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The role of HMGB1 in gastrointestinal cancers
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A b s t r a c t

Despite advances in diagnostic and therapeutic methods, gastrointestinal 
(GI) cancers have both a high incidence and a high mortality rate. In addition 
to surgery, chemotherapy and radiotherapy, novel modalities such as immu-
notherapy are increasingly used in the treatment of these cancers. However, 
the prognosis in GI cancers remains poor despite the availability of these 
treatments, which prompted the search for new prognostic and predictive 
markers. High-mobility group box-1 (HMGB1) is a non-histone DNA protein 
which is known as a nuclear transcription factor. The search for new ther-
apeutic targets has also gained importance. In this review, the prognostic 
and predictive role of HMGB1 in gastrointestinal cancers will be discussed 
in light of current literature.

Key words: gastrointestinal cancers, HMGB1, predictive markers, 
prognostic markers.

Introduction

Despite advances in diagnostic and therapeutic methods, gastroin-
testinal (GI) cancers have both a  high incidence and a  high mortality 
rate. In addition to surgery, chemotherapy and radiotherapy, novel mo-
dalities such as immunotherapy are increasingly used in the treatment 
of these cancers [1]. However, the prognosis in GI cancers remains poor 
despite the availability of these treatments, which prompted the search 
for new prognostic and predictive markers. The search for new therapeu-
tic targets has also gained importance. In this review, the prognostic and 
predictive role of high-mobility group box-1 (HMGB1) in gastrointestinal 
cancers will be discussed in light of current literature.

High-mobility group (HMG) proteins

High-mobility group (HMG) proteins were first purified from the cell nu-
clei of calf thymus as a group of proteins with high electrophoretic mobility 
in 1973 and are named after their fast migration in gel electrophoresis. 
HMG proteins consist of three superfamilies: HMGA, high-mobility group 
box (HMGB) and HMGN proteins. The HMGB protein family comprises 
three groups designated as HMGB1, HMGB2 and HMGB3. While the ex-
pression of HMGB3 and HMGB2 is limited, HMGB1 is widely expressed [2].
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HMGB1 is a non-histone DNA protein which is 
known as a nuclear transcription factor. Structur-
ally, HMGB1 protein is a highly conserved protein 
of 215 amino acids with two DNA binding do-
mains (Box-A and Box-B) and a negatively charged 
C-terminal region. Although HMGB1 was initially 
considered to be a nuclear protein involved in reg-
ulating the transcription level of various genes, 
recent studies have demonstrated its further role 
as a cytokine that triggers the development of in-
flammation-related diseases including cancer by 
increasing the expression of other inflammatory 
cytokines. Inside the nucleus, HMGB1 interacts 
with DNA and histones to determine chromatin 
structure and regulates basic processes such as 
transcription. Outside the cell, HMGB1 assumes 
a new identity to act as a danger signal or dam-
age-associated molecular pattern (DAMP) [3, 4].

HMGB1 is passively secreted from necrotic cells 
and actively released from inflammatory cells and 
has a  high binding affinity for some receptors. 
The receptor for advanced glycation end products 
(RAGE) and Toll-like receptors (TLR)-2, TLR-4 and 
TLR-9 are some of these receptors [5]. RAGE is the 
receptor for extracellular HMGB1 that mediates 
its intracellular action. This way, HMGB1 acts as 
an extracellular signaling molecule in inflamma-
tion, cell differentiation, cell migration and tumor 
metastasis. HMGB1 protein and its receptor RAGE 
are defined as a  ligand-receptor pair that has 
a pivotal role in the proliferation of tumor cells [6].

HMGB1 protein and cancer

HMGB1 protein is found in the nucleus of both 
cancer cells and normal cells, and overexpression 
of HMGB1 has been demonstrated in many types 
of cancer including hepatocellular cancer, prostate 
cancer, gastrointestinal cancers and breast can-
cer [7–9]. Moreover, there are studies suggesting 
that HMGB1 can be used as a marker protein in 
predicting the prognosis of tumor stages in dif-
ferent cancers [10–12]. When released from dam-
aged or cancerous cells, HMGB1 activates mito-
gen-activated protein kinases (MAPKs) by binding 
to a  number of specific receptors and enhances 
phagocytosis.

As a transcription factor, HMGB1 binds to the 
promoter region either alone or with the help of 
other transcription factors already bound to DNA 
and thereby regulates the expression of respective 
genes. Once released from damaged cells, HMGB1 
binds to the DNA of the cell and this HMGB1-DNA 
complex then activates the TLR-9 signaling path-
way that leads to tumor formation. Acetylation of 
HMGB1 weakens its binding to DNA and acceler-
ates its migration to different tissues, resulting in 
secretion of inflammatory cytokines [2, 13]. Con-
sequently, normal immune cells are activated to 

secrete different types of inflammatory cytokines 
to create a microenvironment that favors growth 
and propagation of cancer. HMGB1 is transported 
to the extracellular space and sends alarm signals 
to warn the innate immune system in response to 
stress or uncontrolled cell death. This action is be-
lieved to be mediated by active transport of HMB1 
from inflammatory cells such as macrophages or 
passive release from necrotic cells during tissue 
damage and oxidative stress. HMGB1 has been 
shown to be released in the extracellular milieu 
during tumor growth, angiogenesis and metasta-
sis stages [6, 14–16].

There are no adequate studies on the intracel-
lular localization of HMGB1 in malignant tumors. 
In one study, intracellular localization of HMGB1 
was demonstrated to be associated with histo-
logic differentiation of malignant tumors. The 
authors of that study reported that moderately 
differentiated carcinomas exhibited a perinuclear 
localization of the protein, whereas a  tendency 
for non-specific nuclear localization was found in 
poorly differentiated carcinomas [6].

The biological function of HMGB1 varies de-
pending on its intracellular location and expres-
sion. Accordingly, HMGB1 can play paradoxical 
roles in promoting or suppressing cancer during 
the progression of malignant tumors. Inside 
the nucleus, HMGB1 is a  highly conserved chro-
mosomal protein engaged in DNA repair, tran-
scription, replication as well as genome stability. 
Post-translational modifications including phos-
phorylation, acetylation and methylation allow 
translocation of HMGB1 to the cytoplasm, there-
by promoting cell proliferation, autophagy and 
inflammation. HMGB1 secreted to extracellular 
medium plays a role in the progression of cancer 
through the RAGE receptor [6].

In several studies, increased HMGB1 level was 
shown to block aerobic respiration by inhibiting 
the enzyme pyruvate kinase isoform M2 and to 
cause a  metabolic shift from aerobic to anaero-
bic respiration by choosing an alternative energy 
pathway of glutaminolysis. It was suggested that 
inhibition of the alternative energy producing 
pathway of glutaminolysis in HMGB1-dependent 
tumor cells may offer a  beneficial therapeutic 
strategy for prevention and treatment of cancer. 
Even under hypoxic conditions, solid tumors con-
tinue to grow and malignant cells may survive and 
proliferate. Hypoxia induces expression of hypox-
ia inducible factor-1 (HIF-1), which promotes the 
translocation of HMGB1 from the nucleus to the 
cytoplasm, and proliferative ability of solid tumors 
has been associated with hypoxia. It is known that 
HMGB1 is a protein involved in tumor progression 
and contributes to an increase in tumor tissue due 
to its angiogenic effect. While HMGB1 mediates 
cancer cell growth via mitogen-activated protein 
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kinases, it promotes cancer cell invasion through 
RAGE [17].

Binding of HMGB1 to the RAGE receptor acti-
vates the oncogene Ras, which then activates the 
MAP kinase-mediated nuclear factor kB (NF-kB) in-
flammatory pathway. NF-kB is a transcription fac-
tor involved in the regulation of immune responses, 
cell proliferation and apoptosis. Overexpression 
of NF-kB promotes COX-2 expression and COX-2 
induces necrotic cell death, which results in the 
release of HMGB1. Additionally, activated NF-kB 
induces expression of proinflammatory cytokines 
such as IL-1β, IL-6, IL-18 and TNF-α, which are 
responsible for inflammation and cancer develop-
ment. Then, these cytokines activate macrophages 
and dendritic cells to release HMGB1 into the ex-
tracellular environment. Furthermore, dendritic 
cell-derived T-cell immunoglobulin domain and mu-
cin domain-3 (TIM-3) was shown to interact with 
HMGB1 and interfere with the transport of nucleic 
acids into endosomal vesicles, resulting in impaired 
antitumor effectiveness of DNA vaccines and cy-
totoxic chemotherapy. This suggests that HMGB1 
may contribute to the development of resistance to 
treatment by interacting with other cytokines that 
carry chemical signals between cells [18–22].

HMGB1 protein and colorectal cancer

Colorectal cancer (CRC) is among the most 
common cancers worldwide and the fourth lead-
ing cause of cancer-related deaths. CRC develops 
as a result of neoplastic transformation from ade-
nomas to adenocarcinomas. This malignant trans-
formation can be triggered by both genetic and 
epigenetic factors, and complete transformation 
can occur over decades, providing the opportunity 
for early diagnosis [23].

Tumor formation is defined by the balance be-
tween autophagy and apoptosis. p53 plays a tran-
scription-dependent or -independent role in apop-
tosis, autophagy and the cell cycle. Overexpression 
of p53 and HMGB1 has been demonstrated in 
tumor tissues of CRC patients compared to nor-
mal colorectal mucosa. Both HMGB1 and p53 are 
associated with most of the hallmarks that define 
the altered biology of cancer and are closely linked 
with the development of cancer. The balance be-
tween apoptosis and autophagy is regulated by 
the p53/HMGB1 complex. It was shown in CRC pa-
tients that increased cytosolic HMGB1 promotes 
autophagy and increased p53 enhances apoptosis 
in colon cancer cells [24]. Nuclear localization of 
p53 and HMGB1 in tumors from patients with co-
lon adenocarcinoma showed a positive correlation 
with survival time from the diagnosis. Therefore, 
HMGB1 and p53 are crucial for colon cancer biol-
ogy and have a critical role in the cross-regulation 
of apoptosis and autophagy [25].

HMGB1 can inhibit apoptosis through different 
pathways. Overexpression of HMGB1 inhibits im-
portant apoptotic steps by suppressing the activity 
of caspase-3 and caspase-9. HMGB1 overexpres-
sion was shown to regulate cytochrome-apoptosis 
inhibitor protein 2 (c-IAP2), an antiapoptotic pro-
tein. In CRC, c-IAP2 levels were found to be directly 
correlated with HMGB1 expression [26]. However, 
HMGB1 was also shown to inhibit the expression 
of BAK, which is a  member of the proapoptotic 
Bcl-2 family [27].

Studies have shown that HMGB1 overexpres-
sion plays a key role in cell migration, tumor pro-
gression and metastasis in CRC, and therefore it 
may be considered as a significant predictive fac-
tor. However, the HMGB1 gene silencing approach 
slowed down tumor growth, invasion and metas-
tasis in CRC. Thus, it is considered that HMGB1 
may be a prognostic factor and could affect the 
expression of other genes involved in cell growth, 
apoptosis, invasion and metastasis [28–30].

In the pathogenesis of CRC, the role of HMGB1 
depends on the redox state of the protein. There 
are studies on the subcellular localization of 
HMGB1 in CRC, but its clinical, pathological and 
prognostic significance remains unclear because 
these studies involved only a small number of CRC 
tissue samples [31, 32]. In a  recent study, nucle-
ar HMGB1 expression was found to be generally 
positive in normal colorectal, colorectal adenoma 
and CRC tissue specimens. Moreover, the rates of 
strongly positive nuclear HMGB1 expression were 
significantly greater in colorectal adenoma and 
CRC tissue specimens than in normal colorectal 
tissue specimens, whereas the rate was slight-
ly higher in colorectal adenoma tissues than in 
CRC tissues. Based on these findings, the authors 
of that study suggested that increased nuclear 
HMGB1 expression occurs in the early stage of 
colorectal neoplastic lesions [33]. Similarly, Volp 
et al. reported significantly increased levels of 
HMGB1 expression in colon carcinoma compared 
to non-cancerous colon mucosa [34].

Yao et al. observed that increased HMGB1 ex-
pression correlated with poor overall survival in 
CRC patients and suggested that HMGB1 protein 
may be a valuable biomarker to monitor disease 
progression in CRC patients [35].

In a  recent study by Huang et al., significant 
increases were found in the expression of the 
translationally controlled tumor protein (TCTP) in 
CRC tissue and the serum HMGB1 concentration 
in CRC patients, and a strong positive correlation 
between them was reported. Also, TCTP expres-
sion and HMGB1 concentration were substantial-
ly higher in the samples from CRC patients with 
distant metastasis, indicating that they are cor-
related with the clinical severity and prognosis of 
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CRC. Their study suggested that TCTP promotes 
CRC metastasis by regulating the expression and 
release of HMGB1 and the activation of the NF-
kB signaling pathway [36]. Consistently, previous 
studies have also shown that HMGB1 and TCTP 
may induce epithelial-mesenchymal transition 
and thus enhance metastasis and invasion [37, 
38]. TCTP expression is frequently increased in 
cancer, and TCTP overexpression has been associ-
ated with poor prognosis in many cancers includ-
ing hepatocellular and colorectal cancer [39]. Lee 
et al. reported that for patients with stage I CRC, 
the diagnostic accuracy of serum HMGB1 was 
markedly greater than that of carcinoembryonic 
antigen (CEA), which is the most commonly used 
serum marker in the early diagnosis of CRC [40]. 
Another study in Chinese CRC patients reported 
that patients with positive HMGB1 expression 
had a significantly worse 5-year survival rate com-
pared to patients with negative expression (73.3% 
vs. 82.1%, p = 0.031) [41]. Collectively, these stud-
ies have demonstrated that HMGB1 is a key factor 
involved in the growth, progression, angiogene-
sis, invasion and metastasis of CRC. Therefore, 
HMGB1 might be a promising biomarker in pre-
dicting clinical outcomes in CRC patients.

HMGB1 protein and gastric cancer

HMGB1 is highly expressed in cancer tissues 
and closely linked with apoptosis, proliferation 
and migration of cancer cells. In gastric cancer, 
a  decreased grade of tumor differentiation and 
increased depth of invasion were observed in the 
presence of HMGB1 expression, which was asso-
ciated with higher stage. These findings suggest 
that HMGB1 is an independent prognostic factor 
for gastric cancer [42]. High HMGB1 expression 
was observed in gastric cancer cells and its recep-
tor RAGE was found to be closely correlated with 
invasion and metastasis of gastric cancer [12].

In one study, Zhang et al. found that increased 
HMGB1 expression promoted cell proliferation 
and tumor metastasis in gastric adenocarcinoma 
and knockdown of HMGB1 caused suppression of 
growth and metastasis of gastric adenocarcinoma 
cells via the NF-kB pathway in vitro and in vivo [43].

It is known that autophagy-related release of 
HMGB1 protects cancer cells from a  number of 
chemotherapeutic agents. In one study, extracel-
lular HMGB1 was found to protect gastric cancer 
cells from apoptosis induced by vincristine, a drug 
targeting microtubules, through transcriptional 
upregulation of Mcl-1. The effect of extracellular 
HMGB1 on transcriptional regulation of Mcl-1 was 
confirmed in gastric cancer cells treated with re-
combinant HMGB1 [44].

Previously, a significant inhibitory effect of si-
lencing of HMGB1 expression on the metastat-

ic abilities of MGC-803 gastric cancer cells was 
demonstrated [45]. In a separate study, HMGB1 si-
lencing also led to sensitization of the cells to ox-
aliplatin and induced apoptosis in MGC-803 cells 
[46]. Therefore, HMGB1 plays an essential role in 
the proliferation and metastasis of MGC-803 cells 
and represents a potential target for therapeutic 
interventions directed at gastric cancer.

Aloin, a bioactive compound extracted from Aloe 
vera, has anti-tumor activity and has been shown 
to induce apoptosis by regulating activation of the 
MAPK signaling pathway in gastric cancer cells [47]. 
A recent study investigated the role of HMGB1 in 
apoptosis induced by aloin in gastric cancer cells. 
The authors of the study concluded that aloin in-
duces apoptosis in gastric cancer cells by reducing 
the expression and release of HMGB1 [48].

HMGB1 protein and pancreatic cancer

Studies have shown that RAGE activation via 
its ligands promotes pancreatic tumor growth by 
stimulating both cell proliferation and migration. 
Tumor cells have an increased demand for ade-
nosine triphosphate (ATP) to sustain anabolism 
and proliferation. RAGE is present in the mito-
chondria of cultured tumor cells and primary tu-
mors. RAGE and HMGB1 are required for optimal 
mitochondrial function within tumors. RAGE and 
HMGB1 enhance tumor cell mitochondrial com-
plex I activity, ATP production, tumor cell prolifer-
ation and migration in a coordinated manner. In 
one study, lower HMGB1 expression was found in 
normal pancreatic tissues than in cancerous pan-
creatic tissues [49]. In Kang et al.’s study, lack of 
RAGE or inhibition of HMGB1 release was shown 
to decrease ATP production and slow down the 
growth of pancreatic cancer cells in vitro and  
in vivo [50]. Targeted knockdown of RAGE in the 
tumor cell results in increased apoptosis, dimin-
ished autophagy and reduced tumor cell survival. 
However, overexpression of RAGE is associated 
with enhanced autophagy, diminished apoptosis 
and greater tumor cell viability. RAGE limits apop-
tosis via a p53-dependent mitochondrial pathway.

A  recent study examined the effect of RAGE 
upregulation on proliferation and migration of 
the human pancreatic cancer Panc-1 cell line and 
showed that moderate RAGE expression of RAGE 
in Panc-1 cells caused an increase in cell prolifera-
tion but a reduction in cell migration [51].

Pancreatic ductal cell adenocarcinoma (PDAC) 
driven by oncogenic K-Ras is still among the 
deadliest cancers. One study demonstrated 
that HMGB1 remarkably suppresses oncogenic 
K-Ras-driven pancreatic tumor formation by inhib-
iting proinflammatory nucleosome release medi-
ated by chromosome instability [52]. Conditional 
genetic ablation of either single or both alleles of 
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HMGB1 in the pancreas rendered mice extreme-
ly sensitive to oncogenic K-Ras-driven initiation 
of precursor lesions at birth, including pancreat-
ic intraepithelial neoplasms. It is now known that 
loss of HMGB1 in the pancreas causes oxidative 
damage and chromosome instability, leading to 
inflammatory nucleosome release and enhanced 
pancreatic tumorigenesis driven by K-Ras. Phar-
macological inhibition of intracellular HMGB1 
loss limits K-Ras-driven tumor formation in mice, 
suggesting that HMGB1 is a  tumor suppressor 
in PDAC. In the same study, HMGB1 loss caused 
abnormal telomeres and nucleosome release in 
PDAC cells. Conditional inhibition of HMGB1 in 
the pancreas leads to a  marked acceleration of 
K-Ras-driven carcinogenesis and this process re-
quires activation of RAGE, a DAMP receptor. Thus, 
the impaired HMGB1-nucleosome-RAGE-medi-
ated DAMP pathway contributes to activation of 
K-Ras signaling and may represent a  promising 
therapeutic target for PDAC [52].

In a  study investigating the diagnostic and 
prognostic value of serum HMGB1 in PDAC, serum 
HMGB1 was correlated with the presence and 
advanced stage of PDAC, and the sensitivity and 
specificity of HMGB1 were superior to CA19-9 and 
CEA. The authors of that study found that PDAC 
patients with high serum HMGB1 values (> 30 ng/
ml) had a  worse prognosis than PDAC patients 
with low HMGB1 values (≤ 30 ng/ml). These data 
suggest that serum HMGB1 is a superior diagnos-
tic and prognostic biomarker for PDAC compared 
to CA19-9 and CEA, which are commonly used 
biomarkers for PDAC [11].

HMGB1 protein and liver cancer

Several studies have shown that there are 
strong correlations between serum HMGB1 and 
pathological symptoms of liver cancer and p53 
induces HMGB1 expression in hepatocellular car-
cinoma (HCC) cells [7, 53]. In a study exploring the 
expression of HMGB1 and its clinical relevance in 
human primary liver cancer, HMGB1 was found to 
be highly expressed in liver cancer in comparison 
to normal tissues and was positively correlated 
with the pathological grade and distant metas-
tases of liver cancer. These results suggest that 
HMGB1 may be used as a marker to predict prog-
nosis and tumor stages in HCC [54].

HMGB1 was shown to promote invasion and 
metastasis in HCC through a process dependent 
on caspase-1 activation and subsequent acti-
vation of both TLR-4 and RAGE pathways. The 
same study also demonstrated that HMGB1 
overexpression or treatment with recombinant 
HMGB1 promoted the invasiveness of HCC cells 
but knockdown of HMGB1 considerably reduced 
HCC invasion [55]. In another study, inhibition of 

HMGB1 was shown to enhance hepatoma cell 
apoptosis induced by doxorubicin [56].

In Xiao et al.’s study, HMGB1 protein was found 
to be much more strongly expressed in almost 
all HCCs than in normal liver and cirrhotic liver 
tissues. The same study also showed significant-
ly worse overall survival in patients with high 
HMGB1 expression compared to those with low 
expression. The authors suggested that HMGB1 
expression may be a novel, independent predictor 
for HCC patients [57].

In conclusion, HMGB1 is an important prog-
nostic factor for gastrointestinal cancers due to 
its role in angiogenesis, metastasis and inflam-
mations. Treatments targeting HMGB1 seem 
promising in these patient populations with poor 
prognosis.
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