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Abstract High-mobility group box 1(HMGB1) has been
associated with many human cancers, but the role of
HMGB1 in hepatocellular carcinoma (HCC) remains
unclear. The aim of this study is to investigate the
expression of HMGB1 in human HCC with regard to its
clinical significance. Twelve cases of normal liver tissues,
34 cases of HCC and the corresponding liver tissue just
around the tumor (LAT) were collected. Then, all the
samples were subjected to clinicopathologic examination,
reverse transcription–polymerase chain reaction (RT–PCR),
Western-blot (WB) and immunohistochemical analysis for
the expression of HMGB1. The relationships between
HMGB1 mRNA expression and clinicopathologic parame-
ters were analyzed. RT–PCR demonstrated that the expres-
sion of relative HMGB1 mRNA (HMGB1/GAPDH) was
0.854±0.172; the highest in the tissue of HCC, significantly
up-regulated compared with that of 0.527±0.155 in LAT
and of 0.405±0.087 in normal liver tissues (P<0.001).
HMGB1 mRNA overexpression was significantly associated
with Edmondson stage, TNM stage, vascular invasion and
capsule invasion. Western-blot showed the expression of
HMGB1 protein in HCC also as the highest among all the
groups. Furthermore this overexpression revealed by immu-
nostaining was predominantly localized in the nuclei of HCC;
whereas, none of the stains were seen in normal liver cells and

only a trace of it was detected in the cytoplasm of LAT
cells. Our results suggested the overexpression of
HMGB1 might be an important pathogenetic factor in
HCC. The mechanisms of HMGB1 in HCC genesis,
development and its possible diagnostic and prognostic
roles need to be further explored.
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Introduction

Hepatocellular carcinoma (HCC), the fifth most frequent
malignancy yet with an alarmingly high mortality, is one of
the most common causes of cancer-related death in the
world, especially in Eastern Asia and sub-Saharan Africa
[1, 2]. China alone is estimated to account for more than
50% of the World’s cases [3, 4]. Despite all the current
detection and aggressive treatment techniques, such like
surgical resection, liver transplantation, sorafenib and
radiofrequency ablation (RFA), the prognosis of HCC still
shows no significant improvement and its mortality is
almost as precariously high as its morbidity [2]. The poor
outcome has mainly been attributed to intrahepatic and
distant metastasis. Therefore, to further understand the
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special characteristics of HCC biology and its pathogenetic
factors, discovering HCC oncogenes and metastasis genes,
in order to know their mechanisms, is substantial to the
development of novel strategies in the prevention and
treatment of patients with HCC.

High-mobility group box 1(HMGB1), a member of the
high-mobility group protein family, was originally charac-
terized as a non-histone, nuclear DNA-binding protein [5,
6]. It has been involved in a variety of biological processes;
including, transcription, DNA repair, V (D) J recombina-
tion, differentiation, development, and extracellular signal-
ing [7]. It is also found acting as a chromatin-binding factor
that bends DNA and promotes access to transcriptional
protein assemble specific DNA targets [6, 8]. In addition to
its nuclear role, HMGB1 also functions as an extracellular
signaling molecule during inflammation, cell differentia-
tion, cell migration, and tumor metastasis [9].

Upregulated expression of HMGB1 has been observed
in many tumor types including gastric cancer [10], breast
cancer [11], nasopharyngeal carcinoma [12] and SCCHN
[13]. And the overexpression of HMGB1 is found related to
cancer progression in various processes such as apoptosis
[11], angiogenesis [14], inflammatory microenvironment
[15], and invasion [16], indicating the significance of
HMGB1 as a potential therapeutic target for human
malignancies. Until now, there has been little information
about HMGB1’s roles in HCC, in its development, invasion
and metastasis, particularly in shaping its clinicopathologic
characteristics. Thus, in this experiment, the expression of
HMGB1 was studied using reverse transcription–polymer-
ase chain reaction (RT–PCR), Western-blot (WB) and
immunohistochemistry in the tissue samples collected from
the normal liver , HCC specimens and the liver tissue
around the tumor (LAT). A correlation analysis was
performed to evaluate the relationship between HMGB1
expression and clinicopathological parameters of HCC
patients.

Materials and Materials

Patients and Tissue Samples

12 cases fresh normal liver tissues, 34 cases fresh HCC
samples and correspond liver tissue just around the tumor
(LAT) (>2 cm far from the tumor edge) were obtained from
the consecutive patients who underwent curative liver
resection, and the patients with hepatic haemangioma or
trauma between April 2010 and September 2010 at
Department of General Surgery in Xiangya Hospital of
Central South University, Changsha, Hunan, China. All the
tumors were only single liver neoplasm; no patient had
received antitumor treatment before the surgery. Each

sample was divided into two portions, one was frozen in
liquid nitrogen as soon as possible and preserved at −80°C
until use, and the other was fixed in 4% paraform and
subsequently embedded in paraffin. A prior informed
consent was obtained from the patients for the collection
of liver specimens in accordance with the guidelines of
Central South University, and the study protocols were
approved by the Ethics Committee of Central South
University. All specimens were handled and made anony-
mous according to the ethical and legal standards. Clinical
characteristics of HCC patients were given in Table 1

Reverse Transcription–Polymerase Chain Reaction
(RT–PCR)

Total RNAwas isolated from the frozen samples using Trizol
reagent (Invitrogen, Carlsbad, USA). Purity and quantity of
the RNA was assessed by ultraviolet spectrophotometry
(A260/280 greater than 1.8). Complementary DNA (cDNA)
was synthesized from total RNA using ReverTra Ace-α-™
First Strand cDNA Synthesis Kit (Toyobo, Osaka, Japan)
according to the manufacturer’s instructions. The primer
sequence designed by Prime5.0(ProMab, Changsha, China)
which was as follows: forward sequence 5′- gagaggcaaaatgt-
catcat −3′, reverse sequence 5′- gggatccttgaacttctttt −3′. The
amplified target gene fragment was 250 bp. Relative
quantification of target gene expression was performed using
the housekeeping gene glyceraldehyde-3-phosphate dehydro-
genase (GAPDH)(ProMab) as an internal control, which
primer sequence was as follows: forward sequence 5′-
ACCACAGTCCATGCCATCAC-3′, reverse sequence 5′-
TCCACCACCCTGTTGCTGTA-3′, and the gene fragment
include 450 bp. For the first step, the following components
were added to the denatured RNA to obtain the specified
concentrations in a final 20 μL reaction volume: total RNA
(1 μg/μL) 1 μL, 5×RT buffer 4 μL, RNase free H2O 10 ul,
dNTP (10 mmol/L) 2 ul, RNase inhibitor (10 u/μL) 1 μL,
Oligo (dT) (10 pmol/μL) 1Μl, ReverTra Ace 1 μL. The
reaction was performed at 25°C for 5 min, 42°C for 60 min,
70°C for 5 min, and 4°C for 5 min. In the second step, these
productions were mixed with Master Mix (2×) 12.5 ul, Water
nuclease-free 10.5 ul, Primer 1 ul, cDNA 1 ul. Subsequently,

Table 1 clinical characteristics of HCC

Gender (Male/Female) 24/10 AFP (+/−) 24/10

Age (mean ± SD) 49.25±12.31 Vascular invasion (+/−) 14/20

Tumor size (≥5 cm/<5 cm) 18/16 HBV infection (+/−) 29/5

Edmondson stage Cirrhosis (+/−) 23/11

I–II/III–IV [17] 12/22 Capsule formation (+/−) 28/6

TNM stage Capsule invasion (+/−) 14/14

I–II/III–IV [18] 16/18

HCC hepatocellular carcionma
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the Polymerase chain reaction was performed as follows:
pre-denaturation at 94°C for 3 min; denaturation at 94°C for
30 s, annealing at 58°C for 30 s, and elongation at 72°C for
45 s, total of 35 cycles, finally elongation at 72°C for 5 min.
In order to keep the consistency of result, the internal control
gene was amplification at the same time, and its annealing
temperature was also 58°C. The PCR products were
separated by electrophoresis using 1.5% agarose gels
(sample volume: 10 μL, voltage: 100 V) and visualized by
ethidium bromide staining for 10 min and ultraviolet
illumination (Kodak, New Haven, USA). To confirm the
expression of HMGB1, with GAPDH used for the internal
control, 12 cases of normal liver tissues, 34 cases of HCC
and corresponding liver tissue around the tumor (LAT) were
used for RT–PCR. We used the gel optical density analysis
software (Gel-Pro 4.0) to scan and calculate integral optical
density (IOD) of strips. The relative mRNA expressions of
HMGB1 were represented as ratio of HMGB1-IOD and
GAPDH-IOD.

Western-Blot (WB)

In order to further study the expression of HMGB1,
Western-blot was performed for analysis the protein level
of HMGB1 with GAPDH used again for the internal
control. 0.5 g of frozen tissue was kept on ice and
ultrasonicated in the presence of 1 ml tissue lysate obtained
from Total Protein Extraction Kit (ProMab). Then the crude
protein was obtained by centrifugation of the homogenates
in a centrifuge (Sigma, St Louis, USA) at 9000 × g for
10 min, and took the supernatant for use as protein fraction.

Gel samples were prepared by mixing protein samples with
gel sample buffer and boiled at 100°C for 3 min. Nuclear or
cytoplasmic proteins were electrophoresed through 10%
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) in a running buffer (Bio-Rad, Hercules,
USA). After SDS-PAGE, the proteins were transferred from
electrophoresis to nitrocellulose membrane (Pierce, Rock-
ford, USA). Non-specific binding sites were blocked by
incubation in PBS containing 5% dried skim milk for 2 h at
37°C then incubated with the primary antibodies [Rabbit
HMGB1 antibody (1:300) (Abcam, Cambridge, USA) and
mouse GAPDH antibody (1:1000)(ProMab)] at room
temperature for 2 h. Then the membranes were washed
four times with PBST and incubated with the secondary
antibody [Goat Anti Rabbit IgG/HRP (1:30000) (ProMab)
and Goat Anti mouse IgG/HRP (1:50000) (ProMab)] for
1 h at room temperature. After the membranes were washed
four times in PBST, enhanced chemiluminescence detection
of the target protein was performed using the ECL plus
Western blotting detection system (Pierce). Densitometry
was performed using Kodak Molecular Imaging soft-
ware. The relative protein levels of HMGB1 were
represented as the density ratio vs. GAPDH (HMGB1/
GAPDH).

Immunohistochemistry

The paraffin-embedded tissues were cut at 3 μm, IHC
staining was performed with a Dako EnVisionTM kit
(Dakocytomation, Copenhagen, Denmark). The sections
were dewaxed, incubated with methanol containing 30%

Fig. 1 The profiles of RT–PCR and Western blot analysis. (Left. a)
representative images of electrophoresis of mRNAs for HMGB1
250 bp in all the groups, GAPDH 450 bp fragment served as the
internal control. (Left. b) Relative quantity of HMGB1 mRNA in all
the groups (Means±SD of IOD). (Right. a) representative images of

electrophoresis of protein for HMGB1 25 KD in the groups with
GAPDH 37 KD fragment used as the internal control. (Right. b)
Relative quantity of HMGB1 protein in the groups (Means ± SD of
IOD). Comparison of the IOD of HMGB1 mRNA and HMGB1
protein in HCC group, * vs. normal control and LAT group, P<0.001
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H2O2 for 20 min to block endogenous peroxidase activity,
immersed in 0.01 mol/L citrate buffer (pH 6.0), heated at
100°C in a microwave oven for 20 min, washed three times
with distilled water and blocked with 1% bovine serum
albumin (BSA) for 30 min. The sections were then incubated
overnight at 4°C with Rabbit HMGB1 antibody (Abcam)
(1:250 dilution). A subsequent reaction was carried out using
second antibodies (1:2000 dilution) at 37°C for 30 min.
Then, the sections were washed three times with phosphate
buffer solution (PBS) and subsequently the color was
displayed with DAB for about 5 min. Nuclei were lightly
counterstained with hematoxylin. Negative controls included
incubation with PBS without the primary antibody.

Statistical Analysis

The software of SPSS version 13.0 for Windows (SPSS Inc,
Chicago, US) was used for the statistical analysis. Data
were expressed as means ± SD. Comparisons HMGB1
between groups were made using One-way ANOVA and
paired t-test when data were normally distributed. Correla-
tion analysis was determined using the method of Pearson.
P<0.05 was considered statistically significant.

Results

Analysis of HMGB1 mRNA (RT–PCR) and HMGB1
Protein (WB)

The express of HMGB1 mRNAwas detected in all the groups
(Fig. 1. Left). The relative mRNA levels of the HMGB1 gene
(Fig. 1. Left. b) were the highest in HCC with 0.854±0.172,
and the lowest, 0.405±0.087, was in the normal liver tissue.
The level in LAT was 0.527±0.155, in the middle. The
differences were significant (P<0.001, VS normal and LAT).
Western-blot analysis for HMGB1 protein showed a great
match with the RT–PCR Findings (Fig. 1. Right); the same
pattern was found in the expression of HMGB1 protein. The
HCC group was seen with the highest protein level (0.294±
0.103) while the normal liver tissue showed the least HMGB1
protein expression (0.083±0.052). LAT group was, again, in-
between (0.134±0.043). The difference was also significant
(P<0.001, VS normal and LAT). Correlation analysis between
HMGB1 mRNA and protein indicated that the expression of
HMGB1 mRNA had a positive correlation with HMGB1
protein (Person correlation analysis, R=0.813, P<0.01).

Correlations Between HMGB1 mRNA Expression Levels
and Clinicopathologic Parameters

The association between HMGB1 mRNA expression and
clinicopathologic characteristics of HCC was analyzed by

the one-way ANOVA. As summarized in Table 2, HMGB1
overexpression was significantly associated with Edmond-
son stage, TNM stage, vascular invasion and capsule
invasion. However, there were no significant relationships
between HMGB1 mRNA expression and the other varia-
bles such as gender, age, tumor size, AFP.

Immunohistochemistry

All the samples (12 cases of normal liver tissue, 34 cases of
HCC and LAT) were analyzed with IHC. While there was
almost no HMGB1 protein positive staining in normal liver
tissue, a strong positive staining was observed in all HCC

Table 2 Relationship between HMGB1 expression and clinicopatho-
logic parameters in HCC

Parameters n HMGB1 mRNA/GAPDH P*

Gender

Male 24 0.854±0.159 0.977
Female 10 0.852±0.213

Age

≥50 years 16 0.851±0.157 0.945
<50 years 18 0.856±0.190

Tumor size

≥5 cm 18 0.906±0.181 0.104
<5 cm 16 0.792±0.143

Edmondson stage

I–II 12 0.715±0.083 0.003
III–IV 22 0.923±0.163

TNM stage

I–II 16 0.748±0.110 0.003
III–IV 18 0.944±0.165

AFP

+ 24 0.845±0.185 0.709
− 10 0.874±0.144

Vascular invasion

Yes 14 0.940±0.165 0.034
No 20 0.792±0.153

HBV infection

Positive 29 0.874±0.166 0.205
Negative 5 0.753±0.190

Cirrhosis

Yes 23 0.818±0.161 0.149
No 11 0.926±0.181

Capsule formation

Yes 28 0.864±0.159 0.548
No 6 0.805±0.248

Capsule invasion

Yes 14 0.976±0.114 0.000
No 14 0.751±0.111

P*<0.05 was considered to be statistically significant; HCC hepato-
cellular carcinoma, HMGB1 high-mobility group box 1, GAPDH
glyceraldehyde-3-phosphate dehydrogenase
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samples, predominantly in the nuclei of the carcinoma. A
mild HMGB1 positive staining was presented in LAT,
immunostaining was predominantly observed in cytoplasm
(Fig. 2.)

Discussion

HMGB1 plays dual roles as both a nuclear protein and an
extracellular signaling molecule. Within the nucleus,
HMGB1 binds to the minor groove of DNA, stabilizing
nucleosides and facilitating the assembly of site-specific
DNA-binding proteins; such as nuclear hormone/nuclear
hormone receptor complexes and p53 or p73 transcriptional
complexes [11, 19]. When HMGB1 releases into the
extracellular environment, it binds to some specific recep-
tors, activating a certain signaling pathway, such as MAPK
and NF-κB which mediates tumor cells growth, invasion
and migration [20, 21]. Nevertheless, HMGB1’s roles in
HCC have yet to be thoroughly explored.

In this experiment, we have investigated HMGB1
mRNA and protein expression in human normal liver
tissue, HCC and LAT. While the PT-PCR and WB analysis
revealed both HMGB1mRNA and protein expressed in all
the groups, HCC was with the highest upregulated
expression. This suggested that HMGB1 not only regulated
normal hepatic cell growth and development, but also

possibly played a role in the development of HCC. And that
fell in line with others observation on HMGB1’s role in
other types of carcinoma; for instance, gastric cancer [10],
breast cancer [11], nasopharyngeal carcinoma [12] and
SCCHN [13]. Moreover, immunochemistry on the tissues
not only confirmed the similar pattern of HMGB1 mRNA
and protein expression, it also revealed that the positive
immunostaining of HMGB1 protein was predominantly
localized in the nuclei of HCC. Some studies have showed
HMGB1 is actively shuttled between the nucleus and the
cytoplasm, and is sometimes concentrated in cytoplasmic
vesicles, such as secretory lysosomes in monocytic cells
and macrophages [22, 23]. In this study whether or not
HMGB1 was localized in secretory lysosomes was un-
known. We speculate that HCC cells transport HMGB1
protein from the nucleus to the extracellular matrix, thus
improving tumor cell survival and invasion.. In addition,
with correlation analysis, the upregulated expression of
HMGB1 mRNA in HCC was found significantly associated
with some core clinicopathologic parameters in the patients
with HCC. It was positively correlated with Edmondson
stage, TNM stage, vascular invasion and capsule invasion,
but not with gender, age, tumor size, AFP, HBV infection,
cirrhosis or capsule formation. This suggests that the
overexpression of HMGB1 mRNA was mainly associated
with the invasion and metastasis of HCC; adding more
backing evidence for the possibility of HMGB1 mRNA

Fig. 2 Representative immunohistochemical staining for HMGB1
in normal liver tissues, HCC and LAT. Negative expression of
HMGB1 in normal liver tissue (a, d). Positive expression of
HMGB1 in HCC; HMGB1 immunostaining was predominantly

observed in the nuclei of the carcinoma (b, e). Mild expression of
HMGB1 in LAT; immunostaining was predominantly observed in
cytoplasm (c, f). (Original magnification A–C, ×200; D–F, ×400.
Counterstained with hematoxylin)

HMBG1 Expression and its Clinicopathologic Meanings in HCC Patients 297



being used as a diagnostic and prognostic marker. Based on
their study of the association between serum HMGB1 and
HCC, Cheng et al. [24] has reported that HMGB1 may
serve as a useful tumor marker and may predict the
prognosis of HCC.

In conclusion, in this study, we have demonstrated the
overexpression of HMGB1 in the cells of HCC. This
HMGB1 overexpression was positively correlated with
some core clinicopathologic parameters of the patients with
HCC, suggesting that HMGB1 may play an important
pathogenetic role in HCC. However, further study on the
molecular mechanisms of HMGB1 in HCC genesis and its
possible diagnostic and prognostic roles will be required,
which may eventually lead to the development of new
approaches for effective HCC therapy.
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