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Abstract High-mobility group box 1 (HMGB1) is a dynamic
nuclear protein participating in transcription, chromatin re-
modelling, and DNA recombination and repair processes.
Accumulating evidence indicates that its function now ex-
tends beyond the nucleus, notably its extracellular role in
inflammation. HMGBI is implicated as a late mediator of
sepsis and is also believed to promote atherosclerosis and
other inflammatory diseases such as rheumatoid arthritis and
systemic lupus erythematosus. Interestingly, deregulation of
HMGBI is shown to be associated with the hallmarks of
cancer development. Moreover, several clinical studies have
shown that HMGB is a promising biomarker for a variety of
cancer types. In this review, we provide novel insights into the
role and mechanisms of HMGBI, in particular, to hormone-
related cancers and its potential to serve as a therapeutic target.

Introduction

High-mobility group box 1 (HMGB1) was first discovered as
a non-chromosomal DNA-binding protein in calf thymus [1],
a specialized endocrine organ vital for T cell homeostasis.
HMGBI is one of the most important and highly conserved
chromatin proteins that organizes DNA and regulates
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transcription [2]. It interacts with the nucleosome, transcrip-
tion factors, and histones in a dynamic and reversible manner
and thus supports the transcription of many genes [3].
HMGBI employs several mechanisms to promote transcrip-
tion of different genes. The first mechanism by which they
manipulate the transcription process is by inducing changes in
nucleosome structure [4]. HMGBI increases access to DNA
for chromatin modelling complexes and transcription factors
by loosening the wrapped DNA; by doing so, HMGBI pro-
teins may be able to bring about the interaction between
histones and DNA causing an overall change in nucleosome
structure. The second mechanism of HMGB 1-promoted tran-
scription of genes is through interaction with transcription-
binding proteins and other transcription factors. The third
mechanism uses HMGBI as an adapter to establish protein—
protein interaction with transcription factors, including all
class I steroid receptors [5], HOX [6], pS3 and p73 [7], and
several NF-kB subunits [8]. This association helps HMGB1
bend the DNA and recruits partner or targets proteins to
manipulate the gene expression. For example, HMGBI1 has
been shown to functionally interact with steroid hormone
receptors to increase the DNA binding and transcription acti-
vation of these steroid receptors [5]. Similarly, HMGBI1 was
also shown to facilitate HOX-mediated transcription activa-
tion by establishing a protein—protein interaction between the
HMG box domains and homeodomains which increases ac-
cessibility of the HOX proteins to the targeted sites at the
DNA [6]. Previously, HMGB1 was also demonstrated to
promote the NF-kB-dependent expression of VCAM-1 by
enhancing the DNA-binding activity of NF-kB subunits [8].
On the other hand, Stros et al. [7] demonstrated that
HMGBIcan either decrease or increase the transcriptional
activity of p53 and p73 in a cell-specific manner. Thus,
modulation of transcriptional activity of these transcription
factors by HMGB1 may have functional relevance in the
disease context. Of note, transcription factors such as p53
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and Kruppel-like factor (KLF) are shown to regulate the
secretion of HMGBI1 in various cell types [9, 10].
Interestingly, HMGB1 has been shown to rescue multiple
phenotypes in a c-Myc independent fashion [11] suggesting
that HMGB1 might be functioning as an oncogene.

HMGBI1 undergoes several extensive post translational
modifications such as acetylation, phosphorylation, methyla-
tion, ADP-ribosylation, and glycosylation to a certain extent
[12, 13]. Acetylation of HMGBI1 has several functional im-
plications; when certain lysine residues of HMGBI are acet-
ylated, it is relocated from the nucleus to the cytoplasm and is
eventually secreted. HMGBI1 has been detected in extra nu-
clear fraction showing tissue-specific localization [14].
HMGBI is found at high levels in the nuclei and cytoplasm
of lymphoid tissue, while it is found at low levels in brain and
liver cells [15]. Acetylated HMGBI also facilitates histone
assembly during replication. Phosphorylation of HMGBI is
reported to affect its binding affinity for DNA, its stability and
conformation, and its regulatory effect on transcription factors
[14]. The clinical significance of post translational modifica-
tions of HMGBI is not clearly known at this time.

Extracellular HMGB1 and Immune Responses

HMGBI protein released by necrotic cells acts as a signal that
stimulate innate immune system and recruits mononuclear
cells to the sites of tissue damage, where the immune cells
clear the damaged cells and protect the tissue from further
infection [16]. In addition, HMGBI has also been found to be
secreted by cells of an innate immune system as a response to
pathogens and pro-inflammatory stimuli [16]. Outside the
cell, HMGBI binds to receptors such as receptor for advanced
glycation end products (RAGE) and Toll-like family of recep-
tors. RAGE is a transmembrane receptor of the immunoglob-
ulin superfamily that binds to ligands such as advanced
glycation end products [17], HMGBI1 [18], S100A4 [19],
and S100P [19]. Association of RAGE with its ligand is
thought to activate the pro-inflammatory genes [20].
Specifically, the interaction between HMGB1 and RAGE
promotes chemotaxis and production of cytokines through
activation of transcription factor NF-kB [20]. This interaction
also promotes maturation and migration of immune cells to
the target sites [20].

HMGBI is also known to bind to multiple Toll-like recep-
tors (TLRs) [21]. TLRs are a type of pattern recognition
receptor which plays a crucial role in pathogen defense and
innate immune system. Particularly, TLR2, TLR4, and TLR9
[22, 23] are implicated as HMGB1 receptors. Binding of
HMGBI to TLR2 and TLR4 has been shown to activate
MyDS88 signalling pathway, thus resulting in the release of
pro-inflammatory cytokines [23]. Activation of TLR9 is also
shown to be stimulated by HMGBI1-DNA complex that re-
sults in maturation of immune cells and secretion of cytokines
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[22]. In addition, HMGBI stimulation increases adhesion
capacity of monocytes and release of inflammatory mediators
[24]. When neutrophils are stimulated with HMGBI, reactive
oxygen species are produced by the cells via TLR4 dependent
activation of NAD(P)H oxidase with upregulation of NF-«kB
which in turn increases the production of cytokines [24].
Furthermore, HMGBI1 also stimulates T cells which results
in increased proliferation, survival, and Th1 polarization [24].
Thus, HMGBI1 seems to play a vital role in orchestrating
different immune responses.

HMGB1 and Cancer Association

HMGBI is expressed in higher levels in most tumor types
compared to the normal tissue [18]. Localization of
HMGBI at the leading edge has been suggested to enhance
invasion in various cells [25]. HMGBI1 promotes cell prolif-
eration and outgrowth of cells via RAGE signalling pathway
[26]. This implies that HMGB1 may have a prominent func-
tion in cellular growth. HMGBI plays an important role as an
extracellular signalling molecule apart from its function as a
chromatin protein. HMGBI as a signalling molecule is in-
volved in inflammation, cell differentiation, cell migration,
and tumor metastasis. HMGBI is released from necrotic cells
passively and actively from inflammatory cells. Extracellular
HMGBI binds to various receptors such as RAGE, Toll-like
receptors, and CD24 [27]. HMGBI is associated with many
diseases such as sepsis [28], ischemia-reperfusion [29], arthri-
tis [30], meningitis [31], neurodegeneration [32], and cancer
[33, 34].

Elevated expression of HMGBI1 occurs in certain types of
primary tumors, including melanoma, colon, prostate, pancre-
atic, and breast cancer; in the majority of cases, HMGBI is
associated with invasion and metastasis [18]. Regarding tu-
mor cells, HMGBI1 seems to have a dual effect: it promotes
neoangiogenesis as well as regulates immunity against the
cancer. Tumor cells that are dying release HMGB1 which
then interacts with TLR4, a receptor whose signalling is
critical for innate and adaptive immune responses, stimulate
mature dendritic cell tumor antigen processing which results
in anti-cancer immune response [35]. However, a different
study showed that HMGBI released by necrotic keratinocytes
promotes skin carcinogenesis by triggering TLR4 dependent
inflammatory response [36]. HMGBI interaction with RAGE
also results in the inflammatory pathway activation and seems
to be associated with tumor growth, invasion, and metastasis
[37-39].

According to Hanahan and Weinberg, tumors can be char-
acterized by six properties [40]: unlimited replicative poten-
tial, angiogenesis, evasion of apoptosis, self sufficiency in
growth signals, insensitivity to inhibitors of growth, and tissue
invasion and metastasis. The seventh property is suggested to
be inflammation [40]. Alterations in HMGB1 seem to affect
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all of these properties, suggesting that HMGBI is involved in
carcinogenesis.

High levels of HMGBI1 have been associated with several
cancer types including gastrointestinal stromal tumors [41],
colorectal [42], prostate [43, 44], and cervical cancer [45].
Some epithelial malignancies are shown to have increased
HMGBI1 messenger RNA (mRNA) expression [43, 46-48].
Necrotic cells that have undergone chemotherapy release
HMGBI1 which promotes growth and metastasis and thus
cancer survival [49]. Specifically, CT26 cells treated with
doxorubicin, a necrosis inducer, show increased release of
HMGBI1 compared to CT26 cells treated with trichostatin A
(an apoptosis inducer) [49]. Further, in a mouse model treated
with doxorubicin showed enhanced liver and lung metastasis
which was abrogated by anti-HMGB1 antibody treatment [49].
Also, HMGBI seems to be involved in restricting immune
activation by decreasing the number of U937 cells via
RAGE,; suggesting that HMGB1 may be involved in promoting
survival of cancer through RAGE activation after chemothera-
py [49]. HMGBI mediates autophagy which results in resis-
tance to drugs such as cisplatin, doxorubicin, and methotrexate
in osteosarcoma [50], a type of cancer that occurs in childhood
and adolescence. These drugs upregulate HMGBI via an un-
known mechanism. Upregulated HMGB1 competes with
BCL-2 and binds with BECN1; this enhances the formation
of BECN1/PI3KC3 complex, stimulating autophagy [50].
Knockdown of HMGBI or inhibition of autophagy increases
response to the drug treatment in osteosarcoma cells both
in vitro and in vivo [50]. Another study has suggested that a
reduced form of HMGBI1 binds to RAGE, promoting beclinl-
mediated autophagy conferring resistance to chemotherapy
drugs and ionizing radiation in pancreatic and colon cancer cell
lines [51]. HMGBI is also shown to regulate tumor angiogen-
esis. High expression of HMGB1 was detected in esophageal
squamous cell carcinoma (ESCC) and was found to regulate
expression of VEGF-C, promoting lymphangiogenesis and
metastasis of lymph nodes, resulting in the poor prognosis
(surgical outcome) of the disease [52]. As HMGBI is involved
in multiple processes of cancer development and
chemoresistance, it may represent an attractive oncotarget.

HMGBI and the Endocrine System

Endocrine organs that are known to express HMGBI include
the thymus [53], testes [54], pancreas [55], ovary [56], prostate
[57], breasts [58], and kidneys [59]. One study found an age-
dependent variation in the level of HMGBI protein in various
brain regions [60]. Specifically, HMGBI1 was found to be
reduced in neurons, while increased in astrocytes during aging.
Quantification of mRNA levels of HMGBI in different stages
of mammary gland development using pregnant and non-
pregnant mouse models done by Northern blot revealed that
HMGBI levels are elevated during the development phase and

decreased during lactation and in the involuting gland (which
undergoes apoptosis) [58]. This observation implies that
HMGBI may be involved in regulating development and
involution of the mammary gland by modulating cellular apo-
ptotic processes [58]. Expression analysis in the testicular
system showed that both Sertoli cells and germ cells express
HMGBI [61, 62]. During rooster spermatogenesis, the ratio of
HMGBI to nucleosomal histone seemed to increase markedly
at the end of spermatogenesis [62]. Surprisingly, HMGBI
purified from human and rat testes has been shown to exert
anti-bacterial activity towards Bacillus megaterium in an inhi-
bition zone assay [61]. This study suggests that HMGB1 may
act as a paracrine host defense factor in the testes [61]. It is
possible HMGB1 may have important cytoprotective func-
tions in other endocrine organs as well. HMGBI1 has been
shown to play a key role in the interaction between the neuro-
endocrine and the innate and acquired immune pathways that
regulate neutrophil mobilization from bone marrow following
hemorrhagic shock [63]. Furthermore, HMGBI is also re-
leased by pituicytes when exposed to inflammatory cytokines
such as TNF«x and interleukinl [64]. Secreted HMGBI is
suggested to participate in the regulation of neuroendocrine
and immune responses to infection or injury. These studies
indicate that HMGB1 may have a vital role in both normal and
pathophysiological functions of endocrine organs (Fig. 1).

HMGBI1 Interaction with Endocrine-Related Genes

HMGB proteins, particularly 1 and 2, facilitate stronger bind-
ing of estrogen receptor to estrogen responsive element [65]
which enhances the expression of estrogen responsive genes.
HMGBI also enhances the binding of progesterone receptor
to its target DNA sequence [66, 67]. Sex steroid hormones
such as estradiol and progesterone regulate the expression of
HMGBI in the endometrium [68]; while estradiol increases
expression of HMGBJ1, progesterone decreases the expression
of HMGBI. Interestingly, co-transfection studies showed that
HMGBI can also activate androgen receptor [69] suggesting
that it may have an important role in endocrine organs that
respond to androgen stimulation. HMGBI1 potentiates the
effect of EGF on A431 vulval cells by specifically activating
extracellular-signal-regulated kinase 1/2 and remodelling the
actin cytoskeleton which enhances cell motility [70].
Extracellular HMGBI is known to interact with TLR4 and
RAGE receptors [71]. Both TLR4 and RAGE are known to be
expressed in endocrine cells [72, 73]. Therefore, interaction of
HMGBI with TLR4 or RAGE on endocrine cells may have
clinical implications. HMGBI that is passively released from
damaged islet cells binds to TLR4 and selectively damages
beta cells rather than alpha cells in early stages of diabetes
[74]. HMGBI1 and RAGE are involved in development of
chronic diabetic complications [75]. They cause progressive
pancreatic beta cell loss in type 2 diabetes by intracellular
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Fig. 1 Role of HMGBI in
endocrine organs
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oxidative stress. RAGE ligands such as S100B and HMGB1
induce cell apoptosis of INS-1 cells [76] which is accompa-
nied by oxidative stress. Therefore, deregulation of HMGBI1
and its associated proteins may result in adverse outcomes in
endocrine-related diseases such as diabetes and cancer.

HMGBI1 and Hormone-Related Cancers
HMGBI in Breast, Ovarian, and Prostate Cancers

Breast cancer is one of the aggressive hormone-related can-
cers causing high mortality rates in women. Resistance to cell
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Interacts with both Estrogen and Progesterone receptor
(PR) that enhances the expression of estrogen responsive
genes and binding of PR to its target DNA sequence.

Ovary

death is the underlying cause for treatment failure in breast
cancer. The factors that confer chemoresistance in breast
cancer are not clearly known; studies conducted by
Brezniceanu et al. [58] showed that HMGBI is an anti-
apoptotic protein that confers resistance to cell death follow-
ing treatment with various apoptosis-inducing agents such as
ultraviolet radiation, CD95-, TRAIL-, Caspase-8-, and Bax.
Further, in silico approach analysis showed that if HMGBI is
upregulated, then CyclinD/E levels are predicted to be in-
creased and p53 levels to be downregulated in cancer cells.
However, other studies advocate that extracellular HMBG1 is
required for achieving optimal outcome of anti-cancer
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chemotherapy and radiotherapy. Therefore, regulating the lo-
calization of HMGB1 may be beneficial in breast cancer
treatment outcome.

HMGBI expression is detected at higher levels in primary
breast carcinoma when compared to the normal tissue [15].
This observation is supported by another study which con-
firmed that there is indeed high HMGB1 expression in human
breast carcinoma and tumor transplantation in a mouse model
[77]. In vitro, HCC1143 breast ductal carcinoma cells treated
with epirubicin showed significant release of HMGB1 [77]. In
vivo, dynamic changes in plasma levels of HMGB1 were
observed. Responders (pathological complete response or
partial remission) showed increased HMGBI1 release while
the non-responders (stable or progressive disease) did not. It
was suggested that early changes in the levels of HMGBI1 can
be useful in predicting the fate of the neoadjuvant chemother-
apy [77]. Interestingly, Northern blot analysis of 1.4 and
2.4 kb transcripts of HMGB1 from 13 breast cancer samples
showed a strong intertumoral variation by a factor of 8.5 and
14.5, respectively. The response to the endocrine therapy may
be varied in estrogen receptor positive breast cancer due to this
reason [34]. Human HMGBI1 gene was cloned and the regu-
lation of transcription was analyzed in breast cancer MCF-7
cells [78]. It was found that transcription of the HMGBI gene
starts at one major site 57 nucleotides upstream from the first
exon—intron junction, HMGB1 gene expression is controlled
by a very strong TATA-less promoter with a silencer present
immediately upstream to it. The study postulated that the basal
activity may be due to the activity of the strong promoter,
which is regulated by the silencer, while increased expression
of HMGBI in growing breast cancer induced by estrogen may
be due to enhancers in the intron 1 region. Overall, expression
of HMGBI seems to play an important role in breast cancer
progression (Fig. 2) and in predicting treatment outcome.

Diagnosis and treatment of ovarian cancer is a major chal-
lenge, and as such, the resulting survival rates of patients are
extremely low. Chen et al. [79] recently showed that HMGB1
is a novel biomarker for human ovarian cancer. Their studies
also showed that knockdown of HMGBI1 resulted in reduced
cell proliferation and cell migration and invasion suggesting
that HMGBI1 may serve as a therapeutic target for ovarian
cancer [80]. Interestingly, this study suggests that HMGB1
can serve as a serum marker for ovarian cancer. In ovarian
cancer cells, activation of autophagy is caused by treatment
with cisplatin [81]. This autophagy regulation was shown to
be enforced by nucleus accumbens-1 (NAC-1) in cooperation
with HMGBI as function of NAC-1 and is correlated with
expression, translocation, and release of HMGBI1. NAC-1 is a
transcriptional core processor protein necessary for sustaining
the cell proliferation and migration in cancer [81]. Hence,
HMGBI seems to mediate drug resistance to cisplatin in
ovarian cancer cell lines through NAC-1 causing autophagy
and drug resistance. Therefore, HMGB1 may prove to be a

valuable tool for the diagnosis and treatment of ovarian
cancer.

In case of prostate cancer, androgen, and its receptor,
androgen receptor (AR) plays a crucial role in the malignancy.
As HMGBI is known to transactivate AR [69], HMGBI1 may
play a vital role in the progression of prostate cancer (Fig. 3a).
In a pilot clinical study [57], prostatectomy specimens from 40
patients with pT3 prostate cancer (18 non-metastatic and 22
metastatic) were examined for the expression of HMGB1 and
RAGE. They were previously treated with luteinizing
hormone-releasing hormone agonist. HMGB1 was found to
be expressed in tumor cells of 6 metastatic and 0 non-
metastatic specimens, as well as in prostatic stromal cells of
14 metastatic and 2 non-metastatic cases. RAGE expression
was also detected in both metastatic (16) and non-metastatic
(6) cases. In another evaluation, co-expression of HMGBI1
and its receptor, RAGE, were positively associated with the
progression of prostate cancer [43]. Further, untreated tissue
of prostate cancer showed higher levels of both HMGB1 and
RAGE compared to the normal prostate tissue [43]. Using
TRAMP animal model, one study [82] showed tumor pro-
gression can be disrupted by targeting HMGB1. The effect of
downregulation of HMGB1 in LNCaP cells was studied by
transfecting plasmid-encoding short hairpin RNAs targeting
HMGBI1 [83]. Through RT-PCR and immunoblotting, the
downregulation of expression of HMGB1 was confirmed,
and the decrease in HMGBI1 expression correlated with cell
growth inhibition in the transfected LNCaP cells [83]. We also
showed that glycyrrhetinic acid treatment reduced the expres-
sion of HMGBI1 in advanced prostate cancer cells [84],
resulting in the inhibition of invasion of these cells.
Silencing of HMGBI1 gene by antisense targeting in PC-3
cells has also shown to eliminate the invasion and metastatic
properties of PC-3 cells [57]. This is achieved by disrupting
the HMGB1-RAGE signalling pathway in prostate cancer
cells. Targeting HMGBI1 by siRNA suppresses the genes in
cancer cells with high osseous metastatic potential and effec-
tively inhibits osseous metastasis [85]. Taken together,
HMGBI represents an important diagnostic and therapeutic
target for prostate cancer.

Cervical Cancer

HMGBI expression was also shown to be associated with
cervical carcinoma [45]. A comparison of expression level of
HMGBI1 was performed in 64 samples of recurrent cervical
squamous cell carcinomas (CSCC), 72 cases with non-
recurrent carcinoma, and 28 normal tissues. Overexpression
of HMGBI1 was observed in recurrent CSCC tissue sections
compared to non-recurrent CSCC sections in immunostaining
analysis. Furthermore, high serum HMGBI levels were in-
versely correlated with disease-free survival (P=0.009,
Pearson chi square test) and overall survival (P=0.018). In
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Fig. 2 Association of HMGBI1
expression and hormone-related
cancers
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another study, expression of HMGB1 and RAGE mRNA was
found to be elevated in metastatic CSCC compared to non-
metastatic cases [48]. These data suggests that HMGB1 may
be useful as a biomarker to diagnose the recurrence of the
disease and to predict the prognosis in CSCC patients [45, 48].
Despite its association with disease progression, the molecular
mechanisms of how HMGB1 promotes cervical cancer is not
known; given that estrogen receptor and RAGE are both
expressed in cervical cancer and both are known to be acti-
vated by HMGBI, it can be postulated that HMGBI1 may
promote cervical cancer through these receptors.
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Gastric and Pancreatic Cancers

Expression of HMGBI in gastric cancer was first reported by
Xiang et al. using a differential screening technique in human
gastric carcinoma cell line complementary DNA library [86].
It was found that HMGB1 was encoded by FM1 ¢cDNA clone
of 1,194 nucleotides in length. Furthermore, Northern blot

Fig. 3 a Cellular outcome of HMGBI interactions with transcription P>
factors and hormonal receptors. b Hypothetical mode of action of
HMGBI inhibitors
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analysis revealed that HMGB1 was expressed in all the ana-
lyzed gastric cancer samples (n=34) at higher levels compared
to benign mucosa, with two transcripts of approximately 1.4
and 2.4 kb, respectively. A subsequent study by Kuniyasu
et al. [87] reported that HMGBI is overexpressed in 85 % of
gastric cancers regardless of histological type and disease
progression. These findings suggest that HMGBI1 may be
involved in all stages of gastric carcinoma development. On
the other hand, its cognate receptor RAGE was found to be
associated with invasion and metastases of gastric carcinoma
patients. HMGBI is also implicated in Helicobacter pylori-
mediated gastric cancer, as the VacA toxin of H. pylori is
shown to release HMGBI1 from AZ-521 human gastric epi-
thelial cells [88] which may lead to the pathogenesis of gastric
cancer. Akaike et al. [89] showed that there was a positive
correlation of HMGBI expression and macrophage infiltra-
tion inside the tumor microenvironment of gastric cancer cells.
In another study, HMGB1 overexpression was suggested to be
a good prognostic marker for resectable gastric adenocarcino-
ma in combination with adjuvant chemotherapy [90]. In this
work, gastric adenocarcinoma of patients (n=78) was surgi-
cally removed, and immunohistochemical analysis was per-
formed to analyze the expression of HMGBI1 in comparison to
non-cancer cases (7=78). The immunohistochemistry analy-
sis revealed that there was a high reactivity of HMGBI
(score>9) in 32 cancerous tissue samples out of total 78 cases
analyzed (i.e., 42 % of cancerous tissue samples showing high
HMGB Ireactvity by immunohistochemistry method), while
only 7 cases out of total 78 non-cancerous tissue samples
showed HMGBI reactivity (i.e., 9 % of non-cancerous sam-
ples showing HMGBI reactivity). Strikingly, HMGB1 over-
expression was found to be positively associated with cancer-
free survival of resectable gastric adenocarcinomas.
Overexpression of HMGB1 and its receptor, RAGE, was also
confirmed in another pilot study employing 45 human sam-
ples of gastric adenocarcinoma samples of different grades
[91]. It was found that 73.3 and 68.9 % of the gastric adeno-
carcinoma tissues were positive for HMGB1 and RAGE
expression, respectively, and it seemed to correlate with an
increased level of malignancy. In order to validate HMGBI1 as
a biomarker for early diagnosis of gastric cancer, Chung et al.
[92] analyzed 227 patients divided into 5 different disease
groups according to sequence of gastric carcinogenesis, and
HMGBI level in their serum was tested by ELISA. Data
obtained in this study suggested that levels of HMGB1 were
significantly associated with depth of invasion, lymph node
metastasis, tumor size, and poor recovery.

HMGBI as a potential therapeutic target for gastric cancer
was demonstrated by Song et al. [93] using a gene-targeting
approach. Silencing of HMGBI in the MGC-803 metastatic
cell line by administration of lentiviral vector encoding
HMGB/1-specific RNA interference (RNAi) resulted in re-
duced cell proliferation. Alterations in the cell cycle were

@ Springer

observed in which there was an increase in the number of
cells in GO/G1 phase, while a decrease in the number of cells
in the S-phase and G2/M-phase. In addition, cells became
more sensitive to apoptosis induced by oxaliplatin and showed
decreased metastatic ability and MMP-9 expression [93]. The
therapeutic effect of ethyl pyruvate, a potent inhibitor of
HMGBI, was assessed in gastric adenocarcinomas in a sub-
cutaneous xenograft tumor model [91]. Interestingly, ethyl
pyruvate administration decreased the expression levels of
HMGBI, RAGE, Akt, p-Akt, Ki-67, and MMP-9, while it
increased the expression of tumor suppressor, p53. Ethyl
pyruvate was also found to be associated with inhibition of
cell proliferation and invasion by inducing cell cycle arrest,
apoptosis, and slowing growth rate [91].

A decade ago, HMGBI1 was identified as a metastasis-
associated gene in rat mammary and pancreatic adenocarci-
nomas using subtractive technology [94]. Pancreatic cancer
can be characterized by delay in diagnosis, rapid metastasis,
early mutation of Kras oncogene, and chemotherapy resis-
tance. Recently, HMGB1 was shown to be a promising serum
biomarker for predicting prognosis in pancreatic ductal ade-
nocarcinoma [95]. Experimental studies support HMGBI1 as
an important regulator of autophagy in pancreatic cancer cells
to survive chemotherapeutic treatment [51]. A transgenic mu-
rine model was created by back crossing RAGE-null mice to a
spontaneous mouse model of pancreatic cancer, (Pdx1-
Cre:KrasG12D/+(KC)) to understand the correspondence be-
tween RAGE, autophagy, and pancreatic cancer [96]. RAGE
and its ligand HMGBI is known to be associated with several
types of cancers. Delayed pancreatic neoplasia development,
decreased levels of autophagy, and inhibited mitochondrial
STATS3 activity and subsequent ATP production was achieved
by targeted ablation of RAGE in the KC mice model [96]. The
study suggests that RAGE might have a critical role to play in
the early stages of pancreatic carcinogenesis, stimulation of
autophagy, and regulation of mitochondrial STAT3 signalling.
Another study suggests that HMGBI1 protein binds to RAGE
promoting pancreatic and colon cancers [97]. Further, it high-
lights that redox status of HMGBI protein triggers either
autophagy or apoptosis suggesting that it plays an important
role in cross regulating the apoptosis and autophagy
processes.

Selective knockdown of autophagy regulators such as
beclin 1 and ATG-5 by RNAI result in decreased HMGB1
release and enhanced apoptosis in Panc02 cells [97]. This
suggests that regulation of HMGB1 may be enforced by
autophagic stimuli. Similarly, Bax and p53 are regulators of
apoptosis in cells that have undergone stress. It was found that
cells that lack these regulators do not show apoptotic response
to chemotherapeutic drug in colorectal cancer cell line HCT-
116. Inhibition of HMGBI in Panc2.03 cells and HCT-116
cell line that have undergone chemotherapy by
HMGB/inhibitors, such as ethyl pyruvate and glycyrrhizin,
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showed enhanced apoptosis and inhibited autophagy [97].
Thus, targeting HMGB1 may represent an attractive treatment
strategy for both pancreatic and gastric cancer types.

Renal Cell Carcinoma

The contribution of RAGE and its ligand HMGBI in causing
the clear cell renal cell carcinoma (CCRCC) was explored by
Lin et al. [98]. Authors of this study found that HMGB1 and
RAGE correspond to the tumor growth and clinical stage of
CCRCC patients. We also analyzed the HMGBland RAGE
gene expression in CCRCC using data archive available at
The Cancer Genome Atlas (TCGA) data portal [99] for any
correlation with the above studies. However, HMGB1 and
RAGE gene expression between cancer and normal samples
did not show any significant difference with the available data
in TCGA suggesting that further studies are required to vali-
date the expression of HMGB1 and RAGE in CCRCC.
However, Lin and colleagues [98] further showed that
HMGBI1 expression in CCRCC causes activation of
ERK1/2, a protein kinase that mediates cell proliferation and
apoptosis; this activation can be blocked by U0126 (MEK1/2
inhibitor) and knockdown of RAGE, which partially reverses
the activation. The cell proliferation, migration, and invasion
induced by HMGBI1 are reversed by the knockdown of
RAGE. Interestingly, another study showed that HMGBI is
upregulated as an immunoevasion gene in dendritic cell
based-treatment of renal cell carcinoma [100]. For renal cell
carcinoma treatment, IL-2 is used as an immunotherapy [101].
However, it was shown that HMGBI is found in high levels in
serum of mice treated with IL-2 [102]. Specifically, HMGBI1
is released and translocated from nucleus to cytoplasm as a
response to IL-2-induced stress which enables the cells to
sustain autophagy. In order to limit autophagy, chloroquinone
was co-administered along with IL-2 which resulted in lower
levels of HMGBI, cytokines such as IFN-y and IL6, weight
gain, and enhanced production of T cell and NK cells promot-
ing long term tumor control in murine hepatic metastases
model. Chloroquinone causes autophagic flux by increasing
autophagic vacuoles and inhibiting oxidative phosphoryla-
tion, thus limiting ATP production and promoting apoptosis
[103]. Therefore, targeting HMGBI1 may improve the IL-2
treatment efficacy in renal cell carcinoma.

Thyroid Cancer

The role of HMGBI in thyroid cancer is now beginning to
evolve; a recent study performed by Mardente et al. [104]
showed that HMGBI is associated with increased papillary
thyroid malignancy scores. Their study also revealed that the
HMGBI gene in papillary thyroid carcinomas not only cause
indirect inhibition of cell cycle regulators such as phosphatase
and tensin homologue (PTEN) via RAGE signal transduction

pathway, but may also be involved in increasing the levels of
miR221 and miR222 which results in cell growth and motility
of papillary thyroid cancer cells. The miR221 and miR222
promote cell proliferation by inhibiting p27kip1, a cell cycle
regulator found in human papillary carcinomas. Increased
expression of these microRNAs by HMGB1 was found in
primary cultures of excised papillary lesions and in BC PAP
cell line. This upregulated expression of HMGB1 corresponds
to the increase in growth and motility leading to papillary
thyroid malignancy. Inflammatory mediators such as NO
and HMGBI that are released into the microenvironment of
thyroiditis are known to attract macrophages. This macro-
phage activation could in turn be involved in angiogenesis,
remodelling of matrix, and suppression of the anti-cancer
immune response; this may contribute to the cellular transfor-
mation process increasing the risk of cancer in patients affect-
ed by autoimmune lymphocytic thyroiditis [105].

HMGBI as a Therapeutic Target

HMGBI is considered to be a potential therapeutic target for
several cancer types [33, 44]. Many strategies have been
employed to target HMGBI to contain cancer in pre-clinical
studies. Gene targeting has emerged as one of the most prom-
ising approaches to target HMGBI1. Antisense and RNA
interference techniques have been shown to target HMGBI1
in prostate cancer [57, 83, 85]. Using antibodies against
HMGBI has also shown to be a potential treatment approach.
Antibody-based approaches to target HMGB1 have led to a
significant improvement in malignant mesothelioma [106],
colon cancer [107], and prostate cancer [82]. Another prom-
ising approach is the use of naturally occurring products such
as glycyrrhizin, glycyrrhetinic acid, (—)-epigallocatechin-3-
gallate (EGCG), and ethyl pyruvate (Fig. 3b), all of which
have shown to work against HMGBI in several cell/disease
models [84, 108—112]. We recently showed that glycyrrhetinic
acid, a derivative of glycyrrhizin found in liquorice root,
reduced prostate cancer cell proliferation by decreasing gene
expression of HMGB1 [84]. In another study, when
glycyrrhizin (a direct inhibitor of HMGBI1 protein [113,
114]) was administered with necrosis-inducing agent such as
CAMEL peptide showed a significant tumor growth inhibi-
tion accompanied with diminished tumor levels of HMGBI1
and reduced inflammatory condition [108]. Since ethyl pyru-
vate (EP) is a known inhibitor of HMGBI release [115, 116], a
study explored the anti-cancer effects of EP in a mouse liver
tumor model injected intraportally with MC39 colorectal can-
cer cells [109]. In this model, mice treated with EP prior to
infusion of tumor cells and with EP treatment continued for
9 days after the infusion of cancer cells showed more than
70 % tumor reduction compared to untreated mice.
Interestingly, mice treated with EP for 9 days showed de-
creased levels of HMGBI and reduced inflammation in the
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liver correlating with the tumor inhibition [109]. Green tea
polyphenol especially (—)-epigallocatechin-3-gallate (EGCG)
has been shown to inhibit the release of HMGBI1 following
endotoxemia and rescued the mice from lethal sepsis [112].
Although EGCG is known to have anti-cancer effects in vivo
[117, 118], whether EGCG can target HMGBI release from
tumor cells in animal models and the associated anti-cancer
mechanisms need to be elucidated in detail. A novel, but yet to
be tested, approach involves targeting HMGBI through A-
Box domain derived from HMGBI protein. Specifically, A-
Box domain has been shown to downregulate the inflamma-
tory activity of HMGB1 [119]. This A-box domain could
disrupt HMGBI1-RAGE signalling, and thus be a potential
treatment for cancer. HMGBI as a vaccine is also suggested as
a feasible immunotherapeutic strategy and is supported by a
study in B16-OVA melanoma model, where HMGBI1 pep-
tides engrafted in liposomes showed immunity against
HMGBI[120]. These strategies to target HMGB1 could lead
to finding a possible cure of endocrine cancers harboring high
levels of HMGBI expression.

Concluding Remarks

HMGBI is well known as an inflammation-associated protein
deregulated in several diseases such as arthritis, sepsis, and
atherosclerosis. Increasing evidence now suggests that
HMGBI also has a major role in cancer development. In this
review, we have summarized and provided novel insights into
the role of HMGBI in several hormone-related cancers. As
HMGBI is shown to be targeted by variety of agents, com-
bining it with hormonal therapy may offer new avenues for
therapeutic development against these cancers.
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