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Abstract

Purpose High-mobility group box 1 (HMGB1) has been

implicated in a variety of biologically important processes,

including transcription, DNA repair, V(D)J recombination,

differentiation, development, and extracellular signaling.

The increased expression of HMGB1 has been described in

colorectal cancer (CRC). However, there is no report about

the correlation of HMGB1 with clinicopathologic features,

including the survival of patients with CRC.

Methods In present study, we investigated HMGB1

expression and its prognostic significance in CRC by per-

forming immunohistochemical analysis, using a total of

192 paraffin-embedded archival CRC samples. Moreover,

disruption of endogenous HMGB1 protein through a siR-

NA knockdown technique was performed to investigate the

possible role of HMGB1 in the process of tumor invasion

and metastasis.

Results Overexpression of HMGB1 was shown in 55.7%

cases. Statistical analysis showed that HMGB1 expression

was positively correlated with tumor invasion (P = 0.048),

lymph node metastasis (P = 0.011), distant metastasis

(P = 0.031), and Duke’s stage (P = 0.029) of CRC

patients. Patients with higher HMGB1 expression had

shorter overall survival time, whereas patients with lower

level of HMGB1 had better survival. Multivariate analysis

suggested that HMGB1 expression might be an indepen-

dent prognostic indicator for the survival of patients with

CRC. Disruption of endogenous HMGB1 protein through a

siRNA knockdown technique was shown to suppress sub-

stantially the invasion ability of SW620 cells.

Conclusions Our results suggest that HMGB1 protein is a

valuable marker for progression of CRC patients. High

HMGB1 expression is associated with poor overall survival

in patients with CRC.

Keywords HMGB1 � Progression � Prognosis �
Colorectal cancer

Introduction

Colorectal cancer (CRC) is one of the most common

malignancies in the world, and represents the second most

common cause for cancer deaths in western countries (Jemal

et al. 2006). In China, CRC occupies the fifth position in the

mortalities caused by cancer, and its incidence still continues

to increase (You et al. 2002). Despite significant improve-

ments in the treatments for patients with CRC over the last

decade, cases with metastatic cancer frequently result in

death (Gutman and Fidler 1995). Metastasis is one of the

major factors for the poor outcome. Therefore, it is critical

for us to advance in early diagnosis, before metastasis in

distant organs occurs, in order to increase the survival rate of

patients with CRC. Recent research revealed that the high-

mobility group box 1 (HMGB1) may play an important role

in the process of tumor invasion and metastasis (Wu et al.

2008; Chung et al. 2009; Sharma et al. 2008).

High-mobility group box 1, an important member of the

high-mobility group protein superfamily, has been impli-

cated in a variety of biologically important processes,

including transcription, DNA repair, V(D)J recombination,

differentiation, development, and extracellular signaling

(Czura et al. 2001). As a nuclear protein, HMGB1 was
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originally characterized as a non-histone, nuclear DNA-

binding protein which binds non-specifically to the minor

groove of DNA and facilitates the assembly of site-specific

DNA-binding proteins, such as p53 and nuclear factor kappa

B (NF-jB), at their cognate binding sites within chromatin

(Naghavi et al. 2003). Subsequently, HMGB1 was proved to

serve as a cytokine that mediates late lethal systemic

inflammation via its extracellular release from activated

macrophages/monocytes and cells undergoing necrosis

(Palumbo et al. 2004; Scaffidi et al. 2002; Wang et al. 1999).

Furthermore, recent studies indicated that the overexpres-

sion of HMGB1 inhibit apoptosis of cancer cells and related

to KIT mutation and genes related to tumor growth and

invasion (Volp et al. 2006; Choi et al. 2003). Increased

expression of HMGB1 with its receptor, receptor for

advanced glycation end products (RAGE), was associated

with the proliferation and metastasis of many tumor types,

including breast cancer (Palumbo et al. 2004), hepatocellular

carcinoma (Scaffidi et al. 2002), melanoma (Wang et al.

1999), Prostate cancer (Ishiguro et al. 2005), gastric cancer

(Volp et al. 2006), and colorectal cancer (Choi et al. 2003).

However, there is no report about the possible role of

increased expression of HMGB1 in progression of CRC.

Here, we investigated the correlation of HMGB1 with

clinicopathologic features, including the survival of

patients with CRC. Our results provide strong evidence that

overexpression of HMGB1 correlated with tumor pro-

gression and poor prognosis in CRC. Moreover, our results

also suggested that HMGB1 was involved in progression of

CRC by promoting invasion and migration of CRC cells. In

our studies, HMGB1 was suggested as a new prognostic

factor for CRC patients.

Materials and methods

Cell lines

Human colorectal cancer cell lines SW480, SW620, Lovo,

DLD-1, HCT-116, and HT-29 from Cell Bank in Chinese

Academy of Sciences (Shanghai, China) were cultured in

RPMI 1640 medium (Gibco, Grand Island, NY) supple-

mented with 10% fetal bovine serum (FBS, Hyclone,

Logan, UT) and 100 U/ml penicillin/streptomycin (Gibco,

Grand Island, NY). All cell lines were maintained in

humidified atmosphere with 5% CO2 at 37�C.

Patients and tissue specimens

Formalin-fixed and paraffin-embedded samples of primary

CRC (n = 192) were obtained after surgical removal of the

tumor from Department of Pathology, the First Affiliated

Hospital of Jilin University, China, from 2002 to 2006. All

patients were confirmed by histological diagnosis. Histo-

logical classification and clinicopathological staging were

performed according to the General Rules for Clinical and

Pathological Studies on Cancer of the Colon, Rectum, and

Anus along with the International Union against Cancer

Classification. For the use of these clinical materials for

research purposes, prior patient’s consent and approval

from the Ethics Committee of Jilin University were

obtained. Clinical information about the samples is

described in detail in Table 1. The patients included 123

males and 69 females, ranging in age from 28 to 90 years

(mean 58.4 years). The median follow-up time for overall

survival was 54.8 months for patients still alive at the time

of analysis, and ranged from 1 to 102 months. Additional,

95 normal colonic mucosa samples taken from tumor-

adjacent tissues were studied as control.

Table 1 Correlation between the clinicopathologic features and

expression of HMGB1 protein

Characteristics n HMGB1 expression

Negative (%) Positive (%) P value

Gender

Male 123 56 (45.53) 67 (54.47) 0.639

Female 69 29 (42.03) 40 (57.97)

Age (years)

\50 52 26 (50.00) 26 (50.00) 0.33

C50 140 59 (42.14) 81 (57.86)

Tumor site

Proximal colon 70 29 (41.43) 41 (58.57) 0.153

Distal colon 24 7 (29.17) 17 (70.83)

Rectum 98 49 (50.00) 49 (50.00)

Tumor size(cm in diameter)

\5 64 32 (50.00) 32 (50.00) 0.258

C5 128 53 (41.41) 75 (58.59)

Tumor differentiation

Good 53 25 (47.17) 28 (52.83) 0.748

Moderate 94 39 (41.49) 55 (58.51)

Poor 45 21 (46.67) 24 (53.33)

Depth of tumor invasion

Expansive 42 24 (57.14) 18 (42.86) 0.048

Intermediate 67 32 (47.76) 35 (52.24)

Infiltrative 83 29 (34.94) 54 (65.06)

Lymph node state

Positive 101 36 (35.64) 65 (64.36) 0.011

Negative 91 49 (53.85) 42 (46.15)

Distant metastasis

Positive 33 9 (27.3) 24 (72.7) 0.031

Negative 159 76 (47.80) 83 (52.20)

Duke’s stage

A ? B 87 46 (52.87) 41 (47.13) 0.029

C ? D 105 39 (37.14) 66 (62.86)
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RNA extraction and real-time PCR

Total RNA from cell lines was extracted using Trizol

reagent (Invitrogen, Carlsbad, CA,USA) according to the

manufacturer’s instructions. DNase I-treated total RNA

(1 lg) from each sample was to synthesize cDNA using

Superscript II reverse transcriptase (Invitrogen, Carlsbad,

CA, USA). The reaction mixture with RNA, 0.5 lg Oligo

(dT) and nuclease-free water (the total volume 12 ll) were

heated at 65�C for 5 min and then chilled on ice. The other

components were added as follows: 4 ll of 59 first strand

buffer, 2 ll of 0.1 M DTT, 1 ll of 20 mM dNTPs, and 1 ll

of ribonuclease inhibitor. The samples were incubated at

42�C for 2 min, followed by addition of 200 U of super-

script II and incubated at 42�C for 50 min. The reaction

was inactivated at 70�C for 5 min. Real-time PCR was

performed using Mx3000P real-time PCR System (Strata-

gene, La Jolla, CA, USA) and SYBR Premix Ex TaqTM

(Takara, Dalian, China) following the manufacture’s pro-

tocol as previous described (Jeon et al. 2004). The

annealing temperature was 55�C. The following primers

were used for amplifying HMGB1 fragment from cDNA

samples of CRC cell lines to confirm the HMGB1 expres-

sion: sense primer, 50-ATATGGCAAAAGCGGACA

AG-30; antisense primer, 50-GCAACATCACCAATGGA

CAG-30. b-Actin was amplified as an internal control using

sense primer, 50-TAAGGAGAAGCTGTGCTACG-30and

antisense primer, 50-GACTCGTCATACTCCTGCTT-30.
The relative quantification was given by the Ct values,

determining the reactions for each target gene and internal

control gene (b-actin) in all samples. DCt [DCt =

Ct(HMGB1) - Ct(b-actin)] values were calculated for each

cell line. Relative expression level was determined as

2-DDCt, where DDCt = DCt (sample) - DCt (control).

Here, SW480 cell was regarded as ‘‘control’’. The experi-

ments were repeated in triplicates, and the mean fold changes

and standard deviation are reported. All other quantities were

expressed as an n-fold difference relative to SW480.

Western blot analysis

Cells were washed twice with cold phosphate-buffered

saline and lysed on ice in RIPA buffer (19 PBS, 1% NP40,

0.1% SDS, 5 mM EDTA, 0.5% sodium deoxycholate, and

1 mM sodium orthovanadate) with protease inhibitors.

Protein concentration was determined by the Bradford

assay (Bio-Rad Laboratories, Hercules, CA, USA). Equal

amounts of proteins were separated electrophoretically on

12% SDS/polyacrylamide gels and transferred onto poly-

vinylidene difluoride membranes (PVDF) (Amersham

Pharmacia Biotech, Piscataway, NJ, USA). The membrane

was probed with anti-HMGB1 rabbit polyclonal antibody

(1:1000; Novus, Littleton, CO, USA). Expression of

HMGB1 was determined with horseradish peroxidase-

conjugated anti-rabbit immunoglobulin G (Pierce, Rock-

ford, IL, USA) and enhanced chemiluminescence (ECL)

(Pierce, Rockford, IL, USA). An anti-b-actin mouse

polyclonal antibody (1:400; Santa Cruz, CA, USA) was

used to confirm equal loading of proteins.

Immunohistochemistry and evaluation of staining

Immunohistochemistry (IHC) was performed using a Dako

Envision System (Dako, Carpinteria, CA, USA) following

the manufacturer’s recommended protocol to study protein

expression in 192 human CRC tissues. Antibodies against

HMGB1 (Novus, Littleton, CO, USA) at a dilution of 1:100

was used in the present study. For negative controls, the

antibody was replaced by normal goat serum. The immu-

nohistochemically stained tissue sections were reviewed and

scored separately by two pathologists blinded to the clinical

parameters. HMGB1 staining was assessed by a relatively

simple, reproducible scoring method (Soumaoro et al. 2004).

The staining intensity was scored as 0 (negative), 1 (weak),

2 (medium), and 3 (strong). Extent of staining was scored as

0 (0%), 1 (1–25%), 2 (26–50%), 3 (51–75%), and 4 (76–

100%), according to the percentages of the positive staining

areas of tumor cells or normal colonic cells in relation to the

whole carcinoma area or entire section for the normal sam-

ples. The sum of the intensity and extent score was used as

the final staining score (0 to 7) for HMGB1. This relatively

simple, reproducible scoring method gives highly concor-

dant results between independent evaluators and has been

used in previous studies (Soumaoro et al. 2004; Masunaga

et al. 2000). Tumors having a final staining score of 3 or

higher were considered to be positive.

Plasmid generation

For construction of HMGB1 knockdown vectors in mam-

malian cells, two human siRNAs (S1: 50-GCAAGTATT

CGGTGCTATA-30; S2: 50-GCTCAAGGAGAATTTGT

AA-30) targeted HMGB1 were selected, and human

scrambled siRNA sequence (50-GCTCTGGAGCAGTTC

CGATATC-30) possessing limited homology to human

genes was served as a negative control. The shRNA were

synthesized and subcloned into the pGPU6/GFP/Neo

shRNA Vector (Genepharma, Shanghai, China).

Transient transfections regulate the expression

of HMGB1 gene

SW620 cells were seeded onto six-well plates, and then,

transient transfections were performed using the lipofec-

tion method with Lipofectamine (Invitrogen, Carlsbad, CA,

USA) as a vehicle. Two HMGB1 pGPU6/GFP/Neo shRNA
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Vector were transiently transfected into the cells according

to the manufacturer’s instructions. The plate was incubated

for 48 h until it is ready for further assay. The pGPU6/

GFP/Neo vector was used as controls for HMGB1-knock-

down experiments.

Tumor cell invasion assay

Invasion assays were performed using the cell invasion

chamber (Chemicon,Temecula, CA, USA) according to the

protocol of the manufacturer. Briefly, warm serum-free

media was added to the top chamber of the cell invasion

chamber to rehydrate the ECM layer for 2 h at room

temperature. Tumor cells in serum-free media (300 ll

containing 1 9 105 cells) were added to the top chamber.

The bottom chamber was prepared with 10% FBS as a

chemoattractant. After 48 h incubation, the non-invasive

cells were removed with a cotton swab. The cells that had

migrated through the membrane and stuck to the lower

surface of the membrane were fixed with methanol and

stained with hematoxylin. For quantification, the cells were

counted under a microscope in five predetermined fields at

9200.

Statistical analysis

All statistical analyses were carried out using the SPSS

12.0 statistical software package. The Mann–Whitney U

test was used to analyze the relationship between HMGB1

expression and clinicopathologic characteristics. Survival

curves were plotted by the Kaplan–Meier method and

compared by the Kaplan–Meier method and compared by

the log-rank test. The significance of various variables for

survival was analyzed by the Cox proportional hazards

model in the multivariate analysis. Tumor cell invasion

assay was tested using one-way ANOVA. P \ 0.05 in all

cases was considered statistically significant.

Results

Expression analysis of HMGB1 by real-time PCR

and Western blot

To determine correlation of HMGB1 with CRC, semi-

quantitative real-time PCR and Western blot analysis were

performed to evaluate the expression levels of HMGB1

transcripts and protein in six CRC cell lines with different

metastatic potential (HCT-116, HT-29, SW480, DLD-1

derived from primary lesion), Lovo, SW620 (derived from

metastatic lymph node). Comparing with that in SW480

cell, expression level of HMGB1 mRNA was significantly

down-regulated in DLD-1 cell line, and significantly

up-regulated in Lovo and HCT-116 cell line, especially in

SW620 cells line, which has higher metastatic potential

among the CRC cell lines (Fig. 1a). We then examined the

protein expression of HMGB1 in six CRC cells. It was also

found that HMGB1 protein was highly expressed in

SW620 cell lines versus the SW480 cell (Fig. 1b). The

expression level of HMGB1 mRNA in six CRC cells was

consistent with that of protein on the whole.

Immunohistochemical analysis

In the present study, we focused on the correlation of

HMGB1 variable expression with human CRC, so we

analyzed HMGB1 protein level in an independent set of

192 paraffin-embedded, archival primary CRC tissues and

95 normal colorectal mucosa tissues by immunohisto-

chemical staining. As shown in Fig. 2, HMGB1 protein

was mainly localized to the nuclei and cytoplasm of car-

cinoma cells. Overexpression of HMGB1 was found in 107

of 192 (55.7%) CRC tissues. HMGB1 staining was weaker

in normal adjacent colorectal mucosa epithelial cells than

Fig. 1 Expression of HMGB1 mRNA and protein in CRC cell lines

(SW480, SW620, Lovo, DLD-1, HT-29, and HCT-116) by real-time

PCR (a), Western blotting (b, c)
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in CRC tissues. The ratio of HMGB1 overexpression in

normal tissues was 36.8% (35/95).

Relationship between clinicopathologic features

and HMGB1 expression in CRC

The relationship between clinicopathologic features and

HMGB1 expression in CRC was summarized in Table 1.

No significant associations were found between HMGB1

expression and age, gender, tumor site, tumor size, and

tumor differentiation grade of CRC patients (P [ 0.05).

However, HMGB1 expression was positively correlated

with tumor invasion (P = 0.048), lymph node metastasis

(P = 0.011), distant metastasis (P = 0.031), and Duke’s

stage (P = 0.029) of CRC patients.

Survival analysis and the log-rank test

Using Kaplan–Meier analysis method, we observed that the

expression of HMGB1 in CRC was significantly correlated

with overall survival (log-rank test statistic = 7.388,

P = 0.007, Fig. 3). The median overall survival time were

74 and 45 months, respectively, in patients with low and

high HMGB1 expression. The log-rank test showed that the

survival time was significantly different between groups

with positive and negative expressions of HMGB1, indi-

cating that the high level of HMGB1 was correlated with a

shorter survival times.

To determine weather the expression of HMGB1 was an

independent prognostic factor of outcomes, multivariate

survival analysis, which included lymph node metastasis,

distant metastasis, Duke’s stage and HMGB1 expression,

was done. Results showed that the expression of HMGB1

protein was recognized as an independent prognostic factor

of outcomes of CRC patients (Table 2). Thus, our findings

revealed that HMGB1 protein expression level had a sig-

nificant correlation with prognosis of CRC.

HMGB1 expression and cell invasion in human CRC

To further determine whether HMGB1 expression plays a

role in human CRC cell invasion, a RNA interference

technique was used to knockdown endogenous HMGB1.

After introduction of HMGB1 shRNA into SW620 cells,

HMGB1 protein was shown to be reduced 48 h after

transfection and non-specific shRNA had no substantial

effect on endogenous HMGB1 expression (Fig. 4a).

Because the effect of HMGB1 siRNA S1 on silencing

HMGB1 protein was superior to HMGB1 siRNA S2, we

used HMGB1 siRNA S2 to perform our experiments. In the

cell invasion assay, HMGB1 knockdown cells exhibited

significantly reduced invasive tendencies compared with

cells treated with non-specific siRNA (P \ 0.05; Fig. 4b).

Therefore, disruption of endogenous HMGB1 expression

resulted in suppression of cell invasion in CRC cells.

Discussion

In the present study, we show that HMGB1 was overex-

pressed at both transcriptional and translational levels in

metastatic CRC cell lines (Lovo and SW620), compared

Fig. 2 Increased HMGB1

protein expression in human

clinical samples of CRC. The

samples were collected and

subjected to

immunohistochemical staining

with antibody to HMGB1 (DAB

staining and hematoxylin

counterstaining). a Low

expression of HMGB1 in

normal colorectal mucosal

tissue (original magnification:

9100). b Low expression of

HMGB1 in some colorectal

tumor tissue samples (original

magnification: 9200). c, d High

expression of HMGB1 in CRC

samples (original magnification:

9200 and 9400, respectively)
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with primary CRC cell lines (HCT-116, HT-29, SW480,

DLD-1). Furthermore, using an immunochemical staining

approach, we found that approximately 55.7% (107 of 192

cases) of CRC tissues overexpressed HMGB1 protein.

HMGB1 overexpression was significantly associated with

tumor invasion (P = 0.048), lymph node metastasis

(P = 0.011), distant metastasis (P = 0.031), and Duke’s

stage (P = 0.029) of CRC patients, but not with patient

gender, age tumor site, tumor size, and differentiation

grade.

Further, we showed that high expression of HMGB1

protein may serve as a potential prognostic factor for CRC

patients by univariate and multivariate analyses. Our

results indicated that HMGB1 protein expression was

inversely correlated with overall survival. The CRC

patients with a higher expression of HMGB1 protein had a

shorter survival time. In multivariate analyses, a high

expression of HMGB1 protein was a significant predictor

of poor prognosis for CRC patients. This result indicated

that CRC might be a potential important prognostic factor

for late-stage CRC patients. Further studies are needed to

verify these findings to establish HMGB1 as one of the

reliable clinical predictors of outcome in CRC and to

clarify its role in carcinogenesis by functional analysis.

Recently HMGB1 expression was also found to serve as

an unfavorable prognostic factor in breast cancer, ovarian

cancer, nasopharyngeal cancer, and gastric cancer (Wu

et al. 2008; Chung et al. 2009; Meyer et al. 2008). Our

study revealed HMGB1 as a prognostic factor in CRC.

However, the possible mechanism and the exact mode of

HMGB1 action during tumor metastasis and progression in

CRC are still largely unknown.

The role of HMGB1 in tumor metastasis and its related

mechanism has been a subject of great interest in recent

years (Wu et al. 2008; Chung et al. 2009; Sharma et al.

2008; Czura et al. 2001; Palumbo et al. 2004; Volp et al.

2006). Several recent studies have demonstrated that the

interaction of HMGB1 with its specific receptor RAGE

activates several intracellular signal transduction pathways

including MAPK (mitogen-activated protein kinases), Rac,

Cdc42, and NF-jB (Lotze and Tracey 2005; Huttunen et al.

1999; Kuniyasu et al. 2003a, b). HMGB1 overexpression

could promote cell motility, invasiveness, proliferation,

and angiogenesis in cancer progression. Because HMGB1

is known as metastasis associated gene in other kinds of

cancer, we speculated HMGB1 might play a role in CRC

by promoting invasion and metastasis of CRC cells. So, an

in vitro invasion assay was performed to investigate the

effects of HMGB1 on invasion of CRC cells. We found

that disruption of endogenous HMGB1 protein through a

siRNA knockdown technique was shown to suppress sub-

stantially the invasion ability of SW620 cells. This result

Fig. 3 Kaplan–Meier survival analysis of overall survival in all

patients according to HMGB1 expression. The log-rank test was used

to calculate P values

Table 2 Summary of overall survival analyses by univariate and multivariate COX regression analysis

Variables Univariate analysis Multivariate analysis

P value HR CI (95%) P value HR CI (95%)

Gender 0.514 0.868 0.567–1.329

Age 0.531 1.16 0.729–1.845

Tumor site 0.98 0.997 0.802–1.240

Tumor size 0.711 0.924 0.607–1.406

Tumor differentiation 0.713 1.054 0.797–1.393

Depth of tumor invasion 0.070 0.791 0.614–1.019

Lymph node metastasis 0.020 1.626 1.078–2.453 0.614 1.138 0.688–2.401

Distant metastasis 0.011 1.857 1.151–2.994 0.119 1.490 0.903–2.459

Duke’s stage 0.003 1.902 1.246–2.904 0.139 1.498 0.877–2.560

HMGB2 expression 0.008 1.772 1.164–2.698 0.041 1.563 1.018–2.401
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supports the role of HMGB1 in CRC might be associated

with its effects on invasion, similar to the results observed

in other cancers previously (Kuniyasu et al. 2003a, b).

In conclusion, our study demonstrated that the level of

expression of HMGB1 was highly increased in CRC and

HMGB1 might play an important role in CRC by pro-

moting invasion and migration of CRC cells. Moreover,

HMGB1 expression might serve as an unfavorable prog-

nostic factor in CRC cancer patients. The findings in the

present study may lead to the development of new

approaches for effective diagnosis and therapy of CRC.

However, these findings still need to be replicated, and

further investigation in another patient population is

required to verify these conclusions. More works are nee-

ded in the future study to clarify the mechanism by which

HMGB1 is involved in the development and progression of

CRC and its related pathway in CRC.
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