
Received: 2014.02.14
Accepted: 2014.03.15

Published: 2014.03.31

 2987   1   1   49

The role of High Mobility Group Box 1 (HMGB1) 
in colorectal cancer

 ABCDEFG 1 Dinç Süren
 ABCDEFG 2 Mustafa Yıldırım
 DEF 3 Özlem Demirpençe
 ACEF 4 Vildan Kaya
 BD 1 Arsenal Sezgin Alikanoğlu
 DFG 5 Nurullah Bülbüller
 DFG 6 Mustafa Yıldız
 DFG 1 Cem Sezer

 Corresponding Author: Mustafa Yıldırım, e-mail: mustafayildirim7@yahoo.com
 Source of support: Departmental sources

 Background: HMGB1, the most important member of the high mobility group box protein family, is a nuclear protein with 
different functions in the cell; it has a role in cancer progression, angiogenesis, invasion, and metastasis devel-
opment. We studied the expression of HMGB1 and whether it is a prognostic factor in colorectal carcinoma.

 Material/Methods: The study included 110 cases that were histopathologically diagnosed with colorectal carcinoma from the tis-
sue samples acquired by surgical resection and biopsy in Antalya Education and Research Hospital between 
2008 and 2012. HMGB1 expression was examined via immunohistochemical method.

 Results: HMGB1 expression was evaluated as negative in 32 (44.4%) of the patients and as positive in 40 (55.6%) pa-
tients. There was no relation between the HMGB1 expression and sex, age, tumor invasion depth, and histo-
logical type. However, a significant relation was detected between the HMGB1 expression and lymph node sta-
tus, metastasis status, and stage (p:<0.001, p:<0.001, p:<0.001, respectively). Similar results were obtained for 
the relations between the HMGB1 and histological grade, perineural invasion, lymphovascular invasion, and 
lymphocytic response (p<0.001, p<0.001, p<0.001, and p<0.001, respectively).

 Conclusions: The results of our study demonstrate that HMGB1 overexpression has a significant role in tumor progression 
(especially migration of tumor cells) and tumor ability to metastasize in colorectal cancers; thus, it corrobo-
rates the idea that it might be an important prognostic factor.
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Background

Colorectal carcinoma (CRC) ranks third among all cancer types 
in frequency and cancer-related deaths [1]. In Turkey, it is the 
second most common type among females and ranks fifth 
among males, according to 2006 data [2] and studies estimat-
ing the prognosis in CRC support this data. The 7th edition of 
AJCC (American Joint Committee on Cancer) added to the pre-
viously known high level preoperative CEA the following: satel-
lite tumor deposits without residue lymph node characteristics 
and durability with the infiltrative limit of the carcinoma, tumor 
regression against neoadjuvant chemotherapy, circumferential 
surgical limit, microsatellite instability, perineural invasion (PNI), 
lymphovascular invasion (LVI), and KRAS mutation status [3].

The invasive carcinoma development process from normal co-
lon epithelium is between 7 and 12 years [4]. During this time, 
many genetic and epigenetic factors play a role [5,6].

High mobility group box (HMGB) proteins are non-histone 
nuclear proteins with many different functions in the cell [7]. 
HMGB1, HMGB2, and HMGB3 are the members of the HMGB 
protein family. While the expressions of HMGB2 and HMGB3 
are limited, HMGB1 expression is common and can be reg-
ulated with peripheral factors. Accumulating evidence indi-
cates the role of HMGB1 in cancer progression, angiogenesis, 
invasion, and metastasis development. Existing studies sug-
gest that HMGB1 may have an important role in cancer de-
velopment [8–13].

In this study, we studied the expression of HMGB1 and wheth-
er it is a prognostic factor in colorectal carcinoma.

Material	and	Methods

Patient	selection

Our study included 110 cases that were histopathologically 
diagnosed with colorectal carcinoma from the tissue samples 
acquired by surgical resection and biopsy in Antalya Education 
and Research Hospital between 2008 and 2012. We excluded 
20 patients whose follow-ups and treatments were not car-
ried out in our hospital. Samples of the remaining 90 patients 
were used for histopathological staging according to the 7th 
edition of American Joint Committee on Cancer (AJCC). HMGB1 
expression was examined by immunohistochemical method. 
Due to technical reasons, we excluded 18 cases in which the 
immunohistochemical expression was not eligible for evalu-
ation. As a result, overall, samples of 72 patients were exam-
ined. The information about demographic data such as age, 
sex, stage of disease, and treatments were obtained by search-
ing patient files retrospectively.

Tissue	preparation	and	immunohistochemical	staining

Resection materials obtained after colorectal surgery were 
placed in 10% formaldehyde immediately after the process and 
fixed for 24 hours. After fixation, pathologically sampled tumor 
samples were buried into paraffin after routine tissue follow-
up. Immunohistochemical staining was applied on cross-sec-
tions containing nominal tumor samples that were evaluated 
with hematoxylin and eosin staining. Cross-sections of 4 µm 
thickness prepared for immunohistochemical staining were de-
paraffinized in an oven at 60°C for 2 hours. Afterwards, they 
were kept in xylene for 30 minutes and 100% alcohol for 30 
minutes, and washed with water. Laminas were kept in a so-
lution buffered with 10% citrate in the microwave at maxi-
mum power (800 watts) for 15 minutes. Afterwards, the pow-
er was decreased by half for an additional 20 minutes in the 
microwave. Laminas brought out of the microwave were kept 
at room temperature for 20 minutes. Endogenous peroxidase 
activity was removed by being kept in 3% hydrogen peroxide 
for 10 minutes. Laminas washed with phosphate-buffered sa-
line (PBS) were kept with protein blockage after having been 
treated with 3×5 PBS. After being kept in HMGB1 primary anti-
body (rabbit monoclonal, clone EPR3506, dilution 1:100, Abcam, 
Cambridge, MA, USA) for 60 minutes, they were washed in PBS 
for 5 minutes. Afterwards, they were treated with biotinylat-
ed secondary antibody (Vector Laboratories, Burlingham, CA) 
for 20 minutes and washed with PBS for 5 minutes. They were 
then kept with peroxidase conjugated antibody for 20 minutes. 
Afterwards, they were washed in PBS for 5 minutes. They were 
kept in chromogenic DAB for 5 minutes. Laminas were washed 
under tap water and then counterstained with hematoxylin. 
They were dehydrated, dried, and covered with Entellan.

Evaluation	of	immunohistochemically	stained	sections

Expression rates for the positive tumor cells in the specimens 
were evaluated by 2 pathologists who were unaware of the 
patients’ clinical features (DS, AS). Although there was no 
HMBG1 expression on non-neoplastic colorectal surface epi-
thelium and gland epithelium, there was a strong nuclear stain-
ing in lymphoid follicles in the stroma (Figure 1A). This nuclear 
staining observed in lymphocytes was used as the positive in-
ternal control in the evaluation of cases. Vascular structures, 
fibroblasts, smooth-muscle cells, vessel endothelium, ves-
sel wall, neural structures, and adipocytes within the cross-
section showed no staining. Absence of expression in these 
structures was used as the negative internal control in immu-
nohistochemical evaluation. In carcinoma cases with HMGB1 
expression, staining was nuclear and accompanied by weak 
cytoplasmic staining. This cytoplasmic staining was ignored 
and nuclear staining was evaluated. HMGB1 staining was as-
sessed by a relatively simple, reproducible scoring method. 
The staining intensity was scored as 0 (negative), 1 (weak), 2 
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(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 nuclear staining 
areas of tumor cells in relation to the whole carcinoma area. 
The sum of the intensity and extent score was used as the fi-
nal staining score (0 to 7). This relatively simple, reproducible 
scoring method gives highly concordant results between in-
dependent evaluators and has been used in previous studies 
[11,14,15]. Tumors with a final staining score of 3 or higher 
were considered to be positive. HMGB1 staining examples are 
shown in Figure 1B, 1C, and 1D at various scores.

Statistical analysis

Statistical analyses were carried out using SPSS software for 
Windows 15.0. Suitability of variables to normal dispersion was 
observed by using visual (histograms and probability graphics) 
and analytical methods (Kolmogorov-Smirnov and Shapiro-Wilk 
tests). In Kolmogorov-Smirnov test, p values above 0.05 are 
considered as normal dispersion. Differences between groups 
were observed by using chi-squared and the Mann-Whitney 
U test. Kaplan-Meier survival analysis was performed for the 

relation of each immunohistochemical positive and nega-
tive result with survival. Statistical differences had been con-
firmed by log-rank testing. P values under 0.05 were consid-
ered significant.

Results

A total of 72 CRC patients – 32 (44.4%) females and 40 (55.6%) 
males – were included in the study. Mean age of patients was 
62.2±13.7 years (range 32–83 years). Conventional adenocar-
cinoma was determined in 59 (81.9%) of the patients, muci-
nous adenocarcinoma was determined in 10 (15.3%), and sig-
net ring cell carcinoma was determined in 3 (4.2%) patients. 
T2 disease was detected in 3 patients (4.2%), T3 disease was 
found in 50 patients (69.4%), and T4 disease was found in 19 
patients (26.4%). Regional lymph node metastasis was posi-
tive in 44 (61.2%) patients and negative in 28 patients (38.9%). 
Distant metastasis was found in 16 (22.2%) patients and there 
were no distant metastases in 56 (77.8%) patients. The most 
frequent metastasis site was the liver, with a determination 
rate of 13.9% (10 patients).

A

C

B

D

Figure 1.  (A) There is no staining in non-neoplastic surface epithelium, whereas strong nuclear staining is observed in lymphoid 
follicles (HMBG1 ×100). (B) Staining score 0 (negative): There is no staining in non-neoplastic surface epithelium and 
tumor cells (HMBG1 ×100). (C) Staining score 5 (positive): No staining is observed in non-neoplastic surface epithelium, 
but adenocarcinoma is stained diffusely and is moderately positive (HMBG1 ×100). (D) Staining score 6 (positive): There is 
diffuse and strong nuclear staining in adenocarcinoma and accompanying weakly positive cytoplasmic staining is observed 
(HMBG1 ×200).
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When patients had been evaluated according to their stages, 
we found that 1 patient (1.4%) was in stage 1, 25 patients 
(34.7%) were in stage 2, 31 patients (43.1%) were in stage 3, 
and 15 patients (20.8%) were in Stage 4. When patient sam-
ples were evaluated in terms of histological grades, 47 pa-
tients (65.3%) had grade 1 tumor and 25 patients (34.7%) had 
grade 2 tumor. Lymphocytic response (LR) was determined 
in 24 (33.3%) patients, perineural invasion (PNI) was deter-
mined in 55 (76.4), and lymphovascular invasion (LVI) was de-
termined in 56 (77.8%).

HMGB1 expression was evaluated as negative in 32 (44.4%) 
patients and positive in 40 (55.6%) patients. There were no 

relations between HMGB1 expression and sex, age, tumor in-
vasion depth, or histological type (p: 0.289, p: 0.475, p: 0.185, 
and p: 0.709; respectively). There was a significant relation be-
tween HMGB1 expression with lymph node status, metastasis 
status, and stage (p:<0.001, p:<0.001, p:<0.001; respectively). 
Also, a significant relation was determined between HMGB1 
expression and histological grade, PNI, LVI, and LR (p:<0.001, 
p:<0.001, p:<0.001, p:<0.001, respectively) (Table 1).

The average follow-up duration was 36.9 months. Due to in-
adequate follow-up time, we were unable to gain information 
about the median survival period in survival analysis. Average 
survival of patients was 66.8±4.5 months (95% confidence 

HMGB1 negative
N (%)

HMGB1 positive
N (%)

P	Value

Gender
 Female
 Male

 12 (37.5)
 20 (62.5)

 20 (50)
 20 (50)

0.289

Age 63±14.5 61.7±13.1 0.475

T stage
 T2
 T3
 T4

 3 (9.4)
 22 (68.8)
 7 (21.8)

 0
 28 (70)
 12 (30)

0.185

N status
 Node negative
 Node positive

 23 (71.9)
 9 (28.1)

 5 (12.5)
 35 (87.5)

<0.001

M status
 Metastasis negative
 Metastasis positive

 31 (96.9)
 1 (3.1)

 25 (62.5)
 15 (37.5)

<0.001

Stage
 Stage 1
 Stage 2
 Stage 3
 Stage 4

 1 (3.1)
 23 (71.9)
 7 (21.9)
 1 (3.1)

 0
 2 (5)
 24 (60)
 14 (35)

<0.001

Histological subtypes
 Adenocarcinoma
 Signet ring cell carcinoma
 Mucinous adenocarcinoma

 26 (81.3)
 5 (15.6)
 1 (3.1)

 33 (82.5)
 5 (12.5)
 2 (5)

0.709

Grade
 Grade 1
 Grade 2

 29 (90.6)
 3 (9.4)

 18 (45)
 22 (55)

<0.001

Perineural invasion
 Negative
 Positive

 15 (46.9)
 17 (53.1)

 2 (5)
 38 (95)

<0.001

Lymphovascular invasion
 Negative
 Positive

 15 (46.9)
 17 (53.1)

 1 (2.5)
 39 (97.5)

<0.001

Lymphocytic response
 Negative
 Positive

 13 (40.6)
 19 (59.4)

 35 (87.5)
 5 (12.5)

<0.001

Table 1. Relation between demographic and tumor characteristics of patients based on HMGB1 expression.
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interval 58–75.6 months). When survival periods were eval-
uated in terms of cancer stages, we found a statistically sig-
nificant difference (p: 0.032). Median survival in stage 4 pa-
tients was 29.3±0.14 (95% confidence interval 29.07–29.6).

When survival was examined with single-variable analysis, 
there were no relations between sex, primary tumor location, 
tumor invasion depth, nodal status, histological grade, PNI, 
LVI, and LR (p: 0.879, p: 0.335, p: 0.594, p: 0.473, p: 0.453, p: 
0.245, p: 0.934, and p: 0.873, respectively). We found a signif-
icant relation between histological sub-type and survival (p: 
0.028). Mean survival in patients with conventional adenocar-
cinoma histology was 67.6±4.9 months (95% confidence inter-
val 57.8–77.4) and mean survival in patients with signet ring 
cell histology was 17.6±6.7 months (95% confidence interval 
4.4–30.8). No statistically significant relation was detected be-
tween HMGB1 expression and survival (p: 0.920).

Discussion

Evidence supporting the role of HMGB1 in cancer progression, 
angiogenesis, invasion, and metastasis development has been 
steadily accumulating [16]. Existing studies suggest that HMGB1 
may have an important role in tumor progression beyond can-
cer development. The relation of HMGB1 overexpression with 
lymph node metastasis presence and advanced stage in he-
patocellular carcinoma, head-neck, and esophagus squamous 
cell carcinoma, cervix uteri, and ovary carcinoma was demon-
strated [17–21]. In our study, there was a significant relation 
determined between HMGB1 lymph node status, metastasis 
status, stage, and histological grade, PNI, LVI, and LR.

HMGB1 was initially defined as chromatin-related protein with 
high acidic and basic amino acid content [22]. HMGB1 is a nu-
clear protein that acts as a chromatin binding factor. HMGB1 
exists in the nuclei of both cancerous and normal cells. HMGB1 
modifies the interaction of DNA with transcription factors like 
p53 steroid hormone receptors by non-specifically binding to 
a smaller groove of DNA, and this plays a role in DNA repair, 
transcription, differentiation, extracellular signalization, and 
somatic recombination [23].

HMGB1 has affinity for different structures of DNA. These in-
clude supercoiled, single-stranded, B- and Z-DNA, DNA mini-cir-
cles, 4-way junctions, looped structures, hemi-catenated DNA, 
and triplex DNA [23]. Native HMGB1 released from tumor cells 
inhibits DNA replication. The effect of native HMGB1 decreases 
after acetylation. Besides recombinant HMGB1 phosphorylat-
ed by in vitro protein, kinase C cannot inhibit replication [12].

HMGB1 also enhances activity of some transcription factors 
related with cancer development. These include p53, p73, 

retinoblastoma protein, transcription factors such as Rel/NF-
kB family, and estrogen receptor, which is a nuclear hormone 
receptor [13,24–26].

HMGB1 is released from cells that went through necrosis or 
were exposed to chemotherapy. It was shown in cell culture 
studies that HMGB1 may show DNA damage caused by che-
motherapy [27]. HMGB1 has paradoxical effects in carcino-
genesis. HMGB1 stimulates tumor neo-angiogenesis and en-
hances protective anti-tumoral T-cell response [28]. HMGB1 
released from dead tumor cells stimulates mature dendritic 
cells and completes the tumor antigen presentation process 
by interacting with TLR-4 so it enhances the immune response 
against the tumor [29].

The role of the immune system in carcinogenesis is complex 
and includes high-level interaction between genetically modi-
fied cells and adaptive and natural immune cells. HMGB1 alerts 
the natural immune system about stress and excessive or ir-
regular cell death. HMGB1 is transported outside of the cell in 
its role as a danger signal or inflammatory mediator. This can 
occur in 2 ways: active transport from live inflammatory cells, 
or passive release from necrotic or stressed cells. Anticancer 
treatments cause cell death and passive release of HMGB1. 
Also, activated leucocytes secrete HMGB1 in the tumor mi-
croenvironment [30].

HMGB1 is able to inhibit apoptosis by different pathways. 
HMGB1 overexpression suppresses caspase-3 and caspase-9 
activity; thus, it inhibits significant steps in apoptosis. HMGB1 
overexpression was shown to regulate c-IAP2, which is an an-
tiapoptotic protein. In colorectal cancer, cytochrome apopto-
sis inhibitor protein 2 (c-IAP2) levels are related to HMGB1 
expression [31]. Cell line studies indicate that HMGB1 inhib-
its the expression of Bak, which is a member of the proapop-
totic Bcl-2 family [32].

Rapid tumor growth causes a decrease in intensity of microves-
sels, chronic hypoxia, and formation of necrotic foci. Antigenic 
factors are released from hypoxic and necrotic areas and in-
flammatory cells such as macrophages immigrate to necrotic 
foci. Macrophages are enabled to release angiogenic cytokines 
and growth factors. HMGB1 activation results in NF(Kappa)B 
activation and this enables release of leucocyte adhesion mol-
ecules and pro-inflammatory cytokines, and so enhances in-
flammation and angiogenesis [33].

In addition to NF-KB, HMGB1 can also stimulate angiogenesis 
by activating factors such as vascular endothelial growth fac-
tor (VEGF) [34]. Wang et al., in their study of the relation be-
tween HMGB1 expression and angiogenesis in samples from 
patients with bladder cancer, reported that HMGB1 is associ-
ated with CD34 and VEGF, which are angiogenesis indicators 
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[35]. HMGB1 is associated with pathological stage of a tumor. 
Real-time PCR showed an increase in HMGB1 mRNA expres-
sion as tumor stage rises.

Because of these reasons, HMGB1 and its receptor, RAGE, have 
become important in target treatment. Blockage of RAGE, which 
mediates extracellular effects of HMGB1, may inhibit growth 
or progression of tumors. Various strategies have been eval-
uated for blocking the HMGB1 signal, such as management 
of the extracellular ligand-binding section of sRAGE, block-
age of Fab fragments derived from anti-RAGE, and/or anti-
HMGB1 IgG [36].

In the liver tumor model, ethyl pyruvate (EP) inhibits tumor 
growth in a dose-dependent manner. Even delayed treatment 
with EP significantly suppresses tumor growth. Increased se-
rum IL6 and HMGB1 levels after tumor injection were signifi-
cantly reduced in animals treated with EP [37]. EP A549 stim-
ulates necrosis-apoptosis exchange in adenocarcinoma cells 
and inhibits release of HMGB1 [38].

Tumor cells incubated with oxaliplatin preserve HMGB1 in cy-
totoxic concentrations, even longer than other agents used in 
potent cytolytic cells [39]. Extracellular effects of HMGB1 are 
prevented by being kept inside the cell.

As an antioxidant, Quercetin (3,3’,4’,5,7-Pentahydroxyflavone 
dihydrate) has anti-inflammatory effects. It reduces oxida-
tive damage by regulating NO, IL6, and TNF-a release [40]. 
Quercetin treatment significantly decreases circulatory lev-
els of HMGB1 in animals with settled endotoxemia. In macro-
phage cultures, Quercetin inhibits both HMGB1 release and 
the activation of MAPK and Nf-kB of 2 signal pathways criti-
cal in cytokine release induced by HMGB1 [41]. Cell cycle reg-
ulation, interaction with type 2 estrogen binding areas, and 
some effects including tyrosine kinase inhibition of Quercetin 
makes it a potential anti-cancer agent [42].

Cytarabine resistance was shown to be 8–50 times decreased 
when short interfering RNA (siRNA) and HMGB1 expression 
were inhibited in human carcinoma cells [26]. These cells were 
shown to have lost their invasion and metastasis ability by 
HMGB1 gene expression being inhibited by siRNA in a gastric 
cancer cell culture [43].

Moriwaka et al. determined that the HMGB1 concentration 
in primary tumor tissue in Dukes C patients among CRC pa-
tients was higher when compared to Dukes B patients. They 
demonstrated that macrophage number decreased in both 
metastatic and non-metastatic lymph nodes among Dukes 
C patients. They reported that HMGB1 secreted by the pri-
mary tumor decreased the macrophage number in localized 
lymph nodes and weakened the anti-metastatic defense [44]. 

Similar results were obtained by Kuniyasu et al. [45]. These 
2 studies prove that HMGB1 has, at least, facilitating effects 
on lymph node metastasis and increasing effects on tumor 
growth in CRC. Higher ratios of HMGB1 overexpression was 
determined in advanced stage patients and patients with 
positive lymph node in our study, and our results support 
these publications.

In stage 3B colon cancer patients, Peng et al. examined the re-
lation between CD45RO, which demonstrates the tumor infil-
trating lymphocyte (TIL) intensity, and HMGB1 expression, us-
ing immunohistochemical methods. In that study, TIL intensity 
and HMBG1 expression was found to be inversely proportional. 
Researchers claimed that HMGB1 distorted the local immune 
response and played a role in carcinogenesis [46]. Distinctively, 
we assessed LR against tumor in our study. We found approx-
imately 4.7 times less LR in patients with HMGB1 overexpres-
sion. These findings support the hypothesis that HMGB1 over-
expression distorts the host immune response.

In addition to HMBG1 overexpression suppressing the LR, de-
termination of increased lymph node metastasis in patients 
can again be explained by the anti-cancer immunity suppres-
sion. It was demonstrated that antigen-presenting CD205-
positive intra-tumoral dendritic cell number decreased in pa-
tients with colorectal cancer with HMGB1 overexpression and 
lymph node metastasis [47].

HMGB1 and its receptor, RAGE, are indicators of tumor pro-
gression in CRC. In an immunohistochemical study, HMGB1 
overexpression was determined as 55.7% in CRC cases. In 
our cases, almost the same ratio (55.6%) of HMGB1 overex-
pression was determined. In that study, HMGB1 overexpres-
sion was found to be related to tumor invasion, lymph node 
status, distant metastasis, and stage of the disease, similar 
to our study. It was found also to be related to overall sur-
vival and was demonstrated to be an independent predic-
tor of worse prognosis, based on multivariate analyses [11]. 
Fahmueller et al. similarly demonstrated that HMBG1 expres-
sion was related to worse prognosis in CRC patients [48]. Due 
to an insufficient follow-up period, our study was insufficient 
to determine survival.

Morikawa et al. demonstrated that HMGB1 induced apoptosis 
with JNK activation in Kupffer cells, which are the elements 
of the reticulo-endothelial system in the liver, and monocyte-
dendritic cells [44]. We determined a statistically significant 
relation between HMGB1 overexpression and liver metasta-
sis. Theoretically, we suggest that liver metastasis ratio can 
be minimized with the blockage of HMGB1 and/or its receptor 
RAGE. Demonstration of HMGB1 overexpression and its recep-
tor, RAGE, in many tumors gives hope that HMGB1 ligand or its 
receptor has potential for the treatment of these tumors [49].
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Conclusions

Our results prove that HMGB1 overexpression is significant 
in tumor progression, especially migration of tumor cells, as 
well as gaining the ability to metastasize. Our findings lead us 
to think that HMBG1 is a significant prognostic factor in CRC. 

We believe that while developing treatment strategies for CRC, 
HMGB1 could be an important treatment target.
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