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Abstract: High-mobility group box 1 protein (HMGBI) is a highly conserved, non-histone and ubiquitous
chromosomal protein found enriched in active chromatin forming part of the high mobility group family of
proteins and is encoded by the HMGBI gene (13q12) in human beings. It has various intranuclear and extracellular
functions. It plays an important role in the pathogenesis of many diseases including cancer. In 2012, there was
approximately 1.67 million new breast cancer cases diagnosed which makes it the second most frequent cancer
in the world after lung cancer (25% of all cancers) and the commonest cancer among women. Both pre-clinical
and clinical studies have suggested that HMGBI might be a useful target in the management of breast cancer.
This review summarises the structure and functions of HMGBI and its dual role in carcinogenesis both as a pro-
tumorigenic and anti-tumorigenic factor. It also sums up evidence from 7z vitro and in vive studies using breast
cancer cell lines and samples which demonstrate its influence in radiotherapy, chemotherapy and hormonal therapy
in breast cancer. It may have particular importance in HER2 positive and metastatic breast cancer. It might pave the
way for new breast cancer treatments through development of novel drugs, use of microRNAs (miRNAs), targeting
breast cancer stem cells (CSCs) and breast cancer immunotherapy. It may also play a role in determining breast

cancer prognosis. Thus HMGB1 may open up novel avenues in breast cancer management.

Keywords: Breast cancer; high-mobility group box 1 protein (HMGB1); amphoterin

Submitted Mar 23, 2016. Accepted for publication Apr 14, 2016.
doi: 10.21037/atm.2016.05.36
View this article at: http://dx.doi.org/10.21037/atm.2016.05.36

Introduction DNA content (only 3%) it is sufficient to carry out its

] » ) ] function of gene derepression for which only few molecules
High-mobility group box 1 protein (HMGB1) [high-

per structural gene are required (2). It is present in almost
mobility group 1 protein (HMG1), amphoterin] which

] . . all metazoans and plants. It is highly conserved because
is a small (25 kDa), highly conserved, non-histone and HMGBI1 in rodents and human molecules have more
than 99% amino acid identity. HMGB1 plays a role in the

pathogenesis of many disease conditions including sepsis (3),

ubiquitous chromosomal protein found enriched in active

chromatin, forms part of the high mobility group family

of proteins and is encoded by the HMGBI gene (13q12)
in human beings (1). HMGBI is named after its high
mobility in polyacrylamide gel. It is abundantly expressed
in all tissues except neurons with highest levels present in
thymus, liver and pancreas. Although the weight HM GBI
in the nucleus is very small as compared to histones or
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ischemia-reperfusion (4), arthritis (5), meningitis (6),
neurodegeneration (7), aging (8), and cancer. It is a
pathogenic mediator in the inflammatory disease sepsis
and is targeted to treat sepsis and rheumatoid arthritis (9).

In 2012, there was approximately 1.67 million new
breast cancer cases diagnosed which makes it the second
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Figure 1 Schematic representation of HMGB1. HMGBI, high-mobility group box 1 protein.

most frequent cancer in the world after lung cancer (25%
of all cancers) and the commonest cancer among women.
It is the most common cancer in women irrespective of the
level of development of the region, with slightly more cases
in less developed (883,000 cases) than in more developed
(794,000 cases) regions. There is approximately a four-
fold variation of incidence rate across the globe, with rates
ranging from 27 per 100,000 in Middle Africa and Eastern
Asia to 96 in Western Europe (10). In our hospitals the
management of breast cancer is multi-disciplinary, involving
surgery, radiotherapy, chemotherapy, hormonal therapy
and use of immunotherapeutic agents with the treatment
decision depending on the stage of the cancer. Although
many options are available in the management of this
disease, breast cancer has a high mortality rate. Patient
management is affected by many hurdles. Indeed in initially
90% of primary breast cancers and 50% of metastases
the drug regimen is effective but unfortunately treatment
is stopped due to drug toxicity and drug resistance by
many mechanisms including interruption of the apoptotic
signalling pathway (11). In addition cancer treatment is
expensive, notably immunotherapeutic agents, so that
not every patient can afford the ideal treatment regimen,
especially in developing countries. Thus the need for
effective, safe and cost-effective alternatives is necessary.

This review summarises the structure and actions of
HMGBLI as well as the pre-clinical and clinical evidence of
how it can be directly and indirectly useful in breast cancer
management.

Structure of HMGB1

Figure 1 is a schematic diagram representing HMGBI.
HMGB1 belongs to high mobility group and has the
HMG-box domain. Itis a 214 amino acid long molecule and
has two homologous DNA-binding domains termed A box
and B box with A box spanning amino acids 9 to 79, B box
spanning amino acids 88 to 162. The A and B box domains
are responsible for binding to and bending of DNA. It
has an acidic tail spanning amino acids 186-214. The
acidic carboxyl region consists of a continuous stretch of
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glutamate and aspartate residues and is believed to interact
with and protect the A box and B box during emigration
from the nucleus (2,12,13). Following translation they are
extensively glycosylated, acetylated, methylated, oxidized,
and phosphorylated to perform specific functions (12,14,15).
These modifications have specific importance like formation
of a specific complex with homologous DNA polymerase-o
to stimulate its activity (acetylation), translocation of
HMGBI from the nucleus to the cytoplasm (acetylation
and phosphorylation) and cytoplasmic localization in
neutrophils (methylation). HMGBI release depends on
a calcium or reactive oxygen species (ROS)-dependent
mechanism (16,17). The expression of HMGBI is regulated
by transcription factors such as p53 (18), c-Myc (19), and
Kruppel-like factor (KLF)-4 (20) in various cell types.

Functions of HMGB1

HMGBI exerts various nuclear and extracellular functions.
HMGBLI is located mainly in the nucleus where it helps
the cell perform essential life functions so as to maintain
a constant internal environment. Its absence in HMGB1
knockout mice causes their death within 24 hours of birth
from hypoglycemia (21). It has a relatively high non-specific
affinity for DNA and participates in DNA replication,
transcription and modification The nuclear functions
result from the A and B box domains allowing HMGBI1
to bind DNA in a structure-specific fashion modifying
transcriptional regulation and chromatin structure (22).
Hence they are known as architectural transcription factors.
HMGBI also binds preferentially to damage DNA thus
playing a role in DNA repair. Moreover the interaction
between HMGBI1 and transcription factors increases the
activities of the latter. Thus enhanced activity of pro-
carcinogenic transcription factors like p53, p73, the
retinoblastoma (RB) protein, members of the Rel/NF-
kB family and nuclear hormone receptors including the
estrogen receptor (ER) stimulates carcinogenesis.

Almost all body tissues express HMGB1 in large
amounts. Hence it is readily available to be translocated
out of the nucleus into the cytosol from where it can be
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either actively or passively secreted. The extracellular
functions are achieved when necrotic cells passively release
HMGBI while activated macrophages actively secrete
HMGBI which is hence known as a damage-associated
molecular pattern molecule (DAMP). Release of HMGB1
in the tumor microenvironment has also resulted from
cytolysis of human melanoma cells by immune effectors
(both activated NK and T cells) (23). Cell death following
necrosis, caspase-dependent apoptosis and hypermembrane
permeability all lead to HMGBI release. However cells
undergoing apoptosis release HMGB1 slowly and the
process occurs late during aponeurosis when phagocytic
cells are not available. As a result HMGB1 binds with high
affinity to several DAMP receptors including the receptor
for advanced glycation end products (RAGE), Toll-like
receptors (TLR)-2, TLR-4, TLR-9, and CD24. HMGBI is
the only member of the high mobility group of proteins that
has been shown to activate RAGE while small interfering
RNA (siRNA) suppresses TLR4 and subsequently
diminishes tumor growth in various mouse models (24).

Role of HMGB1 in carcinogenesis

HMGBI has a complex role in carcinogenesis because it
has both pro- and anti-tumorigenic bioactivities. HMGB1
upregulation or down-regulation varies with the type of
cancer. Even in a particular cancer it may show a spectrum of
expression as evidenced by a significant intertumoral variation
of HMGBI expression which has been reported in different
breast cancers (25). Another reason for their complex
interaction is that cancer cells killed by chemotherapy,
virotherapy or radiotherapy release HMGBI in a pulsatile
fashion and it may complex with soluble moieties in tumors
(e.g., nucleic acids, microbial products, and cytokines) to
exert its inflammatory properties (26-28). However when
a tumour grows it secretes HMGBI chronically so that it
does not form complexes or it may need to be specifically
modified post-translationally (e.g., oxidation) to be able to
promote tumor invasion, metastasis or immune tolerance
(29-31).

HMGBI1 suppresses tumorigenesis by interacting with
tumor suppressor genes like p53, p73 (the first identified
homologue of p53) and RB. It bends and binds DNA
providing the optimal structure for p53 binding (32). It
physically interacts with the two splicing variants of p73
(p730 and p73P), and enhances binding of p73 to specific
cognate DNA sites. It associates with RB via an LXCXE
motif-dependent interaction mechanism (33). It enhances
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the ability of RB to repress both E2F and cyclin-A
transcription (34,35).

Moreover HMGBI1 has mixed effects on the hallmarks
of cancer namely unlimited replicative potential, ability
to develop blood vessels (angiogenesis), evasion of
programmed cell death (apoptosis), self-sufficiency in
growth signals, insensitivity to inhibitors of growth, and
tissue invasion and metastasis with the seventh feature
suggested to be inflammation (36-38). Up-regulation of
HMGBI is associated with decreased apoptosis and hence
pro-carcinogenic effect. For example overexpression of
HMGBI in K562 leukemia cells sustains Bcl-2 protein
expression and inhibits adriamycin (ADM)-induced
activation of caspase-3 and -9 (39). On the other hand
suppression of HMGB1 by siRNA in K562/A02 leukemia
cells reverses the resistance to ADM, and significantly
promotes ADM-induced Smac/DIABLO release from the
mitochondria to the cytoplasm, increasing the activation
of caspase-3 (40). Paradoxically HMGBI1 overexpression
has been associated with increased apoptosis when breast
cancer cell lines have been treated with anti-cancer
drugs and radiation thereby sensitizing them (33,41,42).
HMGBI promotes angiogenesis by binding to its receptor
RAGE, activating NF-«xB upregulating leukocyte adhesion
molecules and the production of proinflammatory
cytokines and angiogenic factors in both hematopoietic and
endothelial cells (43). Antibody targeting HMGBI inhibits
angiogenesis i vitro and in vivo (44). HMGBI plays a role
in unlimited replication of cancer cells by dissociating from
chromosomes during mitosis and participating in telomere
maintenance (45). When present in the extracellular matrix,
it binds to the RAGE-products mediating tumor growth,
invasion and metastasis (29,46-49). HMGBI interacts
with RAGE activating p44/p42, p38 and SAP/JNK MAP
kinases which is linked to tumor proliferation, invasion and
expression of matrix metalloproteinases (MMPs) (49). If
we block the RAGE-HMGB1 axis by using soluble RAGE,
anti-RAGE and/or anti-HMGBI1 Ab, this will inhibit tumor
growth and metastases, leading to therapeutic potential.
Antigrowth signals inhibit proliferation by forcing cells out
of the active proliferative cycle into the quiescent (GO) state
from which they exit later when extracellular signals permit
or inducing them to enter into postmitotic states, usually
associated with acquisition of specific differentiation-
associated traits. HMGB-1 overexpression alone does not
change the MCF-7 cell cycle progression, but the addition
of estrogen to the HMGBI1 overexpressing MCF-7 cells

appears to accelerate the cell cycle progression (50).
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HMGBI1 activates signaling pathways involving protein
kinase B (AKT), mitogen-activated protein kinases
(MAPKSs), and NF-«B, which play important role in tumor
growth. In tumor cells, mutations in genes encoding the
NF-«B transcription factors or in genes that control NF-«xB
activity (such as IxB genes) or by tumor secreted factors
activate NF-«B. Drosophila protein DSP1, an HMG-1/2-
like protein, binds DNA highly cooperatively with three
members of the Rel family of transcriptional regulators
(NF-kappaB, the p50 subunit of NF-kappaB, and the Rel
domain of Dorsal) (51), thus promoting tumor activity.
When estrogen binds to the ER, it causes mammary cells
to proliferate, with the resulting increase in cell division
and DNA replication, leading to mutations. ER is a ligand-
inducible nuclear receptors and it binds to cis-acting DNA
elements in the regulatory region of target genes. HMGBI1
enhances the action of oestrogen by interacting with ER
and promoting estrogen response element (ERE) binding in
a concentration- and time-dependent manner (52,53) and
facilitating strong ER binding to ERE consensus half-
sites (54).

HMGBI plays an important immunogenic role which
again can be both pro-tumorigenic and anti-tumorigenic.
Tumor cells can act as antigens and elicit an immune
response (55). In murine models extracellular HMGB1
activates dendritic cells and induces protective immune
response against poorly immunogenic apoptotic lymphoma
cells (56). In addition chemotherapeutic agents like
alkylating agents and taxanes are more effective than others
like oxaliplatin because they are more effective in causing
translocation of HMGBI out of the nucleus to be then
released extracellularly where it exerts its immunogenic
function (57,58). Also factors which prevent the binding of
HMGBI to dendritic cells leads to failure of immunogenic
function of HMGBI. For example DCs derived from
individuals bearing the variant TLR4 allele poorly
cross presented the MART-1 tumor antigen from dying
melanoma cells to specific T cells (26).

However, HMGBI1 released by tumour cells into the
tumor microenvironment could promote immune escape
by inhibiting conventional T cells, Tcon and activating
regulatory T cells, Tregs (formerly known as suppressor T
cells) thus causing tumors to grow. Tregs is a subpopulation
of T cells which modulate the immune system, maintain
tolerance to self-antigens, and abrogate autoimmune
disease. These cells generally suppress or downregulate
induction and proliferation of effector T cells. HMGBI
may also promote carcinogenesis through its interaction
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as a ligand with TLR4 and RAGE expressed on Treg
thus modulating its function. By causing Treg to release
IL-10, HMGBI1 promotes Treg survival and enhances
their immune inhibitory functions in a RAGE dependent
manner and limits the number and activity of Tcon in the
setting of chronic inflammatory states such as cancer (59).
HMGBI released by cancer cells causes Tregs to produce
IL-10 which not only enhances the immunosuppressant
action of Tregs but also suppresses antitumor immunity
action of CD8 T cells (60). Thus HMGBI1 knock-down will
prevent tumor growth iz vivo by boosting body immunity
and changing tumor phenotype so that cancer cells are
more susceptible to be killed by cytotoxic T lymphocytes
which operate in an unopposed manner following Treg
deactivation. HM GBI, released from dying tumor cells
following chemotherapy, virotherapy or radiotherapy,
stimulates mature dendritic cells (mDC) to process tumor
antigen through its interaction with TLR-2/4 or activates
innate immunity, leading to an antitumor immune response
therefore acting as a ‘danger’ molecule (26-28). For these
reasons HMGB1 knockdown may be beneficial and
HMGBI1 mAb (neutralizing HMGBI1 signaling), siRNA
HMGBI (to cause HMGB1 KD) or using glycyrrhizin (a
specific inhibitor of extracellular HMGB1) may enhance
the anti-tumour action of CD8 T cells.

Potential applications of HMGB1 in breast cancer
Radiation therapy

Radiation therapy is an essential component in the
multimodality treatment of breast cancer. It is indicated
in early stage cancer following lumpectomy, in localized
breast cancer following breast conserving surgery, in locally
advanced breast cancer following breast conserving surgery
or modified radical mastectomy and in metastatic breast
cancer as palliative therapy. Pre-clinical studies have shown
conflicting roles of HMGBI as far as radiosensitization is
concerned.

Apetoh ez al. (61) found that HMGBI sensitized breast
cancer cells to radiation by its immunogenic action. When
the mammary adenocarcinoma cell line T'S/A was injected
in mice, it produced tumors which were sensitive to
radiation in immunocompetent mice but not in nu/nu mice.
They suggested that the cells exposed to radiation can elicit
cognate immune response which contributes to sensitize
the tumor cells to radiation. They showed that ionizing
radiation which killed the cells promoted HMGB1 release
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from the dying tumor cells. HMGBI release increases the
immunogenicity of cell death because HMGBI binds to
TLR4 which is expressed by dendritic cells preventing other
ligands released by agonizing tumor cells from binding to
antigen-presenting cells. During radiotherapy dendritic cells
require signaling through TLR4 and its adaptor MyD88 to
efficiently process and cross-present antigens from dying
tumour cells. Breast cancer patients with a loss of function
TLR4 allele relapse more quickly after radiotherapy than
those patients carrying the normal TLR4 allele (26).

Jiao et al. (33) confirmed the role of HMGBI as a
radiosensitizer in breast cancer and also investigated its
potential association with RB-binding LXCXE motif.
They found that HMGBI enhanced the radiosensitivity of
both MCF-7 cells (containing the wild-type Rb gene) and
BT-549 cells (containing the Rb gene deletion). HMGBI-
RB interaction is not needed for radiosensitization but is
important for its tumor suppressor role (transcriptional
repression, cell growth inhibition, G1 cell cycle arrest,
apoptosis induction). When HMGB1 expression is
increased, it suppresses E2F and cyclin A transcriptional
activation which is mediated by RB. However HMGBI on
its own does not affect E2F and cyclin A transcriptional
activity. When RB binds to the LXCXE motif of the
HMGBI sequence, it acts as a bridge to cause simultaneous
contact between HMGBI and E2F1.

On the other hand, Ke et 4/. (62) showed that HMGB1
decreases radiosensitivity, interferes with telomere
homeostasis, and prevents radiation-induced DNA damage
repair in human breast cancer cells, thus confirming the
role of HMGBI in cancer cells in replenishing telomeric
DNA and maintaining cell immortality. When ShRNA
silenced HMGBI expression in MCF-7 cells, they became
more radio-sensitive and caused the amount of h"TERT
(human telomerase reverse transcriptase) and cyclin D1 to
decrease. Moreover, knockdown of HMGBI1 in MCF-7
cells inhibited telomerase activity and cell proliferation but
increased apoptosis. When HMGB1 is downregulated it
alters the level of telomere-binding proteins, such as TPP1
(PTOP), TRF1 and TRF2 while simultaneously inhibiting
the ATM and ATR signaling pathways. Thus the authors
suggested HMGB1lknockdown as a potential therapeutic
manoeuvre in radiotherapy.

Chemotherapy

Chemotherapy is another component in the multi-modality
management of breast cancer. It includes neoadjuvant

© Annals of Translational Medicine. All rights reserved.

Page 5 of 13

chemotherapy which refers to drugs given before the main
treatment like before surgery, adjuvant chemotherapy in
which drugs are given after the main treatment like after
surgery and palliative chemotherapy. It is indicated in stages
1 to 4 in breast cancer. First generation regimens include
CMF (cyclophosphamide, methotrexate, 5-FU), second
generation regimens include CEF (cyclophosphamide,
epirubicin, 5-FU), FAC (5-FU, ADM, cyclophosphamide)
while third generation regimens include TAC (docetaxel,
ADM, cyclophosphamide) and FEC-D/T (5-FU, epirubicin,
cyclophosphamide, docetaxel or paclitaxel). Interestingly
it is now recognized that conventional chemotherapeutic
agents not only kill cancer cells by apoptosis but also induce
nonapoptotic death like necrosis and autophagy (63). Since
HMGBI plays a role in apoptosis, autophagy and necrosis
it can lead to development of novel combination therapies
with traditional anti-cancer agents.

One the problems associated with chemotherapy is
failure leading to patient relapse. One study showed that the
presence of HMGB1 along with cytoplasmic MAP1LC3B/
LC3B (microtubule-associated protein 1 light chain 3B)-
positive puncta is associated with longer survival in breast
cancer patients after adjuvant chemotherapy (64). The
authors compared the immunohistochemistry in the
surgical breast cancer specimens in the validation cohort
comprising of 1,646 localized breast cancer patients who
received adjuvant anthracycline-based chemotherapy
compared to the 152 patients in the test cohort. They found
that the proteins alone could not be used as an independent
prognostic factor for metastasis-free survival (MFS).
However the combination constituted an independent
prognostic factor significantly increasing MFS (hazard
ratio: 0.49, 95% confidence interval, 0.26-0.89; P=0.02),
and improving breast cancer specific survival (hazard ratio:
0.21, 95% confidence interval, 0.05-0.85; P=0.029). When
subgroups were analysed it was found that within patients
with poor-prognosis breast cancer, HMGB1(+) LC3B(+)
double-positive tumors had a better prognosis than those
breast cancers lacking one or both of these markers. So
analysis of breast cancer specimens for MAP1LC3B/LC3B
and HMGBI can direct the choice of the chemotherapy
regimen.

Tumor-associated stromal cells cause acquired drug
resistance by preventing cancer cells from dying and
protecting them from cytotoxic effect of anti-cancer agents
(65,66). Another study showed that stromal fibroblast-
induced HMGB1 production was partly responsible

for resistance to doxorubicin in breast cancer cells (67).
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The authors basically isolated breast cancer-associated
fibroblasts (BCFs) and non-tumor-associated fibroblasts
(NTFs), measured HMGBI level intracellularly and
extracellularly in MDA-MB-231 cells, compared the cells
response to doxorubicin following pre-treatment with
BCF and NTF and investigated the effect of an HMGBI1
neutralizing antibody on doxorubicin resistance. They
found that pretreatment with BCF increased the migratory
potential of cancer cells, increased both intracellular and
extracellular HMGBI levels of doxorubicin-treated cells
and induced chemoresistance which correlated with the
level of secreted HMGBI1. Recombinant HMGB1 induced
autophagy leading to chemoresistance while anti-HMGBI1
neutralizing antibody reversed the chemoresistance. Thus
targeting extracellular HMGB1 which is responsible for
chemoresistance may be beneficial while targeting the more
genetically stable cancer-associated fibroblasts is another
approach in cancer therapy.

Neoadjuvant chemotherapy in breast cancer aims to
reduce the tumor size before surgery to improve the
outcome of surgery and prognosis. However not all patients
respond positively to this treatment modality and so it is
necessary to predict the responders to be able to adapt
the treatment and prevent the use of less effective agents
thereby minimizing the associated side-effects. Stoetzer
et al. (68) showed that HMGBI could be used to predict
neoadjuvant therapy response in locally confined breast
cancer. Kinetics of HM GBI during therapy correlated with
efficacy of the treatment (P=0.053). Their opinion was
confirmed by Arnold ez 4l. (69) who showed that HCC1143
breast cancer cells treated with epirubicin/docetaxel
significantly released HMGB-1 in vitro while in vivo out of
41 patients who were treated with the drug combination
22 responders showing pathological complete response
or partial remission also showed a significant increase in
HMGBI level while the remaining 19 did not respond
and also did not show any significant change in plasma
HMGBI level. Breast cancer patients receiving epirubicin/
docetaxel-based neoadjuvant therapy can have their plasma
HMGBI1 measured using a commercially available ELISA
kit and can easily participate in neoadjuvant trials in breast
cancer to confirm HMGB-1 as an early response marker to
neoadjuvant chemotherapy.

The level HMGBI released by dying tumor cells can be
used to determine the immunogenicity and effectiveness
of chemotherapeutic regimens. HMGB1 binds to TLR4
receptors on dendritic cells which selectively cross-prime
anti-tumor T lymphocytes in vivo. A TLR4 polymorphism
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that affects the binding of HMGBI to TLR4 predicts early
relapse after anthracycline-based chemotherapy in breast
cancer patients (61). During chemotherapy dendritic cells
require signaling through TLR4 and its adaptor MyD88 to
efficiently process and cross-present antigens from dying
tumour cells. Breast cancer patients with a loss of function
TLR4 allele relapse more quickly after chemotherapy than
those patients carrying the normal TLR4 allele (26). Breast
cancer patients harboring the loss-of-function Asp299Gly
polymorphism of TLR4 relapsed earlier after receiving
anthracycline-based chemotherapy (70). The latter is the
result of a retrospective cohort of 280 breast cancer patients
who presented with metastatic lymph node disease and
treated with local radiotherapy and anthracycline-based
adjuvant chemotherapy. The frequency of monoallelic
expression of the Asp299Gly polymorphisms in this cohort
was 17.1%. There was no significant association between
TLR4 allele mutation and classic prognostic factors like
age, pathologic tumor size, lymph node involvement, tumor
grade, hormone receptors, and median follow up. However
when normal and cancer patients were compared, MFS
was significantly decreased in women carrying the variant
allele of TLR4 (50% of relapse in mutated versus 37.4%
in nonmutated patients at 10 years; Log-rank test, P=0.03).
Thus TLR4 mutation can independently predict the success
of anthracycline-based adjuvant regimen.

HMGB]1 experiments have led us to rethink about
current practice in cancer treatment. Cancer cause
immunosuppression and the success of chemotherapy also
depends on the efficacy of the drugs to boost the immune
system. High dose glucocorticoids are administered along
with chemotherapy to reduce side effects like vomiting.
However steroids are potent immunosupressants (71)
which decrease the immunoadjuvant effect of anti-cancer
drugs. Also the advantage of neoadjuvant therapy over
adjuvant therapy is increased delivery of tumor antigens like
HMGBI and hence a better immune response.

Interaction between HMGBI1 and hormones in breast
cancer

Many breast carcinomas express high levels of ER,
progesterone receptor (PR) or both (72). While high
estrogen level is considered a risk factor for breast
cancer ER status is an important determinant of adjuvant
therapy. Breast cancer patients who are ER positive are
given anti-estrogen therapy in the form of tamoxifen (in
premenopausal and postmenopausal women) and aromatase
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inhibitors like anastrozole and letrozole (in postmenopausal
women).

17B-estradiol (E2), along with estrone and estriol, is
one of the three major oestrogens in women and exerts
genomic and non-genomic effects in a variety of cell types,
such as breast cancer cells. E2 regulates cell growth by
mediating autophagy and apoptosis in breast cancer cells.
In one study the authors found that HMGBI is involved
in E2-mediated pro-autophagy and anti-apoptotic
processes by the caveolin-1/HMGB1 pathway (73). They
showed that E2 promoted the expression of not only
both caveolin-1 and HMGBI but also autophagy-related
proteins (LC3-II, Beclin-1 and Atg12/5). When HMGBI1
was down-regulated it caused a decrease in the expression
of Beclin-1 and LC3-II thus attenuating autophogosome
formation and promoting apoptosis. Furthermore,
caveolin-1 or HMGB1 knockdown significantly
suppressed E2-induced cell growth. Thus the researchers
suggested that caveolin-1/HMGB1 axis positively regulates
E2-induced cell growth by promoting autophagy and
inhibiting apoptosis in BT474 cells.

In another study (41), the authors found that
treating breast cancer MCF-7 cells with estrogen and/
or progesterone according to the receptor positivity
sensitize them to cisplatin and carboplatin by inducing
HMGBI over expression. Hence we can use lower doses
of the drug reducing the side effects of nephrotoxicity,
myelosuppression, neurotoxicity and emesis (74). In breast
cancer oestrogen causes proliferation, so progesterone may
be preferred. The researchers suggested that endogenous
HMGBI1 proteins are already involved in complexes
with chromatin and transcription factors and HMGBI1
transiently expressed as a scaffold to facilitate ER or PR-
mediated transcription could more readily bind to cisplatin-
DNA intrastrand crosslinks. A 2-fold increase in cisplatin
sensitization was associated with a 2-fold increase in
HMGBI protein levels which may be very useful clinically.
HMGBI1 facilitates the binding of PR by inducing a
structural change in the target DNA (75). HMGB1 and
TAF(II)30 act in sequence, the former acting to promote
ER-ERE binding followed by the latter to stimulate
transcription initiation (53). The 2- to 3-fold increase in
HMGB]expression observed in proliferating cells or breast
cancer cells stimulated by estrogen may probably result
from the action of the enhancer elements in intron 1 (76).
Another study showed that estrogen induces overexpression
of HMGBI1 which shields cisplatin-DNA adducts from
nucleotide excision repair (NER) (77).
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HMGBI in HER2-positive breast cancers

HER?2 receptor positivity is a prognostic factor for breast
cancer. HER2 gene amplification or over-expression
occurs in about 15-30% of breast cancers (78). It strongly
correlates with increased disease recurrence and a poor
prognosis (79). The monoclonal antibody trastuzumab
(Herceptin) is indicated in those cancers over-expressing
HER2.

Tumor infiltrating lymphocytes (TILs) are present in
tumors and are involved in cancer cell killing and so their
presence is associated with better clinical outcome. Lee
et al. (80) investigated whether there was an association
between TILs and the immunohistochemical expression
of HMGB1 and HMGNI in 447 HER2-positive breast
cancer tissues. They found that high levels of cytoplasmic
HMGB1 and HMGNI1 protein expression correlated
with high levels of TILs in HER2-positive breast cancers
and suggested targeting HMGB1 and HMGNI1 as an
immunotherapeutic approach to promote TIL influx into a
tumor thus enhancing antitumor immunity. High levels of
HMGBI1 or HMGNI in the cytoplasm of tumor cells were
significantly associated with increased TILs, peritumoral
lymphocytic infiltration, and tertiary lymphoid structures
(TLSs). Immunogenic cell death (ICD) in HER2-positive
breast cancer may potentially be achieved by evaluating the
status of HMGB1 expression and manipulating HMGB1

expression and location.

Development of novel anti-cancer drugs against breast
cancer

The therapeutic potential of quercetin as an anti-cancer
agent, a flavonol found in many fruits, vegetables, leaves
and grains, is still at an early stage. Dhumale er a/. (81)
found that it induced apoptosis in MCF-7 cells and also
protect them from necrotic insult. The mechanism involved
is inhibition of the expression of RAGE and HMGBI1
leading to failure of activation of NF-«B, reduced synthesis
of several proinflammatory cytokines and hence elevated
apoptosis. Quercetin inhibits the expression of RAGE and
HMGBI at transcriptional and post-transcriptional levels.
It inhibits the nuclear translocation of p65 from cytosol
to hinder NF-xB activation. It protects against necrotic
cell death by inhibiting the release of LDH (an indicator
of cytotoxic or necrotic cell death) and HMGBI in the
presence of necrotic inducer.

Drug resistance in cancer therapy is a major problem
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which needs to be circumvented. For example in the case of
cisplatin which is a widely used anticancer drug, one of the
solutions is the synthesis of estrogen-tethered platinum(IV)
complexes, the mechanism of action of which involves
HMGB1 which might prove valuable as novel anticancer
drug candidates (42). The proposed mechanism of action
for estrogen-tethered platinum(IV) complexes involves the
reduction of platinum(IV) to platinum(II) by the reducing
environment of the cell leading to release of cisplatin and
two equivalents of a modified estrogen. Upregulation of
HMGBI1 will shield cisplatin-DNA crosslinks from repair
and enhance cell death. HMG-domain proteins specifically
inhibit the repair of the major DNA adduct of cisplatin
by human excision nuclease (77). The authors synthesized
several novel estrogen-tethered platinum(IV) complexes
and evaluated their ability to upregulate HMGBI, as
well as screened them for cytotoxicity against breast
cancer cell lines. All BEPn complexes (bis-estrogen-cis-
diamminedichloroplatinum(IV), BEPn (where n=1-5
methylene groups between Pt and estrogen), induced the
overexpression of HMGB1 in ER(+) MCF-7 cells. BEP3
was nearly 2-fold more cytotoxic in ER(+) MCF-7 cells than
in ER(-) HCC-1937 cells. Thus these compounds can be
used to specifically target ER(+) malignancies, such breast
and ovarian cancers. Synthesis of the BEPn compounds
is not only a novel method to develop new platinum-
containing anticancer agents but also the chemistry involved
can be used to attach other moieties to direct platinum
complexes more effectively to cancer cells.

Side-effects of cytotoxic drugs need to be minimized in
different ways like giving adjuvant non-chemotherapeutic
drugs. HM GBI release is one mechanism of such drug,
apicidin. In one study (82), the authors used epigenetic
modulator apicidin combined with low dose cytotoxic agent
docetaxel in tumor breast cell lines having different grades
of invasiveness. They found that the combination induce
signals of immunogenic apoptosis such as cell surface
expression of calreticulin and release of significant amounts
of HMGBI, thus causing the cell death to induce an
antitumor immune response along with increased apoptosis.

Role of HMIGBI in breast cancer metastasis

In advanced cases of breast cancer tumor cells usually
metastasize to bone (commonest site), liver and lung. Bone
complications include pathological fractures and spinal cord
compression. The ability of cancer to invade local tissues
and subsequently metastasize to distant organs is responsible
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for the associated mortality and morbidity. Metastasis
is a multi-step process which includes cell detachment
from primary tumor, entry in circulation, extravasation at
distant site and proliferation in distant organ parenchyma.
Each step involves different proteins, proteases, adhesion
molecules, motility factors, and angiogenic factors and since
HMGBLI affects the gene transcription of these proteins of
the metastatic cascade it has therapeutic potential.

HMGBI and microRNAs (miRNAs)

A miRNA is a small, non-coding RNA molecule (containing
about 22 nucleotides) found in plants, animals, and some
viruses, which plays a role in RNA silencing and post-
transcriptional regulation of gene expression. Several
miRNAs have been linked to HMGBI1. One of them
is miR-200c which was previously shown to regulate
epithelial-mesenchymal transition (EMT) by inhibiting
ZEB1 and ZEB2 expression in breast cancer cells (83). In
their study the authors found that miR-200c also regulated
HMGBI gene expression. When MDA-MB-231 cells
were transfected with the miR-200c mimic or inhibitor,
the HMGBI levels decreased and increased respectively.
When the HMGBI expression was silenced, the invasive
and migratory capacities of the cells were impaired. The
ability of miR-200c to suppress the invasion and migration
of breast cancer cells by down-regulating the expression
of HMGBI implies that both of them may become useful
biomarkers for progression of breast cancer and targets of
gene therapy.

According to one study breast cancer cells which were
radio-resistant strongly induced autophagy post irradiation
which protected them against the effects of radiation (84).
Luo ez al. (85) showed that the miR-129-5p/HMGBI axis is
involved in the regulation of irradiation-induced autophagy
and radiosensitivity of breast cancer cells. In breast cancer
cells miR-129-5p directly targets the functions of HMGB1
and increases radiosensitivity. The researchers found that
miR-129-5p made MDA-MD-231 cells more susceptible
to radiation, miR-129-5p knockdown made MCF-7 cells
less sensitive to radiation while miR-129-5p overexpression
inhibited irradiation-induced autophagy.

Breast cancer stem cells (CSCs)

CSCs are slow dividing cancer-initiating cells endowed
with stem cell properties, such as the capacity to self-renew
and to reestablish tumor heterogeneity. They constitute

atm.amegroups.com Ann Transl Med 2016;4(11):217



Annals of Translational Medicine, Vol 4, No 11 June 2016

only a small fraction of the tumor mass but are chemo-
and radioresistant and possess immune-evasive features.
Treatment fails to eliminate them and so they cause the
tumor to grow again resulting in tumor progression,
metastasis, resistance to therapy, and tumor recurrence
(86,87). Conti et al. (88) showed that murine and human
mammary CSCs express TLR2 and its ligand HMGBI.
TLR2 signaling inhibition impaired in mammosphere
generation in both murine and human mammary cell lines
in different proportions including triple-negative breast
cancer (TNBC) lines. TNBC is one of the most aggressive
forms of human breast cancer, characterized by a unique
molecular profile, aggressive behavior, and a distinctive
metastasis pattern in both human and mouse breast cancer.
The axis HMGB1/TLR2 determines NF-«B activation,
IL-6 and TGF-B production, and STAT3 and Smad3
activation. IL-6 activates STAT3 and expands breast CSC
population. TGF-B signaling has been implicated in the
maintenance and survival of CSC populations, resulting
in enhanced metastatic ability. TLR2 acts as an intrinsic
mechanism for CSC proliferation and tumorigenic ability
in vivo, regardless of its immune-related effects. Since
box A, the competitive antagonist of HMGBI, inhibited
mammosphere generation the authors suggested that
HMGBI inhibitors could be applied in cancer therapy.

HMGBI1 and breast cancer prognosis
Kostova er al. (89) suggested that HMGB1 and RAGE

expression and their exact location in the cell, and the state
of tumor differentiation can be used as a prognosis in cancer
including breast cancer. They investigated tissue samples
from several cancers (colorectal, hepatocellular, testicular)
including 72 cases of ductal breast carcinoma (38 cases of
cribriform type). During immunohistochemical analysis
of breast cancer samples they found that HMGBI in
malignant tissue sections showed stronger immunoreactivity
than in normal tissue. In contrast to moderately
differentiated ductal breast carcinomas in which HMGB1
had a perinuclear location, invasive cribriform carcinomas
showed a strong immune reaction in the whole nucleus
of the cells which form a duct like pattern consisting of
cellular bridges but perinuclear localization of HMGBI
was absent. In addition the RAGE level varied according
to the tumor type. In all cribriform carcinoma specimens,
a positive cytoplasmic diffuse signal was seen in the duct
like structure while the weak immunoreactivity in case of
the moderately differentiated ductal carcinoma samples
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meant that only a few cells with granular positive immune
reaction could be seen. No normal tissue samples showed

the presence of RAGE.

HMGBI1, immunotherapy and breast cancer

Whole-cell vaccines provide target antigens. The whole
tumor cell is the source of immunogens which induce
an antitumor immune response. The advantage of using
whole tumor cell vaccine, also known as polyvalent vaccine,
include minimal immune escape with presentation of
wide variety of tumor-associated antigens (TAAs) and no
HLA restrictions as whole proteins are present. However,
live pathogens are not safe. Killing the cancer cells but
maintaining immunogenicity via y-irradiation may be
beneficial. Also many cancers may be weakly immunogenic.

Yan er al. (90) lethally irradiated, 4T'1 cells which are
a weakly immunogenic and highly metastatic murine
mammary cancer model, infected them with AAVEGFR2
which is a recombinant adenovirus carrying the VEGFR2
gene and used them to vaccinate mice. In vaccinated mice
tumor growth and pulmonary metastasis were inhibited
as compared to non-vaccinated mice. Also vaccination
inhibited angiogenesis and increased number of CD8+ T
lymphocytes within the tumors. Antitumor activity was
also caused by the adoptive transfer of isolated spleen
lymphocytes. Activation of tumor antigen-specific T-cell
immunity involves secretion or surface exposure of the
HMGBI alarmin protein and HSP70 by dying tumor cells.
HMGBI and HSP70 were upregulated in the irradiated
AdVEGFR2-infected 4T'1 cells. In vitro, the AAVEGFR2
infected 4T'1 cells showed increased expression of HMGB1
and HSP70 which activated tumor antigen-specific
T-cell immunity. Hence this vaccine may be useful in the
treatment of breast cancer.

Conclusions

HMGBI is a protein with multiple functions and thus is
implicated in a variety of diseases. Increasing evidence
shows its implication in carcinogenesis including breast
cancer. In this review, the implication of HMGBI in breast
cancer has been summarised. Addition of HMGBI targets
in the multi-modality treatment of breast cancer may open
new therapeutic avenues in breast cancer management.
Nevertheless its paradoxical dual effect on tumors warrants
further studies which will be essential to understand
specificity of interactions, under which conditions to
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target HMGBI so as to cause anti-tumor activity, and the
possibility of providing selective anti-tumour action without
affecting normal host defense mechanisms.
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