Fig. 2 HMGBI induces the activation, proliferation and migration of
HSCs. a Western blot analysis of a-SMA and collagen-1 in LX-2, R-
HSC and HSC-T6 cells treated with various doses of rhHMGBI1 for

24h. b The proliferation rates of LX-2, R-HSC and HSC-T6 cells
treated with various dose of thHMGB1 were determined by CCK-8

significantly increased the IREla and perk mRNA levels in
time- and dose-dependent manners (Fig. 4f). These findings
suggest that HMGB1 upregulates ER stress-associated
proteins at the transcriptional level.

Signaling pathways downstream of HMGB1 are
involved in liver fibrosis

Several important receptors have been implicated in
HMGBI1 signaling, including RAGE, TLR2 and TLR4
[18]. To investigate whether these receptors were
involved in liver fibrosis, western blot analysis was per-
formed on whole-cell protein from fibrotic liver tissues.
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assay. ¢ The migration of LX-2, R-HSC and HSC-T6 cells treated with
rhHMGB1 was analyzed by transwell assay. d Representative images
of the wound-healing assay with LX-2 and HSC-T6 cells treated with
various doses of thHMGBI for 24 h. *P<0.05, **P<0.01, ***P<0.001.

TLR4 and RAGE, but not TLR2, were overexpressed in
TAA-induced fibrotic liver tissue (Fig. 5a). To further
determine the role of TLR4 in HMGB 1-induced activation
of HSCs, we used a specific blocking antibody targeted
against the TLR4 receptor (a-TLR4). Treatment with a-
TLR4 (20 ug/ml) markedly suppressed HMGB 1-induced
expression of a-SMA and collagen-1 in LX-2 cells
(Fig. 5b).

RAGE regulates metabolism, inflammation and epithelial
survival in the setting of stress [18]. The RAGE receptor
was increased in the fibrotic liver tissues. To further study
whether HMGB1-induced activation of HSCs is RAGE
dependent, LX-2 and HSC-T6 cells were treated with
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Fig. 3 ER stress is involved in
liver fibrosis. a ER stress-
associated proteins Perk, IREla
and GRP78 were shown by
western blot in TAA-induced
fibrosis models. b
Immunofluorescence co-staining 130
of PERK/IRE1a/grp78 (red) and

a-SMA (green) in human 78
cirrhotic liver tissue. ¢ The
protein levels of Grp78, a-SMA
and collagen-1 in LX-2 and
HSC-T6 cells treated with
thapsigargin (TG) were
determined by western blot. d
The protein levels of Grp78, o-
SMA and collagen-1 in LX-2
and HSC-T6 cells treated with 4-
phenylbutyric acid (4-PBA)
were determined by western blot
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RAGE receptor antibody (a-RAGE). The expression of
a-SMA and collagen-1 were significantly decreased after
RAGE inhibition (Fig. Sc, d). These results suggest that

induced ER stress

TLR4 and RAGE receptors are involved in HMGB1-

HMGBI1 activates HSCs through both TLR4 and RAGE
signaling pathways.

Our above findings have demonstrated that HMGB1 acti-
vates HSCs through TLR4 and RAGE receptors. We next

SPRINGER NATURE
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<« Fig. 4 HMGBI1 can induce ER stress and activate HSCs. a Western

blot analysis of PERK, IREla and grp78 in LX-2, R-HSC and HSC-
T6 cells treated with various doses of thHMGBI1 for 24 h. b LX-2, R-
HSC and HSC-T6 cells were treated with thHMGBI1, 4-PBA or
rhHMGB1+4-PBA to show the protein expression of a-SMA and
collagen-1. ¢ The transwell assay with LX-2, R-HSC and HSC-T6
cells. LX-2, R-HSC and HSC-T6 cells were treated with rhHMGB1
(100 ng/ml), 4-PBA (10 uM) or thHMGB1 with 4-PBA. Cells were
allowed to migrate for 24 h. d The wound-healing assay with LX-2
cells and HSC-T6 cells. LX-2 cells and HSC-T6 cells were stimulated
with thHMGBI1 (100 ng/ml), 4-PBA (10 uM) or thHMGB1 with 4-
PBA for 24 h. Cell migration was quantified as a percentage of wound-
healed area. e The CCK-8 assay with LX-2, R-HSC and HSC-T6 cells.
LX-2, R-HSC and HSC-T6 cells were stimulated with thHMGB1
(100 ng/ml) or 4-PBA (10 uM) or thHMGB1 with 4-PBA for 24 h. The
proliferation ability was shown by absorbance value (OD). f The
expression of PERK, IREla and grp78 was detected by real-time PCR.
*P <0.05; **P<0.01; ***P <0.0001

explored whether these receptors are involved in HMGB1-
induced ER stress. Treatment with thHMGB1 with the anti-
TLR4 antibody (a-TLR4) in LX-2 cells and with hHMGB1
and the anti-RAGE antibody (a-RAGE) (20 pg/ml) in LX-2
cell and HSC-T6 cells markedly suppressed HMGBI1-
induced expression of grp78, perk and IREla compared to
the normal control (NC) and IgG groups (Fig. Se—g). These
results suggest that HMGBI1 induces ER stress through both
TLR4 and RAGE signaling pathways and then activates
HSCs.

HMGB1 promotes release of IL-1f and IL-18 through
ER stress

Chronic inflammation response is the main characteristic of
liver fibrosis [19]. We next explored whether HMGBI1 can
induce inflammation. Treatment with thHMGB1 (100 ng/
ml) can promote the expression of IL-13 and IL-18. Pre-
vious studies have demonstrated that ER stress can induce
the inflammation response. Therefore, we investigated
whether this process was dependent on ER stress. ER stress
inhibitor 4-PBA inhibited the release of IL-13 and IL-18
triggered by thHMGBI1 (Fig. 5h, i). The constant inflam-
mation responses may induce production and secretion of
other cytokines and chemokines, and then recruit macro-
phages, T lymphocytes, neutrophils and dendritic cells and
then induce liver fibrosis [20].

The inhibition of HMGB1 reduces liver fibrosis
in vivo

To determine whether the inhibition of HMGB1 can reduce
the fibrogenesis in vivo, we silenced HMGB1 expression in
a rat model. Hepatic fibrosis was induced in rats by TAA,
and subsequently each animal received AdshHMGBI1 or
AdshNC via the tail vein for 2 weeks (Fig. 6a). After tail-
vein injection of AdshHMGBI1, we observed that

SPRINGER NATURE

HMGBI silencing resulted in reduced liver fibrosis by H&E
staining and Masson’s trichrome staining (Fig. 6b, c).
Furthermore, a-SMA, collagen-1, perk, IREla and grp78
levels were significantly reduced after AdshHMGBI
administration shown by immunohistochemistry and wes-
tern blot (Fig. 6d-f). In addition, the inhibition of
HMGBI significantly attenuated liver damage as shown by
decreased ALT and AST serum levels (Fig. 6g). Taken
together, our results showed that HMGBI silencing inter-
feres with the development of TAA-induced liver fibrosis
in vivo.

Discussion

Because liver fibrosis is a mortal disease in the world which
is the major cause contributing to the end-stage cirrhosis
and hepatocellular carcinoma, there is a pressing need to
identify novel targets and explore new therapies to prevent
disease onset and/or progression. To date, most of the
research in this field has focused on identifying the events
involved in the pathogenesis of liver fibrosis; however, the
precise link between injured hepatocytes and HSCs
remained to be identified. Thus, our goal was to dissect
whether HMGB1 can connect hepatocytes and live fibrosis
and how the upregulation of HMGBI1 contributes to the
pathogenesis of liver fibrosis.

This study provides compelling evidence for supporting
a direct causal link between HMGBI1 release from hepato-
cytes and liver fibrosis. First, HMGBI is positively upre-
gulated in rat models with fibrosis and can be secreted from
hepatocytes. Second, inhibiting HMGBI1 release alleviates
liver fibrogenesis in the rat models. Third, thHMGBI1
induces the activation of HSCs by ER stress and this pro-
cess is dependent on the TLR4 and RAGE rather than the
TLR2 signaling pathway and HMGBI can secrete inflam-
matory cytokines through ER stress, which may contribute
to liver fibrosis.

ER stress has emerged as a common feature of the
pathogenesis of diseases associated with fibrosis. For liver
fibrosis, ER stress has two opposing effects: apoptosis and
adaptation [21, 22]. However, some studies have suggested
that ER stress is involved in the progression of liver fibrosis
[11, 14]. In this work, we demonstrated that ER stress-
associated molecules grp78, perk and IREla are involved in
TAA-induced fibrosis animal models and these pathways
can activate HSCs and induce fibrosis through inflammation
response. We show that HMGBI is the upstream of ER
stress and a previous study has also demonstrated that ER
stress can induce the release of HMGB1 [23]. These works
may show that there is a cycle between ER stress and
HMGBI1, which can constantly amplify the inflammation
response. This may explain the phenomenon in some
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group. b The protein levels of a-SMA and collagen-1 in LX-2 cells
treated with anti-TLR4 antibody (a-TLR), goat IgG (IgG), hHMGBI,
rhHMGB1 with a-TLR or thHMGB1 with IgG were determined by
western blot. ¢, d The protein levels of a-SMA and collagen-1 in LX-2
and HSC-T6 cells treated with anti-RAGE antibody (a-RAGE), goat
1gG (IgG), thHMGBI1, rhHMGBI1 with a-RAGE or thHMGB1 with
IgG were determined by western blot. e The protein levels of PERK,

patients, who had the causative agent removed, resulting in
liver cirrhosis.

TLR4 as one of the TLRs is not only important in the
regulation of innate and adaptive immune responses [24],

IREla and GRP78 in LX-2 cells treated with anti-TLR4 antibody (a-
TLR), goat IgG (IgG), thHMGBI1, rhHMGB1 with a-TLR or
rhHMGB1 with IgG were determined by western blot. f, g The protein
levels of PERK, IREla and GRP78 in LX-2 and HSC-T6 cells treated
with anti-RAGE antibody (a-RAGE), goat IgG (IgG), rhHMGBI,
rhHMGB1 with a-RAGE or thHMGB1 with IgG were determined by
western blot. h, i LX-2 and HSC-T6 cells were treated with hHMGB 1
(100 ng/ml) or 4-PBA or thHMGBI1+4-PBA to show the protein
expression of IL-1p and IL-18

but also involved in noninfectious inflammatory diseases
[25]. Previous studies have shown that TLR4 is involved in
the liver fibrosis [25, 26]. In this work, we reported that
TLR4 rather than TLR2 contributes to liver fibrosis as the
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Fig. 6 The inhibition of HMGBI1 reduces liver fibrosis in vivo. a
Overview of the procedure. Hepatic fibrosis was induced in rats by
intraperitoneal injection of TAA two times/week for 6 weeks. Sub-
sequently, each animal received 5x 10° PFUs of HMGB1 shRNA
(AdshHMGBI1) or control adenovirus vector (AdshNC) via the tail
vein, one time/week and was repetitively administered TAA for
2 weeks. b H&E and Masson’s trichrome staining were used to
examine the pathological alterations and collagen deposition in
AdshNC group and AdshHMGBI1 group. ¢ Semiquantitative analysis
of Masson’s trichrome staining in the fibrotic livers from AdshNC- or

downstream effector of HMGB1. RAGE is a multiligand
receptor that binds structurally diverse molecules,
including HMGB1. RAGE activation has been implicated
in sterile inflammation as well as in cancer, diabetes and
Alzheimer’s disease [18]. We demonstrated that HMGB1
can interact with RAGE and play an important role in the
progression of liver fibrosis through inducing the inflam-
mation response. The inhibition of TLR4 and RAGE
receptors through neutralizing antibodies can decrease a-
SMA and collagen-1 expression and inhibit the ER stress
triggered by HMGBI1.

In conclusion, the present study indicates that HMGB is
positively correlated with HSC activation, proliferation and
migration. HMGBI induces liver fibrosis through ER stress.
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AdshHMGB 1-treated rats made by the Image J (n =8 rats in each
group). d The expression of collagen-1 and a-SMA in the fibrotic
livers was analyzed by immunohistochemistry. e Perk, IREla and
grp78 in the fibrotic livers was analyzed by immunohistochemistry. f
The protein levels of PERK, IREla, grp78, collagen-1, a-SMA and
HMGBI in the livers were detected by western blot (n = 3) respec-
tively. GAPDH was used as an endogenous control. g Serum bio-
chemical parameters, ALT and AST, were analyzed from AdshNC- or
AdshHMGB/1-treated rats (n =8 rats in each group). **P<0.01,
##%P < 0.0001

We also demonstrated that HMGB1 stimulated the HSCs to
release cytokines that promote liver fibrosis. The inhibition
of HMGBI can repress liver fibrosis in vivo. Collectively,
the evidence suggests that HMGB1may be a therapeutic
target in liver fibrosis.
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