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Abstract
AIM: To explore the role of high-mobility group box 1 
(HMGB1) protein during liver fibrogenesis and investi-
gate the functional effects of HMGB1 gene silencing in 
hepatic stellate cells (HSCs) using siRNA.

METHODS: Hepatic fibrosis in rats was induced throu-
gh serial subcutaneous injections of dimethylnitrosamine, 
and expression of HMGB1 was detected by immunohis-
tochemistry. HMGB1 siRNAs were developed and tran-
siently transfected into HSC-T6 cells using Lipofectamine 
2000. HMGB1 expression was evaluated by real-time 
polymerase chain reaction (PCR) and Western blotting 
analysis. Expression of α-smooth muscle actin (α-SMA) 
and collagen types Ⅰ and Ⅲ was evaluated by real-time 
PCR. Cell proliferation and the cell cycle were determined 

using the methyl thiazolyl tetrazolium method. Finally, 
collagen content in HSC supernatant was evaluated by 
an enzyme-linked immunosorbent assay.

RESULTS: The results showed that HMGB1 was up-
regulated during liver fibrosis and that its expression 
was closely correlated with the deposition of collagen. 
siRNA molecules were successfully transfected into 
HSCs and induced inhibition of HMGB1 expression in 
a time-dependent manner. Moreover, HMGB1 siRNA 
treatment inhibited synthesis of α-SMA and collagen 
types Ⅰ and Ⅲ in transfected HSCs.

CONCLUSION: This study suggests a significant fun-
ctional role for HMGB1 in the development of liver 
fibrosis. It also demonstrates that downregulation of 
HMGB1 expression might be a potential strategy to 
treat liver fibrosis.
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INTRODUCTION
Hepatic fibrosis is a major medical problem associated 
with significant morbidity and mortality. Regardless of  
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the underlying aetiology[1], hepatic fibrosis is character-
ized by the accumulation of  excess extracellular matrix 
(ECM). The amount of  matrix deposition depends on 
the balance between its synthesis and degradation. When 
synthesis of  ECM exceeds its degradation, the patholog-
ical accumulation of  ECM leads to liver fibrosis. There-
fore, a critical balance must be achieved between main-
taining the proper amount of  ECM for homeostasis, 
while at the same time, providing a means of  ensuring 
that excess or improper accumulation does not occur.
   High-mobility group box 1 (HMGB1) protein was 
originally identified as a nuclear nonhistone protein with 
DNA-binding domains, and it has been implicated as 
an important endogenous danger signaling molecule. 
In addition, it can be secreted from cells and exert ex-
tracellular functions as a proinflammatory cytokine[2,3]. 
Increasing evidence now points to multiple functions 
of  HMGB1 in infection, tissue injury, inflammation, 
apoptosis, and the immune response[4]. HMGB1 can be 
released both through active secretion from various cells, 
including activated monocytes/macrophages, neutro-
phils, and endothelial cells, and through passive release 
from necrotic cells[3-7]. HMGB1 can directly promote the 
secretion of  proinflammatory cytokines [tumor necrosis 
factor (TNF), interleukin (IL)-1A/B, IL-6 and IL-8] and 
chemokines (macrophage inflammatory protein-1A/B) 
by peripheral blood mononuclear cells (PBMCs)[8,9]. 
In turn, PBMCs also produce different cytokines that 
are potentially involved in virus-induced liver damage. 
HMGB1 acts as a chemoattractant for fibroblasts and 
endothelial and smooth muscle cells, which are cell 
types that significantly contribute to wound repair[9,10]. 
Consequently, HMGB1 can directly stimulate fibroblast 
proliferation and participate in fibrogenesis[4]. Addition-
ally, inhibitors of  HMGB1 significantly reduce tissue 
damage[5,6]. Moreover, Hamada et al[4] have reported that 
inhibition of  HMGB1 may be beneficial in pulmonary 
fibrosis. Therefore, we postulated that inhibiting the up-
regulation of  HMGB1 during liver fibrogenesis could be 
a potential strategy for treating liver fibrosis.

RNA interference is known as a powerful tool for 
post-transcriptional gene silencing[11] and has opened new 
avenues in gene therapy. In this study, we induced hepatic 
fibrosis in rats through serial subcutaneous injections of  
dimethylnitrosamine (DMN) for 4 wk and evaluated the 
expression of  HMGB1 during the process of  hepatic 
fibrogenesis. Additionally, siRNA molecules targeting the 
sequences within the rat HMGB1 gene were transfected 
into hepatic stellate cell (HSC)-T6 cells. The results show 
that the expression of  HMGB1 was correlated with col-
lagen deposition during hepatic fibrosis and that down-
regulating HMGB1 expression could prohibit collagen 
production and enhance collagen degradation.

MATERIALS AND METHODS
Animal models
Thirty-two 6-wk-old male Sprague-Dawley rats (230-260 g) 

were purchased from the Shanghai Laboratory Animal 
Centre of  Chinese Academy of  Sciences and fed ad libitum 
with standard laboratory chow. All rats received humane 
care according to the Guide for the Care and Use of  
Laboratory Animals by the Chinese Academy of  Sciences. 
Hepatic fibrosis was induced by intraperitoneal injections 
of  1% DMN (1 mL/kg body weight) for three consecu-
tive days per week for up to 4 wk[11]. Rats were sacrificed 
at 1, 2 and 3 wk from the first DMN injection. Liver tis-
sues were either snap-frozen in liquid nitrogen or fixed in 
10% formalin for histology and immunostaining.

Histological and immunohistochemical examination
Liver tissue sections were stained with hematoxylin-eosin 
(HE) for histopathological examination. Immunohis-
tochemical examination was performed to detect the 
expression of  HMGB1 and collagen types Ⅰ and Ⅲ in 
liver tissues. Briefly, the paraffin sections of  left median 
hepatic lobes were incubated with 3% H2O2 in methanol 
at 37 ℃ for 10 min to quench endogenous peroxidase ac-
tivity. After blocking at room temperature for 20 min, the 
sections were incubated with antibodies against HMGB1 
(R and D Systems, Germany), collagen type Ⅰ or col-
lagen type Ⅲ (Boster, Wuhan, China) overnight at 4 ℃ 
followed by incubation with horseradish-peroxidase-
conjugated secondary antibody (Dako, Kyoto, Japan) at 
37 ℃ for 20 min. Finally, the signals were detected using 
the Diaminobenzidine Substrate Kit (Vector Laborato-
ries, Burlingame, CA, United States), and a positive out-
come was indicated by brown staining in the cytoplasm 
or nucleus. For the semiquantitative analysis of  HMGB1 
and collagen expression, the brown-stained tissues in 
immunohistostaining sections were measured on an im-
age analyzer by a technician blinded to the samples. Five 
fields were selected randomly from each of  two sections, 
and six rats from each group were examined.

Double immunostaining of HMGB1 and α-smooth mus-
cle actin
Liver sections were blocked with 5% normal goat serum 
after fixing and then simultaneously incubated with both 
monoclonal anti-HMGB1 (R and D Systems, Germany) 
and polyclonal α-smooth muscle actin (α-SMA) (Fre-
mont, CA, United States) antibodies prepared in phos-
phate-buffered saline (PBS). The sections were incubated 
overnight at 4 ℃ or 1 h at room temperature and then 
washed with PBS. Sections were then simultaneously in-
cubated with fluorescein-isothiocyanate-conjugated sec-
ondary antibody and rhodamine-conjugated secondary 
antibody for 30 min at 37 ℃ in the dark. Both primary 
antibodies were produced in different species. Antibody 
labeling was examined under a Zeiss LSM-510 laser 
scanning confocal microscope.

Cell culture
The HSC-T6 cell line, an immortalized rat HSC line, 
which has a stable phenotype and biochemical charac-
teristics, was kindly provided by Dr. SL Friedman (Divi-
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sion of  Liver Diseases, Mount Sinai School of  Medicine, 
New York, NY, United States). All cells were cultured in 
RPMI1640 medium supplemented with 10% fetal bovine 
serum and 5% antibiotics and incubated at 37 ℃ in a hu-
midified atmosphere of  5% CO2. Cells were seeded at 2 × 
105 per well in six-well plates 24 h before transfection. The 
amount of  siRNA and transfection reagent was calculated 
according to the manufacturer’s instructions.

Immunofluorescence study
HSC-T6 cells were cultured for 24 h on glass coverslips 
and fixed in 4% formaldehyde for 30 min at room tem-
perature prior to detergent extraction with 0.1% Triton 
X-100 for 10 min at 4 ℃. Coverslips were saturated with 
PBS containing 2% bovine serum albumin (BSA) for 1 h 
at room temperature. Next, cells were incubated with the 
specific primary antibody for HMGB1 (R and D Sys-
tems, Germany) in 1% BSA for 1 h, washed, and incu-
bated with secondary antibody (TRITC AffiniPure Goat 
Anti-Rabbit IgG, EarthOx, LLC, United States). Finally, 
cells were stained for 30 min at room temperature with 
4,6-diamidino-2-phenylindole. Slides were viewed with a 
Zeiss LSM-510 laser scanning confocal microscope.

Preparation of siRNA, construction of siRNA expression 
vector and transfection assay
The siRNAs for rat HMGB1 mRNA were designed and 
synthesised by Invitrogen Life Technologies. We pre-
pared three siRNAs, and the most effective one was se-
lected for construction of  the siRNA expression vector. 
The siRNA sequences used are shown in Table 1. Nega-
tive control siRNAs were used to assess non-specific 
gene silencing effects, and the mock group was the non-
transfection group. Cells were transfected with a mixture 
of  plasmid DNA and Lipofectamine 2000 (Invitrogen) 
in Opti-MEM I medium without serum as recommend-
ed by the manufacturer. The medium was then replaced 
with standard RPMI medium (containing 10% FBS and 
gentamicin) 24 h post-transfection.

Real-time quantitative polymerase chain reaction
Total RNA was extracted at different time points after 
siRNA transfection using the Trizol kit (Gibco/Life 
Technologies) according to the manufacturer’s protocol. 
The mixture of  RNA and primers was loaded into the 
polymerase chain reaction (PCR) amplifier. The PCR 
protocol was as follows: predenaturate setting at 95 ℃ 
for 5 min, 94 ℃ for 45 s, annealing at 50 ℃ for 1 min, 
and extension at 72 ℃ for 1 min. The PCR was per-
formed for 40 cycles followed by a final extension at 
72 ℃ for 10 min. We then visualized the PCR product 
by running it on a 1.5% agarose gel and quantitatively 
analysed it with Lab Works 4.5 analysis software.

Western blotting
The same quantities of  cells were collected from the 
four groups, and the protein was extracted from the 
cells at the 24, 48 and 72 h after transfection. The pro-

tein content in the supernatant was detected using the 
bicinchoninic acid method. An equal amount of  protein 
was used for sodium dodecyl sulfate polyacrylamide gel 
electrophoresis electrophoresis and transferred onto a 
polyvinylidene fluoride (PVDF) membrane. The PVDF 
membrane was incubated overnight at 4 ℃ with mono-
clonal anti-human HMGB1 (1:300) and was then incu-
bated for 2 h with a secondary antibody (1:5000). Finally, 
after staining and fixing, the film was analyzed using the 
Image Analysis System.

Enzyme-linked immunosorbent assay 
Commercial kits (Sigma, St. Louis, MO, United States) were 
used to quantitate the amount of  collagen types Ⅰ and Ⅲ 
in the culture supernatant of  HSCs at different time points 
after siRNA transfection.

Methyl thiazolyl tetrazolium used for observing cell pro-
liferation
The cell suspension was inoculated into 96-well plates at 
1000 cells per well with eight ambi-wells and incubated for 
1, 2, 3, 4 and 5 d after transfection. Cells were incubated 
with 20 μL methyl thiazolyl tetrazolium for 4 h. After 
centrifugation, 150 μL dimethyl sulfoxide was added to 
the precipitate, and the absorbance of  the enzyme was 
measured at 490 nm. Cell growth rates (average absor-
bance of  each transfected group/non-transfected group) 
were then calculated.

Statistical analysis
Continuous data were expressed as the mean ± SD and 
were analyzed using the Student’s t test. Correlations 
among the study variables were tested using Pearson’s 
correlation coefficients. P < 0.05 were considered sta-
tistically significant. All calculations were performed 
using SPSS version 13.0 (SPSS Inc., Chicago, IL, United 
States).

RESULTS
Histological and immunohistochemical assessment
To investigate the expression of  HMGB1 during liver 
fibrosis, liver sections were analysed by HE staining and 
immunohistochemistry. We localized HMGB1 and col-
lagen types Ⅰ and Ⅲ in liver specimens by immunohisto-
chemistry. None of  these proteins were observed in con-
trol rat livers. In fibrotic rat livers, HMGB1 was markedly 
increased during liver fibrogenesis and was correlated with 
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  Plasmid constructs  Target sequence in mRNA(5’-3’)

  HMGB1-1 (shRNAH1) GCAAATGACTCAATCTGATT
  HMGB1-2 (shRNAH2) AATAGGAAAAGGATATTGCT
  HMGB1-3 (shRNAH3) ACCCGGATGCTTCTGTCAAC

Table 1 Design of small interfering RNA sequences for high-
mobility group box 1

HMGB1: High-mobility group box 1.
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the expression of  collagen types Ⅰ and Ⅲ. Immunohis-
tochemistry indicated that the intensity of  HMGB1 im-
munostaining was stronger in the fibrotic samples (DMN 
week 1) than in the control group. After DMN injection 
for 2-3 wk, greater HMGB1 staining was found around 
the portal tracts and fibrotic septa (Figure 1A). With the 
development of  hepatic fibrosis, there was an enhanced 
expression of  HMGB1, correlating with collagen types
Ⅰ and Ⅲ expression, which was mainly located within 

the mesenchymal (Figure 1B and C). Statistical analysis 
showed that the expression of  HMGB1 was completely 
correlated with the expression of  collagen types Ⅰ and Ⅲ 
during the development of  hepatic fibrosis (Figure 1D) (P 
< 0.05).

Cellular localization of HMGB1 in DMN-treated rats
α-SMA, a typical marker of  activated HSCs, was selected 
to determine the cellular localization of  HMGB1 in hepat-
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Figure 1  High-mobility group box 1 protein was upregulated after dimethylnitrosamine injection. A: Immunohistochemical study of high-mobility group box 1 
(HMGB1) distribution and expression in liver fibrosis specimens (original magnification, × 400). Brown color displays the positive expression. a: There was no immuno-
reactivity in the normal liver tissue; b: Weak staining in liver fibrosis tissue at 1 wk after the first dimethylnitrosamine (DMN) injection; c: Moderate staining in liver fibro-
sis tissue at 2 wk after the first DMN injection; d: Strong staining in liver fibrosis tissue at 3 wk after the first DMN injection; B: Immunohistochemical study of collagen 
type Ⅰin liver fibrosis specimens (original magnification, × 400). Brown color displays the positive expression. Collagen type Ⅰ was markedly increased during liver fi-
brogenesis; C: Immunohistochemical study of collagen type Ⅲ in liver fibrosis specimens (original magnification, × 400). Brown color displays the positive expression. 
Collagen type Ⅲ was markedly increased during liver fibrogenesis; D: The amount of HMGB1, collagen types Ⅰ and Ⅲ staining in liver tissue was measured using an 
image analyzer during liver fibrosis. HMGB1 was markedly increased during liver fibrogenesis, correlated with the expression of collagen types Ⅰ and Ⅲ (r = 0.90, P < 
0.05 and r = 0.89, P < 0.05).
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ic fibrosis tissue. The localization of  HMGB1 and α-SMA 
was visualized by immunofluorescent double labeling and 
laser scanning confocal microscopy. The image analysis 
showed a diffused distribution of  HMGB1 throughout 
the hepatic fibrosis tissue (Figure 2A), and a similar distri-
bution was observed for α-SMA (Figure 2B). When the 
two images were merged, there was a very high degree of  
co-localization of  HMGB1 with α-SMA throughout the 
hepatic fibrosis tissue (Figure 2C).

Intracellular localization of HMGB1 in activated HSC-T6 cells
An immunofluorescence study of  HSC-T6 cells after 24 h 
of  culture demonstrated the intracellular localization of  
HMGB1. We evaluated the subcellular localization of  
HMGB1 by separating bulk nuclei and cytosolic fractions, 
and HMGB1 was detected primarily within the cytosol 
of  activated HSC-T6 cells (Figure 3).

Selection of HMGB1 mRNA sequence target
As shown in Table 1, a total of  three candidate siRNA 
sequences were chosen to be complementary to various 
regions of  the rat HMGB1 gene. In a set of  preliminary 
experiments designed to identify the most appropriate se-
quence for further study, these sequences were transfected 

into HSC-T6 using Lipofectamine. Forty-eight hours after 
transfection, HMGB1 transcript and protein levels were 
reduced in transfected cells. This HMGB1 gene-silencing 
effect was reproducible and was specific in that it failed 
to knock down the expression of  an unrelated protein, 
β-actin. All three HMGB1 shRNAs tested in this study 
were able to reduce the HMGB1 expression in HSC-T6 
cells compared with the negative control (NC) siRNA 
transfectants. Although all three HMGB1 shRNA con-
structs were effective, shRNAH3 was more efficient in 
reducing the HMGB1 transcript levels than shRNAH2 
and shRNAH1 (Figure 4A). Western blotting analysis (Fig-
ure 4C) further confirmed the shRNAH3 silencing of  the 
HMGB1 protein in HSC-T6 cells. Semiquantitative analysis 
of  the real-time (RT)-PCR and Western blot results (Fig-
ure 4B and D) also showed that HMGB1 shRNAH3 de-
creased the expression of  HMGB1 in HSC-T6 cells more 
efficiently than shRNAH2 and shRNAH1. Accordingly, 
we chose shRNAH3 for the subsequent experiments.

HMGB1 siRNA downregulated mRNA expression of 
α-SMA and types Ⅰ and Ⅲ collagen in HSC-T6
To investigate the effect of  HMGB1 siRNA on HSCs 
and its potential molecular mechanisms, we detected the 
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Figure 2  Double immunostaining was used to analyze the cellular localization of high-mobility group box 1 protein and α-smooth muscle actin in hepatic 
fibrosis tissue (original magnification, × 200). A: α-smooth muscle actin (α-SMA) was stained with polyclonal α-SMA antibody and secondarily by rhodamine -conju-
gated anti-rabbit antibody (green); B: High-mobility group box 1 (HMGB1) was stained with monoclonal anti-HMGB1 antibody and secondarily by fluoresceinisothiocya-
nate-conjugated anti-rabbit antibody (red); C: The yellow areas on the merged image show co-localization of α-SMA and HMGB1. 

A B C

Figure 3  High-mobility group box 1 protein expression in hepatic stellate cell-T6 cells by immunofluorescence staining (original magnification, × 200). A: 
High-mobility group box 1 (HMGB1) protein was stained with monoclonal anti-HMGB1 antibody and secondarily by fluoresceinisothiocyanate-conjugated anti-rabbit 
antibody (red); B: Nuclei were labelled with 4’,6-diamidino-2-phenylindole (blue); C: The merge picture.
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mRNA expression of  some profibrogenic markers, includ-
ing α-SMA and collagen types Ⅰ and Ⅲ, in transfected 
HSC-T6. As shown in Figure 5, HMGB1 siRNA reduced 
the mRNA levels of  α-SMA and collagen types Ⅰ and Ⅲ.
 
HMGB1 siRNA reduced the collagen content in the 
HSC-T6 supernatant
To confirm the effect of  HMGB1 siRNA on collagen se-
cretion and degradation, we examined the amount of  colla-
gen types Ⅰ and Ⅲ in HSCs 48 and 72 h after transfection 
with shRNAH3 using an ELISA. The results reveal that the 
content of  both collagen types Ⅰ and Ⅲ was decreased af-
ter transfection with HMGB1 siRNA. Compared with the 
NC group, the content of  collagen types Ⅰ and Ⅲ was re-
duced to 63% and 61%, respectively, 72 h after shRNAH3 
transfection (Figure 6).

HMGB1 siRNA inhibited HSC-T6 cells proliferation 
The trypan blue dye test showed that there were no sig-

nificant differences in the number of  cells in the three-
groups 2 d after transfection (P > 0.05), but the prolif-
eration in the shRNAH3 group was less than that in the 
NC group and non-transfection group (Mock group) 3, 
4 and 5 d after transfection (P < 0.05, Figure 7). A cell 
cycle study also indicated that cells were arrested in the 
G0/G1 phase and that the proportion of  cells in the S 
phase was significantly reduced after downregulation of  
HMGB1 in HSCs (Table 2).

DISCUSSION
Liver fibrosis is highly associated with chronic hepatocel-
lular injury and the subsequent inflammatory response 
that produces inflammatory cytokines and recruits in-
flammatory leukocytes to the injured site. This inflam-
matory circumstance in the liver drives the activation of  
HSCs through various fibrogenic mediators[12,13]. Acti-
vated HSCs transdifferentiate into myofibroblasts, which 
then produce excessive amounts of  ECM proteins, 
including collagen types Ⅰ, Ⅲ and Ⅳ. This leads to irre-
versible collagen deposition, resulting in liver fibrosis[12,13]. 
Many studies have suggested that enhancement of  matrix 
degradation may prove particularly valuable in response 
to injury caused by matrix deposition[14-17]. Some studies 
have shown that HMGB1 can stimulate proinflammatory 
cytokine synthesis and directly stimulate fibroblast prolif-
eration and participate in fibrogenesis[8-10]. 
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Figure 4  Screening the most effective high-mobility group box 1 siRNA sequence. Total RNA and protein were obtained from hepatic stellate cell-T6 transfected 
with negative control (NC), mock and three different high-mobility group box 1 (HMGB1) siRNA molecules (shRNAH1, shRNAH2 and shRNAH3). A: Real-time poly-
merase chain reaction (RT-PCR) for the effect of three different HMGB1 siRNA molecules on HMGB1 mRNA level 48 h after transfection. The expression was normal-
ized against β-actin; B: Semiquantitative analysis of the RT-PCR result; C: Western blotting analyzed HMGB1 protein expression 48 h after transfection; D: Semiquan-
titative analysis of the western blotting results. Data represent results from one of three similar experiments. Results show that all three HMGB1 shRNA constructs 
were effective, but shRNAH3 was more efficient in reducing the HMGB1 mRNA and protein levels than shRNAH2 and shRNAH1.

Figure 5  High-mobility group box 1 siRNA inhibited α-smooth muscle actin, collagen typesⅠand Ⅲ mRNA expression in hepatic stellate cell-T6 cells. A: 
Real-time polymerase chain reaction (RT-PCR) analysis for α-smooth muscle actin (α-SMA), collagen typesⅠand Ⅲ mRNA expression in hepatic stellate cell-T6 cells 
after siRNA high-mobility group box 1 transfection. β-actin was used as the internal loading control; B-D: Semiquantitative analysis of the RT-PCR result. aP < 0.05 vs 
negative controls (NC) or mock.

B C DA

α-SMA

Collagen 1

Collagen 3

β-actin

M        NC    Mock   siRNA 1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

NC      Mock   siRNA

α
-S

M
A

1.2

1.0

0.8

0.6

0.4

0.2

0.0
 NC        Mock    siRNA

Co
lla

ge
n 
Ⅲ

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

 NC       Mock     siRNA

Co
lla

ge
n Ⅰ

 

a
a a

  Cell cycle phases(%) ShRNAH3 group NC group

  G0/G1 phase    58.31% ± 0.48%a 44.25% ± 0.63%
  S phase    29.12% ± 1.26%a 41.32% ± 1.58%
  G2/M phase   12.57% ± 1.04% 14.53% ± 1.28%
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Increased expression of  HMGB1 has been reported 
in several liver diseases, including Con A-induced hepati-
tis[18], hepatic ischemia[2], and orthotopic liver transplanta-
tion (OLT)[19]. In the present study, we evaluated HMGB1 
expression in the DMN rat model. We found that the 
level of  HMGB1 was upregulated during DMN injec-
tion. Moreover, the expression of  HMGB1 was closely 
correlated with the expression of  collagen types Ⅰ and 
Ⅲ and was mainly localized to the nonparenchymal cells, 
especially HSCs. These results suggest that HMGB1 is 
involved in hepatic fibrogenesis and may play a critical 
role in the reversal process of  liver fibrosis.

HMGB1 was originally identified as a nuclear non-
histone protein with DNA-binding domains and was 
implicated as an important endogenous danger signal-
ing molecule. Although predominantly located in the 
nucleus of  quiescent cells, HMGB1 can be actively se-
creted in response to exogenous and endogenous infla-
mmatory stimuli such as endotoxin, TNF-α, IL-1, and 
interferon-γ[20,21]. In addition, extracellular HMGB1 
mediates a wide range of  inflammatory responses and 
promotes cell proliferation, migration, and differentia-
tion[10,22]. The cytoplasmic localization of  HMGB1 in our 

study may suggest that HMGB1 plays extra nuclear roles 
in liver fibrosis and that HSC-T6 cells may even secrete 
HMGB1 to promote extracellular functions. The subcel-
lular location of  HMGB1 in monocytic cells is known 
to be dependent on the acetylation status of  the nuclear 
localization signal (NLS) of  the HMGB1 protein[23]. 
Inflammatory signals promote acetylation of  the NLS, 
leading to cytoplasmic accumulation of  HMGB1 in se-
cretory lysosomes in the monocytic cells[24]. These secre-
tory lysosomes are subsequently exocytosed when the 
monocytic cells are triggered by a second inflammatory 
stimulus. Whether the subcellular location of  HMGB1 
in HSC-T6 cells is regulated in a similar way remains to 
be investigated.

It has become apparent in recent years that HMGB1 
is instrumental in mediating a response to tissue dam-
age and infection. HMGB1 released from necrotic or 
damaged cells not only triggers inflammation as a non-
specific proinflammatory cytokine but also triggers the 
adaptive immune response[25,26]. Extracellular HMGB1 
functions as a damage-associated molecular pattern mol-
ecule and activates proinflammatory signaling pathways 
by activating pattern-recognition receptors including toll-
like receptor 4 (TLR4) and the receptor for advanced 
glycation end-products (RAGE)[27,28]. A previous report 
showed that RAGE expression in fibrotic livers is re-
stricted to HSCs; its expression is up regulated during 
cellular activation and transition to myofibroblasts[29], 
strongly suggesting that HMGB1 is involved in the 
pathogenesis of  liver fibrosis. TLR4 has been suggested 
to be a receptor for extracellular HMGB1[30,31], and 
previous studies have indicated that the interaction of  
HMGB1 with TLR4 plays a critical role in hepatic fibro-
sis[32]. To date, little has been reported about the patho-
genic interactions between HMGB1 and HSCs in terms 
of  profibrogenic propensity. Kao provided evidence that 
HMGB1 up regulates α-SMA expression and suppresses 
the activity of  the collagen-degrading enzyme matrix 
metalloproteinase-2[33]. That study also implied that 
HMGB1, once it is released during rejection of  OLT, 
activates HSCs and exhibits profibrogenic effects either 
by increasing the HSC population and ECM deposition 
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Figure 6  Determination of content of collagen typesⅠand Ⅲ after shRNAH3 transfection. Enzyme-linked immunosorbent assays were used for quantitative de-
termination of collagen typesⅠand Ⅲ content hepatic stellate cells (HSCs) culture supernatant at 48 and 72 h after shRNAH3 transfection using Lipofectamine 2000. 
Values are presented as mean ± SD. aP < 0.05 vs negative controls (NC) and HSC group.

Figure 7  High-mobility group box 1 siRNA suppressed hepatic stellate 
cell-T6 proliferation. Cell growth curves of hepatic stellate cell-T6 transfected 
with shRNAH3 were analyzed by methyl thiazolyl tetrazolium conversion. Each 
sample was tested in triplicate and error bars were included. Compared with 
negative controls (NC) group and non-transfection group, proliferation of shR-
NAH3 group was less at the 3-5 d after transfection (P < 0.05).

9

8

7

6

5

4

3

2

1

0

Co
lla

ge
n Ⅰ

co
nt

en
t 

(p
g/

m
L)

8

7

6

5

4

3

2

1

0

a
a

HSC

NC

ShRNAH

48 h                      72 h

HSC

NC

ShRNAH

aa

48 h                        72 h

Co
lla

ge
n 
Ⅲ
 c

on
te

nt
 (

pg
/m

L)

    1                 2                3                 4                 5      (d)

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Mock

NC

ShRNAH3

Ge WS et al. Inhibition of HMGB1 expression in HSC
A

49
0



sion of HMGB1 could be a potential mechanism for mediating collagen expres-
sion and downregulating HMGB1 expression might present as a potential 
strategy to treat liver fibrosis.
Innovations and breakthroughs
Studies of targeting in vitro and in vivo over expressed genes in hepatic fibrosis 
by RNA interference, including transforming growth factor-β, connective tissue 
growth factor and p90RSK, have been reported. However, there has been still 
no report about targeting HMGB1 by siRNA in hepatic fibrosis. In the pres-
ent study, the authors used siRNA approach to block HMGB1 expression in 
HSC-T6 cells, to determine the role of constitutively activated HMGB1 during 
hepatic fibrosis pathogenesis, and to explore the role and molecular mecha-
nism of targeting HMGB1 in hepatic fibrosis therapy.
Applications
By investigating the effect of silencing HMGB1 expression by siRNA on the 
collagen synthesis and proliferation of HSC-T6 cells, this study may provides a 
new strategy for biological therapy of liver fibrosis by targeting HMGB1.
Terminology
HMGB1 was originally identified as a nuclear nonhistone protein with DNA-
binding domains and implicated as an important endogenous danger signaling 
molecule. But it can also be secreted from cells and exert extracellular functions 
as a proinflammatory cytokine. HSCs are a minor and quiescent cell type in the 
liver that usually reside in the space of Disse, but which undergo activation after 
hepatic injury to produce large quantities of fibrillar collagens. 
Peer review
The authors demonstrated the increase of HMGB1 expression in fibrotic livers. 
Then, they investigated the effect of HMGB1 silencing by siRNA on stellate cell 
activation and proliferation. The results show that siRNA for HMGB1 signifi-
cantly inhibits collagen expression and stellate cell proliferation.
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antibody may be a therapeutic modality to prevent fibro-
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with partial sequence identity to the intended mRNA tar-
get[36]. Software was used to choose a maximal sequence 
identity of  HMGB1 siRNA, and three siRNA sequences 
were designed. In preliminary experiments, we identified 
the fact that shRNAH3 had certain interference effects. 
Our results show that this sequence was more efficient in 
reducing the HMGB1 transcript levels.

In the present study, we found that after HMGB1 was 
downregulated in HSCs by siRNA, there was an inhibi-
tory effect on the mRNA levels of  α-SMA and collagen 
types Ⅰ  and Ⅲ, suggesting that inhibition of  HMGB1 
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collagen production. We also discovered that HMGB1 
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analysis revealed that downregulation of  HMGB1 arrest-
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of  HMGB1 on cell proliferation; however, the definitive 
mechanism responsible is still uncertain because HMGB1 
is multifunctional and has multiple molecular interactions.

In conclusion, HMGB1 was upregulated during liver 
fibrogenesis, and downregulating HMGB1 expression 
in HSCs by siRNA prohibited the activity of  HSCs and 
collagen synthesis and enhanced collagen degradation. 
The results of  our study indicate a significant functional 
role for HMGB1 in the development of  liver fibrosis, 
and downregulating HMGB1 expression with siRNA 
could be an effective way to treat liver fibrosis.
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