
〔27〕Significance of High Mobility Group Box-1 (HMGB1) Expression in Hepatocellular CarcinomaMed. J. Kagoshima Univ., Vol. 62, No.3, 27-35, January, 2011

Correspondence to: Shinichi Ueno, MD & PhD.
 E-mail: ueno1@m.kufm.kagoshima-u.ac.jp 
Requests for reprints : Shinichi Ueno, Depar tments 
of Surgical Oncology and Digestive Surgery, Field of 
Oncology, Course of Advanced Therapeutics, Kagoshima 

University Graduate School of Medicine and Dental 
Sciences, 8-35-1, Sakuragaoka, Kagoshima 890-8520, 
Japan. 
Tel: 81-99-275-5361; Fax: 81-99-265-7426 ; 
E-mail : ueno1@m.kufm.kagoshima-u.ac.jp

Significance of High Mobility Group Box-1 (HMGB1) Expression
in Hepatocellular Carcinoma

Shinichi Ueno, Kiyokazu Hiwatashi, Masahiko Sakoda, Satoshi Iino,
Hiroshi Kurahara, Koji Minami, Kei Ando, Kosei Maemura, Yukou Mataki,

Masataka Matsumoto, Tetsuhiro Owaki, Masaki Kitazono,
Sumiya Ishigami, Hiroyuki Shinchi,＊ Shoji Natsugoe

Department of Surgical Oncology and Digestive Surgery, Field of Oncology, Course of

Advanced Therapeutics, *School of Health Sciences, Kagoshima University Faculty of

Medicine, Kagoshima University Graduate School of Medicine and Dental Sciences,

Kagoshima, Japan.

Abstract

　　　Background: High mobility group box-1 (HMGB1) induces the release of proinflammatory cytokines and chemokines 
as a late-acting mediator of inflammation. Hepatocellular carcinoma (HCC) is a typical inflammation-related cancer, 
however, little is known about the relationship between HCC and HMGB1 and its receptor RAGE (receptor for advanced 
glycation end products). We studied the clinicopathological relevance of the expression level of HMGB1 and the effect of 
HMGB1 expression on the characteristics of HCC.

　　　Methods: Samples from the 36 HCC patients including 7 with positive hepatitis B surface antigen and 21 with hepatitis 
C antibody were studied. Twenty-four patients had chronic active hepatitis and 4 had liver cirrhosis. The expression of 
HMGB1 was assessed in paired cancerous and noncancerous tissues with HCC, using reverse-transcription polymerase 
chain reaction (RT-PCR), and Western blotting. Quantitative RT-PCR data were analyzed relation to clinicopathological 
features. As a control study, 7 normal liver samples were collected from patients other than HCC.

　　　Results: The expression of HMGB1 mRNA was lower in normal liver than in noncancerous tissue and the highest 
in HCC, although the dif ferences were not significant. Furthermore, in HCC, it was high in well- and moderately 
differentiated tumors but declined as tumors dedifferentiated to poorly differentiated HCC (p=0.033). The expression 
level was inversely correlated with tumor recurrence (p=0.036). No significant correlations were observed between the 
expression levels and well-known prognostic factors of HCC (e.g. portal invasion and intrahepatic metastasis).

　　　Conclusion:  In HCC, HMGB1 expression level correlated inversely with the patient’s prognosis. The HMGB1 mRNA 
expression level is similar to the level we reported previously in a study on the clinicopathological relevance of the level of 
RAGE in HCC. RAGE-HMGB1 interaction in HCC might work in the early stage of tumorigenesis more than in the stage of 
cancer development.
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Introduction

　　　 Al though many  cancers  ar ise  f r om chr onic 
inflammation, the relationships between carcinogenesis, 
cancer promotion, and its molecular characteristics 
remain poorly understood. Hepatocellular carcinoma 
(HCC), which typifies inflammation-related tumors, is 
one of the most common malignancies in the world, 
especially in Asia and Africa. Japan has high incidences 
of chronic viral hepatitis, cirrhosis, and HCC. The details 
of inflammatory activity at the molecular level may be 
relevant to the prevention of hepatocarcinogenesis and 
cancer promotion.

　　　High mobility group box-1 (HMGB1) protein was first 
recognized as one of a group of chromatin-associated 
proteins with high contents of acidic and basic amino 
acids, and is composed of three domains(1). Its function 
as a cytokine-like factor is activated on translocation from 
the cytoplasm into the nucleus, where it binds to DNA 
and regulates transcription(2). HMGB1 functions as a 
late mediator in various inflammatory processes(3). In its 
role as a late-acting mediator of inflammation, HMGB1 
induces the release of proinflammatory cytokines and 
chemokines such as interleukin (IL)-12, IL-6, IL-1α, IL-8, 
TNF-α and IL-8(4-6) by stimulating toll-like receptor ligands 
or LPS, TNF-α, IL-1β(7)from macrophages(8, 9), dendritic 
cells(10), and natural killer cells(11). These cytokines cause 
disease states, including cancer(12-22), sepsis(9), arthritis(23), 
Alzheimer's disease(24), and ischemia-reperfusion injury(25).

　　　 Several receptors for HMGB1 have been identified, 
s u c h  a s  r e c e p t o r  f o r  a d v a n c e d  g l y c a t i o n  e n d 
products(RAGE), Toll-like receptor (TLR) 2, and TLR4(26) 

and thrombomodulin(27). Blockade of RAGE-HMGB1 
interaction decreased tumor growth and metastasis, and 
suppressed activation of p44/p42, p38, and SAPK/JNK 
MAP kinases(28), whereas it induced phosphorylation of 
extracellular signal-regulated kinase (ERK) and nuclear 
translocation of nuclear factor (NF)- KB(29). TLR 2 and 
TLR4 are also involved in HMGB1-induced NF- KB activation 
and neovascularization (25, 30, 31). These molecular effectors 
mechanisms are linked to cancer proliferation and 
invasion and the expression of matrix metalloproteinases.

　　　Promotion of cancer by HMGB1-RAGE interaction 
was demonstrated in various cancers, such as gastric 
cancer(12),  colon cancer(13, 14),  breast cancer(15, 16), 
melanoma(17-20), and prostate cancer(21). We previously 
reported that the expression of mRNA for RAGE, the 

representative receptor of HMGB1, was lower in normal 
liver than in the liver of patients with hepatitis and higher 
in patients with hepatocellular carcinoma (HCC)(22). 
The expression level was high in well-differentiated and 
moderately differentiated tumors but decreased as tumors 
dedifferentiated to poorly differentiated HCC. We showed 
that RAGE mRNA was upregulated in carcinogenesis 
but downregulated during the development of HCC. 
Moreover, we found that HCC cell lines resistant to 
hypoxia had higher levels of RAGE expression and RAGE 
transfectant also significantly prolonged survival under 
hypoxia. Thus, RAGE-HMGB1 interaction in HCC may 
also work in the early stage of tumorigenesis and be 
different from the potential mechanism for other cancers.

　　　In this study, we examined the clinicopathological 
relevance of the level of HMGB1 expression in patients 
with HCC, and revealed that it was closely similar to 
the clinicopathological relevance of the level of RAGE 
expression, as we previously reported in HCC.

Materials and methods

Human samples

　　　From March 2000 to September 2005, 65 patients with 
primary HCC were treated surgically in the Department 
of Surgical Oncology and Digestive Surgery, Kagoshima 
University School of Medicine. Of these 65 patients, 
12 who had Diabetes Mellitus and 6 who underwent 
preoperative therapy were excluded from the study. 
Further 11 patients were excluded because their RNA 
samples were degraded. Samples from the remaining 36 
patients (30 men and 6 women with a mean age of 67.1 
years) were included in the study.  As shown in Table 1, 
7 patients (19.4%) were positive for hepatitis B surface 
antigen and 21 (58.3%) were positive for the antibody to 
hepatitis C virus. Eight patients (22.2%) were negative for 
both of these viruses. Twenty-four patients had chronic 
active hepatitis and four had liver cirrhosis. The other 
8 patients showed non- or mild-inflamed liver such as 
chronic persistent hepatitis. The mean tumor size was 
49.7 mm (range, 16-150mm). The histological grade of 
each tumor was determined according to the General 
Rules for the Clinical and Pathological Study of Primary 
Liver Cancer (The Liver Cancer Study Group of Japan, 
2000). Four tumors (11.1%) were well-dif ferentiated 
HCC, 28 (77.8%) moderately dif ferentiated HCC and 4 
(11.1%) poorly differentiated HCC. Postoperative tumor 



〔29〕Significance of High Mobility Group Box-1 (HMGB1) Expression in Hepatocellular Carcinoma

recurrence was observed in 11 patients (30.6%). As a 
control study, 7 normal liver samples were collected from 
patients with benign or metastatic liver tumors. Before 
tissue acquisition, each patient provided written informed 
consent in a form recognized by the ethical committees of 
Kagoshima University School of Medicine.

Immunoblot analysis

　　　Samples of protein were prepared according to the 
Santa Cruz protocol. Lysates (10g) were subjected to 
immunoblot analysis using a 12.5% SDS-polyacrylamide 
gel followed by electrotransfer onto nitrocellulose filters. 
The filters were immunoreacted with anti-HMGB1 
antibody (BD Biosciences, Tokyo, Japan) and then 
incubated with peroxidase-conjugated anti-goat IgG 
(Medical and Biological Laboratories, Nagoya, Japan). 
The immune complex was visualized using the ECL 
Western blot detection system (Pierce, Rockford, IL, 
USA). The amount of β-actin as an internal control was 
also examined using a specific antibody (Cytoskeleton 
Inc., Denver, CO, USA). At least three independent 
experiments were performed.

Quantitative RT-PCR

　　　For reverse transcription-polymerase chain reaction 
(RT-PCR) and real-time quantitative PCR, total RNA was 
extracted from 30 mg frozen tissue using Total RNA 
Mini (Viogene, CA, USA). For cDNA synthesis, RNA 
samples (1 μg) were conver ted to cDNA by reverse 
transcription using random primers (Takara, Siga, 
Japan) according to the manufacturer’s instructions. To 
estimate quantitatively the mRNA expression levels of 
several genes, PCR amplification was performed using 
a LightCycler instrument system (Roche, Mannheim, 
Germany) and the LightCycler-FastStart DNA Master 
SYBR green I kit (Roche). Primers were as follows: 
HMGB1 5’-GCT CAG AGA GGT GGA AGA CCA-3’ and 5’
-GGT GCA TTG GGA TCC TTG AA-3’ (21), GAPDH 5’-TTG 
GTA TCG TGG AAG GAC TCA-3’ and 5’-TGT CAT CAT 
ATT TGG CAG GTT T-3’. Amplification was carried out in 
20 μL reactions containing 4 mM MgCl2, 2 μL of primer, 
2 μL of LightCycler-FastStart DNA Master SYBR green 
I reagent, and 2 μL of cDNA. Reaction conditions were 
as follows: initial incubation at 95°C for 10 min followed 
by 50 cycles at 95°C for 10 s for denaturation, 54°C for 
10 s for annealing of HMGB1 primers, and 60°C for 10 s 
for annealing of GAPDH primers, and 72°C for 10 s for 
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extension. Melting curves were obtained according to the 
protocol under the following conditions: 0 s denaturation 
period at 95°C, star ting temperature of 65°C, final 
temperature 95°C, and rate of temperature increase 
0.1°C s-1. The quantitative value of the target gene in 
each sample was normalized using GAPDH expression 
as an internal control. The quantitative RT-PCR assay 
was carried out twice and the mean value was calculated. 
Finally, the mRNA expression ratio of cancerous (C) 
to non-cancerous (N) tissues was calculated using the 
following formulae: R = log{target gene (C)/GAPDH (C)}, 

R = log{target gene (N)/GAPDH (N)}. These experiments 
were carried out twice to confirm reproducibility.

Statistical analysis

　　　Statist ical  analysis was per formed using the 
JMP IN version 5.1.2 software system (SAS Institute 
Inc., Car y, NC, USA). Values of mRNA expression 
were log-transformed before statistical analysis. The 
relationships between HMGB1 mRNA expression levels 
and clinicopathological features were evaluated using 
the Student’s t -test and the Mann-Whitney U-test, as 
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appropriate. A p-value of less than 0.05 was considered 
statistically significant.

Results

HMGB1 expression in HCC

　　　Using Western blotting and RT-PCR, protein and 
mRNA expression of HMGB1 were examined in normal 
liver and noncancerous and cancerous tissues from three 
cases (Fig. 1). All three cases showed expression of 
HMGB1 protein and mRNA in these tissues.

　　　Quantitative RAGE mRNA expression in HCC and 
noncancerous lesions

　　　We compared the quantitative expression of RAGE 
mRNA in paired cancer and noncancerous tissues from 
36 cases and normal liver from seven cases. The mean 
value in cancerous tissues was higher than those in 
noncancerous tissues and normal liver tissues (HCC, 1.080 
± 0.26; noncancerous tissue, 0.99 ± 0.34; normal liver, 
0.91 ± 0.11), although the differences were not significant 
(Fig.2).

　　　 Relationship between HMGB1 mRNA expression and 
clinicopathological features

　　　To elucidate the biological significance of HMGB1 
expression in HCC, we compared the levels of HMGB1 
mRNA expression with the clinicopathological features 
of 36 patients. As shown in Table 2, we noted significant 
differences in HMGB1 mRNA expression in association 
with tumor differentiation and postoperative recurrence. 
The level of HMGB1 mRNA expression was higher in 
well-dif ferentiated tumors than in poorly-dif ferentiated 
tumors (p=0.033). The level showed an inverse correlation 
with the presence/absence of recurrence (p=0.036). 
These two findings were similar to results in our previous 
report comparing the levels of RAGE mRNA expression 
with the clinicopathological features of 36 patients of 
HCC. There were no significant dif ferences in other 
factors.

Discussion

　　　When inflammatory events such as injury, infection, 
or cell necrosis occurs, HMGB1 is secreted and induces 
the release of proinflammatory cytokines and chemokines 
such as p44/p42, p38, SAPK/JNK MAP kinases, 
ERK, and NF- kB (28). Therefore, we hypothesized that 
HMGB1 may play an important role in the occurrence 

and development of HCC, which typifies inflammation-
related tumors caused by viral or alcoholic hepatitis. We 
previously reported the clinicopathological relevance 
of the level of expression of RAGE mRNA, the counter-
receptor for HMGB-1, in patients with HCC (22). In that 
study, we noted significant differences in RAGE mRNA 
expression according to gender, age, the level of protein 
induced by vitamin K absence or its antagonist (PIVKA-II), 
tumor differentiation, and the postoperative recurrence of 
HCC. In particular, the level of RAGE mRNA expression 
was higher in well- or moderately differentiated tumors 
than in poorly-dif ferentiated tumors, and this result 
was confirmed by immunohistochemical examination. 
Moreover, the levels of RAGE mRNA showed an inverse 
correlation with the presence of recurrence.

　　　In the present study, comparing the quantitative 
expression of HMGB1 mRNA in paired cancerous and 
non-cancerous tissues of 36 cases, HCC tissues showed 
higher expression than non-cancerous tissues, although 
not significant. (Fig. 2)  The mean values of RAGE mRNA 
expression in cancerous (P=0.08) and non-cancerous 
tissues were also higher than that in normal liver tissues 
(i.e. non-inflamed liver from benign or metastatic liver 
tumor patients). Furthermore, in patients with HCC, the 
HMGB1 level of mRNA expression differed significantly 
with regard to tumor differentiation, and postoperative 
recurrence. HMGB1 mRNA was expressed at lower level 
in poorly-differentiated HCC than in well-differentiated 
HCC (p = 0.033). The levels of HMGB1 mRNA showed a 
negative correlation with the presence of the recurrence 
(p=0.036). These results were remarkably similar to those 
of our previous study of the clinicopathological relevance 
of the level of RAGE expression in patients with HCC 

(22). Once cancer is established, HCC dedif ferentiates 
step by step to a more malignant histology, from well- or 
moderately differentiated to poorly differentiated HCC. 
In our results, when HCC is established (and is well-
differentiated), levels of HMGB1 and RAGE expression 
are high; this may reflect elevated tumor activity.

　　　 Evidence from clinical studies indicates that well-
dif ferentiated HCC consists of hypovascular tumors 
primarily fed by the portal vein system, while moderately 
and poorly differentiated HCC consists of hypervascular 
tumors primarily fed by arterial blood(33-35). Considering 
the level of RAGE mRNA expression in each stage of 
dif ferentiation and in vitro  results, we concluded that 
RAGE has a function in resistance to hypoxia. HMGB1 
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Fig. 1. HMGB1 expression as determined by Western blotting (A) and RT-PCR (B)
normal, normal liver; CH, chronic hepatitis.

Fig. 2. HMGB1 mRNA expression in normal liver (n=7) and paired cancer and noncancerous tissues (n=36). 
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might also be related to hypoxia resistance leading to the 
induction of angiogenic cytokines such as IL-8. HMGB1-
RAGE interaction undoubtedly plays a vital role in HCC.

　　　When the liver is injured, such as through hepatitis, 
hepatocyte death induces the activation of Kupffer cells 
to produce cytokines that promote regeneration, and the 
organ regenerates through the compensatory proliferation 
of hepatocytes(36). However, recent studies of the role of 
NF-kB in HCC demonstrated that NF-kB activation in 
hepatocytes prevented the development of HCC(36, 37). The 
liver is an organ that has the ability to regenerate, and the 
actions of cytokines and transcriptional factors may differ 
between the liver and other organs.  Our demonstration of 
inverse correlations of HMGB1 expression with malignant 
histology and tumor recurrence might reflect some 
special characteristics of the liver. HMGB1 expression 
may be dif ferent in other cancers. The interaction of 
HMGB1 and its receptors such as RAGE and TLR-4 in 
cancer and its interstitial cells (e.g. macrophage) is still 
poorly understood, and it is expected that the resolution 
of their molecular mechanisms will lead to new cancer 
therapies.
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肝細胞癌におけるHigh mobility group box-1（HMGB1）発現の意義

上野　真一，樋渡　清司，迫田　雅彦，飯野　　聡，蔵原　　弘，南　　幸次，安藤　　慶，前村　公成，
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鹿児島大学大学院医歯学総合研究科腫瘍制御学消化器外科
＊鹿児島大学医学部保健学科

　High mobility group box-1（HMGB1）は炎症の晩期活動性メディエーターとして，炎症性サイトカインやケモカ
インの分泌を誘導する．肝細胞癌（HCC）は典型的な炎症関連癌であるが，HCCとHMGB1ならびにそのレセプター
RAGEの関係についてはほとんど知られていない．HCC性状とHMGB1発現の関連について検討した．
　36症例（B型肝炎７例とC型肝炎21例を含む）のHCC サンプルについて検討した．24症例で慢性活動性肝炎，４症例
で肝硬変が認められた．癌部・非癌部のHMGB1発現について，RT-PCRとWestern blottingを用いて検討し，定量的
RT-PCRデータについては臨床病理学的因子と対比した．またHCCと関連のない７症例の正常肝をコントロールとした．
　HMGB1mRNAの発現は，明らかな有意差は認められなかったものの，正常肝，HCC非癌部，HCCとなるにつれて上
昇した．さらに，HCCにおいては，高～中分化癌で高く，低分化癌で下降した（P=0.033）．その発現レベルは術後癌
再発率と逆相関した．その他のHCCのよく知られた予後因子（門脈浸潤や肝内転移）との明らかな関連はみられなかっ
た．
　HCCにおけるHMGB1発現は患者予後とは逆相関しており，われわれが以前報告したHCCにおけるRAGE発現と類似
している．RAGE-HMGB1系は，癌進展期よりは腫瘍形成期により働いているかもしれない．




